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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
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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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ST. MARY DAM INSPECTION PHOTOGRAPHS
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PHOTOGRAPH NO. 2 - View of the downstream side cf the St.
Mary Headworks looking south from Bay 1 to Bay &. 1lcte the
spalling of the concrete from what appears to hLe
freeze/thaw damage.

PHOTOGRAPH NO. 3 - View

Sownstrean

side of the st.
tieadworks looking north §
€. UlMNcte the epalling of
concrete.
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PHOTOGRAPH NO. 3 - Phaotagraph

o ks fcasn Ay ol the

loa

PHOTOGRAPH NO. 5 - Photogra

drilled in the south wall of the
€. HNote the three holes in the
sample was retrieved without rein

vy

hoor

cocre. The rer

aining two holes woe
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PHOTOGRAPH NO. 6 - View of the
drilling operaticn in the south
wall of Bay S locking upstre
from the m side cf the
St. Mary H iworks.

PHOTOGRAPH NO. -  Photograrh of thoe threc
in the north wall of Bay &. The lowir lett
completed and recovered without containing reinfors
steel.

o les

o1
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PHOTOGRAPH NO. 8 - View of the two holes drilled in the
south wall of Bay 4. Note that the right hole contains a
reinforcement bar. The right hole was drilled first.
After encountering steel, it was noted that the water
pressure from the drilling operation was being forced
through the voids in the concrete and exiting the opposite
side of the wall. A second core was recovered without
steel.

PHOTOGRAPH NO. 9 - Photograph of the core sample obuained
from the north wall of Bay =z
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PHOTOGRAPH NO. 12 - View cf the St. Mary Dive
looking in a northerly direction. The vertic

Dore b
L DO
Lom

drilled into, however core samples were not recaovered d
to the poor quality of the concrete. These Lcal
members cannot be used in the design of the ced radia:l

sluice gates.

N —_ . . - —

PHOTOGRAPH NQ. 13
plier (refer to Photoon
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PH NO. 15 -
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HYDRAULIC BACKWATER MODELING
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TABLE B 1 EXISTING DIVERSION WITH 1170 FT’/S RIVER FLOW AND 850 FT’/S DIVERSION (8 GATES —2.75 FT OPEN)

REACH RivER  Q ToraL MmN Ww.S. Max CHL E.G. E.G. VEL FrLow Top ManN CuMCH

RIVER STA CHANNEL ELEV DeprTH  ELEV SLOPE CHANNEL AREA WbTH WTD LEN
EL CHNL
(cFs) (FT) (FD) (FT) (FT) (FT/FT)  (FT/S)  (SQFT) (FD) (F1)

ICANAL  CANAL  19.8 842.45 4467.00 447296 5.96 4473.05 0.000143 2.35 357.83  60.00 0.022 950.00
ICANAL  CaNAL  19.7 84245 4467.00 447295 595 4473.04 0.000144 2.36 357.19  60.00 0.022 930.00

ICANAL CANAL 195 INLINE
WEIR
ICANAL CANAL 19 842.45 4463.17 4471.61 8.44 4471.67 0.000091 2.04 41290 69.74 0.022 900.00
ICANAL  CANAL 18 842.45 4463.51 4471.54 8.03 4471.65 0.000169 2.61 323.01 5991 0.022 850.00
ICANAL CANAL 17 842.45 4462.77 4471.44 8.66 4471.63 0.000355 3.50 241.02  49.65 0.022 800.00
ICANAL CANAL 16 842.45 446191 4471.41 9.50 4471.60 0.000378 3.45 24414 53.86 0.022 750.00
ICANAL  CANAL 15 84245 4460.67 447148 10.81 4471.55 0.000082 2.09 402.13 5890 0.022 700.00
ICANAL  CANAL 14 842.45 446195 447147 9.52 4471.54 0.000104 2.22 379.06 61.00 0.022 650.00
ICANAL  CANAL 13 842.45 4461.57 447145 9.88 4471.52 0.000091 2.12 396.56  62.08 0.022 600.00
ICANAL  CANAL 12 842.45 4461.11 447144 1033 4471.51 0.000087 2.10 402.00 61.90 0.022 550.00
CANAL  CanaL 11 842.45 4460.45 447143 1098 4471.50 0.000082 2.09 403.35 58.89 0.022 500.00
ICANAL CANAL 10 842.45 © 4461.67 447142 9.75 4471.49 0.000095 2.17 388.31 61.09 0.022 450.00
CANAL CANAL 9 842.45 4460.77 447142 10.65 4471.48 0.000075 2.01 - 41891  61.23 0.022 400.00
CANAL  CANAL 8 84245 4460.50 447141 1091 4471.48 0.000083 2.10 400.45 58.33 0.022 350.00
CANAL CANAL 7 842.45 4460.36 4471.39 11.03 4471.47 0.000104 2.29 367.90 55.79 0.022 300.00
ICANAL CANAL 6 84245 4460.66 447139 10.73 4471.47 0.000115 2.20 382.77 67.66 0.022 250.00
CANAL CANAL 5 842.45 4461.89 447132 9.43 4471.45 0.000236 2.93 288.01 57.43 0.022 200.00
CANAL. CANAL 4 842.45 4462.26 447133 9.07 4471.42 0.000138 2.48 340.28 58.00 0.022 150.00
iCANAL CANAL 3 842.45 446249 447132 8.83 4471.41 0.000115 2.35 359.08 57.68 0.022 100.00
ICANAL  CANAL 2 84245 4462.60 447132 8.72 4471.40 0.000116 2.35 35799 5730 0.022 50.00
CANAL CANAL 1 84245 446191 447132 9.41 4471.39 0.000095 2.17 387.74 60.58 0.022
ST MARY ABOVE 24 1133.00 4463.65 4473.08 9.43 4473.09 0.000052 0.95 1188.91 21397 0.035 430.00
DAM
ST MARY ABOVE 23 1133.00 4462.87 4473.07 10.20 4473.09 0.000042 0.97 1165.00 172.29 0.035 330.00
Dam
STMARY ABOVE 22 1133.00 4463.65 4473.07 9.42 4473.09 0.000052 0.95 1193.55 213.86 0.035 230.00
Dam
STMARY ABOVE 21 1133.00 4463.71 4473.07 9.36 4473.08 0.000025 0.74 1541.42 229.81 0.035 130.00
Dam
ST MARY ABOVE 20.5 1133.00 4469.24 447298 3.74 4473.07 0.000598 2.41 470.88 126.01 0.035 30.00 -
Dam
ST MARY BELOW 20 290.55 4469.24 4473.04 3.80 4473.04 0.000015 0.39 736.50 194.00 0.035 933.00
DAaM
ST MARY BELOW 19.2 INLINE
Dam WER
ST MARY BELOW 19 290.55 4464.38 4467.16 2.78 4467.17 0.000200 0.78 37346 249.39  0.035 900.00
Dam
ST MARY BELOW 18 290.55 4462.59 4467.04 4.45 4467.14 0.003352 2.44 119.25 119.55 0.035 850.00
DaMm
ISTMARY BELOW 17 290.55 4463.61 4466.70 3.09 4466.89 0.007051 3.52 82.61 83.52 0.035 800.00
Dam
ST MARY BELOW 16 290.55 4463.81 4466.20 2.39 4466.48 0.008863 4.27 68.04 61.12 0.035 750.00
DAM
ST MARY BELOW 15 290.55 4463.01 4465.76 2.75 4466.10 0.006518 4.63 62.77 39.48 0.035 700.00
Dam
ST MARY BELOW 14 290.55 4463.51 4465.14 1.63 4465.61 0.014577 5.51 52.71 46.97 0.035 650.00
Dam
STMARY BELOW 13 290.55 446243 4464.77 2.34 4465.05 0.007193 4.26 68.15 52.63 0.035 600.00
DaMm
IST MARY BELOW 12 290.55 4462.71 4464.62 1091 4464.74 0.003852 2.83 102.55 91.82 0.035 550.00
DaM :
ST MARY BELOw 11 290.55 4462.79 4464.45 1.66 4464.56 0.003340 2.57 11297 10494 0.035 500.00
Dam
ST MARY BELow 10 290.55 4462.27 446420 1.93 4464.34 0.005869 2.96 98.27 112.88  0.035 450.00
Dam
TMARY BELow 9 290.55 4462.28 4463.46 1.18 4463.81 0.022245 4.74 61.25 94.23 0.035 400.00
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REacH RiveR  QTorAL MmN Ww.S. MaxCHL E.G. EG. VEL FLow Top ManN CuMCH

RIVER STA CHANNEL ELEV DeptH  ELEV SLOPE CHANNEL AREA WTH  WTD LEN

EL CHNL
(crs) (FD) (FT) (FT) (F1) (FT/FT)  (FT/S)  (SQFT) (FT) (FT)

Dam .

ST MARY BELOW 8 290.55 4461.30 4463.33 2.03 4463.43 0.002859 2.48 117.10  101.49 0.035 350.00
Dam

ST MARY BELOW 7 290.55 4461.00 4463.23 2.23 4463.31 0.001955 2.28 127.24  94.55 0.035 300.00
Dam

ST MARY BELOW 6 290.55 4460.94 4463.14 2.20 4463.21 0.001431 2.13 136.54 89.28 0.035 250.00
Dam

STMARY BELOW 5 290.55 4460.28 4463.06 2.78 4463.14 0.001511 2.28 127.61 78.48 0.035 200.00
Dam

STMARY BELOW 4 290.55 4460.66 446291 2.25 4463.03 0.002941 2.82 10292 75.52 0.035 150.00
Dam

ST MARY BELOW 3 290.55 4460.52 4462.76 2.24 4462.89 0.002628 2.86 101.52 67.11 0.035 100.00
Dam

ST MARY BELOW 2 290.55 4460.39 4462.60 2.21 4462.73 0.003608 2.95 98.57 79.17 0.035 50.00
Dam

ST MARY BELOW 1 290.55 4459.95 4462.36 2.41 4462.52 0.005002 3.21 90.43 81.46 0.035
Dam
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TABLE B 2 - ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT IWITH 500 FT°/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS.

IRIVER  REACH  RIVER Q TotaL MINCH W.S. Max CHL E.G. E.G. AVE. FLow Tor MANNING CUM.
S14 EL ELEV DeprH ELEV SLOPE CHANNEL AREA WiptH S CHANNEL
VELOCITY N LENGTH
(CFs) (F1) (FT) (F1) (FT) (FT/FT) (FT/S) (SQFT) (FT) (FT)

ICANAL  CANAL  19.8 540.48 4467.00 447275 5.75 447277 0.000047 1.34 402.23  70.00 0.022 950.00

ICANAL  CaNaL  19.7 540.48 4467.00 4472.60 5.60 447276 0.000349 3.22 167.96  30.00 0.022 930.00

CANAL  CaNAL 195 INLINE

WEIR

ICANAL ~ CanaL 19 540.48 4463.17 4469.56 6.38 4469.61 0.000112 1.94 279.17  60.37 0.022 900.00

ICANAL  CanaL 18 540.48 4463.51 4469.48 5.97 4469.58 0.000231 2.58 20942 50.21 0.022 850.00

ICaNAL  CaNnaL 17 540.48 4462.77 4469.34 6.57 4469.55 0.000568 3.67 147.19  40.48 0.022 800.00

ICANAL  CANAL 16 500.48 446191 4469.34 743 4469.52 0.000491 3.41 146.85 39.92 0.022 750.00

ICANAL  CANAL 1§ 500.48 4460.67 446942 8.75 4469.47 0.000079 1.75 28596 53.98 0.022 700.00

ICANAL CaNAL 14 500.48 446195 4469.41 7.46 4469.47 0.000111 1.93 259.17 55.31 0.022 650.00

ICANAL  CANAL 13 500.48 4461.57 446939 7.82 4469.44 0.000092 1.82 275.19  55.57 0.022 600.00

CANAL  CANAL 12 500.48 4461.11 4469.38 8.27 4469.42 0.000084 1.78 281.58 54.40 0.022 550.00

CANAL  CaANAL 11 500.48 4460.45 4469.36 891 4469.41 0.000076 1.74 287.57 52.88 0.022 500.00

ICANAL  CANAL 10 500.48 4461.67 4469.35 7.68 4469.40 0.000094 1.86 269.44 5332 0.022 450.00

ICANAL  CANAL 9 500.48 4460.77 4469.33 8.56 4469.38 0.000070 1.68 297.81  54.68 0.022 400.00

CANAL  CaNAL 8 500.48 4460.50 4469.32 8.82 4469.37 0.000076 1.75 285.33 51.84 0.022 350.00

ICANAL  CANAL 7 500.48 4460.36 4469.31 8.95 4469.37 0.000097 1.93 259.19 48.72 0.022 300.00

ICANAL CaNAL 6 500.48 4460.66 4469.31 8.65 4469.37 0.000099 1.92 260.09 50.04 0.022 250.00

ICANAL  CANAL S 500.48 4461.89 4469.22 7.33 4469.35 0.000303 2.79 179.11  46.38 0.022 200.00

ICANAL CANAL 4 500.48 4462.26 4469.23 - 6.97 4469.31 0.000162 2.22 225.08 51.76 0.022 150.00

CANAL  CANAL 3 500.48 4462.49 4469.23 6.73 4469.29 0.000121 2.04 24528 51.00 0.022 100.00

CANAL  CaNAL 2 500.48 4462.60 4469.22 6.62 4469.29 0.000118 2.04 245.64 50.04 0.022 50.00

ICANAL  CANAL 1 500.48 446191 4469.23 7.32 4469.28 0.000095 1.86 268.45 53.45 0.022

ST MARY ABOVE 24 670.00 4463.65 447279 9.13 4472.79 0.000022 0.59 1126.84 211.89 0.035 414.00
Dam

ST MARY ABOVE 23 670.00 4462.87 4472.79 9.91 447279 0.000017 0.60 111559 170.88 0.035 314.00
DamMm

ST MARY ABOVE 22 670.00 4463.65 447279 9.13 447279 0.000021 0.59 1132.14 211.81 0.035 214.00
DaAM

STMARY ABOVE 21 670.00 4463.71 447279 9.07 4472.79 0.000010 0.45 1475.11 22895 0.035 114.00
Dam

STMARY ABOVE  20.5 670.00 4469.24 447275 3.51 447278 0.000258 1.52 441.77 126.01 0.035 14.00
Dam

STMARY BELow 20 54.89 4469.24 447277 3.53 4472.77 0.000001 0.09 617.39 17525 0.035 208.00
DaM

STMARY BELOW  19.2 INLINE
DaM WEIR

ST MARY BELOW 19 54.89 4464.38 4465.65 1.27 4465.69 0.007186 1.60 34.41 116.21  0.035 175.00
Dam

ST MARY BELOW 18 54.89 4462.59 4465.61 3.02 4465.63 0.000381 1.15 47.55 28.24 0.035 125.00
Dam

STMARY BELow 17 54.89 4463.61 4465.53 1.92 4465.59 0.002154 1.90 28.96 30.28 0.035 75.00
Dam

STMARY BELow 16 94.89 4463.81 446523 1.42 4465.39 0.005737 3.17 29.96 30.41 0.035 25.00
DAaM

ST MARY FISHWAY 5 65.70 4470.00 4472.78 2.78 4472.79 0.000007 0.24 269.73 100.79  0.030 225.00

STMARY FISHWAY 4 65.70 4471.50 447263 1.13 4472.77 0.047333 3.06 21.49 92.17 0.040 200.00

ST MARY FISHWAY 3 65.70 4469.25 447037 1.12 4470.52 0.048599 3.09 21.30 91.86 0.040 150.00

ST MARY FISHWAY 2 65.70 4467.50 4468.70 1.20 4468.89 0.030006 3.55 18.51 45.03 0.040 100.00

ST MARY FISHWAY 1 65.70 4465.75 446692 1.16 4467.13 0.041494 3.76 17.46 49.65 0.040 50.00

STMARY LOWER 15 120.59 4463.01 4465.12 2.11 4465.26 0.004197 3.08 39.18 32.72 0.035 700.00
RIVER

ST MARY LOWER 14 120.59 4463.51 4464.50 0.99 4464.84 0.020524 4.66 25.85 38.36 0.035 650.00
RIVER

STMARY LOWER 13 120.59 446243 4464.29 1.85 4464.40 0.003864 2.68 4492 43.58 0.035 600.00
RIVER
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RIVER

IRIvER  REACH RIVER  Q TorAL MINCH W.S. Muax CHL E.G. E.G. AVE. FrLow Tor MANNING CUM.
S714 EL ELEV DeptH  ELEV SLOPE CHANNEL AREA WmbtH s CHANNEL
VELOCITY N LENGTH
(CFS) (FT) (FT) (F1) (FT) (FT/FT) (FT/5) (SQFT) (FT) (FT)

ST MARY LOWER 12 120.59 446271 4464.13 142 4464.20 0.003292 1.99 60.50 81.65 0.035 550.00
RIVER

ST MARY LOWER 11 120.59 ° 4462.79 4463.96 1.16 4464.01 0.004019 1.95 61.90 100.34  0.035 500.00
RIVER

ST MARY LOWER 10 120.59 4462.27 4463.72 1.45 4463.80 0.004691 2.33 51.81 72.07 0.035 450.00
RIVER

ST MARY LOWER 9 120.59  4462.28 4463.12 0.84 4463.33 0.024549 3.74 32.24 76.32 0.035 400.00
RIVER

ST MARY LOWER 8 120.59  4461.30 4462.67 1.37 4462.74 0.004088 2.13 56.60 81.13 0.035 350.00
RIVER

ST MARY LOWER 7 120.59  4461.00 4462.49 1.49 4462.55 0.003400 1.98 60.84 84.83 0.035 300.00
RIVER

ST MARY LOWER 6 120.59 4460.94 4462.42 1.48 4462.46 0.001212 1.55 77.79 72.29 0.035 250.00
RIVER

ST MARY LOWER 5 120.59 4460.28 4462.36 2.08 4462.40 0.000965 1.54 78.53 62.30 0.035 200.00
RIVER

ST MARY LOWER 4 120.59 4460.66 4462.27 1.61 4462.33 0.002101 1.99 60.60 58.46 0.035 150.00
RIVER

ST MARY LOWER 3 120.59 4460.52 4462.17 1.65 4462.23 0.001642 1.86 64.77 57.39 0.035 100.00
RIVER

ST MARY LOWER 2 120.59  4460.39 4462.05 1.66 4462.12 0.002919 2.08 57.99 67.08 0.035 50.00
RIVER

ST MARY LOWER | 120.59 445995 4461.84 1.89 4461.93 0.005006 2.39 50.46 70.94 0.035
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TABLE B 3 - ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 1WITH 670 FT°/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS.
RIVER REACH RIVER QTotaL MINCH W.S. Max CHL E.G. E.G. VEL CHNL FLow Tor ManNn  CuMm CH
StA EL ELEV DpTH ELEV SLOPE AREA WIiDTH WTD LEN
CHNL
(CFs) (F1) (FT) (FT) (FT) (FT/FT)  (FT/S) (SQFT)  (FT) (FT)

CaNaL  CANAL 198 71127  4467.00 447295 5.95 447299 0.000073 1.71 416.21  70.00 0.022 950.00
CANAL  CanNAL 197 711.27 4467.00 4472.85 5.85 447298 0.000242 2.89 24572 42.00 0.022 930.00

CANAL CaANAL 195 INLINE
WEIR

CANAL CaNAL 19 711.27  4463.17 4470.65 748 4470.72 0.000105 2.04 348.23  65.56 0.022 900.00

CaNAL CaNaL 18 711.27  4463.51 4470.59 7.08 4470.70 0.000202 2.65 267.91 5542 0.022 850.00

CANAL  CaNAL 17 711.27  4462.77 4470.46 7.69 4470.67 0.000447 3.65 195.08 4497 0.022 800.00

CaNAL CaANAL 16 671.27 446191 4470.46 8.55 4470.64 0.000424 3.43 19599 47.54 0.022 750.00

CANAL  CaNAL 15 671.27 4460.67 4470.53 9.86 4470.59 0.000080 1.93 34732 56.74 0.022 700.00

CaNaL  CANAL 14 671.27 446195 4470.52 8.57 4470.58 0.000105 2.08 32243 58.42 0.022 650.00

CaNAL CanAL 13 671.27 4461.57 4470.50 8.93 4470.56 0.000090 1.98 339.03 59.13 0.022 600.00

CANAL  CANAL 12 671.27 4461.11 4470.49 9.38 4470.55 0.000085 1.95 34471  58.67 0.022 550.00

CAaNAL  CANAL 11 671.27 4460.45 447048 10.03 4470.53 0.000079 1.93 348.62 56.21 0.022 500.00

CANAL CanAL 10 671.27 4461.67 4470.46 8.79 4470.53 0.000094 2.03 331.43 57.59 0.022 450.00

CaNnaL  CaNaL 9 671.27  4460.77 447045 9.68 4470.50 0.000073 1.86 360.82 58.27 0.022 400.00

CaNAL  CANAL 8 671.27 4460.50 447044 9.94 4470.49 0.000080 1.94 345.20 5547 0.022 350.00

CaNnaL  CANAL 7 671.27 4460.36 4470.42 10.06 4470.49 0.000101 2.13 315.38 5249 0.022 300.00

