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1.0 EXECUTIVE SUMMARY
Willow Creek flows through the center of Browning, Montana. Development along the stream
channel and road crossing structures that are severely undersized (approximately 2-year level of
service), result in frequent flooding of residences and businesses. To prevent or reduced
damages up to the 100-year flood in the community of Browning, the Natural Resources
Conservation Service (NRCS) initiated the Willow Creek Watershed Flood Reduction Project
through the NRCS Watershed and Flood Prevention Operations Program at the request of the
Blackfeet Tribal Business Council. The outcome of the project will be a Plan Environmental Impact
Statement describing the alternatives considered, potential impacts of the project, and the
preferred alternative for mitigating flooding along Willow Creek. Currently, Northern Engineering
and Consulting Inc. (NECI) and DOWL are working with the Tribe and agencies on behalf of the
NRCS to provide initial screening of alternatives to determine which proposed actions will be
carried forward for more rigorous analysis during the 30% design phase of the project. This Initial
Alternatives Screening and Recommendations Report presents the alternatives considered,
documents the initial screening methodologies used, and provides recommendations for
alternatives to be carried forward.
Five alternative actions were developed and evaluated through the initial screening. In general,
the alternatives provide flood reduction through one or more of the following three methods: 1)
increasing the water conveyance capacity of the stream channel and floodplain, 2) reducing the
magnitude of the peak flood flow, and 3) diverting flood water from Willow Creek to a different
location. The five alternative actions are:
•

Alternative 1 – Willow Creek Flood Conveyance Improvements. The primary objective
of this alternative is to reduce the frequency and extent of flooding in Browning by
increasing the flood conveyance capacity of Willow Creek. Three sub-alternatives are
evaluated to assess the relative benefits and impacts over a range of channel and
floodplain conveyance improvements.

•

Alternative 2 – Flood Detention. The primary objective of this alternative is to reduce the
frequency and extent of flooding in Browning by reducing the magnitude of the peak flow
during flood events. This would be accomplished by constructing a detention facility in the
Willow Creek watershed upstream from Browning. Sub-alternatives are evaluated to
assess the relative benefits and impacts of three potential detention basin
locations/configurations.

•

Alternative 3 – Flood Bypass Channel. The primary objective of this alternative is to
reduce the frequency and extent of flooding in Browning by diverting water that exceeds
the conveyance capacity of Willow Creek into a bypass channel that would route the
excess flood water around the community. Sub-alternatives are evaluated to assess
relative benefits and impacts of three potential bypass channel alignments.

•

Alternative 4 – Combination of Detention and Conveyance Improvements. The
primary objective of this alternative is to reduce the frequency and extent of flooding
through a combination the most practicable aspects of Alternatives 1 and 2.

•

Alternative 5 – Willow Creek Road Crossing Improvements Only. The primary
objective of this alternative is to reduce the frequency and extent of flooding in Browning
while minimizing impacts to the Willow Creek channel and floodplain while. Road crossing
improvements would consist of bridge enlargements without commensurate increases in
the stream channel or floodplain conveyance capacity.
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As indicated in the above description of alternatives, many of the alternatives considered include
several sub-alternatives, the result is an evaluation of 11 potential actions. Sub-alternatives within
an alternative are evaluated to assess the relative benefits and impacts over a range of
improvements for the parent concept. For example, a detention pond with a greater height would
provide a greater detention volume and, consequently, a greater reduction in peak flow; however,
this would come at the expense of an increased construction cost and greater impacts to
surrounding properties.
Screening the initial alternatives was performed to assess the relative potential benefits and
impacts of all the alternatives and sub-alternatives identified. Each potential action was screened
using a combination of engineering criteria and environmental criteria. Engineering criteria include
an assessment of the potential flood reduction benefit, constructability, relative construction cost,
property acquisition needs, complexity, and system reliability. Environmental criteria include an
assessment of the potential impacts to water, plants, animals, and socioeconomics, land use
changes, and cultural resources.
The results from the screening analysis are presented using a good-fair-poor ranking system, with
scoring assigned as 5 points for every “good” rating, 3 points for every “fair” rating, and 0 points
for a “poor” rating. The scores for each of the two criteria categories (Engineering and
Environmental) and the final weighted score for each alternative are presented in Table E-1.
Table E-1. Summary of Alternatives Considered and Results of Initial Screening

Alternative 1a – Improved floodplain conveyance

17

Environmental/
Socioeconomic
Score
(Out of 100)
67

Alternative 1b – improved floodplain conveyance
and limited channel conveyance improvements

17

61

73

No

Alternative 1c – Improved floodplain conveyance
and complete channel reconstruction

19

61

78

Yes

Alternative 2a – Detention facility on Willow Creek

11

57

56

No

Alternative 2b – Detention facility on unnamed
tributary of Willow Creek

9

54

49.5

No

Alternative 2c – Incorporate detention into the
Design of the proposed Last Star Rd.

6

50

40

No

Alternative 3a – Flood bypass channel to Flatiron
Creek

11

37

46

No

Alternative 3b – Flood bypass channel from south of
Highway 89 to Willow Creek

14

29

49.5

No

Alternative 3c – Flood bypass channel returning to
Willow Creek

11

37

46

No

Alternative 4 – Detention upstream of Browning
and Willow Creek conveyance improvements

19

57

76

No

Alternative 5 – Willow Creek road crossing
improvements only

11

68

61.5

No

Alternative

Engineering
Score
(Out of 20)

Final
Weighted
Score*

Recommended
for Additional
Analysis Through
Plan-EIS

76

Yes
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*Engineering and Environmental/Scoioeconomic factors weighted equally at 50 points possible for each. Example
calculation for Alt. 1a: (17/20)x50+(67/100)x50 = 76

The final weighted scores shown in Table E-1 are based on equal weighting (50 points possible
for each) of engineering criteria and environmental/socioeconomic criteria; an example
calculation is provided in the footnotes of Table E-1. As shown in Table E-1, NECI and DOWL
recommend advancing Alternatives 1a and 1c to the next step in the process, where they will be
evaluated in greater detail (approximately 30% design level) to better assess the potential benefits
and impacts.
The objective of Alternative 1a is to limit impacts to Willow Creek by restricting improvements to
the overbank area (i.e., no disturbance below the ordinary high-water mark), whereas the
objective of Alterative 1c is to limit socioeconomic impacts to property and residences constructing
improvements to limit the width of the Willow Creek corridor through Browning; both alternatives
were developed to pass the 100-year flood event. The objective of Alternative 1b is to balance
the environmental and socioeconomic impacts between Alternatives 1a and 1c while still
achieving the overall project objective of preventing flood waters from impacting the community
during the 100-year flood; however, Alternative 1b does not successfully balance the impacts and
by achieving the flood reduction objective while substantively reducing impacts to the channel or
reducing the size of the flood corridor needed to pass the 100-year flood. It is our opinion that
Alternative 1b should be dismissed from further consideration.
Each of the Alternative 2 sub-alternatives would result in construction of a large dam and pool
area upstream from the community of Browning. Because of the size (height) of the dam and pool
volume that would be required to substantively reduce the 100-year peak flood magnitude in
Willow Creek, failure of this dam would likely cause loss of life and significant damage to
infrastructure. The dam would be classified as a high hazard dam, and the Tribe would be
responsible for operation and maintenance, and the Tribal leaders have indicated a high hazard
dam above the community of Browning is not a desirable solution.
Alternative 3b was initially adopted from the 1975 Watershed Work Plan; however, upon closer
inspection, the intent of this channel is to collect runoff from the Highway 89 corridor and convey
it to Willow Creek. When developing the current set of alternatives, flood impacts from this corridor
were resolved by incorporating the Goose Creek conveyance improvements. Unfortunately, while
the Goose Creek conveyance improvements will provide a significant localized flood reduction
benefit, these benefits are only realized if Goose Creek improvements are implemented in
conjunction with improvements to Willow Creek. For this reason, Goose Creek conveyance
improvements are proposed to be included in all project alternatives, but Alternative 3b was
dismissed from further consideration as a stand-alone solution.
Using the 100-year flood as the criterion for success, none of the Alternative 2 or Alternative 3
sub-alternatives meet the purpose and need of the project. These potential actions will not
eliminate or substantively reduce flooding in Browning during the 100-year flood as stand-alone
actions (i.e., flood conveyance improvements would also be needed in conjunction with any of
these alternatives). Consequently, NECI and DOWL recommend dismissing Alternatives 2 and 3
from further consideration.
Alternative 4 (developed as a combination of Alternatives 1 and 2a) is intended to reduce the
extent of channel improvements and also reduce the minimum bridge opening necessary to pass
the 100-year flood by attenuating the 100-year flood flow and reducing the magnitude of the peak
flow through Browning during the 100-year flood. While a detention pond in Willow Creek
upstream from Browning would attenuate the 100-year peak flood flow by up to approximately
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25%, this reduction is not sufficient to substantively reduce the Willow Creek improvements or
eliminate the need to substantially increase the size of the Willow Creek bridge crossings.
Consequently, this alternative has a much greater relative cost than Alternatives 1a and 1c and
would require construction of a high hazard dam. NECI and DOWL and DOWL recommend
Alternative 4 be dismissed from further consideration.
Replacing only the Willow Creek road crossings (Alternative 5) eliminates the hydraulic restriction
imposed by the crossings, but it would not mitigate impacts to the community from the overbank
flooding along the Willow Creek corridor. Although Alternative 5 appears to score well based on
the screening criteria, this is largely because its limited footprint results in limited impacts relative
to other alternatives - it would not provide a substantial flood reduction benefit; only replacing the
bridge/culvert crossings (i.e., no improvements to the Willow Creek channel and overbank areas)
would increase level of service provided by the transportation system, but would have very little
flood reduction benefit to the community. Although Alternative 5 does not provide a viable standalone flood mitigation solution, increasing the hydraulic capacity of the road crossings could be
an effective strategy as the first phase for a more comprehensive flood mitigation plan.

2.0 BACKGROUND
Flooding in the Willow Creek Watershed is reported to occur most frequently during winter and
spring. The region is susceptible to heavy rain and snow storms, with fast warming cycles driven
by chinook winds. Willow Creek is a highly sinuous stream and the characteristics vary from
reaches of riffles/pools to sluggish reaches with intermittent beaver ponds. The sluggish reaches
provide optimal conditions for ice formation, and flooding caused by ice jams is a concern.
The flood events of 1964 and 1972 were noted to cause the most severe flooding in the City of
Browning. These flood events overwhelmed the channel capacity of Willow Creek and flood flows
crossed over the wide, broad overbanks as the stream passed through the city – causing
widespread flooding. In addition to the significant past flood events, a portion of the city that
experiences flooding nearly every year. The primary area of flooding begins north of HWY 2 and
extends from NW Boundary St to N Pegan St.

