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Irrigation

3.14 Irrigation
3.14.1 Affected Environment

Irrigators in 42 counties in Montana, North Dakota, South Dakota, and Nebraska hold permits to
use water from the Missouri River for the purpose of agricultural production. This generally
includes the area extending from Fort Peck Reservoir to Rulo, Nebraska. No irrigation permits
were identified for counties from the states of lowa, Kansas, or Missouri. Based on
conversations with the Divisions of Natural Resources in these states and local agricultural
extension specialists, irrigation along the Missouri River in lowa, Kansas, and Missouri is
isolated and, even when permits are in place, they are used infrequently. Corn and soybeans
are predominantly grown along the river in these states, and rainfall is often sufficient for those
crops’ needs. The irrigation intakes permitted on the Missouri River are a mix of semi-
permanent (portable) and permanent structures.

This analysis uses the most recent crop data available: the most recent USDA Census of
Agriculture, in 2012, and crop data provided by the North Dakota State Water Commission from
2017 (USDA 2012; Sorenson 2017). Of 12.5 million acres of harvested cropland in the 42
counties along the Missouri River, approximately 2,266,000 acres of irrigated cropland were
harvested in 2012, or approximately 18.1 percent of all cropland. According to the State
Department of Natural Resources and State Water Commission records, 238,766 of these acres
are permitted for irrigation using Missouri River water, or approximately 11 percent of all
irrigated acres harvested (Table 3-141). In addition, data on the actual acres irrigated was
obtained from North Dakota and South Dakota agencies, which require water permit irrigators to
report annual water usage. Although actual acres irrigated with Missouri River water was not
available from Montana and Nebraska, the South Dakota and North Dakota data indicates that
actual acres irrigated is typically lower than permitted acres in most counties.

Almost all of the permitted acres are located in the upper basin, where lower annual rainfall and
a shorter growing season leaves irrigators more dependent on river and reservoir water. For
example, McCone County, Montana recorded 17.5 inches of precipitation in 2014.4 However,
the highest recorded precipitation in the 42-county area was in Washington County, Nebraska,
which recorded 41.3 inches in 2014. The growing season in the upper basin counties is largely
constrained by snowfall and low average temperatures. In the upper reaches of the river, the
irrigation season lasts approximately from May through September. The planting and harvesting
dates were derived from the NASS Agricultural Handbook Number 628: “Field Crops: Usual
Planting and Harvesting Dates.” In the lower river reaches, in Nebraska, the irrigation season
also begins in May but typically extends through October.

4 County precipitation for 2014 is the average value recorded at varying number of weather stations throughout the
county over the course of the calendar year.
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Table 3-141. Precipitation, Irrigated Crop Acreage, and Intakes for the 42-County Area

Actual Acres

County Irrigated Crop Acres Acres Permitted Irrigated
Precipitation | Harvested (All Water (Missouri River (Missouri River

County State (Inches, 2014) Sources, 2012) Only, 2015) Only, 2015)
McCone Montana 17.5 83,141 16,209 not reported
Valley Montana 154 194,605 4,978 not reported
Roosevelt Montana 13.6 74,200 21,284 not reported
Richland Montana 15.9 132,818 18,156 not reported
Williams North Dakota 10.2 83,007 39,966 1,969
McKenzie North Dakota 16.4 37,635 11,030 735
Mountrail North Dakota 20.1 0 1,094 250
McLean North Dakota 20.3 74,852 5,875 2,212
Mercer North Dakota n/a 14,965 5,463 1,946
Oliver North Dakota n/a 38,852 6,784 3,643
Burleigh North Dakota 14.3 58,428 4,723 2,543
Morton North Dakota 19.9 49,601 3,985 1,166
Emmons North Dakota 17.9 16,310 9,508 5,496
Sioux North Dakota n/a 0 679 0
Corson South Dakota 22.0 0 1,261 51
Campbell South Dakota 16.0 14,574 2,261 704
Walworth South Dakota 19.8 23,971 2,193 258
Dewey South Dakota n/a 0 766 37
Potter South Dakota 21.0 0 929 356
Sully South Dakota 17.9 67,654 22,950 7,744
Stanley South Dakota 18.4 644 1,447 26
Hughes South Dakota 16.0 21,211 20,307 10,048
Buffalo South Dakota 15.0 12,779 5,979 2,915
Hyde South Dakota 15.0 4,800 0 0
Lyman South Dakota 15.4 21,745 2,961 684
Brule South Dakota 20.7 19,005 2,580 608
Charles Mix | South Dakota 19.2 64,649 12,492 4,391
Gregory South Dakota 20.2 2,066 534 163
Boyd Nebraska 21.0 18,425 274 not reported
Bon Homme | South Dakota 19.6 23,411 5,529 2,827
Knox Nebraska 25.9 137,176 455 not reported
Cedar Nebraska 31.7 257,655 1,498 not reported
Yankton South Dakota 27.9 49,080 685 353
Clay South Dakota 28.1 62,404 247 21
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Actual Acres
County Irrigated Crop Acres Acres Permitted Irrigated
Precipitation | Harvested (All Water (Missouri River (Missouri River

County State (Inches, 2014) Sources, 2012) Only, 2015) Only, 2015)
Dixon Nebraska 354 87,943 1,341 not reported
Union South Dakota n/a 122,751 265 0
Thurston Nebraska 31.6 64,988 154 not reported
Burt Nebraska 32.0 130,807 839 not reported
Washington Nebraska 41.3 59,355 762 not reported
Cass Nebraska n/a 33,555 37 not reported
Otoe Nebraska 33.2 48,989 256 not reported
Nemaha Nebraska 33.3 57,935 32 not reported
Total - - 2,265,986 238,766 64,952

Sources: National Climatic Data Center 2016; NASS 2016; Montana Department of Natural Resources and
Conservation 2016; North Dakota State Water Commission 2016; South Dakota Department of Environment and
Natural Resources 2016; Nebraska Department of Natural Resources 2016.

Note: The most recent data was obtained for irrigated crop acres and permitted acres which represent different
years. This is a relevant comparison as permitted acres tends to be stable over time (Sorenson 2018).

Table 3-142 summarizes the irrigation intakes by state. A majority (94 percent) of the 816
intakes identified in the Master Manual are in Montana, North Dakota, and South Dakota.
Montana has the greatest number of intakes of the four states, whereas relatively fewer intakes
are in Nebraska. North Dakota has the greatest number of permitted acres of the four states
where in 2015, the state permitted 89,106 acres for irrigation using Missouri River water. South
Dakota and Montana also permit a considerable number of acres for irrigation, with 83,385
acres and 60,628 acres, respectively.

Table 3-142. Irrigation Intakes and Permitted Acres by State

State N(;‘on;z(tai:;s)f Acres Permitted (2015) N:::rtr’l?trt:c: I(r;akse)s
Montana 4 60,628 276
North Dakota 10 89,106 265
South Dakota 18 83,385 224
Nebraska 10 5,647 51
Total 42 238,766 816

Source: Missouri River Master Water Control Manual Review and Update, Montana Department of Natural
Resources and Conservation 2016; North Dakota State Water Commission 2016; South Dakota Department of
Environment and Natural Resources 2016; Nebraska Department of Natural Resources 2016

Table 3-143 summarizes the harvested acres irrigated by crop type across the 42-county study
area. The most abundant crop grown in the 42 counties is corn, with 323,000 irrigated acres
harvested in 2012, according to the Census of Agriculture (USDA 2012). The next most-
abundant crop is soybeans, with 162,000 acres irrigated (Table 3-143).
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Table 3-143. Harvested Acres Irrigated in the 42-County Area, 2012

Percentage of Irrigated Acres Harvested in Counties in the State

Crop Acres Irrigated Montana North Dakota South Dakota Nebraska
Corn 322,653 3.5% 5.9% 26.4% 64.2%
Soybeans 162,458 0.0% 3.7% 32.2% 64.1%
Hay 110,957 72.7% 11.2% 7.2% 8.9%
Wheat 90,848 70.9% 23.9% 4.0% 1.2%
Hay and Haylage 62,723 68.7% 10.8% 8.8% 11.7%
Sugarbeets 25,086 70.1% 29.9% 0.0% 0.0%
Barley 21,219 63.3% 36.7% 0.0% 0.0%
Beans 10,349 89.2% 10.8% 0.0% 0.0%
Haylage 1,257 0.0% 0.0% 0.0% 100.0%
Peas 669 82.4% 17.6% 0.0% 0.0%
Lentils 300 0.0% 100.0% 0.0% 0.0%
Canola 145 0.0% 100.0% 0.0% 0.0%
Oats 54 0.0% 0.0% 0.0% 100.0%
Total (Acres) 808,718 240,188 82,696 154,842 330,992

Source: USDA Census of Agriculture 2012

3.14.1.1

Irrigation Resources on Tribal Lands

It is estimated that Tribes irrigate more than 350,000 acres of agricultural lands using water from
either the Missouri River or Mainstem reservoirs. Many of the mechanical intakes used for water
access are outdated and are prohibitively expensive to repair and may need to be replaced in

order to accommodate changing levels of sediment, high levels of erosion, or reduced access to

water.

3.14.2 Environmental Consequences

The environmental consequences analysis for irrigation intakes focuses on changes in river and
reservoir conditions associated with each of the MRRMP-EIS alternatives. This section
summarizes the irrigation impact assessment methodology and presents the results of the
assessment. A detailed description of the methodology and results are provided in the “Irrigation
Environmental Consequences Analysis Technical Report” available online
(www.moriverrecovery.org).

3.14.2.1

Impacts Assessment Methodology

The irrigation environmental consequences were evaluated using three of the four accounts
(NED, RED, and OSE) and are summarized according to the impact definitions provided in
Section 3.1. Impacts to irrigators are modeled based on changing river and reservoir conditions.
As river flows and reservoir elevations fall below minimum operating requirements, intakes
become unavailable to provide water to farm operations (including private farms, Tribes, and
commercial operations). This, in turn, can result in changes to net farm income. The analysis
used outputs from the HEC-RAS and HEC-ResSim models to simulate river and reservoir
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conditions for several locations along the river over the POR. No county in the study area relies
exclusively on the Missouri River for irrigation. Counties were included in the impact analysis if
more than 1,000 acres in the county were irrigated using water from the Missouri River and if
the river conditions evaluation showed that irrigation intakes in a given county would experience
an intensive short-term impact or a series of consecutive impacts to water access when
compared to Alternative 1. Counties evaluated included Richland, Roosevelt, McCone, and
Valley in Montana; Burleigh, McLean, Morton, Oliver, Williams, Mercer, and Emmons in North
Dakota; and Sully in South Dakota. Thus, the analysis of irrigation operations in these particular
counties represents the likely impacts that would occur under the MRRMP-EIS alternatives. The
analysis does not evaluate all agriculture production within each of these counties but only the
portion that is irrigated with water from the Missouri River.

Alternative 1 is considered the baseline against which the other alternatives are measured.
Under Alternative 1, the Missouri River Recovery Program would continue to be implemented as
it is currently. As noted in Section 3.1.1, Impact Assessment Methodology, Alternative 1 does
not reflect actual past or future conditions but serves as a reasonable basis or “baseline” for
comparing the impacts of the action alternatives on resources.

National Economic Development

The NED analysis estimated changes in net farm income from irrigated agricultural operations in
12 counties expected to experience measurable impacts as a result of changing physical
conditions along the Missouri River from the MRRMP-EIS alternatives. The analysis evaluated
the impact of access to water on expected yields for crops grown, as reported by relevant state
agriculture crop extension budgets. Estimates of harvested acres for each crop were obtained
from the 2012 Census of Agriculture and the North Dakota State Water Commission. Net farm
income was calculated by estimating expected yield per acre for crops irrigated with Missouri
River water multiplied by the normalized crop prices, taking into account local factors such as
amount of rainfall and local water usage for irrigation, and then subtracting the expected cost of
production. Cost of production was obtained from relevant crop extension budgets. The change
in yield per acre is assumed to be driven by the change in access to water—as the number of
consecutive days an intake would not have access to water increases, the expected yield
decreases.

Regional Economic Development

The RED analysis used the results from the NED analysis to estimate regional economic effects
of MRRMP-EIS alternatives. The RED analysis focused on changes in employment, income,
and sales to counties that could be potentially affected by the MRRMP-EIS alternatives. RED
impacts were estimated with IMPLAN®, an input-output modeling software program. IMPLAN®
uses inter-industry relationships to estimate the change in economic activity that can be
expected in the study area as a result of generated demand for goods and services associated
with the directly affected industry—in this case, agricultural crop production. Value of crop
production estimated under the NED analysis was used as the direct input into IMPLAN® to
estimate the regional economic benefits of irrigated agriculture. The study area for the
IMPLAN® analysis was the state in which the irrigated agriculture was produced.

Other Social Effects

Changes in irrigation operations have a potential to cause other types of effects on individuals
and communities. These impacts are often evaluated under the OSE account. The OSE
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analysis for irrigation relied in part on the results of the NED and RED analysis to determine the
scale of impacts that could occur to community well-being, traditional ways of life, and economic
vitality. Impacts of the alternatives on OSE are discussed qualitatively.

3.14.2.2

Summary of Environmental Consequences

Table 3-144 summarizes the impacts to irrigation intakes from each of the MRRMP-EIS

alternatives.

Table 3-144. Environmental Consequences Relative to Irrigation, 2018 Dollars

Alternative

NED Impacts

RED Impacts

OSE Impacts

Other Impacts

Management
Actions Common to
All Alternatives

No NED impacts

No RED impacts

No OSE impacts

Management actions
common to all
alternatives would
likely have no impacts
on irrigation intakes.

Alternative 1

Average annual net
farm income of $6.8
million, with annual

values ranging from

Average annual labor
income $13.6 million;
average annual
employment of 341

Management
actions would
have a negligible
contribution to

Temporary, small,
localized, adverse
impacts that would be
limited to intakes near

$3.4 to $9.0 million. jobs. OSE impacts. the site of ESH
Management actions Management actions construction.
would have a negligible | would have a
contribution to the negligible contribution
impacts due to minor to the impacts.
changes in river stages
and reservoir elevations
associated with the
spawning cue release.

Alternative 2 Decrease in average Decrease in average Negligible OSE Temporary, relatively
annual net farm income | annual labor income impacts in most small, localized,
of $83,000 or -1.2%; of $28,000 and years, with adverse impacts that
negligible impacts in decrease in average relatively small, would be limited to
most locations and annual employment localized, intakes near the site of

years; potential for
small adverse impacts
to counties bordering

of less than one job.
Negligible changes
on average and in

adverse impacts
in the short-term
in years of or

ESH construction,
although considerably
more construction

Lake Oahe and Lake most years, with following the would be required with
Sakakawea and small adverse and spawning cue potentially more
downstream of Fort beneficial RED release. intakes affected
Peck Dam from lower impacts in some compared to
reservoir elevations and | years as the Alternative 1
rivers flows associated reservoirs rebalance
with the spawning cue. following the
spawning cue
release.
Alternative 3 Increase in average Increase in average Negligible OSE Negligible change from
annual net farm income | annual labor income Impacts Alternative 1

of $15,000 or 0.2%;
negligible change in net
farm income as a result
of the elimination of the
spawning cue pulse.

of $4,000; increase in
average annual
employment of less
than one job.
Negligible changes in
RED impacts
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Alternative NED Impacts RED Impacts OSE Impacts Other Impacts
Alternative 3: Negligible to small, Negligible RED Negligible OSE Not applicable
Gavins Point One- temporary, adverse impacts from one- impacts from
Time Spawning impacts to net farm time implementation one-time

Cue Test

income from lower river
stages and reservoir
elevations associated
with the one-time
spawning cue test.

implementation.

Alternative 4 Decrease in average Decrease in average Negligible long- Negligible change from
annual net farm Income | annual labor income term OSE Alternative 1
of $69,000 or -1.0%; of $14,000; decrease | Impacts
negligible impacts in in average annual
most locations and employment of less
years; potential for than one job.
small adverse impacts Negligible changes
to counties bordering on average and in
Lake Oahe and Lake most years, with
Sakakawea from lower small adverse and
reservoir elevations beneficial RED
following the spring impacts in some
release. years as the
reservoirs rebalance
following the spring.
Alternative 5 Increase in average Increase in average Negligible OSE Negligible change from
annual net farm income | annual labor income Impacts Alternative 1
of $44,000 or 0.6%; of $21,000 or 0.5%;
negligible to small increase in average
changes in NED annual employment
impacts in the worst of less than 1 job.
change years. Negligible changes in
RED impacts
Alternative 6 Decrease in average Decrease in average Negligible long- Negligible change from
annual net farm income | annual labor income term OSE Alternative 1
of $115,000 or -1.7 of $30,000; decrease | Impacts

percent; negligible
impacts in most
locations and years;
potential for small
adverse impacts to
counties bordering Lake
Oahe and Lake
Sakakawea and
downstream of Fort
Peck Dam from lower
reservoir elevations and
rivers flows associated
with the spawning cue
release.

in average annual
employment of less
than one job.
Negligible changes
on average and in
most years, with
small adverse and
beneficial RED
impacts in some
years as the
reservoirs rebalance
following the
spawning cue
release.

3.14.2.3

Impacts from Management Actions Common to All Alternatives

Management actions common to all alternatives include predator management, vegetation
management, and human restriction measures. These actions are not expected to have any
impacts on irrigation intakes along the Missouri River.
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31424 Alternative 1 — No Action (Current System Operation and Current MRRP
Implementation)

Alternative 1 represents current System operations including a number of management actions
associated with MRRP implementation. Management actions under Alternative 1 include
construction of both early life stage habitat and ESH habitat and a spring spawning cue release.

Mechanical Habitat Construction

Management focused on mechanical construction of ESH has the potential to adversely affect
irrigation operations and impact irrigation intakes. For instance, constructing large areas of ESH
can accelerate bedload movement from degradation segments and accelerate deposition in
aggradation segments of the river. This can result in increased maintenance issues to irrigation
intakes in areas of aggradation (USACE 2011a). Irrigation intakes are not expected to be
impacted by the construction of early life stage habitat because the habitat would not be
constructed in reaches of the river where irrigation is occurring.

The extent of these impacts would be dependent on where the MRRP actions occur relative to
any irrigation intakes. The potential impacts of ESH construction on infrastructure such as
irrigation intakes was evaluated in the Final Programmatic Environmental Impact Statement for
Mechanical and Atrtificial Creation and Maintenance of Emergent Sandbar Habitat in the
Riverine Segments of the Upper Missouri River (USACE 2011a). The PEIS noted that in order
to mitigate impacts of habitat creation, USACE would identify sensitive resource categories and
subsequent protective or exclusionary zones associated with these resources. Site selection for
habitat construction would occur with the primary focus on avoiding impacts to sensitive
resources. Intakes and other infrastructure were one of the categories of sensitive resources.

ESH would be constructed in the Garrison reach from Garrison Dam to Lake Oahe and in the
Gavins Point reach from Gavins Point Dam to Ponca Nebraska. The construction of habitat
where irrigation intakes are located has the potential to cause temporary, small, and adverse
impacts on irrigation intakes, although site specific planning would reduce these adverse
effects. Because very few intakes are located below Ponca, Nebraska, there would be negligible
impacts to irrigation impacts from early life stage habitat construction.

National Economic Development

Table 3-145 summarizes the NED analysis for Alternative 1. Overall, average annual net farm
income for all 12 counties evaluated would be approximately $6.8 million. Much of the variation
in annual net farm income is a result of the natural cycles of drought and high water conditions.
Management actions under Alternative 1, including the spring pulse, would have a negligible
contribution to reductions in net farm income because of the very small changes in river stages
and reservoir elevations associated with the pulse.
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Table 3-145. National Economic Development Analysis for Alternative 1, 2018 Dollars

State County Total Net Farm Income Average Annual Net
Farm Income
Montana McCone $82,220,000 $1,003,000
Valley $35,888,000 $438,000
Roosevelt $69,526,000 $848,000
Richland $99,631,000 $1,215,000
North Dakota Williams $45,721,000 $558,000
McLean $58,913,000 $718,000
Mercer $5,770,000 $70,000
Oliver $13,596,000 $166,000
Burleigh $30,488,000 $372,000
Morton $27,933,000 $341,000
Emmons $17,039,000 $208,000
South Dakota Sully $69,925,000 $853,000
Total $556,650,000 $6,788,000

Regional Economic Development

The RED analysis for Alternative 1 estimated the employment, labor income, and sales
supported from irrigated crop production in the 12 counties. The RED analysis estimated the
direct, indirect, and induced economic activity resulting from gross sales of irrigated crops.
Table 3-146 summarizes the economic contribution for all 12 counties evaluated. Under
Alternative 1, irrigated agriculture would contribute on average 341 jobs, $14 million in labor
income and $53 million in sales per year. Under the worst year modeled under Alternative 1,

approximately 301 jobs would be supported, with $12 million in labor income and $45 million in
sales. This reduction in jobs, labor income, and sales occurs during years of drought, especially
as simulated in the 1930s; the spring pulse under Alternative 1 would not have a noticeable
impact on these adverse impacts. Under the best year modeled in Alternative 1, 358 jobs would

be supported, with $14 million labor income and $55 million in sales.

Table 3-146. Alternative 1 RED Analysis for Value of Irrigated Crop Production, 2018

Dollars
RED Metric Average Annual Worst Year Best Year
Contribution Contribution Contribution
Employment 340.8 300.6 358.1
Labor Income $13,555,000 $11,612,000 $14,027,000
Total Sales $52,698,000 $44,782,000 $54,802,000

Other Social Effects

Agriculture has historically been a critical economic component and way of life for many of the
communities within the counties evaluated under this analysis. Compared to all irrigated
acreage, the number of acres irrigated by the Missouri River would be relatively small, with less
than eight percent of all irrigated acreage in the 12 counties relying on water from the Missouri
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River. Alternative 1 could have a notable impact to farms that rely on the Missouri River during
drought conditions as a source of water for irrigation, with the potential for adverse impacts to
economic vitality, community well-being, and traditional ways of life. However, management
actions under Alternative 1 would have a negligible contribution to Other Social Effects because
of the very small change in river flows, reservoir elevations, and irrigation operations associated
with the spring pulse.

Conclusion

Under current System operations, including the management actions associated with MRRP
implementation, the Missouri River and the reservoirs will remain a viable source of water for
irrigation operations with the majority of the irrigation occurring in the upper river. Relative to all
irrigated acreage, the number of acres irrigated by the Missouri River under Alternative 1 would
be relatively small, with less than eight percent of all irrigated acreage in the 12 counties relying
on water from the Missouri River. Considering these conditions, farm operations using water
from the Missouri River for irrigation in the 12 counties evaluated are expected on average to
support over $6.8 million annually in NED benefits (net farm income). On average, this
agricultural production would support 341 jobs, $13.6 million in labor income, and $52.7 million
in sales under Alternative 1 annually. While net farm income would be lower particularly during
drought conditions under Alternative 1, management actions under Alternative 1 would have
negligible contribution to irrigation NED, RED and OSE impacts. In addition, the construction of
ESH habitat has potential to cause temporary, small, and adverse impacts on irrigation intakes
near the construction sites, although site specific planning would reduce these adverse effects.
As there are very few intakes located below Ponca, Nebraska, there would be negligible
impacts to irrigation impacts from early life stage habitat construction. Alternative 1 is not
expected to have significant impacts on irrigation operations because management actions
would have negligible to small adverse impacts on water access for irrigation.

3.14.2.5 Alternative 2 — USFWS 2003 Biological Opinion Projected Actions

Alternative 2 represents the management actions that would be implemented as part of the
2003 Amended BiOp RPA. Alternative 2 includes additional iterative actions that USFWS
anticipates would be implemented under an adaptive management plan. Actions in this
alternative that may have impacts to irrigation intakes include a spawning cue release, low
summer flow, and the construction of ESH.

Mechanical Habitat Construction

Considerably more ESH habitat construction would occur in the Garrison, Fort Randall, Lewis
and Clark, and Gavins Point reaches under Alternative 2 than under Alternative 1. Considerably
more early life stage habitat construction would also occur between Ponca and the mouth of the
Missouri River, near St. Louis, however, it is not expected to have any impacts on irrigation in
these river reaches as farms do not tend to rely on irrigation from the Missouri River. Due to the
large amount of ESH construction, it is likely that irrigation intakes located in the Garrison and
Fort Randall reaches would have small short-term term adverse impacts from habitat
construction, primarily as a result of sediment buildup and costs associated with relocating
these intakes. However, impacts are small because USACE would seek to minimize impacts to
sensitive resources (such as intakes) through site-specific planning.
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National Economic Development

The NED results for Alternative 2 are summarized in Table 3-147. On average net farm income
would total $6.7 million for all twelve counties per year under Alternative 2. This represents a
slight decrease from Alternative 1 of $83,000 or -1.2 percent. On average, all counties under
this alternative would experience negligible adverse impacts. However, in certain years, impacts
would be small especially in certain counties that border Lake Sakakawea and Lake Oahe due
to the spawning cue release decreasing lake elevations at these two reservoirs reducing access
to water for irrigation. During the worst difference years from Alternative 1, the change in net
farm income would be temporary and small across a number of counties, with Sully County
experiencing a decrease of $238,000 in net farm income in the average of the eight worst
difference years from Alternative 1. Irrigation in Richland County would experience decreases in
net farm income in the eight worst difference years of $343,000. In specific counties, individual
farms that rely on the Missouri River for irrigation could experience isolated adverse impacts in
some years. However, during the best difference years, with increased net farm income
compared to Alternative 1, many of these adverse impacts would be offset, resulting in very
small changes in average annual net farm income under Alternative 2 relative to Alternative 1.
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Table 3-147. Summary of National Economic Development Analysis for Alternative 2, 2018 Dollars

State County Percent Average Annual Net Change in Increase during % Increase during Decrease during % Decrease during
Change Farm Income Average eight greatest crop | eight greatest crop eight lowest crop eight lowest crop
Relative to Annual Net production value production value production value production value
Alternative 1 Farm Income | years compared to years compared to years compared years compared to
Relative to Alternative 1 Alternative 1 to Alternative 1 Alternative 1
Alternative 1 (average annual) (average annual) (average annual) (average annual)
Montana | McCone -0.2% $1,001,000 -$2,000 $146,000 14.6% -$140,000 -14.0%
Valley -0.3% $436,000 -$1,000 $63,000 14.3% -$64,000 -14.5%
Roosevelt -0.6% $843,000 -$5,000 $209,000 24.6% -$217,000 -25.6%
Richland -1.1% $1,202,000 -$13,000 $287,000 23.6% -$343,000 -28.3%
North Williams -0.3% $556,000 -$2,000 $43,000 7.6% -$52,000 -9.2%
Dakot
ao%@ | McLean -0.4% $715,000 -$3,000 $96,000 13.3% -$108,000 15.0%
Mercer -0.2% $70,000 $,000 $33,000 46.4% -$29,000 -40.8%
Oliver -3.2% $160,000 -$5,000 $58,000 35.0% -$102,000 -61.6%
Burleigh -1.1% $368,000 -$4,000 $16,000 4.4% -$57,000 -15.3%
Morton -0.7% $338,000 -$2,000 $6,000 1.8% -$30,000 -8.9%
Emmons -11.6% $184,000 -$24,000 $72,000 34.5% -$188,000 -90.7%
South Sully -2.4% $832,000 -$21,000 $94,000 11.0% -$238,000 -27.9%
Dakota
Total -1.2% $6,705,000 -$83,000 $794,000 11.7% -$817,000 -12.0%
Final Missouri River Recovery Management Plan and Environmental Impact Statement 3-406




Irrigation

Additional modeling results are summarized in Table 3-148, which shows the difference in
annual net farm income during years when there is a release action or a low summer flow.
Years of full release and low summer flow correspond to the years of highest impact, as shown
in Table 3-148. The year of highest adverse impact (-$1.1 million) occurred in conditions similar
to 1988, when reservoir elevations at Lake Sakakawea and Lake Oahe would decrease, and net
farm income in McLean, Morton, Emmons Counties would decrease in particular relative to
Alternative 1. The one-year decrease in net farm income for the most affected county (McLean
County, with a decline of $467,000) in 1988 represents 0.3 percent of net cash farm income of
all farming operations in that county ($149.8 million) (USDA 2012).5

Years with partial flow releases also correspond with lower annual net farm income. For
example, the second-highest adverse impact year relative to Alternative 1 would occur in 2010,
the year following a partial release when reservoir releases would be lower than under
Alternative 1. In this year, adverse impacts would be more concentrated downstream of Fort
Peck Lake, with reductions in net farm income occurring in Richland County (with a decrease of
$726,000 relative to Alternative 1), neighboring Roosevelt County (with a decrease of
$367,000), and McCone County (with a decrease of $230,000 relative to Alternative 1). The
decrease in net farm income in Richland County would represent 1.7 percent of net cash farm
income of all farm operations in the county ($41.5 million) (USDA 2012).

Increases in net farm income relative to Alternative 1 would also occur in some years,
increasing by as much at $1.6 million across all counties (Table 3-148).

Table 3-148. Impacts from Modeled Flow Releases to Net Farm Income in the Twelve
County Area under Alternative 2; Change in Net Farm Income Relative to Alternative 1,

2018 Dollars
Years with Greatest
Full Release + Lower Year After Full Release Partial Flow Release ® Range in Impacts
Summer Flow 2 Regardless of Flow
Actions
Low High Low High Low High Low High
-$1,105,635 | $119,303 | -$657,696 -$122,221 -$694,233 | $309,939 | -$1,105,635 | $1,604,576

a  Spawning cue releases and low summer flow events would be fulling implemented occur in three years of the POR. Data
represents the lowest and highest dollar impacts in the years the action would be implemented. Negative values indicate
reductions in net farm income relative to Alternative 1. It should be noted that the low summer flow event would also occur in
the year following a full spawning cue release and low summer flow.

b  Spawning cue release would be partially implemented in 31 years of the POR.
Regional Economic Development

For the 12 counties evaluated, employment would be reduced by an average of 1 job and
$28,000 in labor income per year compared to Alternative 1 (Table 3-149). For the eight years
with the greatest reduction in crop production relative to Alternative 1, there would be 40 fewer
jobs on average across all 12 counties and labor income would decrease by $1.4 million.
However, in the years with the greatest increase in net farm income relative to Alternative 1,
there would be an increase in 34 jobs.

5 Net cash farm income is the gross cash income—all income, such as crop value of production—minus any
expenses, which would include raw materials, employees, and even payments on debt. This is a simpler estimation of
net farm income as it does not include depreciation and amortization expenses.
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McLean County would experience the greatest decrease in jobs and labor income relative to
Alternative 1 during the average of the eight worst difference years of 26 jobs and $854,000,
respectively, from the reduction in reservoir elevations following the spawning cue release at
Lake Sakakawea. A reduction of 26 jobs represents approximately 3 percent of farm jobs (862
farm jobs) in McLean County in 2016 (U.S. Bureau of Economic Analysis 2016). On average,
there would be negligible to small temporary changes in the RED effects with small increases
and decreases in some years with the spawning cue releases and low summer flow events

increasing and decreasing reservoir elevations and river flows and stages.

Table 3-149. Alternative 2 RED Analysis for Value of Irrigated Crop Production, 2018

Dollars
Economic Impact Scenario Total
Direct, indirect, and Average Annual 340.2
induced job
induged Jobs Change in Average Annual from Alternative 1 -0.6
Average of the Eight Best Difference Years 34.0
Relative to Alternative 1
Average of the Eight Worst Difference Years -39.6
Relative to Alternative 1
Direct, indirect, and Average Annual $13,017,000
induced labor income - -
Change in Average Annual from Alternative 1 -$28,000
Average of the Eight Best Difference Years $1,152,000
Relative to Alternative 1
Average of the Eight Worst Difference Years -$1,373,000
Relative to Alternative 1
Direct, indirect, and Average Annual $50,600,000
induced sal
ihduced sales Change in Average Annual from Alternative 1 -$116,000
Average of the Eight Best Difference Years $4,486,000
Relative to Alternative 1
Average of the Eight Worst Difference Years -$5,460,000
Relative to Alternative 1

Other Social Effects

Changes in irrigation operations have the potential to cause other types of effects, such as
changes in community well-being, traditional ways of life, and economic vitality. On average,
annual net farm income under Alternative 2 would decrease slightly relative to Alternative 1 as
would employment, labor income, and sales. During certain years, these impacts would be
small in some counties due to lower reservoir elevations and river stages. However, even during
the worst difference years, reductions in net farm income would represent a small percentage of
net cash farm income in counties affected. Alternative 2 would not likely result in long-term OSE
impacts to communities or the region because NED and RED impacts would be negligible to
small and temporary. However, short-term small adverse impacts to economic vitality and well-
being could occur during a few years if reductions in irrigation are concentrated within the
affected counties.
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Conclusion

Farms using Missouri River water for irrigation would experience negligible to small adverse
impacts to net farm income under Alternative 2 relative to Alternative 1. Across all of the
counties, average annual net farm income is expected to decrease by $83,000 (-1.2 percent)
under Alternative 2. For the 12 counties evaluated, employment would be reduced by an
average of 1 job per year and approximately $28,000 in average annual labor income.
Alternative 2 would not likely result in long-term OSE impacts to communities or the region
because NED and RED impacts would be negligible to small and temporary. Farms that rely on
the Missouri River for irrigation, especially those bordering Lake Sakakawea and Lake Oahe
and downstream of Fort Peck Dam, could experience isolated adverse impacts in a few years,
with short-term, small, adverse impacts to RED and OSE. Considerably more ESH habitat
construction actions would occur in the Garrison, Fort Randall, and Gavins Point reaches under
Alternative 2 than under Alternative 1. Due to the large amount of ESH construction, it is likely
that irrigation intakes located in the Garrison and Fort Randall reaches would have short-term,
localized, adverse impacts from habitat construction, primarily as a result of sediment buildup
and costs associated with relocating these intakes. Impacts to irrigation would not be significant
because on average in most years, there would be negligible to small impacts to NED, RED,
and OSE, and adverse impacts would be temporary.

3.14.2.6 Alternative 3 — Mechanical Construction Only

Management actions under Alternative 3 would include the construction of ESH and early life
stage habitat through mechanical means. Reoccurring flow releases or pulses would not be
implemented under this alternative.

Mechanical Habitat Construction

Additional ESH habitat would be constructed in the Garrison, Fort Randall, and Gavins Point
reaches. Although there are irrigation intakes in these reaches, these adverse impacts are
expected to be temporary and small because site specific planning would seek to reduce
impacts to sensitive infrastructure. Early life stage habitat construction would be focused in the
riverine areas between Ponca and the mouth of the river near St. Louis, and irrigation intakes
are not expected to be impacted by actions in these reaches.

National Economic Development

Under Alternative 3, average annual net farm income would be approximately $6.8 million
(Table 3-150). This represents a small increase in average annual net farm income relative to
Alternative 1 of $15,000 for all 12 counties, an increase of 0.2 percent. In general, the benefits
of Alternative 3 would be the result of the elimination of the spawning cue release under
Alternative 1, which would result in small increases in net farm income under Alternative 3. The
highest beneficial impact would occur in conditions similar to 1955, when net farm income in
Sully County would increase by $197,000 relative to Alternative 1.

Small decreases in net farm income would occur in some years relative to Alternative 1, but
would be more than offset by increases in net farm income in other years. The highest adverse
impact would occur under conditions similar to those modeled in 2008. Flows out of Fort Peck
Lake would very briefly decrease under Alternative 3 relative to Alternative 1 and affect access
to irrigation. Overall, the changes in net farm income would be negligible and beneficial because
of continued access to water for irrigation and only minor changes in annual irrigation operations
and net farm income compared to Alternative 1.
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Table 3-150. Summary of National Economic Development Analysis for Alternative 3, 2018 Dollars

State County Percent Average Annual Net Change in Increase during % Increase during Decrease during | % Decrease during
Change Farm Income Average eight greatest crop | eight greatest crop | eight lowest crop | eight lowest crop
Relative to Annual Net production value production value production value production value
Alternative 1 Farm Income years compared to years compared to | years compared | years compared to
Relative to Alternative 1 Alternative 1 to Alternative 1 Alternative 1
Alternative 1 (average annual) (average annual) (average annual) (average annual)
Montana | McCone 0.1% $1,004,000 $1,000 $23,000 2.3% -$11,000 -1.1%
Valley 0.1% $438,000 $1,000 $11,000 2.5% -$4,000 -0.9%
Roosevelt 0.1% $849,000 $1,000 $42,000 4.9% -$29,000 -3.5%
Richland -0.1% $1,214,000 -$1,000 $62,000 5.1% -$74,000 -6.1%
North Williams 0.0% $558,000 $,000 $4,000 0.8% -$3,000 -0.6%
Dakot
ao@ | McLean -0.1% $718,000 -$1,000 $3,000 0.4% -$10,000 1.4%
Mercer 0.0% $70,000 $,000 $2,000 3.3% -$3,000 -3.7%
Oliver -0.1% $166,000 $,000 $15,000 9.1% -$16,000 -9.5%
Burleigh -0.1% $371,000 $,000 $1,000 0.3% -$5,000 -1.2%
Morton -0.1% $340,000 $,000 $1,000 0.3% -$4,000 -1.1%
Emmons 2.8% $214,000 $6,000 $48,000 23.2% -$9,000 -4.5%
South Sully 1.1% $862,000 $10,000 $111,000 13.0% -$34,000 -4.0%
Dakota
Total 0.2% $6,804,000 $15,000 $183,000 2.7% -$128,000 -1.9%

Notes: Numbers and percentages shown in tables are the result of a first level of rounding; there may be instances where results are not replicable through recalculation of values shown here.
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Regional Economic Development

On average, the change in RED effects would result in an average increase in annual
employment of less than one job and an increase in labor income of $4,000 across all twelve
counties (Table 3-151). Alternative 3 would result in negligible RED impacts relative to
Alternative 1. On average, approximately half of the counties in this analysis (seven) experience
small, beneficial impacts in economic activity, while the other half experience small, adverse
impacts. During the eight worst difference years relative to Alternative 1, the average annual
number of jobs for all twelve counties would decrease by 4, and labor income would decrease
by $153,000. McLean County would experience the greatest decrease in employment and labor
income relative to Alternative 1 of 2 jobs and $78,000, respectively, during the average of the

eight worst change years.

Table 3-151. Alternative 3 RED Analysis for Value of Irrigated Crop Production, 2018

Relative to Alternative 1

Dollars
Economic Impact Scenario Total
Direct, indirect, and Average Annual 340.9
induced job:
inclced Jobs Change in Average Annual from Alternative 1 0.1
Average of the Eight Best Difference Years 30.4
Relative to Alternative 1
Average of the Eight Worst Difference Years -4.3
Relative to Alternative 1
Direct, indirect, and Average Annual $13,049,000
induced labor i
nduced aborincome Change in Average Annual from Alternative 1 $4,000
Average of the Eight Best Difference Years $1,005,000
Relative to Alternative 1
Average of the Eight Worst Difference Years -$153,000
Relative to Alternative 1
Direct, indirect, and Average Annual $50,737,000
induced sales
Change in Average Annual from Alternative 1 $21,000
Average of the Eight Best Difference Years $4,055,000
Relative to Alternative 1
Average of the Eight Worst Difference Years -$592,000

Other Social Effects

Annual net farm income would vary the least under Alternative 3, relative to Alternative 1, with
on average an increase in annual net farm income of $15,000 (0.2 percent). RED impacts would
be negligible under Alternative 3 relative to Alternative 1. Negligible to very small changes in
NED and RED under Alternative 3 would result in negligible OSE impacts; the changes would

likely have no impact to communities located along the Missouri River.
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Gavins Point One-Time Spawning Cue Test

The one-time spawning cue test (Level 2) release that may be implemented under Alternative 3
was not included in the hydrologic modeling for the alternative because of the uncertainty of the
hydrologic conditions that would be present if implemented. Flows equivalent to the one-time
spawning cue test were modeled for multiple years in the period of record under Alternative 6.
Impacts to irrigators under Alternative 6 were described on average as negligible to small,
temporary, and adverse. On an annual basis, the adverse impacts tend to be greatest in years
with a full or partial release and years after a full release, especially with the onset of drought
conditions. Because Alternative 6 modeling results show a small increase in the number of days
falling below irrigation operating thresholds in the period of record, the one-time implementation
of the pulse would likely cause small temporary adverse impacts to irrigation intakes in the year
the one-time spawning cue test is implemented and potentially 1 to 2 years following the test
flow when the reservoir levels are relatively lower than under Alternative 1. Impacts to RED and
OSE would likely be negligible because the test release would only be implemented once under
Alternative 3.

