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BIG TIMBER CREEK DAM
OFFSTREAM STORAGE TO SUPPLEMENT FLOWS IN THE LEMHI RIVER
July 29, 2002

1.0 INTRODUCTION

The viability of constructing a dam across Big Timber Creek near Leadore, Idaho was studied to
provide 6,000 acre-ft of reservoir storage capacity to maintain year around consistent flows on a
reach of the Lemhi River below the L-6 diversion that goes dry. This study mainly characterized
hydrologic, hydraulic, structural, construction, and environmental issues and estimated appraisal
level construction costs.

This work was performed by the Technical Service Center (TSC)® of the Bureau of Reclamation
(Reclamation) in Denver, Colorado on behalf of the Snake River Area Office (SRA) in Boise,
Idaho in response to requests received by that office from Mr. John Folsom, Project Coordinator,
Upper Salmon River Basin Watershed Project; Mr. Jim Lukens, Regional Supervisor, Idaho
Department of Fish and Game; and Mr. Robert Thomas, Chairman, Lemhi Irrigation District.

The proposed location for the dam was a few miles up Big Timber Creek in a relatively narrow
rock canyon at 44.5881E N latitude and 113.3958E W longitude (about 1 mile west of Leadore
Hill). Hydrologic studies indicated sufficient water in the drainage basin to support the 6,000
acre-ft storage requirement. The geology of the reservoir area is suitable to store water. Being a
narrow rock site, the most appropriate dam for this topography and foundation was judged to be
a roller-compacted concrete (RCC) dam. A dam with a structural height of 133 feet, a hydraulic
height of 110 feet, and a crest length of 856 feet was capable of holding the required 100-year
silt level and 6000 acre-feet of storage up to the spillway crest. A 20-foot-wide uncontrolled
ogee spillway on the dam crest passes the 500-year flood without overtopping the dam. Above
the 500-year flood event, the dam was designed to overtop without damage. The outlet works
would be manually operated.

Addition of a powerplant is not viable. Estimated revenues generated from the powerplant were
too low to recover construction and maintenance costs.

Designing a fish passage system through this dam was not explicitly performed. Various
systems that have been used to pass fish at other projects are provided in this report. If required,
fish passage for this height of dam would be very costly.

Manually operated outlets were estimated and would provide some selective withdrawal

'Reference numbers are in brackets [ ], acronyms and notes are in parenthesis ().
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capability. A more elaborate selective withdrawal system would be considerably more
expensive as discussed in the report.

This appraisal study did not address or develop operational costs (except for the powerplant),
risks associated with a new dam, or seismic analyses.

1.1 Background

The Lembhi River flows into the Salmon River at Salmon, Idaho. The Lemhi River
provides critical spawning and rearing habitat for endangered salmon and steelhead. However,
virtually all of the water in the Lemhi River is appropriated during the irrigation season between
April and October, and irrigation diversions can dewater short reaches of the river during
especially dry periods. Dewatering interferes with the migration of smolts to the ocean and the
return of adults to a suitable spawning site.

A critical reach on the Lemhi River that has been dewatered in the past occurs between
the L-6 diversion and the stream flow gaging station at the site of the former L-5 diversion. The
L-6 diversion is several miles upstream from the mouth of the Lemhi River. Water rights at the
L-6 diversion are among the oldest in the Lemhi River basin and effectively guarantee
streamflow in the Lemhi River upstream from the L-6 diversion. However, during extreme
drought years, irrigators at the L-6 diversion may divert all of the streamflow in the river to meet
their water rights. Consequently, when these extreme conditions occur, the reach between the L-
6 diversion and the gaging station at the L-5 diversion site can be essentially dry. Irrigation
return flows downstream from the L-5 gaging station restore adequate stream flow to the Lemhi
River down to the mouth on the Salmon River.

If sufficient flow could be maintained between the L-6 diversion and the gaging station,
migrating anadromous fish would be able to travel the entire main stem of the Lemhi River from
the mouth on the Salmon River all the way to Leadore. One option to meet this objective is
through reservoir storage. (Lemhi Irrigation District, Model Watershed Project, Idaho
Department of Fish and Game)

The Bureau of Reclamation was requested by local interests to conduct an appraisal- level
investigation to describe the potential for constructing a dam and reservoir to store water in
upstream reaches of the basin during the non-irrigation season for release during the irrigation
season to meet target stream flows in the Lemhi River. Recent negotiations (March, 2002) among
private, State, and Federal parties have targeted a flow of at least 25 cfs to be measured at the
gaging station at the L-5 diversion site for fish migration. Another requirement is that water
provided from the reservoir must not exceed temperature criteria for cold water biota.

Two potential sites for the dam and reservoir were suggested by local interests for
investigation. One site was on Big Timber Creek; another was on Texas Creek. This report
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focuses on the Big Timber Creek site for the following reasons: 1) The crest length (about 1 mile)
of the dam at the Texas Creek site would make the project more expensive than the Big Timber
Creek site. 2) The shallow depth of the Texas Creek site compared with the Big Timber Creek
site would likely result in higher water temperatures. 3) The geology at the Texas Creek site may
be too impervious and may not support a reservoir.

This appraisal study was conducted under authority of the Reclamation Act of 1902
(section 2).

1.2 Location and Access to the Dam

The Big Timber Creek damsite is near the town of Leadore, Idaho in eastern-central Idaho
near the border with Montana (see figure 1.1). The largest town in the vicinity is Salmon, Idaho.
Access to the Big Timber Creek site is as follows. Starting at Salmon, travel 60 miles southeast
on Highway 28 to Leadore. Turn south at Leadore for 1 mile on a State maintained gravel road
toward Big Timber Creek. Turn on an unimproved (4-wheel drive) road for approximately 3
miles to Big Timber Creek. An unimproved road traverses upstream along the left side of the
canyon (looking downstream) for approximately 1 mile, eventually becoming a narrow trail. The
proposed dam is about 1 mile west of Leadore Hill at 44.5881E N latitude and 113.3958E W
longitude.

1.3 Team members

Team members for the appraisal study were:

Joe Spinazola Area Office Team Leader (SRA-1203) jspinazloa@pn.usbr.gov
Al Simpson Fishery Biologist (SRA-1204) asimpson@pn.usbr.gov
Larry K. Nuss Structural Engineer (D-8110) Inuss@do.usbr.gov
Chris Powell Geotechnical Engineer (D-8312) cpowell@do.usbr.gov
Bob Swain Flood Hydrologist (D-8530) rswain@do.usbr.gov
Cassie Klump Sediment Specialist (D-8530) cklump@do.usbr.gov
Pete Rohrer Geologist (D-8321) prohrer@do.usbr.gov
John LaBoon Civil Engineer (D-8130) jlaboon@do.usbr.gov
Craig Grush Cost Estimator (D-8170) cgrush@do.usbr.gov
John Markley Engineering Technician (D-8130) jmarkley@do.usbr.gov
Karl Tarbet Hydraulic Engineer (PN-3800) ktarbet@pn.usbr.gov
Pam Brown Concessions Specialist (SRA-6350) pbrown@pn.usbr.gov

Noel Copenhaver Natural Resources Specialist (SRW-6124) ncopenhaver@pn.usbr.gov
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2.0 DESIGN CONSIDERATIONS
2.1 Site visit

Two visits were made to the site. The first visit was on March 28, 2001 by Larry Nuss, Al
Simpson, Bob Swain, Pete Rohrer, Karl Tarbet, Pam Brown, and Noel Copenhagen (see travel
report in appendix A). The second visit was on July 17, 2001 by Chris Powell and Al Simpson
(see report section 2.5).

2.2 Hydrologic Analyses
2.2.1 Water Availability

The water supply available for storage in a reservoir on Big Timber Creek or
Texas Creek was estimated using data in United States Geological Survey (USGS) Professional
Paper 1604 entitled, "Hydrologic Classification and Estimation of Basin and Hydrologic
Characteristics of Subbasins in Central Idaho," written by Stephen W. Lipscomb in 1998 [5]. The
November 1 through March 31 mean monthly discharges are presented in Table 1.

Gaged streamflow information was not available at the dam sites. However, the
water supply derived from USGS Professional Paper 1604 was compared to data from nearby
gages for consistency. The following gages had some streamflow records:

Gage Period of Record
Timber Creek near Leadore (13303500) 5/24/1912 to 9/21/1912
11/12/1938 to 7/6/1939
West Fork Timber Creek near Leadore (13304000) 5/23/1912 to 9/21/1912
Texas Creek near Leadore (13303000) 12/1/1938 to 6/30/1939
6/1/1955 to 9/30/1963

The limited gage records appear consistent with the USGS data based on a visual
inspection. Sufficient gaged data were not available for any analysis. A stream gage should be
installed at the dam site as soon as possible to start collecting site-specific streamflow
information, since meaningful data requires a period of time. This data would help address water
supply and environmental issues that require information about flow variability and reliability.

The data presented in Table 1, developed from the above streamflow data, was
compared with a demand for water of 35 ft%/s for 30 days (about 2080 acre-feet) and 35 ft*/s for
60 days (about 4160 acre-feet). For this appraisal study, a dam with a reservoir capacity of 6,000
acre-ft was estimated. Indications are that sufficient water is available at either site to satisfy
project needs. Evaporation and seepage losses should also be considered in reservoir sizing in
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final design. During the field trip to the sites it appeared that larger seepage and evaporation
losses would occur at the Texas Creek site.

2.2.2 Floods: 10-year, 100-year flood, and PMF

The magnitude and frequency of floods developed for the Big Timber Damsite
were based on regression equations found in U.S. Geological Survey Water Resources
Investigations Report 94-4002 titled, Nationwide Summary of U.S. Geological Survey Regional
Regression Equations for Estimating Magnitude and Frequency of Floods for Ungaged Sites,
1993 (Jennings et al., 1994) [17]. The regression equation for Region 5 in Idaho was used to
determine the 10-year flood. The 25- and 50-year floods were obtained by applying ratios to the
10-year flood. Since Big Timber Creek is very close to Montana, and Idaho data was not
available to determine the 100- and 500-year floods, Montana data was used for estimating ratios
for 100- and 500-year floods that could be applied to the 10-year flood.

