U.S. Army Corps
of Engineers
Omaha District

FORT PECK TEMPERATURE CONTROL
DEVICE RECONNAISSANCE STUDY
FORT PECK, MONTANA

FINAL REPORT
JUNE 2009
Prepared By:

This page was intentionally left blank for 2-sided copying.

Fort Peck Temperature Control Device Reconnaissance Study

FINAL REPORT

TABLE OF CONTENTS
1.0
Executive Summary ......................................................................................................................... 1
2.0
Introduction ...................................................................................................................................... 5
2.1
Study Goals ................................................................................................................................. 5
2.2
Problem Statement ...................................................................................................................... 5
2.3
Project Authorization.................................................................................................................... 6
2.4
Fort Peck Dam and Vicinity ......................................................................................................... 6
2.5
Pertinent Project Data.................................................................................................................. 8
3.0
Fort Peck Water Temperature Issues including Pallid Sturgeon Seasonal/Life-Stage Temperature
Requirements.............................................................................................................................................. 11
4.0
Summary of Water Quality Modeling Simulation of Fort Peck Lake Temperature Releases and
Downstream Missouri River Temperatures................................................................................................. 17
4.1
Model Background and Need .................................................................................................... 17
4.2
Lake Outlet Works and Spillway as Represented in the Model................................................. 17
4.3
Model Calibration and Temperature Analysis under Existing Conditions ................................. 19
4.4
Alternative Release Scenarios Modeled.................................................................................... 20
4.5
Water Quality Report Results and Application to Report Alternatives....................................... 20
4.6
Conclusions of 2007 Water Quality Modeling Study ................................................................. 23
4.6.1
Existing Conditions Water Quality Model Analysis ........................................................... 23
4.6.2
Alternative Management Water Quality Model Analysis................................................... 23
4.6.3
Water Quality Model Conclusions..................................................................................... 24
5.0
Water Quality Mitigation Literature Review and Project Reviews.................................................. 25
5.1
General Reports and Guidance................................................................................................. 25
5.2
Reference Modification Studies for Temperature and Water Quality Control ........................... 27
5.3
Similar Project Interviews .......................................................................................................... 29
6.0
Initial Concept Alternatives and Preliminary Assessment of Relative Effectiveness of Alternatives .
....................................................................................................................................................... 31
6.1
Operational Changes................................................................................................................. 31
6.2
Multi-Level Intake/Temperature Control Device ........................................................................ 32
6.2.1
Modify Existing Intake Structure ....................................................................................... 32
6.2.2
New Selective Withdrawal Structure and Tunnel.............................................................. 33
6.3
Pumped/Siphoned Discharge over the Existing Spillway.......................................................... 35
6.4
Surface Pumps .......................................................................................................................... 38
6.5
Floating Intakes ......................................................................................................................... 40
6.6
Submerged Weir........................................................................................................................ 42
6.7
Stilling Basin or Detention Warming .......................................................................................... 43
6.8
Resistor Heating of Discharge Water ........................................................................................ 44
6.9
Power Plant ............................................................................................................................... 45
7.0
Concept Alternatives Screening Criteria ........................................................................................ 47
7.1
Screening of Concepts and Recommended Alternatives.......................................................... 48
7.2
Recommended Alternatives....................................................................................................... 49
7.3
Alternatives Not Recommended for Further Study.................................................................... 50
8.0
Preliminary Construction Costs of Recommended Alternatives .................................................... 53
8.1
Alternative 1 – Operational changes ......................................................................................... 53
8.2
Alternative 2 – Modified Intake Tower ....................................................................................... 53
8.3
Alternative 3 – New Selective Withdrawal Structure and Tunnel .............................................. 54
8.4
Alternative 4 – Pumped Discharge over the Existing Spillway .................................................. 54
8.5
Alternative 7 – Submerged Weir................................................................................................ 55
8.6
Alternative 10 – Power Plant ..................................................................................................... 55
9.0
Conclusions.................................................................................................................................... 57

June 2009

i

Fort Peck Temperature Control Device Reconnaissance Study

FINAL REPORT

LIST OF FIGURES
Figure 2.1 Site Vicinity Map ......................................................................................................................... 7
Figure 2.2 Major Project Features ............................................................................................................... 7
Figure 3.1 Pallid Sturgeon Recovery Priority Management Areas ............................................................ 11
Figure 3.2 Mean 2004 Daily Water Temperatures..................................................................................... 15
Figure 3.3 Generalized Sturgeon Life History............................................................................................ 16
Figure 4.1 Fort Peck Dam, Spillway, and Outlet Works............................................................................. 18
Figure 4.2 Missouri River Water Quality Model Reaches .......................................................................... 19
Figure 6.1 Selective Withdrawal Tower Connected to Existing Outlet ...................................................... 33
Figure 6.2 Site Plan of New Selective Withdrawal Tower, Tunnel and Optional Hydropower Unit ........... 34
Figure 6.3 Site Plan of Pump Station and Flume to Discharge Warmer Water over the Existing Spillway...
....................................................................................................................................................... 36
Figure 6.4 Plan View of Selective Withdrawal Structure and Pump Station.............................................. 36
Figure 6.5 Selective Withdrawal Tower Connected to Pump Station ........................................................ 37
Figure 6.6 Surface Pump Schematic without a Draft Tube........................................................................ 39
Figure 6.7 Surface Pump Schematic with a Draft Tube Attachment ......................................................... 39
Figure 6.8 Floating Intake or Trunnion Alternative..................................................................................... 41
Figure 6.9 Schematic Using a Flexible Curtain as a Submerged Weir...................................................... 42
Figure 6.10 Section of Flexible Curtain as a Submerged Weir.................................................................. 43
Figure 7.1 Workshop Matrix Showing Concept Alternatives Screening Criteria and Recommended
Alternatives to Advance to the Feasibility Study ......................................................................................... 49

LIST OF TABLES
Table 1.1 Workshop Matrix Showing Concept Alternatives Screening Criteria and Recommended
Alternatives to Advance to the Feasibility Study ........................................................................................... 3
Table 1.2 Preliminary Construction Cost Estimates for Recommended Alternatives.................................. 4
Table 4.1 Spillway Full Test and Alternative Simulation Scenarios ........................................................... 21
Table 4.2 Tower Selective Withdrawal (TW) Simulation Scenarios........................................................... 21
Table 4.3 Reservoir Performance under Normal, Full Test, Spillway Alternative, and Selective
Withdrawal Alternative Simulations............................................................................................................. 22
Table 4.4 Missouri River Temperature Performance at Frazer Rapids, MT, under Normal, Full Test,
Spillway Alternative, & Selective Withdrawal Simulations .......................................................................... 22
Table 5.1 Frequency of Achieving Water Quality Goals (USBR Survey) .................................................. 26
Table 9.1 Summary of Preliminary Construction Cost Estimates for Recommended Alternatives ........... 57

LIST OF APPENDICES
Appendix A: References
Appendix B: Photographs of Fort Peck Intake Construction
Appendix C: Temperature Task Force Screening Criteria Meeting Presentation/Notes
Appendix D: Preliminary Cost Estimates Backup

June 2009

ii

Fort Peck Temperature Control Device Reconnaissance Study

FINAL REPORT

FORT PECK TEMPERATURE CONTROL DEVICE
RECONNAISSANCE STUDY
1.0

Executive Summary

The objective of this study is to identify alternative modifications to Fort Peck Dam that
will increase the temperature of the discharge in the late spring/early summer to
address temperature regulation requirements of the Biological Opinion (BiOp) for the
Missouri River, Reasonable and Prudent Alternative (RPA) VIII, Item 1, “Development of
Fort Peck Dam Temperature Control Device Feasibility” (USFWS 2000).
The
alternative modifications considered in this report include operational changes,
structural modifications to the discharge outlet works, and new outlet works facilities
(see Table 1.1 for a detailed listing of alternative modifications considered).
The following is a summary of contents and findings of each section of the full report:
Section 1.0 – Executive Summary. This section of the report summarizes the study
goals, findings and recommended next steps.
Section 2.0 - Introduction. The goals of the study, problem statement, and project
data are detailed in this section of the report. Project authorization and key physical
components of the project are incorporated.
Section 3.0 – Fort Peck Water Temperature Issues. This section summarizes the
current status of Water Quality and Biological studies conducted subsequent to the
2000 BiOp (USFWS 2000).
Pallid sturgeon seasonal/life-stage temperature
requirements and the timing and duration of existing temperature regimes are also
addressed as part of this section.
Section 4.0 – Summary of Water Quality Modeling. This section provides a
summary of ongoing water quality modeling and results for Fort Peck Dam. The release
alternatives considered in the water quality model study (U.S. Army Corps of Engineers,
2007) are applicable to some of the temperature control devices considered in this
report. A discussion of the applicability and additional water quality modeling needs is
provided in this section.
Section 5.0 – Water Quality Mitigation Literature Review. In order to make
recommendations and screen initial concept alternatives for Fort Peck Dam, a literature
search of similar projects and studies was conducted. This section details the literature
and project search and findings.
Section 6.0 - Initial Concept Alternatives and Preliminary Assessment of
Effectiveness. Based on the literature review and previous project scoping meetings, a
list of conceptual alternatives aimed at raising water temperatures in the Missouri River
below Fort Peck Dam was developed. These alternatives include operational changes,
June 2009
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a multi-level intake/temperature control device at the Fort Peck project, surface pumps,
floating intakes, submerged weirs, stilling basins, and power plant discharges. Each of
these concept alternatives is discussed in Section 6.0, including previous application
experience, strengths, and weaknesses.
Section 7.0 – Concept Alternatives Screening. A Concept Alternatives Screening
Meeting was conducted on October 28, 2008. Participants of the meeting are listed in
Appendix C along with the notes taken during the meeting. During this meeting, the
principles, strengths and weaknesses of each alternative were discussed in detail and
noted. Preliminary recommendations were made for each alternative with regards to
carrying the alternatives forward to more detailed feasibility level study.
Section 8.0 – Preliminary Construction Costs of Recommended Alternatives. The
costing of alternatives that were selected to proceed to the Feasibility Study is
documented. This cost analysis is based on existing information and characterizes the
first cost and operation and maintenance costs associated with the alternatives. The
costs considered in this phase of the study include a 50% contingency, 10% for
supervision and administration, and 10% for project engineering and design (PED).
The 50% contingency was used because the alternatives have not been designed (they
are conceptual only and dimensions are estimated); there is insufficient soils and
foundation information available; there is a lack of bathymetric data; and to account for
other unforeseen conditions. The preliminary intent of the cost estimates is to provide a
general cost comparison across alternatives.
Section 9.0 – Conclusions. This section provides a concise summary of the
recommended alternatives for further study and the next steps to proceed to the
Feasibility Study level.
Screening of Concepts and Recommended Alternatives. Upon development of
Sections 1.0 through 6.0 of the report, alternatives developed in Section 6.0 were
provided to Temperature Task Force Team members. The Task Force members
reviewed the preliminary alternatives in preparation for a Concept Alternatives
Screening Meeting which was conducted on October 28, 2008. Participants of the
meeting are listed in Appendix C along with information recorded during the meeting.
During this meeting, the principles, strengths and weaknesses of each alternative were
discussed in detail and noted. Preliminary recommendations on whether or not to
proceed to feasibility level were made for each alternative. Table 1.1 is the resulting
matrix from the October 28, 2008 Concept Screening Alternatives Meeting.
The screening criteria includes the impact of alternatives on dam and public safety,
operation and maintenance requirements, past performance on a similar scale,
operational flexibility, and negative impacts to flood control and hydropower benefits.
These criteria were developed by the group and decisions were made based on existing
information. As shown by Table 1.1, as the study progresses to a Feasibility Study and
additional data and information is gathered, the criteria may be expanded and more
definite answers to specific concerns will be produced.
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Table 1.1 Workshop Matrix Showing Concept Alternatives Screening Criteria and
Recommended Alternatives to Advance to Feasibility Study

Yes

X
X
X

Yes

X

Yes

Preliminary Construction Costs of Recommended Alternatives. The costing
presented in Table 1.2 is based on existing available information and previously
constructed projects of similar concept and scale. The costs represent the sum of the
first cost (initial capital construction cost) and the present value of the operation and
maintenance costs associated with each alternative over an assumed 50-year project
life. A breakdown of the line items comprising each cost estimate can be found in
Appendix D. Markups considered in this phase of the study are based on capital
construction costs and include a 50% contingency, 10% for supervision and
administration, and 10% for project engineering and design (PED). The relatively high
50% contingency was used because the alternatives have not been designed (they are
conceptual only and dimensions are estimated). Likewise, the high contingency
accounts for a lack of available soils and foundation information, lack of bathymetric
data, and the potential for unforeseen conditions. Additional considerations and further
details such as project benefits (comparing the economics of the existing reservoir use
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versus the modified use with alternative in place) will be evaluated in the Feasibility
Study.
Table 1.2 Preliminary Construction Cost Estimates for Recommended
Alternatives
Alternative
1
2
3
4
7
10

Description
Operational Changes
Modify Existing Intake
New Intake and Tunnel
Pumped Discharge Over Spillway
Submerged Weir
Power Plant

Estimated Construction and O&M Cost Range*
N/A
$155,000,000 - $482,000000
$217,000000 - $361,000,000
$238,000,000 - $397,000,000
$8,000,000 - $25,000,000
N/A

*Preliminary Estimated Range of Life Cycle Cost over 50 years in January 2009 Prices.

Conclusions. It is recommended that a Feasibility Study proceed to better define and
screen the recommended alternatives as presented in Tables 1.1 and 1.2. Depending
on the selected alternative, the time frame of the Feasibility Study and detailed design
could extend three years or more. In addition, the construction of Alternatives 2, 3 and 4
could take another two to three years given their complexity.
If BiOp compliance requires an expedited response, construction of the Submerged
Weir Alternative in parallel to the next study phases and potential design could be
implemented. It has a relatively low first cost, can be constructed in a short time frame,
and would provide several benefits:
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It allows for critical time in evaluating the impact of warmer discharges
from Fort Peck Dam on the Pallid Sturgeon community and habitat
downstream



It provides an immediate response in attempting to stabilize a community
of endangered species



It would be implemented as a full scale pilot study to prove and refine the
research, theories, biological models and water quality computer models
used to address the Pallid Sturgeon recovery to date



The evaluation of the impacts from the Submerged Weir can be used to
determine if a larger investment will provide a long-term solution to
mitigate for the cold water discharges



If effective, the Submerged Weir application could be used on the outlets
of other dams in the Missouri River Basin
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The objective of this study is to identify changes to Fort Peck Dam that will increase the
temperature of the discharge in the late spring/early summer. The alternatives
considered in this report include operational changes, structural modifications to the
discharge outlet works, and new outlet works facilities. The need to increase the
discharge temperatures downstream is described in the problem statement below
(Section 2.2) and in detail in Section 3.0.

2.2

Problem Statement

In November 2000, the U.S. Fish and Wildlife Service (USFWS) released the Biological
Opinion of the Operation of the Missouri River Main Stem Reservoir System
recommending Missouri River flow and temperature enhancements downstream of Fort
Peck Dam to improve environmental conditions for the endangered pallid sturgeon. The
existing principal outlet works are fed through an intake manifold that is founded on the
lake bottom, thus discharging colder waters than under pre-dam conditions.
Aside from temperature, the water discharged through Fort Peck Dam generally exhibits
good water quality (U.S. Army Corps of Engineers, Omaha District, 2007). The
temperature of the discharge water is reflective of the current deep-water withdrawal
from Fort Peck Reservoir; it remains relatively “cold” throughout most of the year.
Temperatures of discharged water monitored in late spring/early summer typically
remain below 14°C. Water temperatures approach 18°C in late summer/early fall as
thermal stratification in Fort Peck Reservoir erodes as fall turn-over approaches. As
outlined in the BiOp, a late spring/early summer water temperature of 18°C in the
Missouri River at Frazer Rapids (approximately 25 miles downstream of Fort peck Dam)
has been identified as beneficial for pallid sturgeon spawning and recruitment in that
reach of the river.
Inflow temperatures of the Missouri River to Fort Peck Reservoir are generally warmer
than the outflow temperatures of Fort Peck Dam during the months of March through
August. Outflow temperatures of the Fort Peck Dam discharge are generally warmer
than the inflow temperatures of the Missouri River during the months of September
through February. A maximum temperature difference occurs in the summer when the
Missouri River inflow temperature is about 10°C warmer than the Fort Peck Dam
outflow temperature (U.S. Fish and Wildlife Service 2000).
The Omaha District is currently applying the Corps’ CE-QUAL-W2 (Version 3.2)
hydrodynamic and water quality model to Fort Peck Reservoir. CE-QUAL-W2 is an
extremely powerful tool to aid in addressing reservoir water quality management issues.
Application of the CEQUAL-W2 model will allow the Corps to better understand how the
operation of the Fort Peck Project affects the water quality (including temperature) of
Fort Peck Reservoir and the Missouri River below Fort Peck Dam. It is a certainty that
water quality issues at the Fort Peck Project will remain important in the future. Section
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4.0 of this report provides additional information on these water quality modeling results
and investigations.
Previous Studies have focused on the biological impacts, environmental consequences
and water quality impacts of the Fort Peck Project. The focus of this report is to
document potential alternatives to address temperature issues associated with Fort
Peck outflows. In general, the report presents and compares conceptual measures and
dam modifications that would increase the discharge temperatures during critical Pallid
Sturgeon spawning times of late spring/early summer.

