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Executive Summary
The purpose of this Project is to evaluate improvement alternatives for Moulton Dam #1
to: a) rehabilitate and/or replace the existing spillway to address existing structural
deficiencies and erosion, b) protect the existing liner on the upstream face of the dam
embankment to prevent further damage to the liner and/or embankment as well as
increased seepage, and c) mitigate seepage at the toe of the dam embankment. Due to
the condition of the existing spillway, rehabilitation options are not viable and
replacement options will be evaluated. Rehabilitation options to armor the existing liner
on the upstream face of the dam embankment are viable and were evaluated.
A limited number of spillway replacement alternatives were considered for this
evaluation. These alternatives are summarized in the table below. Additional descriptions
and details of the spillway designs can be found in Section 3.
Spillway
Alternative

Description

Cost

Alternative 1:
No-Action

No action to the existing spillway and its appurtenances.

Alternative 2:
Buried HDPE
Pipe

Remove the existing concrete spillway. Construct a weir with an ogee
crest. Replace the existing concrete spillway with a rectangular concrete
channel that transitions to the inlet of the HDPE pipe. The HDPE pipe
will convey flow past the toe of the dam and outfall to a riprap plunge
pool before entering a rock lined channel that outfalls to the natural
stream downstream.

$1,072,500

Alternative 3:
Concrete
Spillway

Remove the existing concrete spillway. Replace the existing concrete
spillway with a concrete spillway basin leading to an ogee crest weir. The
ogee crest will outfall to a rectangular concrete chute with a Bureau of
Reclamation Type 3 stilling basin. The stilling basin will outfall to a rock
lined channel that will discharge to the natural stream downstream.

$1,522,500

Alternative 4:
Baffled Concrete
Spillway

Remove the existing concrete spillway. Replace the existing concrete
spillway with a concrete spillway basin leading to an ogee crest weir. The
ogee crest will outfall to a Bureau of Reclamation Type IX baffled chute.
The baffled chute will outfall to a rock lined channel that discharges to
the natural stream downstream.

$1,470,000

$0

Observing the cost estimates for each alternative, it is clear that Alternative 2 provides
the most cost-effective solution that meets the needs of the Project. The HDPE pipe
used for Alternative 2 will also have a greater longevity and lower maintenance than the
concrete conveyance options. HDPE pipe will eliminate seepage and is not susceptible
to freeze/thaw damage. For these reasons, Alternative 2 is presented as the most
apparent beneficial alternative.
Preliminary design alternatives were considered as options to armor the existing liner on
the upstream face of the dam embankment. For all alternatives, it was assumed that the
existing liner would remain in-place. The alternatives are listed below with further
discussion and design details found in Section 4.
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Alternative

Description

Cost

Alternative 1:
No-Action

No-action alternative.

Alternative 2:
Riprap

Place riprap protection over the existing liner on the upstream face of the
dam.

$1,200,610

Alternative 3a:
Articulating
Concrete Block
Revetment

Place articulating concrete block (ACB) mattresses comprised of precast
blocks over the existing liner on the upstream face of the dam.

$1,203,520

Alternative 3b:
Fabric-Formed
Concrete Block
Revetment

Place concrete block mattress which is filled in-place with pumpable
concrete over the existing liner on the upstream face of the dam.

$1,027,550

Alternative 4:
Shotcrete

Place shotcrete over the existing liner on the upstream face of the dam.

$1,071,540

Alternative 5:
Concrete Cloth

Place concrete cloth over the existing liner on the upstream face of the
dam.

$983,560

$0

While financially similar, the constructability of each armoring alternative provides varying
degrees of complexity. In addition, the impact of the alternatives on the existing liner also
provides an increased risk for some of the reviewed alternatives. After considering these
items, Alternative 3b (Fabric-Formed Concrete Block Revetment) is recommended for
further design.
To collect seepage at the embankment toe, the design team proposes installing a new
toe drain system or modifying the existing drain extruding from the collapsed tunnel. The
toe drain system would be designed to filter and collect seepage expressing from both
embankment and foundation soils as well as the collapsed tunnel. Additional details of
the toe drain design can be found in Section 5.
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1

Introduction

1.1

Purpose and Introduction
The purpose of this Feasibility Study is to evaluate alternatives to rehabilitate/reconstruct
the spillway, protect the existing liner on the upstream face of the embankment, and
construct a new toe drain at Moulton Dam #1. The following sections give a brief history
of the Project site, a presentation of each alternative (including conceptual design and
cost estimates), and a presentation of the apparent most beneficial alternative for the
spillway, embankment liner protection, and toe drain.

1.2

Project Location
The Project is located Butte-Silver Bow County approximately 5 miles north of Butte,
Montana on Yankee Doodle Creek. An area map is provided in Figure 1-1.
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Figure 1-1 Project Location Map

2

Project History

2.1

Site History
The Moulton Reservoir Dam was constructed in 1907 on the Yankee Doodle Creek. The
dam was built for the purpose of potable water supply and is owned and operated by
Butte-Silver Bow (BSB). It is a 60 ft high earthen dam with a concrete core wall. The
crest of the dam embankment was constructed to an elevation of approximately 6,771.00
September 28, 2021 | 4
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ft, with a normal full pool of approximately 6,762 ft. The upstream dam embankment was
constructed at a 2:1 slope with rock cover, while the downstream dam embankment was
constructed at a 2:1 slope, transitioning to a 3:1.
The dam was constructed with a 24-inch cast iron principal outlet pipe, and
approximately a 20 ft x 10 ft rectangular concrete spillway, which transitions to an
earthen channel. A wet-well tower/gatehouse was constructed on the upstream face of
the dam for controlling releases through the outlet pipe. The 24-inch cast iron outlet pipe
was slip lined with a 16-inch high density polyethylene (HDPE) pipe in 1995. The slip
lining was continuous from the upstream to the downstream without a break for the wet
tower. The original wet well tower used for operating the outlet works was removed
around the time of slip lining of the outlet pipe, with the outlet pipe now controlled by a
valve located at the downstream toe of the dam.
Additionally, the dam has had seepage issues on the downstream face of the dam near
the left groin. This is near the existing spillway and seepage becomes worse when the
spillway conveys flow. In 1995, a geomembrane liner was installed across the upstream
face of the dam embankment to help reduce seepage and protect the dam embankment.
This geomembrane liner was also covered by a geofabric. Details on the geomembrane
liner installation are not available, but based on visual observations, rock cover was
originally placed on the liner. Tires have also been set to help hold the liner in place
along the face of the dam. Since original installation of the geomembrane liner, the liner
has become exposed and is degrading, showing signs of damage with holes due to wave
action, ice, and exposure. Findings from recent inspections and recommended
rehabilitations for Moulton Dam #1 are discussed below.

