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1. Executive Summary

Swiftcurrent Creek drains an area of approximately 100 sg. miles in northwest Montana near the town

of Babb, on the border of Glacier National Park and the Blackfeet Indian Reservation. Swiftcurrent Creek
is tributary to the Saint Mary River, which flows north into Canada, emptying into the Saskatchewan
River before ultimately making it to the Hudson Bay. Over geologic time, Swiftcurrent Creek has
developed an alluvial fan at its confluence with the Saint Mary River. This fan is at least partially
responsible for the formation of Lower Saint Mary Lake.

In 1914 the United States Bureau of Reclamation (BOR) began construction of Sherburne Dam, a 94 ft
tall earth embankment dam, on Swiftcurrent Creek. Sherburne Dam provides storage of water for the
off-reservation Milk River Irrigation Project by way of the Saint Mary Canal. Additionally, in the early
1900’s, the BOR constructed a dike on the Swiftcurrent Creek alluvial fan which redirects flow towards
and into Lower Saint Mary Lake.

The Blackfeet Tribe has expressed concerns for a number of years over problems that have arisen as a
result of the construction of these facilities on reservation lands, including:

1. Flooding of Tribal property adjacent to Swiftcurrent Creek,
Sediment accumulation in Lower St. Mary Lake is causing a negative impact to the fishery,
BOR operation of Lake Sherburne is adversely affecting the quality of fish habitat from the dam
to Lower St. Mary Lake.

4. Seepage is occurring from the St. Mary Canal which is damaging tribal lands.

In 1964 Swiftcurrent Creek experienced its flood of record, an event which has been estimated at a 250-
year recurrence interval. Swiftcurrent Creek below Sherburne Dam has been in an unstable condition
since this flood, and additional delivery of sediment to Lower Saint Mary Lake has occurred. To address
these concerns, a cooperative data collection effort between the BOR, the Blackfeet Nation, the US Fish
and Wildlife Service, and the US Geological Survey was undertaken to study stream channel
characteristics, stream flows, sediment transport regimes, bank stability, and fish habitat. As part of this
effort, a report was prepared by West Water Consultants, Inc. (WWC) titled “Design for Stabilization and
Reconstruction of Swiftcurrent Creek and Boulder Creek near Babb, MT”. This report was submitted in
its draft form in 1998, with the intent that additional alternatives analysis and investigations would be
completed prior to construction.

In the intervening years since submittal of this report, revised hydrologic flow estimation methods have
been developed as well as advancements in the science of sediment transport, and the realization was
made that, a review of the methodologies employed through the original study was warranted. DOWL
HKM was tasked with reviewing this report and completing a reconnaissance evaluation of data needs
and additional investigations; this current effort has been termed Phase |, and is intended to culminate
in a plan which will provide the framework for future work and ultimate implementation of stabilization
measures.
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The following tasks were included as part of the Phase | Scope of Work.

1. Survey Review: to resurvey critical areas and collect sufficient data to draw general conclusions
concerning channel stability in the intervening years since the 1995 data collection.
2. Channel Migration and Delta Growth Mapping: to investigate and document the presence of

mass sediment sources to Swiftcurrent and Boulder Creeks as well as to document channel
changes or changes in stability that have occurred.
3. Watershed Hydrology Review: to update the hydrology using current hydrologic methods to

estimate instantaneous peak flows and the monthly timing of peak flows under both existing
conditions (dam regulated) and natural conditions. The main purpose of this review was to gain
a general understanding of the role that man-induced changes to hydrology play in the
instability and other problems that are being experienced in the Swiftcurrent Creek watershed.
4. Sediment Transport Review: to review the sediment supply sources within the watershed as well

as the primary findings of the WWC report, and to provide a reconnaissance investigation into
the effects of Sherburne Reservoir operations on the sediment transport capacity of
Swiftcurrent Creek.

5. Geomorphology Review: to review the geomorphic findings of the WWC report and the

appropriateness of the reference reaches used.
6. Review of Potential Mitigation Measures: to evaluate the appropriateness of the restoration

objectives, design alternatives, and design concepts presented in the WWC report and to
indentify addition mitigation alternatives.

The following paragraphs provide a brief summary of the conclusions of the Phase | study:

Comparison of current Swiftcurrent Creek bed elevations and cross sections below the Swiftcurrent /
Boulder confluence to previously surveyed data does not conclusively indicate a trend in either
excessive aggradation or degradation, nor does it support the notion that the channel is trending from a
single main thread channel to a braided stream. However, major shifts in alignment have occurred,
indicating a dynamically changing environment. These shifts are the apparent result of sudden pulse
movements of sediment which obstruct the active channel and cause reactivation of previously blocked
or abandoned channels or the creation of new channels. The dynamically changing nature of the
Boulder/Swiftcurrent system as well as the difficulty in stabilizing this system, as observed through the
previous reconstruction experience, reinforces the need for a more comprehensive understanding of
the sediment transport regime, the interrelated hydrology, and the geomorphology of the system.

The 1964 flood event was significant and had long-term impacts with lasting effects. The flooding that
occurred in 1975 and in 1995 also appears to have significantly impacted the stream channel. Major
shifts in the active channel location within the flood-prone area were documented. The Swiftcurrent
and Boulder Creek basins are dynamic and portions of the streams have exhibited significant channel
instability over time and are likely still in a period of instability. Before streamtypes can be applied or
reference reaches identified, a better understanding of the stability or instability of the Swiftcurrent/
Boulder Creek system is needed and will be a focus of future evaluations.
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The dike constructed by the BOR in the early 1900’s redirects Swiftcurrent Creek along an alignment
which now discharges into Lower St Mary Lake. The delta that occupies the mouth of Lower St Mary
Lake is progressively advancing. This delta, estimated at 166 acres in 1953, was found to have expanded
to an estimated 187 acres by 2005.

Preliminary investigations into Sherburne Dam operations reveal that current dam operations are
affecting the Swiftcurrent Creek spring runoff hydrograph through: reducing peak flows, and altering the
timing of the spring hydrograph. The cumulative effect of these changes is a dramatic shift in the shape
of the hydrograph from what would otherwise be experienced under natural conditions. The impact of
Sherburne Dam operations on peak flood flows is estimated to range from a reduction of about 900 cfs
for the 2-year event, to a reduction of 3,200 cfs for the 100-year event.

Each of these changes to the runoff hydrograph affects the sediment transport capacity in Swiftcurrent
Creek. Development of a sediment rating curve for Swiftcurrent Creek will allow additional investigation
into the affects of regulation on sediment transport capacity. Further examination of the effects of
Sherburne Dam and the potential to restore a more natural flow pattern should be completed prior to
selection of any mitigation alternative. Additionally, a more refined flow analysis at the daily flow level
is recommended, as more detailed data will be necessary for this sediment transport analysis.

Many potential mass sediment sources were identified in Swiftcurrent and Boulder Creeks. These
sources appear capable of providing an unlimited supply of sediment to the stream. Stabilization at the
source to limit additional erosion and sediment recruitment would need to be very extensive and would
likely be very costly. The actively eroding sediment sources were observed to consist primarily of fine
material with limited coarse sediment.

Several critical deficiencies exist in the WWC sediment transport analyses that limit the usefulness of the
results, and cast doubt on the ability of these results to support the design recommendations. The most
notable deficiencies are the error inherently introduced by the sampling methods used and the inability
of the sediment rating relationships to provide estimates of sediment transport at flows higher than the
2-year recurrence interval flow. The WW(C study also stops short of addressing all factors influencing
the instability of Swiftcurrent Creek, most notably the altered hydrology resulting from Sherburne Dam
operations. Review of the WWC sediment transport study supports the need for further sediment
transport analyses prior to final design and/or implementation of mitigation measures.

Through the current review of the Swiftcurrent watershed hydrology as well as the review of the
sediment transport analyses completed through the WWC study, deficiencies are apparent which affect
the viability of the WWC conceptual design. The results of the Phase | reconnaissance investigation
indicate that a more thorough understanding of the Swiftcurrent Creek system is necessary prior to
implementation of any potential mitigation measures.

H:\25\10301\Phase I Report\Phase I Report FINAL.docx



The following general list of work elements summarizes the recommendations of this Phase | evaluation,
presented in order of logical occurrence; however, actual sequencing of tasks will likely vary.

Refinement of Project Purpose and Goals
Additional Data Gathering

Cultural Review

Hydrologic Data Collection

Additional Aerial Photography

Reference Reach Refinement
Topographic Mapping

Sediment Transport Analysis

W e N Uk WM

Sherburne Dam Operations Analysis
10. Alternatives Analysis

11. NEPA Compliance

12. Final Design and Implementation Plan
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2. Introduction

On June 17, 2009 a Stakeholders Meeting and a Work Group Meeting were held in Browning, MT to
discuss the Swiftcurrent Creek and Boulder Creek Stabilization Project. The Work Group Meeting
included a discussion on the need to review previous work efforts and studies. Specifically, the report
prepared by West Water Consultants, Inc. (WWC) titled “Design for Stabilization and Reconstruction of
Swiftcurrent Creek and Boulder Creek near Babb, MT” was identified for review. DOWL HKM was
tasked with reviewing this report along with preparing a Phase | work plan for a reconnaissance
evaluation of data needs and additional investigations to guide the ultimate implementation of
stabilization measures. The Phase | Work Plan developed by DOWL HKM was reviewed and approved by
the U.S. Bureau of Reclamation (BOR) and the Blackfeet Environmental Office (BEO) and work began in
earnest in October 2009 in coordination with BOR and BEO staff. The purpose of this report is to
present the methodologies and findings of the Phase | reconnaissance investigation and to present a
framework for additional evaluations to be performed in the future.

