RECLAMATION

Managing Water in the West

Final Report

Lower Yellowstone Fish Passage
Alternatives Value Planning Study

August 10, 2005

Conducted in Cooperation with State of Montana Fish Wildlife & Parks,
the Nature Conservancy, Lower Yellowstone Irrigation Districts, U.S.
Army Corps of Engineers, U.S. Fish and Wildlife Service, the Bureau of
Reclamation Technical Service Center, and the Bureau of Reclamation
Great Plains Regional Office and Montana Area Office

Montana TFish,
) Wildlife ® Pari(s
P ED
ks e of Enginears s |

Montana Area Office

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center
Denver, Colorado


































sbul||!g

YNV.LNOWN
5|04 10819

aNpUBIY

























A
-
e

Function Analysis System Technique (FAST)

The Value Study Team used the function-analysis process to generate a Function Analysis System
Technique (FAST) diagram, designed to describe the present solution from a function viewpoint.
The FAST diagram helped the Team identify those design features that support critical functions
and those that satisfy non-critical objectives. The FAST diagram also helped the Team focus on
potential value mismatches, and generate a common understanding of how project objectives are
met by the present solution.
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Figure 7. L-Shaped Dam 6,600 Ft Alternative A

L-Shaped Dam Proposal, 6600 Ft alternative
Sheet Pile location in black
Corners and termini requiring concrete revetment
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Figure 8. L-Shaped Dam 20,000 Ft Alternative B

L-Shaped Dam, 20,000 foot alternative
Extent of sheet pile in black
Corners requiring concrete revetment or rip rap
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Proposal No. 2

Description

Proposal No.2. Island (See Figure 9.)

Proposal Description: Proposal includes the construction of an island in the Yellowstone River
to split the flow into a natural Yellowstone River channel to allow fish passage and a smaller
channel conveying flows to the Lower Yellowstone Irrigation District diversion intake. The island
would tie into the existing intake dam and extend about 2,750 feet upstream to an existing
island. The island width is about 160 feet near the dam but narrows after 440 feet to a 100 foot
width. Total area filled by the island is about 6.9 acres. The island would be constructed by first
placing rock dikes with a 10-foot top width and 1 vertical to 2 horizontal side slopes around the
perimeter of the island. Dredging about 7,000 feet of the 70 foot wide channel (for flow
conveyance to the intake) would be used to fill the interior of the rock dike area; thus creating
the island. The option could potentially extend this new side channel upstream about 9,900 feet.
About 500 feet of the existing 700 foot long rock dam (including rock displaced downstream)
would be removed to restore the stream to natural conditions. Average velocities would increase
from about 3 to 4 fps to 5 to 6 fps in the area where the dam was removed. Since the new intake
still poses a potential for fish entrainment, a screening facility was included in the construction
costs. Six concrete piles would be driven across the channel entrance to prevent ice damage
within the side channel from 3 foot thick ice.

Critical ltems to Consider: Timing of the construction to not interfere with irrigation and
endangered species. A substantial effort may be needed to obtain a 404 permit since a
significant amount of channel fill and dredging is needed. Consideration should be given to
reusing the rock from the dam and downstream, but may interfere with appropriate construction
sequencing (i.e. rock from the dam may not be available until after island construction is
completed).

Ways to Implement: Normal construction methods.

Changes from the Baseline Concept: The basic change from the baseline concept is the
replacement of the fish rock passage with the removal of 500 of the 700 foot rock dam. This is
allowed by the construction of a side channel (by constructing the island) that supplies irrigation
flows to the intake. A screening system will still be required as in the baseline concept.

Potential Risks

Construction of an island to create a side channel and removing most of the existing dam raises
the potential to have a significant geomorphic response by the Yellowstone River. Specifically
the constructed and existing upstream island will be constructed along an outside bend
exposing it to higher velocities, erosive attack, ice damage, and sediment deposition (particularly
near the entrance or beginning of the bend). It is unsure how the construction of the island
would cause the Yellowstone River to respond. More study on the impacts to the Yellowstone
and if the new side channel would deliver the irrigation flows required will need to be done. In
addition, the island only extends about 2,750 feet upstream; more analysis would be required to
determine if additional erosion protection would be required upstream to maintain the upstream
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islands to provide the 9,900 foot long side channel. Currently the proposed entrance has a
sandbar present that may impact capacity. This could be offset by moving the entrance
downstream (closer to the irrigation canal) to an area that may have less sediment deposition.
More study would be needed to determine the appropriate location.

Cost ltem Nonrecurring Costs
Original Baseline Concept $ 8,700,000
Value Concept $ 15,519,000
Avoidance $ -6,819,000
Value Study Costs $ 50,000
Net Avoidance $ -6,869,000
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Figure 11. Long Low-Gradient Channel
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Natural Channel Inlet (A), Channel Outlet Structure (B), and High Flow Channel (C)

Constructed channel would be from (C) to (B), with channel enhancement from (a) to (C) and
inlet modification/stabilization at (A).
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Figure 12. Rock Ramp
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Ramp Rock on left side of photo above.
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Diagram of rock ramp.
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Figure 13. Obermeyer Weir Photos

43



Proposal No.9

Description

Proposal No 9. Remove Dam and Build Single Pumping Plant (see Figure 14.)

This proposal consists of three main components: first, replacing the existing diversion dam
with a single pumping station at the entrance to the canal; second, implementation of water
conservation measures throughout the irrigation delivery system to reduce the amount of water
needed for the project; and third, installing renewable energy sources to supplement power
demand for the pump system. Due to time constraints the renewable energy options were not
investigated as part of this proposal.