3.0 INTRODUCTION
The Willow Creek Watershed Project is a flood mitigation project being conducted in coordination
with the Blackfeet Tribal Business Council (project sponsor), NRCS, and other cooperating federal
agencies. The purpose of the project is to identify and evaluate alternatives to prevent or reduce
damages the 100-year flood in the community of Browning. The outcome of the project will be a
Plan Environmental Impact Statement (Plan-EIS) that identifies and describes the preferred
alternative to reduce flooding along Willow Creek in accordance with the NRCS Watershed and
Flood Prevention Operations Program requirements. The Plan-EIS will present an evaluation of
all reasonable alternatives and their associated impacts. Numerous potential mitigation actions
exist, not all of which are likely to be reasonable. Therefore, development and screening of the
potential actions initially identified is needed to identify reasonable; alternatives determined to be
unreasonable will be noted in the Plan-EIS document. This Alternatives Screening and
Recommendations Report presents the alternatives identified for consideration, documents the
screening methodologies used, and provides recommendations for alternatives to be carried
forward for a greater level of analysis and design.
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3.1 Alternatives Development
Conceptual methods for flood reduction include improving the capacity of the channel and
floodplain, reducing the magnitude of the peak flow, and diverting flood water to a different
location. NECI and DOWL developed a series of three initial flood reduction alternatives based
on these methods with input from project stakeholders.
•

Alternative 1 – Willow Creek Flood Conveyance Improvements. The primary objective
of this alternative is to reduce the frequency and extent of flooding in Browning by
increasing the flood conveyance capacity of Willow Creek. Three sub-alternatives are
evaluated to assess the relative benefits and impacts over a range of channel and
floodplain conveyance improvements.

•

Alternative 2 – Flood Detention. The primary objective of this alternative is to reduce the
frequency and extent of flooding in Browning by reducing the magnitude of the peak flow
during flood events. This would be accomplished by constructing a detention facility in the
Willow Creek watershed upstream from Browning. Sub-alternatives are evaluated to
assess the relative benefits and impacts of three potential detention basin
locations/configurations.

•

Alternative 3 – Flood Bypass Channel. The primary objective of this alternative is to
reduce the frequency and extent of flooding in Browning by diverting water that exceeds
the conveyance capacity of Willow Creek into a bypass channel that would route the
excess flood water around the community. Sub-alternatives are evaluated to assess
relative benefits and impacts of three potential bypass channel alignments.

After reviewing the potential benefits and impacts of Alternatives 1 through 3, the project team
developed two additional alternatives:
•

Alternative 4 – Combination of Detention and Conveyance Improvements. The
primary objective of this alternative is to reduce the frequency and extent of flooding
through a combination the most practicable aspects of Alternatives 1 and 2.

•

Alternative 5 – Willow Creek Road Crossing Improvements Only. The primary
objective of this alternative is to reduce the frequency and extent of flooding in Browning
while minimizing impacts to the Willow Creek channel and floodplain while. Road crossing
improvements would consist of bridge enlargements without commensurate increases in
the stream channel or floodplain conveyance capacity.

Other non-structural solutions were considered but not evaluated in detail. Non-structural
solutions may be evaluated in future analyses and design phases, including items such as:
•

Beaver dams and beaver analogue structures upstream of Browning may provide limited
retention storage and attenuate frequent (i.e., small) flood events; however, during large
flood events, beaver dams are expected to be full (or washed out) before the peak flow
arrives and would therefore not provide significant flood attenuation benefit for the
100-year flood.

•

Storm drainage system maintenance and rehabilitation could potentially reduce localized
flooding throughout Browning. Noted needs include the West Boundary Road channel
reconstruction, repair or replacement of the Cemetery Lake outlet, and periodic cleaning
of culverts and storm drains.
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•

Adopting new and more restrictive floodplain management regulations to restrict future
development in flood prone areas.

Improvements not related to the project purpose and need were not considered. This document
only presents those alternatives that directly relate to preventing or reducing damages related to
the 100-year flood.

3.2 Screening Criteria
The relative benefits and potential impacts of the alternatives were assessed at a conceptual level
using engineering and environmental screening criteria. Each sub-alternative is weighed against
all screening criteria to develop a comparative understanding of the associated relative benefits
and impacts. The screening criteria are described by two high-level categories:
•

Engineering Screening Criteria Include an assessment of the potential flood reduction
benefit, constructability, complexity, relative construction cost, property acquisition needs,
and system reliability.

•

Environmental and Socioeconomic Criteria include an assessment of the potential
impacts to water, plants, animals, land use changes, socioeconomics, and cultural
resources.
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4.0 CONCEPTUAL-LEVEL EVALUATIONS
4.1 Actions Common to All Alternatives 1 Sub-Alternatives
Two conveyance improvement features west (upstream) of Browning are necessary to reduce
flooding in the community of Browning, regardless of other improvements to the Willow Creek
conveyance capacity; these improvement features are: (1) a flood deflector berm on Willow Creek
upstream of Browning to redirect flood water back towards Willow Creek and prevent it from
reaching the Highway 89 corridor, and (2) improved drainage conveyance from Goose Creek at
Highway 89 to Willow Creek. Note that the need for these features became realized as the
different alternatives were developed, analyzed, and evaluated; for this reason, these features
that are common to all Alternative 1 sub-alternatives were not incorporated into each model
simulation and are not evident on the flood boundary map presenting the preliminary analysis of
each alternative. However, the analyses clearly identify the need for these two features, and NECI
and DOWL recommend they be incorporated into the alternatives carried forward.

4.1.1 Deflector Berm
Under current conditions, water from floods as frequent as approximately the 2-year flood leaves
Willow Creek and flows into Browning along Highway 89. See Appendix 1 for the condition
100-year flood inundation maps. Figure 4-1 illustrates the alignment of a deflector berm that would
prevent flood water from escaping the Willow Creek overbank area and reaching the Highway 89
corridor.

4.1.2 Goose Creek Drainage Conveyance Channel
Under current conditions, runoff from the Goose Creek drainage is conveyed under Highway 89
by a series of culverts that discharge into a ditch on the north side of the highway. The ditch does
not have adequate capacity to convey the Goose Creek drainage to Willow Creek, and
conveyance improvements to this ditch (see Figure 4-1) are needed.
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Figure 4-1: Improvements common to Alternatives 1a – 1c
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4.2 Alternative 1 – Willow Creek Flood Conveyance Improvements
The focus of Alternative 1 is to increase the conveyance capacity of Willow Creek, including
channel reconstruction, increasing the overbank area, and increasing the hydraulic capacity of
bridges and culverts. These improvements would reduce the frequency and extent of flood
damage to development along the Willow Creek corridor through the community of Browning.
Varying degrees of channel and floodplain conveyance improvements are presented under
Alternatives 1a, 1b, and 1c, with each sub-alternative including progressively greater levels of
disturbance to Willow Creek’s active channel and overbank areas and progressively lesser
impacts to adjacent properties.
The limits of the Alternatives 1 improvements to are illustrated in Figure 4-2. Note that the limits
presented are believed to be a conservative estimate (i.e., larger than what will actually be
required); this figure is intended to illustrate an area of impact, not define a final configuration.
The limits of disturbance for the Alternative 1 sub-alternatives will continue to be refined as these
alternatives are evaluated in greater levels of detail. Refinement will include developing a detailed
channel/flood bench configuration, sizing bridge and culvert crossings, and delineation of a postproject 100-year flood boundary.
The area of greatest impact under Alternative 1 is the portion of Willow Creek between the Willow
Creek crossing of All Chiefs Road and Boundary Rd; this is illustrated in more detail in the bottom
right callout in Figure 4-2. There are approximately 13 buildings in this area that could be impacted
by one or more of the Alternative 1 sub-alternatives, depending on the final size and configuration
of the flood bench. An assessment of the relative width of floodplain expansion required to convey
of the 100-year flood is presented in Section 4.2.4.1 of this report.
Willow Creek crosses four roads within the community of Browning. The existing crossings consist
of an arched bridge and box culvert (Piegan Rd), single span bridges (All Chiefs Rd. and Agency
Rd.), and a double box culvert (Boundary Rd). The hydraulic model of the existing condition (refer
to the flood boundary map in Appendix 1) shows that these features are significant restrictions to
flood conveyance. Increasing the conveyance capacity of Willow Creek in this reach to pass the
100-year flood will also require replacement of these crossings. The extent of crossing
modifications varies depending on the individual sub-alternative, which is described in Section
4.2.4.1 of this section.
The proposed overbank area upstream of Piegan Rd. is larger than the overbank area that is
necessary through Browning. This increased overbank area would allow for construction of a
broader wetland area in the overbank area adjacent to Willow Creek, which could potentially
partially offset impacts to regulated resources (e.g., wetlands, stream channel) that would be
result under this alternative.
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Figure 4-2: Alternative 1 – Willow Creek Flood Conveyance Improvements
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4.2.1 Alternative 1a
Alternative 1a involves improving the flood conveyance capacity above the active channel banks.
This alternative does not alter the existing bankfull channel geometry of Willow Creek. Rather,
conveyance capacity is increased by expanding the overbank area. Expanding the overbank
areas could potentially provide adequate conveyance capacity, but there would be significant
impacts to properties along the Willow Creek corridor. A conceptual sketch of this alternative is
illustrated in Figure 4-3.
Figure 4-3: Alternative 1a Representative Cross-Section

4.2.2 Alternative 1b
Alternative 1b involves increasing flood conveyance capacity through constructing improvements
to both bankfull channel geometry and the overbank areas. Under this alternative, the overall
channel slope of Willow Creek through Browning would remain the same. Expanding the channel
and overbank areas could provide adequate flood conveyance capacity; while there would be
impacts to the existing channel, there would be a corresponding reduction in the impacts to the
properties along the Willow Creek corridor. A conceptual sketch of this alternative is illustrated in
Figure 4-4.
Figure 4-4:Alternative 1b Representative Cross-Section

4.2.3 Alternative 1c
Alternative 1c involves increasing flood conveyance capacity by enlarging and deepening the
Willow Creek channel and expanding the overbank areas. This alternative would result in a more
uniform slope of the Willow Creek corridor through Browning, which would result in a lower
channel bottom elevation and, in some areas, also result in lower overbank elevations. Expanding
the channel and overbank areas provides the greatest opportunities to increase the flood
conveyance capacity of Willow Creek through Browning. A conceptual sketch of this alternative
is illustrated in Figure 4-5. Appendix 1 includes preliminary flood inundation maps for the
Alternative 1c condition.
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Figure 4-5: Alternative 1c Representative Cross-Section

4.2.4 Initial Screening
4.2.4.1 Flood Reduction Benefit
Initial analysis indicates that all Alternative 1 sub-alternatives may be capable of conveying the
100-year flood. In general, Alternatives 1a and 1b have similar flood reduction benefits, with
Alternative 1c providing the greatest opportunities for flood reduction benefit.
Since no improvements would be made to the channel under Alternative 1a, the entirety of the
additional flood capacity would be accomplished by enlarging the overbank areas. Initial analysis
indicates a total stream corridor (over bank and bankfull channel) width of approximately 150 feet
would be necessary to convey the 100-year flood; this is the width illustrated in Figure 4-2.
Alternative 1b is based on the same stream corridor width but includes channel widening for the
purpose of improving reliability in the bankfull conveyance capacity; however, the majority of the
increased flood conveyance capacity would be realized in the overbank areas.
For Alternative 1c, the increase in flood capacity over Alternatives 1a and 1b would be realized
by providing a uniform slope of the Willow Creek corridor through Browning. These modifications
would result in lowering the entire stream elevation in some areas, which would increase the
conveyance capacity and reduce the overall stream corridor width. Initial analysis indicates a total
stream corridor width of approximately 90 feet will be necessary to convey the 100-year flood
under this alternative – a reduction of approximately 40% in the Willow Creek corridor width that
would be necessary under Alternatives 1a and 1b (illustrated in Figure 4-2).