A vicinity map of the Swiftcurrent Creek watershed is shown on Figure 1.

2.1. Scope of Work Summary

The primary goal of the Phase | work plan is to identify issues that need to be expanded upon in the
future for successful implementation of a Boulder / Swiftcurrent Creek Stabilization Project. The
following tasks were included as part of the Phase | Scope of Work.

7. Survey Review

8. Channel Migration and Delta Growth Mapping
9. Watershed Hydrology Review

10. Sediment Transport Review

11. Geomorphology Review

12. Review of Potential Mitigation Measures

The methodologies and findings for each of these tasks are presented in the following sections.

2.2. Background on Swiftcurrent Creek Watershed

2.2.1. Concerns of the Blackfeet Tribe

The Blackfeet Tribe has expressed concerns for a number of years about problems that have arisen as a
result of the facilities constructed by the BOR on the Reservation. Four of these concerns were
documented in letters exchanged between the BOR and the Blackfeet Tribe in 1991, including:

13. Flooding of Tribal property adjacent to Swiftcurrent Creek,

14. Sediment accumulation in Lower St. Mary Lake is causing a negative impact to the fishery,

15. BOR operation of Lake Sherburne is adversely affecting the quality of fish habitat from the dam
to Lower St. Mary Lake.

16. Seepage is occurring from the St. Mary Canal which is damaging tribal lands.
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2.2.2. Previous Studies

To begin to address these concerns, a data collection effort was undertaken by several cooperating
government agencies in 1995. Data collected included stream channel characteristics, streamflow,
sediment transport, bank stability, and fish habitat. WestWater Consultants (WWC) was contracted to
assist in the design and implementation of the data collection effort.  WWC used the information
collected to prepare a design for stabilization and reconstruction of the project area. WWC prepared a
draft report in 1998 that summarized the data collected over a two year period and presented a design
for reconstruction of Swiftcurrent and Boulder Creeks from their confluence to the county road bridge.
As background information to illustrate its scope, the following excerpt from the WWC report has been
included below:

Swiftcurrent Creek downstream from Sherburne Dam has been in an unstable condition since
the flood of 1964, which has greatly increased the amount of sediment supplied to Lower
Saint Mary Lake. The stream channel undergoes major changes in response to even frequent
flood events and has been a concern to adjacent property owners. To address these
concerns, a cooperative data collection effort was completed between the US Bureau of
Reclamation (USBR), the Blackfeet Nation, US Fish and Wildlife Service, US Geological Survey
and others in 1995 to study stream channel characteristics, streamflows, sediment transport
regimes and bank stability, fish habitat and populations and other information.

WWC and associate, Water Consulting, Inc. was contracted to assist in design and
implementation of the data collection effort and to use the information to prepare a design
for the stabilization and reconstruction of the project area.

The study area of the WWC investigation was subdivided into six stream reaches (Reaches 1 through 6)
for purposes of presenting the discussions.

2.2.3. Stream Reaches

For consistency, the stream reaches defined in the 1998 investigation are also adopted for this Phase 1
Study. Four additional stream reaches were added in order to discuss the upper basins of Swiftcurrent
and Boulder Creeks. Stream reaches are presented on Figure 2. One stream reach (referred to as the
Upper Reach of Swiftcurrent Creek) is located upstream of Reach 6 and includes Lake Sherburne, and
the very upper section of Swiftcurrent Creek. Three reaches (Reach 7, Reach 8, and Upper Reach of
Boulder Creek) were added above Reach 1 on Boulder Creek. The following table summarizes the
general stream reach characteristics from upstream to downstream.

H:\25\10301\Phase I Report\Phase I Report FINAL.docx



Table 1 - Stream Reach Summary

Stream Reach Creek

(miles) (%) Channel
Upper Reach of Boulder Creek Boulder 2.0 4.1 Qgc
Reach 8 Boulder 8.6 1.4 Qlt and Qal
Reach 7 Boulder 2.9 3.0 Qlt and minor Qal
Reach 1 Boulder 0.9 2.7 Qlt and Qal
Upper Reach of Swiftcurrent Creek (Redrock Lake Swiftcurrent 10.0 04 Qgc upstream of Lake Sherburne;
to Dam) Qal and Qlt along Lake Sherburne
Reach 6 (Dam to confluence with Boulder Creek) Swiftcurrent 3.3 0.8 Qlt and minor Qal
Reach 2 (from confluence with Boulder Creek .
down(stream to ~Sta 172+03 to 103+91) Swiftcurrent 13 14 Qit and Qal
Reach 3 (~103+91 to 60+03) Swiftcurrent 0.8 1.5 Qlt and Qal
Reach 4 (60+03 to lake) Swiftcurrent 0.8 0.5 Qal
Reach 5 (1900’s [original] channel to canal ) Swiftcurrent 1.4 1.3 Qal

2.2.4. Basin Geology

A generalized geologic map is presented in Figure 3. Several published maps (Cannon 1996, Carrara
1990, Earhart and others 1989, Mudge and Earhart, 1983, and Harrison et al. 1998) were referenced to
create this map. Some geologic contacts between bedrock and surficial deposits were modified and
active landslide and debris flow areas were mapped based on aerial photo review conducted by DOWL
HKM. The following discussion applies to both Swiftcurrent and Boulder Creek basins but is referred to
as the Swiftcurrent Creek basin. Bedrock is mapped as an undivided unit (BR) on the generalized
geologic map (Figure 3); however, a brief discussion of individual bedrock units follows.

The Swiftcurrent Creek basin is located within an area of complex geologic structure. Generally
speaking, tectonic forces thrusted sedimentary rocks upward from west to east. The major structural
feature in the area, the Lewis and Clark Thrust Fault, brings older rocks (Proterozoic age) over younger
rocks (Upper Cretaceous age) in the upper portions of basin (Harrison et al. 1998). The Akamina
Syncline is another predominant structural feature in the basin. The upper Swiftcurrent Creek Basin
drains this westward-dipping sequence (eastern limb of the Akamina Syncline) of argillite, quartzite,
quartz arenite, dolomites, and stromatolitic limestones belonging to the Belt Supergroup (Harrison et al.
1998 and Earhart and others, 1989). The rock units present within the basin include: Snowslip (Ysn),
Helena (Yh), Empire (Ye), Grinnell (Yg), Appekunny (Yap), and the Alytn (Ya) formations. A series of
mafic lava flows is also present in the upper basin and is referred to as the Purcell Sill or Purcell Lava
(Ypr). These bedrock units are very resistant to weathering and supply little sediment to the stream
(Clark, 2000).

The Upper Cretaceous sedimentary rocks present within the basin include the Two Medicine formation
(Ktm), Virgelle Sandstone and Telegraph Creek formation (Kvt), and Marias River Shale (Km). These
units consist of mostly weak mudstones and sandstones. Very little of these Upper Cretaceous rocks are
exposed in the Swiftcurrent and Boulder Creek Basins because they are overlain and obscured by
Quaternary age unconsolidated deposits. Based on mapping by Mudge and Earhart (1983), the Virgelle
Sandstone, Telegraph Creek and Marias River formations are present in the Swiftcurrent and Boulder
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Creek basins. The Two Medicine formation is only present north of Swiftcurrent Creek in the lower
basin.

Erosion by ice associated with alpine glaciers has shaped these valleys and created numerous erosional
features including U-shaped valleys, hanging valleys, cirques, arétes, tarns, and horns and depositional
features such as till, moraines, and terraces (Earhart and Others, 1989 and James, 1982).

The Quaternary deposits consist mainly of alluvium (Qal), landslide and till (Qlt), glacial drift (Qd), and
undifferentiated glacial, fluvialglacial, and colluvial deposits (Qgc). The deglaciation of this area is
thought to have been completed more than 10,000 years ago (Carrara 1993). After the glacial recession,
Swiftcurrent and Boulder Creeks down-cut through the Quaternary deposits and transported significant
amounts of sediment downstream to form the alluvial fan present at the mouth of the basin (Figure 3).

The alluvium (Qal), including alluvial fan and stream deposits, are described as unconsolidated gravel,
sand, silt, and clay (Cannon, 1996). The Swiftcurrent Creek alluvial fan that created Lower Saint Mary
Lake is reported to be a very thick deposit of alluvium (Cannon 1996). Recent growth of this delta area
is discussed in Section 4.

The majority of the lower portion of the Swiftcurrent and Boulder Creek basins is mapped as
undifferentiated Quaternary landslide and till deposits (Qlt). Glacial till typically consists of unsorted,
sub-rounded to sub-angular boulder rubble containing minor amounts of sand, silt, and clay (Carrara
1990). The glacial till may be as thick as 50 feet (Cannon 1996). Landslide deposits mapped in this
region include large rock slumps, slump-earth flows (debris flows), and rock block slides (Carrara 1990).
The kind of clasts and grain size of the matrix vary depending on the bedrock units involved in the
landslide (Carrara 1990). Carrara (1990) indicates that rock slumps are common along the eastern part
of Glacier Park in areas underlain by Cretaceous sedimentary rocks, such as the lower portion of
Swiftcurrent and Boulder Creek Basins. Based on aerial photo interpretation and field observations,
portions of these landslide deposits have been re-activated in the lower Boulder Creek Basin. Discussion
of these landslide deposits are provided in Sections 4.2 and 6.2.

