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The new rock ramp would be constructed over the sibetake Diversion Dampreserving most

of the historic dam in place. Because the existingddaoulderfield has wasbd downstream,

part of the existing dam crest might be removed and rock moved to accommodate construction of
a ramp. The rock ramp would include at least one low flow channel in conjunction with the low
flow channel on the crest, which would allow fish naitgonduring low flows.

Because pallid sturgeon are sensitive to flow velocities and turbulence, the rock ramp would be
constructed to be relatively flat (approximately-petcentslope) over much of its width to keep
flow velocities as low as possible. For comparison purposes, the natural slope of the lower
Yellowstone River varies, but typically ranges frOrf4 percento 0.07 percent The rock ramp
design is very long (1,600 feet) in order to provide for a shallower sla@ssery to reduce
velocities. The relatively flat slope of the rock ramp would result in lower velocities and greater
depth than that over the existing dam, and would likely improve fish passage over current
conditions. The rock ramp would function as adaiffle, allowing passage and providing

foraging and spawning habitat for a variety of fish species.

The final configuration of the rock ramp would be optimized for pallid sturgeon passage with
additional computer modeling. this alternative werselected,the ServicdBRT would be
consulted during design, including but not limited to reviewing results and making
recommendations on hydraulic modeling and final alternative design.

The rocks in the ramp would be sizeddsisthigh flows and ice jams dnwould range from 1

to 4 feet in diameter. Approximately 450,000 tons of rock riprap and 75,000 tons of fill material
would be needed to construct the ramp. Rock would be purchased from existing commercial
quarries. Based on rock requirements, rock va#techto be purchased from quarries in Wyoming

or Minnesota and delivered to Glendive by train before being trucked to Intake. Staging and rock
stockpile areas would be located downstream of the headworks on the left banklairthe
Canalwhich would be accessible by road or rail, and a construction zone would be located on the
Jods Islandside of the dam. Haul roads would be provided across Jand to provide access

to the road toward Glendive.

A tempoary crossing would be constructed acrossMlae Canalto prevent damage to the
existing county bridge from heavy equipment use. The new crossing would usefset b
10-feet box culverts with sufficient width and length to lgedhe existing canallore detailed
description of the Rock Rangesignis found in the 2015 Supplemental Environmental
Assessment and Appendidg€orps 2015d)

2.3.4.1 Construction

Depending orappropriationit is anticipated that the overall construction vebtaketwo years

and be conducted in three primary phases. During thefiestea replacementveir would be
constructed on the south half of the river using similar methods to placement of the weir in the
Bypass Channel Alternativén phasewo, a coferdam would be constructed extending from the
old headworks, across the end of teplacement weiand return to the north bank below the

area of rock ramp placement to allow construction to occur in the dry. After the north half of the
replacement weils in place, rock ramp construction would begin working from the north bank
across the river in parallel segments. Construction of the remainder of the rock ramp would be

2-44



Lower Yellowstone Intake Diversion Dam Fish Passage Project, Montana
Environmental Impact Statement
May, 2016

the final phase of this alternative. It would be completed by working incrementalgsabe
river from the north bank building sections of the ramp.

2.3.4.2 Operation & Maintenance

For major O&M actions on theeplacement weiand rock ramp, temporary access would need to

be built, work would have to be done when éixesting highflow side chanelis icedoveror

dry, or equipment would need to be brought in by way of boat or barge. It has not been
determined how access to, and on,réacement weistructure will be achieved for O&M

activities. If vehicular access across thplacement weistructure cannot be safely achieved, the
existing trolley system may be repaired, a new trolley system constructed, or access provided by
a barge.

Reclamation and thBoard of Controlvould most likely need to amend the existing O&M
transfer contract taddress operation and maintenaotthe new headworks and rock ramp
consistent with the authorizing legislation (Reclamation Act of June 17, 1902, as amended,;
Water Conservation and Utilization Act of August 11, 1389amended) and Reclamation

policy. Funding responsibility for O&M, monitoring, and any necessary adaptive management
measures would depend on a number of factors including applicable laws, regulations, and
policies. Reclamation intends to work coopermiwvith the state of Montana to identify

funding resources for monitoring and adaptive managerasrappropriate

Annual OM&R costs for this alternative are estimate®2840,028The presentednnual cost
accounts for the frequency tHaM&R activites are expected twccur over a 50 year period
OM&R costs over the period are converted to present values using the FY¥Y28dercent)
federal discount rateTable2-4 summarizes the costs and assumptions included in the &stima
Additional detail on OM&R estimates is found in Appendix B Cost Engineering.

TABLE 2-4. SUMMARY OF O&M COSTS FOR ROCK RAMP

O&M Item Description Annualized Cost
Main Canal, Laterals, Drains
Main Cana) Laterals, Drains $1,875,000
Headworks
Sediment Removal $10,000
Daily Operations $77,000
Fish Screen Manifolds $55,041
Fish Screen Cylinder Units $32,377
Fish Screen External Brushes $45,092
FishScreen Internal Brushes $45,092
Fish Screen Seal System $10,408
Diversion Dam
Diversion Dam Maintenance $10,000
Rock Ramp
Minor Rock Repairs $128,000
Place Rock (Major Repair) $21,682
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Coffer Dam (Major Repair) $86,730

Barge Cost (Major Bpair) $8,673
Pumps

Existing Pumps $235,000
Admin. Costs

Administrative/Indirect Costs $61,000
ESA Monitoring Costg

Passage and Entrainmévibnitoring $138,934

Total Annual O&M $2,840,028

1. Annual O&M is based on 5¢earperiod of analysiand 3.125% Federal discount rate
2. Reclamation is committed to monitoring the effectiveness of the project, consistent with tf
outcome of Endangered Species Aahsultation. Funding sources for these monitoring activit
will be determined based on Reclamation Law, Policy, and availability of funding.

