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ST. MARY DIVERSION AND FISH FACILITIES

INTRODUCTION

The St. Mary Divetsion Dam and Canal are part of the Milk River Project located in north-
central Montana. The project was among the first projects authorized under the Reclamation
Act of 1902. St. Maty Diversion Dam (also referted to as the St. Mary Diversion Works) is
located about 0.75 miles downstream from Lowet St. Mary Lake and about 42 miles northwest
of Browning, Montana, within the Blackfeet Reservation), Figute 1. The putpose of the St.
Mary Diversion Dam is to divert water from the St. Mary River into the St. Mary Canal also
referred to as the Main Canal), which carries the diverted water from the Saint Mary’s River
(which drains into the Hudson Bay) across the Hudson Bay Divide to the North Fotk of the
Milk River. The water supply for the project originates in the St. Mary River watershed in
Glacier National Park. Runoff is stored in Lake Sherbutne for release into the St. Mary River.
(Reclamation Project dataweb)

The St. Mary River flows north from the east side of Glacier National Park in to Canada. In -
November 1999 the U.S. Fish and Wildlife Service (FWS) listed bull trout (Salvelinus confluentus)
as a threatened species under the Endangered Species Act. The listing of bull trout prompted
Reclamation to evaluate methods that would prevent entrainment of fish with canal diversions
and allow fish to move upstream past St. Mary Diversion Dam. This study ptresents concepts
fot screening canal diversions, providing fish passage over the dam and diversion facility
replacement.

BULL TROUT

Bull trout are endemic to cold water rivers of the pacific northwest (FWS 1998). They are
characterized by a large head in compatison to its body and absence of black spots on the dotsal
fin, Figure 2. Adults can weigh up to 10 kg and measure 30-70 cm in length. Bull trout take
about five years to reach sexual maturity. They spawn in late summer and early fall when water
temperatures drop below 9 C. Bull trout are thought to move into small streams of the upper
watetshed to spawn. There, they build spawning redds in gravel bars to hold their eggs. The
eggs develop in the gravel for six or seven months, emerging in eatly spring. Bull trout are
strong swimmers and generally display a bottom-otiented behavior. Bull trout within the St.
Mary-Belly Rivers were identified by Fish and Wildlife Setvice as one of five distinct populations
in need of protection, Figure 3.
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FIGURE 2 - PHOTOGRAPH OF BULL TROUT (PROVINCIAL MUSEUM OF ALBERTA, CANADA).
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FIGURE 3 - BULL TROUT POPULATIONS IN THE PACIFIC NORTHWEST ( FISH AND WILDLIFE SERVICE, 1998).

DESCRIPTION OF ST. MARY DIVERSION DAM AND CANAL (Reclamation Data Book)

St. Mary Diversion Dam and canal headworks were constructed in 1915 using reinforced
concrete. Structures were constructed based on Reclamation Specification No. 255, 1914.
Construction drawings of the dam and diversion headworks show the structure much as it is
today, Drawings 1-3. Elevations given on the original construction drawings were based on a
project datum that is 14 feet lower than the present datum, NAVD 88. A survey of the existing
structure conducted in 2002 is presented on Drawing 4. St. Mary Diversion Dam is a concrete
buttress weir (spillway) 5.5 ft high, surmounted by an abandoned 2-span truss bridge, with
sluiceway, and the headworks for the St. Mary Canal. The spillway is an uncontrolled overflow
structure that consists of a weir and downstream horizontal slab (Drawing 4). The spillway has a
total length of 193 feet that is subdivided into two equal sections by a 5-ft-wide concrete bridge
pier, on which two trusses span the crest of the spillway. Each weir of the spillway is 94 feet
long. The spillway weir crest is elevation 4471.0. The weir crest elevation was raised to
elevation 4472.0 by mounting weir-boards atop the spillway crest. The sluiceway is located to
the left of the spillway and consists of six openings with inverts at elevation 4466.0. Each
opening in the sluiceway is controlled by 4- by 12-inch stop planks. The St. Mary Canal
headworks is located on the left abutment and is controlled by eight 5- by 5.5-foot headgates
with gate sills at elevation 4466.0. The canal headworks is a concrete structure 59 feet wide, 22
feet long, with an upstream weir in front of the gates with a crest at elevation 4467.0 (Drawing
3).

The 29-mile-long St. Mary Canal was constructed between 1907 and 1915. The unlined canal
was designed to convey 850 ft’/s flow at a flow depth of 9 feet. The canal was excavated to a
bottom width of 26 ft with 2:1 side slopes at a channel slope of 0.000095.