CANAL CANAL 6 671.27 4460.66 447042 9.76 4470.49 0.000111 2.09 32093 59.44 0.022 250.00

CANAL CaANAL S 671.27 4461.89 447034 8.45 4470.47 0.000264 2.87 234.11 5234 0.022 200.00

CANAL CANAL 4 671.27 4462.26 447035 8.09 4470.43 0.000147 2.36 284.76  55.19 0.022 150.00

CaNAL CANAL 3 671.27 4462.49 4470.34 7.85 4470.41 0.000118 2.21 304.03 54.55 0.022 100.00

CANAL CANAL 2 671.27 4462.60 447034 7.74 4470.41 0.000117 2.21 30347 53.90 0.022 50.00

CaANAL  CanaL | 671.27 446191 447034 8.43 4470.41 0.000095 2.03 330.04 57.24 0.022

STMARY ABOVE 24 946.00 4463.65 4473.01 9.36 4473.02 0.000038 0.81 1175.14 213.51 0.035 414.00
DamMm

STMARY ABOVE 23 946.00 4462.87 4473.01 10.14  4473.02 0.000030 0.82 1154.07 171.88 0.035 314.00
DAM

STMARY ABOVE 22 946.00 4463.65 4473.01 9.36 4473.02 0.000037 0.80 1179.99 21341 0.035 214.00
Dam

STMARY ABOVE 21 946.00 4463.71 4473.01 9.30 4473.02 0.000018 0.62 1526.84 229.62 0.035 114.00
DamMm

STMARY ABOVE 20.5 946.00 4469.24 447294 3.70 4473.01 0.000430 2.03 466.38 126.01 0.035 14.00
DaM

STMARY BELow 20 139.15 446924 4473.00 3.76 4473.00 0.000004 0.21 657.78 175.27 0.035 208.00
Dam

STMARY BELow 192 INLINE
DamM WEIR

STMARY BELOW 19 139.15 4464.38 4466.57 2.19 4466.57 0.000219 0.61 229.31 238.15 0.035 175.00
Dam

STMARY BELOow 18 139.15  4462.59 4466.49 3.90 4466.54 0.000942 1.84 75.47 43.83 0.035 125.00
Dam

STMARY BELow 17 139.15  4463.61 446639 2.78 4466.47 0.002493 2.26 61.52 55.15 0.035 75.00
DaMm

STMARY BELOW 16 179.15 4463.81 4466.22 2.41 4466.32 0.003264 2.60 69.03 61.88 0.035 25.00
DAM

STMARY FISHWAY 3 128.67 4470.00 4473.00 3.00 4473.00 0.000020 0.44 291.25 101.39  0.030 225.00
STMARY FISHWAY 4 128.67 4471.50 4472.79 1.29 447298 0.031278 3.51 36.69 93.70 0.040 200.00
STMARY FISHWAY 3 128.67 4469.25 447046 1.21 4470.76  0.066980 4.43 29.04 92.45 0.040 150.00
STMARY FISHWAY 2 128.67 4467.50 446892 1.42 4469.23 0.029754 4.46 28.85 49.50 0.040 100.00
1
1

STMARY FISHWAY 128.67 4465.75 4467.10 1.35 4467.44 0.043680 4.65 27.66 59.47 0.040 50.00

STMARY LOWER 5 307.82 4463.01 4465.82 2.8l 4466.17 0.006648 4.75 64.84 39.84 0:035 700.00
RIVER

STMARY LOWER 14 307.82 4463.51 4465.19 1.68 4465.67 0.014750 5.58 55.13 48.63 0.035 650.00
RIVER

STMARY LOWER 13 307.82 446243 4464.81 237 4465.10 0.007481 4.39 70.09 53.32 0.035 600.00
RIVER
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RIVER REACH RIVER QToraL MINCH W.S. Max CHL EG E.G. VEL CHNL FLowW Top MANN  CuMCH
Sta EL ELev DrTH ELEv SLOPE AREA WIDTH WTD LEN
CHNL
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FT/S) (SQFT) (FT) (FT)

STMARY LOWER 10 307.82  4462.27 446422 1.95 4464.37 0.006240 3.08 99.93 113.00 0.035 450.00
RIVER ’

STMARY LOWER 9 307.82  4462.28 4463.52 1.24 4463.84 0.019133 4.59 67.14 97.03 0.035 400.00
RIVER

STMARY LOWER & 307.82 4461.30 4463.38 2.08 4463.48 0.002834 2.52 122.29 103.02 0.035 350.00
RIVER

STMARY LOWER 7 307.82  4461.00 4463.28 2.28 4463.37 0.001951 2.33 13220 95.24 0.035 300.00
RIVER

STMARY LOWER 6 307.82  4460.94 4463.20 2.26 4463.28 0.001445 2.17 141.76  90.60 0.035 250.00
RIVER

STMARY LOWER 5 307.82 446028 4463.12 2.83 4463.20 0.001547 2.33 132.01  79.70 0.035 200.00
RIVER

STMARY LOWER 4 307.82  4460.66 446296 230 4463.09 0.002998 2.88 106.84 77.11 0.035 150.00
RIVER

STMARY LOWER 3 307.82  4460.52 4462.81 2.29 4462.94 0.002704 2.94 104.68 67.88 0.035 100.00
RIVER

STMARY LOWER 2 307.82 446039 4462.64 2.25 4462.79 0.003644 3.01 102.11  79.87 0.035 50.00
RIVER

STMARY LOWER 1 307.82 445995 446240 245 4462.57 0.005002 3.28 93.99 82.27 0.035
RIVER
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TABLE B 4 ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT I WITH 850 FT’/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS.

IRIvER  REacH  RivER  Q TotaL MINCH W.S. Max CHL E.G. E.G. AVE. FLow Tor MANNING CUM
8714 EL ELEV DEptH  ELEV SLOPE VELOCITY AREA Wibth s CHANNEL
N LENGTH
(CFs) (F7) (F1) (F1) (FT) (FT/FT) _ (FT/S) (SQFT) (FT) (FD)

ICANAL  CANAL  19.8 881.50 4467.00 447298 5.98 4473.05 0.000110 2.11 418.67 70.00 0.022 950.00

CANAL  CANAL  19.7 881.50 4467.00 447290 5.90 4473.04 0.000243 2.99 295.04 50.00 0.022 930.00

ICANAL  CANAL 195 INLINE

WEIR

ICANAL  CANAL 19 881.50 4463.17 4471.60 8.42 4471.67 0.000100 2.14 41198  69.69 0.022 900.00

CANAL  CANAL 18 881.50 4463.51 447152 8.01 4471.64 0.000187 2.74 321.72 59.81 0.022 850.00

ICANAL  CANAL 17 881.50 446277 447140 8.63 4471.61 0.000396 3.68 239.23  49.39 0.022 800.00

ICANAL  CANAL 16 841.50 446191 4471.40 9.49 4471.59 0.000379 3.45 243.67 53.80 0.022 750.00

CANAL  CANAL 15 841.50 4460.67 447147 10.80 4471.54 0.000082 2.10 401.61 58.88 0.022 700.00

CANAL  CANAL 14 841.50 4461.95 447146 9.51 4471.53 0.000104 2.22 378.52 60.98 0.022 650.00

CANAL  CANAL 13 841.50 4461.57 4471.44 9.87 4471.51 0.000091 2.12 396.01 62.05 0.022 600.00

ICANAL  CANAL 12 841.50 4461.11 4471.43 1032 4471.50 0.000087 2.10 401.46 61.87 0.022 550.00

CANAL  CanAL 11 841.50 4460.45 447142 1097 4471.49 0.000082 2.09 402.83 58.87 0.022 500.00

ICANAL  CaNAL 10 841.50 4461.67 447141 9.74 4471.49 0.000096 2.17 387.77 61.06 0.022 450.00

CANAL  CANAL 9 841.50 4460.77 447141 10.64 4471.48 0.000075 2.01 418.38 61.21 0.022 400.00

CANAL CaAnNaAL 8 841.50 4460.50 4471.40 10.90 4471.47 0.000083 2.10 39994 58.30 0.022 350.00

CANAL  CaNAL 7 841.50 4460.36 4471.38 11.02 447146 0.000104 2.29 367.41 55.76 0.022 300.00

ICANAL CANAL 6 841.50 4460.66 4471.38 10.72 4471.46 0.000115 2.20 382.18 67.59 0.022 250.00

ICANAL  CANAL 5 841.50 4461.89 4471.31 9.42 4471.44 0.000237 2.93 287.39 5738 0.022 200.00

CANAL  CANAL 4 841.50 4462.26 4471.32 9.06 4471.41 0.000138 2.48 339.66 57.97 0.022 150.00

CANAL  CANAL 3 841.50 4462.49 4471.31 8.82 447140 0.000116 2.35 358.51 57.65 0.022 100.00

ICANAL  CANAL 2 841.50 4462.60 447131 8.7t 4471.40 0.000116 2.35 357.54 57.28 0.022 50.00

CANAL  CANAL 1 841.50 446191 447132 940 4471.39 0.000095 2.17 387.45 60.57 0.022

ST MARY ABOVE 24 1200.00 4463.65 4473.08 9.43 4473.10 0.000058 1.01 1190.17 214.02 0.035 414.00
Dam

STMARY ABOVE 23 1200.00 4462.87 4473.08 10.21 4473.10  0.000047 1.03 116592 17233 0.035 314.00
Dam

STMARY ABOVE 22 1200.00 4463.65 4473.08 9.43 4473.09 0.000058 1.00 119470 213.89 0.035 214.00
Dam

STMARY ABOVE 21 1200.00 4463.71 4473.08 9.37 4473.09 0.000028 0.78 1542.65 229.82 0.035 114.00
Dam

ST MARY ABOVE 205 1200.00 4469.24 447297 3.73 4473.07 0.000675 2.55 470.08 126.01 0.035 14.00
DAM

ST MARY BELOW 20 167.17 446924 4473.06 3.82 4473.07 0.000006 0.25 669.68 175.28 0.035 208.00
Dam

STMARY BELOW 19.2 INLINE
DAM WEIR

ST MARY BELOW 19 167.17 446540 4468.11 2.71 4468.12 0.000044 0.47 35948 165.20 0.035 175.00
Dam

ST MARY BELOW 18 167.17 4466.31 4468.01 1.70 4468.10 0.003736 2.45 68.21 73.86 0.035 125.00
DaM

STMARY BELOW 17 167.17 446599 4467.83 1.84 4467.93 0.003063 2.45 68.36 64.27 0.035 75.00
DaM

STMARY BELOW 16 207.17 4465.97 4467.19 1.22 4467.55 0.020389 4.83 4293 60.38 0.035 25.00
Dam

ST MARY FISHWAY 5 149.52  4470.00 4473.06 3.06 4473.06 0.000026 0.50 297.70  101.57 0.030 225.00

IST MARY FISHWAY 4 149.52 4471.50 447282 1.32 4473.04 0.031981 3.74 39.95 94.02 0.040 200.00

ST MARY FISHWAY 3 149.52 4469.25 447049 1.24 4470.83 0.065834 4.68 31.97 92.67 0.040 150.00

ST MARY FISHWAY 2 149.52  4467.50 4469.00 1.50 4469.32 0.027263 4.56 32.83 51.11 0.040 100.00

ST MARY FISHWAY 1 149.52  4465.75 4467.13 1.38 4467.53 0.048829 5.05 29.61 61.17 0.040 50.00

ST MARY LOWER 15 356.70 4463.01 4465.00 1.99 4466.58 0.048781 10.11 35.29 31.20 0.035 700.00
RIVER

ST MARY LOWER 14 356.70  4463.51 446533 1.82 4465.84 0.014886 5.73 62.27 53.21 0.035 650.00
RIVER

ST MARY LOWER 13 356.70 4462.43 4464.89 2.46 4465.24 0.008470 4.78 74.63 54.90 0.035 600.00
RIVER
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[RiveR  ReacH  River QO ToraL MINCH W.S. Max CHL E.G. E.G. AVE. FLow Tor MANNING CUM
874 EL ELEV DeptH  ELEV SLOPE VELOCITY AREA WiptH s CHANNEL
N LENGTH
(CFS) (FT) (FT) (FT) (FT) (FT/FT) (FT/S) (SQFT) (FT) (FT)

ST MARY LOWER 12 356.70  4462.71 4464.75 2.04 446490 0.004131 3.11 11471  94.13 0.035 550.00
RIVER

ST MARY LOWER 11 356.70  4462.79 4464.57 1.78 4464.70 0.003593 2.84 125.54 106.04  0.035 500.00
RIVER

STMARY LOWER 10 356.70 4462.27 4464.28 2.01 4464.46 0.006647 3.32 107.34 113.57 0.035 450.00
RIVER

ST MARY LOWER 9 356.70 4462.28 4463.64 1.36 4463.95 0.015883 4.50 79.32 102.59  0.035 400.00
RIVER

STMARY LOWER 8 356.70 4461.30 4463.54 2.24 4463.64 0.002539 2.58 13831 103.30 0.035 350.00
RIVER

ST MARY LOWER 7 356.70 4461.00 4463.44 2.44 4463.53 0.001868 2.42 147.62 97.34 0.035 300.00
RIVER

STMARY LOWER 6 356.70 4460.94 4463.36 2.42 4463.44 0.001469 2.28 156.41 94.02 0.035 250.00

. RIVER

ST MARY LOWER 5 356.70  4460.28 4463.27 2.99 4463.36  0.001623 2.47 144.53  83.08 0.035 200.00
RIVER

ST MARY LOWER 4 356.70  4460.66 4463.10 2.44 4463.24 0.003082 3.02 11794  80.78 0.035 150.00
RIVER

ST MARY LOWER 3 356.70  4460.52 4462.94 241 4463.09 0.002896 3.15 11340 69.96 0.035 100.00
RIVER

STMARY LOWER 2 356.70 446039 4462.77 2.38 446293 0.003703 3.18 112.09 81.81 0.035 50.00
RIVER '

ST MARY LOWER 1 356.70 4459.95 4462.52 2.57 4462.70 0.005003 3.44 103.63 84.17 0.035
RIVER
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TABLE B 5§ ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT | WITH 1000 FT3/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS.

IRIVER REACH RIiVER QToraL MINCH W.S. Max CHL E.G. ELEVE.G. AVERAGE FLOW Top MANNING CUM
StA EL ELEV DEPTH SLOPE VELOCITY AREA WIDTH S CHANNEL
N LENGTH
(CFS) (FT) (FT) (FT) (FT) (FI/FT)  (FT/S) (SQFT)  (FT) (FT)
ICANAL  CaNaL  19.8 1056.45 4467.00 447298 5.98 4473.08 0.000158 2.52 41891  70.00 0.022 950.00
ICANAL  CANAL 197 1056.45 4467.00 4472.87 5.87 4473.07 0.000356 3.60 293.36  50.00 0.022 930.00
ICANAL  CANAL 195 INLINE
WEIR
ICANAL  CANAL 19 1056.45 4463.17 447243 9.26 4472.50 0.000098 2.24 471.24  73.02 0.022 900.00
CANAL  CANAL 18 1056.45 4463.51 447235 8.84 4472.48 0.000177 2.83 372.86  63.11 0.022 850.00
CANAL  CANAL 17 1056.45 4462.77 447224 9.47 4472.45 0.000379 3.73 283.13  55.53 0.022 800.00
ICANAL  CANAL 16 1006.45 4461.91 4472.26 10.35 4472.44 0.000338 3.45 29197 59.29 0.022 750.00
ICANAL  CANAL 15 1006.45 4460.67 447232 11.65 447239 0.000084 2.23 452,32  60.69 0.022 700.00
CANAL CANAL 14 1006.45 4461.95 447231 10.35 447239 0.000102 2.33 431.22 63.29 0.022 650.00
ICANAL  CaNAL 13 1006.45 4461.57 4472.29 10.72 447237 0.000090 2.24 449.76  64.69 0.022 600.00
ICANAL  CANAL 12 1006.45 4461.11 447228 11.17 447236 0.000087 2.21 455.14 64.73 0.022 550.00
ICANAL  CANAL 11 1006.45 4460.45 447227 11.82 4472.34 0.000085 2.22 45393  61.78 0.022 500.00
CANAL  CanaAL 10 1006.45 4461.67 447226 10.59 4472.34 0.000096 2.28 440.87 64.16 0.022 450.00
ICANAL  CANAL 9 1006.45 4460.77 4472.26 11.49 4472.33 0.000077 2.14 471.39  63.79 0.022 400.00
ICANAL  CANAL 8 1006.45 4460.50 447225 11.75 4472.32  0.000085 2.23 450.45 60.80 0.022 350.00
ICANAL  CaNAL 7 1006.45 4460.36 4472.23 11.87 447232 0.000106 2.42 41593 58.64 0.022 300.00
ICANAL  CANAL 6 1006.45 4460.66 4472.24 11.57 447232 0.000113 2.27 44279 74.01 0.022 250.00
ICANAL  CANAL 5 1006.45 4461.89 4472.16 10.27 447230 0.000239 2.97 339.33  67.15 0.022 200.00
ICANAL  CANAL 4 1006.45 4462.26 4472.17 9.91 447227 0.000133 2.58 390.10 6042 0.022 150.00
ICANAL  CANAL 3 1006.45 4462.49 4472.16 9.67 447225 0.000114 2.46 408.67 60.35 0.022 100.00
ICANAL  CANAL 2 1006.45 4462.60 4472.16 9.56 4472.25 0.000116 2.47 407.25 60.21 0.022 50.00
ICANAL  CaANAL 1 1006.45 446191 4472.16 10.25 4472.24 0.000095 2.29 439.92  63.45 0.022
ST MARY ABOVE 24 1360.00 4463.65 4473.12 9.47 4473.14 0.000073 1.13 1198.95 21431 0.035 414.00
DaM
STMARY ABOVE 23 1360.00 4462.87 4473.12 10.25 4473.14 0.000060 1.16 1172.83 172.59 0.035 314.00
Dam
STMARY ABOVE 22 1360.00 4463.65 4473.12 9.47 4473.14 0.000072 1.13 1203.27 214.18 0.035 214.00
Dam
STMARY ABOVE 21 1360.00 4463.71 4473.12 9.4t 4473.13  0.000035 0.88 1551.86 22994  0.035 114.00
Dam
ST MARY ABOVE  20.5 1360.00 4469.24 447298 3.74 4473.11 0.000859 2.89 47131 126.01 0.035 14.00
DAM
STMARY BELOW 20 169.71  4469.24 4473.07 3.83 4473.07 0.000006 0.25 670.37 17528 0.035 208.00
Dam
ST MARY BELOW 19.2 INLINE
DamMm WEIR
STMARY BELow 19 169.71 446540 4468.12 2.72 4468.13 0.000044 0.47 361.33 165.26  0.035 175.00
Dam
STMARY BELow 18 169.71  4466.31 4468.02 1.71 4468.11 0.003735 2.46 69.00 74.32 0.035 125.00
Dam
STMARY BELOW 17 169.71 446599 4467.84 1.85 4467.94 0.003082 2.46 68.99 64.59 0.035 75.00
Dam
STMARY BELOW 16 209.71 446597 4467.19 1.22 4467.56 0.020544 4.86 43.19 60.55 0.035 25.00
Dam
STMARY FISHWAY 5 157.26  4470.00 4473.08 3.08 4473.09 0.000028 0.52 29993 101.63  0.030 225.00
ST MARY FISHWAY 4 157.26 4471.50 4472.84 1.34 4473.06 0.030870 3.78 41.65 94.19 0.040 200.00
ST MARY FISHWAY 3 157.26  4469.25 447050 1.25 4470.86 0.066730 4.79 32.83 92.74 0.040 150.00
ST MARY FISHWAY 2 157.26  4467.50 4469.02 1.52 4469.35 0.027384 4.64 33.90 51.54 0.040 100.00
STMARY FISHWAY 1 157.26  4465.75 4467.15 1.40 4467.56 0.048750 5.12 30.72 62.12 0.040 50.00
STMARY LOWER 15 376.97 4463.01 4465.08 2.06 4466.62 0.045207 9.97 37.80 32.19 0.035 700.00
RIVER
ST MARY LOWER 14 376.97 4463.51 446540 1.89 446590 0.014551 5.72 65.85 55.37 0.035 650.00
RIVER
STMARY LOWER 13 " 37697 446243 446493 2.50 4465.30 0.008937 4.91 76.74 56.41 0.035 600.00
RIVER
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RIVER REACH RiVER QToraL MINCH W.S. Max CHL E.G. ELEVE.G. AVERAGE FLOW Top MANNING CuM
StA EL ELEV DEPTH SLOPE  VELOCITY AREA WIDTH S CHANNEL
N LENGTH
(CFS) (FT) (FT) (FT) (FT) (FT/FT) _ (F1/9) (SQFT)  (FT) (FT)

ST MARY LOWER 12 376.97 4462.71 4464.79 2.07 4464.94 0.004203 3.19 11831 94.81 0.035 550.00
RIVER

ST MARY LOWER 11 376.97 4462.79 4464.61 1.82 4464.74 0.003655 2.92 129.27 106.36  0.035 500.00
RIVER

ST MARY LOWER 10 376.97 4462.27 446431 2.04 4464.49 0.006748 3.41 110.56 113.82  0.035 450.00
RIVER

ISTMARY LOWER 9 376.97 4462.28 4463.70 1.42 4464.00 0.014500 4.43 85.10 105.12  0.035 400.00
RIVER

ST MARY LOWER 8 376.97 4461.30 4463.59 2.29 4463.70 0.002469 2.61 14426  103.40  0.035 350.00
RIVER

ISTMARY LOWER 7 376.97 4461.00 4463.50 2.50 4463.59 0.001859 2.46 153.30 98.10 0.035 300.00
RIVER

ST MARY LOWER 6 376.97 4460.94 446342 2.48 4463.50 0.001492 2.33 161.77 95.24 0.035 250.00
RIVER

STMARY LOWER 5 376.97 4460.28 4463.32 3.04 4463.42 0.001668 2.53 149.02 84.26 0.035 200.00
RIVER

ST MARY LOWER 4 376.97 4460.66 4463.15 2.49 " 4463.30 0.003114 3.09 121.81 81.22 0.035 150.00
RIVER

ST MARY LOWER 3 376.97 4460.52 446298 2.46 4463.14 0.003009 3.24 116.35  70.65 0.035 100.00
RIVER

ST MARY LOWER 2 376.97 4460.39 4462.80 241 4462.97 0.003826 3.28 115.06 82.38 0.035 50.00
RIVER

ST MARY LOWER 1 376.97 4459.95 4462.56 2.61 4462.76  0.005004 3.51 107.46  84.86 0.035
RIVER
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TABLE B 6 - ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 14T 3000 FT’/S RIVER FLOW WITH 850 FT3/s
DESIGN FLOW USING EXISTING CANAL CROSS SECTIONS.