The 10-year flood was determined from the following equation:
Qj_() - 13.0 A0.918

Where Qi represents the 10-year flood in ft¥/s, and A is the drainage area in square
miles. The 25- and 50-year floods, Q25 and Qso, Were determined using a Q25 /Q1o ratio of 1.3 and
a Qso /Qqo ratio of 1.5. Q100 /Q10 and Qspo /Q1p ratios were not available for this part of Idaho.
However, since Montana Qs /Q1 and Qsg /Q1 ratios were the same as those for Idaho, the Q1o
/Q10 and Qsgo /Q1o ratios from Montana were adopted for use with the Idaho 10-year flood data.
The Q100 /Q10 and Qsoo /Q1o ratios were 1.7 and 2.2, respectively.

Table 7 shows the magnitude and return period of peak flows developed for the
Big Timber Damsite. These values are suitable for appraisal level designs.

Two probable maximum floods (PMF) were developed for the Big Timber Dam
site. One was based on the 6-hour local storm, and the other was based on the 72-hour general
storm. Since the proposed dam was concrete and able to withstand overtopping, the PMF peak
discharge was the most critical design parameter. Flood volumes were not as important to the
design because the reservoir surcharge capacity was small.

Meteorological data came from Hydrometeorological Report No 57 (Hansen et al,
1994 [7]). Tables 2 and 3 present depth-duration data for the probable maximum precipitation for
the local and general storms, respectively.

Big Timber Creek Dam
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Unit hydrograph theory was used to convert excess rainfall into runoff following
procedures described in the Flood Hydrology Manual (Cudworth, 1989 [6]). The lag time was
computed using the general lag equation:

Ly=Ci(L Lea/ 80'5)0'33

where:
Ly = lag time (hours),
Ci = a constant that accounts for basin runoff efficiency,
L = the length of the longest watercourse (miles),
L.a = length along L from the point of interest (damsite) to a point
opposite the centroid of the basin (miles), and
S = overall slope of L (feet per mile).

Table 4 shows the parameters used for computing the lag times for Big Timber
Creek Dam site.

The unit duration selected for hydrograph computations was 15 minutes for the
local storm and one hour for the general storm. A constant loss rate of 0.15 in/hr was used to
convert basin rainfall into precipitation excess. No initial losses were used in this process.

The probable maximum flood resulting from the local storm has a peak discharge
of 65,106 ft*/s as shown on Table 5. The probable maximum flood resulting from the general
storm has a peak discharge of 19,836 ft*/s, which is shown in Table 6. The general storm PMF
should probably have a snowmelt component added, but for a concrete dam that will pass the
peak of the PMF and since the local PMF peak is so large, the snowmelt component was judged
to be inconsequential and was not added to the hydrograph.

2.2.3 Silt accumulation

The Big Timber Dam site in the Lemhi basin drains an area of 62.3 square miles.
Historical measured reservoir sedimentation survey data has been collected on many reservoirs in
Idaho and Montana that gave an indication of the area necessary for dead storage. Mann Creek
Reservoir, located in Idaho, showed a measured sediment yield rate of 0.39 ac-ft/ mile’/year.
Clark Canyon Reservoir, located in Montana on Beaverhead River, showed a measured sediment
yield rate of 0.066 acre-ft/mile?/year. The reasonable estimate for the annual yield rate for the
Big Timber Dam site in the Lemhi drainage basin is 0.2 ac-ft/mile? /year (the average of these two
sites). This yield rate would result in a dead storage of 620 acre-ft for a 50 year design life or
1250 acre-ft for a 100 year design life.

Big Timber Creek Dam
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2.3 Hydraulic Analyses
2.3.1 Reservoir Capacity and Allocation

Based on the water storage requirements and sediment estimates, storage and
associated reservoir water surfaces were identified. These include:

$ Low point of excavation. - Elevation 6620 (assumed 20-foot depth between
streambed, alluvium, to moderately weathered rock).

$ Streambed. - Elevation 6640 (assumed low point along dam axis, based on
USGS topography (see figure 1.3)).

$ Top of dead storage. - Elevation 6688.7 (equated to the elevation associated with
the top of the 100-year sediment level).

$ Top of active conservation. - Elevation 6746.5 (equated to the elevation
associated with 6000 acre-feet of storage above the top of dead storage).

$ Spillway crest. - Elevation 6746.5 (equated to the top of active conservation).

$ Dam crest. - Elevation 6753.3 (equated to the maximum reservoir water surface
associated with the 500-year event).

$ Top of upstream and downstream railing. - Elevation 6756.8 (assumed 3-foot, 6-
inch high open railing).

$ Structural height. - 133.3 feet (difference between dam crest elevation and
elevation of low point of excavation).

$ Hydraulic height. - 106.5 feet (difference between top of active conservation and
streambed elevation).

Prior to any additional studies, more detailed topography (2-foot contours in the
area of the dam), and the depth of alluvium and weathered rock should be determined.

2.3.2 Diversion During Construction

General guidelines were considered for diversion during construction. These
guidelines included:

$ As a rule-of-thumb, diversion should be capable of passing a flood with a return
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period of five times the estimated length of the construction period. For the
estimated two season (2 year) construction period for Big Timber Creek Dam, the
minimum event would be a 10-year diversion flood with an estimated peak flow of
455 ft®/s. However, given that a 25-year event is not significantly larger
(estimated peak of 581 ft®/s), consideration for a larger diversion flood and
additional protection might be considered. The cost estimate included provisions
for a 10-year flood diversion scheme.

$ A 40-foot-high (30 percent the height of concrete dam) upstream embankment
cofferdam and a 4-foot-diameter corrugated metal pipe extending from the
upstream face of the cofferdam, attaching to the outlet works in the dam, and
extending past the downstream cofferdam would serve as the diversion system.

$ A 30-foot-high embankment cofferdam was estimated downstream to prevent
back flows into the dam excavation and work area.

Prior to any additional studies, diversion flood hydrographs should be prepared,
along with a better understanding of the construction sequencing.

2.3.3 Spillway and stilling basin

An uncontrolled ogee spillway on the crest of the dam with steps on the
downstream face capable of passing the 500-year flood was evaluated (figures 2.3a and 2.3b show
the stepped-spillway at Santa Cruz Dam in New Mexico). Allowing the dam to overtop for
floods greater than the 500-year event, the dam crest acts as an auxiliary spillway. The spillway
chute was positioned adjacent to the low-level outlet works. Design considerations were based on
historical hydraulic and geometry parameters which have been successfully used for other
stepped-spillways [1]. These include:

$ Unit discharge range (without model study) - 36 to 123 ft*/s.

$ Head above spillway crest (without model study) - 4.5 to 9.8 feet.

$ Step height - 2 feet

$ Downstream slope (without model study) - 0.6 to 0.875 (H:V)

Given these parameters and the assumption that the spillway would have a
capacity equal to the 500-year flood peak, 1270 ft*/s, the spillway hydraulic and geometric
characteristics included:

$ Crest width (L). - 20 feet (based on an assumed unit discharge of 75 ft%/s).

Big Timber Creek Dam
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$ Design head (H,). - 6.8 feet (based on an assumed design coefficient, C, of 3.7).
$ Downstream slope. - 0.75 (matches the downstream slope of the dam).

Using current Reclamation practices for a vertical upstream-faced ogee crest, a
crest height (P) of 4.0 feet above an approach channel (at elevation 6742.5) was selected [2, 3].
Based on the assumed crest height, unit discharge, and design head, the ogee crest flow surface
was laid out.

A hydraulic-jump stilling basin was sized using current Reclamation practices.
One advantage of a stepped-spillway is that the significant amounts of the kinetic energy
associated with moving water are reduced as the water passes down the steps. For this particular
layout approximately 40 percent of the kinetic energy was eliminated, which translated into a
reduced stilling basin size (from 108- to 63-feet long). An assumed tailwater depth at elevation
6645 (5 feet above ground surface) was used to size the stilling basin. Prior to any additional
studies, tailwater data should be prepared.

For details, refer to the attached drawings in figures 2.1 and 2.2.
2.3.4 Overtopping Protection

The dam would be overtopped for floods greater than the 500-year event.
Maximum overtopping depths were estimated by routing the 2001 Hydrometeorological Report
(HMR) 57 probable maximum floods (PMFs) [7]. As previously discussed in the hydrology
section, two PMFs were developed, including the Local Storm PMF with a peak of 65,106 ft*/s,
and a 18.25-hour volume of 12,450 acre-feet; and the General Storm PMF with a peak of 19,387
ft3/s and a 99-hour volume of 21,720 acre-feet. Key assumptions and criteria included:

$ Initial reservoir water surface at the beginning of the flood routing equaled the
top of active conservation (spillway crest) at elevation 6746.5.

$ Outflow equals inflow until the outlet works capacity was exceeded. Reservoir
surcharging began when the outlet works capacity was exceeded.

$ The outlet works was not used in the flood routing, due to its relatively small
capacity (113 ft*/s at top of active conservation at elevation 6746.5).

Results of the flood routings are summarized in Table 8.
There is very limited information about erodibility of the dam abutments and

foundation. However, it is felt the native rock is pretty tough and the foundation would be
unlikely to erode during overtopping flows. Given the small size of the drainage basin, the
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duration of overtopping should be relatively short. Therefore at this appraisal stage, estimating
overtopping protection would be too conservative, so costs for overtopping protection along the
downstream groin were not developed. Geologic data about the dam abutments and foundation
should be gathered to confirm this assumption before more refined designs are performed.

2.3.5 Outlet Works

including:

A low-level outlet works was laid out and sized based on a number of assumptions
$ Horizontal alignment of the outlet works from the upstream face to the
downstream face of the dam was assumed to be at streambed elevation 6640.

$ Given the sizable sediment accumulation, a drop-inlet attached to the upstream
dam face was estimated. The intake sill elevation was equated to the top of dead

storage and the top of 100-year sediment at elevation 6688.7.

