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EXECUTIVE SUMMARY

The Platte River Recovery Implementation Program (PRRIP) has identified the need to create Short Duration
High Flows (SDHF) to aid in the restoration of critical habitat in the Platte River of four endangered species; the
interior least tern (Sternula antillarum), piping plover (Charadrius melodus), whooping crane (Grus americana),
and pallid sturgeon (Scaphirhynchus albus) within the Platte River corridor. The Water Management Study
(WMS) concluded that capacity constraints in the Platte River, and in the irrigation/hydropower districts’ systems,
prohibit a SDHF of the magnitude desired without additional new infrastructure.

The proposed use of the Elwood Reservoir, and/or a new J-2 reregulating reservoir, by the PRRIP may
potentially aid in the development of a SDHF event and help reduce shortages to target flows in the Platte River
(WMS Phase I, 2008) as a secondary benefit. Olsson Associates was contracted to analyze and screen
alternatives for the potential development and operation of Elwood Reservoir and/or a J-2 reregulating reservoir
to provide SDHF and reduce shortages to PRRIP target flows.

The primary goal in evaluating reservoirs was to augment flows for three days towards a total SDHF of 6,000 to
8,000 cfs as measured at the Overton gage (Platte River Recovery Program Implementation Program (PRRIP)
Document (PRRIP), 2006 and Adaptive Management Plan (AMP), 2006). For purposes of meeting a SDHF it
was assumed that reservoirs could be filled with either Environmental Account (EA) water released from Lake
McConaughy and excesses to target flows (excess flows), if available, using CNPPID’s full system capacity.

Each alternative was also evaluated for its ability to reduce shortages to target flows by storing excesses to
target flows, and then make releases during times of shortages. This evaluation was done for illustrative wet,
normal, and dry years. The results of this evaluation, as well as the SDHF evaluation, are shown in Table ES-1.

Potential hydropower flow cycling mitigation benefits were also evaluated for the potentialJ-2 reservoir sites.
Because of its location, Elwood Reservoir cannot effectively mitigate hydropower flow cycling impacts.

A preliminary review of possible alternatives for the use of Elwood Reservoir, and potential J-2 reservoir sites for
PRRIP use resulted in the identification and scoring® of the following alternatives as authorized by PRRIP:

J-2 Return Reservoir Alternatives (see section 4 and Appendix B for more information):

»  J-2 Alt 1 — A series of four new dams in the South Channel of the Platte River below Central Nebraska
Public Power and Irrigation District's (CNPPID) J-2 Return Canal (J-2 Return), upstream of and above
Overton.

> J-2 Alt 2, Areas 1, 2, 3, and 4 — New, excavated reservoirs between the south bank of the South Channel
of the Platte River and the CNPPID Phelps canal. Four separate potential reservoir areas and a
combination of two reservoirs were investigated within this option.

> J-2 Alt 2, Areas 1 & 2 — J-2 alternative combination including both Areas 1 and 2.

» J-2 Alt 3 — Construction of an embankment across an unnamed creek immediately upstream of CNPPID
Phelps Canal siphon (Phelps 9.7 reservoir).

! The “scoring” of alternatives in this study should not be confused with official PRRIP score that will be assigned to Water
Action Plan (WAP) projects. Scoring in this study is a ranking solely to compare alternatives with the purpose of selecting
alternatives for advancement. As described in Section 2 “Development of Alternatives Analysis Criteria”, alternatives were
first “scored” and then weighted to develop the final “score” or alternative rank.

Elwood Reservoir Alternatives

Alternatives E-1 through E-6 all would rely on Plum Creek, upgraded and armored, to convey flow to the Platte
River.

»  E-1-Elwood Reservoir, stabilized with a buttress, fed through a new gravity canal, using tunnels for the
outlet.

E-2 — Elwood Reservoir embankments removed and replaced, fed through a new gravity canal, using a
new outlet in the embankment.

E-3 — Elwood Reservoir embankments removed and replaced, upstream only, fed through a new gravity
canal, using a tunnel outlet.

E-4 — Elwood Reservoir embankment stabilized with a buttress, fed through the existing E-65 Canal, using
tunnels for the outlet.

E-5 — Elwood Reservoir embankments removed and replaced, fed through the existing E-65 Canal, using a
new outlet in the embankment.

E-6 — Elwood Reservoir embankments removed and replaced, upstream only, fed through the existing E-
65 Canal, using a tunnel outlet.

YV VvV VY V VY

Combination Alternatives

> E/J-2 Alt 2, Area 1 — Combined use of Elwood and J-2 (Alternative 2, Area 1) reservoirs. Elwood and Plum
Creek modified to provide only 1,000 cfs of SDHF augmentation flow over three days.

»  E/J-2 Alt 2, Area 2 — Combined use of Elwood and J-2 (Alternative 2, Area 2) reservoirs. Elwood and Plum
Creek was modified to provide only 1,000 cfs of SDHF augmentation flow over three days.
Table ES-1 summarizes the results from the analysis.

After screening and scoring, the results of the alternative analyses are shown in the chart below. The chartis a
stacked chart showing the scoring for each of the scoring criteria. (See Screening and Scoring in Section 6).

Figure ES-1 Composite Score for all Evaluated Alternatives
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Based on these results, it is recommended the J-2 Alternative 2, Areas 1 and/or 2 be advanced to feasibility
stage of analysis. In addition, Elwood Reservoir appears to have an attractive use when used at a low release
rate into Plum Creek. Although not a specific goal or objective of this study, modeling of reductions to shortages
to target flows indicates Elwood Reservair is typically at minimum stage over the winter months, which is also
when the reliability of excess flows are high. More analysis is heeded, but it appears using Elwood Reservoir to
store winter excess flows would not interfere with CNPPID current use. A low release rate into Plum Creek of
around 100 to 500 cfs would minimize Plum Creek stabilization costs and minimize roadway crossing upgrades.
With a potential high volume yield and minimal capital costs, this alternative should be further investigated.

It became clear during the analysis and investigation that the J-2 Alternative 2 location is the preferred location
for a reservoir to augment the SDHF, with the combination of areas 1 and 2 scoring the highest for the
alternative. As the scoring has also pointed out, the option of using Elwood to reduce shortages to target flows,
in conjunction with the J-2 Alternative 2 reservoir, is advantageous and should be included going forward.
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Elwood and J-2 Alternatives Analysis Project Report

Alternative

Reservoir®

Storage
ac-ft

Table ES-1 Reregulating

Reservoirs Alternative Analysis Summar

Conveyance to Platte
River

Capital

Costs® ($000)

1-yr Operating SDHF Augmentation®

Costs ($000)

ac-ft / yr

Reductions to Shortages to Target Flows

Wet Yr

ac-ft

Normal Yr

ac-ft

(4).(6)

Dry Yr

ac-ft

J-2Alt1 J-2 south channel option 3,380 J-2 Return Radial Gates n/a $17,460 $218 1,825 19,715 14,660 12,357
J-2Alt2, Areal J-2 excavation Area 1 9,716 Phelps Canal Radial Gates n/a $24,206 $182 8,860 44,119 33,668 25,029
J-2 Alt 2, Area 2 J-2 excavation Area 2 6,580 Phelps Canal Radial Gates n/a $17,483 $152 6,580 33,677 24,974 18,757
J-2Alt2, Area 3 J-2 excavation Area 3 4,516 J-2 Return Radial Gates n/a $40,541 $331 4,516 25,952 20,341 16,331
J-2Alt2, Area 4 J-2 excavation Area 4 6,137 J-2 Return Radial Gates n/a $83,877 $681 5,387 32,139 24,268 18,508

J-2 Alt 2, Areas 1 & 2® J-2 excavation Areas 1&2 14,320 Phelps Canal Radial Gates n/a $40,039 $321 11,901 57,931 47,480 34,237

J-2,Alt3 Phelps 9.7 reservoir 1,659 Phelps Canal Sluice Gates Unnamed creek $6,059 $106 1,659 10,569 8,298 7,078

E-1 Elwood, buttress 26,899 Gravity Canal 2-8' Tunnels Plum Creek, 2,400 cfs $42,942 $690 11,901 21,736 19,408 19,154
E-2 Elwood, remove & replace Gravity Canal | NeWOUlet(2 1 o\ Creek, 2,400 cfs | $45,444 $721 11,901 21,736 19,408 19,154
embankment 26,899 pipes)
E-3 Elwood, remove & replace 26.899 Gravity Canal 2-8' Tunnels Plum Creek, 2,400 cfs $45,522 $722 11,901 21,736 19,408 19,154
upstream shell '
Existing E-65 )
E-4 Elwood, buttress 2-8' Tunnels Plum Creek, 2,400 cfs $36,677 $449 11,901 21,330 17,788 19,162
26,899 Canal
E-5 Elwood, remove & replace 26.899 Existing E-65 New Outlet (2 Plum Creek, 2,400 cfs $39,179 $468 11,901 21,330 17,788 19,162
embankment ’ Canal pipes)
E-6 Elwood, remove & replace 26.899 Existing E-65 2-8' Tunnels Plum Creek, 2,400 cfs $39,257 $459 11,901 21,330 17,788 19,162
upstream shell ! Canal
E/J-2 Alt 2, Area 1 Elwood, buttress & J-2 36.615 Existing E-65 and | Tunnel (1 only) | Plum Creek, 1,200 cfs $51,626 $457 11,901 44,119 33,668 25,029
excavation, Area 1 modified ' J-2 Return
E/3-2 Alt 2, Area 2 Elwood, buttress & J-2 Existing E-65 and | 1ynnei (1 only) | Plum Creek, 1,200 cfs $46,861 $422 11,001 33,677 24,974 18,757
excavation, Area 2 33,479 J-2 Return

Notes:

@ Total estimated project cost including base reservoir cost, inlet, outlet, and conveyance costs
®water to augment SDHF could be either environmental account (EA) water routed down from Lake McConaughy, and staged in the reservoir, or stored excess flows captured and stored in reservoirs immediately
before a SDHF if available. Though units are ac-ft/yr, the values presented are the total volume of SDHF augmentation flows provided by the alternative over three days.

“\Water to reduce shortages to target flows is excess flows in CNPPID’s system that could between stored during times of excess, and released during periods of shortage.
®) Assumes only gravity fill for Areas 1 and 2.

) Base cost of reservoir (total estimated project cost without inlet, outlet, and conveyance costs). For Elwood, the cost represents improvements to the embankment.

© Assumes J-2 storage site(s) are full at beginning of water year (October) for consistency of scoring all alternatives. Results shown are for the illustrative years only. Long-term yield averages will vary.
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INTRODUCTION

The primary goal of the Platte River Restoration Implementation Program (PRRIP or Program) is to support the
recovery of four threatened or endangered species: the interior least tern (Sternula antillarum), piping plover
(Charadrius melodus), whooping crane (Grus americana), and pallid sturgeon (Scaphirhynchus albus) within the
Platte River corridor. Several studies and documents have been completed that discuss various methods and
options to support the recovery (Water Action Plan (WAP), 2000).

The PRRIP Water Advisory Committee (WAC) has compiled previous studies and directed the production of
Water Management Study (WMS) Phase | and Phase Il reports for the evaluation of augmenting short duration
high flows (SDHF) and target flows. The goal of SDHF events (resulting in 6,000 to 8,000 cfs in the habitat
reach for a duration of three days on an annual or near-annual basis) are to create a wider, shallow, braided
river channel with seasonal sand bars for habitat recovery (PRRIP 2006 and Adaptive Management Plan AMP,
2006). The Phase | report (WMS Phase I, 2008) concluded that additional storage is needed near the
associated habitat to help achieve SDHF objectives. The Phase | report also evaluated 13 projects identified in
the Water Action Plan (WAP) for their potential contribution to the PRRIP flow targets (Table 1.5-1). Under
target flow operations, flows in excess of PRRIP target flows (excess flows) are stored and then released when
flows are below the target flows (shortage). Each WAP project was evaluated for the ability to reduce shortages
to target flows. These 13 projects are depicted in Figure 3-1 of the Phase Il Report (WMS Phase II, 2008).
These three figures are also included in Appendix A of this report for reference purposes. The Phase | report
found that in order to be effective in meeting SDHF goals, the water from these projects will need to be managed
either in Lake McConaughy, or with other modified, existing, or new storage facilities near the associated
habitats.

The WMS Phase Il Report screened and evaluated three project concepts, including: re-operation of the existing
Elwood Reservoir, creation of a Plum Creek Reservoir, and creation of reregulating reservoirs. The
recommendations of the Phase Il Report are as follows:

Multiple-year operations for the Routing Tool

Ability to evaluate multiple targets in combination

Multiple project operations

Link daily time step Routing Tool with monthly time step Loss Model

= Enhanced user output

» Investigate the reaction of land owners in the project areas to participate in the development of a project.

» Continue work on expanding the safe-conveyance capacity of the North Platte River at North Platte (choke point)
and other channel restrictions that may be identified in the future. Continued improvements to restore a capacity of
3,000 cfs or greater at North Platte are important in achieving flow targets, minimizing the need and size of
additional structural solutions to the extent possible.

Recommendations from Phase Il of the WMS (note the WMS used the term “pulse flow” rather than “SDHF”"):

» Review effects of recent high flows on channel morphology and maintenance and determine what conclusions can
be extrapolated to the potential for managed pulse flows to accomplish the desired effects in the Platte River
corridor. The results of these analyses should be considered in future refinements to the reservoir feasibility and
implementation in relation to the timing and location of the reservoir pulse flow releases.

» Perform a pilot pulse flow in the spring of 2009. Results from this pilot study will provide additional insight into
channel maintenance, capacities, and flow attenuation.

> Re-regulation of Johnson Lake will be a key component of a full pulse flow. CNPPID agreed to test re-regulation of
6,000 ac-ft. If results of a test operation are positive, this volume of re-regulation might be increased. In addition to
the physical results of a test, the process would involve re-positioning PRRIP water and making releases timed to
supplement natural events, and will help define procedures for annual implementation.

» Further investigate: 1) next steps to achieve the 2011 pulse flow goals, 2) benefits of J-2 Return Reservoir on
hydro-cycling and 3) procedures for implementing a test release from Johnson Lake.

» Define the 2009 Program activities related to the WMS Flow objectives:

o0 Additional operations modeling of individual and combined projects.
0 Select preliminary design activities for specific storage sites, including:
= Development of field exploration program(s) and data collection
= Refinement of project facility types and capacities
= Refinement and development of project cost ranges based on feasibility-level design.
0 Review the need to update assessments of previously defined WAP alternatives and/or quantification of
availability of flows in excess to targets
0 Review the need to enhance the existing Routing Tool and Loss Model to potentially include:

The WMS Phase Il study recommended storage near the associated habitat. Although a somewhat similar
storage project had been included in the Reconnaissance-Level WAP, the design of a storage facility utilized to
augment a SDHF would require considerably larger storage and outlet works capacity. The need to augment
SDHFs in support of the Adaptive Management Plan experiments elevated the priority for investigating feasibility
of these concepts above other potential WAP projects. The WMS Phase Il Report also took the need for
hydropower flow cycling mitigation into consideration based on CNPPID FERC license updates (Federal Energy
Regulatory Commission (FERC), 2007).

Based upon the WMS Phase I, the WAC recommended two potential concepts from the Phase Il Report be
investigated further. These two concepts are: a re-operation of the existing Elwood Reservoir, and/or creation
of a J-2 reregulating reservoir. Olsson Associates was selected in July of 2009 to analyze these concepts for the
augmentation of SDHFs, target flows, and hydropower flow cycling to the Platte River. The goal of this analysis
was to develop and evaluate CNPPID reregulating reservoir alternatives for the existing Elwood Reservoir and
potential new reservoirs in the vicinity of CNPPID’s J-2 Return. Olsson was tasked with:

» Developing alternative locations that would best meet project objectives
» Interpreting the existing uses of CNPPID system components for use in analysis and identifying
alternative-specific improvements to existing system components
Calculating storage of the proposed alternatives
Examining and summarizing technical and construction considerations
Performing preliminary sizing of inlets and outlets for alternatives
Developing estimates of probable costs
Working with the ED Office and project workgroup to develop a method to score alternatives
Working with the ED Office and project workgroup to develop procedures for evaluating each alternative’s
ability to augment SDHFs and reduce shortages to target flows

» Developing and interpreting SDHFs, target flow operations, and hydropower flow cycling models for each

alternative

Priority was placed on the alternatives being able to augment SDHFs. Separate analyses evaluated the ability of
all alternatives to reduce shortages to target flows and mitigate hydropower flow cycling, using reservoir designs
determined in SDHF analysis. For SDHF augmentation, water from the Environmental Account (EA) is routed
from Lake McConaughy and stored in the reregulating reservoir immediately prior to a SDHF. Additionally for
SDHF augmentation and target flow operations, excess flows that CNPPID has diverted from the Platte River
and routed through their hydropower stations can be delivered to the reregulating reservoir, rather than released
immediately back to the Platte River. Reregulating reservoirs may then release water when needed either to
augment SDHFs or to reduce shortages to target flows. Excess flows routed to Elwood must bypass the
Johnson Lake Hydropower Station 2 (J-2 hydro) so there are power bypass costs to the Program associated
with any excess flows stored in Elwood. J-2 reservoir storage areas would be located below the J-2 hydro and
adjacent to the J-2 Return Canal near the Platte River. As a result there are no power bypass costs associated
with J-2 alternatives.

VVVYVYVYVY

BLACK & VEATCH

OLSSON 7

ASSOCIATES
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Elwood Reservoir (Elwood) is an existing reservoir located in north central Gosper County, Nebraska. This
reservoir is depicted in Figure 4-2 of the WMS Phase Il Report, which is included in Appendix A of this report. It
is owned and operated by CNPPID. Elwood Reservoir is supplied water via the E-65 Canal, which diverts water
from the CNPPID Supply Canal upstream of Johnson Lake. Water is stored in Elwood Reservoir prior to the
irrigation season for use during the irrigation season. E-65 siphons, located upstream of Elwood Reservoir, do
not have capacity to allow full irrigation deliveries, and Elwood is used to supplement the flow during peak
irrigation season. Pumps are required to fill Elwood Reservoir. The reservoir is operated based on a target
operating curve (TOC), which is discussed later. The available active storage between the minimum and
maximum elevations of the TOC, commonly called the “beneficial use pool”, is approximately 26,900 ac-ft.

Elwood Reservoir was investigated for feasibility in storing and delivering flow to augment the SDHF defined in
the operating criteria as discussed in Section 1.4. As a separate analysis, Elwood was also evaluated for the
ability to reduce shortages to target flow, which is discussed in detail in Section 1.5. All Elwood alternatives
assumed that Program use of Elwood would be outside of the irrigation season and the time period when
CNPPID needs the E-65 Canal for operations. Elwood and the E-65 canal were assumed to be available from
September 1 through March 7 or 15, at which time CNPPID starts to fill Elwood. As a result, the TOC was not
negatively affected. As discussed in detail in Section 3.6.2, the analysis allowed available excess water to
accumulate within this time period above and beyond the TOC, but only the releases prior to the start of the
irrigation season were included in the shortage reduction volumes. The potential alternatives using the Elwood
reservoir for this purpose involve modifications or revisions to the major components consisting of the dam,
emergency spillway, outlet works, upstream siphons, inlet, and the outlet channel/conveyance system to the
Platte River. After initial analyses were conducted, six alternatives for modifying Elwood Reservoir advanced to
a more detailed preliminary investigation. All of the alternatives involved enlarging and armoring the Plum Creek
channel to convey water to the Platte River. The alternatives were as follows:

»  Alternative E-1 — Elwood Reservoir, stabilized with a buttress, fed through a new gravity canal, using two 8-
foot diameter tunnels for the outlet.

»  Alternative E-2 — Elwood Reservoir embankments removed and replaced, fed through a new gravity canal,
using two 8-foot diameter pipes for the outlet, constructed using an open excavation during replacement of
the embankments.

»  Alternative E-3 — Elwood Reservoir embankment upstream shell removed and replaced, fed through a new
gravity Canal, using two 8-foot diameter tunnels for the outlet.

»  Alternative E-4 — Elwood Reservoir embankment stabilized with a buttress, fed through the existing E-65
Canal, using two 8-foot diameter tunnels for the outlet.

»  Alternative E-5 — Elwood Reservoir embankments removed and replaced, fed through the existing E-65
Canal, using two 8-foot diameter pipes for the outlet, constructed using an open excavation during
replacement of the embankments.

»  Alternative E-6 — Elwood Reservoir embankment upstream shell is removed and replaced, fed through the
existing E-65 Canal, using two 8-foot diameter tunnels for an outlet.

Each of these alternatives is discussed in Section 3.

Three alternatives were investigated for a new J-2 Return reregulating reservoir. These alternatives are in
Gosper, Phelps, and Dawson counties in central Nebraska. The original concepts for these reservoirs are
depicted in the J-2 Return Pool Reservoir figures in the WMS Phase Il Report and are provided for reference in
Appendix A of this report. These alternatives were investigated to size and locate a reservoir capable of
augmenting a SDHF as defined in the operating criteria. In addition, the alternatives were evaluated for their
ability to reduce shortages to target flows and mitigate hydropower flow cycling based on the reservoir
configurations developed during the SDHF analysis. The three alternatives investigated were:

> Alternative 1 — Reservoirs in the South Channel of the Platte River adjacent to Jeffrey Island
> Alternative 2 — Reservoirs excavated near the Platte River and the Phelps or J-2 Return Canals
> Alternative 3 — Reservoir at the exit of Phelps Canal Station 9.7

Each of the alternatives investigated is further discussed in Section 4.

SDHF and target flows analysis goals were developed at an operational assessment meeting held on July 30,
2009 with ED Office staff and a project workgroup of WAC members.

The Program’s Adaptive Management Plan (AMP) identifies short-duration high flows (SDHFs) as a
management action to be taken under the Flow-Sediment-Mechanical management strategy (AMP, 2006).
SDHFs will be generated in the associated habitats in the spring or other times outside the main irrigation
season with a goal of implementing these flows on an annual or near-annual basis (likely two out of every three
years). The maximum magnitude of SDHFs will be roughly 8,000 cfs, based on natural flow in the river, the
Program’s ability to deliver 5,000 cfs of water at Overton, local flood stage, and the Program’s “Good Neighbor
Policy” which prevents Program water releases from exceeding flood stage.

The timeframe for a SDHF was discussed at the July 30, 2009 meeting and it was decided that for this analysis
SDHFs would occur in late February or in March. This avoids icing concerns, and is prior to nesting and
irrigation seasons (irrigation season was assumed to be April 1% through August 31%). For the purposes of this
study, a mid-March release was selected (starting March 15™). CNPPID usually starts filling the reservoir
between March 7 and March 15. During actual operations, all Program water would need to be released from the
reservoir by then. For this analysis it was assumed that the three day SDHF would begin on March 15 and
continue through March 18, after which time CNPPID would begin filling Elwood for irrigation purposes.
Because CNPPID could begin filling Elwood Reservoir March 7, future analysis should consider a SDHF that is
completed prior to March 7. The US Fish and Wildlife Service (USFWS) flow recommendations call for annual
pulse and/or peak flows to be timed either in the February through March or May through June periods, so a
SDHF during irrigation season is possible. If a different timeframe were used, results could be significantly
different.

ED Office staff, with input from the WAC developed a conceptual diagram of Central Platte system components
above Overton. The conceptual Platte River Components diagram, Figure 1.4-1, shows the estimated flows
from various system components that could contribute to a SDHF. This resulted in approximately 4,703 cfs at
Overton prior to flow augmentation flows from a reregulating reservoir. The values were estimated based on the
system component capacities and an improved North Platte choke point capacity of 3,000 cfs.
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Examination of the known inflows from the Platte River at Cozad, J-2 Return Canal and Plum Creek, compared
to the Platte River Overton gage recorded flows, revealed that there is a spring flow increase of 50 cfs that can
be attributed to groundwater inflow. CNPPID also estimates that 50 cfs of baseflow accrues to the J-2 Return
below the J-2 hydro. The Phelps Canal flume gage is located downstream of the J-2 Return. Flows are not
directly measured at the J-2 wasting station but rather calculated as the difference between the J-2 Hydropower
flow and the Phelps flow. Based on this it is not clear if the 50 cfs baseflow emerges entirely or partially through
the J-2 Return. This amount was assumed to enter the system upstream of Overton either through the J-2
Canal outlet works or by direct groundwater inflows near the J-2 outlet works. It should also be noted that based
on the hourly 2001 gage flow data from these same gage locations, the Platte River in this reach alternates from
a losing stream in the winter to a gaining stream in the summer. It is likely that the irrigation canals surcharge the
groundwater table in the summer and shift the Platte River to a gaining system during canal operation. The
baseflow of 50 cfs is therefore relevant only in the spring and the amount of flow increase (or decrease) will vary
during other parts of the year. The baseflow of 50 cfs is shown on the Platte River Components diagram, Figure
1.4-1.

A range of flows are possible depending on South Platte inflows, base flows below the Korty diversion,
losses/gains for various reaches below North Platte, and success in timing releases to coincide with higher
flows. If the system is operated optimally, assuming a reregulating reservoir can provide 2,000 cfs of
supplemental flow at Overton would result in a total Overton flow of approximately 6,700 cfs, which would meet
the SDHF goal of 6,000 to 8,000 cfs. As a result, the reregulating reservoir workgroup agreed that for analysis
purposes during this study, attempts should be made to design reservoir alternatives to release 2,000 cfs over
three days for SDHF augmentation.

To provide a SDHF, potential reregulating reservoirs analyzed during this study were assumed to be filled with
EA water released from Lake McConaughy and excess flows, if available during the filling period. During the
study analysis, reservoirs were filled as quickly as possible prior to the SDHF event, limited only by system and
reservoir capacity. Analyses assumed that the PRRIP would use the CNPPID’s and NPPD'’s full system
capacities to route water in preparation for and during a SDHF. Because supply was limited only by system and
reservoir capacities, rather than water supply availability, only one year was modeled for SDHF analysis.

Modeling was performed in two steps, a fill sequence and then an emptying sequence. The fill sequence
involved routing EA water from Lake McConaughy and staging it in the reservoir or capturing excess flows, if
available, immediately prior to the SDHF to fill the reservoir. The emptying sequence involved a controlled
opening of the release gates to generate a three-day peak outflow.
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Figure 1.4-1 — Platte River Peak Capacity Components Diagram (Developed by ED Office staff in coordination with the WAC).

CHFMD Parcanl Lo par Fiach LS Y

Paingbirn Percrt Loss per Faach 158, Lakw Pt isrrauily DRAFT OOMCEPTUAL DIAGRAM - LIKELY MINIMUM SDHF OVERTOMN FLOW

Lo b byt Rici s EETi . -

Liviii barlTriry b5 ohifresn 150 = ]

M. Maite Cheba M Cagacity = 00 ek l.|r|_|:.|-n' PMatts Ry,
Erpitons Divirson Capadity = TS0 s M. Hame Conluane Flatts Fivar Platta Fove -l'lﬂ'w"ll'lun
5 Matle Flows = 150 s (rypical) | - 413 |T 2653 |— m [T | e—— | 2653 e [ a7

Suthailiad Fabe'n Cipacity = 0 |eds

CHP D Diviriden Capicily = 50 |ah Fays Lonhe

Salfray Raturs Capacity = 350 | Diswrsicn CHPHD £3 Rabarn

Walir 15 b oh Slofage = =) ey [ D00 &l ® danid Do iisha .I-l'ﬂllp Fea i f1

Sohrion Falias M = e | B ellowi 1 'f F:-nulﬂun

13 e Eagasity = W0 |t Et 1013 & Mate q [TTa | e [ 52 |—.-ﬁ o vl ]

Aar igjulation R Rabnawss = S0 ek 3. Fats

Mo Pl Canaldisaeriions off of 12 Ritum

= Lo Appled 15 gt thi Tlow

|:5|!|

caos hY
LY | waerts [ 8] {

=gt =\ A/ =

Divarsion [ 150
h [0 [nene

Sloiaie
Hud i
Faduin Juln:.url
hatherlard Return| Laboa

'. ser 1

1

Cowtain i Ul Fig i ilad in of walis

T @ feoin kShifian
e vy e api by Ui b pam i sl jelagris

Py b Ponstind N Jolieon of prowidad 1o
CRFFID i Lake BeConimghy

J\ OLSSON

ASSOCIATES

e | @

BLACK & VEATCH

10



PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Table 1.5-1 Daily PRRIP Target Flows from PRRIP Program Document (PRRIP, 2006), Appendix A-5.
PRRIP Target Flows

The alternatives analysis included operational scenarios to reduce shortages to target flows for representative

wet, normal, and dry years. The alternatives were scored based on their ability to reduce shortages to target
flows. Jan 1-Jan 31 1,000 1,000 600
Feb 1-Feb 14 1,800 1,800 1,200
1.5.1 Excess Flows Feb 15— Mar 15 | 3,350 | 3,350 | 2,250
Excess flows were the supply for each reregulating reservoir alternative in evaluating the alternative’s ability to Mar 16 — Mar22 | 1,800 | 1,800 | 1,200
reduce shortages to target flows. To this end, available excess flows in CNPPID’s system were stored during Mar 23— May 10 | 2,400 | 2,400 | 1,700
periods of flow in the river that were above the targeted minimum flows and released during periods of less flow. May 11— May 19 | 1,200 | 1,200 800
New information and ongoing discussions with the WAC, the project workgroup, and the USFWS led to changes May 20 - May 26 | 4,900 | 3,400 | 800
in how excess flows are currently calculated for pre-feasibility analyses as compared to the Reconnaissance- May 27 — June 20 | 3,400 | 3,400 800
Level WAP analysis done in 2000. For this study, PRRIP target flows were the daily values presented in
Appendix A-5 of the Program Document Attachment 5 Water Plan, Section 11 Water Plan Reference Material June 21 - Sept 15 | 1,200 | 1,200 800
(PRRIP, 2006) and are shown in Table 1.5-1. Excess flows in the Platte River were evaluated at the Overton Sept 16 — Sept 30 [ 1,000 | 1,000 600
gage. An evaluation completed by the ED Office found that using stream flow at the Overton gage rather than Oct1—Novi5s | 2400 | 1,800 | 1,300
the Grand Island gage typically decreases the estimate of total annual excess flows available at the associated
habitat. Relying on the Overton gage to evaluate shortages to target flows also leads to greater shortages as Nov16-Dec3l | 1,000 | 1,000 600

compared to using the Grand Island gage. This results in a decrease in potential project water supply from
excess flows and an increase in shortages to target flows. Considering this information, the WAC determined
that this conservative approach is appropriate for initial feasibility level project evaluation. However, it may be

Time Period

Wet

Normal Dry

Table 1.5-2 — Maximum of PRRIP and NGPC/CPNRD Targ

et/Instream Flows

appropriate to modify excess flow analyses in subsequent phases of feasibility investigations to more thoroughly Condition
consider project complexities, interactions between projects, or upon further USFWS policy clarification. .
prol P ’ pro] ’ P policy Period Wet ‘ Normal ‘ Dry
Excess flows at Overton were calculated as flows greater than the maximum of PRRIP target flows, which vary Jan 1-Jan 31 1,000 1,000 600
depending on the hydrologic year type, and Nebraska Game and Parks Commission (NGPC) and Central Platte Feb 1 — Eeb 14 1.800 1.800 1.200
Natural Resource District (CPNRD) instream flows (target/instream flows) (Table 1.5-2). In normal and wet ’ ' '
years, PRRIP target flows are always higher than instream flows. In dry years, there are periods when instream Feb 15 — Mar 15 3,350 3,350 2,250
flows are higher than PRRIP target flow requirements. NGPC/CPNRD Grand Island instream flows (which are Mar 16 — Mar 22 1,800 1,800 1,200
alwa_ys the same or higher than Overton instream flows) were used to be conservative. _The resultlng targets for Mar 23 — May 10 2.400 2.400 1,700
use in determination of excess flows are shown in Table 1.5-2. Excess flows at alternative reservoir locations
were then calculated as the minimum of either water in CNPPID’s returning to the Platte River through the J-2 May 11 — May 19 1,200 1,200 800
Return or excess flows at Overton. Additional constraints based upon alternatives physical capacities (canal, May 20 - May 26 4,900 3,400 800
inlet, storage, pumping, etc) were also applied to the analysis. Shortages to target flows were calculated as the M
. ay 27 - May 31 3,400 3,400 800
difference between PRRIP target flows (Table 1-5.1) and Overton flows when target flows were greater than Y y
Overton flows. Excess flows and shortages to target flows were calculated on a daily basis which allows for June 1 —June 20 3,400 3,400 | 1,000
days of excess flows and days of shortages in the same month. June 21 - July 31 1,200 1,200 1,000
. . . . . . . Aug 1 — Sept 15 1,200 1,200 800
To evaluate if excess flows were available at the potential reservoir locations, no lag times or gains and losses Hg °p
between the reservoir and gage locations and Overton were considered. Target flow analysis was evaluated Sept 16 — Sept 30 1,000 1,000 600
over the course of the entire year using historic gage data. The Platte River target flows vary over the course of Oct1-Oct 11 2,400 1,800 1,350
a year and will vary based on the yearly precipitation. Oct 12 - Nov 10 > 400 1.800 1.500
Nov 11 - Nov 15 2,400 1,800 1,300
Nov 16 — Dec 31 1,000 1,000 600
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1.5.2 Representative Years Selection for Target Flow Analysis

A key challenge in modeling this system is that excess flows vary substantially from year to year, based on many
factors such as snow melt timing and thunderstorm-related precipitation events. The project workgroup opted to
select one representative dry, normal and wet year for this pre-feasibility level analysis. The group felt that it
would be useful, and more intuitive when presenting results, to look at historical data for specific years rather
than to evaluate alternatives relying on averaged data. Additionally, for engineering design of gates and
embankments, averaged data sets tend to underestimate necessary sizes. Three illustrative years representing
a typical wet, normal, and dry year were selected by the ED Office for screening analysis. Wet, normal and dry
year classifications for the 1947 through 2006 period from the WMS Phase Il Report (Boyle, 2008) were used.
These were prepared according to a methodology prepared by the USFWS based on Grand Island flows.
Though the USFWS methodology classified years by calendar year, water years were used for this analysis with
October through December data of a previous year included with January through September data from the
following year to arrive at data for a water year.

The normal “representative” year was selected by comparing the average monthly total flow at Overton for all
“normal” years to each individual year’s total monthly flow. This process was repeated for years classified as wet
and those classified as dry. Water year 1975 was selected as the representative normal year, 1964 as the dry
year, and 1986 as the wet year. ED Office staff then calculated excess flows and shortages to target flows for
each representative year. This information was provided to Olsson Associates for use in the study analyses.
Measured daily flows and target flows for the three representative years are graphically presented in Figures 1.5-
1 thru 1.5-3. Note that these figures show excess flows in the river at Overton. Excess flows that could be
stored in a reregulating reservoir were further limited by flows in CNPPID’s J-2 Return (the supply for the
reservoirs), and canal, inlet and reservoir storage capacities.

Figure 1.5-1 — 1964 lllustrative Dry Year — Target Flow and Measured Flow
at Overton gage on the Platte River.
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Figure 1.5-2 — 1975 lllustrative Normal Year — Target Flow and Measured Flow
at Overton gage on the Platte River.
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Figure 1.5-3 — 1986 lllustrative Wet Year — Target Flow and Measured Flow
at Overton gage on the Platte River.
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In all three representative years, excess flows were available in the December to February time frame, which
gives an optimistic outlook on the availability of using excess flows for a SDHF event in mid-March. Exclusive of
this time window however, there were numerous periodic shortages spaced throughout rest of the year. Even
during a “wet” year there were shortages to target flows for portions of March and May/June. The graphs also
highlight the quick response of the system to precipitation events. The graphs are based on averaged daily
values which tend to dampen variation produced from hydropower cycling and storm events. Hourly records
were not available for these years, but based on the 2001 data reviewed by Olsson and CNPPID’s J-2 hydro
operations, it is anticipated the hourly records would show even more variability in flow rates.