2.2

Recent Inspections for Moulton Dam #1
In 2019, Moulton Dam #1 was categorized as a high hazard dam. The categorization as
a high hazard dam requires renewing the Montana Department of Natural Resources
and Conservation (DNRC) Operation Permit for High-Hazard Dams. In 2020, a five-year
periodic inspection was completed to support this effort. A summary of the results of the
2020 Five-Year Periodic Inspection Report as well as a site visit completed by HDR on
May 6, 2021 are summarized below.

May 6, 2021 Site Visit
HDR staff conducted a walk-through inspection of the dam in May 2021. During the site
visit, the team identified additional deficiencies which were not documented in the 2020
Five-Year Periodic Inspection Report:
•

The existing liner on the face of the dam has holes and tears. In addition, it
appears to not be completely bonded across its extent.

•

The liner is completely exposed to natural elements, which will result in further
damage to the liner and continued degradation caused by sunlight.

2020 Five-Year Periodic Inspection Report
Pioneer Technical Services, Inc. conducted an inspection in November 2019 and a
second inspection in May 2020. The second inspection was required to complete the
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field work due to inclement weather. During the inspections, the project team identified
the following deficiencies which are documented in the periodic inspection report:

2.2.2

•

The portion of the spillway that is concrete has significant structural issues
including concrete deterioration, degradation, truss failure, erosion, and evident
wall movement/buckling/cracking.

•

The portion of the spillway that is earthen has considerable head cutting, erosion,
seepage, piping of fine grain soils, woody debris, and trees.

Geotechnical Investigations
A geotechnical Investigation is being prepared by Pioneer Technical Services, Inc. for
the embankment, with a draft evaluation prepared in February of 2021.

2.2.3

Survey Information
Bathymetric Survey
A bathymetric survey was completed for the Moulton Reservoir in June of 2020
(Reference 13) to quantify available storage in the reservoir.

Topographical Survey
Pioneer Technical Services, Inc. has completed an updated topographical survey for the
dam embankment and spillway and is currently processing the data with the intent of
providing sufficient topography, feature locations, and elevations to form the basis for
design.

2.3

Project Goals
The purpose of this Project is to evaluate improvement alternatives for Moulton Dam #1
to: a) rehabilitate and/or replace the existing spillway to address existing structural
deficiencies and erosion, b) protect the existing liner on the upstream face of the dam
embankment to prevent further damage to the liner and/or embankment as well as
increased seepage, and c) mitigate seepage at the toe of the dam embankment. Due to
the condition of the existing spillway, rehabilitation options are not viable and
replacement options will be evaluated. Rehabilitation options to armor and protect the
existing liner on the upstream face of the dam embankment are viable and were
evaluated.
Butte-Silver Bow County is evaluating improvement alternatives with the ultimate goals
of: 1) selecting feasible alternatives to be carried forward in the evaluation, 2) developing
the preferred alternatives to a 60% level of design, and 3) identifying a final alternative
that will proceed towards construction. The sections below provide additional details on
the alternative evaluations.
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3

Spillway Evaluation
This Project is intended to replace the existing structure with an affordable new structure
that will safely pass flood flows.

3.1

Hydrologic Analysis – Determine Inflow Design Flood
(IDF)
Pioneer Technical Services, Inc. completed the report “Moulton Reservoir Dam No. 1
Hydraulic Analysis” on September 10, 2021. The report includes the determination of the
IDF as well as the IDF peak flow routed through the reservoir. The IDF and routed IDF
are 180 cfs and 114 cfs, respectively. These values are used for the analysis in this
report and the routed IDF flow is used for the design of the proposed spillway
alternatives.

3.2

Discussion of Alternatives
Preliminary design alternatives were considered as options to replace the existing
spillway. Alternatives that were determined to have fatal flaws were removed from further
consideration as described in Table 3-1.

Table 3-1. Identification of Fatal Flaws
Alternative

Description

Above ground steel pipe

Excavation on the face of the dam is required to construct structural
supports.

Lined riprap channel

A liner was used on the existing spillway in the past and has failed. If the
liner is punctured or fails, the seepage issues related to the spillway may
return.

Concrete channel extending
beyond the toe of the dam,
then riprap channel to a plunge
pool.

This is similar in concept and cost to that of a concrete spillway. There is
not an apparent benefit to using this option when compared to a concrete
spillway.

Concrete stepped spillway

The design requires more earthwork than a standard spillway. Concrete
stepped spillways can also be suspect to cavitation issues.

Labyrinth weir outlet structure

A labyrinth weir is not required to pass the routed IDF. A labyrinth weir is
more difficult to construct and more costly than a weir with an ogee crest.

A limited number of replacement alternatives were considered for this evaluation. These
alternatives are summarized in Table 3-2 and the results of the evaluation of each
alternative are discussed in the following sub sections.

Table 3-2. Spillway Analysis Alternatives
Alternative
Alternative 1: No-Action

Description
No action to the existing spillway and its appurtenances.
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Table 3-2. Spillway Analysis Alternatives
Alternative

3.3

Description

Alternative 2: Buried HDPE
Pipe

Remove the existing concrete spillway. Construct a weir with an ogee
crest. Replace the existing concrete spillway with a rectangular concrete
channel that transitions to the inlet of the HDPE pipe. The HDPE pipe will
convey flow past the toe of the dam and outfall to a riprap plunge pool
before entering a rock lined channel that outfalls to the natural stream
downstream.

Alternative 3: Concrete
Spillway

Remove the existing concrete spillway. Replace the existing concrete
spillway with a concrete spillway basin leading to an ogee crest weir. The
ogee crest will outfall to a rectangular concrete chute with a Bureau of
Reclamation Type 3 stilling basin. The stilling basin will outfall to a rock
lined channel that will discharge to the natural stream downstream.

Alternative 4: Baffled Concrete
Spillway

Remove the existing concrete spillway. Replace the existing concrete
spillway with a concrete spillway basin leading to an ogee crest weir. The
ogee crest will outfall to a Bureau of Reclamation Type IX baffled chute.
The baffled chute will outfall to a rock lined channel that discharges to the
natural stream downstream.