Sizing of the outlet works was controlled by emergency evacuation guidelines for

a low risk, high hazard dam [4]. Results included:

$ Dual gates were assumed, including a 36- by 36-inch unbonneted guard slide
gate on the upstream face of the dam, and a 21-inch jet-flow regulating valve
located on the downstream face of the dam. This gate and valve controls flow
through a 24-inch steel pipe that extends through the dam.

$ A hydraulic jump stilling basin was located adjacent to the spillway stilling
basin. As with the layout of the spillway stilling basin, it should be noted that an
assumed tailwater depth (elevation 6645) was used to size the stilling basin. Prior
to any additional stilling basin studies, tailwater data should be prepared.

$ Estimated capacity of the outlet works is 114 ft*/s at reservoir water surface
elevation 6746.5 (top of active conservation and spillway crest elevation).

For details, refer to the attached drawings in figures 2.1 and 2.2.

2.4 Description and Layout of Dam

2.4.1 Type of dam

The proposed site for the Big Timber Creek Dam is a relatively narrow rock-

foundation canyon. The foundation appeared to be quartzite rock appropriate for a concrete
gravity or concrete arch dam. However, the site is slightly too wide for a thin arch dam to be
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economical and viable. Based on Reclamation experience, the maximum crest length-to-height
ratio for an arch dam is approximately 6 to 1. For a 133-foot-high dam in this canyon, the crest
length to height ratio would be 6.4 (856 feet to 133.3 feet). A concrete gravity dam would be
constructed with either roller-compacted concrete (RCC) or mass concrete and would be designed
straight across the canyon or curved in plan. A straight RCC dam was estimated for this study,
but cost savings might be realized during final design with a curved RCC dam. RCC, being more
economical than mass concrete, was chosen. RCC construction uses large equipment to place the
vibrate RCC into place, similar to highway construction or embankment construction.

The dam was sized to have a 16-feet wide crest (typical for many RCC dams) and
a downstream slope of 0.75:1 (horizontal:vertical) starting at the upstream edge (axis) of the dam
at elevation 6763.83 (maximum water elevation). From experience with other Reclamation
gravity dams in similar seismic zones, this is an appropriate shape for stability of the dam for all
loading conditions.

2.4.2 Contraction of the dam and crack control

Crack inducers (metal sheets) at every other RCC lift were estimated and would be
placed from upstream to downstream at 50-foot centers across the canyon to form contraction
joints. This would minimize future thermal-induced cracking of the dam from seasonal
temperature changes and cooling from heat-of-hydration temperatures as the concrete cures. PVC
waterstops along the upstream side for seepage control were included in the cost estimate.

2.4.3 Drainage, seepage, and uplift pressures

A 4-foot wide by 7-foot tall drainage gallery was estimated across the entire width
of the dam near the base of the dam. Costs for gallery lighting and ventilation were included in
the cost estimate. Drains in the dam and foundation would discharge here and exit the dam.
Drains (6-inch diameter) in the dam were estimated at about 8-feet from the upstream face drilled
vertically from the crest into the gallery at 10-feet centers across the dam. The drains could be
positioned downstream further to make it easier for drillers to intercept the foundation gallery.
Water stops embedded along the contraction joints would be installed (assumed in unlisted items
in cost estimate). Foundation drains (3-inch diameter) would be drilled from the gallery into the
foundation at 10-feet centers across the dam. A foundation grout curtain was estimated upstream
of the foundation drains by drilling 2-inch diameter holes from the gallery into the foundation at
10-feet centers across the dam and then pressure grouting the holes with cement grout.

2.4.4 Concrete mix design
The RCC was estimated with 300 Ib per cubic yard cementitious material
consisting of 60% flyash and 40% cement. A haul distance for aggregates from the Lemhi Valley

of 25 miles was assumed. RCC would be placed in 2-foot-high lifts. A half-inch-thick layer of

cement mortar was estimated on every RCC lift to improve bond and reduce potential seepage
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paths through the dam.
2.4.5 Spillway

The concrete for the top surface of the ogee spillway and the roadway on top of the
dam was estimated with air-entrained structural concrete for improved durability against spillway
flows and freeze-thaw damage.

2.4.6 Outlet works and intake structure

A 24-inch diameter, 100 Ib/in® rated steel pipe with one 21-inch diameter Jet Flow
valve was estimated for the outlet works. The intake structure would be constructed with precast
concrete panels and have trashracks to prevent inflow of debris. As silt accumulates along the
upstream face of the dam, 3-foot by 3-foot precast concrete panels would be inserted in slots in
the intake structure.

2.4.7 Instrumentation

Foundation piezometers, collimation deflection measurements, and drainage flow
weirs were included in the cost estimate for instrumentation.

2.4.8 Concrete forms

An estimate was included for conventional-concrete slip-formed upstream and
downstream faces of the dam to serve as forms for the RCC placement.

2.5 Structural Stability Considerations

To determine if the shape of the proposed Big Timber Creek Dam was appropriate, sliding
factors of safety and vertical stresses at the heel and toe for various reservoir elevations were
calculated using the traditional limit equilibrium stress and stability calculations. These analyses
assume plane sections remain plane and deformation properties of the dam and foundation do not
enter into the calculations. The loads included reservoir, tailwater, silt, dam weight, and uplift.

Based on the applied forces, the normal stress distribution at the base of the dam (or at any
selected elevation) was assumed to linearly vary from upstream to downstream along a horizontal
plane and was calculated using equation 1.
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s =P/A ¥ Mc/l (EQ1)
where:
o = stress normal to the plane at location c,
P = vertical force,
A = horizontal surface area,
M = moment about the center of the base,
c = distance from the center of the base to the upstream or downstream face,
and
I = moment of inertia about the center of the base.

Sliding factor of safety along a horizontal plane is the ratio between the resisting forces
keeping the dam in place and the forces driving the dam as expressed in equation 2. The normal
stress and associated shear strength distribution determined the resisting force.

SF =[(P-U)u + CA]/ DF (EQ 2)
where (for horizontal potential sliding planes):

SF = sliding factor of safety

P = vertical force

U = uplift force (assumes Corps of Engineers criteria and a drain efficiency of
67%)

u = friction coefficient

C = cohesion (true cohesion for bonded surfaces and apparent cohesion for
unbonded surfaces appropriate for the normal stress range of interest)

A = horizontal surface area

DF  =driving force (summation of horizontal components of reservoir, and
tailwater)

Static traditional limit equilibrium stress and stability calculations were performed for the
a two-dimensional vertical section through maximum height section (see drawing in figure 2.2).
Detailed results of these analyses are in appendix B (see figures B1 through B2), a summary of
the results is in figure 2.6.

Analyses were made using the most probable RCC material properties expected in the
dam. The most probable density for the RCC from laboratory tests from other projects was
between 145 Ib/ft® and 150 Ib/ft®, so 147.5 Ib/ft® was used in the analyses. There is much less data
for shear strength along RCC lift surfaces than on mass concrete lift surfaces. A relatively low
(below average) shear strength of 50 Ib/in? cohesion and 40E friction angle was assumed for the
RCC based on tests from mass concrete from other projects (see figure 2.5).
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The following reservoir and tailwater elevations were used in the analyses. Also, the
reservoir elevation that induced zero compressive stress at the heel was computed and reported in
figure 2.2.

Reservoir Tailwater

6763.83 (PMF) 6645 (maximum tailwater)
6757.3 (Top of handrail) 6643 (interpolated)
6753.3 (Top of dam) 6642 (interpolated)

6746.5 (Spillway crest) 6640 (original ground surface)
6720.0 (Low Reservoir) 6640 (original ground surface)

Silt load at elevation 6688.7 was assumed with a horizontal equivalent fluid pressure of 85
Ib/ft.

The following was determined from these analyses:

Sliding safety - The dam was stable against sliding for all reservoir elevations with
or without effective drains using 147.5 Ib/ft® concrete density, 50 Ib/in? cohesion, and 40E friction
angle (see figure 2.6). Sliding factors of safety using effective drains were 2.5 (2.3 using plugged
drains) for reservoir at the top dam elevation 6753.3 and 2.2 (2.0 using plugged drains) for
reservoir at the PMF elevation 6763.83. These were appropriate sliding factors of safety for a
new dam. Drainage had a relatively small effect on the sliding factor of safety.

Stress - With effective drains, the base of the dam remained in compression up to
reservoir elevation 6764.9 which was 1.1 feet above the PMF reservoir level using 147.5 Ib/ft®
concrete density (see figure 2.6). With plugged drains, the base of the dam was in compression
up to reservoir elevation 6753.42 (0.1 feet above the crest of the dam) and had 22.5 Ib/in? tension
at the PMF reservoir level. It was desirable to have the upstream face of the dam in compression
for all reservoir loading conditions. This was the case if the drains were effective. Since the
PMF is an extremely remote event, the low level of tension at the heel (22.5 Ib/in?) was
acceptable.

The conclusion drawn from these analyses for the maximum vertical section through the
dam was that the designed shape of the dam was appropriate and not overly conservative. The
dam was stable for overtopping reservoir elevation up to the PMF using reasonable values of
147.5 Ib/ft® concrete density, 50 Ib/in® cohesion, and 40E friction angle. The vertical stress at the
heel of the dam (upstream base), was in compression up to the PMF level with effective drainage
and had a small 22.5 Ib/in® tension with plugged drains. If constructed, testing should be
performed to verify the actual properties attained during construction.

A seismic structural analysis was not performed for this study. However, from experience
from other projects, this dam shape should be stable for earthquakes with peak horizontal
accelerations of up to about 0.6 g.
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2.6 Geology and Geotechnical Considerations
2.6.1 Regional and Site Geology

The proposed dam site is within the Cordilleran fold and thrust belt of east-central
Idaho. The rocks of this area have a long and complex history of deformation driven, in large
part, by the Precambrian bolide which formed the Beaverhead Impact Structure, Cretaceous
eastward thrusting of the near-surface rocks, and Eocene volcanism. The area is extensively
faulted and folded and has experienced numerous periods of significant glaciation, erosion and
deposition of sediments. The volcanism and structural deformations have yielded widespread
mineralization of the host rock. Commercial mining of these ores has occurred since the early
1900s.