Target-flow models for each of the J-2 alternatives were initially developed using HEC-HMS. Due to a modeling
constraint in HMS that does not allow a continuous simulation to advance if the reservoir becomes dry, the
models for Elwood and J-2 were re-developed in Excel. The models assume that water, up to the volume of
excess flows in storage, is released to reduce the shortage to target flows up to the maximum outlet rate the
alternative can support. Also, if the reservoir is full, any excess flows in CNPPID’s system are not stored but
rather return to the Platte River. This assumption requires a controlled inlet into the CNPPID system for
capturing only excess flows and a controlled outlet for each reservoir to output no more than the required flow for
each day.

The J-2 alternatives are on or adjacent to the J-2 Return (capacity 2,000 cfs) and are located close to the Platte
River. As a result they tend to fill and release quickly. Under these scenarios seepage rates are not critical and
seepage losses were not calculated. Elwood Reservoir however, is located distant from the Platte River and
seepage losses would not immediately flow into the Platte River. Therefore, Elwood target flow analysis
includes the effects of seepage losses, in addition canal conveyance losses to the Platte River.

Dampening of hydropower flow cycling from the J-2 Return is a desired characteristic for the alternatives. This is
not a priority objective of the feasibility study assessment but was evaluated as a potential secondary benefit of
the alternatives. Hydropower flow cycling is a concern of the USFWS (FERC, 2007). CNPPID may want to use
a selected alternative to help mitigate cycling throughout the year and could potential provide funding assistance.
CNPPID advised that the typical hydropower flow cycling portion of the modeling run analysis should be
determined from the average operations. Olsson found the daily average volume from the J-2 Return of all the
available years of data for the month of March (1947 — 2006) was 2,300 ac-ft. CNPPID was consulted and
indicated the peak operating efficiency of the J-2 hydropower turbine is at 1,675 cfs. Further, the generated
electricity can be sold at the highest rate during late evening hours. Using 1,675 cfs as the most efficient
operating flow and the timeframe for highest value, the typical generation cycle runs from 7a.m. to midnight —
approximately 70 percent of the day. The diurnal flow swing from 1,675 cfs to O cfs representing a cumulative
volume of 2,300 ac-ft was used in all J-2 alternatives. Complete dampening would result in the maximum and
minimum daily flow being equal to the calculated average daily flow, (zero departure from average). Elwood
Reservoir is not located downstream of the J-1 or J-2 hydropower stations and hence does not have the ability to
mitigate hydropower flow cycling impacts, so only the J-2 alternatives were evaluated for this operational mode.
Figure 4.7-2 in the J-2 Alternatives analysis graphically portrays the swing.
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2. DEVELOPMENT OF ALTERNATIVES ANALYSIS CRITERIA

In developing and screening the variety of alternatives a scoring/ranking system was needed to evaluate items
such as ac-ft yields as well as non-numerical items such as anticipated ability to obtain permits. Further, each
measured item did not carry the same importance. Olsson and ED Office staff, along with the subcommittee,
discussed the potential ranking methods on August 11, 2009. It was decided the alternative screening would be
accomplished using a standard Kepner Tregoe approach, which weighs and scores each alternative for how well
it meets different project needs. Each resulting criterion has a relative weight for use in the scoring process.
Additionally, some alternatives were screened out as being not feasible for cost or operational reasons. The
“score” assigned to alternatives in this study is a ranking solely to compare alternatives with the purpose of
selecting alternatives for advancement. The “scoring” of alternatives in this study should not be confused with
official PRRIP score that will be assigned to Water Action Plan (WAP) projects.

The following list of criteria were used in the scoring analysis of alternatives for Elwood and J-2, which are
further clarified in subsequent sections:

Life cycle cost for the alternative, divided by the normal year delivered water
SDHF augmentation

Reduction of shortages to target flows

Operational flexibility and multiple benefits

Ability to obtain necessary federal, state, and local permits

Impacts to landowners, other facilities, and installations

Portion of the habitat reach that is positively affected by water delivery
Opportunities for partnering

Implementation time

0. Hydropower flow cycling mitigation

HooNookrwdE

All alternatives were scored from zero to five for their relative ability for achievement with respect to each specific
criterion. The scoring for each criterion was based upon the scoring factors below.

2.2.1 Criterion No. 1 — Life Cycle Cost per Acre-Foot

The capital costs for each alternative were added to the operating costs for that alternative over a 50-year life
span. This cost figure was then divided by the total volume of water to augment the SDHF, including EA water
from Lake McConaughy staged in the reservoir prior to the event, plus the volume of reductions to shortages to
target flows (ac-ft) of water that the alternative delivered in a normal year over the same 50-year time span. The
lower the life cycle cost per ac-ft of water delivered, the higher the score. Consequently, the following range was
used in the scoring:

5 - Less than $20 per ac-ft
4 - $21 to $40 per ac-ft

3 - $42 to $60 per ac-ft

2 - $61 to $80 per ac-ft

1 - $81 to $100 per ac-ft

0 - More than $100 per ac-ft

2.2.2 Criterion No. 2 —-SDHF Augmentation

The reservoir alternatives were designed to store, discharge, and convey water to the associated habitat reach
to augment SDHF. Conveyance of SDHF discharges were achieved by canal or by existing stream channel.
Delivery from the system to the Platte River gage near Overton of 2,000 cfs average for three days was
assigned a score of ‘5’. The scoring scale used was:

5 - 2,000 cfs average or more for three days

4 - 1,750 cfs to 2,000 cfs average for three days
3- 1,500 cfs to 1,750 cfs average for three days
2 - 1,250 cfs to 1,500 cfs average for three days
1-1,000 cfs to 1,250 cfs average for three days
0 - less than 1,000 cfs average for three days

2.2.3 Criterion No. 3 — Reduction of Shortages to Target Flows

Using the normal illustrative year (1975), the ability of the alternative to reduce shortages to target flows in the
Platte River at Overton was analyzed. The alternative configuration was then scored based upon the annual ac-ft
of reductions to shortages the configuration could provide. In the normal year gage records, historical flows
resulted in 540,662 ac-ft of shortages to target flows (PRRIP, 2006). However, there were periodic times of
excess flows throughout the year. The reregulating reservoirs would capture the excess flows and release the
water when the flow at Overton drops below target flows (PRRIP, 2006). Scoring the reduction of shortages to
target flows was accomplished using the rating scale below.

5 - Greater than 20,000 ac-ft per year
4 - 15,000 to 20,000 ac-ft per year
3-10,000 to 15,000 ac-ft per year

2 - 5,000 to 10,000 ac-ft per year

1 - 2,500 to 5,000 ac-ft per year

0 - Less than 2,500 ac-ft per year

It should be noted the ac-ft reductions according to the study analyses was based on the illustrative years and
was used as a screening tool. A complete analysis of all the gage records to date should be performed in future
study and design phases to integrate with WAP ac-ft goals.

2.2.4 Criterion No. 4 — Flexibility and Multiple Benefits

Operational flexibility and multiple benefits were established as criteria because a strong alternative also would
provide beneficial sedimentation delivery, benefits to CNPPID, and allow for alterations in the operation as the
Adaptive Management Plan study findings became available. While this ranking is somewhat subjective, the
following scoring was used:

5 - All three benefits — (sedimentation, benefits for CNPPID and incorporation of fisheries) — are identified
3 - Two out of three benefits are identified
1 - One out of three benefits is identified
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2.2.5 Criterion No. 5 — Ability to Obtain Federal, State, and Local Permits

The screening process included a very preliminary estimate of the ease or difficulty of obtaining necessary
permits. A ranking of ‘5 would mean that the alternative and configuration would result in minimal time, difficulty
and mitigation cost for obtaining necessary permits. A ranking of '0’ would mean that there would be a fatal flaw
prohibiting permitting for that alternative. Intermediate rankings were provided based upon a subjective
assessment by Olsson environmental specialists.

Due to the conceptual nature of the alternatives and the early stage of coordination with the USACE, existing
databases, such as the National Wetland Inventory maps, were used to estimate potential impacts to waters of
the U.S. Difficulty of permitting each alternative was then based on extent of impacts.

A re-regulating reservoir for the PRRIP is likely to require four environmental permits:

Clean Water Act Section 404 Permit from the USACE

Impoundment Permit from Nebraska Department of Natural Resources (NDNR)

Floodplain Development permit from local governmental agency

National Pollution Discharge Elimination System (NPDES) permit from local Natural Resources District
(NRD) and/or Nebraska Department of Environmental Quality (NDEQ)

In addition, to meet the requirements of the National Environmental Policy Act (NEPA) the project would have to
comply with the environmental commitments made in the 2006 Final Environmental Impact Statement (EIS) and
Record of Decision (ROD) that established the PRRIP.

Due to the conceptual nature of the alternatives at this stage in project development, the scoring process for
environmental permitting and NEPA included a search for “red flags” that would eliminate an alternative from
being able to be implemented, as well as a very preliminary estimate of the ease or difficulty of obtaining
appropriate permits for each alternative.

Section 404 Permit

In general, alternatives that had relatively large fill impacts to the Platte River (historic or existing channel) were
ranked as most difficult to permit, and alternatives that impacted Plum Creek, smaller tributaries, or floodplain
wetlands, were ranked as easier to permit depending on the extent of impacts that were likely to occur for each
alternative. Alternatives that avoided fill within any stream scored higher.

NDNR Impoundment Permit

Concerns had been expressed that changes to the operation of Elwood could alter the amount of seepage that
enters the Republican Basin instead of the Platte Basin. Discussions with Cory Steinke of Central Nebraska
Public Power and Irrigation District (CNPPID) indicated that this is not a “red flag”, but will require additional
efforts. A new impoundment on or near the Platte River might be equally easy or difficult to permit as
modifications to the existing Elwood Reservoir, and thus at this stage all alternatives were ranked equally for this
permit.

Floodplain Development Permit
No detailed study of the impacts to floodplains was conducted as a part of this early screening process. As
such, it is assumed that alternatives that dam the Platte River would be more difficult to permit.

NPDES Permit
This permit would be needed for any alternative that disturbs more than 1.0 acre of ground, and the effort to
secure this permit would be similar for all alternatives.

NEPA Issues

The scoring process included categories for other EIS commitments such as not condemning property for PRRIP
projects. However, the EIS also included other Program goals such as not contributing to additional listing of
threatened and endangered species. At the moment, the conceptual alternatives are too general to determine
impacts to other environmental resources such as rare species or cultural sites. Some of the resources that may
need to be investigated further as alternatives are developed, include impacts to sloughs or backwater areas
within or near the Platte Channel, such as the Platte River caddisfly that may be proposed for listing by the
USFWS. Similarly, some alternatives near Elwood could also impact habitat for the American burying beetle.

As a result of the speculative nature of these potential impacts and the likelihood that alternatives will change as
they are developed further, these species were not a major consideration in screening alternatives at this time.

2.2.6 Criterion No. 6 — Impacts to Landowners, Other Facilities and Installations

The impact to landowners was considered a key issue for the PRRIP. The greater the number of landowners
affected by the alternatives, the more challenging the development would become. This criterion included
impacts to public roads and private facilities such as the Canaday Steam Plant located next to the J-2 Return
Canal. A criterion to score this particular parameter was therefore included. It was scored as:

5 - 0 landowners to 1 landowner affected

4 - 2 landowners to 3 landowners affected

3 - 4 landowners to 5 landowners affected

2 - 6 landowners to 7 landowners affected

1 - 8 landowners to 9 landowners affected

0 - 10 landowners or more landowners affected

2.2.7 Criterion No. 7 — Portion of the Reach Positively Affected by Water Delivery

The ability of the alternative to deliver water to the entire associated habitat reach of the Platte River was of
particular interest to the PRRIP. It was assumed if the water was delivered at Overton, the entire habitat reach
would benefit and no attenuation of flows or other losses within the habitat reach were calculated. It was scored
as:

5 - Delivering water to Overton

4 - Delivering water to 80% of the reach, between Overton and Chapman
3 - Delivering water to 60% of the reach, between Overton and Chapman
2 - Delivering water to 40% of the reach, between Overton and Chapman
1 - Delivering water to 20% of the reach, between Overton and Chapman
0 - Delivering water below Chapman

2.2.8 Criterion No. 8 — Opportunity for Partnering

The opportunity to partner with other entities such as USFW, CNPPID, Nebraska Natural Resources Districts,
and others, for mutual beneficial use was considered to be valuable. Therefore scoring was performed using the
following approach:

5 - If there were opportunities to partner with two other entities
3 - If there was an opportunity to partner with one other entity
0 - If there were no opportunities to partner
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2.2.9 Criterion No. 9 — Implementation Time

The ability of each alternative to be designed, permitted, and constructed in a short time frame is an important
factor to the PRRIP to meet timeline goals (PRRIP, 2006). Consequently, implementation time was identified as
an important criterion, and scored as:

5 - Implementation by spring of 2011
3 - Implementation by 2014
0 - Implementation by 2019

2.2.10 Criterion No. 10 — Hydropower Flow Cycling Mitigation

The impact on the Platte River due to flow cycling resulting from hydropower generation has been an issue of
concern (FERC, 2007). Complete dampening (100%) indicates the instantaneous peak flow maximum and
minimum equal the average daily flow from the hydropower facility. This criterion was scored as:

5 - Dampening of 90% to 100% of the surge
4 - Dampening of 80% to 90% of the surge
3 - Dampening of 70% to 80% of the surge
2 - Dampening of 60% to 70% of the surge
1 - Dampening of 50% to 60% of the surge
0 - Dampening of less than 50% of the surge

In order to be able to properly score the various alternatives, weighting factors were applied to the scoring
criteria, to indicate the relative importance of the criterion. These weighting factors were applied as multipliers to
the score of each parameter for each alternative. The weightings were developed with the ED Office, Olsson
staff, and the project workgroup and are shown in Table 2.3-1.

Table 2.3-1 — Screening Criteria Weighting
Screening

Description Weighting

Criteria
Life Cycle Cost per ac-ft delivered to
1 Reach 10
2 SDHF Augmentation 10
3 Reduction of Shortages to Target Flows 8
4 Flexibility and Multiple Benefits 5
5 Ability to Permit/NEPA 10
6 Impacts to Landowners/Others 8
7 Portion of the Reach Affected 10
8 Opportunities for Partnering 5
9 Implementation Time 10
10 Hydropower Flow Cycling Mitigation 6
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3. ELWOOD RESERVOIR ALTERNATIVES

The WMS Phase Il study (Boyle, 2008) determined that Elwood Reservoir and the Plum Creek channel, with
modifications, could provide SDHF augmentation and potentially reduce as well in shortages to target flows to
the Platte River as part of the PRRIP. The WMS recommended enlarging the E-65 Canal siphons to 650 cfs
capacity to meet irrigation needs downstream of Elwood Reservoir without using the reservoir for supplemental
irrigation storage. The existing E-65 Canal upstream of the reservoir currently cannot provide the full irrigation
capacity required. Outlet works modifications were recommended to provide the needed outflow capacity for
SDHF augmentation. Dam improvements to mitigate against the effects of rapid drawdown were noted to be
potentially necessary. A new, unlined return canal between Elwood Reservoir and the Platte River was also
recommended. A suggested alignment was provided in the report.

The estimated costs of the proposed improvements totaled $76 million. The first objective of the Elwood
Reservoir Alternatives Screening Analysis performed for this study was to refine the WMS Phase Il Study
concepts by developing cost-feasible alternatives that are constructible, and to increase storage if possible. The
second objective was to update modeling of the SDHF and reduce shortages to target flows. The third and final
objective was to develop a scoring and ranking process to evaluate the developed alternatives.

The potential alternatives for using the Elwood reservoir for SDHF augmentation involve modifications or
revisions to the following major components:

The dam embankment

The outlet works

The siphons/inlet

The outlet channel/conveyance system to the Platte River

VVYVYY

Providing a 2,400 cfs release rate for three days would be a significant change in the operation of Elwood
Reservoir and would require modifications to the outlet works, the shoreline and surface below the current
permanent pool, and possibly to the dam embankment. The evaluations of these key features are described in
greater detail below. In addition, CNPPID has operational agreements with the National Wildlife Federation that
will complicate making changes to the operating curve. Further, it has been estimated by others (CH2M Hill,
1993) that approximately 53% of the seepage losses in Elwood leave the Platte River basin and migrate to the
Republican River basin. This study focused on potential engineering aspects of changes but did not evaluate
regulatory or contractual issues that would likely be involved in changing the operation of Elwood.

3.1.1 Embankment Stability

As originally designed, Elwood Dam would experience maximum drawdown rates of 350 cfs. Based on available
data it appears that average drawdown rates have been in the range of 150 cfs to 200 cfs. The stability of an
embankment dam during reservoir drawdown is a critical component of a dam’s overall safety and is a key
element of most stability evaluations and analyses. During a reservoir drawdown, the stability of the upstream
shell is dependent on the strength characteristics of the embankment material and the ability of the embankment
to effectively dissipate pore pressures. Pore pressures are caused by the seepage of water through an
embankment. Under steady state conditions, these pressures are a function of the reservoir elevation, local
geology and the geotechnical characteristics of the embankment. Elwood Dam has blanket and toe drains to
safely collect and convey seepage through the downstream portion of the embankment. If the pore pressures
are not sufficiently reduced during a reservoir drawdown event, instability may occur in the upstream soil cement
shell.

A review of the existing information and reports did not uncover any previous rapid drawdown stability analyses
for the Elwood Dam. The geotechnical data from the original investigation was reviewed; however, John
Livingston -- the CH2M Hill field engineer during construction -- has indicated that the fill material is a mixture of
different materials. The geotechnical parameters are in general agreement with the finer-grained materials
encountered during the initial geotechnical investigation. Based on experience and assumptions regarding soil
conditions and discussions with members of the Olsson team who have worked with the soils in this area, the
likely rapid drawdown loading condition that would occur due to the potential modifications was identified and
evaluated. Several drawdown rates, ranging from 5,000 cfs to 500 cfs, were preliminarily evaluated to provide
upper bounds and lower bounds for our analysis.

It also should be noted that the reservoir and corresponding phreatic surface — that is, the surface that defines
the internal groundwater elevation within the embankment — were assumed to be at their maximum levels. This
assumption means the reservoir would be filled to its highest level and maintained at this level until the pore
pressures within the embankment stabilized. This condition is the most conservative loading condition for the
drawdown analyses.

This is not how Elwood Reservoir has been operated in the past. The reservoir has been quickly filled. Water is
then released before internal pore pressures are allowed to stabilize. This operation scheme limits the maximum
pore pressure within the embankment, which benefits the stability of the dam. However, the future operation of
the reservoir in this manner may not be workable if the reservoir were modified to provide SDHF augmentation.
Consequently, it was prudent to evaluate a more conservative loading condition that may be necessary and to
analyze the stability of the dam when this loading condition is subjected to the drawdown rates currently being
considered. The following describes the results of this analysis.

The detailed embankment stability analysis is included in Appendix I. In general terms, the analysis showed that
if steady state storage conditions are allowed to develop, rapid drawdown will result in unacceptable safety
factors with regard to embankment stability.

3.1.2 Embankment Upgrade Alternatives

Five embankment upgrade alternatives were evaluated to produce acceptable factors of safety with regard to
stability. Three of these alternatives advanced to scoring as part of the Elwood alternatives.

3.1.2.1 Embankment Upgrade Alternative No. 1 - Do Nothing

The do nothing alternative would not use Elwood Reservoir for the SDHF augmentation purposes so there
wouldn’t need to be changes made in the way the Elwood Dam is currently operated. This alternative would
continue limitation of releases to 350 cfs, and there would be no additional costs related to use by the Program.
This alternative was not included in any of the Elwood alternatives.

3.1.2.2 Embankment Upgrade Alternative No. 2 - Remove and Replace Dam

The removal and replacement of the dam at Elwood — with embankments designed to perform satisfactorily
during rapid drawdown — would address the rapid drawdown stability issue. There are potentially multiple
configurations for this alternative, and in-depth evaluations of each are beyond the current scope. However, it is
envisioned that these dams would be constructed as true zoned embankments, with the permeability of the core
several orders of magnitude less than the permeability of the upstream and downstream shells. Additionally, the
use of extensive internal filter and drainage zones would be required to ensure the adequate performance of the
dam in a wide range of loading conditions. As with the current dam, a facing system — most likely soil cement —
would be required to prevent erosion of the upstream face. This embankment alternative was included in
Elwood alternatives E-2 and E-5, which are summarized in Section 1.1 and Table 3.6-1.
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3.1.2.3 Embankment Alternative No. 3 - Upstream Buttress/Upstream Embankment Slope Flattening
The installation of an upstream buttress, or flattening the angle of the upstream slope, could provide the
embankment additional strength to resist potential slope failure caused by rapid drawdown loading. The
configuration of such a buttress could be accomplished by either constructing a new buttress at the toe of the
upstream embankment or by flattening angle of the upstream slope. The current slope angle is 3 horizontal
(H):1 vertical (V) and flattening this slope to between 4H:1V and 4.5H:1V would likely provide sufficient strength
to remain stable during rapid drawdown loading. A buttress could be constructed with on-site materials —
materials that are similar to those used for the original embankment construction. More detailed geotechnical
work would be necessary for evaluation and design of a buttress. This embankment alternative was included in
Elwood alternatives E-1 and E-4, as well as both combined Elwood/J-2 alternatives E/J-2 Alt 2, Area 1 and E/J-2
Alt 2, Area 2, as discussed later in the report.

3.1.2.4 Embankment Alternative No. 4 - Install Improved Internal Drainage System

Installing an improved internal drainage system within the embankment has the potential to improve the drainage
characteristics and stability of the embankment, during rapid drawdown. However, there is considerable
difficulty associated with this alternative. Also, without extensive geotechnical analysis, there is no assurance
that a new drainage system would sufficiently stabilize the embankment during rapid drawdown. Further, the
extent of the excavation required to improve the internal drainage would be so large that it may be comparable to
the removal and replacement alternative previously discussed. This embankment alternative was not
considered further.

3.1.2.5 Embankment Alternative No. 5 - Remove and Replace Upstream Shell Only

Removing and replacing the upstream shell as a means of stabilizing the Elwood Dam during rapid drawdown
loading can be accomplished. The shell would be removed and replaced with known, suitable materials, faced
with soil cement, and designed such that slope failure would not take place during rapid drawdown.
Considerable questions remain about this embankment alternative. It is unclear if suitable material for this
alternative is available on the site. It also is likely far less expensive to simply leave the upstream slope in place
and install a new buttress or flatten the angle of the upstream slope, as previously discussed. This embankment
alternative was included in Elwood alternatives E-3 and E-6.

The existing outlet works cannot deliver 2,400 cfs for the SDHF augmentation. The existing capacity of the outlet
works has been identified as having a maximum rate of 350 cfs (WMS Phase I, 2008). With this limitation, the
construction of a new outlet works or the significant modification of the existing outlet works would be necessary
if Elwood Reservoir were to be used for SDHF augmentation.

3.2.1 New Outlet Works Alternatives Evaluation

The existing outlet works could not meet the required releases of 2,400 cfs and a new outlet works would be
required. The following criteria were established for this new outlet works:

a. Release velocities below 20 feet per second (ft/sec) within the discharge pipe to minimize
potential damage to the outlet pipe

b. Invert elevation of 2,530 feet to maximize heads on the outlet works and provide a low-level outlet

C. Location on either the north or south abutment of the main dam, for easy access to either a new
canal or Plum Creek

No major fatal flaws associated with the installation of new outlet works were identified during this study. The
biggest question regarding its configuration are the limits to the size of the pipe and its regulating features.
There are literally dozens of pipe and valve configurations that can accomplish the target release 2,400 cfs. For
the purposes of this study, a basic hydraulic analysis determined that two 8-foot-diameter, steel-lined pipes
would be capable of providing these flows. This configuration also would incorporate the use of the existing
outlet works, which has a maximum discharge rate in the range of 300 to 350 cfs. A single, 12-foot diameter pipe
also could also convey the desired flows; however, the costs of manufacturing and maintaining the gates for this
size of pipe may be prohibitive. Twin conduits may provide benefits in flexibility of operation and maintenance.

Flows through the new outlet works could most easily be controlled at the downstream end of the conduits by
using either hooded fixed-cone valves or radial gates that would discharge into a reinforced concrete stilling
basin before entering the canal downstream.

An upstream control should also be provided to prepare for the unlikely event of problems with the pipe conduits,
or the need to maintain or replace downstream valves or gates. This could be accomplished with hydraulically
actuated vertical slide gates. They would normally be opened or closed under balanced head conditions, but
also would be designed to close under their own weight in the case of an emergency at a time of concurrent
power failure. Trash racks to exclude large debris, which could damage or jam the gates and valves, should be
provided at the upstream end of the conduits.

3.2.1.1 Outlet Alternative No. 1 — Open Cut through Existing Dam

Making a cut through the existing dam and constructing a new outlet structure would be possible, but would give
rise to a number of concerns in connection with replacing the dam fill. Specific concerns include achieving similar
compaction characteristics to avoid differential settlement, as well as providing good watertight connections with
the outside of the conduits and the body of the dam. Cutting into an existing embankment typically is regarded
as something to avoid, as approval from dam safety regulators can be difficult to obtain. Therefore, this
alternative should not be considered unless the alternative for complete replacement of the embankment is
adopted. This alternative would require the complete draining of Elwood Reservoir for a minimum of two
irrigation seasons.

3.2.1.2 Outlet Alternative No. 2 — Open Cut with Dam Replacement

In the circumstances where the whole dam was to be removed and replaced, it would be appropriate to
incorporate a new high-capacity, low-level outlet excavated into the side slope of the dam foundation. Twin steel
pipes, encased in concrete, would be an appropriate form of construction.

An upstream slide gate and trash racks would be incorporated in an outlet tower constructed in the reservoir at
the upstream toe of the embankment. An access bridge from the embankment crest to the top of the tower would
be required.

3.2.1.3 Outlet Alternative No. 3 — Tunneling

Tunneling through one of the abutments of the dam would appear to be a feasible option for providing a new
outlet of sufficient capacity. The most appropriate tunneling method would be using pipe-jacking techniques,
where a Tunnel Boring Machine (TBM) — consisting of a cutting head and a shield — is used to bore through the
earth. As the shield advances, excavating material in its path, sections of pipe are hydraulically jacked into place
directly behind it.

Usually, the pipes would be butt jointed concrete which would have an internal pressure rating up to
approximately 100 pounds per square inch (psi). As the head on the tunnel would be about 33 psi --77 feet of
water-- it would be necessary either to line the tunnel with a steel liner or use steel pipe sections for the jacking,
which would require welding as each section is inserted. In either case, the annulus around the outside of the
pipe would be grouted to ensure full support of the ground and avoid a potential seepage path along the outside
of the pipe.
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To provide the necessary thrust, reaction boring is normally started from a pit or shaft with a thrust wall
constructed on the back face of the shaft. If this proves inappropriate at this site, a suitable thrust block/wall
would need to be constructed aboveground.

The tunnel would be driven from the downstream end with a slight upslope to daylight at an upstream portal
excavated into the slope and supported on each side by wing walls. The upstream slide gate and trash racks
would be incorporated in an outlet tower constructed in the reservoir at the upstream end of the tunnel. An
access bridge, from the abutment to the top of the tower, would be required.

3.2.1.4 Outlet Works Alternative Conclusions

A new outlet works would likely consist of a bored tunnel located on one of the abutments of the main dam.
Modification of the existing outlet works would require the installation of two 8-foot diameter conduits or one 12-
foot diameter conduit, as well as the installation of one or more additional pumps and upstream guard gates with
trash racks. Modifications to the canal downstream of Elwood Reservoir would also be required

3.2.2 Geotechnical Recommendations for Further Embankment Analysis

A thorough geotechnical investigation would be needed to establish actual geotechnical characteristics of the
dam and surrounding soils. The geotechnical investigation should include a review of the area geology,
subsurface borings at the dam and anticipated location(s) for the outlet works, a laboratory testing program, and
more extensive engineering analysis of the embankment during the planned rapid drawdown -- incorporating the
results of the subsurface investigation and laboratory testing. An updated alternatives evaluation would also be
required once the results of the updated engineering analysis are known. This geotechnical evaluation would
provide a better understanding of the embankment, as well as provide valuable information for the determination
of a feasible construction method for installation of new outlet works.

Concepts for the improved outlet works have been discussed and evaluated in general terms as part of this
report, however additional analyses are required to determine the most feasible alternative. Specifically, a more
thorough hydraulics evaluation of the planned operation and a study of specific gates and valves are
recommended. Gates and valves of this nature are a specialty construction item.

3.3.1 Existing E-65 Canal and Operation

The E-65 Irrigation Canal was built in the 1930s and 1940s to supply local farmers with irrigation water. The
canal is currently owned and operated by CNPPID. The E-65 Canal system has a current capacity of 350 cfs
between the Canal’s origin at the Tri County Supply Canal and the Elwood Reservoir intake works. The primary
flow capacity restrictions are due to the approximately 7,500 feet of siphons along the E-65 Canal upstream of
Elwood Dam. Beyond Elwood Reservoir, the E-65 Canal system has a capacity of 650 cfs. The existing E-65
Canal alignment is shown in Figure 3.3-4.

For the purposes of this evaluation, CNPPID stated that the E-65 canal would be available to deliver Program
water to Elwood Reservoir for the period of September 1 through March 7 or 15 at the full capacity. CNPPID
starts to fill Elwood on March 7 or 15. Starting in April, approximately 150 cfs is needed for flushing, surcharge,
and weed control but the remainder of the canal capacity is conveyed to Elwood. The canal is available during
the winter months, however, likely at a reduced capacity. In the past, CNPPID has allowed the canal to ice over
and has run water under the ice.

3.3.2 Elwood Target Operating Curve Modifications

Elwood Reservoir was constructed in the late 1970s to provide additional irrigation water to the E-65 Canal.
Elwood Reservoir is currently owned and operated by CNPPID. As stated above, the E-65 Canal has a capacity
of 650 cfs downstream of the Elwood Dam and Reservoir. The E-65 Canal has a capacity of 350 cfs upstream of
the Elwood Dam and Reservoir. The Elwood Dam and Reservoir is used to supplement 300 cfs during peak
irrigation demand.

In 1993, a study of seepage rates was conducted, and opportunities for optimum operation of Elwood Reservoir
were investigated. The seepage rates at Elwood are an exponential function in relation to the pool level of the
reservoir. The seepage rate of Elwood Reservoir is shown in Figure 3.3-1, taken from the CH2M Hill
memorandum.

Figure 3.3-1 — Elwood Seepage Rates (CH2M Hill, 1993)
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Seepage from Elwood Reservoir flows in to both the Republican River basin, and the Platte River Basin. CH2M
Hill's 1993 memorandum defined the seepage rates from Elwood into both of these basins. The seepage leaving
Elwood towards the Republican Basin includes the seepage south (24%), and the seepage west (29%). The
total seepage from Elwood that would be expected to leave the Platte River basin, and flow towards the
Republican River basin is 53% of the expected seepage from the reservoir.
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A target operating curve (TOC) was developed to reduce the amount of seepage losses from the reservoir
(CH2M Hill, 1993). Based on the standard TOC, Elwood Reservoir begins to fill around March 15 and continues
to fill through June 15. Recently, the pump motors were replaced, which allows for a quicker fill rate than shown
in the 1993 TOC study. The TOC as modified after replacement of the pump motors is shown in Figure 3.3-2. It
entails starting filling operations on March 25. The pumps are able to move 190 cfs to 270 cfs. Irrigation water
is released from mid-June to September. Elwood Reservoir is partially filled again each fall to account for winter
seepage if needed. Based on the recent drought conditions and the unavailability of water supplied to CNPPID
over the past five years, Elwood has not recently been used to supplement irrigation water. Figure 3.3-2 shows
a comparison of the average operation for 2000-2004 and the current TOC.

Figure 3.3-2 — Current Target Operating Curve for Elwood Reservoir
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3.3.3 Inlet Supply Alternatives

Three supply alternatives for conveying water into Elwood Reservoir were evaluated. The three alternatives
include utilization of the existing supply system, a new gravity supply canal, and a twin E-65 Canal.

3.3.3.1Inlet Supply Alternative No. 1 — Use Existing System

As previously stated, E-65 has a capacity of 350 cfs from the Tri County Supply Canal to Elwood Reservoir. The
three existing vertical turbine pumps can deliver up to 270 cfs combined. In order to use the existing system
without any modifications, filling of Elwood would have to begin in early February. It would take 37 days to fill
Elwood with the approximately 14,300 acre-feet of water needed to release 2,400 cfs for three days. The filling
rate takes into account an average seepage loss of 70 cfs. Based on comparisons of the fill and release to the
TOC, it appears that independent operation of Elwood by the PRRIP and CNPPID is possible. In other words,
the reservoir could be filled and emptied for use by the PRRIP prior to its use for irrigation purposes by CNPPID
(this would still require construction at conveyance facilities).

3.3.3.2Inlet Supply Alternative No. 2 — Gravity Supply Canal

Due to the existing uses and limitations of the E-65 Canal and Elwood pump station, a new gravity canal
between Johnson Lake and Elwood Reservoir was investigated. A potential horizontal alignment for a gravity
supply canal is shown in Figure 3.3-4.

A 350 cfs gravity canal could provide the capacity to fill Elwood beginning on February 15 for a March 15
release. The Elwood gravity supply canal would include an 8-foot diameter 5,000 feet long siphon structure
across Plum Creek. A plan and profile view of the Elwood gravity supply canal is shown in Figure 3.3-5, and
typical cross sections are shown in Figure 3.3-6.

The Elwood gravity supply canal would have an invert elevation of 2,607 feet at Elwood Reservoir. This would
allow the reservoir to store 37,000 ac-ft with no pumping cost. The Elwood gravity supply canal could be
designed to deliver 350 cfs, which exceed s the existing supply system capacity of 270 cfs. With the increase in
capacity, Elwood Reservoir could be filled more quickly than it can using the existing pumps 26 days rather than
37 days. A gravity canal capacity of 350 cfs was chosen to replace the capacity provided by the E-65 Canal.
Figure 3.3-3 shows the SDHF superimposed on the TOC, which has been modified to reflect the faster filling due
to the gravity canal. Potentially modifying the TOC, however, is not an endeavor to be underestimated.

Figure 3.3-3 — Suggested Elwood SDHF Operations Superimposed on Proposed Modifications to the
Target Operating Curve Due to Quicker Fill with Gravity Canal
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3.3.3.3Inlet Supply Alternative No. 3 — Twin E-65 Canal

A twin E-65 Canal was evaluated from the Tri County Supply Canal to the Elwood Dam and Reservoir. In this
alternative, E-65 Canal would have the capacity to deliver 650 cfs for irrigation usage. This would remove the
CNPPID need for using the Elwood Dam and Reservoir to supplement irrigation water. Elwood Reservoir would
then become available to the PRRIP year-round. This alternative opens the door for multiple uses of the Elwood
Dam and Reservoir for delivering SDHF and target flows.
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Three alternatives were evaluated for the conveyance of water from Elwood Reservoir to the Platte River for

Figure 3.3-6 — Gravity Supply Canal Sections
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3.4.1 Conveyance Alternative No. 1 — Use of Plum Creek

Historic stream flow data is available for select years from the U.S. Geological Survey and Nebraska Department
of Natural Resources (NDNR) for Plum Creek near Smithfield, Nebraska. The gage is located nearly halfway
between Elwood Reservoir and the Platte River. The drainage area at the gage is 209 square miles. The
drainage area near the confluence of Plum Creek with the Platte River is approximately 234 square miles,
according to construction plans for Bridge RS-1550 (4) over County Road 749. Instantaneous peak flow
information is available from the USGS for water years 1946-1978 and 1996-1999. Instantaneous peak flow
data was obtained from the NDNR for water years 1981-1991 and 2003-2008.

Instantaneous peak flow data showed that the highest peak flow of 2,800 cfs was recorded on June 23, 1947.
Six of the years had a peak flow higher than 1,000 cfs. The instantaneous peak flow average of the remaining
years is 332 cfs. Table 3.4-1 lists the peak flows.