2.3

Project Authorization

Fort Peck Dam was initially authorized for the purpose of navigation by the 1935 Rivers
and Harbors Act, with allowances for the possibility of future hydropower generation.
The Fort Peck Act, approved May 18, 1935, authorized the completion of the dam,
maintenance and operation of the dam, and hydropower generation. The flood control
act of 1944 authorized the construction of Garrison, Oahe, Big Bend, Fort Randall, and
Gavins Point Dams, and administratively modified the operation of Fort Peck Dam to
incorporate it into the Missouri River mainstem reservoir system operations. The
Missouri River mainstem system is authorized for multiple purposes including flood
control, irrigation, navigation, and hydroelectric power. In 1986, The Water Resources
Development Act (WRDA, PL 99-662) authorized recreation as a specific project
purpose at Fort Peck. The lake and dam are used for flood control, irrigation,
navigation, hydropower, domestic and sanitary use, wildlife and recreation (U.S. Army
Corps of Engineers, 2000).

2.4

Fort Peck Dam and Vicinity

Fort Peck Dam, located on the Missouri River, is four miles long and 250 feet high at its
highest point. The dam is located approximately 10 miles upstream from the confluence
with the Milk River and 1,772 miles upstream from the Missouri River mouth. Fort Peck
Dam is the world’s oldest and largest hydraulically-filled earthen dam, is listed on the
National Historic Register and is under consideration for National Historic Landmark
status. See Figure 2.1 for a map of the dam and vicinity. Figure 2.2 provides an
overview of the location of major features of the Fort Peck Project.
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Source: U S Army Corps of Engineers

Figure 2.1 Site Vicinity Map

Source: U S Army Corps of Engineers 2004

Figure 2.2 Major Project Features
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Pertinent Project Data

Embankment
Top of Dam
Length including dike Section

2,280.5 ft. msl
21,026 ft.

Spillway
Location
3 mi. east of the Right Abutment
Type
Concrete-Lined Chute with Gated Weir
Design discharge capacity (at PMF)
250,000 cfs
Crest Elevation
2,225 ft. msl
Width (including gate piers)
820 ft.
Gates
Stoney Slide
number and size
16 – 40 ft. x 25 ft.
operating machinery
Motor-operated individual hoists and counterweights
Outlet Works – Flood Tunnels
Tunnels, number and size (diameter)
2 @ 24’-8”
Tunnel length (inlet portal to outlet portal, Sta. 0+07)
No. 3
6,614.78 ft.
No. 4
7,239.66 ft.
Control Gates
cylindrical, one for each tunnel
Size
28 ft. diameter x 12 ft.
Maximum Discharge Capacity per tunnel @ El. 2250 – 9.35 ft. opening
22, 500 cfs*
* Project staff has reduced flows through tunnels to avoid potential damage due
to excessive vibration of ring gates during high/full flows.
Power Plant No. 1
Power tunnel size, diameter
Number of power tunnel emergency gates
Size
Power penstocks branching from end of power tunnel
Penstock butterfly valves, number and size
Power Tunnel lengths (inlet portal to turbine spiral case)
Unit No. 1
Unit No. 2
Unit No. 3
Average gross head available
Turbines, number, type & speed
Surge tanks, interconnected
Plant capacity at reservoir El. 2246.0
(top of seasonal Flood Control)
Year of initial power generation

June 2009

24’-8”
2 – vertical lift tractor
11.5 ft. x 24 ft.
3 @ 14 ft. dia.
3 @ 14 ft. dia.

5,662.0 ft.
5,646.3 ft.
5,636.7 ft.
205 ft.
2 – Francis, 128.5 rpm
1 – Francis, 164 rpm
3 @ 40 ft. dia.
105,250 kW total
(2 @ 43,500 kW and 1 @ 18,250 kW)
1943
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Power Plant No. 2
Power tunnel size, diameter
Number of power tunnel emergency gates
Size
Power penstocks branching from end of power tunnel
Penstock butterfly valves, number and size
Power Tunnel lengths (inlet portal to turbine spiral case)
Units 4 & 5
Average gross head available
Turbines, number, type & speed
Surge tanks, interconnected
Plant capacity at reservoir El. 2246.0
(top of seasonal Flood Control)
Year of initial power generation
Reservoir Data
Drainage Area
Surcharge Pool Elevation
Maximum Operating Pool Elevation
Area at 2250 ft. msl
Length of pool at 2250 ft. msl
Shoreline miles at 2250 ft. msl
Minimum Operating Pool Elevation
Area at 2160 ft. msl
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22.3 ft.
2 – vertical lift tractor
11.5 ft. x 28 ft.
2 @ 15.83 ft. dia.
2 @ 18 ft. dia.
6,309 ft.
205 ft.
2 – Francis, 128.6 rpm
2 @ 65 ft. dia.
80,000 kW total
(2 @ 40,000 kW)
1961

57,725 sq. miles
2,256.1 ft. msl
2,250 ft. msl
246,000 acres
134 miles
1,600 miles
2,160 ft. msl
90,000 acres
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Fort Peck Water Temperature Issues including Pallid Sturgeon
Seasonal/Life-Stage Temperature Requirements

The pallid sturgeon (Scaphirhynchus albus) is a long-lived species endemic to the
Missouri River, the lower portion of the Mississippi River, and certain large tributaries
entering these river systems (Bailey and Cross 1954). Intensive anthropogenic
changes and management of the river systems throughout the geographic range of the
pallid sturgeon for various Congressional authorized purposes, such as navigation,
flood control, and hydropower, have lead to dramatic ecological changes to these rivers
and their associated floodplain corridors. In addition, the introduction and proliferation
of non-native species, many of which persist due to altered ecological disturbance
regimes, exert ecological pressure on native riverine fish communities. Collectively, the
changes in flow regime, physical habitat, physiochemical dynamics, water quality, as
well as altered biotic assemblages have all been implicated in the decline of Missouri
River native fishes, most conspicuously the pallid sturgeon.
Because of the extensive ecological alterations that have occurred throughout the
geographical range of pallid sturgeon, particularly the Missouri River system, this
species was listed as an endangered species in 1990 (Dryer and Sandvol 1993). As
part of the listing process under the Endangered Species Act (ESA), a recovery plan for
the pallid sturgeon was developed by the U.S. Fish and Wildlife Service (USFWS) in
1993 (Dryer and Sandvol 1993). A central component of the pallid sturgeon recovery
plan is the establishment of recovery priority management areas (RPMA) for the
species (Figure 3.1).

Source: USFWS, 2007.

Figure 3.1 Pallid Sturgeon Recovery Priority Management Areas
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One of the few remaining concentrations of pallid sturgeon occurs in RPMA 2, which
encompasses the upper Missouri River between Fort Peck Dam in Montana and the
headwaters of Lake Sakakawea in North Dakota. Individuals in this population also
inhabit the lower Yellowstone River in Montana and North Dakota (Bramblett 1996).
The persistence of this species within this portion of the Missouri River Basin is
extremely tenuous, as is the pallid sturgeon in other portions of its historic range. In
RPMA 2 the general consensus among riverine ecologists and pallid sturgeon
researchers is that the regulated flows and hypolimnetic release of cold water during the
spring and early summer spawning period have disrupted the spawning cues for the
pallid sturgeon (Braaten and Fuller 2005). As a consequence, less than 200 wild pallid
sturgeon are estimated to exist in RPMA 1 and 2 of the upper Missouri River
(Kapuscinski 2002; Klungle and Baxter 2005).
Because the continued existence of the pallid sturgeon in RPMA 2 was deemed in
jeopardy due to the USACE’s current operations of the Missouri River, the USFWS in its
2000 Missouri River Biological Opinion formally identified that seasonally atypical
discharge and water temperature regimes resulting from operations of Fort Peck Dam
have precluded successful spawning and recruitment of pallid sturgeon in the Missouri
River below Fort Peck Dam (USFWS 2000). The USFWS stated that a minimum water
temperature of 18°C (64.4 degrees F) will be established at Frazer Rapids (river mile
1746) via spillway releases. According to the Opinion, pallid sturgeon spawning is
thought to occur as water temperatures approach 18°C. In response, the USACE has
proposed to modify operations of Fort Peck Dam to improve environmental conditions
for spawning and recruitment of pallid sturgeon. Proposed modifications to existing
dam operations include releasing warm surface water over the spillway to mimic a more
natural flow and temperature regime.
To evaluate the response of pallid sturgeon to the proposed modification of dam
operations at Fort Peck Dam, a multi-year research and monitoring program was
established and is summarized in multiple annual reports by the Upper Basin Pallid
Sturgeon Workgroup (2002, 2003, 2004 and 2005). The Fort Peck Flow Modification
Physical and Biological Data Collection Plan (Data Collection Plan) was designed to
examine the influence of modified dam operations on physical habitat characteristics
and to evaluate biological response by pallid sturgeon and other native fishes to
modified dam operations (USACE 2004). The USACE, USGS, USFWS, state game
and fish agencies, and independent reviewers from Universities within and outside of
the Missouri River Basin developed the Data Collection Plan. Components of the Data
Collection Plan include: 1) monitoring water temperature and turbidity at several
locations downstream from Fort Peck Dam, 2) examining movements by pallid
sturgeon, 3) examining movements of paddlefish, blue suckers, and shovelnose
sturgeon, 4) quantifying larval fish, and 5) examining food habits of piscivorous fishes.
However, due to drought conditions in the watershed, only limited flow modifications
have occurred (Braaten and Fuller 2005).
Information collected from the Data Collection Plan and other earlier studies have
identified areas of potential spawning sites composed of gravel/cobble areas, as well as
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shifting sand bars that exist in the upper Missouri River between Fort Peck Dam and the
confluence with the Yellowstone River. Pallid sturgeon adults have been captured at
more than 280 locations in the RPMA 2 and the lower Yellowstone River (Braaten
2001). Adult pallid sturgeon utilize numerous locations in the Missouri River, both
upstream and downstream of the confluence with the Yellowstone River, as well as
within the Yellowstone River (Braaten and Fuller 2005). The Yellowstone River has
relatively natural discharges and water temperature and sediment regimes despite the
presence of diversion units along its length (White and Bramblett 1993).
Pallid sturgeon monitoring and research in RPMA 2 over the last 15 years reveal that
pallid sturgeon migrate into the lower Yellowstone River from the Missouri River during
spring and early summer (Tews and Clancy 1993; Tews 1994; Bramblet 1996;
Bramblett and White 2001; Braaten and Fuller 2005). Larval and young-of-year
sampling has been conducted at several locations in various years in the Missouri River
downstream from Fort Peck Dam, as well as the Yellowstone River, to attempt to
determine if pallid sturgeon were successfully spawning. Previous captures of juvenile
pallid sturgeon were all from hatchery reared and released stock.
Several studies reported collections of sturgeon larvae, Scaphirhynchus spp., but
positive identifications prior to 2002 indicated that all were shovelnose sturgeon
(USACE 2004). Braaten and Fuller (2003) captured two larval sturgeon that were
morphometrically identified as pallid sturgeon, but not genetically analyzed during early
September 2002 in the Missouri River downstream from the Yellowstone River
confluence. Recent protocol is to genetically analyze all sturgeon larvae. Thus, no wild
pallid sturgeon larvae have been captured, to date (D. Fuller, 2009, pers. comm.).
Young-of-year sampling likewise has not identified any wild pallid sturgeon. Juveniles
have included shovelnose sturgeon, hybrids of shovelnose and pallid sturgeon, and
hatchery pallid sturgeon (D. Fuller, 2009, pers. comm.).
The water temperatures in the Missouri River at Frazer Rapids are more than 6.3°C
cooler that in the free-flowing river upstream of Fort Peck Dam. This difference is based
on comparison of the current seasonal average versus historical data. Figure 3.2
presents a comparison of 2004 mean daily water temperatures at various locations
downstream of the dam to an upstream location (Robinson Bridge) above the reservoir
revealing the thermal impacts of cold hypolimnetic releases from Fort Peck Dam remain
evident for 280 km downstream of the dam (USACE 2004, 2007; Braaten and Fuller
2005). The inflows from the Yellowstone dramatically raise the mean daily water
temperature below its confluence with the Missouri River.
Baseline water temperature simulations conducted by the USACE (2007) indicate a
selective withdrawal tower alternative of releasing water originating at or near the
surface elevation of the reservoir provided the best chance for reaching the 18°C
temperature target at Frazer Rapids of alternatives simulated (the simulation also
included discharge using the spillway). However, the temperature target time frame is
later than the end of May target time frame identified in the USFWS Biological Opinion.
Modifications to the USACE river discharge-water temperature modeling conducted by
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Braaten and Fuller (2005) indicate that if surface releases had been conducted in 2004,
the water temperature would not have reached 18.0° C at Frazer Rapids, and the
maximum temperature reached would have occurred in late June.
More summary information on the 2007 Fort Peck Water Quality simulations are
presented in Section 4.0. Results from these various model flow release scenarios
indicate the onset of 18°C water temperature at Frazer Rapids occurs anywhere from
June 24 to July 8 depending on the scenario modeled.
Figure 3.3 presents an overview of sturgeon life history stages. As with numerous other
fish species, the eggs and larvae of pallid sturgeon in rivers are transported via water
currents from upstream spawning areas to downstream habitats where they settle from
the current. Results from several studies (Wildhaber, et al. 2007) suggest that the
behavior and drift characteristics of larval pallid sturgeon are complex. In laboratory
studies (Kynard, et al. 2002) and in field experiments (Braaten and Fuller 2006),
researchers have found larval pallid sturgeon exhibited an 8-15 day period of
downstream migration immediately after hatching and drift for hundreds of kilometers
before settling out of the ichthyoplankton. This life history strategy is believed to be a
result of evolving in large turbid river systems. However, the current riverine landscape
of RPMA 2 is fragmented spatially by Fort Peck Dam on the western edge and the
headwaters of Lake Sakakawea to the east. In addition, longitudinal fragmentation by
altered flow, temperature, and sediment regimes may influence developmental rates
and natural drift patterns of pallid sturgeon (Wildhaber, et al. 2007).
Despite these potential stressors on the early life history stages of pallid sturgeon, work
by Braaten (personal communication) indicates that although larval pallid sturgeon
exhibit drift rates great enough to settle in the headwaters of Lake Sakakawea, some
settle at or near the confluence of the Yellowstone River. The importance of the
Yellowstone River in relationship to the Missouri River is considered by the USFWS
(2000), and many pallid sturgeon researchers, to be a critical link in improving the
viability of pallid sturgeon in RPMA 2. In RPMA2, pallid sturgeon spawning activity is
believed to occur in both river systems from late May to early July (Klungle and Baxter,
2005) with eggs and larvae drifting long distances, with most larvae settling out of the
ichthyoplankon in the headwaters of Lake Sakakawea under the current river
management conditions.
The potential to deliver higher water temperatures regimes below Fort Peck Dam,
despite the probability of delivering less than 18°C water temperature to Frazer Rapids
by late May or early June, is expected to provide improved conditions for earlier egg,
embryo, and larval development of pallid sturgeon. The delivery of warmer water may
trigger fast growth rates as thermal units of growth (growth/day/degree unit). These
faster growth rates should trigger correspondingly earlier ontogenetic shifts in life
history, potentially increasing the number of larval pallid sturgeon settling at or near the
confluence of the Yellowstone River.
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Figure 3.2 Mean 2004 Daily Water Temperatures
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Figure 3.3 Generalized Sturgeon Life History
Source: Braaten and Fuller 2005

Thus, it is expected that increasing water temperature to or near 18°C at Frazer Rapids
will not only improve suitability for spawning in the upper reaches of the Missouri River,
but also significantly increase the length of riverine habitat suitable for rearing. The
separately planned improvements to the intake diversion on the Yellowstone River may
further improve conditions both within the Yellowstone River and in the Missouri River
below the confluence. Additional biological data collection, analyses, and studies are
ongoing and will be used in subsequent studies to better define downstream
temperature targets, flows and durations for the Missouri River below Fort Peck Dam.
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4.0

Summary of Water Quality Modeling Simulation of Fort Peck
Lake Temperature Releases and Downstream Missouri River
Temperatures

4.1

Model Background and Need

In November 2000, the U.S. Fish and Wildlife Service (USFWS) released the Biological
Opinion (BiOp) of the Operation of the Missouri River Main Stem Reservoir System
recommending Missouri River flow and temperature enhancements downstream of Fort
Peck Dam to improve environmental conditions for the endangered pallid sturgeon.
Flow enhancements by releasing water through the Fort Peck Lake spillway were
scheduled to be performed once every three years when the lake pool elevation was
above 2,230 feet and annual runoff was at the Median, Upper Quartile, or Upper Decile
level. However, in the period following the release of the BiOp, pool and runoff levels
have been insufficient to perform a “mini-test” for gathering data and a “full test” of
improved flow and temperature enhancements.
In lieu of these test releases, the Omaha District has performed computer simulations of
Fort Peck Lake and the Missouri River to predict and analyze temperature conditions
created through various flow and temperature enhancement operations. The detailed
results of this study are published in Water Quality Modeling Report titled, “Simulation of
Fort Peck Lake Temperature Releases and Downstream Missouri River Temperatures”
(U.S. Army Corps of Engineers, 2007).
Temperatures in Fort Peck Lake and the Missouri River downstream of Fort Peck Dam
were simulated using CE-QUAL-W2, a two-dimensional (longitudinal and vertical) water
quality and hydrodynamic model for rivers, estuaries, lakes, reservoirs, and river basin
systems. CE-QUAL-W2 was developed by the Environmental Laboratory at the USACE
Engineering Research and Development Center (ERDC) in Vicksburg, MS.
Baseline temperature conditions in the lake and river were developed through
simulations of existing data, and the sensitivity of parameters that influence lake and
river temperature including lake inflow and outflow, pool elevation, and environmental
temperature was determined. Simulations of spillway releases and selective tower
withdrawals were performed to analyze the effectiveness of releasing warm water
downstream to the Missouri River in order to meet the 18oC target temperature at
Frazer Rapids, MT, as prescribed by the BiOp.