The area is part of the northern Basin-and Range physiographic province that is
actively extending along a system of dominantly north-northwest-striking normal faults. The
most significant recorded earthquake to affect the area was the 1983, magnitude 7.3, Borah Peak
event. Figure 2.9a shows the site surface geology as mapped by Ruppel [15] overlain on an
orthophotograph. Ruppel=s work indicates that the bedrock at the site is Precambrian quartzite
(PCb). This rock is exposed along the upper left abutment at the proposed dam axis; but is
concealed beneath a mantle of Recent alluvium (Qal) in the channel floor and Recent talus (Qt)
on the middle and lower left abutment and on the right abutment. This quartzite will provide a
competent foundation for the dam for all loading conditions. There is very limited data, but it is
felt this native rock is pretty tough and the foundation would be unlikely to erode during
overtopping flows.

Above the crest of the dam, the higher slopes of the left abutment are formed by
Miocene and Pliocene tuff and tuffaceous conglomerates (Tt); and Ordovician Kinnikinic
quartzite (OK) comprises the higher slopes on the right abutment. Ruppel has mapped outcrops of
Kinnikinic quartzite and Ordovician Saturday Mountain Formation (Osm) dolomite along the
upstream left rim of the proposed reservoir; and these rock types might be present, but concealed
by colluvial and alluvial materials, at the proposed dam site. These rock types would also provide
a satisfactory dam foundation. Figure 2.9b is a geologic cross section located about 1 mile
upstream of the proposed dam axis; and is provided to illustrate the geologic complexity of the
area.

Scattered deposits of other alluvial (Qfy), colluvial (Qc), landslide (QIs) and
glacial (Qma), (Qmb), (Qab), (Qac) materials also occur at the site.

The valley cross section is roughly symmetrical at the proposed dam axis. The
existing slopes are slightly steeper on the left abutment, and range from a low of about 1:3.5
(vertical to horizontal) on the lower right abutment to a high of about 1:1.5 on the upper left
abutment.

2.6.2 Geologic Discontinuities
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The dashed, dotted and barbed heavy lines shown on Figures 2.9a and 2.9b are
mapped strike-slip, normal and thrust faults. Although none of the mapped features crop out in
the proposed dam foundation, it is probable that zones of ancient shearing will be encountered in
the surface rock within the footprint of the dam (see report section 2.6.5 - Geotechnical
considerations).

2.6.3 Borrow

Soil for cofferdam construction and aggregates for concrete are likely available
within a few miles of the site. The aggregate particles are the erosional products of many rock
types and likely have a wide range of durability and strength. Potential sources include:

a. The alluvial channel of Big Timber Creek. The channel is fairly broad
for a distance of about two miles upstream of the damsite.

b. Glacial moraine deposits (Qmb) about 1.5 miles upstream of the
damsite.

c. Alluvium and alluvial fan materials extending from about two miles
downstream of the damsite to the Lembhi River.

2.6.4 Design and Construction Considerations

Sheared and brecciated zones will likely be encountered within the footprint of the
dam. These zones might require over excavation and replacement with concrete backfill to
provide a sound dam foundation. Leveling concrete 3-feet thick across the base of the dam was
included in the cost estimate.

The various rock types possibly present and the highly disturbed condition of the
rock have probably produced an irregular weathering profile. Foundation shaping will likely be
required to achieve a satisfactory foundation surface for RCC placement. Leveling concrete 3-
feet thick across the base of the dam was included in the cost estimate. The depth of extensive
weathering of the rock should not be great at this site. Moderately weathered to slightly
weathered bedrock should be present at depths no greater than about 5 to 10 feet below the
current bedrock surface. For this appraisal study, 20 feet of excavation was assumed.

The bedrock at the site is highly fractured. The fracture walls are likely weathered
to considerable depth, variably filled with sand and fines at the near surface, and only partially
healed at depth. Foundation grouting and foundation drainage will likely be required to control
uplift on the base of the dam and within the abutments. Grouting and drainage were included in
the cost estimate.

The maximum thickness of alluvium in the creek channel was not known. An
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average thickness of 20 feet alluvium and rock excavation was assumed and included in the cost
estimate.

The left and right abutment slopes above the proposed dam crest are steep. Slope
stabilization measures might be required to prevent rock falls and colluvial slides from damaging
the proposed facilities. This was not specifically included as a line item in the cost estimate, but
incorporated in the unlisted items.

2.6.5 Geotechnical considerations

Chris Powell and Al Simpson visited the proposed site for Big Timber Creek Dam
on July 17, 2001. The main purpose of this site visit was to photograph the site and obtain some
basic information on the jointing in the abutment rock mass. Due to inclement weather, limited
access to the right abutment, and few accessible rock outcrops in the vicinity of the left abutment
(the majority of the left abutment is covered with talus), only a few joint orientations were
measured. However, the one rock outcrop that was inspected more closely was assumed to be
representative of the foundation rock, and was characterized by the following three joint sets:

$ Joint Set A - N 85E E, 68E SE (Dip/Dip Direction 68E/175E)
$ Joint Set B - N 13E E, 53E SE (Dip/Dip Direction 53E/257E)
$ Joint Set C - N 40E E, 70E SE (Dip/Dip Direction 70E/130E)

Figure 2.7 is a plan view of the dam site, that shows the existing topography
downstream of the proposed dam. Figure 2.8 is a stereonet that shows projections of the three
joint sets, the downstream abutment slopes, and the dam axis. Based on the very limited joint
data described above, there does not appear to be any potential foundation stability problems
(isolated rock wedges that could slide when acted on by dam and uplift forces). This assessment
is very crude and should be refined if a decision is made to construct Big Timber Creek Dam.
Figure 2.23 is a photograph of the rock outcrop in the vicinity of the proposed left abutment that
was used to obtain joint orientation data. Photos in figures 2.10 through 2.25 were taken during
the site visit.

Big Timber Creek Dam
Offstream Storage to Supplement Flows in the Lemhi River 17



2.7 Fish Passage
2.7.1 Upstream migration

Alternatives considered for upstream migration for fish passage at Big Timber
Creek Dam included a vertical slot fish ladder/false weir, a bypass channel, mechanical lifts, trap
and truck, and locks (also see appendix D).

Vertical Slot Fish Ladder/False Weir: The vertical slot fish ladder is a common
style of fish ladder that allows fish to migrate upstream, but at the same time
provides resting areas for the fish. Ladders of this type are designed for a slope of
approximately 10:1. The ladders are equipped with a series of pools which are
controlled with two baffles at each pool. A narrow, vertical slot between the
baffles allows the fish to migrate from pool to pool. Fish can rest in the pools in
the backwater behind the baffles.

A vertical slot fish ladder on a 10:1 slope would require a length of 1000 feet to
climb a 100-foot high dam. The engineer=s estimate for a recently designed
vertical slot fish ladder at Reclamation over a 10-foot-high dam was $3,000,000.

Upon reaching the top of the dam, the fish pass a false weir. Once beyond the
false weir the fish are dropped into a flume which sweeps the fish down the
upstream portion of the dam and into the reservoir.

Water to supply the ladder and flume must be pumped to the top of the dam.

Bypass Channel: The bypass channel would essentially consist of a vertical slot
fish ladder to carry fish up the downstream face of the dam. At the dam crest, the
fish ladder would transition to a channel that would allow fish to proceed past the
reservoir and continue into the stream upstream of the reservoir. Water for this
arrangement can be supplied by gravity from the stream upstream of the reservoir.

The length of the channel would extend upstream of the reservoir and would have
to be slightly longer than the length of the reservoir at the highest elevation of the
reservoir.

Mechanical Lift: Mechanical lifts have been used successfully incorporated into
dams of this height, most recently on the Susquehanna River at Conowingo and
Safe Harbor dams. Fish are lured into a hopper by an attraction flow. Periodically
a gate closes on the hopper entrance, trapping the fish within the hopper. The
hopper is then lifted to the top of the dam and fish are released to the opposite side.
The reported cost for the Conowingo mechanical lift was $12,000,000.

Trap and Truck: Trapping and trucking is similar to the mechanical lift system
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except that trapped fish are trucked around the dam rather than lifted over the dam
by mechanical lift. The cost of this method is labor intensive and depends on the
number of trips required to transport the fish. This is probably the preferred
alternative initially for Big Timber Creek Dam.

Lock: A lock is similar to a mechanical lift. The lock consists of a chamber that is
gated both on the reservoir side and on the downstream side. To pass fish from the
downstream side to the upstream side, the chamber is initially set with the
reservoir gate closed and the downstream gate open. When enough fish are
attracted into the chamber, the downstream gate is closed and the reservoir gate is
open, providing the fish with a channel into the reservoir.

Lock systems are an effective manner of moving fish, although lock systems are
better suited to relatively low head differentials so that fish are not subjected to
large pressure changes over a short period of time. This method is not suited for
Big Timber Creek Dam.

2.7.2 Downstream Migration

Downstream migration can often be more difficult than upstream migration,
depending on the species and local conditions. If downstream migration is required only during
low reservoir periods, fish can simply pass through the outlet works when the reservoir is low. If
downstream migration is required on a full time basis then other provisions will have to be made.

Bull trout, a federally listed species, are present in Big Timber Creek. Conditions in a reservoir
environment are often times preferred by Bull trout. Some Bull trout would likely choose to
reside in the reservoir except during spawning periods at which time they would migrate upstream
to spawn and then return to the reservoir.

2.8 Powerplant

The feasibility of a powerplant at the site was studied with possible generating heads of
80, 100, 120 and 140 feet with a flow rate of 35 ft*/sec occurring 60 days per year. Given this
data, Table 9 illustrates the energy potential at this site.