Table 3.4-1 — Historical Instantaneous Peak Flows for Plum Creek Gage at Smithfield, Nebraska, USGS
Gage 06767500, Latitude 40°38'29” and Longitude 99°42’'38"

Date Peak Flow, cfs Date Peak Flow, cfs
6/23/1947 2,800 6/12/1974 15
6/23/1948 2,230 6/22/1975 462

6/6/1949 1,220 4/9/1976 143
5/30/1950 404 5/22/1977 323
6/10/1951 588 3/11/1978 270
5/27/1952 90 7/28/1981 130
5/10/1953 18 8/14/1982 44
5/16/1954 220 5/18/1983 26
6/16/1955 196 7/5/1984 427

6/5/1956 116 9/6/1985 549
6/16/1957 844 5/10/1986 280
2/27/1958 259 6/11/1987 186
3/26/1959 175 7/19/1988 222
3/22/1960 620 6/25/1989 905
8/17/1961 470 8/12/1990 218

6/7/1962 562 9/7/1991 437
6/15/1963 558 5/27/1996 242
4/20/1964 156 8/13/1997 34
5/24/1965 985 7/30/1998 264

10/18/1965 865 6/28/1999 346
6/13/1967 1,320 5/24/2003 175
8/10/1968 938 7/10/2004 89
9/18/1969 1,140 6/3/2005 335
6/12/1970 355 9/11/2006 184
3/25/1971 17 8/23/2007 306
6/24/1972 242 5/24/2008 1,440
9/1/1973 332
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The WMS Phase Il report stated that a high flow event occurred on Plum Creek in May 2008, which resulted in
significant damage and flooding. According to the data provided by NDNR, the peak flow was 1,440 cfs. It is
estimated that this peak flow represents the approximate 20-year return period peak flow based on an analysis
of gaged data and regression equations. CNPPID reported that this flood event caused approximately $100,000
in damage to one of its siphons under Plum Creek.

3.4.1.1 Hydraulic Analysis of Plum Creek Channel

A Hydrologic Engineering Center-River Analysis System (HEC-RAS) model of Plum Creek was developed to
serve three main purposes — to evaluate the flow attenuation between Elwood Reservoir and the Platte River, to
evaluate the effect of a 2,000-cfs flow on the existing Plum Creek channel, and to estimate a flow rate that can
be conveyed by the Plum Creek channel without causing damage. Cross-sections were developed using the
USGS topographic quadrangle maps, which have contour intervals of 10 feet and 20 feet in the project area.
Cross-sections were developed at an interval of approximately 1 mile. Only open channel cross-sections were
entered, not bridges or culverts, due to the lack of survey data. Due to the lack of reliable topographic data, the
model itself and results should be considered with an appropriate level of uncertainty.

3.4.1.2 Flow Attenuation

An unsteady HEC-RAS model was developed to evaluate flow attenuation. The model showed that it is
necessary to release approximately 2,010 cfs at the upstream end of Plum Creek to achieve a flow of 2,000 cfs
at the downstream end of the reach. Based on past experience, this result does not seem realistic and is
probably due to the paucity of topographic information. Operational losses of 10% to 20% are considered
reasonable assumptions, so a release of 2,400 cfs from Elwood Reservoir was considered to be desirable at this
level of study.

3.4.1.3 Effect of SDHF on Existing Plum Creek

The effect of flows on the order of 2,400 cfs flow through Plum Creek was evaluated with a steady flow HEC-
RAS model, along with flows of 2,000 cfs, 1,200 cfs, and 400 cfs. The resulting top widths, compared to the
channel on the USGS maps, indicate that the flow would stay in the main channel in most cases. Average
channel velocities and maximum channel velocities based on a velocity distribution within the cross-sections
were checked. For the flows exceeding 2,000 cfs, slightly more than half of the cross-sections showed velocities
exceeding 5 ft/sec. For the 1,200 cfs and 400 cfs flows, the cross-sections showing velocities exceeding 5 ft/sec
decreased from 44% to 15%, respectively. Froude numbers indicate subcritical (stable) conditions. A summary
of the modeling results is contained in the appendix. Given the inaccuracies in the topographic information from
which the cross-sections were developed, the lack of representation of the channel meanders, and reported
damage during the May 2008 storm event of 1,440 cfs, it is evident that flows of 2,000 cfs or more cannot be
conveyed without scour or channel degradation.

The hydraulic design function of HEC-RAS was used to develop estimated stable channel cross-sections for
flows of 2,400 cfs and 1,200 cfs. The average longitudinal slope of Plum Creek is approximately 0.1%. Three soil
samples were collected from the banks of Plum Creek upstream of County Road 746, County Road 749, and
State Highway 283. Particle size distributions were computed from the samples. Particle size parameters used
in the stable cross section analysis were dgs 0f 1.7 mm, dso of 0.25 mm, and d;¢ of 0.01 mm.

The computed stable cross-sections were determined to have bottom widths of 12 feet and 6 feet for 2,400 cfs
and 1,200 cfs, respectively, assuming side slopes of 10H:1V. The relatively flat side slopes were selected to fit
better with the available cross-section information. If this alternative were advanced to more detailed design, a
composite channel with the existing low-flow section with steeper side slopes would be designed to reduce the
overall channel width and assist with permitting. The fully excavated channel used for this analysis due to rough
topographic data would have difficulty being permitted. Most of the cross-sections showed that some
enlargement was needed, partly due to the fact that the cross-sections developed from the topographic mapping
had one point for the thalweg, as opposed to having an actual bottom width. Excavation quantities to construct a
stable channel were estimated to be 675,000 cubic yards and 325,000 cubic yards for the 2,400 cfs flows and
1,200 cfs flows, respectively.

In addition to channel enlargement, armoring of the outside bank meanders would be required to protect the side
slopes from erosion and headcutting. The entire channel between Elwood Reservoir and the Platte River is
approximately 27 miles long. It is estimated that 30% to 40% of the channel is made up of meanders that would
require armoring. If 35% of the channel needed armoring on only one side, the outer bend, almost 10 linear
miles of armoring would be needed for the 2,400 cfs flow.

Degradation of Plum Creek may provide beneficial sediment to the Platte River. The upper reaches are
comprised of silty loess material that would not be beneficial for habitat creation. The lower reaches, however,
are comprised of silty sandy material that might provide suitable material. With improved model accuracy,
estimates of sediment yield to the downstream system could be developed. Degradation also may result in
undercutting and scour of hydraulic structures. In some cases, the sediment yield from channel degradation may
create deposition that clogs culverts or hydraulic structures at roadway crossings of the Plum Creek channel.

3.4.1.4 Plum Creek Existing Crossing Structure Capacities

Between Elwood Reservoir and the Platte River, Plum Creek is crossed by roads at 10 locations. The crossings
range from twin 60-inch diameter corrugated metal pipe (CMP) culverts to a three-span bridge, which is 119 feet
long. Construction plans were obtained for all seven of the bridges. The plans for four of the structures included
design information, such as the design discharge or the 100-year discharge. The discharges ranged from
approximately 3,000 cfs to 5,500 cfs. The “special plan” sheets that include the hydraulic design information
were not included for the other three structures. The unit discharge was estimated for the four bridges with
known design capacities on the basis of discharge per foot of bridge length. The unit discharges ranged from 43
cfs to 76 cfs per foot. To conservatively estimate the capacities of the three bridges, a unit discharge of 40 cfs
per foot of bridge length was used. The resulting discharges ranged from 2,600 cfs to 3,600 cfs. Based on this
information, the bridges appear to have capacity to convey 2,400 cfs. The backwater effects of the bridges were
not evaluated due to the lack of accuracy in the cross-sections.

The remaining three structures, one bridge and two culvert crossings, were inventoried by Olsson staff.
Estimates of the culvert capacities were developed using the Federal Highway Administration’s HY-8 program.
The capacities were determined at a point of imminent overtopping of the road and were determined to be 608
cfs for the County Road 430 culvert and 316 cfs for the County Road 437 culvert. The culverts would need to be
upgraded to bridges or box culverts to convey 2,400 cfs. The County Road 746 Bridge was analyzed using
Bentley Systems’ FlowMaster program. Based on the open area and low chord of the bridge, the capacity was
estimated to be 2,400 cfs. Photos of all of the structures and additional areas of interest are included in
Appendix B.
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Table 3.4-2 shows a summary of all the structures and their capacities.

Table 3.4-2 - Plum Creek Bridge and Crossing Capacities

Structure # Structure ID Location Description Capacity Source/Comment
1-48' and 2-35-9"
1 STP-BR-BH-283-1(106) [SH 283 spans (119' total) 5500 cfs (Q1g0) Construction Plans
Estimated, missing Special Plan
2 BR-7037 (14) CR 429 80" span 3200 cfs (approximate) |(Sheet 8)
HY8, at top of road - imminent
3 CR 430 1-8' CMP 608 cfs overtopping
1-36' and 2-27' spans Estimated, missing Special Plan
4 BR-7037 (17) CR 432 (90" total) 3600 cfs (approximate) [(Sheets 14-18)
5 RS-BRS-1695(3) CR 433 59'-2" span 4300 cfs (design flood) |Construction Plans
29' span, average
6 C003731005 CR 746 12.05' height 2400 cfs Flowmaster, at low chord

1-26' and 2-19-6" Estimated, missing Special Plan

7 BR-7037 (15) CR 435 spans (65' total) 2600 cfs (approximate) [(Sheets 9-13)
8 BR-7037 (7) CR 436 110" span 4700 cfs (Q1g0) Construction Plans
CR 437 2-60" CMPs 316 cfs overtopping
1-28' and 1-21' span Construction Plans, Qi = 5200 cfs,
RS-1550 (4 CR 749 0
10 @ (49 total) <3000 cfs 3000 is overtopping

Crossings with less than 2000 cfs capacity. Upgrade required to conwey 2,400 cfs.

Upgrade or replacement expected to conwey 2,400 cfs

In addition to replacing two culvert crossings, some of the bridges will require enlargement or replacement to
convey a 2,400 cfs flow without significant backwater effects. Although the capacity of the County Road 749

Bridge was documented to be almost 3,000 cfs on the as-built drawings, the May 2008 flow of 1,440 cfs caused

scour and undermining of the bridge, as shown in Photo 3.4-1.

Photo 3.4-1 - County Road 749 Bridge over Plum Creek

Scour under the
wingwall/ abutment
apparent after May
2008 flood event

County Road Bridge 749 should be replaced or enlarged, along with the County Road 746 Bridge, which was
estimated to have a capacity of 2,400 cfs. Estimates of cost for replacement were developed on a square-foot

basis for a concrete slab girder bridge.

Riprap placed following
the May 2008 flood event

Estimating the flows that could be conveyed in Plum Creek, under existing conditions without causing significant
erosion and flooding cannot be adequately determined with the available topographic information. Developing a
HEC-RAS model using the Light Detection and Ranging (LIDAR) mapping or select field survey information as
base mapping is recommended to determine the appropriate range of flows. The model should incorporate the
crossing structures to assess backwater conditions. Two significant flow rates worthy of mention, are the 2008
flooding at a rate of 1,440 cfs, which caused significant damage, and the average flow of 332 cfs, which is known
to cause no damage. This information together with the capacities of existing structures gives us a suggested
maximum capacity of 600 cfs, which would require replacement of the County Road 437 culvert and the County
Road 430 culvert. When considering the combined Elwood/J-2 option discussed below, there likely will be an
optimal flow rate trade-off with capital costs. If the combined case goes forward to feasibility, more work will be
needed to determine this optimal flow rate. For use with the combined alternatives, a conveyance capacity in
Plum Creek of 1,200 cfs was assumed.

3.4.2 Conveyance Alternatives No. 2 and No. 3 - New Return Canals

Two potential alignments for a return canal to deliver a SDHF augmentation of 2,000 cfs between Elwood
Reservoir and the Platte River were evaluated. To reduce the channel width, the cross-sectional geometry
consisted of side slopes of 2H:1V and a maximum depth of 10 feet. The bottom width and longitudinal slope of
the canal was developed to result in a velocity less than 5 ft/sec, while minimizing the width of the canal. The
resulting bottom and top widths were 24 feet and 64 feet, respectively, not including freeboard.

Using USGS topographic maps for base mapping, the alignment identified in the WMS Phase Il Report (Boyle,
2008) with the cross-section developed for the 2,000 cfs SDHF was evaluated. The alignment is shown in Figure
3.4-1. Construction along the alignment would require a significant volume of excavation. The alignment, which
is 12.4 miles long, crosses many tributaries of Plum Creek and Plum Creek itself, necessitating a combination of
siphons under tributaries and Plum Creek and flumes to carry smaller tributary flows over the canal. Information
developed by the Bureau of Reclamation indicated that two 12-foot diameter siphons would be needed to convey
2,000 cfs with acceptable head requirements (Bureau of Reclamation, 1978).

A conceptual profile was developed based on the WMS Phase Il alignment and is shown in Figure 3.4-1.
Approximately 7 million cubic yards of excavation and nearly 17,000 total feet of siphons would be required,
resulting in an estimated cost of $50 million for this alternative, before contingencies. The cost does not include
the flumes for tributaries, inlet/outlet transitions for the siphons, drop structures, land acquisition, or
considerations for spoil areas. If this alternative advanced to more detailed design, a balance of siphons, flumes,
excavations and fills to reduce costs would be needed. Adding contingencies of 50% to account for some of
these items and the uncertainty of the topographic mapping brings the estimated cost of the alternative to $75
million. Based on the costs of the excavation and siphons, the economic feasibility of this conveyance alternative
was considered to be highly unlikely and a canal along this alignment was not evaluated further.

An alternate alignment was developed in an attempt to decrease the cost by reducing the excavation quantity
and siphon crossings. The alternate alignment and profile are shown in Figures 3.4-2 and 3.4-3, respectively.
For this alignment, which is 13.9 miles long, the estimated excavation was approximately 7 million cubic yards,
with roughly 8,400 linear feet of siphons. The cost of the excavation and siphons was estimated at $42 million,
without inlet/outlet transitions for the siphons, flumes for tributaries, drop structures, land acquisition, or
considerations for spoil areas, and before contingencies. Incorporating contingencies of 50% to account for
some of these items and the uncertainty of the topographic mapping bring the estimated cost of the alternative to
$63 million. Based on these costs, the economic feasibility of this conveyance alternative was considered to be
highly unlikely and a canal along this alignment was not evaluated further.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

An investigation was done to determine the ownership of lands where proposed configuration elements for

Table 3.6-1 — Elwood Reservoir Alternatives

Elwood Reservoir would potentially be placed. Properties in Gosper and Phelps counties would be involved, Alternative Embankment Inlet Outlet Conveyance

including landowners along the potential gravity supply canal and Plum Creek, as well as along the return canals Buttress upstream face Plum Creek,
to the Platte River that were screened out of the analysis. The figure below shows the ownership along these E-1 of embankment New Gravity Canal | 2-8" Tunnels 2,400 cfs

proposed components based on landowner maps obtained from CNPPID. This figure also is included in larger Remove & replace Open cut 2- Plum Creek,
format in Appendix B. E-2 embankment New Gravity Canal 8’ pipes 2,400 cfs

] ) Remove & replace Plum Creek,
Figure 3.5-1 — Land Ownership — Elwood Comp.onents E-3 upstream shell New Gravity Canal | 2-8 Tunnels 2,400 cfs

yateren —v P Buttress upstream face Plum Creek,
E-4 of embankment Existing E-65 Canal | 2-8 Tunnels 2,400 cfs

Remove & replace Open cut 2- Plum Creek,
E-5 embankment Existing E-65 Canal 8’ pipes 2,400 cfs

Remove & replace Plum Creek,
E-6 upstream shell Existing E-65 Canal | 2-8' Tunnels 2,400 cfs

Phase I
Alignment 3.6.1 Elwood SDHF Augmentation Results
r , As described in Section 1, Program actions will include implementation of SDHF events with flows of 6,000 cfs to
———— Alternate 8,000 cfs for three days at Overton. The objective for this analysis was to create a SDHF of 2,000 cfs flow at
Alignment Overton from Elwood Reservoir which would reach the lower end of the 6,000 to 8,000 cfs range. Based on
e losses along Plum Creek, it is expected that 2,400 cfs would need to be released from Elwood Reservoir for
= three days. Including an offset for seepage, a total of 14,280 ac-ft of water will be needed to be stored in Elwood
: Reservoir for this release, but the expected total volume of SDHF augmentation is 11,901 ac-ft. Figure 3.6-1
/- shows the inflow and outflow for the SDHF using Elwood Reservoir. The volume of SDHF augmentation
delivered to the Overton gage is based on twin 8-foot diameter outlet pipes installed through the Elwood
embankment and upgrading of Plum Creek to convey the flow. Additional flows from the Platte River, J-2
— | PlumCreek Return, and groundwater inflow are indicated to result in a 3-day SDHF Overton flow of 6,703 cfs.

The use of Elwood Reservoir to store and deliver water to augment a SDHF and for target flow operations was
evaluated for six different combinations of improvement components. Upgrades to the dam embankment to
provide stability include buttressing of the upstream face, removing and replacing the upstream shell, including
soil cement, and removing and replacing the entire embankment. If the entire embankment was removed, a hew
outlet structure could be constructed using open excavation techniques. Otherwise tunneling through the
existing embankment may be required. Both construction of a new gravity canal to supply water to Elwood
Reservoir and use of the existing E-65 Canal were evaluated. In all six alternatives, plus upgrading and
armoring Plum Creek to convey a SDHF of 2,400 cfs, were included. Table 3.6-1 summarizes the six
configurations of the Elwood upgrades that were advanced to the scoring evaluation.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Figure 3.6-1 — Elwood Reservoir Short Duration High Flow Outflow for Alternatives E-1 through E-6
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The Operations criteria states: “For purposes of meeting a SDHF, reregulating reservoirs can be filled with either
excess flows or EA water released from Lake McConaughy. Reservoirs will be filled as quickly as possible prior
to the SDHF event, limited only by system and reservoir capacity constraints.” Assuming the filling of Elwood is
accomplished with EA water released from Lake McConaughy, the operations curve on which the SDHF
operation has been superimposed, Figure 3.3-3 in Section 3.3, can be achieved using the existing E-65 Canal or
a new gravity inlet canal.

It would take 37 days to fill Elwood for the SDHF, using the E-65 Canal, and during this time, approximately
1,863 ac-ft will seep from the reservoir. Using the CH2M Hill reported figure of 53%, the amount of water seeping
into the Republican River basin would be 987 ac-ft of water for each year. Seepage that travels from Elwood
Reservoir to the Republican River basin would not decrease; it would likely increase.

3.6.2 Elwood Target Flow Analysis Results

Table 3.6-2 shows a summary of how shortages to target flows could be reduced with the use of Elwood
Reservoir alternatives E-1 through E-6. These are best case numbers based on many assumptions. More
detailed analysis may reduce the volume of reductions to shortages to target flows since additional items such
as conveyance losses along the E-65 Canal and evaporation from Elwood Reservoir were not considered in the
analysis. A maximum available storage volume of 26,899 acre-feet was determined from the volume available in
Elwood Reservoir between the minimum and maximum elevations shown on the TOC, 2574.4 and 2607.0,
respectively (see Figure 3.3-2). The availability of the E-65 Canal was based on information provided by
CNPPID and described in Section 3.3. Full capacity of the E-65 Canal was assumed for September 1 through
March 15, with no available capacity for Program water the remainder of the year. The March 15 date was
agreed upon by the workgroup, however, further discussions with CNPPID revealed that filling of Elwood
Reservoir could begin either March 7 or March 15. For the target flow analysis for the illustrative years, filling of
Elwood Reservoir via the E-65 Canal was completed prior to the beginning of March. Future analyses should
assume no E-65 Canal capacity for the Program starting March 7. The 350 cfs capacity is the maximum
potential capacity. It was assumed that the E-65 Canal could be run during the winter, but at a lesser capacity
due to potential icing conditions. Because the capacity into Elwood Reservoir is limited by the existing pumps,
the capacity in the canal was not decreased during the target flow operations. If further studies are conducted,
assumptions using lesser capacities may be desirable. It should be noted that any excess flows routed to
Elwood Reservoir have power bypass costs to the Program associated with them as water routed to Elwood
does not flow through theJ-1 or J-2 hydropower stations. Power bypass costs for Elwood alternatives are
included in total Elwood costs and are reflected in scoring.

Table 3.6-2 Elwood Reductions to Shortages to Target Flows Summary

Dry Year Normal Wet Year
1964 Year 1975 1986

Target Flow Shortages, ac-ft PN 540,654 227,917
Reductions to Shortages to
Elwood Alternative Target Flows, ac-ft
E-1 19,162 17,788 21,330
E-2 19,162 17,788 21,330
E-3 19,162 17,788 21,330
E-4 19,154 19,408 21,736
E-5 19,154 19,408 21,736
E-6 19,154 19,408 21,736

For Elwood alternatives E-1 through E-3, inflows into Elwood Reservoir were limited to the new gravity inlet
canal capacity of 350 cfs. For Elwood alternatives E-4 through E-6, which use the existing E-65 Canal, the inlet
pump capacities limited the potential inflow into Elwood Reservoir. The maximum pump capacity is 270 cfs,
however discussions with CNPPID at the beginning of the project indicated that for the last 10,000 acre-feet of
storage, the pump capacity is 190 cfs. A relationship between full pump capacity of 270 cfs at the minimum TOC
operating elevation/storage volume and the reduced pump capacity of 190 cfs at the elevation/storage volume at
10,000 acre-feet less than maximum TOC operating elevation/storage volume was developed. As the storage
volume changed, so did the pump capacity. Pump capacity of 190 cfs was used for the highest 10,000 acre-
feet.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Outflows were limited to the minimum of either the 2,400 cfs SDHF value since the alternatives assumed full Figure 3.6-3 — Elwood Reservoir PRRIP/CNPPID Joint Operations 1975 Illustrative Normal Year
upgrade of Plum Creek to convey the SDHF or the target flow shortage increased by a factor of 20% to account
for transmission losses occurring in Plum Creek so that the full shortage would be delivered to the Platte River.
A daily water balance was calculated and included seepage losses that were based on the seepage equation 40,000
shown in Figure 3.3-1 and documented in the 1993 CH2M Hill memorandum (CH2M Hill, 1993). Evaporation
from Elwood was not included in the target flow analysis, and will reduce the overall volumes. Target flow
analysis was completed independently of the SDHF analysis. A transmission loss factor of 20% was applied to
the released water as the last step in the analysis to reflect that not all water released will be conveyed to the 52002 Modified TOC
Platte River. 30,000

Maximum operation elevation, 2607.0

/\

/\
Y o /

35,000 [—| ™ Storage for Release

(ac-ft)

Figures 3.6-2 through 3.6-4 show the filling and release of water for target flow operations based on the ;
assumptions described. It was assumed that only storage above the TOC was available for target flow
operations. Only the release of the main excess storage that takes place over the winter months was included
as potential reduction to shortages to target flows. The potential exists for storage and release in other months,
but these volumes were not included in the reported reduction volumes. In all illustrative years, the excess flows
filled the reservoir over the winter. How quickly the reservoir filled and how long it stayed full until releasing the
water varied, as well as the ending date at which the releases intersected with the TOC and ended the releases. 15,000
In the wet year and perhaps the normal year, flows could be captured in September to supply reductions to
shortages to target flows in October. Due to the fact that multiple years were not run, this potential volume was 10,000
not included in the reported reduction volumes.
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Comparison of Figures 3.6-2 and 3.6-3 indicate that less water is delivered during the illustrative normal year 5,000 -
than during the illustrative dry year, which is not intuitive. Because the normal year has higher target flows, there i = <
are fewer excesses with which to fill Elwood Reservoir. It is noted that Elwood Reservoir does not fill to Date
maximum during the normal illustrative year. The shortages to target flows are also greater than in the dry year,
so the water is released more quickly. In the wet years, the shortages are smaller and the excesses more
plentiful.
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Figure 3.6-4 — Elwood Reservoir PRRIP/CNPPID Joint Operations 1986 Illustrative Wet Year

Figure 3.6-2 — Elwood Reservoir PPRIP/CNPPID Joint Operations 1964 lllustrative Dry Year
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Figures 3.6-5 through 3.6-7 depict, for each illustrative year, the total flow at Overton, excess flows in the
CNPPID system, excess flows in the E-65 Canal, and excess flows available for Elwood Reservoir based on the
existing E-65 Canal and pump capacities. “Excess flows in E-65 Canal” are excess flows in CNPPID’s system
which were not historically present in the E-65 Canal but which could have been routed down the canal rather
than through the J-2 hydro and J-2 Return back to the Platte River. These excess flows were constrained based
on the E-65 Canal capacity of 350 cfs. “Excess Captured in Elwood” represents the E-65 Canal flows further
constrained by the pump capacities into Elwood as described in Section 3.6.2.

Figure 3.6-5 - Elwood 1964 lllustrative Dry Year Excess Flows with E-65
Canal Inlet and 190-270 cfs Pump Capacity into Elwood
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Figure 3.6-6 Elwood 1975 lllustrative Normal Year Excess Flows with E-65

Canal Inlet and 190-270 cfs Pump Capacity into Elwood
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Figure 3.6-7 Elwood 1986 lllustrative Wet Year Excess Flows with E-65

Canal Inlet and 190-270 cfs Pump Capacity into Elwood
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Figures 3.6-8 through 3.6-10 show the relationships between excess flows at Overton, excess flows captured by Figure 3.6-9 Elwood Target Flow Analysis, 1975 lllustrative Normal Year
Elwood Reservoir and the flows released to reduce shortages to target flows and how the timing of the flows Elwood with 190-270 cfs Inflow Capacity

occur. It should be noted that travel times were not included as part of the analysis, which will affect the actual
reductions to shortages to target flows depending on what flow is released on a particular day as compared to

5,000

when that water actually arrives at Overton. As discussed in Section 3.6.2, releases for reductions in shortages
to target flows were only made at one time, primarily since only one year was analyzed at a time, not a 4500 || Excess Flows at Overton
continuous simulation. There is potential, however, to capture and release additional water after excess flows Excess Captured In Elwood
have been captured and shortages are occurring outside of the time period when CNPPID is using the E-65 4,000
Canal. Releases were made later into March for the wet illustrative year since there was still excess water 2500 " Release to Overton
available in storage and the TOC storage/elevation level was lower at that time, as illustrated in Figure 3.6-4. '
For the dry and normal years, storage had been depleted by this time so there was no water left to release £ 3,000
above the TOC storage/elevation. s
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Although not a specific goal or objective of this study, modeling of target flow operations indicates Elwood
Reservoir is typically at minimum stage over the winter months which is also when the reliability of excess flows
are high. More analysis is needed, but it appears using Elwood Reservoir to store winter excess flows would not
interfere with CNPPID current use. A low release rate into Plum Creek of around 100 to 500 cfs would minimize
Plum Creek stabilization costs and minimize roadway crossing upgrades. With a potential high volume yield and
minimal capital costs, this alternative should be further investigated.

3.6.3 Hydropower Flow Cycling Mitigation

Dampening of hydropower flow cycling from the J-2 Return is a desired characteristic for the alternatives.
Elwood Reservoir is not located downstream of the J-1 or J-2 hydropower stations and hence does not have the
ability to mitigate hydropower flow cycling impacts.

Capital costs needed for the use of Elwood to provide SDHFs are composed of several components. The new or
upgraded components needed to put Elwood Reservoir into operation for PRRIP use are:

»  Gravity inlet canal

» Dam embankment stabilization
»  Outlet works

»  Plum Creek upgrades

The following table shows the combinations of components for the six Elwood alternatives and their associated
capital costs. Appendix C provides a detailed summary of all alternatives, capital costs, operating costs, and life

cycle costs. Each component is discussed in the following sections and detailed opinions of probable
construction costs are included in Appendix C.

Table 3.7-1 Elwood Alternative Components and Cap

ital Costs

in thousands of dollars

Alternative Embankment Inlet Works Outlet Works Conveyance Total Capital
Stabilization Method Through to Platte River Costs
Embankment
Plum Creek,
E-1 Elwood buttress Gravity Canal 2-8 Tunnels 2.400 cfs $42,942
$2,797 $6,265 $12,507 $21,373
Elwood remove & New Outlet (2 | Plum Creek,
E-2 replace embankment Gravity Canal pipes) 2,400 cfs $45,444
$9,453 $6,265 $8,353 $21,373
Elwood remove & Plum Creek,
E-3 replace upstream shell | Gravity Canal 2-8 Tunnels 2,400 cfs $45,522
$5,377 $6,265 $12,507 $21,373
Existing E-65 Plum Creek,
E-4 Elwood buttress Canal 2-8 Tunnels 2,400 cfs $36,677
$2,797 $0 $12,507 $21,373
Elwood remove & Existing E-65 New Outlet (2 Plum Creek,
E-5 replace embankment Canal pipes) 2,400 cfs $39,179
$9,453 $0 $8,353 $21,373
Elwood remove & Existing E-65 Plum Creek,
E-6 replace upstream shell | Canal 2-8 Tunnels 2,400 cfs $39,257
$5,377 $0 $12,507 $21,373

3.7.1 Gravity Inlet Canal Capital Costs

The existing E-65 Canal could be used for the operation of Elwood for SDHF and target flows. However, the
inclusion of a gravity canal feeding Elwood Reservoir would provide more flow capacity for the PRRIP
operations. The existing E-65 Canal siphon is starting to show signs of erosion, needing increased maintenance,
and, at some point, will need to be replaced, according to CNPPID. The cost of replacement (see twin E-65
discussion above) would be much higher than the cost of a gravity canal into Elwood, which was estimated to be
approximately $6.3 million. Appendix C shows the cost breakdown.

3.7.2 Embankment Stabilization Capital Costs

Dam stabilization may be required if the reservoir will be full for a much longer portion of the year than it is now.
The use that appears favorable is to stage the reservoir for SDHF and/or target flow operations over the winter
and early spring months. It is unclear if this change in operation would allow the embankment to become fully
saturated, which would result in stability problems on the upstream face when the water level is lowered quickly.

3.7.2.1 Remove and Replace Dam

Removal and replacement of the existing embankment would involve construction of zoned embankments,
extensive internal filter and drainage zones, and a facing system — most likely soil cement. The estimated cost
for replacing the dam would be approximately $9.5 million, as detailed in Appendix C.

3.7.2.2 Upstream Buttress/Upstream Embankment Flattening

The installation of an upstream buttress, which would flatten the angle of the upstream slope, would provide the
embankment additional strength to resist slope failure caused by rapid drawdown loading. This alternative would
be the least expensive upgrade of the embankment, with an approximate cost of $2.8 million. Appendix C
shows a detailed cost breakdown.

3.7.2.3 Remove and Replace Upstream Shell Only

Removing and replacing the upstream shell with known, suitable materials and soil cement facing as a means of
stabilizing the Elwood Dam during rapid loading can be accomplished. The estimated cost of this alternative is
$5.4 million. A detailed cost breakdown is included in Appendix C.

3.7.3 Outlet Works Capital Costs

3.7.3.1 New Outlet as Part of Embankment Removal and Replacement

In the circumstances where the entire dam was to be removed and replaced, a new high-capacity, low-level
outlet could be excavated into the side slope of the dam foundation. Twin steel pipes, encased in concrete, an
upstream slide gate, and trash racks incorporated into outlet tower, as well as an access bridge would be
included in the construction. The cost of this alternative would be approximately $8.4 million, but must be
completed in conjunction with removal and replacement of the embankment. A cost breakdown is provided in
Appendix C.

3.7.3.2 Tunneling of New Outlet Pipes
The estimated cost for tunneling two 8-foot diameter pipes through the existing embankment would be
approximately $12.5 million, as detailed in Appendix C.

3.7.4 Conveyance to the Platte River — Capital Costs for Plum Creek Upgrades

Plum Creek upgrades will involve bank stabilization/armoring, as well as some bridge and culvert upgrades. The
estimated costs for Plum Creek improvements required to convey 2,400 cfs would be approximately $21.4
million. As described in the Section 3.4.1.3, a significant amount of uncertainty exists in the data used to
develop these costs, which are detailed in Appendix C.
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Upgrading Plum Creek to handle SDHF augmentation of 1,200 cfs was considered for the case of combined
operation with the J-2 Alternative 2 options. The costs were estimated to be $15.3 million. Appendix C shows a
breakdown of costs.

For purposes of scoring the alternatives, operating costs were calculated using the NRCS suggested rates for
operating and maintenance costs. The resulting operating costs can be found in Appendix C. Elwood'’s operating
costs were increased to include power generation offset costs due to water bypassing the J-1 and J-2
hydropower stations, as described in Section 3.6.2. The value calculated in the WMS Phase Il (WMS, 2008),
Appendix 4 of $7.89 per ac-ft was used.
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4. J-2 RETURN RESERVOIR

Three alternatives were investigated for the J-2 Return Reservoir (J-2 Reservoir). These alternatives were
investigated to size and locate a reservoir capable of augmenting the SDHFs defined in the operating criteria,
and to reduce shortages to target flows in the Platte River. The three alternatives investigated were:

> Alternative 1 — Pond in the South Channel of the Platte River
> Alternative 2 - Excavate reservoirs near the Platte River
» Alternative 3 — Build a reservoir at Phelps Canal station 9.7

Some of the assumptions and characteristics of the J-2 alternatives are listed below in Table 4.1. These are
discussed in detail in each alternative’s respective section.

Table 4-1 — J-2 Alternative characteristics

Gravity
Fill Total Maximum
Storage @ Storage  Gravity Pumped
Capacity Capacity Inflow Inflow
Alternative (ac-ft) (ac-ft) (cfs) (cfs)

Alt 1 3,380 3,380 2,000 n/a
Alt 2, Area 1 9,716 9,716 1,000 n/a
Alt 2, Area 2 4,604 6,580 1,000 240
Alt 2, Area 3 3,085 4,516 1,675 200-300
Alt 2, Area 4 1,217 6,137 1,675 200-300
Alt 2, Areas 1
&2 14,320 14,320 1,000 n/a
Alt 3 1,659 1,659 1,000 n/a

The WMS Platte River Phase Il Evaluation of SDHF events (WMS, 2008) identified a potential 3,300 ac-ft
storage area and estimated the construction costs at $31.3 million. The J-2 potential storage area identified in
the WMS study was not able to meet the SDHF event and the cost per ac-ft stored was higher than many other
storage options.

The J-2 Return Reservoir Alternatives Screening Analysis performed in this study sought to identify up to three
alternative storage concepts, which potentially could offer more storage and/or better cost efficiency. The
alternatives would be conceptually developed to support SDHF events. Reservoir configurations were then
analyzed for their ability to reduce shortages to target flows and potentially minimize hydropower cycling.

Based on the proposed locations of the J-2 Return Alternatives, an important aspect of the engineering analysis
included an assessment of the interaction between groundwater and surface water. The following sections
provide a synopsis of the general geology, hydrogeology, and groundwater/surface water interactions. It should
be noted that no fieldwork was conducted and no samples were collected or analyzed as part of this evaluation.
The estimated seepage rates from the proposed structures are based on published values of hydraulic
conductivities and standard engineering equations. The water level information was gathered from published
USGS reports, Central Platte Natural Resources District (CPNRD) water level measurements and USGS water
level monitoring data. As described below, due to the variability of the sand and gravel deposits along the Platte
River, the seepage estimates and groundwater elevations will require field verification prior to design.
http://groundwaterwatch.usgs.gov/StateMaps/NE.html)

The J-2 alternatives are in the floodplain of the Platte River. Boring logs from wells registered at the NDNR and
University of Nebraska Conservation Survey Division’s test holes in the immediate area of the proposed J-2
alternatives indicate the area is underlain by a sequence of sand and gravel deposits that are up to 300 feet
thick. The surficial alluvial deposits of medium-to-coarse sand and gravel are approximately 47 feet to 50 feet
thick. The sand and gravel deposits are underlain by the weakly cemented sandstone units of the Ogallala
group. The Ogallala is approximately 250 thick in this area (UNL-CSD, Base of the principal aquifer map,
http://snr.unl.edu/data).