Glacial drift (Qd), mapped along the basin divide in Swiftcurrent and Boulder Creek Basins, consists of
mostly unsorted, sub-rounded to sub-angular gravel, cobbles, and boulders with minor amounts of sand,
silt, and clay (Cannon 1996). The Quaternary deposits in the upper Swiftcurrent and Boulder Creek
basins consist of various glacial and colluvial deposits (Qgc). Although some variation exists in the
published geologic mapping, this unit includes colluvium, talus, till, rock glacier, solifluction, and other
deposits.

Glaciation of these valleys and presence of landslides above the weak upper Cretaceous bedrock are
predominant geomorphic features within the Swiftcurrent Creek basin.
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2.2.5. Lake Sherburne Dam

Lake Sherburne Dam is a compacted earthfill structure which was originally constructed in 1914 to 1921.
Prior to the construction of the dam, there were two existing lakes, Upper and Lower Lake Sherburne.
The dam was constructed below the lower Lake, and has a total storage capacity of 68,080 acre-feet.
The USBR website indicates that the reservoir water surface is controlled by operation of two 4’ by 5’
high-pressure gates, which permit a discharge of 2,100 cfs at the spillway overtopping elevation. The
maximum discharge through the outlet works conduit is 4,200 cfs, which occurs at the maximum water
surface elevation 21.2 ft above the spillway crest. In 1960, the original spillway was closed and replaced
with an uncontrolled-overflow gloryhole spillway.

2.2.6. Flood History

The Swiftcurrent Creek Watershed has experienced six floods greater than the 25-year event from 1913
to 2008. The flood frequencies are based on records from the natural “Many Glacier” gage located
above Lake Sherburne (Gage 05014500). The following list summarizes the flood date, peak flow, and
flood frequency.

e June 13" 1937 - 2,250 cfs (~ 30-year event)

e June 8" 1964 6,700 cfs (~ 250-year event)

e June 20" 1975 — 3,310 cfs (~ 65-year event)

e June 7" 1995 — 3,150 cfs (~ 60-year event)

e November 13" 1999 — 1,750 (~ 25-year event)
e November 7™ 2006 — 4,270 (~ 115-year event)

These peak flows occurred upstream of Lake Sherburne and are not impacted by the storage routing
effects of the reservoir. The following list summarizes the corresponding peak discharges at Gage
05016000 below Sherburne Dam and illustrates the storage routing effects of Lake Sherburne.

e June 151937 - 1,120 cfs (~ 2-year event)

e June 11" 1964 — 2,360 cfs (~ 25-year event)

e June 21*1975 - 2,280 cfs (~ 25-year event)

e June 71995 — 2,510 cfs (~ 30-year event)

e November 16™ 1999 — 885 cfs (< 2-year event)

e November 7™ 2006 — 0 cfs (fully stored inflow flood)

Recorded peak annual streamflows below Sherburne Dam have not exceeded the 2,510 cfs flood event
which occurred in 1995. However, there have been 11 years in which the peak discharge below the dam
was near the 25-year event.

2.2.7. Fire and Logging History

General information was obtained regarding two fires that have occurred within the Swiftcurrent Creek
Basin. On August 31, 1936 the Heavens Peak Fire swept through the Swiftcurrent valley destroying many
acres of forest and cabins that had been constructed in the upper basin. The Heavens Peak Fire burned
over 14,000 acres, however, the extent of forest burned within the Swiftcurrent Creek basin is not well
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documented. In August of 1984, the Napi Point (Peak) Fire destroyed at least 2,300 acres of forest and
numerous homes and cabins located on the west side of Saint Mary Lake. Based on aerial photo review,
the Napi Point Fire appears to have burned a significant portion of the lower basin of Boulder Creek to
Saint Mary Lake.

No evidence of recent logging was observed in aerial photos, as would be expected, since most of the
basin is within the boundaries of Glacier National Park.
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3. Survey Review

3.1. Introduction

Over the late fall and winter of 1996, personnel from Druyvestein Johnson & Andrews Consulting
Engineers and Land Surveyors (DJ&A) completed a survey of lower Boulder Creek and Swiftcurrent Creek
for the U.S. Bureau of Reclamation (BOR). The limits of this survey include the lower one mile of
Boulder Creek above the Swiftcurrent Creek confluence, and extend through the Swiftcurrent Creek
alluvial fan formation to the point of discharge into Lower Saint Mary Lake. Survey data collected
through this 1996 effort consists of channel cross sections as well as a detailed longitudinal profile of
stream bed elevations and hydrographic characteristics. The results of this survey were subsequently
used by WestWater Consultants, Inc. (WWC) in design of mitigation measures and preparation of their
report titled “Design for Stabilization and Reconstruction of Swiftcurrent Creek and Boulder Creek near
Babb, MT.”

A review of the current channel conditions in comparison to the previous survey is desired to assess
channel stability in the intervening years since conclusion of the WWC study. The intent of this re-
survey is to document changes in channel geometry and aggradation or degradation trends within the
system. Given how actively the channel continues to shift and migrate, an extensive re-survey of the
stream channel at this early stage is not warranted, as this work will inevitably need to be redone for
more detailed evaluations in the future and/or immediately prior to implementation and construction.
The intent of the survey review is to resurvey critical areas and collect sufficient data to draw general
conclusions concerning channel stability.

3.2. Data Collection

Field personnel from DOWL HKM and the Blackfeet Environmental Office (BEO) relocated previous
survey monuments and re-surveyed select stream cross section and profile elevations on Boulder and
Swiftcurrent Creeks during late October, 2009. The purpose of this survey is to provide a general
understanding of how the channel has changed in the intervening years since the 1996 stream survey. A
sampling of the cross-sections surveyed in 1996 were resurveyed to facilitate comparisons. Additionally,
a sampling of elevations were collected along the thalweg profile to determine if a trend in aggradation
or degradation is evident. Critical areas were identified by the BEO for resurvey, including: cross
sections and profile in the vicinity of the Boulder/Swiftcurrent Creek confluence and the County Road
Bridge, as well as resurvey of a cross section documenting the Swiftcurrent Creek channel location on
the alluvial fan.

Control point coordinates and elevations from the original survey were obtained from the BOR. BOR
drawings developed through reduction of the 1996 DJ&A survey indicate the horizontal coordinate
system to be NAD 83. However, initial verification of this coordinate system revealed an apparent shift
of several hundred feet from NAD 83 coordinates to the 1996 DJ&A survey data. Consequently,
horizontal coordinates should be treated as a local coordinate system. Vertical coordinates are reported
to be NGVD 29, based on the benchmark at the Chewing Blackbones Campground on Lower Saint Mary
Lake.
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3.3. Results

A set of exhibits showing a comparison of the 1996 and 2009 surveyed conditions is provided in
Appendix A. Within these drawings, the “Main Channel Swiftcurrent Alignment” refers to the active
channel at the time of the 1996 survey, while the “North Channel” refers to what was a dry channel at
the time of the 1996 survey. This North Channel is currently the active channel.

Sheet G1, Appendix A, shows the locations of the 1996 surveyed cross sections, as well as the 2009
resurveyed sections (overlain in red). Four cross sections on lower Boulder Creek above the confluence
were resurveyed, in addition to 3 sections on Swiftcurrent Creek immediately below the confluence, 5
sections above the County Road Bridge, and one section on the Swiftcurrent Creek alluvial fan. Sheets
XS-1 through XS-7, show the resurveyed 2009 cross sectional geometry overlain on the original 1996
data. Cross sections are presented in order from the downstream end of the project to the upstream.

The following changes in channel cross-sections were observed through the review of the “Comparison
of 1996 and 2009 Conditions” exhibits.

Table 2 - Summary of 1996 to 2009 Channel Changes

Location Sheet Observations
Reference

Swiftcurrent Creek

Cross Section 8+00 XS-1 The channel is allowed to meander unconstrained on the alluvial fan below the county road bridge.

at CP16 A dramatic shift in channel location has occurred since the 1996 survey.

Cross Section 60+03 XS-1 This cross section is located immediately upstream of the county road bridge. The current thalweg

at CP5 is approximately 1.17 ft lower than was surveyed in 1996. Additionally, the gravel bar at the
center of the channel is smaller and lower in elevation to that surveyed in 1996.

Cross Section 66+55 XS-1 This cross section appears to be within the extent of previous channel construction work.

at CP29

Cross Section 78+44 XS-2 This cross section appears to be within the extent of previous channel construction work.

at CP34

Cross Section 83+88 XS-3 This cross section appears to be within the extent of previous channel construction work.

at CP35 Blackfeet Environmental personnel indicate that reconstruction of this reach was completed after
the 1996 survey, and the active channel was moved to the left (north) away from the Burns
cemetery. The active channel has subsequently “jumped back” to the previous location near the
toe of the Burns Cemetery hillside. Loss of material from this hillside is apparent from the 1996
survey to 2009. This erosion may have occurred after the 1996 survey and prior to placement of
riprap during construction in 1998..