Table 10 is a comparison of head, estimated powerplant costs (Based on the rule-of-thumb
of $2000 per kw), capitol recovery (paying back investment), operating and maintenance (O&M)
costs (Note: O&M costs estimated at $10,000 per year), and the required selling price of energy
to break even on the powerplant. These costs do not include the additional expense of running
electrical transmission lines into the site.
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Based on Table 10, a powerplant does not appear to be economically feasible. The
computed required selling price to break even is 9 to 11 cents per kilowatt-hour which is two to
three times more than what the energy could be purchased for elsewhere. The largest contributor
to the high selling price is the fact that the powerplant would only operate 60 days per year. Of
course, if the powerplant was expected to make a profit, then the required selling price would be
even higher.

2.9 Selective withdrawal

Selective withdrawal provides the capability to release reservoir water from various
elevations in the reservoir and control the temperature of the released water for fish. The cost of
providing selective withdrawal capabilities was not specifically designed for this dam, but a
general range of costs and discussion are provided. The selective withdrawal outlets would
consist of an enclosed Abox A or Atube@ down the upstream face of the dam, with several
individually operable gates. The Abox@ or Atube@ would be connected to the outlet pipe, and
sealed against the dam. The water temperature at different water depths would be monitored and
one or more gates opened to allow the desired temperature water to be released.

The estimated costs for the selective withdrawal outlets were based on a selective
withdrawal outlet currently being designed for the same capacity (35 ft*/s) as this study. The
estimated costs ranged from $400,000 to $600,000 for the various dam heights.

3.0 FIELD COST ESTIMATES

Appraisal level field costs for the Big Timber Creek Dam would total $23,000,000 (see appendix
C - Estimate Worksheet for details). The pay items in the estimate included: mobilization and
preparatory work, clearing and grubbing reservoir area, road improvements, an upstream and
downstream cofferdam, diversion during construction through a 4-foot diameter steel pipe,
unwatering the excavation area, foundation excavation, fault treatment, dental and leveling
concrete, foundation grouting, foundation drainage, constructing the RCC dam, furnishing and
installing river outlet works including the intake structure and 21-inch Jet Flow valve,
constructing a concrete stilling basin, instrumentation, running electrical power to the site, 15%
unlisted items, and 25% contingencies. The dam included a 20-foot-wide ogee spillway, an
interior drainage gallery, drilled formed drains from the dam crest to the gallery, and upstream
and downstream concrete facing elements.

The above costs did not include the following:
1. Data collection. This includes design level foundation exploration, seismotectonics,
hydrology, and laboratory studies.
2. Final design costs
3. Project coordination and inspection
4. Contract administration

5. Construction management
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6. Operation and maintenance costs
7. Land purchases
8. Permits:
404 Permit from the Corps of Engineers
Stream Alteration Permit from the Idaho Department of Water Resources
9. Environmental Impact Statement (EIS). An EIS would take approximately one year to
complete and would cost about $200,000.
10. Coordination Act Report (CAR).
11. Fish ladder (see report section 2.7)
12. Selective withdrawal system (see report section 2.9)
13. Powerplant (see report section 2.8)

4.0 CONSTRUCTION CONSIDERATIONS
4.1 Electrical power

Electrical power for construction would be run from Leadore and was included in the cost
estimate.

4.2 Constructor work area

A construction work area could be built between the dam and upstream cofferdam or
between the dam and the downstream cofferdam. The reservoir basin widens upstream of the
dam and provides more work area than downstream of the dam.

4.3 Transport and access to the site

There is a railroad line and small commuter airport in Salmon, Idaho about 60 miles from
Leadore, Idaho. A small airstrip in Leadore is shown on the local map (figure 1.2). A railroad
line no longer exists from Salmon to Leadore. The road from Salmon to Leadore is a very good
2-lane paved state road. A good 2-lane gravel county road extends about 1 mile from Leadore
toward the site. A very crude and rocky 2-rut road extends from the gravel road part of the way
to the site. This road would require improvement including upgrades to two small bridges. This
is included in the cost estimate.

5.0 OPERATIONAL AND MAINTENANCE CONSIDERATIONS
5.1 Operations and maintenance

The outlet works would require routine maintenance of the Jet Flow valve and inlet
structure. The overflow ogee spillway is un-gated and would not require maintenance. Freeze-

thaw damage can be minimized with air-entrained concrete. A fish passage system would require
maintenance depending on the system used.
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5.2 Upstream considerations

There are no residence or towns upstream of the dam. Land purchase was not included in
the estimate.

5.3 Overtopping

The dam was designed to carry forces from floods that overtop the dam (floods greater
than the 500-year event). Overtopping flows will likely wash away alluvium and weathered rock
along the downstream groin of the dam. Flows are not expected to erode the foundation rock and
cause a dam stability problem due to limited duration and rock type.

5.4 Downstream considerations and release strategies

Release strategies for the reservoir water should be developed that will best supplement
and optimize flows in the Lemhi River.

5.5 Storage strategies

Storage strategies for the reservoir water should be developed that will best supplement
and optimize flows in the Lemhi River and optimize available water in the drainage basin.

6.0 AFFECTED ENVIRONMENT

In 1993, an Environmental Impact Statement documented the analysis of nine alternatives for
timber sale in the Big Eightmile, North Fork Timber, and Alder Creek sites [18]. Excerpts from
this report relative to Big Timber Creek (and Eightmile Creek) are included here as informational
material.

6.1 Fisheries

Since the area is higher in elevation and the reservoir would likely be deeper at the Big
Timber Creek site than the Texas Creek site, establishing a good fishery within the Big Timber
Creek reservoir would be more feasible than at the Texas Creek site. Also, a dam at the Big
Timber Creek site would allow more control over the temperatures of water released into Big
Timber Creek and the Lemhi River, especially if the dam was constructed with valves lower on
the structure so colder water could be released when desired. The Big Timber Creek Dam would
provide flows for re-connection of Big Timber Creek to the Lemhi River, since the lower section
of the creek is dry for the greater part of the summer due to irrigation withdrawals. Habitat for

resident bull trout (Federally listed as threatened) and other fish in both Big Timber Creek and the
Lemhi River would be increased and enhanced. Fish located above the dam site are currently
prevented from year round downstream migration since lower Big Timber Creek is seasonally
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disconnected from the Lemhi River.

In 1993 [18], there were no Threatened or Endangered fish species occuring in the
proposed areas for the timber sale. The mainstrem reaches of Big Eightmile Creek and Big
Timber Creek contain well-established populations of resident salmonid: Westslope Cutthroat
Trout (Oncorhynchus clarkl)™, Bull Trout (Salvelinus confluentus)™, Rainbow Trout
(Oncorhynchus mykiss), Mountain Whitefish (Prosoplum williamsonl), and Sculpin (Cottus spp.).
The Westslope Cutthroat Trout and the Bull Trout are Intermountain Region Vertebrate Sensitive
Species and Idaho Department of Fish and Game Species of Special Concern. Grove Creek and
Alder Creek may provide additional spawning and nursery habitat for the mainstream Big Timber
Creek trout species, but were not believed to support independent fish populations.

The closest anadromous fisheries to the site of the 1993 timber sale were in the Hayden
Creek drainage and in the mainstem Lemhi River channel downstream of Leadore. Use of the
Big Eightmile Creek and Big Timber Creek drainages by salmon and steelhead were precluded by
irrigation withdrawals below their Forest boundaries which entirely dewater the lower reaches of
both streams during the summer months.

Big Eightmile Creek and Big Timber Creek had no water quality problems in 1993 [18].
The presence of well-established populations of cleanwater benthic macroinvertebrates in Big
Eightmile Creek and Big Timber Creeks indicated that waters were cool, clear, and well-
oxygenated. Production capabilities for both creeks were placed at 70 pounds of fish per surface
acre [18, p.S21].

A current evaluation will be needed to determine the full potential for impacts upon the
present fishery and potential for benefits.

6.2 Recreation

The surrounding area supports a wide range of recreation activities including hiking,
horseback riding, trail bike riding, hunting, fishing, and camping [18]. Undeveloped
campgrounds are located in Big Eightmile Creek and at Timber Creek Reservoir. A trailhead
facility on Forest Road 105 leads into Big Timber Creek. The heavy recreation use season is
generally from June through November. In 1993, one outfitter/guide took fishing and big game
hunters into the Big Timber Creek drainage. The Big Timber Creek site currently is limited for
recreation opportunities due to access. The site is located in steep, rocky and timbered
topography making it difficult to access many areas of the proposed reservoir. The road to the
dam improved during construction will greatly enhance access to the reservoir. There are a few
existing 4-wheel drive trails accessing the north rim of the reservoir. With the proper
infrastructure, power boating, fishing, waterskiing, camping, and day-use sites could be
developed. Itis likely that a managing partner or concessionaire would need to be sought to
provide the necessary facilities such as restrooms, garbage containers, potable water, boat ramps
and camping facilities. The proximity to the small town of Leadore will have economic benefits
through recreation opportunities offered by the reservoir. Increased law enforcement might be
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needed to patrol the reservoir and dam.
6.3 Realty

Part of the footprint of the dam and reservoir area is on private land, and part of the area is
in private ownership. Negotiations on disposition of affected lands would have to transpire
among landowners and the party or parties responsible for construction of the dam. Land
acquisition costs are not included in the preliminary cost estimate prepared for this report.

6.4 Cultural Resources

Cultural resource surveys, inventory, and possible mitigation would be required prior to
construction of a dam.

6.5 Threatened and Endangered Species

The bald eagle, gray wolf, Canada lynx, Ute ladies= tresses, bull trout, sockeye salmon,
spring/summer chinook salmon, and steelhead are listed species that could occur in the Lemhi
county area. Surveys verifying the presence of these species in the area may be required prior to
construction of a dam.

6.6 Wildlife and Vegetation

The lower reaches of Big Eightmile and Big Timber Creeks are located in low to moderate
gradient, moderately wide to wide (600 to 1,000 feet) flat-floored valley bottoms [18]. The
moderate gradient portions have dense riparian vegetation with a good mix of woody and
herbaceous plants. The low gradient reaches are an array of beaver dams intertwined with willow
patches. The upper reaches of both these drainage areas are characterized by high gradient, U-
shaped, glacier-carved valley bottoms.