Table 4.2-1 illustrates the nearest USGS water level monitoring sites in the project area. There are three
monitoring well sites with consistent water level recordings from the early 1990s (USGS Active Groundwater
Level Network, http://groundwaterwatch.usgs.gov/StateMaps/NE.html). Based on the three monitoring sites; the
depth to water ranges from 2 feet to 9 feet below ground surface (bgs). The seasonal variations are dependent
on precipitation and river stage levels. Average groundwater elevations at the three USGS water level
measurements sites were calculated using the median value of depth to water subtracted from the reported
ground surface elevation. The depth to water (DTW) measurements are provided below along with the ground
surface elevations reported on the USGS Web site. The ground surface elevations are based on the USGS
Differential Global Position System (GPS) survey which is accurate to one-tenth of 1 foot. Annual groundwater
elevation changes along with more information on the monitoring sites are included in Appendix .

Table 4.2-1 — Depth to Water and Water Level Elevation From USGS

Ground Median
Surface Median Water Level
Township Range Elevation Depth to Elevation
USGS Site ID (North) (West) Section (ft msl) Water (ft) (ft msl)
404255099434201 9 21 28 2,379.1 6.5 2,372.6
404245099435501 9 21 32 2,374.3 4.3 2,370.0
404203099415901 9 21 34 2,365.6 6.2 2,359.5

msl = mean sea level

Streams interact with groundwater in several different ways: Streams gain water from inflow of groundwater
through the stream bed, they lose water to groundwater by outflow through the streambed, and, some streams
do both by gaining in some reaches and losing in other reaches (Winter and others 1998). The Platte River is a
stream that does both, gaining in some stretches and losing in others.
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During the spring of 1999, the USGS completed a detailed analysis of the Platte River between Gothenburg and
Silver City to better assess the gaining and losing stretches along the central portion of the river. Based on the
groundwater level measurements collected at the time, the Platte River from Gothenburg to Kearney was
identified as a gaining stream (Stanton, 1999). The gaining and losing nature of a stream can change with
variations in seasonal flow and pumping. However, as noted on the UNL-CSD Nebraska Generalized
Gaining/Losing Streams map, this section of the Platte is illustrated as a gaining stretch. Additionally, the Central
Nebraska Public Power and Irrigation District has quantified that the J-2 Return Canal also is gaining
groundwater at a rate of approximately 50 cfs along this stretch of the canal.

The ramification of these analyses is that any proposed storage sites could fill with groundwater, instead of
surface water, if they are incorrectly designed. Specifically, the base of the proposed storage site will need to
be above the high groundwater elevation, unless the base of the reservoir is appropriately designed to inhibit
groundwater movement.

4.3 J-2 Reservoir Alternatives

4.3.1 J-2 Alternative 1 - Pond in the South Channel of the Platte River

This concept was investigated as a means to minimize excavation costs by storing water in the degraded
southern channel of the Platte River. The site location is shown in Photo 3.4-2. An embankment was previously
constructed by a landowner across the southern channel of the Platte River upstream of the J-2 Return in order
to access Jeffrey Island from the south bank of the Platte River. It is believed this upstream sand dam has
isolated the southern channel from Platte River minor flood events and sediment supply. The southern channel
is currently deeply incised and ED Office staff was not able to identify any suitable threatened and endangered
species habitat. This concept would use this reach, which is roughly seven miles long, to store water from the J-
2 Return.

Photo 4.3-2 — South Channel of the Platte River, looking north. The trees in distance are on Jeffrey Island
3 -

In order to maximize storage potential, four embankments would be needed to pond water over the entire reach
up to the existing sand dam. Each of the four embankments uses Jeffrey Island, as the north abutment and the
south bank of the Platte River, as the south abutment. The dams range from 8 feet to 17 feet in height, and each
dam ponds some water on the upstream dam embankment toe. The plan view and stage-storage for this
alternative is shown in Figures 4.3-1 and figures in Appendix B. The alternative would contribute a total storage
of 3,175 ac-ft. The largest dam, Dam D, is the most upstream dam and will store 1,600 ac-ft. The smallest dam,
Dam A, is the last one in the series and will only store 270 ac-ft. The south channel of the Platte River becomes
more incised as you move upstream; hence Dam D is the deepest and has the most storage. The table below
summarizes the surface areas, embankment lengths and storage volumes. Figures 1.1 through 1.9 in Appendix
B summarize the storage locations, peak ponding limits, and storage volumes.

Table 4.3-1 J-2 Alternative 1 Dam Parameters

Peak Ponding Peak Surface Area, Peak Storage Embankment
Embankment :
Elevation, ft msl ac volume, ac-ft Length, ft
A 2318 86 268 2,100
B 2327 176 657 2,200
C 2337 147 642 1,800
D 2348 282 1,608 3,800
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All of the embankments will experience overtopping during a major flood on the Platte River. With this in mind, it
is recommended the embankments are armored with rock riprap or built with erosion- resistant materials. As an
alternative to rock riprap, concrete surfacing should be evaluated. Concrete surfacing has the advantage of
being more durable during a flood on the Platte River and is likely cost neutral to the use of a rock riprap shell.
Another alternative might be the use of sheet pile rather than soil to create the embankment. The sheet pile
option appeared comparable for installation costs to concrete surfacing but would have long-term maintenance
concerns.

Figure 4.3-2 — J-2 Alternative 1 Conceptual Cross Section
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Using Jeffrey Island and the existing southern bank for the abutments is marginal, at best. Both locations have
stratified sand/gravel/silt deposits and generally are non-cohesive. High seepage rates could develop at each
abutment causing geotechnical stability concerns. The slope stability is covered more fully in the Appendix J.

The gate width is a critical design feature. It is desired to drain the stored water very quickly over a three-day
period for the SDHF event. As the water leaves the storage area the driving head on the gate will decrease,
hence decreasing the potential outflow rate. The final few feet of stored water will likely not be able to be drained
out within the three days unless a significantly wider gate is used. The existing upstream J-2 Return radial gate
is 30 feet wide and the flow from the J-2 Return will need to pass through this proposed dam. Gate sizing is
discussed in more detail in the modeling section. The proposed outlet for Dam A is a 50-foot-wide radial gate.
Though this reservoir has limited storage volume, it also has the shortest ponding depth -- and the outlet has to
convey flows from both the J-2 Return and the upstream reservoirs — as a result, it was the largest gate of the
four dams. A 48-foot-wide radial gate was chosen for the outlet of Dam D. Sluice gates with a labyrinth weir
were evaluated against the costs and the flow characteristics of a radial gate. The radial gate was found to be
superior for all options in Alternative 1. The proposed radial gate is a cable-lift, as depicted in the following page
from the USACE’s document EM-1110-2-2702.

Photo 4.3-1 — J-2 Return Radial Gate, 30 feet wide by 13 feet, 6 inches tall

Figure 4.3-3 — Typical Radial Gate Features
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Operationally, the inline series of embankments are problematic. The dams become lower as you move
downstream. For the gates to maintain a uniform release rate, the width of the gates would need to increase in
the downstream direction to compensate for the reduction in driving head. During the SDHF, 2,000 cfs is
planned on being released from the J-2 Return. This water will need to pass through all four embankments. Plum
Creek enters upstream of Dam C. The 100- year flood on Plum Creek is estimated at about 4,000 cfs. The outlet
works -- for embankments C, B and A -- was designed with this overtopping in mind. As an alternative, a canal
could be dug across Jeffrey Island to route J-2 Return and Plum Creek flows to the northern channel of the
Platte River, rather than through dams C, B and A. This option was not further evaluated due to the desire to
leave Jeffrey Island whole and to avoid impacts to the threatened and endangered species habitat on the north
side of the island.

4.3.2 J-2 Alternative 2 - Excavate near the Platte River

This concept was based on the WMS Phase Il idea of excavating a storage area adjacent to the J-2 Return
Canal. In addition, the PRRIP may desire an excavation area to mine fine sand for sediment augmentation
purposes. Reviewing the quadrangle, the existing ground elevation between the canals and the Platte River is
lower than the storage elevation identified in the WMS Phase Il study. Lower ground elevations relative to the
canal, would result in reduced excavation volumes and cost savings. Two areas were identified — Area 1 and
Area 2 — which could be filled from Phelps Canal.
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Moving upstream, there are two other areas that could be filled from the J-2 Return (Area 3 and Area 4). The
ground surface is higher relative to the canal for these two areas and pumps would be required to fill to the full
elevation. Alternatively, significantly more excavation could be performed to eliminate the pumps.

The upward vertical limit for a gravity fill storage area is based on the Master Plan Water Surface Elevation
(MPWS) referenced on the J-2 and Phelps Canals construction drawings. The elevations on the construction
plans were converted to an elevation of North America Vertical Datum (NAVD) 88, by the addition 0.91 feet. (The
NAVD is a system for measuring elevation).The lower vertical limit is based on the flow line of the Platte River,
Plum Creek, and the abandoned southern canal of the Platte River on the south side of Danielson Island. As
discussed previously in the Groundwater and Surface Water section, groundwater is close to the surface. By
locating these storage areas near and adjacent to existing seepage drains, streams and the Platte River, the
groundwater elevation is naturally reduced to near the existing flow lines. The storage area bottoms were held
higher than these existing groundwater controls. A conceptual cross section is shown in Figure 4.3-5 that
highlights some of the key considerations for Alternative 2.

Figure 4.3-5 — J-2 Alt 2 Conceptual Cross Section
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In plan view, the storage areas generally followed section lines, avoiding homes, roads, and cemeteries when
possible. In general, the outside toe of the embankment was set 33 feet from the roadway centerlines or section
lines.

Seepage out of the reservoir was limited by the salvaging of the top 12 inches of material. In general, the
geology of the area is silty loam over sand and gravel. Salvaging this top layer and reapplying once the
excavation is complete will reduce the seepage losses and lower the construction cost compared to importing a
clay or membrane liner. The permeability of the resulting liner is discussed in Appendix J.

The gate width is a critical design feature. It is desired to drain the stored water very quickly over a three-day
period for the SDHF event. As the water leaves the storage area, the driving head on the gate will decrease,
hence decreasing the potential outflow rate. The final few feet of stored water may not be able to be drained out
within the three days unless a significantly wider gate is used or the outlet gate is depressed below the bottom of
the storage site.

4.3.2.1 Key Features of Area 1

Location

Area 1 is bounded by Road 749 on the north, Road 748 on the south, Road B on the east, and Road A on the
west. It is anticipated all county roads would remain open for this location. A major consideration is the family
cemetery on the west side of Road B. The cost estimate includes installing groundwater controls around the
cemetery to limit a localized groundwater rise that might be associated with SDHF peak storage elevation. It is
assumed any upstream surface water runoff will be directed around the storage area and that the contributing
drainage area is zero. The total usable storage is 9,700 ac-ft, and additional details are shown in Figure 4.3-7.

Earthwork

The available LIDAR data did not extend beyond the banks of the Platte River. The National Elevation Data set
(NED) was obtained and added to the available LIDAR points. The combined points were used to create a
terrain model and then used to estimate earthwork volumes. The average ground elevation through this area is
approximately 2,332 feet. The lowest elevation is the northeast corner with an existing elevation of 2,328 feet.
The highest elevation is the southwest corner at approximately elevation 2,346 feet. There are remnants of Plum
Creek through this area. The bottom of excavation was set at 2,330 feet and resulted in approximately 2.5
million cubic yards of excavation over a 400-acre bottom, which is 3 feet to 4 feet of excavation, on average. As
currently configured, there is approximately 0.7 million cubic yards of excess material. The majority of the
excavation is in the southwest corner and this area could be raised to better balance earthwork without
sacrificing much volume. The accuracy of the elevation data is a key consideration when looking at these large
areas. For instance if the elevation was incorrect by an average of 1 foot, this may increase or decrease
excavation by 0.7 million cubic yards.

Embankment

The embankment includes 3 vertical feet of freeboard, a 14-foot top width and 3H:1V side slopes. The height of
the embankment above existing grade in the northwest corner is 28 feet and it is10 feet in the southwest corner.
The on-site material appears to be suitable for construction of the embankments. The structure would be
considered a regulatory dam by the State of Nebraska. The preliminary hazard classification is low hazard (class
A3). It appears a potential breach would flow directly into the Platte River and would not inundate any residential
structures or critical infrastructure. A hazard class analysis would need to be performed to verify this
assumption. Approximately 1.5 million cubic yards of fill are required to construct the embankments.

Inlet and Outlet Works

A new inlet canal and gate would be required from Phelps Canal. The canal would need to cross either A Road
or 749 Road and a new culvert or bridge would be required and there are several feasible combinations of
bridges, gates, and canals. Figure 4.3-4 shows the preliminary canal, gate, and crossing location. It appears
integrating the canal crossing with the gate would be the most cost-efficient arrangement. The capacity of Phelps
Canal is 1,410 cfs in this area based on construction plans and the inlet works are designed to match the canal
design capacity. Operationally, however, CNPPID limits the canal to 1,000 cfs based on the current condition of
the system. For this analysis, the lower 1,000 cfs capacity was used to be conservative. The J-2 hydropower
station has a peak output of 2,000 cfs so filling Area 1 from Phelps Canal results is a potential loss of up to 1,000
cfs of excess flows but this did not appear to be a fatal flaw. Additional investigation of the canal capacity
limitations in this area might identify low cost improvements could be performed to return the canal up to the
original design capacity.
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The outlet works consists of a radial gate, 40 feet wide and 25 feet high, that will discharge directly into the south
channel of the Platte River. This is a relatively high radial gate but the costs appeared much lower than an
equivalently sized multiple sluice gates structure.

Both the inlet works and outlet works will require energy dissipation. A concrete energy dissipation followed by
rock riprap will be required. The associated costs of the energy dissipation are included in the construction cost
estimate.
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4.3.2.2 Key Features of Area 2

Location

Area 2 is bordered by Road 749 on the north, an unnamed stream on the east, and Phelps Canal on the south
and west. It is built over the current and historic Plum Creek alignment. There are two roads that cross the
potential storage area, Road 438 and Road 437. It appears Road 437 could be elevated or realigned and could
remain in service without losing much storage volume. It appears possible to use the existing Road 437 Bridge
over Plum Creek and not require a new crossing. Likewise Road 438 potentially could be elevated and the
existing bridges utilized, but this roadway would have a larger reduction in storage. The potential overtopping
frequency and temporary road closures will need to be discussed with Gosper County during the feasibility
study. The total usable storage is 6,800 ac-ft.

Area 2 will receive flows from Plum Creek, which raises multiple design considerations. The USGS stream gage
(No. 06767500) is located near Smithfield upstream of the storage area. The approximate drainage area is 209
square miles at the gage and the estimated 100-year flow is 3,800 cfs to 6,900 cfs. The flood of record is 2,800
cfs recorded, on June 23, 1947. On May 24, 2008, an estimated flow of 1,440 cfs was reported. This flow
damaged CNPPID, Plum Creek siphon, caused a large amount of stream bank scour, and bridge scour at 749
Road. The scour related impacts to the pile cap and bottom of wing wall are still visible, as shown in figure 5.3.6.
In addition to flood waters, Plum Creek is incising upstream and will be delivering sediment into the storage area,
which will decrease the storage volume over time, unless it is mechanically removed. On the positive side, Plum
Creek generated 11,590 ac-ft of water in water year 2007. A portion of the flows could be captured during times
of excess and could be released when flows drop below target flows.

Photo 4.3-2 — County Road 749 Bridge over Plum Creek.
West abutment piers were exposed during the May 2008 flood event.

Earthwork

The available LIDAR (Light Detection and Ranging) data, which is a remote sensing system used to gather
topographic information, did not extend beyond the banks of the Platte River. The NED (National Elevation
Dataset) set was obtained and added to the available LIDAR points. The combined points were used to create a
terrain model and then used to estimate earthwork volumes. The average ground elevation through this area is
approximately 2,350 feet. The lowest elevation is the Plum Creek outlet at the north side with an existing
elevation of 2,340 feet, plus or minus. There is a large jump in elevation at this location between the LIDAR data
set and the NED. The Platte River flow line in this area is 2,333 feet which is based on the more reliable LIDAR
data. The highest existing elevation within the storage area is between Plum Creek and Phelps Canal along the
southern border and is above 2,355 feet. The bottom of excavation was set at 2,346 feet and resulted in
approximately 0.84 million cubic yards of excavation over a 490-acre bottom (1 to 2 feet of excavation on
average).

The top of the Phelps Canal in this area is 2,364 feet (+/-) and master plan water surface is 2,357.1 feet, based
on the construction plans. With the bottom of storage set at 2,346 feet, this would only allow for 4,600 ac-ft of
storage based on a gravity fill up to the 2,357.1 feet elevation. To balance the earthwork at the site and to further
increase the storage, a pump station was investigated to increase the storage height. Leaving 3 feet of freeboard
from the top of Phelps Canal berms sets the maximum fill elevation of 2,361 feet. There might need to be an
additional one- to two-foot-high embankment next to portions of Phelps Canal or, alternatively, the Phelps Canal
embankment can be raised. The pump station is discussed in more detail in the Inlet and Outlet Works
discussion

As currently configured with the top of the storage embankments set to 2,364 feet and the bottom of excavation
at 2,346 feet, the site earthwork is balanced and results in the lowest potential construction costs. The accuracy
of the elevation data is a key consideration when looking at these large areas. For instance, if the elevation was
incorrect by an average of 1 foot, this may increase or decrease excavation by 0.8 million cubic yards.

Embankment

The embankment includes 3 vertical feet of freeboard, a 14-foot top width and 3H: 1V side slopes. The height of
the embankment above existing grade on the north side is 20 feet. No embankment would be required on the
south side. In addition to the primary embankments, a berm is needed on Plum Creek to prevent the backwater
from impacting the adjacent residence. The on-site material appears to be suitable for construction of the
embankments.

The structure would be considered a regulatory dam by State of Nebraska due to the storage volume. The
preliminary hazard classification is low hazard (class A3). It appears a potential breach would flow directly into
the Platte River and would not inundate any residential structures or critical infrastructure. The potential
groundwater and breach impacts to the homestead on the south side of 749 Road will need to be closely
evaluated. A hazard class analysis would need to be performed to verify the low hazard assumption.
Approximately 0.8 million cubic yards of fill are required to construct the embankments.

Inlet and Outlet Works

A new inlet gate and pump station would be required from Phelps Canal upstream of the Plum Creek siphon.
Figure 4.3.7 shows the suggested gate and pump station location. The capacity of Phelps Canal based on the
construction drawings is 1,410 cfs in this area and the inlet works are designed to match the canal design
capacity. As discussed previously, the SDHF and target flow analysis maximum inflow rates were set to 1,000
cfs due to the current conditions of Phelps Canals. The J-2 hydropower station has a peak output of 2,000 cfs so
filling Area 2 from Phelps Canal results in a potential loss of up to 1,000 cfs of excess flows, but this did not
appear to be a fatal flaw.
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Operationally, the sluice gates would be open and water would gravity flow from the Phelps Canal into the
storage area up to the canal's maximum water surface elevation of 2,357.4 feet. Once the storage area has
reached the maximum gravity fill elevation, the sluice gates would close and the pump station would draw water
from the Phelps Canal until the peak storage elevation of 2,361 feet is reached. A radial gate is generally more
cost effective than sluice gates, but radial gates are not able to operate with the high water surface elevation
alternating from the canal side to the storage side. When the storage area is not in use, approximately 11 feet of
water will need to be prevented from flowing into the storage area. When the storage is at peak stage,
approximately 4 feet of water will need to be prevented from flowing into the canal. This preliminary gate analysis
identified that a sluice gate would be more suitable than a radial gate with this alternating high water side. The
pump station will need to operate at a rate to exceed seepage losses while filling the storage area in a
reasonably short amount of time prior to the SDHF event. It is estimated a flow rate of 240 cfs would fill the
storage area from 2,357.4 feet to 2,361 feet over a 10-day period.

Photo 4.3-3 — Plum Creek upstream of the Phelps Canal Siphon

The outlet works consists of a radial gate, 30 feet wide and 20 feet high, that will discharge directly into the south
channel of the Platte River. The radial gate costs appeared much lower than an equivalently sized multiple sluice
gate structure. The design will need to dissipate the energy prior to the bridge, or to armor the opening under the
bridge to prevent additional scour.

In addition to the radial gate outlet, a labyrinth weir is needed to handle the flood flows from Plum Creek. 4,000

cfs was used as the Plum Creek 100-yr design flow for the weir. The labyrinth weir consists of 469 feet of sheet
pile and a concrete outlet. The cost for this weir is listed in Appendix C.
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4.3.2.3Key Features of Area 3

Location

Area 3 is bounded by the Platte River on the north, J-2 Return Canal on the south, J-2 Return on the east and
Road 435 on the west. It was decided not to build the structure downstream of J-2 Return gate in order not to
impede the 2,000 cfs that could be delivered through the J-2 Return gate during a SDHF event. A remnant of
one of the southern channels of the Platte River runs through the site and the northern half is identified as
Danielson Island on a USGS quadrangle. It was assumed surface water flowing down the abandoned channel
would be routed north and into the Platte River. Under these conditions, the contributing drainage area is zero.

Earthwork

The available LIDAR data did not extend beyond the banks of the Platte River. The NED set was obtained and
added to the available LIDAR points. The combined points were used to create a terrain model and then used to
estimate earthwork volumes. The average ground elevation through this area is approximately 2,360 feet. The
lowest elevations are along the remnant of the Platte River. In the northeast corner, this elevation is
approximately 2,355 feet. There is a large jump in elevation at this location between the LIDAR data set and the
NED. The Platte River flow line in this area is 2,345 feet which is based on the more reliable LIDAR data. The
highest existing elevation within the storage area is in the southwest corner near Road 435 and is approximately
2,362 feet.

The top of the J-2 Return Canal in this area is 2,362.4 feet. Leaving 3 feet of freeboard sets the maximum gravity
fill elevation at 2359.4 feet. With the bottom of storage set at 2,355 feet, this would only allow for 1,749 ac-ft of
storage based on gravity fill. To reduce the amount of haul from the site and to further increase the storage, a
pump station was investigated to increase the storage height to 2,366 feet. The pump station is discussed in
more detail in the Inlet and Outlet works discussion. Elevation 2,366 feet was selected as a reasonable estimate
of the allowable ponding depth based on adjacent infrastructure, which includes a residence and the Canaday
Steam Plant. It might be possible to increase the ponding depth with only a marginal increase in cost, but the
adjacent developed conditions will need to be investigated further.

With the bottom of excavation was set at 2,355 feet, it resulted in approximately 3.4 million cubic yards of
excavation over a 385-acre bottom (5 feet to 6 feet of excavation on average). As currently configured, there is
approximately 3.2 million cubic yards of excess material. Excluding the Platte River channel remnant, the
excavation is fairly uniform and increases slightly in the southwest corner. The southwest corner could be raised
to reduce haul but a fully balanced earthwork site likely is not possible. The cost estimate assumes the soil-
wasting area would be adjacent to the site and would be accessible with scraper equipment. The accuracy of the
elevation data is a key consideration when looking at these large areas. For instance if the elevation was
incorrect by an average of 1 foot, this may increase or decrease excavation by 0.6 million cubic yards.

Embankment

The embankment includes 3 vertical feet of freeboard, a 14-foot top width and 3H: 1V side slopes. The maximum
height the embankment is above existing grade is on the east side and is 24 feet. The embankment would be
about 6 feet high along the south, which is approximately 3 feet higher than the J-2 Return dikes. The on-site
material appears to be suitable for construction of the embankments.

The structure would be considered a regulatory dam by State of Nebraska due to the storage volume. The
preliminary hazard classification is significant hazard, class B. There is a residential structure near the
intersection of Road 750 and Road 435 that would be 3 feet to 4 feet below the top of the embankment. In
addition, Canaday Steam Plant sits across Road 435 to the west. The steam plant is approximately 3 feet below
the top of embankment. It appears a potential breach would flow directly into the Platte River and would not
inundate these structures. A hazard class analysis would need to be performed along with alternate
considerations for peak ponding depths to verify these structures would not be inundated and hence necessitate
a high hazard classification. Approximately 0.4 million cubic yards of fill are required to construct the
embankments.

Inlet and Outlet Works

A new inlet gate and pump station would be required from J-2 Return Canal upstream of the J-2 Return radial
gate. Figure 4.3-6 shows the suggested pump and sluice gate location. Operationally, the sluice gates would be
open and water would gravity flow from the J-2 Return into the storage area up to the canals maximum water
surface elevation of 2,359.4 feet. The canal flow line at this location is approximately 2,344.3 feet; the bottom of
the proposed storage area is 2,355 feet. Once the storage area has reached the maximum gravity fill elevation,
the sluice gates would close and the pump station would draw water from the J-2 Return until the peak storage
elevation of 2,366 feet is reached. A radial gate is generally more cost-effective than sluice gates; however,
radial gates are not able to operate with the high water surface elevation alternating from the canal side to the
storage side. When the storage area is not in use, the approximately 12 feet of water will need to be prevented
from flowing into the storage area. When the storage is at peak stage, approximately 8 feet of water will need to
be prevented from flowing into the canal. This preliminary gate analysis identified that a sluice gate would be
more suitable than a gate with this alternating high water side.

The pump station will need to operate at a rate to exceed seepage losses, while filling the storage area in a
reasonably short amount of time prior to the SDHF event. It is estimated a flow rate of 300 cfs would fill the
storage area from 2,359.4 feet to 2,366 feet over an eight-day period.

The outlet works consists of a radial gate, 30 feet wide by 20 feet high, which will discharge directly into the
south channel of the Platte River. The radial gates appear to be much less expensive than an equivalently sized
multiple sluice gates structure. The design will need to dissipate the energy on the downstream side to prevent a
scour hole in the Platte River.
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4.3.2.4Key Features of Area 4

Area 4 is bounded by the Platte River on the north and Road 750 the south. Half-section lines for sections 33
and 34 were followed for the eastern and western boundary. A remnant of one of the southern channels of the
Platte River runs through the site. The site’s northern half is identified as Danielson Island on the USGS
quadrangle. It was assumed surface water flowing down the abandoned channel would be routed north and into
the Platte River. Under these conditions, the contributing drainage area is zero.

There are two major electric transmission lines that run through the storage area and are assumed to originate
from the Canaday Steam Plant. It might be possible to reduce the size of the storage area in the southwest
corner to avoid one set of transmission lines. For the lines that transect the northwest corner, it might be possible
to excavate around the towers and leave the lines in place. An access and maintenance agreement with the
utility would need to be negotiated regarding impacts to the transmission lines.

Earthwork

The available LIDAR data did not extend beyond the banks of the Platte River. The NED set was obtained and
added to the available LIDAR points. The combined points were used to create a terrain model and then used to
estimate earthwork volumes. The average ground elevation through this area is approximately 2,367feet. The
lowest elevations are along the remnant of the Platte River. In the southwest corner, this elevation is
approximately 2,360 feet. The highest existing elevations within the storage area are in the northwest and
southwest corners at approximately 2,371 feet.

A new inlet canal would be needed for delivery of water from the J-2 Return Canal to the storage area. The
2,800 foot long canal was tentatively located on the west side of the Canaday Steam Plant and has an average
depth of 14 feet. The maximum water surface for J-2 Return in this area is 2362.4 feet and with the bottom of
storage set at 2,361 feet, would allow only for 960 ac-ft of storage, based on gravity fill. To reduce the amount of
haul from the site and to increase storage, a pump station was investigated to increase the storage height to
2,370 feet. The pump station is discussed in more detail in the Inlet and Outlet works discussion. An elevation
of 2,370 feet was selected as an estimate of the allowable ponding depth based on adjacent infrastructure,
residence and the Canaday Steam Plant. This ponding elevation is approximately 5 feet higher than existing
grade near the developed areas. Additional storage may not be possible due to the adjacent development, but
the adjacent developed conditions will need additional investigation if this location is selected for further analysis.

The bottom of excavation was set at 2,361 feet, which resulted in approximately 8 million cubic yards of
excavation over a 640-acre bottom (7 feet to 8 feet of excavation on average). As currently configured, there is
approximately 7.8 million cubic yards of excess material. Excluding the Platte River channel remnant, the
excavation is fairly uniform and slightly increases in the southwest and northeast corner. The southwest and
northeast corners could be raised to reduce haul but a fully balanced earthwork site is not likely possible. The
cost estimate assumes the soil-wasting area would be adjacent to the site and would be accessible with scraper
equipment. The accuracy of the elevation data is a key consideration when looking at these large areas. For
instance, if the elevation was incorrect by an average of 1 foot, this may increase or decrease excavation by 1
million cubic yards.

Embankment

The embankment includes 3 vertical feet of freeboard, a 14-foot top width and 3H: 1V side slopes. The
maximum height the embankment is above existing grade is 13 feet, and it is on the southeast side. An
embankment would not be needed on the western side. The on-site material appears to be suitable for

construction of the embankments.

The structure would be considered a regulatory dam by the State of Nebraska due to the storage volume. The
preliminary hazard classification is high hazard (class C). There is a residential structure near the intersection of
Road 750 and Road 435 that would be 3 feet to 4 feet below the top of the embankment. In addition, Canaday
Steam Plant is adjacent to the fill canal. The steam plant is approximately 3 feet below the top of embankment. It
is not clear if a potential breach would flow directly into the Platte River without inundating these structures. A
hazard class analysis would need to be performed along with alternate considerations for peak ponding depths
to verify these structures would not be inundated; if the structures aren’t inundated, a high hazard classification
would not be needed. Approximately 0.4 million cubic yards of fill is required to construct the embankments.

Inlet and Outlet Works

A new inlet canal, gate and pump station would be required from J-2 Return Canal upstream of the J-2 Return
radial gate. Figure 4.3-7 shows the inlet canal location shows the suggested pump and sluice gate location.
Operationally, the sluice gates would be open and water would gravity flow from the J-2 Return into the storage
area up to the canal’s maximum water surface elevation of 2,362.4 feet. The canal flow line at this location is
approximately 2,342 feet and the bottom of the proposed storage area is 2,361 feet. Once the storage area has
reached the maximum gravity fill elevation, the sluice gates would close and the pump station would draw water
from the J-2 Return until the peak storage elevation of 2,366 feet is reached. A radial gate is generally more
cost-effective than sluice gates; however, radial gates are not able to operate with the high water surface
elevation alternating from the canal side to the storage side. When the storage area is not in use, approximately
12 feet of water must be prevented from flowing into the storage area. When the storage is at peak stage,
approximately 4 feet of water must be prevented from flowing into the canal. The preliminary gate analysis
identified a sluice gate would be more suitable than a gate with this alternating high water side.

The pump station will need to operate at a rate exceeding seepage losses to fill the storage area in a reasonably
short amount of time prior to the SDHF event. It is estimated a flow rate of 300 cfs would fill the storage area
from 2,362 feet to 2,366 feet over a 10-day period.

The outlet works consists of a radial gate, 30 feet wide by 20 feet high, which will discharge directly into the
south channel of the Platte River. The radial gate appears to be much less expensive than an equivalently sized
multiple sluice gates structure. The design will need to dissipate the energy on the downstream side to prevent a
scour hole in the Platte River.
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4.3.2.5Key Features of Area 1 and 2 Combination

As the independent J-2 Alternatives did not completely satisfy the stated goal of a 3-day, 2,000 cfs release for
SDHF augmentation a cursory look was taken at a combination option. The two most attractive sites based on
the cost per ac-ft are Areas 1 and 2 within the J-2 Alternative 2.

Area 1 has the storage volume to supply 2,000 cfs over 1.5 days and then flow tapers off due to a lack of storage
and available head. Area 2 is currently sized to deliver 2,000 cfs for approximately 1 day and then flows taper
off due to lack of storage and available head.

The SDHF evaluation of this combined option was modeled so that Area 2 would supplement the flow as needed
to reach 2,000 cfs after day 1.5 when the flow from Area 1 tapered off. The SDHF and Target Flow analyses for
this combination option were performed with the gravity fill storage volumes of both reservoirs because this
analysis was performed prior to adding the volume above gravity fill for Area 2.

For the combination option of Alternative 2, Area 1 and 2, the capital cost for the alternatives were not evaluated
or changed for the scoring purposes. However, the Area 2 gate is sized to release 2,000 cfs whereas only 1,750
cfs would be needed. It is believed the amount of excavation within either reservoir could be slightly reduced if
the remaining flow was delivered from the other reservoir.

4.3.3 J-2 Alternative 3, Phelps Canal 9.7

Alternative 3 involves constructing an embankment across the unnamed creek, immediately upstream of the
Phelps Canal siphon at canal mile station 9.7. The dam would receive inflow from Phelps Canal and from the
unnamed creek, which is a tributary to the Platte River. Plan view location and stage-storage for this alternative
is shown in Figure 4.3-10. The reservoir is limited by the small amount of storage available in this location,
before it ponds water over the residence to the west. The downstream flow delivery will reach the Platte River
downstream of Overton, which is the evaluation point for the alternatives.

The contributing drainage area for this alternative is 17 square miles. Due to the storage and height of
embankment, this will be a regulatory dam by State of Nebraska statutes. The downstream land use was
reviewed utilizing aerial photographs and USGS topographic mapping. There are two residences and five
roadway crossings that could be at risk in the event of a dam breach. For this reason, the preliminary hazard
classification is high hazard, Class C. A hazard class analysis would need to be performed to verify this
assumption. The watershed yield from times of excess flow could possibly be stored and used later to reduce
shortages to target flows.

Based on the hazard classification, the embankment must be designed to contain the probable maximum
precipitation (PMP) event without overtopping the structure. The 24-hour all season PMP for this area is 22.2
inches based on the state-adopted PMP study. The drainage area, curve number, time of concentration, and
storage information was input into the dam sizing software SITES, produced by the U.S. Department of
Agriculture (USDA). The proposed outlet works will consist of a twin 15-foot-wide sluice gate; a 30-foot-wide by
15-foot-tall box culvert; and a 100-foot-wide to 200-foot-wide auxiliary spillway vegetated chute. It is anticipated
that turf reinforcement mat will be needed on the auxiliary spillway. The auxiliary spillway stability analysis
should be evaluated in the next phase if this option is selected for further analysis. Based on this outlet works
configuration, the top of embankment will be approximately 2,360 feet. The top of useable storage is 2,351 feet,
which would store 1,660 ac-ft of water.

New inlet works would be needed to convey water from the upstream side of the Phelps Canal wasting station
into the storage site. It is anticipated that due to the contributing drainage area the water surface in the storage
area will occasionally exceed the water surface in the canal. For this reason a sluice gate is preferred over a
radial gate. The inlet canal would affect a feedlot lagoon. It is assumed the existing lagoon liner would be
salvaged and the volume lost due to the inlet canal would be replaced with a new lagoon configuration that
would extend further south.

Placing the embankment on the downstream side of the Phelps Canal wasting station was briefly considered. A
downstream location would have the advantage of increased storage and utilization of the existing wasting gate
to fill the storage site. The disadvantages would include a requirement for extensive canal work to prevent
surcharging the canals during a high flow event on the creek. The storage area could easily back water over the
wasting gates. In addition, due to the 17-square-mile drainage area, the surface water runoff could potentially
pond more than 30 feet of water on top of the existing siphon and potentially threaten its structural stability.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

A calculation of the seepage rate from J-2 Alternative 1 and Alternative 2 was an important consideration for the
feasibility of these alternatives. Without field data on the seepage rates, estimates were based on published
hydraulic conductivity data on Platte River alluvial deposits, seepage data from other reservoirs and canals and
calculations of seepage using standard engineering equations. Because the rate of seepage from each of the J-
2 alternatives is a critical aspect of the engineering feasibility analysis, field testing should be performed to
provide site-specific data for the next stage of this analysis. The method described in Chen, et al, 2009 describes
a new method for mapping vertical seepage flux in streambeds that may be applicable to this site.