FACILITY CONDITION AND OPERATION

The diversion dam, headworks and canal are approaching 100 years old. Recent exams of the
diversion dam and headworks revealed substantial freeze-thaw damage to exposed concrete
sutfaces. Concrete core samples taken from the piers on the dam and sluiceway indicated very
poor concrete exists where concrete has been exposed to ice and frequent freeze thaw action.
Photographs and descriptions from the structure exam are reproduced in Appendix A. Based
on available inspection data, the weir (foundation, apron and buttress) is structurally sound and
may be used as part of a rehabilitation project. The piets, sluiceways and diversion headworks
will require demolition and replacement.

The canal downstream of the diversion follows the left bank of the river for about nine miles
before crossing above the tiver through an inverted siphon. The dam is used to divert water
into the canal from late March through September. During the non-diversion period, the
sluiceways are opened. The canal was designed to convey 850 ft*/s, however the condition of
the canal limits diversion too less than the original capacity. The typical maximum diversion is
about 650 ft’/s. Historic average daily diversion flows measured downstream of St. Mary Canal
headwortks (U.S.G.S. station 05018000) are shown in Figure 4. During late March and early
April, all river flow in excess of about 100 ft’/s is typically diverted. From June to August,
diversions often reach 75 percent of total river flow. Diversion decreases sharply in late August
and September.

The outlet to Lower Saint Mary Lake is located about 1 The outlet elevation of lower St. Mary
Lake is controlled by the remnants of a rock and concrete sill that was constructed about 200
feet upstream of the present day US Highway 89 bridge (personal correspondence from Jerry
Moote, Reclamation Montana Area Office). The sill was constructed to provide a river crossing
ptior to completion of the St. Mary Diversion Dam Bridge in 1915 (now abandoned). The
elevation of the sill is approximately the same as the elevation of the St. Mary Diversion Dam
weir crest. When the sluiceways are closed, the diversion pool is approximately the same
elevation as lower St. Mary Lake. When the sluiceways are open, the old river crossing controls
the lake elevation.
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RIVER AND DIVERSION HYDRAULICS

Flow in the St. Mary River varies in response to seasonal snowmelt and releases of stored water
from Lake Sherburne. The average monthly flow in the tiver measured upstream of the
diversion (USGS gaging station No. 05017500) is presented in Figure 5. River flow increases
sharply from March through June then declines during late summer and fall. Snowmelt runoff
starts in eatly April and peaks in early June. Storage releases from Lake Sherburne are made as
needed to augment river flows to achieve full diversion capacity of the St. Mary Canal.

Canal diversion data is the only hydraulic data available at the diversion. Estimates of hydraulic
parameters in the river and canal were established by constructing a one-dimensional flow model
using Hec-Ras, (Cotps of Engineer s, 2002) with topographic survey data collected in 2002,
Drawing 5. The survey data covered a river reach extending from about 100 feet upstream to
about 750 ft downstream of the diversion weir. Channel cross-sections were cut at
approximately 50 ft intervals from the survey topography for modeling. The model was used to
determine water surface elevations and flows in the river and canal for the existing structure and
proposed concepts. The site layout geometry developed for the existing diversion weir is shown
on Figure B-1 in Appendix B. Table B-1 gives flow parameters output for 850 ft’/s diversion at
1170 £t’/s river flow. These flows represent a diversion of 75 percent of the river at full canal
diversion capacity. All gates were assumed operable with openings of 2.75 ft. Predicted water
surface elevations for the canal and river were based on a normal depth flow assumption. An
average river channel slope of 0.005 ft/ft and a canal slope of 0.000095 ft/ft were used for the
model water sutface predictions. Field water surface data for the river and canal were not
available for calibration of the model. The model is expected to provide reasonable estimates of
hydraulic head across the diversion weir for flows less than bank full conditions. The predicted
hydraulic head across the diversion weir (with weir-boards) as a function of weir flow is shown
in Figure 6. The existing weir provides between 4- to 6-ft of head for diversion.
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CONCEPT DESIGN

Two project concepts were developed within the concept design study. Concept 1 rehabilitates
the existing diversion weir and replaces the diversion headworks and sluiceway structures.
Concept 2, replaces all existing structures with a new diversion located a short distance
downstream of the current site. The concepts are similar in the design of new fish passage and
fish screening facilities. Both concepts incorporate proposals from the St. Mary Value
Engineering Study (VE), Reclamation, 2002. Concept 1 includes aspects of VE proposals 4 (Use
existing dam and build new headworks, fish screens and fish passage structures), 7 (Use vertical
flat plate screens) and 9 (Construct rock fishway on east abutment of the dam). Concept 2 is the
base line concept (full facility replacement) with modifications based on VE proposals 7 and 9.