In 1993, there were no Federally-listed Threatened or Endangered plants occurring in the
area [18]. Three Forest Service Region 4 Sensitive Species might occur in the area: Lembhi
penstemon, Salmon twin bladderpod, and pink agoseris. Pink agoseris occurs in the wet
meadows where the soil remains saturated throughout the growing season. It was observed in the
upper Big Eightmile Creek and in the Big Timber Creek drainage area in 1993.
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In 1993, no Federally-listed Threatened or Endangered species inhabited the proposed
timber sale area [18]. One Endangered species, the Northern Rocky Mountain gray wolf, would
find the habitat suitable if a Lemhi Range population existed. However, no confirmed sightings
had occurred. The site was not a designated Wolf Recovery Zone or Dispersal Corridor. One
sighting of the North American lynx, a Forest Service Region 4 Sensitive Species, was confirmed
in the area in 1993. Six other Forest Service Region 4 Vertebrate Sensitive Species have
preferences that would allow them to inhabit the area, but had not been sighted in 1993 that
include: wolverine, Western (or Townsend=s) big-eared bat, boreal owl, Northern three-toed
woodpecker, great owl, and the spotted frog.

The area for the timber sale was mapped as key elk summer range and several elk calving
areas were identified [18]. The areas receive heavy spring, summer, and fall elk and mule deer
use. Limited numbers of both species winter in the area, especially in the southern portion around
Grove Creek and Big Timber Creek. Mountain goats were found in the upper elevations of the
drainage areas. Antelope were found along the lower elevations and non-timbered portions.

A current evaluation of the effects of a dam and reservoir upon area fish and wildlife and
their habitat would be required. Close coordination with the Federal and State agencies would be
necessary.

6.7 Water

Big Eightmile Creek and Big Timber Creek are major tributaries of the Lemhi River,
although in summer these streams are usually totally diverted for irrigation before they reach the
Lemhi River [18]. The primary existing beneficial water uses are for agricultural water supply,
cold water biota, salmonid spawning, secondary contact recreation, and livestock. No water
quality data was collected on Big Timber Creek, its tributaries, or any of the intermittent streams
within the proposed timber sale in 1993 [18]. Water temperature, pH, and conductivity were
believed to be similar to Big Eightmile Creek which was measured to be an excellent source of
irrigation and livestock water and in the range necessary for cold water boita and salmonid
spawning.

6.8 Wetlands and Riparian Habitat

In 1993 [18], riparian stringer wetlands were found adjacent to the smaller perennial
streams and along segments of Big Eightmile and Big Timber Creeks. Stream banks were
characterized by willows, aspen, and/or alder. These wetland types were typically very narrow
with vegetation occurring in very narrow bands adjacent to the streams. The most extensive
wetlands occurred in the valley bottoms adjacent to Big Eightmile and Big Timber Creeks where
vegetation was mostly overstories and sedge understories. The wetlands found were relatively
common. The kinds of wetlands and vegetation communities associated with them were not
restricted or unique to the area.

6.9 Environmental Compliance
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An Environmental Impact Statement (EIS) is required to comply with National
Environmental Policy Act (NEPA) requirements as part of the detailed studies that would lead to
construction of this project. The EIS provides a more detailed analysis of the environmental
effects of a dam and reservoir on fish and wildlife, recreation, Indian Trust assets, property,
cultural resources, threatened and endangered species, and vegetation. An EIS takes about two
years to complete and would cost about $200,000.

Under the Fish and Wildlife Coordination Act, the US Fish and Wildlife Service prepares
a Coordination Act Report (CAR) that evaluates the potential impacts a reservoir would have
upon fish and wildlife. The US Fish and Wildlife Service requires financial compensation for
preparation of this report.

Any work in public waterways requires a 404 permit from the Corps of Engineers and a
stream alteration permit from the Idaho Department of Water Resources. A delineation of
wetlands is needed. Mitigation for impacts to wetlands and riparian habitat loss is probably
required. Obtaining these permits takes approximately 3 months.

Under Section 7 of the Endangered Species Act, consultation with the National Marine
Fisheries Service and the US Fish and Wildlife Service is required. Surveys for presence of
threatened or endangered species are necessary. Mitigation for impacts to listed species or habitat
is probably required and might add significantly to the overall cost. The consultation process
takes from 6 to 12 months to complete.

7.0 CHANGE IN RISK

A dam in Big Timber Creek potentially changes the risk for downstream populations. However,
the risks are estimated to be very low given current day design and construction standards for
concrete dams.

8.0 CONCLUSIONS
An RCC dam in Big Timber Creek is a viable option to provide 6,000 acre-ft of reservoir storage

capacity to maintain year around consistent flows on a reach of the Lemhi River between the L-6
and L-5 diversions that typically go dry.
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9.0 RECOMMENDATIONS FOR FUTURE ACTIONS

Recommendations for future actions prior to any additional designs include:
1. Install a stream gage to begin collecting data. This would help address water
supply and environmental issues that require information about flow variability and

reliability.

2. Prepare more detailed topography (2-foot contours in the area of the dam) of the site
and determine the depth of alluvium and rock contact.

3. Prepare diversion flood hydrographs along with a better understanding of the
construction sequencing.

4. Gather additional geologic data about the dam abutments and foundation. This could
include joint mapping, core drilling, and laboratory testing.

5. Prepare tailwater data prior to any additional stilling basin studies.

6. Locate and test a suitable borrow source for concrete aggregate and sand.
7. Develop an Environmental Impact Statement.

8. Obtain appropriate permits.

9. Perform mix designs for the RCC using the actual fly ash, cement, and aggregates
being supplied for the dam.

10. Perform a design level seismotectonic study of the area.
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Table 1 - Big Timber and Texas Creek Water Supply

Mean Monthly Discharge

Dam Site (ft3)s)
Nov Dec Jan Feb Mar
Big Timber Creek 24 20 20 20 22
Texas Creek 22 19 18 19 20
Mean Monthly Discharge Total Water
(acre-feet) Supply
(acre-feet)

Big Timber Creek 1,430 1,230 1,230 1,110 1,350 6,350
Texas Creek 1,310 1,170 1,110 1,060 1,230 5,880
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Table 2 - Probable Maximum Precipitation for Local Storm

Duration (hours) Accumulated Precipitation (inches)
0.25 1.50
0.50 2.51
0.75 3.17
1.0 3.65
3.0 4.16
6.0 4.34

Table 3 - Probable Maximum Precipitation for General Storm

Duration (hours) Accumulated Precipitation (inches)
1.0 1.53
6.0 5.15
24.0 9.99
48.0 13.15
72.0 14.61

Table 4 - Lag Time Parameters and Calculated Lag Times (hours)

Parameter Value
L 13.0
Lca 6.3
S 323.1
C: for local storm 1.3
C, for general storm 4.0
Lag time for the local storm 2.14
Lag time for the general storm 6.60
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Table 5 - Big Timber Creek Damsite - Local Storm Probable Maximum Flood

Hour Flow Hour Flow Hour Flow Hour Flow
(f/s) (f£)s) (f£)s) (ft)s)

0.00 0 5.00 44,904 10.00 3,512 15.00 510
0.25 0 5.25 57,524 10.25 3,184 15.25 462
0.50 0 5.50 65,106 10.50 2,894 15.50 427
0.75 0 5.75 64,758 10.75 2,632 15.75 396
1.00 0 6.00 55,753 11.00 2,393 16.00 366
1.25 0 6.25 44,593 11.25 2,174 16.25 338
1.50 0 6.50 34,156 11.50 1,975 16.50 308
1.75 0 6.75 25,412 11.75 1,796 16.75 278
2.00 0 7.00 19,366 12.00 1,630 17.00 215
2.25 0 7.25 15,300 12.25 1,481 17.25 136
2.50 3 7.50 12,495 12.50 1,344 17.50 34
2.75 14 7.75 10,467 12.75 1,220 17.75 3
3.00 61 8.00 8,886 13.00 1,103 18.00 1
3.25 211 8.25 7,680 13.25 1,000 18.25 0
3.50 613 8.50 6,718 13.50 908 18.50 0
3.75 1,474 8.75 5,904 13.75 825 18.75 0
4.00 3,686 9.00 5,232 14.00 749 19.00 0
4.25 8,898 9.25 4,699 14.25 685 19.25 0
4,50 18,161 9.50 4,266 14.50 625 19.50 0
4.75 31,209 9.75 3,875 14.75 566 19.75 0
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Table 6 - Big Timber Creek Damsite - General Storm Probable Maximum Flood

Hour Flow Hour Flow Hour Flow Hour Flow
(f/s) (f)s) (ft)s) (f£)s)
0 0 27 0 54 15,085 81 522
1 0 28 3 55 13,378 82 461
2 0 29 15 56 11,752 83 407
3 0 30 42 57 10,214 84 354
4 0 31 102 58 8,831 85 309
5 0 32 185 59 7,611 86 267
6 0 33 293 60 6,569 87 223
7 0 34 425 61 5,677 88 176
8 0 35 591 62 4,934 89 130
9 0 36 798 63 4,320 90 68
10 0 37 1,061 64 3,807 91 41
11 0 38 1,363 65 3,365 92 28
12 0 39 1,722 66 2,987 93 19
13 0 40 2,120 67 2,658 94 12
14 0 41 2,575 68 2,368 95 7
15 0 42 3,071 69 2,112 96 4
16 0 43 3,624 70 1,884 97 2
17 0 44 4,242 71 1,681 98 1
18 0 45 5,044 72 1,500 99 0
19 0 46 6,183 73 1,340 100 0
20 0 47 7,961 74 1,195 101 0
21 0 48 10,619 75 1,063 102 0
22 0 49 14,089 76 941 103 0
23 0 50 17,127 77 835 104 0
24 0 51 19,836 78 743 105 0
25 0 52 19,387 79 662 106 0
26 0 53 17,051 80 587 107 0
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Table 7 - Magnitude and Frequency of Floods
Developed for the Big Timber Dam Site