Cross Section 94+69 XS-4 The current active channel occupies the same channel location as was surveyed in 1996, however,

at CP36 the thalweg elevation is roughly 1.2 ft lower than surveyed in 1996.

Cross Section 162+19 XS-5 Minor aggradation within the 1996 active channel is evident within this section. This location

at CP28 appears to be approaching the lower extent of the sediment deposit which obstructed the "Main
Channel Swiftcurrent Creek" alignment. Consistent with sections at CP4 and CP27, the active
channel currently occupies the "North Channel" alignment. The current active channel is perched
in the north channel approximately 3 ft higher than the previous 1996 channel elevation. The
current thalweg is approximately 1 ft lower than the previous North Channel bed elevation.

Cross Section 165+83 XS-5 Similarly to the cross section at CP4, deposition is evident within the 1996 active channel, with the
current active channel occupying the "North Channel" alignment. The current thalweg elevation is
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Sheet

Location Reference Observations
Swiftcurrent Creek
at CP27 roughly equivalent to the 1996 surveyed North Channel bed elevation.
Cross Section 169+02 XS-5 Deposition of sediment to an approximate depth of 3 ft within the 1996 active channel along the
at CP4 "Main Channel Swiftcurrent Creek" alignment has caused an obstruction and forced the stream to

jump to the "North Channel" alignment. Additionally, deposition (~4 ft depth) within the North
Channel alignment is evident and the current active channel location at this section has moved and
is now immediately adjacent to the left bank. The resulting gravel bar adjacent to the current
active channel is nearly identical in shape to the previous gravel bar, which is still visible in the
cross section. The current thalweg elevation is roughly equal to both the 1996 active channel
thalweg and North Channel bed elevation.

Boulder Creek

Cross Section 1+15 XS-6 Surveyed floodplain topography and active channel location at this section looks nearly identical to
that surveyed in 1996. However, the thalweg elevation has risen approximately 2.37 ft.

Cross Section 4+06 XS-6 The current active channel appears to have moved slightly to the east (towards right bank) in
comparison to that surveyed in 1996. Although deposition along the left edge of the 1996 active
channel is evident at this section, the current thalweg is approximately 2.13 ft lower than that
surveyed in 1996.

Cross Section 11+54 XS-7 The current active channel occupies the same channel as was surveyed in 1996 along the left bank,
however, the thalweg elevation is roughly 1.3 ft lower than surveyed in 1996.

Cross Section 19+49 XS-7 The stream is evidently very dynamic at this location. The active channel location has moved

several times since the previous survey, including erosion and subsequent abandonment of a new
stream channel 50 ft to the east (towards the right bank) of the 1996 active channel. The current
active channel occupies a previous "dry channel" indicated on the 1996 survey approximately 90 ft
to the west. Minor aggradation within the 1996 active channel is evident, while the elevation of
the 1996 dry channel, which the current active channel occupies, has remained relatively
unchanged.

3.4. Conclusions
The observations presented above support several general conclusions, as follows:

3.4.1. Aggradation/Degradation

A number of observed differences in channel geometry and bed elevations exist between the 1996
surveyed geometry and the 2009 resurveyed geometry. However, these differences reflect both
increases in bed elevation in some locations and decreases in bed elevation in others. Although there
have been significant changes in the channel alighment, a comparison of bed elevations does not
conclusively indicate a trend in either excessive aggradation or degradation. It is noted, however, that
below roughly cross-section 103+91 (Appendix A, Sheet G1), Swiftcurrent Creek emerges onto the
alluvial fan and long-term aggradation can be expected. This is not reflected in the relatively short, 13-
year time from 1996 to 2009.

3.4.2. Channel Geometry

The shape of the channel geometry at many cross-sections has experienced minor changes from 1996 to
2009, reflecting the instability of the system. However, these changes do not support the notion that
the stream channel is trending from a single main channel to a braided stream. The cross section at STA
169+02 (Appendix A, Sheet XS-5) provides a good example of how the active channel has moved
laterally across the floodplain, occupying several different locations, but persisting as a single primary
channel and generally maintaining a very similar active channel geometry.
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3.4.3. Lateral Instability

The Boulder/Swiftcurrent Creek System is a dynamically changing environment. Major shifts in the
channel alignment have occurred in the 13 years since the original survey. Boulder Creek, in the vicinity
of the cross section at STA 19+49 (Appendix A, Sheet XS-7), has occupied at least 3 distinct channels over
a floodplain width of 180-ft. These shifts in channel alignment are not the result of lateral accretion,
characterized by point bar deposition and meander bend erosion, but the apparent result of sudden
pulse movements of sediment which obstruct the active channel and cause reactivation of previously
blocked or abandoned channels or the creation of new channels. This is evidenced by the fact that the
previous channels, now dry, remain in the floodplain and can be seen in cross section view.

Similarly, a sediment blockage at the divergence of the “Main Channel Swiftcurrent Creek” and the
“North Channel” alignments near the Boulder/Swiftcurrent confluence has caused a sudden shift in the
active channel and reoccupation of the North Channel alighnment. This sediment blockage is partially
visible in the cross section geometry for STA 169+02 (Appendix A, Sheet XS-5), and is indicated by the ~3
ft difference between the elevation in the 1996 active channel bed and the new geometry at
approximate cross section STA 285. lItis likely that this movement between these two distinct channels
is a recurring cycle driven by the delivery of coarse bed load from Boulder creek as well as the
occurrence, timing, and magnitude of Swiftcurrent Creek flood releases through Sherburne Dam.

3.4.4. Effectiveness of Stabilization Measures

Subsequent to the 1996 survey, Reach 3 of the WWC design was constructed in an attempt to protect
the Burns Cemetery and the hillside it sits on, which was experiencing dramatic erosion. The channel
was realigned towards the left bank, as can be seen in the difference (of the north side?) between the
1996 and 2009 surveyed geometry at STA 83+88 (Appendix A, Sheet XS-3). The new channel was
armored with riprap and rootwads and controlled through rock vanes and vortex weirs. After this
construction project, however, the channel reoccupied its previous course along the toe of the hillside
below the Burns Cemetery. The results of the survey indicate apparent additional loss of hillside in
comparison to the 1996 survey, although it is not known if this erosion was prior to or after
reconstruction of Reach 3. Despite best efforts to control and/or influence the location of the channel,
this shift back to the previous channel alignment illustrates the difficulty in achieving these objectives.

3.4.5. Summary of Conclusions

The dynamically changing nature of the Boulder/Swiftcurrent system as well as the difficulty in
stabilizing this system, as observed through the previous reconstruction experience, reinforces the need
for a more comprehensive understanding of the sediment transport regime, the interrelated hydrology,
and the geomorphology of the system. This is reinforced by Tracie Sylte in her May 24, 2009 memo
(included in Appendix E), where she stated, “The success of this project depends on collecting enough
data and performing a thorough assessment to rigorously explore and discuss the benefits/costs,
uncertainty, and reality of long-term efficacy of each alternative and the total stream system.” The
framework for collecting the additional survey required for a comprehensive analysis is presented in
Section 9.
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4. Channel Migration and Delta Growth
Mapping

4.1. Methodology

The flood of record for Swiftcurrent Creek occurred in 1964. Several other flood events have also been
recorded. An effort was made to obtain aerial photography that would bracket these events. The
purpose of the aerial photography analysis is to investigate and document the presence of mass
sediment sources to Swiftcurrent and Boulder Creeks as well as to document channel changes or
changes in stability that have occurred.

Stereo pairs of aerial photos from 1953, 1966, 1990/1991, and 1995 and georeferenced orthophotos
from 1995 and 2005 were the main source of data used for channel migration, delta growth mapping,
and to delineate active landslide and debris flow areas. In addition to these primary aerial photograph
sets, other years were obtained for this study that cover portions of the basin. Table 3 summarizes the
aerial photographs obtained and reviewed.

Variability in accuracy exists in the interpretation of surficial features due to the scale, quality, and
number of years of aerial photography used. Stereo pairs of aerial photos with original scales ranging
from 1:20,000 to 1:40,000 or less, and stereo pairs of high resolution scanned images provide the most
detailed information. Additionally, good detail was obtained from published orthorectified aerial
photography from 1995 and 2005. The remaining photography reviewed including 2006 orthorectified
aerial photography (2-meter resolution), high elevation, and medium resolution scanned aerial
photography. Although these sources do not show enough detail to use in mapping surficial features,
they provide general information for comparison from year to year.

Stereo pairs of aerial photos were interpreted using a Sokkisha MS-27 stereo scope. Select contact
prints of aerial photos were scanned and then registered to the 2005 orthophotos using the
georeferencing features in ArcGIS to remove positional inaccuracies in the various aerial photos.
Mapping for each individual year was digitized in ArcGIS. The 2005 orthophotographs used as a photo
base in this report are digital color MrSID images with a ground resolution of 1 meter and are registered
to the State Plane Coordinate System North American Datum of 1983.