4.2.4.2 System Reliability
The primary concern associated with the Alternative 1 sub-alternatives is the potential for
obstructions in the overbank areas and the hydraulic structures (e.g., beaver dams, vegetation,
debris) to reduce the hydraulic capacity of Willow Creek. This concern is largely mitigated by not
relying on the bankfull capacity for flood conveyance (e.g., beaver dams in the bankfull channel
will not substantively reduce the hydraulic capacity) and incorporating favorable vegetation in the
revegetation plan that is also appropriate for the proposed setting. However, regular maintenance
to preserve the conveyance capacity of the overbank areas would be necessary.
Despite the potential for greater conveyance capacity over Alternatives 1a and 1b, Alternative 1c
(and to a lesser extent, Alternative 1b) also has the added challenge of establishing a new bankfull
channel geometry and stream corridor slope that is appropriate for the sediment regime and
bankfull discharge that must be conveyed through the system under normal (i.e., non-flood)
conditions; this poses some degree of added risk associated with Alternative 1c until the system
would be revegetated and stabilized
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Considering the reliability factors, none of the Alternative 1 sub-alternatives is anticipate to be
significantly more reliable than the others.

4.2.4.3 Land Use Impacts
The areas impacted by the deflector berm and Goose Creek drainage improvements from
Highway 89 to Willow Creek overlay properties that are currently vacant land and would not
change the current uses. This is consistent for Alternatives 1a, 1b, and 1c.
However, varying degrees of land use impacts to community of Browning would likely based on
the different stream corridor widths. Alternatives 1a and 1b are expected to impact approximately
15 buildings and 24 properties along Willow Creek, and it is likely that residences would need to
be relocated to accommodate the widened floodplain corridor. Alternative 1c, which has a corridor
width approximately 40% narrower than that of Alternatives 1a and 1b, would likely to result in
lesser impacts to buildings and properties; however, relocating some residences would likely still
necessary to accommodate the widened floodplain corridor.

4.2.4.4 Constructability and Implementation
Alternative 1a, 1b, and 1c each include two general types of work: (1) earthwork to provide the
widened Willow Creek corridor and (2) re-constructing road crossings.
Alternatives 1a and 1b would require a similar time and level of effort for design and construction,
with neither alternative having a constructability or implementation advantage over the other.
There is a potential floodplain corridor advantage for Alternate 1a (and perhaps to a lesser extent
Alternative 1b) over Alternative 1c; this advantage comes from avoiding (or reducing) impacts to
the bed and banks of Willow Creek. Conversely, Alternative 1c would require more extensive
dewatering and stream control during construction. Similarly, additional components of work
would be necessary under Alternative 1c to re-establish stable stream banks and bed profile.
However, given the increased depth and narrower stream corridor under Alternative 1c relative to
Alternatives 1a and 1b, the Willow Creek bridge crossing sizes would be commensurately smaller
under Alternative 1c than they would be under Alternatives 1a and 1b.

4.2.4.5 Relative Construction Costs
The comparative construction costs between the o Alternative 1 sub-alternatives relate to a
relative the level of effort to excavate the proposed overbank areas and bankfull channel geometry
(and dispose of the excavated material) and to construct the road crossings over Willow Creek.
The Alternative 1a expansion in the overbank area is generally equivalent to what would be
required under Alternative 1b, but is 40% larger than would be required under Alternative 1c. Even
so, excavation quantities for Alternative 1a are likely the smallest as Alternative 1a does not
require excavation in the bankfull channel. Additionally, Alternative 1a (and to a lesser extent
Alternative 1b) will not require the extensive dewatering and stream control that would be needed
for Alternative 1c.
The cost to construct larger road crossings that would necessary for Alternatives 1a and 1b will
be substantially greater than would be required for Alternative 1c, which would also include
commensurate incremental increase in the cost for engineering. Costs for traffic control and
demolition of the existing hydraulic (i.e., bridges and culverts) structures would be roughly
equivalent for all of the Alternative 1 sub-alternatives.
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Because it is anticipated that Alternatives 1a and 1b will have higher bridge construction costs,
but lower earthwork costs relative to Alternative 1c, it none of the Alternative 1 sub-alternatives
appear to have a clear cost advantage at this level of analysis.

4.2.4.6 Socioeconomic and Cultural Resources
Negative socioeconomic impacts of Alternative 1a, 1b, and 1c would include impacts to residential
properties along the Willow Creek corridor through Browning, including relocating several
residences. Positive socioeconomic impacts would include a reduction in annual efforts to prevent
or repair flood damage to both residential and commercial properties. Cultural Resource impacts
would include impacts to natural resources and, potentially, disturbance of culturally important
sites, such as the ceremonial grounds where improvements to Willow Creek are necessary to
achieve the purpose and need of the project. Temporary beaver relocation may also be necessary
during construction; beaver are culturally important to the Blackfeet Tribe, and planned impacts
to beaver would be temporary. Other cultural resources may be present in the Willow Creek
corridor that would be impacted under Alternative 1. Each of the Alternative 1 sub-alternatives
would be expected to have similar impacts to socioeconomic and cultural resources; however, it
is possible that Alternative 1c may have less impacts due to a smaller footprint than that of
Alternatives 1a and 1b.

4.2.4.7 Environmental Impacts
Initial surveys of the geomorphic health and fishery of Willow Creek through Browning
demonstrate the system substantively impacted compared to adjacent reaches upstream and
downstream from Browning; this reach of Willow Creek has been constrained and straightened.
Long-term impacts (both positive and negative) to the Willow Creek bankfull channel are expected
to be minimal; a long-term reduction wildlife habitat to the overbank area would be expected due
to the change in vegetation from dense woody vegetation to wetland grasses.
Providing conveyance improvements through overbank widening (Alternative 1a) without
disturbing the bankfull channel will likely increase the amount of riparian area and associated
wetlands along Willow Creek. Since the bankfull alignment, geometry, and slope would remain
unchanged, the bankfull channel characteristics (e.g., bankfull depth and velocity) will be similar
to the existing condition. The lack of disturbance to the bankfull channel will provide some erosion
protection. The revegetation program would require selection of species appropriate to the
desired habitat, but that are also conducive to preserving the hydraulic capacity of the constructed
stream corridor. Similarly, vegetation control will be necessary to prevent incursions of woody
vegetation and brush that would reduce the conveyance capacity of the overbank areas.
Alternative 1b, consisting of widening the flood conveyance channel with localized disturbance to
the perennial stream channel, has the potential to disturb riparian and wetland areas along the
Willow Creek corridor through Browning. Under this alternative, stream channel depth would likely
decrease in some areas and increase in other areas, but the average bankfull channel geometry
would remain unchanged. Hence, the bankfull velocity and depth would also generally remain
unchanged, and substantive changes to the geomorphology would not be expected to occur.
Minimizing disturbances along the stream channel will provide erosion protection and facilitate
vegetation and riparian habitat recovery. As with Alternative 1a, a long-term reduction in wildlife
habitat is anticipated due to changing the vegetative cover from dense woody vegetation to
wetland grasses. However, unlike Alternative 1a, the long-term impact to fisheries has the
potential to be positive, provided the bankfull channel changes are designed to accommodate the
geomorphic setting, including constructing a stable meander pattern and features that will provide
habitat to promote the return of target aquatic species.
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Alternative 1c, consisting of obliterating the existing channel and reconstructing a new channel
and overbank area will result in extensive changes in the depth and location of the bankfull
channel, which will also require large-scale excavation of the associated riparian and wetlands
along Willow Creek through Browning. The bankfull depth will be increased, which will result in
an increase velocity during average and peak flows. Erosion control and vegetation resotoration
will be most difficult under this alternative. With an incised channel, the local water table will also
decrease; while a reduction in the water table would be a community benefit, there could also be
a negative impact to the associated riparian and wetland areas. As with Alternatives 1a and 1b,
a long-term reduction in wildlife habitat is anticipated. However, similar to Alternative 1b, if
implemented properly, the long-term impact to fisheries has the potential to be positive. impact to
fisheries has the potential to be positive.
Improving the Goose Creek conveyance connection from Highway 89 to Willow Creek has the
potential to reduce ground and surface water in the Norman Tract. Although reducing ground
water impacts to the community is a stated community goal, these changes could result in a longterm reduction in wetlands in this area. However, the design of the Willow Creek corridor
improvements would be designed in such a way as to create new wetland areas to offset the loss
of existing wetland areas.

4.2.4.8 Permits and Compliance Requirements
Work in or near Waters of the US and associated wetlands will likely require an individual permit
through the Army Corps of Engineers. Mitigation will be required for permanent impacts to
wetlands; compensatory mitigation strategies will be explored in subsequent phases of the
project, but designing areas of replacement wetlands, purchasing credits from an established a
wetland mitigation bank, in-lieu fees are common wetland mitigation measures. For example, the
increase in riparian areas along Willow Creek may qualify as compensatory mitigation; however,
the physical constraints of the terrain may preclude effective construction of well-connected
riparian and wetland areas, or the active management of these areas to limit woody vegetation
growth may preclude this potential. Also, the Blackfeet Environmental Office (BEO) will require
an Ordinance 90A permit and, possibly, may also require wetland mitigation at a 3:1 ratio. Other
permits and compliance requirements may include:
•
•
•

Blackfeet Environmental Office Ordinance
117 Permit
Blackfeet Environmental Office 401 Water
Quality Certification
Army Corps of Engineers 404 Nationwide
or Individual Permit