Alternative 1: No-Action
Discussion
As described previously, the existing spillway is in poor condition. While the ‘no-action’
alternative has the lowest short-term cost, this option carries the highest risk due to the
sever conditions of the existing structure. These known issues will persist and worsen,
likely requiring possible emergency action in the future. This option also has the highest
risk of catastrophic failure, which would ultimately result in the highest long-term cost.
Photographs of the existing concrete and earthen spillway are shown in Figure 3-1
through Figure 3-4.
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Figure 3-1. Existing Spillway Wall

Figure 3-2. Existing Spillway Support Beams

Figure 3-3. Spillway Erosion

Figure 3-4. Spillway Debris

Pros and Cons
A summary of the pros and cons of Alternative 1 is provided in Table 3-3.
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Table 3-3. Alternative 1 Pros and Cons
Pros
Short term cost

1

Cons1
Long term cost. Higher risk of failure and higher
risk to downstream landowners. Potential need for
emergency repairs.

The cons assume that the existing structure will fail at some point in the future

Operation and Maintenance
The spillway is an uncontrolled, gravity flow spillway that does not require operator action
to perform. The existing concrete spillway will continue to deteriorate, and the earthen
portion of the spillway will continue to erode. Maintenance will be required in the future
and there is a potential for emergency repairs. Because the dam is now categorized as a
High Hazard Dam, annual and periodic (5-year) inspections will be completed in
accordance with the Montana Department of Natural Resources and Conservation
(DNRC) Operation Permit for High Hazard Dams.

Conceptual Cost Estimate
No conceptual cost estimate was developed for this alternative.

3.4

Alternative 2: Buried HDPE Pipe
Discussion
The HDPE pipe option will include an ogee crest weir as the crest control for the
reservoir. The ogee crest will allow discharges to be calculated based on the depth of
flow that is overtopping the weir. The rectangular concrete channel will convey flow from
the weir to the inlet of the HDPE pipe. Options of reducing the length of the concrete
channel or replacing a portion of the concrete channel with a large diameter pipe will be
evaluated. At the entrance of the pipe, the concrete channel will be manually contoured
to the inlet of the pipe to provide a smooth transition to the pipe. The depth of the
channel at the inlet of the pipe will be designed such that the pipe will convey flows under
orifice flow conditions. The HDPE pipe will be a 48” diameter smooth wall pipe made of
materials with a high resistance to abrasion (4710 resin). There is potential to use a
smaller diameter pipe for a portion of the length along the slope of the dam, once the
flow has accelerated and the flow depth decreases. This could be a cost savings that can
be explored further in the evaluation. At this time, Alternative 2 assumes a 48” diameter
HDPE pipe for the entire 400 ft length. The HDPE pipe discharges into a standard NRCS
riprap lined plunge pool, as shown in Figure 3-5. Preliminary calculations have been
completed for the riprap lined basin to inform dimensions and material quantities for the
basin. The riprap lined basin will outfall to a rock lined channel that will allow a transition
to flow characteristics similar to the existing conditions. Further evaluation of the
proposed flow characteristics may demonstrate that a rock lined channel is not required.
At this time, it is assumed that a rock lined channel will be necessary.
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Figure 3-5. NRCS Riprap Lined Plunge Pool

Table 3-4. Alternative 2 Design and Construction Considerations
Project Component

Discussion

Remove existing concrete
spillway

The existing concrete structure is deteriorating and poses a risk to the integrity
of the dam. The structure will be removed.

Weir with an ogee crest

The ogee crest is an uncontrolled spillway that will allow reservoir discharges to
be determined. A minimum crest length of 5 ft is required to pass the design
flow.

Rectangular concrete
channel

Replacing the existing concrete spillway with a new rectangular concrete
channel will provide a reliable structure to convey flow to the inlet of the HDPE
pipe. This will also reduce seepage from the existing spillway. The preliminary
size of the required channel is 10 ft by 5 ft.

HDPE Pipe

Approximately 400 ft of HDPE pipe is required to convey flows past the toe of
the dam. A diameter of 48” is required at the inlet of the pipe. Because flows will
accelerate and decrease in depth down the pipe, there may be potential to
reduce the diameter of the pipe. The pipe will be buried above the existing
ground using earthen fill.
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Table 3-4. Alternative 2 Design and Construction Considerations
Project Component

Discussion

Riprap lined plunge pool

The riprap lined plunge pool will be designed according to the NRCS Design
Note 6. Preliminary calculations result in a basin approximately 100 ft in length
by 90 ft in width. The estimated size of riprap is rounded rock with a D50 of 12
inches.

Rock lined channel

Alternative 2 includes a rock lined channel approximately 200 ft in length. The
rock lined channel is a trapezoidal channel with a bottom width of 5 ft and 3:1
(H:V) side slopes. The channel depth is anticipated to be 3 ft. The estimated
size of the lining is rounded rock with a D50 of 6 inches.

Pros and Cons
A summary of the pros and cons of Alternative 2 is provided in Table 3-5.

Table 3-5. Alternative 2 Pros and Cons
Pros

Cons

HDPE is cheaper than a concrete spillway in both
materials and construction costs.

The hydraulics at the inlet of the HDPE pipe must
be evaluated in detail to provide confidence in the
performance of the spillway.

HDPE requires less maintenance than a concrete
spillway.

Debris is more detrimental to a conveyance pipe in
comparison to a concrete channel.

HDPE is completely watertight and there is no risk
of seepage in the future.

While the pipe will be sized adequately for the
design flow, the pipe will have a lower maximum
capacity than a concrete spillway.

HDPE is not susceptible to freeze/thaw damage.

A safety barrier (likely a fence) would be required
so the inlet is not accessible to the public.

The riprap plunge pool is an effective method of
energy dissipation. The riprap lined plunge pool is
easy to maintain, and the county could add
additional rock or larger rock if a problem were to
arise.

Operation and Maintenance
The spillway is an uncontrolled, gravity flow spillway that does not require operation.
Maintenance may be required to remove debris from a trash rack located prior to the inlet
of the pipe. Maintenance could also be necessary if riprap in the plunge pool is
displaced. Because the dam is now categorized as a High Hazard Dam, annual
inspections, and periodic inspections (5-year) will be completed in accordance with the
Montana Department of Natural Resources and Conservation (DNRC) Operation Permit
for High Hazard Dams. Any deficiencies discovered during the inspections may require
action.