The results of the aerial photo mapping are presented on Figure 3 (General Geology), Figure 4 (Landslide
and Debris Flow), Figure 5 (Delta Growth), Figure 6 (Early 1900’s Swiftcurrent Creek Channels), and
Exhibits 1a through 1f and Exhibit 2 in Appendix B (Channel Migration and Delta Growth mapping).
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Table 3 -Summary of Aerial Photography Reviewed

Year Date Original Film Type Source Aerial Photo ‘ Stereo Cov.erage of
Scale Coverage of Basin Basin
Reach 1-7, partial for
. Reach 1-7, partial for Reach 8 and UBC
1953 | 83933 | 150,000 Black and White USDA | Reach8and USand | Basin, none for US
and 9-1-53 Contact Prints . .
BC Basins Basin
. Reach 3,4,5 .
1963 | 5-21-63 | <20,000 Black and White BOR | Portions of Reach 1, |~cach 34,5 Portions
Contact Prints of Reach 1,2,6and 7
2,6and 7
Resillauctl;:nngi\/\i/tr;rio- ?clir‘;act Reach 1-8, partial for | Reach 1-7, partial for
1:31,000 Pr?nts US and BC Basins Reach 8, US and BC
1966 | 8-24-66 to USGS Basins
HIA0 Black and White - Medium All Reaches All Reaches
Resolution Digital Photos
Reach 1,2,3,4,5 Reach 1,2,3,4,5
1975 | 7-24-75 ~20,000 Color — Contact Prints BOR Portions of Reach 6 Portions of Reach 6
and 7 and 7
1981 | 02-04-81 | 1:122,000 Black an(.:l Wh!te.: — Medium USGS Partial Cloud Cover None
Resolution Digital Photos
1982 | 9-6-82 | ~1:30,000 | Black and White — Contact Prints| USDA
1990/ 9-7-90 Black and White NAPP/ All Reache's except All Reache's except
1991 12-17-91 | 1:40,000 Contact Prints USDA upper portion of US | upper portion of US
8-26-91 Creek Reach and BC Basin Reaches
1993 | 10-7-93 <20,000 Color Infrare<.:l (CIR) BOR Reach 1, 2, 3, 4, and Reach 3and4
Contact Prints 5
Reach 1, 2, 3, 4, and
. Reach 1, 2, 3, 4, and e
1995 | 8-22-95 | 1:40,000 Black and White NAPP/ | ¢ | ower portion of | > lower portion of
Contact Prints USDA Reach 6 and 7
Reach 6 and 7
Black and White Digital
8-22 and ) Orthophoto Quarter NAIP/ All Reaches None
1995 26-95 1:40,000 Quadrangles (1-meter NRIS
resolution)
7-31-05, 8- Orthorectified Natural Color
2005 | 56 and 27-| 1:40,000 Digital Photos (1-meter '\"\ﬁi:;/ All Reaches None
2005 resolution)
Orthorectified Natural-Color
July/Augus | g . NAIP/ ,
2006 £ 2006 1:40,000 | Digital Photos — County Mosaics USDA Lower half of basin None

(2-meter resolution)

BOR — from Bureau of Reclamation files
NAPP — National Aerial Photography Program
USGS — United States Geological Survey
US — Upper Swiftcurrent

UBC — Upper Boulder Creek

BC — Boulder Creek
NRIS — Montana Natural Resource Information System
USDA — United States Department of Agriculture

NAIP — National Agriculture Imagery Program
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4.2. Channel Migration History

The active channel location is represented by the mapped thalweg shown on Exhibits 1a through 1f in
Appendix B. The amount of channel migration varies considerably within the Swiftcurrent and Boulder
Creek basins and, in general, is driven by several factors, including: geology, gradient of the stream
reach, and input of sediment and streamflow from tributaries. The following is a brief summary of
channel migration observations by stream reach.

4.2.1. Upper Reach of Boulder Creek

The surficial deposits in the upper Boulder Creek basin are mostly colluvial and glacial in origin. The
valley is a broad U-shaped glacial valley. No active landslides were observed in this reach, although
avalanche/debris flow chutes and talus slopes are present along the channel sides that could deliver
sediment and debris to the stream. A few debris chutes along the stream channel and portions of the
channel look fresh and void of vegetation. No photos were obtained for this area prior to the 1964 flood,
so comparisons of the channel before and after flooding cannot be made at this time. However, the
stream channel in 1966 appears to be a stable single channel and no significant erosion of the channel
sides or removal of vegetation is observed in the 1966 photos. Mapping indicates that the channel
location is very similar in 1966, 1995, and 2005.

4.2.2. Reach 8

The geologic units mapped in Reach 8 are Quaternary landslide and till deposits on the valley sides and
alluvium along the creek. In general, the upper third of Reach 8 is a broad open valley with a wide flood
plain area. With the exception of a few avalanche/debris chutes in the very upper portion of the reach,
most of the side slopes are heavily timbered with no obvious indications of recent erosion or instability.
Although no photos were available for the upper third of Reach 8 prior to the 1964 flood, the stream
channel in 1966 appears to be a stable single channel, and no significant erosion of the channel sides or
removal of vegetation is observed in the 1966 photos. No significant channel changes are observed in
the upper third of Reach 8 in the 1966, 1990/1991, or 2005 photos.

Erosion of channel sides and channel migration in the lower two-thirds of Reach 8 is visible in 1966
when compared to the channel condition in 1953, presumably as a result of the 1964 flooding. A single
channel is present in the 1953 photos for the majority of Reach 8. The 1966 photos indicate sections of
significant erosion, migration, and removal of vegetation particularly below major tributaries entering
the stream channel from the south. Multiple channels are observed in a few areas, although a single
channel is visible through most of this reach in 1953, 1966, and in more recent photography. Continued
channel migration is observed in the lower two-thirds of Reach 8 in the 1966, 1990/1991, 1995, and
2005 photos but some re-vegetation is also visible in the 1995 and 2005 photography.

The valley in the lower two-thirds of Reach 8 is also fairly broad and open, with a wide floodplain. Most
of the valley south of the creek is heavily timbered with no obvious indications of recent instability. The
north side of the valley appears to be only partially timbered and may be so for many reasons, including:
landslide movement, fire, or variability in soil conditions or geologic units underlying this area. A
defined landslide scarp is visible along the northern margin of the basin in this reach above the partially
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timbered area. This area is mapped as landslide deposits and may have been active in recent history,
although no significant changes to the landslide are apparent in the aerial photos reviewed.

A re-activated portion of the landslide deposits exists on the south side of the channel in the very last
mile of Reach 8 (Figure 4). The re-activated portion appears to be in the form of debris flow deposits
that appear fresh and void of vegetation in 1966 when compared to the 1953 photos and which were
possibly re-activated during the 1964 flood event. Some sediment from this debris flow reached the
main channel through tributary drainages and erosion of the channel sides.

Significant channel migration, erosion of side slopes and side channels, and removal of vegetation can
be observed in the 1966 photos in the last mile of Reach 8. Multiple channels exist in this section of
stream in 1953, 1966, as well as in more recent photography, indicating that it was an area of relative
channel instability even prior to the 1964 flooding. This is not surprising, given the active nature of the
landslide/debris flows in this area.

4.2.3. Reach 7

The geologic units mapped in Reach 7 are Quaternary landslide and till deposits on the valley sides and
minor alluvium along the creek. This reach has an incised channel and narrow floodplain area in the
upper 1/4 of the reach along the debris flow area discussed above. Comparison of the 1953 and 1966
photos show no significant channel migration. In the photos reviewed from 1953, 1966, 1990/1991, and
2005, this section of Reach 7 appears to be a single channel.

The lower three-fourths of Reach 7 appears to have one main channel in all years of photos reviewed,
however, smaller, active flowing side channels are visible. Multiple-channel flow likely occurred in this
section during the 1964 flooding. The 1966 photos indicate sections of significant erosion, lateral
migration, and removal of vegetation. Continued side channel erosion and no significant re-vegetation is
observed in the 1990/1991, 1995, and 2005 photos.

Near the mid-section of Reach 7, an active landslide deposit was documented through the aerial photo
interpretation and during the 2009 field visit. Active lobes of this landslide are visible in the 1953
photos, although the head scarp appears vegetated and perhaps less active. Some areas of the head
scarp appear fresh and have less vegetation in the 1966, 1990/1991, and 2005 photos, indicating
continued movement. This observation was verified during a field visit in October 2009 to this area.
Several photos in Appendix D, particularly Field Site 9 Photo 22 and Field Site 13 Photo 26, show the
active scarp along the upper portion of the landslide (south of Boulder creek), as well as active erosion
at the toe of the landslide. Field Site 12 Photo 25 in Appendix D shows active erosion along the north
side of the channel.

4.2.4. Reach 1

The geologic units mapped in Reach 1 are Quaternary landslide and till deposits on the valley sides and
alluvium along the creek. Aerial photos from 1953 show a single main channel in Reach 1. Aerial photos
from 1966 show a significant amount of vegetation removal, erosion of side channels, and channel
migration within the floodplain along this reach. Multiple-channel flow may have occurred in this
section during the 1964 flooding, however, one predominant channel is still visible in the 1966 photos.
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Additional erosion, migration, and removal of vegetation is apparent in the 1975 photos, presumably
from the 1975 flooding but, as with the 1966 photos, the 1975 photos indicate multiple-channel flow
during flooding but one predominant channel with flow is visible during lower flow periods. The 1998
WWOC report indicates that this reach was starting to recover in the early 1990’s, but that the flood of
1995 reversed that trend. Review of the 2005 photos indicates that since 1995, Reach 1 has apparently
re-gained some stability, as indicated by the re-growth of vegetation within the floodplain and only
minor channel migration.