2.3.5 Bypass Channel

This alternative is intended to improve passage (both upstream and downstrgaatijdfo
sturgeon around the Intake Diversion Dam by means of a bypass ch@healternative

includes constructing a bypass channel orisJistandfrom the inlet of the existingide channel

to just downstream of the existingrd andboulder field It would also replace Intake Diversion
Dam with a concrete wei€onstruction work and the primary elements of this alternative would
be locatednainly on Joés Island. This land was acquired by Reclamation during construction of
theoriginal Intake project. All construction, stagiagd disposal would occur on Reclamation
owned lands. Thbeypass channallignment would require relocation of the historic south rocking
tower and boiler building on Jéelsland Figure2-4 summarizes the features of tBgpass
Channel Alternative

A concretereplacementveir would be constructetthat wouldprovide water surface elevations
similar to no action conditions, which would be adeqdatdlow into the new bypass channel
ensuring delivery of irrigation wateeliminating concern as to whether continued displacement

of rock from the crest of the dam by ice flows could adversely affect the downstream entrance to
the bypass channelCorstruction of areplacementveir would eliminate the need to routinely

place rock along the crest of thrgake Diversion DamWhile head requirements could
theoretically be met through rock placement, a permanent stryotwieles moregeliable

flows intothe bypass channekduces the amount of fill placed into the Yellowstone River
andeliminatesconcern as to whether continued displacement of rock from the crest of the dam
by ice flows could adversely affect the downstream entrance to the bypassgichann
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Table2-7 summarizes the costs and assumptions used toogetes estimateAdditional detall
on OM&R estimates is found in Appendix B Cost Engineering.
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TABLE 2-7. SUMMARY OF O&M COSTS FOR BYPASS CHANNEL

O&M Item Description

Annualized Cost

Main Canal, Laterals, Drains

Main CanaJ Laterals, Drains $1,875,000
Headworks

Sediment Removal $10,000

Daily Operations $77,000

Fish Screen Manifolds $55,041

Fish Screen Cylinder Units $32,377

Fish Screen External Bshes $45,092

Fish Screen Internal Brushes $45,092

Fish Screen Seal System $10,408
Diversion Dam

Diversion Dam Maintenance $10,000

Rock Replacement (Major Repair) $18,788

Barge Cost (Major Repair) $18,788
Bypass Channel

Bypass Channel (Mor Repairs) $57,000

Coffer Dam (Major Repairs) $43,365

Riprap Repairs (Major Repairs) $34,692

Channel Repairs $28,183

Bypass Channel Inspection $3,000
Pumps

Existing Pumps $235,000
Admin. Costs

Administrative/Indirect Costs $61,000
ESA Monitoring Costg

Passage and Entrainmévibnitoring $138,934

Total Annual O&M $2,798,759

1. Annual O&M is based on S¢earperiod of analysiand 3.125% Federal discount rate

2. Reclamation is committed to monitoring the effectiveness of the project, consistent with {
outcome of Endangered Species éahsultation. Funding sources for these monitoring
activities will be determined based on Retddion Law, Policy, and availability of funding.

2.3.6 Modified Side Channel

TheModified SideChannel Alternativevould provide frequent flow and suitable habitat to
support pallid sturgeon migration around the IntBkeersionDam duringall years.The existing
sidechannelaround] o e 6 s wduld be anaddiedto flow morefrequently and with a larger

flow volume.Pallid sturgeon were documented to have passed upstrebamimtike Diversion
Dam through thexisting sidechannel dung the 2014 and 2015 spring runoff seasons (Rugg
2014;2015whenpeak Yellowstone Rivdiows measured at Sidney, Montana (USGS Gage No.
06329500)were estimated tbe 69,800cfs and 60,50@&fs respectivelyThe existingside

channel splits from the righsank of the main channel 1.8 miles upstream of the Iriakersion
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Dam and reconnects with the maimannell.7 miles downstreamits length is4.5 miles
(Figure2-6). The major proposed features for Medified SideChannelAlternative are as
follows:

6,000 feet of new channel at three bend cutoffs,

14,600 feet of channel modification to lower the exissigchannel

Three backwater areas,

5,300 feet of bank protection,

Five grade control structures

One 150 foot single spanitdge, and

Placement of 50,000 cubic yards of channel cobble substrate to simulate a natural channel
bed and bed/bank edges.

E

Bank riprap is proposed at three locations: at the upstream confluence or split with the
Yellowstone River and at the two bend dtgoThe configuration of the upstream confluence
with the Yellowstone River is critical to maintain the required flows splits. Stabilized banks are
to minimize the risk of major changes in #asting sidechanneplanform that might reduce the
channeb designcapacity Riprap at the upstream end of the bypass channel \egtddd in a
southwesterly direction as shownRigure2-6 to reduce the risk of flanking. It mossible that
additional protection could be required in theure if assumptions about channel stability are
proven incorrect and excessive channel migratiategradation begins to impact passage
effectiveness. Riprap banks are also recommended at the two cutoffs to protect from flows
flanking the channel filareas.
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---------- High Flow Channel Centerline

Improve or Construct Access Road
e Haul Road

------- Designed Backwater Areas

High Flow Channel Bankline

m— Bridge to Access Joe's Island

. ) High Flow Channel Alternative Overview
oot  DufEes:USBR and USAGE 2015; USDANAIP2016; Lower Yellowstone Intake Diversion Dam Fish Passage Project

Figure 2-6. Modified Side Channel Alternative
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Required water surface elevations for diversions atritake Diversion Damvould be met
through continued routine rock placement as outlined ilNilméction Alternative Rock is
quarried on private land located south and east @ Jslandand transported to the dam site by
driving through the river and across @ksland Because th&lodified SideChannelAlternative
will result in a deeper channel with consistently more water, and because it is desirable to
minimize disturbance to the channel bed, a bridge would be constructed to provide for
maintenance vehicle access to@dsland.This alternative includes a 1500t prefabricated
clear span truss bridge with abutments set outside of the main channel banks to minimize
encroachment into thexisting sidechannel The new bridge would protect tlegisting side
channelfrom vehicular disturbance caused by all vehicle angss in addition to dam
maintenance traffic, and provide ygaund recreational access to @oksland.The new bridge
would be set with a low chord elevation set two (2) feet above thgediQvater surface in
accordance with the State of Montana drelNational Flood Insurance Program criteria.