RIVER ReacH  RivER Q ToraL MINCH W.S. MaxCHL E.G. E.G. VEL FLow  Top MANN WTD Cum CH
StA EL ELEV DEPTH ELEV SLopE  CHNL AREA WibTH CHNL LEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FI/S) _ (SQFT) (FT) (FT)
CANAL  CANAL 19.8 890.87 4467.00 4474.49 7.49 4474.53 0.000056 1.70 524.08 70.00 0.022 950.00
CANAL CANAL 19.7 890.87 4467.00 4474.44 7.44 4474.53 0.000122 2.39 372.14 50.00 0.022 930.00
ICANAL CANAL 19.5 INLINE
WEIR
ICANAL  CANAL 19 890.87 4463.17 4471.65 8.48 4471.72 0.000099 2.14 415.90 6991 0.022 900.00
ICANAL  CANAL 18 890.87 4463.51 4471.58 8.07 4471.70 0.000186 2.74 325.15 60.08 0.022 850.00
ICANAL CANAL 17 890.87 4462.77 447146 8.69 4471.67 0.000393 3.68 242.11  49.81 0.022 800.00
ICANAL CANAL 16 850.87 446191 4471.46 9.55 4471.65 0.000375 3.45 246.80 54.19  0.022 750.00
ICANAL  CANAL 15 850.87 4460.67 4471.52 10.85 4471.59 0.000082 2.10 404.84 59.00 0.022 700.00
ICANAL  CANAL 14 850.87 4461.95 4471.51 9.56 4471.59 0.000103 2.23 382.04 61.14  0.022 650.00
ICANAL  CANAL 13 850.87 4461.57 4471.51 9.94 4471.58 0.000090 2.13 400.26 62.27  0.022 600.00
ICANAL  CANAL 12 850.87 4461.11 4471.50 10.39 4471.56 0.000087 2.10 40545 62.09 0.022 550.00
ICANAL CANAL 11 850.87 4460.45 447148 11.03 4471.55 0.000082 2.09 406.40 59.04  0.022 500.00
ICANAL  CANAL 10 850.87 4461.67 4471.47 9.80 4471.54 0.000095 2.17 391.36 61.27 0.022 450.00
ICANAL CANAL 9 850.87 4460.77 447147 10.70 4471.53 0.000075 2.02 42197 61.39 0.022 400.00
CANAL  CANAL 8 850.87 4460.50 4471.46 10.96 4471.53 0.000083 2.11 403.36 5847  0.022 350.00
ICANAL CANAL 7 850.87 4460.36 447144 11.08 4471.52 0.000104 2.30 370.68 5596  0.022 300.00
ICANAL CANAL 6 850.87 4460.66 4471.44 10.78 4471.52 0.000114 2.20 386.15 68.08 0.022 250.00
ICANAL CANAL 5 850.87 4461.89 4471.37 9.48 4471.50 0.000235 2.93 290.88 57.67  0.022 200.00
ICANAL CANAL 4 850.87 4462.26 4471.38 9.12 4471.47 0.000137 2.48 343.18 58.15 0.022 150.00
ICANAL CANAL 3 850.87 446249 4471.37 8.88 4471.45 0.000115 2.35 361.90 57.83 0.022 100.00
ICANAL CANAL 2 850.87 4462.60 4471.36 8.76 4471.45 0.000116 2.36 360.68 57.47  0.022 50.00
ICANAL CANAL 1 850.87 4461.91 4471.37 9.46 4471.44 0.000095 2.18 390.76  60.75 0.022
ST MARY ABOVE 24 3000.00 4463.65 4474.69 11.03 447474 0.000165 1.95 1542.30 225.45 0.035 414.00
Dam
ST MARY ABOVE 23 3000.00 4462.87 4474.67 11.80 4474.73 0.000154 2.07 1446.76 180.88 0.035 314.00
DaMm
ST MARY ABOVE 22 3000.00 4463.65 4474.66 11.01 4474.72 0.000165 1.95 1541.64 225.22 0.035 214.00
Dam )
ST MARY ABOVE 21 3000.00 4463.71 4474.66 10.95 447470 0.000088 1.57 1910.04 23449 0.035 114.00
Dam
ST MARY ABOVE 20.5 3000.00 4469.24 4474.30 5.06 4474.65 0.001564 4.70 637.99 126.01 0.035 14.00
DamM
ST MARY BELow 20 1170.42 4469.24 4474.52 5.28 4474.55 0.000101 1.27 925.05 175.38 0.035 208.00
Dam
ST MARY BELOW = 19.2 INLINE
Dam WEIR
IST MARY BELOW 19 1170.42 4464.38 4469.14 4.76 4469.17 0.000197 1.33 878.94 256.77 0.035 175.00
Dam
ST MARY BELOW 18 1170.42 4462.59 4469.03 6.44 4469.14 0.001566 2.65 44094 21990 0.035 125.00
DaM
ST MARY BELOW 17 1170.42 4463.61 4468.87 5.26 4469.04 0.002330 3.28 356.62 17434 0.035 75.00
DaMm
ST MARY BELOW 16 1210.42 4463.81 4468.75 4.94 4468.92 0.002092 3.33 363.24 159.70 0.035 25.00
Dam
ST MARY FISHWAY 5 882.91 4470.00 447448 4.48 4474.54 0.000252 1.98 444.84 105.55 0.030 225.00
ST MARY FISHWAY 4 882.91 4471.50 4473.77 2.27 4474.45 0.022897 6.62 133.35 102.88 0.040 200.00
ST MARY FISHWAY 3 882.91 4469.25 4471.13 1.88 4472.53 0.070437 9.50 9292 97.17 0.040 150.00
ST MARY FISHWAY 2 882.91 4467.50 4470.38 2.88 4471.18 0.020794 7.16 123.32  79.40  0.040 100.00
ST MARY FISHWAY 1 882.91 4465.75 4468.91 3.16 4469.25 0.006835 4.72 187.04 96.49 0.040 50.00
ST MARY LOWER 15 2093.32 4463.01 4468.01 5.00 4468.74 0.011204 6.87 304.89 160.24 0.035 700.00
RIVER
ST MARY LOWER 14 2093.32 4463.51 4467.43 3.92 4468.21 0.010109 7.06 296.34 138.18 0.035 650.00
RIVER
ST MARY LOWER 13 2093.32 4462.43 4467.13 4.70 4467.76 0.006613 6.40 32691 12856 0.035 600.00
RIVER
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RIvER REACH RivVER QToTrAL MINCH W.S. MaxCHL E.G. E.G. VEL Frow  Top MAaNN WTD CuM CH
Sta EL ELev  DEPTH ELEV SLorE  CHNL  AREA  WibrH CHNL LeEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FT/S)  (SQFT) (FT) (FT)
STMARY LOWER 12 2093.32 4462.71 446691 4.20 4467.45 0.004822 5.92 353.75 123.01 0.035 550.00
ST MARY lzlo\;ssk 11 2093.32 4462.79 4466.73 3.94 4467.22 0.003941 5.61 373.33  121.19 0.035 500.00
ST MARY fg()\l/zERR 10 2093.32 4462.27 4466.54 4.27 4467.02 0.003924 5.55 377.09 123.12  0.035 450.00
ST MARY Lmo\;s:R 9 2093.32 4462.28 4466.39 4.11 4466.83 0.003266 5.31 394.04 119.68 0.035 400.00
ST MARY ié)\;\lj‘ga 8 2093.32 4461.30 4466.34 5.04 4466.67 0.001996 4.60 45474 116.94 0.035 350.00
ST MARY Slo\isgk 7 2093.32 4461.00 4466.24 5.24 4466.56 0.001922 4.53 461.93 120.21 0.035 300.00
ST MARY z:)‘ﬁgk 6 2093.32 4460.94 4466.14 5.20 4466.46 0.001855 4.56 458.64 114.57 0.035 250.00
ST MARY SE)\QEERR 5 2093.32 4460.28 4465.98 5.70 4466.35 0.002375 4.91 42595 115.33 0.035 200.00
ST MARY LRIO\/“};:ERR 4 2093.32 4460.66 4465.64 4.98 4466.18 0.004000 5.92 353.76 107.13 0.035 150.00
ST MARY Eg;f; 3 2093.32 4460.52 446537 4.85 4465.96 0.004883 6.17 339.17 11231 0.035 100.00
ST MARY 1:2:5:}‘ 2 2093.32 4460.39 4465.14 4.75 4465.71 0.004726 6.05 345.81 11519 0.035 50.00
ST MARY f:)\::ERR 1 2093.32 4459.95 4464.86 4.91 4465.46 0.005010 6.22 336.58 11233 0.035
RIVER
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TABLE B 7 ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 2WITH 500 FT’/S DESIGN FLOW USING EXISTING
CANAL CROSS SECTIONS.

RIVER REeEAcH RivER QTotaL MINCH W.S. MaxCHL E.G E.G. VEL Frow  Top Mann WtDp  CuM CH
StA EL ELEV DEPTH ELEV SLopE  CHNL  AREA WIDTH CHNL LEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FT/S)  (SQFT) (FT) (FT)

CANAL CANAL 19.8 541.78 4467.00 4472.77 5.77 4472.80 0.000047 1.34 403.76  70.00 0.022 950.00

CANAL CANAL 19.7 541.78 4467.00 4472.62 5.62 4472.78 0.000346 3.21 168.63 30.00 0.022 930.00

CANAL CANAL 19.5 INLINE

WEIR

CaNAL CANAL 19 541.78 4463.17 4469.56 6.39 4469.62 0.000113 1.94 279.32 60.38 0.022 900.00

CANAL CANAL 18 541.78 446351 4469.48 5.97 4469.59 0.000232 2.59 209.54 50.22 0.022 850.00

CANAL CANAL 17 541.78 4462.77 4469.34 6.57 4469.55 0.000569 3.68 147.31 40.50 0.022 800.00

CaNAL CANAL 16 501.78 446191 4469.34 743 4469.52 0.000492 3.41 146.96 39.94 0.022 750.00

CaANAL CANAL 15 501.78 4460.67 4469.42 8.75 4469.46 0.000079 1.76 285.56 53.96 0.022 700.00

CANAL CANAL 14 501.78 4461.95 4469.40 7.45 4469.46 0.000112 1.94 258.98 55.30 0.022 650.00

CANAL CANAL 13 501.78 4461.57 4469.39 7.82 4469.44 0.000092 1.82 27522 55.57 0.022 600.00

CANAL CANAL 12 501.78 4461.11 4469.38 8.27 4469.43 0.000084 1.78 281.82 54.42 0.022 550.00

CANAL CANAL 11 501.78 4460.45 4469.37 8.92 4469.42 0.000076 1.74 288.01 5291 0.022 500.00

CANAL CANAL 10 501.78 4461.67 4469.36 7.69 4469.41 0.000094 1.86 269.98 53.36 0.022 450.00

CANAL CANAL 9 501.78 4460.77 4469.35 8.57 4469.39 0.000070 1.68 298.37 54.72 0.022 400.00

CaNAL CANAL 8 501.78 4460.50 4469.33 8.83 4469.38 0.000076 1.76 285.86 51.88 0.022 350.00

CANAL CANAL 7 501.78 4460.36 4469.32 8.96 4469.38 0.000097 1.93 259.69 48.75 0.022 300.00

CANAL CANAL 6 501.78 4460.66 4469.32 8.66 4469.38 0.000099 1.93 260.61 50.13 0.022 250.00

CANAL CANAL 5 501.78 4461.89 4469.23 7.34 4469.35 0.000303 2.79 179.54 46.43 0.022 200.00

CANAL CANAL 4 501.78 4462.26 4469.24 6.98 4469.32 0.000162 2.22 225.56  51.79 0.022 150.00

CANAL CANAL 3 501.78 446249 4469.23 6.74 4469.30 0.000121 2.04 24575 51.03 0.022 100.00

CaNAL  CANAL 2 501.78 4462.60 4469.23 6.63 4469.30 0.000118 2.04 246.10 50.07 0.022 50.00

CANAL CANAL 1 501.78 4461.91 4469.24 7.33 4469.29 0.000095 1.87 268.95 53.48 0.022

ST MARY ABOVE 24 670.00 4463.65 4472.81 9.16 4472.81 0.000021 0.59 1131.29 212.04 0.035 414.00
Dam

ST MARY ABOVE 23 670.00 4462.87 4472.81 9.94 4472.81 0.000017 0.60 1119.18 170.96 0.035 314.00
DAM

ST MARY ABOVE 22 670.00 4463.65 4472.81 9.16 4472.81 0.000021 0.59 1136.58 211.96 0.035 214.00
DAM .

ST MARY ABOVE 21 670.00 4463.71 4472.81 9.10 4472.81 0.000010 0.45 1479.92 229.02 0.035 114.00
DaM

ST MARY ABOVE 20.5 670.00 4469.24 4472.77 3.53 4472.80 0.000252 1.51 44448 126.01 0.035 14.00
Dam

STMARY BELOW 20 98.05  4469.24 4472.80 3.56 4472.80 0.000003 0.16 622.61 175.26 0.035 208.00
DaM

ST MARY BELOW 19.2 INLINE
Dam WEIR

ST MARY BELOW 19 98.05  4464.38 4466.02 1.64 4466.03 0.001570 0.97 100.93 228.15 0.035 175.00
Dam

ST MARY BELOW 18 98.05  4462.59 4465.93 3.34 4465.98 0.000724 1.72 57.07  30.15 0.035 125.00
DaM

ST MARY BELOW 17 98.05  4463.61 4465.80 2.19 4465.91 0.003247 2.62 3743 32.73 0.035 75.00
DaM

ST MARY BELOW 16 138.05 4463.81 4465.37 1.56 4465.62 0.008266 4.02 34.35 32.07 0.035 25.00
DAM

ST MARY FISHWAY 5 54.65 447050 4472.76 2.26 4472.79 0.000650 1.45 37.79  30.21 0.030 225.00

ST MARY FISHWAY 4 54.65 447150 4472.60 1.10 4472.73 0.049406 2.88 1898 91.92 0.040 200.00

ST MARY FISHWAY 3 54.65 4469.25 447038 1.13 4470.48 0.031823 2.52 21.65 91.89 0.040 150.00

ST MARY FISHWAY 2 54.65 446750 4468.64 1.14 4468.82 0.033905 3.46 15.80 43.79 0.040 100.00

ST MARY FISHWAY 1 54.65 446575 4466.89 1.14 4467.07 0.036165 3.40 16.10  48.18 0.040 50.00

ST MARY LOWER 15 152.70 4463.01 4465.26 2.25 4465.45 0.004904 3.47 44,02 3453 0.035 700.00
RIVER

ST MARY LOWER 14 152.70 4463.51 4464.66 1.15 4465.01 0.017391 4.77 3199 4046 0.035 650.00
RIVER

ST MARY LOWER 13 152.70 4462.43 4464.40 1.97 4464.54 0.004627 3.06 4997 45.70 0.035 600.00
RIVER
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RIVER REACH RivER Q ToraAL MINCH W.S. MaxCHL E.G. EG. VEL FLow  Top MANNWTD CuM CH
STA EL ELEV DEPTH ELEV SLorE  CHNL  AREA WIDTH CHNL LEN
(CFs) (FT) (FT) (FT) (FT) (F1/FT)  (FT/S)  (SQFT) (FT) (FT)
ST MARY LOWER 12 152.70 4462.71 4464.24 1.53 4464.32 0.003465 2.20 69.54 8433 0.035 550.00
ST MARY Ilflo\;ng 11 152.70 4462.79 4464.07 1.28 4464.14 0.003692 2.08 73.48 101.40 0.035 500.00
ST MARY fi)\:\[ng 10 152.70 4462.27 4463.82 1.55 4463.92 0.005099 2.56 59.60 7640  0.035 450.00 |
ST MARY I:RIOV“E;R 9 152.70 4462.28 4463.20 0.92 4463.44 0.022779 3.92 3893 81.10 0.035 400.00
ST MARY llflo\c/‘:ERR 8 152.70 4461.30 4462.81 1.50 4462.88 0.003829 2.24 68.02  85.69 0.035 350.00
ST MARY flo\;}/zgk 7 152.70 4461.00 4462.65 1.65 4462.72 0.002842 2.04 7473  86.96 0.035 300.00
ST MARY tjo\;sgrz 6 152.70 4460.94 4462.58 1.64 4462.62 0.001301 1.70 89.57  76.10 0.035 250.00
ST MARY Ei)\:\llillS{R 5 152.70  4460.28 4462.51 2.23 4462.56 0.001137 1.73 88.11 65.91 0.035 200.00
ST MARY Ilflo\:\}f:R 4 152.70 4460.66 4462.41 1.75 4462.48 0.002320 2.22 68.87  60.84 0.035 150.00
ST MARY Eg;f; 3 152.70 4460.52 4462.31 1.79 4462.38 0.001881 2.10 7277  59.64 0.035 100.00
ST MARY fgﬁgx 2 152.70 4460.39 4462.17 1.78 4462.26 0.003150 2.30 66.50  70.18 0.035 50.00
ST MARY Ilﬁ)\:;gk 1 152.70 4459.95 4461.96 2.01 4462.06 0.005006 2.58 59.15 74.04 0.035
RIVER
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TABLE B 8 ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 2WITH 670 FT’/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS.