4.2

Lake Outlet Works and Spillway as Represented in the Model

The Fort Peck Lake outlet works, as detailed in Section 2.4, are represented in the CEQUAL-W2 model. Figure 4.1 shows a plan of the dam, and details of the spillway and
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Figure 4.1 Fort Peck Dam, Spillway, and Outlet Works
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outlet works of Fort Peck Dam. Additionally, the minimum multi-purpose pool elevation
is 2,160 ft, the maximum normal operation pool is 2,246 ft, and the maximum operating
pool is 2,250 ft. The spillway is operated during high pool elevations to pass flood
flows. Additional details of modeled operations and outlet works can be found in the
Water Quality Modeling Report (U.S. Army Corps of Engineers, 2007).

4.3

Model Calibration and Temperature Analysis under Existing
Conditions

The CE-QUAL-W2 model was calibrated for both the Fort Peck Lake and Missouri River
portions of the model. Figure 4.2 provides an overview of reference locations for the
Missouri River reach modeled. The model was then used to perform a temperature
analysis of existing conditions and operations to gain an understanding of the Fort Peck
Lake and Missouri River system’s thermodynamics. Detailed discussion on the
calibration and the temperature analysis of existing conditions is provided in the water
quality report titled “Simulation of Fort Peck Lake Temperature Releases and
Downstream Missouri River Temperatures (U.S. Army Corps of Engineers, 2007).

Source: U.S. Army Corps of Engineers, 2007

Figure 4.2 Missouri River Water Quality Model Reaches
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Alternative Release Scenarios Modeled

The following scenarios were modeled in order to assess the Project’s ability to reach
target flow amounts and temperature ranges in the Missouri River. The CE-QUAL-W2
model was used to analyze alternative releases that reflect a series of operational and
dam modifications to mitigate for cold water releases. The three basic release
scenarios studied (U.S. Army Corps of Engineers, 2007) are outlined as follows:
1. Spillway Full Test (FT) – These simulations are similar to the Spillway Full
test that was originally scheduled, and postponed due to drought, during the
spring of 2002.
2. Spillway Alternative Test (SW) – These simulations use a combination of
spillway and powerhouse discharges to increase downstream temperatures.
3. Selective Withdrawal Releases (TW) – These model runs simulate the
impacts of a selective withdrawal tower connected to the existing intake
structure. Two intake elevations were evaluated. The elevations were
selected based on the lake temperature profiles. The intakes evaluated are
hypothetical and do not exist.
The selective withdrawal releases (TW) are representative of the alternatives
considered in this study to release the warmer waters downstream of the project. The
spillway full test (FT) and spillway alternative test (SW) were developed to model the
planned spillway tests that have been postponed based on low lake levels.

4.5

Water Quality Report Results and Application to Report Alternatives

The following tables are taken directly from the water quality report titled “Simulation of
Fort Peck Lake Temperature Releases and Downstream Missouri River Temperatures
(U.S. Army Corps of Engineers, 2007). These tables present the assumptions used in
the scenarios including the duration of flow augmentation, elevation of withdrawal,
storage, discharge source and rate (existing intake, new intake or spillway), target
number of days above 18ºC at Frazer Rapids (Tables 4.1 and 4.2) and the simulated
number of days at or above 18ºC at Frazer Rapids (Table 4.4).
For the purpose of this study, it is important to note that the selective withdrawal
scenarios (TW) are reflective of the multi-level intake, pumped/siphoned discharge over
the spillway, surface pumps, floating intake, and submerged weir alternatives
considered in this study. The spillway scenarios (FT and SW) would be similar to the
operational changes alternative in this report. The resistance heating of discharges,
stilling/detention basin warming and the power plant alternatives are based on heating
the discharge using outside energy (solar, electrical, or thermal) and as such, are not
reflected in any the water quality modeling to date.
Tables 4.1 and 4.2 summarize the computer model scenarios for the alternative release
simulations described above.
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Table 4.1 Spillway Full Test and Alternative Simulation Scenarios
Fort Peck Spillway
Simulation

Target
Release
Date

Fort Peck Powerhouse

Peak

Sustained

Release
Duration
Days

3

Target Discharge, ft /s

18º C
Target

Discharge

Duration

Duration

ft3/s

Days

Days

FT 1
FT 2
FT 3

6/22
6/22
6/22

20,700
20,700
20,700

10,000
10,000
10,000

43
60
60

4,000
4000
4000

39
39
40

30
30
30

SW 1
SW 2
SW 3

6/25
6/25
6/25

12,000
12,000
14,000

12,000
8,000
14,000

60
60
60

4,800
3,000
normal

60
60
60

30
30
30

Source: U.S. Army Corps of Engineers, Omaha District, 2007

Table 4.2 Tower Selective Withdrawal (TW) Simulation Scenarios
Existing
Stucture
Discharge
(cfs)

Tower
Structure
Elevation
m (ft)

TW 1
TW 2
TW 3
TW 4
TW 5

3,000
3,000
0
3,000
3,000

2231.0
2231.0
2231.0
2198.2
2198.2

TW 6

0

2198.2

Simulation

Tower Structure
Discharge (cfs)a
normalb - 3,000
normalb - 3,000
normalb
normalb - 3,000
normalb - 3,000
Normalb

Tower Withdrawal
Start Date

Tower Withdrawal
Duration days

June 29
June 1
June 1
July 8
June 1
June 1

90
130
130
90
130
130

a – The Tower Structure Discharge (cfs) is equal to the Normal Intake Discharge minus 3,000 cfs
b - 1998 normal powerhouse discharge
Source: U.S. Army Corps of Engineers, Omaha District, 2007
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Table 4.3 Reservoir Performance under Normal, Full Test, Spillway Alternative,
and Selective Withdrawal Alternative Simulations

Total b

0

9,700

0

6.44

End of Year
Elevation
(ft)

Spillway
Total

9,700

Excess of
Normal c

Total

Annual Discharge
Volume Million ac-ft

Spillway

Baseline

Average Discharge During
Spilllway Releases, m3/s (ft3/s) a
Powerhouse

Days

End

Simulation

Begin

Spillway Release
Dates

2236.5

FT 1
FT 2
FT 3

6/21
6/21
6/21

8/2
8/20
8/20

42
60
60

4,200
5,900
4,800

12,800
11,900
12,500

17,000
17,800
17,300

1.09
1.44
1.52

7.07
7.4
7.36

0.63
0.96
0.92

2233.3
2231.6
2232.0

SW 1
SW 2
SW 3

6/23
6/23
6/23

8/23
8/22
8/23

61
60
61

1.45
0.9
1.65

7.29
6.52
8.06

0.85
0.08
1.62

2232.3
2235.9
2228.3

6/28
6/1
6/1

9/25
10/7
10/7

90
130
130

11,800
7,400
13,400
Structure
2
6,500
6,400
9,400

16,600
10,500
23,100

TW 1
TW 2
TW 3

4,800
3,100
9,700
Structure
1
3,000
3,000
0

9,500
9,400
9,400

0.00

6.44

0.00

2236.5

TW 4
TW 5
TW 6

7/7
6/1
6/1

10/4
10/7
10/7

90
130
130

3,000
3,000
0

6,300
6,400
9,500

9,300
9,400
9,500

0.00

6.44

0.00

2236.5

a - Average releases during spillway structure release period.
b - Total volume = spillway total volume + Powerhouse total volume (not listed in table).
c - Annual Volume in excess of the Normal Dam Release volume.
d – Structure 1 is the existing intake structure and Structure 2 is a theoretical new intake tower
Source: U.S. Army Corps of Engineers, Omaha District, 2007

Table 4.4 Missouri River Temperature Performance at Frazer Rapids, MT, under
Normal, Full Test, Spillway Alternative, & Selective Withdrawal Simulations
Time Analysis of 18ºC target

Baseline
FT 1
FT 2
FT 3
SW 1
SW 2
SW 3
TW 1
TW 2
TW 3
TW 4
TW 5
TW 6

Temperature over Release Period (ºC)

1st Date
---6/24
6/24
6/24
6/29
6/28
7/8
7/2
7/2
6/22
7/8
7/2

Last Date
---8/3
8/17
8/20
8/24
8/23
8/18
8/28
8/28
9/9
8/29
8/29

Days Achieved
0
24
25
37
41
47
12
37
36
70
21
19

Maximum
17.3
20.4
20.4
20.4
20.3
20.6
19.0
20.2
20.1
22.6
19.8
19.8

Average
14.0
18.0
17.8
18.1
17.7
18.2
17.0
17.3
16.2
18.0
16.6
15.9

6/29

9/9

62

21.8

17.4

Source: U.S. Army Corps of Engineers, Omaha District, 2007
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Conclusions of 2007 Water Quality Modeling Study

4.6.1 Existing Conditions Water Quality Model Analysis
A primary purpose of the 2007 Water Quality Simulation Modeling study was to develop
a calibrated water temperature model of Fort Peck Lake and the Missouri River
downstream to Culbertson, MT, then develop baseline temperature conditions to
compare management changes against. Baseline temperature conditions were
developed using 1998 lake and river hydrodynamic data and 1994 meteorological data.
The following conclusions were made from the lake and river model Baseline Simulation
and parameter simulations.
Since average Missouri River temperature increases from Fort Peck Dam to Frazer
Rapids, MT were about 1ºC, the warm water target temperature in Fort Peck Lake was
designated as 17ºC. In the Baseline Simulation, 17ºC temperatures develop at the lake
surface and spillway crest elevation between June 20 and 22 and persist for 96 days
until late September. Lake water at the elevation of the existing intake structure does
not reach 17oC during any simulation year. This indicates that the warm water target
discharge temperature of 17ºC cannot be achieved under current outlet conditions.
Also, temperatures in the lacustrine zones of the Big Dry Arm and main branch of Fort
Peck Lake are not appreciably different.
4.6.2 Alternative Management Water Quality Model Analysis
Lake discharge and volume and river temperature were the main factors considered in
this study in evaluating the effectiveness of temperature release scenarios. Decreased
generator efficiency, reduced power generation or damage to the spillway chute slabs,
walls, and terminal structure as a result of more frequent use may be a consideration;
however, these factors were not considered in this study.
Spillway Full Test (FT) and Alternative Spillway (SW) scenarios made great demands
on lake water volume and discharge, while Selective Tower Withdrawal (TW) scenarios
had no impact to lake volume and discharge. Of the FT scenarios, FT 1 demanded the
least volume of water because releases were performed for only 42 days. SW 2
demanded the least volume of water from all FT and SW scenarios because
powerhouse discharges were drastically cut allowing warm water spillway discharges to
be scaled back. TW scenarios did not make any adverse demands on lake volumes
during the simulations.
The number of days that 18ºC water temperatures were achieved at Frazer Rapids, MT,
during the release periods was 37 days for FT 3, 47 days for SW 2, 58 for TW 3, and 62
days for TW 6. Average temperatures in FT 3 and SW 2 were above 18ºC, and TW 3
and TW 6 average temperatures were 18.0 and 17.4ºC, respectively. The earliest that
18ºC temperatures were achieved at Frazer Rapids was June 22 with TW 3. FT 3
achieved 18ºC on June 24 and SW 2 achieved 18ºC on June 28.
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4.6.3 Water Quality Model Conclusions
In conclusion, the results of the 2007 water quality model study indicate that many
combinations of the existing spillway and hypothetical selective withdrawal tower can
meet the downstream requirements for varying time spans. The hypothetical selective
withdrawal tower represents the discharge of warmer waters from the multi-level intake,
pumped/siphoned discharge over the spillway, surface pumps, floating intake, and
submerged weir alternatives considered in this study. The model supports the idea that
providing a means of passing the warmer waters near the surface of Fort Peck
downstream can modify the temperature of the Missouri River to better support Pallid
Sturgeon spawning and reproduction. The exact extent of temperature improvements
should be evaluated in further studies for specific alternatives considered in the
Feasibility Study phase. The combination of CE-QUAL-W2 modeling and additional
biological modeling will be required to define performance criteria of these alternatives
and their resulting impact on the Pallid Sturgeon population below Fort Peck Dam.
The rates of release and volume of water required will depend on the means of passing
the warmer water through the dam as well as specific target durations and dates of
temperature change below Fort Peck. Table 4.3 includes an average impact to storage
for each series of scenarios. From this table, it is apparent that the selective tower
withdrawal (TW) scenarios do not require additional storage, thus limiting their impact
on existing project purposes.
The spillway scenarios (FT and SW) are similar to the operational changes alternative in
this report. The selective withdrawal tower scenarios (TW) reflect the alternatives in this
report that reflect passing warmer waters through the outlet works such as; modifying
the existing intake tower for selective withdrawal; constructing a new selective
withdrawal intake tower; pumping discharge over the existing spillway; and constructing
a submerged weir around the existing intake. The resistance heating of discharges,
stilling/detention basin warming and the power plant alternatives are based on heating
the discharge using outside energy (solar, electrical, or thermal) and as such, are not
reflected in any the water quality modeling to date and would require a new model to
quantify mixing and resulting discharge temperature impacts to the Missouri River at
Frazier Rapids.
As selected alternatives move into the Feasibility Study phase, additional water quality
modeling (both numerical and physical) will be required to design the alternatives and
determine their effectiveness at achieving the BiOp target of 18ºC at Frazer Rapids. In
addition, as more biological data is collected and analyzed by the state of Montana, the
USGS and the USFWS, the dates and duration of temperature targets will have to be
better defined.
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Water Quality Mitigation Literature Review and Project Reviews

The anticipated range of alternatives for Fort Peck Dam include operational changes,
selective withdrawal, modification of existing spillway, stilling basin warming, surface
pumps, submerged weirs, floating intakes and resistor heating. These alternatives were
proposed during a Fort Peck Selective Withdrawal Temperature Study Meeting between
the Omaha District Corps of Engineers, U.S. Fish and Wildlife Service (USFWS), U.S.
Geologic Survey (USGS), and Montana Fish, Wildlife and Parks on February 14, 2007
and at a meeting conducted as part of this reconnaissance study on December 11,
2007.
In order to make recommendations and screen initial concept alternatives for Fort Peck
Dam, a literature search of similar projects and studies was conducted. See Appendix
A for a comprehensive bibliography of the literature reviewed. The literature search
yielded only a few references where dams were modified to increase the discharge
water temperature. Many of the studies related to water quality operations of reservoirs
were based on dissolved oxygen levels, specific contaminants (cyanobacteria, bluegreen algae, hydrogen sulfide, etc.), and decreasing downstream temperatures for cold
water fisheries.
Regardless of the water quality goals, many of the implementation measures found in
the literature search are applicable to the proposed range of modifications at Fort Peck.
The literature review focused on identification of critical issues and relative costs of
proposed modifications similar to those that may be considered at the Fort Peck Project.