Note that the continued placement of rock to the existing dam will likely require repair or
replacement of the trolldyy theBoard of Contral The Board of Controls responsible for

Intake Diversion Damheaworks and canal O&M costs consistent with the authorizing
legislation (Reclamation Act of June 17, 1902, as amended; Water Conservation and Utilization
Act of August 11, 1939, as amended), the current O&M contract between Reclamation and the
Board of Contol, and Reclamation policy.

2.3.6.1 Design Criteria

Design criteria developed hige Servicen conjunction with théBiological Review Tean(BRT)

for use in the Bypass Channel Alternative recommends a range of flow splits, alegpths
velocities, correlated to Yellowstone River flows, for use in the design of the Bypass Channel
Alternative to maximize the probability of successful passage of galiigeon (Walsh 2014).
Similarly, the Modified Side ChanneAlternative would be dégned to meet these same criteria.
(Table2-8).

TABLE 2-8. BYPASS CHANNEL FLOW SPLITS DESIGN CRITERIA

Discharge at Sidney, Discharge at Sidney,
Montana USGS Gage Montana USGS Gage
7,000z 14,999 cfs 15,000z 63,000 cfs
Bypass Channel Flow Split 012 % 13% to O
Bypass Channel cragctional velocities 2.026.0fps 2.476.0fps

(measured as mean column velocity)

Bypass Channel Depth ) )
(minimum cros&ectional depth for 30 O 4eet0 O 6eet0
contiguous feet at measured crfextions)

Bypass Channel Fish Entrance

(measured as mean column velocity) 2.026.0fps O Geetd

Bypass Channel Fish Exit (measured as mea
column velocity)

O @psO O dpsO

Hydraulic calculationgndicate that under existing conditions #asting sidechannelflow
splits are significantly less than the recommended valuestfrei8erviceand the BRT.
Thereforesome modifications are required to increase flow sfligs is achieved primarilyyb
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TABLE 2-15DISCHARGE PIPELINE R EQUIREMENTS
Length (feet) Diameter (feet) Velocity (fps)

Site 1 300 6 9.7
Site 2 1000 7 7.1
Site 3 5600 7 7.1
Site 4 4100 7 7.1
Site 5 1800 7 71

2.3.7.3 Power Demand

The power demand for the pumps would exceed the capacity of the existing power system in this
area, requiring uprating of existing powerlines and the extension of existing powerlines to
provide 3phased480-volt power to each of the sitedew powerlines would be underground
powerlines with 4/0 conductorBxisting substations would also be uprated to meet the power
demands required.

A summary of the estimated power demand at each site and power system uprating required is
shown inTable2-16.

TABLE 2-16 ESTIMATED POWER DEMA NDS AND POWER SYSTEMUPGRADING

Total Power Demand Length of New Length of New Power | New SubStation
(kilowatts) Conductors (feet) Lines (feet) Required?
Site 1 500 None All New 6,600 No
Site 2 1,100 Noned All New 6,000 Yes
Site 3 1,300 None&d All New 16,000 Yes
Site 4 1,500 5,000 1,500 Yes
Site 5 1,600 (Included in Site 4)

A diesel standby generator would be provided at eieticsprovide backup power during an
outage. The generators vary in size from kil@wvatts kW) to 2000kW. Each generator would
be in a weatherproof housing with minimal sound deadening, and would A&lJeoarfuel

supply.

2.3.7.4 Dam Removal

Thelntake Divesion Damwas constructed by Reclamation in 1910 to control the water surface
elevation of the Yellowstone River at the existing headworks, located just upstream of the dam.
The existing dam structure consists of timber frame filled with riprap and riprap a
downstreamSection 106 of the NHPA requires federal agencies to take into account the effects of
their undertakings on historic properties and to afford the Advisory Council on Historic Preservation
an opportunity to comment. The dam is a histomgcstire and impacts to it will require consultation
underSection 106, Sections 3.17 and 4dlScusghis in more detail.

For the removal of theveir it was assumed that only the portion of the dam and existing rock
field that is above the channel bddwation would be demolished anemovedthe foundation

with timber piles and downstream apron would remain in place as shdviguire2-13. More
detailed design should include an analysis to confirm if thedation portion of the weir should

be removed.
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A RanneyWells Alternativewas discussed in an alternatives analysis from 2013 (Reclamation
2013)and in the 2015 EA (Reclamation athe Corp2015) Thatalternativecalled for the
installation of RanneWells at seven sites along the Yellowstone Rivexc{Bmation 2013).

Sites 1, 2, and 4 from the previously identified sites could be used as the pumps required would
be smaller than if they are installed downstream.

Modificati on of the Ranney Well Proposal

The Ranneyell measure has been considered alwitly additional information from the study
area.While is it true that pumping sites that require less lift and are closer to the canal would
require less energhere is information to indicate that sites closer to Sidney may be more
suitable Both welllogs and literature suggest that although there is an alluvial aquifer with up to
80 feet of available drawdown the conditions appear more prevalent near Sidney (Tetra Tech
2016).

In a memo proning information on Ranney Welbnd theirfeasibility for use on the Lower
Yellowstone Layne Heavy Civil suggested that wells are usually located on the river bank
within 100 feet of the watés edgelt was also suggested that individual wells on a site be
located a minimum of 1,000 feet frorach other to reduce interference while pumping. They
suggested that upon completion of a hydrogeological study betwE@iho6ations could be
chosen (Laynéleavy Civil2016).

Thereforethe Ranney well measure was modified to account for a broaderafbpgssible
sites, and uncertainty of s$ablelocations.The following assumptions were applied to
conceptual design:

1 A hydrogeological study including drilling and pumping tests will be required to locate
wells within the study area.

1 (LayneHeavy Civil2016) provided a cost estimate with the assumption that 14 collector
wells (7,000gallons per minutegpm) each) would provide approximately 95,000 gpm.
TheMultiple Pumps with Conservation Measures Alternatissumeshat the proposed
608 cfs is the requed flow needed to provide water to the caBalsed on the
information providedthe alternative include#2 Ranney well$o be constructed to
provide the 608 cfs.