•
•
•
•

Blackfeet Tribal Historic Preservation Office
consultation, survey, and mitigation
Fish and Wildlife consultation
Acquisition of property, right-of-way, and
temporary construction easements on trust
property
BIA Revocable Permit
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4.3 Alternative 2 – Detention Basin Construction
The focus of Alternative 2 is to reduce the frequency and extent of flooding in Browning by
attenuating the peak flow using a detention facility in the Willow Creek watershed upstream from
Browning. Alternatives 2a, 2b, and 2c were evaluated to assess relative benefits and impacts of
three potential detention basin locations/configurations; multiple embankment heights were
evaluated for Alternatives 2a and 2b. The detention facilities evaluated under Alternative 2 would
be constructed solely for flood mitigation purposes and, as such, would be designed to drain
completely – no permanent pool would be maintained. The detention basins would fill during
runoff events and release water a rate less than the peak inflow rate; hence, the peak flood flows
in Willow Creek through Browning would be smaller with detention than without detention. Figure
4-6 depicts the general locations for the detention basis proposed under Alternatives 2a, 2b, and
2c. Note that the areas shown in Figure 4-6 would be refined should any of the Alternative 2 subalternatives be carried forward for further analysis.
Conceptual analyses were completed to estimate the order-of-magnitude cut and fill volumes for
each of the Alternative 2 detention basin location/embankment height configurations. The results
of these analyses are presented in Table 4-1. The earthwork estimates are based on the
assumptions of 1) a 30-ft top width embankment, and 2) 15 ft of excavation along the embankment
foundation. Since the outlet works are comparable between all options, and would be similar for
all configurations analyzed, earthwork is expected to be the controlling factor in the construction
cost of these facilities. Therefore, the quantity estimates shown in Table 4-1 provide an indication
of the relative difference in construction cost for each of the Alternative 2 detention basin
location/embankment height configurations (i.e., a facility with significantly more earthwork would
require significantly more effort to construct and would be significantly more expensive). At this
point in the assessment, a simplifying assumption is that earthen auxiliary spillways would be
viable and the material excavated to construct the auxiliary spillway could be used as borrow for
to construct the embankment. The alternative detention basin configurations are discussed in
more detail within the following sections.
Table 4-1: Order-of-Magnitude Embankment Earthwork Quantities
Option

Embankment
Height (ft)

Embankment
Length (ft)

2a-1

38

1,575

Embankment
Cross-Sectional
Area (SF)
4,750

2a-2

54

3,975

2b-1

22

2b-2
2c *

Fill Vol. (CY)

Cut Vol. (CY)

Total Cut/Fill
Vol (CY)

504,583

227,500

732,083

8,761

2,035,071

745,313

2,780,384

2,690

1,870

455,307

269,000

724,307

29

3,378

2,973

775,376

403,483

1,178,859

21

2,745

1,733

443,013

266,875

709,888

* These volumes do not include volumes required for the re-construction of Cemetery Rd.
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Figure 4-6: Alternative 2 – Willow Creek Flood Attenuation Improvements
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4.3.1 Alternative 2a
Alternative 2a is to construct a flood detention structure on Willow Creek upstream of Highway
89. Two alternate embankment heights are considered for Alternative 2a. A greater embankment
height would provide more detention storage and, consequently, a greater reduction in the release
flow rates. Option 2a-1 (38-ft high embankment) would attenuate the 100-year peak inflow
(~2,700 cfs) to a value roughly equivalent to the 25-year flood (1,260 cfs peak outflow). Option
2a-2 (53.5 ft high embankment) would attenuate the 100-year peak inflow to a value roughly
equivalent to the 10-year flood (500 cfs peak outflow). The size of the required detention
structures and associated reservoir areas are illustrated in Figure 4-7, with the red line indicating
the Option 2a-1 inundation extent and the blue line indicating the larger Option 2a-2 inundation
extent. Table 4-2 provides a summary of the key parameters for each option.
Table 4-2: Alternative 2a Size Options
Max.
Embankment
Height (ft)

Option

Embankment
Length (ft)

2a-1

1,575

38

2a-2

3,975

53.5

Max.
Reservoir
Area (acre)

Peak
Detention
Facility
Outflow
(cfs)

800

69

1,260

Attenuated
Flow
Recurrence
Interval in
Willow
Creek
25-year

2,300

120

500

10-year

Reservoir
Volume
(acre-ft)

Other locations upstream of Highway 89 were considered but were determined to not be as
feasible as the Alternative 2a location. The Alternative 2a location incorporates the existing
topography to the greatest extent practicable to minimize embankment construction and maximize
storage capacity.
Both sub-alternatives 2a-1 and 21-2 would require design and construction of a large (in terms of
both length and height) embankment. Given the size of the dam under either alternative, and
proximity of the dam to the community of Browning, both options outlined in Table 4-2 would likely
be classified high hazard dams, which would require a maintenance program to monitor the
condition of the dam and to ensure regular maintenance occurs; Tribal leaders have indicated a
high hazard dam alternative is not desirable.
Neither option attenuates the 100-year flood flow sufficiently to prevent Willow Creek from flooding
and impacting the community of Browning during the 100-year flood. Refer to the flood inundation
maps presented in Appendix 1, which includes flood boundary maps for both the Alternative 2a1 and 2a-2 conditions. These maps demonstrate that even with the peak flow routed to the 25and 10-year events (at the locations of the proposed detention dams), respectively, significant
flooding in Browning would still occur; hence, neither of these alternatives satisfy the purpose and
need of the project.
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Figure 4-7: Alternative 2a Detention Facility
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4.3.2 Alternative 2b
Rather than constructing a detention basin on Willow Creek, Alternative 2b would involve
constructing a flood detention structure south of Highway 89 on the Goose Creek drainage.
Outflow from this detention basin would flow to the confluence of Goose Creek and Willow Creek,
upstream of Browning. Two alternate embankment heights were evaluated for Alternative 2b.
Flood attenuation provided by Option 2b-1 (22-ft high embankment) would attenuate the 100-year
peak inflow in Goose Creek and reduce the 100-year peak flow in Willow Creek at the Community
of to a value roughly equivalent to the 50-year flood. Option 2b-2 (29-ft high embankment) would
provide a marginally greater reduction in the 100-year peak flow through Browning; however, the
resulting combined peak flow in Willow Creek would still roughly equal the 50-year flood. Option
2a-1 and Option 2a-2 are illustrated in Figure 4-8, with the red line indicating the Option 2b-1
inundation extent and the blue line indicating the slightly larger Option 2b-2 inundation extent.
Table 4-3 provides a summary of the key parameters for each option.
Table 4-3: Alternative 2b Size Options

Option

Embankment
Length (ft)

Max.
Embankment
Height (ft)

Reservoir
Volume
(acre-ft)

Max.
Reservoir
Area (acre)

2b-1

2,690

22

310

45

Peak
Outflow
from
Detention
Facility
(cfs)
385

2b-2

3,378

29

670

59

200

Attenuated Flow
Recurrence
Interval in
Willow Creek
50-year
50-year

Both options would involve design and construction of extensive (in terms of both height and
length) embankments. Further, as was the case for Alternative 2a, neither option protects the
community of Browning from flood damage during the 100-year flood. The extremely flat terrain,
including the potential for multiple spill over points, in this area result in the need for multiple
embankments to contain the water; the flat terrain ultimately limits the maximum reservoir pool
elevation that could be contained. The tributary area to the Alternative 2b site is significantly less
than the area tributary to the Alternative 2a site and provides significantly less flood reduction
benefit than Alternative 2a.
The Alternative 2b location on the unnamed tributary of Willow Creek limits the maximum amount
that peak flows can be reduced in Willow Creek below the confluence; however, the Alternative
2b detention facility would be strategically located to reduce flooding along the Highway 89
corridor. Flood flows that originate in Goose Creek appear to be largely responsible for observed
flooding along the Highway 89 corridor. The Alternative 2b location would reduce flooding in this
area.
Given the dam size and proximity upstream of Browning, both Alternative 2b options outlined in
Table 4-3 would be high hazard dams. Further, this high hazard dam would be located directly
upstream of the Browning High School. As previously stated, the Tribal leaders have indicated
that a high hazard dam alternative is not desirable..
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Figure 4-8: Alternative 2b Detention Facility
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4.3.3 Alternative 2c
Alternative 2c involves incorporating flood detention into the design and construction of the
proposed Last Star Road. This would require that (1) the bypass road be constructed to elevation
4,415 feet and include an appropriately sized outlet works structure, (2) improvements be made
to approximately 3,000 feet of Cemetery Rd., raising the elevation to 4,415 feet, (3) potential redesign of the culvert conveying Willow Creek through Cemetery Road, and (4) designing the
bypass road to accommodate overtopping from floods up through the Probable Maximum Flood
(PMF) event. Table 4-4 provides a summary of the key parameters for the Alternative 2c detention
basin.
Table 4-4: Alternative 2c Size Options

Option

Embankment
Length (ft)

Max.
Embankment
Height (ft)

2,745
21
(3,000)*
* Length of reconstruction effort on Cemetery Rd.
2c

Reservoir
Volume
(acre-ft)

Max.
Reservoir
Area (acre)

Peak
Detention
Facility
Outflow
(cfs)

Attenuated Flow
Recurrence
Interval in Willow
Creek

474

62.5

2,680

25- to 50-year

Alternative 2c would involve design and construction of a long embankment, armored to protect
against overtopping. As was the case for other Alternative 2a and 2b sub-alternatives, Alternative
2c would not protect the community from flooding during the 100-year flood and would not achieve
the purpose and need of the project. Additionally, as with Alternatives 2a and 2b, Alternative 2c
would also likely be classified as a high hazard dam.

4.3.4 Initial Screening
4.3.4.1 Flood Reduction Benefit
Construction of a detention basin as a stand-alone alternative (i.e., without the benefit of other
conveyance improvements) would not prevent flooding in and around the community of Browning
during the 100-year flood. Alternative 2a would reduce the 100-year peak flow in Willow Creek at
Browning to be reduced to approximately the 10- to 25-year flood, depending on the configuration
constructed. Alternative 2b would reduce the 100-year peak flow in Willow Creek at Browning to
approximately the 50-year flood, but could provide localized flood reduction benefits along the
Highway 89 corridor. Alternative 2c would reduce the 100-year peak flow in Willow Creek at
Browning to between the 25-year and 50-year floods; none of the Alternative 2 sub-alternatives
would prevent flooding in Browning – they would not achieve the purpose and need of the project.

4.3.4.2 System Reliability
All the Alternative 2 sub-alternatives would require construction of a high hazard dam upstream
from the community of Browning. Failure of such a dam would likely result in loss of life and severe
flooding in Browning. Sediment deposition in the detention basins would need to be removed
periodically, and regular inspections and maintenance of the facility would need to occur.

4.3.4.3 Land Use Impacts
The Alternative 2a detention facility would impact four properties, including one home and three
outbuildings. Other properties that would be impacted by Alternative 2a are vacant land and
current land uses would not need to be altered, but the land would need to be purchased by the
Tribe. The Alternative 2b detention facility would impact one property (fee land) which has a home
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site. The Alternative 2c detention facility would impact one property (fractionated allotted trust
land) with a total of 71 alottees and grazing leases. The maximum water surface elevation may
also intersect with an additional fee property. Any homes impacted by the facility would need to
be relocated outside of the detention basin footprint, and the Tribe would need to purchase the
land that is impacted by the maximum water surface.

4.3.4.4 Constructability and Implementation
An in-depth discussion on constructability is not possible without more detailed information on
subsurface conditions. Extensive excavation would be required to prepare the sites for
embankment construction, and it’s not yet known if supplemental material would need to be
imported to construct the embankment. However, constructing dams is a well understood practice
and, beyond property acquisition requirements, there are no particular constructability concerns.
The location of the Alternative 2c detention facility does have some concerns as it would be in a
low-lying section of Willow Creek – there are a number of nearby structures that could be impacted
by construction. Additionally, the design of the Last Star Road is currently ongoing. Incorporating
detention dam design criteria into the design of the bypass road would require delaying the current
road design project and/or performing an extensive re-design effort.