Conceptual Cost Estimate
The construction cost estimate for Alternative 2 is presented in Table 3-6. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
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contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 3-6. Alternative 2 Cost Estimate

3.5

Description of Work

Cost

Site Preparation / Remove Existing
Concrete Spillway

$100,000

Concrete spillway basin and ogee
weir

$160,000

HDPE pipe

$275,000

Riprap plunge pool

$140,000

Rock lined channel

$40,000

Subtotal

$715,000

Mobilization (10%)

$71,500

Contingency (30%)

$214,500

Construction Administration (10%)

$71,500

Total

$1,072,500

Alternative 3: Concrete Spillway
Discussion
The existing concrete spillway will be removed and replaced with a concrete spillway
basin leading to the weir located at the top of the downstream slope. To reduce cost,
other options could be considered in place of the concrete spillway basin. However,
these alternatives will need to be impermeable so that the spillway is not a source of
seepage through the dam embankment. The concrete spillway option will include an
ogee crest weir located at the end of the spillway basin which will function as the crest
control to the reservoir. The ogee crest will allow discharges to be calculated based on
the depth of flow that is overtopping the weir. The ogee weir will transition to a
rectangular concrete chute (5’ x 5’) that will convey flow past the toe of the dam. The
concrete chute will discharge to a Bureau of Reclamation Type III stilling basin, as shown
in Figure 3-6. Preliminary calculations have been completed for the concrete stilling
basin to inform dimensions and material quantities for the basin.
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Figure 3-6. Type III Stilling Basin

Table 3-7. Alternative 3 Design and Construction Considerations
Project Component

Discussion

Remove existing concrete
spillway

The existing concrete structure is deteriorating and poses a risk to the integrity
of the dam. The structure will be removed.

Spillway basin

Replacing the existing concrete spillway with a concrete spillway basin will
provide a reliable structure that will eliminate seepage from the existing concrete
spillway. The preliminary size of the required basin is 10 ft by 5 ft.

Weir with an ogee crest

The ogee crest is an uncontrolled spillway that will allow reservoir discharges to
be determined. A minimum crest length of 5 ft is required to pass the design
flow without increasing the dam height.

Rectangular concrete
chute

The concrete chute needs to be approximately 400 ft in length to convey flows
past the toe of the dam. The preliminary dimensions of the concrete chute are 5
ft by 5 ft.

Bureau of Reclamation
Type III stilling basin

The stilling basin will provide energy dissipation at the end of the concrete
chute. The preliminary size of the stilling basin is 5 ft (width) x 10 ft (height) x 16
ft (length).

Rock lined channel

Alternative 3 includes a rock lined channel approximately 275 ft in length. The
rock lined channel is a trapezoidal channel with a bottom width of 5 ft and 3:1
(H:V) side slopes. The channel depth is anticipated to be 3 ft. The estimated
size of the lining is rounded rock with a D50 of 6 inches.

Pros and Cons
A summary of the pros and cons of Alternative 3 is provided in Table 3-8.
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Table 3-8. Alternative 3 Pros and Cons
Pros

Cons

A concrete chute can pass debris more easily than
an HDPE pipe.

A concrete conveyance chute is more costly than
HDPE pipe.

A concrete chute has a much larger peak capacity
when compared to an HDPE pipe. This provides a
higher factor of safety for the peak flows that the
spillway could convey.

Concrete can be susceptible to cracking and
deterioration over time, which may introduce
seepage.
Repairs (if necessary) to the concrete stilling basin
would require a contractor and would be more
costly than minor repairs to a riprap plunge pool.
Safety of an open channel experiencing velocities
approximating 40 fps.

Operation and Maintenance
The spillway is an uncontrolled, gravity flow spillway that does not require operator action
to perform. Maintenance may be required to remove debris from a barrier located in the
spillway basin. Because the dam is now categorized as a High Hazard Dam, annual and
periodic (5-year) inspections will be completed in accordance with the Montana
Department of Natural Resources and Conservation (DNRC) Operation Permit for High
Hazard Dams. Any deficiencies discovered during the inspections may require action.

Conceptual Cost Estimate
The construction cost estimate for Alternative 3 is presented in Table 3-9. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 3-9. Alternative 3 Cost Estimate
Description of Work

Cost

Site Preparation / Remove Existing
Concrete Spillway

$100,000

Spillway basin and ogee weir

$170,000

Rectangular concrete chute

$510,000

Bureau of Reclamation Type 3
stilling basin

$180,000

Rock lined channel

$55,000

Subtotal

$1,015,000

Mobilization (10%)

$101,500

Contingency (30%)

$304,500

Construction Administration (10%)

$101,500

Total

$1,522,500
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3.6

Alternative 4: Baffled Concrete Spillway
Discussion
The existing concrete spillway will be removed and replaced with a concrete spillway
basin leading to the weir. To reduce cost, other options could be considered in place of
the concrete spillway basin. However, as previously mentioned, these alternatives will
need to be impermeable so that the spillway is not a source of seepage through the dam
embankment. The concrete spillway option will include an ogee crest weir located at the
end of the spillway basin which will function as the crest control to the reservoir. The
ogee crest will allow discharges to be calculated based on the depth of flow that is
overtopping the weir. The ogee weir will outfall to a Bureau of Reclamation Type IX
baffled concrete chute (8’ width x 5’ height) that will convey flow past the toe of the dam.
The baffled chute functions as an energy dissipator and a stilling basin is not necessary.
The baffled chute outfalls directly to a rock lined channel, as shown in Figure 3-7.

Figure 3-7. Type IX Baffled Chute
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Table 3-10. Alternative 4 Design and Construction Considerations
Project Component

Discussion

Remove existing concrete
spillway

The existing concrete structure is deteriorating and poses a risk to the integrity
of the dam. The structure will be removed.

Spillway basin

Replacing the existing concrete spillway with a concrete spillway basin will
provide a reliable structure that will eliminate seepage from the existing concrete
spillway. The preliminary size of the required basin is 10 ft by 5 ft.

Weir with an ogee crest

The ogee crest is an uncontrolled spillway that will allow reservoir discharges to
be determined. A minimum crest length of 5 ft is required to pass the design
flow.

Bureau of Reclamation
Type IX baffled chute

The baffled chute needs to be approximately 400 ft in length to convey flows
past the toe of the dam. The preliminary dimensions of the concrete chute are 8
ft by 5 ft. The chute requires 36 rows of baffle blocks with two blocks per row.

Rock lined channel

Alternative 4 includes a rock lined channel approximately 300 ft in length. The
rock lined channel is a trapezoidal channel with a bottom width of 5 ft and 3:1
(H:V) side slopes. The channel depth is anticipated to be 3 ft. The estimated
size of the lining is rounded rock with a D50 of 6 inches.

Pros/Cons
A summary of the pros and cons for Alternative 4 is provided in Table 3-11.

Table 3-11. Alternative 4 Pros and Cons
Pros

Cons

A concrete chute can pass debris more easily than
an HDPE pipe.

A baffled concrete conveyance chute is more
costly than HDPE pipe.