1 While Ranney wellaire typically placed othe river bank within 100 feet of the waier
edge that placement is not recommended on the Yellowstone Rigalecommended
that the wells be placed outside tB&IZ, whichis up to 1,000 feet wide in some
locations (DTM2009)

1 Itis assumed thaix Ranney wellavould be placed at each of theversites previously
identified betweerhe Intake Diversion Danand SydneyKigure2-21). Possible
locations have been identified that are alésr as far away from the CMZ as possible,
have road access, and do not require additional grading or clearing of the river floodplain.

1 Collector and discharge pipelines, power, and roads will be reqtiinede are quantified
in the Cost Appendix.

1 An extensive hydrogeological analysis and permit application would be required through
the Montana DNRC Water RighBureau to change the LYIP Point of Diversion.
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Figure 2-21. Preliminary Locations for Ranney Wells
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2.3.8.3 Dam Removal

The existingntakeDiversionDam was constructed by Reclamation in 1910 to control the water
surface elevation of the Yellowstone River at the existing headworks, located just upstream of
the dam. Tk existing dam structure consists of timbeb structurdilled with riprap and riprap

apron downstream. Currently, as part of its maintenance, new riprap is placed annually over the
length of the dam using the overhead trolley system across the riveleinto keephe dam

crest elevation at 199.0feet

For the removal, only the portion of thweir that is above the adjacent ground elevation would
be demolished and removed, while the foundation with timber piles and downstream apron
would remain irplace as shown iRigure2-22. More detailed design should include an analysis
to confirm if the foundation portion of the weir should be removed.

EXISTING DAM STRUCTURE, 52'+

PORTION TO
BE REMOVED

EL. 1981.5+

/— EL. 1982.8'
j 777777777777 i e Zam el TI

EXISTING t H
GRADE ' - -
DOWNSTREAM

RIPRAP APRON

PORTICN TO REMAIN IN PLACE

Figure 2-22. Typical Dam RemovalSection

The removal would take place in two phases to allow continuous conveyance of the Yellowstone
River to the downstream. In the first phase, only the left half of the existing dam would be
removed, while the river would be able to flow downstreasr ¢ive right half of the existing

dam structure. The right half of the existing dam would be removed in the next phase, while the
river would flow downstream over the half of the river cross section where the existing dam is
now removed. In each phase, gwtion of the dam to be removed would be surrounded by
temporary earthen cofferdams to prevent the river flow from entering the work area. The
cofferdams would be removed at the end of each phase. A typical section of the earthen
cofferdam with riprap othe riverside is shown iRigure2-23.
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TYP. COFFERDAM (UPSTREAM)

FLOW

24m EL. 1992.0
RIPRAP

1
9" BEDDING 2.5

\ COMPACTED j
EILL EXISTING

GRADE

Figure 2-23. Typical Cofferdam Section

2.3.8.4 Gravity Diversion

Based on a cursory analysis of water surface elevations and the higteriodlof record it was
assumed that at a discharge of 9,000 cfs at Intake could achieve a 615 cfs diVhesigfiore,
the conceptual alternative proposed that 608 cfs could be diverted by gtapéycéniof the
days of the irrigation season (M&gpember).

Following review of that original proposal additional evaluation of the remdwakdntake
Diversion Damhas been conducteld focused on the gravity diversion potential assuming the
complete removal of thimtake Diversion Danand downstreanock down to the prevailing
natural bed elevations. The existing conditions HEAS model was the starting point for the
modeling. The first version of tHf@o-dant model simply removed the cross sections
representing the dam crest, downstream existinky o the scour hole at the downstream end
of the rock. The model was run for the/@arflood discharge to assess whether upstream
deposition has occurred over the life of the daigure2-24 shows the channel bed ang@ar
water surface profiles of the witiam and first version of the vlam models. Removal of the
dam lowers the water surface immediately upstream of the dam by approximately 6 feet for the
2-year flaod, but there is also a convexity in theg/@ar water surfacehat likely indicates the
presence of a wedge of sediment that has collected during the life of the dam.

The second version of the-dam model represents an estimate of the future channel condition
after the Yellowstone River has adjusted to the remafvilile structure and rock. The sediment
wedge is considered to be approximately 4 feet thick at the dam and tapers to zero feet at the
upstream end of the model. The downstream channel was left unchanged assuming that over
several years the sediment raled from the wedge would distribute downstream and would
have an indiscernible impact. The second version of the model shows no convexity in the water
surface profile, so no further adjustments were made. This final model also includes a lateral
structurerepresenting the fish screesrsd gates. The lateral structure incorporates a-stage
discharge rating curve for tleanal that is offset assumindgdot of head loss across the screens
and gates to estimate the required stage oMé¢Hewstone River to determine the potential
gravity diversion flow.
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When this model is run for a range of flows, the potentiaVity diversion for théviultiple
Pumping Stationvith Conservation Measures AlternatigecomputedTable2-21 shows the
potential gravity diversioflow duration curves based on the Yellowstone River fthwation
curves for Sgney Gage (USGS gage # 063295@0)rps2006). The gravity diversion of 608
cfs could occur approximately 60 percent of th@é@nth irrigation season. The percent time
exceeded by month is also shown intidi@eand you can see that percentage is muchehnig
during runoff but much less during August and September when pgmjiuld likely be
necessary 70 to 80 percafithe time.