4.3.4.5 Relative Construction Costs
The quantity of earthwork would be expected to control the construction cost for the Alternative 2
detention facilities. Therefore, the quantity estimates provided in Table 4-1 provide an indication
of the relative difference in construction cost that can be expected for each of the Alternative 2
detention facility location/embankment height configurations. Given the soil types and vegetation
in the watershed, it is likely that vegetated earthen spillways would not adequately resist erosion
during spill events; the cost for a concrete spillway could significantly increase the total
construction cost for each of the Alternative 2 sub-alternatives.
Alternative 2a-2 is likely to be the most expensive of the Alternative 2 options, requiring an
estimated 2.7 million cubic yards of cut and fill volumes. Alternative 2a-1 is comparable in
earthwork quantities to Alternative 2b-1 (both require ~0.75 million cubic yards of earthwork);
these are the least expensive of the Alternative 2 options. Alternative 2b-2 is likely the second
most expensive of the Alternative 2 options, requiring an estimated 1.2 million cubic yards of
earthwork.
Given the estimated size of the embankment and foundation cut, the Alternative 2c embankment
is comparable in earthwork quantity to Alternatives 2a-1 and 2b-1. However, this does not
consider the material quantities that would be required to raise Cemetery Rd. or the materials
(e.g., roller-compacted concrete) to protect the embankment from overtopping flows. Given these
considerations, Alternative 2c is likely to be more expensive that Alternatives 2a-1 and 2b-1.

4.3.4.6 Socioeconomic and Cultural Resources
Positive socioeconomic impacts include:
• Potential recreation benefits,
• Moderate reductions in the peak flood magnitudes.
Negative socioeconomic impacts include:
• Construction of a high hazard dam. Due to the location and size of the Alternative 2 subalternatives, failure of any of the dam alternatives would likely result in loss of life and
significant economic damages.
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•

•

Potential impacts to cultural resources. A significant number of sites with cultural
importance have been documented by the Tribal Historic Preservation Office in the area
west of Browning. Specific impacts would need to be evaluated in more detail for each
potential location and project footprint.
Impacts to residences. Alternative 2a and 2b would each impact one residence.
Alternative 2c would not impact any residences, but would impact properties. The Tribe
would need to procure all properties that intersect the maximum potential water surface
elevation.

4.3.4.7 Environmental Impacts
Detention facilities would trap sediment, periodically inundate habitat and wetlands within the area
of the reservoir, and permanently impact habitat and wetlands within the footprint of the
embankment. Further, by the very nature of a detention basin, any of the Alternative 2 subalternatives would reduce the magnitude of the flood flows in the Willow Creek system; flood flows
are necessary to periodically inundate the floodplain, provide channel maintenance flows,
distribute seeds, and promote vegetation recruitment. Fish may be negatively impacted by
construction of a detention facility, most notably by Alternatives 2a and 2c.
The area of impact ranges from 45 acres (Alternative 2b-1) to 120 acres (Alternative 2a-2). Other
Alternative 2 sub-alternatives include impacts in the range of 60 to 70 acres. The environmental
impacts of a detention facility at the Alternative 2a and 2c locations are likely to be similar, as they
are in similar locations on the main stem of Willow Creek. The environmental impacts of a
detention facility at the Alternative 2b location may be less than other Alternative 2 locations the
facility would be smaller and would be on an intermittent tributary to Willow Creek. Detention
facilities could periodically temporarily raise water tables in the vicinity of a reservoir pool, which
could potentially adversely affect nearby structures (depending on their proximity to the reservoir).

4.3.4.8 Permits and Compliance Requirements
Permits and compliance requirements may include:
•
•
•

Blackfeet Environmental Office Ordinance
117 Permit
Blackfeet Environmental Office 401 Water
Quality Certification
Army Corps of Engineers 404 Nationwide
or Individual Permit

•
•
•
•

Blackfeet Tribal Historic Preservation Office
consultation, survey, and mitigation
Fish and Wildlife consultation
Acquisition of property, right-of-way, and
temporary construction easements on trust
property
BIA Revocable Permit
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4.4 Alternative 3 – Flood Bypass
The goal of Alternative 3 would be to prevent flooding in Browning by routing excess flood flows
around the community in a bypass channel. Alternatives 3a, 3b, and 3c were evaluated to assess
relative potential benefits and impacts of a flood bypass alternative. Figure 4-9 illustrates the flood
bypass sub-alternatives.
A conceptual level analysis was performed for each of the Alternative 3 sub-alternatives to
estimate size of a by-pass channel that would be required to protect the community against
flooding and to estimate the order-of-magnitude excavation volume necessary for each of the
bypass sub-alternatives. The estimated channel excavation quantity for each bypass alignment
is shown in Table 4-5.
Table 4-5: Order-of-Magnitude Bypass Channel Earthwork Quantities
Option

Channel
Depth (ft)

Channel
Length (ft)

Bottom
Width (ft)

Channel XSec. Area (SF)

Cut Vol.
(CY)

3a-1
3a-2
3c-1
3c-2

4.0
3.5
3.5
5.0

4,580
4,580
5,494
5,494

14
90
16
75

102
315
56
375

17,302
53,433
11,395
76,306

The Alternative 3b alignment was adopted from the 1975 Watershed Work Plan and is replicated
in this work as it was previously identified by the NRCS as a potentially viable alternative.
However, as the purpose for Alternative 3b would be collect runoff from the Highway 89 corridor
and convey it to Willow Creek, Alternative 3b was not included in the order-of-magnitude
earthwork analysis with Alternatives 3a and 3c.
Diversion of flows from Willow Creek to Depot Coulee was also not examined in detail. The
estimated required channel length is over two miles and would require culvert or bridge
construction under both Highway 2 and the railroad. In addition, increased flows into Depot
Coulee may increase the flood potential at the Browning Water Treatment Plant.
Another important aspect for construction cost and level of effort for each of the Alternative 3
bypass alignments is the cost to procure the bypass right-of-way, demolish existing structures,
and relocate residences. These aspects will result in significant project cost.
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Figure 4-9: Willow Creek Flood Bypass Improvements
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4.4.1 Alternative 3a
Alternative 3a would involve constructing a flood bypass channel to convey Willow Creek flood
flows northeast to Flatiron Creek, refer to Figure 4-10. This is the flood bypass option incorporated
into the preferred alternative described in the 1975 Watershed Work Plan. To adequately convey
flood waters from Willow Creek to Flatiron Creek, the bypass channel would have to be
constructed through an existing residential neighborhood, which would require the acquisition of
residential property, relocation of residences, demolition of structures, and construction of four
new road crossings along the bypass channel alignment. This bypass channel has two options,
as presented in Table 4-6
Table 4-6: Alternative 3a Bypass Options
Bypass Channel
Design
Discharge (cfs)

Attenuated Flow
Recurrence
Interval in Willow
Creek

BW: 13.4-ft
SS: 3:1
Depth: 4-ft

500

50-year

BW: 90-ft
SS: 3:1
Depth: 3.5-ft

3500

2-year

Option

Length
(ft)

Slope
(ft/ft)

Geometry

3a-1

4,580

0.0037

3a-2

4,850

0.0037

Note: BW = Base Width; SS = Side Slope

The two options outlined in Table 4-6 follow the same alignment but vary greatly in their impacts
and flood reduction benefits. Alternative 3a-1 is a relatively small channel that would result in
modest reductions in flood flows in Willow Creek. Property acquisition would still be required, but
the level of effort required for construction would be less than for Alternative 3a-2. The road
crossings are also much narrower when compared to Alternative 3a-2 and 3c-2. Alternative 3a-1
would not prevent flooding in Browning.
Alternative 3a-2 would be a larger channel that makes a substantive reduction in flood flows in
Willow Creek. The resulting reduction in flow could potentially protect Browning from flooding.
However, a diversion structure in Willow Creek would need to be constructed and the diversion
channel would be very large. The bypass channel would be constructed the Glacier Heights
Expansion housing development, would also add risk (e.g., attractive nuisance to children and
flood risk to the surrounding homes) to the residents of that neighborhood. This alternative would
also require construction of hydraulic structures at road crossings through a number of residential
roads.
Alternative 3a-2 would likely also require a flood study to assess the potential impacts of adding
substantial flows from Willow Creek to Flatiron Creek. It’s likely that substantial flood conveyance
and channel stability improvements would be necessary in the Flatiron Creek drainage to prevent
flooding in areas of Browning that are not currently susceptible to flooding.
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Figure 4-10: Alternative 3a Flood Bypass Channel
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4.4.2 Alternative 3b
Alternative 3b would involve constructing a channel through a portion of Browning that currently
conveys overland flood flows from Goose Creek along the Highway 89 corridor to Willow Creek.
This channel terminates at Willow Creek, east of Piegan St. This alternative was originally
presented in the 1975 Watershed Work Plan. While this alternative could potentially provide
localized flood reduction benefits to the Goose Creek drainage, it would actually exacerbate
flooding downstream from the confluence of Goose Greek with Willow Creek. This alternative
would not prevent or reduce flooding Willow Creek related flooding in Browning.

4.4.3 Alternative 3c
Alternative 3c would involve constructing a flood bypass channel to convey excess Willow Creek
flood flows through Browning and discharge back into Willow Creek, ultimately discharging back
into Willow Creek East of Boundary Rd. As the Browning area is densely developed, the bypass
channel would be constructed through existing neighborhoods, similar to Alternative 3a, which
would require acquisition of a number of residential properties, relocation of residences,
demolition of structures, and construction of five road crossings (Piegan Rd., All Chiefs Rd., Looks
After Rd., Duck Lake Rd., and Aubrey Rd.). This bypass channel could also have two options, as
outlined in Table 4-7
Table 4-7: Alternative 3c Bypass Options
Option

Length
(ft)

Slope
(ft/ft)

Geometry

Houses
Impacted

Bypass Channel
Design
Discharge (cfs)

Attenuated
Recurrence
Interval in
Willow Creek

3

500

50-year

9

3500

2-year

3c-1

5494

0.005

BW: 16-ft
SS: 3:1
Depth: 3.5ft

3c-2

5494

0.005

BW: 75-ft
SS: 3:1
Depth: 5-ft

Note: BW - Base Width; SS - Side Slope

Options 3c-1 and 3C-2 follow the same alignment but vary greatly in their impacts and flood
reduction benefits. Alternative 3c-1 is a relatively small channel that makes modest reductions in
flood flows in Willow Creek. Acquisition of property is still required, but the construction level of
effort is smaller. The required road crossings are also much smaller as compared to Alternative
3a-2 and 3c-2. However, the flood reduction from Option 3c-1 in Willow Creek is modest and
would not prevent flooding on Willow Creek in Browning.
Alternative 3c-2 is a robust channel that makes a substantial reduction in flood flows in Willow
Creek. This reduction in flow would likely eliminate the need for flood conveyance improvements
on Willow Creek. However, this channel is very large and analogous to the level of effort required
for construction options outlined in Alternative 1. The construction would take place through
residential neighborhoods. It would also require large-scale road crossing improvements
analogous to those required on arterial roads crossing Willow Creek in Alternative 1. The flood
conveyance channel through a neighborhood may also add risk (e.g., safety risk and flood risk)
to the residents of that neighborhood.
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Figure 4-11: Alternative 3c Browning Flood Bypass Channel
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4.4.4 Initial Screening
4.4.4.1 Flood Reduction Benefit
Alternative 3 includes four options to protect Browning against Willow Creek related flood
damage. Options 3a-1 and 3c-1 could potentially provide a modest reduction in the 100-year peak
flow, approximately equivalent to the 50-year flood. A diversion structure would need to be
constructed in Willow Creek, and Conveyance improvements to Willow Creek would still be
needed to fully prevent flooding in Browning during the 100-year flood.
Options 3a-2 and 3c-2 could potentially fully protect Browning from Willow Creek related flooding
through the 100-year flood, but a diversion structure would need to be constructed in Willow
Creek; however, these alternatives (particularly Option 3a-2) would create different flood risks in
areas not currently susceptible to flooding. Periodic temporary increases in the groundwater table
in the vicinity of the bypass channel alternatives would also need to be accounted for.