Return Period (years) Peak Discharge (ft%/s)
10 S77
25 750
50 866
100 981
500 1270
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Table 8 - PMF Flood Routing Results

Flood Type Maximum Maximum Discharge Maximum
Reservoir (ft%/s) Overtopping Overtopping
Water Surface Depth Duration
(feet) Spillway Dam
(feet) (hours)
Local Storm PMF 6762.53 5,124 55,535 9.23 8.3
General Storm PMF 6757.59 2,968 16,771 4.29 30.3
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Table 9 - Energy Potential at the Big Timber Creek Site

Head Flow Horsepower Kilowatts Kilowatt Hours in
(feet) (f£3)s) (HP) (Kw) 60 Days
80 35 286 213 306,926
100 35 357 266 383,657
120 35 429 320 460,389
140 35 500 373 537,120
Table 10 - Powerplant Break Even Power Selling Price
Water Head Estimated Capital Total costs Generation Required
Powerplant Recovery at 5% (Capital and capability Selling Price of
Costs Interest O&M) Power to Break
(Kwhrs per Even
(feet) $) %) $) 60 days) ($/ Kwhr)
80 $426,286 $23,351 $33,351 306,926 $0.11
100 $532,857 $29,188 $39,188 383,657 $0.10
120 $639,429 $35,026 $45,026 460,389 $0.10
140 $746,000 $40,863 $50,863 537,120 $0.09
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Big Timber Creek Damsite

Figure 1.1 — General location for Big Timber Creek Dam south of Leadore, Idaho.




Damsite

Figure 1.2 — Local map of Leadore, Idaho and proposed site for Big Timber Creek Dam
(each square is one square mile).




Toward Leadore, Idaho

Basin Creek

o — Damsite

Big Timber Creek and
proposed reservoir area

Figure 1.3 — Topography map of Big Timber Creek damsite showing location of dam,
Big Timber Creek,, and Basin Creek. Damsite is about 1 mile west of Leadore Hill.
(each square is one square mile)




Figure 1.4 — Proposed Big Timber Creek Dam and reservoir superimposed on a map of
the topography.
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Figure 2.3a — Stepped spillway at Santa Cruz Dam, New Mexico

Figure 2.3b — Water flowing over stepped spillway at Santa Cruz Dam, New Mexico.



Figure 2.4a

Big Timber Creek

Elev Area Volume Crest Length
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Figure 2.4b
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Cohesion = 50 psi
Friction angle = 40°

Expected range of compressive stress
at base of Big Timber Creek Dam

Figure 2.5 — Estimated lower limit for shear strength along RCC lift lines.



Big Timber Creek Dam
Stability Analyses Using Traditional Limit Equilibrium Analyses

Drains 67% Efficient By: Larry K.Nuss
Drain Drain Gallery Concrete Bonded Unbonded Percent Date: March 20, 2002
Criteria  Efficiency Elevation Density Cohesion Friction Cohesion Friction  Bond Checked: Rick Munoz
(feet) (pcf) (psi) Angle (psi) Angle %
Colo 0.67 6645 147.5 50 40 50 40 100
Allow concrete to crack if in tension Do not allow concrete to crack if in tension
Reservoir | Tailwater | Crack u/s Slide Overturn Req H3 D/S u/s Slide Overturn Req H3 D/S

Elev Elev Length  Stress FS FS Coh Stress | Stress FS FS Coh Stress
(feet) (feet) (feet) (psi) (psi) (feet) (psi) (psi) (psi) (feet) (psi) |

6720 6640 0.0 -80.0 4.4 3.0 19.3 48.0 -36.5 -80.0 4.4 3.0 19.3 48.0 -36.5
6746.5 6640 0.0 -36.9 2.8 2.0 57.4 56.2 -75.3 -36.9 2.8 2.0 57.4 56.2 -75.3
6753.3] 6641.97 0.0 -22.7 2.5 1.8 68.2 58.3 -87.7 -22.7 2.5 1.8 68.2 58.3 -87.7
6757.3] 6643.12 0.0 -13.8 2.4 1.7 74.9 59.6 -95.7 -13.8 2.4 1.7 74.9 59.6 -95.7

6763.83 6645 0.0 -2.1 2.2 1.6 84.8 61.6 -107.1 -2.1 2.2 1.6 84.8 61.6 -107.1
6764.91 6645 0.0 0.0 2.2 1.6 86.6 62.0 -109.2 0.0 2.2 1.6 86.6 62.0 -109.2
Plugged drains
Drain Drain Gallery Concrete Bonded Unbonded Percent
Criteria  Efficiency Elevation Density Cohesion Friction Cohesion Friction Bond
(feet) (pcf) (psi) Angle (psi) Angle %
Ccorp 0 6645 147.5 50 40 50 40 100
Allow concrete to crack if in tension Do not allow concrete to crack if in tension
Reservoir | Tailwater | Crack u/s Slide Overturn Req H3 D/S u/s Slide Overturn Req H3 D/S
Elev Elev Length  Stress FS FS Coh Stress | Stress FS FS Coh Stress
(feet) (feet) (feet) (psi) (psi) (feet) (psi) (psi) (psi) (feet) (psi)

6720 6640 0.0 -65.9 4.1 2.2 25.4 94.1 -36.1 -65.9 4.1 2.2 25.4 94.1 -36.1
6746.5 6640 0.0 -16.2 2.5 1.5 66.5 118.6 -74.3 -16.2 2.5 1.5 66.5 118.6 -74.3
6753.3| 6641.97 0.0 -0.3 2.3 1.4 78.1 125.0 -86.6 -0.3 2.3 1.4 78.1 125.0 -86.6

6753.42 6642 0.0 0.0 2.3 1.4 78.3 127.3 -86.9 0.0 2.3 1.4 78.3 125.2 -86.9
6757.3| 6643.12 29.6 0.0 2.0 1.2 85.2 137.3 -98.2 9.7 2.1 1.3 85.2 128.8 -94.5
6763.83 6645 76.9 0.0 1.6 1.0 95.8 143.8 -161.4 22.5 2.0 1.2 95.8 135.0 -105.6
6770 6770
6765 PMFEI6763:83 A 6765 N PVFEI676383
6760 T 6760
Parapet EI 6757.3 __ __Parapet EI 6757.3
¥ 6755 = ]
g Top of Dam EI 6753.3 __ E’ 6755 __Top of Dam El 6753.3
-
— [
g 6750 1 g 6750 -
- R i —
g Spillway EI 6 'E __Spillway El 6746.5
2 6745 1 2 6745
w w
= =
3 ] )
2 6740 > 6740
With Drains ~ i i
% § - With Drains
r 6735 \ X 6735
Plugged Drains Plugged Drains
6730 / 6730 | %
6725 1 6725
6720 / Compression Tension
- ‘ ‘ ‘ 6720 ‘ ‘ ‘
-100.0 -80.0 -60.0 -40.0 -20.0 0.0 20.0 40.0 0.0 1.0 20 3.0 40 5.0
Vertical Stress at Heel (psi) Sliding Factor of Safety
=8B Drains 67% Efficient —ﬁ—PIugged drains ‘ =B Drains 67% Efficient =2 Plugged drains ‘

Figure 2.6 — Stability calculations for Big Timber Creek Dam




Figure 2.7 — Dam orientation to plot on stereonet in figure 2.8



Figure 2.8 — Stereonet showing dam orientation and joint sets identified during second site visit.




Figure 2.9a — Surface geology as mapped by Ruppel [15]



Figure 2.9b — Geologic cross section



Figure 2.10 - Diversion structure at mouth of Big Timber Creek canyon

Figure 2.11 - Diversion structure at mouth of Big Timber Creek canyon




Figure 2.12 - Panorama looking across Big Timber Creek toward area downstream
of the dam site on right side. Downstream of where Basin Creek comes into Big
Timber Creek. (Note: Merged photos cause difference in color)

Figure 2.13 - Looking upstream from Basin Creek



Figure 2.14 - Same rock outcrop as in Figure 2.15 from different vantage point.



Figure 2.15 - Rock outcrop on right side of Big Timber Creek



Figure 2.16 - Looking upstream farther up the hill.

Figure 2.17 - Panorama view of proposed Big Timber Creek Dam site looking upstream.



Figure 2.18 - At dam site looking just downstream of right abutment.

Figure 2.19 - At dam site looking upstream at proposed reservoir area.




Figure 2.20 - At dam site
looking downstream
from proposed dam site.

Figure 2.21 - At dam site looking at
left abutment talus slope. Note rock
outcrop in top left photo.




Figure 2.22 - At dam site looking at close-up of rock outcrop on left abutment (as noted
in figure 2.21).



Joint Set B

Joint Set A

Joint Set C

Figure 2.23 - At dam site looking at close-up of rock outcrop (as noted in figure 2.21).




Figure 2.24 - At dam site looking at
panorama view of left abutment
area.

Figure 2.25 - Rock outcrop downstream of
proposed dam site (looking downstream).
Note, this rock outcrop is visible in the right
center of figure 2.13 (looking upstream).