TABLE 2-21. FLOW DURATION OF POT ENTIAL DIVERSIONS BA SED ON 1 FOOT HEAD

LOSS
Diversion potential based on
Percent Time Yellowstone River flow duration, cfs
Exceeded May June July August Sept 5 months
0.01 1,374 1,374 1,374 1,374 1,374 1,374
0.05 1,374 1,374 1,374 1,374 1,374 1,374
0.1 1,374 1,374 1,374 1,374 1,374 1,374
0.2 1,374 1,374 1,374 1,374 1,331 1,374
0.5 1,374 1,374 1,374 1,302 1,095 1,374
1 1,374 1,374 1,374 1,214 946 1,374
2 1,374 1,374 1,374 1,116 847 1,374
5 1,374 1,374 1,374 904 748 1,374
10 1,374 1,374 1,374 790 692 1,374
15 1,269 1,374 1,374 731 647 1,374
20 1,141 1,374 1,374 692 612 1,282
30 1,002 1,374 1,245 620 569 1,035
40 908 1,374 1,088 544 525 853
50 828 1,374 916 491 472 724
60 765 1,262 801 442 427 620
70 692 1,120 674 379 387 527
80 614 977 523 334 352 443
85 554 908 474 308 331 400
90 513 832 428 267 314 356
95 452 731 385 215 286 307
98 403 625 331 192 247 245
99 364 559 314 187 231 210
99.5 277 521 289 182 203 194
99.8 250 492 254 177 192 186
99.9 231 466 249 174 188 182
99.95 229 464 246 172 186 177
99.99 227 464 240 167 181 169

Shaded boxes indicate full water right (1,374 dis)d boxes indicate times when 608 cfs reached
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2.3.8.5 Canal Modification

The existing canal was designed for a diversion of 1,374 cfs and gravitthflowghout the’ 2-
mile Main Canaland lateralsTo compare how a smaller diversion would affect water levels in
the canal several diversion discharges were compared in e&RABOnodel developed for the
Main Canal Diversion discharges of 1,374 (current diversion ftate), 1,200 cfs, and 608 cfs
(target flow rate for the alternative) entering at the headworks were modeled.

Figure2-25 shows the results of the upper 20 miles ofNfa@n Canalprofiles. This figure

illustrates the issues of operating a canal at a much lower discharge than the current diversion
dischargeAs described above, a 608 cfs flow could be diverted by gravity approximately 60
percent of the irrigation season. The remaining time pumpngdd be regiired to bring the

Main Canaldischarge to the current operational level. Also, the water surfaceeiheCanal
would probably be too low for gravity diversion into the laterals. This could potentially be
compensated though operation of existing arditech of new canal check structures by

pumping from theMain Canalinto the laterals. However, if canal check structure operation
produces a higher tailwater at the headworks gravity diversion would be limited or even
eliminated.

A substantial amount of additional analysis would be required to develop a revised canal design
that accommodates 608 cfs and allows gravity fiowhe lateralsThe canaivould have to be
reconfigured to allow the gravitjelivery of water to the lateralBor cost comparison we have
estimated that %2 of the canal would be filled to provide the cross section necessary to deliver 608
cfs.
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2.3.8.6 Wind Power

Since the upper Great Plains is a region known for its wind energy resources it is proposed under
this alternative that Federal funds be used to pay for the capital cost of a windmvibtieht

supply enough energy, on average, to meet the pump Badzsuse the hours in which wind
generation would occur would be spread across all twelve months of the year, while irrigation
pump loads would be limited to M&§eptember, banking arrangensewould be needed with a

utility to deliver unneeded generation to them in exchange for receiving generation back from
them when pump loads exceeded the wind generation. It was proposte YWatern Area

Power AdministrationWestern could serve as th banking entityThe assumptions on the

proposal include that it would require generation of 10 percent in excess of pump loads to
account for transmission and distribution losses between the generator and the load, and a further
20 percent in excess tifat to account for banking costs.

This component would require either partnering with a planned wind farm or construction of
wind turbinesas part of the project. If power is marketed (i.e., power is generated in excess of
thatdirectly needed to operate the project and sold), it is likely Congressional authorization
would be necessary to add power as an authorized purpose on the Lower Yellowstone Project.
Discussion with Western staff resulted in the conclusion that Westesmdolave authority to
serve as a power credit banking facility (Shalund, 2016). Western has had past agreements with
utilities such as PGE but those were displaceragahgementashere Western served PGE

loads and viceersawhere each had existingcidities.

An inquiry was madéo Montana Dakota Utilitieswhichserves the project aregbout building

a wind turbire or buying into one of their facities. That is not a likely scenario with a regulated
utility. Alternatively, there could be a net neging agreement developed if the LYP were to

install wind turbinesn the project ared his would &so require regulatory approval (Helm

2016) Typically, a wind farm requires several years of study for siting and permitting. Tha
analysis is beyond the scope of this EIS, and would be carried out separately.

Reclamation believes it has sufficient authority to carry out actions necessary to accomplish fish
passage at the Lower Yellowstone Project, including construction, opesatiomaintenancef

wind powerto operate necessary facilities. If power is marketed (i.e., power is generated in
excess of that directly needed to operate Lower Yellowstone Project facilitiélseansbld), it is

likely Congressional action would be necessary to authorize power as a project purpose for the
Lower Yellowstone Project.

2.3.8.7 Irrigation Water Requirements and Conservation Measure Effectiveness

The proposed measures above are conceptuajuardities of water that could be conserved by
implementing them theoretical. In order to quantify the amount of water required to support the
current aceage supported by the project the following comparison was completed.

The LYPhas water rights foa combined flow of 1,374 cfgcluding the four irrigation districts
(Savage, Intake and Lower Yellowse Irrigation District$t1l & #2) (Fraser et al. 2016). The
oldest ofthese righthias goriority dateof 1905 andaflow rate of 1,000 cfsThe LYP currently
irrigates approximately158acresas shown inrable2-22.
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Table 2-22 Lower Yellowstone Project Gops as of 2013 Crop Casus
Crops Acres
Beets 20,160
Wheat 13,017
Barley 6,994
Corn 4,690
Alfalfa, Hay 7,113
Grass (for hay) 2,493
Soy Bean 691

Total 55,158

SourceLower Yellowstone Project Board of Cont2013

According to calculations using the NRCS Irrigation Wdequirements (IWR) modehis mix

of crops has a consumptive use requirement during the irrigation season that exceeds the 608 cfs
proposedor this alternative Assumingpeak evapotransptian rates and an aggressive
70-percentefficiency, the crops wuld require 1,150 cfs during Jufvenassuming #ess

conservative average evapotranspiration over the growing sélasa@nop water requirements

from June to August cannot be met by a-6@3diversion Additional details abouhe Irrigation

Water Rguirementsnodel are found in of Appendix-8 (Attachment 3), along witeeepage

and water conservation informatidwo field survey of seepage losses has been conducted for
theLYP canal and lateral§ut some data was identified to estimate the conservaenefits of

sewral proposed measures.