4.4.4.2 System Reliability
Maintaining a bypass channel and the associated hydraulic structures would be an essential
requirement to ensuring the bypass channel is functional when needed. These bypass channels
would not be constructed with large overbank areas, and any obstructions could substantively
impair the bypass channel’s capacity to protect Browning from flooding, and any backwater in the
bypass channel would also increase the flood risk to the adjacent properties.

4.4.4.3 Land Use Impacts
Alternative 3a would result in impacts to 12 residences, while Alternative 3c would result in
impacts to nine residences and approximately four outbuildings. Residences would need to be
relocated and the land use would change from residential to vacant land.

4.4.4.4 Constructability and Implementation
The construction of Alternative 3a could be divided into three aspects: (1) construction of the
bypass channel, (2) construction of hydraulic structures (i.e., bridges) for the bypass channel road
crossings, and (3) construction of conveyance capacity and channel stability improvements on
Flatiron Creek. Alternatives 3a-2 and 3c-2 likely only include the first two activities, while
Alternatives 3a-1 and 3c-1 include all three.
Construction of the bypass channel is relatively straightforward and predominantly involves
earthwork activities and construction of bridges. As this would be a bypass channel, construction
of the channel and bridges would require less effort than commensurate improvements to Willow
Creek that would require water control during construction. The level of effort for these crossings
depends on the scale of the bypass channel; Alternatives 3a-2 and 3c-2 would be larger, while
Alternatives 3a-1 and 3c-1 would require new road crossings for both the bypass channel and the
Willow Creek channel, as the bypass channel alone would not be sufficient to prevent flooding
from Willow Creek.
Alternative 3 bypass channels may also be prone to being filled by drifting snow. The bypass
channels would require regular inspection and maintenance, particularly in early spring when the
risk of flooding is greatest.

4.4.4.5 Relative Construction Costs
All Alternative 3 sub-alternatives would require significant property acquisition and structure
demolition. Construction of the bypass channels and road crossings for Alternative 3a-1 and 3c1 would be less expensive than that of Alternative 3a-2 and 3c-2. However, 3a-1 and 3c-1 would
still result in flooding along the Willow Creek corridor, and improvements to the Willow Creek
channel and road crossings would also be required. Given the need to construct Willow Creek
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flood conveyance and bridge in conjunction with the flood bypass alternatives, the flood bypass
alternatives do not present opportunities for cost savings. Alternative 3a-2 would also require
substantial improvements to Flatiron Creek to prevent channel degradation and mitigate flood
risks along Flatiron Creek that may result from the altered hydrology.

4.4.4.6 Socioeconomic and Cultural Resources
Positive socioeconomic impacts from Alternative 3 include flood protection to the community of
Browning. Negative socioeconomic impacts include relocation of residences (12 for Alternative
3a vs. nine for Alternative 3c) along the potential flood conveyance channel alignments. Currently,
project staff is not aware of culturally significant resources or historic properties in this area.
Although much of Alternative 3 is located in previously disturbed areas, and that have potentially
been surveyed by THPO, specific impacts would need to be identified and evaluated for each
potential bypass channel.

4.4.4.7 Environmental Impacts
The environmental impacts of the flood bypass channels would likely to be limited to areas where
the alignments cross habitat or wetlands and, potential, to Flatiron Creek; these areas are
expected to be a small percentage of the total bypass length given the predominant residential
land use in these areas. Since Alternatives 3a-1 and 3c-1 do not fully mitigate flooding without
substantial improvements to Willow Creek, the environmental impacts of these actions would be
greater; these impacts would be similar to those described for Alternative 1.
Alternative 3a-2, and to a lesser extent Alternative 3a-1 would also create environmental impacts
to Flatiron Creek. Flatiron Creek would likely need to be reconstructed to increase conveyance
capacity and improve channel stability, particularly for Alternative 3a-2. This would likely include
altering the bankfull width and depth of the channel and armoring the system to protect against
erosion.
Alternatives 3a-3 and 3c-2 could potentially prevent flooding in Browning along the Willow Creek
corridor, but they will also increase flood risk in areas that are not currently susceptible to flooding.
Periodic flood flows are necessary for channel maintenance, floodplain connectivity, seed
dispersal, and vegetation recruitment. With Willow Creek flows limited to approximately the 2-year
flood and less, large flood flows would not be available to transport sediment in Willow Creek
through Browning, and the channel could potentially become choked with vegetation, reducing
the conveyance capacity of Willow Creek and allow different vegetation species to migrate into
the channel areas.

4.4.4.8 Permits and Compliance Requirements
Work in or near Waters of the US and associated wetlands would likely require an individual
permit through the Army Corps of Engineers. Mitigation will be required for permanent impacts to
wetlands. Blackfeet Environmental Office (BEO) will require an Ordinance 90A permit and
possibly require wetland mitigation at a 3:1 ratio. Permits and compliance requirements may
include:
•
•
•

Blackfeet Environmental Office Ordinance
117 Permit
Blackfeet Environmental Office 401 Water
Quality Certification
Army Corps of Engineers 404 Nationwide
or Individual Permit

•
•
•
•

Blackfeet Tribal Historic Preservation Office
consultation, survey, and mitigation
Fish and Wildlife consultation
Acquisition of property, right-of-way, and
temporary construction easements on trust
property
BIA Revocable Permit
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4.5 Alternative 4 – Detention Upstream of Browning and Willow Creek
Channel Improvements
Alternative 4 includes the detention facility described under Alternative 2a (to attenuate flood
flows) and Willow Creek channel and hydraulic structure improvements through the community
of Browning (as defined in Alternative 1c). The detention facility would reduce the magnitude of
the 100-year flood peak flow rate, allowing for a lesser level of disturbance to the stream channel
and hydraulic structures while preventing flooding from occurring during the 100-year flood. The
hydraulic structures at road crossing would need to be enlarged to eliminate the significant
hydraulic constriction created by the existing structures; however, the crossings would be
approximately 40% smaller than those required under Alternative 1c. Alternative 4 also includes
features common to the Alternative 1 sub-alternatives (i.e., deflector berm and Goose Creek
drainage improvements). The Alternative 4 detention facilities (repeated from Alternative 2a) are
identified in Table 4-8. As shown in Table 4-8, construction of a detention facility could attenuate
the 100-year peak flow to be approximately to the 10- or 25-year flood (depending on the detention
facility configuration); the channel improvements through Browning would then be sized based on
the reduced 100-year peak flow magnitude in Willow Creek through Browning.
Table 4-8: Alternative 4 Detention Facility Size Options

Option

Embankment
Length (ft)

Max.
Embankment
Height (ft)

Reservoir
Volume
(acre-ft)

Max.
Reservoir
Area
(acre)

4-1

1,575

38

800

69

Allowable
Flow
from
Detention
Facility
(cfs)
1,260

4-2

3,975

53.5

2,300

120

500

Attenuated
Flow
Recurrence
Interval in
Willow
Creek
25-year
10-year

The hydraulic capacity of the existing bridge and culvert crossings of Willow Creek is limited to
approximately the 2-year flood. Because Detention Facilities 4-1 and 4-2 would reduce the peak
100-year flood flow rate in Willow Creek to approximately the 10- to 25-year flood, the minimum
hydraulic structure opening to pass the 100-year flood could be reduced from approximately 80-ft
(Alternative 1c) to approximately 50-ft.

4.5.1 Initial Screening
4.5.1.1 Flood Reduction Benefit
The combination of flood detention on Willow Creek upstream of Highway 89, flood conveyance
improvements to Willow Creek through Browning, and replacing the hydraulic structure crossings
of Willow Creek through Browning would be sufficient to protect Browning from flooding during
the 100-year flood.

4.5.1.2 System Reliability
Alternative 4 would be susceptible to the same failure modes as Alternative 1c and Alternative
2a: (1) obstruction of conveyance areas in the overbank area, (2) obstructions in the bridge
openings, and (3) maintenance of the dam and control structure. System maintenance would be
essential for the successful operation of the Alternative 4 flood control system.
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4.5.1.3 Land Use Impacts
Constructing the Alternative 2a detention facility would require acquisition of all or a portion of
four properties, as well as relocation of one home and four outbuildings. Deflector berm and
channel conveyance improvements from Desroiser Drive to Highway 89 would also require land
acquisition. Channel improvements through Browning would require acquisition of 24 properties
and the relocation of 15 structures.

4.5.1.4 Constructability and Implementation
Alternative 4 can be described as having four general aspects: (1) constructing the detention dam
and appurtenant features, (2) expanding the Willow Creek overbank areas, (3) reconstructing the
Willow Creek bankfull channel, and (4) re-constructing the bridge/culvert crossings of Willow
Creek. Construction of these elements would have a level of effort commensurate with the sum
of the individual effort for both Alternative 1c and Alternative 2a.

4.5.1.5 Relative Construction Costs
For Alternative 4, the proposed detention dam would require the same level of effort (e.g., cost)
as for Alternative 2a, but there would be an approximately 40% reduction in the width of the Willow
Creek corridor improvements, but all of the hydraulic structures would still need to be replaced.
Despite the reduction in channel geometry improvements, the cost savings would not make it cost
effective to construct the detention dam structure and perform the long-term maintenance on the
structure.

4.5.1.6 Socioeconomic and Cultural Resources
Potential negative socioeconomic impacts that could be created by this alternative include
relocation of residential structures in the vicinity of the proposed detention dam and along the
Willow Creek, inundation of several properties, including two fee, two Tribal, and one residential
property. Positive socioeconomic impacts include preventing flooding to the community of
Browning during the 100-year flood. Cultural resource impacts could include disturbance of
culturally important sites and natural resources, including beavers and culturally significant plants.