For the alluvial deposits that overlie the Ogallala group, the horizontal hydraulic conductivity (Kh) was estimated
at 125 feet to 240 feet per day (Cannia, Woodward and Cast, 2006). The vertical conductivity (Kv) values were
estimated at 10% of the horizontal. East of the J-2 alternative sites (from Kearney to Columbus) Kv values were
measured using electrical conductivity logs and permeability tests on sediment cores (Chen, Burbach and
Cheng, 2008; and Chen, 2005). Kv values in the samples collected between Kearney and Gibbon had the
highest Kv values in the shallow cores with an average Kv of 125 feet per day.

Using the published Kv values and seepage rate equations from Chow (1969), seepage rates for Alternative 1
and Alternative 2 were calculated and then compared to seepage data from existing reservoirs. As described in
Section 5-b-ii, for Alternative 1, the Dupuit-Forchheimer equation was used to estimate seepage. For Alternative
2, the Chow method was used to estimate seepage. The Chow method incorporates an organic layer with a low
hydraulic conductivity into the equation, which represents placement of topsoil in the base of the reservoir during
construction. Table 4.4-1 lists the peak range of seepage rates calculated using the two methods in comparison
with seepage data from reservoirs in Nebraska.

Table 4.4-1 Estimated and Published Seepage Rates

Published Seepage

Rate in ft/mo per

surface acre

Elwood Reservoir Loess 0.335

Big Sandy Dam Sand and Gravel 0.56

Clay County Dam Sand and Gravel 0.44

York County Dam Sand and Gravel 0.45

Reservoir Name Sediment type Estimated Peak
Seepage rate in

Notes with References
Identified

Existing reservoir’

Reservoir has an organic layer”
Reservoir has an organic layer®
Reservoir has an organic layer®
Notes with references
identified

Reservoir Name

Sediment Type

ft/mo per surface
acre’

Alternative 1 Sand and Gravel 309 Estimated without low Kv layer
Alternative 2 Sand and Gravel 18 Estimated with low Kv layer
Alternative 3 3 Estimated without low Kv layer

' CH2M Hill TOC Analysis

% Eisenhauer, Potential for Groundwater Recharge with Seepage from Flood-Retarding Reservoirs in South Central
Nebraska (1982).

® Little Blue Natural Resources District, Big Sandy Creek Watershed NRC Application.

*Dupui-Forcheimer calculation method (Chow, 1969)

The difference in seepage rates between the two alternatives is based on placement of a low hydraulic
conductivity layer during construction of the reservoir. Without the low permeability material, the seepage rates
are more comparable to seepage from unlined sandy canals which can range from one-tenth foot to 4 feet a day
(personal communication D. Woodward, 2009).

Reservoir seepage for Alternative 1 was developed using the Dupuit-Forchheimer method described in
“Advances in Hydroscience” (page 139) by Ven Te Chow. The seepage rate will vary based on the ponding
depth. The infiltrated water will reappear immediately into the downstream storage area and is assumed to be
surface water upstream of Overton. Due to the very high permeability rates and the short distance of flow, no
lag time was assumed between infiltration and re-emergence.

Reservoir seepage for Alternative 2 and Alternative 3 was developed using the method described in “Advances
in Hydroscience” (page 139) by Ven Te Chow for reservoirs with an organic layer at their perimeter. This
method assumes that topsoil will be replaced in the reservoir after construction, providing a thin layer of low
hydraulic conductivity. A rate of 0.028-foot per day was chosen as the seepage rate of topsoil. Similar to
Alternative 1, it was assumed the seepage water will combine with the high water table in the Platte River Valley
and will reappear as surface water upstream of Overton. Due to the very high permeability rates of the Platte
River gravels and the short distance of flow, it was assumed there is no lag between infiltration and re-
emergence.

An inflow hydrograph was developed for each reservoir. The inflow hydrograph has three distinct parts: initial
flow to fill the reservoirs, flow during the SDHF event and typical flows following the SDHF event. The inflow
hydrograph was developed with input from CNPPID and ED Office staff. The peak operating efficiency for the J-
2 hydropower plant is 1,675 cfs. It was assumed this rate would be run continuously during the filling process for
the sites filled from the J-2 Return. Olsson found the average daily volume from the J-2 Return, of all the
available years of data in the month of March (1947 — 2006) to be 2,300 ac-ft. Running the hydropower plant at
1,675 cfs yields 3,300 ac-ft per day, which would require that some water be routed down to the reregulating
reservoir from the EA in Lake McConoughy prior to a SDHF. The maximum conveyance capacity for Phelps
Canal is 1,410 cfs based on the construction plans, however the inlet flow was limited to 1,000 cfs for this
analysis based on conversations with CNPPID.

The maximum outflow capacity of the J-2 hydropower plant is 2,000 cfs. It was assumed this flow rate would be
generated during the three-day SDHF event and would be released to the Platte River through the J-2 Return.
Alternatives in line with the J-2 Return would need to pass this water in addition to stored water. CNPPID staff
indicated the J-2 hydropower plant can be ramped up or down very quickly, so a long ramp up or down curve is
not needed.

Because all the J-2 reservoir storage areas draw water from the J-2 Return or Phelps Canal, the Canaday
Steam plant could be affected by the fluctuating water surface in the canal. The steam plant utilizes cooling
water from J-2 canal. The stream plant needs a nearly constant water surface with variable discharge, which
causes the canal to fill and empty. Coordination between PRRIP and the steam plant will be necessary prior to
and during the SDHF event.

Following the three-day SDHF event, CNPPID advised that the typical hydropower flow cycling portion of the run
should be determined from the average operations. Using 1,675 cfs as the most efficient operating flow, the
typical generation cycle runs from 7 a.m. to midnight for the 2,300 ac-ft typically available at this time of year.
The resulting reregulation reservoir inflow hydrographs are depicted in the following figures.

Typical hydropower cycling operations are shown after the SDHF event of Alternative 1. Note that all flows from
the J-2 Return, including hydropower cycling flow and three days of 2,000 cfs for the SDHF, must be routed
through the J-2 Alternative 1 because it is in line with the J-2 Return (Figure 4.5-1). However, due to modeling
constraints, the SDHF analysis was done with the reservoir gates completely open after the SDHF event.
Therefore, the hydropower cycling mitigation shown is not the same as that evaluated in the hydropower cycling
mitigation analysis, which is discussed in Section 4.7.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Because hydropower cycling flows are currently routed through the J-2 Return to the South Channel of the Platte
River, hydropower cycling flows are not shown on the inflow hydrographs for either Alternative 2 or 3. The
hydropower cycling flows are shown at Overton for all alternatives, but note that in this SDHF evaluation, the
hydropower cycling flows do not travel through the Alternative 2 or 3 reservaoirs.

Figure 4.5-1 — J-2 Return Short Duration High Flow Analysis — Inflow Hydrograph for Alternative 1
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Figure 4.5-2 — J-2 Return Short Duration High Flow Analysis — Inflow Hydrograph for Alternative 2, Area 1
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Figure 4.5-3 — J-2 Return Short Duration High Flow Analysis — Inflow Hydrograph for Alternative 2, Area 2
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Figure 4.5-4 — J-2 Return Short Duration High Flow Analysis — Inflow Hydrograph for Alternative 2, Areas 3 & 4 Figure 4.5-5 — J-2 Return Short Duration High Flow Analysis — Alternative 1, Dam D (48-ft wide radial gate)
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For each alternative a variety of gate sizes were evaluated to optimize the three-day release rate versus the Figure 4.5-5 — J-2 Return Short Duration High Flow Analysis — Alternative 1, Dam C (48-ft wide radial gate)
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
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Figure 4.5-7 — J-2 Return Short Duration High Flow Analysis — Alternative 1, Dam B (48-ft wide radial gate) SDHF results for Alternative 2 are shown in Figures 4.5-9 through 4.5-12. Areas 1 and 2 receive flow from
Phelps Canal, which was modeled with an operational capacity of 1,000 cfs. Therefore they have a modified
inflow hydrograph as compared to Alternative 1. Areas 2, 3, and 4 have storage above the top of canal elevation
and therefore cannot be completely gravity filled. Pumps would be needed to utilize the remaining storage. The

3000 2328 results from Alternative 2, Area 1 and 2, show that neither area could provide 2,000 cfs for three days from the
- | Topof Dam reservoir alone. Therefore, a chart (Figure 4.5-14) showing a combination of Area 1 and 2 is included, which
e to Dam A AR FlevEtian = does provide at least 2,000 cfs for three days from the two reservoirs. This combined option requires a longer fill
200 S I time, which was not specifically modeled. Also note that normal hydropower flow cycling operations entering the
\“‘“w\ Elevation () river from the J-2 Return and at Overton are shown on these figures, but this water is not routed through J-2

2000 2324 Alternatives 2 and 3. A separate analysis of hydropower cycling mitigation is provided below in section 4.7.
~ B
S\ — — . . . . . . -
pin \/ 322 3 Figure 4.5-9 — J-2 Return Short Duration High Flow Analysis — Alternative 2, Area 1 (40-ft wide radial gate)
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Figure 4.5-10 — J-2 Return Short Duration High Flow Analysis — Alternative 2, Area 2 (30-ft wide radial gate)
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Figure 4.5-11 — J-2 Return Short Duration High Flow Analysis — Alternative 2, Area 3 (30-ft wide radial gate)
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Figure 4.5-12 — J-2 Return Short Duration High Flow Analysis — Alternative 2, Area 4 (60-ft wide radial gate)
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Figure 4.5-13 J-2 Return Short Duration High Flow Analysis — Alternative 3
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Figure 4.5-14 — J-2 Return Short Duration High Flow Analysis — Alternative 2, Areas 1 & 2 Figure 4.6.1 — J-2 Return 1964 lllustrative Dry Year Excess Flows
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Figure 4.6.2 — J-2 Return 1975 lllustrative Normal Year Excess Flows
The storage areas were evaluated for their ability to reduce shortages to target flows in the Platte River. Results >.000
are presented in Table 4.6-1 below. These are best case numbers assuming all excess flows could be captured - mm \Vieasured Excess in J-2 Return
and stored up to the maximum storage potential of each alternative. ;

[JPotential Excess in Phelps Canal

4,000
The inflow of each J-2 alternative is limited by canal and reservoir inflow capacities. The graphs below depict

the total flow at Overton, J-2 Return flows (which return to the Platte River above Overton), excess flows in the J- L
2 Return, and how much excess flow could potentially be delivered to a reregulating reservoir via the Phelps

Canal. “Potential Excess in Phelps Canal” are excess flows in CNPPID’s system which were not historically
present in Phelps Canal but which could have been routed down the canal rather than back to the Platte River.

——Measured J-2 Return Flows

Flow (cfs)
“U.J
=}
|
=
I

These excess flows were constrained based upon the canal capacity and historical diversions. Residual ?1500
capacity was taken into account for J-2 Alt 2, Areas 1 and 2 as well as Alt 3 by assuming that all irrigation water % 000

during irrigation season was not able to be used to fill the reservoirs. Per the recommendations of ED Office
staff and WAC members during the July 30", 2009 meeting, icing was not considered to be a concern for filling

. 1,500 A [ WW \
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Figure 4.6.3 — J-2 Return 1986 lllustrative Wet Year Excess Flows
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Each J-2 alternative has varying rates of seepage which have not been factored into this analysis. The worst
case condition from a seepage loss standpoint would be to store water from the winter excesses and release it in
late summer. This, however, does not appear to the typical operation scenario. Based upon the year analyzed,
and illustrated here with the normal year, it appears the winter stored water will be consumed quickly in the
spring. Figure 4.6-4 shows excess flows being stored in December and held over until a period of shortage in
February. In real operations, given that excess flows occur throughout much of the winter, excess flows would
likely be stored later in the winter season to decrease holding time in the reservoir. The summer pattern is that
reservoirs fill during a period of excess flows and then release to reduce shortages to target flows a few days
following the filling event. Under this short residence time condition, a modest seepage loss, like the range
proposed for Alternatives 2 and 3, would be appropriate. A graphical sample of the analysis is shown in Figure
4.6-4 for one of the alternative reservoirs. Note that all J-2 alternatives were assumed to start the water year at
capacity. For all alternatives this water was immediately released to reduce October shortages to target flows.

Figure 4.6-4 — J-2 Return Target Flow Analysis — 1964 lllustrative Dry Year, Alternative 2, Area 2
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Table 4.6-1 — Potential Annual Reductions to Shortag

Dry Year
1964

Normal
Year 1975

es to Target Flows

Wet Year
1986

Target Flow Shortages, ac-ft 266,715 540,662 227,920
Alt 1 3,380 12,357 14,660 19,715
Alt 2, Area 1 9,716 25,029 33,668 44,119
Alt 2, Area 2 6,580 18,757 24,974 33,677
Alt 2, Area 3 4,516 16,331 20,341 25,952
Alt 2, Area 4 6,137 18,508 24,268 32,139
Alt 2, Areas 1 & 2 14,320 34,237 47,480 57,931
Alt 3 1,659 7,078 8,298 10,569
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As discussed in previous sections, some uncertainty is inherent in the calculation of storage area due to
uncertain topographic information. The areas that used USGS contour data rather than LIDAR data include J-2
Alt 2 and Alt 3 reservoirs. When considering the effects of topographic uncertainty, the standard is to use % the
contour interval. The USGS contour data at Alt 2 and Alt 3 reservoirs has a 5-foot contour interval. Therefore,

Figure 4.7-1 — J-2 Return Hydropower Cycling Analysis —
Alternative 1 — Dam D (48-ft wide radial gate)
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12% /-1%

12% / -4%

8% / -4%

Alt 3

22% / -0.5%

19% / -0.4%

22% / -0.5%

Mar/1612:00

Mar/17 0:00
Mar/17 12:00
Mar/18 0:00

Mar/1812:00

Mar/19 0:00

Mar/1912:00

the uncertainty is +/- 2.5’. Each Alt 2 and Alt 3 reservoir storage area was calculated 2.5 feet higher and lower. 3000 y Top of Dam
These areas were then used to recalculate the potential reductions to shortages to target flows. The percent elevation
difference from the results presented in Table 4.6-1 above are presented in Table 4.6-2. 1800 - 2347 2348
1600 ' | ,
In addition, for consistency of scoring all areas were assumed to start full. If the preceding year had a wet fall, - %24
this assumption is likely true for the areas with modest storage volumes. If the preceding fall is dry this would be 1400 2 A 2\ -~ 343 =
a non-conservative assumption. A continuous simulation model using all years of record should be developed // \ // \\ // \\ // §
so that a firm yield could be developed for WAP purposes. 31200 / \ / \ / \ / EPTYIRE-
‘§'1000 2
8 L 2339 g
Table 4.6-2 — Potential Percent Difference in Reductions in Shortages to Target Flows 800 - g | ——Outflow (cfs)
when a Topographic Uncertainty of +/- 2.5 feet is Included. éa , - 2337 &
Percent Difference in Reductions in Shortages to Target Flows s ‘R”ii‘r"nféznmalj'ifs)
J-2 Alternative Dry Year 1964 Normal Year 1975 Wet Year 1986 200 e
— P00l tlevation
Alt 2 Area 1 9% / -3% 10% / -4% 4% / -3% 200 - 2333
Alt 2 Area 2 14% /-1% 13% / -4% 12% / -4% . p—_—
Alt 2 Area 3 11%/-1% 14%/-1% 14% / -0.02%
Alt 2 Area 4 18% /-21% 20% / -20% 16% / -22% Bottom of Dam

elevation =
23311t

Date and Time

Figure 4.7-2 — J-2 Return Hydropower Cycling Analysis — Alternative 1 — Dam C (48-ft wide radial gate)

A separate analysis was completed for each alternative to evaluate their usefulness in dampening the large
swing in hydropower influenced flows in the Platte River. The hydropower flow cycling portion of the inflow -
hydrograph developed for March SDHF runs was used in the dampening analysis. It is anticipated that late S s i
spring, summer and fall would produce less of a hydropower flow cycling volume and hence would not require as 1800 2337
much storage. The goal of the model was to produce as close as possible a uniform release rate from the 2337
reservoir, while it filled and drained each day. It should be noted that if the reservoirs were operated as modeled LER0 fﬂuﬂwﬂuf
for hydropower flow cycling mitigation, this would significantly decrease ability to use reservoirs for target flow Sh6ii - 2335
operations. £
o REE I 2333 8
The following charts summarize the usefulness of using Alternative 1 to dampen the swing. Flows progress 311000 %
downstream starting at Dam Site D and moving finally through Dam Site A. All analysis was conducted in HEC- é . G =
HMS and involved adjusting the gate opening through the day to maximize storage while achieving as nearly of 800 ) ——Oifiow (sf|
a constant flow as possible. No new gates or changes were made to the alternatives, as computed from the - 2 e e e
SDHF analysis. As you would expect, as the hydropower flow pulse moved downstream, each storage area [ 88 Dam D(cfs)
dampened the swing until the final out flow was nearly constant. 400 : — . — ool Elevation (ft)
- 74
200
0 2325
o o o o o o (=]
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Figure 4.7-3 — J-2 Return Hydropower Cycling Analysis —
Alternative 1 — Dam B (48-ft wide radial gate)
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Figure 4.7-4 — J-2 Return Hydropower Cycling Analysis —
Alternative 1 — Dam A (50-ft wide radial gate)
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The next charts summarize the usefulness of using each of the areas in Alternative 2 to dampen the swing and
were calculated in the same manner as Alternate 1. Areas 1 and 2 were restricted due to filling off of Phelps
Canal. The peak outflow rate from the J-2 Return is 1,675 cfs but only 1,000 cfs could be delivered to the
storage areas via the Phelps Canal. The difference was sent down the J-2 Return and resulted in a daily surge in
flows at Overton. Areas 3 and 4 performed better and could nearly deliver a uniform outlet rate. In general, all
areas needed to develop a fairly high head to pass the average daily flow value. If there is no limitation on water
availability, the average daily outflow value will approach 1,675 for areas 3 and 4. If there is no limitation on
water availability, the outflow for areas 1 and 2 would approach 1000 cfs due to the limited supply rate of Phelps
Canal. Through the summer months as water becomes scarcer, the average daily value declines but the peak
inflow rate does not. This indicates a fairly large inflow gate is needed to accept these high inflow rates. A wide
outflow gate is needed to evacuate the water with minimal head. Similar to the SDHF analysis, the ideal use of
the system is trending toward very wide gates and storage areas with a sloping bottom that minimizes the
volume stored at low elevations. The target flow analysis however benefits from storage at these low heads and
elevations.

Figure 4.7-5 — J-2 Return Hydropower Cycling Analysis —
Alternative 2, Area 1 (40-ft wide radial gate)
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Figure 4.7-6 — J-2 Return Hydropower Cycling Analysis — Figure 4.7-8 — J-2 Return Hydropower Cycling Analysis —
Alternative 2, Area 2 (30-ft wide radial gate) Alternative 2, Area 4 (60-ft wide radial gate)
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Figure 4.7-7 — J-2 Return Hydropower Cycling Analysis —
Alternative 2, Area 3 (30-ft wide radial gate)
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The following charts summarize the usefulness of using Alternative 3 to dampen the hydropower cycle outflow
swing. Alternative 3 was restricted due to filling off of Phelps Canal. The peak outflow rate from J-2 is 1,675 but
only 1,000 cfs could be delivered to the storage areas via the Phelps Canal. The difference was sent down the J-
2 Return and resulted in a pulse flow at Overton. This alternative needed to develop a fairly high head to pass
the average daily flow value. If there is no limitation on water availability, the average daily value will approach
1,000 cfs. Through the summer months, as water becomes scarcer, the average daily value declines, but the
peak inflow rate does not. This indicates a fairly large inflow gate is needed to accept these high inflow rates. A
wide outflow gate is needed to evacuate the water with minimal head. Similar to the SDHF analysis, the ideal
use of the system is trending toward very wide gates and storage areas with sloping bottom that minimize the
volume stored at low elevations. The target flow analysis however benefits from storage at these low heads and
elevations.

Figure 4.7-9 — J-2 Return Hydropower Cycling Analysis — Alternative 3 (30-ft wide radial gate)
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Summary of Hydropower Cycling

All three alternatives were then evaluated for uniformity in flow at Overton. This was calculated by the percent
difference in the hourly minimum to maximum flow compared to the average daily flow. In other words, if the
minimum hourly flow equaled the maximum hourly flow then the hydropower cycle was 100% dampened. The
results of the hydro cycling evaluations are presented in Table 4.7-1.

Table 4.7-1 — Results of Hydropower Flow Cycling Mitigation Runs

Average
Daily
Flow at
Overton
(cfs)

Minimum . %

. Maximum :
Daily Dail Dampening
Flow Flow (Zfs) (goal is
(cfs) 100%)

Alternative 1, Dam D (48’ gate)
Alternative 1, Dam C (48’ gate)
Alternative 1, Dam B (48’ gate)
Alternative 1, Dam A (50’ gate)
Alternative 2, Area 1 (40' gate)
Alternative 2, Area 2 (30' gate)
Alternative 2, Area 3 (30' gate)
Alternative 2, Area 4 (60' gate)
Alternative 3 (30" wide gate)

Preliminary estimates of probable cost were developed for the alternatives and are itemized in Appendix C. The
following costs presented for all alternatives are based on a 2009 cost index. Whenever possible, line-item costs
were derived from bid tabs of previous projects in the region. If no comparison was available for a line item, the
RS Means, “Heavy Construction Cost Data, 23rd Annual Addition, 2009” was used. These costs are only order
of magnitude projections. Project costs include construction costs, permitting and design, and land acquisition
costs. Costs represent the major cost items associated with each project as this is a preliminary estimate. A
more detailed estimate of probable cost would be available in later phases for the selected alternatives.

Pump stations in the range required for this project are very site-specific and involve a large number of
components. A detailed design and construction estimate was not prepared for this level of study but rather the
total costs were estimated from recently constructed projects. The Harvey Street pump station in New Orleans
was designed by USACE and installed in 2007 by D & D Machine and Hydraulics, Inc, of Fort Myers, Florida.

Photo 4.8-1 — Harvey Street Pump Station in New Orleans
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Staff with D&D indicated the station was sized for 660 cfs and a total dynamic head of 21.5 feet. Seven 42-inch
diameter 500 horsepower diesel driven axial flow pumps were utilized. The total bid price in 2007 was $6.8
million however this included a FEMA storm shelter, emergency power, boats and other accessories. Based on
discussions with D&D, they indicated the pump station and all critical structural and control items consisted of
$4.5 million of the $6.8 million bid. The $4.5 million cost for a 660 cfs pump station was used to prorate the costs
associated with a 300 cfs to 400 cfs total capacity. The total dynamic head for J-2 alternatives will likely be in the
same range as the Harvey Street system. If the options utilizing a pump station are selected for further analysis
a more refined method should be used to develop the anticipated cost of construction.

The ownership of land for proposed locations for Alternatives 1, 2, and 3 for the J-2 reservoirs was investigated,
and shown in the following figures:

Figure 4.9-1 — Alternative 1, Land Ownership

DAavESON

One of the questions raised at the beginning of the study dealt with the cost efficiency of excavating and
disposing material off-site versus ponding to a higher elevation by the use of pumps. In general, the cost for
excavating and disposing soil off-site results in a cost of $8,000 per acre-foot. The associated costs to install a
300 cfs pump station and the electricity to operate it will cost approximately $1,000 per ac-ft. Both assume the
same footprint would be needed and the pump costs did not include the cost of additional embankment and
seepage controls. The preliminary costs indicate that if the site cannot be balanced to minimize haul, then
pumps might be a viable consideration. The pumps, however, will have a much higher life cycle cost.

The costs for the radial gates and sluice gates are based on the manufactured delivered price for all key
components and controls plus a 155% installation cost. The volume of structural concrete was estimated based
on the anticipated wall and floor dimensions.

Contractor mobilization and demobilization are equal to 2.5% of the construction line items, not including

contingency. A 20% contingency factor also was added. In addition, a 20% topographic uncertainty contingency : :
factor was added for Alternative 2 and Alternative 3. This was added because LIDAR data was not currently S ! g
available in these areas and USGS topography was used. Permitting and design costs are approximated as 8% R . EHAS DME :L,;._‘
of the construction subtotal. N '

PHELPS

\
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Table 4.8-1 — J-2 Alternatives Cost Summary Table

Figure 4.9-2 — Alternative 2, Area 1 Land Ownership

Alternative Total Project Costs ($000) Life Cycle Costs per ac-ft
Alt 1 $28,373 $34 DAWSON
Alt 2, Area 1 $33,283 $16
Alt 2, Area 2 $25,089 $16
Alt 2, Area 3 $57,091 $46
Alt 2, Area 4 $117,917 $80
Alt 2, Areas 1 & 2 $40,039 $19
Alt 3 $11,361 $23

PHELPS
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Figure 4.9-3 - Alternative 2, Area 2 Land Ownership
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Figure 4.9-4 — Alternative 2, Area 3 and 4 Land Ownership
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5. J-2/[ELWOOD COMBINATION ALTERNATIVES

Two alternatives combining the operation of Elwood and J-2 were investigated and scored. The two alternatives
are:

Alternative E/J-2, Area 1 — The use of J-2 Alternative 2, Area 1 modified, and the use of Elwood, with a
buttressed dam, gravity inlet canal, one tunnel outlet, and Plum Creek to convey water to the Platte River.

Alternative E/J-2, Area 2 — The use of J-2 Alternative 2, Area 2, together with the use of Elwood, with a
buttressed dam, gravity inlet canal, one tunnel outlet, and Plum Creek to convey water to the Platte River.

The independent J-2 Alternatives did not adequately satisfy a 3-day, 2,000 cfs release for SDHF augmentation
unless multiple areas were built, such as Areas 1 and 2. The two most attractive sites based on the cost per ac-
ft are Areas 1 and 2 within the J-2 Alternative 2. Consideration was also given for a J-2 Alternative 2 and
Elwood combination alternative that would yield the desired SDHF augmentation at a lower cost than
constructing both J-2 Areas 1 and 2. The Elwood release of 1,200 cfs to Plum Creek also appeared to be a
viable alternative, therefore, these alternatives were selected for a joint operational analysis.

The J-2/Elwood combinations alternatives were evaluated for target flow operations as well as for their ability to
mitigate hydropower flow cycling impacts. The results of these evaluations are presented in Table 5-1 below.

Table 5-1 — J-2/Elwood Combination Alternatives Yield Summary Table

(.3

SDHF Augmentation® Reductions to Shortages to Target Flows

ac-ft / yr Wet Yr  Normal Yr Dry Yr

Alternative Reservoir

ac-ft ac-ft ac-ft

Elwood,
buttress &
E/J-2 Alt 2, Area 1 J-2 11,901 44.119 33,668 25,029
excavatlon,

Area l
modified

Elwood,
buttress &
E/J-2 Alt 2, Area 2 J-2 _ 11,901 33,677 24,974 18,757
excavation,

Area 2
modified

Notes: Wwater to augment SDHF could be either environmental account (EA) water routed down from
Lake McConaughy, and staged in the reservoir, or stored excess flows captured and stored in
reservoirs immediately before a SDHF if available. Though units are ac-ft/yr, the values
presented are the total volume of SDHF augmentation flows provided by the alternative over three
days.

@water to reduce shortages to target flows is excess flows in CNPPID’s system that could
between stored and released during periods of shortage.

) Assumes J-2 storage site(s) are full at beginning of water year (October) for consistency of
scoring all alternatives. Results shown are for the illustrative years only. Long-term yield
averages will vary.

Table 5-2 — J-2/Elwood Combination Alternatives Cost Summary Table

Capital 1-yr Operating

Costs ($000) Costs ($000)

Alternative Reservoir

Elwood,
buttress &
E/J-2 Alt 2, Area 1 J-2 $51,626 $470
excavation,

Area 1l
modified

Elwood,
buttress &
J-2
excavation,
Area 2

E/J-2 Alt 2, Area 2 $46,861 $434

Under this scenario Elwood would deliver 1,000 cfs to the Overton gage by routing 1,200 cfs flows down Plum
Creek and into the south channel of the Platte River. J-2 Alternative 2, Area 1 would then be required to deliver
1,000 cfs for the 3 day period. A figure of the outflow from each element and total flows at Overton are
presented in Figure 5.1-1. Area 1 has the potential storage of 9,700 ac-ft of water which is greater than the
volume needed to supply 1,000 cfs over the 3 days. Likewise the gate is sized to release 2,000 cfs where as
only 1,000 cfs would be needed. It is believed the amount of excavation within Area 1 could be reduced if 1,000
cfs were delivered from Elwood. Although a detailed analysis has not been performed, it is estimated the
construction costs for Area 1 could be reduced approximately $2 million. The armoring/upgrades to Plum Creek
could be reduced by $4 million; the outlet tunnel from Elwood could be reduced by $4.6 million.
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Figure 5.1-1 — J-2 Return Short Duration High Flow Analysis —
Combination of 1,000 cfs from Elwood with a modified Area 1
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Date and Time

Under this scenario Elwood would deliver 1,000 cfs to Area 2 by routing 1,200 cfs flows down Plum Creek. Area
2 would then route the stored water plus the water from Elwood into the south channel of the Platte River for a
total release contribution at Overton of 2,000 cfs. Area 2 is currently sized to deliver 2,000 cfs for approximately
1 day and then flows taper off due to lack of storage and available head. Under the combined scenario, the full
2,000 cfs gate capacity would be needed to route the Elwood flows and the stored flows. A labyrinth weir would
also still be required for Plum Creek flood flows. There would likely be some attenuation of the flows from
Elwood as it moved through Area 2 storage site before the flows reached the outlet gate. This combined option
would likely not be able to deliver the full 2,000 cfs under the current configuration. It is likely that with additional
storage and wider gates, this option could potential deliver the full 2,000 cfs for the 3 days. The cost increase for
additional excavation and wider outlet gates has not been calculated but would likely be on the order of $10

million.

Figure 5.2-1 — J-2 Return Short Duration High Flow Analysis —
Combination of 1,000 cfs from Elwood with a modified Area 2
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Date and Time

For E/J-2 Alternative 2, Area 2, the capital cost for Alternative 2, Area 2 was not evaluated or changed for the
scoring purposes, since Plum Creek would have to pass through the J-2 reservoir with no attenuation. As
discussed above, there would be increased capital costs for this combined alternative in the Area 2 gates and
increased excavation. This alternative was not seen to be viable, and therefore no additional cost estimating
was completed. The armoring/upgrades to Plum Creek were reduced by $4 million; the outlet tunnel from

Elwood was reduced by $4.6 million.
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6. SCORING AND SCREENING

The combined alternatives, which were scored as viable alternatives involving both the operation of the Elwood
Reservoir and the J-2 Return Reservoir, were:

The alternatives that survived screening, and were carried forward into scoring were:

Alternative Reservoir Inlet Outlet Conveyance
] Elwood buttress, J-2
‘ GEESIEITE Szl e Slilel CEREINE excavation, Area 1 Existing E-65 Canal Tunnel Plum Creek,
Buttress upstream face of . , Plum Creek, E/J-2 Alt 2, Area 1 modified and J-2 Return (1 only) 1,200 cfs
E-1 embankment New Gravity Canal 28’ Tunnels , 2,400 cfs Elwood buttress, J-2 Existing E-65 Canal | Tunnel Plum Creek,
Remove & replace . Qpen cut 2-8" | Plum Creek, E/J-2 Alt 2, Area 2 excavation, Area 2 and J-2 Return (1 only) 1,200 cfs
E-2 embankment New Gravity Canal pipes 2,400 cfs
Remove & replace Plum Creek,
E-3 upstream shell New Gravity Canal 2-8 Tunnels | 2,400 cfs
Buttress upstream face of Plum Creek,
E-4 embankment Existing E-65 Canal 2-8 Tunnels | 2,400 cfs
Remove & replace Open cut 2-8" | Plum Creek,
E-5 embankment Existing E-65 Canal pipes 2,400 cfs
Remove & replace Plum Creek,
E-6 upstream shell Existing E-65 Canal 2-8 Tunnels | 2,400 cfs

6.2.1 New Reservoir Location Alternatives

Alternatives for the J-2 Return Reservoir that made it past screening and were scored were:

‘ Alternative

Reservoir Inlet Outlet ‘ Conveyance
J-2Alt1 J-2 south channel option J-2 Return Radial Gates n/a
J-2Alt2, Areal J-2 Excavation Area 1 Phelps Radial Gates n/a
J-2Alt2, Area 2 J-2 Excavation Area 2 Phelps Radial Gates n/a
J-2Alt2, Area 3 J-2 Excavation Area 3 J-2 Return Radial Gates n/a
J-2Alt2, Area 4 J-2 excavation Area 4 J-2 Return Radial Gates n/a
J-2Alt2 Areal &2 | J-2 excavation Areas 1&2 Phelps Radial Gates n/a
J-2,Alt3 Phelps 9.7 reservoir Phelps Sluice Gates Unnamed Creek
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6.4 Summary of Alternatives Analysis
Table 6.2-1 presents a summary of the alternatives analyzed, along with operating costs, SDHF augmentation, and reductions to shortages to target flows. Detailed scoring information for each alternative is provided is Appendix C.

Table 6-1 Reregulating Reservoirs Alternative Analysis Summary

Reductions to Shortages to Target Flows®®

Capital 1-yr Operating SDHF Augmentation®
Wet Yr Normal Yr Dry Yr

Costs ($000) Costs ($000) ac-ft / yr

Alternative
ac-ft ac-ft ac-ft

J-2Alt1 $17,460 $218 1,825 19,715 14,660 12,357
J-2Alt2, Areal $24,206 $182 8,860 44,119 33,668 25,029
J-2 Alt 2, Area 2 $17,483 $152 6,580 33,677 24,974 18,757
J-2 Alt2, Area 3 $40,541 $331 4,516 25,952 20,341 16,331
J-2Alt2, Area 4 $83,877 $681 5,387 32,139 24,268 18,508
J-2Alt2, Area 1 & 2% $40,039 $321 11,901 57,931 47,480 34,237
J-2,Alt3 $6,059 $106 1,659 10,569 8,298 7,078
E-1 $42,942 $690 11,901 21,736 19,408 19,154
E-2 $45,444 $721 11,901 21,736 19,408 19,154
E-3 $45,522 $722 11,901 21,736 19,408 19,154
E-4 $36,677 $449 11,901 21,330 17,788 19,162
E-5 $39,179 $468 11,901 21,330 17,788 19,162
E-6 $39,257 $459 11,901 21,330 17,788 19,162
E/J-2 Alt 2, Area 1 $51,626 $457 11,901 44,119 33,668 25,029
E/J-2 Alt 2, Area 2 $46,861 $422 11,901 33,677 24,974 18,757
Notes: Mwater to augment SDHF can be either environmental account (EA) water routed down Lake McConaughy and staged in the reservoir or excess flows captured and stored in reservoirs immediately before a SDHF if

available. Though units are ac-ft/yr, the values presented are the total volume of SDHF augmentation flows provided by the alternative over three days.

@\Water to reduce shortages to target flows is excess flows in CNPPID’s system that were stored during times of excess and released during periods of shortage.

® Assumes only gravity fill for Areas 1 and 2

@ Assumes J-2 storage sites are full at beginning of water year (October) for consistency of scoring all alternatives. Results shown are for the illustrative years only. Long-term yield averages will vary.
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6.5 Scoring Results

The result of the screening and scoring are displayed in the following graphs for total scoring and each scoring
category. These results are also included in detail in Appendix D. General conclusions from the scoring are

noted with the relevant category graph.

Figure 6.5-1- Total Scoring
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It became clear during the analysis and investigation that a J-2 Alternative 2 location is the preferred location for
a reservoir to augment the SDHF and to reduce shortages to target flows, with the combination of areas 1 and 2
scoring the highest for the alternative. As the scoring has also pointed out, the option of using Elwood to support
the SDHF, in conjunction with a J-2 Alternative 2 reservoir, is advantageous and should be included going

forward.