Rivek ReEacH RivER QToraL MINCH W.S. MaxCHL E.G. E.G. VEL Frow  Top MANN WTD CuM CH
StA EL ELEV DpTH ELEV SLOPE CHNL AREA  WIDTH CHNL LEN
(crs)  (FT) (FT) (FT) (FT) (FT/FT) __ (FT/S) _(SQFT) (FT) (FT)
CaNAL CANAL 19.8 717.94 4467.00 447291 5.91 4472.96 0.000076 1.73  413.85 70.00 0.022 950.00
CaNAL CanNAL 197 717.94 4467.00 4472.82 5.82 4472.95 0.000233 2.87 250.12 43.94 0.022 930.00
CANAL CANAL 19.5 INLINE
WEIR
CaNnaL  CanaAL 19 717.94 4463.17 4470.69 7.52 4470.75 0.000105 2.05 350.47 65.73 0.022 900.00
CaNAL CaNaL 18 717.94 4463.51 4470.62 7.11 4470.73 0.000202 2.66 269.81 55.58 0.022 850.00
CaNAL CanAL 17 717.94 4462.77 447049 7.72 4470.70 0.000446 3.65 196.62 45.10 0.022 800.00
CaNAL  CANAL 16 677.94 446191 4470.50 8.59 4470.68 0.000423 3.43 197.62 47.76 0.022 750.00
CaNAL CANAL 15 677.94 4460.67 4470.56 9.89 4470.62 0.000080 1.94  349.23 56.83 0.022 700.00
CaNaL CanaAL 14 677.94 4461.95 4470.55 8.60 4470.62 0.000106 2.09 32440 58.52 0.022 650.00
CANAL CANAL 13 677.94 4461.57 4470.54 8.97 4470.60 0.000091 1.99  341.02 59.23 0.022 600.00
CANAL CANAL 12 677.94 4461.11 4470.52 9.41 4470.58 0.000086 1.96  346.69 58.79 0.022 550.00
CaNaAL  CaAnaL 11 677.94 4460.45 4470.51 10.06 4470.57 0.000079 1.93 350.51 56.30 0.022 500.00
CaNaL CanaL 10 677.94 4461.67 4470.50 8.83 4470.56 0.000095 2.03 333.37 5771 0.022 450.00
CANAL CANAL 9 677.94 4460.77 447048 9.71 4470.54 0.000073 1.87  362.79 5837 0.022 400.00
CaNnaL CanNAL 8 677.94 4460.50 4470.47 9.97 4470.53 0.000080 1.95 347.07 55.57 0.022 350.00
CANAL CaAnaL 7 677.94 446036 4470.46 10.10 4470.53 0.000102 2.14  317.15 52.60 0.022 300.00
CANAL CANAL 6 677.94 4460.66 447045 9.79 4470.52 0.000111 2.10 32294 59.72 0.022 250.00
CANAL CANAL 5 677.94 4461.89 447037 8.48 4470.50 0.000264 2.87  235.88 52.52 0.022 200.00
CANAL CanNaL 4 677.94 4462.26 4470.38 8.12 4470.47 0.000147 2.37 286.63 55.29 0.022 150.00
CANAL CanaL 3 677.94 4462.49 447038 7.89 4470.46 0.000117 2.21 306.27 54.68 0.022 100.00
CaNAL CANAL 2 677.94 4462.60 447038 7.77 4470.45 0.000117 2.22 305.55 54.03 0.022 50.00
CANAL CaAnNAL 1 677.94 446191 4470.38 8.47 4470.45 0.000095 2.04 33236 57.38 0.022
STMARY ABOVE 24 946.00 4463.65 447298 9.33 447299 0.000038 0.81 1168.15 213.28  0.035 414.00
Dam
STMARY ABOVE 23 946.00 4462.87 447298 10.11 4472.99 0.000031 0.82 1148.45 171.67  0.035 314.00
DAM
STMARY ABOVE 22 946.00 4463.65 447298 9.33 4472.99 0.000038 0.81 1173.02 213.17  0.035 214.00
DaM
ST MARY ABOVE 21 946.00 4463.71 447298 9.27 447298 0.000018 0.62 1519.33 229.52  0.035 114.00
DaM
STMARY ABOVE  20.5 946.00 4469.24 447291 3.67 4472.97 0.000443 2.05 462.14 126.01 0.035 14.00
DaM
STMARY BELOW 20 117.94 4469.24 447294 3.70 447294 0.000003 0.18 648.29 17527  0.035 208.00
DaMm
STMARY BELOW  19.2 INLINE
DAM WEIR
STMARY BELOW 19 117.94 4464.38 4466.43 2.05 4466.43 0.000260 0.60 196.24 23549  0.035 175.00
Dam
STMARY BELOw 18 117.94 4462.59 4466.36 3.77 4466.41 0.000631 1.67 70.57 35.01 0.035 125.00
Dam
STMARY BELOW 17 117.94 4463.61 4466.28 2.67 4466.35 0.002127 2.11 56.00 49.57 0.035 75.00
Dam
STMARY BELow 16 157.94 4463.81 4466.12 2.31 4466.22 0.002962 2.49 6334  56.05 0.035 25.00
Dam
ST MARY FISHWAY 5 110.62 4470.00 447294 2.94 447294 0.000016 0.39 28547 101.23 0.030 225.00
ST MARY FISHWAY 4 110.62 4471.50 447275 1.25 4472.92 0.031591 3.32 3336 93.37 0.040 200.00
ST MARY FISHWAY 3 110.62 4469.25 447043 1.18 4470.70 0.066463 4.17  26.55 92.26 0.040 150.00
ST MARY FISHWAY 2 110.62 4467.50 4468.87 1.37 4469.14 0.028178 4.16  26.57  48.55 0.040 100.00
ST MARY FISHWAY 1 110.62 4465.75 4467.05 1.29 4467.37 0.045943 4.54 2438  56.50 0.040 50.00
ST MARY LOWER 15 284.56 4463.01 4465.74 2.73 4466.07 0.006484 4.59  62.00 39.34 0.035 700.00
RIVER
ST MARY LOWER 14 284.56 4463.51 4465.12 1.61 4465.59 0.014450 5.48 5195 4644 0.035 650.00
RIVER
ST MARY LOWER 13 284.56 446243 4464.76 2.32 4465.03 0.007093 4.22 6746 5239 0.035 600.00
RIVER
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RIVER REACH RIVER QTotAL MINCH W.S. MaxCHL E.G. E.G. VEL FLow  Top MANN WTD CuM CH
Sta EL ELEV DpTH ELEV SLOPE CHNL ARea WiDTH  CHNL LEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FT/S) (SQFT) (FT) (FD)
STMARY LOWER 12 284.56 4462.71 4464.60 1.89 4464.73 0.003831 2.81 101.34 91.59 0.035 550.00
ST MARY LRIO‘;{/S:R 1 284.56 4462.79 4464.44 1.65 4464.54 0.003338 2.55 111.54 104.81 0.035 500.00
ST MARY S;)\;EER 10 284.56 4462.27 4464.19 1.92 4464.32 0.005991 295 9640 11273  0.035 450.00
ST MARY :Iovvsgk 9 284.56 4462.28 4463.46 1.18 4463.79 0.020607 4.59 6199  94.59 0.035 400.00
ST MARY fg;ggf{ 8 284.56 4461.30 4463.31 2.01 4463.40 0.002890 2.48 11497 100.86  0.035 350.00
ST MARY Eglv.l:‘ERR 7 284.56 4461.00 4463.21 2.21 4463.29 0.001970 2.27  125.21 94.27 0.035 300.00
ST MARY Lmo\;g:R 6 284.56 4460.94 4463.12 2.18 4463.19 0.001425 2.11 134.71 88.80 0.035 250.00
ST MARY ié)\(/\E'::R 5 284.56 4460.28  4463.04 2.76 4463.12 0.001498 2.26  126.08 78.05 0.035 200.00
ST MARY 1;:)\;1‘;:;2 4 284.56 4460.66 4462.89 2.23 4463.01 0.002919 2.80 101.56 74.96 0.035 150.00
ST MARY llj)\\/;:k 3 284.56 4460.52 4462.75 2.22 4462.87 0.002601 2.83 10041 66.84 0.035 100.00
ST MARY LMO\;EERR 2 284.56 4460.39  4462.58 2.19 4462.72 0.003599 292 9730 78.92 0.035 50.00
ST MARY iéﬁa 1 284.56 4459.95 4462.35 2.39 4462.50 0.004999 3.19 89.20  81.18 0.035
RIVER
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TABLE B 9 ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 2WITH 850 FT/S DESIGN FLOW USING EXISTING

CANAL CROSS SECTIONS

RIVER  REACH RivER Q TOTAL MINCH W.S. MaxCHL E.G. E.G. VEL FLow  Top MANN WTD CuM CH
StA EL ELEV DEPTH ELEV SLorE  CHNL AREA  WiDTH CHNL LEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT) _ (FI/S) _ (SQFT) (FT) (FT)
CANAL CANAL 19.8 890.60 4467.00 4472.96 5.96 4473.03 0.000114 2.14 417.09 70.00 0.022 950.00
ICANAL CANAL 19.7 890.60 4467.00 4472.88 5.88 4473.02 0.000252 3.03 293.80 50.00 0.022 930.00
ICANAL CANAL 19.5 INLINE
WEIR
CANAL CANAL 19 890.60 4463.17 4471.64 8.47 4471.72 0.000100 2.14 415.42 69.89 0.022 900.00
ICANAL  CANAL 18 890.60 4463.51 4471.57 8.06 4471.69 0.000186 2.74 324.68 60.04 0.022 850.00
ICANAL CANAL 17 890.60 446277 447145 8.68 4471.66 0.000395 3.69 241.67 49.75 0.022 800.00
ICANAL  CANAL 16 850.60 446191 447145 9.54 4471.64 0.000377 3.45 246.33 54.13 0.022 750.00
ICANAL  CANAL 15 850.60 4460.67 4471.52 10.85 4471.59 0.000083 2.10 404.49 58.99 0.022 700.00
ICANAL CANAL 14 850.60 446195 4471.51 9.56 4471.58 0.000104 2.23 381.50 61.11 0.022 650.00
ICANAL  CANAL 13 850.60 4461.57 4471.49 9.92 4471.56 0.000091 2.13 399.04 62.21 0.022 600.00
ICANAL  CANAL 12 850.60 4461.11 4471.48 1037 4471.55 0.000087 2.10 404.48 62.04 0.022 550.00
ICANAL CANAL 11 850.60 4460.45 4471.47 11.02 4471.54 0.000082 2.10 405.71  59.01 0.022 500.00
ICANAL  CANAL 10 850.60 4461.67 4471.46 9.79 4471.54 0.000096 2.18 390.76 61.24 0.022 450.00
ICANAL  CANAL 9 850.60 4460.77 4471.46 10.69 4471.52 0.000075 2.02 421.37 61.36 0.022 400.00
CANAL CANAL 8 850.60 4460.50 4471.45 10.95 4471.52 0.000083 2.11 402.79 58.44 0.022 350.00
CANAL CANAL 7 850.60 4460.36 4471.43 11.07 4471.51 0.000104 2.30 370.14 55.92 0.022 300.00
ICANAL CANAL 6 850.60 4460.66 4471.43 10.77 4471.51 0.000115 2.21 385.49 68.00 0.022 250.00
ICANAL  CANAL 5 850.60 4461.89 4471.36 9.47 4471.49 0.000236 2.93 290.20 57.61 0.022 200.00
ICANAL  CANAL 4 850.60 4462.26 4471.37 9.11 4471.46 0.000138 2.48 34249 58.11 0.022 150.00
ICANAL CANAL 3 850.60 446249 447136 8.87 4471.44 0.000116 2.35 361.33 57.80 0.022 100.00
ICANAL CANAL 2 850.60 4462.60 447136 8.76 4471.44 0.000116 2.36 360.34 5745 0.022 50.00
CANAL CANAL | 850.60 446191 4471.36 9.45 4471.44 0.000095 2.18 39041 60.73 0.022
ST MARY ABOVE 24 1200.00 4463.65 4473.06 9.41 4473.08 0.000059 1.01 1185.99 213.88 0.035 414.00
DaMm
ST MARY ABOVE 23 1200.00 4462.87 4473.06 10.19 4473.08 0.000048 1.03 1162.56 172.20 0.035 314.00
Dam
ST MARY ABOVE 22 1200.00 4463.65 4473.06 9.41 4473.08 0.000058 1.01 1190.53 213.76 0.035 214.00
Dam
ST MARY ABOVE 21 1200.00 4463.71 4473.06 9.35 4473.07 0.000028 0.78 1538.16 229.76 0.035 114.00
Dam
ST MARY ABOVE 20.5 1200.00 4469.24 447295 3.71 4473.05 0.000687 2.57 467.43 126.01 0.035 14.00
Dam
ST MARY BELOW 20 237.19 4469.24 4473.03 3.79 4473.03 0.000012 0.36 663.60 175.27 0.035 208.00
Dam
ST MARY BELOW 19.2 INLINE
Dam WEIR
ST MARY BELOW 19 237.19 4464.38 4467.02 2.64 4467.02 0.000183 0.70 337.85 246.66 0.035 175.00
DaMm
ST MARY BELOW 18 237.19 4462.59 446691 4.32 4466.99 0.002852 2.26 104.85 103.99 0.035 125.00
DAm
ST MARY BELOW 17 237.19 4463.61 4466.67 3.06 4466.80 0.004990 2.96 80.19  8l1.12 0.035 75.00
DaM
ST MARY BELOW 16 277.19 4463.81 4466.26 2.45 4466.49 0.007193 3.87 71.67  63.86 0.035 25.00
DaMm
ST MARY FISHWAY 5 103.81 447050 447293 243 4473.02 0.001593 2.40 4334 3190 0.030 225.00
ST MARY FISHWAY 4 103.81 447150 447273 1.22 447290 0.036644 3.38 30.67 93.10 0.040 200.00
ST MARY FISHWAY 3 103.81 446925 447044 1.19 4470.67 0.055672 3.85 2696  92.30 0.040 150.00
ST MARY FISHWAY 2 103.81 4467.50 4468.84 1.34 4469.11 0.029449 4.13 25.11 47.93 0.040 100.00
ST MARY FISHWAY 1 103.81 446575 4467.04 1.29 4467.33 0.042984 4.35 23.86  56.01 0.040 50.00
ST MARY LOWER 15 341.00 4463.01 446591 2.90 4466.29 0.006923 4.97 68.57 40.49 0.035 700.00
RIVER
ST MARY LOWER 14 341.00 4463.51 4465.29 1.77 4465.79 0.014905 5.69 59.91 51.74 0.035 650.00
RIVER
ST MARY LOWER 13 341.00 4462.43 4464.87 2.44 4465.20 0.008002 4.63 73.72 54.58 0.035 600.00
RIVER
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RIVER  REACH River Q TotaAL MINCH W.S. MaxCHL E.G. E.G. VEL FLow  Top MANN WTD CuM CH
StA Eu ELev DEPTH ELEV StorE CHNL  AREA WIDTH CHNL LEN
(CFs) _ (FT) (FT) (FT) (FT) (FT/FT) _(FT/S)  (SQFT) (FT) (FT)
ST MARY LOWER 12 341.00 4462.71 4464.72 2.01 4464.86 0.004068 3.05 111.92 9361  0.035 550.00
ST MARY Egiszl{ 11 341.00 4462.79 4464.54 1.75 4464.66 0.003538 2.78 122.64 105.78 0.035 500.00
ST MARY l:g\s:k 10 341.00 4462.27 4464.26 1.99 4464.43 0.006522 3.25 105.01 113.39 0.035 450.00
ST MARY i(l')v\;gk 9 341.00 4462.28 4463.60 1.32 4463.92 0.017050 4.55 75.00  100.65 0.035 400.00
ST MARY SE)\Q'EERR 8 341.00 4461.30 4463.49 2.19 4463.59 0.002589 2.55 133.77 103.22 0.035 350.00
ST MARY Iimovv\ng 7 341.00 4461.00 446340 240 4463.49 0.001867 2.38 143.35 96.76 0.035 300.00
ST MARY i(l)‘cv;:R 6 341.00 4460.94 446332 2.38 4463.40 0.001444 2.24 152.44 93.10 0.035 250.00
ST MARY l:g(;sgk 5 341.00 4460.28 4463.23 2.95 4463.32 0.001579 2.41 141.26 8221  0.035 200.00
ST MARY E)\;&E:R 4 341.00 4460.66 4463.06 2.40 4463.20 0.003061 2.97 114.71 80.23 0.035 150.00
ST MARY Ili)\il}ls::R 3 341.00 4460.52 4462.89 2.37 4463.04 0.002842 3.08 110.58 69.29  0.035 100.00
ST MARY EJO\:::R 2 341.00 4460.39 4462.73 2.34 4462.88 0.003704 3.14 108.75 81.17  0.035 50.00
ST MARY I:,RIC;/V];:R 1 341.00 4459.95 446248 2.53 4462.66 0.004998 3.39 100.64 83.63  0.035
RIVER
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TABLE B 10 ESTIMATED HYDRAULIC CONDITIONS FOR CONCEPT 2 WITH 1000 FT3/S DESIGN FLOW USING EXISTING
CANAL CROSS SECTIONS.

RIVER REACH RIVER QToraL MINCH W.S. Max CHL E.G. ELEV E.G. VEL FLow Torp ManN  CuMCH
StA EL ELEV DEPTH SLOPE CHNL AREA WIbTH WTD LEN
CHNL
(CFS) - (FT) (FT) (FT) (FT) (FT/FT) __ (FT/S) (SQFT) (FT) (FT)

CaNAL  CanaL 198 885.12  4467.00 4473.01 6.01 4473.08 0.000110 2.10 420.82  70.00 0.022 950.00
CANAL  CanaL 197 885.12  4467.00 447293 593 4473.07 0.000241 2.98 296.63  50.00 0.022 930.00

ICANAL  CANAL 195 INLINE
WEIR

CANAL  CANAL 19 885.12  4463.17 4471.62 8.45 4471.69 0.000100 2.14 413.51 69.78 0.022 900.00

ICANAL  CANAL 18 885.12  4463.51 4471.55 8.04 4471.66 0.000187 2.74 323.07 5991 0.022 850.00

CANAL  CaNAL 17 885.12  4462.77 447142 8.65 4471.63 0.000395 3.68 240.34  49.55 0.022 800.00

CANAL  CANAL 16 845.12  4461.91 447143 9.51 4471.61 0.000378 3.45 24488  53.95 0.022 750.00

CANAL CANAL 15 845.12  4460.67 4471.49 10.82 4471.56 0.000082 2.10 402.94 58.93 0.022 700.00

ICANAL  CANAL 14 845.12 446195 447148 9.53 4471.56 0.000104 2.22 379.89  61.04 0.022 650.00

ICANAL  CANAL 13 845.12  4461.57 447147 9.90 4471.54 0.000091 2.13 39740 62.12 0.022 600.00

ICANAL  CANAL 12 845.12  4461.11 447145 10.34 4471.52 0.000087 2.10 402.85 6195 0.022 550.00

ICANAL CaNAL 11 845.12  4460.45 447144 1099 4471.51 0.000082 2.09 404.15 58.93 0.022 500.00

ICaANAL  CANAL 10 845.12  4461.67 447144 9.76 4471.51 0.000095 2.17 389.15 61.14 0.022 450.00

ICANAL CANAL 9 845.12  4460.77 447144 10.66 4471.50 0.000075 2.01 419.75 61.28 0.022 400.00

ICANAL  CANAL 8 845.12  4460.50 4471.42 1092 4471.49 0.000083 2.11 401.25 5837 0.022 350.00

CANAL CANAL 7 845.12  4460.36 447141 11.05 4471.49 0.000104 2.29 368.67 55.83 0.022 300.00

CANAL CANAL 6 845.12  4460.66 4471.41 10.75 447148 0.000115 2.20 383.70 67.78 0.022 250.00

ICANAL CANAL S 845.12  4461.89 447133 9.44 4471.46 0.000236 2.93 288.68 57.49 0.022 200.00

ICANAL CaNAL 4 845.12  4462.26 4471.34 9.08 447143 0.000138 2.48 340.96 58.04 0.022 150.00

ICANAL  CANAL 3 845.12  4462.49 447133 8.84 447142 0.000116 2.35 359.75 57.71 0.022 100.00

ICANAL CANAL 2 845.12  4462.60 4471.33 8.73 4471.42 0.000116 2.36 358.71 57.35 0.022 50.00

CANAL  CANAL 1 845.12 446191 4471.33 942 4471.41 0.000095 2.17 388.63  60.63 0.022

ST MARY ABOVE 24 1400.00 4463.65 4473.13 9.48 4473.15 0.000077 1.17 1200.62 214.36 0.035 414.00
Dam

ST MARY ABOVE 23 1400.00 4462.87 4473.13 10.26 4473.15 0.000063 1.19 1174.09 172.64 0.035 314.00
Dam

ST MARY ABOVE 22 1400.00 4463.65 4473.13 9.48 4473.15 0.000076 1.16 1204.84 214.23 0.035 214.00
DamM

ST MARY ABOVE 21 1400.00 4463.71 4473.13 942 4473.14 0.000037 0.90 1553.54 22996 0.035 114.00
Dam

ST MARY ABOVE 20.5 1400.00 4469.24 447298 3.74 4473.12 0.000911 2.97 471.18 126.01  0.035 14.00
DamMm

ST MARY BELOw 20 273.87 4469.24 4473.09 3.85 4473.09 0.000016 0.41 673.96 175.28  0.035 208.00
Dam

ST MARY BELOW  19.2 INLINE
DaM WEIR

ST MARY BELOW 19 273.87 4464.38 4467.20 2.82 4467.21 0.000162 0.71 384.43  250.23 0.035 175.00
Dam

ST MARY BELOwW 18 273.87 446259 4467.11 4.52 4467.19 0.002534 2.14 128.01 126.48  0.035 125.00
DaM

ST MARY BELOW 17 273.87 4463.61 446691 3.30 4467.02 0.003630 2.69 101.92 93.82 0.035 75.00
DaM

ST MARY BELOW 16 313.87 4463.81 4466.68 2.87 4466.83 0.003958 3.05 103.05 83.88 0.035 25.00
DamMm

ST MARY FISHWAY § 119.87  4470.50 447297 247 4473.09 0.001934 2.68 44.70 32.08 0.030 225.00
ST MARY FISHWAY 4 119.87  4471.50 4472.77 1.27 447295 0.032793 3.46 34.64 93.49 0.040 200.00
ST MARY FISHWAY 3 119.87 4469.25 447045 1.20 4470.73 0.063163 4.23 2831 92.40 0.040 150.00
ST MARY FISHWAY 2 119.87 446750 4468.90 1.40 4469.18 0.028019 4.27 28.08 49.18 0.040 100.00
ST MARY FISHWAY | 119.87  4465.75 4467.07 1.32 4467.41 0.046602 4.67 25.69 57.70 0.040 50.00