4.5.1.7 Environmental Impacts
Alternative 4 would include both a detention facility (similar to Alternative 2a) and channel
improvements (similar to Alternative 1c) consisting of widening the flood conveyance channel with
extensive alteration in depth and location to the Willow Creek bankfull channel. Initial surveys of
the geomorphic health and fishery of Willow Creek through Browning demonstrate the system
substantively impacted compared to adjacent reaches upstream and downstream from Browning;
this reach of Willow Creek has been constrained and straightened. Long-term impacts (both
positive and negative) to the Willow Creek bankfull channel are expected to be minimal; a longterm reduction wildlife habitat to the overbank area would be expected due to the change in
vegetation from dense woody vegetation to wetland grasses.
Reconstructing the Willow Creek channel would involve obliterating the existing channel and
reconstructing a new channel and overbank area will result in extensive changes in the depth and
location of the bankfull channel, which will also require large-scale excavation of the associated
riparian and wetlands along Willow Creek through Browning. The bankfull depth will be increased,
which will result in an increase velocity during average and peak flows. Erosion control and
vegetation restoration would be difficult under this alternative. With an incised channel, the local
water table will also decrease; while a reduction in the water table would be a community benefit,
there could also be a negative impact to the associated riparian and wetland areas. As with
Alternative 1, a long-term reduction in wildlife habitat is anticipated. However, if implemented
properly, the long-term impact to fisheries has the potential to be positive.
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Improving the Goose Creek conveyance connection from Highway 89 to Willow Creek has the
potential to reduce ground and surface water in the Norman Tract. Although reducing ground
water impacts to the community is a stated community goal, these changes could result in a longterm reduction in wetlands in this area. However, the design of the Willow Creek corridor
improvements would be designed in such a way as to create new wetland areas to offset the loss
of existing wetland areas.
The proposed detention facility associated with Alternative 4 would trap sediment, periodically
inundate habitat and wetlands within the area of the detention pool, and permanently impact
habitat and wetlands within the footprint of the embankment. Further, the detention dam would
reduce the magnitude of the flood flows in the Willow Creek system; flood flows are necessary to
periodically inundate the floodplain, provide channel maintenance flows, distribute seeds, and
promote vegetation recruitment. Fish could be negatively impacted by construction of this
detention facility.

4.5.1.8 Permits and Compliance Requirements
Work in or near Waters of the US and associated wetlands may require an individual permit
through the Army Corps of Engineers if more than .1 acres of wetlands will be permanently
converted. Mitigation requirements are not available until a final design is complete. Designing
areas of compensatory wetlands into the final plans could be an option. Blackfeet Environmental
Office (BEO) will require an Ordinance 90A permit and possibly require wetland mitigation at a
3:1 ratio. Permits and compliance requirements may include:
•
•
•

Blackfeet Environmental Office
Ordinance 117 Permit
Blackfeet Environmental Office 401
Water Quality Certification
Army Corps of Engineers 404
Nationwide or Individual Permit

•
•
•
•

Blackfeet Tribal Historic Preservation
Office consultation, survey, and
mitigation
Fish and Wildlife consultation
Acquisition of property, right-of-way, and
temporary construction easements on
trust and fee property
BIA Revocable Permit

4.6 Alternative 5 – Willow Creek Road Crossing Improvements Only
Alternative 5 was developed to better demonstrate the need (or lack of need) to construct
improvements the Willow Creek channel and to also replace the hydraulic structures at the Willow
Creek crossings through Browning. Alternative 5 was developed to isolate and assess the flood
reduction benefit that could be realized through replacing only the hydraulic structures; crossing
improvements simulated in this alternative include:
•

North Piegan Street pedestrian arch bridge and vehicle box culvert removal and
replacement with a single 100-foot span combined vehicle and pedestrian bridge. The
hydraulic capacity of the existing North Piegan Street Bridges is roughly equivalent to the
2-year flow before overflow flooding occurs.

•

All Chiefs Road and Agency Road bridge removal and potential roadway reconfiguration
as shown in Figure 4-12. Because a 100-foot bridge opening cannot be developed at All
Chiefs and Agency Road without encroaching into the intersection and impacting the
existing Blackfeet Care Center, the roadway reconfiguration shown in Figure 4-12 could
be considered.
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•

Highway 464 (East Boundary Street) double box culvert removal and replacement with a
100-foot bridge.

Figure 4-12: Potential Roadway Reconfiguration of All Chiefs Road and Agency Road

Replacing the road crossings would eliminate the hydraulic constrictions of the existing crossings;
however, it would not reduce the frequency of flood damage to the community of Browning. The
100-year flood boundary map for Alternative 5 is included in Appendix 1 and demonstrates there
would be little or no discernable difference in extent of inundation area from the existing condition
(also included in Appendix 1) to Alternative 5.

4.6.1 Initial Screening
4.6.1.1 Flood Reduction Benefit
As discussed in Alternative 1, the hydraulic capacity of the existing bridge structures is
approximately the 2-year flood. Larger flood events will result in overbank flooding, backwater at
bridges/culverts, bridge/culvert overtopping, and widespread flooding through Browning.
Increasing the bridge span lengths would improve the hydraulic capacity of the bridges, but would
not provide a noticeable flood reduction benefit.

4.6.1.2 System Reliability
Although increased bridge openings will reduce ice and debris jam potential, the potential for ice
and debris jams would remain. Steel icebreakers on the upstream side of bridges and sizing clear
span lengths to account for ice and debris loadings could positively affect the resiliency of new
hydraulic structures. Monitoring, especially during spring or melting conditions, would be an
important aspect of the transportation maintenance program.

4.6.1.3 Land Use Impacts
Because the North Piegan and East Boundary Road projects are located within existing roadway
corridors, land use at these locations would likely remain unchanged. Grading necessary to
develop the 100-foot bridge opening may encroach upon a neighboring vacant property. The
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roadway reconfiguration at All Chiefs and Agency Road could result in reduced parking at the
Detention Center, encroachment into the proposed Ceremonial Building site south of THPO, and
the roadway moving closer to the current Blackfeet Care Center, which may be vacant upon
construction of the new Blackfeet Care Center.

4.6.1.4 Constructability and Implementation
Specialized construction equipment and labor will be needed for bridge construction, including
pile driving, cofferdam construction, dewatering, girder placement, and constructing concrete
bridge decks. Bridge construction could occur during low flow conditions and cold weather
construction methods may be necessary. Although most bridge construction materials must be
sourced from regional plants and mills, concrete, riprap, and borrow material are locally available
in the Browning area. Water mains parallel North Piegan, All Chiefs Road, and Agency Road and
may need to be relocated.
Right-of-way, permanent utility easements, and temporary construction easements may need to
be acquired for the North Piegan, All Chiefs, Agency Road, and East Boundary Road bridge
construction areas and approaches, including compliance with the provisions of 25 CFR 169
(RIGHTS-OF-WAY OVER INDIAN LAND).

4.6.1.5 Relative Construction Costs
Approximate construction costs for bridge and approach reconstruction were estimated using the
Montana Department of Transportation Preliminary Estimation Tool; the results of which are
presented in Table 4-9.
Table 4-9: Estimated Bridge Replacement Costs

Bridge Location

N. Piegan Rd.
All Chiefs Road/Agency Road Realignment
All Chiefs/Agency Rd. – Remove and Replace Bridges
Highway 464

Estimated
Reconstruction
Cost
$1.8M
$2.3M
$3.9M
$2.8M

4.6.1.6 Socioeconomic and Cultural Resources
Removal and replacement of stream crossing structures would result in a localized reduction in
flooding for areas near the crossings. Negative socioeconomic impacts include access
interruptions and the need for detours during construction, which could result in increased travel
times and congestion of other streets. All Chiefs and Agency Road reconfiguration would result
in a different traffic pattern and would require motorist notification and education. Numerous
beaver dams are also present near the bridges and would require relocation or other form of
mitigation.

4.6.1.7 Environmental Impacts
Stream crossing removal and replacement would result in temporary, and potentially long-term,
stream and riparian area disturbances which could be mitigated through proper implementation
of best management practices (BMPs). Approach embankment removal could result in an
increase in wetland area. Beaver dams near the bridge structures may need to be removed and
the beavers relocated prior to construction.
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4.6.1.8 Permits and Compliance Requirements
Permits and compliance requirements for bridge removal and replacements may include:
•
•
•
•
•

Blackfeet Environmental Office
Ordinance 117 Permit
Blackfeet Environmental Office 401
Water Quality Certification
Army Corps of Engineers 404
Nationwide or Individual Permit
Blackfeet Tribal Historic Preservation
Office consultation, survey, and
mitigation
Fish and Wildlife consultation

•
•
•
•
•

Acquisition of right-of-way and
temporary construction easements on
trust property
BIA Revocable Permit
Blackfeet Tribal Transportation Program
review and concurrence
Two Medicine and/or IHS review of
waterline relocation
Glacier Electric, 3 Rivers, Siyeh, and
Northwestern Energy review of soft
utility relocation
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5.0 RESULTS AND RECOMMENDATIONS
The results from the initial screening analyses were evaluated using a good-fair-poor ranking and
scoring criteria of 5 points for every “good” rating, 3 points for every “fair” rating, and no points for
every “poor” rating. A detailed matrix of ratings by evaluation criteria for every alternative
considered is provided in Appendix 2. These results are summarized in Table 5-1. The final
weighted scores are based on equal weighting (50 points possible for each) of engineering criteria
and environmental/socioeconomic criteria; an example calculation is provided in the footnotes of
Table 5-1.
Table 5-1: Alternatives Rankings

Alternative 1a – Improved floodplain conveyance

17

Environmental/
Socioeconomic
Score
(Out of 100)
67

Alternative 1b – improved floodplain conveyance
and limited channel conveyance improvements

17

61

73

No

Alternative 1c – Improved floodplain conveyance
and complete channel reconstruction

19

61

78

Yes

Alternative 2a – Detention facility on Willow Creek

11

57

56

No

Alternative 2b – Detention facility on unnamed
tributary of Willow Creek

9

54

49.5

No

Alternative 2c – Incorporate detention into the
Design of the proposed Last Star Rd.