A concrete chute has a much larger peak capacity
when compared to an HDPE pipe. This provides a
higher factor of safety for the peak flows that the
spillway could convey.

Concrete can be susceptible to cracking and
deterioration over time, which may introduce
seepage.

A stilling basin is not required for energy
dissipation.

A concrete baffled chute could catch debris when
compared to an open concrete chute.

Operation and Maintenance
The spillway is an uncontrolled, gravity flow spillway that does not require operation.
Maintenance may be required to remove debris from a barrier located in the spillway
basin. Because the dam is now categorized as a High Hazard Dam, annual and periodic
(5-year) inspections will be completed in accordance with the Montana Department of
Natural Resources and Conservation (DNRC) Operation Permit for High Hazard Dams.
Any deficiencies discovered during the inspections may require action.

Conceptual Cost Estimate
The construction cost estimate for Alternative 4 is presented in Table 3-12. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.
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Table 3-12. Alternative 4 Cost Estimate

3.7

Description of Work

Cost

Site Preparation / Remove Existing
Concrete Spillway

$100,000

Spillway basin and ogee weir

$170,000

Bureau of Reclamation Type IX
baffled concrete chute

$650,000

Rock lined channel

$60,000

Subtotal

$980,000

Mobilization (10%)

$98,000

Contingency (30%)

$294,000

Construction Administration (10%)

$98,000

Total

$1,470,000

Apparent Most Beneficial Alternative
Observing the cost estimates for each alternative, it is clear that Alternative 2 provides
the most cost-effective solution that meets the needs of the Project. The HDPE pipe
used for Alternative 2 will also have a greater longevity and lower maintenance than the
concrete conveyance options. HDPE will eliminate seepage and is not susceptible to
freeze/thaw damage. For these reasons, Alternative 2 is presented as the most apparent
beneficial alternative.
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4

Embankment Evaluation
This Project is also intended to protect and armor the existing liner on the upstream face
of the dam embankment against wave action and ice and to prevent further damage to
the existing liner.

4.1

Existing Embankment
The existing dam was constructed in 1907 and has a 2:1 embankment slope with
additional details provided above. In 1995 a geomembrane liner was placed on the
upstream face of the dam to reduce seepage. Details on the geomembrane liner
installation were not available. Based on visual observations, a geotextile is present over
the liner and rock cover appears to have been placed over the top of the geotextile. The
extent and design of the rock cover is unknown; however, rock cover is currently only
present near the top and sides with most of the liner exposed. From bathymetric survey
data, it also appears that material (assumed to be rock cover) has collected at the toe of
the embankment. Therefore, it is assumed that the rock cover has sloughed off and
collected at the toe of the embankment. Tires have been placed on the liner to hold it in
place. As a result of the liner being unprotected and exposed to wave action, ice, and
sun, it has degraded with damage and tears visible. Seepage along the dam
embankment is also an identified issue and may increase as the liner continues to
degrade. Figure 4-1 through Figure 4-4 show the existing dam embankment and liner.

Figure 4-1. Existing Dam Embankment and Liner
(looking South)

Figure 4-2. Existing Dam Embankment and Liner
(looking East)
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Figure 4-3. Damage to Existing Liner

4.2

Figure 4-4. Damage to Existing Liner

Discussion of Alternatives
Preliminary design alternatives were considered as options to armor the existing liner on
the upstream face of the dam embankment. Alternatives that were determined to have
fatal flaws were removed from further consideration as described in Table 4-1.

Table 4-1. Identification of Fatal Flaws
Alternative

Fatal Flaw Description

Gabion Basket

Susceptibility to ice damage and constructability challenges on the dam
embankment.

Rock or Concrete filled
Geogrid or Geocell

Susceptibility to ice damage as well as stability and constructability challenges
on the dam embankment.

Reinforced Concrete Liner

Cost and constructability.

Soil Cement

Long-term durability and constructability challenges on the dam embankment.

A limited number of alternatives were considered for this evaluation and are summarized
in Table 4-2. For all alternatives, it was assumed that the existing liner would remain inplace. The alternatives are further discussed in the following sections.

Table 4-2. Embankment Armor Alternatives
Alternative

Description

Alternative 1: No-Action

No-action alternative.

Alternative 2: Riprap

Place riprap protection over the existing liner on the upstream face of the dam.

Alternative 3a: Articulating
Concrete Block Revetment

Place articulating concrete block (ACB) mattresses comprised of precast
blocks over the existing liner on the upstream face of the dam.

Alternative 3b: Fabric-Formed
Concrete Block Revetment

Place concrete block mattress which is filled in-place with pumpable concrete
over the existing liner on the upstream face of the dam.

Alternative 4: Shotcrete

Place shotcrete over the existing liner on the upstream face of the dam.

Alternative 5: Concrete Cloth

Place concrete cloth over the existing liner on the upstream face of the dam.
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Liner Replacement Alternative
With all the embankment armor alternatives, optionally, the existing liner could be
replaced to reduce seepage and restore the functionality of the liner on the upstream
face of the dam. Removal of the existing liner, subgrade preparation, and installation of a
new 40 mil reinforced HDPE liner with a geotextile cushion is estimated to cost
approximately $1.50 - $2.00 per square foot. For longevity of the liner and to protect the
face of the dam, one of the armor alternatives presented would be recommended.

4.3

Wind-Wave Analysis
For development and conceptual design of the embankment armor alternatives, a windwave analysis was completed for the Moulton Reservoir to develop the maximum
predicted wave height and required riprap size for protection of the dam embankment.
The analysis was completed using two methodologies described in NRCS TR-210-69
(NRCS Method, Reference 8) and Reclamation Design Standard No. 13 (Reclamation
Method, Reference 10 and 11).
An 80 mph design overland wind speed used for the Project in accordance with NRCS
TR-210-69 Figure 4 for the Project location. A 10% wave height exceedance was used
for riprap design per the recommendations provided in the Reclamation Method. In
addition, the technical note titled “Slope Protection for Dams and Lakeshores”
(Reference 1) recommends the 10% wave height be used for riprap slope protection for
high hazard dams. A 100 mph wind was used to check the design per the
recommendation of the Design of Small Dams (Reference 9).
Using the NRCS Method with an 80 mph design overland wind speed and a 10% wave
exceedance height, the calculated D50 is 12”. The calculated D50 was more conservative
(larger D50) than that calculated using the Reclamation Method (D50 of 9 inches). Hence,
a D50 of 12 inches was conservatively used for design. A 100 mph overland design wind
speed was also used to check the riprap design. Using a 100 mph overland design
windspeed and the NRCS Method, 12 inch riprap meets the design requirements for
providing embankment protection up to the 33% wave height but is slightly undersized
for the 10% wave height. Using the Reclamation Method, however, 12 inch riprap meets
the design requirements for providing protection up to the 10% wave height.