Data from the Sidney Water Users Irrigation District indicates a seepage rate on unlined laterals
of 1.33 cfs/mileCalculation of seepage losses on four laterals in the LYP shows losses of
0.69cfs/mile.Usingthose valuelacingthe proposed 72 miles of laterals into pipauld yield

a conservation savings of 5995 cf® well belowthe 256 cfsavingsndicated inTable2-18.

Lining the remaining 153 miles afYP laterals could coregve 10Qto 200 cfs.

Water loss data from tHdain Canalfor two years (2000 and 2012) was evaluated by Higley
(2016. That analysis of flow records indicates that there are minimal losses during periods of
high demand, and not like200 cfs thatouldbe conserved by lining thdain Canal Seepage
losses measured in several unlined irrigation canals throughout thimsttether study
averaged 1.62 cfs/milg.afave and Abd@015) That rate wouldndicatea loss 0fL16 cfsto
seepage over the 7@iile LYP canal.

It was also proposed that converting an additional 5,000 acres of land to sprinklers could
conserve enough to reduce diversions by 160refignirrigation requiements and conditions
are sitespecifig but to make an ésnate it was assumebased on the NRCS National
Engineering Handbogkhaton-farm efficiencyis 40 to 50 percerfor flood irrigation and 70 to
80 percent for sprinkler®otential savings from the sprinkler conservation measuretivene
basedon the bllowing assumptions:

1 5,000 acres converted sprinklers

1 Peakdaily evapotranspiratiofor alfalfaof 0.33 inche&lay (NRCS IWRIrrigation Water
Requirements model data)
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1 Field flood irrigation efficiencyof 45%
91 Sprinkler irrigation efficiencyf 75%.

With these assumptiondobd irrigation would require 154 cfs and sprinklers 92 cfs, a difference
in 62 cfs(seeAppendix A3, Attachment B

These analysandicate thatalthough reductions in wateequirementsheoreticallycould be
achieved throughonservation mesares, they may not be as much as propésethis
alternativeand may not be enough to meet the minimum peak demand fordtnopg the
hottest and driest part of the growing season.

2.3.8.8 Construction

The construction schedule for this aftative is dependent on further study and other factors
which must first be determine@hose include additional study to site Ranney waglid siting of
a wind turbineln additional since the conversion to sprinkler irrigatioansndividual farm
decisionits implementation is also uncertain.

It is assumed that at least &yearconstruction scheduleould be required to implement this
alternative A general sequence of implementation (5 phases) would ideally replace the water
source prior to dam removahd will require stagintp avoid closing the entire canal to
operation during the growing season.

9 Drilling and pump tests for Ranney wellgind turbine siting tady.

1 Ranney well installation.

1 Canal and lateral modifications.

1 Install wind turbine

1 Dam removal

2.3.8.9 Operation and Maintenance

The implementation of conservation measures and associated reduction in diversions at the
headworksvould require large changes twetoperation of the irrigation systehis assumed

that theheadwork€D&M would be the samer higheras undetheNo Action, including

sediment removal activities and monitorifigpe five existing pumps would also continue under
this alternativeln theestimated O&M for thislternativethe line item including average canal,
lateral and drains was reduced according to the miles of laterals piped o€lstslforOM&R

of those structures were added howewveludingrepair and replacement of pipeaddined
laterals every 15 and 10 years respectivEhere will also be monitoring and periodic sediment
removal at each of the new check structamad flow monitoring devices.

Operation of the system at low flows requirediidnal labor and monitoring@peration of the
system at a diversion of 608 cfs will be similar to the amount of ditch rider effort required during
rationing at low flows (Browe2016) Mr. Brower LYP) provided an estimate of the number of
ditch riders eeded to accomplish thishis was added to the operating costs.

Operation and maintenance of center pivot sprinklers averages $60/aciEftgsarcosts were

added for the 5,000 acres assumed to be converted to sprihkksgition,sprinklers have an
assume@®@5-yearlifetime and replacement was assumed ovEd-gearperiod in 35 years.
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Sprinklers would likely be an individual farm cost but the costs are part of the alternative and
have been included here for comparison.

It is estimated that the Raeywellsassociated with this alternative would consume

4.2 gigawatthours of power in a typical yearhis assumes that 608 cfs could be diverted by
gravity for 60percentof the irrigation season and Ranney wells would pump thaireng time.
Additional details and power calculations are in the Engineering Appdndixldition it was
assumed that the wells would require ongoing inspection and maintenance, and rehabilitation
every 10 years.

As described in sectiah3.2.3Pick Sloan Missouri Basin Program Powére LYIP may be

able to purchase power at a reduced rate compared to local electrical power. NDh@katza
Utilities, the local electrical power supplier, estimates power costs at currentaratieis

alternative at $240,000 per year for the first five years until wind energy is developed. If the
LYIP is able to secure Pick Sloan Missouri Basin Program power for this alternative, the power
costs based on current rates are estimated to bebB@814 to $178,083 per year.

Cost associated with the additional power necessary for this alternate may be less if an increase
in the Contract Rate of Delivery (CROD) is requested and apprdi/éte LYIP requests an

increase in the Contract Rate aéldery (CROD) for the power rate identified above, approval

of such a request would result in Reclamation taking an actiamend the LYIP Project Use

Power Contracts increasing the CROD.

Annual OM&R costs for this alternative are estimated a888,60. The presentednnual cost
accounts for the frequency tHaM&R activites are expected txcur over a 50 year period
OM&R costs over the period are converted to present values using the Fx¥28ercent)
federal discount rateTable2-23 summarizes the costs and assumptions used to develop this
estimate Additional detail on OM&R estimates is found in Appendix B Cost Engineering.