4.2.5. Upper Reach of Swiftcurrent Creek

The surficial deposits in the upper Swiftcurrent Creek basin are mostly colluvial and glacial in origin. The
valley is a broad U-shaped glacial valley. No active landslides were observed in this reach, although some
relatively un-vegetated avalanche/debris flow chutes and talus slopes are present along the valley sides
which could deliver sediment and debris to the stream. Lake Sherburne occupies the downstream 5.5
miles of the upper reach of Swiftcurrent Creek. No significant changes were observed in the upper
reach in 1995 or 2005. No photos were obtained for this area prior to the 1964 flood so comparisons of
the channel before and after flooding cannot be made at this time. Aerial photos obtained for the delta
area above Lake Sherburne for 1966 indicate no significant changes in the channel in this area.

4.2.6. Reach 6

The geologic units mapped along Reach 6 are Quaternary landslide and till deposits on the valley sides
and minor alluvium along the creek. The valley is relatively broad, and based on aerial photo review, no
active landslides were observed in this reach and the valley sides appear well vegetated. The flood plain
along Reach 6 is fairly narrow and vegetation is well established. No significant changes to the channel
in Reach 6 were observed in the aerial photos reviewed. As indicated by the channel migration
mapping, almost no change in channel location was observed (Appendix B, Exhibit 1e). This reach
consists of a single channel with one short segment of side channel.

4.2.7. Reach 2

The geologic units mapped along Reach 2 are Quaternary landslide and till deposits on the valley sides
and alluvium along the creek. Reach 2 is located at the mouth of the Swiftcurrent Creek valley. The
valley in this area is relatively broad and open and the floodplain is widest in this section in comparison
to upstream reaches and allows for significant channel migration. The 1953 channel was located along
the north side of the floodplain (north channel). A culvert crossing located across the north channel is
visible, and the apparent straightening of the channel in the vicinity of the crossing, as mentioned in the
1998 WWC report, is also visible. In 1966, Swiftcurrent Creek still occupies the north channel, the
channel still has a straightened appearance, and the crossing is still intact. However in the area of the
crossing, a few high-flow channels, probably occupied during the 1964 flooding, had developed in the
center and southern portions of the floodplain and some removal of vegetation is visible. These
channels converge into a single minor channel that appears to have some flow visible in the 1966
photos. This reach sustains significant erosion, migration, and vegetation removal prior to the 1975
aerial photos reviewed, presumably due to flooding that occurred in 1975. The crossing is no longer
present at that time and the main flow has shifted to the south side of the floodplain and becomes
braided in this reach, likely as a result of sediment influx from upstream. The 1982 and 1990/1991
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aerial photos show that the main channel in Reach 2 is still located along the south side of the
floodplain, but most of the flow is in a single channel with very minor secondary side channels. Erosion
had diminished at that time, and re-vegetation of the floodplain is visible. The 1995 aerial photos show
the main channel located along the south side of the floodplain. As mentioned in the 1998 WWC report,
the flooding in 1995 (presumably in June of 1995), appeared to reverse this recovery trend and the
channel again “jumped” back to the north channel. Aerial photos from 2005 show the main channel
occupying the north side of the floodplain, but a significant secondary channel still exists along the south
side. The flooding of 1975 appears to be the main destabilizing event in the reach.

4.2.8. Reach 3

The geologic unit mapped along Reach 3 is primarily Quaternary alluvial fan deposits. A dike was
constructed in the early 1900’s along the north bank, cutting off the channel (Reach 5) occupied in the
early 1900’s (referred to as the original channel in Decker, 1998). The channel is redirected in a relatively
tight turn south. A bridge was constructed by the Bureau of Indian Affairs (BIA) at the downstream end
of this reach sometime between 1963 and 1966. The floodplain in this reach is narrower than in Reach 2
due to confinement by the dikes. Some channel migration and bank erosion is observed in all years of
photos reviewed and significant migration and erosion is visible in the 1975 photos, including at the BIA
bridge, where the channel bypassed the structure and eroded a channel east of the bridge apparently
during the 1975 flooding. The bridge crossing was re-constructed sometime between 1975 and 1981.
Review of many years of aerial photos reveals that the channel in Reach 3 alternated, throughout recent
history, between a single main channel and a main channel and a secondary channel. Review of aerial
photos from 1953 and 1963 show some vegetation within the floodplain , however, none is visible in
the 1966 aerial photos. This vegetation was apparently removed in the flooding of 1964 and had not re-
established by 2005. A stream stabilization project was completed in 1997 by the BOR, in cooperation
with the BEO, in an attempt to stabilize a portion of Reach 3 upstream from the BIA bridge. The project,
which implemented the design developed by WWC, focused on a reach of Swiftcurrent Creek that was
eroding the toe of a slope and jeopardizing Burns Cemetery.

4.2.9. Reach 4

Reach 4 is located on the alluvial fan of Swiftcurrent Creek, and includes the delta area discussed below
(See Figure 5, Exhibit 1f, and Exhibit 2). This reach has experienced significant channel migration in the
past 50 years. Prior to construction of the BIA bridge, the channel in 1953 was located along the western
part of the floodplain and had one main channel visible in the upper portion of the reach. The 1966
photos also show a single main channel just below the bridge. This section is braided in the 1975 photos
and flow is visible in at least three channels. After the bridge crossing was reestablished, this section is
again occupying a single main channel as can be seen in the 1981, 1982 and 1990/1991 photos. In the
lower section or delta portion of Reach 4, several channels are apparent and this channel section can be
considered braided. The main channel flowed south from the bridge into Saint Mary Lake. This main
channel migrated slowly eastward and, sometime between 1995 and 1997, the main channel switched
to a secondary channel on the east side of the delta as reported in the 1998 WWC report. In 2005, the
photos show the main channel occupying the east side of the delta, flowing into the lake near the mouth
of the Saint Mary River.
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4.2.10. Reach5

Reach 5 is the channel documented in the early 1900’s and was referred to as the “original channel” in
the 1998 WWC report. Archive maps obtained by BOR from 1909, 1910, and 1913 show the location of
the channel with respect to surveyed section boundaries. These maps were geo-referenced and the
channels digitized in ArcGIS (Figure 6). There is some variation in the location mapped in each year, but
the general vicinity is the same. Using the aerial photography obtained for this project, a general
corridor delineating low areas that appear to have been previously occupied by the Swiftcurrent Creek
channel is also shown on Figure 6.

4.3. Delta Growth Mapping

4.3.1. Methodology

Depositional characteristics for the existing delta area were mapped for the years 1953, 1966, 1996, and
2005. Features identified included areas of well established vegetation above the lake level, areas of
active sediment deposition below lake level, and the “active channel area” which includes the active
channel, sand bars, aquatic vegetation areas, and areas with partial vegetation.

Mean daily discharge and field gage height measurements from the USGS Gage 05017500 located on
Saint Mary Lake directly across from the south end of the delta were reviewed to determine the
approximate lake level on the days that aerial photographs used for delta growth mapping were taken.
On these days, mean daily discharge ranged from 754 to 1060 cfs which corresponds to field gage
heights of about 2.44 to 3.08 feet. This data indicates that lake levels varied by less than one foot (0.64
feet) on the dates of interest, and therefore, the impact of lake level fluctuation on the visible extents of
the delta is most likely minimal.

4.3.2. Results

In general, the delta has continued to advance into the lake. Sediment has continued to accumulate
above lake level at the mouth of the delta. Well established vegetation can be observed in 2005 where
none had existed in previous years reviewed. Although somewhat subjective, it appears that the area of
active sediment deposition below lake level has continued to migrate out into the lake. Several areas of
well established vegetation observed in 1953 were removed, presumably during the 1964 flood event of
record, and have sparse or no vegetation visible in the 1966 photos. Changes in the delta growth are
visible but are modest from 1966 to 1995. Rough estimates based on this mapping indicate that the
surface area of the delta has increased approximately 21 acres between 1953 and 2005.

Table 4 - Delta Growth Summary

Location 1953 Acres 2005 Acres
Delta above Lake 132.6 150.2
Sediment Accumulation 33,5 37.0
below Lake Level
Total Acres 166 187

The extents of the delta through time are shown on Figure 5 and Exhibit 2 of Appendix B.
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4.4. Conclusions

The 1964 flood event was significant and had long-term impacts with lasting effects. The flooding that
occurred in 1975 and in 1995 also appears to have significantly impacted the stream channel. Major
shifts in the active channel location within the flood-prone area were documented. Based on the aerial
photography reviewed, a single main channel persisted in most reaches of Swiftcurrent and Boulder
Creeks. The presence of side channels was documented in aerial photography both prior to and after
the 1964 and 1975 flooding, but only a few areas of true braiding in Reaches 2 and 4 were observed
after the 1975 flooding. These braided reaches did not persist over time.

The Swiftcurrent and Boulder Creek basins are dynamic and portions of the streams have exhibited
significant channel instability over time and are likely still in a period of instability. Applying streamtypes
such as those from Rosgen to the stream reaches below the confluence of Swiftcurrent and Boulder
Creeks may be premature, as additional work is first needed to better understand the stability of the
upstream reaches of Boulder Creek. A better understanding of the stability or instability of the
Swiftcurrent/ Boulder Creek system is needed and will be a focus of future evaluations, as described in
Section 9.