5.1

General Reports and Guidance

The United States Army Corps of Engineers, U.S. Department of the Interior, Bureau of
Reclamation (USBR), and the Australian Commonwealth Scientific and Industrial
Research Organization (CSIRO) all have general publications that addressed means of
modifying reservoir outlet works to meet downstream water quality objectives.
U.S. Army Corps of Engineers. 1980. Engineering Memorandum 1110-2-1602,
Engineering and Design – Hydraulic Design of Outlet Works. CECW-EH-D,
October 15, 1980. Chapter 6 of this Engineering Memorandum (EM) conveys
engineering information on Selective Withdrawal Structures. The EM describes the
types of selective withdrawal structures used by the Corps and specific design
considerations for these structures. The EM also discusses the physical modeling and
detailed model results of these structures required to meet water quality objectives and
hydraulic performance criteria. The information contained in this document is fairly
general with respect to selective withdrawal structures (except for the model study result
plates) and does not contain cost information or a large number of case studies.
This EM makes it clear that physical model studies are warranted to ensure hydraulic
and water quality objectives when a large investment is at stake. This is true whether
considering modifying the existing outlet works or constructing a new selective
withdrawal structure.
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U.S. Department of the Interior, Bureau of Reclamation. 2003. R-03-02 - A Survey
of Selective Withdrawal Systems. Principal Authors; Tracy Vermeyen, Connie
DeMoyer, Wayne Delzer and Dennis Kubly, May 2003. This document presents
basic design and performance data on modern selective withdrawal structures on large
dams in the United States. The information in this study was gathered using a survey
modeled after a 1970 survey used by the American Society of Civil Engineers (ASCE)
to develop ASCE’s Register of Selective Withdrawal Works in the United States (ASCE
1970). Forty-six surveys were sent to USBR, Corps of Engineers and State dam
owners. Forty surveys were returned. Of these forty, 20 responses were from the
Corps of Engineers, 17 were from the USBR and 3 were from various State Agencies.
This report documents the survey findings as they relate to the purpose, methods,
operations, maintenance, and equipment modifications of selective withdrawal systems.
During project scoping discussions with the Fort Peck Recovery team, investigation of
selective withdrawal operations at Hungry Horse Dam (USBR) and Libby Dam (Corps of
Engineers) was recommended. This USBR report includes the full selective withdrawal
questionnaire for these two dams. The report includes summary tables of survey items
as well as the full survey results on all 40 projects. These results include some detailed
responses on operation and maintenance costs. Also of note in this report is the
frequency of meeting water quality objectives using selective withdrawal systems.
Table 5.1 is taken from the report and is based on survey responses.
Table 5.1 Frequency of Achieving Water Quality Goals (USBR Survey)
Projects (n=31)
2
4
23
1
1

Percent Compliance
70%
80%
90%
99%
100%

Table 5.1 indicates that the likelihood of meeting downstream water quality goals using
a traditional selective withdrawal system results is highly likely based on past
experience.
U.S. Department of the Interior, Bureau of Reclamation. R-97-09 – Use of
Temperature Control Curtains to Control Reservoir Release Water Temperatures.
Principal Author; Tracy Vermeyen, December 1997. This report is an applied
research project of closely monitored USBR prototype installations of temperature
control curtains used to control reservoir release temperatures. These curtains were
installed for underflow to decrease the discharge water temperature. In the Fort Peck
application, overflow of the temperature control curtains would increase the discharge
water temperature.
The application and effectiveness of temperature control curtains at Lewiston Reservoir
and Whiskeytown Reservoir are detailed in this report. Design concepts, operating
criteria, hydraulic model studies, model results, construction details, operations and
performance evaluations are all addressed in depth. The report also addresses the
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design of a potential temperature control curtain at Shasta Dam and details why a more
traditional structural selective withdrawal system was selected instead.
Based on the findings of this document, the application of flexible curtains at Fort Peck
to form a submerged weir would appear to have good potential to meet water quality
goals and provide an effective tool for adaptive management o the Missouri River.
Australian Commonwealth Scientific and Research Organization (CSIRO). 2000.
Scoping Options for Mitigating Cold Water Discharges from Dams. Principal
Author Bradford Sherman. Submitted to Agriculture, Fisheries and Forestry –
Australia, NSW Fisheries, CRC for Freshwater Ecology, and NSW Department of
Land and Water Conservation as part of the NHT Murray-Darling 2001 Fish Rehab
Program. This report provides an excellent summary of research and state of the art
applications to mitigate for cold water discharges. This document also references many
of the other literature and project applications reviewed as part of this study. This report
is focused on cold water mitigation and addresses the following mitigation measures;
destratification, surface pumps, selective withdrawal using multi-level outlet structures,
floating intakes, submerged weirs, stilling basins and modified operations.
The report focuses on the engineering and financial issues associated with each of the
mitigation measures listed above. In addition, a case study applies the concepts in the
report to the Burrendong Dam located on the Macquarie River about 18 miles southeast
of Wellington, New south Wales, Australia. The case study considers all the mitigation
measures listed above and provides some construction cost estimates.
This document is a good summary of all means of mitigating cold water discharges from
reservoirs and has been extremely useful in identifying applications, studies, cost data
and technical data sources for the Fort Peck Study.
New South Wales Department of Infrastructure, Planning and Natural Resources.
March 2004. Cold Water Pollution Below Dams in New South Wales – A Desktop
Assessment. Principal Author Russell Preece. This report summarizes the findings
of a desktop study to identify dams in New South Wales with the potential to cause cold
water pollution. The study uses indicators to identify and rank dams that could
potentially create cold water pollution downstream. Mitigation measures are discussed
in the summary section, but only provide information on what types of best management
practices are proposed. There is very little information in this report concerning the
engineering and effectiveness of the best management practices. Overall, this
document does not provide the types of information needed at this stage of the Fort
Peck Study.

5.2

Reference Modification Studies for Temperature and Water Quality
Control

Many technical guidance, professional papers and project reports were reviewed to
identify specific projects that are applicable to dam outlet works modifications for water
quality improvements. The following references were reviewed and in some instances,
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the principal authors were contacted to ensure conditions reported had not changed
significantly. This was done because some of the papers and reports were completed
over 10 years ago.
Glen Canyon Dam Multi-Level Intake Structure Hydraulic Model Study. U.S.
Bureau of Reclamation Report R-99-02, July 1999. Low level intakes at Glen
Canyon Dam have modified the downstream temperature regimes. Before the dam was
constructed, downstream temperatures in the Colorado River fluctuated between
freezing in winter to 85° F (29.4° C) in the summer. Since the water is now withdrawn
from the eight low-level penstocks, the river downstream flows at a relatively constant
45° F (7.2° C). To mitigate the nearly constant release temperature, the USBR is
proposing a multi-level intake structure on the face of the concrete dam to allow for
warmer water releases during spring and summer months.
The purpose of this hydraulic study is to evaluate a proposed multi-level intake structure
for Glen Canyon Dam. The report provides in-depth information on the hydraulic
modeling of modifications to a concrete dam intake system. The main purpose of the
model study was to determine the head losses, submergence criteria, near-field
velocities, vortex formation potential, and qualitative water hammer pressures. As Fort
Peck Dam is an earth filled dam and Glen Canyon Dam is a concrete dam, the
information contained in this study is somewhat limited in applicability to the Fort Peck
Project.
Surface Water Pumps to Improve Dissolved Oxygen Content of Hydropower
Releases – Tennessee Valley Authority (TVA). Mark Mobley, Willola Tyson, Joe
Webb, and Gary Brock. Water Power 1995. This paper describes the development,
installation and performance of a surface mounted pump system at the TVA’s Douglas
Dam. The dam has low level hydropower intakes that reduce the dissolved oxygen
(DO) content of releases from the dam. The surface pumps are used during the warmer
months to push water with higher DO content down to the intake. The system is
mounted on rails (to allow it to float up and down with the fluctuating water surface) and
has been relatively effective in raising DO levels downstream.
The high lake level at Douglas Dam is 1002 feet msl and the centerline of the intake is
at 897 feet msl. This is a depth of 105 feet from the surface to the intake centerline. At
Fort Peck, the spillway crest is at 2225 feet msl and the intakes are at 2095 feet msl.
This corresponds to a depth of 130 feet. This difference of 25 feet should be noted as
if data from this case study is considered for evaluating the potential performance of
surface pumps at Fort Peck.
The system is not designed to increase temperatures, but this is a secondary effect
from the pumps that push the surface water down to the intakes. Based upon the
results of this limited literature search, the Fort Peck application would be the first such
application with the primary intent of warming discharge temperatures.
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Aeration of reservoirs and Releases Using TVA Porous Hose Line Diffuser –
Tennessee Valley Authority. Mark Mobley and Gary Brock, ASCE North American
Congress on Water and Environment, Anaheim, CA June 22-28, 1996. This paper
discusses the application and design of aeration systems at five TVA hydropower dams.
The systems are designed to increase the DO in the release waters, thus improving
downstream quality. Depending on the release volumes and aeration system sizing,
these systems can be effective at raising DO levels in the reservoir and their releases.
The systems studied exhibited little change in the temperature profiles of the lakes. The
volume and rate of aeration required to “turn over” Fort Peck lake in the intake area
would be enormous and unprecedented. No documented application of an aeration
system to de-stratify a reservoir with releases of the magnitude of Fort Peck was found
during the literature search.
Application of Flexible Curtains to Control Mixing and Enable Selective
Withdrawals in reservoirs. Tracy Vermeyen. 5th International Symposium on
Stratified Flows, IAHR, July 10-13, 2000, Vancouver, Canada. This paper provides a
summary overview of the USBR’s Report R-97-09, “Use of Temperature Control
Curtains to Control Reservoir Release Water Temperatures” reviewed in Section 3.1.
The paper is focused on the effectiveness of flexible curtains in eliminating heat gain
through Lewiston Reservoir and Whiskeytown Reservoir on the Sacramento River
system in Northern California. These curtains have been effective in controlling
discharge water temperatures downstream from the reservoirs. This report discusses
construction costs and performance of the curtains.
In direct correspondence, Mr. Vermeyen indicated that these applications are working
as designed and have only required some maintenance at the top of the curtain. This is
because wind and wave action has worn the curtain at the air-water interface. These
curtains are designed so water can flow under them, so the top of the curtain is exposed
to the elements. This maintenance issue would be minimized at Fort Peck because the
curtain system would be submerged so that discharge water would flow over the top of
the curtain.

5.3

Similar Project Interviews

Contact was made with the U.S. Bureau of Reclamation, U.S. Army Corps of Engineers
and Tennessee Valley Authority to verify the information in the papers and studies is still
applicable.
USBR. Tracy Vermeyen provided the latest studies completed by the Bureau on
selective withdrawal structures and submerged curtains. He indicated that the reports
and papers from the USBR that were cited in this report contain the most up to date
information. The discussion with Mr. Vermeyen on life cycle and design concerns of
flexible curtain systems is also conveyed in the submerged weir alternative section
(Section 6.6).
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U.S. Army Corps of Engineers. A discussion of the operation and effectiveness of
many of the selective withdrawal structures for Corps dams is included in the USBR
report R-03-02 (USBR 2003). In addition, Vince Marchese of the Huntington District
was contacted to discuss modifications to Tappan Lake. This project is a retrofit of an
existing outlet structure to allow for selective withdrawal and was started after the USBR
report was published. There are no published results for the Tappan Lake retrofit at this
time.
Tennessee Valley Authority. Mr. Mark Mobley was contacted to discuss his past
experience with the TVA and more specifically, the application of surface pumps. Mr.
Mobley, no longer with the TVA, indicated that the paper highlighting Douglas Dam was
still accurate and contained good information on surface pumps. He also indicated that
both Douglas Dam and Cherokee Dam of the TVA have successfully used surface
pumps to increase downstream dissolved oxygen levels. These projects can replace up
to 50% of the discharge with surface water using the pumps as designed in his 1995
paper (Mobley, et Al.). Discussion of surface pump applicability for temperature
modification indicated that they are limited (he has done extensive modeling for other
applications) to a 50-60% surface water withdrawal rate because of the buoyancy of the
warmer water and relatively low velocities across the intake. These concerns are
addressed below in Section 6.4, Surface Pumps.
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Initial Concept Alternatives and Preliminary Assessment of
Relative Effectiveness of Alternatives

Based on the literature review and previous project scoping meetings, a list of
conceptual alternatives was developed aimed at raising water temperatures in the
Missouri River below Fort Peck Dam. These alternatives include operational changes, a
multi-level intake/temperature control device at the Fort Peck project, surface pumps,
floating intakes, submerged weirs, stilling basins, and other best management practices.
Each of these concept alternatives is discussed below, including previous application
experience, strengths, and weaknesses.

6.1

Operational Changes

At Fort Peck Dam, operational changes to increase the temperature of downstream
releases would rely on modifying guidance and rule curves to increase the likelihood of
high water surface elevations (greater than 2225 ft. msl) that could be released through
the spillway. The releases would be accomplished much as the Spillway Full Test, as
described in Section 4.5.2 and in the Draft Water Quality Report (U.S. Army Corps of
Engineers 2007). Computer simulations and modeling are particularly helpful in the
implementation of this type of reservoir management.
Known Applications. To date, this method has been used only for the initial filling of
reservoirs (Price and Meyer 1992). Some modeling results and laboratory tests suggest
that that it could be feasible for water quality management applications as well.
Strengths. The capital costs associated with this method could be minimal compared
to other alternatives. These costs may include structural modifications required for
erosion protection on the spillway and bank stabilization downstream of the spillway
outlet. If it were found ineffective at raising downstream temperatures and improving
habitat, normal dam operations could easily resume as there are no physical
modifications to the dam as a result of this alternative.
Weaknesses. This approach would impact the economics of hydropower generation,
flood control, irrigation, drinking water supply, and recreation. In addition, by modifying
discharges, downstream habitat may be negatively impacted. The fact that it has not
been applied to actively manage a reservoir for water quality goals raises serious
questions about its effectiveness. Also, the loss of active flood control volume may
provide an unacceptable dam safety risk.
This type of regulation works best with reservoirs in series. With Fort Peck being the
upstream most dam on the Missouri River, this method may not be as effective as if it
were further downstream in the Missouri River mainstem reservoir system.
Operating the dam in this manner is similar to the previously scheduled Mini Test and
Full Test as described in the Environmental Assessment (U.S. Army Corps, Omaha
District 2004). The Mini Test was scheduled for spring 2002, but drought conditions
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have not provided pool elevations sufficient to allow the reduced discharges over the
spillway. This historic evidence is not encouraging if a full release on the order of once
every three years would be required for environmental effectiveness. The more
frequent releases over the spillway may also damage the concrete spillway due to
increases in erosion and uplift forces, particularly at joints and the training wall-slab
interface.

6.2

Multi-Level Intake/Temperature Control Device

This Alternative includes two options: Modifying the existing intake structure and
constructing a new intake tower, tunnel and hydropower units parallel to the existing
outlet works.
6.2.1 Modify Existing Intake Structure
In this alternative, the existing intake structure would be modified to allow for higher
level withdrawals from the reservoir. Extending the existing structure upward was
considered, but the Bearpaw Shale foundation of the existing structure is of major
concern. The additional weight of a steel or concrete structure added to the weight of
the existing intake may create settlement or even foundation failure. These concerns
lead to consideration of adding a new selective withdrawal tower structure adjacent to
the structure and then connecting it to the existing intake chambers for Tunnels 1 and 2
(see Figure 6.1).
The new tower would have concerns of its own during design and construction. These
issues include weak foundation (Bearpaw Shale), de-watering during construction
versus working in the wet, underwater work, 200+ feet depth to lake bed (2237.1–2030;
1998 average pool elevation from the Water Quality Report minus the invert of the outlet
tunnels). The design would be highly dependent on additional water quality modeling
and physical modeling of the intake to determine gate openings and design geometry to
minimize hydraulic losses and transient forces.
Known Applications. Selective withdrawal using an intake tower and gates is the
preferred method of water quality management in large reservoirs. There are at least
46 large dams in the United States that use this method to manage downstream water
quality. 40 of these structures are documented in survey responses compiled by the
USBR (USBR 2003).
The modification of existing structures to allow for selective withdrawal is becoming
increasingly common. For instance, the Huntington District Corps of Engineers is
studying and designing the modification of existing outlet structures in the Muskingum
River Basin to allow for selective withdrawal. For the most part, these modifications are
the addition of gates and operators between the wet well and dry well of existing intake
towers.
The USBR has conducted hydraulic modeling of selective withdrawal
modifications to Glen Canyon Dam (USBR 1999). Although they are considered
modifications, these on-going projects are a little more basic than the type of
modifications that would be required at Fort Peck, where a new intake tower connected
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to the existing hydropower tunnels may be necessary due to uncertainties of foundation
stability of the existing intake structure.

Figure 6.1 Selective Withdrawal Tower Connected to Existing Outlet

Strengths. This alternative allows for flexible operations by setting gated inlets at
various elevations to allow blending of discharge water to optimize water quality and
reach downstream temperature targets. In connecting the tower to Tunnels 1 and 2,
there would be no long-term negative impacts to existing hydropower generation. The
reservoir would continue to operate as it is currently; thus there would be no anticipated
negative impacts to flood control, drinking water supply, irrigation, recreation or habitat.
Weaknesses. This approach requires careful consideration given all of the design and
construction concerns listed above. In the literature search, no similarly scaled
modifications were identified. If selected, much effort will be required for the design and
construction including detailed physical model studies and geotechnical investigations.
6.2.2 New Selective Withdrawal Structure and Tunnel
This alternative would consist of constructing a new multi-level intake tower and tunnel
that would be sited close to the existing outlet works (Figure 6.2). In addition to the
new tunnel and intake, construction of a new downstream hydropower unit similar to the
existing hydropower facilities might also be desired. By constructing a new hydropower
unit, loss of existing hydropower benefits associated with the Fort Peck project would be
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averted while addressing discharge temperature goals. One such possible location
would be placing the intake in Parch Bay and tunneling approximately 2,500 feet to a
natural drainage swale that runs north and east into the dredge cuts near Park Grove.
Known Applications. As noted in Section 7.2.1, selective withdrawal using an intake
tower and gates is the preferred method of water quality management in large
reservoirs. Their use and effectiveness is well documented by the USBR (USBR 2003).
Strengths. This alternative allows for flexible operations by setting gated inlets at
various elevations to allow blending of discharge water to optimize water quality and
reach downstream temperature targets. The new tunnel could be sized to meet
downstream channel capacity (zero damage discharge). If this alternative were
selected, operations of certain elements of the existing outlet works may be suspended
or discontinued, reducing future costs. This includes re-evaluating the proposed work
outlined in the Outlet Works Modifications Reconnaissance Report (U.S. Army Corps,
Omaha District 1991).
The reservoir would continue to operate as it is currently, thus there would be no
anticipated negative impacts to flood control, drinking water supply, irrigation, recreation
or habitat.