4.3.1

Required Protection Elevations
For all amor alternatives, protection will be extended up to an elevation of 6767 ft
(NAVD88) along the upstream face of the dam. This elevation corresponds with the
required elevation for coverage of the existing liner. Proceeding north to south across the
dam, this is just below the minimum elevation of the crest of the dam adjacent to the
spillway (approximately 6768 to 6769 ft). This is also approximately 5.8 ft above the
identified high-water elevation and 5 ft above the spillway crest elevation of 6,762 ft and
provides protection against the calculated wave runup.
In discussions with BSB, the minimum design operating level for the reservoir was
identified as 6,746 ft. Protection for all armor alternatives was assumed to extend at least
to an elevation of 6,736 ft, corresponding to a minimum of 10 ft below the minimum
operating level. For some alternatives, protection was required to extend to the toe of the
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embankment (approximately 6716, ft) for stability. Along the face of the dam, it was
assumed for all alternatives that the armor would extend horizontally 10 ft beyond the
existing liner for complete liner coverage.
For all alternatives presented below, with the exception of the riprap alternative, if a
minimum design operating pool elevation greater than that identified above could be
maintained, the required protection and associated cost could be reduced.

4.4

Alternative 1: No-Action
Discussion
Failure to protect the liner will result in continued degradation of the liner due to impacts
from ice and debris carried by wave action on the reservoir. This will further reduce the
effectiveness of the existing liner and lead to more potential seepage through the dam.
Long term seepage can lead to stability issues that would expose BSB to undue risk as
the owners of the facility as well as potentially leading to the inability to use Moulton
Reservoir as a water source.

Pros and Cons
A summary of the pros and cons of Alternative 1 is provided in Table 4-3.

Table 4-3. Alternative 1 Pros and Cons
Pros
Short-term cost

1

Cons1
Does not address existing deficiencies. Continued
degradation and damage to the existing liner and
increased seepage through the dam will occur.

The cons assume that the existing structure will fail at some point in the future

Operation and Maintenance
O&M requirements for this alternative will consist of continuing to monitor the existing
liner across the upstream face of the dam embankment. The liner will continue to
degrade, resulting in increased seepage and the potential for piping/erosion and more
significant damage to the dam embankment. Repairs to the existing liner may not be
feasibly cost-effective due to its age and condition, and therefore, replacement is
expected to be required in the future if not covered and protected.

Conceptual Cost Estimate
No conceptual cost estimate was developed for this alternative.

4.5

Alternative 2: Riprap
Discussion
The riprap alternative would consist of riprap placement over the existing liner across the
upstream face of the dam embankment. Based on the wind-wave analysis, the required
D50 for protection of the liner and dam face is 12 inches. The riprap should be a minimum
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thickness of 2xD50 (24 inches) and placed over sand and gravel bedding, or geotextile
fabric, placed over the existing liner. The riprap should be angular, hard, dense, and
durable material. For stability, the riprap should extend to the toe of the 2:1 dam
embankment. If not extended to the toe, a thickened riprap section keyed into the face of
the dam embankment should be constructed to retain riprap on the slope. This may
decrease the volume of riprap required but would significantly damage the existing liner.

Pros and Cons
A summary of the pros and cons of Alternative 2 is provided in Table 4-3.

Table 4-4. Alternative 2 Pros and Cons
Pros

Cons

Uses locally sourced materials and simple to
maintain (can add riprap if needed).

A significant volume of riprap is required to extend
to the toe of the embankment for stability .

Riprap sized to provide protection from wave
action.

Riprap placement along the entire embankment
will be difficult.

Minimal subgrade preparation required.

The reservoir will need to be drawn down to
facilitate riprap placement at the embankment toe.

Flexible system which forms to the subgrade.

Does not address existing seepage issues.

Provides complete coverage of the liner.

Damage to the existing liner could occur during
riprap placement.

Operation and Maintenance
Required O&M associated with this alternative is anticipated to be minimal and would be
comprised of monitoring the riprap for any damage and placing new riprap if any is
identified. This alternative, however, does not address or reduce existing seepage issues
and associated O&M requirements related to managing seepage.

Conceptual Cost Estimate
The construction cost estimate for Alternative 2 is presented in Table 4-5. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 4-5. Alternative 2 Cost Estimate
Description of Work

Cost

Riprap and Geotextile1

$763,260

Mobilization (10%)

$76,330

Contingency (30%)

$251,580

Construction Administration (10%)

$109,150

Total

$1,200,610

1Assumes

24” of 12” riprap extending to the embankment toe (6,000 CY).
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4.6

Alternative 3a: Articulating Concrete Block Revetment
Discussion
The articulating concrete block (ACB) revetment alternate would be comprised of ACB
mattresses consisting of cabled together precast concrete blocks placed over the
existing liner across the upstream face of the dam embankment. The ACB mattresses
would be keyed-in at the crest of the dam and extend down the face of the embankment
but would not extend to the toe of the embankment. Required surface preparation would
be comprised of placement of geotextile fabric over the existing liner. A 6-inch thick ACB
mattress was selected which provides protection corresponding to a riprap D50 of 12 to
18 inches. Figure 4-5 and Figure 4-6 show a similar example of ACB mattress
installations over an existing liner. The mattress layout would be designed for placement
along the face of the dam.

Figure 4-5. Example ACB Revetment

Figure 4-6. Example ACB Revetment Installation

Pros and Cons
A summary of the pros and cons of Alternative 3a is provided in Table 4-6.

Table 4-6. Alternative 3a Pros and Cons
Pros

Cons

Stable system without extending to the toe of the
embankment (reduces required materials).

May be difficult to install for further reach
applications along the embankment.

Minimal subgrade preparation required.

Material shipping cost.

Do not need to draw down the reservoir (can be
installed in the wet).

May be more susceptible to ice damage (due to
cables).

Sized to provide protection from wave action.

Does not address existing seepage issues.

Entire system is cabled together for stability .

Does not provide complete coverage of the liner
(some portions between blocks still exposed).

Flexible system which forms to the subgrade.

Potential for block damage during installation.
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Operation and Maintenance
Required O&M associated with this alternative is anticipated to be minimal and would be
comprised of monitoring the ACB mattresses for damage and if needed, replacing
mattress sections. This alternative, however, does not address or reduce existing
seepage issues and associated O&M requirements related to managing seepage.