Figure 6.5-2 — Life Cycle Cost Scoring
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Life cycle costs were calculated as total capital and operating costs over 50 years divided by the delivered acre-
feet of water over that same 50 years including both SDHF and normal year target flow releases. The costs
varied from a low of $16 per acre-foot to a high of $84 per acre-foot. The Elwood options have higher life cycle

costs per acre-foot in general and include power bypass costs associated with bypassing the J-1 and J-2

Hydropower stations. The alternatives were scored from O to 5, with a criterion weight of 10.
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Figure 6.5-3 — SDHF Augmentation Scoring Figure 6.5-4 — Reduction to Shortages to Target Flows Scoring
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The alternatives varied from delivering 667 cfs over three days for the SDHF for the J-2 Alternative 3 to up to Reductions to shortages to target flows for the normal illustrative year varied between the alternatives from a low
2,000 cfs for three days for the J-2 Alternative 2 Areas 1 & 2, Elwood and combined J-2/Elwood alternatives. of approximately 18,000 acre-feet per year for the Elwood alternatives up to a high of 33,000 ac-ft per year for
The alternatives were scored from 0 to 5, with a criterion weight of 10. the Elwood /J-2 Alternative 2, Area 2 combination. The alternatives were scored from O to 5, with a criterion
weight of 8.
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Figure 6.5-5 — Flexibility Scoring
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Flexibility and multiple benefits were scored based on the alternative’s ability to provide sediment delivery,
benefit fisheries, and benefit CNPPID. The J-2 alternatives scored a 3 (15 when weighted) because
sedimentation delivery is considered to be minimal, whereas the Elwood alternatives scored higher due to their
ability to deliver Plum Creek sediment during SDHF events. The alternatives were scored a 1 if one of the three
benefits were achieved, a 3 if two of the benefits were achieved, and a 5 if all three of the benefits were

achieved. The weight of this criterion was 5.

Figure 6.5-6 — Permitting Scoring
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Regarding permitting, alternatives that had relatively large fill impacts to the Platte River (historic or existing
channel) were generally ranked as most difficult to permit, and alternatives that impacted Plum Creek, smaller
tributaries, or floodplain wetlands were ranked as easier to permit depending on the extent of impacts that were
likely to occur for each alternative. J-2 Alternative 2, Area 1, did not place fill in a stream and hence scored the
highest. The alternatives were scored from 0 to 5, with a criterion weight of 10.
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Figure 6.5-7 — Landowners Scoring
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Several of the alternatives result in landowner impacts, including up to six landowners for the case of the
combined J-2/Elwood alternatives. The J-2 alternatives had the fewest landowner impacts. The Elwood
conveyance to the Platte River could potentially impact a large number of landowners, but at this stage it was
assumed Plum Creek enlargement could be accomplished with easements. The alternatives were scored from O

to 5, with a criterion weight of 8.

Figure 6.5-8 - Impacted Reach Scoring
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All alternatives other than J-2, Alternative 3 provided water for the entire reach. J-2 Alternative 3 (9.7 Canal
Reservoir) could only provide water to 80% of the reach and was therefore was scored a 4. The alternatives

were scored from 0 to 5, with a criterion weight of 10.

=2

BLACK & VEATCH

FLATTE AIVIR
I A AT e

OA oLSSON

ASSOCIATES

E



PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

Figure 6.5-9 — Partnering Opportunity Scoring

Figure 6.5-10 — Implementation Time Scoring
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Opportunities for partnering with CNPPID and the USFWS were deemed high for all alternatives except the
Elwood alternatives that did not involve the building of a gravity channel for inlet to Elwood. If potential for
partnering with both entities exists, the alternative was scored a 5. Elwood alternatives E-4 through E-6 were
scored a 3 since only the potential to partner with USFWS exists. The weight for this criterion was 5.
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None of the alternatives would likely be permitted and built for the 2011 SDHF, and therefore none of the

alternatives scored a 5. It is very likely that all of the alternatives could be built by 2014, and therefore they all

scored a 3. The weight for this criterion was 10.
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Figure 6.5-11 — Hydropower Flow Cycling Mitigation Scoring
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Hydropower flow cycling mitigation can be accomplished with all of the J-2 alternatives but none of the Elwood
alternatives since it is not located downstream of the J-1 or J-2 hydropower stations. The alternatives were

scored accordingly. The weight for this criterion was 6.

6.6 Capital Cost Comparisons

Capital costs for each of the alternatives vary dramatically with the location, size, and type of construction. The

charts below show the overall capital cost per acre-foot of SDHF augmentation (regardless of whether the water
is EA water routed down from Lake McConaughy and staged in the reservoir or captured excess flows) and cost
per acre-foot of reduction to shortages to target flows for the alternatives investigated. Overall total capital costs

for each of the alternatives investigated are shown in Figure 6.6-1.

Figure 6.6-1 — Total Capital Costs
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The following charts illustrate the capital costs per delivered SDHF augmentation (regardless of whether the
water is EA water routed down from Lake McConaughy and staged in the reservoir or captured excess flows),

target flows, and total flows.

Figure 6.6-2 — Capital Costs per SDHF Augmentation Acre-feet

Figure 6.6-3 — Capital Costs per Reduction to Shortages to Target Flows

for Normal lllustrative Year (1975)
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igure 6.6-4 — Capital Costs per Total Delivered Acre-feet, Normal Illustrative Year (1975)

~ 0 0 (0O

® T

(@I} -

— =

$3,000

$2,500

$2,000

$1,500

$1,000

$500

A

N N N 2o} M ) © N
N S LG I SR S A A AR R A A o
Aol Sl S S
AL A AR ) U
Aol RN S A Alternative ol o
v v v MANEKN v v
> > DY NN

a OA oLSSON

BLACK & VEATCH ASSOCIATES

FLATTE AIVIR
I A AT e

77



PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM
Elwood and J-2 Alternatives Analysis Project Report

6.7 Comparison of Delivered Water

The following charts illustrate the quantity of water delivered for each alternative for SDHF augmentation,

reductions to shortages to target flows, and total water.

Figure 6.7-1 — Total Delivered Acre-feet per Year, Normal lllustrative Year (1975)

Figure 6.7-2 — Reduction to Shortages to Target Flows Acre-feet per Year

for the Normal lllustrative Year (1975)
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For the J-2 alternatives, water for SDHF augmentation and reductions to shortages to target flows can both be
accomplished. For the Elwood alternatives, the total water captured and delivered using by Elwood Reservoir

can either be used for SDHF or reductions to shortages to target flows, but not both.
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Figure 6.7-3 —SDHF Augmentation Acre-feet per Year
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7. CONCLUSIONS AND RECOMMENDATIONS

The Elwood and J-2 Alternative Analysis project was able to identify several alternatives that meet the goal of providing 2,000 cfs for 3 days at Overton. The alternatives that met this goal are shown in Table 7-1.

Table 7-1 Summar

of Alternatives that Meet SDHF Goals

Reductions to Shortages to Target Flows'

4),(6)

SDHF
: : Augmentation®
- : Conveyance to Platte Capital Annual Operatin
Alternative Reservoir® ; p 9 - Normal Yr ac-ft
Stgcrél}?e River Costs® ($000) Costs ($000) et
J-2Alt2, Areal& | J-2 excavation 14,320 Phelps Canal Radial Gates n/a $40,039 $321 11,901 57,931 47,480 34,237
2 Areas 1&2
E-1 Elwood buttress 26,899 Gravity Canal 2-8' Tunnels Plum Creek, 2,400 cfs $42,942 $690 11,901 21,736 19,408 19,154
Elwood remove & New Outlet (2
E-2 replace 26,899 Gravity Canal . Plum Creek, 2,400 cfs $45,444 $721 11,901 21,736 19,408 19,154
embankment pipes) Tunnels
Elwood remove &
E-3 replace upstream 26,899 Gravity Canal 2-8' Tunnels Plum Creek, 2,400 cfs $45,522 $722 11,901 21,736 19,408 19,154
shell
E-4 Elwood buttress 26,899 Existing E-65 Canal 2-8' Tunnels Plum Creek, 2,400 cfs $36,677 $449 11,901 21,330 17,788 19.162
Elwood remove & New Outlet (2
E-5 replace 26,899 Existing E-65 Canal ipes) Plum Creek, 2,400 cfs $39,179 $468 11,901 21,330 17,788 19.162
embankment pIp
Elwood remove &
E-6 replace upstream 26,899 Existing E-65 Canal 2-8 Tunnels Plum Creek, 2,400 cfs $39,257 $459 11,901 21,330 17,788 19.162
shell
Elwood buttress, J-2 Existing E-65 and J- Tunnel
E/J-2 Alt 2, Area 1 excavation, Area 1 36,615 9 Plum Creek, 1,200 cfs $51,626 $457 11,901 44,119 33,668 25,029
. 2 Return (1 only)
modified
E/J-2 Alt 2, Area 2 | E/Wood buttress, J-2 33,479 Existing E-65 and J- Tunnel Plum Creek, 1,200 cfs $46,861 $422 11,901 33,677 24,974 18,757
excavation, Area 2 2 Return (1 only)

Notes:

) Base cost of reservoir (total estimated project cost without inlet, outlet, and conveyance costs). For Elwood, the cost represents improvements to the embankment.
@ Total estimated project cost including base reservoir cost, inlet, outlet, and conveyance costs
®water to augment SDHF could be either environmental account (EA) water routed down from Lake McConaughy, and staged in the reservoir, or stored excess flows captured and stored in reservoirs immediately
before a SDHF if available. Though units are ac-ft/yr, the values presented are the total volume of SDHF augmentation flows provided by the alternative over three days.

“water to reduce shortages to target flows is excess flows in CNPPID’s system that could between stored during times of excess, and released during periods of shortage.
®) Assumes only gravity fill for Areas 1 and 2.

©) Assumes J-2 storage site(s) are full at beginning of water year (October) for consistency of scoring all alternatives. Results shown are for the illustrative years only. Long-term yield averages will vary.
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The alternatives that incorporate a high rate of release from Elwood Reservoir are capital cost prohibitive and
are logistically difficult to implement. A Kepner Tregoe scoring matrix was developed to more fully evaluate the
alternatives. The following graph summarizes the composite scoring results that indicate the J-2 Alternative 2,
Areas 1 and/or 2 ranked the highest.
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Based on these results, it is recommended the J-2 Alternative 2, Areas 1 and/or 2 be advanced to feasibility
stage of analysis. In addition, Elwood Reservoir appears to have an attractive use when used at a low release
rate into Plum Creek. Although not a specific goal or objective of this study, modeling of target flow operations
indicates Elwood Reservoir is typically at minimum stage over the winter months which is also when the
reliability of excess flows are high. More analysis is needed, but it appears using Elwood Reservoir to store
winter excess flows would not interfere with CNPPID current use. A low release rate into Plum Creek of around
100 to 500 cfs would minimize Plum Creek stabilization costs, Elwood upgrade costs, and minimize roadway
crossing upgrades. With a potential high volume yield and minimal capital costs, this alternative should be
further investigated.

Scope of Work for Feasibility Analysis of Preferred Alternative

The next step for implementation of the preferred option should be a feasibility analysis to refine the design,
costs, constraints and schedule of the project. The following is a brief description of the major subjects to be
analyzed.

Topographic Information

Before any further analysis is performed, much better and more accurate topographic information is required.
Therefore, the aforementioned LIDAR must become available, or the area should be mapped with conventional
aerial photography or land-based topographic survey methods.

Geotechnical Analysis

Assuming that the alternative that moves forward for further analysis is a combination of a new J-2 reservoir and
the Elwood Reservoir, further geotechnical analysis, including soil borings, must be conducted. Even if Elwood
is not used for the bulk of SDHFs, any change to its operation must be analyzed in more detail than it has been
so far with the additional geotechnical information. Likewise, further analysis of any J-2 reservoir alternative
must be with the benefit of additional geotechnical information. Seepage is a major concern and lining options
must be evaluated.

Permitting Information
An in-depth evaluation of environmental permitting requirements, with an emphasis on timeframes, must be
conducted during the feasibility analysis.

Conceptual Design and Conceptual Design Level Opinions of Construction Costs

The cost estimates in the screening analysis must be further refined with the benefit of better topography, more
complete geotechnical information and more developed design. Therefore, the following components of design
should undergo conceptual-level design:

Outlet works from Elwood reservoir

Conveyance from the outlet works to Plum Creek
Enlarging and armoring of Plum Creek
Earthwork for the proposed J-2 reservoir

Outlet gate for the proposed J-2 reservoir

Pump station for the proposed J-2 reservoir

Model Operations and Refine the Impact on Operational Costs

The entire operations must be modeled with refinements, which will allow operational costs and yields to be
more accurately estimated. Continuous simulation modeling for multiple years is necessary to accurately predict
alternatives’ ability to reduce shortages to target flows. The next phase of project analysis will include refining
target flow operations analysis and actual WAP scoring.

Land Acquisition Requirements and Costs
A detailed assessment of land acquisition needs and the associated costs must be performed.

Schedule
A complete upgraded schedule is important at this time. Implementation by the year 2014 is still achievable, but
a detailed schedule including critical path elements will be a useful tool for moving forward. The major
components to be scheduled include:
e Preliminary design
Environmental permitting
Land acquisition
Final Design and construction documents
Construction
Operational start up
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Appendix A

Water Management Study Phase Il Report Figures
(Boyle, 2008)

(Note that figure numbers are those from the Water Management Study.)
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Elwood and J2 Alternatives Analysis Project
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Incremental
Area Area Storage |Total Storage
Elevation (sf) (acre) (acre-ft) (acre-ft)
2321 20,661 0 0 0
2322 109,688 3 1 1
2324 297,966 7 6 11 2355
2325 373,489 9 8 19
2326 466,945 11 10 29
2327 564,618 13 12 40 2350
2328 678,891 16 14 55
2329 782,507 18 17 71 7345
2330 909,688 21 19 91
2331 1,070,703 25 23 114
2332 1,235,602 28 26 140 2340
2333 1,417,541 33 30 171
2334 1,642,770 38 35 206 z
2335 1,899,481 44 41 246 g,, 2335
2336 2,136,071 49 46 293 a 0 Stage Storage
2337 2,349,470 54 51 344
2338 2,562,213 59 56 401 2330
2339 2,785,721 64 61 462
2340 3,013,934 69 67 528 5395
2341 3,244,954 74 72 600
2342 3,473,378 80 77 677
2343 3,734,216 86 83 760 2320
2344 3,964,885 91 88 849
2345 4,198,629 96 94 942
2346 4,447,319 102 99 1,041 2315 : : : r r r r r s
2347 4,792,244 110 106 1,148 0 200 400 600 800 1,000 1,200 1,400 1,600 1,800
2348 5,173,118 119 114 1,262 Storage (ac.-ft.)
2349 5,535,109 127 123 1,385
2350 5,982,798 137 132 1,517
2351 6,354,399 146 142 1,659
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Elwood and J-2 Alternatives Analysis Project Report
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Platte River Recovery Implementation Program

Elwood and J-2 Alternatives Analysis Scoring

Criteria # 1 2 3 4 5 6 7 8 9 10
Impacts to Portion of the
Alternative Reservoir Inlet Outlet | Transmission Criteria Life Cycle Costs Ability to Reduce Landowners / Other | Reach Positively Hydropower
for 50-year life SDHF Shortages to Target Flexibility and Ability to Permit Facilities and Impacted by Opportunities for | Implementation Flow Cycling Weighted
span Augmentation Flows Multiple Benefits (NEPA) Installations Water Delivery Partnering time Mitigation Total
Weight 10 10 8 5 10 8 10 5 10 6
Impoundment of the
Sediment delivery south channel of
will not be extensive,| the Platte River No impacts to CNPPID, and Hydropower flow
Description Life cycle costs Target flow shortage fisheries are a could be most landowners, perhaps Fish and Construction cycling can be
will be on the | This alternative can|reduction will amount| possibility, and there | difficult to permit. completely Water will be Wildlife will likely | could be finished mitigated
J-2 south Radial order of $34 per only deliver an to 14,660 acre-feet are benefits to Likely individual contained in south | delivered to the | be interested in by as early as effectively to
J-2Alt1 channel option J-2 Canal Gates n/a ac-ft average of 350 cfs per year CNPPID permit. channel entire reach partnering 2012 99%
Score 4 0 3 3 1 5 5 5 3 5 264
Sediment delivery
will not be extensive, | Off-line excavation CNPPID, and Hydropower flow
Description Life cycle costs Target flow shortage fisheries are a should be relatively perhaps Fish and Construction cycling can be
will be on the | This alternative can [reduction will amount| possibility, and there | easy to permit, Water will be Wildlife will likely | could be finished mitigated
J -2 Alt 2, Area |J-2 Excavation Phelps Radial order of $16 per | only deliver 1,667 | to 33,668 acre-feet are benefits to likely to require 404| One landowner delivered to the | be interested in by as early as effectively to
1 Area 1 Canal Gates n/a ac-ft cfs per year CNPPID nationwide permit. affected entire reach partnering 2012 59%
Score 5 3 5 3 5 5 5 5 3 1 336
Sediment delivery Impacts to Plum
will not be extensive,| Creek make this CNPPID, and Hydropower flow
Life cycle costs Reduction of fisheries are a location more perhaps Fish and Construction cycling can be
Phelps will be on the | This alternative can | shortages to target | possibility, and there | difficult to permit, Water will be | Wildlife, will likely | could be finished mitigated
J -2 Alt 2, Area |J-2 Excavation Canal+ Radial order of $16 per | only deliver 1,333 |flows of 24,974 acre- are benefits to likely require 404 | Three landowners | delivered to the | be interested in by as early as effectively to
2 Area 2 pumps Gates n/a Description ac-ft cfs feet per year CNPPID individual permit. affected entire reach partnering 2012 59%
Score 5 3 5 3 2 4 5 5 3 1 298
Sediment delivery
o will not be extensive, | Apparent impacts to CNPPID, and Hydropower flow
Description Life cycle costs Reduction of fisheries are a smaller streams. perhaps Fish and | Construction cycling can be
will be on the shortages to target | possibility, and there| May need 404 Water will be | Wildlife, will likely | could be finished mitigated
J -2 Alt 2, Area |J-2 Excavation Radial order of $46 per | This alternative can |flows of 20,341 acre- are benefits to nationwide or Four landowners | delivered to the | be interested in by as early as effectively to
3 Area 3 J-2 Return Gates n/a ac-ft only deliver 667 cfs feet per year CNPPID individual permit. affected entire reach partnering 2012 99%
Score 3 0 5 3 4 4 5 5 3 5 292
Sediment delivery
will not be extensive, | Apparent impacts to CNPPID, and Hydropower flow
Description Life cycle costs Reduction of fisheries are a smaller streams. perhaps Fish and Construction cycling can be
will be on the shortages to target | possibility, and there| May need 404 Water will be | Wildlife, will likely | could be finished mitigated
J -2 Alt 2, Area |J-2 excavation Radial order of $80 per | This alternative can |flows of 24,268 acre- are benefits to nationwide or Four landowners | delivered to the | be interested in by as early as effectively to
4 Area 4 J-2 Return Gates n/a ac-ft only deliver 667 cfs feet per year CNPPID individual permit. affected entire reach partnering 2012 59%
Score 2 0 5 3 4 4 5 5 3 1 258
Sediment delivery Impacts to Plum
will not be extensive,| Creek make this CNPPID, and Hydropower flow
Life cycle costs Reduction of fisheries are a location more perhaps Fish and Construction cycling can be
will be on the shortages to target | possibility, and there | difficult to permit, Water will be | Wildlife, will likely | could be finished mitigated
J -2 Alt 2, Area |J-2 excavation Phelps Radial order of $19 per | This alternative can |flows of 47,480 acre- are benefits to likely will need 404 | Four landowners | delivered to the | be interested in by as early as effectively to
1&2 Areas 1&2 Canal Gates n/a Description ac-ft deliver 2,000 cfs feet per year CNPPID individual permit. affected entire reach partnering 2012 99%
Score 4 5 5 3 2 4 5 5 3 5 332
Sediment delivery | Impoundment of a
will be minimal, drainage would CNPPID, and Hydropower flow
Life cycle costs Reduction of fisheries are a require 404 perhaps Fish and Construction cycling can be
will be on the shortages to target | possibility, and there | individual permit, Water will be | Wildlife, will likely | could be finished mitigated
9.7 Canal Radial order of $23 per | This alternative can | flows of 8,298 acre- are benefits to may make Two landowners | delivered to 80% | be interested in by as early as effectively to
J-2,Alt3 Reservoir 9.7 Canal Gates n/a Description ac-ft only deliver 279 cfs feet per year CNPPID permitting difficult. affected of the reach. partnering 2012 83%
Score 4 0 2 3 2 4 4 5 3 4 242
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Platte River Recovery Implementation Program

Elwood and J-2 Alternatives Analysis Scoring

Criteria # 1 2 3 4 5 6 7 8 9 10
Impacts to Portion of the
Alternative Reservoir Inlet Outlet | Transmission Criteria Life Cycle Costs Ability to Reduce Landowners / Other | Reach Positively Hydropower
for 50-year life SDHF Shortages to Target Flexibility and Ability to Permit Facilities and Impacted by Opportunities for | Implementation Flow Cycling Weighted
span Augmentation Flows Multiple Benefits (NEPA) Installations Water Delivery Partnering time Mitigation Total
Weight 10 10 8 5 10 8 10 5 10 6
Sediment delivery Some impacts to
will be good, Plum Creek. CNPPID, and
Description Life cycle costs Reduction of fisheries will be Depending on perhaps Fish and |  Construction
will be on the | This alternative will | shortages to target |supported, and there | impacts, may need | Three landowners Water will be | Wildlife, will likely | could be finished | No hydropower
Gravity Plum Creek, order of $80 per | deliver 2,000 cfs to |flows of 19,408 acre- are benefits to 404 individual impacted for gravity | delivered to the | be interested in by as early as flow cycling
E-1 Elwood buttress Canal Tunnels 2,400 cfs ac-ft Overton feet per year CNPPID permit. canal entire reach partnering 2012 mitigation
Score 2 5 4 5 3 4 5 5 3 0 294
Sediment delivery Some impacts to
will be good, Plum Creek. CNPPID, and
Description Life cycle costs Reduction of fisheries will be Depending on perhaps USFWS, Construction
Elwood remove will be on the | This alternative will | shortages to target |supported, and there | impacts, may need | Three landowners Water will be will likely be could be finished | No hydropower
& replace Gravity |[Opencut2| Plum Creek, order of $84 per | deliver 2,000 cfs to |flows of 19,408 acre- are benefits to 404 individual impacted for gravity | delivered to the interested in by as early as flow cycling
E-2 embankment Canal pipes 2,400 cfs ac-ft Overton feet per year CNPPID permit. canal entire reach partnering 2012 mitigation
Score 1 5 4 5 3 4 5 5 3 0 284
Sediment delivery Some impacts to
will be good, Plum Creek. CNPPID, and
Description Life cycle costs Reduction of fisheries will be Depending on perhaps USFWS, Construction
Elwood remove will be on the | This alternative will | shortages to target |supported, and there | impacts, may need 3 landowners Water will be will likely be could be finished | No hydropower
& replace Gravity 2-8' Plum Creek, order of $84 per | deliver 2,000 cfs to |flows of 19,408 acre- are benefits to 404 individual impacted for gravity | delivered to the interested in by as early as flow cycling
E-3 upstream shell Canal Tunnels 2,400 cfs ac-ft Overton feet per year CNPPID permit. canal entire reach partnering 2012 mitigation
Score 1 5 4 5 3 4 5 5 3 0 284
Sediment delivery Some impacts to
will be good, Plum Creek.
o Life cycle costs Reduction of fisheries will be Depending on Construction
Description will be on the | This alternative will | shortages to target |supported, and there | impacts, may need Water willbe | USFWS will likely | could be finished | No hydropower
Existing E- 2-8' Plum Creek, order of $67 per | deliver 2,000 cfs to |flows of 17,788 acre- are benefits to 404 individual No landowner delivered to the | be interested in by as early as flow cycling
E-4 Elwood buttress | 65 Canal | Tunnels 2,400 cfs ac-ft Overton feet per year CNPPID permit. impacts entire reach partnering 2012 mitigation
Score 2 5 4 5 3 5 5 3 3 0 292
Sediment delivery Some impacts to
will be good, Plum Creek.
o Life cycle costs Reduction of fisheries will be Depending on Construction
Elwood remove Description will be on the | This alternative will | shortages to target |supported, and there | impacts, may need Water willbe | USFWS will likely | could be finished | No hydropower
& replace Existing E-[ Open cut 2| Plum Creek, order of $70 per | deliver 2,000 cfs to |flows of 17,788 acre- are benefits to 404 individual No landowner delivered to the | be interested in by as early as flow cycling
E-5 embankment 65 Canal pipes 2,400 cfs ac-ft Overton feet per year CNPPID permit. impacts entire reach partnering 2012 mitigation
Score 2 5 4 5 3 5 5 3 3 0 292
Sediment delivery Some impacts to
will be good, Plum Creek.
o Life cycle costs Reduction of fisheries will be Depending on Construction
Elwood remove Description will be on the | This alternative will | shortages to target |supported, and there | impacts, may need Water willbe | USFWS will likely | could be finished | No Hydropower
& replace Existing E- 2-8' Plum Creek, order of $70 per | deliver 2,000 cfs to |flows of 17,788 acre- are benefits to 404 individual No landowner delivered to the | be interested in by as early as flow cycling
E-6 upstream shell 65 Canal | Tunnels 2,400 cfs ac-ft Overton feet per year CNPPID permit. impacts entire reach partnering 2012 mitigation
Score 2 5 4 5 3 5 5 3 3 0 292
Sediment delivery One landowner in J2
will be good, Less impacts to area 1, three CNPPID, and Hydropower flow
Description Life cycle costs Reduction of fisheries will be Plum Creek. May landowners for perhaps USFWS, Construction cycling can be
Elwood buttress, will be on the | This alternative will | shortages to target |supported, and there| need either 404 Elwood gravity Water will be will likely be could be finished mitigated
E/J-2 Alt 2, J-2 excavation, Gravity | Tunnels (1 | Plum Creek, order of $33 per | deliver 2,000 cfs to |flows of 33,668 acre- are benefits to nationwide or canal; total of four | delivered to the interested in by as early as effectively to
Area 1 Area 1 modified Canal only) 1,200 cfs ac-ft Overton feet per year CNPPID individual permit. | landowners affected| entire reach partnering 2012 83%
Score 4 5 5 4 4 4 5 5 3 4 351
Sediment delivery Three landowners in
L will be good, Less impacts to J2 area 2,three CNPPID, and Hydropower flow
Description Life cycle costs Reduction of fisheries willbe | Plum Creek. May | landowners for perhaps USFWS, | Construction cycling can be
Elwood buttress, will be on the | This alternative will | shortages to target |supported, and there| need either 404 Elwood gravity Water will be will likely be could be finished mitigated
E/J-2 Alt 2, J-2 excavation, Gravity | Tunnels (1 | Plum Creek, order of $37 per | deliver 2,000 cfs to |flows of 24,974 acre- are benefits to nationwide or canal; total of six delivered to the interested in by as early as effectively to
Area 2 Area 2 Canal only) 1,200 cfs ac-ft Overton feet per year CNPPID individual permit. | landowners affected| entire reach partnering 2012 83%
Score 4 5 5 3 4 2 5 5 3 4 330
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Platte River Recovery Implementation Program

Elwood and J-2 Alternatives Analysis Capital and Operating Costs

December 2009

Operating Total SDHF SDHF Reductions to Shortages Delivered | Life Cycle| Capital Capital Capital
Inlet Outlet Conveyance Capital Costs Costs Augmentation | Augmentation | to Target Flows, Normal Delivered Total, ac-ft | Cost per | Cost per Cost per Cost per
Alternative Reservoir’ Costs ($000) | Costs ($000) | Costs ($000) | Costs? ($000) | (50-yr $000) | ($000) cfs ac-ft/yr® Year, ac-ft/yr* Total, ac-ft/yr (50 yr)° ac-ft__|ac-ft SDHF | ac-ft Target | ac-ft Total
J -2 Alt1 J-2 south channel option J-2 Canal Radial Gates n/a
$11,452 $0 $6,008 $17,460 $10,913 $28,373 350 1,825 14,660 16,485 824,250 $34 $9,567 $1,191 $1,059
J -2 Alt 2, Area 1 Area 1 Phelps Canal | Radial Gates n/a
$23,208 $310 $688 $24,206 $9,077 $33,283 1,489 8,860 33,668 42,528 2,126,408 $16 $2,732 $719 $569
Phelps Canal+
J-2Alt2, Area 2 Area 2 pumps Radial Gates n/a
$15,043 $2,115 $325 $17,483 $7,606 $25,089 1,129 6,580 24,974 31,554 1,577,700 $16 $2,657 $700 $554
J-2Alt2, Area 3 Area 3 J-2 Return Radial Gates n/a
$39,719 $465 $340 $40,541 $16,550 $57,091 774 4,516 20,341 24,857 1,242,850 $46 $8,977 $1,993 $1,631
J-2Alt2, Area 4 Area 4 J-2 Return Radial Gates n/a
$83,102 $465 $310 $83,877 $34,040 $117,917 905 5,387 24,268 29,655 1,482,750 $80 $15,570 $3,456 $2,828
J-2Alt2, Area1 &2 Areas 1&2 Phelps Canal | Radial Gates n/a
$38,251 $775 $1,013 $40,039 $16,064 $56,103 2,000 11,901 47,480 59,381 2,969,041 $19 $3,364 $843 $674
J-2,Alt3 9.7 Canal Reservoir 9.7 Canal Radial Gates n/a
$5,392 $310 $357 $6,059 $5,302 $11,361 279 1,659 8,298 9,957 497,850 $23 $3,652 $730 $609
Plum Creek,
E-1 Elwood buttress Gravity Canal Tunnels 2,400 cfs
$2,797 $6,265 $12,507 $21,373 $42,942 $34,495 $77,437 2,000 11,901 19,408 19,408 970,400 $80 $3,608 $2,213 $2,213
Opencut2 | Plum Creek,
E-2 Elwood remove & replace embankment | Gravity Canal pipes 2,400 cfs
$9,453 $6,265 $8,353 $21,373 $45,444 $36,059 $81,503 2,000 11,901 19,408 19,408 970,400 $84 $3,819 $2,342 $2,342
Plum Creek,
E-3 Elwood remove & replace upstream shell | Gravity Canal | 2-8' Tunnels 2,400 cfs
$5,377 $6,265 $12,507 $21,373 $45,522 $36,108 $81,630 2,000 11,901 19,408 19,408 970,400 $84 $3,825 $2,346 $2,346
Existing E-65 Plum Creek,
E-4 Elwood buttress Canal 2-8' Tunnels 2,400 cfs
$2,797 $0 $12,507 $21,373 $36,677 $22,471 $59,148 2,000 11,901 17,788 17,788 889,400 $67 $3,082 $2,062 $2,062
Existing E-65 | Opencut2 | Plum Creek,
E-5 Elwood remove & replace embankment Canal pipes 2,400 cfs
$9,453 $0 $8,353 $21,373 $39,179 $23,409 $62,588 2,000 11,901 17,788 17,788 889,400 $70 $3,292 $2,203 $2,203
Existing E-65 Plum Creek,
E-6 Elwood remove & replace upstream shell Canal 2-8' Tunnels 2,400 cfs
$5,377 $0 $12,507 $21,373 $39,257 $22,939 $62,196 2,000 11,901 17,788 17,788 889,400 $70 $3,299 $2,207 $2,207
Elwood buttress, J-2 excavation, Area 1 Tunnels (1 Plum Creek,
E/J-2 Alt 2, Area 1 modified Gravity Canal only) 1,200 cfs
$22,605 $6,265 $7,504 $15,252 $51,626 $22,869 $74,495 2,000 11,901 33,668 45,569 2,278,441 $33 $4,338 $1,533 $1,133
Tunnels (1 Plum Creek,
E/J-2 Alt 2, Area 2 Elwood buttress, J-2 excavation, Area 2 | Gravity Canal only) 1,200 cfs
$17,840 $6,265 $7,504 $15,252 $46,861 $21,082 $67,943 2,000 11,901 24,974 36,875 1,843,741 $37 $3,938 $1,876 $1,271
Notes: 'Base cost of reservoir (total estimated project cost without inlet, outlet, and conveyance costs). For Elwood, the cost represents improvements to the embankment.

®Total estimated project cost including base reservoir cost, inlet, outlet, and conveyance costs (sum of preceding columns)

SWater to augment SDHF can be either environmental account (EA) water routed down Lake McConaughy and staged in the reservoir or excess flows captured and stored in reservoirs immediately before a SDHF if available. Though the units are ac-ft per year, the values presented are
the total volume of SDHF augmentation flows provided by the alternative over three days.

*Water to reduce shortages to target flows is excess flows in CNPPID’s system that could between stored during times of excess, and released during periods of shortage. Elwood Reservoir use is outside of the time period when CNPPID requires use and is above the target operating

curve.

SSDHF Augmentation plus Reductions to Shortages to Target Flows, Normal Year




PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Partnering Opportunity Scoring

Hydropower Flow Cycling Mitigation Scoring
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Capital Costs per SDHF Augmentation Acre-feet

Capital Costs per Total Delivered Acre-feet, Normal lllustrative Year (1975)
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Reduction to Shortages to Target Flows Acre-feet per Year

for the Normal lllustrative Year (1975)
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Platte River Recovery Implementation Program December 2009

OPERATION AND MAINTENANCE COSTS
NRCS SUGGESTED RATE FOR AVERAGE ANNUAL COSTS

Control Measure
Percentage of Engineers Estimates Of Construction Costs (Excluding Land Prices)

Waterflow Control Measures
a. Floodwater retarding structures 0.75%
b. Concrete and asphalt lined channels, reinforced concrete chutes 1.25%
c. Levees and dikes, major desilting basins 1.25%
d. Channel improvements — floodways 1.50%
e. Other 1.75%

Drainage Measures
a. Covered drains and appurtenances 0.75%
b. Open drains and appurtenances 1.25%

Irrigation measures
a. Water supply reservoirs 0.75%
b. Canal laterals 1.25%
c. Diversion dams and canal headworks 1.75%

Non-Agricultural Water Management Measures
a. Water supply reservoirs 0.75%
Operation and maintenance costs required on special items such as pumping plants, pipelines, etc. will
vary so greatly no attempt is made to provide a rate. Applicants should work closely with persons who
are familiar with these special items in developing suitable rates for such facilities.

Recreation Projects (from Nebraska Game and Parks Commission)
For recreation projects, use $1.35 per recreation day.