Figure 6.2 Site Plan of New Selective Withdrawal Tower, Tunnel and Optional
Hydropower Unit
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Weaknesses. This method of design and construction would be similar to constructing
a new intake tower and tunnel except that the reservoir would remain impounded
behind the dam. The fact that the dam is in place will lead to special dewatering
considerations and possible groundwater concerns during tunneling and foundation
work. As a result, dewatering costs will be an extremely large component of the
estimated construction costs. The depth (200 feet plus) of a coffer dam or dewatered
area will create additional costs of dewatering and construction. The Bearpaw Shale
and founding conditions remain concerns for this alternative. Design and construction
will require detailed physical model studies and geotechnical investigations.
In order to mitigate for lost hydropower production, a new hydropower unit could be
constructed. The cost of constructing the new unit could be somewhat offset by
replacing major rehabilitation plans for Hydropower Units No. 1 and 2. Overall, this
would add capital cost to the alternative. Operation and maintenance costs would
probably also increase with the addition of new infrastructure to the existing facilities.

6.3

Pumped/Siphoned Discharge over the Existing Spillway

This alternative would involve either a pump station or a siphon to discharge the warmer
water from the top of the reservoir over the existing spillway crest. In an ideal situation,
a siphon will only work for a head differential of 33 feet. In actual application, a
difference of 20 feet is optimistic and is highly dependent on elevation (atmospheric
pressure), head loss and leakage. Assuming a maximum elevation difference of 20
feet, the siphon could only function down to a pool elevation of 2205.0 feet msl (spillway
crest of 2225.0 ft msl minus 20 ft). This provides too narrow a band of operating pools
and would indicate that a pump station would provide a better range of operating
conditions.
It is assumed that the pump station would have a capacity near 12,000 cfs which is
similar to the target discharge in Table 4.1 for the Alternative Spillway simulation
scenario. The pump station would have a gated intake or a submerged weir that would
allow selective withdrawal from the reservoir. The pumps would have a relatively high
design head of approximately 65 feet (spillway crest, 2225.0 ft msl – 2160 ft msl,
minimum operating pool). In addition to the pump station, a concrete flume would be
constructed to convey the water from the pump station to the spillway. Two of the gated
bays on the spillway would have to be connected to this flume to pass the discharge.
Figures 6.3, 6.4 and 6.5 below show a schematic representation of this alternative
including the gated intake structure.

June 2009

35

Fort Peck Temperature Control Device Reconnaissance Study

FINAL REPORT

Figure 6.3 Site Plan of Pump Station and Flume to Discharge Warmer Water over
the Existing Spillway

Figure 6.4 Plan View of Selective Withdrawal Structure and Pump Station
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Figure 6.5 Selective Withdrawal Tower Connected to Pump Station
Known Applications. Siphons are used on smaller spillways and as lake drains. The
literature search found only smaller pipe diameters up to 36 inches (Rausch, et. al.
1993) in reference materials. No large diameter applications of a spillway siphon
associated with a dam were found.
Pump stations are commonly used for stormwater control and less often applied to dam
operations. However, regardless of purpose, a pump station has the same design
elements and concerns. No dam pump station applications were found in the research
that were constructed to meet downstream water quality requirements.
Strengths. This option is similar to the Mini and Full Spillway Test with improved
reliability at lower pools, as it would allow for discharge over the spillway event at lower
lake elevations.
Weaknesses. This option could reduce hydropower production and will require more
electricity than free flow over the spillway or through outlet works. Because of the pump
station size and unique geometry of the spillway bays, a detailed physical model study
will be required to size the elements properly. The operation and maintenance costs
will be a concern because of the large electrical demand of the high capacity pumps
and the duration (60 days) required to meet the target days of 18º C downstream water
temperature.
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By modifying two of the existing spillway bays, spillway capacity will probably be
reduced during spillway events. The spillway structure downstream from the crest will
experience an increase in the frequency of use which may lead to accelerated damage
to and deterioration of the concrete surface and joints. The Environmental Assessment
of the Fort Peck Flow Modification Mini Test (U.S. Army Corps, 2004) indicates that
riverbank erosion directly across from the spillway outlet may be a concern during
prolonged and more frequent releases.
Passing water over the spillway more frequently could lead to damage to the chute
slabs, walls and terminal structure of the spillway. It may also impact drinking water
supply, irrigation, recreation, and reduce hydropower generation.

6.4

Surface Pumps

Surface pumps with large diameter impellers (15 feet or larger) would be mounted over
the existing intake. When focused in a finite area, surface pumps have been successful
in de-stratifying outlet waters. Localized de-stratification is accomplished by forcing a
jet of surface water down through the thermocline into the intake region of the existing
outlet structure.
Two types of pumps could be considered in this application; pumps mounted with draft
tube attachments and pumps mounted without (see Figures 6.6 and 6.7). The draft
tube would improve the efficiency of the pump by keeping the warm water jet isolated
from the colder water for a length, thus reducing the buoyancy effects of water
temperature differentials. The pumps would be configured and mounted on a “raft” that
would ride up and down on rails (possibly H piles mounted to the corners of the intake
structure or outside the structure) to allow for lake level fluctuations. The motors would
be variable speed to account for better efficiency at lower loads (lower lake elevations –
shorter distances to the intake). Closer spacing of the pumps also reduces drag on the
warm water plume as it descends through the water column. Pump spacing, sizing and
configuration will be keys to proper application of a surface pump system at fort Peck.
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Figure 6.6 Surface Pump Schematic without a Draft Tube

Figure 6.7 Surface Pump Schematic with a Draft Tube Attachment

Known Applications. To date, the most relevant field experience with surface pumps
is documented by Mobley et al. (1995). The referenced paper discusses the application
of surface pumps at the Tennessee Valley Authority’s Douglas Dam. The pumps were
installed to improve dissolved oxygen levels downstream of the dam. The depth to
intake ranged from 105 feet to 43 feet. The application at Fort Peck will range from 155
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feet (2250 ft – 2095 ft) to 65 feet (2160 ft – 2095 ft). The surface pumps at Douglas
Dam were configured to supply 1/3 of the of the normal dam turbine flow of 15,900 cfs.
The paper by Mobley et. al. presents design details, pump performance, installation and
operating costs, and conclusions. The pumps were successful in increasing the
dissolved oxygen levels of the dam discharge.
Additional field tests of prototype impellers has been performed by McLaughlin and
Givens (1978). Sherman (2000) has reviewed the literature above and performed
interviews to summarize the application of surface pumps, design concerns, and
general costs in his report.
Strengths. This system would operate on a seasonal basis, so it would be in place
starting in early spring. The system could be towed to a storage area in the late
summer and covered or placed in a heated building during winter months. Routine
maintenance could take place during the off-peak times as well. Power would only be
used when needed and, with variable speed drives, power consumption would be
optimized when the pumps were in service. Once in place, the system could be
modified to optimize delivery and set up to serve either Tunnel 1 or Tunnel 2, providing
further flexibility of operation.
The reservoir would continue to operate as it does presently, thus there would be no
anticipated negative impacts to hydropower generation, flood control, drinking water
supply, irrigation, recreation or habitat.
Weaknesses. There may be some public safety concerns having impellers mounted in
the open water (although there would be a boom or other device to alert the public of
the danger). Wave action, ice and safety would be considerations in the design of any
surface pump system. The maintenance of the system during seasonal operation may
be a concern as far as access and safety.
Using a surface pump system to supply almost all of the discharge water (assume
12,000 cfs) will be more extensive than the Douglas Dam application (where it supplies
1/3 of 15,900 cfs). To our knowledge, it would be the largest system of its kind and it
would have to deliver surface water to a greater depth (155 feet).

6.5

Floating Intakes

This alternative would achieve selective
essentially a pipe connected to the intake
can be positioned vertically to allow for
hydropower production, a trunnion would
Tunnel 2 (see Figure 6.8).
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Figure 6.8 Floating Intake or Trunnion Alternative

Known Applications. A number of smaller dams in Australia have trunnion intake
structures (Sherman 2000) because they are simple to construct and relatively
inexpensive. The largest diameter trunnion application is the installation of two 700 mm
diameter pipes at Chifley Dam in Australia (Sherman 2000). Research associated with
the Fort Peck study did not uncover any larger applications of a trunnion or floating
intake design.
Strengths. There are no power requirements for a trunnion installation. The intake is
adjusted using a float system. Using such a system would allow the reservoir to
continue to operate as it does presently, thus there would be no anticipated negative
impacts to flood control, drinking water supply, irrigation, recreation or habitat.
Weaknesses. The largest known application is approximately 30-inches in diameter. A
diameter of at least 24 feet (to approximate the diameters of Tunnel 1 and 2) would be
required at Fort Peck. This is an order of magnitude larger than the largest known
application. The connection would have to be made at a depth of 150 plus feet in the
wet and may require extensive work on the existing intake structure to mount the hinged
pipe joint. Head loss through the system would be great and may reduce hydropower
generation. The high velocities in the intake area could entrain cold water from below
the intake. These high localized velocities could also create a public safety hazard in
the intake area.
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Submerged Weir

The alternative of a submerged weir is based on passing the warmer water over the
weir crest into the intake area. If the lake level was relatively constant, the submerged
weir could be constructed of many materials. With fluctuating lake levels, such as those
at Fort Peck, a flexible curtain is the best material.
In this application, the flexible curtain is suspended a set distance from the water
surface using a float system and the bottom is anchored to the lake bottom with ballast
and anchors with cables (see Figures 6.9 and 6.10). As the lake level fluctuates, the
curtain folds onto itself and unfolds. The weir crest would be set approximately 20 feet
below the lake surface (depending on the location of the thermocline).

Figure 6.9 Schematic Using a Flexible Curtain as a Submerged Weir
Known Applications. Vermeyen (USBR 1997) provides a detailed report on design
(including physical modeling), construction, operation and performance of flexible
curtains installed by the USBR at Lewiston and Whiskeytown Reservoirs. Because of
the nature of the temperature problem downstream from these reservoirs, these
applications are the opposite of how a curtain would be engaged at Fort Peck. They are
mounted from the surface with a bottom opening to decrease the release water
temperatures. They have been successful at achieving temperature release targets.
Sherman (2000) discusses USBR concerns with maintenance and velocities. His report
also indicates that curtains have also been used in Japan with success. However, they
were used to control cyanobacterial contamination from the surface layer and not used
to modify release temperatures in any way.
Strengths. This system does not require modification to the existing outlet works. As
such, the reservoir would continue to operate as it does presently. There are no
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anticipated negative impacts to hydropower generation, flood control, drinking water
supply, irrigation, recreation or habitat.
Weaknesses. The expected life cycle of such a system is relatively short and is
estimated to be 10-20 years. In personal communication with USBR (Tracy Vermeyen),
he believes the upper range of 20 years is reasonable for an application where the
curtain is below the water surface (proposed Fort Peck configuration) and free from
wind, wave and ice damage to the flexible material.
Velocities over the curtain may be a concern, but they can be held below 2 ft/s with
proper design. Physical modeling may be required to ensure the system can withstand
anticipated velocities and flood flows.

Figure 6.10 Section of Flexible Curtain as a Submerged Weir

6.7

Stilling Basin or Detention Warming

This alternative would use a combination of extended detention times and solar heating
to thermally warm discharge waters. Sherman (2000) indicates that a surface area of 1
square kilometer (approximately 247 acres) would be needed to warm a 1000 ML/day
(approximately 264 MGD or 400 cfs) discharge 1ºC. Using this assumption, a detention
area over 7,000 acres (greater than 10 square miles) would be required to raise the
discharge temperature 1ºC from Fort Peck (assuming a discharge of 12,000 cfs).
Using a warmer area of the existing reservoir has been suggested (Big Dry Arm). This
will have similar volume requirements as a stilling basin approach. It will also have the
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additional requirement of conveying the water over the spillway or through the intake
(see previous alternative discussions for the feasibility of these alternatives).
Strengths. The stilling basin option of this alternative does not require modification to
the existing outlet works. As such, the reservoir would continue to operate as it does
presently. There would be no anticipated negative impacts to hydropower generation,
flood control, drinking water supply, irrigation, recreation or habitat.
Weaknesses. The space requirements to raise the discharge temperature 5ºC to 8ºC,
this alternative is approximately 50 to 80 square miles using a stilling basin or shallow
area. Using a warmer area of the reservoir would require a significant amount of
infrastructure to convey the warmer waters and would have a large volume requirement
that may not be feasible to provide.
Known Applications. These types of basins are used in industrial and power
production industries. However, they are typically used to cool water, and not heat it.
The literature and project search did not locate any supporting material for use of such a
basin on large discharges from dams.

6.8

Resistor Heating of Discharge Water

Heating the water using electrical resistance similar to a “tankless” hot water heater was
a suggested alternative. This was suggested because the existing hydropower units
have a surge arrestor (large electrical resistor) that absorbs the energy during
emergency shutdown (valve or other failure) to avoid blowing transformers and switches
in the main transmission yard. It was reported by Fort Peck staff that this resistor was
engaged at least once during a shut down and brought the discharge water to near
boiling temperatures. The electrical load required to heat the discharge water 5ºC to
8ºC continually would be considerable and may not be feasible based on costs (both
operating and capital).
Strengths. This alternative could be implemented downstream of the existing outlet
works. As such, the reservoir would continue to operate as it does presently. There
would be no anticipated negative impacts to hydropower generation, flood control,
drinking water supply, irrigation, recreation or habitat.
Weaknesses. The system would take an extremely large amount of electricity that
would exceed the hydropower production rate.
Known Applications. The Rinnai Corporation manufactures an on-demand hot water
heater that replaces a typical home or commercial hot water tank. These products are
for flows typically less than 10 gpm and are probably not scalable to the discharges
anticipated at Fort Peck. No supporting materials for warming flows greater than 10
gpm using electrical resistance were found in the research.
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Power Plant

During the Concept Alternatives Screening Meeting described in Section 7.0, it was
suggested that a new power plant below the dam would provide an opportunity to
increase the temperature of the Missouri River below Fort Peck Dam. Cooling water
and warm water pollution are a major concern when locating and permitting power
plants. The power plant could be coal fired, natural gas fired, or nuclear depending on
the utility and locally available natural resources. The power plant would be
constructed, owned and operated by a public utility and not the U.S. Army Corps of
Engineers. The non-contact cooling water could be blended with the Fort Peck Dam
discharge to increase the discharge water temperature.
Strengths. This alternative could provide beneficial reuse of cooling water that is
normally considered a thermal pollutant. If the power plant discharge was released
downstream of the existing outlet works, the reservoir would continue to operate as it
does presently. There would be no anticipated negative impacts to hydropower
generation, flood control, drinking water supply, irrigation, recreation or habitat.
Weaknesses. The time frame to implement this alternative is dependent upon a market
need for power, existing infrastructure capacities (transmission lines, railroad proximity,
etc.) and a third party constructing the power plant. Many power plants require a long
lead time for permitting and can be held up in litigation over environmental concerns.
The implementation of this alternative is not fully controlled by the U.S. Army Corps of
Engineers.
This alternative would result in alteration of the downstream thermal regime throughout
the year, not just the target spawning season. This could have a negative impact on
production of frazil ice and other natural processes.
Known Applications. There are many applications of cooling towers and ponds
associated with power plants. However, an application of direct discharge to a water
body with the express intent to increase temperatures could not be identified in a
literature search.
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Concept Alternatives Screening Criteria

A Concept Alternatives Screening Meeting was conducted on October 28, 2008.
Participants of the meeting are listed in Appendix C along with the information recorded
during the meeting. During this meeting, the principles, strengths and weaknesses of
each alternative were discussed in additional detail and noted.
Preliminary
recommendations were made for each alternative. Figure 7.1 is the resulting matrix
from the October 28, 2008 Concept Screening Alternatives Meeting.
The screening criteria includes the impact of alternatives on; dam and public safety;
operation and maintenance requirements; past performance on a similar scale;
operational flexibility; and negative impacts to flood control and hydropower benefits.
These criteria were developed by the group and decisions were made based on existing
information. As the study progresses to a Feasibility Study and additional data and
information is gathered, the criteria below may be expanded and more definite answers
to concerns will be produced.
Low Impact to Dam and Public Safety – This screening category was added in an
effort to identify which alternatives had the lowest impacts to dam and public safety.
Some of the impacts to dam and public safety will have to be better defined and
characterized in the next study phase.
Reliability – Low Operation & Maintenance Requirements – This selection category
was considered in order to identify alternatives that do not require significant operation
and maintenance efforts to implement. The costs of these impacts will be better defined
and quantified in the next study phase. In general the following questions were
considered:


How reliable is the preferred alternative?