1

ST MARY LOWER 5 43374  4463.01 4466.23 3.22 4466.64 0.009421 5.12 84.64 60.36 0.035 700.00
ST MARY I:RIOVVSERR 14 43374  4463.51 4465.63 2.12 4466.08 0.012994 5.41 80.17 67.43 0.035 650.00
ST MARY EgvleRR 13 43374 446243 4465.07 2.64 4465.47 0.011243 5.06 85.78 71.77 0.035 600.00
ST MARY E:)\;lj:; 12 433.74 4462.71 4464.88 2.17 4465.06  0.004415 3.40 12775  96.55 0.035 550.00
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RivekR ReacH RiviR QTotaAL MINCH W.S. Max CHL E.G. ELEVE.G. VEL FLow Top MANN  CuMm CH
StA EL ELEV DEPTH SLOPE CHNL AREA WIDTH WTD LEN
(CFs) (FT) (FT) (FT) (FT) (FT/FT)  (FT/S) (SQFT)  (FT) it (FT)
ST MARY l:g;]jekx 11 433.74 446279 4464.70 191 4464.85 0.003838 3.12 139.02 107.20  0.035 500.00
ST MARY ii)\;};:;z 10 433.74 446227 446437 2.10 4464.58 0.007358 3.69 117.41 11434 0.035  450.00
ST MARY ?o\;ggk 9 433.74  4462.28 4463.85 1.57 4464.13  0.011330 4.26 101.72  110.51 0.035  400.00
ST MARY I:R](;/“EER 8 433.74 446130 4463.75 245 4463.86 0.002410 2.71 160.31 106.97 0.035  350.00
ST MARY Lmo\isskk 7 433.74  4461.00 4463.65 2.65 4463.75 0.001859 2.58 168.36  100.48 0.035  300.00
ST MARY Lmo\;seRR 6 43374  4460.94 4463.57 2.63 4463.66 0.001557 2.46 176.05  98.41 0.035  250.00
ST MARY l:i)\:;:R 5 433.74  4460.28 4463.46 3.18 4463.57 0.001792 2.70 160.92 8730  0.035  200.00
ST MARY I:R]O\:r\}?gf{ 4 43374  4460.66 4463.29 2.63 4463.45 0.003144 3.26 13296 82.48 0.035 150.00
ST MARY I:RIO\:;:R 3 433.74  4460.52 4463.11 2.59 4463.29 0.003186 3.44 12595  72.85 0.035 100.00
ST MARY EIO\QE}IE{R 2 43374  4460.39 446294 2.54 4463.12 0.003867 3.44 126.02 84.44  0.035  50.00
ST MARY ?o\;ggR 1 43374 445995 446269 2.74 4462.90 0.005002 3.68 117.94  86.71 0.035
RIVER
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Appendix C

GEOLOGIC LOG OF DRILL HOLES
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GEOLOGIC LOG OF DRILL HOLE: DHO02-FSS SHEET 1 OF 1
FEATURE: North Central Montana Reglonal Feasibility StudPROJECT: Mik River Project STATE: Montana
LOCATION: South Side of Fish Screen COORDINATES: GROUND ELEVATION:
BEGUN: 4/28/02 FINISHED: 4/28/02 TOTAL DEPTH: 33.7 ANGLE FROM HORIZONTAL: 90 AZIMUTH: ©
DEPTH AND ELEV. OF WATER TO BEDROCK: Not Reached HOLE LOGGED BY: P. Atherton
LEVEL AND DATE MEASURED: 17.0 () 04/28/02 Dﬂ REVIEWED BY: L. Crutchfield
“N E 2 CLASSIFICATION AND
NOTES d §
. . g PHYSICAL CONDITION
_ 3|38 -
LOCATION: 50 feet south of the 0.0' to 14.0' - EMBANKMENT (emb):
turnout at St. Mary Diversion Dam, T ™~ No intact sample recovered, interval rockbitted, estimates
pstream from the existing dam, south , - based upon obsofvatlon of cuttings and drimng conditions.
bank of St. Mary Canal, Montana. - -
4 . 0.0'to 10.1' - WELL GRADED GRAVEL (GW). About 55%
PURPOSE OF HOLE: Investigate s ow | subrounded gravel; about 40% well graded sand; about 5%
foundation conditions for building a fish fines of undetermined plasticity.
screen at St. Mary River Tumnout. . -
. 4. emb - Total sample: about 10% cobbles, most 3-5%, some 5-8"
DRILL EQUIPMENT: Truck mounted ~ - maximum size 7°. .
SIMCO AV5000, failing rods, 5-7/8" | B ,
tricone-roller-rockbit, 6" Aardvark [ 10.1"to 11.9' - CLAYEY SAND (SC): About 60% well
casing. k graded, subrounded sand; about 25% low plasticity fines;
1 s8¢ - about15% fine, hard, subrounded gmvel maximum size 1%;
DRILLING METHODS: Rockbit and  dark brown; moist; very soft.
advancs casing 0.0' to 33.7' with airas - .ﬂep.sc »
drilling medium ‘ 11.9' to 14.0' - POORLY GRADED GRAVEL (GP-GC):
About 50 to 60% gap graded, subrounded, mostly coarse
DRILLER J. McLaughian - USBR 5 [~ gravel; about 25% well graded sand; about 10% low )
E - plasticity fines.
WATER LEVEL: 17.0' on 04/28/02 b -
. . Total sample: about 15% oobblos and boulders, even
HOLE COMPLETION: Pulled | - distribution of 3-5" and 5-8" cobbles, a trace of boulders;
Casing. Backfilled hole with 3/8" E _maximum size 10"
bentonite chips mixed with hole 20 o
cuttings, then set fence post marker. 4 e b 140't033.7- QUATERNARY ALLUVIUM (Qal):
. L. No intact sample recovered, interval rockbifted, estimates
_ | based upon observation of cuttings and drilling conditions.
7 G - 14.0'1028.5 - POORLY GRADED GRAVEL (GP): About
25— - 60% gap graded, subrounded, mostly coarse gravel; about
. - 2510 35% well graded sand; about 5 lo 10% fines of
. | undetermined plasticity. .
N " Total sample: about 5 to 15% cobbles; 5-10% 3-5"
1 - cobbles, 5% 5-8" cobbles, and a trace to 5% boulders;
30 -~ maxlmum size 8" -
1% [ 265 10 33.7 - POORLY GRADED SAND (SP}: About 80%
subrounded, mostly fine sand; about 30% gap graded,
7 [~ subrounded, mostly fine gravel 10% fines of
BOTTOM OF HOLE undoteﬂnlned plasticity.
-
S.I
§
g .

FIGURE Cl GEOLOGIC LOG OF DRILL HOLE DH02-FSS
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GEOLOGIC LOG OF DRILL HOLE: DH02-FSN SHEET 1 OF 1

LOG - 1 NCMRFS.GPJ LOG_1.GOT 12602

FEATURE: North Central Montana Reglonal Feasibliity StudPROJECT: Milk River Project  STATE: Montana
LOCATION: North Side of Fish Screen COORDINATES: GROUND ELEVATION:
BEGUN: 4/26/02 FINISHED: 4/26/02 TOTAL DEPTH: 30.8 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 0
DEPTH AND ELEV. OF WATER DEPTH TO BEDROCK: Not Reached HOLE LOGGED BY: P. Atherton
LEVEL AND DATE MEASURED: 14.5 () umm REVIEWED BY: L. Crutchfield
?‘ g 2 CLASSIFICATION AND
NOTES §
, o § PHYSICAL CONDITION
g 3 :
- 2 |=|8 <
LOCATION: 50 feet west of the 0.0' to 15.3' - EMBANKMENT (emb):
tumout at St. Mary Diversion Dam, 7] - No intact sample. recovered, interval rockbitted, estimates
downstream from the existing dam, on h - based upon observation of cuttings and drilling conditions.
the north bank of St. Mary Canal, . - .
Montana. . . 0't0 16.3' - POORLY GRADED SAND (SP): About §5%

- subrounded, mostly fine sand; about 40% gap graded,

PURPOSE OF HOLE: investi 1 subrounded, mostly coarse gravel; about 5% fines of
foundation conditions for bu(lding a fish T [~ undetermined plasticity.
screen at St. Mary River Tumout. b B

J s emb L  Total sample: about 10% predominantly 3-5"cobbles
DRILL EQUIPMENT: Truck mounted _4 . maximum size 7
SIMCO AV5000, failing rods, 5-7/8" .
tricone-roller-rockbit, 6% Aardvark 10 ™ 15.3'to 30.6' - QUATERNARY ALLUVIUM (Qal):
casing. : 1 - No intact sample recovered, interval rockbitted, estimates

- based upon observation of cuttings retumed from under the
| water table and drilling conditions.

15.3' t0 30.6' - WELL GRADED GRAVEL (GW) About 50

DRILLING METHODS: Rockbitand |
advance casing 0.0 to 30.6' with air as
drilling medium

16 - " _to 60% ~subrounded gravel; about 30 to 40% well graded
DRILLER J. McLaughlan - USBR - ~ sand; about 5% of fines undetermined plasticity
WATER LEVEL: 14.5' on 04/26/02 : : Total sample about 5% 3-5 " cobbles, a trace of 5-8" -
.cobbles and boulders; maximum size 18".
HOLE COMPLETION:Pulled ]
Casing. Backfilled hole with 3/8" 20~ ~
bentonite chips mixed with hole - -
cuttings, then set fence post marker. . n
. 4 ew Qe |-
25- -
" .
30 -
BOTTOM

OQ,PS" |

FIGURE C2 GEOLOGIC LOG OF DRILL HOLE DH0O2-FSN
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GEOLOGIC LOG OF DRILL HOLE: DH02-DDR
FEATURE: North Central Montana Reglonal Feasibiiity StudPROJECT: Mk River Project STATE: Montans
LOCATION: Diversion Dam Right Abutment COORDINATES: ‘GROUND ELEVATION:
BEGUN: 4/27/02 FINISHED: 4/27/02 TOTAL DEPTH: 28.7 ANGLE FROM HORIZONTAL: 90 AZIMUTH: 0
DEPTH AND ELEV. OF WATER DEPTH TO BEDROCK: 8.4 HOLE LOGGED BY: P. Atherton
LEVEL AND DATE MEASURED: REVIEWED BY: L. Crutchfleld

SHEET 1 OF 1

LOG - 1 NCMRFS.GPJ LOG_1.GDT 72602

bentonite chips, then set fence post
marker. ' .

orP

e e e e e e
NOTES _ é‘ § g g CLASSIFICATION AND
P E y|3 PHYSICAL CONDITION
0 183 |
2 lx]8 —
LOCATION: 150 feet northeast of 0.0’ to 8.4' - QUATERNARY ALLUVIUM (Qal):
the right abutment of St. Mary T No intact sample recovered, interval rockbitted, estimates
Diversion Dam, near east end of old - sP based upon cbservation of cuttings and drilling conditions.
bridge, St. Mary Canal, Montana. - -
el 0' to 4.0' - POORLY GRADED SAND (SP): About 80%
PURPOSE OF HOLE: Investigate sqC |- subrounded, mostly fine sand; about 35% well graded,
foundation conditions for replacing the subrounded gravel; 5% non-plastic fines. .
diverison dam from St. Mary River to T . .
St. Mary Canal. <4 e¢ Total sample: about 10% cobbles; 5% 3-5*, 5% 5-8%,
. and a trace of boulders; maximum size 14"
DRILL EQUIPMENT: Truck mounted . | .
SIMCO AV5000, 0.0 to 9.8". failing s 4.0'to 5.3' - SANDY CLAY (CL): About 60% low plasticity
rads, 5-7/8" tricone-roller-rockblt, 6" 101 fines; about 25% mostly fine sand; about15% fine, hard,
Aardvark casing; 9.8' to 28.7": HQ3 . subrounded gravel; maximum size 1°; dark brown; wat;
wlrell?e rods and 10’ triple-tube core . ~ very soft. . ’
barrel . 4 .
. i 5.3't0 8.4' - CLAYEY GRAVEL (GC): About 50 to 55%
DRILLING METHODS: Rockbit and % - subrounded gravel; about 30% well graded sand; about 15
advance casing 0.0’ to 9.8 with air as 151 . to 20% low plasticity fines; a trace of cobbles; maximum
drilling medium; HQ3 core with clear B size 6". .
water as drilling medium from 9.8' to - :
28.7" _ 8.4' to 28.7" - CRETACEOUS UNDIFFERENTIATED
) ss | Jw SEDIMENTS (Ku): .
DRILLER J. McLaughlan - USBR R :
20 8.4't0 9.8' - SANDSTONE: No sample retained, rockbitted
WATER LEVEL: not measured - to confirm not on a boulder, tan sand retumed in air
- medium.
WATER TESTING: Falling head _ : )
water tests performed inside 6" 100 9.8't0 28.7' - SANDSTONE: Fine to medium grained; pale
aardvark casing. Head 5.5', test at 5.3', T 1 yeliowish brown to gray; slightly fractured (except 25.9' to
no loss. Head 1' above ground surface 251 28.5' displays numerous, closely spaced, sub-paralle!
test from 9.8' to 28.7° loss of 0.5 GPM. - fractures which dip 40 to 50 degrees, are open 0.1" to 0.3";
. are clean and slightly rough); soft to moderately soft
HOLE COMPLETION: Pulled _ (moderately hard from 21' to 28.7"); displays some cross
Casing. Backfilled hole with 3/8° bedding, bedding is thin, dips about 10 degrees; interval
BOTTOM OF HOLE displays a few randomly spaced very thin shale or silistone

,aecc:sleas'man1l4'mlck:nmdefatebstrongmacﬂonvdm

¢

FIGURE C3 GEOLOGIC LOG OF DRILL HOLE DH02-DDR
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LOCATION: Diversion Dam Outlet
BEGUN: 4/28/02 FINISHED: 4/25/02
DEPTH AND ELEV. OF WATER
LEVEL AND DATE MEASURED: 15.8

GEOLOGIC LOG OF DRILL HOLE: DH02-DDO

FEATURE: North Central Montana Reglonal Feasibility StudPROJECT: Milk River Project
COORDINATES:
TOTAL DEPTH: 24.1

DEPTH TO BEDROCK: Not Reached

SHEET 1 OF 1

STATE: Montans

GROUND ELEVATION:

ANGLE FROM HORIZONTAL: -90 AZIMUTH: 0
HOLE LOGGED BY: P. Atherton

REVIEWED BY: -L. Crutchfield

04r258/02
NOTES % : % g | : * CLASSIFICATION AND
&Hg g § § PHYSICAL CONDITION
§ MR

LOCATION: 50 feet east of the
tumnout for St. Mary Canal (50' left &
downstream) near existing outlet
works, St. Mary Canal, Montana.

PURPQOSE OF HOLE: investigate
foundation conditions for replacing the
turnout from St. Mary River to the
canal.

DRILL EQUIPMENT: Truck mounted

~ SIMCO AV5000, failing rods, 5-7/8"

trieono-rouor—rockblt 6" Aardvark
casing.

DRILLING METHODS: Rockbitand .
advance casing to final deplh with air
as drilting medium.

DRILLER J. McLaughian - USBR
WATER LEVEL: 15.6' on 4/25/02

HOLE COMPLETION: Pulled casing.
Hole caved from 24.1' back to 8.0'
depth. Bacidilled hole with 3/8"
bentonite chips from 8’ back to ground
surface, then set fence post marker.

LOG - 1 NCMRFS.GPJ LOG_1.GDT 72802

0.0' to 7.5' - EMBANKMENT (emb):
1 . " No intact sample recovered, Interval rockbitted, estimates
1 - based upon observation of cuttings and drilling conditions.

] sp ems | 0 to 7.5' - POORLY GRADED SAND (SP): About 60%
. | subrounded, mostly fine sand; about 45% gap graded,
 subrounded, mostly coarse gravel; 5% non-plastic ﬁnes. ‘

a I~
+4 - Total sample: about 10% cobbles and boulders; 5% 3 - 5"
< sc L. cobbles, 5% 5-8" cobbles, and a trace of boulders;
. | maximum size 14",

10— -

7.5'10 29.7' - QUATERNARY ALLUVIUM (Qal): -
7] ~ No intact sample recovered, interval rockbitted, estimates
- - - based upon observation of cuttings and drilling conditions.

| 7.5't0 8.5' - CLAYEY SAND (SC): About 80% well graded,
subrounded sand; about 25% low plasticity fines;

15 ™~ about15% fine, hard, subrounded gravel; maximum size 1°;
dew | |9® | dark brown; molst; very soft.

. | 8.5'to 24.1° - WELL GRADED GRAVEL (GW): About 60 to
65% subrounded gravel; about 30 to 35% well graded -
sand; about 5% fines of undetermined plasticity.

- - | Total sample: about 5% 3'5" cobbles, trace of 5-8"
4 - . cobbles and boulders; maximum size 10",

o““{\

FIGURE C4 GEOLOGIC LOG OF DRILL HOLE DH(2-DDO
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LOG - 1 NCMRFS.GPJ LOG_1.GDT 7/28/12

Dam Left Ab

LOCATION: | i

BEGUN: 4/20/02 FINISHED: 4/28/02
DEPTH AND ELEV. OF WA'IER

GEOLOGIC LOG OF DRILL HOLE:
FEATURE: North Central Montana Reglonal Feasibility StudPROJECT: Milk River Project

DH02-DDL
STATE: Montana
GROUND ELEVATION:
ANGLE FROM HORIZONTAL: 90 AZIMUTH: 0
HOLE LOGGED BY: P. Atherton
REVIEWED BY: L. Crutchfleld

SHEET 1 OF 1

CLASSIFICATION AND
PHYSICAL CONDITION

LOCATION: 100 feet southwest of
the left abutment of St. Mary Diversion
Dam, downstream from the existing
turnout, St. Mary Canal, Montana.

PURPOSE OF HOLE: Investigate
foundation conditions for replacing the
diverison dam from St. Mary River to
St. Mary Canal.

DRILL EQUIPMENT: Truck mounted
SIMCO AV5000, failing rods, 5-7/8"
mcone-mller-roclmn 6" Aardvatk
casing.

DRILLING METHODS: Rockbit and
advance casing 0.0' to 50.4' with air as
drilling medium

DRILLER J. McLaughlan - USBR
WATER LEVEL: 18.4' on 04/29/02

WATER TESTING: Falling head
water tests performed inside 6"
aardvark casing top of casing )
averaged 5.4' above ground surface
head is distance from top of casing to
the test interval at casing bottom

depth. .
CS DEPTH LOSS (oPM)
154 32
204 785
254 15
304 015 .
354 007

- 404 052
454 08 ‘
504 0.88

HOLE COMPLETION: Pulled
Casing. Backilled hole with 3/8"
bentonite chips mixed with hole
cuttings, then set fence post marker.

g 12
2 1+]8
(- -
-1 sp omb -
10~ -
B -
15 =
B N |
20— -
- GP n
26— . -
30 sc -~
-t “ .
35 -
- -
40 =
-4 6w 5
48— -
BOTTOM OF HOLE

0.0' to 16.0' - EMBANKMENT (emb):
No intact sample recovered, interval rockbitted, estimates
based upon observation of cuttings and drilling conditions.

'0'to0 16.0' - POORLY GRADED SAND (SP): About 50 to

80% subrounded, mostly fine sand; about 35 to 45% gap
graded, subrounded, mostly coarse gravel; about 5%
non-plastic fines.

Total sample: about 10% cobbles and boulders
maximum size 15%; 5% 3-5" cobbles,; 5% 5-8" oobbles. and
trace of boulders.