Conclusion

On average, farms using Missouri River water for irrigation would experience a slight increase in
net farm income of $15,000 (0.2 percent) under Alternative 3 relative to Alternative 1 as a result
of the elimination of the spawning cue release under Alternative 3. Overall, the change in NED
would be negligible even in the best and worst change years relative to Alternative 1. There
would be negligible changes in RED and OSE impacts relative to Alternative 1 because
irrigation operations would not noticeably be affected under Alternative 3. Additional ESH
habitat would be constructed in the Garrison, Fort Randall, and Gavins Point reaches. Although
there are irrigation intakes in these reaches, these adverse impacts are expected to be
temporary and small as site-specific planning would seek to reduce impacts to sensitive
infrastructure. Impacts to irrigation would not be significant because impacts to irrigation
operations, NED, RED, and OSE would be negligible and construction impacts on irrigation
intakes would be temporary, small, and adverse.

3.14.2.7 Alternative 4 — Spring ESH Creating Release

Management actions under Alternative 4 would include the construction of ESH and early life
stage habitat through mechanical means. Alternative 4 also includes a spring release in April
and May to create ESH.

Mechanical Habitat Construction

Early life stage habitat construction would be focused in the riverine areas between Ponca and
the mouth of the river near St. Louis, and irrigation intakes are not expected to be impacted by
actions in these reaches. Additional ESH habitat would be constructed in the Garrison, Fort
Randall, and Gavins Point reaches. Although there are irrigation intakes in these reaches, the
impacts are expected to be temporary and small because site specific planning would seek to
avoid or minimize impacts to sensitive infrastructure.

National Economic Development

The NED analysis for Alternative 4 is summarized in Table 3-152. Overall, Alternative 4 would
have a small, adverse impact on irrigation relative to Alternative 1, with average annual net farm
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income of $6.7 million, a slight decrease of $69,000 from Alternative 1 (1.0 percent). Adverse
impacts under Alternative 4 would occur in the counties bordering Lake Sakakawea (Williams,
Mercer, and McLean) and Lake Oahe (Sully) in the years of or following the spring release,
which reduces the reservoir elevations during the irrigation seasons. On average, the counties
in Montana would experience small increases in annual net farm income during the releases
that would partly occur during the growing seasons, resulting in an increase in water access for
irrigation in the Montana counties. In the eight worst difference years, decreases in net farm
income range from $14,000 to $402,000 with Sully County experiencing the greatest decrease
in the worst difference years compared to Alternative 1. However, during the best difference
years, with increased net farm income compared to Alternative 1, many of these adverse
impacts would be offset, resulting in very small changes on average to net farm income under
Alternative 4 relative to Alternative 1.
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Table 3-152. Summary of National Economic Development Analysis for Alternative 4, 2018 Dollars

State County Percent Average Annual Net Change in Increase during % Increase during Decrease during | % Decrease during
Change Farm Income Average eight greatest crop | eight greatest crop | eight lowest crop | eight lowest crop
Relative to Annual Net production value production value production value production value
Alternative 1 Farm Income years compared to | years compared to | years compared | years compared to
Relative to Alternative 1 Alternative 1 to Alternative 1 Alternative 1
Alternative 1 (average annual) (average annual) (average annual) (average annual)
Montana | McCone 1.1% $1,014,000 $11,000 $127,000 12.7% -$37,000 -3.7%
Valley 1.3% $443,000 $6,000 $65,000 14.8% -$14,000 -3.3%
Roosevelt 1.6% $862,000 $14,000 $175,000 20.6% -$76,000 -8.9%
Richland 1.5% $1,233,000 $18,000 $249,000 20.5% -$119,000 -9.8%
North Williams -3.0% $541,000 -$17,000 $4,000 0.7% -$110,000 -19.7%
Dakot
A% | McLean 1.2% $710,000 -$9,000 $65,000 9.0% -$128,000 17.8%
Mercer -11.9% $62,000 -$8,000 $9,000 12.6% -$56,000 -79.2%
Oliver -1.9% $163,000 -$3,000 $45,000 26.9% -$66,000 -40.0%
Burleigh -1.2% $367,000 -$4,000 $10,000 2.6% -$53,000 -14.2%
Morton -0.9% $338,000 -$3,000 $1,000 0.4% -$32,000 -9.4%
Emmons -11.5% $184,000 -$24,000 $43,000 20.9% -$183,000 -88.1%
South Sully -5.9% $803,000 -$50,000 $41,000 4.8% -$402,000 -47.1%
Dakota
Total -1.0% $6,719,000 -$69,000 $621,000 9.1% -$808,000 -11.9%
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Table 3-153 summarizes changes in net farm income associated with different flow events
compared to Alternative 1. The most adverse impacts to net farm income would occur during full
release events when releases are followed by the onset of a drought or relatively drier
conditions, with a decrease across all counties of $1.6 million. In conditions similar to 1963, a
full release would be implemented. Low flow out of Fort Peck during the growing season would
adversely impact the four counties located in Montana by as much as $277,000 for all four
counties. In addition, the counties bordering Lake Oahe and Lake Sakakawea (Sully, Mercer,
McLean, and Williams) would be adversely impacted in this year. The highest adverse impact
would occur in Sully County, with a decrease of $896,000 due to low reservoir elevations on
Lake Oahe. In Sully County, $896,000 would represent approximately 1.2 percent of net cash
farm income of all operations ($76.1 million) (USDA 2012). The second-highest year of adverse
impact ($1.1 million) would occur in conditions similar to 1964, when the reservoirs would be
lower following the full spawning cue release in 1963.

Years with increases in net farm income compared to Alternative 1 would also occur as the
reservoirs rebalance after the spring release, with the greatest increase in net farm income of
$1.5 million across all counties. The counties that would experience the highest beneficial
impact relative to Alternative 1 are located downstream of Fort Peck Dam in Montana (Valley,
Roosevelt, Richland, and McCone counties).

Table 3-153. Impacts to Net Farm Income in the Twelve County Area from Modeled Flow
Releases under Alternative 4; Change in Net Farm Income Relative to Alternative 1,
2018 Dollars

Years with Greatest
Range in Impacts
Regardless of Flow
Actions

Full Release 2 Year After Full Release Partial Flow Release ®

Low

High

Low

High

Low

High

Low

High

-$1,638,763

$255,112

-$1,103,359

$1,501,312

-$661,462

$381,149

-$1,638,763

$1,501,312

Note: Data represents the lowest and highest dollar impacts in the years the action was implemented. Negative costs represent a
decrease in net farm income compared to Alternative 1.

a  The spring release would be fully implemented in 9 years of the POR.

b Flow action would be partially implemented in 7 years of the POR.

Regional Economic Development

On average, the change in RED effects would result in an average decrease in annual

employment of less than one job and a reduction in labor income of $14,000 across all twelve
counties (Table 3-154). In the average of the eight worst difference years, labor income would
be $1.4 million lower than Alternative 1, and the number of jobs would decrease by 40. The
largest adverse RED effects would occur from decreases in reservoir elevations at Lake
Sakakawea following the spring release. McLean County would experience the greatest
decrease in employment and labor income relative to Alternative 1, with a decrease of 31 jobs
and $1.0 million, respectively, in the worst change year. Thirty-one jobs represent 3.6 percent of
all part- and full-time jobs in McLean County (862 jobs) in 2016 (U.S. Bureau of Economic
Analysis 2016). Impacts would be negligible to small and adverse in most counties on average
and in most years. In a couple of years, there could be notable RED impacts in McLean and
Sully counties, especially if concentrated in a specific region within the counties. However, the
impacts are anticipated to be temporary and would be offset by a number of years when there

would be increases in RED effects compared to Alternative 1.
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Table 3-154. Alternative 4 RED Analysis for Value of Irrigated Crop Production,

2018 Dollars
Economic Impact Scenario Total
Direct, indirect, and Average Annual Employment 340.6
induced job
Induced jobs Change in Average Annual Employment from -0.2
Alternative 1
Average of the Eight Best Difference Years Relative to 241
Alternative 1
Average of the Eight Worst Difference Years Relative to -39.7
Alternative 1
Direct, indirect, and Average Annual Labor Income $13,031,000
induced labor
:ncgme Change in Average Annual Labor Income from -$14,000
Alternative 1
Average of the Eight Best Difference Years Relative to $817,000
Alternative 1
Average of the Eight Worst Difference Years Relative to -$1,376,000
Alternative 1
Direct, indirect, and Average Annual Sales $50,625,000
induced sal
induced sales Change in Average Annual Sales from Alternative 1 -$91,000
Average of the Eight Best Difference Years Relative to $3,138,000
Alternative 1
Average of the Eight Worst Difference Years Relative to -$5,630,000
Alternative 1

Other Social Effects

On average, annual net farm income under Alternative 4 would decrease slightly relative to
Alternative 1 as would employment, labor income, and sales. During certain years, the NED and
RED impacts would be notable in a few counties due to lower reservoir levels following the
spring release. However, even during the worst difference years, reductions in net farm income
and employment would represent a small percentage of net cash farm income and farm
employment in counties affected. Alternative 4 would not likely result in long-term OSE impacts
to communities or the region because NED and RED impacts would be negligible to small and
temporary. Farms that rely on the Missouri River for irrigation, especially those bordering Lake
Sakakawea and Lake Oahe, could experience isolated adverse impacts in a few years, with
short-term small adverse impacts to economic vitality and well-being.

Conclusion

Farms using Missouri River water for irrigation would experience negligible to small adverse
impacts to net farm income under Alternative 4 relative to Alternative 1. Overall, average annual
net farm income is expected to decrease by $69,000 (-1.0 percent) under Alternative 4. For the
12 counties evaluated, employment would be reduced by an average of one job per year and
approximately $14,000 in average annual labor income. The worst difference years from
Alternative 1 would result in small adverse impacts in RED and NED. Alternative 4 would not
likely result in long-term OSE impacts to communities or the region because NED and RED
impacts would be negligible to small and temporary. Farms that rely on the Missouri River for
irrigation, especially those bordering Lake Sakakawea and Lake Oahe, could experience
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isolated adverse impacts in a few years, with short-term small adverse impacts to RED and
OSE in a few years. Additional ESH habitat construction would occur in the Garrison, Fort
Randall, and Gavins Point reaches under Alternative 4 compared to Alternative 1, with
temporary, small, and adverse impacts to intakes associated with sediment, although site-
specific planning would seek to minimize or avoid adverse impacts to this infrastructure. Impacts
to irrigation would not be significant because on average in most years, there would be
negligible impacts to NED, RED, and OSE, and adverse impacts would be temporary and small.

3.14.2.8 Alternative 5 — Fall ESH Creating Release

Management actions under Alternative 5 would include the construction of ESH and early life
stage habitat through mechanical means. Alternative 5 also includes a fall release to create
ESH habitat.

Mechanical Habitat Construction

Early life stage habitat construction would be focused in the riverine areas between Ponca and
the mouth of the river near St. Louis, and irrigation intakes are not expected to be impacted by
actions in these reaches. Additional ESH habitat would be constructed in the Garrison, Fort
Randall, and Gavins Point reaches compared to Alternative 1. Although there are irrigation
intakes in these reaches, the impacts are expected to be temporary and small because site
specific planning would seek to reduce impacts to sensitive infrastructure.

National Economic Development

Under Alternative 5, average annual net farm income would be approximately $6.8 million, an
increase of $44,000 (0.6 percent) for all twelve counties relative to Alternative 1 (Table 3-155).
In general, there would be negligible to small increases in net farm income in the Montana
counties downstream of Fort Peck Dam, associated with the fall release. There would be
negligible to small decreases in net farm income in a couple of years following the fall releases
for irrigation operations on the counties bordering Lake Sakakawea and Lake Oahe. Releases
from Fort Peck Dam associated with the implementation of the fall release would increase river
stages and flows during the growing season below Fort Peck Dam, with small increases in net
farm income for irrigators in the Montana counties under these conditions. However, in a few
years following the fall release, reservoir elevations at Lake Oahe and Lake Sakakawea would
be lower than under Alternative 1, with adverse impacts to net farm income to operations in
counties that border these reservoirs. In the eight worst difference years, decreases in net farm
income range from $3,000 to $83,000 with negligible changes even in the worst change years.
However, during the best difference years, with increased net farm income compared to
Alternative 1, these adverse impacts would be offset, resulting in very small increases on
average in net farm income under Alternative 5 relative to Alternative 1.
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Table 3-155. Summary of National Economic Development Analysis for Alternative 5, 2018 Dollars

State County Percent Average Annual Net Change in Increase during % Increase during Decrease during | % Decrease during
Change Farm Income Average eight greatest crop eight greatest crop eight lowest crop eight lowest crop
Relative to Annual Net production value production value production value production value
Alternative 1 Farm Income years compared to years compared to years compared years compared to
Relative to Alternative 1 Alternative 1 to Alternative 1 Alternative 1
Alternative 1 (average annual) (average annual) (average annual) (average annual)
Montana | McCone 0.8% $1,011,000 $8,000 $94,000 9.4% -$20,000 -2.0%
Valley 1.0% $442,000 $4,000 $46,000 10.5% -$5,000 -1.1%
Roosevelt 1.7% $862,000 $14,000 $151,000 17.8% -$29,000 -3.4%
Richland 1.9% $1,238,000 $23,000 $231,000 19.0% -$38,000 -3.1%
North Williams -0.6% $554,000 -$3,000 $8,000 1.5% -$34,000 -6.1%
Dakot
A% | McLean -0.2% $717,000 -$2,000 $19,000 2.6% -$36,000 -5.0%
Mercer -1.7% $69,000 -$1,000 $6,000 8.8% -$16,000 -23.0%
Oliver -0.9% $164,000 -$2,000 $25,000 15.2% -$41,000 -24.5%
Burleigh 0.0% $372,000 $,000 $5,000 1.4% -$5,000 -1.2%
Morton 0.0% $341,000 $,000 $2,000 0.7% -$3,000 -1.0%
Emmons -1.0% $206,000 -$2,000 $47,000 22.7% -$83,000 -39.9%
South Sully 0.5% $857,000 $4,000 $96,000 11.3% -$71,000 -8.3%
Dakota
Total 0.6% $6,833,000 $44,000 $529,000 7.8% -$224,000 -3.3%
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Table 3-156 summarizes changes in net farm income associated with different flow events
compared to Alternative 1. The greatest increases in net farm income would occur during the
years when there would be a full release simulated to occur, with most of the beneficial effects
to irrigation occurring in Montana counties when river stages and flows are relatively higher
under Alternative 5.

The year of highest adverse impact to net farm income relative to Alternative 1 would occur
under conditions similar to 1988, in the year following a full release when reservoirs and river
stages would be lower than under Alternative 1. Adverse impacts would be highest for the
counties located downstream of Fort Peck Lake, ranging from a decrease of $176,000 in
Richland County to a decrease of $37,000 in Williams County. In 1984, the year following a fall
release, McLean County would be the most adversely impacted county, with a decrease of
$129,000 in net farm income relative to Alternative 1.

The greatest increases in net farm income would occur during the full release years and the
years following full releases, when releases from Fort Peck Dam would be higher than under
Alternative 1, with small increases in net farm income for irrigators in the Montana counties.

Table 3-156. Impacts to Net Farm Income in the Twelve County Area from Modeled Flow
Releases under Alternative 5; Change in Net Farm Income Relative to Alternative 1, 2018

Dollars
Full Release 2 Year After Full Release Partial Flow Release Years with Greatest
Range in Impacts
Regardless of Flow
Actions
Low High Low High Low High Low High
-$7,403 | $1,173,733 | -$703,302 $1,078,897 $8,333 $8,333 -$703,302 $1,173,733

Note: Data represents the lowest and highest dollar impacts in the years the action would be implemented. Negative values indicate
reductions in net farm income relative to Alternative 1.

a  The fall release would be fully implemented in 7 years.
b The fall release would be partially implemented in 2 years.

Regional Economic Development

On average, the change in RED effects would result in an average increase in annual
employment of less than one job and an increase in labor income of $21,000 across all twelve
counties (Table 3-157). In the average of the eight worst difference years, labor income would
be $391,000 million lower than Alternative 1, and the number of jobs would decrease by 11.
McLean County would experience the greatest decrease in employment and labor income of 9
jobs and $285,000, respectively, in the worst change year compared to Alternative 1. Nine jobs
represent 1.0 percent of all part- and full-time jobs in McLean County (862 jobs) in 2016 (U.S.
Bureau of Economic Analysis 2016). On average and in all years, RED impacts would be
negligible and beneficial and adverse depending on the location of the counties because of the
small change in irrigation operations under Alternative 5.
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Table 3-157. Alternative 5 RED Analysis for Value of Irrigated Crop Production, 2018

Dollars
Economic Impact Scenario Total
Direct, indirect, and Average Annual Employment 341.4
induced jobs Change in Average Annual Employment from Alternative 1 0.5
Average of the Eight Best Difference Years Relative to Alternative 1 121
Average of the Eight Worst Difference Years Relative to Alternative 1 -11.4
Direct, indirect, and Average Annual Labor Income $13,066,000
::gg;e: labor Change in Average Annual Labor Income from Alternative 1 $21,000
Average of the Eight Best Difference Years Relative to Alternative 1 $435,000
Average of the Eight Worst Difference Years Relative to Alternative 1 -$391,000
Direct, indirect, and Average Annual Sales $50,781,000
induced sales Change in Average Annual Sales from Alternative 1 $65,000
Average of the Eight Best Difference Years Relative to Alternative 1 $1,618,000
Average of the Eight Worst Difference Years Relative to Alternative 1 -$1,609,000

Other Social Effects

OSE impacts under Alternative 5 would be similar to Alternative 1. Actions under this alternative
would affect a very small percentage of net cash farm income from all operations, and OSE
impacts would be negligible under this alternative because of the very small changes in NED
and RED effects.

Conclusion

On average, farms using Missouri River water for irrigation would experience a slight increase in
net farm income of $44,000 (0.6 percent) under Alternative 5 relative to Alternative 1 primarily
associated with higher releases from Fort Peck Dam associated with the fall releases increasing
net farm income for irrigators located in Montana below the dam. Overall, the change in NED
would be negligible and beneficial and adverse depending on the location and the year. There
would be negligible changes to RED impacts in most years and locations; OSE impacts under
Alternative 1 would be negligible because irrigation operations would only have small NED and
RED impacts in a few years. Additional ESH habitat would be constructed in the Garrison, Fort
Randall, and Gavins Point reaches. Although there are irrigation intakes in these reaches, these
adverse impacts are expected to be temporary and small as site-specific planning would seek to
reduce impacts to sensitive infrastructure. Alternative 5 is not expected to have significant
impacts on irrigation operations because of the negligible to small changes compared to
Alternative 1.

3.14.2.9 Alternative 6 — Pallid Sturgeon Spawning Cue
Management actions under Alternative 6 would include the construction of ESH and early life

stage habitat through mechanical means. Alternative 6 also includes a spawning cue release to
support the pallid sturgeon.
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Mechanical Habitat Construction

Early life stage habitat construction would be focused in the riverine areas between Ponca and
the mouth of the river near St. Louis, and irrigation intakes are not expected to be impacted by
actions in these reaches. Additional ESH habitat would be constructed in the Garrison, Fort
Randall, and Gavins Point reaches. Although there are irrigation intakes in these reaches, the
impacts are expected to be temporary and small because site specific planning would avoid or
minimize impacts to sensitive infrastructure.

National Economic Development

Under Alternative 6, average annual net farm income would be $6.67 million, a decrease of
$115,000 relative to Alternative 1 (-1.7 percent) (Table 3-158). Sully County would experience
the greatest average annual decrease in net farm income (-$75,000) associated with reduced
lake elevations at Lake Oahe following the spawning cue release. To a lesser extent, North
Dakota counties bordering Lake Sakakawea would also experience small adverse reductions in
net farm income from relatively lower reservoir elevation following the spawning cue release. In
the average of the eight worst years, Sully County would experience a decrease in net farm
income of $523,000. In specific counties, individual farms that rely on the Missouri River for
irrigation could experience isolated adverse impacts in some years. However, during the best
difference years, with increased net farm income compared to Alternative 1, many of these
adverse impacts would be offset, resulting in very small changes on average to net farm income
under Alternative 6 relative to Alternative 1.
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Table 3-158. Summary of National Economic Development Analysis for Alternative 6, 2018 Dollars

State County Percent Average Annual Net Change in Increase during % Increase during Decrease during % Decrease during
Change Farm Income Average eight greatest crop eight greatest crop eight lowest crop eight lowest crop
Relative to Annual Net production value production value production value production value
Alternative 1 Farm Income years compared to years compared to years compared to | years compared to
Relative to Alternative 1 Alternative 1 Alternative 1 Alternative 1
Alternative 1 (average annual) (average annual) (average annual) (average annual)
Montana | McCone 0.4% $1,007,000 $4,000 $101,000 10.1% -$67,000 -6.7%
Valley 0.5% $440,000 $2,000 $50,000 11.5% -$29,000 -6.7%
Roosevelt 1.3% $859,000 $11,000 $178,000 21.0% -$102,000 -12.0%
Richland 1.0% $1,227,000 $12,000 $251,000 20.7% -$185,000 -15.2%
North Williams -0.9% $552,000 -$5,000 $8,000 1.5% -$34,000 -6.1%
Dakot
&% | McLean 1.6% $707,000 -$11,000 $10,000 1.4% -$107,000 14.8%
Mercer -6.5% $66,000 -$5,000 $4,000 6.3% -$29,000 -41.6%
Oliver -3.7% $160,000 -$6,000 $15,000 9.3% -$63,000 -38.2%
Burleigh -0.6% $369,000 -$2,000 $7,000 2.0% -$29,000 -7.8%
Morton -0.4% $339,000 -$1,000 $3,000 0.9% -$15,000 -4.3%
Emmons -18.7% $169,000 -$39,000 $29,000 13.9% -$229,000 -110.3%
South Sully -8.8% $778,000 -$75,000 $9,000 1.0% -$523,000 -61.4%
Dakota
Total -1.7% $6,674,000 -$115,000 $498,000 7.3% -$921,000 -13.6%
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Table 3-159 summarizes changes in net farm income tied to different flow events relative to
Alternative 1. Full releases would result in adverse impacts to net farm income. As simulated in
1963, a full release would occur under Alternative 6. The counties in Montana would experience
adverse impacts during this year, with decreases in net income as large as $277,000 relative to
Alternative 1. However, reservoir elevations at Lake Oahe would decrease by as much as 8 feet
during this year relative to Alternative 1, and Sully County would experience the highest adverse
impact to net farm income with a decrease of $961,000. This decrease in net income would
represent 1.4 percent of net cash farm income of all farming operations in Sully County (USDA
2012).

The year of highest adverse impact to net farm income relative to Alternative 1 would occur
under conditions similar to 2010, the year following a partial release, when net farm income
would be $1.8 million lower than under Alternative 1. During reservoir rebalancing, the counties
in Montana would be adversely impacted relative to Alternative 1 as a result of lower releases
from Fort Peck Dam, with decreases in net farm income ranging from $39,000 to $574,000
relative to Alternative 1. The decrease in Richland County, the county to experience the largest
adverse impact in this year, would equal a decrease of 1.5 of net cash farm income of all
operations in that county (USDA 2012).

Generally, the greatest increases in net farm income relative to Alternative 1 would occur in the
counties in Montana. In several years over the POR river stages downstream of Fort Peck are
higher as releases increase during reservoir rebalancing in the years following full and partial
releases. The greatest increase in net farm income would occur in 1983, with an increase of
$1.3 million in net farm income compared to Alternative 1. This is particularly true for Richland
County, which would experience an increase of $638,000 in net farm income relative to
Alternative 1, which would account for 1.7 percent of net cash farm income of all farming
operations in that county (USDA 2012).

Table 3-159. Impacts to Net Farm Income in the Twelve County Area from Modeled Flow
Releases under Alternative 6; Change in Net Farm Income Relative to Alternative 1,

2018 Dollars
Full Release 2 Year After Full Release Partial Flow Release P Years with Greatest
Range in Impacts
Regardless of Flow
Actions
Low High Low High Low High Low High
-$1,686,313 -$234,197 -$1,074,027 -$8,268 -$654,960 | $1,071,640 | -$1,863,480 | $1,305,152

Note: Data represents the lowest and highest dollar impacts in the years the action would be implemented. Negative values indicate
reductions in net farm income relative to Alternative 1.

a  Spawning cue release would be fully implemented in 6 years.

b  The spawning cue release was partially implemented in 29 years (partial implementation years are defined as years when a
partial cue in March and/or May would occur OR years when a full cue in March or May would occur).

Regional Economic Development

The twelve counties evaluated would experience small, adverse RED impacts under Alternative
6. On average the change in economic activity would lead to a decrease in annual employment
of less than one job and a reduction in labor income of $30,000 across all twelve counties
(Table 3-160).
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RED impacts under Alternative 6 are mixed relative to Alternative 1, with counties in Montana
experiencing a slight increase and all other counties experiencing slight decrease in jobs,
income, and sales. During the modeled worst eight difference years relative to Alternative 1,
employment would decrease by 35.6 jobs across all twelve counties, and labor income would
decrease by $1.3 million (Table 3-160). McLean County would experience the greatest annual
decrease in employment and labor income relative to Alternative 1, with a decrease of 26 jobs
and $847,000, respectively.

On average, the change in RED effects would result in an average decrease in annual
employment of less than one job and a reduction in labor income of $30,000 across all twelve
counties (Table 3-160). In the average of the eight worst difference years, labor income would
be $1.1 million lower than Alternative 1, and the number of jobs would decrease by 36. The
largest adverse RED effects would occur from decreases in reservoir elevations at Lake
Sakakawea and Lake Oahe following the spawning cue release. McLean County would
experience the greatest decrease in employment and labor income relative to Alternative 1, with
a decrease of 26 jobs and $847,000, respectively, during the average of the eight worst change
years relative to Alternative 1. Twenty-six jobs represent 3.0 percent of all part- and full-time
jobs in McLean County (862 jobs) in 2016 (U.S. Bureau of Economic Analysis 2016). Impacts
would be negligible to small and adverse in most counties on average and in most years. In a
couple of years, there could be notable RED impacts in McLean and Sully counties as well as
the four Montana counties, especially if concentrated in a specific region within the counties.
However, the impacts are anticipated to be temporary and would be offset by a number of years
when there would be increases in RED effects.

Table 3-160. Alternative 6 RED Analysis for Value of Irrigated Crop Production, 2018

Dollars
Economic Impact Scenario Total
Direct, indirect, and Average Annual Employment 340.4
induced jobs Change in Average Annual Employment from Alternative 1 -0.5
Average of the Eight Best Difference Years Relative to Alternative 1 10.0
Average of the Eight Worst Difference Years Relative to Alternative 1 -35.6
pirect, indirect_, and Average Annual Labor Income $13,015,000
induced labor income Change in Average Annual Labor Income from Alternative 1 -$30,000
Average of the Eight Best Difference Years Relative to Alternative 1 $355,000
Average of the Eight Worst Difference Years Relative to Alternative 1 -$1,274,000
!Z)irect, indirect, and Average Annual Sales $50,560,000
induced sales Change in Average Annual Sales from Alternative 1 -$156,000
Average of the Eight Best Difference Years Relative to Alternative 1 $1,258,000
Average of the Eight Worst Difference Years Relative to Alternative 1 -$5,200,000

Other Social Effects

On average, annual net farm income under Alternative 6 would decrease slightly relative to
Alternative 1 as would employment, labor income, and sales. During certain years, the NED and
RED impacts would be notable in a few counties due to lower reservoir levels following the
spring release and lower river stages from lower releases out of Fort Peck Dam. However, even
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during the worst difference years, reductions in net farm income and employment would
represent a small percentage of net cash farm income and farm employment in counties
affected. Alternative 6 would not likely result in long-term OSE impacts to communities or the
region because NED and RED impacts would be negligible to small and temporary. Farms that
rely on the Missouri River for irrigation, especially those bordering Lake Sakakawea and Lake
Oahe, could experience isolated adverse impacts in a few years, with short-term small adverse
impacts to economic vitality and well-being.

Conclusion

Farms using Missouri River water for irrigation would experience negligible to small adverse
impacts to net farm income under Alternative 6 relative to Alternative 1. Overall, average annual
net farm income is expected to decrease by $115,000 (-1.7 percent) under Alternative 6. For the
12 counties evaluated, employment would be reduced by an average of one job per year and
approximately $30,000 in average annual labor income. The worst difference years from
Alternative 1 would result in small adverse impacts in RED and NED. Alternative 6 would not
likely result in long-term OSE impacts to communities or the region because NED and RED
impacts would be negligible to small and temporary. Farms that rely on the Missouri River for
irrigation, especially those bordering Lake Sakakawea and Lake Oahe and downstream of Fort
Peck Dam, could experience isolated adverse impacts in a few years, with temporary small
adverse impacts to RED and OSE in a few years. Additional ESH habitat construction would
occur in the Garrison, Fort Randall, and Gavins Point reaches under Alternative 6 compared to
Alternative 1, with temporary, small, and adverse impacts to intakes associated with sediment,
although site-specific planning would seek to minimize or avoid adverse impacts to this
infrastructure. Impacts to irrigation would not be significant because on average in most years,
there would be negligible to small impacts to NED, RED, and OSE, and adverse impacts would
be temporary.

3.14.2.10 Tribal Effects

Tribal lands are located below Fort Peck Dam in Roosevelt and Valley counties. Tribal land held
by sovereign nations in these two counties represent 73.9 percent and 22.2 percent of all county
land, respectively (USGS 2012a). It is likely that any Tribal intakes in these areas would
experience similar impacts to those described in the NED, RED, and OSE analysis above.
Tribal land is also located adjacent to Sully County, McLean County, Morton County, Emmons
County, and Mercer County. In these areas, Tribal entities involved with irrigation operations
may experience similar impacts to those realized in the counties being evaluated. As a result,
the change in economic activity and net farm income in Roosevelt, Valley, Sully, Emmons, and
Mercer counties could be of importance to Tribes.

3.14.2.11 Climate Change

Section 3.2.2.7 has a summary of the climate change assessment, and the "Climate Change
Assessment - Missouri River Basin" report is available online (www.moriverrecovery.org). In
addition, the main climate change consequences under the various alternatives are summarized
in Table 3-7.

In the future, climate change would have an increasing influence on irrigators. Earlier spring
snowmelt and lower summer flows could reduce irrigators’ access to water. More irregular
rainfall could also result in irrigators needing to rely more on the Missouri River and other water
sources for irrigation. With earlier spring runoff, there could be more frequent and larger spring
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and fall release events under Alternatives 2, 4, 5, and 6 compared to Alternative 1, which could
reduce access to water for irrigators in the years following the releases in the upper three
reservoirs especially during relatively drier conditions. Larger, more sporadic rain events could
adversely impact irrigation intakes through sediment deposition; these impacts could be
exacerbated during spring or fall releases under Alternatives 2, 4, 5, and 6. Longer duration of
lower river flows may adversely impact access to water for irrigation. With earlier snowmelt, the
fall releases under Alternative 5 may not be able to run as frequently with climate change
because mid-summer System storage may be lower, with some benefits to irrigation intakes.

3.14.2.12 Cumulative Impacts

The Missouri River Mainstem Reservoir System, along with controlled flow releases from the
upper river into the lower river, fulfills multiple management objectives, including providing water
for irrigators along the Missouri River. Natural variability in hydrologic conditions (precipitation
and snowmelt, which include periods of drought and high runoff) and the “rules” governing
System operation would continue to dominate the flows in the Missouri River into the future.
Natural flow variability and the requirement to balance authorized purposes under the Master
Manual would continue to be the primary drivers of impact to irrigation access of the Missouri
River. However, other actions and programs, such as water depletions or withdrawals for water
supply, municipal, and industrial uses have and would continue to have adverse impacts to
irrigation access, as they would notably affect the water surface elevations and flows of the river
and reservoirs.

Future aggradation and degradation trends would have similar effects under all of the
alternatives. HEC-RAS modeling indicates that the action alternatives would not significantly
contribute to aggradation or degradation. As described as part of the year 0 and year 15
analyses (Section 3.2), the elevations in the upper three reservoirs would increase slightly (1 to
2 feet) while changes in elevations in the lower three reservoirs would be negligible in year 15
under all alternatives compared to year 0. The change in stage in the riverine areas in year 15 in
the inter-reservoir river reaches and the upper portion of the lower river over time relative to
Alternative 1 would be nearly the same for all six alternatives. Higher reservoir elevations could
have some benéefits to irrigation access in these locations, but adverse impacts from sediment
clogging intakes could also occur.

Furthermore, many of the mechanical intakes may be nearing the end of their useful life and will
require further investments to continue operation. Other changes in the reliability of the Missouri
River as a water source may further encourage irrigators to turn to other sources of water, such
as groundwater adjacent to the Missouri River, or turn to other farming methods. Depending on
the frequency and duration of these impacts, irrigation operators may realize an increase in
costs associated with moving intakes more frequently, pumping, and/or cleaning screens when
intakes become clogged with sediment.

Cumulative actions that impact agricultural operations include federal technical and financial
assistance programs such as Environmental Quality Incentives Program, which support the
replacement or upgrade of existing irrigation intakes, or expand the number of acres irrigated as
more water becomes available (Nixon 2013; Waas 2015).

State and federal regulations governing water quality have the potential to create adverse

impacts and impose additional costs to farm operations including irrigated agriculture. Non-point
source agricultural runoff was not included in the 2015 EPA Clean Water Act rulemaking, but as
national attention is increasingly focused on the Gulf of Mexico’s dead zone and toxic blooms in
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the country’s lakes, it is likely that states would increase restrictions on non-point source
agricultural runoff in the future which potentially could lead to fewer irrigated acres using
Missouri River water in the future (EPA 2015¢).

Under Alternative 1, existing geomorphological processes and trends would continue, consisting
primarily of river degradation and bank erosion, reservoir sediment deposition and aggradation,
shoreline erosion in reservoirs, and ice dynamics. Along the stretches of river still used for
irrigation (primarily upriver of Lewis and Clark lake), streambank erosion has slowed and further
degradation is unlikely to occur.

Current System operations under Alternative 1 would continue to support water for irrigation.
Precipitation and snowpack would vary over the period of record, with drought conditions
reducing access to irrigation water, with adverse impacts to irrigation operations. However,
management actions under Alternative 1, the spring plenary pulse, would provide a negligible
contribution to these impacts. When combined with other past, present, and reasonably
foreseeable future actions, the cumulative impacts to irrigation access associated with
Alternative 1 would continue to be small, adverse, and long-term primarily due to natural
variability in hydrologic conditions, the need for future investments in irrigation infrastructure,
and aggradation and degradation in the System. The implementation of the plenary pulse and
ESH construction as part of Alternative 1 would provide a negligible contribution to these
cumulative impacts because of the small changes in reservoir elevations and river flows.

Under Alternative 2 the spawning cue releases and low summer flows would result in a
negligible to small adverse impact on irrigators relative to Alternative 1. These impacts would be
due to lower reservoir elevations and river stages, usually following a spawning cue release.
When combined with other past, present, and reasonably foreseeable future actions, cumulative
impacts under Alternative 2 would be small and adverse, similar to Alternative 1, and the
implementation of Alternative 2 would provide a negligible contribution to cumulative impacts in
most years and counties. In a few locations there could be a temporary, small, and adverse
contribution to these cumulative impacts from the spawning cue release reducing reservoir
elevations and river stages in a few years.

Under Alternative 3, the absence of the spring plenary pulse in March and May relative to
Alternative 1 would result in negligible beneficial impacts on irrigators because river flows would
be slightly higher in some years. When combined with other past, present, and reasonably
foreseeable future actions, the cumulative impacts of Alternative 3 would be similar to
Alternative 1, small and adverse, from drought conditions, degradation and aggradation, and the
need for irrigation investments. Implementation of Alternative 3 would have a negligible
contribution to these cumulative impacts because of the very small change in irrigation
operations under Alternative 3.

Alternatives 4 and 6 would result in similar impacts as Alternative 1. The spring release and
spawning cue releases would result in a negligible to small adverse impact on irrigators relative
to Alternative 1 due to lower reservoir elevations and river stages, usually following a spawning
cue or spring release. When combined with other past, present, and reasonably foreseeable
future actions, cumulative impacts under Alternatives 4 and 6 would be small and adverse, and
the implementation of these alternatives would provide a negligible contribution to cumulative
impacts in most years and counties. In a few locations there could be a temporary, small, and
adverse contribution to these cumulative impacts from the spawning cue and spring releases
reducing reservoir elevations and river stages in a few years.
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Alternative 5 would result in similar impacts as Alternative 1. The fall releases would result in
negligible impacts on irrigators relative to Alternative 1 due to the very small change in access
to water for irrigation operations. When combined with other past, present, and reasonably
foreseeable future actions, cumulative impacts under Alternative 5 would be small and adverse,
and the implementation of Alternative 5 would provide a negligible contribution to cumulative

impacts because of the slight change in river stages and reservoir elevations associated with
the fall release.
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3.15 Navigation
3.15.1 Affected Environment

As authorized by The Rivers and Harbors Act of 1945, the federally authorized and maintained
navigation channel of the Mainstem of the Missouri River stretches 735 miles, from Sioux City,
lowa to St. Louis, Missouri (Figure 3-62). This stretch of the river includes a navigation channel
measuring nine feet deep and 300 feet wide.

Navigation industries operate barges and freight vessels, transporting various commodities
along the river. These commaodities generally include agricultural products, chemicals,
petroleum products, manufactured goods, and basic manufacturing materials such as gravel
and sand. In 2016, the latest year with available data, there were about 113 active docks and
ports along the Missouri River. Ninety-nine docks were located around and downstream of
Kansas City, Missouri, while the remaining fourteen were located between Kansas City, and
Omaha, Nebraska. While the Missouri River between Omaha and Sioux City, lowa reach does
contain docks, none were active in 2016 (USACE 2018).

In August of 2015, the Port of Kansas City re-opened (having closed since 2007). In the past
couple of years, commercial tonnage has increased on the Missouri River, with the opening of
the Port of Kansas City and sufficient System storage levels to provide full navigation service in
2015, 2016, and 2017. The Port of Kansas City moved 285,000 tons of freight in 2017 and
forecasts over 300,000 tons moving through the port in 2018 (Port of Kansas City 2017).

USACE supports a navigation season when the river is ice-free and navigable and USACE
releases water from Gavins Point Dam, just above Sioux City to supplement flows from the
major tributaries. While the length of the flow supported navigation season varies along the
river, a full-length season is considered eight months from April 1 to December 1 at the mouth of
the Missouri River. According to the Master Manual, the decision to have a navigation season
and the initial service level provided is made on March 15. On the July 1, a storage check is
performed to determine the level of navigation service (e.g., minimum, full) and the length of the
navigation supported season. Further discussion of these dates and the criteria for length of the
season is described in this section.
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Figure 3-62. Map of Federally Authorized and Maintained Navigation Channel of the Mainstem
Missouri River

The types of commodities traveling on the Missouri River are typically grouped into four broad
categories (USACE 2006a, Appendix G-1.1): sand and gravel, waterway improvement
materials, commercial cargo, and oversized goods. Figure 3-63 presents tonnage levels for
these four commodity groups from 1960 to 2016 along with the USACE System-supported
navigation season length. The commercial traffic has generally been declining since 1977,
although the total amount of traffic (including sand and gravel) peaked of 9.7 million tons in
2001 (USACE 2018). The increase in total traffic during this time was dominated by an increase
in the amount of sand and gravel being dredged and transported on the river. Oversized power
plant equipment (noted as “plant equipment” in Figure 3-63) is also moved on the Missouri
River. These movements have occurred in five years, 2004 to 2008, and ranged from 10,000
tons to 425,000 tons.