If the system goes down, are there other alternatives for making scheduled
releases?



Are there redundancies in the system to allow for emergency maintenance or
repairs?



Does the system require a large amount of attention (gated intake structure)
or is it passive management (submerged weir)?

Track Record / Past Performance on a Similar Scale – The focus of this screening
category is to identify which alternatives have been applied in similar situations and on a
similar scale for water quality improvement. Questions asked during the discussion of
this category included:


Has the alternative been used successfully to manage water quality for similar
sized projects and discharges?



To what extent would we be pioneering an expensive research project?
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Operational Flexibility – Varying Reservoir Levels – The main concern and question
of this selection category is maintaining the ability to discharge warmer waters for a
wide range of possible lake levels. Questions that were asked to evaluate each
alternative included:


Can the proposed alternative work for a wide range of reservoir elevations, or
is it limited to a narrow range of lake elevations for effectiveness?”



Can the system be modified at a later date to adjust for differences between
design assumptions and real-life results? For instance, a surface pump or
large motor could be added to push warm water further towards the intake.
With a gated structure, it would be more difficult to change openings to allow
for higher discharge, etc.

Avoid Reduced Benefits (Flood Control or Hydropower) – This screening criteria
identifies proposed alternatives that may have a negative impact on flood control and
hydropower generation. The main question asked while considering this was:


7.1

Are the existing reservoir functions and resulting benefits compromised due to
proposed alternative?

Screening of Concepts and Recommended Alternatives

The concept alternatives screening criteria presented in Section 7.0 were applied to
each of the 10 alternatives presented in Section 6.0. Participants of the Concept
Alternatives Screening Meeting, conducted on October 28, 2008, had a chance to
review the conceptual alternatives prior to the meeting. The participants have been
involved in project scoping meetings over the past two years where alternatives have
been discussed and considered for implementation to meet the conditions of the
Biological Opinion (USFWS 2000).
Figure 7.1 is the matrix of the screening criteria as they relate to the proposed
alternatives. The matrix was developed via consensus with the participants of the
October 28, 2008 meeting. The detailed notes, including participants, from this meeting
are included in Appendix C.
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Figure 7.1 Workshop Matrix Showing Concept Alternatives Screening Criteria
and Recommended Alternatives to Advance to the Feasibility Study

7.2

Recommended Alternatives

As a result of the October 2008 meeting, it was determined that the following
alternatives warranted a closer look through the feasibility level of study:
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Alternative 1 – Operational Changes



Alternative 2 – Modify Existing Intake



Alternative 3 – New Intake and Tunnel



Alternative 4 – Pumped Discharge Over Spillway (Siphon Discharge
Over Spillway was not recommended – see below)



Alternative 7 – Submerged Weir



Alternative 10 – Power Plant
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Alternatives Not Recommended for Further Study

Following are the four alternatives that ultimately were not recommended for further
study:
Alternative 4 – Siphon Discharge Over Spillway. The siphon was eliminated
from consideration because it would only work for a very narrow band of
reservoir operations (20 foot differential in head).
Alternative 5 – Surface Pumps. The following concerns were raised during the
Concept Alternatives Screening Meeting and were serious enough to remove this
alternative from future consideration:


No past documented applications for increasing discharge temperature
(dissolved oxygen only). Limited temperature data for past applications



Past applications only supply 1/3 of total discharge – This application would
likely require 100% of surface water through intakes



Depth to intake is greater than past applications (155 feet versus 105 feet)

Alternative 6 – Floating Intake or Trunnion. This alternative was screened
from further study based on the following concerns raised by the meeting
participants:


Largest known application is 30-inches diameter



Constructability is a major concern. In the wet construction (200 foot depth),
age/unknown conditions of existing tunnels, and connection to existing
infrastructure



Maintenance logistics (can it be completed without a complete re-construction
of the system, how often, and depth of mechanical connection)



Potential impacts to Dam Safety (connection to existing outlet works)



Head loss through system (impacts on hydropower)

Alternative 8 – Stilling/Detention Basin Warming. This alternative may prove
effective for small scale application and incremental increases in discharge water
temperature. It will be considered as an incremental add on to other alternatives
during the feasibility level study. It was eliminated from further consideration as a
stand alone alternative due to the following concerns:


Large surface area required (35,000 acres - 50+ square miles to increase the
discharge temperature approximately 5ºC )



Land use and cost may prohibit the feasibility (land owner issues)



Pumping, intake tower or other extensive infrastructure required to convey
warmer waters if detention area is in the reservoir area



No documented successful application for discharge of this size



Maintenance costs
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Alternative 9 – Resistance Heating of Discharge. This alternative was
screened from further consideration due to the following concerns:


No supporting applications at a scale close to the required discharges of
8,000 to 14,000 cfs. The largest documented application using this
technology is 10 gpm.



Electrical demand would exceed hydropower capacity, thereby requiring
purchase of electrical power and significant infrastructure upgrades to
transmission lines and existing sub/switching stations.
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Preliminary Construction Costs of Recommended Alternatives

The development of cost estimates in this section is based on existing available
information and previously constructed projects of similar concept and scale. The costs
represent the sum of the first cost (initial capital construction cost) and the present value
of the operation and maintenance costs associated with the alternatives over an
assumed 50-year project life. A breakdown of the line items comprising each cost
estimate can be found in Appendix D. Markups considered in this phase of the study are
applied to capital construction costs and include a 50% contingency, 10% for
supervision and administration, and 10% for project engineering and design (PED). The
relatively high 50% contingency was used because the alternatives have not been
designed (they are conceptual only and dimensions are estimated). Likewise, the high
contingency accounts for a lack of available soils and foundation information, lack of
bathymetric data, and the potential for unforeseen conditions. Additional considerations
and further details such as project benefits (comparing the economics of the existing
reservoir use versus the modified use with alternative in place) will be evaluated in the
Feasibility Study.
All alternatives considered in the Feasibility Study will be modeled using updated water
quality data and the existing CE-QUAL-W2 computer model (U.S. Army Corps of
Engineers, 2007). In addition to the computer simulation, a physical model is warranted
for the structural alternatives (Alternatives 2, 3, 4 and 7). The computer and physical
modeling are critical components that will optimize the size and hydraulic performance
of the alternatives to meet the BiOp Criteria.
Additional information required for the feasibility phase includes soil borings, foundation
information, water quality data, topographic survey, detailed structural drawings,
bathymetry, and other background data.

8.1

Alternative 1 – Operational changes

Estimated Cost: N/A
There is not a construction cost anticipated for this alternative. This alternative would be
implemented through changes in project operating rule curves and procedures. In the
Feasibility Study phase, this alternative will include an analysis of decreased project
benefits including flood control, hydropower, water supply, recreation, habitat and
irrigation.

8.2

Alternative 2 – Modified Intake Tower

Estimated Cost Range: $155,000,000 - $482,000,000
The range of cost for modifying the existing intake tower varies greatly based on the
means of constructing the cofferdam to work on the modified structure in the dry. The
cost estimate backup in Appendix C details the differences between using a dual-walled
sheet pile cofferdam and an earth embankment cofferdam.
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In addition to the dewatering methods, there are many other constructability issues to
consider as this alternative is evaluated in the Feasibility Study phase. These concerns
include the following:









8.3

Weak foundations
Existence of Bear Paw shale
200 foot depth of water
Age of existing intake and tunnels
Unknown conditions related to existing intake and tunnels
Dam releases and meeting minimum flow requirements during
construction;
Excessive wear on the existing spillway (assuming it is used as the
primary outflow means during construction)
Connection to existing infrastructure that is approximately 70 years old
(lifecycle concerns).

Alternative 3 – New Selective Withdrawal Structure and Tunnel

Estimated Cost Range: $217,000,000 - $361,000,000
The construction estimate of this alternative assumes that the structure is built in the dry
by excavating a hole near the shore of the lake and then excavating a canal from the
lake to the intake structure once construction is complete. This avoids the need for the
costly cofferdam construction outlined in Alternative 2, optimizing dewatering conditions
in order to complete the tunneling, foundation preparation and intake tower construction.
The range in the cost estimate is due primarily to unknown subsurface conditions.
Constructability and engineering concerns include the following: weak foundations;
existence of Bear Paw shale; 200 foot depth of excavation below the adjacent lake
water surface elevation. Of particular concern is dewatering during excavation and
construction. The feeder canal between the intake tower and the lake will have to be
physically modeled and sized to feed the tower during maximum flow conditions without
excessive hydraulic losses. The mixing of the warm upper water and the cooler water at
the entrance of the feeder canal is another critical issue that will have to be evaluated
closely so that flow of the warmer water is maintained across the isotherm.

8.4

Alternative 4 – Pumped Discharge over the Existing Spillway

Estimated Cost Range: $238,000,000 - $397.000.000
The construction of the pump station alternative includes a selective withdrawal tower
(similar in concept but smaller in scale to Alternatives 2 and 3), a pumphouse, and a
concrete chute to pass the flows through a modified spillway bay. The assumed
construction quantities, unit prices and comparison to similar scale pump stations (New
Orleans Pump Station #6 and Mubarak Pump Station) are provided in Appendix D.
Incidental project features include new high-voltage transmission lines and associated
substations. The costs of electricity and the associated loss of power generating
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potential of the dam are significant. These costs are included as a present value over a
50-year life. The range in the cost estimate is due primarily to unknown subsurface
conditions.
The constructability and engineering of the pump station raises some unique concerns,
as well as concerns common to the other alternatives. These include the sizing of the
pump station intake/canal for maximum flow conditions without excessive hydraulic
losses. The mixing of the warm upper water and cooler water at the entrance of the
pump station intake is another critical area that will have to be evaluated closely so that
flow of the warmer water is maintained across the isotherm.
The following additional concerns with the pump station alternative are to be addressed
in the feasibility phase: the large electrical demand; operation & maintenance of
mechanical equipment; impacts to existing reservoir uses (reduced hydropower
production, spillway capacity, etc.); duration of use – up to 60 days of continuous use;
lack of documented water quality applications for dams; impact to existing spillway
capacity; and potential damage to the existing spillway chute.

8.5

Alternative 7 – Submerged Weir

Estimated Cost Range: $8,000,000 - $25,000,000
A flexible curtain is proposed for the submerged weir in this application. The range of
construction costs for this alternative are based on actual construction costs of previous
applications for water quality purposes in the United States (USBR 1997).
Concerns with this alternative to be addressed in the next project phases include the
following: a relatively short estimated life cycle of 10-20 years; maintenance issues are
not well defined; no past documented applications for increasing discharge temperature
(lowering of temperatures only). Being a relatively new application in reservoir
management, there is not much information on the life cycle of flexible curtains. The
USBR has documented its operation and maintenance experience with similar systems
(USBR 1997). As stated in verbal communications, Tracy Vermeyen of the USBR
believes that a life cycle of 20 years could be achieved with the Fort Peck application.
The 20-year estimate is based on the fact that the curtain will remain in place yearround and is fully submerged, thus reducing damage due to sunlight exposure. The
estimated costs assume one complete replacement and two major overhauls with
replacement of major system components during the project life. In the feasibility phase,
the replacement costs would be further evaluated over the 50-year life cycle along with
operation and maintenance costs.

8.6

Alternative 10 – Power Plant

Estimated Cost: N/A
The construction cost of this alternative was not estimated because the investment
would not come from the U.S. Army Corps of Engineers. The power plant would be
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constructed by others and permitting and beneficial re-use of the non-contact cooling
water would be directed and managed by the Omaha District. The mixing of the
discharge water from the power plant and the dam would be critical and will depend on
factors such as the size of the power plant, type of power plant, storage capacity of the
plant, physical location of the plant and historic water quality data and trends.
Some of the concerns with this alternative include; project timing (there are no known
plans for a power plant at present time); air quality concerns from citizenry; proximity to
rail (for coal fired plant); and existing electrical transmission grid infrastructure in the
project area.
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Conclusions

It is recommended that a Feasibility Study proceed to better define and screen the
recommended alternatives as presented in Table 9.1. Depending on the selected
alternative, the time frame of the Feasibility Study and detailed design could extend
three years or more. In addition, the construction of Alternatives 2, 3 and 4 could take
another two to three years given their complexity.
Table 9.1 Summary of Preliminary Construction Cost Estimates for
Recommended Alternatives
Alternative
1
2
3
4
7
10

Description
Operational Changes
Modify Existing Intake
New Intake and Tunnel
Pumped Discharge Over Spillway
Submerged Weir
Power Plant

Estimated Construction and O&M Cost Range*
N/A
$155,000,000 - $482,000000
$217,000000 - $361,000,000
$238,000,000 - $397,000,000
$8,000,000 - $25,000,000
N/A

*Preliminary Estimated Range of Life Cycle Cost over 50 years in January 2009 Prices.

If BiOp compliance requires an expedited response, construction of the Submerged
Weir Alternative in parallel to the next study phases and potential design could be
implemented. It has a relatively low first cost, can be constructed in a short time frame,
and would provide several benefits:


It allows for critical time in evaluating the impact of warmer discharges from
Fort Peck Dam on the Pallid Sturgeon community and habitat downstream



It provides an immediate response in attempting to stabilize a community of
endangered species



It would be implemented as a full scale pilot study to prove and refine the
research, theories, biological models and water quality computer models used
to address the Pallid Sturgeon recovery to date



The time evaluating the impacts from the Submerged Weir can be used to
determine if a larger investment will provide a long-term solution to mitigate for
the cold water discharges



If effective, the Submerged Weir application could be used on the outlets of
other dams in the Missouri River Basin

As these selected alternatives move into the Feasibility Study phase, additional water
quality modeling (both numerical and physical) will be required to design the alternatives
and determine their effectiveness at achieving the BiOp target of 18ºC at Frazer Rapids.
In addition, as more biological data is collected and analyzed by the state of Montana,
the USGS and the USFWS, the biological response to the dates and duration of
temperature targets will be better defined.
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Appendix B. Photos of Fort Peck Intake Construction

February 23, 1940
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Appendix C: Temperature Control Device Reconnaissance Study
Concept Alternatives Screening Meeting - 24 October 2008
On 24 October 2008, a screening meeting was conducted to review the identified
concept alternatives and identify those that should be recommended for further
feasibility level study. A PowerPoint presentation guided the meeting and was edited
during the meeting to record participants and discussion of each concept including
strengths, weaknesses and recommendations. The revised PowerPoint slides from the
meeting are included in this Appendix.
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ALTERNATIVE 2 – MODIFY EXISTING INTAKE

Item No.
A

Dual Walled Cofferdam
Jan-09
Wolf Point, Montano
2009 Means Costworks online.

Item

Quantity

Mob/Demob
1 Mob/Demob - 2% of subtotal

B
1
2
3
4
5
6

Dual Walled Sheet Pile Filled Cofferedam
Sheet Pile inner and outer bulkheads
Bracing of Cofferdam - 50% of Pile cost
Cofferdam fill
Sheetpile Removal
Cofferdam Fill removal
Dewatering

1
2
3
4

1
2
3
4

C

D

E

Ft Peck Water Tempature Study
Alternative 2.1 Modify Existing Intake Tower
Cost Pricing Effective Date
Cost Indice City
Cost Source

Unit

1 LS

Unit Cost

$

Total

1,830,000.00

$

1,830,000

376,992
1
232,700
376,992
232,700
24

vlf
LS
cy
vlf
cy
mo

$
62.44
$ 11,769,690.24
$
11.47
$
31.22
$
11.47
$
200,000.00

$
$
$
$
$
$
$

23,539,380
11,769,690
2,669,069
11,769,690
2,669,069
4,800,000
57,216,899

Intake Tower - Footing
Excavation
Foundation Piles
Concrete
Reinforcing Steel

19800
2500
7407
741

cy
vlf
cy
ton

$
$
$
$

6.15
25.67
399.98
3,733.80

$
$
$
$
$

121,770
64,175
2,962,815
2,765,778
5,914,538

Intake Tower - structure
Concrete
Reinforcing steel
Gates - 11x11 ft
Gate control mechanisms and hydraulics

18785
1878.5
48
1

cy
ton
EA
LS

$
$
$
$

399.98
3,733.80
202,979.20
2,000,000.00

$
$
$
$
$

7,513,624
7,013,943
9,743,002
2,000,000
26,270,569

1 LS

$

5,000,000.00

$
$

5,000,000
5,000,000

Construction subtotal
Contingency - 50%
Supervision and Adminstration - 10%
PED - 10%

$
$
$
$

96,232,006
48,116,003
9,623,201
9,623,201

Total

$

153,971,209

Capping/ Conection to Exisitng Intake Strucutre
5 Connection to existing intake

Item No.
A

B

Earth Embankment Cofferdam
Jan-09
Wolf Point, Montano
2009 Means Costworks online.