Platte River Recovery Implementation Program

Elwood and J-2 Alternatives Operation and Maintenance Costs

December 2009

Pumping Power Annual
Pumped Costs @ Pump Generation | Operating
Capital Operating acre-feet $1.60/ac-ft | Replacement Offset Cost
Alternative Reservoir’ Inlet Outlet Conveyance |Costs’ ($000)| Cost rate ($000) ($000) $7.89 ($000)
J-2Alt1 J-2 south channel option J-2 Canal Radial Gates n/a
$11,452 $ - $6,008 $17,460 1.25% $218.25
J -2 Alt 2, Area 1 Area 1 Phelps Canal Radial Gates n/a
$23,208 $310 $688 $24,206 0.75% $181.55
J-2Alt2, Area 2 Area 2 pumps Radial Gates n/a
$15,043 $2,115 $325 $17,483 0.75% 6,868 $11 $10 $152.11
J-2Alt2, Area 3 Area 3 J-2 Return Radial Gates n/a
$39,719 $465 $340 $40,541 0.75% 10,592 $17 $10 $331.00
J -2 Alt 2, Area 4 Area 4 J-2 Return Radial Gates n/a
$83,102 $465 $310 $83,877 0.75% 26,076 $42 $10 $680.80
J-2Alt2, Area1 &2 Areas 1&2 Phelps Canal Radial Gates n/a
$38,251 $775 $1,013 $40,039 0.75% 6,868 $11 $10 $321.28
J-2,Alt3 9.7 Canal Reservoir 9.7 Canal Radial Gates n/a
$5,392 $310 $357 $6,059 1.75% $106.03
Plum Creek,
E-1 Elwood buttress Gravity Canal Tunnels 2,400 cfs
$2,797 $6,265 $12,507 $21,373 $42,942 1.25% $153.13 $689.90
Elwood remove & replace Plum Creek,
E-2 embankment Gravity Canal | Open cut 2 pipes 2,400 cfs
$9,453 $6,265 $8,353 $21,373 $45,444 1.25% $153.13 $721.18
Elwood remove & replace upstream Plum Creek,
E-3 shell Gravity Canal 2-8' Tunnels 2,400 cfs
$5,377 $6,265 $12,507 $21,373 $45,522 1.25% $153.13 $722.15
Existing E-65 Plum Creek,
E-4 Elwood buttress Canal 2-8' Tunnels 2,400 cfs
$2,797 $ - $12,507 $21,373 $36,677 0.75% 15,000 $24 $10 $140.35 $449.42
Elwood remove & replace Existing E-65 Plum Creek,
E-5 embankment Canal Open cut 2 pipes 2,400 cfs
$9,453 $ - $8,353 $21,373 $39,179 0.75% 15,000 $24 $10 $140.35 $468.19
Elwood remove & replace upstream| Existing E-65 Plum Creek,
E-6 shell Canal 2-8' Tunnels 2,400 cfs
$5,377 $ - $12,507 $21,373 $39,257 0.75% 15,000 $24 $140.35 $458.77
Elwood buttress, J-2 excavation, Plum Creek,
E/J-2 Alt 2, Area 1 Area 1 modified Gravity Canal Tunnels (1 only) 1,200 cfs
$22,605 $6,265 $7,504 $15,252 $51,626 0.75% $70.17 $457.37
Elwood buttress, J-2 excavation, Plum Creek,
E/J-2 Alt 2, Area 2 Area 2 Gravity Canal Tunnels (1 only) 1,200 cfs
$17,840 $6,265 $7,504 $15,252 $46,861 0.75% $70.17 $421.63

Notes:

'Base cost of reservoir (total estimated project cost without inlet, outlet, and conveyance costs). For Elwood, the cost represents improvements to the embankment.
®Total estimated project cost including base reservoir cost, inlet, outlet, and conveyance costs (sum of preceding columns)



PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Elwood Reservoir Gravity Inlet Canal Alternative

Table C-1 — Gravity Canal Opinion of Probable Cost, included in

Alternatives E-1, B2, E-3, E/J-2 Alt 2, Area 1, and E/J-2 Alt 2, Area 2

Elwood Reservoir Embankment Upgrade Alternatives

Table C-2 — Dam Replacement Opinion of Probable Cost, included in Alternatives E-2 and E-5

Gravity Canal
Item
Num ber]Des cription Appr. Quantity Unit Unit Price Amount
1 Mobilization /Demobilization 1]LS $ 100675.00] S 100,675.00
2 Clearing and Grubbing 35 JAC S 1,000.00 | $ 35,000.00
3 Earth Fill, Class A Com paction 300,000 JcY S 4001 S 1,200,000.00
4 Salvaging and Sp reading Topsoil 170,000 |SY S 100 | S 170,000.00
5 8' Welded Steel Pipe 4,850 |LF S 50000 $ 2,425,000.00
6 SiphonAnchorage 12 JEA S 1,00000] S 12,000.00
7 Inlet transition 1|EA S 1500000| S 15,000.00
8 Outlet transition 1|EA S 1500000 | S 15,000.00
9 Manhole 10 JEA S 500000] S 50,000.00
10 |Valveand DrainPipe 1|EA S 5000.00] $ 5,000.00
11  |Supply CanalIntake Gate Structure 1 |EA $ 5000000 $ 50,000.00
12 |JLocal Drainage Structure 5 |EA S 1000000 | $ 50,000.00
Subtotal = $ 4,127,675
20% Mappi ng Uncertaintity= ~ $ 825,535
20% Construction Contingency= = $ 825,535
Probabal e Construction Costs=  $ 5,778,745
Permitting and Design (8%)= $ 462,300
Land AcquisitionCosts (35ac @ $700per ac)=  $ 24,500
Total Estimated Project Cost= = $ 6,265,545

Table C-3 — Embankment Buttress Opinion of Probable Cost, included in
Alternatives E-1, E-4, E/J-2 Alt 2, Area 1, and E/J-2 Alt 2, Area 2

Flatten Upstream Slope
Item
Number] Desaiption Appr. Quantity Unit Unit Price Amount
1 Mobilization / Demobilization 1 |LS S  45,125.00] S 45,125.00
2 Clearing and Grubbing 15 JAC S 1,000.00 | $ 15,000.00
3 Embankment Excavation 130,000 JCY S 150]S 195,000.00
4 Foundation Preparation 15 JAC S 2,000.00 | $ 30,000.00
5 Embankmnet Plae@ment 130,000 |CY S 3.00(S$ 390,000.00
6 New Soil Cement 35,000 Jsy S 25.0]s 875,000.00
7 Site Resortation 15 JAC S 20,000.00] S 300,000.00
Subtotal= $ 1,850,125
20% MappingUncertaintity = = $ 370,025
20% Construction Contingency = $ 370,025
Probabale Construction Costs = = $ 2,590,175
Permitting and Design (8%) = $ 207,214
Total Estimated Project Cost= $ 2,797,389

Table C-4 — Remove and Replace Upstream Embankment Shell Opinion of Probable Cost,
included in Alternatives E-3 and E-6

Remove and Replace Upstream Shell

Remove and Replace Existing Dam

Item

Numbe ] Descrip tion Appr. Quantity Unit Unit Price Amount
1 Mobilization/ Demobilization 1|Ls $ 152,500.00] $ 152,500.00
2 Clearing and Grubbing 25|AC S 1,000.00 | $ 25,000.00
3 Embankment Excavation 1,000,000 CY S 1.50|$ 1,500,000.00
4 Foundation Preparation 25|AC S 2,000.00] S 50,000.00
5 Embankmnet Pl acement 1,000,000 CY S 3.00]$ 3,000,000.00
6 New Soil Cement 35,000|SY S 25.00|$ 875,000.00
7 Insturm antation Installation 1LS S 150,000.00 ) S 150,000.00
8 Site Restoration 25|AC S 20,000.00) S 500,000.00
Subtotal= $ 6,252,500
20% Mapping Un certaintity = $ 1,250,500
20% Construction Contingency = $ 1,250,500
Probabale ConstructionCosts =  $ 8,753,500
Permitting and Design (8%)= $ 700,280
Total EstimatedProjectCost= $ 9,453,780

Item

Num ber|Description Appr. Quan tity Unit Unit Price Amo unt
1 Mobilization / Demobil ization 1|LS S 86,7500 | S 86,750.00
2 Clearing and Grubbing 15 |AC S 1,000]$ 15,000.00
3 Embankment Excavation 500,000 |CY S 150 S 750,000.00
4 Foundation Preparation 15 |AC S 2,000.00 | S 30,000.00
5 Emb ankmnet Place ment 500,000 |CY S 3.00] S 1,500,000.00
6 New Soil Cement 35,000 |SY S 25001 S 875,000.00
7 Site Restorati on 15 |AC S 20,00000| S 300,000.00
Subtotal = $ 3,556,750
20% Map ping Uncertaintity = $ 711,350
20% Construction Contingency = $ 711,350
Probabale Construction Costs = $ 4,979,450
Permitting and Design (8%) = $ 398,356
Total Estimated Project Cost = $ 5,377,806

2 OLSSON
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Elwood Reservoir Outlet Works Alternatives

Table C-5 - New Outlet Works as Part of Embankment Removal and Replacement Opinion of

Probable Cost, included in Alternatives E-2 and E-5

New Outlet (Cut and Cover)

Item

Number]Description Appr. Quantity Unit Unit Price Amount
1 Mobilization / Demobilization 1]Ls $ 134,75000]) S 134,750.00
2 |clearing and Grubbing 10 |ac $  1,00000]3 10,000.00
3 Embankm ent Excavation 150,000 JCY S 150 $ 225,000.00
4 Foundation Preparation 15 JAC S 2,00000]) S 30,000.00
5 Concrete Structures 1]Ls $2,000,000.00 | $ 2,000,000.00
6 Steel Structures 1]Ls $1,500,000.00 | $ 1,500,000.00
7 Embankm net Placement 150,000 jcY S 300]S 450,000.00
8 New Soil Cement 35,000 JsY S 25001 $ 875,000.00
9 Site Restoration 15 JAC $  20,00000]) S 300,000.00
Subtotal = $ 5,524,750
20% Mapping Uncertaintity= = $ 1,104,950
20% Construction Contingency = $ 1,104,950
Probabale ConstructionCosts=  $ 7,734,650
Permitting and Design (8%) = $ 618772
Total Estimated Project Cost= = $ 8,353,422

Table C-6 — Tunneling of New Outlet Pipes Opinion of Probable Cost, included in

Alternatives E-1, E-3, E-4, and E-6

New Outlet (Tunneled)

Item

Num ber|Description Appr. Quantity Unit Unit Price Amo unt
1 Mobilization / Demobil ization 1|Ls S 201,750.00 | $ 201,750.00
2 Tunneling 1,000 |AC S 7,000.00] S 7,000,000.00
3 Reinforce d Co ncre te Structu res 1]LS S 500,000.00 | S 500,000.00
4 Steel Structures 1]|LS S 550,000.00 | $ 550,000.00
5 Site Restorati on 1|AC S 20,0000 S 20,000.00
Subtotal = $ 8,271,750
20% Map ping Uncertaintity = $ 1,654,350
20% Construction Contingency = = $ 1,654,350
P robabale Construction Costs=  $ 11,580,450
Permitting and Design (8%) = $ 926,436
Total Estimated Project Cost = $ 12,506,886

Plum Creek Upgrade Alternatives

Table C-7 — Upgrade of Plum Creek for 2,400 cfs Opinion of Probable Cost, included in
Alternatives E-1, E-2, E-3, B4, E-5, and E6

‘Upgrading Plum Creek for 2,400 cfs SDHF
Item
Num ber|Description Appr. Quantity Unit Unit Price Amo unt
1 Mobilization / Demobil ization 1]|LS S 344,409.0) S 344,409.00
2 Clearing and Grubbing 15 |AC S 1,000.00 | $ 15,000.00
3 Excavation, Common 675,000 |CY S 500]$ 3,375,000.00
4 Rock Rip Rap Armoring 159,000 | CY S 5500 $ 8,745,000.00
5 Salvaging and Spreading Topsoil 150,000 | CY S 100| S 150,000.00
6 Seeding and Mulching 28 |AC S 1,100.00 | $ 310,200.00
7 Brid ge Construction, Concre te Slab Continuous (4 brdiges) 13,440 |SF S 89.00] $ 1,196,160.00
Subtotal = $ 14,135,769
20% Map ping Uncertaintity =  $ 2,827,154
20% Construction and Other CostsContingency =  $ 2,827,154
P robabale Construction Costs = = $ 19,790,077
Permitting and Design (8%) =  $ 1,583,206
Total Estimated Project Cost = $ 21,373,283

Table C-8 — Upgrade of Plum Creek for 1,200 cfs Opinion of Probable Cost, included in
Alternatives E/J-2 Alt 2, Area 1, and E/J-2 Alt 2, Area 2

‘Upgrading Plum Creek for 1,200 cfs SDHF
Item
Num ber|Description Appr.Quantity | Unit Unit Price Amount
1 Mobilization / Demobil ization 1]LS S 245,666.50) S 245,666.50
2 Clearing and Grubbing 15 |AC S 1,000.00 | $ 15,000.00
3 Excavation, Common 325,000 |CY S 500] S 1,625,000.00
4 Rock Rip Rap Armoring 121,000 |CY S 5500 $ 6,655,000.00
5 Salvaging and Spreading Topsoil 114,000 | CY S 100 S 114,000.00
6 Seeding and Mulching 215 |AC S 1,100.00 | $ 236,500.00
7 Brid ge Construction, Concre te Slab Continuous (4 brdige s) 13,440 |SF S 89.00] S 1,196,160.00
Subtotal = $ 10,087,327
20% Map ping Uncertaintity = $ 2,017,465
20% Construction and Other CostsContingency =  $ 2,017,465
P robabale Construction Costs = $ 14,122,257
Permitting andDesign (8%) = $ 1,129,781
Total Estimated Project Cost = $ 15,252,038

=
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

J-2 Reregulating Reservoir Outlet Works Alternatives

Table C-9 - J-2 Alt 1

Table C-11 - J-2 Alt 2, Area 2

Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization / Demobilization 1 LS S 300297.25] S 300,297.25
2 Clearing and Grubbing 11 JAC S 1,000.00 | $ 11,000.00
3 Earth Fill, Class A Compaction 45511 JCY S 5.00]$ 227,555.00
4 Structural Concrete 3,816 |CY S 500.00 | $ 1,908,000.00
5 Radial Gates, Cable Operated with Controls 8 JEA S 751,000.00 ] S 6,008,000.00
6 Sheet Pile, Steel 197,360 |SF S 10.00] $ 1,973,600.00
7 Rock Rip Rap at Outlet, Class C 1,070 jcy S 50.00| $ 53,500.00
8 Rock Rip Rap Surfacing, Class B 44,742 |CY S 40.00 | $ 1,789,680.00
9 | Gravel Surfacing 2,557 |cY S 15.00]$ 38,355.00
10 |Seeding and Mulching 2 |AC S 1,100.00 | $ 2,200.00
Subtotal= $ 12,312,187
20% Construction Contingency = $ 2,462,437
Probable Construction Costs = $ 14,774,625
Permitting and Design (8%)= $ 1,181,970
Land Acquisition Costs (752 ac @52,000 perac)= $ 1,504,000
Total Estimated Project Cost= $ 17,460,595
Table C-10 — J-2 Alt 2, Area 1
Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization /Demobilization 1|LS S 360920.25| $ 360,920.25
2 Clearing and Grubbing 10]|AC S 1,000.00] $ 10,000.00
3 Excavation, Dispose off site 679,000] CY S 5.00] $ 3,395,000.00
4 Earth Fill, Class A Compaction 1,507,000 CY S 4.00] $ 6,028,000.00
5 Sand Drains 4,700|CY S 20.00| $ 94,000.00
6 Salvaging and Spreading Topsoil, 12" Thick 638,933 CY S 4.00| S 2,755,732.00
7 Structural Concrete 850|CY S 500.00| $ 425,000.00
8 30'w x 13.5"' h Radial Gate, Cable Operated with Controls 1|EA S 310,000.00| $ 310,000.00
9 40w x 25'h Radial Gate (2@20'w x 25'h), Cable Operated with Controls 2|EA S 344,039.00| $ 688,078.00
10 |90 Longx 36 Wide County Bridge 3,240 |SF S 75.00| $ 243,000.00
11 |Rock Rip Rap at Gates, Class C 610|CY S 50.00]| $ 30,500.00
12 | Gravel Surfacing 4,700|cY S 15.00| $ 70,500.00
13 |Seeding and Mulching 430|AC S 900.00| $ 387,000.00
Subtotal = $ 14,797,730
20% Mapping Uncertainty = $ 2,959,546
20% Construction Contingency = $ 2,959,546
Probable Construction Costs=  $ 20,716,822
Permitting and Design (8%) = $ 1,657,346
Land Acquisition Costs (458 ac@ $4,000 perac) = $ 1,832,000
Total Estimated ProjectCost= $ 24,206,168

Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization /Demobilization 1|LS S 247,764.20| S 247,764.20
2 Clearing and Grubbing 10]AC S 1,000.00| $ 10,000.00
3 Earth Fill, Class A Compaction 617,600 CY S 4.00] $ 2,470,400.00
4 Sand Drains 12,000 CY S 20.001 $ 240,000.00
5 Salvaging and Spreading Topsoil, 12" Thick 821,187 | CY S 4.00] S 3,284,748.00
6 |Structural Concrete 600] CY S 500.00] $ 300,000.00
7 15w x 13.5' h Sluice Gate, Cable Operated with Controls 2|EA S 23250000 $ 465,000.00
8 30'w x 20" h Radial Gate, Cable Operated with Controls 1|EA $ 325000.00| $ 325,000.00
9 Inlet Pumps & Motors, 80 cfs each, with controls and structure 3|EA $ 61500000 $ 1,845,000.00
10 |Sheet-Pilefor Labyrinth Weir 18,748 | SF S 15.00| $ 281,220.00
11 |Concrete Outlet for labyrinth Weir 239|SF S 500.00| S 119,500.00
12 |Rock Rip Rap at Gates, Class C 540|CY S 50.00| $ 27,000.00
13 | Gravel Surfacing 5,640 CY S 15.00| S 84,600.00
14 |Seedingand Mulching 509 |AC S 900.00| $ 458,100.00
Subtctal = $ 10,158,332
20% Mapping Uncertainty = $ 2,031,666
20% Construction Contingency = $ 2,031,666
Probable Construction Costs=  $ 14,221,665
Permitting and Design (8%) = $ 1,137,733
Land Acquisition Costs (531ac@ $4,000perac)= $ 2,124,000
Total Estimated ProjectCost= $ 17,483,398
Table C-12 - J-2 Alt 2, Area 3
Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization /Demobilization 1|LS S 626622.20] S 626,622.20
2 |Clearingand Grubbing 10|AC S 1,000.00] $ 9,500.00
3 Excavation, Dispose off site 3,172,000 CY S 500 $ 15860,000.00
4 Earth Fill, Class A Compaction 437,460 | CY S 400 S 1,749,840.00
5 |Sand Drains 5,640|CY S 2000] $ 112,800.00
6 Salvaging and Spreading Topsoil, 12" Thick 821,187 | CY S 4.00| S 3,284,748.00
7 Structural Concrete 750|cy S 500.00| $ 375,000.00
8 15'w x 14" h Sluice Gate, Cable Operated with Controls 2|EA $ 232,500.00| $ 465,000.00
9 30 w x 20 h Radial Gate, Cable Operated with Controls 1|EA S 340,000.00| S 340,000.00
10 |Inlet Pumps & Motors, 75 cfs each, with controls and structure 4|EA $ 600,000.00| $ 2,400,000.00
11 |Rock Rip Rap at Gates, Class C 540|CY S 50.00| $ 27,000.00
12 | Gravel Surfacing 5,400 CY S 15.00| S 81,000.00
13 |Seeding and Mulching 400|AC S 900.00| $ 360,000.00
Subtotal = $ 25,691,510
20% Mapping Uncertainty=  $ 5,138,302
20% Construction Contingency = $ 5,138,302
Probable Construction Costs=  $ 35,968,114
Permitting and Design (8%)= $ 2,877,449
Land Acquisition Costs (424 ac@ $4,000perac)= $ 1,696,000
Total Estimated ProjectCost= $ 40,541,563
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Table C-13 - J-2 Alt 2, Area 4

Table C-15-J-2 Alt 2 Area1 & 2

Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization / Demobilization 1|LS $1,222,125.70| S 1,222,125.70
2 |Clearing and Grubbing 10]|AC $ 100000/ $ 10,300.00
3 Excavation, Dispose off site 7,849,000]| CY S 500| $ 39245,000.00
4 Earth Fill, Class A Compaction 109,400 CY S 4.00] S 437,600.00
5 Clay Blanket, 2' Thick 2,600|CY S 4.00] $ 10,400.00
6 Sand Drains 5,800|CY S 20.00f $ 116,000.00
7 Salvaging and Spreading Topsoil, 12" Thick 1,053,507 | CY S 4.00| S 4,214,028.00
8 |Structural Concrete 750 CY S 500.00| $ 375,000.00
9 15'w x 14' h Sluice Gate, Cable Operated with Controls 2|EA $ 232,500.00| S 465,000.00
10 |30'wx 10 h Radial Gate, Cable Operated with Controls 1|EA $ 310,000.00| S 310,000.00
11 |Inlet Pumps & Motors, 75 cfs each, with controls and structure 5|EA $ 600000.00| $ 3,000,000.00
12 |Rock Rip Rap at Gates, Class C 540|cY S 50.00| $ 27,000.00
13 | Gravel Surfacing 5,800]|CY S 15.00| S 87,000.00
14 |Seedingand Mulching 653|AC S 00| $ 587,700
Subtotal = $ 50,107,154
20% Mapping Uncertainty=  $ 15,032,146
20% Construction Contingency = $ 10,021,431
Probable Construction Costs=  $ 75,160,731
Permitting and Design (8%)= $ 6,012,858
Table C-14-J-2 Alt 3
Item
Number] Description Appr. Quantity Unit Unit Price Amount
1 Mobilization /Demobilization 1|LS S 8832750 S 88,327.50
2 Clearing and Grubbing 19]AC S 1,000.00| $ 19,000.00
3 Earth Fill, Class A Compaction 114,000 CY S 4.00] $ 456,000.00
4 Feed Lot Lagoon Repairs 1|EA S 25000.00] S 25,000.00
5 |Sand Drains 400]cy S 20.00f $ 8,000.00
6 |Salvaging and Spreading Topsoil, 6" Thick 15,000 CY. S 4.00] $ 60,000.00
7 Structural Concrete 4,300|CY S 500.00| $ 2,150,000.00
8 15'w x 15' h Radial Gate, Cable Operated with Controls 1|EA $ 295000.00| $ 295,000.00
9 30'w x 15'h Sluice Gate, Cable Operated with Controls 1|EA $ 357,000.00| $ 357,000.00
10 |Turf Reinforcement Mat for Spillway 5,000|SY S 9.00| $ 45,000.00
11 |Rock Rip Rap at Gates, Class C 610]|CY S 50.00| $ 30,500.00
12 Gravel Surfacing 4,700 CY S 15.00] $ 70,500.00
13 |Seeding and Mulching 19|AC S 900.00| S 17,100.00
Subtotal = $ 3,621,428
20% Mapping Uncertainty = $ 724,286
20% Construction Contingency = $ 724,286
Probable Construction Costs=  $ 5,069,999
Permitting and Design (8%) = $ 405,600
Land Acquisition Costs (146 ac@ $4,000perac)= $ 584,000
Total Estimated ProjectCost= $ 6,059,598

Item

Number |Description Appr. Quantity Unit Unit Price Amount
1 Mobilization / Demobilization 1|LS S 582,058.95| $ 582,058.95
2 Clearing and Grubbing 20|AC S 1,000.00] $ 20,000.00
3 Excavation, Dispose offsite 83499%|CY S 5.00| $ 4,174,980.00
4 Earth Fill, Class A Compaction 2,124,600 | CY S 4.00] $ 8,498,400.00
5 Sand Drains 16,700 | CY S 20.00) $ 334,000.00
6 Salvagingand SpreadingTopsoil, 12" Thick 1,510,124 CY S 4.00] $ 6,040,480.00
7 Structural Concrete 1,450 | CY S 50000| $ 725,000.00
8 30' wx 13.5' h Radial Gate, Cable Operated with Contrals 1|EA S 310,000.00f $ 310,000.00
9 15'wx 13.5' h Sluiee Gate, Cable Operated with Controls 1EA S 232,500.00| $ 465,000.00
10 40' wx 25'h Radial Gate (2@ 20'w x25'h), Cable Operated with Controls 2|EA S 344,039.00| $ 688,078.00
11 30' wx 20' h Radial Gate, Cable Operated with Controls 1EA S 325,000.00| $ 325,000.00
12 Sheet-Pile for Labyrinth Weir 18744 SF S 15.00] S 281,220.00
13 Concrete Outlet for labyrinth Weir 239SF S 50000| $ 119,500.00
14 90'long x 36' Wide County Bridge 3,240 |SF S 75.00] $ 243,000.00
15 Rod Rip Rap at Gates, dassC 1,150fCY S 50.00] $ 57,500.00
16 Gravel Surfacing 10,340 | CY S 15.00| $ 155,100.00
17 Seedingand Mulching 939|AC S 90000] $ 845,100.00
Subtotal = $ 23,864,417
20% Mapping Uncertainty=  $ 4,772,883
20% Construction Contingency= $ 4,772,883
Probable Construdion Costs=  $ 33,410,184
Permitting and Design (8%) = $ 2,672,815
Land Acquisition Costs (989 ac @ $4,000 perag = $ 3,956,000
Total EstimatedProject Cost= $ 40,038,998
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PHOTOLOG PHOTOLOG

Photo 1. Elwood Reservoir dam Photo 3. Hwood Reservoir pump station

Photo 2. Elwood Reservoir Photo 4. Downstream view from Elw ood Dam



PHOTOLOG PHOTOLOG

Photo 5. E-65 Canal Photo 8. Plum Creek at confluence with Platte River

Photo 6. Phelps Canal siphon at Plum Creek Photo 9. J2 wasting station



PHOTOLOG PHOTOLOG

Photo 10. J2 below the J-2 Wasting Station Photo 12. Platte River below the J-2 Wasting Station

Photo 13. State Highway 283 bridge over Plum Creek, upstream face

Photo 11. Platte River at J2 wasting station
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Photo 14. State Highway 283 bridge over Plum Creek, downstream face Photo 16. County Road 429 bridge over Plum Creek, downstream face

Photo 15. County Road 429 bridge over Plum Creek, upstream face Photo 17. County Road 430 culvert in Plum Creek, upstream face
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Photo 18. County Road 430 culvert in Plum Creek, downstream face Photo 20. County Road 432 bridge over Plum Creek, downstream face

Photo 19. County Road 432 bridge over Plum Creek, upstream face Photo 21. County Road 433 bridge over Plum Creek, upstream face



PHOTOLOG PHOTOLOG

Photo 22. County Road 433 bridge over Plum Creek, downstream face Photo 24. County Road 746 bridge over Plum Creek, downstream face

Photo 23. County Road 746 bridge over Plum Creek, upstream face Photo 25. County Road 435 bridge over Plum Creek, upstream face



PHOTOLOG PHOTOLOG

Photo 26. County Road 435 bridge over Plum Creek, downstream face Photo 28. County Road 436 bridge over Plum Creek, downstream face

Photo 27. County Road 436 bridge over Plum Creek, upstream face Photo 29. County Road 437 culvert in Plum Creek, upstream face



PHOTOLOG PHOTOLOG

Photo 30. County Road 437 culvert in Plum Creek, downstream face Photo 32. County Road 749 bridge over Plum Creek, downstream face

Photo 33, NPPD Canaday Station steam power plant
Photo 31. County Road 749 bridge over Plum Creek, upstream face



PHOTOLOG PHOTOLOG

Photo 34, NPPD Canaday Station steam power plant cooling water intake on J-2 Return Canal Photo 36, J-2 Return wasting station radial gate discharge to the south channel of the Platte River

Photo 35, Approach to J-2 Return wasting station Photo 37, Downstream of the J-2 Return wasting station,
canal leads to the south channel of the Platte River



PHOTOLOG

Photo 38, Approach to the Phelps Canal siphon under Plum Creek

Photo 39, CNPPID J-2 Hydropower station
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Soil Properties and Seepage Rates

Table 1

Alternative 1

Overnight
MEMO e

Hand Delivery

Other:

TO: Eric Dove, Olsson Associates
FROM: Ryan Beckman, Olsson Associates
RE: J-2 Alternative Analysis
DATE: November 10, 2009
PROJECT #: 009-1466

This memorandum is provided to address the three alternative design options for the J-2 Return
project located along the Platte River near Jeffreys Island. The purpose of this memorandum is
to outline the general soil characteristics and associated seepage conditions in this region. The
three alternatives were evaluated separately with the findings summarized below. In addition,
preliminary embankment stability assessments and seepage conditions were completed for
Alternative 1 and 2 based on assumed soil parameters of similar material previously evaluated
in this region of Nebraska along with the available soil properties noted in the Natural Resource
Conservation Services database.

Soil and Seepage Conditions Present for Alternatives 1, 2 and 3

Upon a review of the Soil Survey for Gosper and Phelps County by the Natural Resource
Conservation Services, it was determined that variable soil conditions are present in the
alternative areas. Based on the information available at this time, the presence of the sandy
loams and poorly graded sands can have significant impacts on the general seepage conditions
for each alternative. The following table highlights for each alternative the surface area of each
soil type along with the associated surface area percentage and potential seepage impacts.

Soil Type Surface Area | Soil Depth Soil Characteristics Seepage Rates
(Percent) (inches) (cm/sec)
Gothenberg | 85.4 3-11 Fine Sand 0.0042 - 0.0141
11- 60 Fine to Coarse Sand 0.0042 - 0.0141
Platte 12.0 0-17 Loam 0.00042 — 0.00141
7-13 Very fine sandy loam 0.0004 — 0.0042
13-60 Silt loam 0.0014 -0.0141
Alternative 2
Lex 43.8 0-12 Loam 0.00042 — 0.00141
12-29 Sandy loam to silty clay loam [ 0.00014 — 0.00141
29-60 Gravelly sand 0.0141 — 0.0705
Cozad 14.7 0-13 Silt loam 0.0042 — 0.00141
13- 33 Very fine sandy loam 0.0042 — 0.00141
33-860 Silt loam 0.0042 — 0.001 41
Platte 19.1 0-17 Loam 0.00042 — 0.00141
7-13 Very fine sandy loam 0.0004 — 0.0042
13-60 Silt loam 0.0014 -0.0141
Gosper 9.0 0-12 Loam 0.00042 - 0.00141
12 - 24 Sandy clay loam 0.00042 - 0.00141
24-52 Fine sandy loam 0.0042 - 0.0141
Hord 5.0 0-60 Silt loam 0.00042 — 0.00141
Alternative 3
Coly 94.5 0-60 Silt loam 0.000423 - 0.00141
Kensaw/Coly | 3.9 0-60 Silt loam 0.000423 - 0.00141

For additional information regarding the areas evaluated for the three alternatives along with the

proximity of each soil type please refer to the attached Figures 1, 2, and 3 in Attachment A.




Preliminary Slope Configuration

Given the soil properties and parameters, a preliminary seepage and stability analysis was
completed for Alternatives 1 and 2 to identify the typical cross section. As a result of the
analysis, preliminary cost estimates were then completed based on the acceptable cross
seclions that were established. Figures 4 and 5 highlight the proposed cross-sections based on

the very limited soil property information available at the time of this report.

FIGURE 4: Alternative 1
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FIGURE 5: Alternative 2

PHELPS QR J-2 CANAL

EXISTING CANAL BERMS

REQUIRED - Fopr -
STORAGE AREA SETBACK MASTER PLAN WATER SRUFACE
/" DISTANCE FROM PLATTE RIVER -
S ——#——————— W TOoP 3 FREEBOARD i \ ‘ 4
PLATTE RIVER WITH GRAVEL - s o
100 ¥R FLOOD 3 1 SURFACING - -
AFFRORSET 70 T 1 — 3
DEEP {_‘ ________ - /}
- . £ - s DRAINTILE SYSYEM TO RELIEVE PRESSURE
— SOUTH BaNK OF CRAINTILE SYSTEM "~ 12" THICK SALVAGED TOPSOIL/CLAY LINER,
PLATTE RIVER TRELEVE PRESSURE N
| PRESERVE EXISTING
GROUNDWATER
| DRAINAGE PATHS
200 ';300' oF
SANDS AND GRAVEL
ALTERNATIVE 2 TYPICAL SECTION CONSIDERATIONS

For analysis of seepage, vertical soil permeability of 8.8 x 10” cm/sec and 1.0 x 10°cm/sec
were utilized to calculate seepage rates for the cohesionless and cohesive soils, respectively.
Our analysis includes a horizontal to vertical permeability ratio of 10 for the cohesionless and
cohesive soils. The permeability results are based on the average values obtained from the Soll
Survey for Gosper and Phelps County by the Natural Resource Conservation Services. A rip rap
permeability rate of 0.14 cm/sec, with a horizontal to vertical permeability ratio of 1, was utilized

in the seepage analysis for Alternative #1.



Table 2

Alternative 1 Seepage Analysis

Maximum Cutoff
Structure Height of | wall depth
Impounded (feet)
Walter (feet)
J-2-D 17 o
J-2-C 12 55
J-2-B 1 =
J-2-A 3 i

In order to manage the total potential seepage out of the bottom of the storage areas for
Alternative 2, a 12-inch liner is recommended at the base. Further investigation and analysis is
warranted to determine the potential uplift concerns and remedial measures related to the
Phelps canal and the exit gradients at the Platte River.

SLOPE STABILITY

Shear strength parameters utilized in the slope stability analyses for the J-2 Return project were
determined based on our engineering judgment. The soil properties with the shear strength

parameters are summarized in Table 4.

TABLE 4

SOIL PROPERTIES FOR ANALYSIS

Wet @',
Material Density, pcf | degrees | c', psf
Alluvium clay 120.0 28.0 25
Foundation-
Alluvium sand e = :
Rip rap 125.0 38.0 0

Based upon the assumed soll properties for Alternatives 1 and 2, the embankments were stable
under the analyzed conditions of steady seepage and rapid drawdown. The maximum water
height for both conditions was set at 3 feet below the top of the embankment.

b

Should you have any questions regarding the recommendations provided in this memorandum,

please feel free to call me at (402) 458-5908.

Attachment A - Figures 1, 2, and 3

F:AProjects\009-1466\Gtech\MEMO _See pageStabilty.doc
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Legend

=== Proposed Dams

Soils-Alternate 1

Type (% of Total Soils)

- Alda loam, rarely flooded (0.1%)

:| Gibbon loam, rarely flooded (0.2%)

- Gosper loam, 0 to 1 percent slopes (0.1%)

- Gothenburg fine sandy loam, frequently flooded (1.8%)
E Gothenburg soils, frequently flooded (83.6%)
Leshara-Saltine silt loams, occasionally flooded (0.1%)
C] Lex loam, rarely flooded (0.7%) X , § .