Conceptual Cost Estimate
The construction cost estimate for Alternative 3a is presented in Table 4-7. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 4-7. Alternative 3a Cost Estimate
Description of Work
ACB

Cost
$765,110

Mobilization (10%)

$76,510

Contingency (30%)

$252,490

Construction Administration (10%)

$109,410

Total

$1,203,520

1Assumes

4.7

Revetment1

55,900 SF of ACB mattresses.

Alternative 3b: Fabric-Formed Concrete Revetment
Discussion
An alternative to an ACB revetment with precast concrete blocks would be a fabricformed concrete block revetment comprised of a fabric filled with concrete onsite. The
final installation would be similar to a ACB revetment, however, the empty mattresses
would be shipped to the site, set in-place, and filled with pumpable concrete (which could
occur underwater). Surface preparation would be the same as for the ACB revetment as
described above. Different systems could be considered including articulating block mats
or continuous mats providing complete coverage. A geotextile would be placed over the
existing liner. Figure 4-7 through Figure 4-10 examples of a fabric-formed concrete
revetment.
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Figure 4-7. Example Fabric-Formed Concrete
Revetment (Pumping Concrete)

Figure 4-8. Example Fabric-Formed Concrete
Revetment (Finished Installation)

Figure 4-9. Example Fabric-Formed Concrete
Revetment (Pumping Concrete)

Figure 4-10. Example Fabric-Formed Concrete
Revetment (Pumping Concrete)

Pros and Cons
A summary of the pros and cons of Alternative 3b is provided in Table 4-8.

Table 4-8. Alternative 3b Pros and Cons
Pros

Cons

Same as ACB Revetment.

Some specialized equipment for pumping
concrete.

Easier mattress placement.

Concrete may vary and may not be of the same
uniform quality as precast blocks.

Material shipping cost.

Potential environmental impacts associated with
underwater concrete pumping.

Would not be susceptible to block damage during
installation.

Does not address existing seepage issues (may
improve slightly).

Depending on the system, could provide a uniform
surface with complete coverage and less
susceptibility to ice damage.
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Operation and Maintenance
Required O&M associated with this alternative would be similar to that for the ACB
revetment.

Conceptual Cost Estimate
The construction cost estimate for Alternative 3b is presented in Table 4-9. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 4-9. Alternative 3b Cost Estimate
Description of Work
Concrete

Cost
$653,240

Mobilization (10%)

$65,320

Contingency (30%)

$215,570

Construction Administration (10%)

$92,410

Total

$1,027,550

1Assumes

4.8

Revetment1

55,900 SF of fabric-formed articulating block mattresses.

Alternative 4: Shotcrete
Discussion
This shotcrete alternative would entail the placement of reinforced shotcrete over the
existing liner across the upstream face of the dam embankment. The shotcrete could be
either fiber or steel reinforced. For placement directly over the existing liner, a layer of
geotextile would be set on the existing liner and reinforced shotcrete would be placed to
an approximate thickness of 4 inches. The geotextile and shotcrete system would be
keyed-in at the top at the crest of the dam. Soil anchors may be required for stabilization
of the shotcrete, particularly if not extended to the toe of the embankment.
As an alternative installation method for improved performance and stability, a
geocomposite liner could be placed over the existing liner with 3 inches of reinforced
shotcrete then placed over the top. The liner would be comprised of top and bottom
layers off nonwoven geotextile for bonding with the shotcrete with a middle polyethylene
membrane that would provide an improved bonding/reinforcing layer for the shotcrete
surface and improved stability. In addition, the liner would restore the functionality of the
existing liner.

Pros and Cons
A summary of the pros and cons of Alternative 4 is provided in Table 4-10.
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Table 4-10. Alternative 4 Pros and Cons
Pros

Cons

Would provide a uniform surface with complete
liner coverage and less susceptibility to ice
damage.

If a geocomposite liner is not added, additional soil
anchors may be necessary to stabilize the system,
further damaging the existing liner.

A geocomposite liner could be added to help
reduce seepage.

Reservoir would need to be drawn down for
installation.

Shotcrete will form to the subgrade.

More susceptible to freeze thaw damage over time.

Ease of installation.

May not provide as robust protection (not designed
specifically for wave action).
Wave runup along the upstream face of the dam
embankment will increase (smooth surface).
May be less durable and have a shorter longevity
versus Alternatives 2, 3a, and 3b.

Operation and Maintenance
Required O&M associated with this alternative would be comprised of monitoring the
shotcrete for damage and repairing if necessary. Over time, cracking and damage to the
shotcrete is anticipated and may require repair-work. This alternative reduces existing
seepage issues and associated O&M requirements related to managing seepage.

Conceptual Cost Estimate
The construction cost estimate for Alternative 4 is presented in Table 4-11. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 4-11. Alternative 4 Cost Estimate
Description of Work

Cost

Shotcrete1

$569,340

Geocomposite Liner1

$111,870

Mobilization (10%)

$68,120

Contingency (30%)

$224,800

Construction Administration (10%)

$97,410

Total

$1,071,540

1Assumes

55,900 SF of 3” shotcrete and a geocomposite liner.
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4.9

Alternative 5: Concrete Cloth
Discussion
The concrete cloth alternative would be comprised of concrete cloth placed over the
existing liner across the upstream face of the dam embankment. The concrete cloth
would be keyed in at the crest of the dam and extend down the face. After placement,
the concrete cloth would be hydrated and would provide a final thickness of
approximately 0.5 inches. Typical manufacturer’s installation recommendations require
extending the concrete cloth to the toe of the embankment to prevent undermining;
however, the cloth could be set to a required elevation for protection of the dam to
reduce required material due to the low likelihood of undermining, similar to other
alternatives. The seams would be lapped and could be waterproofed. Soil anchors along
the face of the dam may be required for stability in addition to the key trench at the crest
of the dam. Figure 4-11 and Figure 4-12 show examples of concrete cloth revetments.

Figure 4-11. Concrete Cloth Revetment

Figure 4-12. Concrete Cloth Hydration

Pros and Cons
A summary of the pros and cons of Alternative 5 is provided in Table 4-12.

Table 4-12. Alternative 5 Pros and Cons
Pros

Cons

Minimal subgrade preparation required (installed
over the existing liner).

Fasteners would be required which would puncture
the existing liner, although seepage would still
likely be reduced.

Easy to install system and much cheaper to ship.

May be less durable and have a shorter longevity
versus Alternatives 2, 3a, and 3b.

Would generally form an impermeable surface and
reduce seepage.