Final Missouri River Recovery Management Plan and Environmental Impact Statement 3-430



Navigation

mmmm PLANT EQUIPMENT

mmm WATERWAY MATERIALS
— — RESERVOIR SYSTEM SUPPORTED LENGTH OF SEASON (MONTHS)

10

MILLION TONS

Source: USACE 2018.

COMMERCIAL
PEAK (1977)
3.34

= SAND AND GRAVEL
= COMMERCIAL
TOTAL TRAFFIC PEAK (2001)
9.73
|| 4 Ir N N l\\ -
1
\ ,’
1 7
2016
‘ 4.66
5988485882 ymxne
RRSRSRRRSR]RERER

Figure 3-63. Total Navigation Tonnage and System Supported Length of Season (1960-2016)

SEASON LENGTH (MONTHS)

Final Missouri River Recovery Management Plan and Environmental Impact Statement

3-431



Navigation

For many years, sand and gravel and waterway improvement materials have dominated the
types of commodities moving on the Missouri River. In 1982, sand, gravel, and waterway
improvement materials accounted for 49 percent of total tonnage; since 2000, sand and gravel
has represented greater than 85 percent of the commodities shipped on the Missouri River.
Unlike commercial traffic which is more likely to travel regionally or nationally, 91 percent of
sand and gravel tonnage on the Missouri River travels less than 10 miles (USACE 2018). The
reason for the relatively shorter trips is because much of the sand and gravel is dredged from
the bottom of the river, and then moved to the nearest dock for transit to local markets. As
shown in Table 3-161, 77 percent of sand and gravel tonnage is shipped five miles or less, with
over half of sand and gravel tonnage shipped one mile or less.

Table 3-161. Sand and Gravel Distances Traveled on the Missouri River (2012 to 2016)

0 to 1 Mile 2 to 5 Miles 6 to 9 Miles 10 Miles or More

59% 18% 16% 7%
Source: USACE 2018.

Figure 3-64 summarizes the commercial cargo moved on the Missouri River, which can be
associated with the following eight categories:

e Farm products, such as corn, sorghum, wheat, and soybeans.
¢ Non-metallic products, such as clays, salt including sea water, and limestone flux.
e Food and kindred materials, such as molasses, bran, sharps, and other cereal residue.

o Chemical products, including urea fertilizers, ammonium nitrate fertilizers, and sodium
hydroxide.

e Petroleum products and coke, including pitch and pitch coke, fuel oils, and asphalt.
o Primary metals, such as iron and steel wire, flat rolled iron and steel, and aluminum.
e Stone, clay, and cement types, including Portland, aluminous, slag, or super sulfate.

¢ All other commercial cargo, including coal, wood, autos, machinery, and other materials.

As shown in Figure 3-64, farm products were the main commercial commodities moving on the
Missouri River from 1960 to 1992, accounting for 71 percent of total commercial tonnage in
1960. By 1992, the percentage for farm products had fallen to 29 percent of total commercial
tonnage. From 1992 to 1997, slightly more chemical products, including fertilizers (an average
of 0.51 million tons), were shipped on the Missouri River than farm products (an average of 0.46
million tons). However, farm products were the primary commodity shipped again from 1997 to
2002. From 2003 to 2010, petroleum products including pitch coke were the leading commaodity
moving on the Missouri River. From 2012 to 2016, the leading commercial cargo commodity
was stone, clay, and cement, which accounted for 29 percent of commercial cargo tonnage.
Farm products accounted for 19 percent of the commercial commodities between 2012 and
2016.

Currently, sand and gravel remains the major commodity moving on the Missouri River.
Although commercial sand and gravel is extracted from the Missouri River, it is not identified as
‘commercial” because the movement of sand and gravel occurs from the dredging or extraction
location to the sand plant, usually in nearby ports. Most of the sand and gravel extraction
locations are between Kansas City and St. Charles, Missouri. As a result, the majority of all
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commercial sand and gravel movements along the river occur between these locations (Figure
3-65).

As shown in Figure 3-65, 4.06 million tons a year were transported between Kansas City and
the mouth of the Missouri River, whereas approximately 520,000 tons were transported annually
between Omaha and Kansas City on average between 2012 and 2016.

Tow configurations on the Missouri River are three to four barges (per tow) in the reaches
above Kansas City and six to nine loaded barges or twelve empty barges in the reaches below
Kansas City (Petersen 1997). Barge sizes on the Missouri River are similar to other rivers, with
a width of 35 feet and a length of 195 feet. Towboats on the Missouri River tend to range from
approximately 50 feet to 110 feet in length, 20 feet to 35 feet in breadth, 6 to 9 feet in depth, and
generally have engines that range from approximately 800 to 3,000 horsepower. The lower
horsepower engines are necessary for use on the Missouri River because they produce less
draft and hull dragging.
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Figure 3-64. Commercial Tonnage by Category on the Missouri River, 1960-2016
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Figure 3-65. Five-Year Average Annual Tonnage including Sand and Gravel by Missouri River
Segment

3.15.1.1 Navigation Service

Navigation service on the lower river between Sioux City and St. Louis is supported by a
combination of water from major tributaries, such as the Platte and the Kansas Rivers and the
release of water from the Mainstem dams as necessary to maintain eight to nine feet of water
depth in the navigation channel. The level of navigation service (full, reduced, or minimum)
provided by USACE depends on the quantity of water in System storage. As described in the
Master Manual, USACE has identified target river flows for full-service navigation as 31 kcfs
(thousands of cubic feet per second) at Sioux City and Omaha, 37 kcfs at Nebraska City, and
41 kcfs at Kansas City (USACE 1998c). These full-service flows generally provide the
authorized 9-foot navigation channel and allow the capability to load barges to an 8.5-foot draft.
River flows that are six kcfs lower than the full-service flows are designated as minimum service
flows at the associated location. These flows generally provide a minimum 8-foot navigation
channel, and barges can be loaded to a 7.5-foot draft.
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Commercial navigation declines precipitously below an 8-foot navigation channel. There is
generally very little navigation when the navigation channel is below 7 feet. Although the above-
noted river flows are generally adequate to provide the indicated drafts, the Missouri River is a
dynamic system with tributary inflows and sediment movement, which can result in navigation
difficulties (bumpings and groundings) even when USACE is providing navigation service.
During years with lower tributary flows, releases from Gavins Point Dam are increased to meet
target flows depending on the System storage and service level being provided.

The level of navigation service is determined according to how much water is available in
System storage on two key dates (March 15 and July 1) of each year. On March 15, if the total
System storage is greater than 54.5 million acre-feet (MAF), full-service is provided. If the
System storage is between 31.0 and 49.0 MAF, minimum-service is provided. If the System
storage is less than 31.0 MAF, no navigation service is provided.

On July 1, another System storage check occurs. If System storage is 57.0 MAF or greater, full
service is provided for the remainder of the navigation season. If the System storage is 50.5
MAF or less, minimum service is provided for the remainder of the navigation season. USACE
uses straight-line interpolation defines intermediate service levels between full and minimum
service. The criteria for service level, based on System storage, is detailed in Table 3-162.

Table 3-162. Determination of Navigation Service Level with the Volume of Water in
System Storage

Water in System Storage Service Level Threshold
Date (MAF) (cfs)
54.5 or higher 35,000: full service
March 15 49 to 31 29,000: minimum service
Less than 31 No navigation service that year
57 or more 35,000: full service
July 1
50.5 or less 29,000: minimum service

Source: USACE 1998c.

Table 3-163 summarizes the navigation service levels and season lengths provided by USACE
along with the total commercial (non-sand and gravel) tonnage moved annually on the Missouri
River between 1990 and 2016. In the past 26 years, there have been variable conditions on the
Missouri River with varying impacts to navigation service levels and season lengths. Higher river
flows and/or flooding conditions have resulted in adverse impacts to navigation in a number of
years, notably in 1995, 1997, and 2011. Reduced system storage from relatively drier and
drought conditions have resulted in minimum service levels for navigation in the early 1990s,
most of the 2000s, and 2013. Full navigation service levels have occurred in the mid to late
1990s, 2010, 2012, and more recently in the second half of the season in 2014, 2015, and
2016. The natural variability of the Missouri River can result in a lack of navigation reliability.
Without the ability to reliably navigate on the Missouri River, it is difficult for operators to secure
future contracts, and even in the short-run, to ship products for customers. This business
uncertainty may have contributed to decreased commercial shipments over the 26-year period.
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Table 3-163. Navigation Service Levels, Navigation Season Length, and Tonnage Moved on the Missouri River (1990-2016)

Target Flows: March 15 Check Target Flows: July 1 Check Season Date

Year | Reservoir | Commercial Annual Sioux | Omaha, | Nebraska | Kansas | Sioux | Omaha, | Nebraska | Kansas 1st 2nd Half
System Tons (does Total City, NE City, NE City, City, NE City, NE City, Half Finish
Supported | not include Tons 1A MO 1A MO Start
Length of sand and
Season gravel)
1990 | 6 3/4 1,329,000 5,841,000 Min April Oct
1991 | 63/4 1,563,000 5,729,000 Min April Oct
1992 | 6 3/4 1,403,000 5,783,000 Min April Oct
1993 | 8¢ 1,570,000 5,631,000 Min April Oct
1994 | 8 1,800,000 8,501,000 Full April Dec
1995 | 82° 1,439,000 6,884,000 Full Full + 20,000 April Dec
1996 | 82 1,547,000 8,165,000 Full + 10,000 Full + 20,000 April Dec
1997 | 82 1,651,000 8,172,000 Flood April Dec
1998 | 82 1,735,000 8,379,000 Full April Dec
1999 | 82° 1,576,000 9,252,000 Full April Dec
2000 | 8 1,344,000 8,733,000 Full Reduced April Dec
2001 | 8 1,288,000 9,732,000 Reduced April Dec
2002 | 8° 1,025,000 8,266,000 Min April Dec
2003 | 8¢ 670,000 8,050,000 Min April Nov
2004 | 6 1/2¢ 525,000 8,207,000 Min April Oct
2005 | 6 1/2¢ 285,000 8,361,000 Min April Oct
2006 | 61/2¢ 195,000 8,380,000 Min April Oct
2007 | 6 3/4¢ 303,000 6,702,000 Min April Oct
2008 | 7¢ 175,000 5,681,000 Min April Oct
2009 | 8 270,000 5,036,000 Min Full April Nov
2010 | &2 379,000 4,830,000 Full April Dec
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Target Flows: March 15 Check Target Flows: July 1 Check Season Date
Year | Reservoir | Commercial Annual Sioux | Omaha, | Nebraska | Kansas | Sioux | Omaha, | Nebraska | Kansas 1st 2nd Half
System Tons (does Total City, NE City, NE City, City, NE City, NE City, Half Finish
Supported | not include Tons 1A MO 1A MO Start
Length of sand and
Season gravel)
2011 | 82 230,000 3,832,000 Full Floodf April May'
2012 | 8 197,000 3,906,000 Full April Dec
2013 | 8 245,000 4,105,000 Min Reduced April Dec
2014 | 82 293,000 4,671,000 Reduced Full April Dec
2015 | 8 269,000 4,402,000 Full April Dec
2016 | 8 559,000 4,656,000 Full April Dec

a  10-day extension of season provided.

b  To protect endangered shore birds below Gavins Point Dam, USACE did not support navigation from July 3 to August 14, 2002. Average days towing industry off the river
was 23 days.

c  6-day shortening of season to follow CWCP. From August 11 to September 1, USACE did not support navigation flows to comply with lawsuit to follow 2000 Biological
Opinion. Navigation industry left the river during this period.
d  Season shortening; 47-days, 2004; 48-days, 2005; 44-days, 2006; 35-days, 2007; 30-days, 2008.
Lower Missouri River closed due to high flow conditions: 57 days in 1993; 20 days in 1995; 18 days in 1999; and between 45 and 93 days in 2011 depending on the location
within the river.

f Releases determined by flood control storage evacuation criteria and not adjusted to meet specific navigation targets. Different sections of the river were open and closed at
different times.

Sources:

USACE 2015a: Table 16, Navigation Season Target Flows (p. 63) and Table 17, Missouri River Tonnage and Season Length (p. 64)
USACE 2018.
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3.15.1.2 Navigation Season Length

Navigation on the Missouri River is limited to the normal ice-free season, with a full-length
season defined as 8 months. Each year a water-in-storage check for navigation season length
is taken on March 15, to determine if a navigation season will occur, and on July 1, to determine
the length of the season. If the System water-in-storage is above 31 MAF on March 15, a
navigation season is supported. During the July 1st System water-in-storage check, the length
of the season is decided. If System water-in-storage is at or above 51.5 MAF, a full 8-month
navigation season would be provided, unless the season is extended to evacuate System flood
control storage. However, if System water-in-storage falls below 51.5 MAF on July 1, a
shortened navigation season would be provided to conserve water stored in the System in the
case of an extended drought. The specific technical criteria for season length are shown in
Table 3-164. Straight-line interpolation between 51.5 and 46.8 MAF of water-in-storage on July
1 provides the closure date for a season length between 8 and 7 months (USACE 1998c).

Based on historical records of ice formation on the Missouri River and USACE experience
gained from System regulation, the opening and closing dates for a normal 8-month navigation
season are shown in Table 3-165.

Table 3-164. Relation of System Storage to Season Length

System Storage Season Closure Date at Mouth
Date (MAF) of the Missouri River
March 15 31.0 or less No season
July 1 51.5 or more December 1: 8-month season
July 1 46.8 through 41.0 November 1: 7-month season
July 1 36.5 or less October 1: 6-month season

Table 3-165. Season Open and Close Dates for Missouri River Sections

Location Open Date Close Date
Sioux City March 23 November 22
Omaha March 25 November 24
Nebraska City March 25 November 24
Kansas City March 28 November 27
Mouth of the Missouri River April 1 December 1

In some years, ice conditions will undoubtedly delay the opening of the season and in other
years ice may force an early end to the season. Fall extensions of the season beyond the
normal 8-month length will usually occur (ice conditions permitting) in years with above-normal
System storage and when such extensions will not result in a drawdown into the Missouri River
system carryover multiple use zone.® Based on experience to date, these season extensions
normally are limited to 10 days beyond the typical closure date of December 1.

6 The carryover multiple use zone provides storage for active project purposes. The water stored in this zone at the
three larger reservoirs (Fort Peck, Garrison, and Oahe) will maintain downstream flows through a succession of well-
below-normal runoff years into the System. Serving the authorized purposes during an extended drought is an
important regulation objective of the System.
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3.15.1.3 Air Quality

Impacts to navigation on the Missouri River can result in indirect impacts to air emissions in the
region due to shifts in transportation modes. A shift in mode from navigation to truck
transportation can affect the number of trucks on the highways and contribute to relatively
higher levels of air emissions, notably hydrocarbons, carbon monoxide, nitrogen oxides, and
particulate matter. For a description of the air quality affected environment please see Section
3.8, Air Quality.

3.15.2 Environmental Consequences

This evaluation focuses on how changes in river flows and System storage associated with
each of the MRRMP-EIS alternatives could affect commercial navigation and commercial sand
and gravel dredging. These two activities were evaluated separately because changes in river
flows and water in System storage may affect dredgers differently from the waterway operators
that ship commercial commodities on the river. Dredging operations could be affected through
higher operating costs or through the reduced ability to dredge material. Waterway operators
will be affected by changes in the System storage which will affect USACE-provided navigation
service and season length. These in turn will affect transportation costs, including changes in
rates to transport commodities (i.e., through truck or rail) and navigation channel operating and
maintenance costs. This section summarizes the methodology and presents the results of these
two assessments: impacts to commercial navigation (does not include commercial sand and
gravel dredging); and navigation impacts associated with commercial sand and gravel dredging.
A detailed description of the methodology and results is provided in the “Navigation
Environmental Consequences Analysis Technical Report” available online
(www.moriverrecovery.org).

3.15.21 Commercial Navigation (not including sand and gravel)

The navigation evaluation includes an assessment of how changes in river flows and service
levels can affect commercial navigation on the Missouri River. The impacts to commercial
navigation are evaluated using three of the four accounts (NED, RED, and OSE). The accounts
framework enables consideration of a range of both monetary and non-monetary values and
interests, while ensuring impacts are not double-counted.

Changes to System storage and releases can impact navigation service level flows and season
length. This analysis used the output from the HEC-ResSim Missouri River model, which
simulates System storage and navigation-supported flows released from Gavins Point Dam over
the POR under each of the MRRMP-EIS alternatives. These modeled simulations were used to
determine navigation performance over the POR and how these changing conditions impact
navigation. In addition, the impacts of mechanical habitat construction on navigation operations
were considered and are described in this section.

Under Alternative 1, the Missouri River Recovery Program would continue to be implemented as
it is currently. As described in Section 3.1.1, Impact Assessment Methodology, Alternative 1
does not reflect actual past or historic conditions but provides an assessment of how the
System would be operated under existing conditions, as described in the Master Manual;
Alternative 1 serves as a reasonable basis or “baseline” for comparing the impacts of the action
alternatives on resources.
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Methodology
This section describes the NED, RED, and OSE methodology for commercial navigation.
National Economic Development

The NED account includes an evaluation of both the transportation rate savings and non-routine
repair, replacement, and rehabilitation (RR&R) costs to maintain the navigation channel. The
navigation evaluation used the unit transportation rate savings obtained from the Transportation
Rate Analysis from the Master Manual (USACE 2002), updated to FY 2018 dollars with the
Producer Price Index for Inland Water Freight Transportation (US Bureau of Labor Statistics
2018) as the basis for the transportation rate savings. These unit transportation rate savings by
commodity type were then multiplied by a service level ratio which was generated using the
transportation rate savings functions from the Master Manual Transportation Rate Analysis
(USACE 1998c). The service level ratio indexes the transportation rate savings to different
service levels based on the Master Manual Transportation Rate Savings Functions. The result is
a unit transportation rate savings per commodity for different navigation service levels.
Navigation service data from HEC-ResSim was used to estimate the daily navigation service
level over the POR under the MRRMP-EIS alternatives. The most recent navigation tonnage
data available for a full-service reference year (2016) by commodity type and month was used
to assess the affected tonnage by service level. The transportation rate savings were then
applied to the affected tonnage by service level over the POR by month, commaodity, and river
reach.

A scenario analysis was conducted on the transportation rate savings with a relatively higher
amount of tonnage to evaluate the potential impact on the alternatives. The 1994 commercial
tonnage shipments, the year with the highest level of commercial tonnage on the Missouri River
since 1990, were used to estimate the transportation rate savings (NED value). The commercial
tonnage in 1994 was over three times higher than the tonnage in 2016. This scenario analysis
provides very conservative estimates, which results in relatively higher impacts than those
estimated with 2016 tonnage; however, the results of the scenario analysis would not change
the ranking of the alternatives or the identification of the preferred alternative. The results of the
scenario analysis are provided in the “Navigation Environmental Consequences Analysis
Technical Report” available online (www.moriverrecovery.org).

The RR&R costs include an evaluation of the changes in non-routine repair, replacement and
rehabilitation costs associated with support of two river field offices, including any funds
necessary for rescues, repairs of equipment, staff, and other expenses; repair, replacement,
and rehabilitation of thousands of river structures; and emergency dredging that is required for
extreme river conditions. Costs by service level from the Master Water Control Manual Missouri
River Review and Update Study, Volume 6A-R: Economic Studies Navigation Economics
(Revised) (USACE 1998c) were used to estimate the RR&R costs under the MRRMP-EIS
alternatives. The costs were adjusted to 2018 price levels with the USACE Civil Works
Construction Cost Index System (USACE 2016e).

Net navigation NED benefits were estimated by subtracting the RR&R costs from the
transportation rate savings.
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Regional Economic Development

The RED evaluation for navigation used the results from the commercial navigation NED
analysis to evaluate how changes in the amount of commercial commodities (not including sand
and gravel) transported on the river under the MRRMP-EIS alternatives may affect local
economic conditions, including sales, labor income, and employment. Employment is defined as
including both full-time and part-time jobs. The RED evaluation focused on how the commercial
commodities shipped (and the amount of tonnage that would shift off the river) on the Missouri
River support the waterway industries (shippers, warehousing, and port services) and multiplier
economic activity. The RED evaluation was conducted with the Regional Economic System
(RECONS), which is based on the principles of input-output analysis. RECONS is a certified
USACE model that customizes IMPLAN® ratios and multipliers to USACE projects and study
areas. IMPLAN® is an industry-standard input-output data and software system widely used by
academics, government, and industry. A RED evaluation of the commercial sand and gravel
industry was not conducted because impacts to the dredging industry are likely to be negligible
to small with very little impacts to regional economic conditions (see section 3.15.2.1 of this
section). Potential impacts to over-sized shipments were discussed qualitatively.

A discussion of water-compelled rates is provided in the “Navigation Environmental
Consequences Analysis Technical Report,” which provides a qualitative evaluation conducted
by the University of Tennessee Center for Transportation Research (UT-CTR) (Burton and Bray
2016). The issues are complicated surrounding water-compelled rates and the dynamic
economic conditions and context of the rail industry create uncertainties regarding the effect of
Missouri River navigation on railroad pricing. However, the authors conclude that unless the
reliability and long-run availability for navigation of the Missouri River are reversed, water-
compelled railroad rates attributable to Missouri River navigation seem improbable. A number of
key points in the UT-CTR report are described in the “Navigation Environmental Consequences
Analysis Technical Report” available online (www.moriverrecovery.org).

Other Social Effects

Since moving commodities on the waterway results in fewer air emissions compared to truck
and rail transportation, changes to navigation service could potentially affect air emissions and
possibly impact health and safety. It should be noted that the Inter-modal Surface
Transportation Efficiency Act (ISTEA) supports linked transportation connectivity, promoting
reduced energy consumption, air pollution, and traffic congestion while promoting economic
development and supporting the Nation's preeminent position in international commerce modes;
these objectives are consistent with the effects evaluated under the OSE account.”

The OSE effects to navigation consider changes in air quality if commodities moving on the
waterway could potentially shift off the Missouri River to overland modes as a result of the
MRRMP-EIS alternatives. The air emission rates provided by Texas A&M University, Texas
Transportation Institute (TTI) (2012) were used in the evaluation (in grams per ton-mile) for four
“criteria” pollutants: hydrocarbons (or volatile organic compounds for trucks); carbon monoxide
(CO), particulate matter (PM), and nitrogen oxides (NOx).

To assess the range of miles traveled for each transportation mode, the evaluation used
information on the state to state origin destination pairs from the Waterborne Commerce
Statistics Center (WCSC) to estimate the number of miles traveled (USACE 2018). A weighted

7 H.R.2950 - Intermodal Surface Transportation Efficiency Act of 1991, passed in the 102nd Congress.
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average of the distance traveled for waterway transportation was estimated using the 2016
reported tonnage for each state origin destination pair. Circuity factors of 1.3:1 for truck trip
length and 1.1:1 for rail trip length were applied to the weighted average distance for the
waterway trip (Texas A&M University 2017).2 The final step in the evaluation was to apply the
emissions rates for waterway, railroad, and truck to the tonnage that shifts transportation modes
and average mileage traveled by alternative mode to estimate the anticipated air emissions by
mode. The difference between waterway air emissions and truck and rail air emissions are
presented in the OSE environmental consequences section. Air emissions from natural and
human sources in Missouri as well as the location of counties that are in non-attainment were
used to assess the importance of the potential increase in emissions. Impacts to traffic
congestion, public health and safety, and infrastructure costs are qualitatively assessed based
on the number of truck trips that may be required associated with the tonnage diverted off the

waterway.

Summary of Environmental Consequences

The environmental consequences relative to navigation are summarized in Table 3-166. A

discussion of each alternative follows the table.

Table 3-166. Environmental Consequences for Navigation

Alternative NED Impacts RED Impacts OSE Impacts
Management | Actions such as the human restriction measures, vegetation management, and predator
Actions management would have no impacts on navigation.

Common to

All

Alternatives

Alternative 1

Average annual NED values of $7.4
million, ranging from $0 to $12.0
million annually over the POR.

Drought conditions would cause
most of the adverse impacts, and
management actions under
Alternative 1 would have a negligible
to small contribution to these adverse
impacts from reductions in System
storage and navigation service levels
in the years when the spring pulse
would be implemented.

Average annual jobs of 154
and labor income of $8.8
million.

Range in annual jobs from 0
to 173 and labor income of $0
to $9.9 million over the POR.

Reductions in RED from
drought conditions would be
negligible to small in the
regional context but could be
important to waterway
industries. The spring pulse
would have a negligible
contribution to these impacts.

Negligible impacts to air
quality, traffic
congestion, public
health and safety, and
infrastructure costs in
the regional context.

Alternative 2

A small decrease in average annual
navigation NED value of $35,000
(—0.5%); however, impacts would be
temporary, large, and adverse in low
summer flow years.

Repeated implementation of the low
summer flow event could affect the
reliability of navigation on the river
and the ability of the industry to
obtain long-term contracts, with long-
term, large, and adverse impacts that
could likely be significant.

No change in average annual
jobs and decrease in average
annual labor income of
$11,000.

Negligible to small temporary
adverse impacts to RED
compared to Alternative 1 in
the regional context from
reduced navigation service.

Negligible change in air
quality, traffic
congestion, public
health and safety, and
infrastructure costs
because of the minor
change air emissions
and truck transportation
in the region.

8 A circuity factor is a multiplier to estimate distances to approximate actual travel distances.
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Alternative

NED Impacts

RED Impacts

OSE Impacts

Alternative 3

Negligible to small temporary
increases in average annual
navigation NED value (+$21,000 or
0.3%) due to slightly higher System
storage and reduced RR&R costs in
some years from the elimination of
the plenary pulse.

Increase of $13,000 in
average annual labor income
and no change in jobs.

Negligible change in RED
effects compared to
Alternative 1.

Negligible change in air
quality, traffic
congestion, public
health and safety, and
infrastructure costs
because of the minor
change air emissions
and truck transportation
in the region.

Alternative 3:

Gavins Point
One-Time
Spawning
Cue Test

A negligible to small decrease in
annual NED value from decreased
System storage the year or years
following the one-time pulse
decreasing service levels and
potentially shortening the navigation
season.

Negligible to small adverse
impacts to RED compared to
Alternative 1.

Negligible change in air
quality, traffic
congestion, public
health and safety, and
infrastructure costs
because of the minor
change air emissions
and truck transportation
in the region.

Alternative 4

A small decrease in average annual
navigation NED values (-$181,000 or
-2.4%) compared to Alternative 1,
with the potential for temporary large
adverse impacts following the full
release from reduced System
storage reducing navigation seasons
and service levels.

Alternative 4 could contribute to
further uncertainty around the
reliability of navigation, with the
potential for large adverse NED
effects in the long-term with further
reductions in navigation.

Decrease in average annual
jobs of two and decrease in
average annual labor income
of $94,000.

Negligible to small adverse
impacts to RED compared to
Alternative 1.

Negligible to small
change in air quality,
traffic congestion, public
health and safety, and
infrastructure costs
because of the minor
change air emissions
and truck transportation
in the region.

Alternative 5

A negligible to small decrease in
average annual navigation NED
values (-$57,000 or -0.8%) compared
to Alternative 1, with the potential for
temporary, large adverse impacts in
some years following the full release
from lower System storage reducing
navigation seasons and service
levels.

Alternative 5 could contribute to
further uncertainty around the
reliability of navigation, with the
potential for additional adverse NED
effects in the long-term with further
reductions in navigation.

No change in average annual
jobs and decrease of $9,000
in average annual labor
income.

Negligible adverse impacts to
RED compared to Alternative
1.

Negligible change in air
quality, traffic
congestion, public
health and safety, and
infrastructure costs
because of the minor
change air emissions
and truck transportation
in the region.
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Alternative NED Impacts RED Impacts OSE Impacts
Alternative 6 | A small decrease in average annual Decreases in average annual Negligible change in air
navigation NED benefits (-$127,000 jobs (-1) and average annual quality, traffic
or -1.7%) compared to Alternative 1, labor income (-$85,000). congestion, public
with the potential for temporary, large Negligible to small adverse health and safety, and
adverse impacts following the impacts to RED compared to | infrastructure costs
spawning cue release which lowers Alternative 1. because of the minor
System storage reducing navigation change air emissions
seasons and service levels. and truck transportation
Alternative 6 could contribute to in the region.
further uncertainty around the
reliability of navigation, with the
potential for large adverse NED
effects in the long-term with further
reductions in navigation.

Impacts from Management Actions Common to All Alternatives

A number of actions are common to all alternatives including vegetation management, predator
management, and human restriction measures. These actions occur upstream of Gavins Point
Dam and would not affect navigation. Pallid sturgeon propagation and augmentation is also
common to all alternatives, but would have no impact on navigation.

Alternative 1 — Alternative 1 (Current System Operation and Current MRRP
Implementation)

As described in Section 3.1, the basis for analysis was simulating the implementation of the
alternatives over the historic POR resulting in changes in System storage and flow releases.
Alternative 1 includes the simulation of current operations of the System, including a spring
plenary pulse.

Mechanical Habitat Construction

For early life stage pallid sturgeon habitat, Alternative 1 would result in the construction of 3,999
acres with 1,021 acres located between Sioux City and the Platte River; 672 acres located
between the Platte River and Rulo, Nebraska; 1,129 acres located between Rulo and the
Kansas River; and 937 acres located between the Kansas River and Osage River. Each project
will be designed to minimize or avoid impacts to the authorized purposes including navigation.
Prior to any construction, site-specific NEPA would be conducted on the project. In addition,
Alternative 1 would also include the construction of an average of 164 acres per year of ESH,
which involves mechanical excavation and placement of sand with large construction equipment
or hydraulic dredge. This activity would not occur in the navigable portion of the river so there
would be no impacts to navigation.

National Economic Development

Table 3-167 summarizes the navigation NED value under Alternative 1. The average annual
navigation NED value is estimated to be $7.4 million, ranging between $0 in the simulated years
when navigation is not provided and $12 million during full service years. Most of the value is
associated with transportation rate savings. Management actions under Alternative 1 would
have a negligible to small adverse contribution to these effects resulting from minor changes in
System storage associated with the spring pulse. There would be seven years over the period
of record when no navigation service would be provided by USACE (1935-1942) due to drought
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conditions and low System storage as simulated by HEC-ResSim; during these years, all
tonnage would be assumed to be transported by alternate overland modes.

In the short term, adverse impacts would be temporary and would improve with normal
precipitation and snowpack conditions. However, more frequent onset of drought conditions and
reductions in navigation service would reduce the reliability of Missouri River navigation and
result in long-term adverse impacts to navigation and net NED value that may not be captured
here.

Table 3-167. Transportation Rate Savings, RR&R Costs, and Net NED Benefits for
Alternative 1 (FY 20189%)

Navigation NED Value Transportation Rate Savings RR&R Costs Net NED Value
Average Annual Value $7,990,000 $570,000 $7,420,000
Max Annual Over the POR $12,040,000 $1,260,000 $11,980,000
Min Annual Value Over the POR $0 $0 $0

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from one
year but are from three different years in the POR. Values are estimated using 2016 baseline tonnage.

Regional Economic Development

Under Alternative 1, the RED effects associated with commercial navigation on the waterway
(using 2016 reference year) would support 154 average annual jobs (direct and multiplier jobs)
and $8.8 million in labor income on average over the POR. The RED effects range from no jobs
and income supported when no commercial tonnage is moved (due to no navigation service
conditions) on the Missouri River to 173 jobs and $9.9 million in labor income during full service
navigation years. The spring pulse under Alternative 1 would have a negligible contribution to
these effects. Table 3-168 provides a summary of the RED effects under Alternative 1.

While Alternative 1 would result at times in reductions in jobs and income to waterway and
supporting industries with a reduction in commercial navigation on the Missouri River,
employment and income in other transportation industries would likely increase as industries
that need to ship their products would turn to alternative modes of transportation. Since most of
these commodities are moved through Missouri, some of the economic contribution would occur
within Missouri, although there may be some small economic effects in adjacent states where
these commaodities would be shipped to or from. The fluctuations in navigation RED effects
would be negligible to small in the large economic context of Kansas City and St. Louis and
other relatively larger port cities; the shippers, port services, and warehousing industries would
experience employment and income losses during reduced navigation periods.

Repeated adverse conditions that reduce the reliability navigation on the Missouri River would
result in long-term reductions in associated jobs and income that may not be captured here. In
addition, when navigation service is reduced or not provided, industries that ship their products
via the waterway (for example, agriculture, fertilizer manufacturers, petroleum producers and
refiners, utilities shipping large plant and equipment, and others) could be adversely affected if
transportation costs are higher via rail or truck.

Final Missouri River Recovery Management Plan and Environmental Impact Statement 3-446



Navigation

Table 3-168. RED Effects Associated with Commercial Navigation (does not include sand
and gravel) on the Missouri River under Alternative 1 (FY 2018 Dollars)

Economic
Impact Economic
Parameter Scenario Contribution
Direct, Indirect, Annual Average RED Benefit over the POR 154
and Induced Jobs
! Smallest Annual RED Benefit over the POR 0
Largest Annual RED Benefit over the POR 173
Direct, Indirect, Annual Average RED Benefit over the POR $8,793,396
d Induced
Egborlr?ccc?me Smallest Annual RED Benefit over the POR $0
(2018%) Largest Annual RED Benefit over the POR $9,917,027
Direct, Indirect, Annual Average RED Benefit over the POR $29,414,566
and Induced .
Sales (20189) Smallest Annual RED Benefit over the POR $0
Largest Annual RED Benefit over the POR $33,173,196
Other Social Effects

Table 3-169 summarizes the air emissions under Alternative 1 associated with the commercial
tonnage that would be assumed to shift off the Missouri River to truck and rail, given conditions
over the POR when navigation service would not be supported. There would be tonnage that
shifts off the river to alternate overland modes of transportation in Omaha, Nebraska City, and
Kansas City reaches. There would be only a small amount of affected tonnage in the Omaha
and Nebraska City reaches, with negligible changes in air emissions in these reaches.

Assuming a shift annually of 57,600 tons on average to alternate overland modes in the Kansas
City reach, the pollutant with the largest range of emissions impacts (from rail to truck) would be
nitrous oxides with an annual average change ranging from 1,700 kg (shift to rail) to 27,800 kg
(shift to truck). The second greatest change in annual emissions would be carbon monoxide,
ranging from 300 kg (rail) to 9,000 kg (truck) in the Kansas City reach. Changes in air emissions
would be negligible when the tonnage shifts to rail transportation because the rail air emissions
factors are only slightly higher than the waterway emission factors (refer to the “Navigation
Environmental Consequences Analysis Technical Report,” Table 12, Summary of Emission
Rates).
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Table 3-169. Average Annual Tonnage Assumed to Shift to Overland Modes of
Transportation and Emissions under Alternative 1 by Reach

Average Annual Tonnage Assumed | Hydrocarbon| CO NOx PM

Reach to Shift to Overland Modes (tons) (kg) (kg) (kg) (kg)
Omaha 690
Annual Average Emissions —
Shift in Mode to Truck 30 110 330 20
Annual Average Emissions —
Shift in Mode to Rail 0 0 20 0
Nebraska City 7,400
Annual Average Emissions —
Shift in Mode to Truck 400 1,200 | 3,600 200
Annual Average Emissions —
Shift in Mode to Rail 0 0 200 0
Kansas City 57,600

Annual Average Emissions —
Shift in Mode to Truck 2,800 9,000 | 27,800 | 1,800

Annual Average Emissions —
Shift in Mode to Rail 100 300 1,700 0

Note: The tonnage shifting to alternate modes and the impacts to air emissions were estimated with 2016 baseline tonnage. It
should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example, tonnage
impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.

As described in Section 3.8, Air Quality, a non-attainment area is defined as a locality where air
pollution levels persistently exceed national ambient air quality standards (NAAQS) or that
contributes to ambient air quality in a nearby area that fails to meet standards. In Missouri,
Franklin County, St. Charles County, St. Louis County, and St. Louis City are designated as
non-attainment areas for 8-hour ozone and particulate matter with particles less than 2.5
microns in diameter. There are also non-attainment areas in Pottawattamie County, lowa, for
lead and Jackson County, Missouri for sulfur dioxide standard (EPA 2016a).

NOx, CO, and VOCs (hydrocarbons) are notable precursors to ozone formation. Since most of
the affected tonnage would be shipped to or from Missouri (even the tonnage that is affected in
Omaha and Nebraska City), the proportion of the air emissions in the Kansas City reach as a
percent of all air emissions in Missouri was assessed (Table 3-170), with very little to no
contribution to air emissions. There would be increases in air emissions in many other states
because the commodities that would divert off the river would travel to or from other regions,
including Louisiana, lllinois, and Oklahoma. Because of the small change in the amount of air
emissions, the small proportion of emissions as a percent of all air emissions in Missouri, and
the dispersal of air emissions across multiple regions, there would be negligible changes in air
emissions and air quality in Missouri, in non-attainment counties, and across the region under
Alternative 1.
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Table 3-170. Air Emissions for Alternative 1 for the Kansas City Reach as a Percent of
Missouri Air Emissions

Pollutant Total Emissions Within Change in Average Annual Air Percent

Missouri in 2014 Emissions from Modal Shift to Truck Change of

(thousands of kg) 2 Transportation under Alternative 1 Missouri Air

(kg) Emissions
Hydrocarbons/VOCs 1,332,200 2,800 0.0002%
CO 1,866,600 9,000 0.0005%
NOx 363,100 27,800 0.0077%
PM 214,460 1,800 0.0008%

a  Source: EPA Air Emissions Inventory (2014)

The modal shift to alternate transportation, specifically truck transportation, could result in
additional adverse impacts to public health and safety, including traffic congestion, highway
accidents, and infrastructure repair maintenance. With a general estimate of 25 tons of
commodities per truck, the average annual tonnage moving off the Missouri River (57,600 tons)
under Alternative 1 would result in up to 2,304 truck-trips, some of which would occur on the
highways along the Missouri River in Missouri. The adverse impacts to public safety,
infrastructure repair, and highway congestion would be negligible to small because of the small
number of vehicles traveling, the large transportation network and region in which the trucks
would travel, and the shift in mode to rail for some of the tonnage.

Conclusion

Alternative 1 represents the continuation of current System operation and MRRP
implementation. During a full-service navigation year (as represented by 2016 tonnage levels),
an estimated 559,000 tons of commercial commodities would be shipped on the Missouri River.
However, the tonnage moved on the Missouri River ranges from zero to 559,000 tons,
depending on the water in System storage over the period of record. During drought conditions
when no or lower levels of navigation is supported by USACE, there would be reductions in
transportation rate savings and RED benefits (jobs and income), along with increases in air
emissions, traffic congestion, the potential for accidents, and infrastructure repair associated
with additional truck transportation. An estimated 501,400 average annual tons were
transported on the Missouri River over the period record, with an average annual navigation
NED value of $7.4 million, supporting 154 average annual jobs, and $8.8 million in average
annual labor income associated with waterway industries and multiplier effects.