Fish screen and diversion headworks concepts presented include several canal design flow
options. The options delineate structure size requirements for maximum canal diversion flow
rates of 500 ft*/s, 670 ft’/s, 850 ft’/s and 1,000 ft’/s. With out additional operations data, the
original canal design water surface elevation of 4471.06 was assumed necessary for all canal
design flow options. The width of the new canal reach and fish screen structure was designed
accordingly. This approach would require checking up of the canal water surface downstream of
the fish screen for canal design flows less than the original 850 ft’/s. Design parameters used
for the diversion options studied are listed in Table 1. The alternative to a constant design water
surface is assuming the structures are constructed in the existing canal prism and the canal flows
at normal depth. Hec-Ras simulations are given in Appendix B for each design flow option
assuming normal depth in the canal.

CONCEPT 1

The site plan for concept 1 is shown on Drawing 6. The partial bridge over the weir and all
piets would be removed. The buttress section of the weir would be fully grouted with lean
concrete to improve strength of the underlying buttress walls. New canal headworks, canal and
diversion dam sluiceway would be constructed about 100 feet downstream of the existing
facilities. A new pier wall would be constructed from the west end of the weir angled
downstream to a new sluiceway structure. The diversion headworks and sluiceway are moved
downstream to permit construction of the new facilities concurrent with diversion through the
existing headworks facility. The diversion headworks structure includes a course trashrack,
diversion gates and an energy dissipation basin, Drawing 8, section A-A. The proposed
sluiceway has two bays each with 10-ft-wide by 16-ft-high radial gates, Drawing 9, sections A-A
and B-B. The number of diversion gates varies depending on the canal design flow option. A
canal design flow of 500 ft’/s requires a diversion headworks with two 10-ft-wide bays, each
containing a 10-ft-wide by 18-ft-high radial gate. A canal design flow of 670 /s requires three
diversion bays and canal design flows of 850 /s and 1,000 ft’/s require four diversion bays of
similar design. A four-bay diversion headworks structure 1s shown on the drawings. Separate
construction quantities and costs are given for each canal design flow option. The diversion
works were sized based on a maximum approach velocity to the gates of about 4 ft/s. Large
debris caught on a course trashracks upstream of the radial gates will require periodic racking
and removal by hand or backhoe. If large amounts of woody debris are likely, an automated
trashrake may be added for cleaning the trashracks.

A fish screen structure is shown constructed in the new canal section downstream of the
diversion headworks, Drawing 11. The fish screen is a linear vertical flat plate screen design.
The screen angles across the canal to provide sufficient screen area and guide fish to a river
return bypass located at the downstream end of the screen. The screen was designed based on
accepted design criteria for design of screens for anadromous salmonids, NOAA Fisheries,
1997. The screen was sized using a maximum screen approach velocity (measured in front of
and normal to the screen) of 0.4 ft/s. Screen area is equal to the canal design flow divided by
the screen approach velocity. Screen areas and screen lengths are listed in Table 2 and shown on
Drawing 11 for canal design flows of 500, 670, 850 and 1,000 ft*/s. A screen height of 11.0 ft
was used for all canal design flow options assuming a fixed design flow elevation of 4471.06,
Drawing 12. All screen designs include a single terminal bypass at the downstream end of the
screen. Fish moving downstream along the screen at the average channel velocity could be



exposed to the screen for up to 120 seconds before reaching the bypass. Duration of fish
exposute to a screen (termed screen exposure) is a design parameter related to fish swimming
endurance and behavior. Screen exposure is an important fish screen design consideration
where eatly life stages or weak swimming species are likely present. The NOAA Fisheries screen
exposure guideline for anadromous species is 60 seconds. For bull trout, their behavior is likely
the key to minimizing screen exposure. Bull trout are often characterized as exhibiting a
bottom-oriented behavior. A strong bottom-otiented behavior was observed during tests of bull
trout fry passing over bottom diversion screens conducted at WRRL, (Beyers, et al, 2002). The
fish screens presented herein were designed to minimize screen exposure by using a vertical flat
plate screen elevated off the channel bottom. Screens are mounted 1.0 ft above the channel
invert on a concrete sill. The raised sill provides atea below the screen for movement of bed
sediments and holds fish that stay near the bottom away from the screen.