Item

Quantity

Mob/Demob
1 Mob/Demob - 2% of subtotal
Cofferdam/Water Diversion
1 Cofferdam placement
2 Cofferdam removal
3 Dewatering

C

Unit

Unit Cost

Total

1 LS

$

6,009,000.00

$

6,009,000

11,000,000 cy
11,000,000 cy
24 mo

$
$
$

11.47
11.47
200,000.00

$
$
$
$

126,170,000
126,170,000
4,800,000
257,140,000

1
2
3
4

Intake Tower - Footing
Excavation
Foundation Piles
Concrete
Reinforcing Steel

19800
2500
7407
741

cy
vlf
cy
ton

$
$
$
$

11.47
25.67
399.98
3,733.80

$
$
$
$
$

227,106
64,175
2,962,815
2,765,778
6,019,874

1
2
3
4

Intake Tower - structure
Concrete
Reinforcing steel
Gates - 11x11 ft
Gate control mechanisms and hydraulics

18785
1878.5
48
1

cy
ton
EA
LS

$
$
$
$

399.98
3,733.80
202,979.20
2,000,000.00

$
$
$
$
$

7,513,624
7,013,943
9,743,002
2,000,000
26,270,569

1 LS

$

5,000,000.00

$
$

5,000,000
5,000,000

Construction subtotal
Contingency - 50%
Supervision and Adminstration - 10%
PED - 10%

$
$
$
$

300,439,443
150,219,721
30,043,944
30,043,944

Total

$

480,703,108

C

E

Ft Peck Water Tempature Study
Alternative 2.1 Modify Existing Intake Tower
Cost Pricing Effective Date
Cost Indice City
Cost Source

Capping/ Conection to Exisitng Intake Strucutre
5 Connection to existing intake

OMRR for Inlet Tower
Percentage Rate
4.875
Net Present Value
$ 1,308,693
Annualized Amortized Cost
$
70,306
Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
OMMR
OMMR

Yearly Maintenance
Periodic Cost Total Cost
$ 41,058
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53 $ 1,789,566 $
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
41057.53
$
Net Present Value
Annualized Amortized Cost

41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
1,830,624
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
41,058
$1,308,693.04
($70,305.98)

Annual Maintenance Cost
A
1
2
3
4
5
6
7
8

B
1
2
3
4
5
6
7
8
9
10

Annual Inspection - 80 hrs of Underwater, 40 hrs electircal/gate system, and 80 hrs dry inspection
and misc minor repair
Diver (1 at 80 hr)
80 hrs
$
64.34 $
5,147
Diver Depth Pay
10 day
450
4500
Diver Tender (1 at 80 hr)
80 hrs
$
35.07 $
2,806
Stand-by Diver (1 at 80 hr)
80 hrs
$
64.34 $
5,147
Dive Supervisor (1 at 80 hr)
80 hrs
$
64.34 $
5,147
Electrician (2 at 40hr)
80 hrs
$
37.36 $
2,989
Laboroer (2 at 80 hr)
160 hrs
$
24.75 $
3,960
Foreman
120 hrs
$
26.25 $
3,150
Subtotal
$
32,846
Contingency - 25%
$
8,212
$
41,058
Annual Inspection Total

25-year Life cycle cost - Assumes complete replacement of 6 Gates and servicing of remainder
5 weeks 2 divers in water Divers - 2 wks Electricians - 5 Wks Laboroer
Diver (2 at 200 hr)
400 hrs
$
64.34 $
25,736
Diver Depth Pay (2 divers at 25 days)
50 day
450
22500
Diver Tender (2 at 200 hr)
400 hrs
$
35.07 $
14,028
Stand-by Diver (1 at 200 hr)
200 hrs
$
64.34 $
12,868
Dive Supervisor (1 at 200 hr)
200 hrs
$
64.34 $
12,868
Electrician (2 at 80hr)
160 hrs
$
37.36 $
5,978
Laboroer (2 at 200 hr)
400 hrs
$
24.75 $
9,900
Foreman
400 hrs
$
24.75 $
9,900
Gates - 11x11 ft
6 EA
$ 202,979.20 $ 1,217,875
Misc Material for Service/Repair
1 LS
$ 100,000.00 $ 100,000
Subtotal
$ 1,431,653
Contingency - 25%
$ 357,913
25-Yr life cycle cost Total
$ 1,789,566

McCone County
Davis Bacon Rates - Heavy Construction - MT20080001 as of 01-26-09
Rate
Diver Cost
Depth Pay to 200 ft
Diver Tender
Electrician
Labororer (group 4)
Foreman

Fringe
56.54
450
27.27
26.83
18.85
20.35

unit
7.8 hr
day
7.8 hr
10.530275 hr
5.9 hr
5.9 hr

64.34
450
35.07
37.360275
24.75
26.25

Ft Peck
Montana
Wolf Point MT
Data Release : Year 2009
Quantity

LineNumber

1

317116203100

1

317116203200

1

317119100210

1

317119100220

1

317313100820

1

317413100500

1

352016260260

1

316216130200

1

032116100100

1

032110601160

1

032110502800

1

032110602000

1

032110602220

Unit Cost Estimate
Sourc
Description
SubContracted Ind.
e
Fans, fiberglass Ductwork, 46 inch
diameter for mine
Fans, fans, axial flow w/starter, for
ventiliation, 2.5" S.P., 28,000 CFM, 20
HP

Crew

Daily
Output

Labor
Hours

Epoxy coating, for reinforcing steel, add
to fabricated & delivered price for
coating with epoxy
Reinforcing steel, in place, typical,
average, over 100 ton job, #8 to #18,
A615, grade 60, incl labor for
accessories, excl material for
accessories
Reinforcing steel, shop size extra, #18
bar, A615, grade 40, material only,
included in delivered price
Reinforcing steel, unload and sort, add
to base
Reinforcing steel, crane cost for
handling, maximum, add
total Reinforcing Steel

Ext. Total O&P

Labor Type

Data
Release

Zip Code

Q10

32

0.75 L.F.

$

202.47 STD

Year 2009 592

Q20

0.4

50 Ea.

$

17,355.25 STD

Year 2009 592

L.F.

$

1,855.26 STD

Year 2009 592

L.F.

$

2,576.75 STD

Year 2009 592

C.F.

$

60.91 STD

Year 2009 592

L.F.

$

515.35 STD

Year 2009 592

Rock excavation, tunnel boring general,
bored tunnels, mixed rock and earth, 20'
diameter, includes mucking, average
Rock excavation, tunnel boring general,
bored tunnels, mixed rock and earth, 20'
diameter, includes mucking, maximum
Tunnel liner grouting, contact grouting,
20' diameter, includes drilling and
connecting, maximum
Cast-in-place tunnel linings, tunnel liner
invert, for bored tunnels, rock, 20'
diameter, includes reinforcing
Hydraulic sluice gates, hydraulic
structures, cast iron, heavy duty, self
contained w/crank oper. gate, 132" x
132", AWWA C501
Sheet steel piles, step tapered, round,
concrete filled, 120 ton capacity, 12" tip,
60' depth, excludes mobilization or
demobilization

Unit

E20

0.1

640 Ea.

$

202,979.20 STD

Year 2009 592

B19

630

0.102 V.L.F.

$

25.67 STD

Year 2009 592

Ton

$

1,073.50 STD

Year 2009 592

10 Ton

$

2,436.38 STD

Year 2009 592

Ton

$

84.75 STD

Year 2009 592

4 Rodm

3.2

C5

100

0.56 Ton

$

36.12 STD

Year 2009 592

C5

35

1.6 Ton

$
$

103.05 STD
3,733.80

Year 2009 592

1

033105350561

1

033105351440

1

033105351460

1

1

1

Structural concrete, ready mix, normal
weight, high early, 6000 PSI, includes
local aggregate, sand, Portland cement
and water, delivered, excludes all
additives and treatments
Structural concrete, ready mix, for nonChloride accelerator, per 1%, add

C.Y.

$

184.88 STD

Year 2009 592

C.Y.

$

6.69 STD

Year 2009 592

C.Y.

$

8.42 STD

Year 2009 592

031113130050

Structural concrete, ready mix, for
synthetic fiber reinforcing (1 Lb/CY), add
C.I.P. concrete forms, slipforms, silos,
maximum

C17E

1095

0.073 SFCA

$
$
$

8.04 STD
199.99
399.98

Year 2009 592

316216131300

Sheet steel piles, "H" Sections, 50' long,
HP14 X 102, excludes mobilization or
demobilization

B19A

510

0.125 V.L.F.

$

62.44 STD

Year 2009 592

352023231100

Hydraulic dredging, 1000', hydraulic
method, pumped to shore dump,
maximum

B57

310

0.155 B.C.Y.

$

11.47 STD

Year 2009 592

B34A

144

0.056 L.C.Y.

$

5.13 STD

Year 2009 592

B14B

4000

0.003 L.C.Y.

$
$

1.02 STD
6.15

Year 2009 592

1

312323200054

1

312316435720

Cycle hauling(wait, load,travel, unload or
dump & return) time per cycle, excavated
or borrow, loose cubic yards, 10 min
wait/load/unload, 8 CY truck, cycle 8
miles, 30 MPH, no loading equipment
Excavating, large volume projects,
200,000 plus B.C.Y., 6 C. Y. bucket,
excavator, 80 % fill factor, with truck
loading

ALTERNATIVE 3 – NEW INTAKE AND TUNNEL

Item No.
A

Ft Peck Water Tempature Study
Alternative 2.2 New Multi Level Intake Tower
Cost Pricing Effective Date
Cost Indice City
Cost Source

Jan-09
Wolf Point, Montano
2009 Means Costworks online.

Item

Quantity

Mob/Demob
1 Mob/Demob

B
1
2
3
4

Intake Bay Excavation/Water Diversion
Intake Inlet Excavation
Sheet Pile Bulkhead on water side
Sheet Pile Bulkhead on water side removal
Dewatering during construction

1
2
3
4

Unit

1 LS

Unit Cost

Total

$

3,597,000.00

$

3,597,000.00

10,050,000
180,000
180,000
24

cy
vlf
vlf
mo

$
$
$
$

6.15
62.44
31.22
200,000.00

$
$
$
$
$

61,807,500
11,239,200
5,619,600
4,800,000
83,466,300

Intake Tower - Footing
Excavation - Hydraulic Dredge
Foundation Piles
Concrete
Reinforcing Steel

19800
2500
7407
741

cy
vlf
cy
ton

$
$
$
$

11.47
25.67
399.98
3,733.80

$
$
$
$
$

227,106
64,175
2,962,815
2,765,778
6,019,874

1
2
3
4

Intake Tower - structure
Concrete
Reinforcing steel
Gates - 11x11 ft
Gate control mechanisms and hydraulics

18785
1879
48
1

cy
ton
EA
LS

$
$
$
$

399.98
3,733.80
202,979.20
2,000,000.00

$
$
$
$
$

7,513,624
7,013,943
9,743,002
2,000,000
26,270,569

1
2
3
4
5

Power Intake/ Outlet Tunnels
Tunnel boring
Tunnel Ventilation
Tunnel concrete lining
Tunnel concrete Grouting
Powerhouse connection

12000
12000
12000
240000
1

lf
lf
lf
cf
LS

$
$
$
$
$

2,820.00
202.47
633.88
60.91
2,000,000.00

$
$
$
$
$
$

33,839,942
2,429,640
7,606,566
14,618,400
2,000,000
60,494,548

$
$
$
$
$

179,848,291
89,924,146
17,984,829
17,984,829
287,757,266

C

D

E

Construction Subtotal
Contingency - 50%
Supervision and Adminstration - 10%
PED - 10%
Total

Preliminary Gate Sizing
Q=

CdA(2gz)^0.5
Cd =
0.62
g=
32.2
h = height =
11
132
w = width
11
132
20 Depth = d Area = A = h
z=
xw
d - h/2 Q

WSEL
El. Delta
2250
2230
20
2210
40
2190
60
2170
80
2150
100
2130
120
2110
140
2090
160
2070
180
2050
200
2030
220
2010
240
1990
260
1970
280

Area
121
121
121
121
121
121
121
121
121
121
121
121
121
121

z
14.5
34.5
54.5
74.5
94.5
114.5
134.5
154.5
174.5
194.5
214.5
234.5
254.5
274.5

Q
2292.472
3536.141
4444.452
5196.347
5852.426
6442.03
6982.021
7483.146
7952.757
8396.142
8817.26
9219.161
9604.26
9974.501

ALTERNATIVE 4 – PUMPED DISCHARGE OVER SPILLWAY

Item No.
A

Jan-09
Wolf Point, Montana
2009 Means Costworks online.

Item

Quantity

Mob/Demob
1 Mob/Demob - 2% of subtotal

B
1
2
3
4
5
6

Dual Walled Sheet Pile Filled Cofferedam
Sheet Pile inner and outer bulkheads
Bracing of Cofferdam - 50% of Pile cost
Cofferdam fill
Sheetpile Removal
Cofferdam Fill removal
Dewatering

1
2
3
4

Intake Tower - Footing
Excavation
Foundation Piles
Concrete
Reinforcing Steel

1
2
3
4

Unit

1 LS

Unit Cost

Total

Comments

$ 3,500,000.00

$

3,500,000 Other general items covered below

55,200
1
3,407
55,200
3,407
12

vlf
LS
cy
vlf
cy
mo

$
$
$
$
$
$

25.67
708,492.00
11.47
12.84
11.47
50,000.00

$
$
$
$
$
$
$

1,416,984
708,492
39,083
708,492
39,083
600,000
3,512,134

19800
24000
1852
185

cy
vlf
cy
ton

$
$
$
$

6.15
25.67
399.98
3,733.80

$
$
$
$
$

121,770
616,080
740,704
691,444
2,169,998

Intake Tower - structure
Concrete
Reinforcing steel
Gates - 11x11 ft
Gate control mechanisms and hydraulics

2222
222
12
1

cy
ton
EA
LS

$
399.98
$
3,733.80
$
202,979.20
$ 1,500,000.00

$
$
$
$
$

888,844
829,733
2,435,750
1,500,000
5,654,328

1
2
3
4
5

Pumps and Pumphouse
Concrete
Reinforcing steel
Pumps
Delivery pipes
Mechanical facilities

3200
320
24
3600
1

cy
ton
EA
lf
LS

$
399.98
$
3,733.80
$ 5,000,000.00
$
400.00
$ 40,000,000.00

$
$
$
$
$
$

1,279,936
1,194,816
120,000,000
1,440,000
40,000,000
163,914,752

1
2
3
4
5

Concrete Flume
Excavate and Haul
Bedding
Cast-in-place concrete
Reinforcing steel
Outlet dissipation structure

110,933
24,478
12,239
612
1

cy
cy
cy
ton
LS

$
$
$
$
$

6.15
25.00
399.98
3,733.80
500,000.00

$
$
$
$
$
$

682,240
611,950
4,895,358
2,284,900
500,000
8,974,448

2
1
2
2

mi
LS
EA
EA

$2,000,000
$ 5,000,000.00
$ 4,000,000.00
$ 2,000,000.00

$
$
$
$
$

4,000,000
5,000,000
8,000,000
4,000,000
21,000,000

C

D

E

F

G

Cost Pricing Effective Date
Cost Index City
Cost Source

Power Supply
High-voltage transmission lines
Generators
Substations
Connection to Substation

Construction subtotal
Contingency
Supervision and Adminstration
PED
Total First Cost

50%
10%
10%

Present Value OMRRR Costs
Total Present Value
High Range (+25%)
Low Range (-25%)
Notes
* Estimate does not include real estate costs
* Traffic control is assumed to be negligible, repair of damaged roadways incidental to individual subtasks

Assume construction during low pool
Intake tower perimeter
Bracing between bulkheads
Dredge material, dewater
Salvage
Include excavate, haul, and dispose
Pumping during construction

Intake tower to low pool
Prepare site for foundation
Piles for seismic loading
Pile-supported base slab
Pile-supported base slab

Similar to Alt 2, shorter
75' vertical tower
75' vertical tower
Four gates each on three sides
Gate control above max pool

Compare to Mubarak
Pumphouse for 24 pumps
Pumphouse for 24 pumps
Vertical, load-controlled adjustable speed pumps 650 cfs capacity ea
From pumps to flume
Additional mechanical facilities within pumphouse

Short haul distance/onsite regrading
Overex, foundation, and bedding
Trapezoidal concrete channel
Trapezoidal concrete channel
Energy dissipators or modifications required to existing spillway

230 kV line, 2 miles
Upgrades at existing hydroelectric plant
One at source, one at pump station, 100 MW capacity
One at source, one at pump station

$
$
$
$
$

178,751,212
89,375,606
17,875,121
17,875,121 Including feasibility and permitting
286,001,940

$
$

31,418,456
317,420,396

$
$

396,775,495
238,065,297

2246
2250
2237
2225
2205
2160
2030

62.4
65
78
58,556,160
75%
78,074,880
Flume
3200
60
1.5
0.001
3
0.015
10
2
12
103
12239
100
612
936
110933

ft el
ft el
ft el
ft el
ft el
ft el
ft el

Pool Elevations
Max Normal Operating Pool
Max Pool Elevation
Avg 1998 Pool Elevation
Spillway Crest Elevation
Lowest siphon pool
Minimum Operating Pool
Outlet