The management actions under Alternative 1 would have negligible to small adverse impacts to
navigation from the spring pulse reducing System storage, navigation service levels, and
navigation season lengths. Impacts to navigation under Alternative 1 are not anticipated to be
significant because continued management of the System for navigation would occur, the spring
pulse would have negligible to small impacts on navigation service levels and season length,
and adverse impacts to RED, air emissions and public safety would be negligible in the regional
context.
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Alternative 2 — USFWS 2003 Biological Opinion Projected Actions

Alternative 2 represents the management actions that would be implemented as part of the
2003 Amended BiOp RPA. Alternative 2 would include additional iterative actions that USFWS
anticipates would be implemented under an adaptive management framework. Management
actions under Alternative 2 would include spawning cue releases, low summer flows, and the
construction of considerably more early life stage habitat and ESH than under Alternative 1.

Mechanical Habitat Construction

Alternative 2 would result in the construction of 10,758 additional acres of early life stage pallid
sturgeon habitat, with 2,421 acres located between Sioux City and Platte; 1,642 acres located
between Platte River and Rulo, Nebraska; 2,439 acres located between Rulo and the Kansas
River; 3,307 acres located between Kansas River and Osage River; and 529 acres located
between Osage River and the mouth of the Missouri River. Each project will be designed to
minimize or avoid impacts to the authorized purposes including navigation. Prior to any
construction, site-specific NEPA would be conducted on the project. Because of considerably
more early life stage habitat constructed for the pallid sturgeon under Alternative 2, there would
be the potential for more adverse impacts to the navigation channel and navigation when
compared to Alternative 1.

In addition, Alternative 2 would include the construction of an average of 1,331 acres per year of
ESH when construction occurs, which involves mechanical excavation and placement of sand
with large construction equipment or hydraulic dredge. This activity would not occur in the
navigable portion of the river so there would not be direct impacts to navigation.

National Economic Development

The NED analysis for Alternative 2 is summarized in Table 3-171. Alternative 2 would result in
an average annual net NED value of $7.4 million, a decrease of $35,000 (0.5 percent)
compared to Alternative 1. Alternative 2 would result in the simulation of six split navigation
seasons over the POR for the following years: 1963, 1964, 1988, 1989, 2002, and 2003. These
split navigation seasons would eliminate USACE-supported flows for navigation for
approximately 10 weeks in June, July, and August. During these low summer flow events, it is
assumed that commodities would be shipped via alternate overland modes of transportation and
there would be no transportation rate savings associated with navigation. However, in the low
summer flow event years, as simulated, there would be relatively more water in System storage
at the July System storage check, resulting in relatively higher navigation service levels after the
low summer flow event ends and a longer navigation season compared to Alternative 1. RR&R
costs would decrease under Alternative 2 (average annual decrease of $16,000 or 2.9 percent
change relative to Alternative 1) due to no navigation during low flow events and higher service
levels in some years.
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Table 3-171. Transportation Rate Savings, RR&R Costs, and Net NED Value for
Alternative 2 (FY 2018 Dollars)

NED Value Transportation Rate RR&R Costs Net NED Value
Savings
Average Annual Value $7,940,000 $550,000 $7,380,000
Max Annual Over the POR $12,620,000 $1,260,000 $12,560,000
Min Annual Value Over the POR 0 0 0
Change from Alternative 1 -$51,000 -$16,000 -$35,000
% Change from Alternative 1 -0.6% -2.9% -0.5%

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from one
year but are from three different years in the POR.

Additional results of flow actions are summarized in Table 3-172. These results show the
difference in annual navigation NED values (transportation rate savings and RR&R costs)
during years when there would be a release action or a low summer flow. Results from the
simulations show that the largest adverse impacts occur during the years with the full spawning
cue and low summer flows when navigation support would be eliminated. The years with full
spawning cue releases and low summer flows and the year after low summer flows would occur
would result in an annual reduction of up to $2.0 million (24 percent decrease compared to
Alternative 1 in those years) in transportation rate savings compared to Alternative 1. In the
years with simulated low summer flow events, RR&R costs would be lower than Alternative 1
due to less navigation service provided in those years.

Of the 31 partial releases simulated over the POR, nine would have an adverse impact on
navigation NED benefits with the largest annual decrease ($1.1 million) during conditions similar
to those simulated for 1964. In general, the release of water in the spring would reduce the
water in System storage compared to Alternative 1 during the System storage criteria check on
July 1, resulting in lower service levels and lower transportation rate savings and higher RR&R
costs compared to Alternative 1. However, the partial releases in some years would result in
small increases in NED from increases in the service level during the release in May.

Although the change in average annual navigation NED values from Alternative 1 would be
small and adverse (0.5 percent for navigation NED values), in the low summer flow years, there
could be other notable impacts relative to Alternative 1 that are not being measured. USACE
would notify the navigation industry regarding the implementation of spawning cue releases and
low summer flows, and therefore, these adverse impacts could be partially mitigated if the
industry could plan around these events. However, low summer flow events as well as their
repeated implementation would affect the ability of the industry to provide reliable navigation
service and to establish long-term contracts with their customers (including the potential
shipment of large-scale items). With the variation in hydrology of the Missouri River causing an
unreliable navigation resource, the implementation of low summer flow events would contribute
to further uncertainty for industry and customers associated with navigation on the Missouiri
River.
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Table 3-172. Impacts to Net NED values from Modeled Flow Releases under Alternative 2
Compared to Alternative 1 (FY 2018 Dollars)

Release NED Value Change Navigation Transportation | RR&R Costs
NED Values Rate Savings

Full Flow Release + Low Lowest NED Value Change -$1,659,000 -$1,953,000 -$295,000

Sum gj;ﬂ‘;ﬁ“é{gﬁj:;’ o5 | Highest NED Value Change -$818,000 -$1,004,000 -$186,000

Partial Flow Release® Lowest NED Value Change -$1,141,000 -$892,000 -$340,000

Highest NED Value Change $1,386,000 $1,047,000 $248,000

Year after a Full Release Lowest NED Value Change -$1,152,000 -$1,391,00 -$240,000

g%f,'ges Low Summer 4 est NED Value Change -$818,000 -$1,004,000 -$186,000

Years with Greatest Lowest NED Value Change -$1,659,000 -$1,953,000 -$340,000

R lnse b Flow Highest NED Value Change $1,386,000 $1,047,000 $281,000
Actions

Note: Negative RR&R costs reflect a cost reduction while positive RR&R numbers reflect a cost increase. Data represents the
lowest and highest change dollar impacts in the years the action was implemented. These NED values were estimated with
2016 baseline tonnage.

a  Flow action was fully implemented in 3 years of the POR. Note that the years after a full release also include a low summer
flow event.

b  Flow action was partially implemented in 31 years of the POR, as defined as years when a partial cue in March and/or May
would occur or years when a full cue in March or May would occur.

Regional Economic Development

Under Alternative 2, average annual RED effects supported by commercial navigation are
estimated to be 154 jobs and $8.8 million in labor income. When compared to Alternative 1,
Alternative 2 would result in no changes in jobs and $11,000 less in labor income on average
over the POR associated with the changes in navigation on the Missouri River. Table 3-173
summarizes the RED impacts under Alternative 2.

Shortened or eliminated navigation seasons under Alternative 2 during low summer flows or
when System storage did not meet navigation targets would have an adverse impact on
waterway industries and supporting sectors. Under Alternative 2, the economic impacts in the
eight worst years relative to Alternative 1 would result in an average reduction of 14 jobs and
$789,000 in labor income. In these worst-difference years compared to Alternative 1 when low
summer flows would occur, there would be negligible impacts to waterway industries and
supporting sectors compared to Alternative 1 in the large regional context of the lower river;
however, the majority of these reductions would be experienced in the shipping industries, port
services, and warehousing industries and could be important to these industries.

Industries that ship their products via the waterway (for example, agriculture, fertilizer
manufacturers, petroleum producers and refiners, utilities shipping large plant and equipment,
and others) would be adversely affected with reduced ability to navigate (and the ability to
secure a future contract to navigate) causing potentially higher transportation costs for these
industries and sectors. In addition, increases in jobs and income would occur in other
transportation sectors, such as truck and rail transportation.

These impacts are likely to be temporary, small, and adverse because of the small overall
change in NED and RED values with the potential for long-term impacts if navigation decreases
in the future due to impacts to reliability.
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Table 3-173. RED Effects Associated with Commercial Navigation on the Missouri River
under Alternative 2 Compared to Alternative 1 (FY 2018%)

Economic Scenario Economic Impact
Impact
Parameter
Direct, Indirect, Annual Average RED Benefit 154
and Induced . . . .
Jobs (no. of part- Change in Annual Average RED Benefit Relative to Alternative 1 0
.tln;e)and full-time | Average Annual Change in 8 Worst Years Relative to Alternative 1 -14
jobs
Average Annual Change in 8 Best Years Relative to Alternative 1 8
Direct, Indirect, Annual Average RED Benefit $8,782,047
and Induced ) . . .
Labor Income Change in Annual Average RED Benefit Relative to Alternative 1 -$11,349
(20189) Average Annual Change in 8 Worst Years Relative to Alternative 1 -$789,164
Average Annual Change in 8 Best Years Relative to Alternative 1 $482,404
Direct, Indirect, Annual Average RED Benefit $29,376,603
and Induced ) . . .
Sales (2018$) Change in Annual Average RED Benefit Relative to Alternative 1 -$37,963
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$2,639,811
Average Annual Change in 8 Best Years Relative to Alternative 1 $1,613,679
Other Social Effects

An estimated additional 600 average tons of commercial commodities are assumed to be
shipped annually under Alternative 2 via overland modes compared to Alternative 1 in the
Kansas City reach. As shown in Table 3-174, Alternative 2 would result in a one percent
increase in air emissions (CO and NOXx) if all affected tonnage shifted to truck in the Kansas City
reach compared to Alternative 1. Alternative 2 would also result in very small increases in CO
and NOx emissions up to 100 kg and 300 kg, respectively, compared to Alternative 1. These
changes in air emissions would be negligible to Missouri and non-attainment counties (see
Table 3-170). There would be fewer tons shifting to alternate overland modes in the Omaha and
Nebraska City reach, with negligible beneficial impacts to air emissions compared to

Alternative 1.

With an estimated 25 tons per truck, Alternative 2 would result in an additional 24 trucks on the
highways, mostly in Missouri. The impacts to public health and safety, infrastructure repair, and
highway congestion would be temporary, negligible to small, and adverse given the small
number of trucks and the broad region that would be impacted.
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Table 3-174. Average Annual Tonnage Assumed to Shift to Overland Modes and Air
Emissions for Alternative 2

Reach Average Annual Hydrocarbons co NOx PM
Tonnage Assumed (kg) (kg) (kg) (kg)
to Shift to Overland
Modes (change in
tons)
Omaha 650 (-40)
Annual Average Emissions — Shift in Mode 30 100 310 20
to Truck
Change from Alternative 1 0 -10 -20 0
Percent Change from Alternative 1 0% 0% 0% 0%
Annual Average Emissions — Shift in Mode 0 0 20 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Nebraska City 7,200 (-200)
Annual Average Emissions — Shift in Mode 400 1,100 3,500 200
to Truck
Change from Alternative 1 0 -100 -100 0
Percent Change from Alternative 1 0.0% -8.0% -3.0% | 0.0%
Annual Average Emissions — Shift in Mode 0 0 200 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Kansas City 58,200 (600)
Annual Average Emissions — Shift in Mode 2,800 9,100 28,100 | 1,80
to Truck 0
Change from Alternative 1 0 100 300 0
Percent Change from Alternative 1 0.0% 1.0% 1.0% | 0.0%
Annual Average Emissions — Shift in Mode 100 300 1,700 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%

Note: The tonnage assumed to shift to alternate modes and the impacts to air emissions were estimated with 2016 baseline
tonnage. It should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example,
tonnage impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.
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Conclusion

Alternative 2 would result in small adverse impacts to average annual navigation NED value
compared to Alternative 1 (reduction of $35,000 in NED benefits or 0.5 percent) primarily driven
by the low summer flow events reducing the navigation season in certain years. In the years
when low summer flows would occur, there would be small to large adverse effects to
navigation transportation rate savings from reduced navigation service. There would be
negligible to small adverse RED impacts, including impacts to waterway industries and
industries that ship their products on the waterway because of the relatively small amount of
tonnage that would shift to overland modes compared to Alternative 1 (1 percent). Average
annual changes in air quality and public health and safety would be negligible and temporary
and adverse due to the minor impact on regional air quality and a very small increase in the
number of trucks on the highways in the region.

Under Alternative 2, the short-term impacts caused by a low summer flow event would not be
significant; however, repeated implementation of low summer flow events could affect the
reliability of navigation on the river and the ability of the industry to obtain long-term contracts.
These impacts would likely be significant to the industry in the long term.

Alternative 3 — Mechanical Construction Only

Alternative 3 management actions would include the construction of early life stage habitat for
the pallid sturgeon and ESH for the birds. In addition, the spring pulse that would occur under
Alternative 1 would not be implemented under Alternative 3. However, there would be a one-
time spawning cue test.

Mechanical Habitat Construction

Alternative 3 would result in the construction of 3,380 additional acres of early life stage habitat
with 276 acres located between Sioux City and Platte; 585 acres located between Platte River
and Rulo, Nebraska; 670 acres located between Rulo and the Kansas River; 1,389 acres
located between Kansas River and Osage River; 460 acres located between Osage River and
the mouth of the Missouri River. Each project will be designed to minimize or avoid adverse
impacts to the authorized purposes including navigation. Prior to any construction, site-specific
NEPA would be conducted on the project.

In years where construction is needed, Alternative 3 would construct 332 acres per year on
average of ESH. Because this ESH construction would not occur in the navigable portion of the
river, there would be no impacts to navigation.

National Economic Development

The navigation NED results for Alternative 3 are summarized in Table 3-175. Overall,
Alternative 3 would result in negligible to small, beneficial impacts (average annual increase of
$21,000 or 0.3 percent) to navigation NED value relative to Alternative 1 due a slight increase in
System storage because of the elimination of the spring pulse under Alternative 3.
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Table 3-175. Transportation Rate Savings, RR&R Costs, and Net Navigation NED Values

for Alternative 3 (FY 2018$)

Navigation NED Value Transportation Rate RR&R Costs Net NED Value
Savings
Average Annual Value $8,010,000 $570,000 $7,440,000
Max Annual Over the POR $12,040,000 $1,260,000 $11,980,000
Min Annual Value Over the POR $0 $0 0
Change from Alternative 1 $19,000 -$2,000 $21,000
% Change from Alternative 1 0.2% -0.3% 0.3%

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from one
year but are from three different years in the POR. Values were estimated using 2016 baseline tonnage.

Table 3-176 summarizes the largest changes in navigation NED value over the POR under
Alternative 3 compared to Alternative 1. In general, transportation rates saving would increase
and RR&R costs would decrease under Alternative 3 compared to Alternative 1, although the
changes would be small. In the highest NED value years compared to Alternative 1, as
simulated in 1949, Alternative 3 would result in an increase of $754,000 (9.2 percent change
compared to Alternative 1 in this year) due to higher navigation service levels resulting from the
elimination of the spring plenary pulse.

Table 3-176. Impacts from Modeled Flow Releases under Alternative 3 Compared to

Alternative 1 (FY 20189$)

Navigation NED Value

Years in Period of Record with Greatest Range in Impacts Regardless
of Flow Actions

Lowest NED Value Change Highest NED Value Change
Navigation NED Value -$186,000 $754,000
Transportation Rate Savings -$117,000 $579,000
RR&R Costs -$250,000 $68,000

Note: The lowest value change in RR&R costs (negative numbers) reflect a reduction in cost, while increases in RR&R Costs
(positive number) reflect an increase in costs. Values were estimated using 2016 baseline tonnage.

Regional Economic Development

Under Alternative 3, average annual RED effects supported by commercial navigation are
estimated to be 154 jobs and $8.8 million in labor income. When compared to Alternative 1,
Alternative 3 would result in no changes in jobs and an increase of roughly $13,000 in labor
income on average over the POR associated with the changes in navigation on the Missouri
River. Alternative 3 would result in negligible changes in navigation RED effects compared to
Alternative 1, even in the largest difference years. Table 3-177 summarizes the RED effects
under Alternative 3.
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Table 3-177. RED Effects Associated with Navigation on the Missouri River under

Alternative 3 and Compared to Alternative 1 (FY 2018%)

Economic Impact Year Economic Impact
Parameter

Direct, Indirect, and Annual Average RED Benefit 154

Induced Jobs Change in Annual Average RED Benefit Relative to Alternative 1 0
Average Annual Change in 8 Worst Years Relative to Alternative 1 0
Average Annual Change in 8 Best Years Relative to Alternative 1 2

Direct, Indirect, and | Annual Average RED Benefit $8,805,931

::gg;e:(;g?g%) Change in Annual Average RED Benefit Relative to Alternative 1 $12,535
Average Annual Change in 8 Worst Years Relative to Alternative 1 $0
Average Annual Change in 8 Best Years Relative to Alternative 1 $105,872

Direct, Indirect, and Annual Average RED Benefit $29,456,496

zggl;(é;(; Sales Change in Annual Average RED Benefit Relative to Alternative 1 $41,930
Average Annual Change in 8 Worst Years Relative to Alternative 1 $0
Average Annual Change in 8 Best Years Relative to Alternative 1 $354,149

Other Social Effects

Alternative 3 would result in fewer commercial commodities shifting from navigation to alternate
transportation modes than under Alternative 1. An estimated increase of 700 tons (1 percent) on

average per year would be transported on the waterway under Alternative 3 relative to
Alternative 1 in the Kansas City reach. If 700 fewer tons on average per year are assumed to
shift off the waterway to alternate modes, there would be decreases in CO and NOx air
emissions under Alternative 3 compared to Alternative 1 (Table 3-178). There would also be a
small reduction in the average tons assumed to annually shift to alternate overland modes of
transportation in the Omaha and Nebraska City reaches. The relative change in air emissions
across all locations would be small and would result in a negligible decrease in the regional air
emissions and in non-attainment area counties.

A decrease of 700 tons of commercial commaodities shipped via truck transportation

(25 tons/truck) would result in a reduction of 28 trucks making trips on the highways per year,
some of which would be in Missouri. The impacts to public health and safety, infrastructure
repair, and highway congestion would be negligible and beneficial given the small number of
trucks and the wide region that would be affected.
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Table 3-178. Average Annual Tonnage Assumed to Shift to Overland Modes and Air
Emissions for Alternative 3

Reach Average Annual Hydrocarbons Cco NOx PM
Tonnage Assumed to (kg) (kg) (kg) (kg)
Shift to Overland Modes
(change in tons)
Omaha 640 (-40)
Annual Average Emissions — Shift in 30 100 310 20
Mode to Truck
Change from Alternative 1 0 -10 -20 0
Percent Change from Alternative 1 0% -9% -6% 0%
Annual Average Emissions — Shift in 0 0 20 0
Mode to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Nebraska City 7,300 (-100)
Annual Average Emissions — Shift in 400 1,100 3,500 200
Mode to Truck
Change from Alternative 1 0 -100 -100 0
Percent Change from Alternative 1 0.0% -8.0% -3.0% | 0.0%
Annual Average Emissions — Shift in 0 0 200 0
Mode to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Kansas City 56,800 (-700)
Annual Average Emissions — Shift in 2,800 8,900 | 27,400 | 1,800
Mode to Truck
Change from Alternative 1 0 -100 -400 0
Percent Change from Alternative 1 0.0% -1.0% -1.0% | 0.0%
Annual Average Emissions — Shift in 100 300 1,600 0
Mode to Rail
Change from Alternative 1 0 0 -100 0
Percent Change from Alternative 1 0% 0% -6% 0%

Note: The tonnage shifting to alternate modes of transportation and the impacts to air emissions were estimated with 2016 baseline
tonnage. It should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example,
tonnage impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.

Gavins Point One-Time Spawning Cue Test

The one-time spawning cue test (Level 2) release under Alternative 3 was not included in the
hydrologic modeling for this alternative because of the uncertainty of the hydrologic conditions
that would be present if implemented. Hydrologic modeling for Alternative 6 simulates
reoccurring implementation (Level 3) of this spawning cue over the wide range of hydrologic
conditions in the POR. Therefore, the impacts from the potential implementation of a one-time
spawning cue test release would be bound by the range of impacts described for individual
releases under Alternative 6.
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Spawning cue releases as simulated under Alternative 6 would result in small adverse impacts
to average annual navigation NED value compared to Alternative 1 (reduction of $127,000 or
1.7 percent) primarily driven by the spawning cue releases decreasing System storage and
reducing the navigation season and/or service level in these years and the years following the
releases. Full implementation of the spawning cue can result in a range of impacts, from very
little impact on navigation service and season length with reductions in NED and RED benefits.
For example, a worst-case change would result in $1.1 million or 10.7 percent reduction in
transportation rate savings compared to Alternative 1 in this year. During the eight years when
navigation would be most affected compared to Alternative 1, when spawning cues would be
fully or partially implemented, there would be an average of 52 fewer days of full service, 10
fewer days of minimum service, and the navigation season would be shortened by an average
of 13 days (refer to Section 3.0 of the “Navigation Environmental Consequences Analysis
Technical Report” for additional details). Because the spawning cue would be implemented as a
one-time event, there would likely be small adverse impacts to navigation because the
temporary one-time implementation would not adversely contribute to the reliability of navigation
service, notification would allow the industry to plan around the implementation, and the
magnitude of NED, RED, and OSE impact is relatively small in the regional and national
context.

Conclusion

Alternative 3 would result in negligible to small beneficial impacts to average annual navigation
NED values compared to Alternative 1 (increase of $21,000 or 0.3 percent) primarily driven by
higher navigation service levels because the spring pulse would not be implemented under
Alternative 3. There would be negligible changes in RED and OSE effects because of the small
decrease in tonnage shifting to alternate overland modes of transportation. The one-time
implementation of the spawning cue would have temporary, negligible to small, and adverse
impacts to navigation NED and RED effects from reduced System storage in the year or years
following the flow release. The impacts would not be significant because the change in
navigation NED, RED, and OSE from Alternative 1 would be temporary and negligible to small.

Alternative 4 — Spring ESH Creating Release

Alternative 4 focuses on developing ESH habitat through both mechanical and reservoir
releases that would occur during the spring months. Additional ESH habitat would be
constructed in the Garrison, Fort Randall, and Gavins Point reaches and IRC construction would
be focused in the riverine areas between Ponca and the mouth of the river near St. Louis.

Mechanical Habitat Construction

Alternative 4 would involve the construction of an additional 3,380 acres of early life stage
habitat for the pallid sturgeon, with 276 acres located between Sioux City and Platte; 585 acres
located between Platte River and Rulo, Nebraska; 670 acres located between Rulo and the
Kansas River; 1,389 acres located between Kansas River and Osage River; 460 acres located
between Osage River and the mouth of the Missouri River. Each project will be designed to
minimize or avoid impacts to the authorized purposes including navigation. Prior to any
construction, site-specific NEPA would be conducted on the project.

In years where construction is needed, Alternative 4 would construct 195 acres per year on
average of ESH, which involves mechanical excavation and placement of sand with typical large
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construction equipment or hydraulic dredge. The construction of ESH habitat would not occur in
the navigable portion of the river and therefore would result in no impacts to navigation.

National Economic Development

Alternative 4 would result in an average annual decrease in net NED value of $181,000, a
decrease of 2.4 percent compared to Alternative 1 (Table 3-179). The spring releases under
Alternative 4 would reduce System storage, negatively impacting navigation service levels and
the length of the navigation season. The bulk of the impact would be associated with
transportation rate savings, with an average annual savings of $7.8 million, ranging from $0
when navigation support is not provided (and it is assumed that no navigation would occur) to
$12.0 million during a full-service navigation year.

Table 3-179. Transportation Rate Savings, RR&R costs, and Net NED for Alternative 4

(FY 2018$)

Navigation NED Value Transportation Rate Savings RR&R Costs Net NED Value
Average Annual Value $7,830,000 $590,000 $7,240,000
Max Annual Over the POR $12,040,000 $1,260,000 $11,980,000
Min Annual Value Over the POR $0 $0 $0
Change from Alternative 1 -$160,000 $20,000 -$181,000
% Change from Alternative 1 -2.0% 3.5% -2.4%

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from
one year but are from three different years in the POR. Values were estimated using 2016 baseline tonnage.

Additional results of flow actions are summarized in Table 3-180. These results show the
difference in annual navigation NED values (transportation rate savings and RR&R costs)
during years when there would be a full release action, partial release action, or a year after a
full release. Full releases under Alternative 4 would result in the greatest decreases of annual
net navigation NED values, with a large decrease of $1.5 million in the lowest NED value
change year compared to Alternative 1, which represents a decrease of 14.1 percent compared
to Alternative 1 in this year.

While the length of the navigation season between Alternative 1 and Alternative 4 during these
simulated years would usually be the same, the full releases cause reductions in System
storage, which reduces the navigation service level supported by USACE. The reduction in
service level would increase the RR&R costs and reduce the transportation rate savings
resulting in a decrease in the NED benefits compared to Alternative 1. Adverse impacts to
navigation NED value would also occur in the years following the full releases and during partial
release years, with less water in System storage decreasing the navigation service level,
resulting in decreased transportation rate savings, and increased RR&R costs under Alternative
4 compared to Alternative 1. The spring releases under Alternative 4 could contribute to further
uncertainty around the reliability of navigation, with large adverse NED effects in the long-term
with further reductions in navigation.
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Table 3-180. Impacts from Modeled Flow Releases under Alternative 4 Compared to
Alternative 1 (FY 20189%)

Release NED Value Change Navigation Transportation | RR&R Costs
NED Value Rate Savings

Full Flow Release 2 Lowest NED Value Change -$1,569,000 -$1,170,000 -$103,000

Highest NED Value Change $0 -$7,000 $398,000

Partial Flow Release ° Lowest NED Value Change -$914,000 -$633,000 -$44,000

Highest NED Value Change $0 -$34,000 $281,000

Year after a Full Release Lowest NED Value Change -$1,303,000 -$1,019,000 -$54,000

Highest NED Value Change $20,000 $20,000 $284,000

Years vyith Greatest Lowest NED Value Change -$1,569,000 -$1,170,000 -$103,000

R lnse b Flow Highest NED Value Change $81,000 $55,000 $398,000
Actions

Note: The lowest value change in RR&R costs (negative numbers) reflect a reduction in cost, while the highest NED value for RR&R
costs (positive number) reflects an increase in costs. Data represents the lowest and highest change dollar impacts in the
years the action was implemented over the period of record. These values were estimated using 2016 baseline tonnage.

a  Flow action was fully implemented in 9 years of the POR
b  Flow action was partially implemented in 7 years of the POR.

Regional Economic Development

Under Alternative 4, average annual RED benefits supported by navigation would be 152 jobs
and $8.7 million in labor income. Compared to Alternative 1, Alternative 4 would result in two
fewer jobs and $94,000 less in labor income on average over the POR associated with the
reduced ability to navigate in some years, a change of 1.1 percent. There would be small
adverse impacts to waterway industries and supporting sectors in the years with the largest
reductions in commercial tonnage, resulting in a relative decrease in 12 jobs and $666,000 in
labor income compared to Alternative 1. Table 3-181 summarizes the RED impacts under
Alternative 4.

There would be negligible impacts to waterway industries and supporting sectors compared to
Alternative 1 in the large regional context of the lower river; however, the majority of these
reductions would be experienced in the shipping industries, port services, and warehousing
industries and could be important to these industries. When navigation service is reduced or not
supported, industries that ship their products via the waterway (for example, agriculture, fertilizer
manufacturers, petroleum producers and refiners, utilities shipping large plant and equipment,
and others) would be adversely affected with potentially higher transportation costs for these
industries. Meanwhile, increases in jobs and income would occur in other transportation sectors,
such as truck and rail transportation.

These impacts are likely to be temporary, small, and adverse because of the small overall
change in NED and RED values with the potential for long-term impacts if navigation decreases
in the future with reductions in the reliability of navigation.
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Table 3-181. RED Effects Associated with Navigation on the Missouri River under

Alternative 4 and Compared to Alternative 1 (FY 2018%)

Economic Impact Scenario Economic Impact
Parameter

Direct, Indirect, and Annual Average RED Benefit 152

Ipnadrt (t:i?:e‘]gr?s #SI(I)-. of Change in Annual Average RED Benefit Relative to Alternative 1 -2

time jobs) Average Annual Change in 8 Worst Years Relative to Alternative 1 -12
Average Annual Change in 8 Best Years Relative to Alternative 1 0

Direct, Indirect, and | Annual Average RED Benefit $8,699,195

::gg;e:(;g:’g%) Change in Annual Average RED Benefit Relative to Alternative 1 -$94,201
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$666,422
Average Annual Change in 8 Best Years Relative to Alternative 1 $6,737

Direct, Indirect, and Annual Average RED Benefit $29,099,457

zggl;(é;(; Sales Change in Annual Average RED Benefit Relative to Alternative 1 -$315,109
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$2,229,231
Average Annual Change in 8 Best Years Relative to Alternative 1 $22,536

Other Social Effects

The spring releases result in decreases in System storage in some years, shortening the
navigation seasons and potentially moving commodities off the waterway to other modes of
transportation. As shown in Table 3-182, Alternative 4 would result in 5,300 tons on average of
commercial commodities that would be assumed to shift from the waterway in the Kansas City
reach to alternate overland transportation modes compared to Alternative 1. This change is
driven by shorter navigation seasons under Alternative 4. For the Kansas City reach, the
increase in NOx emissions under Alternative 4 would range from 100 kg (6 percent) for rail
transport to 2,500 kg (9 percent) for truck transportation compared to Alternative 1. These
changes in air emissions would be negligible to Missouri and non-attainment counties. There
would be small increases in average annual air emissions in the Nebraska City and Omaha
reaches under Alternative 4 compared to Alternative 1; although the percent changes from
Alternative 1 are notable, the changes in air emissions would be negligible in magnitude.

With an estimated 25 tons per truck, Alternative 4 would result in an additional average annual
212 trucks on the highways, mostly in Missouri. The impacts to public health and safety,
infrastructure repair, and highway congestion would be temporary, negligible to small, and
adverse given the small number of trucks and the broad region that would be impacted.
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Table 3-182. Average Annual Tonnage Assumed to Shift to Overland Modes and Air
Emissions for Alternative 4

Reach Average Annual Hydrocarbons Cco NOx PM
Tonnage Assumed to (kg) (kg) (kg) (kg)
Shift to Overland Modes
(change in tons)
Omaha 980 (290)
Annual Average Emissions — Shift in 50 150 470 30
Mode to Truck
Change from Alternative 1 20 40 140 10
Percent Change from Alternative 1 67% 36% 42% 50%
Annual Average Emissions — Shift in 0 0 30 0
Mode to Rail
Change from Alternative 1 0 0 10 0
Percent Change from Alternative 1 0% 0% 50% 0%
Nebraska City 8,500 (1,100)
Annual Average Emissions — Shift in 400 1,300 | 4,100 300
Mode to Truck
Change from Alternative 1 0 100 500 100
Percent Change from Alternative 1 0.0% 8.0% | 14.0% | 50.0%
Annual Average Emissions — Shift in 0 0 200 0
Mode to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Kansas City 62,900 (5,300)
Annual Average Emissions — Shift in 3,100 9,800 | 30,300 1,900
Mode to Truck
Change from Alternative 1 300 800 2,500 100
Percent Change from Alternative 1 11.0% 9.0% 9.0% 6.0%
Annual Average Emissions — Shift in 100 400 1,800 0
Mode to Rail
Change from Alternative 1 0 100 100 0
Percent Change from Alternative 1 0% 33% 6% 0%

Note: The tonnage shifting to alternate modes and the impacts to air emissions were estimated with 2016 baseline tonnage. It
should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example, tonnage
impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.

Conclusion

Alternative 4 would result in small adverse impacts to average annual navigation NED values
compared to Alternative 1 (reduction of $181,000 or 2.4 percent). These impacts are primarily
caused by the spring releases decreasing System storage and reducing the navigation season
and/or service level in these years and the years following the releases. In the years most
affected, there would be large adverse effects to navigation transportation rate savings
compared to Alternative 1. There would be negligible to small adverse RED impacts because
decreases would not be perceptible in the regional context and would be offset with gains in
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other transportation sectors. Impacts to air quality and public health and safety would be
negligible to small, temporary and adverse due to the minor impact on regional air quality and
the small number of additional trucks on the highways in the region. Continued implementation
of full spring releases could affect the ability of the industry to provide reliable navigation service
and to establish contracts with their customers, with the potential for large adverse impacts to
navigation NED value in the long-term.

Under Alternative 4, the impacts would not be significant because on average the adverse
impacts to navigation NED value are small (2.4 percent) and RED and OSE impacts would be
negligible in the regional context.

Alternative 5 — Fall ESH Creating Release

Alternative 5 would include fall releases from Gavins Point Dam and mechanical construction to
create ESH in the Garrison, Fort Randall, and Gavins Point Dam to Ponca, Nebraska river
reaches. Under Alternative 5, IRC habitat to support early life stage requirements of the pallid
sturgeon would be constructed in the lower river below Ponca, Nebraska.

Mechanical Habitat Construction

Alternative 5 would include the construction of 3,380 additional acres with 276 acres located
between Sioux City and Platte; 585 acres located between Platte River and Rulo, Nebraska;
670 acres located between Rulo and the Kansas River; 1,389 acres located between Kansas
River and Osage River; 460 acres located between Osage River and the mouth of the Missouri
River. Each project will be designed to minimize or avoid impacts to the authorized purposes
including navigation. Prior to any construction, site-specific NEPA would be conducted on the
project.

In years where construction is needed, Alternative 5 would construct 253 acres per year on
average of ESH which involves mechanical excavation and placement of sand with typical large
construction equipment or hydraulic dredge. The construction of ESH habitat would not occur in
the navigable portion of the river, and therefore, there would be no impacts to navigation.

National Economic Development

The navigation NED values under Alternative 5 are summarized in Table 3-183. On average,
Alternative 5 would result in lower transportation rate savings and higher RR&R costs, resulting
in a negligible to small decrease in navigation NED value compared to Alternative 1 ($57,000 or
0.8 percent). The annual difference in navigation NED value under Alternative 5 would range
from a minimum of $0 when navigation service is assumed to not be supported such as under
modeled years 1935 to 1942 to a maximum of $12 million when a full navigation service would
be supported.
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Table 3-183. Transportation Rate Savings; RR&R costs,

and Net NED for Alternative 5

(FY 2018$)

Navigation NED Value Transportation Rate Savings RR&R Costs Net NED Value
Average Annual Value $7,940,000 $574,000 $7,360,000
Max Annual Over the POR $12,040,000 $1,260,000 $11,980,000
Min Annual Value Over the POR $0 $0 $0
Change from Alternative 1 -$50,000 $7,000 -$57,000
% Change from Alternative 1 -0.6% 1.2% -0.8%

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from

one year but are from three different years in the POR. Values were estimated using 2016 baseline tonnage.

Table 3-184 presents the lowest and highest differences in annual net NED values between
Alternative 1 and Alternative 5 that occur under various flow scenarios. Alternative 5 would
include fall releases that are simulated to be fully implemented in seven years over the POR.
The largest adverse impacts to navigation occur in the year or years following the fall releases,
with a large decrease of $1.6 million in navigation NED value. For example, the simulated years
of 1988 and 1995 are years that follow a fully implemented fall release. In these years, the
decreased NED value was caused by lower System storage levels and navigation service levels
in subsequent years, resulting in relatively higher RR&R costs and decreases in transportation
rate savings. The fall releases under Alternative 5 could contribute to further uncertainty around
the reliability of the Missouri River as a navigation source, with the potential for additional
adverse NED effects in the long-term with further reductions in navigation.

Table 3-184. Impacts from Modeled Flow Releases under Alternative 5 Compared to
Alternative 1 (FY 20189$)

Release NED Value Change Navigation Transportation RR&R Costs
NED Values Rate Savings

Full Flow Release @ Lowest NED Value Change -$120,000 -$110,000 $0
Highest NED Value Change $0 -$76,000 $44,000

Partial Flow Release Lowest NED Value Change $59,000 $20,000 -$39,000
Highest NED Value Change $59,000 $20,000 -$39,000

Year after a Fall Release Lowest NED Value Change -$1,574,000 -$1,400,000 $0
Highest NED Value Change -$39,000 -$39,000 $284,000

Years with Greatest Lowest NED Value Change -$1,574,000 -$1,400,000 -$250,000

Rooorilase ot Flow Highest NED Value Change $709,000 $459,000 $284,000

Actions

Note: The negative RR&R costs represent a cost savings, while positive RR&R costs represent a cost increase. Data represents the
lowest and highest change in dollar impacts in the years the action was implemented. The values are estimated with 2016

baseline tonnage.

a  Flow action was fully implemented in 7 years of the POR.
b Flow action was partially implemented in 2 years of the POR.

Regional Economic Development

Under Alternative 5, average annual RED effects supported by commercial navigation are
estimated to be 154 jobs and $8.8 million in labor income. When compared to Alternative 1,
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Alternative 5 would result in no changes in jobs and $9,000 less in labor income on average
over the POR associated with the changes in navigation on the Missouri River. Alternative 5
would result in negligible change in RED impacts compared to Alternative 1, even in the lowest
difference years, because of the minor shift in additional tonnage being transported by alternate
modes. Table 3-185 summarizes the RED impacts under Alternative 5. When navigation service
is reduced or not provided, industries that ship their products via the waterway would be
adversely affected with a potential for higher transportation costs for these industries. However,
increases in jobs and income would occur in other transportation sectors, in truck and rail
transportation. These RED impacts are likely to be negligible and adverse because of the small
overall change in navigation service in most years.

Table 3-185. RED Effects Associated with Navigation on the Missouri River under

Alternative 5 and Compared to Alternative 1 (FY 2018%)

Economic Impact Scenario Economic Impact
Parameter

Direct, Indirect, and Annual Average RED Benefit 154

Ipnadr?_(t:ii?ng:g #SI(I)-. of Change in Annual Average RED Benefit Relative to Alternative 1 0

time jobs) Average Annual Change in 8 Worst Years Relative to Alternative 1 -4
Average Annual Change in 8 Best Years Relative to Alternative 1 2

Direct, Indirect, and Annual Average RED Benefit $8,784,033

:zgg;e:(lég:’g%) Change in Annual Average RED Benefit Relative to Alternative 1 -$9,363
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$212,163
Average Annual Change in 8 Best Years Relative to Alternative 1 $103,963

Direct, Indirect, and Annual Average RED Benefit $29,383,246

zggl,fg;(; Sales Change in Annual Average RED Benefit Relative to Alternative 1 -$31,320
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$709,701
Average Annual Change in 8 Best Years Relative to Alternative 1 $347,763

Other Social Effects

There would be negligible changes in average annual air emissions in the Nebraska City and
Omaha reaches under Alternative 5 compared to Alternative 1. For the Kansas City reach, there
would be negligible to small increases in average annual emissions of 100 kg of carbon
monoxide and 200 kg of nitrogen oxide, with no change of hydrocarbons and particulate matter
compared to Alternative 1 (Table 3-186). However, the change in air emissions would be
negligible in the regional context and in non-attainment area counties.

An increase of an additional 500 tons of commercial commodities shipped via truck
transportation in the Kansas City reach would result in an approximate increase of 20 trucks on
average per year on the highways, mostly in Missouri, compared to Alternative 1. The impacts
to public health and safety, infrastructure repair, and highway congestion would be negligible

given the small number of trucks and the wide region that would be affected.
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Table 3-186. Average Annual Tonnage Assumed to Shift to Overland Modes and Air
Emissions for Alternative 5

Reach Average Annual Hydrocarbons co NOx PM
Tonnage Assumed to (kg) (kg) (kg) (kg)
Shift to Overland Modes
(change in tons)
Omaha 690 (0)
Annual Average Emissions — Shift in Mode 30 110 330 20
to Truck
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Annual Average Emissions — Shift in Mode 0 0 20 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Nebraska City 7,400 (100)
Annual Average Emissions — Shift in Mode 400 1,200 | 3,600 200
to Truck
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0.0% 0.0% 0.0% 0.0%
Annual Average Emissions — Shift in Mode 0 0 200 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Kansas City 57,600 (500)
Annual Average Emissions — Shift in Mode 2,800 9,100 | 28,000 | 1,800
to Truck
Change from Alternative 1 0 100 200 0
Percent Change from Alternative 1 0.0% 1.0% 1.0% 0.0%
Annual Average Emissions — Shift in Mode 0 0 0 0
to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%

Note: The tonnage shifting to alternate modes and the impacts to air emissions were estimated using 2016 baseline tonnage. It
should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example, tonnage
impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.