The reservoir will need to be drained to facilitate
installation at the toe.

Would form to the subgrade and offer some
flexibility.

Wave runup along the upstream face of the dam
embankment will increase (smooth surface).

Would provide a uniform surface with complete
liner coverage and less susceptibility to ice
damage.

May not provide as robust protection (not designed
specifically for wave action).
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Operation and Maintenance
Required O&M associated with this alternative would be comprised of monitoring the
concrete cloth for damage and repairing/patching if necessary. This alternative reduces
existing seepage issues and associated O&M requirements related to managing
seepage.

Conceptual Cost Estimate
The construction cost estimate for Alternative 5 is presented in Table 4-13. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. Additional details on the cost estimate and cost breakdowns associated
with specific items of work are available upon request.

Table 4-13. Alternative 5 Cost Estimate
Description of Work
Concrete

Cost
$625,270

Mobilization (10%)

$62,530

Contingency (30%)

$206,340

Construction Administration (10%)

$89,410

Total

$983,560

1Assumes

4.10

Cloth1

55,900 SF of concrete cloth.

Apparent Most Beneficial Alternative
Based on the alternatives evaluated it is recommended that Alternative 3b be
constructed to protect the existing liner and embankment. While the armoring
alternatives are similar in costs, there is a large difference in the constructability, such as
required dewatering of the reservoir (riprap, shotcrete, and concrete cloth alternatives).
In addition, the stability of the alternatives greatly varies, with Alternatives 2, 4, and 5
requiring additional anchoring techniques that would puncture or cut the existing liner.
This would further expose the embankment to seepage. Conversely, Alternative 3a and
3b would not require any impacts to the liner and can be anchored from the top of the
embankment. Furthermore, due to the assumed simplicity of shipping and working with
the fabric-formed revetment (Alternative 3b) compared to the ACB revetment (Alternative
3a), it is recommended that Alternatives 3b be progressed for further design.
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Seepage Evaluation

5.1

Existing Seepage
Seepage has been problematic throughout Moulton Dam’s history at the embankment
toe, the left downstream embankment groin (location of the collapsed tunnel which is
currently being collected in pipe), and from the left native hillside adjacent to spillway.
Moulton Dam’s existing drain consists of a 10” diameter PVC pipe which currently
discharges ponded seepage at the embankment toe into the Yankee Doodle Creek
channel. The Project’s intent is to improve this system such that it collects water below
ground surface and filters water prior to collection. Survey data (to gather inlet and outlet
pipe elevations and pipe alignment) is required to determine if the existing system can be
modified or if a new toe drain system should be constructed.

5.2

Alternative 1: No-Action
Discussion
Failure address existing seepage issues at the dam embankment toe will result in
continued seepage, which could increase. Over time, this could result in embankment
instability, erosion, and potential piping. As aforementioned, long term seepage can lead
to stability issues that would expose BSB to undue risk as the owners of the facility as
well as potentially leading to the inability to use Moulton Reservoir as a water source.

5.3

Alternative 2: Downstream Toe Drain
Discussion
To collect seepage at the embankment toe, the design team proposes installing a new
toe drain system or modifying the existing drain extruding from the collapsed tunnel. The
toe drain system would be designed to filter (protect against soil particle movement
through existing embankment) and collect seepage expressing from both embankment
and foundation soils as well as the collapsed tunnel. Collected seepage would be
discharged through a collection pipe into the Yankee Doodle Creek channel or the
existing pre-cast concrete box vault which collects seepage from the left abutment. The
toe drain system will be about 100 ft long, should be constructed in short segments (to
avoid creating slope instability by opening up the entire toe), and should be constructed
during low pool. The drain system will be designed so seepage discharge volume can be
monitored to detect changes in volume. This offers a way to detect internal issues within
the dam.

Conceptual Cost Estimate
The construction cost estimate for the toe drain is presented in Table 5-1. The costs are
based on a combination of bids for similar projects, manufacturer quotes, and local
contractor input. This cost estimate is approximate and based on 2021 rates, assumes a
private contractor will perform the work, and will be refined as the design progresses.
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Table 5-1. Alternative 2 Cost Estimate
Description of Work

Cost

Construction

$30,000

Mobilization (10%)

$3,000

Contingency (30%)

$9,900

Construction Administration (10%)

$4,290

Total

$47,190
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Permitting Overview
Specific permitting requirements applicable to the project will depend on the conceptual
design alternative selected for final design and associated impacts. Applicable permitting
agencies and permits anticipated to apply to the work include the following:
•

•

US Army Corps of Engineers
o

Section 404 permitting

o

Section 10 permitting

Montana Fish Wildlife and Parks
o

•

Mile High Conservation District
o

•

•

Floodplain Development Permit

Montana Department of Environmental Quality
o

318 authorization

o

MPDES General Permit for Stormwater Discharges

o

MPDES General Permit for Construction Dewatering

DNRC
o

6.1

310 permit

Butte Silver Bow County
o

•

SPA 124 permit

Montana Easement on Navigable Waters

Permitting Cost
BSB has agreed to complete all work and bear costs associated with environmental
compliance and permitting for the Project. As such, at this time, costs associated with
these items have not been included in the estimates above.

7

Summary and Recommendations
XXX
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Acronyms
ACB

Articulating Concrete Block

BSB

Butte-Silver Bow

cfs

cubic feet per second

DTM

digital terrain model

NAVD88

North American Vertical Datum of 1988

NOAA

National Oceanic and Atmospheric Administration

WGS84

World Geodetic System 1984
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Appendix A. Conceptual Design
Drawings
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NOTE:
1.

A

TOPOGRAPHY FOR THIS FEASIBILITY LEVEL EFFORT WAS DEVELOPED BY CREATING A AUTOCAD SURFACE
USING A COMBINATION OF U.S. GEOLOGICAL SURVEY INTERFEROMETRIC SYNTHETIC APERTURE RADAR
(IFSAR) DATA FOR THE DAM EMBANKMENT, POOL BATHYMETRIC SURVEY (WET, 06-2020), AND SPILLWAY
CHANNEL TOPOGRAPHY (PIONEER, 10-2020). THE PIONEER AND WET SURVEYS ARE DESIGN LEVEL SURVEYS;
HOWEVER, THE IFSAR TOPOGRAPHY IS APPROXIMATE AND NOT SUFFICIENT FOR DESIGN WORK. AS DAM
DESIGN PROGRESSES, PIONEER RECOMMENDS SURVEYING THE EMBANKMENT TO CREATE A
COMPREHENSIVE TOPOGRAPHY OF ENTIRE DAM.
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