Pump Power
pcf
water density
ft
min pool to spillway crest head
ft
pump design head
hp (ft-lb/s) pump power output requirement
%
pump efficiency
hp (ft-lb/s) pump power input requirement

ft
ft
H:V
ft/ft
ft
na
ft
ft
in
sf
cy
pcy
tons
sf
cy

flume length
flume width
side slopes
slope
flume elevation drop
mannings roughness
water depth at max discharge
freeboard
concrete thickness
concrete xs area
concrete vol
reinforcing steel per cy
reinforcing steel
cross sectional void area
excavation volume

250000
16
15625
40
25
640
820

5308
79555
80
114559759
$0.02
$2,291,195
$1,145,598

75
100
100
24
5
1852
60
24000
200
185
2222
200
222

240
120
20
24
3200
200
320

cfs
ea
cfs
ft
ft
ft
ft

Existing Spillway
spillway capacity
gates
gate capacity
gate width
gate height
total gate width
total spillway width

Power Cost
NA P=H*Q/x coefficient
kw check 1 hp = .75 kw
mw MW
kw-hr
KW hours
$/kw-hr
Rate
$/kw-hr
max annual power cost (low pool)
$/yr average annual power cost
Intake Tower
ft height
ft width
ft length
in eq. concrete thickness
ft foundation height
cy foundation concrete volume
ft pile depth
sf pile area
pcy reinforcing steel per cy
tonsreinforcing steel
cy wall concrete
pcy reinforcing steel per cy
tonsreinforcing steel
Pumphouse
ft structure length
ft structure width
ft wall height
in eq. concrete thickness
cy wall and roof concrete
pcy reinforcing steel per cy
tonsreinforcing steel

60
1440
12000
90000
5400000

Discharge Requirements
days warm-water discharge period
hours warm-water discharge period
cfs
warm-water discharge capacity
gps warm-water discharge capacity
gpm warm-water discharge capacity

Transmission Lines
high-voltage lines
transmission line length
generators
substations

230
12000
2
2

kv
ft
ea
ea

10
10
440
480
920
20
40
60
55200
3407

ft
ft
ft
ft
ft
ft
ft
ft
sf
cy

Cofferdam
pile offset
pile gap
inner perimeter
outer perimeter
total perimeter
pile height
pile depth
total pile length
total sheet pile area
gap fill volume

ea
ea
ea
ea
cfs
in
ft
fps
ft/ft
ft
ft

Pump System
total pumps
standby pumps
rolling maintenance pumps
design operating pumps
pump capacity
pipe diameter
pipe length
pipe velocity
head loss
pipeline length
head loss

24
3
3
18
667
72
200
24
0.01
200
2

Rectangular Weir:
Q=CL^1.02H^1.47
Q
12000
L
60
C
3.1
H
16
V
12.5

cfs
ft
na
ft
fps

New Orleans District
Pump Station #6
Contacts:

Niki Glueck
Allen Lance
Kobe Payne

504 862-1848 USACE Engineering
504 862-1348 USACE HPO
504 862-1134 USACE Cost Estimating

Toshka, Nasser Reservoir
Mubarak Pumping Station
24 vertical, load-controlled adjustable speed centrifugal volute Hitachi pumps
12,000 cfs capacity
250 MW power requirement
50-150' head
$436 million pump station cost

Hitachi contract for 4 years, $4 million maintenance and operation

Arrowhead-Weston: 210-mile line $396 million
Original estimate $165 million

$1.8 million per mile
$0.8 million per mile

OUC: 13-mile line $8.6 million
230 kV capacity

$0.7 million per mile

Table 32.

Estimated Costs of Single-Circuit Alternating Current
Transmission Lines

Voltage
(kilovolts)

December 1989 Installed Cost
(thousand dollars per mile)

115.........................
138.........................
230.........................
345.........................
500.........................

125-375
125-375
150-375
350-700
400-800

Source: Electric Power Research Institute, Technical Assessment
Guide: Electric Supply, 1989, Vol. 1, Revision 6 (Golden, CO,
November 1989), p. B-4.

Table 33.

Estimated Costs for Substation Construction and Connection
to Wind Energy Project

Voltage
(kilovolts)

Construct New Substation

69............
115...........
138...........
161...........
230...........
345...........
500...........

$750,000
$1,080,000
$1,200,000
$1,410,000
$1,770,000
$2,820,000
$4,380,000

Connect With Substation

$250,000
$360,000
$400,000
$470,000
$590,000
$940,000
$1,460,000

Source: Data calculated by National Renewable Energy Laboratory,
based on Western Area Power Administration, 2 "Conceptual
Planning and Budget Cost Estimating Guide," Internal Review

Document (January 1, 1993).

Concrete Flume
3,200 ft
High Voltage Transmission Line
12,000 ft
Intake Structure and Pumping
Station

Ft Peck
Montana
Wolf Point MT
Data Release : Year 2009
Quantity

LineNumber

Unit Cost Estimate
Sourc
Description
SubContracted Ind.
e

Bedding Gravel

cy

$

25.00

72-inch pressure pipe

lf

$

400.00

317116203200

317119100210

Rock excavation, tunnel boring general,
bored tunnels, mixed rock and earth, 20'
diameter, includes mucking, average

317313100820

1

317413100500

1

352016260260

1

316216130200

1

032116100100

1

032110601160

1

032110502800

1

032110602000

1

032110602220

1

033105350561

1

033105351440

Ext. Total O&P Labor Type Data
Release

mile

1

1

Unit

Transmission Lines

Fans, fiberglass Ductwork, 46 inch
diameter for mine
Fans, fans, axial flow w/starter, for
ventiliation, 2.5" S.P., 28,000 CFM, 20
HP

317119100220

Labor
Hours

kw-hr

317116203100

1

Daily
Output

Power generation

1

1

Crew

Rock excavation, tunnel boring general,
bored tunnels, mixed rock and earth, 20'
diameter, includes mucking, maximum
Tunnel liner grouting, contact grouting,
20' diameter, includes drilling and
connecting, maximum
Cast-in-place tunnel linings, tunnel liner
invert, for bored tunnels, rock, 20'
diameter, includes reinforcing
Hydraulic sluice gates, hydraulic
structures, cast iron, heavy duty, self
contained w/crank oper. gate, 132" x
132", AWWA C501
Sheet steel piles, step tapered, round,
concrete filled, 120 ton capacity, 12" tip,
60' depth, excludes mobilization or
demobilization
Epoxy coating, for reinforcing steel, add
to fabricated & delivered price for
coating with epoxy
Reinforcing steel, in place, typical,
average, over 100 ton job, #8 to #18,
A615, grade 60, incl labor for
accessories, excl material for
accessories
Reinforcing steel, shop size extra, #18
bar, A615, grade 40, material only,
included in delivered price
Reinforcing steel, unload and sort, add
to base
Reinforcing steel, crane cost for
handling, maximum, add
total Reinforcing Steel
Structural concrete, ready mix, normal
weight, high early, 6000 PSI, includes
local aggregate, sand, Portland cement
and water, delivered, excludes all
additives and treatments
Structural concrete, ready mix, for nonChloride accelerator, per 1%, add

Zip Code Notes

$0.02
Rate of power assumes loss of sellable hydroelectric power from dam
Power availability from dam requires min 20,000 cfs discharge through turbines
(Possible new powerhouse as shown in Alt 4)

$2,000,000

Q10

32

0.75 L.F.

$

202.47 STD

Year 2009 592

Q20

0.4

50 Ea.

$

17,355.25 STD

Year 2009 592

L.F.

$

1,855.26 STD

Year 2009 592

L.F.

$

2,576.75 STD

Year 2009 592

C.F.

$

60.91 STD

Year 2009 592

L.F.

$

515.35 STD

Year 2009 592

E20

0.1

640 Ea.

$

202,979.20 STD

Year 2009 592

B19

630

0.102 V.L.F.

$

25.67 STD

Year 2009 592

Ton

$

1,073.50 STD

Year 2009 592

10 Ton

$

2,436.38 STD

Year 2009 592

Ton

$

84.75 STD

Year 2009 592

4 Rodm

3.2

C5

100

0.56 Ton

$

36.12 STD

Year 2009 592

C5

35

1.6 Ton

$
$

103.05 STD
3,733.80

Year 2009 592

C.Y.

$

184.88 STD

Year 2009 592

C.Y.

$

6.69 STD

Year 2009 592

$

8.42 STD

Year 2009 592

031113130050

Structural concrete, ready mix, for
synthetic fiber reinforcing (1 Lb/CY), add
C.I.P. concrete forms, slipforms, silos,
maximum

C17E

1095

0.073 SFCA

$
$
$

8.04 STD
199.99
399.98

Year 2009 592

316216131300

Sheet steel piles, "H" Sections, 50' long,
HP14 X 102, excludes mobilization or
demobilization

B19A

510

0.125 V.L.F.

$

62.44 STD

Year 2009 592

352023231100

Hydraulic dredging, 1000', hydraulic
method, pumped to shore dump,
maximum

B57

310

0.155 B.C.Y.

$

11.47 STD

Year 2009 592

B34A

144

0.056 L.C.Y.

$

5.13 STD

Year 2009 592

B14B

4000

0.003 L.C.Y.

$
$

1.02 STD
6.15

Year 2009 592

1

033105351460

1

1

1

1

312323200054

1

312316435720

Cycle hauling(wait, load,travel, unload or
dump & return) time per cycle,
excavated or borrow, loose cubic yards,
10 min wait/load/unload, 8 CY truck,
cycle 8 miles, 30 MPH, no loading
equipment
Excavating, large volume projects,
200,000 plus B.C.Y., 6 C. Y. bucket,
excavator, 80 % fill factor, with truck
loading
Total

C.Y.

OMRR for Inlet Tower
Percentage Rate
4.875
Net Present Value
$ 31,418,456
Annualized Amortized Cost$ 1,687,871
Year

Yearly Maintenance
Periodic
Cost
Cost Power Cost Total Cost
1 $ 286,221
$1,145,598 $
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

OMMR
OMMR

286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632 $ 15,666,597
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
286220.632
Net Present Value
Annualized Amortized Cost

$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598
$1,145,598

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
17,098,415
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
1,431,818
$31,418,456.28
($1,687,871.17)

Annual Tower Maintenance Cost
A
1
2
3
4
5
6
7
8

B
1
2
3
4
5
6
7
8
9
10

C

Annual Inspection - 20 hrs of Underwater, 10 hrs electircal/gate system, and 20 hrs dry
inspection and misc minor repair
Diver (1 at 80 hr)
20 hrs
$
64.34
Diver Depth Pay
2 day
450
Diver Tender (1 at 80 hr)
20 hrs
$
35.07
Stand-by Diver (1 at 80 hr)
20 hrs
$
64.34
Dive Supervisor (1 at 80 hr)
20 hrs
$
64.34
Electrician (2 at 40hr)
20 hrs
$
37.36
Laboroer (2 at 80 hr)
80 hrs
$
24.75
Foreman
30 hrs
$
26.25
Subtotal
Contingency - 25%
Annual Inspection Total

Annual inspection of pumps
Annual maintenance of pumps

$
$
$
$
$

25-year Life cycle cost - assume replacement of 3 pumps
Pump replacement
3 EA

$ 5,000,000.00

McCone County
Davis Bacon Rates - Heavy Construction - MT20080001 as of 01-26-09

Diver Cost
Depth Pay to 200 ft
Diver Tender
Electrician
Labororer (group 4)
Foreman

$
$
$
$
$
$
$
$
$

25-year Life cycle cost - Assumes complete replacement of 2 Gates and servicing of remainder
2 weeks 2 divers in water Divers - 1 wks Electricians - 2 Wks Laboroer
Diver (2 at 200 hr)
100 hrs
$
64.34 $
Diver Depth Pay (2 divers at 25 days)
10 day
450
Diver Tender (2 at 200 hr)
100 hrs
$
35.07 $
Stand-by Diver (1 at 200 hr)
50 hrs
$
64.34 $
Dive Supervisor (1 at 200 hr)
50 hrs
$
64.34 $
Electrician (2 at 80hr)
40 hrs
$
37.36 $
Laboroer (2 at 200 hr)
100 hrs
$
24.75 $
Foreman
100 hrs
$
24.75 $
Gates - 11x11 ft
2 EA
$ 202,979.20 $
Misc Material for Service/Repair
1 LS
$ 100,000.00 $
Subtotal
$
Contingency - 25%
$
25-Yr life cycle cost Total
$

Subtotal
Contingency - 25%
Annual O&M Total
D

$

Rate
56.54
450
27.27
26.83
18.85
20.35

Fringe

unit
7.8 hr
day
7.8 hr
10.530275 hr
5.9 hr
5.9 hr

64.34
450
35.07
37.360275
24.75
26.25

1,287
900
701
1,287
1,287
747
1,980
788
8,977
2,244
11,221

6,434
4500
3,507
3,217
3,217
1,494
2,475
2,475
405,958
100,000
533,278
133,319
666,597
20,000
200,000
220,000
55,000
275,000

$ 15,000,000

ALTERNATIVE 7 – SUBMERGED WEIR

Date
Complete

Time to
Install

Curtain
Depth
(feet)

Curain
Length
(ft)

Lewiston Reservoir Curtain

Aug 1992

3 months

35

830

29050

$650,000

$22.38

$31.07

Fish Hatchery Curtain

Sep 1992

1 week

45

300

13500

$150,000

$11.11

$15.43

Jun 1993

1 month

40

600

24000

$500,000

$20.83

$28.08

Jul 1993

4 months

100

2400

240000

$1,800,000

$7.50

$10.11

Curtain Application - All in the State of California

Curtain
Construction
Area (sq.
Cost/Sq. Ft.1
Cost1
Ft.)

FY09
Cost2

Lewiston Reservoir Temperature Control Curtains

Whiskeytown Reservoir Temperature Control Curtains
Carr Powerplant Tailrace Curtain
Spring Creek Intake Curtain

1 - Cost at date of completion (USBR 1997)
2 - Adjusted to FY09 and Montana Costs using EM 1110-2-1304, Civil Works Construction Cost Index System (Appendix Revised March 31, 2008)

Construction Cost

Date
Complete

Time to
Install

Curtain
Depth
(feet)

Curtain
Length
(ft)

Curtain
Area (sq.
Ft.)
Cost/Sq. Ft.2

Fort Peck Low Unit Cost

20091

4-5 months

205

1520

311600

$10.11

$3,150,162

Fort Peck High Unit Cost

20091

4-5 months

205

1520

311600

$31.07

$9,682,095

Estimated
First Cost

1 - Cost Estimate Assumes FY09 Cost Basis
2 - Based on USBR Construction Cost Data from Table
Low Construction subtotal
Contingency
50%
Supervision and Adminstration
10%
PED
10%
TOTAL FIRST COST
O&M Present Value
Total Present Value

$
$
$
$
$
$
$

3,150,162
1,575,081
315,016
315,016
5,355,276
2,827,509
8,182,785

High Construction subtotal
Contingency
50%
Supervision and Adminstration
10%
PED
10%
TOTAL FIRST COST

$ 9,682,095
$ 4,841,047
$
968,209
$
968,209
$ 16,459,561

CWBS - Feature Code
04 Dams

Cost Indexes1
FY92
FY93
410.31

422.71

FY09
700.37

1 - From EM 1110-2-1304, Civil Works Construction Cost Index System (Appendix Revised March 31, 2008)

Convert FY92 to FY09 = (700.37 / 410.31) * FY92 Cost =

1.707

* FY92

Convert FY93 to FY09 = (700.37 / 422.71) * FY92 Cost =

1.657

* FY93

State

State
Adjustment
Factors1

California

1.18

Montana

0.96

1 - From EM 1110-2-1304, Civil Works Construction Cost Index System (Appendix Revised March 31, 2008)

Adjust California Cost to Montana Cost = (0.96 / 1.18) * California Cost =

0.814

* California Cost

OMRR for Submerged Weir
Percentage Rate
4.875%
Net Present Value
$ 8,690,411
Annualized Amortized Cost$
466,869
Year
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
OMMR
OMMR

Annual Inspection
Annual
Cost
Maintenance
Periodic
Cost
ReplacementTotal
CostCost
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
4,114,890 $ 4,149,890
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
16,459,561 $ 16,494,561
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
4,114,890 $ 4,149,890
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
$
10,000 $
25,000 $
$
35,000
Net Present Value
Annualized Amortized Cost

$8,690,411
($466,869)

Notes

Replacement of Major Components (25% of first cost)

Complete Replacement (100% of first cost)

Replacement of Major Components (25% of first cost)

53% of first cost

$ 2,827,509 for low range

Alt.
1
2
3
4
7
10

Description
Operational Changes
Modify Existing Intake
New Intake and Tunnel
Pumped Discharge Over Spillway
Submerged Weir
Power Plant

Estimated Construction and O&M Cost
N/A
$155,000,000 - $482,000,000
$217,000,000 - $361,000,000
$238,000,000 - $397,000,000
$8,000,000 - $25,000,000
N/A