Conclusion

Alternative 5 would result in small adverse impacts to average annual navigation NED value and
in most years over the period of record compared to Alternative 1 (average annual reduction of
$57,000 or 0.8 percent) primarily caused by the fall flow releases reducing System storage and
the navigation season in the years following the release. However, in a couple of the years
following a flow release, there would be large adverse effects to navigation transportation rate
savings from reduced System storage and navigation service. There would be negligible
impacts to regional economic effects, including impacts to waterway industries and industries
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that ship their products on the waterway because of the relatively small amount of tonnage that
would shift to overland modes compared to Alternative 1 (1 percent). Impacts to air quality and
public health and safety would be negligible to small, temporary and adverse due to the
negligible impact on regional air quality and the additional number of trucks on the highways in
the region. Continued implementation of fall releases could affect the ability of the industry to
provide reliable navigation service and to establish contracts with their customers, with the
potential for additional adverse impacts to navigation NED value in the long-term.

Under Alternative 5, the impacts would not be significant because short-term impacts on
average would be small (0.8 percent) and RED and OSE impacts would be negligible in the
regional context.

Alternative 6 — Pallid Sturgeon Spawning Cue

Under Alternative 6, USACE would attempt a spawning cue pulse every three years in March
and May. In addition, management actions under Alternative 6 include mechanical construction
to create ESH in the Garrison, Fort Randall, and Gavins Point Dam to Ponca, Nebraska; and
the construction of IRC habitat in the lower river below Ponca, Nebraska, to support the pallid
sturgeon.

Mechanical Habitat Construction

Alternative 6 would result in the construction of 3,380 additional acres with 276 acres located
between Sioux City and Platte; 585 acres located between Platte River and Rulo, Nebraska;
670 acres located between Rulo and the Kansas River; 1,389 acres located between Kansas
River and Osage River; 460 acres located between Osage River and the mouth of the Missouri
River. Each project will be designed to minimize or avoid impacts to the authorized purposes
including navigation. Prior to any construction, site-specific NEPA would be conducted on the
project.

In years where construction is needed, 245 acres would be constructed per year on average of
ESH under Alternative 6. Construction would require mechanical excavation and placement of
sand with typical large construction equipment or hydraulic dredge. This would not occur in the
navigable portion of the river, with therefore, there would be no impacts to navigation.

National Economic Development

The navigation NED results for Alternative 6 are summarized in Table 3-187. Relative to
Alternative 1, Alternative 6 would result in the reduction in average annual transportation rate
savings of $119,000 and an increase in RR&R costs of $8,000, with an average annual
decrease in navigation NED benefits of $127,000 or 1.7 percent.
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Table 3-187. Transportation Rate Savings, RR&R costs, and Net NED for Alternative 6 (FY

20189%)

Navigation NED Value Transportation Rate Savings RR&R Costs Net NED Value
Average Annual Value $7,870,000 $580,000 $7,290,000
Max Annual Over the POR $12,280,000 $1,260,000 $12,270,000
Min Annual Value Over the POR $0 $0 $0
Change from Alternative 1 -$119,000 $8,000 -$127,000
% Change from Alternative 1 -1.5% 1.4% -1.7%

Note: Numbers were rounded; the net NED value may not exactly equal transportation rate savings less RR&R costs. The lowest
and highest years for the transportation rate savings, RR&R costs, and navigation NED benefits are not necessarily from one
year but are from three different years in the POR. Values were estimated using 2016 baseline tonnage.

Under Alternative 6, there would be six years with a fully implemented spawning cue release
and 30 years of full implementation of one of the spawning cue releases (March or May) or
partial release of one or both of the bimodal releases. Table 3-188 summarizes the lowest and
highest annual difference in transportation rate savings and navigation NED benefits between
Alternative 1 and Alternative 6 by flow action. The largest adverse impacts to navigation NED
value occur in the years when a full or partial release would be simulated to occur. As
simulated, three full or partial release years would experience a large decrease between
$900,000 and $1.5 million in annual navigation NED benefits compared to Alternative 1. These
impacts would be due to the releases reducing System storage, which would affect the level of
navigation service, which leads to an increase in RR&R costs and a decrease in transportation
rate savings, decreasing navigation NED value. The spawning cue under Alternative 6 could
contribute to further uncertainty around the reliability of the Missouri River as a navigation
source, with large adverse NED effects in the long-term with further reductions in navigation.

Table 3-188. Impacts from Modeled Flow Releases under Alternative 6 Compared to
Alternative 1 (FY 20189%)

Release NED Value Navigation NED Transportation Rate RR&R Costs
Change Values Savings

Full Flow Release? | Lowest NED Value -$1,446,000 -$1,051,000 -$64,000
Change
Highest NED $0 -$7,000 $395,000
Value Change

Partial Flow Lowest NED Value -$1,386,000 -$1,047,000 -$102,000

Release? Change
Highest NED $289,000 $188,000 $340,000
Value Change

Year after a Full Lowest NED Value -$333,000 -$390,000 -$54,000

Release Change

(Includes Low Highest NED $0 -$261,000 $0

Summer Flows) Value Change

Years with Lowest NED Value -$1,446,000 -$1,051,000 -$102,000

Greatest Range in | Change

Impacts .

Regardless of Highest NED $557,000 $570,000 $395,000

Flow Actions Value Change
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Note: Negative RR&R costs represent costs savings while positive RR&R costs represent a cost increase. Data represents the
lowest and highest change dollar impacts in the years the action was implemented. These NED values were estimated using
2016 baseline tonnage.

a  Flow action was fully implemented in 6 years of the POR.

b  Flow action was partially implemented in 29 years of the POR; partial implementation years are defined as years when a partial
cue in March and/or May would occur or years when a full cue in March or May would occur.

Regional Economic Development

Under Alternative 6, average annual RED benefits supported by navigation would be 152 jobs
and $8.7 million in labor income. Compared to Alternative 1, Alternative 6 would result in one
less job and $85,000 less in labor income on average over the POR associated with the
reduced ability to navigate in some years, a change of 1.0 percent. There would be small
adverse impacts to waterway industries and supporting sectors in the years with the largest
reductions in shipments compared to Alternative 1. In the eight worst change years, there would
be a relative decrease in nine jobs and $528,000 in labor income compared to Alternative 1.
There would be negligible impacts to waterway industries and supporting sectors compared to
Alternative 1 in the large regional context of the lower river; however, the majority of these
reductions would be experienced in the shipping industries, port services, and warehousing
industries and could be important to these industries. Table 3-189 summarizes the RED impacts
under Alternative 6. When navigation service is reduced or not provided, industries that ship
their products via the waterway would be adversely affected with potentially higher
transportation costs for these industries. However, increases in jobs and income would occur in
other transportation sectors, such as truck and rail transportation.

These impacts are likely to be temporary, small, and adverse because of the small overall
change in NED and RED values with the potential for long-term impacts if navigation decreases
in the future with reductions in the reliability of navigation.

Table 3-189. RED Effects Associated with Navigation on the Missouri River under
Alternative 6 and Compared to Alternative 1 (thousands of FY 2018 $)

Economic Impact Scenario Economic Impact
Parameter

Direct, Indirect, and Annual Average RED Benefit 152

Ipnadr?-(t:i?ge‘]gr?z #SI(I)-. of Change in Annual Average RED Benefit Relative to Alternative 1 -1

time jobs) Average Annual Change in 8 Worst Years Relative to Alternative 1 -9
Average Annual Change in 8 Best Years Relative to Alternative 1 1

Direct, Indirect, and Annual Average RED Benefit $8,708,140

::gg;e:(;g:’g%) Change in Annual Average RED Benefit Relative to Alternative 1 -$85,256
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$527,532
Average Annual Change in 8 Best Years Relative to Alternative 1 $60,301

Direct, Indirect, and Annual Average RED Benefit $29,129,378

zggl;(é;(; Sales Change in Annual Average RED Benefit Relative to Alternative 1 -$285,188
Average Annual Change in 8 Worst Years Relative to Alternative 1 -$1,764,633
Average Annual Change in 8 Best Years Relative to Alternative 1 $201,710
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Other Social Effects

The spawning cue releases could cause System storage to decrease in some years, shortening
the navigation seasons in the year(s) following the releases, which increases the commodities
that shift from the waterway to alternate modes of transportation. There would be small
increases in average annual air emissions in the Nebraska City and Omaha reaches under
Alternative 6 compared to Alternative 1; although the percent changes are noticeable, the
change in air emissions is negligible in magnitude in these reaches.

As shown in Table 3-190, 62,400 tons on average could potentially shift off the waterway per
year in the Kansas City reach to alternate transportation modes under Alternative 6, an increase
of 4,800 tons (8 percent) compared to Alternative 1. Nitrous oxide air emissions would have the
largest change from Alternative 1, ranging from 100 kg (6 percent) for rail transportation to
2,300 kg (8 percent) for truck transportation in the Kansas City reach. These changes in air
emissions would be negligible to Missouri and non-attainment counties. The OSE results for
Alternative 6 are summarized in Table 3-190.

With an estimated 25 tons per truck, Alternative 6 would result in an additional 192 trucks on
average per year on the highways, mostly in Missouri. The impacts to public health and safety,
infrastructure repair, and highway congestion would be temporary, negligible to small, and
adverse given the small number of trucks and the broad region that would be impacted.

Table 3-190. Average Annual Tonnage Assumed to Shift to Overland Modes and Air
Emissions for Alternative 6

Reach Average Annual Tonnage | Hydrocarbons (o0) NOx PM
Assumed to Shift to (kg) (kg) (kg) (kg)
Overland Modes (change
in tons)
Omaha 990 (300)
Annual Average Emissions — Shift in 50 150 480 30
Mode to Truck
Change from Alternative 1 20 40 150 10
Percent Change from Alternative 1 67% 36% 45% 50%
Annual Average Emissions — Shift in 0 10 30 0
Mode to Rail
Change from Alternative 1 0 10 10 0
Percent Change from Alternative 1 0% 0% 50% 0%
Nebraska City 8,400 (1,000)
Annual Average Emissions — Shift in 400 1,300 4,100 300
Mode to Truck
Change from Alternative 1 0 100 500 100
Percent Change from Alternative 1 0.0% 8.0% | 14.0% | 50.0%
Annual Average Emissions — Shift in 0 0 200 0
Mode to Rail
Change from Alternative 1 0 0 0 0
Percent Change from Alternative 1 0% 0% 0% 0%
Kansas City 62,400 (4,800)
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Reach Average Annual Tonnage | Hydrocarbons Cco NOx PM
Assumed to Shift to (kg) (kg) (kg) (kg)
Overland Modes (change
in tons)
Annual Average Emissions — Shift in 3,100 9,700 | 30,100 | 1,900
Mode to Truck
Change from Alternative 1 300 700 2,300 100
Percent Change from Alternative 1 11.0% 8.0% 8.0% 6.0%
Annual Average Emissions — Shift in 100 400 1,800 0
Mode to Rail
Change from Alternative 1 0 100 100 0
Percent Change from Alternative 1 0% 33% 6% 0%

Note: The tonnage shifting to alternate modes and the impacts to air emissions were estimated with 2016 baseline tonnage. It
should be noted that the tonnage moving off the river is not mutually exclusive for the river reaches. For example, tonnage
impacts if moving from the Nebraska City reach to the Kansas City reach would be counted in both reaches.

Conclusion

Alternative 6 would result in small adverse impacts to average annual navigation NED values
compared to Alternative 1 (reduction of $127,000 or 1.7 percent) primarily driven by the
spawning cue releases decreasing System storage and reducing the navigation season and/or
service level in the years the releases occur and the years following the releases. In the years
most affected, there would be large adverse effects to navigation transportation rate savings
compared to Alternative 1. There would be negligible to small adverse RED impacts because
decreases would not be perceptible in the regional context and would be offset with gains in
other transportation sectors. Impacts to air quality and public health and safety would be
negligible to small, temporary and adverse due to the minor impact on regional air quality and
the small number of additional trucks on the highways in the region. Continued implementation
of spawning cue releases could affect the ability of the industry to provide reliable navigation
service and to establish contracts with their customers, with the potential for large adverse
impacts to navigation NED value in the long-term.

Under Alternative 6, the impacts would not be significant because on average the adverse
impacts to navigation NED value are small (1.7 percent) and RED and OSE impacts would be
negligible in the regional context.

3.15.2.2 Commercial Sand and Gravel Navigation

This section describes the methods used to evaluate the potential for NED, RED, and OSE
impacts to commercial sand and gravel navigation impacts. The impacts were evaluated
qualitatively with an assessment of the river flows and stages and recorded sand and gravel
extraction data because of the minor changes in river flows and dredging operations. Detailed
NED, RED, and OSE evaluation was not undertaken. Additional evaluation will be conducted
prior to the implementation of any flow releases.

Please note that this evaluation focuses on the impacts to dredgers associated changes in river
flows affecting the ability of dredgers to extract and transport material; Section 3.11,
Commercial Sand and Gravel Dredging, describes the impacts of the MRRMP-EIS alternatives
on the sediment accumulation rate and resulting availability of sand.
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Methodology

Commercial sand and gravel dredging occurs on the Missouri River between St. Joseph and St.
Louis, Missouri. When water levels are low or high, commercial dredgers need to dredge closer
to their sand plants and use their dredges to maintain adequate depths for the dredge barges
(USACE 2011, page 3.6-7). Commercial dredging generally occurs year-round when
temperatures are above freezing. During the winter months, during the non-navigation season
when river flows are relatively low, repair and maintenance activities are typically conducted on
dredges and sand production is lower than in the spring, summer, and fall. However, at times
during the winter months when conditions are favorable, commercial sand and gravel dredgers
are able to operate within a limited range of their sand plants. Additional information on
commercial sand and gravel dredging is provided in Missouri River Commercial Dredging Final
EIS (USACE 2011).

The commercial sand and gravel navigation evaluation used information on river flow and stage
thresholds from the Missouri River Master Manual, Water Flow Changes and the Impact on the
Missouri River Sand Industry, Appendix 10: Sand and Gravel Dredging (USACE 2002). As part
of the Master Manual evaluation, the Tennessee Valley Authority conducted surveys with the
sand and gravel companies that operate on the Missouri River. Dredging companies operating
downstream of Kansas City noted that 26,000 cfs is a low flow threshold below which dredging
operations would be affected. For example, dredgers noted that operations would have to be
shifted to the lowest dock on the river to accommodate lower water levels, necessitating more
trips and the possibility of purchasing new equipment if conditions persisted.

Dredging operators in the Kansas City and St. Joseph segments can also be affected by
relatively higher river stages (USACE 2002); the evaluation assessed the number of days when
river stages are above flood stage and above five feet below flood stage in Kansas City and St.
Joseph.

These high and low thresholds were compared to HEC-RAS data, showing the number of days
when river flows were above and below these thresholds over the period of record. In addition,
USGS river gage data at St. Joseph, Kansas City, Waverly, Glasgow, Booneville, Jefferson City,
Hermann, Washington, and St. Charles was reviewed between 2006 and 2016, along with the
recorded sand and gravel extraction data to assess how rivers flows and stages affect dredgers.
This information was used along with the HEC-RAS data on the prevalence of low and high
flows over the period of record under the MRRMP-EIS alternatives to assess potential impacts
to commercial sand and gravel dredgers.

Summary of Environmental Consequences
Table 3-191 summarizes the environmental consequences to commercial sand and gravel

dredging operations associated with high and lower river flows and stages under each of the
MRRMP alternatives.
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Table 3-191. Navigation Environmental Consequences for Commercial Sand and Gravel

Dredging
Alternative Impacts for Commercial Sand and Gravel Dredging Operations
Alternative 1 Dredging operations would continue under Alternative 1, with low and high flows potentially

affecting dredging operations in extreme conditions. Management actions under Alternative 1
would result in a negligible contribution to these effects.

Alternative 2 Negligible changes in dredging operations from low river flows on average across the period
of record; however, there could be small and adverse impacts to dredging operations (e.g.,
short delays in extraction) and potentially additional dredging operating costs compared to
Alternative 1 during relatively drier years following the releases.

There would be negligible impacts to dredgers in the St. Joseph and Kansas City segment
from relatively higher river flows compared to Alternative 1 because of the minor change in the
days above flood thresholds in these reaches even in the worst affected years.

Alternative 3 Negligible changes in dredging operations from low river flows on average across the period
of record.

There would be negligible impacts to dredgers in the St. Joseph and Kansas City segment
from relatively higher river flows compared to Alternative 1 because of the minor change in the
days above flood thresholds in these reaches even in the worst affected years.

Alternative 4 Same as Alternative 2
Alternative 5 Same as Alternative 3
Alternative 6 Same as Alternative 2

Alternative Results

According to the Master Manual (USACE 2002), lower water levels can impact commercial sand
and gravel dredging through the ability to extract material as well as the extraction location (i.e.,
may need to dredge in areas closer to their plant or in relatively deeper river areas); the location
for the unloading of the dredged material (i.e., may need to move to downstream docks); the
need to light-load barges; and the ability to move the dredged material from the barges to the
conveyor at the dock (i.e., may need special equipment for transfer). Higher river flows can
affect the ability to dredge because some dredges and equipment are not suited for high flow
conditions.

The 2006 recorded sand and gravel extraction data was evaluated when drought conditions
caused river flows to drop below 26,000 cfs in the lower river. At some locations on the river,
when river flows fell below 26,000 cfs, even when river flows were as low as 21,000 cfs,
companies have been able to operate and extract material. However, in the downstream
segments, for example in the St. Charles segment, near the confluence with the Mississippi
River, some of the permitted dredges operated during low flow conditions in November 2006,
while others were not operating.® Based on a review of the recorded sand and gravel extraction
data, it is uncertain if the reduced extraction volumes were due to the relatively lower river flows
or due to other factors or a combination of multiple factors. The recorded extraction data also
indicates that there are times during the navigation season when companies are not operating
even though river flows are above 26,000 cfs.

On average, there would be a very little change in the number of days below 26,000 during the
navigation season across the alternatives. Even in the eight worst-change years from

9 The year 2006 was a relatively drier year, and the minimum navigation service level was provided through October
16th. In November 2006, navigation service was not provided by USACE releases.
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Alternative 1, there would be less than an average of 14 additional days below 26,000 under
Alternatives 2, 4, and 6 across the river reaches from St. Joseph downstream (Table 3-192). In
many other years, there would be more days above this threshold compared to Alternative 1.
On average there is a negligible change in average annual days below 26,000 cfs across all
river reaches downstream of St. Joseph.

Given the small amount of change in river flows below 26,000 cfs compared to Alternative 1 and
continued dredging extraction during low flow conditions, it is likely that adverse impacts on
average across the POR would be negligible; however, there could be small and adverse
impacts to dredging operations (e.g., short delays in extraction) and potentially additional
dredging operating costs under Alternatives 2, 4, and 6 during relatively drier years following the
releases. These impacts would be localized and temporary and would occur in the fall months
when the navigation season is ending. There would be no to negligible impacts to dredging
operations due to low flow conditions under Alternatives 3 and 5 compared to Alternative 1
because of the minor change in the number of days below 26,000 cfs.

Table 3-192. Prevalence of River Flows Below 26,000 cfs (Days below Threshold) during
the Navigation Season (April through November)

Location and Statistic Alternative
1 2 3 4 5 6

St. Joseph
Average Annual Days Below Threshold 27 28 26 28 27 28
Change Average Annual Days from Alternative 1 1 0 2 0 2
Average Number of Days in the 8 Worst Years, Change 14 0 11 4 9
from Alternative 1
Average Number of Days in the 8 Best Years, Change -4 -2 0 -2 0
from Alternative 1
Kansas City
Average Annual Days Below Threshold 20 20 20 21 20 22
Change Average Annual Days from Alternative 1 0 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 7 0 9 4 9
from Alternative 1
Average Number of Days in the 8 Best Years, Change -7 -2 0 -2 0
from Alternative 1
Waverly
Average Annual Days 19 19 19 20 19 20
Change Average Annual Days from Alternative 1 0 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 6 0 9 3 8

from Alternative 1

Average Number of Days in the 8 Best Years, Change -8 -3 0 -3 0
from Alternative 1
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Location and Statistic Alternative

1 2 3 4 5 6

Booneville (RM 197)

Average Annual Days Below Threshold 16 15 15 17 16 17
Change Average Annual Days from Alternative 1 -1 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 3 0 9 3 9

from Alternative 1

Average Number of Days in the 8 Best Years, Change -13 -2 0 -1 0
from Alternative 1

Jefferson City (RM 144)

Average Annual Days Below Threshold 15 15 15 16 15 16
Change Average Annual Days from Alternative 1 0 0 1 0 1
90th Percentile Days 40 41 39 47 44 47
Average Number of Days in the 8 Worst Years, Change 5 0 9 3 9

from Alternative 1

Average Number of Days in the 8 Best Years, Change -10 -1 0 -1 0
from Alternative 1

Hermann (RM 98)

Average Annual Days Below Threshold 10 9 10 11 10 11
Change Average Annual Days from Alternative 1 -1 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 3 0 7 1 8

from Alternative 1

Average Number of Days in the 8 Best Years, Change -11 -1 0 -1 0
from Alternative 1

Washington (RM 68)

Average Annual Days Below Threshold 10 9 10 11 10 11
Change Average Annual Days from Alternative 1 -1 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 2 1 7 2 7

from Alternative 1

Average Number of Days in the 8 Best Years, Change -10 -1 0 -1 0
from Alternative 1

St. Charles (RM 28)

Average Annual Days Below Threshold 10 9 10 11 10 11
Change Average Annual Days from Alternative 1 -1 0 1 0 1
Average Number of Days in the 8 Worst Years, Change 3 0 7 2 7

from Alternative 1

Average Number of Days in the 8 Best Years, Change -10 -2 0 -1 0
from Alternative 1

For dredgers in the upper segments of the river (Kansas City and St. Joseph), relatively higher
river flows can affect the ability of the dredgers to extract sand and gravel (USACE 2002). In the
Master Manual, the industry noted that they are typically impacted when the river is five feet
below flood stage. The Kansas City District identified that the flood stage at the USGS St.
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Joseph gage is 17 feet and 32 feet at the USGS Kansas City gage. On average, there is very
little change in the number of days above flood stage under the alternatives in Kansas City and
St. Joseph reaches. Considering the days at five feet below flood stage (27 feet at the Kansas
City gage), there is very little change in stages at the Kansas City gage across the alternatives,
with at most six more days over the POR under Alternative 2 compared to Alternative 1
(average annual increase compared to Alternative 1 of 0.1 days). There would not be noticeable
changes in higher river flows under the action alternatives in the Kansas City reach compared to
Alternative 1, with no to negligible impacts to dredging operators in this segment.

On average at St. Joseph, there would be four additional days under Alternative 4; and two
additional days under Alternative 5; and three additional days under Alternative 6 above the
river stage of twelve feet (five feet below flood stage) compared to Alternative 1. An evaluation
of the 2011 sand and gravel extraction data provided by the Kansas City District indicated that
in the St. Joseph segment, dredgers were operating when river stages were between 12 and 17
feet. Because of the minimal change in river flows at flood stage and at five feet below flood
stage across the alternatives, and because dredgers in St. Joseph have demonstrated that they
can dredge when the river stage is between 12 and 17 feet, there would be negligible impacts to
dredgers in the St. Joseph segment under the action alternatives compared to Alternative 1.

3.15.2.3 Climate Change

The Master Water Control Manual Missouri River Review and Update Study, Volume 6A-R:
Economic Studies Navigation Economics (Revised) (1998) estimated the relationship between
service level flows and navigation benefits. As shown in Figure 3-66, navigation benefits initially
increase as the flow increases. However, at a certain point, navigation benefits reach a
maximum and start to decline. The decrease in benefits during higher river flows are due to
higher costs that waterway operators incur. This relationship is important to keep in mind when
considering the potential impacts to navigation benefits from climate change.

A discussion on the influence of climate change on the alternatives is included in Section 3.2
River Infrastructure under Climate Change. The climate change section of this report discusses
the anticipated changes in temperatures, precipitation, and stream flows for the Missouri River
Basin. Any increase in these climatic variables could lead to shifting of standard service level
and navigation benefits along the curve as shown in Figure 3-66. In accordance with
Engineering and Construction Bulletin: Guidance for Climate Change Adaptation Engineering
Inputs to Inland Hydrology for Civil Works Studies, Designs, and Projects (USACE 2016d), this
section provides a qualitative assessment of the climate change effects to navigation for each
alternative.
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Figure 3-66. Relationship between Navigation Service Level Flows and Navigation Benefits on the

Missouri River

As shown in Table 3-193, the following six climate change variables were evaluated for potential
impacts to navigation: increased air temperature, increased precipitation and stream flow,
decreased peak snow water equivalent, earlier snowmelt date and decreased snow
accumulation season duration, increased sedimentation, and increased irregularity of flood and

droughts.

Table 3-193. Discussion of Risk to Navigation from Climate Change Variables for

Alternatives 1-6

Climate Change
Variables

Alternatives

Relevant Description of Climate
Change Variable

Description of Risk to Navigation

Increased Air
Temperature

1,2,3,4,5,
6

During summer water supply
operations, could potentially have
water quality issues with lower
Gavins Point releases if water

temperature increases.

No identified impact to risk to
navigation benefits.
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Climate Change

Alternatives

Relevant Description of Climate

Description of Risk to Navigation

Variables Change Variable
Increased 1,2,4,5,6 May be able to run spring pulses (+ and —) Reduce risk of adverse
Precipitation and more often due to increased impact to navigation benefits by
Streamflow System storage. However, the increasing the supply of water to
frequency of a completed pulse support navigation. However,
would likely decrease due to additional pulses would adversely
exceeding flood targets more affect navigation service and season
frequently. length through reducing System
storage for the following seasons.
Decreased Peak 1,2 Forecasting calendar year runoff (=) Increase risk of adverse impact
Snow Water has the potential to become less to navigation benefits by lowering
Equivalent accurate, since forecasting runoff System storage and navigation
based on precipitation is much service level and season length.
more difficult than forecasting
runoff based on snow water
equivalent. Less accurate forecasts
may result in an increased risk of
overall System impacts (e.g., lower
System storage and reservoir
elevations) if setting pulse
magnitude too high.
Earlier Snowmelt 1,2,3,4,5, May be able to run spring pulses (— and +) Increase risk of adverse
Date and Decreased | 6 more frequently due to System impact to navigation benefits in the
Snow Accumulation storage rising earlier in the year. short term by increasing the risk of
Season Duration Potentially lower snow runoff and lower service level in 2nd half of
lower System storage in the navigation season and in the long
summer and fall months. term by increasing the risk of a less
reliable navigation system.
Higher System storage in March
would increase navigation service
levels through July, although a
greater number of pulses would
reduce System storage, navigation
service levels and season length in
the fall months.
Increased 1,2,4,5,6 Decreased System storage may (—and +) Increase risk of adverse
Sedimentation lead to decreased frequency of all impact to navigation benefits by
pulses (assuming pulse decreasing System storage
requirements remain the same and | available to support navigation. With
sedimentation is not addressed). fewer numbers of pulses, there
would be relatively smaller impacts
from storage impacts on service
levels and season length.
Increased 1,2,4,5,6 Accuracy of downstream (=) Increase risk of adverse impact

Irregularity of Floods

and Droughts

forecasting may decrease,
resulting in more frequent flood
impacts caused by pulses. Have a
greater potential to impact System
storage with pulses if more
droughts occur.

to navigation benefits in the short
term by increasing the risk of more
frequent extreme events (droughts
and floods) which suspend
navigation and in long term by
increasing the risk of less reliability
to navigation.
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Climate change variables under Alternative 1 would result in beneficial and adverse impacts to
navigation. However, the management actions under Alternative 1 (plenary pulse and
mechanical habitat) would not be substantially affected by climate change.

Impacts to navigation under Alternatives 2, 3, 4, 5, and 6 with climate change would be similar
to Alternative 1. With earlier snowmelt, the spawning cue pulses and spring releases under
Alternatives 2, 4, and 6 may be able to run more frequently because System storage would rise
earlier in the year. More frequent and larger pulses relative to Alternative 1 may result in lower
System storage and lower river flows in the second half of the navigation season, with greater
impacts to navigation season level and season length compared to Alternative 1, especially if
the pulses are followed by drought or drier conditions. Large and more sporadic rain events
could exacerbate the possibility of flooding during spring or fall releases under Alternatives 2, 4,
5, and 6, with adverse impacts to navigation and commercial sand and gravel operations.
Impacts to navigation service levels with climate change along with adverse impacts under
Alternatives 2, 4, 5, and 6, and especially under Alternative 2 with the split navigation season,
would provide additional adverse impacts to the reliability of navigation on the Missouri River.

3.15.24 Cumulative Impacts

Past, present, and reasonably foreseeable future actions that impact commercial navigation and
commercial sand and gravel dredging on the Missouri River include the following:

e changes in the world economic market, such as changes in grain prices, agricultural
exports to Asia, exports of raw materials and petroleum products, and U.S. and global
demand for coal;

e changes in navigation infrastructure, such as expansion of the Panama Canal;

e changes in the industrial profile of the Missouri River basin, such as the growth of
ethanol industry;

e changes to commercial sand dredging permit allocations and locations;
e changes in the local market for commercial sand in the construction industry;

e changes in rail and highway transportation markets and infrastructure, such as an
increase in the capacity of railways and highways, labor shortage of truck drivers, and
mandates for Positive Train Controls on freight rail shipments;

e and federal, state, and local laws and efforts to encourage waterway transportation such
as the U.S. Department of Transportation’s America’s Marine Highway Program, the
recently re-opening of the Port of Kansas City, and the Inter-modal Surface
Transportation Efficiency Act.

These past, present, and reasonably foreseeable actions could result in both beneficial and
adverse impacts to navigation and commercial sand and gravel dredging on the Missouri River.

Construction of the Missouri River Mainstem Reservoir System and the associated dams allows
operation with controlled flow releases from the upper river into the lower river to achieve
multiple management objectives, including providing support for navigation. Variability in natural
hydrologic conditions (precipitation and snowmelt, which include periods of drought and high
runoff) and the “rules” governing System operation would continue to dominate the flows in the
Missouri River into the future. Natural flow variability and the requirement to balance authorized
purposes under the Master Manual would continue to be the primary drivers of impact to
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System storage and river flows in the lower river, thus impacting commercial sand and gravel
dredging, navigation service levels, and season lengths. The considerable droughts and floods
that have occurred since the late 1980s have had a profound impact on Missouri River
navigation. Other actions and programs, such as water depletions or withdrawals for agriculture,
municipal, and industrial uses have and would continue to have adverse impacts to System
storage and river flows, as they could affect the ability to support navigation.

Future aggradation and degradation trends would have similar effects under all the alternatives.
HEC-RAS modeling indicates that the action alternatives would not significantly contribute to
aggradation or degradation. As described as part of the year 0 and year 15 analyses (Section
3.2.2.3, Impacts on Hydrology from the Alternatives), the elevations in the upper three
reservoirs would increase slightly (1 to 2 feet) while changes in elevations in the lower three
reservoirs would be negligible in year 15 under all alternatives compared to year 0. The change
in stage in the riverine areas in year 15 in the upper portion of the lower river over time relative
to Alternative 1 would be nearly the same for all six alternatives. The effect from sediment
captured by the reservoirs combined with degradation from sand and aggregate mining in the
lower reach of the Missouri River (downstream of Rulo, Nebraska) would also be similar across
all alternatives in year 15. HEC-RAS modeling projected a decrease in the mean river stage at
St. Joseph, Missouri, by approximately 2.5 feet for the six alternatives in year 15. However, in
Kansas City, the projected river stage in year 15 would only be slightly lower (less than one inch
of the mean stage) than year 0. Activities that affect degradation and aggradation could
adversely affect ports and marinas and other navigation and/or dredging infrastructure along the
Missouri River from impacts to the structural integrity of the structures and infrastructure.

Current management of the MRRP program would continue under Alternative 1, with habitat
development and the spring plenary pulse. Current management of the System under
Alternative 1 would provide navigation benefits, with drought and relatively drier conditions
causing reductions in transportation rate savings and RED jobs and income benefits, increases
in air emissions, and impacts to health and safety; the management actions under Alternative 1
would have negligible to small contribution to these adverse impacts. When combined with other
past, present, and reasonably foreseeable future actions, the cumulative impacts associated
with Alternative 1 would be small to large and beneficial depending on future hydrological
conditions and transportation market conditions because navigation would continue to be
supported by USACE. The contribution of management actions under Alternative 1 would be
negligible because of the relatively large impact of natural hydrologic variability in the Missouri
River system and of market and economic forces affecting navigation.

Alternative 2 would result in negligible to small adverse impacts to average annual navigation
NED, RED, and OSE effects compared to Alternative 1. In the years when low summer flows
would occur, there would be small to large adverse effects to navigation transportation rate
savings, and repeated implementation of low summer flow events would likely affect navigation
reliability in the long-run. When combined with other past, present, and reasonably foreseeable
future actions, the cumulative impacts on navigation associated with Alternative 2 would be
short-term and small to large and adverse; however, in the long-term, the low summer flow
events under Alternative 2 would result in a large contribution to cumulative adverse impacts as
reliability on the river becomes uncertain.

Alternative 3 would result in negligible to small beneficial impacts to navigation NED and RED
effects compared to Alternative 1. When combined with other past, present, and reasonably

foreseeable future actions, the cumulative impacts on navigation associated with Alternative 3
would result in beneficial impacts to navigation, and hydrological conditions and transportation
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market conditions would affect the magnitude of these beneficial effects. Alternative 3 would
provide a negligible contribution to these impacts because of the very small changes in
navigation NED, RED, and OSE effects and the temporary and small adverse effects of the one-
time spawning cue test.

Alternatives 4, 5, and 6 would result in small to large adverse impacts to navigation, depending
on the amount of System storage and navigation service that is affected in the year of or years
following the flow releases. When combined with other past, present, and reasonably
foreseeable future actions, the cumulative impacts in the short-run associated with Alternatives
4, 5, and 6 would be beneficial because navigation would continue to be supported by USACE.
The contribution of Alternatives 4, 5, and 6 to these cumulative impacts in the short-term would
be negligible to small and adverse. In the long-term, cumulative impacts could be adverse
depending on how the repeated implementation of the flow releases affects the ability of the
industry to provide reliable navigation service on the Missouri River. The contribution of these
alternatives to the cumulative impacts would be small and adverse because USACE will still be
providing navigation flows and service and the hydrologic and market conditions play a large
role in the cumulative impacts to navigation.
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3.16 Recreation
3.16.1 Affected Environment

The Missouri River corridor between Fort Peck Lake and St. Louis, Missouri, supports a wide
range of water, land, and wildlife-related activities. Recreational opportunities, settings, and
access to public facilities vary considerably along the river. For this analysis, the river was
divided into three main geographic locations: Mainstem reservoirs; inter-reservoir river reaches;
and the lower river below Gavins Point Dam to the confluence with the Mississippi River.

The natural amenities and features of the Missouri River corridor are a popular destination for
outdoor enthusiasts, attracting millions of visitors to the corridor each year. Recreational
opportunities supported by the Missouri River corridor include a variety of land- and water-
based activities. Water-based recreation includes shoreline fishing, boat fishing, power boating,
waterskiing, tube towing, jet skiing, tubing, canoeing, kayaking, and swimming. Sport fishing
(i.e., fishing for sport or recreation) is a prevalent activity in all locations along the Missouri River
and its reservoirs, including cold water and cool water reservoir fishing for salmon and walleye;
rainbow trout fishing along the river reaches of Montana; and warm water fishing for bass and
catfish. Wetlands, sandbars, and shoreline along the river corridor serve as waterfowl habitat
and support opportunities for waterfowl hunting and bird watching. Natural landscapes and
viewscapes surrounding the reservoirs and inter-reservoir river reaches of the Missouri River
also attract a large number of sightseers.

As visitors travel to and from recreation areas along the Missouri River, they spend money in
local communities on food, gas, lodging, and other trip-related expenses. Visitors who live
outside the river corridor stimulate economic activity and inject new money into local economies
within the corridor, supporting jobs and income of residents.

3.16.1.1 Reservoirs

In 2012, the six Mainstem reservoirs were estimated to support more than 5.5 million recreation
visitor days'® (Table 3-194). Recreational opportunities at these reservoirs range from primitive
to more developed, providing the general public with access to facilities that enhance
recreational experiences. Most recreational use of the lakes occurs during the spring, summer,
and fall months, with Lakes Sakakawea and Oahe supporting the highest annual visitation of the
six Mainstem reservoirs.

10 Visits are defined as one person visiting the reservoir for a day or a number of days. Recreation visitor days is an
estimate of the total number of person-days for all visits; visits are adjusted to account for certain types of visitors
(i.e., campers) that recreate at a reservoir for multiple days to estimate recreational visitor days.
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Table 3-194. Annual Recreation Visitor Days on the Reservoirs, 2012

Reservoir Winter Spring, Summer, and Total Recreation
Recreation Days | Fall Recreation Days Days
Fort Peck Lake 58,540 541,458 599,998
Lake Sakakawea 83,292 1,328,064 1,411,356
Lake Oahe 199,617 1,317,681 1,517,298
Lake Sharpe 111,261 659,029 770,290
Lake Francis Case 8,076 152,253 160,329
Lewis and Clark Lake 105,282 894,376 999,658
Total 566,068 4,892,861 5,458,929

Source: USACE OMBIL 2012h

The 2012 recreation visitor days for the reservoirs were adjusted to 2015 levels to maintain
consistency across the locations by using the change in population growth in the adjacent
counties between 2012 and 2015. Table 3-195 summarizes the baseline recreation visitor days

adjusted to 2015.

Table 3-195. Annual Recreation Visitor Days on the Reservoirs, 2015

Reservoir Population Winter Spring, Summer, Total
Change Recreation Days and Fall Recreation
(2012-2015) Recreation Days Days
Fort Peck Lake -0.4% 58,285 539,095 597,380
Lake Sakakawea 7.4% 89,476 1,426,669 1,516,146
Lake Oahe 7.2% 214,063 1,413,039 1,627,102
Lake Sharpe 2.3% 113,794 674,033 787,827
Lake Francis Case 0.7% 8,133 153,321 161,454
Lewis and Clark Lake 0.0% 105,273 894,302 999,575
Total NA 589,024 5,100,460 5,689,484

Source: USACE OMBIL 2012h

Note: Population-adjusted with the average change in population between 2012 and 2015 for counties adjacent to the reservoirs

(US Census Bureau 2012; US Census Bureau 2015).