The diversion dam would be replaced with an electrically-powered pumping station to deliver up
to 1,400 cfs from the Yellowstone River to the Main Canal. For this proposal the pumping station
would be located within the existing Main Canal approximately 900 feet downstream from the
existing headworks. The pumping station would allow gravity diversion from the Yellowstone
River when flows are high enough to supply the head necessary for the system (on average
about 20 days per year), and then would utilize the pumps at times of lower river flows. Since
gravity diversion was assumed to be possible under this proposal, a fish screening structure
would be required to reduce entrainment, the baseline concept design (single-vee with fish
bypass pipeline) was assumed to be a component for this project. The screen would also serve
the dual purpose of preventing fish entrainment into the pumping station during pump
operations.
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The pumping station itself was designed for 11 active pumps with a delivery capacity of 133 cfs
each with four standby pumps for backup. The total power load for the pumping station would be
approximately 2.8 MW. Power could be supplied from existing power supplies and potentially
could be supplemented by project-specific sources such as a wind farm or solar generation, but
these options were not investigated due to time constraints. Implementation of the proposed
pumping plant would include the following elements: (1) removal/disposal of the existing
diversion dam and restoration of dam site; (2) construct new pumping plant with site work for
roads, parking, and infrastructure; (3) removal and replacement of the existing headworks
structure with inlet pipes lowered 7 feet to allow open channel diversion under low flows and
excavate the Main Canal from the headworks structure downstream approximately 1,000 feet to
the location of the pumping station; (4) construct fish screen structure from baseline plan; and
(5) construct new high power transmission line to route power to the pumping station and
auxiliary/backup power generation capability in the event of power outages. Conceptual costs
for these items were developed for this proposal and are summarized in Table 1.

TABLE 1. PUMPING PLANT CONCEPTUAL COST ESTIMATE

Project Element Conceptual Cost Estimate
Remove Existing Dam $ 1,394,000
Construct New Pumping Plant & Infrastructure $ 7,763,000
Replace Headworks & Excavate Canal $ 4,044,000
Construct Fish Screen Structure * $ 6,114,000
Electricity Infrastructure & Backup Power $ 1,316,000
Supply
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Sub-Total $20,631,000
Contingency (30%) $ 6,189,000
Pumping Plant Total $26,820,000

* Fish screen estimate is baseline estimate without contingencies.

The second element of this proposal was the implementation of water conservation measures
within the irrigation delivery system to reduce the demand for water and make efficient use of
the water that is diverted. Conservation measures considered for this proposal included: (1)
installation of water control/check structures within the canal and lateral system; (2) installation
of flow measuring devices; (3) conversion of open channel laterals to enclosed piping to reduce
evaporation and seepage losses; and (4) lining lateral channels with concrete to reduce
seepage losses. Conceptual costs for the water conservation measures were developed for this
proposal and are summarized in Table 2.

TABLE 2. WATER CONSERVATION CONCEPTUAL COST ESTIMATE

Project Element Conceptual Cost Estimate
Install Water Control/Check Structures $ 2,500,000
Install Flow Measurement Structures $ 800,000
Convert Open Channels to Pipes $14,700,000
Line Open Channels with Concrete $ 8,800,000
Sub-Total $26,800,000
Contingency (30%) $ 8,040,000
Water Conservation Total $34,840,000

The intent of the water conservation measures would be to increase the efficiency of the Project
water delivery system and/or water use. This proposal would also include economic measures
to offset the increased annual and long-term O&M costs to Project water users resulting from
the operation of the pumping station. Such measures could include investigating the use of Pick-
Sloan preferred power rates for electricity and establishing an interest bearing trust fund such
that the interest earned would be utilized to provide funding for power and maintenance costs in
excess of present costs. The proposal would include measures to mitigate adverse
environmental impacts such as visual impacts of power lines and pumping station building,
noise, recreation activities (i.e. paddlefish sport fishery) and cultural resources. Because the
water conservation measures are not specific to this proposal and could be implemented as an
add-on to any of the proposals evaluated as part of the VE Study, that element is not presented
as part of the cost for this proposal. Final costs for Proposal 9 only include those costs
associated with the removal of the existing dam and constructing a single pumping plant at that
location.

Critical Items to Consider:

e Dual system needed to allow gravity diversion at high flows and pumping at low flows.

e Potential erosion damage to railroad and road infrastructure upstream and downstream
from diversion site once the dam is removed.

e Operation, Maintenance and Replacement costs.
e Economical power rate and transmission costs.
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Ways to Implement:
e Conventional construction mostly during non-irrigation season.

Changes from the Baseline Concept:

e Long term fish monitoring is not required, fish will be able to move freely in the
Yellowstone River.

e Major changes: existing dam would be removed, existing headgate structure would be
replaced, upper 1,000 feet of the canal would be excavated lower by 7 feet, rock would
be removed from river, new pumping station would be installed, no fishway would be
needed.

Potential Risks

e Channel migration away from headgate impeding diversion under low flow: Probability -
somewhat likely; Severity - moderate.

e Ability to draw the 1100 cfs needed for canal flows during low river flows.
» Loss of irrigation water at critical time: Probability - unlikely; Severity - very high.

Cost Item Nonrecurring Costs
Original Baseline Concept $ 8,740,000
Value Concept $ 26,820,000
Avoidance $ -18,080,000
Value Study Costs $ 50,000
Implementation Costs $ 1,877,000
Net Avoidance $ -20,007,000
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Figure 14. Remove Dam & Build Single Pump Plant
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