16.0' to 50.4' - QUATERNARY ALLUVIUM (Qal):

No intact sample recovered, interval rockbitted, estimates
based upon observation of cuttings retumed from.under the
water table and drilling oondmons

16.0't0 26.5' - POORLY GRADED GRAVEL (GP): About

60 to 70% gap graded, subrounded, mostly coarse gravei;
about 25 to 30% well graded sand; about 5 to 10% fines
with undetermined plasticity. . » |

Total sample: about 15% oobbies and boulders,
maximum size 18"; 10% 3-5" cobbles, 5% 5-8" cobbles,
and trace of boulders

25.5' to 35.4' - CLAYEY SAND (SC) - About 60% well
graded, subrounded sand; about 25% low plasticity fines;
about15% fine, hard, subrounded gravel; maximum size 17;
dark brown; moist; very soft. *

35.4' t0 50.4' - WELL GRADED GRAVEL (GW): About 50
to 60% subrounded gravel; about 35 to 46% well graded
sand; about 5% fines with undetermined phsﬂdty i

Total sample: about 15% cobbles, maxlmum size 87; 5%
3-5" cobbles, and trace of 5-8" cobbles.

o%

FIGURE C5 GEOLOGIC LOG OF DRILL HOLE DH02-DDL

63







Appendix D

CONSTRUCTION COST ESTIMATE SHEETS
CONCEPT 1
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ESTIMATE WORKSHEET

CODE:0-8170 SHEET_1_OF _3___
[FEATURE: o3-ren0s [PROJECT:
. MILK RIVER PROJECT-
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE Division:
540 CFS
Flle: ¢y, Ibility Esth Marys Fish
IWOID: 6B251 Screen\(540 cfs. Concepl 1.xW]C
PLANT| PAY UNIT
ACCT.{1TEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT .
1 [excavation for temporary bypass channel D-8140 26000 Jcy $5.50 $143,000|
2 [excavation for permanent channel D-8140 4,000 |cy 5.50 $22.000ﬂ
3 |excavation for structures D-8140 2,000 |cy $11.00 $22,000}
1
4 |concrete in new headworks structure D-8140 500 Jcy $490.00 3245.000||
5 |reinforcement in new headworks structure D-8140 50,000 |Ib $0.80 0,000
6 |[cement in headworks D-8140 141 Jton $140.00 $19,740]
7 |concrete in new sluice structure D-8140 750 ey $430.00 $322,500]
8 |reinforcement in new sluice structure D-8140 - 75,000 }ib $0.80 SB0,000I
9 |{cement in sluice structure D-8140 200 jton . $140.00 $28,000|
70 [backhil concrete in existing dam [D-8140 180 Jcy $275.00 §9,500I
: i
11 Jcement in backfill concrete D-8140 40 |ton $140.00 $5,6004
12 [rock in fish passage |LD-8140 400 |cy $42.00 S16,800I
13 [grouting rock in fish passage Jo-8140 160 |y $180.00 | $28,800%
| |
*14 |riprap |D-8140 420 fcy $42.00 $17,6408
15 [sand and gravel bedding for riprap D-8140 210 Jey -$30.00 $6,300
' |
16 Jconcrete demolition and removal '|D-8140 275 jcy $185.00 350.875|
77 {backill for structures. 5-3140 500 oy $9.00 37.:2661
) j | |
18 |compacting backfill for structures D-8140 800 |cy $9.00 $7,200}
19a|cofferdam construction for in-river work D-8140 1ils $87,000.00 $87,0004
(diversion/care of stream)
19bjunwatering and dewatering D-8140 1|is $580,000.00 $580,0001
Subtotal (1 of 3) $1,759,155]|
T ey
QUANTITIES PRICES
Y APPROVED BY CHECKED
E Sayer . . T. Khor &c&’ 2%-0%
TE PREPARED DATE DATE PRICE uz\lz\.
10-Sep-02 App

CONCEPT | COST ESTIMATE SHEET 1 - 540 FT’/S, 1 OF 3-
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ESTIMATE WORKSHEET

CODE:D-8170 SHEET_2__OF _3__
FEATURE: o3-Fen-03 |PROJECT: ]
i . . MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE i DIVISION:
540 CFS
Flle:  cianichokena Feasibility £ \St Marys Fish
WOID: 68251 - Screen\(540 cfs Concept 1.xIW]C
PLANT| PAY UNIT
ACCT. |ITEM DESCRIPTION CODE | QUANTITY | UNIT PRICE AMOUNT
20 [concrete in fish screen structure D-8140 170 |cy $550.00 893.500h
21 {reinforcement in fish screen strpcture D-8140 20,000 Jib $0.80 316.000‘“
22 |cement in fish screen structure |D-8140 48 |ton $140.00 $6,720}
‘ | |
23 [concrete in 6 canal lining |b-8140 200 Jcy $400.00 $80.000§
23blreinforcement in lining ID-8140 20,000 |Ib $0.80 $16,000
24 |cement in canal lining |5-81a0 56 [ton $140.00 $7.840
|
25 |concrete in transitions |o-8140 400 jcy $430.00 $172,000)
| |
26 [reinforcement in transitions |D-8140 40,000 [ib $0.80 $32,000}
| |
27 [cement in transitions |o-8140 113 fton $140.00 $15,820}
28 jconcrete in fish return transitions |D—8140 120 jcy $430.00 $51 .GOOI :
29 [reinforcement in fish return transitions |5-8140 10,000 [ib — $0.80 ss,oool
| |
30 Jcement in fish retum transitions |p-8140 34 jton $140.00 $4,760f
31 [fumish/place 6" waterstop [D-8140 750 [Iif $8.50 | 6,37
32 |excavation for fish screen |p-8140 1,400 jcy $12.50 $17,500f
| |
33 [backfil [p-8140 300 oy . $9.00 $2,7004
|
34 |compacting backfill - D-8140 300 |cy $9.00 $2,700§
|
35 |relocating gaging station |o-8140 1|is $20,000.00 $20,000}
36 lfurnish/place 36 SDR 17 HDPE fish return pip{D-8140 200 | $210.00 $42,
earthwork assuming 12' deep trench .
37 [Fish screens, 10W x 10° H, 17 + 2 spares [p-8416 38,000]ib $11.00 $418,
stainless steel (approx. 2000 Ibs/panel) )
38 |Adjustable baffles, 10'W x 10'H, 17 + 2 spares |D-8410 57,000 jlb $4.50 $256,5008
steel, (approx. 3000 Ibs/panel)
39 |Hydraulic trash rake/brushing unit, rail and suplD-8410 1]is $200,000.00 $200,000]
_ |single boom, 180 feet of length (15,000 Ibs)
Subtotal (2 of 3) $1,470,015]
QUANTITIES PRICES
BY APPROVED 8y fI 6, CHECKED ‘9(&
IK. Sayer T. Artichoker 2-3-03
IDATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02103/03 Appraisal

CONCEPT | COST ESTIMATE SHEET 2 - 540 FT’/S, 20F3
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CODE:D-8170

ESTIMATE WORKSHEET

SHEET__3_OF _3___

[FEATURE: 03-Feb03 [PROJECT:
. ) MILK RIVER PROJECT -
ST. MARY DIVERSION AND FiSH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION:
540 CFS :
Flle: A AAppraisal-Feasibility E \St Marys Fish
IWOID: 68251 Screen\[540 cfs Concept 1.xiw]C
PLANT| PAY UNIT
ACCT. | ITEM DESCRIPTION cooe | auanTiTy | uNnIT PRICE * AMOUNT
40 [Fish screen guide and support structure with |D-8410 63,000 |ib $6.00 $378,000
grating and handralil, steel '
41 |Steel transition to bypass D-8420 8,200 |ib $10.00 $82,000}
2'W x 9'H to 38" dia. pipe
42 |42 wide x 42" high steel slide gate D-8420 2,200 |ib $15.00 $33,000]
at bypass exit, motor operated (steel)
43 [Water level measuring equipment D-8410 s $15,000.00 $15,000
Canal Diversion Headworks .
44 |Stoplog guides and seats at Diversion headwoyD-8410 2,550 |ib $7.00 $17,8504
2 intake bays, 10° wide x 18’ high, steel
45 |Trashracks (steel) D-8410 35,000 |ib $4.00 $140,000}
§|9!00WQ¥
46 [Stoplog guides and seats at sluiceway gate bajD-8410 2,700 |Ib $7.00 $18,9008
2 bays, 10' wide x 19’ high, steel ’
47 |radial gates and hoists D-8420 ‘4 |ea $60,000.00 $240,000]|
(each gate weighs 8,750 Ibs. and requires a 5,000 Ib capacity )
hoist which weighs 2,500 ibs with 1.5 hp motor)
48 [oloctrical installation for fish screen structure 1|ls $350,000.00 $350,0004
49 |electrical installation for headworks and sluice structurep - 1]is $100,000.00 |- $100.000|
Subtotal (3 of 3) $1,374,750}
Subtotal (2 of 3) $1.470,015]
Subtotal (1 of 3) $1,759,155f -
SUBTOTAL $4,603,920] '
|Mobilization (+/-) 5% $230,000§-
|
Subtotal $4,833,920]
: {
Unlisted ltems (+-) - 15% $766.,080§
Contract Cost $5,600,000f
Contingencies (+/) 25% $1,300,0008
Field Cost $6,900,000f '
gy
QUANTITIES PRICES
BY APPROVED BY - CHECKED B( ﬂ )
IK. Sayer IT. ker 230
ATE PREPARED DATE DATE PRICE LEVEL i
10-Sep-02 02/03/03) Appraisal

CONCEPT 1 COST ESTIMATE SHEET 3 - 540 FT?/S, 30F3
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e

‘ ESTIMATE WORKSHEET

CODRDE SHEET 1_OF 3
o —
I EATURE: 03-Apr-2003[PROJECT: :
} o o MILK RIVER PROJECT v
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE : DIVISION: :
710 cfs _ : v
UNIT:
C:\OLDPC~N\SAYER\STMARY~1\SM1.WK4-
PLANT | PAY : , UNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY UNIT PRICE AMOUNT
_|excavation for temporary bypass channel D-8140 31000 cy $5.50 $170,500.00|
excavation for permanent channel D-8140 4,400 cy_ $5.50 $24,200.00
excavation for structures v ‘ D-8140 3,000cy $11.00 $33,000.00
in new headworks structure : D-8140 750 cy $490.00 $367,500.00
reinforcement in new headworks structure D-8140 80,0001b $0.80 $64,000.00
cement in headworks D-8140 210{ton $140.00 $29,400.00
concrete in new sluice structure D-8140 750icy $430.00 $322,500.00
reinforcement in new sluice structure D-8140 75,000 |1b $0.80 $60,000.00}
cement in sluice structure D-8140 200iton $140.00 $28,000.00
» |
|backfill concrete in existing dam D-8140 180 $275.00 $49,500.00]
cement in backfill concrete D-8140 40jton $140.00(" $5,600.00
rock in fish D-8140 oy $42.00 $16,800.00
grouting rock in fish passage D-8140 160 cy 518000 $28,80000]
 |riprap d/s of sluice structure D-8140 420|cy $42.00 $17,640.00
sand and gravel bedding for riprap ) D-8140 210|cy $30.00 $6,300.00
concrete demolition and removal D-8140 25[cy $185.00 $50,875.00
{backdill for structures : D-8140 800 Fy $9.00 $7,200.00
compacting backfill for structures D-8140 __ 800]cy $9.00 $7,200.00
cofferdam construction for in-river work (diversion/care of s{D-8140 1|ls $87,000.00 $87,000:00, '
unwatering and dewatering D-8140 1]ls V $580,000 $580,000.00
SUBTOTAL (1 OF 3 $1,956,015.00
QUANTITIES PRICES i
Y APPROVED ‘ BY CHECKED
ATE PREPARED lm"z . DATE . |PRICE LEVEL --¢

CONCEPT 1 COST ESTIMATE SHEET 4 - 710 FT’/S, 1oF 3
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ESTIMATE WORKSHEET

WFEATU RE: ' 03-Apr-2003

 swemr_2_or_3

" cooE:D410 /
PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION:
T0cfs ‘
| ] D UNIT:
C:\OLDPC~1\SAYER\STMARY~1\SM1.WK4
PLANT | PAY . S ) uNIT
ACCT. | ITEM | DESCRIPTION CODE QUANTITY UNIT PRICE AMOUNT
concrete in fish screen structure D-8140 220]cy $550.00 $121,000.00
reinforcement in fish screen structure D-8140 26,000[1b $0.80 $20,800.00
cement in fish screen structure D-8140 62 jton $140.00 $8,680.00
concrete in 6" canal lining D-8140 280 |cy $400.00 $112,000.00
reinforcement in lining D-8140 28,000 {Ib $0.80 $22,400.00
cement in canal linin; D-8140 79 [ton $140.00 $11,060.00
|concrete in transitions 5 D-8140 400 {cy 8430.60 $172,000.00)
reinforcement in transitions D-8140 40,000]ib $0.80 $32,000.00
cement in transitions D-8140 113 |ton $140.00 $15,820.00
in fish return tfmxitions -|D-8140 | . 120jcy $430.00 $51,600.00
reinforcement in fish return trangitions D-8140. 10,0001b, ' $0.80 ' $8,000.00
cement in fish return transitions - |D-8140 34{ton $140.00 $4,760.00
lace 6" 3 D-8140 1,000{1f $8.50 _$8,500.00
excavation for fish screen D-8140 1,800 |cy $12.50 $22,500.00
backfill D-8140 300 cy $9.00 $2,700.00
compacting backfill D-8140 300|cy $9.00. $2,700.00
relocating gaging station D-8140 1|ls $20,000.00 $20,000.00
furnish/place 48" SDR 17 HDPE fish retum piping including D-8140 200|if $250.00 $50,000.00]
earthwork sssuming 12' deep trench
radial gates and hoists D-8420 Slea $60,000.00 $300,000.00
cach gate weighs 6,750 Ibs. and requires a 5,000 Ib capacity hoist )
which weighs 2,500 Ibs with 1.5 hp motor.
electrical installation for fish screen structure 1|ls $350,000 $350,000.
electrical installation for headworks and sluice structures gate hoists 1ls $100,000 $100,000.00
__(note - power is available at the site) i
ISUBTOTAL (2 OF 3) $1,436,520.00
QUANTITIES PRICES
Y- APPROVED C[BY CHECKED
IDATE PREPARED DATE DATE _|PRICE LEVEL -

CONCEPT 1 COST ESTIMATE SHEET 5 — 710 FTJ/S, 20F3
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“ CODE:D4Y, -
“FﬁTURE:

ESTIMATE WORKSHEET

SHEET 3 __OF 3

03-Apr-2003|PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION:
710 cfs
C:\OLDPC~1\SAYER\STMARY~1\SM1.WK4
PLANT | PAY . ) UNIT
ACCT. | ITEM DESCRIPTION CODE | QUANTITY UNIT | PRICE AMOUNT
Fish screens, 10'W x 10'H, 26 + 2 spares D-3410|° 56000 1bs s $11.00 $616,000
stainless steel (approx. 2000 Ibs/panel) _
Adjustable baffles, 10'W x 10'H, 26 + 2 spares D-8410 84,000]1bs steel $4.50 $378,000
steel, (approx. 3000 Ibs/panel)
Hydraulic trash rake/brushing unit, rail and supports D-8410 Ajls - | $240,000 $240,000:
single boom, 280 feet of length (25,000 lbs)
Fish screen guide and support structure with D-8410 112,000]1bs steel $6.00 $672,000
grating and handrail, steel
Steel transition to bypass D-8420 8,200]1bs steel $10.00 $82,000
- |2'W x 9'H to 36" dia. pipe ) )
42" wide x 42" high steel slide gate D-8420 2,200 {1bs steel $15.00 * $33,000
at bypass exit, motor operated ‘
Water level measuri ipment - D-8410 1]s $15,000.00 $15,000
Canal Diversion Headworks
Stoplog guides and seats at Diversion headworks, D-8410 3,800 ibs steel $7.00 $26,600
) 3 intake 10" wide x 18" high, steel ;
Trashracks D-8410 40,000|1bs steel $4.00 $160,000
Stoplog guides and seats at sluiceway gate bays, D-3410 2,700} 1bs steel §7.00 ~ $18,900
2 bays, 10" wide x 19° high, steel
SUBTOTAL (3 OF 3) $2,241,500
subtotal (3 sheets) $5,634,035
mobilization 5% $281,700
subtotal $5,915,735
, _unlisted items 15% $887,265
CONTRACT COST $6,803,000(
contingencies 25% $1,701,000||-
FIELD COST $8,504,000
QUANTITIES : PRICES
Y APPROVED BY ) CHECKED
Sayer .
ATE PREPARED i DATE DATE PRICE LEVEL - %

CONCEPT | COST ESTIMATE SHEET 6 — 710 FT'/s, 3 oF 3
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CODE:0-8170

ESTIMATE WORKSHEET

SHEET__1__OF _3__

BT £ el S
IFEA i URE: 03-Feb-03 |PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES - ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE Division:
I890 CFS
File:  cya ApD easibility \St Merys Fish
WOID: 68251 \[Revised SM Concept 1.xwIC
rumr PAY UNIT
ACCT. | ITEM ‘DESCRIPTION CODE | QUANTITY | uNIT PRICE AMOUNT
1 |excavation for temporary bypass channel D-8140 35000 [cy $5.50 $192.500H
2 |excavation for permanent channel D-8140 5,000 {cy 35.15'5' 27,500
3 |excavation for structures D-8140 4,000 Jcy $11.00 $44,000f|
B |
4 |concrete in new headworks structure D-8140 950 |cy $490.00 $465,500f
5 |reinforcement in new headworks structure D-8140 100,000 jib $0.80 580.000“
- il |
6 |cement in headworks |D-8140 268 |ton $140.00 $37.520)|
|
7 |concrete in new sluice structure D-8140 750 |cy $430.00 3322.5()@
o 8 |reinforcement in new sluice structure D-8140 75,000 |ib $0.80 $60,0
" 9 [cement in sluice structure [o-8140 200 Jton $140.00 $28,
10 [backfill concrete in existing dam |D~8140 180 [cy $275.00 49,
]
11 |cement in backfill concrete jD-8140 40 Jton $140.00 $5,600(
= 12 |rack in fish passage |D-8140 400 [cy $42.00 $16.800] -
i |
. 13 |grouting rock in fish passage |Do-8140 160 |cy $180.00 $28,800f
N |
‘ 14 |riprap jD-8140 420 fcy $42.00 $17,640]
|
15 |sand and gravel bedding for riprap |D-8140 210 Joy $30.00 $6,300]
. |
16 |concrete demalition and removal D-8140 275 jcy | $185.00 $50,875§
77 [Gackhil for structures 08140 600 [oy —$9.00 | 7,2
H |
18 |compacting backfill for structures D-8140 800 |cy $9.00 $7,200)
19a|cofferdam construction for in-river work D-8140 1)is $87,000.00 $87,0004
(diversion/care of stream) ‘ '
19bjunwatering and dewatering D-8140 1]is $580,000.00 $580,000f
Subtotal (1 of 3) $2,114,43
ST
QUANTITIES R PRICES
BY . . APPROVED lay < CHECKED '&’
. Sayer v. mnc,nfn\r, Aﬂa 4-3-03
DATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal

CONCEPT 1 COST ESTIMATE SHEET 7 - 890 FT’/s, 1 OF 3
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ESTIMATE WORKSHEET

CODE:D-8170 SHEBT_2__OF _3___
: 0a-Feb-03 |PROJECGT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FiISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION: )
890 CFS
File:  caanichokenappraisal-Feasibility St Marys Fish
OID: 6B251 Screen\[Revised SM C 1.XWIC
qPLAm PAY uNIT
ACCT. | ITEM DESCRIPTION CODE | QUANTITY | UNIT PRICE AMOUNT
20 |concrete in fish screen structure D-8140‘ 280 jcy $550.00 $154,000]]
21 |reinforcement in fish screen structure D-8140 20,000 |ib $0.80 $16,000
22 |cement in fish screen structufe D-8140 80 [ton $140.00 $11 .200||
;|
23 {concrete in 6" canal lining D-8140 360 |cy $400.00 $144,000ﬂ
23bj{reinforcement in lining |D-8140 30,000 [ib $0.80 $24,000}]
24 [cement in canal lining |5-8140 100 fton $140. $14,0004
25 |concrete in transitions D-8140 400 |cy $430.00 $172,000)f
26 [reinforcement in transitions |D-8140 40,000 |ib $0.80 $32,0004
27 |cement in transitions D-8140 113 |ton $140.00 $15,820|
28 |[concrete in fish return transitions " |p-8140 120 |cy $430.00 $51 .600|
29 [reinforcement in fish return transitions D-8140 10,000 [ib $0.80 38,
30 |cement in fish return transitions D-8140 34 jton $140.00 $4,760f
31 [furnish/place 6 waterstop D-8140 1,200 |Iif 8.50 sw.zoo'l
32 {excavation for fish screen D-8140 2,200 |cy $12.50 $27,5004
33 [backhl 0-8140 300 [cy $9.00 " $2,700)
I
34 |compacting backfill D-8140 300 |cy $9.00 $2,7004
i
35 |relocating gaging station D-8140 1|ls $20,000.00 SZ0.000]
I _ N
36 jfumish/place 42" SDR 17 HDPE fish return pip{D-8140 200 Jif $250.00 50,000
earthwork assuming 12' deep trench :
37 |Fish screens, 10'W x 10" H, 28 + 2 spares D-8410 60000 }ib $11.00 $660,0!
stainless steel (approx. 2000 Ibs/panel)
38 jAdjustable baffles, 10°'W x 10'H, 28 + 2 spares |D-8410 90,000 {ib $4.50 $405,000f
steel, (approx. 3000 lbs/panel)
39 |Hydraulic trash rake/brushing unit, rail and supiD-8410 1lis $270,000.00 $270,000§
single boom, 300 feet of length (22,000 Ibs)
Subtotal (2 of 3) $2,095,480§
e M ——
QUANTITIES PRICES
BY APPROVED BY /“ﬁ/ CHECKED -
Sayer 7. articrfar ,(9019- 2-3-0D
TE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal )

CONCEPT | COST ESTIMATE SHEET 8 - 890 fTJ/S, 20F3
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CODE:D-8170