Visitation to the reservoirs varies from year to year in response to environmental conditions and
water elevations, which can affect fishing opportunities and access to shoreline facilities and
boat ramps. Storage volumes and lake elevations in the upper three reservoirs (Fort Peck Lake,
Lake Sakakawea, and Oahe Lake) fluctuate more than those of the three downstream
reservoirs (Lake Sharpe, Lake Francis Case, and Lewis and Clark Lake). Table 3-196
summarizes the visitation at the lakes during low, middle, and high water years between 2002

and 2012.
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Table 3-196. Average Annual Visitation on the Reservoirs during Low,
Water Years, 2002 to 2012

Middle, and High

Mainstem Reservoir Low Water Year Middle Water Years High Water Years
Fort Peck Lake 236,372 307,110 396,333
Lake Sakakawea 866,188 1,031,992 982,612
Lake Oahe 746,111 939,335 1,032,676
Lake Sharpe 572,413 651,453 591,477
Lake Francis Case 120,196 159,113 148,548
Lewis and Clark Lake 687,532 705,894 694,589

Source: USACE OMBIL 2012h

Notes: 2004, 2005, 2006, and 2007 are considered to be low water years (below 40 MAF in System storage); 2002, 2003, 2009,
and 2012 are middle water years (between 40 and 60 MAF in System storage); and 2010 and 2011 are high water years
(more than 60 MAF in System storage). Note that this table presents visits and not recreation visitor days, presented in the

previous table.

USACE and state, county, and local government agencies manage the recreation facilities at
the reservoirs. The quality and quantity of amenities varies across recreation sites and may
include: interpretive centers, boat ramps, camp sites, swimming beaches, picnic areas,
playgrounds, bathrooms and showers, handicap accessible facilities, electrical hookups and
dump stations, grills, fish cleaning stations, and small bait or grocery stores. Public recreation

facilities at each of the lakes are summarized in Table 3-197.

Table 3-197. Recreation Facilities at Mainstem Reservoirs

Reservoir USACE Ramps, Marinas Camping | Swim Areas
Sites Main (Resorts) Areas
(Low-water) (Primitive)
Fort Peck Lake 27 20 (8) 4 (0) 14 (3) 5
Lake Sakakawea 183 67 (42) 7(1) 38 (30) 19
Lake Oahe 145 50 (5) 3(2) 14 (14) 9
Lake Sharpe 58 20 (0) 1(0) 7 (8) 6
Lake Francis Case 59 62 (0) 2(1) 7 (0) 8
Lewis and Clark Lake 59 26 (0) 3(0) 14 (3) 7

Sources: For USACE reservoirs: USACE 2003, 2004, 2007, 2008, 2010; USACE Boating and Recreation Guides for each lake;
Operation and Maintenance Business Information Link (OMBIL) data, which include USACE-owned areas and many areas
for which USACE transferred title under Title VI. Personal communications: Three Legs 2012; Rousseau 2012; Fletcher
2012; Wells 2012; LaPointe 2012; Little Swallow 2012; Magnan 2009; Persoon 2011; Schuckman 2009a; Shafer 2009

Reservoir visitors participate in a variety of land and water-based activities. Water-based
activities that attract a large number of visitors to the reservoirs each year include boating,
swimming, and waterskiing. Although most boating is associated with hook-and-line fishing,
many visitors partake in pleasure boating and sailing during the warm summer months. Wind
surfing, waterskiing, tubing, and jet skiing are also popular water-based activities, as is
swimming and sunbathing along the shoreline or in designated swimming areas during the
summer months.

Fish and wildlife-associated recreation are some of the most popular uses of the reservoirs. The
reservoirs support both cool and cold-water fisheries and provide critical nesting and feeding
habitat for upland birds and waterfowl. Several of the lake fisheries are recognized nationally
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and support competitive fishing events. Chinook salmon, walleye, catfish, bass, northern pike,
sauger, crappie, trout, and yellow perch are the primary gamefish. Since wildlife is abundant in
areas surrounding the lakes, opportunities exist for wildlife photographers and enthusiasts,
birders, and upland game and waterfowl hunters. In addition, the diverse natural landscapes
surrounding the six reservoirs attract a large number of sightseers each year.

Camping and picnicking are very popular activities at many of the recreation areas during the
warmer months. More developed camping and picnicking facilities are available at many of the
public and semi-private recreation sites. These areas are popular destinations for visitors
making weekend trips or traveling with families. On summer weekends, especially holiday
weekends, these campgrounds are often near capacity.

Recreational opportunities on these reservoirs attract thousands of visitors to local communities
surrounding the lakes. Visitors coming from outside of the region stay in local gateway
communities and spend their money on food, gas, lodging, and supplies. These expenditures
stimulate economic activity and support jobs and income in these communities and counties.
The residency of the visitors can affect the economic impact of spending in local economies;
Table 3-198 summarizes recent data on the residency of visitors to the six Mainstem lakes.

Table 3-198. Residency of Visitors to the Reservoirs

Reservoir Visitors from Counties Surrounding or Non-local Visitors*
Adjacent to Project Area
Fort Peck Lake 8% 92%
Lake Sakakawea 22% 78%
Lake Oahe 30% 70%
Lake Sharpe 45% 55%
Lake Francis Case 21% 79%
Lewis and Clark Lake 57% 43%

Source: Longhenry pers. comm. 2016; Fryda pers. comm. 2016; USGS 2011; South Dakota Game Fish and Parks 2016.
*Non-local visitors include visitors from counties with population centers greater than 50 miles from the reservoir project area.

3.16.1.2 Inter-Reservoir River Reaches

The Missouri River System includes four free-flowing river segments between the dam and
reservoir projects. Unlike the reservoir projects, USACE does not manage most of the lands
adjacent to the riverine reaches. Instead, the inter-reservoir river reaches pass through a variety
of Tribal, state, municipal, and private lands. River access along these reaches is limited and
usually restricted to designated access points at recreation sites. Partner agencies and local
businesses manage most of the river accesses and recreational facilities within these reaches.
Recreation specialists with USACE conducted an extensive effort to reach out to partner
agencies, local organizations, and private businesses to collect data on recreational facilities
and visitation to non-USACE-administered sites along the inter-reservoir river reaches
conducted in 2009 and 2010. Information collected on facilities are summarized in Table 3-199.

Recreation opportunities and facilities within these riverine reaches differ from those at the
reservoirs. A number of recreation sites within the riverine reaches are “low density use” sites,
with relatively low visitation and few facilities. However, some “intensive use” recreation sites
also exist within the inter-reservoir river reaches, such as those in proximity to Bismarck and
Pierre. These areas tend to offer more amenities and support much higher visitation levels. Both
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low density and intensive use areas within the riverine reaches include interpretative centers,
swimming beaches, boat ramps, and marinas.

Because the most comprehensive estimates for visitation across both USACE and non-USACE-
administered sites were for 2009, annual visitation for this year is presented to provide a more
complete picture of river use in the inter-reservoir river reaches. Adjusting for multi-day campers
who visit the river recreation areas for an average of 3.8 days per visit, the inter-reservoir river
reaches were estimated to support more than 1.2 million recreational visitor days in 2009.
Recreation days for each of the inter-reservoir river reaches are summarized in Table 3-200.

Table 3-199. Recreation Facilities at Inter-Reservoir River Reaches

River Reaches Recreation Boat Marinas or Camp Swim
Sites Ramps Resorts Sites Areas
Fort Peck Dam to Lake Sakakawea 19 14 0 121 4
Garrison Dam to Lake Oahe 22 20 2 489 2
Oahe Dam to Lake Sharpe 6 6 2 322 4
Iliolit Randall Dam to Lewis and Clark 18 11 0 346 2
ake

Sources: USACE 2003, 2004b, 2007, 2008, 2010; OMBIL data; Hesse et al. 1992, 1993; Sheriff et al. 2011; Missouri Department
of Conservation 2012; lowa Department of Natural Resources 2010a, 2010b, 2010c; North Dakota Game and Fish
Department 2009); Nebraska Game and Parks Commission 2009a, 2009b, 2010a, 2010b, 2010c, 2010d, 2010e; NPS 2003,
2009, 2010a, 2010b; and personal communications by telephone and email with various local, state, private land managers.

Table 3-200. Recreation Visitor Days in the Inter-Reservoir River Reaches, 2009

River Reaches Winter Spring, Summer, and Fall Total
Recreation Days Recreation Days Recreation Days

Fort Peck Dam to Lake Sakakawea 21,683 285,655 307,338
Garrison Dam to Lake Oahe 13,036 285,702 298,738
Oahe Dam to Lake Sharpe 26,505 414,011 440,516

Fort Randall Dam to Lewis and 24,228 171,009 195,237
Clark Lake

Total Recreation Visitor Days 85,452 1,156,377 1,241,829

Sources: USACE OMBIL 2012h; Hess et al. 1992, 1993; lowa Department of Natural Resources 2010a, 2010b, 2010c; North
Dakota Game and Fish Department 2009); Nebraska Game and Parks Commission 2009a, 2009b, 2010a, 2010b, 2010c,
2010d, 2010e; NPS 2003, 2009, 2010a, 2010b; and personal communications by telephone and email between USACE and
private, state, and local land managers.

The 2009 recreation visitor days for the inter-reservoir river reaches were adjusted to 2015
levels to maintain consistency across the locations by using the change in population growth in
the adjacent counties between 2009 and 2015. Table 3-201 summarizes the baseline recreation
visitor days adjusted to 2015.
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Table 3-201. Recreation Visitor Days in the Inter-Reservoir River Reaches, 2015

River Reaches Population Winter Spring, Summer, Total
Change Recreation and Fall Recreation

2009-2015 Days Recreation Days Days
Fort Peck Dam to Lake Sakakawea 32.9% 28,816 379,623 408,439
Garrison Dam to Lake Oahe 13.5% 14,796 324,265 339,060
Oahe Dam to Lake Sharpe 4.1% 27,580 430,798 458,378
Fort Randall Dam to Lewis and Clark Lake 0.5% 24,354 171,899 196,253
Total Recreation Visitor Days - 95,545 1,306,585 1,402,130

Sources: USACE OMBIL 2012h; Hess et al. 1992, 1993; lowa Department of Natural Resources 2010a, 2010b, 2010c; North
Dakota Game and Fish Department 2009); Nebraska Game and Parks Commission 2009a, 2009b, 2010a, 2010b, 2010c,
2010d, 2010e; NPS 2003, 2009, 2010a, 2010b; and personal communications by telephone and email between USACE and
private, state, and local land managers.

Note: Population-adjusted with the average change in population between 2009 and 2015 for counties adjacent to the reservoirs
(US Census Bureau 2009; US Census Bureau 2015).

The inter-reservoir river reaches are very popular with hunters and anglers. River access points
within the inter-reservoir reaches are used for launching boats for fishing, waterfowl hunting,
pleasure boating, and other water-based recreational activities. These riverine reaches act as a
staging area for migrating geese and ducks in the spring and fall, where they rest and forage
before continuing their migration. Waterfow! hunters access these islands and shoreline by
boats and from shore (USACE 2011a). Northern pike, salmon, bullhead, sauger, bass, walleye,
paddlefish, catfish, panfish, and trout are popular species harvested by both shore and boat
anglers.

Recreational use of the river increases considerably near the Bismarck-Mandan area in the
Garrison Dam to Lake Oahe reach, which has marinas, public boat access sites, and popular
intensive use areas like the Kimball Bottoms Recreation Area (also known as the Desert). The
overall concentration of marinas, private docks, and boat access in and around Bismarck is the
greatest concentration of boating activity in any of the inter-reservoir river reaches. The river
reach between Oahe Dam and the headwaters of Lake Sharpe includes the cities of Fort Pierre
and Pierre in South Dakota. These larger population centers have a number of river
developments, including the Fort Pierre and Pierre waterfronts, nature trail and bicycling trails,
sand volleyball court, picnic areas, camping facilities, and an amphitheater.

The Fort Randall Dam to Lewis and Clark Lake river reach is un-channelized and relatively
undeveloped, with only a small number of low-density recreation areas. NPS administers a
scenic water trail within this reach as part of the Missouri National Recreational River.

3.16.1.3 Lower River

The lower Missouri River includes 811 river miles downstream of Gavins Point Dam to the
mouth of the Mississippi River just above St. Louis. Like the inter-reservoir river reaches, the
lower river and floodplain are characterized by an extensive patchwork of natural landscapes
that are a diverse mix of riverine, floodplain, prairie, wetland and forest habitats. Also, similar to
the inter-reservoir river reaches, the lower river passes through a variety of Tribal, state,
municipal, and private lands. Although USACE manages a few recreation sites and facilities
within the lower portion of the river, much of the river access and recreational facilities are
managed and maintained by partner agencies and local businesses whose livelihoods are
closely tied to recreation on the river.
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The lower Mainstem can be divided into two distinct segments based on the types of
engineering structures within each reach: the upper segment from Gavins Point Dam to Rulo,
Nebraska, and the lower segment between Rulo, Nebraska, and the mouth of the Mississippi.
The upstream segment between Gavins Point Dam and Rulo, Nebraska, is the only portion of
the lower river not channelized or modified by dikes or revetments. This 59-mile portion of the
river is designated as a National Recreational River under the Wild and Scenic Rivers Act and
has retained a meandering natural channel with many chutes, backwater marshes, sandbars,
islands, changing shorelines, and variable current velocities. The lower segment, specifically
between Ponca, Nebraska, and the mouth of the Mississippi, was channelized under the BSNP
and is used for commercial navigation.

Recreational settings and opportunities within the lower river are diverse and located much
closer to larger population centers than those in the inter-reservoir river reaches in the upper
river. Approximately 75 percent of visitors to the lower river traveled fewer than 30 miles to get
to their recreation destination along the river from their residence, and 95 percent of visitors
were within 150 miles of their home (Sheriff et al. 2011).

Outreach to partner agencies and private businesses or organizations was conducted to collect
data on recreational facilities and visitation to non-USACE-administered sites along the lower
river. Information collected on facilities within the lower river reaches is summarized in Table
3-202.

The Missouri Department of Conservation and the Nebraska Game and Parks Commission, in
cooperation with other state and federal partners, estimated public use of the Missouri River
between Gavins Point Dam near Yankton, South Dakota, to the mouth of the river near St.
Louis, Missouri (Sheriff et al. 2011). The Public Use Assessment collected information on the
types and amount of public use, fish and wildlife harvested from the river, socio-demographic
characteristics of users, and the economic value of the river to users over a 13-month period.
The lower river was estimated to support over 2.4 million recreation visitor days between
January 2004 and January 2005 (Sheriff et al. 2011; Sheriff 2015). This estimate includes
visitation to public accesses and recreation areas, private lands not generally accessible by the
public, fishing tournaments, and excursion boats. The estimated recreation visitor days for the
two lower river reaches are summarized in Table 3-203.

Table 3-202. Recreation Facilities in the Lower River

River Reaches Recreation Boat Ramps Marinas or Camp Sites Swim Areas
Sites Resorts
Gavins Point Dam to Rulo, 71 65 12 1,445 12
Nebraska
Rulo to the mouth of the 102 70 2 820 2
Missouri River

Sources: USACE 2004a; OMBIL data; Missouri Department of Conservation (MDC) 2011, 2012a; Missouri Department of Natural
Resources 2010a, 2010b, 2010c, 2010d, 2010e, 2010f, 2010g, 2010h, 2010i, 2010j, 2010k, 2010l; and personal
communications by telephone and email with between USACE and federal, state, and local managing agencies.
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Table 3-203. Recreation Visitor Days in the Lower River, 2004

River Reaches Winter Spring, Summer, Total
Recreation Days and Fall Recreation Days
Recreation Days
Gavins Point Dam to Rulo, Nebraska 183,121 1,030,415 1,213,535
Rulo, Nebraska to the mouth of the Missouri River 190,866 1,038,553 1,229,419
Total 373,986 2,068,968 2,442,955

Source: Calculated with data from Sheriff et al. (2011) and USACE OMBIL databases 2012h.

The 2004 recreation visitor days for the lower river were adjusted to 2015 levels to maintain
consistency across the locations by using the change in population growth in the adjacent
counties between 2004 and 2015. Table 3-204 summarizes the baseline recreation visitor days
adjusted to 2015.

Table 3-204. Recreation Visitor Days in the Lower River, 2015

River Reaches Population Winter Spring, Summer, Total
Change Recreation Days and Fall Recreation
2004-2015 Recreation Days Days
Gavins Point Dam to Rulo, Nebraska 8.7% 199,116 1,120,422 1,319,538
Rulo, Nebraska to the mouth of the 4.5% 199,540 1,085,752 1,285,292
Missouri River
Total NA 398,656 2,206,174 2,604,830

Source: Calculated with data from Sheriff et al. (2011) and USACE OMBIL databases 2012h.

Note: Population-adjusted with the average change in population between 2004 and 2015 for counties adjacent to the river reaches
(US Census Bureau 2004; US Census Bureau 2015).

Collectively, the 59 river miles between Gavins Point Dam and Ponca, Nebraska, are
designated as a national water trail and administered by NPS as part of the Missouri River
National Recreational River. Popular water-based activities within the Missouri River National
Recreational River include canoeing, kayaking, tubing, and fishing; picnicking, hunting, bird
watching, and camping. Outside of the Missouri River National Recreational River, the lower
river between Gavins Point Dam and Ponca, Nebraska is heavily used for land- and water-
based recreation.

Waterfowl hunting is a popular activity in this river reach and typically occurs by boat, where
hunters access islands and shorelines. In the fall, flows in the Missouri River below Gavins Point
Dam are reduced and sandy islands become exposed, providing access for waterfowl hunters.
In addition to providing critical habitat to numerous species, sandbars are popular recreational
features in this part of the lower river (USACE 2011a).

Fishing is a prevalent activity in the Gavins Point Dam tailwaters downstream of the dam. Main
sport fish species caught in the tailrace just downstream of the dam are walleye, catfish, and
paddlefish. Further downstream from the dam, anglers fish for catfish, walleye, carp, freshwater
drum, buffalo, and smallmouth bass and crappie. Approximately 30 percent of angling in this
upper part of the lower river is done from shore, while 70 percent is by boat (USACE 2011a).

The lower river becomes channelized just below Ponca, Nebraska, through a series of stone
wing dams and levees. Recreation in this part of the river tends to be relatively unaffected by
drought as long as navigation season flows are maintained (USACE 2011a). All or portions of
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the marina facilities are generally closed during the non-navigation season (generally November
21 through March 20) when river flows are low or iced over. Trail systems along the river have
been developed in many municipal areas, including a non-motorized trail bridge between
Omaha, Nebraska, and Council Bluffs, lowa. Many visitors engage in camping, picnicking,
sightseeing, observing wildlife, and outdoor photography.

The region surrounding the Missouri River between Rulo, Nebraska, and the mouth of the
Mississippi River is heavily populated. The primary activities along this portion of the river are
fishing and sightseeing; additional activities include boating, picnicking, hunting, and camping.
The Katy Trail State Park is a state park that contains a recreational rail trail that follows the
floodplain on the north side of the Missouri River from St. Charles to Franklin, Missouri, before
turning south, away from the Missouri River. Many cultural and historical resources are also
located along this reach, including Fort Osage Park and five state historic sites. USFWS
manages Squaw Creek NWR, which is located near Mound City, Missouri; and Big Muddy
NWR, which was established one year after the Great Flood of 1993. State and local
government agencies manage boat ramp access areas, which are relatively evenly spaced
along the river. Below Rulo, Nebraska, approximately half of anglers fish by boat, while the
other half fish from shore (Korman pers. comm. 2015; Niswonger pers. comm. 2016).

There are several recreational events that occur on or near the Missouri River that attract
hundreds to thousands of visitors every year. Several of these events are in the lower reach of
the river such as Race to the Dome, Katy Trail Bike Ride, Missouri River Outdoor Expo,
Missouri River 340, Hartsburg Pumpkin Festival and Pedaler’'s Jamboree. These events include
kayak races, bicycle rides, festivals and outdoor expositions and are located on or near the
lower Missouri River.

3.16.1.4 Recreation Resources on Tribal Lands

There are 13 Native American Tribes, plus the Turtle Mountain Band of Chippewa Indians, who
continue to live in rural areas along the Mainstem of the Missouri River. While each of these
Tribes has a unique history and heritage, Native American cultures can share land-based
worldviews rooted in the active recognition of kinship with the natural world. Thus, culture and
lifestyles on Tribal reservations do not always create a clear distinction between work, leisure,
family, and spirituality. Some Tribal members participate in a number of outdoor activities along
the Mainstem of the Missouri River, including hunting, fishing, trapping, berry and mushroom
picking, camping, hiking, swimming, and collecting medicinal plants. Although these activities at
times may include a subsistence component, many Tribal members also view them as
recreational experiences that provide personal enjoyment.

In addition to supporting recreational opportunities for Tribal members, many Tribes have begun
to manage reservation lands for recreational use and enjoyment by Tribal and non-Tribal
members. Several Tribes along the Missouri River have developed public recreation areas to
attract outdoor enthusiasts and visitors interested in learning about the heritage and culture of
native Tribes. Many of these reservations are in rural areas with outstanding opportunities for
fishing and hunting. Although it is illegal for non-Tribal members to harvest plants or animals
from reservation lands without Tribal consent, many Tribes have begun selling special hunting
and fishing permits to non-Tribal members. Non-Tribal visitor spending and revenues from non-
Tribal hunting and fishing permits help fund Tribal operations and support economic
opportunities for those living on Tribal reservations.
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A number of Tribes regularly hold pow-wows and recreation-related events along Lake
Sakakawea and Lake Oahe. Some of these Tribal events are held on lands administered by
USACE and leased in perpetuity by the Three Affiliated Tribes and South Dakota Game, Fish
and Parks. Pow-wows and other Tribal events held along the river promote community
empowerment and social cohesion, contribute to the spiritual and social well-being of Tribal
members, and attract non-Tribal members interested in learning about Native American cultures
and traditions. Many Tribal and non-Tribal visitors who attend these events (on or off USACE
lands) often visit other recreational sites and use facilities at nearby USACE recreation areas
(USACE 2010c).

3.16.2 Environmental Consequences

The environmental consequences analysis for recreation focuses on how changes in the
prevalence of habitat and river and reservoir conditions under the MRRMP-EIS alternatives
could affect visitation, recreational opportunities, and the value of the recreational experiences.
This section provides an overview of the recreation impact assessment methodology and
presents the result of the assessment. A more detailed description of the methodology and
results is provided in the “Recreation Environmental Consequences Analysis Technical Report”
available online (www.moriverrecovery.org).

3.16.2.1 Impact Assessment Methodology

Environmental consequences associated with recreation were evaluated using three of the four
Principles and Guidelines accounts (NED, RED, and OSE). These accounts provide a
framework for evaluating and displaying effects of management actions to ensure monetary and
non-monetary values and interests expressed as important to stakeholders and Tribes are
considered, while ensuring impacts are not double-counted. The following section provides a
brief overview of the methodology that was used to evaluate impacts reflected in each account.

River flows and reservoir elevations can fluctuate, causing changes in access to recreational
resources and fishing opportunities. Changes in environmental conditions and the quantity and
quality of recreational experiences along the Missouri River affect recreation benefits to users
and costs associated with maintaining recreation access. The analysis of impacts on recreation
used outputs from the HEC-RAS and HEC-ResSim Missouri River models to simulate river and
reservoir operations over an 81-year POR under each of the MRRMP-EIS alternatives.!" These
modeled simulations were then used to determine boat ramp operability and reservoir
elevations under the alternatives.

Alternative 1 is considered the baseline against which the other alternatives are measured.
Under Alternative 1, the Missouri River Recovery Program would continue to be implemented as
it is currently. As noted in Section 3.1.1, Impact Assessment Methodology, Alternative 1 does
not reflect actual past or future conditions but serve as a reasonable basis or “baseline” for
comparing the impacts of the action alternatives on resources.

National Economic Development

Contributions to the NED account reflect net benefits that accrue in the planning area and the
rest of the Nation from recreation opportunities along the Missouri River. These consumer

" An 81-year period of record was used for the recreation evaluation because of how the seasons were defined in
the modeling and because there was a one-year lagged variable in the upper three reservoirs visitation regression
modeling.
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surplus benefits are measured using a hybrid approach that considers both the Unit Day Value
(UDV) and travel cost method (TCM) approach (U.S. Water Resources Council 1983; USACE
ER 1105-2-100 Appendix E; USACE 2017b) and reflect the maximum amount individuals are
willing to pay to engage in recreation activities on the Missouri River, rather than forego them
(Walsh 1986). The TCM is a revealed preference method of economic valuation that deduces
willingness to pay through observing human behavior (i.e., the number and trips and costs per
trip to a recreation area). The UDV method of estimating willingness to pay relies on expert and
informed opinion to assign relative values to recreation days based on the quality of recreational
opportunities supported by individual recreation areas. The approach to estimate the consumer
surplus recreation values uses the UDV, which is based on USACE guidance and site-specific
ratings and activities, but also recognizes that the UDV may reflect a relatively lower estimate of
the consumer surplus value for a recreation visitor-day. Therefore, the UDV (in 2018%$) was
estimated and then proportionally increased based on the difference between the UDV and
TCM as estimated in the Recreation Economics Volume 6C of the Master Water Control Manual
Missouri River Review and Update (USACE 1994). The UDV ratings were obtained from the
USACE Rec-BEST database and applied to the visitation to estimate recreation NED benefits.
The UDV ratings were adjusted to reflect higher values associated with ESH and early life stage
habitat for pallid sturgeon.

In the inter-reservoir and lower river reaches and the lower three reservoirs, boat ramp
operability, as estimated from modeled river and reservoir elevations, was used to assess
recreational access and visitation at these locations. A statistical process was used to estimate
the best variables in predicting visitation at the upper three reservoirs. As a result, mid-August
lake elevations, the price of gas, and the fishing success dummy variables were determined to
be the greatest influential factors to predict visitation and were used to estimate visitation at
each of the upper three reservoirs.

Potential capital costs to extend and/or replace low-water boat ramps and maintain recreational
access at the upper three reservoirs during severe low-water conditions were assessed based
on the drought of the 2000s. In addition, operational costs to maintain access to boat ramps
were also evaluated when reservoir elevations decrease in subsequent summers. Natural
resource managers at the lakes provided information on which the capital and operations and
maintenance costs were developed. The recreation NED benefits reflect TCM and UDV benefits
of visitation (including habitat) less the capital and operating costs and were evaluated based on
a POR analysis.

Regional Economic Development

The RED analysis estimates the direct, indirect, and induced effects to local regions as
measured through jobs, labor income, and sales. The recreation RED analysis assesses how
changes in visitation under the MRRMP-EIS alternatives, as estimated in the NED analysis,
would affect non-local visitor spending and associated impacts on regional economic conditions.
Because results from the NED analysis showed that visitation to Lake Sharpe would be
unaffected by actions under the MRRMP-EIS alternatives, Lake Sharpe was not evaluated in
the RED analysis. The inter-reservoir river reaches and lower river segments were also
excluded from the RED analysis because these river reaches primarily wind through private
lands where public access is limited, and previous reports indicate that visitation is primarily by
residents who live nearby (USACE 2006a; USACE 2011a; Sheriff et al. 2011). As a result, the
RED analysis assesses economic impacts of non-local visitor spending in regional and state
economies surrounding five of the six Mainstem reservoirs. These economic impacts were
estimated using the USACE-certified RED model, RECONS.
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Other Social Effects

OSE associated with recreation include contributions to individual and community well-being
and quality of life; these considerations are evaluated qualitatively based on the results from the
recreation NED and RED analyses.

3.16.2.2 Summary of Environmental Consequences

Table 3-205 provides a summary of the impacts under the MRRMP-EIS alternatives.
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Table 3-205. Summary of Environmental Consequences for Recreation

Alternative

NED

RED

OSE

Other Impacts

Management
Actions Common to
All Alternatives

No NED impacts.

No RED impacts.

No OSE impacts.

Short-term, small
adverse impacts on
recreation from human
restriction measures.

Alternative 1

Average annual benefits of $102.4 million,
with annual benefits ranging from $63.2
during low visitation years typically during
drought or drier conditions when
recreational access and opportunities are
lower to $123.9 million during normal or
relatively higher precipitation and
snowpack conditions that are favorable to
recreational access and opportunities.

Large and long-term benefits; variations in
the natural hydrological cycles during
drought years cause relatively lower
recreation NED benefits over the POR.
Alternative 1 management actions would
have negligible impacts recreation NED
benefits.

1,512 jobs and $42.4 million in
labor income on average over
the POR.

Jobs would range from 538 to
1,872 and labor income from
$22.6 million to $52.5 million
over the POR associated with
hydrologic conditions affecting
recreation access and
opportunities. Alternative 1
management actions would
negligible RED effects.

Alternative 1 would
continue to provide large
long-term OSE benefits
associated with
recreational opportunities.
Continued development of
habitat areas would
support quality of life and
educational amenities for
residents.

Small, localized,
temporary, adverse
impacts from
mechanical habitat
construction.

In the long-term,
increased abundance
and diversity of fish and
wildlife species would
provide small localized
benefits for recreational
opportunities (e.g.,
waterfowl hunting,
walleye and northern
pike fishing).

Alternative 2

Annual average increase of $112,000 or
0.1 percent compared to Alternative 1.

Negligible impacts in the upper three
reservoirs on average, large adverse
impacts in the upper three reservoirs due to
flow releases. Negligible impacts on the
lower three reservoirs. Relatively small
benefits in the inter-reservoir reaches and
lower river from habitat construction and
spawning cue releases.

Negligible changes to RED in the
river reaches.

Average annual change in
recreation benefits: 3 fewer jobs
and $108,000 less in labor
income at reservoirs.

Negligible RED impacts in the
regional context but impacts
could be large and adverse on
tourism businesses in some
years in the upper three
reservoirs.

Relatively higher OSE
benefits to recreation from
additional early life stage
and ESH habitat areas.

Potentially small to
large, temporary,
adverse impacts from
large quantities of ESH
and early life stage
habitat construction;
similar to Alternative 1,
although relatively small
to large increases in
long-term recreation
benefits associated with
species diversity and
abundance from
relatively more ESH and
early life stage habitat.
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Alternative

NED

RED

OSE

Other Impacts

Alternative 3

Annual average increase in NED benefits
of $83,000 or 0.1 percent compared to
Alternative 1.

The change compared to Alternative 1
would be negligible across all locations.

Negligible changes to RED in the
river reaches due to local
visitation.

Average annual change in
recreation benefits: two
additional jobs and $70,000 more
in labor income at the reservoirs;
negligible change in RED
benefits in all locations.

Small increases in OSE
effects to recreation from
IRC and ESH.

Similar to Alternative 1,
although greater
impacts from ESH
construction in the Fort
Randall reach and
relatively smaller
construction impacts
from fewer acres of IRC
habitat in the lower
river.

Alternative 3: Gavins
Point One-Time
Spawning Cue Test

The inter-reservoir river reaches, the lower
three reservoirs, and the lower river would
experience negligible to small effects from
Alternative 1 because changes in reservoir
elevations at the lower three reservoirs and
river stages would continue to provide
recreational access and habitat
development would be small compared to
the scale of the river.

Adverse impacts under one-time spawning
cue test would occur at the upper three
reservoirs in the year or years following the
one-time spawning cue test, with the
potential for small impacts when the
reservoirs are drawn down during relatively
drier conditions, adversely affecting
recreation access and opportunities.

Negligible changes in RED
benefits from Alternative 1 at the
inter-reservoir river reaches and
lower river because most
visitation is associated with local
residents. Negligible changes in
RED benefits from Alternative 1
at the lower three reservoirs due
to minimal changes in visitation.

For the upper three reservoirs,
negligible RED impacts in the
regional context but could be
small and adverse to tourism
businesses in the year(s)
following the one-time spawning
cue test when reservoir
elevations would reduce
recreation access and
opportunities.

Negligible changes in
recreation OSE from the
one-time spawning cue
test.

No impacts.
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Alternative

NED

RED

OSE

Other Impacts

Alternative 4

Annual average reduction of $1.1 million in
NED benefits or 1.1 percent compared to
Alternative 1.

Under some years and conditions, small to
large adverse impacts to recreation
benefits in the upper three reservoirs
following spring releases during relatively
drier periods; negligible impacts to the
lower three reservoirs, inter-reservoir
reaches, and lower river.

Negligible changes to RED in the
river reaches due to local
visitation.

Average annual change in RED
recreation benefits: 21 fewer jobs
and $585,000 less in labor
income at reservoirs.

Small RED impacts in regional
context but impacts on tourism
businesses could be large and
adverse in some years in the
upper three reservoirs.

Small increases in OSE
benefits to recreation from
IRC and ESH
development.

Same as Alternative 3.

Alternative 5

Annual average decrease of $86,000 or -
0.1 percent.

Negligible changes in recreation NED
across all locations. Under some years and
conditions, small adverse impacts to
recreation NED benefits in the upper three
reservoirs following fall releases; negligible
impacts to the lower three reservoirs, inter-
reservoir reaches, and lower river.

Negligible changes to RED in the
river reaches due to local
visitation.

Average annual change in
recreation RED benefits: 1 less
job and $29,000 less in labor
income at reservoirs.

Small to negligible adverse
impacts on recreation RED
benefits because of the small
change in visitation, even in the
years following fall releases.

Small increases in OSE
benefits to recreation from
IRC and ESH
development.

Same as Alternative 3.

Alternative 6

Small decreases in Annual average NED
benefits of $846,000 or 0.8 percent
compared to Alternative 1.

Small to large adverse impacts in some
years in the upper three reservoirs
following spawning cue releases; negligible
impacts on the lower three reservoirs, inter-
reservoir river reaches, and lower river.

Negligible changes to RED in the
river reaches due to local
visitation.

Average annual change in
recreation RED benefits: 18
fewer jobs and $511,000 less in
labor income at reservoirs.

Small RED impacts in regional
context but could be large and
adverse to tourism businesses in
some years in the upper three
reservoirs.

Small increases in OSE
benefits to recreation from
IRC and ESH
development.

Same as Alternative 3.

Final Missouri River Recovery Management Plan and Environmental Impact Statement

3-497



Recreation

3.16.2.3 Impacts from Management Actions Common to All Alternatives

Management actions common to all alternatives include vegetation management, predator
management, and human restriction measures. These actions have the potential to affect
recreation opportunities and experiences along the Missouri River. Human restriction measures
during the tern and plover nesting season include restricting public access to sandbars with
known nests and posting signs to prevent disturbance by people and pets. Although sandbar
use would be prohibited during nesting season, birdwatchers who view wildlife from boats or the
shore would still benefit from these areas while access is prohibited. Outside the nesting
season, the construction and maintenance of additional sandbars should enhance recreational
experiences on the Missouri River because these areas would provide additional opportunities
for low-density recreation. Impacts on recreation from human restriction measures would be
small, short term, and adverse for some types of visitors; no adverse impacts on recreation
associated with vegetation management and predator management are anticipated.

3.16.2.4 Alternative 1 — No Action (Current System Operation and Current MRRP
Implementation)

Alternative 1 would include a spring pulse, the construction of ESH habitat in the Garrison and
Gavins Point Dam river reaches, and the construction of early life stage habitat for the pallid
sturgeon in the lower river below Ponca, Nebraska.

Mechanical Habitat Construction

The construction of ESH and early life stage habitat for the pallid sturgeon under Alternative 1
would result in short-term, small, and adverse impacts from construction-related noise, vibration,
and fugitive emissions; temporary localized deterioration in water quality; temporary decreased
visual aesthetics; and temporary access limitations during the construction period. Project
construction and equipment at habitat sites could impede access to hunting, fishing, and wildlife
viewing and the noise and vibrations may deter wildlife and recreationists from using areas near
habitat construction sites. These impacts would be temporary in years when construction would
occur. These impacts would be localized affecting only those visitors or recreation areas
adjacent to project sites. Habitat construction in relatively more populated areas near recreation
areas (e.g., Bismarck, Omaha, Kansas City) would result in larger adverse impacts as more
people and visitors could potentially be impacted.

Over the long term, increased prevalence of ESH and early life stage habitat would benefit
species diversity and abundance along the Missouri River, provide additional primitive areas for
recreation outside of nesting season, and enhance the topography and visual aesthetics of the
river where projects occur. These enhancements would improve aesthetics, resulting in higher
consumer surplus values for recreation in these areas of the river. The increased value of the
recreational experience associated with the prevalence of habitat is monetized in the NED
evaluation, described below.

The increased prevalence of ESH and early life stage habitat would benefit some fish and other
aquatic species. Shorebird species other than the least tern and piping plover have been
documented nesting on constructed ESH. The constructed ESH would potentially provide
increased opportunities for breeding success of reptiles and most amphibian species have been
spotted using the islands and sandbars. Fisheries biologists have noted that submerged areas
associated with sandbars provide rearing areas for a number of species (i.e., walleye, northern
pike, emerald shiner, etc.) due to the shallower, warmer water with less current. These areas
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are thought to be crucial rearing areas for most species (USACE 2011a). The increased
prevalence of aquatic habitat from construction of early life stage pallid sturgeon habitat would
attract species that use these habitats (e.g., aquatic furbearers) and could increase the diversity
once a project is complete. Increased wetted shoreline habitat would benefit wading birds and
shorebirds that use sandbars and mudflats during the migratory period. Early life stage pallid
sturgeon habitat could also benefit a number of fish species (e.g., paddlefish, shovelnose
sturgeon) that spawn in this habitat. Backwaters, side channels, and other low-velocity habitat
are currently limited in some of the remaining river reaches and construction of these habitats
would have long-term, large, beneficial impacts to species that use these habitats. The
additional lands that would be acquired for habitat development would benefit fish and wildlife
species as well. Increased abundance and diversity of fish and wildlife species would provide
increased recreational opportunities (e.g., waterfowl hunting, walleye and northern pike fishing).

National Economic Development

Under Alternative 1, average annual recreation NED benefits would be $102.4 million, $71.5
million of which would be attributable to the upper three reservoirs (Table 3-206). The upper
three reservoirs would have the largest variation in NED benefits, ranging from $38.5 million in a
severe low-water year to $87.0 million in higher water years. On annual average, the upper
three reservoirs would support $71.5 million in recreation NED benefits. The lower three
reservoirs have relatively stable pool levels, and Alternative 1 would result in average annual
NED benefits of nearly $16.8 million from these reservoirs.

Section 3.5, Fish and Wildlife Habitat, describes how fish, other aquatic resources, and wildlife
would be affected by the spring pulse in various locations. Because only a small amount of
water compared to natural flow variability would be released during implementation of the spring
pulse and the impacts on fish and wildlife under Alternative 1 are generally small compared to
the impacts caused by the extreme hydrologic events in the POR, the indirect impacts on
recreation from changes in fish and wildlife under Alternative 1 from spring pulse would be
negligible, occurring seasonally during years when downstream flow limits allow.

Average annual recreation NED benefits supported by the inter-reservoir river reaches would be
$2.9 million, and habitat-related benefits would account for 0.7 percent of total NED benefit in
the inter-reservoir river reaches. Average annual NED benefits in the lower river would be $11.2
million, ranging between $4.4 and $18.1 million in low and high visitation years based on
fluctuations in the natural hydrologic cycles that affect accessibility of boat ramps. The
prevalence of ESH and early life stage habitat would account for approximately 1.5 percent of
total recreation NED benefits in the lower river. In addition, some visitors prefer lower river
flows, such as those using paddle craft or swimming, because lower flows offer additional
shoreline and sandbars amenities and/or perceptions of safer conditions. During the spawning
cue releases in March and May, visitors who may prefer lower river flows could experience
adverse impacts. Peak summer visitation would not be affected under the spawning cue
releases.

The NED evaluation also assesses costs associated with maintaining accessibility of boat
ramps and other recreation facilities when the upper three reservoir elevations experience
severe low-water conditions for consecutive years. Results from reservoir simulations show that
these Operation, Maintenance, Repair, Replacement and Rehabilitation (OMRR&R) costs
associated with extending and/or replacing current ramps, providing infrastructure and road
access to low boat ramp locations, and maintaining access to boat ramps when reservoir
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elevations fall in consecutive summers would be approximately $3.4 million under Alternative 1

over the POR.

Overall, recreation NED benefits supported by the Missouri River under Alternative 1 would be
large and long term, providing local residents and non-local visitors with considerable
recreational opportunities. The largest annual decreases in the recreation NED benefits under
Alternative 1 would occur on the upper three reservoirs when access to the lakes and fishing
opportunities are directly affected by lower lake elevations during the natural cycles of drought
and relatively drier periods. Management actions under Alternative 1 would have a negligible
contribution to the variation in recreation NED benefits.