TABLE 2-23. SUMMARY OF O&M COSTS FOR MULTIPLE P UMPS WITH CONSERVATION

MEASURES
O&M Item Description Annualized Cost
Main Canal, Laterals, Drains
Main Cana) Laterals, Drains $980,000
Conservation Measures
Additional Ditch Riders $583,200
Vehicles $129,600
Piped Laterals $38,140
Lined Lateral $8,673
Lined Open Canals $71,552
Remove Sediment and inspect check structures $45,000
Flow Measuring devices inspection and sediment remov. $30,000
Operate and Maintai@enter Pivots $0
Wind Turbine Maintenance $42,626
O&M of SCADA System and Flow Measuring Devices $105,000
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Technicians for SCADA System $120,000
Transportation $32,400
Headworks
Sediment Removal $10,000
Daily Operaipns $77,000
Fish Screen Manifolds $55,041
Fish Screen Cylinder Units $32,377
Fish Screen External Brushes $45,092
Fish Screen Internal Brushes $45,092
Fish Screen Seal System $10,408
Pumps
Lateral Pumps $50,000
Ranney Well Pumps Rehab $18,132
Ranney Well Pump Motors Rehab $126,000
Ranney Well Pump Replacement $85,390
Ranney Well Pump Motor Replacement $53,821
Pump and Motor Removal and Install $42,000
Inspection and Maintenance of Ranney Well Screens $672,000
Control Panel an&lectronics $7,000
Man Power to Maintain and Operate Pump sites $240,000
Vehicle $64,152
Power Costs $43,582
Service discharge pipes and valves $6,799
Existing Pumps $235,000
Admin Costs
Administrative/Indirect Costs $61,000
ESA Monitorin g Costg
Passage and Entrainmdwbnitoring $55,573
Total Annual O&M $4,385,650
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2.4 Alternatives Analysis

Reclamation anthe Corpshave considered multiple factors in determining the preferred
alternatve for improving fih passag@&his section describes the alternative analysis and
comparison of atrnatives.

2.4.1 Purpose and Need

As described previous|yhe purpose of the proposed action is to improve passage of the
endangered pallid sturgeon and other nativedighe Intake Diversion Dam the lower
Yellowstone River while continuing a viable and effective operation of the Lower Yellowstone
Project.Table2-24 summarizes each alternatigeability to achieve these purposes.

The No Action Alternative does not meet the magand need, asdbes not provide fish
passageTlhe Multiple Pumps with Conservation Measures Alternatlees not meet the purpose
and need because it does not provide sufficient irrigation water to continue viable and effective
operation of the LoweYellowstone Project.

TABLE 2-24. ALTERNATIVES 6ACHIEVEMENT OF THE P ROJECT PURPOSEAND NEED

Improves Fish | Continue Viable and Effective Operation

Passage of the L ower Y ellowstoneProject
No Action No Yes
Rock Ramp Yes Yes
Bypass Channel Yes Yes
Modified SideChannel Yes Yes
Multiple Pump Yes Yes
Multiple Pumps withConservation Yes No
Measures

*Questions exist about certain design elements that are not fully developed at the current level ofates
as ice damage protection of facilities, OM&R of proposed fish scrabiiiy to safely return jusnile and
adult pallids to the river, and pump design specifications. As designs progress, these elements are eX
be moreully addressed, however the ultimate design of these elements can influence OM&R costs, W
bearing on the ability of the alternative to support continued viable and effective operation of the Lows
Yellowstone project.

Although the No Action Akrnative andviultiple Pumps with Conservation Measures
Alternativedo not meet the project purpose and need, they were carried through the alternatives
analysis in the EIS

It should be noted that the acti eandaeed er nati v
identified in Table 230 is predicated upon Corps funding of project construction costs. If the

Corps is unable to fund construction costs, then likely none of the action alternatives would meet

the project purpose and need, and specificallyhdezl to maintain a viable and effective

irrigation project. The Lower Yellowstone Project was constructed under the authority of the
Reclamation Act of 1902 (Public Law 861). Section 6 of the Reclamation Act requires LYIP

to reimburse Reclamation exgbtures associated with operating and maintaining the Lower
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Yellowstone Project. For example, if Reclamation spent $50 million to implement a fish passage
alternative, Lower Yell owstone Project irri
would be approximately $900 per acre or roughly $195,000 for the typical farm with 215

irrigated acres. Reimbursement is required the same year the expenditure is made under current
authority and policy. This cost topaybhsedoneved t
their current net farm income of $241 per acre. Even if Congress provided appropriations to
Reclamation, the District would still be required to reimburse Reclamation under current

aut hority. Thus under R eactioraaiteanatives waild nocmeet the n t
purpose and need if Reclamation, rather than the Corps, funds construction costs.

ga

a

2.4.2 Cost Estimates

This section describes costs of the proposed alternatives and contains the best avadable cur
information on the costs of the action alternatives for the purpose of analysis and comparison.
Both construction and OM&R costs have been estimated for comparison of the alternatives.
Table2-25includes esthates of construction costs, these include construction, design,
construction management, and real estate deetd.estate costs were estimated for the
alternatives that require acquisition or easements on private land, there were no costs included
for Federal landsDetailed construction cost estimates for all alternatives are included in
Appendix B. These cost estimates should only be used to compare alternatives. All alternative
estimatesre provided irApril 2016 prices, so these are directly compsgdrom a cost

standpoint.

TABLE 2-25. SUMMARY OF ALTERNA TIVE CONSTRUCTION CO STS

Multiple
Pumping
Modified with

No Bypass Side Multiple |Conservation

Action |[Rock Ramp| Channel Channel Pump Measures
Constrution Cost $79,592,00($53,784,00( $47,557,00( $115,314,00( $414,415,00
Desigr $6,480,00 $0| $3,944,00( $9,697,00( $36,006,00
Construction Managemen $4,382,00( $3,260,00( $2,665,000 $6,463,00( $24,004,00
Real Estate $0 $0]  $275,00( $554,00¢  $3,510,000
Total First Cost $90,454,00($57,044,00( $54,441,00( $132,028,00( $477,925,00

a. Design for the Bypass Channel has been completed and is therefore considered a sunk cost.