Designing a flat plate screen based on a 60 second exposute for St. Mary Canal would require
adding an intermediate bypass at the mid-point of the linear screen, Figure 7, or placing flat plate
screens on both sides of the channel in a “V” configuration with a single mid-channel bypass,
Figure 8. Both of these methods are commonly used where exposure must be reduced. Adding
a second bypass along the linear screen would require an additional 40- to 50 ft’/s diversion into
the canal. This was considered unacceptable during low river flows due to the adverse impact
on river passage between the diversion headgates and the bypass outfall. A “V” screen design
offets a shorter structure of greater complexity. The “V” geometry requires separate screen
cleaners and debris handling equipment on each side of the “V” and a bypass entrance located in
the center of the channel where equipment access is difficult. These operation and maintenance
issues in conjunction with the bottom-oriented behavior of bull trout fry are the basis of
choosing the linear screen with single terminal bypass for the concept design.

MID -SCREEN
BYPASS

FIGURE 7 SCHEMATIC OF LINEAR FISH SCREEN WITH FIGURE 8 SCHEMATIC OF V-SCREEN WITH MID-
INTERMEDIATE AND TERMINAL. CHANNEL FISH BYPASS.

Stainless steel wedge-wire (also called profile wire) screen material is recommended for the fish
screens. Screen openings (gap between the wites) of 0.09 or 0.07 inches are standard for fisheries
applications. Adjustable baffles are shown mounted downstream of the screen on Drawing 12.
The baffles are required to adjust the uniformity of through-screen-flow-velocity. The baffles



are adjusted based on field derived velocity measurements during initial operation of the screen.
Once set, the baffles do not require further adjustment. The upstream face of the screen is
maintained in a clean condition by a set of automated brushes that traverse the entire length of
the screen. Debris dislodged by the brush cleaners is moved downstream by the flow and passes
out the fish bypass to the river. The fish bypass entrance is a 2-ft-wide full depth slot that
transitions to a HDPE bypass pipe, Drawing 13. Bypass flow is regulated by adjusting a
vertically hinged swing style gate or inclined slide gate mounted within the transition structure.
These types of gates allow bottom-oriented fish to pass remaining near the bottom. Bypass
flows are based on setting an average flow velocity at the bypass entrance that is equal to or up
to 10 percent greater than the average canal velocity. Bypass flows are expected to range from
40- to 50 ft’/s. Bypass flow reenters the river approximately 850 ft downstream of the diversion
weir through a submetrged outlet structure.

A rock fishway channel would be constructed next to the right bank, see Drawing 6. The
fishway would extend from the weir crest downstream a distance of 150 feet at a thalweg slope
of 3.5 percent. The fishway would be composed of grouted riprap to prevent movement of
riprap by heavy ice. The fishway exit is set 1.0 ft below the top of the crest boards to
concentrate fishway flow to the rock channel thalweg during low river flows. Downstream of
the weir, the sloping rock fishway is contoured to form a low flow channel near the right bank
and transition to existing topography to the left of the weir centerline. The split flow design will
provide fishway attraction flow for fish moving up the left bank. Large boulders or bottom
depressions within the fishway will be considered during final design to provide lower velocity
zones along the edges of the rock fishway.

Flow parameters for concept 1 were estimated using the Hec-Ras model with the new fishway
and headworks geometry, Figure B 2. The FISHWAY and BELOW DAM reaches shown on Figure
B 2 were modeled as parallel channels that split at the diversion weir and rejoin 150 ft
downstream. Model runs were conducted using the existing canal topography without the fish
screen structure represented and sluiceway gates closed. Conditions representing 75 percent
river diversion at maximum canal capacity were modeled for comparison of canal design flow
options, Tables B2-B4. Two and four gate geometties were modeled for 500 ft’/s and 850-1000
ft’/s design canal flows, respectively. Model output for a typical high river condition (3,000 ft’/s
and 850 ft’/s diversion) is given in Table B-5.