Table 3-206. Summary of National Economic Development (NED) Analysis for Alternative

1, 1932-2012 (thousands of 2018 dollars)

Benefits or Costs Upper Three Lower Three Inter-Reservoir Lower All Locations
Reservoirs Reservoirs River Reaches River

Total Visitation* $5,797,376 $1,358,489 $233,337 $890,060 $8,279,262
Benefits

Total Habitat NA NA $1,631 $13,196 $14,827
Benefits

OMRR&R Costs $3,373 NA NA NA $3,373
Total NED Benefits $5,794,003 $1,358,489 $234,968 $903,256 $8,290,716
Annual Average $71,531 $16,771 $2,901 $11,151 $102,355
NED Benefits

Maximum Annual $87,045 $17,248 $3,177 $18,083 $123,887
NED Benefits

Minimum Annual $38,478 $16,183 $2,349 $4,370 $63,188
NED Benefits

*

Total Visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-

boat accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental

Consequences Analysis Technical Report” available online (www.moriverrecovery.org).
Regional Economic Development

Reservoir conditions can adversely affect visitation, which in turn can affect the amount of visitor
spending in local economies. Non-local visitor spending injects new money into local
economies, stimulating sales (i.e., economic output), jobs, and income in local businesses.
Table 3-207 summarizes the economic contributions of non-local visitor spending under
Alternative 1. On average, spending by these non-local visitors supports 1,512 jobs and $42.4
million in labor income under Alternative 1. These contributions vary between 538 and 1,872
jobs and $22.6 and $52.5 million in labor income across all five reservoirs during low and high
visitation years. In the highest visitation year, the upper three reservoirs were shown to support
approximately 1,590 total jobs and $38.5 million labor income, while in the worst drought
conditions in the lowest visitation year, the non-local visitor spending was estimated to support
321 jobs and $14.2 million in labor income.
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Table 3-207. Economic Benefits of Non-Local Visitor Spending for the Reservoirs under
Alternative 1 (thousands of 2018 Dollars)

Economic Impact Year Upper Three Lake Francis Total
Parameter Reservoirs 2 Case and Lewis
and Clark Lake 2
Direct, Indirect, and Lowest visitation year 321 217 538
Induced Jobs Highest visitation year 1,590 282 1,872
Average 1,258 254 1,512
Direct, Indirect, and Lowest visitation year $14,221 $5,349 $22,594
Induced Labor Income Highest visitation year $38,498 $6,042 $52,461
Average $30,486 $6,263 $42,427
Direct, Indirect, and Lowest visitation year $45,664 $17,167 $72,539
Induced Sales Highest visitation year $123,757 $22,263 $168,580
Average $98,009 $20,078 $136,332

a  The lowest visitation year and highest visitation years are not necessarily the same year at each reservoir. The analysis
used the annual visitation at each of the upper three reservoirs and the lower two reservoirs to estimate the RED figures.

The economic contributions of non-local visitor spending to communities surrounding these
lakes would be large and beneficial in the context of their relatively small rural economies. For
example, recreation-based employment (i.e., in the food and beverage, accommodations, arts,
entertainment, and recreation, and retail trade businesses) account for approximately 11,801
jobs in the communities surrounding the upper three reservoirs, as summarized in Table 3-208
(US Census Bureau 2015). According to the estimates of non-local visitors impacted,
approximately 11 percent of the recreation jobs in these communities are supported by non-
local visitors to the upper three reservoirs in the average visitation year (1,258 jobs divided by
11,801 jobs).

When lake elevations are lower because of drought conditions, limited boat access and reduced
fishing opportunities would considerably reduce economic activity in these local economies as
non-local visitation falls. Declines in non-local visitation and recreation-related spending during
drought or drier periods would have large, adverse impacts on regional economic conditions in
the local economies surrounding the lakes. A reduction of up to 937 jobs (1,258 during average
conditions less 321 jobs during the lowest visitation year) would represent approximately 8
percent of recreation jobs in adjacent communities and 1 percent of all jobs in these
communities. However, if the bulk of the reduction in visitation was experienced in the smaller
rural communities, the impacts would be relatively larger. Removing Bismarck and Pierre from
the employment figures, the reduction in jobs during drought conditions could represent up to 30
percent of the recreation employment in these communities and over three percent of all
employment in adjacent communities. The spring pulse under Alternative 1 would have a
negligible contribution to the adverse RED impacts during drought or relatively drier conditions.
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Table 3-208. Employment in Adjacent Communities to the Upper Three Reservoirs

Reservoirs Recreation Total Employment Recreation Employment as a
Employment Percent of Total Employment
Fort Peck Lake 611 4,745 13%
Lake Sakakawea 9,319 74,764 12%
Lake Oahe 1,871 14,856 13%
Upper Three Lakes 11,801 94,365 13%

Source: U.S. Census Bureau 2015.

Notes: The adjacent communities included in the recreation employment for the upper three reservoirs include Fort Peck Lake:
Glasgow, Fort Peck, and Wolf Point; Lake Sakakawea: Bismarck, New Town, Pick City, Riverdale, Garrison, and Williston; and
Lake Oahe: Pierre, Mobridge, Cannon Ball, and Fort Yates.

Fort Peck Lake, Lake Sakakawea, and Lake Oahe are world-famous for their walleye, northern
pike, and other boating and fishing opportunities. In general, the upper three reservoirs provide
a remote and unique recreational experience. There are limited recreational opportunities
located within the local region (defined at 50-miles from the lakes) that provide similar substitute
recreational opportunities (refer to Section 2.6 of the “Recreation Environmental Consequences
Analysis Technical Report” for additional details on substitute recreation sites). During adverse
recreation conditions on the Missouri River reservoirs, visitors would likely choose to visit
alternative reservoirs or recreation areas in other locations; therefore, the visitor spending and
associated regional jobs and income would be reduced in the communities surrounding the
Missouri River reservoirs. Limited alternative sites within the region would not be able provide
recreational opportunities to offset the RED impacts in adjacent communities. '?

Other Social Effects

OSE associated with recreation include factors such as individual and community well-being
and quality of life. The Missouri River, including the reservoirs, inter-reservoir reaches, and
lower river, provides considerable recreational opportunities with large long-term benefits to
individual and community well-being and quality of life amenities. Management actions under
Alternative 1 include the continued construction of ESH and early life stage habitat along river
reaches in the upper and lower river. This habitat would provide some OSE benefits from
viewscapes with more varied landscape topography and benefits from public accessibility and
more diverse and abundant wildlife-related recreational opportunities. These attributes may
increase social benefits derived from recreation along the river, including promoting a sense of
place and quality of life enjoyed by individuals and communities.

Conclusion

Under Alternative 1, the Missouri River and its reservoirs would continue to provide a variety of
recreational opportunities that would support large NED, RED, and OSE benefits on average,
over the long term. Variation in recreation NED and RED would occur in some locations from
natural variations in the hydrologic cycle. Generally, higher river flows and stages and reservoir
elevations (but not flooding) would support greater access and improved fishing opportunities.

12 1t should be noted that as part of regional economic analysis for the recreation evaluation for the Missouri River
Master Water Control Manual, Review and Update, Volume 6C: Recreation Economics (USACE 1994), the modeling
indicated that there was not a statistically significant association between substitute recreation opportunities and
visitation to the upper three reservoirs (see Table 1 in Recreation Economics Technical Report Appendix D within
Volume 6C). Additional description of substitute recreation area is provided in the “Recreation Environmental
Consequences Analysis Technical Report” (Section 2.6).
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The lower three reservoirs and inter-reservoir reaches would experience negligible variations in
visitation because of the relatively stable reservoir and river elevations and stages that would
maintain access and recreational opportunities under Alternative 1.

The lower river would experience variations in annual recreation NED benefits from natural
cycles of drought and flooding that affect boat ramp operability and access to recreational
areas, although changes in recreation RED as a result of these natural variations would be
negligible over the POR because changes in non-local visitation would be minimal. Small
increases in recreation NED and OSE benefits would occur from enhanced recreational
experiences through the construction of ESH and early life stage habitat. The upper three
reservoirs would have the greatest variation in visitation, with the largest decreases occurring on
the upper three reservoirs when access to the lakes and fishing opportunities are adversely
affected by lower lake elevations during drought or relatively drier periods.

During the worst visitation year attributable to drought conditions, 937 fewer jobs would be
supported across these three reservoirs from non-local visitor spending compared to average
annual jobs of 1,258. These decreases in recreation RED benefits would be small in the
regional context of all county economies surrounding the lakes but would be relatively large in
small rural communities adjacent to the reservoirs whose economies may rely on reservoir
tourism and outdoor recreation, accounting from between 8 and 30 percent of recreation-based
jobs in adjacent communities. The spring pulse under Alternative 1 would have negligible
impacts on recreation NED, RED, and OSE benefits. Impacts on recreation from habitat
construction would be temporary, localized and small, depending on the proximity of the habitat
site to the recreation activity.

Alternative 1 would not result in significant adverse impacts on recreation because the Missouri
River and its reservoirs would continue to provide a variety of recreational opportunities that
would support NED, RED, and OSE benefits annually, over the long term; adverse impacts from
habitat construction would be localized and temporary; and the spring pulse would have
negligible impacts on recreation NED, RED, and OSE benefits.

3.16.2.5 Alternative 2 — USFWS 2003 Biological Opinion Projected Actions

Alternative 2 represents the management actions that would be implemented as part of the
2003 Amended BiOp RPA. Alternative 2 would include additional iterative actions that USFWS
anticipates would be implemented under an adaptive management framework. Management
actions under Alternative 2 would include spawning cue releases, low summer flows, and the
construction of considerably more early life stage habitat and ESH than under Alternative 1.

Mechanical Habitat Construction

Compared to Alternative 1, considerably more ESH construction would occur in the Garrison,
Fort Randall, and Gavins Point Dam to Ponca, Nebraska river reaches, as well as more early
life stage habitat construction between Ponca, Nebraska, and the mouth of the river near St.
Louis, when compared to Alternative 1. Mechanical habitat construction would result in
localized, adverse impacts to recreation sites and would occur at a greater number of sites
within these river reaches compared to Alternative 1. Localized, adverse impacts associated
with habitat construction would be temporary and similar to those described under Alternative 1
(i.e., noise, closures, water quality degradation, aesthetics) but would be more prevalent across
these reaches because considerably more habitat would be constructed under this alternative. If
habitat construction in and around high-density recreation sites occurs during the summer
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periods, such as sites near Bismarck, it could have relatively large, temporary adverse impacts
to visitation and the quality of the recreational experience during these construction periods.

Similar to Alternative 1, increased prevalence of ESH and early life stage habitat under
Alternative 2 would benefit species diversity and abundance along the Missouri River, provide
additional primitive areas for recreation outside of nesting season, and enhance the topography
and visual aesthetics of the river; these benefits would be more pronounced and long-term with
more habitat constructed. The increased prevalence of ESH and early life stage habitat
compared to Alternative 1 would likely increase the abundance of some types of fish and other
aquatic species relative to Alternative 1. The recreational benefits described under Alternative 1
from the increased prevalence in these two habitat types would be increased under Alternative
2 compared to Alternative 1. The additional lands that would be acquired for habitat
development that would benefit fish and wildlife species would result in a relatively small to large
increase in recreation benefits under Alternative 2 compared to Alternative 1. The increased
value of the recreational experience associated with the prevalence of habitat under Alternative
2 is monetized in the NED evaluation and described below.

National Economic Development

Under Alternative 2, average annual NED benefits would be $102.5 million, an increase of
$112,000 on average compared to Alternative 1 (Table 3-209). The lower river would
experience the largest increase in NED benefits under Alternative 2, with an increase by 1.8
percent or approximately $199,000 relative to Alternative 1. Declines in average annual NED
benefits at the upper three reservoirs would be driven by the lower reservoir elevations in the
years following the spawning cue releases. Management actions under Alternative 2 would
result in negligible changes to boat ramp operability, visitation, and recreation NED benefits at
the lower three reservoirs under this alternative because these reservoirs are managed as flow-
through reservoirs with relatively stable elevations.

Section 3.5, Fish and Wildlife Habitat, describes how fish, other aquatic resources, and wildlife
would be affected by the spawning cue release in various locations. The bi-modal spawning cue
would result in adverse impacts to fish and recreational fishing opportunities from fish
entrainment as well as from the potential for large drawdowns of the upper three reservoirs,
especially in the spring when the pool rise is critical for fish spawning. Pool elevations in Lake
Francis Case and Lewis and Clark Lake under Alternative 2 would remain relatively stable, with
minimal indirect impacts to recreation.

Management actions under Alternative 2 would have long-term, small, and beneficial NED
impacts on recreation in the inter-reservoir river reaches compared to Alternative 1, leading to
an average annual increase in recreation NED benefits of $62,000 (2.1 percent). The majority of
impacts on recreation in the inter-reservoir river reaches under Alternative 2 would be
attributable to higher value recreational experiences in the Garrison Dam to Lake Oahe and Fort
Randall Dam to Lewis and Clark River reaches from the extensive construction of ESH. Under
Alternative 2, total habitat-related NED benefits in the inter-reservoir river reaches over the POR
would increase to approximately $7.8 million from $1.6 million under Alternative 1. In addition,
spawning cue releases could have both beneficial and adverse impacts to fish and other aquatic
resources in the river reaches below the dams, with indirect impacts to recreation (See Section
3.5 for additional details). However, only a small amount of water compared to natural flow
variability would be released during implementation of the spawning cue release and the indirect
impacts to recreation associated with fish and wildlife under Alternative 2 are generally small
compared to the impacts caused by the extreme hydrologic events in the POR.
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Compared to Alternative 1, average annual NED benefits in the lower river would increase by
$199,000, or 1.8 percent, as a result of management actions under Alternative 2. The increase
in recreation NED benefits would primarily be driven by greater prevalence of ESH and early life
stage habitat in the lower river, resulting in relatively small and beneficial impacts on recreation
compared to Alternative 1. Visitors who prefer lower river flows in the lower river may
experience adverse impacts during spawning cue releases, although this alternative would not
affect peak summer visitation. Long-term, beneficial impacts on fish and wildlife could occur
under Alternative 2 in channel margins in the lower river, with a net increase in native vegetation
and fish and wildlife habitat in localized areas, with indirect benefits to recreation.

OMRRA&R costs associated with the upper three reservoirs would be lower under Alternative 2,
decreasing by a total of $102,000 compared to OMRR&R costs under Alternative 1 due to
relatively lower maintenance requirements at Lake Sakakawea and Lake Oahe from slightly
higher pool elevations following the low summer flows as simulated in 2002 and 2003. As a
result, OMRR&R costs associated with low-water recreation infrastructure would decrease
slightly to maintain reservoir access during relatively drier periods, as simulated in the 2000s.

Table 3-209. Summary of National Economic Development Analysis for Alternative 2,
1932-2012 (thousands of 2018 dollars)

Benefits or Costs Upper Three Lower Three Inter-Reservoir Lower All Locations
Reservoirs Reservoirs River Reaches River

Total Visitation* $5,780,962 $1,362,718 $232,197 $882,145 $8,258,023
Benefits
Total Habitat NA NA $7,760 $37,247 $45,007
Benefits
OMRR&R Costs $3,271 NA NA NA $3,271
Total NED Benefits $5,777,692 $1,362,718 $239,957 $919,392 $8,299,762
Percent Change -0.3% 0.3% 2.1% 1.8% 0.1%
from Alternative 1
Annual Average $71,329 $16,824 $2,962 $11,351 $102,466
NED Benefits
Change in Annual -$201 $52 $62 $199 $112
Average NED
Benefits from
Alternative 1

*

Total Visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-boat
accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental Consequences
Analysis Technical Report” available online (www.moriverrecovery.org).

Additional results of flow actions are summarized in Table 3-210. These results show the
difference in annual recreation NED benefits during years when there would be a release action
or a low summer flow. Results from the simulations show both beneficial and adverse impacts
on recreation in the upper river (includes the reservoirs and inter-reservoir river reaches) during
full and partial flow releases. In the lower river, relatively more early life stage habitat areas and
full and partial spawning cues under Alternative 2 would result in increased recreation NED
benefits.

Large, adverse impacts at the upper three reservoirs under Alternative 2 would occur in the
years following a spawning cue release. These releases would draw down reservoir elevations
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farther than what would occur under Alternative 1, having up to a $3.7 million reduction in
recreation NED benéefits in the worst change year. In the worst difference years from Alternative
1, the largest, adverse impacts would result in a reduction in recreation NED benefits of $3.6
million, $2.7 million, and $1.2 million at Fort Peck Lake, Lake Sakakawea, and Lake Oahe,
respectively, as simulated in 1974, 1984, and 1998 associated with lower reservoir elevations
affecting recreation access and fishing opportunities.

Table 3-210. Changes in NED Benefits from Flow Releases under Alternative 2 Compared
to Alternative 1 (thousands of 2018 dollars)

Upper River © Lower River ©

Full Flow Release + Low Lowest Benefit Change -$2,674 -$149
Summer Flow Highest Benefit Change $1,267 $305
Year after a Full Flow Release | Lowest Benefit Change $686 $140

Highest Benefit Change $1,818 $330
Partial Flow Release® Lowest Benefit Change -$3,724 -$227

Highest Benefit Change $3,741 $869
Years with Greatest Range in | Lowest Benefit Change -$3,736 -$1,268
impacts Regardless ofFlow |7 hest Benefit Change $3,848 $1,326

a  The full spawning cue release and low summer flow were implemented in 3 years of the POR, and the low summer flow was
also implemented in the years following the full spawning cue release (3 additional years). Data represent the lowest and
highest dollar impacts in the years the action was fully implemented. Negative values reflect decreases in recreation benefits
compared to Alternative 1.

b  Flow action was partially implemented in 31 years (partial implementation years are defined as years when a partial cue in
March and/or May would occur OR years when a full cue in March or May would occur). Data represent the lowest and highest
dollar impacts in the years the action was partially implemented. Negative values reflect decreases in recreation benefits
compared to Alternative 1.

¢ The upper river includes the reservoirs and the inter-reservoir river reaches, and the lower river includes the river reaches from
Gavins Point Dam to the confluence with the Mississippi River.

Regional Economic Development

Under Alternative 2, non-local visitor spending associated with the reservoirs would support
sales in local businesses, 1,509 jobs, and $36.7 million in labor income on an annual basis.
Most of these economic contributions would occur in the communities surrounding and adjacent
to the upper three reservoirs. Compared to Alternative 1, Alternative 2 would have greater
adverse RED impacts in the upper three reservoirs and would support 6 fewer jobs and
$176,000 less in labor income on average per year (Table 3-211).

Management actions under Alternative 2 would cause visitation to the reservoirs to decrease in
some of the years following a fully or partially implemented spawning cue release, when
reservoir elevations are lower than under Alternative 1. Reduced non-local visitation would
result in a reduction in recreation RED benefits at the upper three reservoirs while these
conditions persist. Lake Oahe would experience the largest adverse impacts to economic
conditions under these scenarios. During the eight lowest visitation years relative to Alternative
1, average annual RED benefits supported by the upper three reservoirs would be reduced by
62 jobs and $1.5 million in labor income under Alternative 2. Sixty-two jobs represents 2 percent
of recreation employment in the communities adjacent to the upper three reservoirs (not
including Bismarck and Pierre). Although the decrease in employment under the eight lowest
visitation years compared to Alternative 1 represents less than one percent of regional
employment in rural adjacent communities, local employment opportunities associated with non-
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local visitor spending can be important to the tourism industries that support the recreation
activities and visitation at these lakes, and could result potentially in large and adverse impacts

for specific industries and small communities that support these recreational activities.

Impacts to regional economic conditions surrounding Lake Francis Case and Lewis and Clark
Lake would be negligible because pool elevations would remain relatively stable, providing
recreational access and visitation at these lakes even during drier conditions.

Table 3-211. Economic Benefits of Non-Local Visitor Spending for the Reservoirs under

Alternative 2 Relative to Alternative 1 (Thousands of 2018 Dollars)

years relative to Alternative 1

Economic Year Upper Three Lake Francis Total
Impact Reservoirs Case and Lewis | Economic
Parameter and Clark Lake Impacts 2
Direct, Average annual over 81 years 1,252 257 1,509
Indirect, and -
Indluced Jobs Change in annual average over 81 years -6 2 -3
relative to Alternative 1
Annual average during 8 lowest visitation -62 -12 =73
years relative to Alternative 1
Annual average during 8 highest visitation 55 19 73
years relative to Alternative 1
Direct, Annual average over 81 years $30,334 $6,322 $36,655
Indirect, and ,
Induced Change in annual average over 81 years -$176 $68 -$108
Labor Income relative to Alternative 1
Annual average during 8 lowest visitation -$1,484 -$289 -$1,773
years relative to Alternative 1
Annual average during 8 highest visitation $1,420 $458 $1,879
years relative to Alternative 1
Direct, Annual Average over 81 years $97,510 $20,269 $117,779
Indirect, and -
Induced Change in average annual average over 81 -$576 $220 -$357
Sales years relative to Alternative 1
Annual average during 8 lowest visitation -$4,770 -$928 -$5,697
years relative to Alternative 1
Annual average during 8 highest visitation $4,021 $1,472 $5,493

Note: The lowest visitation year and highest visitation years would not necessarily be the same year at each reservoir. The analysis
aggregated the reservoir-specific impacts (average, 8 best and worst change years) to provide the estimates.
a  Total economic impacts may not equal to the sum of impacts at the upper three reservoirs and at Lake Francis Case and Lewis
and Clark Lake due to rounding.

Other Social Effects

OSE associated with recreation include factors such as individual and community well-being
and quality of life. Alternative 2 would include extensive construction of ESH and early life stage
habitat along many of the river reaches, with target habitat acres at the end of the
implementation period substantially higher than under Alternative 1. The greater prevalence of
early life stage habitat and ESH, and diversity and abundance of wildlife and aquatic life it
supports, would have benefits for residents who live near and recreate on the river, improving
the quality of life and providing educational opportunities that connect residents to the natural

Final Missouri River Recovery Management Plan and Environmental Impact Statement

3-507




Recreation

environment. These beneficial impacts associated with recreation opportunities enjoyed by local
residents would be higher under Alternative 2 compared to Alternative 1.

Conclusion

Under Alternative 2, the increases in average recreation NED benefits for all locations would be
small compared to Alternative 1 (0.1 percent). Because considerable ESH and early life stage
habitat would be constructed in the inter-reservoir and lower river reaches, there would be small
increases in recreation NED benefits compared to Alternative 1 (2.1 to 1.8 percent, respectively)
small increases in recreation OSE benefits, and negligible impacts in recreation RED benefits.
The lower three reservoirs would have negligible changes in recreation NED, RED, and OSE
benefits compared to Alternative 1 because reservoir elevations would be fairly stable resulting
in relatively constant visitation at these reservoirs. The upper three reservoirs would experience
small adverse impacts on average (—0.3 percent). However, in specific years under certain
conditions, decreases in recreation NED and RED benefits under Alternative 2 compared to
Alternative 1 would be temporary, large, and adverse. The spawning cue release would reduce
reservoir elevations in the years following the release. Under these conditions, non-local
visitation at the upper three reservoirs would support 62 fewer jobs (in the eight worst difference
years compared to Alternative 1) across the region compared to Alternative 1. Although these
adverse impacts would be negligible in the context of the larger regional economy, changes in
economic activity and opportunities could be large for tourism industries in affected rural
communities. Habitat construction would have temporary, small to large, and adverse impacts
on recreation from closures, noise, and other disturbances.

Alternative 2 would not have significant impacts on recreation because increases in recreation
NED would be small on average annually; large impacts would be temporary for all locations;
and changes in RED and OSE benefits would be negligible in the regional context.

3.16.2.6 Alternative 3 — Mechanical Construction Only

Alternative 3 does not include any spring or fall flow releases to create habitat; all ESH and
habitat to support early life stage of the pallid sturgeon would be mechanically constructed. The
spring plenary pulse that would occur under Alternative 1 would not occur under Alternative 3.

Mechanical Habitat Construction

Relative to Alternative 1, more acres of ESH would be mechanically constructed in the Garrison,
Fort Randall, and Gavins Point river reaches under Alternative 3. However, fewer acres of
habitat to support early life stage requirements would be constructed between Ponca,
Nebraska, and the mouth of the river compared to Alternative 1 because habitat construction for
the pallid sturgeon under Alternative 3 would focus on functional IRCs. Compared to Alternative
1, localized, adverse construction-related impacts would occur at a greater number of sites in
the river reaches where ESH would be constructed, and at fewer sites below Ponca, Nebraska.
The localized, adverse impacts would be temporary and small, with impacts similar to those
described under Alternative 1 (i.e., noise, closures, water quality degradation, aesthetics).
Similar to Alternative 1, early life stage habitat for the pallid sturgeon and ESH for the piping
plover and least tern under Alternative 3 would benefit species diversity and abundance and
enhance recreational experiences along the Missouri River in the long-term. The increased
prevalence of ESH would benefit some fish and other aquatic species. The benefits described
under Alternative 1 from the increased prevalence of constructed ESH would be increased
under Alternative 3 compared to Alternative 1. However, while early life stage habitat would be
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constructed under Alternative 3, there would be fewer acres constructed and fewer acres of
additional lands that would be acquired for habitat development. Recreation benefits associated
with fish and wildlife would still occur but would be slightly reduced under Alternative 3
compared to Alternative 1. The increased value of the recreational experiences associated with
the prevalence of habitat under Alternative 3 is monetized in the NED evaluation and described
below.

National Economic Development

Under Alternative 3, average annual NED benefits would be $102.4 million, an annual increase
of $83,000 compared to Alternative 1 (Table 3-212). The largest change in recreation NED
benefits would occur in the upper three reservoirs, where recreation benefits would be slightly
higher as a result of small increases in reservoir access and visitation in the absence of the
spring plenary pulse. On average, changes in recreation NED benefits in the upper three
reservoirs would be negligible, increasing by approximately $101,000 per year relative to
Alternative 1. Management actions under Alternative 3 would result in negligible changes to
boat ramp operability, visitation, and recreation NED benefits at the lower three reservoirs
because these reservoirs have relatively stable elevations. The elimination of the spring pulse
under Alternative 3 would eliminate adverse or beneficial impacts to fish in the reservoirs or
below the dams from these pulses.

Relative to Alternative 1, average annual recreation NED benefits in the inter-reservoir reaches
would increase slightly, driven by the greater prevalence of ESH under Alternative 3. Average
annual recreation NED benefits in the lower river would be approximately $11.1 million, a
decrease of $26,000 from Alternative 1. Recreation NED benefits over the POR associated with
habitat construction in the lower river would be negligible compared to Alternative 1, with fewer
acres of early life stage habitat and a greater number of acres of ESH. Alternative 3 would result
in $11.9 million in total habitat benefits over the POR, approximately $1.6 million less than under
Alternative 1. Visitors in the river reaches who prefer lower river flows, such as those using
paddle craft or swimming, would experience no impacts under Alternative 3 compared to
Alternative 1 because changes in river flows would be negligible.

The OMRR&R costs at the upper three reservoirs would be slightly lower under Alternative 3
($3.31 million) compared to Alternative 1 ($3.37 million) as a result of relatively higher reservoir
elevations during drought conditions because the spring plenary pulse would not occur. Relative
to Alternative 1, impacts would be negligible.
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Table 3-212. Summary of National Economic Development Analysis for Alternative 3,
1932-2012 (thousands of 2018 dollars)

NED Benefits

Benefits or Costs Upper Three Lower Three Inter-Reservoir | Lower River All

Reservoirs Reservoirs River Reaches Locations

Total Visitation* Benefits $5,805,483 $1,358,856 $233,325 $891,181 $8,288,844

Total Habitat Benefits NA NA $1,908 $9,957 $11,865

OMRR&R Costs $3,308 NA NA NA $3,308

Total NED Benefits $5,802,175 $1,358,856 $235,233 $901,138 $8,297,401

Percent Change from 0.1% 0.0% 0.1% -0.2% 0.1%

Alternative 1

Annual Average NED $71,632 $16,776 $2,904 $11,125 $102,437

Benefits

Change in Annual Average $101 $5 $3 -$26 $83

Note: Total visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-boat
accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental Consequences

Analysis Technical Report” available online (www.moriverrecovery.org).

Regional Economic Development

Under Alternative 3, non-local visitor spending associated with recreation on the reservoirs
would support on average 1,515 jobs and $36.8 million in labor income annually. Annually,
recreation at the Mainstem reservoirs would support approximately 2 more jobs and $70,000 in
labor income on average than under Alternative 1. Even in the 8 lowest visitation years
compared to Alternative 1, impacts to regional economic conditions would be negligible. The
recreation RED benefits supported under Alternative 3 and anticipated changes relative to
Alternative 1 are summarized in Table 3-213.

Final Missouri River Recovery Management Plan and Environmental Impact Statement

3-510




Recreation

Table 3-213. Economic Benefits of Non-Local Visitor Spending at the Three Reservoirs
under Alternative 3 (thousands of 2018 Dollars)

Economic Year Upper Lake Francis Total
Impact Three Case and Lewis Economic
Parameter Reservoirs and Clark Lake Impacts @
Direct, Indirect, | Average annual over 81 years 1,260 255 1,515
and Induced )
Jobs Change in annual average over 81 years 2 0 2
relative to Alternative 1
Annual average during 8 lowest visitation -4 -5 -9
years relative to Alternative 1
Annual average during 8 highest visitation 11 8 18
years relative to Alternative 1
Direct, Indirect, | Annual average over 81 years $30,542 $6,267 $36,809
and Induced h . | ]
Labor Income C ange in annual average over 81 years $64 $5 $70
relative to Alternative 1
Annual average during 8 lowest visitation -$97 -$134 -$231
years relative to Alternative 1
Annual average during 8 highest visitation $261 $196 $457
years relative to Alternative 1
Direct, Indirect, | Annual average over 81 years $98,190 $20,093 $118,283
and Induced .
Sales Change in average annual average over $208 $17 $225
81 years relative to Alternative 1
Annual average during 8 lowest visitation -$313 -$430 -$743
years relative to Alternative 1
Annual average during 8 highest visitation $842 $632 $1,474
years relative to Alternative 1

Note: The lowest visitation year and highest visitation years would not necessarily be the same year at each reservoir. The
analysis aggregated the reservoir-specific impacts (average, 8 best and worst change years) to provide the estimates.

a  Total economic impacts may not equal to the sum of impacts at the upper three reservoirs and at Lake Francis Case and
Lewis and Clark Lake due to rounding.

Other Social Effects

Recreation OSE associated with the construction of early life stage habitat for the pallid
sturgeon and ESH under Alternative 3 would contribute benefits to quality of life and individual
well-being, and impacts would be similar to those described under Alternative 1.

Gavins Point One-Time Spawning Cue Test

The one-time spawning cue test release (Level 2) that may be implemented under Alternative 3
was not included in the NED and RED modeling. The potential impacts on recreation of a one-
time spawning cue test release under Alternative 3 would be bounded by the range of impacts
described for individual releases under Alternative 6 in Section 3.16.2.9.

The inter-reservoir river reaches, the lower three reservoirs, and the lower river would
experience negligible to small effects from Alternative 1 because changes in reservoir
elevations at the lower three reservoirs and river stages would continue to provide recreational
access. Adverse impacts of a one-time spawning cue test could occur to recreation at the upper
three reservoirs in the year or years following a release. This is especially true if the release
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were to occur during relatively drier conditions. It can take a number of years for the reservoirs
to refill after a spawning cue release, especially in relatively drier or drought conditions, with
prolonged adverse impacts to the fishery, visitation, and recreation NED and RED benéefits. It is
expected that a one-time spawning cue test could result in small adverse effects to recreation
depending on the natural hydrologic conditions in the year and years following the test flow.

Conclusion

Alternative 3 would result in negligible changes in recreation NED benefits across all locations
compared to Alternative 1 (0.1 percent). Although additional acres of ESH would be constructed
in the inter-reservoir and lower river reaches, changes in recreation NED, RED, and OSE
benefits compared to Alternative 1 would be negligible because of the relatively small change in
habitat prevalence and river stages and flows would not noticeably affect recreational access.
The lower three reservoirs would have negligible changes in recreation NED, RED, and OSE
benefits compared to Alternative 1 because the fairly stable reservoir elevations would maintain
relatively constant visitation at these reservoirs. In the upper three reservoirs, recreation NED
benefits would be slightly higher as a result of small increases to reservoir access and visitation
in the absence of the spring plenary pulse under Alternative 1 (0.1 percent), although the
impacts on recreation NED, RED, and OSE benefits would be negligible. Habitat construction
would have temporary and localized, small, adverse impacts on recreation from closures, noise,
and other disturbances during construction activities.

Alternative 3 would not have significant adverse impacts on recreation because changes in
NED, RED, and OSE benefits across all locations would be negligible compared to Alternative 1
and adverse impacts from habitat construction would be temporary and localized.

3.16.2.7 Alternative 4 — Spring ESH Creating Release

Alternative 4 would include spring releases from Gavins Point Dam and Garrison Dam and
mechanical construction of ESH and habitat to support early life stage requirements of the pallid
sturgeon to achieve habitat targets.

Mechanical Habitat Construction

Management actions under Alternative 4 would include the construction of more ESH in the
Garrison, Fort Randall, and Gavins Point river reaches compared to Alternative 1. Efforts to
create habitat to support the support early life stage requirements of the pallid sturgeon under
Alternative 4 would focus on functional IRC areas and include fewer acres of habitat between
Ponca, Nebraska, and the mouth of the river near St. Louis. Impacts of habitat construction
would be similar to those described under Alternative 1—temporary and localized, small, and
adverse, depending on the proximity of the construction to the recreational activity. Similar to
Alternative 1, early life stage habitat for the pallid sturgeon and ESH for the piping plover and
least tern under Alternative 4 would benefit species diversity and abundance and enhance
recreational experiences along the Missouri River. The increased prevalence of ESH and early
life stage habitat would benefit some fish and other aquatic species. The benefits described
under Alternative 1 from the increased prevalence of constructed ESH would be increased
under Alternative 4 compared to Alternative 1. However, while early life stage pallid sturgeon
habitat would be constructed under Alternative 4, there would be fewer acres of construction
and fewer acres of additional lands that would be acquired for habitat development. Recreation
benefits to fish and wildlife would still occur but would be slightly reduced under Alternative 4
compared to Alternative 1. The increased value of the recreational experiences associated with
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the prevalence of habitat under Alternative 4 is monetized in the NED evaluation and described
below.

National Economic Development

Under Alternative 4, average annual NED benefits would be $101.2 million, a decrease of $1.1
million (-1.1 percent) on average compared to Alternative 1 (Table 3-214). The upper three
reservoirs would have the largest change in NED benefits, with a decrease of approximately
$1.1 million (-1.5 percent) relative to Alternative 1. Decreases in average annual NED benefits
supported by the upper three reservoirs would occur in the years following a spring release
when relatively low precipitation or snowmelt conditions occur and the reservoir elevations as
simulated under Alternative 4 are lower than under Alternative 1. Management actions under
Alternative 4 would result in negligible changes to boat ramp operability, visitation, and
recreation NED benefits in the lower three reservoirs because these reservoirs maintain
relatively stable elevations, providing consistent recreational access and opportunities.

Section 3.5, Fish and Wildlife Habitat, describes how fish, other aquatic resources, and wildlife
would be affected by the spring release in various locations. The spring release would occur
under Alternative 4 and would be fully implemented in nine years and partially implemented in
seven years over the period of record. The spring release would result in adverse impacts to
fish and recreational fishing opportunities from fish entrainment as well as from the potential for
large drawdowns of the upper three reservoirs, especially in the spring when the pool rise is
critical for fish spawning. Pool elevations in Lake Francis Case and Lewis and Clark Lake under
Alternative 4 would remain relatively stable, with minimal indirect impacts to recreation.

Relative to Alternative 1, average annual recreational NED benefits in inter-reservoir reaches
would decrease slightly. This change, however, would be negligible since river stages and boat
ramp operability would not noticeably change. Impacts associated with ESH construction under
Alternative 4 would increase habitat-related benefits over the POR in the inter-reservoir river
reaches by approximately $1.7 million, which would account for less than one percent of total
recreation NED benefits. In addition, spring releases could have both beneficial and adverse
impacts to fish and other aquatic resources in the river reaches below the dams, with indirect
impacts to recreation (See Section 3.5 for additional details). However, only a small amount of
water compared to natural flow variability would be released during implementation of the spring
release and the indirect impacts to recreation associated with fish and wildlife under Alternative
4 are generally small compared to the impacts caused by the extreme hydrologic events in the
POR.

Average annual recreation NED benefits in the lower river would be $11.1 million under
Alternative 4, with average NED benefits decreasing by $7,000 relative to Alternative 1. Annual
impacts to recreation NED benefits in the lower river would be beneficial and adverse compared
to Alternative 1 and would be attributable to changes in boat ramp operability and the
construction of ESH and IRC habitat, with negligible changes on average compared to
Alternative 1. Habitat-related recreation benefits would account for 1 percent of total recreation
NED benefits in the lower river and would be slightly lower than those under Alternative 1. In
addition, visitors in the lower river that prefer lower river flows, such as those using paddle craft
or swimming, would experience some adverse impacts during the spring releases and negligible
changes at other times under Alternative 4.

OMRRA&R costs at the upper three reservoirs would be approximately $452,000 higher under
Alternative 4 than under Alternative 1 ($3.4 million under Alternative 1 and $3.8 million under
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Alternative 4) because the spring release would draw down reservoir elevations further than
under Alternative 1 during relatively drier periods. As a result, there would be additional capital
investments and operating costs needed to extend or replace low water boat ramps, with
relatively small to large adverse impacts depending on the timing and location of investments.

Table 3-214. Summary of National Economic Development Analysis for Alternative 4,
1932-2012 (thousands of 2018 dollars)

Benefits or Costs | Upper Three Lower Three Inter-Reservoir Lower River All Locations
Reservoirs Reservoirs River Reaches

Total Visitation* $5,709,778 $1,357,128 $232,020 $892,897 $8,191,823

Benefits

Total Habitat NA NA $1,703 $9,752 $11,455

Benefits

OMRR&R Costs $3,825 NA NA NA $3,825

Total NED $5,705,953 $1,357,128 $233,723 $902,649 $8,199,453

Benefits

Percent Change -1.5% -0.1% -0.5% -0.1% -1.1%

from Alternative 1

Annual Average $70,444 $16,755 $2,885 $11,144 $101,228

NED Benefits

Change in Annual -$1,087 -$17 -$15 -$7 -$1,127

Average NED

Benefits

* Total Visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-boat
accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental Consequences
Analysis Technical Report” available online (www.moriverrecovery.org).

Additional results of flow actions are summarized in Table 3-215. These results show the
difference in annual recreation NED benefits during years when there would be a release action.
The results show that adverse impacts would be most prevalent in the upper river during full
release years, in the years following a full spring release, and in other years, when the upper
reservoirs would be lower than under Alternative 1. The largest decrease in recreation NED
benefits is $5.1 million. In contrast, recreation benefits in the lower river would be highest during
full spring release actions when boat ramp operability would be improved under Alternative 4
relative to Alternative 1 providing additional access for visitors.