6

50

40

No

Alternative 3a – Flood bypass channel to Flatiron
Creek

11

37

46

No

Alternative 3b – Flood bypass channel from south of
Highway 89 to Willow Creek

14

29

49.5

No

Alternative 3c – Flood bypass channel returning to
Willow Creek

11

37

46

No

Alternative 4 – Detention upstream of Browning
and Willow Creek conveyance improvements

19

57

76

No

Alternative 5 – Willow Creek road crossing
improvements only

11

68

61.5

No

Alternative

Engineering
Score
(Out of 20)

Final
Weighted
Score*

Recommended
for Additional
Analysis Through
Plan-EIS

76

Yes

*Engineering and Environmental/Scoioeconomic factors weighted equally at 50 points possible for each. Example
calculation for Alt. 1a: (17/20)x50+(67/100)x50 = 76

Alternative 1a would reduce impacts (relative to other Alternative 1 options) to the Willow Creek
channel but would also result in a wider floodplain corridor and potentially greater impacts than
other Alternative 1 sub-alternatives. Alternative 1c would maximize the flood reduction benefit but
require greater earthwork and would have more substantial impacts to the Willow Creek bankfull
channel and existing floodplain/riparian corridor. Alternative 1b was intended to capture much of
the benefit of Alternatives 1a and 1c while balancing the impacts; however, it does not

Page 41

&

successfully accomplish this goal, as it appears more likely to capture the impacts of both without
realizing the benefits of either.
Alternative 2a would reduce the 100-year peak flow at Browning to approximately the 10- to 25year flood magnitude, depending on the embankment configuration implemented. The greater
flood reduction benefit (reduction to the 10-year event) would come at the expense of significantly
greater earthwork (in excess of 2 million cubic yards, or three times the earthwork of the lesser
flood reduction benefit). Alternative 2b, with its location Goose Creek would likely have lesser
environmental impacts and be strategically placed to reduce flooding along the Highway 89
corridor, but it would only reduce the 100-year flood flow to roughly the 50-year flood flow.
Alternative 2c would reduce the 100-year flood magnitude to roughly the 25- to 50-year flood, but
would also require extensive roadway modifications, likely more substantial environmental
impacts, and added difficulty of incorporating these improvements into the ongoing Lone Star Rd.
design. Each of the Alternative 2 sub-alternatives would result in construction of a high hazard
dam immediately upstream of the community of Browning; failure of a dam would likely cause
loss of life and significant economic losses. Finally, none of the Alternative 2 sub-alternatives
protect the community from flooding during the 100-year flood; consequently, these alternatives
do not meet the goals and objectives of the project and could be dismissed from consideration as
stand-alone alternatives.
Alternative 3b was adopted from the 1975 Watershed Work Plan; however, the purpose of this
channel is to intercept runoff from the Goose Creek drainage and convey it to Willow Creek. This
alternative has been incorporated into all of the Alternative 1 sub-alternatives and is dismissed
from consideration as a stand-alone alternative.
Alternatives 3a and 3c would allow flood flows to bypass the community of Browning to the north
and south, respectively. Two sub-alternatives were evaluated for each alignment, one small
bypass channel and one large bypass channel. In each case the small bypass alignment would
not significantly reduce (i.e., not enough water is diverted from Willow Creek) the peak flow of the
100-year flood and be dismissed from consideration. The larger channel alternatives would create
significant impacts: Alternative 3a, with discharge to Flatiron Creek, would significantly increase
the flow rate through Flatiron Creek and would likely require channel modifications increase
conveyance capacity and to maintain channel stability. Both large bypass channel alignments
would result in the greatest impacts to residential infrastructure and an increase in flood risk to
the adjacent residents during flood events. NECI and DOWL the Alternative 3 sub-alternatives be
dismissed from further consideration.
The purpose of Alternative 4 (a combination of Alternative 1c and Alternative 2a) is to assess the
potential benefits that could be realized by using a detention dam to attenuate the 100-year flood
flow in Willow Creek such that a lesser level of channel reconstruction and bridge openings could
prevent flooding during the 100-year flood. While this alternative could provide the desired level
of protection, the incremental cost reduction for the reduced channel improvements would not be
more than the cost of constructing the detention dam and appurtenant features. NECI and DOWL
recommend Alternative 4 be dismissed from further consideration.
Only replacing the road crossings (Alternative 5) would eliminate the hydraulic constrictions of the
existing crossings; however, it would not reduce the frequency of flood damage to the community
of Browning. The 100-year flood boundary map for Alternative 5 is included in Appendix 1 and
demonstrates there would be little or no discernable difference in extent of inundation area from
the existing condition (also included in Appendix 1) to Alternative 5. In general, NECI and DOWL
recommend Alternative 5 be dismissed from further consideration as a stand-along alternative,
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although constructing road crossing replacements as the first phase of a larger flood mitigation
project could be an effective course of action.
Based on the above considerations, NECI and DOWL recommend advancing Alternatives 1a and
1c to the 35% analysis and design phase to better assess the potential benefits and impacts of
and support selection of a preferred alternative.
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APPENDIX 1: 100-YEAR FLOOD INUNDATION MAPS FOR EXISTING
CONDITIONS AND SELECT ALTERNATIVES

WILLOW CREEK
EXISTING CONDITIONS
100-YR FLOOD BOUNDARY
Date: April, 2019
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ALTERNATIVE 1C
CHANNEL IMPROVEMENTS
EXISTING HYDRAULIC
STRUCTURES
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ALTERNATIVE 1C
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WILLOW CREEK
ALTERNATIVE 2A
DETENTION FACILITY
1260 CFS OUTFLOW
Date: April, 2019
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WILLOW CREEK
ALTERNATIVE 2A
DETENTION FACILITY
500 CFS OUTFLOW
Date: April, 2019
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ALTERNATIVE 2B
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ALTERNATIVE 5
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APPENDIX 2: SCREENING CRITERIA MATRIX

Alternatives Evaluation Matrix

Alternative 1:
Evaluation
Criteria

No
Action

Alternative 3:

Alternative 4:

Alternative 5:

Detention Upstream of
Browning and Channel
Improvements

Willow Creek
Road Crossing
Improvements Only

Construction of the detention basin identified in
Alternative 2A to attenuate Willow Creek flows and
construction of stream channel improvements to
convey attenuated stream flows.

Removal, replacement, and/or rehabilitation
of the four existing bridges and culverts along
Willow Creek through Browning.

Improve Willow Creek Flood Conveyance

Detention Upstream from Browning

Construct Flood Bypass Channel

Improve the flood conveyance capacity of Willow Creek to reduce the frequency and extent
of flooding in Browning. Includes: 1. Construction of a localized floodwater deflector berm
the Willow Creek overbank area downstream from HWY 89, 2. Improvements to drainage
conveyance from HWY 89 near Desrosicr Dr. to Willow Creek, and 3. Construction of Willow
Creek flood conveyance improvements from approximately Cemetery Rd. to downstream of
HWY 464, including improvement of the four existing bridges and culverts.

A detention facility upstream of Browning in the Willow Creek watershed may attenuate
(slow down) the natural rate of runoff such that flood flows are better contained within the
Willow Creek overbank area.

For this alternative, flood flow that is beyond the capacity of Willow Creek to convey
without causing flooding in Browning would be diverted into a bypass channel and routed
around Browning.

1a: Improved Floodplain
No changes or
improvements

Alternative 2:

1b: Improved Floodplain

1c: Improved Floodplain

Conveyance (Construct improved Conveyance and Limited Channel
Conveyance and Complete
flood stage conveyance
Conveyance Improvements (Alt Channel Reconstruction (Alt 1.A
improvements above the bankfull 1.A plus Limited reconstruction of plus Complete reconstruction of
channel)
the the bankfull channel)
the the bankfull channel)

2a: Construct a detention

2b: Construct a detention

2c: Incorporate detention into

facility on Willow Creek (South of facility on the unnamed drainage
the design of the proposed
HWY 89 in the same general
south of HWY 89, near Desrosicr Browning bypass road. (North of
vicinity as proposed in the 1975 Dr. (downstream from the Goose Lake
Norman Subdivision across
alternative described in the 1957
Watershed Work Plan)
Willow Creek)
Watershed Work Plan)

3a: Construct a flood bypass

3b: Construct a flood bypass

3c: Construct a flood bypass

channel to convey excess flood
channel to convey excess flood
channel to convey excess flood
water west and north around
water south and east around water through Browning, north of
Browning and into Flatiron Creek Browning and into Depot Coulee Willow Creek and into Flatiron
(1975 Watershed Work Plan
(1975 Watershed Work Plan
Creek
Alternative)
Alternative)

ENGINEERING
fair
fair
fair
fair
good

fair
fair
fair
fair
good

fair
fair
fair
good
good

fair
fair
good
poor
poor

fair
fair
fair
poor
poor

fair
fair
poor
poor
poor

poor
fair
poor
fair
good

fair
fair
fair
poor
good

poor
fair
poor
fair
good

fair
fair
fair
good
good

good
fair
fair
poor
poor

good
fair
good
fair
fair

good
fair
fair
fair
fair

good
fair
poor
fair
fair

good
fair
fair
fair
fair

good
fair
fair
fair
fair

good
fair
fair
fair
fair

good
fair
poor
fair
fair

good
fair
poor
fair
fair

good
fair
poor
fair
fair

good
fair
fair
fair
fair

good
fair
good
fair
good

fair
fair
good

fair
fair
good

fair
fair
fair

fair
fair
good

fair
fair
good

fair
fair
good

fair
fair
fair

fair
fair
fair

fair
fair
fair

fair
fair
fair

good
good
good

good
fair

fair
fair

fair
fair

fair
fair

n/a
fair

fair
fair

n/a
n/a

n/a
n/a

n/a
n/a

fair
fair

n/a
n/a

fair

fair

fair

fair

fair

fair

fair

fair

fair

fair

fair

fair
good
fair

fair
good
fair

fair
good
fair

poor
poor
fair

poor
poor
fair

poor
poor
poor

fair
poor
poor

fair
poor
poor

fair
poor
poor

poor
poor
fair

good
poor
good

Permits and Compliance Requirements

good
poor
good
poor
good

good
poor
good
poor
fair

good
poor
good
poor
fair

good
fair
fair
fair
fair

good
fair
fair
fair
fair

good
good
fair
poor
poor

poor
poor
fair
poor
poor

poor
poor
poor
poor
poor

poor
poor
fair
poor
poor

good
fair
fair
poor
fair

fair
good
fair
good
fair

Meets Purpose and Need

poor

poor

good

poor

poor

poor

good

poor

good

good

poor

17
67
76

17
61
73

19
61
78

11
57
56

9
54
49.5

6
50
40

11
37
46

14
29
49.5

11
37
46

19
57
76

11
68
61.5

Constructability and Implementation
Relative Construction Costs
Impacts to Infrastructure
Flood Reduction Benefit
System Resiliancy

ENVIRONMENTAL AND
SOCIOECONOMIC
WATER
Surface Water Quanity
Effects to Groundwater
Clean Water Act Implications
Water Rights
Wetland Impacts
PLANTS
Endangered/Threatened Species
Riparian Habitat
Wildlife Habitat
ANIMALS
Impacts to Fisheries
Impacts to Wildlife and Tribally Sensitive
Species
Endangered/Threatened Species
HUMANS/SOCIOECONOMICS
Cost to Sponsor (Tribe)
Public Health and Safety
CULTURAL RESOURCES
LAND USE IMPACTS
Impacts to Adjacent lands
Buildings Displaced
Future Developments
Property Acquisition

Engineering Score
Environmental/Socioeconomic Score
Final Weighted Score

Good = Lowest likely impacts; addresses criteria as defined; good conformance to the Purpose and Need
Fair = Middle range of impacts; somewhat addresses criteria as defined; somewhat conforms to the Purpose and Need
Poor = Highest likely impacts; would not addresses criteria as defined; minimally or would not conform to the Purpose and Need
Note: Alternative 4 has been omitted from this matrix as it is a hybrid of Alternatives 1c and 2a.