ESTIMATE WORKSHEET

SHEBT__3__OF S __

f' FEATURE: os-Feb03 [PROJECT:
) MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION: :
1890 CFS
Flle: ¢y Appraisal-Faasibility Marys Fish
fWOID: 68251 Screen\{Revised SM Concept 1.xiw]C
IPLANT] PAY UNIT
ACCT.| ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
40 [Fish screen guide and support structure with |D-8410 100,500 |ib $6.00 $603,000
grating and handrail, steel
41 |Steel transition to bypass D-8420 8,200 |ib $10.00 $82,000(
2'W x 9'H to 36" dia. pipe
42 [42" wide x 42" high steel slide gate D-8420 2,200 |ib $15.00 $33,000
at bypass exit, motor operated (steel)
33 [Water leve] measuring equipment D-8410 1fis $15,000.00 $15,000
Canal Diversion Headwork )
44 |Stoplog guides and seats at Diversion headwofD-8410 5,100 {ib $7.00 $35,700]
4 intake bays, 10° wide x 18’ high, steel
45 |Trashracks (steel) D-8410 43,750 |ib $4.00 $175,000%
Stulceway
46 |Stoplog guides and seats at sluiceway gate bajlD-8410 2,700 jib $7.00 $18,800
2 bays, 10' wide x 19’ high, steel
47 |radial gates and hoists D-8420 8 |ea $60,000.00 $360,0000
(each gate weighs 6,750 Ibs. and requires a 5,000 Ib capacity
hoist which weighs 2,500 Ibs with 1.5 hp motor)
48 |electrical installation for fish screen structure 1lis $350,000.00 $350,000
|
49 [electrical installation for headworks and sluice structurep 1|Is $100,000.00 3100.000]
Subtotal (3 of 3) $1,772,6008
Subtotal (2 of 3) $2,095,480
Subtotal (1 of 3) $2,114,435§
SUBTOTAL $5,982,515}
Mobilization (+/-) 5% $300,000§ .
Subtotal $6,282,515]
Unlisted items (+/-) 15% $91 7.485]'
Contract Cost - $7,200,000f
Contingencies (+/-) 25% $1,800,000§
Field Cost $9,000,000
e T 1
QUANTITIES PRICES
17 APPROVED BY CHECKED
K. Sayer I'r. Amcnﬂ:e/r 1(‘9[/1' 213-03
DATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal

CONCEPT | COST ESTIMATE SHEET 9 - 890 FTa/S, 3 0F3
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ESTIMATE WORKSHEET

CODE:D-3170 SHEET_1__OF 3 ___
e ——— e
[FEATURE: 03-Feb-03 |PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE Division:
1040 CFS )
Fllo:  cianichokenappraisal-Feasibility Estimates\St Marys Fish
IWOID: 68251 Scresn\[1040 cfs Concept 1.xw]8
PLANT] PAY UNIT
ACCT. | ITEM DESCRIPTION i_ CODE | QuANTITY | uNIT PRICE AMOUNT
’}(W 2 1 Jexcavation for temporary bypass channel D-8140 39000 |[cy $5.50 §214.500|]
2 |excavation for permanent channel D-8140 5.500 jcy $5.50 saoi?éﬂ
3 jexcavation for structures D-8140 4,000 |cy $11.00 WOOOI
; ] i
4 Jconcrete in new headworks structure D-8140 950 |cy $490.00 S465.500}|
5 [reinforcement in new headworks structure D-8140 100, Ib 0.80 580.000'
6 [cement in headworks D-8140 268 |ton $140.00 $37,520]
@/ 7 [concrete in new siuice structure D-8140 750 |cy $430.00 $322,500
’ 8 |reinforcement in new sluice structure D-8140 75,000 |ib $0.80 $60,000j
9 [cement in sluice structure {D-8140 200 ton $140.00 $28,0004
10 |backfili concrete in existing dam D-8140 180 [cy $275.00 Mg,ﬁ
1
11 |cement in backfill concrete D-8140 40 jton $140.00 35.600ﬂ
J - 12 Jrock in fish passage D-8140 400 |cy $42.00 $16,800
é} I 13 |grouting rock in fish passage D-8140 160 jcy $180.00 828.800]
14 |riprap D-8140 420 fcy - $42.00 $17,640}
"15 [sand and gravel bedding for riprap D-8140 210 [cy $30.00 $6,300}
- |
16 |concrete demolition and removal |D-8140 275 |cy $185.00 $50,87!
17 |backfil for struciures D-8140 800 |cy $9.00 s7.i‘66ﬂ
‘ |
18 Jcompacting backfill for structures D-8140 800 [cy $9.00 $7,2004
19a|cofferdam construction for in-river work D-8140 1|is $87,000.00 $87,000
(diversion/care of stream)
19bjunwatering and dewatering |D-8140 1|ls $580,000.00 $580,0004
!
Subtotal (1 of 3) $2,139,185}
QUANTITIES N PRICES
BY APPROVED BY (CHECKED
“:. Sayer T. Artichoker /&C& 230
ATE PREPARED : DATE DATE PRICE LEVEL _
10-Sep-02’ 02/03/03] Appralsal

CONCEPT 1 COST ESTIMATE SHEET 10 - 1040 FT3/S, 1 oF3
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COODE:0-8170

ESTIMATE WORKSHEET

SHEET_2__OF _3___

[FEATURE: 03-Feb-03 [PROJECT: ‘
: MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION:
1040 CFS ’
File:  Gianichokena I-Feaslbllity E St Marys Fish
(WOID: 68251 Screen\{1040 cfs Concept 1.xiw]B
[PLANT| PAY UNIT
ACCT. |ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE " AMOUNT
20 |concrete in fish scraen structure D-8140 330 [cy $550.00 $181,5008
21 |reinforcement in fish screen structure 0-8146 40,000 |Ib $0.80 $32,
32 [cement in fish screen structure D-8140 93 [fon $140.00 $13,020]
|
23 |[concrete in 6" canal lining D-8140 440 fcy - $400.00 $176,0004
23bjreinforcement in lining D-8140 44,000 {Ib $0.80 $35,
24 [cement in canal lining D-8140 124 [ton $140.00 $17,3
25 [concrete in transitions D-8140 400 |cy $430.00 $172,000f
26 |reinforcement in transitions D-8140 40,000 |{Ib $0.80 $32.000H
27 |cement in transitions {D-8140 113 jton '$140.00 315.820]
28 |concrete in fish return transitions D-8140 120 |cy $430.00 $51,600
29 [reinforcement in fish return transitions D-8140 10,000 h_b $0.80 38.000“
' i
30 [cement in fish return transitions D-8140 34 Jton $140.00 $4,760f
31 |furnisiplace 6° waterstop D-8140 1,400 |it $8.50 $11,900f
32 |excavation for fish screen D-8140 2,350 |cy $12.50 829.375]
33 |backfill D-8140 300 fcy $9.00 $2,700§
34 [compacting backfill |o-8140 300 |cy $9.00 $2,700]
35 [relocating gaging station D-8140 1[is $20,000.00 $20,0008
36 |furnish/place 48" SDR 17 HDOPE fish return pip|D-8140 200 |If $290.00 58,
earthwork assuming 12° deep trench ) -
37 |Fish screens, 10W X 10' H, 33 + 2 spares h_o-a4'1o 70,000 |ib ~ $11.00 $770,000)
stainless steel (approx. 2000 ibs/panel) :
38 |Adjustable baffles, 10°'W x 10°H, 33 + 2 spares |D-8410 105,000 |lb $4.50 $472,5004
steel, (approx. 3000 Ibs/panel) ’
39 |Hydraulic trash rake/brushing unit, rail and supjD-8410 | 1|is $300,000.00 $300,0004
single boom, 350 feet of length (25,000 Ibs)
Subtotal (2 of 3) $2,406,435]
o p——— E—
QUANTITIES PRICES
Y APPROVED BY * 1 i CHECKED
i:. Sayer T. Artichoker M‘ 2703
ATE PREPARED DATE DATE PRICE LEVEL -
10-Sep-02 02/03/03 Appraisat

CONCEPT 1 COST ESTIMATE SHEET 11- 1040 FT'/S, 2 OF 3
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ESTIMATE WORKSHEET

SHEET_3__OF |3
03-reb03 | PRO. T:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 1 ESTIMATE DIVISION: -
1040 CFS |
Flle:  caaaicnokenappralsst-Feasivilty £ \St Marys Fish
[WOID: 6B251 Screen\{(1040 cfs Concept 1.xiw]B
PLANT| PAY ’ UNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY UNIT PRICE AMOUNT
40 |Fish screen guide and support structure with |D-8410 120,000 |ib $6.00 $720,000
grating and handrail, steel
41 |Steel transition to bypass D-8420 8,200 [Ib $10.00 $82,000)
2'W x 9'H to 48" dia. pipe
42 |42" wide x 42" high steel slide gate D-8420 2,200 |ib. $15.00 $33,000
at bypass exit, motor operated (steel)
43 [Water level measuring equipment D-8410 1]ls $15,000.00 $15,000
Canal Diversion Headworks
44 |Stoplog guides and seats at Diversion headwofD-8410 5,100 |ib $7.00 | $35,700}
4 intake bays, 10° wide x 18 high, steel ]
45 |Trashracks (steel) D-8410 47,250 |ib $4.00 $189,000)
Sluiceway
A 46 |Stoplog guides and seats at sluiceway gate ba}iD-8410 2,700 |ib $7.00 $18,
———{Zpays, 10' wide x 19’ high, steel
47 |radial gates-and hoists D-8420 6 |ea $80,000.00 $360,000)
: (each gate weighs 6,750 Ibs. and requires a 5,000 Ib capacity :
hoist which weighs 2,500 Ibs with 1.5 hp motor)
48 |electrical installation for fish screen structure 1|is $350,000.00 $350,000§
| -
49 |electrical installation for headworks and sluice structureb 1|is $100,000.00 $100,000]|
Subtotal (3 of 3) $1,903, ’
Subtotal (2 of 3) $2,406,435{ ¥
Subtotal (1 of 3) $2,139,1885} /
SUBTOTAL $6,449,220f /
|
Mobilization (+/-) 5% $320,000§
Subtotal $6,769,220] -
' |
Unlisted Items (+/-) 15% $1,030,780j
Contract Cost $7.,800,000] '
Contingencies (+/-) 25% $1,900,000}
|
Field Cost $9,700,000]
A gy
QUANTITIES PRICES
BY APPROVED |8y CHECKED
K. Sayer . m ,&C & 23 -0
DATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03} Appraisal

CONCEPT | COST ESTIMATE SHEET 12- 1040 FT?/S, 30F3
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Appendix E

CONSTRUCTION COST ESTIMATE SHEETS
CONCEPT 2

77






ESTIMATE WORKSHEET

CODE:D-8170 SHEEY__1_OF _3___
FEATURE: 03-Feb-03 |PROJECT:
. MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE Division:
540 CFS
File: oo Ap -Feasibility \St Marys Fish
IWOID: 6B251 Screen\{540 cfs Concept 2.xiw]C
PLANT| PAY - UNIT
ACCT.|ITEM DESCRIPTION CODE QUANTITY | uNIT PRICE AMOUNT
1 Jexcavation for temporary bypass channel ID-8140 26,000 |cy $5.50 5143.000“
2 |excavation for permanent channel D-8140 4,000 |cy $5.50 522.000“
f
3 [excavation for structures |D-8140 2,000 cy - $11.00 $22,000%
1.
4 |concrete in new headworks structure |D-8140 500 fcy $490.00 $245,000]| -
5 [reinforcement in new headworks structure D-8140 50.000 Jlb 0.80 0,000
6 [cement in headworks Jo-8140 141 Jton $140.00 $19,740]|
7 Jconcrete in new sluice structure D-8140 370 {cy $455.00 $168,350]
8 [reinforcement in new sluice structure D-8140 35,000 |ib $0.80 $28,000
9 |cement in sluice structure D-8140 104 jton $140.00 814,562“
10afconcrete in new dam D-8140 900 |cy $400.00 $360,000
10b]reinforcement in new dam D-8140 80,000 |Ib $0.80 ,000
11 [cement in concrete in new dam |D-8140 254 ton $140.00 $35,560
12 Jrock in fish passage l'D-8140 320 [cy $42.00 313.446”
{ - 1
13 |grouting rock in fish passage D-8140 120 |cy $180.00 $21,600}
' 1
14 |riprap D-8140 900 |cy $42.00 $37.800j
15 |sand and gravel bedding for riprap D-8140 450 |cy $27.00 s12.150[|
16 {concrete demolition and removal D-8140 900 |cy $165.00 S148.500ﬂ
(including existing dam) _ ‘
17 |backiill for structures — |D-8140 800 |cy $9.00 | 7,200
v ] Bl
18 |compacting backfill for structures |o-8140 800 |cy $9.00 s7.200i
19 [excavation for new dam |o-8140 3,000 |cy $5.50 $16,500]-
79a|cofferdam construction for in-river work D-8140 Ts | $60,000.00 $60,000]
(diversion/care of stream)
19bjunwatering and dewatering D-8140 1jis [$580,000.00 5580.000
Subtotal (1 of 3) $2,066,800(
R L ey
QUANTITIES PRICES .
BY APPROVED BY CHECKED
nx. Sayer lT. ArticRoker M 42'3"03
[DATE PREPARED DATE DATE PRICE LEVEL
’ 10-Sep-02 02/ Appraisal

CONCEPT 2 COST ESTIMATE SHEET 1 - 540 FT’/s, 1 OF 3
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CODE:D-8170

ESTIMATE WORKSHEET

SHEET_2__OF _3__

qEEATﬁRE: 03-Feb-03 |PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
[540 CFS o i
File:  c.arichokenapp Feasibilty E: \St Marys Fish
WOID: 6B251 Screen\[540 cfs Concept 2.xw}C
fPLANT] PAY UNIT
ACCT. | ITEM] DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
0 |concrate in fish screan struciure 58140 770 [oy $550.00 $93,500
21 Jreinforcement in fish screen structure D-8140 20,000 |Ib $0.80 $1 6.000ﬂ
22 |cement in fish screen structure D-8140 48 |ton $140.00 $6,720ﬂ
‘ |
23 [concrete in 6 canal lining D-8140 200 |cy $400.00 $80,000}
23b|reinforcement in tining D-8140 20,000 |{Ib $0.80 $16,000|
24 |cement in canal lining D-8140 56 |ton $140.00 $7.
25 |concrete in transitions [o-8140 400 |cy $430.00 $172,000}]
26 |reinforcement In transitions D-8140 40,000 |ib $0.80 332.000||
27 |cement in transitions |D-8140 113 |ton $140.00 315.820ﬂ
28 |concrete in fish return transitions D-8140| . 120 |cy $430.00 $51 600“
29 [reinforcement in fish return transitions 08140 | 10,000 |ib $0.80 | $8.000 1}
] ] |
30 [cement in fish return transitions D-8140 34 jton $140.00 $4,760}
31 [furnish/place 6" waterstop D-8140 750 Ilf $8.50 6,37
32 {excavation for fish screen D-8140 1,400 |cy $12.50 317.500ﬁ
33 |backfill D-8140 300 $9.00 $2,700f
|
34 |compacting backfill D-8140 300 |cy $9.00 $2,7004
1
35 |relocating gaging station D-8140 1]is $20,000.00 $20,000}
36 |fumnish/piace 36° SDR 17 HDPE fish return pipjD-8140 2"'0'"1'00 $210.00 | 42,
earthwork assuming 12° deep trench ]
37 [Fish screens, 10W x 10' H, 17 + 2spares __ |D-8410 38,000 |ib $11.00 $418,000]
stainless steel (approx. 2000 lbs/panel)
38 |Adjustable baffles, 10'W x 10'H, 17 + 2 spares {D-8410 57,000 |ib $4.50 $256,500{
steel, (approx. 3000 |bs/panel)
39 |Hydraulic trash rake/brushing unit, rail and supfD-8410. 1]lis $200,000.00 $200,000)
single boom, 190 feet of tength (15,000 Ibs)
Subtotal (2 of 3) $1,470,015§
e ——— gty
- QUANTITIES PRICES
Y APPROVED BY (. CHECKED . N
H:. Sayer l‘l’. ArtiChoker /M’ 0! 3 ed
TE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 I 02/03/03 Appraisal

CONCEPT 2 COST ESTIMATE SHEET 2 - 540 F7‘3/S, 20F3
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ESTIMATE WORKSHEET

CODE:0-8170 SHEEY_3__OF _3
WFEATERE: 03-reb-03 [PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
540 CFS
File: Appralsai-Feasivility E St Marys Fish
[WOID: 6B25! Screen\{540 cfs Concept 2.xiw]C
[[PLANT] PAY ] UNIT
ACCT.|ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
40 |Fish screen guide and support structufe with [D-8410 63,000 |ib $6.00 $378,000
grating and handrail, steel
41 |Steel t;ansition to bypass D-8420 8,200 |ib $10.00 $82,000|
2'W x 9'H to 36" dia. pipe
42 142" wide x 42" high steel slide gate D-8420 2,200 |Ib $15.00 $33,000|
at bypass exit, motor operated (steet)
43 [Water level measuring equipment D-8410 1 |is $15,000.00 $15,000}
Canal Diversion Headworks .
44 |Stoplog guides and seats at Diversion headwofD-8410 2,550 |Ib $7.00 $17,850]
2 intake bays, 10’ wide x 18' high, steel
45 |Trashracks (steel) D-8410 35,000 |Ib $4.00 $140,0004
Sluicoway ,
46 {Stoplog guides and seats at siuiceway gate ba}D-8410 2,700 {Ib $7.00 $18,900
2 bays, 10° wide x 19' high, steel
47 {radial gates and hoists D-8420 ‘4 |ea $60,000.00 $240,000)
(each gate weighs 6,750 Ibs. and requires a 5,000 b capacity
hoist which weighs 2,500 Ibs with 1.5 hp motor)
48 |electrical installation for fish screen structure 1|is $350,000.00 $350,0000
| |
49 |electrical installation for headworks and sluice structures 1lis $100,000.00 8100.000]
Subtotal (3 of 3) $1,374,750]
Subtotal (2 of 3) $1,470,015§
Subtotal (1 of 3) $2,066,800]
SUBTOTAL $4,911,365)
' |
Mobilization (+/-) 5% $250, .
- {Subtotal $5,161,36
|
Unlisted Items (+/-) 15% $738,835]
1
Contract Cost $5,900,0008
|
Contingencies (+/-) 25% $1,500,000f
Field Cost . : $7,400,0008
. QUANTf TIES PRICES ¢
BY . JaPPROVED [37 /‘f( CHECKED
nk.mor lT.Arﬂc‘ﬂ Ker ﬂC& 12'510.’5
ATE PREPARED DATE DATE PRICE LEVEL
10-8ep-02 ozmml Appraisal

CONCEPT 2 COST ESTIMATE SHEET 3 - 540 FT'/s, 3 OF 3
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CoE:D41d ESTIMATE WORKSHEET SHENT_1_OF 3
||FEATU§E: 03-Apr-2003 PROJECT: .
) MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST, MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE " |DIVISION: -
710 cfs :
UNIT:
IC:\OLDPC~1\SAYER\STMARY~1\SM1.WK4
PLANT | PAY : - UNIT
ACCT. | 1meM DESCRIPTION - CODE QUANTITY UNIT | PRICE AMOUNT
excavation for Dypess channel D-3140 31000 ey $5.50] 317050000
excavation for t channet D-8140 4,400 [cy . $5.50 $24,200.00
excavation for structures D-8140 3,000 fcy - $11.00 $33,000.00 ‘
concrete in new headworks structure D-8140 750 cy $490.00 $367,500.00
reinforcement in new headworks structure D-8140 80,00011b $0.80 $64,000.00)
cement in headworks D-8140 210|ton $140.00 $29,400.00
concrete in new sluice structure D-8140 370|cy $455.00 $168,350.00
reinforcement in new sl_uice structure |D-8140 35,000{Ib $0.80 $28,000.00
cement in sluice structure D-8140 104 |ton $140.00 $14,560.00
concrete in new dam D-8140 900 $400.00 $360,000.00
reinforcement in new dam D-8140 80,000 Ilb $0.80 $64,000.00
cement in concrete in new dam D-8140 254|ton $140.00 $35,560.00/
rock in fish passage D-8140 320|cy $42.00 $13,440.00
| routing rock in fish pessage D-8140 120]cy $180.00 $21,600.00
 |riprap d/s of sluice structure D-8140 900 cy $42.00 $37,800.00
sand and gravel bedding for riprap D-8140 450 |cy $27.00 $12,150.00
concrete demolition and removal, inoluding existing dam ren{D-8140 900jcy $165.00 $148,500.00
backfill for structures D-8140 800|cy $9.00 $7.200.00
compacting backfill for structures D-8140 800|cy .39.00 $7,200.00
excavation for dam D-8140 3,000(cy $5.50 $16,500.001
cofferdam construction for in-river work (diversion/care of s{D-8140 1)is $60,000{ - $60,000.00
unwatering and dewatering {D-8140 1[ls $580,000 $580,000.00
SUBTOTAL (1 OF 3) - 63,460.00]
QUANTITIES PRICES :
Y APPROVED BY CHECKED
er
ATE PREPARED DATE DATE PRICE LEVEL w7

CONCEPT 2 COST ESTIMATE SHEET 4 - 710 FTJ/S, 1 oF3
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_ESTIMATE WORKSHEET