- Platte loam, occasionally flooded (10.7%) vy % i j 2o | . b ; — '-*__.; = SEEe: . : . .,‘ ] 1_ ;J:ﬁaﬂ

- Platte soils, occasionally flooded (1.3%) : = ; CEF ! el vl ) h‘i@
- Platte-Wann complex, channeled, occasionally flooded (0.2%) : ' 'f R 3 mOLSSON

- Wann loam, rarely flooded (1.1%) ; B | 7 i | 3 o g _ASSOCIATESER

77 Water J 2 Return Alternative 1




Legend

Soils, % of Total

Type

- Alda loam, rarely flooded (1.4%)

- Coly siltloam, 11 to 17% slopes, eroded (0.6%)

- Cozad silt loam, 0 to 1 percent slopes (1.0%)

- Cozad silt loam, 1 to 3 percent slopes (1.6%)

_ Cozad silt loam, 3 to 6 percent slopes (0.3%)

- Cozad silt loam, rarely flooded {11.8%)

- Elsmere loamy fine sand, loamy substratum, O to 3 percent slopes (1.8%)
|:| Gosper loam, 0 to 1 percent slopes (5.2%)

|:| Gosper loam, saline-alkali, 0 to 1 percent slopes (3.8%)
- Gothenburg soils, frequently flooded (0.2%)

- Hobbs silt loam, channeled, frequently flooded {1.1%)
E Hord silt loam, 0 to 1 percent slopes (3.6%)

:] Hord silt loam, wet substratum, 0 to 1 percent slopes (1.4%)
- Lawet silt loam, drained, rarely flooded (0.4%)

- Lex Loam, rarely flooded (43.8%)

- Platte loam, occasionally flooded (19.1%)

- Platte-Wann complex, channeled, occasionally flooded (1.1%5)
- Ustorthents, 17 to 60 percent slopes (0.3%)

- Wann fine sandy loam, rarely flooded (1.5%)

- Water

Proposed Storage Canal

O‘\OLSSON
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J- 2 Return-Alternative 2




Proposed Dam, J2 Storage
1,659 Acre-ft

Legend

Soils-Type, (% Total)

- Coly silt loam, 11 to 30 percent slopes (94.5%)

E Holdrege silt loam, 0 to 1 percent slopes (1%)

- Holdrege silt loam, 3 to 7 percent slopes, eroded (0.2%)
- Hord silt loam, 0 to 1 percent slopes (0.4%)

E Kenesaw and Coly silt loams, hummocky, eroded (0.5%)
- Kenesaw silt loam, terrace, 1 to 3 percent slopes (1.5%) y ' Y2 il O OALSSS§9JT\! ;

K d Coly silt | . h ky (1.9% .
ensaw and Coly silt loams, hummocky (1.9%) J-2 Return-Alternative 3
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Platte River Recovery Implementation Program

Plum Creek HEC-RAS Modeling Results

October 2009

400 cfs 1,200 cfs 2,000 cfs 2,400 cfs
River Sta Top Width | Vel Chnl | Froude # | Max Vel Top Width | Vel Chnl | Froude # | Max Vel Top Width | Vel Chnl | Froude # | Max Vel Top Width | Vel Chnl | Froude # | Max Vel

(ft) (ft/s) Chl (ft/s) (ft) (ft/s) Chl (ft/s) (ft) (ft/s) Chl (ft/s) (ft) (ft/s) Chl (ft/s)

146128 123 2.8 0.46 3.5 175 4.2 0.58 5.3 203 5.2 0.67 6.7 216 5.5 0.68 7.0
144810 61 6.0 1.01 6.6 105 6.1 0.78 7.2 137 5.9 0.66 7.1 149 6.0 0.65 7.4
142835 96 2.5 0.35 3.2 131 3.9 0.46 5.0 146 5.2 0.56 6.5 154 5.6 0.59 7.1
137443 130 3.3 0.61 3.5 221 3.5 0.49 4.2 288 3.4 0.42 4.2 312 3.5 0.41 4.4
131070 94 2.0 0.23 2.1 139 2.7 0.26 3.1 246 2.7 0.27 3.3 280 2.8 0.28 3.5
126128 61 6.0 1.01 6.0 95 7.5 1.01 7.7 117 8.2 1.00 8.7 126 8.6 1.01 9.2
121468 223 1.2 0.17 1.4 350 1.4 0.15 1.7 424 1.5 0.16 1.9 453 1.6 0.16 1.8
116311 73 2.4 0.28 2.5 193 2.5 0.29 3.1 257 2.8 0.29 3.5 282 2.9 0.29 3.6
108989 70 2.9 0.37 3.3 105 3.9 0.41 4.8 127 4.5 0.42 5.5 136 4.7 0.42 5.7
103454 105 2.0 0.26 2.2 161 2.6 0.27 2.8 194 3.0 0.28 3.3 207 3.2 0.29 3.6
96433 138 1.5 0.18 1.7 254 1.8 0.19 2.3 320 2.0 0.20 2.6 347 2.1 0.20 2.8
90195 63 3.5 0.47 4.0 96 4.6 0.50 5.7 117 5.2 0.50 6.5 126 5.4 0.50 6.7
85050 114 1.7 0.20 2.1 155 2.2 0.21 2.7 186 2.4 0.20 2.8 198 2.5 0.20 3.1
79310 44 3.7 0.42 4.3 69 4.5 0.40 5.5 108 4.6 0.41 5.8 139 4.5 0.41 5.9
73749 58 2.5 0.27 3.2 158 3.6 0.32 4.7 188 4.3 0.35 5.6 200 4.6 0.36 6.0
68314 55 4.6 0.65 5.3 66 6.0 0.60 6.8 74 6.5 0.56 7.4 78 6.6 0.54 7.5
60655 79 1.9 0.20 2.1 98 2.6 0.21 2.9 110 3.1 0.23 3.4 115 3.3 0.23 3.7
53254 60 2.7 0.31 3.2 85 4.1 0.39 5.0 111 4.7 0.42 5.9 124 4.7 0.41 6.0
45419 101 2.0 0.25 2.6 163 2.3 0.23 3.1 201 2.6 0.23 3.4 211 2.8 0.25 3.7
39423 47 2.8 0.29 3.0 70 3.8 0.32 4.2 870 1.7 0.26 3.4 874 1.8 0.26 3.7
34109 29 5.4 0.59 6.5 45 6.7 0.58 8.2 83 6.5 0.59 8.5 100 6.3 0.57 8.6
30057 57 2.2 0.22 2.8 77 3.1 0.25 3.8 92 3.5 0.25 4.4 97 3.7 0.26 4.6
23493 39 3.7 0.40 4.4 61 4.7 0.40 5.8 134 5.3 0.47 6.8 172 5.6 0.49 7.2
19909 73 2.5 0.30 3.1 91 43 0.43 5.2 112 4.5 0.40 5.5 121 4.5 0.38 5.5
12784 93 2.9 0.41 3.4 113 3.3 0.32 3.7 120 4.4 0.39 4.9 122 5.0 0.44 5.6
7525 75 1.8 0.19 2.3 103 2.7 0.22 3.3 1807 2.7 0.22 3.3 1807 2.7 0.21 3.3
1853 68 4.4 0.66 4.6 88 6.1 0.72 6.7 101 7.1 0.75 7.9 106 7.5 0.76 8.4




Pl um Creek_near_Smithfield.rpt

Bull etin 17B Frequency Anal ysis
08 Cct 2009 04:55 PM

--- Input Data ---

Anal ysis Nane: Plum Creek near Smthfield
Descri pti on:

Data Set Nanme: PLUM CREEK- SM THFI ELD, NE- FLOW ANNUAL PEAK
DSS File Nanme: F:\Projects\009-1466\ HEC- SSP\ J-2 Return\J-2_ Return. dss
DSS Pat hname: /PLUM CREEK/ SM THFI ELD, NE/ FLOW ANNUAL PEAK/ 01j an1900/ | R- CENTURY/ USGS/

Report File Nane:

F:\ Proj ect s\ 009- 1466\ HEC- SSP\ J-2_Ret urn\ Bul | eti n17bResul t s\ Pl um Creek_near _Sni t hfi el
d\ Pl um Creek_near_Smithfield.rpt

XML Fil e Nane:

F:\ Proj ect s\ 009- 1466\ HEC- SSP\ J-2_Ret urn\ Bul | eti n17bResul t s\ Pl um Creek_near _Sni t hfi el
d\ Pl um Creek_near_Smithfield. xn

Start Date:
End Dat e:

Skew Option: Use Wi ghted Skew
Regi onal Skew. 0.3

Regi onal Skew MSE: 0.3
Plotting Position Type: Wi bull

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Di splay ordinate values using 1 digits in fraction part of val ue

--- End of Input Data ---

<< Low Qutlier Test >>

Based on 53 events, 10 percent outlier test deviate K(N) = 2.79
Conputed |l ow outlier test value = 10.26

O low outlier(s) identified below test val ue of 10.26

Based on 53 events, 10 percent outlier test deviate K(N) = 2.79
Conmput ed high outlier test value = 7,605.06

0 high outlier(s) identified above test value of 7,605.06

Page 1



Pl um Creek_near_Smithfield.rpt

--- Final Results ---

<< Plotting Positions >>
PLUM CREEK- SM THFI ELD, NE- FLOW ANNUAL PEAK

Ordered Events

| I |
| FLOW | Wt er FLOW Weibull |
| Day Mon Year CFS | Rank Year CFS Pl ot Pos
|- R L ELE RS |
| 23 Jun 1947 2,800.0 | 1 1947 2,800.0 1.85

| 23 Jun 1948 2,230.0 | 2 1948 2,230.0 3.70

| 06 Jun 1949 1,220.0 | 3 2008 1,440.0 5.56

| 30 May 1950 404.0 | 4 1967 1,320.0 7.41

| 10 Jun 1951 588.0 | 5 1949 1,220.0 9.26

| 27 May 1952 90.0 | 6 1969 1,140.0 11.11

| 10 May 1953 18.0 | 7 1965 985.0 12.96

| 16 May 1954 220.0 | 8 1968 938.0 14.81

| 16 Jun 1955 196.0 | 9 1989 905.0 16.67

| 05 Jul 1956 116.0 | 10 1966 865.0 18.52

| 16 Jun 1957 844.0 | 11 1957 844.0  20.37

| 27 Feb 1958 259.0 | 12 1960 620.0 22.22

| 26 Mar 1959 175.0 | 13 1951 588.0 24.07 |
| 22 Mar 1960 620.0 | 14 1962 562.0 25.93

| 17 Aug 1961 470.0 | 15 1963 558.0 27.78

| 07 Jun 1962 562.0 | 16 1985 549.0 29.63

| 15 Jun 1963 558.0 | 17 1961 470.0  31.48

| 20 Apr 1964 156.0 | 18 1975 462.0 33.33 |
| 24 May 1965 985.0 | 19 1991 437.0 35.19

| 18 Cct 1965 865.0 | 20 1984 427.0 37.04 |
| 13 Jun 1967 1,320.0 | 21 1950 404.0 38.89

| 10 Aug 1968 938.0 | 22 1970 355.0 40.74

| 18 Sep 1969 1,140.0 | 23 1999 346.0 42.59

| 12 Jun 1970 355.0 | 24 2005 335.0 44.44

| 25 Mar 1971 17.0 | 25 1973 332.0 46.30

| 24 Jun 1972 242.0 | 26 1977 323.0 48.15

| 01 Sep 1973 332.0 | 27 2007 306.0 50.00

| 12 Jun 1974 15.0 | 28 1986 280.0 51.85

| 22 Jun 1975 462.0 | 29 1978 270.0 53.70

| 09 Apr 1976 143.0 | 30 1998 264.0 55.56

| 22 May 1977 323.0 | 31 1958 259.0 57.41

| 11 Mar 1978 270.0 | 32 1996 242.0 59.26 |
| 28 Jul 1981 130.0 | 33 1972 242.0 61.11

| 14 Aug 1982 44.0 | 34 1988 222.0 62.96

| 18 May 1983 26.0 | 35 1954 220.0 64.81

| 05 Jul 1984 427.0 | 36 1990 218.0  66.67

| 06 Sep 1985 549.0 | 37 1955 196.0 68.52

| 10 May 1986 280.0 | 38 1987 186.0  70.37

| 11 Jun 1987 186.0 | 39 2006 184.0 72.22

| 19 Jul 1988 222.0 | 40 2003 175.0 74.07

| 25 Jun 1989 905.0 | 41 1959 175.0  75.93

| 12 Aug 1990 218.0 | 42 1964 156.0 77.78

| 07 Sep 1991 437.0 | 43 1976 143.0 79.63

| 27 May 1996 242.0 | 44 1981 130.0 81.48 |
| 13 Aug 1997 34.0 | 45 1956 116.0 83.33 |
| 30 Jul 1998 264.0 | 46 1952 90.0 85.19

| 28 Jun 1999 346.0 | 47 2004 89.0 87.04 |
| 24 May 2003 175.0 | 48 1982 44.0 88.89



Pl um Creek_near_Smithfield.rpt

| 10 Jul 2004 89.0 | 49 1997 34.0 90.74
| 03 Jun 2005 335.0 | 50 1983 26.0 92.59
| 11 Sep 2006 184.0 | 51 1953 18.0  94.44
| 23 Aug 2007 306.0 | 52 1971 17.0  96.30
| 24 May 2008 1,440.0 | 53 1974 15.0  98.15

Based on 53 events, nean-square error of station skew = 0. 148
Mean-square error of regional skew = 0.3

<< Frequency Curve >>
PLUM CREEK- SM THFI ELD, NE- FLOW ANNUAL PEAK

| Conputed Expect ed | Per cent | Confidence Limts |
| Curve Probability | Chance | 0. 05 0.95

| FLOW CFS | Exceedance | FLOW CFS |
|- |- [~ |
| 5,134.2 5,841.2 | 0.2 | 9,648.0 3,191.8

| 3,999.9 4,427.6 | 0.5 | 7,205.2 2,559.8

| 3,228.6 3,507.3 | 1.0 | 5,612. 4 2,116.6

| 2,532.7 2,701.8 | 2.0 | 4,232.8 1,704.8

| 1,729.4 1,806.1 | 5.0 | 2,724.3 1,210.1

| 1,210.5 1,245.1 | 10.0 | 1,811.5 874.8

| 768.1 780.0 | 20.0 | 1,085.2 573.8

| 299.3 299.3 | 50.0 | 393.4 228.6

| 105.8 103.7 | 80.0 | 141. 3 75.2

| 59.0 56.7 | 90.0 | 82.3 38.9

| 35.7 33.4 | 95.0 | 52.2 21.8

| 13.2 11.4 | 99.0 | 21.5 6.8

R RRREEREEETEE |- R RRGREEELEEE |
<< Systenmmtic Statistics >>

PLUM CREEK- SM THFI ELD, NE- FLOW ANNUAL PEAK

| Log Transform |

| FLOW CFS | Nunber of Events |
|- | oo |

| Mean 2.446 | H storic Events 0

| Standard Dev 0.514 | Hgh Qutliers 0

| Station Skew -0.670 | Low Qutliers 0

| Regional Skew 0.300 | Zero Events 0

| Weighted Skew -0.350 | Mssing Events 0

| Adopted Skew -0.350 | Systematic Events 53

Page 3



Platte River_- Overton, NE, Annual Peak Flow.rpt

Bulletin 17B Frequency Analysis
14 Oct 2009 03:20 PM

--— Input Data ---

Analysis Name: Platte River - Overton, NE, Annual Peak Flow
Description:

Data Set Name: PLATTE RIVER-OVERTON, NEBR.-FLOW-ANNUAL PEAK

DSS File Name: F:\Projects\009-1466\HEC-SSP\J-2 Return\J-2_Return.dss

DSS Pathname: /PLATTE RIVER/OVERTON, NEBR./FLOW-ANNUAL

PEAK/01jan1900/ IR-CENTURY/USGS/

Report File Name:
F:\Projects\009-1466\HEC-SSP\J-2_Return\Bulletinl7bResults\Platte River_ - Overton, N
E, Annual_Peak Flow\Platte River_ - Overton, NE, Annual_Peak Flow.rpt

XML File Name:
F:\Projects\009-1466\HEC-SSP\J-2_Return\Bulletinl7bResults\Platte River_ - Overton, N
E, Annual_ Peak Flow\Platte River_ - Overton, NE, Annual_Peak Flow.xml

Start Date:
End Date:

Skew Option: Use Station Skew
Regional Skew: 0.0

Regional Skew MSE: 0.0
Plotting Position Type: Weibull

Upper Confidence Level: 0.05
Lower Confidence Level: 0.95

Display ordinate values using 0 digits in fraction part of value

-—- End of Input Data ---

Based on 91 events, 10 percent outlier test value K(N) = 2.984

0 low outlier(s) identified below test value of 727.6

Based on 91 events, 10 percent outlier test value K(N) = 2.984

0 high outlier(s) identified above test value of 59,309.81

Page 1



Platte River_- Overton, NE, Annual Peak Flow.rpt
--— Final Results ---

<< Plotting Positions >>
PLATTE RIVER-OVERTON, NEBR.-FLOW-ANNUAL PEAK

Ordered Events

I | |
| FLOW | Water FLOW Weibull |
| Day Mon Year CFS | Rank Year CFS Plot Pos |
|- mm oo o m o |
| 29 May 1915 19,600 | 1 1935 37,600 1.09 |
| 24 May 1916 5,200 | 2 1921 37,000 2.17 |
| 02 Jun 1917 29,300 | 3 1917 29,300 3.26 |
| 10 Oct 1918 9,000 | 4 1928 23,000 4.35 |
| 18 May 1920 21,500 | 5 1983 22,900 5.43 |
| 14 Jun 1921 37,000 | 6 1923 22,000 6.52 |
| 23 May 1922 9,400 | 7 1920 21,500 7.61 |
| 17 Jun 1923 22,000 | 8 1915 19,600 8.70 |
| 20 Jun 1926 15,500 | 9 1973 19,100 9.78 |
| 19 Apr 1927 12,800 | 10 1929 19,000 10.87 |
| 12 Jun 1928 23,000 | 11 1947 18,700 11.96 |
| 07 Jun 1929 19,000 | 12 1971 15,700 13.04 |
| 13 May 1930 9,940 | 13 1984 15,600 14.13 |
| 04 Apr 1931 10,600 | 14 1926 15,500 15.22 |
| 18 Mar 1932 6,120 | 15 1942 15,200 16.30 |
| 23 Apr 1933 8,440 | 16 1949 15,100 17.39 |
| 01 Feb 1934 5,210 | 17 1980 14,600 18.48 |
| 05 Jun 1935 37,600 | 18 1965 14,600 19.57 |
| 05 Mar 1936 6,100 | 19 1995 14,500 20.65 |
| 20 Mar 1937 7,050 | 20 1927 12,800 21.74 |
| 28 Feb 1938 7,680 | 21 1999 12,200 22.83 |
| 18 Mar 1939 9,660 | 22 2008 11,200 23.91 |
| 02 Mar 1940 8,940 | 23 1997 11,000 25.00 |
| 16 Mar 1941 2,330 | 24 1931 10,600 26.09 |
| 10 May 1942 15,200 | 25 1930 9,940 27.17 |
| 12 Apr 1943 3,860 | 26 1939 9,660 28.26 |
| 12 May 1944 4,070 | 27 1922 9,400 29.35 |
| 11 Jun 1945 5,530 | 28 1919 9,000 30.43 |
| 16 Mar 1946 3,490 | 29 1940 8,940 31.52 |
| 23 Jun 1947 18,700 | 30 1974 8,810 32.61 |
| 23 Jun 1948 5,990 | 31 1970 8,660 33.70 |
| 24 Jun 1949 15,100 | 32 1933 8,440 34.78 |
| 14 Nov 1949 3,210 | 33 1938 7,680 35.87 |
| 18 May 1951 7,550 | 34 1986 7,590 36.96 |
| 27 Mar 1952 5,710 | 35 1979 7,580 38.04 |
| 09 Jan 1953 4,640 | 36 1951 7,550 39.13 |
| 06 Nov 1953 2,930 | 37 1957 7,530 40.22 |
| 10 Mar 1955 2,370 | 38 1969 7,260 41.30 |
| 31 Mar 1956 1,970 | 39 1985 7,160 42.39 |
| 25 May 1957 7,530 | 40 1962 7,100 43.48 |
| 26 May 1958 5,800 | 41 1937 7,050 44.57 |
| 29 Mar 1959 2,960 | 42 1960 6,950 45.65 |
| 24 Mar 1960 6,950 | 43 1987 6,890 46.74 |
| 19 Jun 1961 3,490 | 44 1996 6,300 47.83 |
| 09 Jun 1962 7,100 | 45 1932 6,120 48.91 |
| 15 Feb 1963 3,020 | 46 1967 6,100 50.00 |
| 07 Apr 1964 2,360 | 47 1936 6,100 51.09 |
| 26 Jun 1965 14,600 | 48 1998 6,070 52.17 |
| 02 Mar 1966 3,410 | 49 1948 5,990 53.26 |
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| 08 Jul 1967 6,100 | 50 1977 5,890 54.35
| 22 Feb 1968 2,550 | 51 1958 5,800 55.43
| 30 Jun 1969 7,260 | 52 1952 5,710 56.52
| 26 Jun 1970 8,660 | 53 1945 5,530 57.61
| 13 Jun 1971 15,700 | 54 1975 5,500 58.70
| 14 May 1972 4,750 | 55 1934 5,210 59.78
| 15 May 1973 19,100 | 56 1916 5,200 60.87
| 21 Mar 1974 8,810 | 57 1988 4,990 61.96
| 21 Jun 1975 5,500 | 58 1993 4,930 63.04
| 11 Apr 1976 2,860 | 59 1972 4,750 64.13
| 22 May 1977 5,890 | 60 1953 4,640 65.22
| 15 Mar 1978 3,600 | 61 1991 4,590 66.30
| 28 Jun 1979 7,580 | 62 2000 4,480 67.39
| 25 May 1980 14,600 | 63 2007 4,420 68.48
| 28 Jul 1981 3,730 | 64 1989 4,090 69.57
| 09 Mar 1982 2,520 | 65 1944 4,070 70.65
| 28 Jun 1983 22,900 | 66 1943 3,860 71.74
| 13 Jun 1984 15,600 | 67 1981 3,730 72.83
| 23 Feb 1985 7,160 | 68 1978 3,600 73.91
| 18 Jun 1986 7,590 | 69 1961 3,490 75.00
| 31 May 1987 6,890 | 70 1946 3,490 76.09
| 24 Feb 1988 4,990 | 71 1966 3,410 77.17
| 27 Jun 1989 4,090 | 72 1992 3,230 78.26
| 15 Aug 1990 3,200 | 73 1950 3,210 79.35
| 24 May 1991 4,590 | 74 1990 3,200 80.43
| 28 Aug 1992 3,230 | 75 2001 3,160 81.52
| 09 Mar 1993 4,930 | 76 1963 3,020 82.61
| 04 Mar 1994 2,900 | 77 1959 2,960 83.70
| 15 Jun 1995 14,500 | 78 1954 2,930 84.78
| 23 Sep 1996 6,300 | 79 1994 2,900 85.87
| 19 Jun 1997 11,000 | 80 1976 2,860 86.96
| 04 Apr 1998 6,070 | 81 1968 2,550 88.04
| 19 Aug 1999 12,200 | 82 1982 2,520 89.13
| 01 Oct 1999 4,480 | 83 1955 2,370 90.22
| 21 Oct 2000 3,160 | 84 1964 2,360 91.30
| 10 Apr 2002 2,060 | 85 1941 2,330 92.39
| 17 Apr 2003 2,010 | 86 2006 2,180 93.48
| 01 Mar 2004 2,140 | 87 2004 2,140 94.57
| 05 Jun 2005 2,120 | 88 2005 2,120 95.65
| 30 Mar 2006 2,180 | 89 2002 2,060 96.74
| 02 Jun 2007 4,420 | 90 2003 2,010 97.83
| 25 May 2008 11,200 | 91 1956 1,970 98.91
|- |-
<< Skew Weighting >>

Based on 91 events, mean-square error of station skew = 0.076
Mean-square error of regional skew = 0

<< Frequency Curve >>
PLATTE RIVER-OVERTON, NEBR.-FLOW-ANNUAL PEAK

| Computed Expected | Percent | Confidence Limits |
| Curve Probability | Chance | 0.05 0.95 |
| FLOW, CFS | Exceedance | FLOW, CFS |
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I 74,015 81,104 | 0.2 I 106,566 55,350
I 55,226 59,109 | 0.5 I 76,574 42,503
I 43,640 45,970 | 1.0 I 58,741 34,350
I 33,955 35,281 | 2.0 I 44,318 27,353
I 23,593 24,142 | 5.0 I 29,512 19,613
I 17,283 17,530 | 10.0 I 20,911 14,712
I 12,037 12,123 | 20.0 I 14,096 10,471
I 6,306 6,306 | 50.0 I 7,164 5,544
I 3,501 3,481 | 80.0 I 4,029 2,984
I 2,632 2,605 | 90.0 I 3,080 2,186
I 2,103 2,070 | 95.0 I 2,502 1,707
I 1,418 1,376 | 99.0 I 1,743 1,101
| | |

<< Systematic Statistics >>
PLATTE RIVER-OVERTON, NEBR.-FLOW-ANNUAL PEAK

Log Transform:

I |

| FLOW, CFS | Number of Events |
| --omm oo == m oo |
| Mean 3.8175 | Historic Events o |
| Standard Dev 0.3202 | High Outliers 0 |
| Station Skew 0.3333 | Low Outliers 0 |
| Regional Skew 0.0000 | Zero Events 0 |
| Weighted Skew 0.0000 | Missing Events 0 |
| Adopted Skew 0.3333 | Systematic Events 91 |
I |
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Scope of Work for Feasibility Analysis of Preferred Alternative

The next step for implementation of the preferred option should be a feasibility analysis to refine the
design, costs, constraints and schedule of the project. The following is a brief description of the major
subjects to be analyzed.

Topographic Information

Before any further analysis in performed, much better and more accurate topographic information is
required. Therefore, the aforementioned LiDar must become available, or the area should be mapped
with conventional aerial photography methods.

Geotechnical Analysis

Assuming that the alternative that moves forward for further analysis is a combination of a new J-2
reservoir and the Elwood reservoir, further geotechnical analysis, including soil borings, needs to be
conducted. Even if Elwood is not used for the bulk of SDHFs, any change to its operation should be
analyzed in more detail than it has been so far with the additional geotechnical information.

Likewise, further analysis of any J-2 reservoir alternative should be with the benefit of additional
geotechnical information. Seepage is still a major concern and lining options should be evaluated.

Permitting Information

A much more in depth evaluation than that performed during the alternative screening of the exact
environmental permitting requirements, with an emphasis on time frames, needs to be conducted
during the feasibility analysis.

Conceptual Design and Conceptual Design Level Opinions of Construction Costs

The cost estimates in the screening analysis should be further refined with the benefit of better
topography, more complete geotechnical information and more developed design. Therefore, the
following components of design should undergo conceptual level design:

e Qutlet works from Elwood reservoir

e Conveyance from the outlet works to Plum Creek
e Upgrades to Plum Creek

e Earthwork for the proposed J-2 reservoir

® Qutlet gate for the proposed J-2 reservoir

Model Operations and Refine the Impact on Operational Costs

The entire operations should be modeled one more time, and this will allow operational costs to be
more accurately estimated.

Land Acquisition Requirements and Costs
A more accurate assessment of land acquisition needs and the associated costs need to be performed.
Schedule

A complete upgraded schedule is important at this time. Implementation by the year 2014 is still
achievable, but a detailed schedule including critical path elements would be a useful tool for moving
forward. The major components that need to be scheduled include:

e Preliminary Design

e Environmental permitting

e Land Acquisition

e Final Design and construction documents
e (Construction

e Qperational start up
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ELWOOD EMBANKMENT STABILITY ANALYSIS

Table I-1 — Elwood Reservoir Embankment Preliminary Design Parameters

The results and conclusions of the stability analysis of the Elwood Reservoir embankment is discussed in
Section 3.1. The technical analysis is described in detail below.

A set of drawdown curves was produced for the reservoir based on the reservoir storage curve and the
required capacity of a new outlet. Drawdown curves ranging between 5,000 cfs and 500 cfs are included as
Figure I-1, below. The discharge capacity reduces as the head on the pipe is reduced, but so does the
reservoir storage. These two variables combine to create a drawdown curve that is almost linear over the
operating range, see Figure I-1.

Figure I-1 — Elwood Drawdown Curves

2610

—5000 cfs
——2000cfs

Density c’ ¢’ k anisotropy
(pcf) (psf) ©) (cm/sec) kn/ky
Material
min max min max min | max min max min max
Shoulder 120 128 0 100 25 27 le-7 5e-6 1 3
fill
Core fill 118 125 0 50 25 | 27 le-7 le-6 1 3
Soil 125 130 50 200 30 | 35 3e-12 As fill 0.1 1
cement
Drainage 120 130 0 0 30 | 33 le-3 le-1 1 1
material
Foundation 125 130 0 150 25 | 27 5e-8 5e-6 1 10
clayey silt
Foundation 125 130 0 50 28 | 32 le-6 le-5 1 10
silty sand

The steady state phreatic surface through the embankment is shown in Figure B-2. As the material
properties in the shell and core are very similar there is no change in permeability through the
embankment. We also have assumed the permeability of the soil cement is similar to the embankment.

2595

NN
2605 \X\
2600

——1000cfs

AN

——500 cfs

These assumptions generate a phreatic surface without significant drops or changes.

Figure I-2 — Steady Seepage Results — Run 1
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Embankment Stability Analyses

The dam embankment cross-section used for the analyses, at dam centerline station 26+20, has been
taken from the dam plans provided by the Nebraska Department of Natural Resources. The preliminary
design parameters considered are listed below in Table I-1.

The first set of analyses uses the minimum values of all the parameters, with the exception of the soil
cement where the maximum value has been used.

Geotechnical properties shown below are assumed values and have been established based on
experience with similar material through discussion with members of our team who have worked with the
sails in this area.

2,625 [— )
=7
2,600 [—
2575 (—

2.550 [—

2.525 —

2.500 |—

NN S
e
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Stability analyses to determine the factor of safety against failure were performed using the limit equilibrium

computer program Slope/W. This program was used to search multiple failure surface and the most critical
of these surface are reported. Only rapid drawdown stability was evaluated.



The factor of safety for varying drawdown rates is shown below in Table I-2. Runs 1 to 4 give the minimum
factors of safety, obtained by varying the drawdown rate while maintaining the other parameters
unchanged. It can be seen that even with the drawdown rate reduced to 500 cfs, the rate is too fast to
maintain a minimum factor of safety of greater than the typically accepted value of 1.2, during drawdown.
The effect of the slower drawdown is just apparent in the results but with the permeability assumed, the
drawdown would need to be significantly slower for any real improvement in stability.

Table I-2 — Calculated Factors of Safety

- Min Factor of
Draw- Permeability (cm/sec) Safety Comments
Run No. -
down rate . Soil-
Fill
Cement

Constant permeability - varied drawdown rate
1 5000 cfs le-7 le-7 0.93
2 2000 cfs le-7 le-7 0.93
3 1000 cfs le-7 le-7 0.94
4 500 cfs le-7 le-7 0.95

Constant rate of drawdown — varied permeability
5 2000 cfs le-6 le-6 0.85
6 2000 cfs le-7 le-8 0.99

Runs 5 and 6 evaluate the effects of small variations in the permeability of the fill and of the soil-cement. In
Run 5, the permeability of both these materials is increased by a factor of 10. At first sight, it would be
expected that the increase in permeability would improve the stability, however just the opposite occurs. A
comparison between Run 1 and Run 4, where the rate of drawdown is varied by the same factor of 10,
indicates that this is an insufficient change to significantly affect the stability and a factor of safety of about
0.95 would be expected. However, there is a reduction from 0.95 to 0.85 when a permeability factor of 10 is
applied. On examination of the output, it appears this is the effect of increased flow to the blanket drain,
which appears to be surcharged, resulting in a rise in the steady-state phreatic surface. A comparison of
Figure 1-3 and Figure I-4 shows this small difference. These results demonstrate that small changes in one
part of the model can have an unexpected effect elsewhere.

Figure I-3 — Steady Seepage Results — Run 5
Phreatic surface
(groundwater level)

Groundwater
pressure gradient

2650 — Pool level

2625 — i

2600 —

ELWOOD EMBANKMENT

2575 —

2550 —

2525 —

2500 |—

2475 |—

20 N N T

2-425////(H \\\\\

I
2400
-400 -375 -350 -325 -300 -275 -250 -225 -200 -175 -150 -125 -100 -75 -50 -25 O 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400

Distance from CL (ft)

Elevation (ft above datum) (x 1000)

The results from Run 6 show that although the lower permeability in the soil-cement gives a reduced
steady state phreatic surface (Figure 1-4), the minimum factor of safety during drawdown is not significantly
affected.

Figure I-4 — Steady Seepage Results — Run 6
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Plots of factor of safety against reservoir level (shown as time) are given in Figures I-5 and I-6. Figure 1-5
shows the full range of results for runs 1 to 4, inclusive. Within the range of drawdown rates considered,
the factor of safety is not affected by the rate but only by the reservoir level. The assumed permeability of
the embankment causes drainage of the embankment to be so slow -- that only extremely slow drawdown
rates will maintain an acceptable factor of safety throughout the drawdown.

This would seem to indicate that the stability of the existing embankment over the years has been achieved
because of its rapid filling and draining. This operation has inhibited the formation of steady state seepage
conditions within the embankment.



Figure I-5 — Effect of Drawdown Rate on Factors of Safety Figure 1-6 shows the results of Runs 2, 5 and 6. It is interesting to note that the effect of the higher fill
(Permeability of shoulder, core and soil-cement = 1e-7 cm/sec) permeability is to reduce the steady state factor of safety, below the usual requirement of 1.5.

Lastly, stability analyses of the embankment based on provided target operation curves was performed.

0 2610 These curves include a normal Target Operating Curve (TOC) and two operating curve scenarios where
1o —=-5000cfs short duration high capacity flows would be delivered from Elwood. These two operating curves are
o e oo identified as the Modified TOC and the PRRIP drawdown.
N e 500cfs
d m \ ——5000 cfs Drawdown Again, without substantial data, broad assumptions were made as part of these analyses. These
e \\'\ \\\ —2000 cfs Drawdown 2500 assumptions include utilizing the same geotechnical characteristics as our previous analyses. We also
_ s AR T :éggigsDZm’g‘v’VV:” g made the assumption that the embankment and internal phreatic surface was at a steady state condition
g 14 S 2595 § prior to the initiation of these operation curves. We have plotted the embankment factor of safety at each
§ 13 \Q x\ \\ ° <) g stage of reservoir operation on the attached figure for each operating curve.
2 12 2590 ©
2 = I\ s 3 Figure I-7 — Embankment Factor of Safety for Three Reservoir Operation Curves
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10 “\i\ N g g ‘ b 2585 % close to 2,580 feet, regardless of the planned operation curve. However, it is important to restate that we
0.9 \\_\ - - x have assumed the embankment is in a steady state seepage condition at the beginning of these analyses.
08 N - 5 Instability likely has not occurred to date because it does not appear the reservoir has been filled long
enough for steady state seepage conditions to develop at the Elwood Dam. Because of the possibility of
07 this condition occurring at Elwood, we believe this is the most conservative condition from which to perform
06 2575 these analyses. We recognize that the operation of the reservoir may not have allowed steady state
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Conclusions of Existing Embankment Stability Analysis

a.

The analyses performed indicate that changing the operation of the Elwood Dam to release 2,400
cfs over three days has the potential to destabilize the upstream slope. This destabilization is likely
to occur if rapid drawdown were to occur after steady state conditions had been established. Steady
state conditions could exist if the reservoir were filled to its normal elevation and maintained there for
an extended period of time. Without a better understanding of the permeability characteristics of the
embankment material, it is difficult to estimate how long it will take for steady state conditions to be
established.

Assuming the existing dam consists of homogenous materials (the characteristics of which are
detailed in the stability analysis in Appendix I), the factors of safety during rapid drawdown of 2,400
cfs drop well below the normally accepted value of 1.2 to a minimum of 0.93

Reducing the drawdown rate to 500 cfs would not significantly improve the rapid drawdown stability
situation. Therefore, it was concluded that the stability of the existing dam would not be acceptable
under any reasonable drawdown rate that would be beneficial for SDHF augmentation.

The results are sensitive to variations in relative permeability of the various fill materials, including
the drainage materials. No sensitivity analysis was done on the strength parameters but the results
are likely to be less sensitive to a realistic variation in strength as opposed to the conservative
estimates used in the analysis. In situ and laboratory permeability testing of all materials will be
required to improve the estimate of rapid drawdown stability. This testing needs to be complemented
by particle size analyses to assess the variability. Effective stress shear strength tests also will be
necessary.
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PLATTE RIVER RECOVERY IMPLEMENTATION PROGRAM

Elwood and J-2 Alternatives Analysis Project DRAFT REPORT

Summary of J-2 Options and Additional J-2 Options Not Scored

Storage Storage Storage Storage
Number Alternative Description Area (ac-ft) | Area (ac-ft) | Area (ac-ft) | Area (ac-ft)
1|South Channel Impoundments Dams J2-A, J2-B, J2-C, and J2-D J2-A J2-B J2-C J2-D
al located on the south channel, cascading
impoundments no excavation, impounding
water from Jeffrey's Island to the south
shore of the south channel’ 268 657 642 1608
Excavation areas cutting back along the
2|South Channel Excavation banks of the south channel Area 1 Area 2 Area 3 Area 4
9716 6818 4516 6137
Areas 3 and 4 would impound water above note - 2533 |note - 960
J2 return entrance level and therefore would ac-ft without |without
require pumping pumping pumping
3|9-7 Canal Impoundment Located at discharge of the 9-7 Canal
4{Widen J-2 Canal limited storage
The North Channel of the Platte has
Threatened and Endangered Species
5(lImpoundment on North Channel habitat.
Without excavation and containment,
South Channel Impoundments higher than |inundation would involve houses, crop land,
6[the south bank etc.
limited ability, due to the operation of the
7|Raise embankments of J2 return hydropower station
Raise county road 749, and impound water
8[behind it
9(Use of wells and pumps
10|Combination of Alternatives 1 and 2
11|Balancing earthwork for Alternative 2
Alternative Color Code
Full Capability options
option with limited SDHF / Target Flow
discussion only
= Y OLSSON
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