There would be both beneficial and adverse impacts to recreation during full and partial flow
releases, with reductions in annual benefits outweighing increases in benefits across the POR.
The reduction in recreation NED benefits at the upper three reservoirs would occur in a period
when visitation and associated recreation NED benefits would already be quite low due to
drought or relatively drier conditions. Annual recreation NED benefits at Fort Peck Lake, Lake
Sakakawea, and Lake Oahe would decrease by $3.5 million, $2.5 million, and $1.5 million,
respectively, during the worst-case year simulated under Alternative 4. As drought conditions
are alleviated with typical rainfall and snowpack, System storage would be replenished and
adverse NED impacts at the upper three reservoirs would be reduced. With large decreases in
reservoir elevations, the fishery and fishing opportunities could take years to recover. As a
result, there would be relatively large adverse impacts in these years, which would be prolonged
and more pronounced during drier conditions following flow releases.
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Table 3-215. Changes in NED Benefits from Flow Releases under Alternative 4 Compared
to Alternative 1 (thousands of 2018 dollars)

Type of Release Type of Change Upper River °© Lower River °©
Full Flow Release 2 Lowest Benefit Change -$4,293 $4
Highest Benefit Change $61 $1,874
Year After Full Flow Release Lowest Benefit Change -$5,057 -$774
Highest Benefit Change -$1,520 -$26
Partial Flow Release® Lowest Benefit Change -$1,999 -$108
Highest Benefit Change -$214 $425
Years with Greatest Range in Lowest Benefit Change -$5,057 -$774
Impacts Regardless of Flow ) ;
Actions Highest Benefit Change $1,436 $1,874

a  Flow action was fully implemented in 9 years of the POR. Data represents the lowest and highest change in benefits in the
years the action was fully implemented. Negative values reflect decreases in recreation benefits compared to Alternative 1.

b Flow action was partially implemented in 7 years of the POR. Data represents the lowest and highest dollar impacts in the
years the action was partially implemented. Negative values reflect decreases in recreation benefits compared to Alternative 1.

¢ The upper river includes the reservoirs and the inter-reservoir river reaches, and the lower river includes the river reaches from
Gavins Point Dam to the confluence with the Mississippi River.

Regional Economic Development

Under Alternative 4, non-local visitor spending associated with recreation on the reservoirs
would support on average 1,492 jobs and $36.2 million in labor income on an annual basis.
Compared to Alternative 1, Alternative 4 would have greater adverse impacts to recreation RED
benefits, supporting 21 fewer jobs and $585,000 less in labor income on average (Table 3-216).

Similar to the NED analysis, the largest changes in recreation RED benefits relative to
Alternative 1 would occur in the upper three reservoirs in the years following a spring release.
During the eight worst years relative to Alternative 1, average annual RED benefits in the upper
three reservoirs would decrease by 88 jobs and $2.1 million in labor income compared to RED
benefits under Alternative 1, with Lake Oahe experiencing the largest adverse impacts. Eighty-
eight jobs represent almost three percent of the recreation-based jobs in the rural communities
surrounding the upper three reservoirs (excluding Bismarck and Pierre). Similar to Alternative 2,
adverse recreation RED impacts would be small in the context of the broader regional economy,
but could be locally large and adverse to the tourism industries and communities most affected
by decreases in non-local visitation. As System storage is replenished with typical rainfall and
snowpack, reservoir elevations and recreation RED benefits would increase, and become
similar to those under Alternative 1. However, recurring implementation of the spring release
and draw down of the reservoirs may lead to long-term reductions in visitation and associated
employment and income in sectors that support recreation at the upper three reservoirs due to
uncertain provision of recreation access and opportunities at the reservoirs.

Impacts to regional economic conditions surrounding Lake Francis Case and Lewis and Clark
Lake would be negligible to small because pool elevations remain relatively stable, providing
recreational access and visitation even during drier conditions.
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Table 3-216. Economic Benefits of Non-Local Visitor Spending for the Reservoirs under
Alternative 4 Relative to Alternative 1 (Thousands of 2018 Dollars)

Economic Year Upper Lake Francis Total
Impact Three Case and Lewis Economic
Parameter Reservoirs and Clark Lake Impacts @
Direct, Indirect, | Average Annual over 81 years 1,238 254 1,492
and Induced
Jobs ! Change in Annual Average over 81 years -20 -0 -21
Relative to Alternative 1
Annual Average during 8 Lowest -88 -9 -97
Visitation Years Relative to Alternative 1
Annual Average during 8 Highest 13 9 23
Visitation Years Relative to Alternative 1
Direct, Indirect, | Annual Average over 81 years $29,992 $6,251 $36,243
and Induced .
Change in Annual Average over 81 years -$571 -$13 -$585
Labor Income A .
Relative to Alternative 1
Annual Average during 8 Lowest -$2,104 -$217 -$2,320
Visitation Years Relative to Alternative 1
Annual Average during 8 Highest $325 $233 $558
Visitation Years Relative to Alternative 1
Direct, Indirect, | Annual Average over 81 years $96,417 $20,041 $116,458
and Induced B
Sales Change in Average Annual Average over -$1,839 -$43 -$1,882
81 years Relative to Alternative 1
Annual Average during 8 Lowest -$6,751 -$695 -$7,446
Visitation Years Relative to Alternative 1
Annual Average during 8 Highest $979 $750 $1,729
Visitation Years Relative to Alternative 1
Note: The lowest visitation year and highest visitation years would not necessarily be the same year at each reservoir. The

analysis aggregated the reservoir-specific impacts (average, 8 best and worst change years) to provide the estimates.

a  Total economic impacts may not equal to the sum of impacts at the upper three reservoirs and at Lake Francis Case and
Lewis and Clark Lake due to rounding.

Other Social Effects

Recreation OSE associated with IRC and ESH under Alternative 4 would be very similar to
those described under Alternative 1, with small increases in OSE benefits from the
establishment of ESH and early life stage habitat for the pallid sturgeon.

Conclusion

Under Alternative 4, on average there would be small decreases in recreation NED benefits
across all locations compared to Alternative 1 (—1.1 percent). Although additional acres of ESH
would be constructed in the inter-reservoir and lower river reaches, there would be negligible
changes in recreation NED, RED, and OSE benefits compared to Alternative 1 because of the
relatively small change in habitat prevalence and river stages and flows would have a negligible
impact on recreational opportunities. The lower three reservoirs would have negligible changes
in recreation NED, RED, and OSE benefits compared to Alternative 1 because fairly stable
reservoir elevations would support relatively constant visitation at these reservoirs. The upper
three reservoirs would experience small adverse impacts on average (—1.5 percent). However,
in some years following the spring release under relatively drier climactic conditions, decreases
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in visitation under Alternative 4 would be large and adverse compared to those under
Alternative 1 and would persist until precipitation and snowmelt were able to increase System
storage to normal conditions; adverse impacts to the fishery could persist longer. Recurring
implementation of the spring pulse could lead to long-term adverse impacts to visitation and
associated NED at the upper three reservoirs, more than estimated under this NED evaluation.

In these worst-change years compared to Alternative 1, non-local visitation at the upper three
reservoirs would support on average 88 fewer jobs across the region compared to Alternative 1.
Although these adverse impacts would be negligible in the context of the larger regional
economy, changes in economic activity and opportunities could be large for tourism industries in
affected communities and recurring implementation of the spring release could result in long-
term adverse impacts to jobs and income. Habitat construction would have temporary and
localized, small, adverse impacts to recreation from closures, noise, and other disturbances
during construction activities.

Alternative 4 would not have significant adverse impacts to recreation because changes in
recreation NED, RED, and OSE would be small to negligible and adverse on an annual average
basis compared to Alternative 1; large impacts in some years would be temporary if normal
precipitation and snowpack conditions occur; and RED impacts would be small in a regional
context.

3.16.2.8 Alternative 5 — Fall ESH Creating Release

Alternative 5 would include fall releases from Gavins Point Dam and mechanical construction to
create ESH in the Garrison, Fort Randall, and Gavins Point Dam to Ponca, Nebraska river
reaches. Under Alternative 5, IRC habitat to support early life stage requirements of the pallid
sturgeon would be constructed in the lower river below Ponca, Nebraska.

Mechanical Habitat Construction

Similar to Alternatives 3 and 4, target acres for habitat construction under Alternative 5 are
higher for ESH and lower for habitat to support the early life stage requirements of the pallid
sturgeon compared to Alternative 1. Impacts would be very similar to those described under
Alternative 1, with temporary, small, adverse impacts to recreation. The increased prevalence of
ESH and early life stage habitat would benefit some fish and other aquatic species. The benefits
described under Alternative 1 from the increased prevalence of constructed ESH would be
increased under Alternative 5 compared to Alternative 1. However, while early life stage habitat
would be constructed under Alternative 5, there would be fewer acres of construction and fewer
acres of additional lands that would be acquired for habitat development. Recreational benefits
associated with fish and wildlife would still occur but would be slightly reduced under Alternative
5 compared to Alternative 1. The value of the recreational experiences associated with the
prevalence of habitat under Alternative 5 is monetized in the NED evaluation and described
below.

National Economic Development

Under Alternative 5, average annual recreation NED benefits would decrease by $86,000, a
decrease of approximately 0.1 percent compared to Alternative 1 (Table 3-217). The recreation
NED benéefits for the upper three reservoirs would be lower than under Alternative 1 in the year
following a fall release. Average annual decrease in recreation NED benefits are estimated to
be $84,000 compared to Alternative 1 at the upper three reservoirs. Impacts of fall releases
under Alternative 5 would result in negligible changes to boat ramp operability, visitation, and
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recreation NED benefits at the lower three reservoirs because reservoir elevations in these flow-
through reservoirs would remain relatively stable.

The fall release that occur under Alternative 5 would be fully implemented in seven years and
partially implemented in two years over the period of record. During full and partial fall releases,
there is the potential for adverse impacts to fish and recreational fishing opportunities. Section
3.5, Fish and Wildlife Habitat, describes how fish, other aquatic resources, and wildlife would be
affected by the fall release in various locations. The fall release would result in adverse impacts
to fish and recreational fishing opportunities from fish entrainment as well as from the potential
for large drawdowns of the upper three reservoirs, especially in the spring when the pool rise is
critical for fish spawning. Pool elevations in Lake Francis Case and Lewis and Clark Lake under
Alternative 5 would remain relatively stable, with minimal indirect impacts to recreation.

In the inter-reservoir river reaches, Alternative 5 would result in negligible change in benefits of
0.1 percent. Even in the largest difference years, changes in recreation NED benefits would be
very small. Although the construction of ESH in the Garrison and Fort Randall river reaches
would generate nearly twice as many recreation NED benefits as under Alternative 1, the
habitat benefits would be a very small part of the overall recreation NED benefits in the inter-
reservoir river reaches. In addition, the fall releases could have both beneficial and adverse
impacts to fish and other aquatic resources in the river reaches below the dams, with indirect
impacts to recreation (See Section 3.5 for additional details). However, only a small amount of
water compared to natural flow variability would be released during implementation of the fall
release and the indirect impacts to recreation associated with fish and wildlife under Alternative
5 are generally small compared to the impacts caused by the extreme hydrologic events in the
POR.

Alternative 5 would result in an increase of $5,000 in average annual recreation NED benefits in
the lower river, a negligible change relative to Alternative 1. Increases in recreation NED
benefits under Alternative 5 would occur from relatively higher amount of ESH and fall releases
increase recreational access compared to Alternative 1. In addition, visitors in the lower river
that prefer lower river flows, such as those using paddle craft or swimming, would experience
some adverse impacts during the fall releases and negligible changes at other times under
Alternative 5. The OMRRA&R costs at the upper three reservoirs would be relatively the same as
those under Alternative 1.

Table 3-217. Summary of National Economic Development Analysis for Alternative 5,
1932-2012 (thousands of 2018 dollars)

Upper Three | Lower Three | Inter-Reservoir Lower All

Reservoirs Reservoirs River Reaches River Locations
Total Visitation* Benefits $5,790,559 $1,358,006 $233,194 | $893,985 | $8,275,743
Total Habitat Benefits NA NA $1,620 $9,687 $11,306
OMRR&R Costs $3,328 NA NA NA $3,328
Total NED Benefits $5,787,231 $1,358,006 $234,813 | $903,672 | $8,283,721
I:ercent Change from Alternative -0.1% 0.0% -0.1% 0.0% -0.1%
Annual Average NED Benefits $71,447 $16,766 $2,899 $11,156 $102,268
Change in Annual Average NED -$84 -$6 -$2 $5 -$86
Benefits

* Total Visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-boat
accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental Consequences
Analysis Technical Report” available online (www.moriverrecovery.org).

Final Missouri River Recovery Management Plan and Environmental Impact Statement

3-518




Recreation

Impacts by flow type for Alternative 5 relative to Alternative 1 are summarized in Table 3-218.
These results show the difference in annual benefits during years when there would be full or
partial release action or in the years after a full release. Adverse impacts would occur in the
year following a full fall release when the lake elevations at the upper three reservoirs would be
lower than under Alternative 1. In contrast, recreation NED benefits in the lower river would be
highest during full fall release actions when boat ramp operability would be improved under
Alternative 5 relative to Alternative 1.

At Lake Sakakawea and Lake Oahe, in the years following a fall release, the reservoirs could be
drawn down up to 6 feet and 3 feet lower than under Alternative 1, respectively, during the
spring, summer, and fall, causing impacts to recreational access and decreased fishing
opportunities. Because the lake elevations would typically recover to levels consistent with
Alternative 1 within a year, the impacts would be relatively small and adverse to visitation at the
upper three reservoirs in the release years. With decreased lake levels relative to Alternative 1,
the fishery in these reservoirs would take a relatively longer period of time to recover, with
possibly prolonged impacts to angling and visitation.

Table 3-218. Changes in NED Benefits from Flow Releases under Alternative 5 Compared
to Alternative 1 (thousands of 2018 dollars)

Upper River © Lower River ¢

Full Flow Release @ Lowest Benefit Change -$373 $546

Highest Benefit Change $380 $1,462
Year After Full Flow Lowest Benefit Change -$1,261 -$782
Release Highest Benefit Change ~$340 ~$155
Partial Flow Release® Lowest Benefit Change $230 $514

Highest Benefit Change $230 $514
Years with Greatest Lowest Benefit Change -$1,588 -$1,299
Szgg?dilgs{;n cp))fa ;t'zw Highest Benefit Change $602 $1,462
Actions

a  Flow action was fully implemented in 7 years of the POR. Data represents the lowest and highest dollar impacts in the years
the action was fully implemented. Negative values reflect decreases in recreation benefits compared to Alternative 1.

b  Flow action was partially implemented in 2 years of the POR. Data represents the lowest and highest dollar impacts in the
years the action was partially implemented. Negative values reflect decreases in recreation benefits compared to Alternative 1.

¢ The upper river includes the reservoirs and the inter-reservoir river reaches, and the lower river includes the river reaches from
Gavins Point Dam to the confluence with the Mississippi River.

Regional Economic Development

Under Alternative 5, non-local visitor spending associated with recreation on the reservoirs
would support an average of 1,511 jobs and $36.7 million in labor income. Compared to
Alternative 1, Alternative 5 would support approximately one less job and $29,000 less in labor
income on annual average in communities located near the upper three Mainstem reservoirs,
with negligible impacts to recreation RED benefits (Table 3-219). The largest changes in
recreation RED benéefits relative to Alternative 1 would occur in the upper three reservoirs in the
years following a release event. During the 8 worst years relative to Alternative 1, average
annual RED benefits in the upper three reservoirs would decrease by 26 jobs and $644,000 in
labor income, while in the eight highest visitation years relative to Alternative 1 average annual
RED benefits in the upper three reservoirs would increase by 13 jobs and $336,000 in labor
income. Even in the eight worst years relative to Alternative 1, there would be relatively small
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and temporary decreases in RED benefits that would be negligible in the regional context and
potentially locally small and adverse impacts to the tourism industries and communities most
affected by decreases in non-local visitation.

Impacts to regional economic conditions surrounding Lake Francis Case and Lewis and Clark

Lake would be relatively small because pool elevations remain relatively stable, resulting in
minimal changes in recreational access and visitation at these lakes even during drier

conditions.
Table 3-219. Economic Benefits of Non-Local Visitor Spending at the Reservoirs under
Alternative 5 (thousands of 2018 Dollars)
Economic Year Upper Lake Francis Total
Impact Three Case and Lewis Economic
Parameter Reservoirs | and Clark Lake Impacts 2
Direct, Indirect, Average Annual over 81 years 1,257 255 1,511
d Induced
jgbsn uee Change in Annual Average over 81 years -1 0 -1
Relative to Alternative 1
Annual Average during 8 Lowest Visitation -26 -9 -36
Years Relative to Alternative 1
Annual Average during 8 Highest Visitation 13 10 12
Years Relative to Alternative 1
Direct, Indirect, | Annual Average over 81 years $30,462 $6,266 $36,727
and Induced .
Change in Annual Average over 81 years -$29 $4 -$25
Labor Income h .
Relative to Alternative 1
Annual Average during 8 Lowest Visitation -$644 -$201 -$845
Years Relative to Alternative 1
Annual Average during 8 Highest Visitation $336 $245 $581
Years Relative to Alternative 1
Direct, Indirect, Annual Average over 81 years $97,930 $20,089 $118,020
and Induced .
Sales Change in Average Annual Average over 81 -$91 $13 -$79
years Relative to Alternative 1
Annual Average during 8 Lowest Visitation -$2,076 -$737 -$2,812
Years Relative to Alternative 1
Annual Average during 8 Highest Visitation $1,071 $789 $1,860
Years Relative to Alternative 1
Note: The lowest visitation year and highest visitation years would not necessarily be the same year at each reservoir. The

analysis aggregated the reservoir-specific impacts (average, 8 best and worst change years) to provide the estimates.

a Total economic impacts may not equal to the sum of impacts at the upper three reservoirs and at Lake Francis Case and
Lewis and Clark Lake due to rounding.

Other Social Effects

Recreation OSE associated with IRC and ESH under Alternative 5 would be very similar to

those described under Alternative 1, with small increases in OSE benefits from the

establishment of ESH and early life stage habitat for the pallid sturgeon.
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Conclusion

Alternative 5 would result in negligible changes in recreation NED benefits across all locations
compared to Alternative 1 (-0.1 percent). Although additional acres of ESH would be
constructed in the inter-reservoir reaches, there would be negligible changes in recreation NED,
RED, and OSE benefits compared to Alternative 1 because of the relatively small change in
habitat prevalence and changes in river stages and flows would not noticeably affect
recreational access. Alternative 5 would support small benefits to recreation NED benefits in the
lower river from additional ESH and fall releases increasing recreational access. The lower
three reservoirs would have negligible changes in recreation NED, RED, and OSE benefits
compared to Alternative 1 because fairly stable reservoir elevations would maintain relatively
constant visitation at these reservoirs. The upper three reservoirs would experience a negligible
change in recreation NED benefits on average (-0.1 percent). However, in the year following the
fall release, there would be temporary and small decreases in recreation NED and RED benefits
under Alternative 5 compared to Alternative 1 because reservoir elevations would be reduced
from the previous year release, affecting recreational access and fishing opportunities. In these
years, non-local visitation at the upper three reservoirs would support 26 fewer jobs when
compared to Alternative 1, with possibly small impacts to recreation RED and OSE benefits in
the local communities. Habitat construction would have temporary and localized, small, adverse
impacts to recreation from closures, noise, and other disturbances during construction activities.

Alternative 5 would not have significant adverse impacts to recreation because changes in
recreation NED, RED, and OSE would be small to negligible adverse in all locations and years
compared to Alternative 1 and impacts in habitat construction would be temporary and localized.

3.16.2.9 Alternative 6 — Pallid Sturgeon Spawning Cue

Under Alternative 6, USACE would attempt a spawning cue pulse every three years in March
and May. In addition, management actions under Alternative 6 include mechanical construction
of ESH in the Garrison, Fort Randall, and Gavins Point Dam to Ponca, Nebraska reaches; and
the construction of IRC habitat in the lower river below Ponca, Nebraska to support the pallid
sturgeon.

Mechanical Habitat Construction

Similar to Alternatives 3, 4, and 5, target acres for habitat construction under Alternative 6 are
higher for ESH and lower for habitat to support the early life requirements of the pallid sturgeon
compared to Alternative 1. Impacts would be very similar to those described under Alternative 1,
with temporary, small, adverse impacts to recreation. The increased prevalence of ESH and
early life stage habitat would benefit some fish and other aquatic species. The benefits
described under Alternative 1 from the increased prevalence of constructed ESH would be
increased under Alternative 6 compared to Alternative 1. However, while early life stage habitat
would be constructed under Alternative 6, there would be fewer acres of construction and fewer
acres of additional lands that would be acquired for habitat development. As a result,
recreational benefits to some fish and wildlife could be slightly reduced under Alternative 6
compared to Alternative 1. The value of the recreational experiences associated with the
prevalence of habitat under Alternative 6 is monetized in the NED evaluation and described
below.
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National Economic Development

Under Alternative 6, average annual recreation NED benefits would decrease by $846,000, a
decrease of 0.8 percent compared to Alternative 1 (Table 3-220). Similar to Alternatives 2 and
4, the adverse impacts under Alternative 6 would be focused in the upper three reservoirs in the
years following a spawning cue release when lake elevations are lower than those under
Alternative 1.

Spawning cue releases would occur under Alternative 6 and would be fully implemented in six
years and partially implemented 29 years over the period of record (partial implementation years
are defined as years when a partial cue in March and/or May would occur OR years when a full
cue in March or May would occur). During full and partial spawning cue releases, there is the
potential for adverse impacts to fish and recreational fishing opportunities. Section 3.5, Fish and
Wildlife Habitat, describes how fish, other aquatic resources, and wildlife would be affected by
the spawning cue release in various locations. The spawning cue release would result in
adverse impacts to fish and recreational fishing opportunities from fish entrainment as well as
from the potential for large drawdowns of the upper three reservoirs, especially in the spring
when the pool rise is critical for fish spawning. Pool elevations in Lake Francis Case and Lewis
and Clark Lake under Alternative 6 would remain relatively stable, with minimal indirect impacts
to recreation.

Management actions under Alternative 6 would result in small increases in recreation access
and associated visitation at the lower three reservoirs, inter-reservoir reaches, and lower river,
with negligible changes to boat ramp operability, visitation, and recreation NED benefits at these
locations because reservoir elevations and river stages would remain relatively stable. In the
lower river, recreational NED benefits would decrease on average by $5,000 annually, a
negligible change compared to Alternative 1. Some visitors that prefer lower river flows, such as
those using paddle craft or swimmers, may be adversely impacted during the spawning cue
releases, but would have negligible impacts during at other times under Alternative 6. In
addition, the spawning cue releases could have both beneficial and adverse impacts to fish and
other aquatic resources in the river reaches below the dams, with indirect impacts to recreation
(See Section 3.5 for additional details). However, only a small amount of water compared to
natural flow variability would be released during implementation of the spawning cue release
and the indirect impacts to recreation associated with fish and wildlife under Alternative 6 are
generally small compared to the impacts caused by the extreme hydrologic events in the POR.

OMRRA&R costs would be higher under Alternative 6, $3.8 million compared to $3.3 million
under Alternative 1. The upper three reservoir elevations would be relatively lower during
conditions similar to those simulated in the 2000s drought under Alternative 6, with small to
large adverse impacts depending on the timing and location of needed investments.
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Table 3-220. Summary of National Economic Development Analysis for Alternative 6,
1932-2012 (thousands 2018 dollars)

Benefits or Costs Upper Three Lower Three Inter-Reservoir | Lower River | All Locations
Reservoirs Reservoirs River Reaches

Total Visitation* $5,727,841 $1,361,061 $232,873 $893,013 $8,214,794
Benefits
Total Habitat Benefits NA NA $1,340 $9,870 $11,210
OMRR&R Costs $3,835 NA NA NA $3,835
Total NED Benefits $5,724,012 $1,361,061 $234,213 $902,883 $8,222,169
Percent Change from -1.2% 0.2% -0.3% 0.0% -0.8%
Alternative 1
Annual Average NED $70,667 $16,803 $2,892 $11,147 $101,508
Benefits
Change in Annual -$864 $32 -$9 -$5 -$846
Average NED
Benefits

* Total Visitation includes lake elevation and non-lake elevation affected visits at the reservoirs and boat accessed and non-boat
accessed visits in the river reaches and lower river. For more details, refer to the “Recreation Environmental Consequences
Analysis Technical Report” available online (www.moriverrecovery.org).

Impacts by flow type for Alternative 6 relative to Alternative 1 are summarized in Table 3-221.
These results show the difference in annual recreation benefits during years when there is a
release action. Recreation NED benefits under Alternative 6 in the lower river would be highest
during full spawning cue release when boat ramp operability would be improved relative to
Alternative 1. The largest adverse impacts in the upper river (includes the reservoirs and inter-
reservoir river reaches) would occur in the year following a full spawning cue release.

Adverse impacts under Alternative 6 would occur in the year or years following a full or partially
implemented spawning cue release during relatively drier conditions. Under these conditions it
can take a number of years for the reservoirs to refill, the fishery to recover, and visitation to
increase, with prolonged adverse impacts to recreation benefits. The reduction in recreation
benefits under Alternative 6 would occur in a period when under Alternative 1, the benefits
would already be quite low due to drought or relatively drier conditions. Lake Oahe would
experience the biggest reductions in NED benefits during these conditions when the reservoirs
could be drawn down up to 9 feet lower than with conditions under Alternative 1, causing
impacts to recreational access to the lake and decreased fishing opportunities. Lake Oahe
would experience a decrease of up to $1.9 million in recreation NED benefits in the worst
difference year compared to Alternative 1. Lake Sakakawea would decrease up to 5 feet in the
years following a flow release, with a decrease in recreation NED benefits in the worst-
difference years of $1.4 million relative to Alternative 1.
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Table 3-221 Changes in NED Benefits from Flow Releases under Alternative 6 Compared
to Alternative 1 (Thousands of 2018 dollars)

Upper River ¢ Lower River °

Full Flow Release 2 Lowest Benefit Change -$2,401 -$61

Highest Benefit Change -$505 $1,096
Year After a Full Flow Release Lowest Benefit Change -$2,809 -$771

Highest Benefit Change $71 -$38
Partial Flow Release ° Lowest Benefit Change -$3,244 -$800

Highest Benefit Change $2,656 $1,258
Years with Greatest Range in Lowest Benefit Change -$3,244 -$800
Impacts Regardless of Flow Actions Highest Benefit Change $3.258 $1.258

a  Flow action was fully implemented in 6 years of the POR. Data represents the lowest and highest dollar impacts in the years
the action was fully implemented. Negative values reflect decreases in recreation benefits compared to Alternative 1.

b  Flow action was partially implemented in 29 years over the POR (partial implementation years are defined as years when a
partial cue in March and/or May would occur OR years when a full cue in March or May would occur). Data represents the
lowest and highest dollar impacts in the years the action was partially implemented. Negative values reflect decreases in
recreation benefits compared to Alternative 1.

¢ The upper river includes the reservoirs and the inter-reservoir river reaches, and the lower river includes the river reaches from
Gavins Point Dam to the confluence with the Mississippi River.

Regional Economic Development

Under Alternative 6, non-local visitor spending associated with recreation on the reservoirs
would support 1,495 jobs and $36.3 million on average per year in labor income. Compared to
Alternative 1, Alternative 6 would support 18 fewer jobs and $511,000 less in labor income on
average over the POR (Table 3-222). During the 8 worst years relative to Alternative 1, average
annual RED benefits in the upper three reservoirs would decrease by 67 jobs and nearly $1.7
million in labor income compared to RED benefits under Alternative 1. Adverse RED impacts
would be small in the regional context but could be locally large and adverse to the tourism
industries and communities most affected by decreases in non-local visitation. These impacts
would be especially large in low precipitation years following a spawning cue release. As
drought conditions are alleviated with typical rainfall and snowpack, System storage would be
replenished and RED benefits would increase and become similar to those under Alternative 1.
However, recurring implementation of the spawning cue release and draw down of the
reservoirs may lead to long-term reductions in visitation and associated employment and
income in sectors that support recreation at the upper three reservoirs due to uncertain
provision of recreation access and opportunities at the reservoirs.

Impacts on regional economic conditions at Lake Francis Case and Lewis and Clark Lake would
be negligible because stable pool elevations would not noticeably affect recreational access and
visitation to these lakes.
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Table 3-222. Economic Benefits of Non-Local Visitor Spending at the Reservoirs under

Alternative 6 Relative to Alternative 1 (Thousands of 2018 Dollars)

Economic Year Upper Three Lake Francis Total
Impact Reservoirs Case and Lewis Economic
Parameter and Clark Lake Impacts @
Direct, Average Annual over 81 years 1,239 256 1,495
Indirect, and :
! Change in Annual Average over -19 2 -18
Induced Jobs . !
81 years Relative to Alternative 1
Annual Average during 8 Lowest -67 -7 =75
Visitation Years Relative to
Alternative 1
Annual Average during 8 Highest 53 18 71
Visitation Years Relative to
Alternative 1
Direct, Annual Average over 81 years $29,998 $6,309 $36,306
Indirect, and )
Induced Labor | €hange in Annual Average over -$564 $53 -$511
Income 81 years Relative to Alternative 1
Annual Average during 8 Lowest -$1,678 -$179 -$1,858

Visitation Years Relative to
Alternative 1

Annual Average during 8 Highest $444 $440 $884
Visitation Years Relative to
Alternative 1

Direct, Annual Average over 81 years $96,425 $20,428 $116,853
Indirect, and ;
Change in Average Annual -$1,829 $403 -$1,426
Induced Sales .
Average over 81 years Relative to
Alternative 1
Annual Average during 8 Lowest -$5,431 -$575 -$6,006
Visitation Years Relative to
Alternative 1
Annual Average during 8 Highest $1,295 $1,417 $2,712
Visitation Years Relative to
Alternative 1
Note: The lowest visitation year and highest visitation years would not necessarily be the same year at each reservoir. The

analysis aggregated the reservoir-specific impacts (average, 8 best and worst change years) to provide the estimates.

a Economic impacts may not equal to the sum of impacts at the upper three reservoirs and at Lake Francis Case and Lewis
and Clark Lake due to rounding.

Other Social Effects

Recreation OSE associated with IRC and ESH under Alternative 6 would be very similar to
those described under Alternative 1, with small increases in OSE benefits from the
establishment of ESH and early life stage habitat for the pallid sturgeon.

Conclusion

Under Alternative 6, there would be small decreases in total recreation NED benefits for all
locations compared to Alternative 1 (-0.8 percent). Although additional acres of ESH would be
constructed in the inter-reservoir and lower river reaches, there would be negligible changes in
recreation NED, RED, and OSE benefits compared to Alternative 1 because of the relatively
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small change in habitat prevalence and river stages and flows and thus not a noticeable affect
to recreational access. The lower three reservoirs would have negligible changes in recreation
NED and RED benefits compared to Alternative 1 because fairly stable reservoir elevations
would maintain relatively constant visitation at these reservoirs.

The upper three reservoirs would experience small adverse impacts on average (—1.2 percent).
However, in specific years under certain conditions, decreases in visitation, NED and RED
benefits under Alternative 6 compared to Alternative 1 would be small to large and adverse and
could perpetuate for a number of years. The spawning cue release could exacerbate reductions
in reservoir elevations when releases occur at the beginning of a relatively drier period with
lower precipitation. Under these relatively drier conditions after a spawning cue release, non-
local visitation at the upper three reservoirs would support 67 fewer jobs across the region
compared to Alternative 1. Although these adverse impacts would be negligible in the context of
the larger regional economy, changes in economic activity and opportunities could be large for
tourism industries in affected gateway communities and recurring implementation of the
spawning cue release could result in long-term adverse impacts to jobs and income. In addition,
recurring implementation of the spawning cue release could lead to long-term adverse impacts
to visitation and associated NED at the upper three reservoirs, more than estimated under this
NED evaluation. Habitat construction would have temporary and localized, small, adverse
impacts to recreation from closures, noise, and other disturbances during construction activities.

Alternative 6 would not have significant adverse impacts to recreation because decreases in
recreation NED, RED, and OSE would be small to negligible on annual average in all locations;
large impacts in some years would be temporary if normal precipitation and snowpack
conditions occur; and large RED impacts would be small in a regional context.

3.16.2.10 Tribal Resources

Impacts on Tribal recreation resources would depend on the location of Tribes and reservations.
(Figure 1-2). Changes in recreation NED benefits to reservations and their residents vary
depending on hydrologic conditions, but generally include large NED benefits to visitors and
residents under all alternatives. RED benefits to Tribes from non-local visitor spending at the
reservoirs may be small in the context of the broader regional economy under the MRRMP-EIS
alternatives, but could be important to Tribes, especially where opportunities for employment
and income are limited. Impacts to Tribal RED benefits in the river reaches would be negligible.
The construction of habitat and non-local visitor spending would generate OSE benéefits for
Tribes and those living on reservations along the Missouri River.

Impacts to Tribal recreation under the alternatives would be similar to those described in
Section and NED, RED, and OSE results described above. In most years, there would be
negligible impacts under MRRMP-EIS alternatives relative to Alternative 1. Flow releases under
Alternatives 2, 4, 5, and 6 would, however, draw down the upper three reservoir elevations more
than under Alternative 1 under some conditions in years following the flow releases, causing
temporary, small to large, adverse impacts on recreation. Impacts would range from negligible
under Alternative 3 to relatively large under Alternative 4 under certain conditions. Impacts
under Alternatives 2, 4, 5, and 6 would be more pronounced during drought or drier conditions
in the years following flow releases. Adverse impacts on recreation NED, RED, and OSE
benefits during these conditions may also adversely affect Tribal communities and lifestyles.

Recreational opportunities associated with reservations and Tribes near and/or adjacent to the
lower three reservoirs would experience negligible impacts to recreational resources under all
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alternatives because pool elevations at these reservoirs are relatively stable. Impacts to Tribal
recreation in the inter-reservoir river reaches and lower river would include temporary adverse
impacts from mechanical habitat construction, and long-term benefits from increased diversity
and abundance of wildlife following habitat construction under Alternatives 2—6. Short-term,
adverse impacts from habitat construction to Tribes and Tribal communities would be greatest
under Alternative 2 since target acreages for mechanical construction are substantially higher
under these alternatives.

3.16.2.11 Climate Change

All of the climate change variables described in Section 3.2 could have implications for
recreation resources and the associated NED, RED, and OSE effects under the MRRMP-EIS
alternatives. Earlier snowmelt may cause spring System storage targets at the upper three
reservoirs to be met more frequently, increasing the regularity of spring plenary pulses under
Alternative 1, and the potential for adverse impacts associated with the subsequent lower
reservoir elevations. Adverse recreational impacts associated with more frequent spring plenary
pulses may be offset in part by higher levels of precipitation limiting the implementation of the
full release because flood targets may be exceeded more frequently.

Under Alternatives 2—6, more sporadic large rain events and flooding could adversely impact
access to recreation resources; these impacts could be exacerbated during spring or fall
releases. In addition, the risk of releases occurring which may be followed by prolonged drought
periods at the upper three reservoirs could reduce reservoir elevations more under Alternatives
2,4, 5, and 6, causing greater adverse impacts to recreation with climate change.

Climate change may result in more extreme drought or flood conditions, with the potential to
reduce the frequency of full releases under Alternatives 2, 4, 5, and 6 and the adverse impacts
associated with full releases at the upper three reservoirs. Adverse impacts associated with
partial releases may, however, increase as the frequency in which release events are started
and then prematurely stopped increases. With these factors, the impact of climate change
would both increase and decrease recreation benefits under Alternatives 2, 4, 5, and 6 relative
to Alternative 1.

3.16.2.12 Cumulative Impacts

Past, present, and future construction projects, including those to maintain the Mainstem dams,
roads, developed recreational areas, native fish and wildlife habitat areas, and the BSNP, can
cause temporary localized adverse impacts to the quality and quantity of recreational visits as a
result of construction-related noise, vibration, fugitive emissions, deterioration in water quality,
decreased visual aesthetics, and access limitations. However, many of these actions result in
recreational benefits over the long-term by increasing access and providing a range of
recreational opportunities available to a variety of users.

Continued management of recreation, wildlife, and natural areas by USFWS, NPS, and
agencies that manage these resources at the state and local level generally benefit recreation
along the river because they promote conservation and are focused on safeguarding and
enhancing wildlife and recreational resources for current and future users. In addition, land
easements and agricultural technical and financial programs administered by NRCS support
restoring or maintaining natural habitats, with potential benefits to fish and wildlife and
associated recreational opportunities.
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Variability in natural hydrologic conditions (precipitation and snowmelt, which include periods of
drought and high runoff) and the “rules” governing System operation would continue to
dominate the flows in the Missouri River into the future. Natural flow variability and the
requirement to balance authorized purposes under the Master Manual would continue to be the
primary drivers of impacts to recreation opportunities and access of the Missouri River.
However, other actions, such as water depletions or withdrawals for agriculture, municipal, and
industrial uses have and would continue to have adverse impacts to recreational access and
opportunities, as they would notably affect the reservoir elevations and river stages.

Future aggradation and degradation trends would have similar effects under all of the
alternatives. HEC-RAS modeling indicates that the action alternatives would not significantly
contribute to aggradation or degradation. As described as part of the Year 0 and Year 15
analyses (Section 3.2), the elevations in the upper three reservoirs would increase slightly (1 to
2 feet) while changes in elevations in the lower three reservoirs would be negligible in Year 15
under all alternatives compared to Year 0. The change in stage in the riverine areas in Year 15
in the inter-reservoir river reaches and the upper portion of the lower river over time relative to
Alternative 1 would be nearly the same for all six alternatives. The effect from sediment
captured by the reservoirs combined with degradation from sand and aggregate mining in the
lower reach of the Missouri River (downstream of Rulo, Nebraska) would also be similar across
all alternatives in year 15. HEC-RAS modeling projected a decrease in the mean river stage at
St. Joseph, Missouri, by approximately 2.5 feet for the six alternatives in Year 15. However, in
Kansas City, the projected river stage in Year 15 would only be slightly lower (less than one inch
of the mean stage) than Year 0.

Past, present, and future actions that would affect bed degradation or aggradation of the
Missouri River can impact the accessibility of recreational areas, including boat ramps, when
water surface elevations and river stages increase or decrease, causing boat ramp and
recreation areas to become inaccessible. It is possible that sediment deposition in the reservoirs
may benefit recreational access during relatively drier conditions because reservoir elevations
would increase slightly providing more access to boat ramps. In addition, any resulting changes
in aggradation, degradation, and sediment deposition in the reservoirs would increase the need
for investment in infrastructure (i.e., boat ramps or recreational access infrastructure) repairs
and/or upgrades to mitigate these impacts.

Although recreational experiences supported by the river are cumulatively impacted by human
actions, visitation is largely influenced by a number of other factors, including the health of the
economy and the price of gasoline. Many recreational areas along the river are destination
locations that attract hunters, anglers, boaters, and other outdoor enthusiasts from across the
country. When gas prices are low and economic conditions are favorable, households have
greater disposable income and are more likely to travel for recreational activities. As gas prices
rise or households face greater economic uncertainty, recreationists often take trips closer to
home. These factors can have mixed effects on visitation to reservoirs, where destination
recreation increases during more prosperous periods and visitation by local residents increases
during periods of high gas prices or economic downturns.

With the variable hydrology and precipitation within the System and its interaction with the past,
present and foreseeable actions as described in Section 3.1, cumulative impacts under
Alternative 1 would be long-term, large, and beneficial, with recreation resources supporting
diverse recreational activities and opportunities to visitors and residents, jobs and income in
local economies, and quality of life and social connectedness for surrounding communities.
However, over time, the cumulative actions, variability in hydrology, and geomorphic processes
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and trends (e.g., aggradation, degradation, reservoir sediment deposition) can have both
adverse or beneficial impacts on recreation; adverse and beneficial impacts to recreation are
influenced by natural cycles of dry and wet periods (including snowpack and precipitation), and
lesser so, by the price of gas, the state of the national and regional economy, trends in outdoor
recreation use, and other public land management, programs, and activities. Alternative 1 would
provide a small contribution to these cumulative impacts.

Alternatives 2, 4, and 6 would exacerbate