The dike constructed by the BOR in the early 1900’s redirects Swiftcurrent Creek from an alignment
which discharged into the St Mary River along Reach 5 to a new alignment (Reach 3/Reach 4) which now
discharges into Lower St Mary Lake. The delta that occupies the mouth of Lower St Mary Lake is
progressively advancing. This delta which was estimated at 166 acres as of 1953 had expanded to an
estimated 187 acres by 2005.
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5. Watershed Hydrology Review

5.1. Introduction

The Phase | reconnaissance review of the Swiftcurrent Creek watershed hydrology utilized current
hydrologic methods to estimate instantaneous peak flows and the monthly timing of peak flows under
both existing conditions (dam regulated) and natural conditions. The main purpose of this review is to
gain a general understanding of the role that man-induced changes to hydrology play in the instability
and other problems that are being experienced in the Swiftcurrent Creek watershed. Watershed
Characteristics

The Swiftcurrent Creek drainage basin area is roughly 100 sq. miles. The largest tributary to
Swiftcurrent Creek is Boulder Creek, with a drainage basin of 26.7 sq. miles. Several lakes are present
within the Swiftcurrent watershed, including the natural Swiftcurrent Lake and the manmade Lake
Sherburne, created in the early 1900s with the construction of Sherburne Dam. Construction was
begun on Sherburne Dam in 1914, and the first delivery of Milk River Project water from the reservoir
occurred in 1919.

Swiftcurrent Creek below the confluence with Boulder Creek is very unstable and is therefore the key
focus of the hydrology effort. Figure 7 provides an overview of the Swiftcurrent Creek watershed.

5.1.1. Streamflow Gages

Seven USGS streamflow gages have been operated within the Swiftcurrent Creek Watershed. USGS
Gage 05014300 “Swiftcurrent Creek above Swiftcurrent Lake at Many Glacier” was installed in 2003 and
provides a minimal period of record. USGS Gage 05014500 “Swiftcurrent Creek at Many Glacier, MT”
referred to herein as the Many Glacier Gage is located on Swiftcurrent Creek just below Swiftcurrent
Lake and has 96 years of record (1913-Present). This gage has a contributing drainage area of 30.8 sq.
miles. USGS Gage 05016000 “Swiftcurrent Creek at Sherburne, MT”, referred to herein as the
Sherburne Gage, is located just below Lake Sherburne Dam and has 96 years of record (1913 to Present).
The drainage area above the Sherburne gage is 64.6 sq. miles. The most downstream gage on
Swiftcurrent Creek was USGS Gage 05016500 “Swiftcurrent Creek near Babb, MT” located below the
Boulder Creek confluence. This gage with a contributing drainage area of 98.3 sg. miles has only 8 years
of record from 1902 to 1910. Two streamflows gages are located on Grinnell Creek and one on Canyon
Creek, tributaries to Swiftcurrent Creek. The drainage areas of these three gages are relatively small in
comparison to the Swiftcurrent Creek drainage (1.1 sq. miles, 3.3 sq. miles and 7.1 sg. miles). There are
no streamflow gages located on Boulder Creek. The location of the USGS streamflow gages are shown
on Figure 7.
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5.1.2.
The drainage basins for the various subbasins of the Swiftcurrent watershed were delineated from
digital USGS 24k topographic maps using ArcGIS 9.2.
evaluated using ArcGIS or were obtained from the USGS Website.
Additional exhibits included in Appendix C show the basin

Basin Characteristics

Drainage basin characteristics have been
Table 5 summarizes the basin
characteristics for these subbasins.
delineations and other basin characteristics.

Table 5 - Swiftcurrent Creek Subbasin Characteristics

. Mean Basin Elevation Basin Covered | Mean Annual
. Basin Area . s
Drainage Area (Sq. Miles) Elevation above 6000 ft by Forest Precipitation
4 (ft) (%) (%) (inches)
USGS Gage 05014500
Swiftcurrent Creek at Many Glacier 309 6,460 64.0 >8.1 9.0
USGS Gage 05016000
Swiftcurrent Creek at Sherburne 64.6 6,390 62.0 63.0 85.0
Boulder Creek Basin 26.7 6,363 59.0 52.1 52.3
Swiftcurrent Creek near the
Confluence with Boulder Creek 98.3 6,200 >0.4 45.2 64.1

5.2. Previous Studies

The Swiftcurrent Creek Watershed has been an area of concern for many years, and previous studies
have evaluated the hydrology of the Swiftcurrent Creek Watershed. One of those reports is the 1998
WWC report. The other report is USGS publication SIR 2009-5100 “Relation between Streamflow of
Swiftcurrent Creek, Montana, and the Geometry of Passage for Bull Trout”. The following section

summarizes the hydrologic conclusion from both of these reports.

5.2.1. 1998 WWC Report

The hydrologic section of the WWC report presents a comparison of the natural hydrology of
Swiftcurrent Creek to the existing regulated flows from Sherburne dam. The report also presents
several methods for evaluating the design flows in Swiftcurrent Creek. These methods include
measuring streamflows at three different locations during the 1996 water year, flood flow frequency

analysis (performed by the USBR), and predictions based on bankfull flow estimates.

5.2.1.1. Streamflows in Water Year 1996

Streamflows were measured at three locations, including: the USGS Gage (05016000, Swiftcurrent Creek
at Sherburne, MT), the USBR Cableway on Boulder Creek near the confluence with Swiftcurrent Creek,
and the BIA road bridge located just downstream of the Boulder Creek Confluence. The report indicated
that water year 1996 was average to slightly below average in terms of total runoff. Table 6 lists the

range of flows measured at these three sites during the 1996 water year.
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Table 6 - Range of Mean Daily Streamflows in Water Year 1996 (WWC, 1998)

Minimum Flow | Maximum Flow

Site Location Measurement Measurement
(cfs) (cfs)
Swiftcurrent Creek at USGS Gage 05016000 1 815
Boulder Creek at the Confluence with Swiftcurrent Creek 30 353
Swiftcurrent Creek at the County Bridge 245 1104

The report indicates that the composite hydrograph of the USGS gage and the Boulder Creek flows fall
below the measured streamflow downstream at the county road bridge for portions of the year, but
during the highest flows periods, it exceeds the downstream flows. The disparity between these flows
is rather large, and can possibly be explained by shifts in the bed elevation at the bridge causing errors in

the discharge estimates.

5.2.1.2. Flood Flow Frequency Analysis

The flood flow frequency analysis completed by the USBR and published in the WWC study used USGS
Water-Resource Investigation Report (WRIR) 86-4027, “Methods for estimating magnitude and
frequency of floods in Montana, based on data through 1983.” The analysis also uses the USGS Annual
Peak Flow Frequency Analysis computer program on WATSTORE (WRC estimate) in arriving at flood flow
frequencies for USGS Gage 05016000. The 1983 WRIR 86-4027 regional regression equations use three
The
geographical factor was not used because it introduced additional error into the estimate. The analysis
includes the WRC estimate for both the USGS gage at Many Glacier (05014500) and at Sherburne
(05016000) and combines these Swiftcurrent Creek flows with the regional regression estimates for the

basin parameters including area, average annual precipitation, and a geographical factor.

balance of the basin to predict regulated and natural flood flows. Table 7 summarizes the results of this
previous analysis.

Table 7 — USBR Flood Frequency Analysis (WWC, 1998)

Location 2-Year 10-Year 50-Year 100-Year
(cfs) (cfs) (cfs) (cfs)
Regulated Flood Flows
Swiftcurrent Creek at Sherburne, (WRC Est.) 1,148 1,941 2,765 3,155
Swiftcurrent Creek between Sherburne and Babb 980 1,580 3,130 5,000
Swiftcurrent Creek near Babb 2,128 3,521 5,895 8,155
Naturalized Flood Flows
Swiftcurrent Creek at Many Glacier, (WRC Est.) 660 1,879 4,193 5,752
Swiftcurrent Creek between Sherburne and Babb 2,180 2,840 5,220 8,360
Swiftcurrent Creek near Babb 3,000 3,890 7,100 11,200

In the intervening years since the WWC study, the USGS WRIR 86-4027 used in the peak flow analysis
has been superseded by WRIR 03-4308, which includes additional period of record and revised
regression equations.
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5.2.1.3. Bankfull Flow Estimates

The bankfull discharge for both Boulder Creek and Swiftcurrent Creek are difficult to estimate because
they are very unstable and typical field indicators are removed annually. These flows are often
approximated by the 1.5-year event, and are primarily responsible for shaping and maintaining the
stream channel geometry. The following bankfull flows are presented in the WWC report for the three
streamflow measurement sites.

e Swiftcurrent Creek below the confluence with Boulder Creek — 1450 cfs
e Swiftcurrent Creek at the Bridge — 1600 cfs
e Boulder Creek at cableway — 550 cfs

5.2.2. USGS Scientific Investigation Report 2009-5100

This report primarily pertains to low-flow conditions of Swiftcurrent Creek, and presents two different
methods for estimation of the natural streamflows within Swiftcurrent Creek. The first method includes
the ratio of mean monthly discharge at USGS Gage 05015000 on Canon Creek (a tributary to Lake
Sherburne) to mean monthly discharge at the upstream gage at Many Glacier (Gage No. 05014500).
Similarly, the second method includes the ratio of the estimated annual discharge at seasonally
operated gage 05016000 to annual discharge at the upstream Many Glacier gage. The conclusion
presented in USGS SIR 2009-5100 from this analysis is that natural streamflows at the Sherburne gage
(05016000) should be on the order of 1.4 to 1.5 times the streamflows at the Many Glacier gage
(05014500).