CONCEPT 2

The site plan for concept 2 is shown on Drawing 2. A new diversion weir, diversion
headworks, and sluiceway would be constructed downstream of the existing structures. The new
diversion structure would include a rock fishpass and fish screen in the canal downstream of the
headworks similar to concept 1. All existing diversion structures would be demolished and
removed after the new facilities are operational. A new concrete weir with an ogee crest would
be constructed across the river, Drawing 7, section A-A. The crest of the weir is set at elevation
4472.5 to provide a diversion head similar to the existing diversion weir with the weir-boards
installed. The weit length is 200 ft compared to 189.6 for the existing weir and 194.3 ft for
concept 1. A sluiceway with two bays, each controlled by a 10-ft-wide by 16-ft-high radial gate,
is positioned on the left weir abutment, Drawing 10, sections A-A and B-B. The canal
diversion headworks is located on the left river bank immediately upstream of the sluiceway.
The canal diversion headworks, new canal section and new fish screen structure are the same as



described for concept 1. A two-bay or four-bay headworks structure would be used depending
~on future selection of canal design flow. The four bay headworks structure is shown in the

drawings.

A rock fishway would be constructed along the right riverbank. The fishway design is similar to
concept 1 with modifications for site topography. The fishway slope is 3.5 percent. A shallow
“V” shaped channel in the center of the fishway provides a low flow fish pass. Under
progressively higher river flows, fishway flow spills over the fishway left bank providing
increased attraction and access to the fishway.

Flow modeling of concept 2 was conducted similar to concept 1. The major structure
differences modeled were a 200 ft long diversion weir crest and a 30 ft wide fishway. Conditions
representing 75 percent river diversion at maximum canal capacity are given in, Tables B6-BS8.
High tiver flow conditions will be similar to concept 1 given in Table B-5.

TABLE 1 DIVERSION CANAL DESIGN PARAMETERS BASED ON DIVERSION CAPACITY.

DESIGN DESIGN NUMBER OF WIDTH OF FISH SCREEN { FISH SCREEN
DIVERSION CANAL DIVERSION CANAL LENGTH ByprAss FLOw
CAPACITY WATER HEADGATES | INVERT
SURFACE
ELEVATION
FT°/s FT (10 FTWIDE | FT FT FT’/s
BY 18 FT
HIGH RADIAL
GATES)
500 4471.1 2 14 170 40
670 44711 3 19 230 40
850 4471.1 4 24 280 40
1000 44711 4 28 330 50

SITE GEOLOGY AND GROUND WATER

The excavated canal passes through many soil types. Near the diversion, the canal is excavated
through glacial alluvial deposits that include significant sands and gravels. Several holes were
drilled near the canal diversion headworks in April of 2002. The geologic logs from these holes

10




are given in Appendix C. Hole locations are shown on concept Drawings 6 and 7. The logs
reveal generally pootly graded sands and gravels with some fines within the excavated zone of
the canal and headwotks. The water table was located between about 14 ft and 18 ft below the
sutface. In many locations, the canal banks have slumped inward and seeps are evident on the
outer banks. Significant seepage has occutred between the diversion and the St. Mary River
crossing since initial operation. A comparison of historic canal discharge measurements from
the headworks and river crossing suggest seepage loss (assumes no diversion within the reach)
was about 24% following construction (1918-1922 average) and has increased to about 31
petcent today (1997-2001 average). The comparison was calculated using daily canal flows
measured at U.S. Geological Survey (USGS) gaging stations 05018000 near the canal intake and
station 05018500 located near the St. Maty River crossing. To avoid the influence of canal
startup and shutdown on flow, the daily records were filtered to consider only those days when
canal flow was greater than 200 ft’/s.

CONSTRUCTION SCHEDULE

Construction is expected to take two years to complete with limited construction in December
through February. The construction schedules for both concepts are similar. During the first
yeat, the diversion headworks, sluiceway, new canal and fish scteen would be constructed. The
second year the dam and fish passage structures would be constructed. A bar chart of the
estimated work schedule is given in Figure 9.

CONSTRUCTION COST ESTIMATES

Concept level construction cost estimates were prepared for each concept assuming diversion
design flows of 500, -670, -850- and 1,000 ft’/s. A construction cost summaty is given in Table
2. Itemized cost estimates are presented in Appendix D for concept 1 and Appendix E for
concept 2. Costs associated with land or right-of-way procurement are not included in the
estimates. Costs presented include 15 percent unlisted items and 25 percent contingencies.

TABLE 2 CONSTRUCTION COST ESTIMATE SUMMARY.

DIVERSION DESIGN FLOW
ALTERNATIVE FT/S
500 670 850 1000
CONCEPT 1 $6,900,000 | $8,504,000 | $9,000,000 | $9,700,000
CONCEPT 2 $7,400,000 | $8,967,000 | $9,500,000 | $10,000,000
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