SHEET 3 OF 3

: copn:0a1%0
FEAT E: 03-Apr-§003 PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
710 cfs
. : UNIT:
C:\OLDPC~NSAYER\STMARY~1\SM1.WK4
PLANT | PAY ’ UNIT
|| AccT. | ITEM DESCRIPTION CODE QUANTITY UNIT | *PRICE AMOUNT
keoncrete in fish screen structure D-8140 220{cy i $550.00 ' $121,000.00] .
reinforcement in fish screen structure D-8140 26,000{lb $0.80 $20,800.00
cement in fish screen structure D-8140 62 |ton $140.00] $8,680.00
concrete in 6" canal lining D-8140 280|cy $400.00 $112,000.00
reinforcement in lining D-8140 | _28,000(1b $0.80 $22,400.00}}
cement in canal linin D-8140 79}ton -$140.00 $11,060.00
*  [concrete in transitions D-8140 400 jcy $430.00 $172,000.00
reinforcement in transitions D-8140 40,000{1b $0.80 $32,000.00
cement in transitions D-8140 113 {ton $140.00 $15,820.00
concrete in fish return transitions D-8140| ~  120|cy $430.00 $51,600.00
Ireinforcement in fish return transitions D-8140 10,000]1b i $0.80 $8,000.00
cement in fish return transitions D-8140 34}ton $140.00 $4,760.00
fumnish/place 6" waterstop D-8140 1,000[if $8.50 $8,500.00
excavation for fish screen - D-8140 1,800 |cy $12.50 $22,500.00
backfill D-8140 300|cy $9.00 $2,700.00
compacting backfill D-8140 300|cy $9.00 $2,700.00
relocating gaging station D-8140 Hls $20,000.00 $20,000.00
furnish/place 48" SDR 17 HDPE fish return piping includind D-8140 200/If $250.00 $50.000.00
earthwork ing 2" trench .
radial gates and hoists D-8420 Slea $60,000,00 $300,000.00
each gate weighs 6,750 Ibs. and requires a 5,000 Ib capacity hoist
which weighs 2,500 bs with 1.5 hp motor.
electrical installation for fish screen structure 1)ls $350,000 $350,000.00
electrical installation for headworks and sluice structures gat¢ hoists 1lls $100,000 $100,000.00
(note - power is available at the site)
JSUBTOTAL (2 OF 3) - : 1 20.00
QUANTITIES PRICES :
Y ’—Ernovm BY : "~ |ceEckeD
IDATE PREPARED DATE DATE PRICE LEVEL ¢

CONCEPT 2 COST ESTIMATE SHEET 5 - 710FT7/S,2 OF 3
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ESTIMATE WORKSHEET »

.;:oouuk : : sHeRT_3_oF 3
[FEATURE: ' 03-Apr-2003(PROJECT: ,
) MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
- CONCEPT 2 ESTIMATE DIVISION:
710 cfs
) UNIT:
C:\OLDPC~1\SAYER\STMARY~1\SM1.WK4
PLANT | PAY R UNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY UNIT PRICE AMOUNT
Fish screens, 10'W x 10' H, 26 + 2 spares D-8410 56000 (1bs ss $11.00 $616,000.00
stainless steel x. 2000 lbs/panel) .
-_}Adjustable baffles, 10°W x 10'H, 26 + 2 spares D-8410 84,000 1bs steel $4.50 $378,000.00
steel, (approx. 3000 lbs/panel) :
Hydraulic trash rake/brushing unit, rail and supports D-8410 ¢ Llis $240,000 $240,000.00
single boom, 280 feet of length (23,000 Ibs)
Fish screen guide and support structure with D-8410 112,000 |1bs steel $6.00 $672,000.00
|grating and handrail, m;l
Steel transition to bypass D-8420 8,200 [1bs steel $10.00 - $82,000.00
2'W x 9'H to 36" dia. pipe
42" wide x 42" high steel slide gate D-8420 2,200 1bs steel|  $15.00 $33,000.00
at bypass exit, motor operated
Water level measuring equipment D-8410 1)ls $15,000.00 $15,000.00
Canal Diversion Headworks
Stoplog guides and seats at Diversion headworks, D-8410 3,800 |1bs steel $7.00 $26,600.00
3 intake bays, 10" wide x 18" high, steel
‘Trashracks D-8410 40,000 |Ibs steel $4.00 $160,000.00
Stoi:log guides and seats at sluiceway gate bays, D-8410 2,700 )1bs steel $7.00| $18,900.00
2 bays, 10' wide x 19" high, steel )
SUBTOTAL (3 OF 3) $2,241,500.00
subtotal of 3 sheets $5,941,480.00
|mobilization 5% $297,000{
subtotal __$6,238,480
“unlisted items 15% " $935,520
CONTRACT COST - $7,174,000
contingencies 25% $1,793,000
FIELD COST $8,967,000
QUANTITIES PRICES
BY APPROVED BY CHECKED
er
ATE PREPARED DATE DATE PRICE LEVEL . vt

CONCEPT 2 COST ESTIMATE SHEET 6 - 710 FT'/S, 3 OF 3
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ESTIMATE WORKSHEET

‘COOE:D-8170 SHEBY_1__OF _3___
TN T T
FEATURE: 03-Feb-03 [PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE Division:
i890 CFS :
|Fite: Gy, AAD Feasibillty Eti St Marys Fish
WOID: 6B251 \(Revised SM Cancept 2.xw]C
IPLANT] PAY UNIT
ACCT. | ITEM DESCRIPTION CODE | QUANTITY | UNIT PRICE AMOUNT
1 [excavation for temporary bypass channel D-8140 35000 [cy $550 | $192,500)
2 |excavation for permanent channel D-8140 5,000 jcy $5.50 27,500
3 |excavation for structures D-8140 4,000 |cy $11.00 | $44,000}f
: I
4 Jconcrete in new headworks structure D-8140 950 |cy $490.00 5465,500“
5 [reinforcement in hew headworks structure  |D-8140 100,000 Jib ~$0.80 | 0,000
6 |cement in headworks {D-8140 268 [ton $140.00 $37,520}t
7 |concrete in new sluice structure |D-8140 370 |cy $455.00 3168.350“
8 |reinforcement in new siuice structure D-8140 35,000 |ib $0.80 $28,000]|
9 |cement in sluice structure D-8140 104 |ton $140.00 ' S14.560||
10ajconcrete in new dam D-8140 900 fcy $400.00 $360,000|
10b|reinforcement in new dam D-8140 80,000 {ib $0.80 64,000
11 {cement in concrete in new dam D-8140 254 |ton $140.00 $35,560]f
12 Jrock in fish passage D-8140 320 |cy $42.00 $13.440‘l
13 [grouting rock in fish passage Jo-8140 120 fey $180.00 $21,600}
| ' i
14 |riprap D-8140 900 |cy $42.00 $37,800§|
|
15 [sand and gravel bedding for riprap D-8140 450 |cy $27.00 $12,1£|
|
16 |concrete demolition and removal D-8140 900 jcy $165.00 $148,500f
(inctuding existing dam)
17 |backiill for structures D-8140 "800 jcy $9.00 7,200
1
18 jcompacting backfill for structures |D-8140 800 |cy $9.00 $7.200}
19 [excavation for new dam [o-81a0 3,000 [cy $5.50 $16,500}
19a]cofferdam construction for in-river work D-8140 1]is $60,000.00 $60,0004
(diversion/care of stream)
19bjunwatering and dewatering D-8140 1|is 3580.000.06 $580,000
|
Subtotal (1 of 3) $2,421,880(|
B MY ST ——TTRL
QUANTITIES PRICES
Y . [APPROVED I8y -7 CHECKED S!
K. Sayer T. Artichoker ﬂc 2-3-03
[DATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal -

E

CONCEPT 2 COST ESTIMATE SHEET 7- 890 FT’/S, 1 0F3
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CODE:D-8170

ESTIMATE WORKSHEET

SHEET_2__OF _3_

RE: 03.Feb03 |PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
890 CFS
File: C:\Arth Faasibility Esti Marys Fish
'WOID: 6B251 Screen\{Revised SM Concept 2.xiw)C
[PLANT] PAY UNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
20 |concrete in fish screen structure |D-8140 280 |cy $550.00 $154.000]i
21 [reinforcement in fish screen structure ID-8140 20,000 |16 $0.80 $16.0®ﬂ
22 [cement in fish screen structure D-8140 80 |ton $140.00 $11,200%
|
23 |concrete in 6" canal lining D-8140 360 |cy $400.00 $144,000|f
23bjreinforcement In lining D-8140 30,000 |ib $0.80 $24,000
24 Jcement in canal lining |D-8140 100 Jton $140.00 $14,000
25 |concrete in transitions D-8140 400 |cy $430.00 3172,000]]
26 |reinforcement in transitions D-8140 40,000 |Ib $0.80 332.000]
27 |cement in transitions |D-8140 113 jton $140.00 S15,820l
28 |concrete in fish return transitions |D-8140 120 |cy $430.00 351.600ﬂ
29 Jreinforcement in fish return transitions D-8140 10,000 [Ib $0.80 $8,000
] I
30 |cement in fish return transitions D-8140 34 |ton $140.00 $4,760|{
31 [furnish/place 6" waterstop D-8140 1,200 |If $8.50 310.200“
32 |jexcavation for fish screen {D-8140 2,200 cy $12.50 327.500ﬂ
33 [backfill D-8140 300 fey $9.00 $2,700f
34 |compacting backfill D-8140 300 |ey $9.00 $2,700]
i
35 frelocating gaging station |o-8140 1|is $20,000.00 $20,000(
36 [furish/place 42° SDR 17 HOPE fish return pip|D-8140 200 [if $250.00 ss‘oﬁﬂ
earthwork assuming 12° deep trench
37 [Fish screens, 10'W x 10°' H, 28 + 2 spares D-8410 60000 |Ib $11.00 $660,
stainless steel (approx. 2000 Ibs/panetl)
38 |Adjustable baffles, 10'W x 10°H, 28 + 2 spares |D-8410 90,000 lib $4.50 $405,000§
steel, (approx. 3000 Ibs/panel)
39 [Hydraulic trash rake/brushing unit, rail and suptD-8410 1|is $270,000.00 +$270,000)
single boom, 300 feet of length (22,000 Ibs)
Subtotal (2 of 3) $2,095,480
e T i
QUANTITIES PRICES
BY APPROVED BY CHECKED
IK. Sayer I'r. ANIc£okor /&6'»' 2403
[DATE PREPARED PRICE LEVEL
10-Sep-02

CONCEPT 2 COST ESTIMATE SHEET 8 — 890 FT°/s, 2 OF 3
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ESTIMATE WORKSHEET

SHERT_S__OF _3___

COD&:D-8170
FEATURE: 03-reb-03 [PROJECT:
MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
890 CFS
File:  CaarichokerAppraisai-Feasibilty EstimatasiSt Marys Fish
[WOID: 68251 S \[Revised SM C. pt 2.xIw}C
[PLANT] PAY UNIT
ACCT.| ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
40 [Fish screen guide and support structure with [D-8410 100,500 |ib $6.00 $603,000|
grating and handrail, steel
41 |Steel transition to bypass D-8420 8,200 |lb $10.00 $82,000
2'W x 9'H to 36" dia. pipe
42 |42" wide x 42" high steel slide gate D-8420 2,200 |Ib $15.00 $33,000(
at bypass exit, motor operated (steel)
43 |Water level measuring equipment D-8410 1|is $15,000.00 $15,000|
Canal Diversion Headworks
44 [Stoplog guides and seats at Diversion headwolD-8410 5,100 |ib $7.00 $35,700
4 intake bays, 10" wide x 18' high, steei
45 |Trashracks (steel) D-8410 43,750 {ib $4.00 $175,000
Sluiceway
48 |Stoplog guides and seats at sluiceway gate baB-‘GMO 2,700 |ib $7.00 $18,900
2 bays, 10" wide x 19' high, steel
47 |radial gates and hoists D-8420 8 |ea $60,000.00 $360,000
(each gate weighs 6,750 Ibs. and requires a 5,000 Ib capacity
hoist which weighs 2,500 ibs with 1.5 hp motor)
48 |electrical installation for fish screen structure 1{is $350,000.00 3350.000“
. )
49 |electrical installation for headworks and sluice structurep 1lis  ]$100,000.00 | $100,000
Subtotal (3 of 3) $1,772,600}
Subtotal (2 of 3) 32.095.4801
Subtotal (1 of 3) $2,421,880]
SUBTOTAL - $6,289,960]
Mobilization (+/-) 5% $310,000)
1
Subtotal $6,599,960]
Unlisted ltems (+/-) 15% $1,000,040]
|
Contract Cost ’ $7,600,000§
1
Contingencies (+1-) 25% $1,900,0008
Field Cost $9,500,000
QUANTITIES o PRICES
BY APPROVED BY u( (’— CHECKED ,(,Q e
. Sayer T. Artichoke /ad ‘2-37C 5
ATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appralsal

CONCEPT 2 COST ESTIMATE SHEET 9 — 890 FTj/S, 30rF3
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coDE:0-8170 ESTIMATE WORKSHEET SHEET_1__OF _3__
e Gy i
qFEATURE: 03-Feb-03 |PROJECT:
’ MILK RIVER PROJECT

ST. MARY DIVERSION AND FISH FACILITIES
CONCEPT 2 ESTIMATE

ST. MARY STORAGE UNIT - MONTANA

Division:

1040 CFS
Flle:  cianichokenAppralsal-Feasibility Estimates\St Marys Fish
IWOID: 6B251 Screen\{1040 cfs Concept 2.xw]C
[PLANT] PAY UNIT
ACCT.|ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
1 Jexcavation for temporary bypass channel D-8140 39,000 jcy $5.50 $214,500]
2 |excavation for permanent channel D-8140 5,500 |cy $5.50 ss'o_.zsoﬁ
i
3 |excavation for structures D-8140 4,000 [cy $11.00 $44,000ff
1

4 |concrete in new headworks structure D-8140 950 [cy $490.00 $465,500§

5 [reinforcement in new headworks structure D-8140 100,000 [Ib $0.80 $80,000§

6 |cement in headworks D-8140 268 |ton $140.00 $37,520]

7 tconcrete in new sluice structure D-8140 370 |cy $455.00 $168,350

8 |reinforcement in new sluice structure D-8140 35,000 |b $0.80 $28,

9 |cement in sluice structure D-8140 104 |ton $140.00 $14,560]
10ajconcrete in-new dam D-8140 900 [cy $400.00 $360,0
10bJreinforcement in new dam D-8140 80,000 |ib $0.80 $64,

11 |cement in concrete in new dam D-8140 254 jton $140.00 835.56()“
12 jrock in fish passage D-8140 320 |cy $42.00 sw.ud”
13 Jgrouting rock in fish passage D-8140 120 |cy $180.00 $21,600]f
14 |riprap D-8140 900 |cy $42.00 $37,800}
15 |sand and gravel bedding for riprap D-8140 450 |cy $27.00 $12,1 50]
18 |concrete demolition and removal D-8140 900 {cy $165.00 3148,500||
(including existing dam) _
17 |backil for structures D-8140 800 jcy —$9.00 $7.200)
‘ ||
18 |compacting backfill for structures D-8140 800 |cy $9.00 $7,2008
19 Jexcavation for new dam D-8140 3,000 [cy $5.50 $16,500f
19ajcofferdam construction for in-river work D-8140 1lis $60,000.00 $60,000}
(diversion/care of stream)
19bjunwatering and dewatering D-8140 | - : 1|is $580,000.00 $580,000
[Subtotal (1 of 3) $2,4486,630] °
=y ey
. QUANTITIES PRICES
Y ]APPROVED BY /" CHECKED
II: Sayer . * T. Artichoker &0& 2-303
ATE PREPARED DATE DATE PRICE LEVEL
i 10-Sep-02 02/03/03 Appralsal
R
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CODE:D-$170

ESTIMATE WORKSHEET

SHEET_2__OF _3__

FEATURE: 03-Feb-03 |PROJ :
‘ ' MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
1040 CFS
Flle:  CaarchokanAppraisal-Feasibiity Estimates\St Marys Fish
WoID: 6B251 Screen\(1040 cfs Concept 2.xW]C :
lIPLANT| PAY uNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY | UNIT PRICE AMOUNT
20 |concrete in fish screen structure D-8140 330 [cy $550.00 $181,500|
21 |reinforcement in fish screen structure D-8140 40,000 |Ib $0.80 $32,000
22 |cement in fish screen structure D-8140 93 jton $140.00 $1 3,020'
||
23 |concrete in 6" canal lining D-8140 440 |cy $400.00 3176.0001
23bjreinforcement in lining D-8140 44,000 |Ib $0.80 | $35,200
24 Jcement in canal lining D-8140 124 Jton $140.00 $17.360
25 [concrete in transitions 0-8140 400 |cy $430.00 $172,000]
26 |reinforcement in transitions D-8140 40,000 |Ib $0.80 $32,000
I -
27 |cement in transitions |p-8140 113 |ton $140.00 $15,8
28 |concrete in fish return transitions |o-8140 120 lcy $430.00 $51,600f
29 [reinforcement in fish return transitions |D~81 40 10,000 [Ib $0.80 $8,000|
|
30 [cement in fish return transitions D-8140 34 |ton $140.00 $4,760}
31 [furnish/place 6" waterstop D-8140 1,400 ilf $8.50 11,900
32 |excavation for fish screen D-8140 2,350 |cy $12.50 829.375]]
33 |backfill D-8140 300 fcy $9.00 $2,700}
34 |compacting backfill D-8140 300 {cy $9.00 $2,7
35 |relocating gaging station |D-8140 1lis $20,000.00 $20,000
| . { I u
36 |furnish/place 48" SDR 17 HDPE fish retum pip|D-8140 if $290.00 58,000
earthwork assuming 12°' deep trench
37 [Fish screens, 10'W x 10' H, 33 + 2 spares |D-8410 70,000 Jlb $11.00. $770,
stainiess steel (approx. 2000 Ibs/panel)
38_|Adjustable baffles, 10'W x 10°'H, 33 + 2 spares |D-8410 105,000 |ib $4.50 $472,500] -
steel, (approx. 3000 ibs/panel)
39 |Hydraulic trash rake/brushing unit, rail and sup|D-8410 1]is $300,000.00 $300,0004
single boom, 350 feet of length (25,000 lbs)
Subtotal (2 of 3) $2,406,43
R RN R [T N
QUANTITIES PRICES
BY . |arPrOVED sy < CHECKED .
IK. Sayer T. Artichol 9‘0& 2-30>
DATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal
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CODE:D-8170

ESTIMATE WORKSHEET

SHEET_3__OF _3___

FEATURE: 03-Feb-03 |[PROJECT:
: MILK RIVER PROJECT
ST. MARY DIVERSION AND FISH FACILITIES ST. MARY STORAGE UNIT - MONTANA
CONCEPT 2 ESTIMATE DIVISION:
1040 CFS
File:  cartichokenappraisal-Feasibility Estimates\St Marys Fish
[WOID: 6B251 Screen\{1040 cfs Concept 2.xIW]C
PLANT| PAY . UNIT
ACCT.| ITEM DESCRIPTION CODE QUANTITY | uNIT PRICE AMOUNT
40 |Fish screen guide and support structure with |D-8410 120,000 |Ib $6.00 $720,0004
grating and handrail, steel )
41 |Steel trangition to bypass D-8420 8,200 jib $10.00 $82,000}]
2'W x 9'H to 48" dia. pipe
42 |42" wide x 42" high steel slide gate D-8420 2,200 |ib $15.00 $33,000
at bypass exit, motor operated (steel)
43 |Water level measuring equipment D-8410 1|is $15,000.00 $15,000|
Canal Diversion Headworks
44 {Stoplag guides and seats at Diversion headwolD-8410 5,100 {ib $7.00 $35,700)
4 Intake bays, 10' wide x 18" high, steel
45 |Trashracks (steel) D-8410 47,250 |Ib $4.00 $1:89,000
Sluiceway
46 |Stoplog guides and seats at sluiceway gate bajD-8410 2,700 |Ib $7.00 $18,800§|
2 bays, 10’ wide x 19" high, steel
47 [radial gates and hoists D-8420 6 [ea $60,000.00 $360,000} '
(each gate weighs 6,750 lbs. and requires a 5,000 ib capacity
hoist which weighs 2,500 Ibs with 1.5 hp motor)
48 |electrical installation for fish screen structure 1|is $350,000.00 $350,000
I -
49 |electrical instaliation for headworks and sluice structurep 1lis $100,000.00 S100.000]|
Subtotal (3 of 3) $1,903,600)f
Subtotal (2 of 3) $2,406,435] -
Subtotal (1 of 3) $2,446,630] /
SUBTOTAL $6,756,865|(
Mobilization (+/-) 5% $340,000}
i
Subtotat $7,096,665] '
|
Unlisted ltems (+/-) 15% ° $1,103,335}{
‘[Contract Cost $8,200,000|
Contingencies ) 25% $1,800,000}
Field Cost $10,000,000}
e L
QUANTITIES ~____ PRICES
Y. JAPPROVED BY < d——— CHECKED LA
II:. Sayer |'r. Anlchoko{r M/&“ 23705
ATE PREPARED DATE DATE PRICE LEVEL
10-Sep-02 02/03/03 Appraisal
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