5.3. Selection of a Regression Method
Several regression methods were evaluated in order to compare predicted flood flows for the drainage
basins within the Swiftcurrent Creek Watershed. These regression methods include USGS regression
equations and 9-gage regional regression equations based on various combinations of basin parameters
(basin area (A), A & mean basin elevation (E), A & elevation above 6000 ft (E6000), A & area covered by
forest (F), and A & average annual precipitation (P)).

5.3.1. USGS Regression Equations - Northwest Region
The Swiftcurrent Creek Basin lies completely within the Northwest Region of the USGS Water-Resources
Investigations Report 03-4308. The applicable regression equations for the Northwest Region are:

Q, =0.128 A%?18 p133 (standard error = 0.202)
Qqo= 4.10 A%807 p0-720 (standard error = 0.161)
Qso= 31.2 AD733 pO4% (standard error = 0.157)
Qa0 = 56.4 A%720 p0-403 (standard error = 0.168)
where: Qy is the annual peak discharge, in cfs, for recurrence interval T, in yrs;

A'is the drainage area, in mi%; and
P is the average annual precipitation, in inches
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5.3.2. Local Regression Analysis

Streamflow gages within a localized region of the Swiftcurrent Creek watershed were evaluated to

identify gages with similar basin characteristics as Swiftcurrent Creek. Nine gages within a 90-mile

radius of the project area were selected for the analysis. Table 8 shows the nine gages used for the

regional regression analysis.

Table 8 - Gages Selected for Regional Regression Analysis

. Years A E E6000 F P Q2 Q10 Q50 Q100
Station Name Re‘:; gm0 | (%) (%) (in) (cfs) (cfs) (cfs) (cfs)
Belly River at International Boundary 17 74.8 6180 58.0 51.3 79.0 1,500 1,900 3,800 6,000
Waterton Ri‘éi:]:zaarr;”temaﬁ°”a' 17 610 | 6060 | 56.0 53.9 84.0 2,120 | 2,700 | 4,000 | 6,200
St. Mary River near Babb, Mont. 64 2760 | 6170 | 53.0 66.0 71.0 3550 | 6180 | 9,290 | 10,900
Badger Creek near Browning 23 133.0 6020 51.0 59.3 39.0 1,800 3,000 7,000 11,000
North Fork Sun River near Augusta 30 2580 | 6150 | 61.0 87.8 420 3,000 | 4700 | 7,600 | 12,000
Twin Creek near Hungry Horse 11 470 | 5300 | 57.0 83.3 53.0 1,400 | 2,400 | 4,000 | 5,000
Swiftcurrent Creek at Many Glacier 86 309 | 6460 | 64.0 58.1 95.0 1,050 | 1,400 | 2,600 | 3,800
Middle Fork Flathead River at Essex 24 5100 | 5900 | 46.0 87.0 52.0 9,500 | 15,000 | 24,000 | 30,000
Moccasin Creek near West Glacier 17 2.4 5620 41.0 81.0 57.0 113 280 530 675

The resulting regional regression equations from the various methods evaluated are summarized in the

following sections.

5.3.3. Regression Based on Area

Q,=69.6 p0734
Quo= 145 0672
Qso = 287 0644
Quo0 = 395 0649

where: Qg is the annual peak discharge, in cfs, for recurrence interval T, in yrs;

(standard error = 0.130)
(standard error = 0.118)
(standard error = 0.097)
(standard error = 0.085)

A is the drainage area, in mi?

5.3.4. Regression Based on Area and Mean Basin Elevation
QZ — 220 A0.743 (E/looo)—0.664
Qa0 = 9,080 A*"% (E/1000) **°
Qso = 8,200 A*®%8 (E/1000) 3

Quoo = 1,640 0659 (E/lOOO)'O'SZO

where: Qy is the annual peak discharge, in cfs, for recurrence interval T, in yrs;
A'is the drainage area, in mi%; and
E is the mean basin elevation, in ft

(standard error = 0.139)
(standard error = 0.109)
(standard error = 0.090)
(standard error = 0.089)
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5.3.5. Regression Based on Area and Elevation above 6000 feet

Q, = 38.1 A®”*° E6000°*° (standard error = 0.140)
Qa0 = 3,810 A%®° E6000 4% (standard error = 0.115)
Qso = 8,370 A*®%® E6000°872 (standard error = 0.086)
Qu00 = 1,890 A%*° E600074% (standard error = 0.087)
where: Qy is the annual peak discharge, in cfs, for recurrence interval T, in yrs;

A'is the drainage area, in mi%; and
E6000 is the percentage of basin above 6000 ft, in %

5.3.6. Regression based on Area and Area Covered by Forest
Q, =99.1 A%7%® pooe (standard error = 0.140)
Qqo= 15.4 A%668 p0-535 (standard error = 0.114)
Qs = 72.5 AD642 pO-328 (standard error = 0.098)
Qq00 = 351 A%6%8 F0.028 (standard error = 0.091)
where: Qy is the annual peak discharge, in cfs, for recurrence interval T, in yrs;

A'is the drainage area, in mi%; and
F is the percentage of basin covered by forest, in %

5.3.7. Regression based on Area and Average Annual Precipitation
Q, = 8.32 A%7?8 po492 (standard error = 0.119)
Qqo= 109 A%676 p0-0¢7 (standard error = 0.128)
Qsp = 455 A% p0-107 (standard error = 0.103)
Quo0 = 611 A%6% p0-102 (standard error = 0.090)
where: Qy is the annual peak discharge, in cfs, for recurrence interval T, in yrs;

A'is the drainage area, in mi%; and
P is the average annual precipitation, in inches

5.3.8. Conclusion

The results from the various regression methods were compared to estimated flood flow frequencies
based on stream gage data from the Many Glacier gage using the Log Pearson Type 3 distribution. These
comparisons are shown on Figure 8 for the 2, 10, 50 and 100-year peak flood events. Further details of
the various regression methods are provided in Appendix C.
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Figure 8 - Comparison of Regression-Based Peak Flow Estimates

Comparison of Regression-Based Peak Flow Estimates at Many Glacier, MT
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In comparison to flood flows developed based on USGS gage records, the USGS Northwest Region
Regression equations over-predict flood flows for all events, while both the regional regression methods
which utilize area & mean basin elevation and area & elevation above 6000 feet both under-predict
flows. The other regional regression methods provide reasonable estimates in comparison to the
recorded flood flows. The regional regression equations using basin area and mean annual precipitation
compare reasonably well to estimates based on actual gage data over the full range of flood frequencies
and are therefore selected for this Phase | analysis.
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5.4. Existing Swiftcurrent Hydrology with Sherburne Dam
The following section presents the evaluation of the mean monthly streamflows and peak flood flows of
Swiftcurrent Creek below Sherburne Dam under existing conditions (with regulation by Lake Sherburne).

5.4.1. Existing Mean Monthly Streamflows

Streamflow records are available from the Sherburne gage (05016000) beginning in 1913, approximately
3-years prior to construction of Sherburne Dam. Construction of the dam was completed in 1922.
Figure 9 shows the mean monthly streamflows as well as the minimum and maximum flows for water
years 1922 through 2004.

Figure 9 - Streamflows Below Lake Sherburne

Mean Monthly Streamflows at USGS Gage 05016000
Swiftcurrent Creek at Sherburne, MT After Construction of Sherburne Lake Dam (1922 to 2004)
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Available streamflow records for Boulder Creek are limited to those collected as part of the 1998 WWC
investigation. Additional Boulder Creek streamflow data will be required for a comprehensive
understanding of the watershed hydrology. This will be addressed in the framework for future work
presented in Section 9.
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5.4.2. Existing Peak Flood Flows
The following flood frequency estimates were developed by the USGS using a log-Pearson Type 3
distribution of recorded annual peak discharges at the Sherburne gage.

Q, =1,140 cfs

Q10 =1,950 cfs
Qs0=2,790 cfs
Q00 = 3,190 cfs

© O O o

Boulder Creek flood flow estimates were estimated using the selected regional regression equation, and
are summarized as follows:

0 Q,=703cfs

0 Qi0=1,301cfs

0 Qs0=2,434cfs

0 Qip0=3,390 cfs

The peak flood flows for Swiftcurrent Creek and Boulder Creek can be added together as a very rough
estimate of peak flood flows below the confluence. However, the operation of Sherburne Dam
significantly shifts the timing of peak flows from that which would occur under natural conditions. The
need for additional Boulder Creek flood flow records is addressed in the framework for future work
presented in Section 9.

5.5. Natural Swiftcurrent Hydrology without Sherburne Dam
The natural Swiftcurrent Creek hydrology represents streamflows that would occur in the absence of
Sherburne Dam. This section presents various methods used to assess natural flows.

5.5.1. Monthly Streamflows of Swiftcurrent Creek at Babb

The USGS gage on Swiftcurrent Creek at Babb, MT (05016500) was a natural streamflow gage, located
just downstream of the confluence with Boulder Creek. This gage has a period of record of only 9 years
from 1902 to 1910. The mean monthly streamflow recorded at this gage is shown in Figure 10.
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