Table2-26 provides the annuakzl costs of each alternativBnnualized costs have been

developed and include interest during construction, monitoring and adaptive management and
OM&R. OM&R are included in detail under the alternative descriptions in Section 2.5. All of

these costs werrestimated over a 5¢ear period of analysis using the currateral discount
rateand are presented in April 2016 prichonitoringis assumed to occur for the first eight
years and for comparison purposes adaptive managemeasitvaated as fiercentof the

construction cost.
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TABLE 2-26. ANNUALIZED COSTS FOR EACH ALTERNATIVE (3.125% DISCOUNT RATE)

Multiple
Pumping
Modified with
Rock Bypass Side Multiple [Conservation
No Action| Ramp Channel | Channel Pump Measures
Total First Cost 0/$90,454,00{$57,044,00{$54,441,00{$132,028,00 $477,925,00
Construction (Months) 0 18 28 18 42 90
Interest During Construction 0| $1,880,00( $2,002,00( $1,124,000 $6,557,000 $53,790,00
Total InvestmenCost 0]$92,334,00{$59,046,00{$55,665,00{$138,585,00{ $531,715,00
Annualized Investment Costs $0| $3,674,00( $2,350,00( $2,215,00( $5,515,00( $21,159,00
Annualized Adaptive $0 $32,00( $22,00d $19,00d $46,00( $165,00(
Management
Annualized OM&R (intudes |$2,643,00( $2,840,00( $2,799,00( $2,907,00( $5,034,00{ $4,386,00
annual monitoring)
Average Annual Cost $2,643,00( $6,546,00( $5,171,00( $5,141,00¢ $10,595,00( $25,710,00

2.4.3 Fish Passage Analysis

The Fish Passage Connectiviligexwas developed tevaluate ecosystem outputs (i.e. benefits)

of alternative measures for fish passage improvements on the Upper Mississippi River and
lllinois Waterway System fozosteffectiveness and incremental analy§orps2010). The

model was developed for use irethlan formulation process for the Navigation and Ecosystem
Sustainability Program for the Upper Mississippi River System Lock and Dam 22 fish passage
improvement projecfThe model has subsequently been approved for use in the planning context
for fish passage projects on other river systd@erps2016). This model was used in an
assessment of fish passage alternatele Intake Diversion Dain 2014(Corps2014).

Although the model was developed to measure benefits of fish passage in the Upissipdiss
River, the model is applicable (with slight adjustments) to fish passage projects on other large
river systems, especially those with very similar fish communities. This model, with minor
adjustment, was used as a planning tool for comparing beoéflternativgplans to improve

fish passage dhe IntakeDiversionDam. Appendix E describes the input data used and minor
adjustments made to the model to demonstrate ecological benefits of the Yellowstone River
Intake Diversion Dam fish passage aittives.Table2-27 shows the fish passage connectivity
index and habitat units for each alternative.

TABLE 2-27. FISH PASSAGE CONNECTIVITY INDEX SCORES A ND HABITAT UNITS

Avg. Habitat goHabitat
Alternative | = Fish Passage Connectivity (Avg Units Units
No Action 0.08 938 0
Rock Ramp 043 5158 4220
Bypass Channel 0.67 8054 7178
Modified SideChannel 0.61 7432 6556
Multi Pump 1 11949 11073
Multiple Pumping with 1 11949 11073
Conservation Meases
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2.4.4 Cost-Effectiveness

When planning for the restoration of environmental resoucosseffectiveness (CE) and
incremental cost analyses (ICA) may be used as tools for the comparison of alternative plans
(CE/ICA). CE/ICA are comparisons tife effects of alternative plans; more specifically, they
involve comparisons between the outputs and costs of different solGdtradgional benefi

cost analyses are not applicable to environmental planviilegcosts and benefits are expressed
in different units; however, CE/ICA offers plan evaluation approaches that are consistent with
the Principles, Requirements & Guidelines evaluation frameworklriEtigute for Water
Resource®lanning Suite software was used to assist in performing the CEAl@Anative

plans were evaluated and compared in terms of cost (e.g. construction, operation, and
maintenance) and environmental outpatsr a50-year period of analysi®etailed discussion

of the CE/ICA can be found in Appendix E.

2.4.4.1 Cost-Effectiveness Analysis

Costeffectiveness analysis is a form of economic analysis designed to compare costs and
outcomes (or effects) of two or more courses of action. This type of analysis is useful for
environmental restoration projects where the benefits are not meéasunenetary terms but in
environmental output units such as the Habitat Units developed in this study. The purpose of the
costeffectiveness analysis is to ensure that the least cost plan alternative is identified for each
possible level of environmentaltput; and that for any level of investment, the maximum level

of output is identifiedTable2-28 provides the results of tlewsteffectiveness analysis sorted by
increasing outpunh average annual habitat tsfAAHU).

TheNo Action, BypassChannel Modified Side ChannedndMultiple Pumpalternatives were
identified as cost effective. THRock Ramp alternativés not cost effective because tBgpass
Channel alternative provides greater output for less TastMultiple Pumpswith Conservation
Measureslternative is not cost effective becauseNhétiple Pump Stations alternative
provides the same level of output for less cost.

TABLE 2-28. COST-EFFECTIVENESS BY ALTERNATIVE

Annual Cost Cost per

Alternative ($1000) Net AAHUs AAHU ($) Cost-Effective?
No Action $0 0 $0 Yes
Rock Ramp $6,546 4,220 $1,551 No
Modified Side Channel $5,137 6,494 $791 Yes
Bypass Channel $5,170 7,116 $727 Yes
Multiple Pump $10,594 11,011 $962 Yes
Multiple Pumpingwith Conservation $25,709 11,011 $2,335 No
Measures

2.4.4.2 Incremental Cost Analysis
Subsequent incremental cost analysis otcthsteffectiveplans is conducted to reveal changes

in costs as output levels are increased. Olaggthat were deemed essteffectivein thecost
effectivenessnalysis have been advanced to incremental cost analysis.chstefective
plans are th&lo Action, BypassChannel, andMultiple Pumpalternatives. During the ICA, the
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