Appendix A - Travel Report from the First Site Visit

Big Timber Creek Dam
Offstream Storage to Supplement Flows in the Lemhi River A-1
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Appendix B - Traditional Limit-Equilibrium Structural Stability Analyses

Big Timber Creek Dam
Offstream Storage to Supplement Flows in the Lemhi River B-1
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Big Timber Creek Dam
Coh=%0, Frict=40, Den=145, No Drains
DAM DIMENSIONS AND CRITERIA

Analysis type CrackInat
Criteria at drains Corp
nheel 1 .G 6820.0 ntoe B 107 .8 €6B20.0
nus 3 .0 B757.3 nds B 2C.0 67833
EL B8753.30 Top of gam glevation 8757.300
?ase of aamfe]evatnon 6620.800
§ nickness of crest 20.000
\-‘33 125.18 Base width 107.873
Reservolr elevation E753. 420
Tai1lwaster elevation £642.000
\\\ S11t elgvataion 6688 . 700
Initial crack length . 000
Drain daistance from axais 8.000
Drain dgaistance from heel 8.000
Drain efficaiency eiele]
Drainage gallery elevation 6645 .000
Hesd at Hi, Heel 132.4203
Head at HZ, Toe 22.0001
Heag at M3, Drain 125.1572
Head at H4, Gallery 25.0000
CORFS H3$[«H‘~H2:(L DAN; / (L -CRK) +H2~H4) [1~8] +H4
5 MATERIAL PROPERTIES
Density of concrete L14750 K/FL3
Dam water . 06250 K{?tB
Exe= horiz sat silt L0885 K713
Hes Fy=-—1187.7 vert sat s11t 120 K/ft3
Fx= 556.3 Conesaion: Bresak bond S6.00C 1b/in2
Apparent 50.00C 1b/ing
= Friction: Bonded .839 40.0 deg
{(tangent&angle]l Unbonded .839 40.0 deg
Silt Fraction of ares bonded 1.000
Fin 524 H2 22 OQQRCES, FOINT OF APPLICATION. AND MOMEMTS
- Moments about uncracked base at 53.9 6620.0)
g ANV, Desc ForceXx ForceY CeX CGY MomentX Momenty
— Dam 0 ~-1187.7 36.3 6BEBEBE.4 L0-20888.7
:%g»é Res 886.3 .0 .0 66b4.% 24739.7 .0
. S1lt 53.1 0 o] 66&2 g 1215.¢ e
T -15.1 ~-10.8 102.86 6627.3 =-110.9 528. 1
Uplt .0 523.8 41.0 0620 o} G ETS2.8
— Rslt 584.3 -674.8B 71.8 6B20.0 12128.8 .G
i
EL 68200 .00 RESULTANT FORCE w/uplift  w/o uplift
Horaizontal component (+=d/s] 584 .25 594,25 «
| vertical component (+=up ) -874 .82 -1198.85 K
| | gesultantfforcg . 89$‘ g 1337,73
] | 1stance from CL to resultant 17.9 4.4
Migdle 1/3 ftc 1/2 base 17 .68
to 1/2 pase 26.97
Moment at 53, from heel 12128 .83 5376 .13 k-ft
GVERT UﬂNING SF = 1.40
VERTICAL STRESSES AT HEEL AND TOE (Tens;on 18 posatave
= area of ?ase. A 1 107. gé ﬁta
) Maoment @ inertia, 1OA604 t4
BASE STHRESSES W & W/D UPLIFT %S'l Maoment arm, ¢ =3 .94 ft
Tens10n 00 Stress w/upllft w/0 upl:ift
Axi1al stress, P/A ~43 .43 =77.16 lb/an2
B 7] Moment stress, Mc/I1 43.43 19.2% 1b/in2
vVertical stress at heel .00 . ~57.91 1b/in2
o T vertical stress at toe -86.86 -96.41 1n/in2
r T RECLAMATION CQACKING CRITECRIA {szu = pwh ft/s)
| Drain factor {(p}= 1.000, Safety fac*orxs§ 3.a¢
1 Tension {ft} B2u Crack
0 psi psl Prediction
.00 57.91 Cracked
=88 .9 25.00 49.57 No Crk
- -57.8 58 4 75.00 32.91 No crk
4 125.00 16.24 No crk
. 175.00 .00 No crk
225.00 elel No ork
SLIDING FACTORS OF SAFETY
o “ Tota% harizontal forces (draiving) 5384.25% kips
MOrESS10n] . Total vertical forces -674 .62 kips
5] WIidth £OMPress190i_sng Safety Factor for above strengths 2.26
85€ wWidth psSi Cohesion (Bonded) = 78.32 ps: reg for FS= 2.0
Fo FORCED CRACK ANALYSIS DSl Sli1ding safety factors for various cohesions:
5.0 +=——=— 500. BreskBong-ps1 0 250  §0.0 _100.0 1%0.C _200.
PR Fesisting-K 566.1 854.4 1342.8 21189.4 288E.1 3872,
4.5 - 400 . Safety factor .95 1,81 2.26 3.57 4.87 €.1
Rzguaired Sthergths te getr these safely factors whiie
4.0 F -1 300. cther given values constent GSF= 1.8 2.0 3
Bonaed area: cohesion {psi) 1.8 40,1 78
2.5 }F - 200. friction angle {oeg) .0 31.4 56
3.0 4 100. FORCED CRACK RESULTS
Heel in:tially an ternsion
2.5 [0 Cracx siogs at LCOFY Arorm need
2.0 Fige =) -0
1.5 . +4 ~2C0.
VT F8 .
1.0 p o 4 ~300.
5 r - -400.
Compression -500

'95 Crack Length psl



File=1
Big Timber Creek Dam

Coh=50, Frict=40, Den=145, No Drains

CAM DIMENSIONS AND CRITERIA
Analysis type

18-Mar-02 13: 17 4¢ _fu_B0_40.gai

VaryReserv

Craiteria at drains Corp
nheel 1§ .0 6B20.C ntoe §  107.8 662C.0
nus 2 0 6757.3 nds B 20.0 B8753.3
EtL. 6753 .30 Top of dam elevation 6757 .300
“ Base of dam elevation B6620.000
Trnickness of crest 20.000
Base width 107 .873
Reservoir elevation 6720 .00C0
Taxlwater elevation 6640 .000
Silt e%evatzon £688.700
Initaal crack length . 000
H1i 100.60 graln distance ;rom axis 8,080
rain distance from heel 8.000
S Orain efficiency . 000
— Drainage gallery elevation 6645 .000
E Head at Hi, Heel 100.0000
E Head at HZ2. Toe 20.0000
= Heaw at M3, Draan 84.08671
== Head at M4, Gsallery 25.0000 )
== COAPS  H3= ((H1-H2] [L~DRN) / (L~CAK]) +H2-H4) (1~E) +H4
MATERIAL PROPERTIES:
Density of concrete 147890 K/ft3
water 0B250 K/ft3
Koriz sat s:lt .0BS K/ft3
vert sat si1it 120 K/ft3
Cohesion: Break bond S5.000 lp/in2
Apparent 20.000 ib/1in2
Fraction: Bondeo . 839 4¢ .0 deg
{(tangent&angle) Unbonded . 8349 40 .0 deg
Fraction of area oongec 1.000

FORCES, POINT OF aPPLICATION, AND MOMEMTS
H2 20 .00@Moments about uncracked nase at 53.9 6620.0)

Desc ForcexX Forcey GX CGY MomentX MomentY
WL~ pam "0 -1187.7  36.3 6669.4 0-20996.7
~12.5 Hes 312.9 .0 ‘¢ B653.3 10416.7 e
Up 1t “9.0 531t 53.1 C .0 6642.9 1215.9 D
ERzExE 9831 TW -12.5 Y 103.1 6626.7 -83.3 440.7
Y 82 Uit 0 404.5 42.0 6€620.0 0 484B.5
Rslt 383.1 -782.1 48 .7 B86820.0 -41%8 1 .0
8 HE
; ; }i:‘imtﬂ““ﬁ%mw RESULTANT FORCE w/uplift  w/o uplift
il | [ phe Horizontal component {(+=g/%) 353 .10 3%3.10 K
| W vertical = component {+=ug ) ~732 14 -1186.66 K
" Resulitant force 867 .28 1247 .67 K
1sddlle Oistance from CL to resuliant -5.25 ~7.53
= 1/2 to 1/3 base 17 .98
to 1/2 base 26.97
Moment at 53.894 from heel -4158.15 -9008.68 k-ft
GVERTURNING SF = 2.22

VERTICAL STRESSES AT HEEL AND TOE (Tensivcn 1s positive)
Moma gf 2% Smert 1 oaégz’g; ?i%
oment of inertia, 1 .
BASE STRESSES W & W/0 UPLIFT Q%é Moment arm. ¢ 5304 ft
Tension~ Stress w/uplift w/0 uplift
Ax1a8l stress, P/A -51.00 ~77.04 1lo/1n2
- N Moment stiress, Mc/l ~-14.89 -32.2% 1n/in2
vertical stress st heel -65. 88 -108.29 1b/in2
- ] vertical stress at toe -36. 11 ~44.7% 1b/in2
I~ B RECLAMATION CRACKING CRITERIA (szu = pwh - f{/s)
Drain factor (p)= 1.000, Safety factor(s)= 3.00
- b Tensaion {ft) Sz Crack
e s psi psa Prediction
TES O =t .00 43 .40 Mo crk
S ————— Y 25.00 35.07 No crk
- T 7%.00 18.46 No ©rk
~109.3 12500 1.74 No crk
3 h 17%.Q0 .00 MO Crik
225.00 .CC No crk
SLIDING FACTORS OF SAFETY
- Taetal horazontal forces (dravaing) 353.10 kaips
Compression Tatal vertical forces -782 .14 kaips
= e -500 Safety Factor fcor above strengtns 4,08
Sase Wi ' ps1 Conesion (Bonded) = 25 40 psa reag for FS= 3.0
_ FS FORCED CRACK ANALYSIS Y= Siiding safety factors for various cchesions
5.0 ore5r] 200, BreakBond-psa 25.0  50.0 1C0.0. 150.0 200.0
e Aes:sting-K 66& 7 1053.0 1441 .4 2218.1 29%4.7 3771 .4
4.5 - 400 Safety factor BB 2.988 4.08 6.28 g.48 10,88
Required strengt"r tc get these safety factors while
4.0 F————.g1ide FS -4 3CC other given values constant SF= 1.6 2.0 3.0
~ Boroeg area: cohesion (psi) .G 2.7 28 .4
3.5 r - 20C. fractaon angle (deg) .0 .Q 15.8
3.0 - 100. FORCED CRACK RESULTS
. Ini1tially compression at heel
2.5 - = o) No lenginh of cracx causes Ccrack growth
ggé iRgLCess
2.0 Frosatllsy rg 4 -100
1.8 L 4 =200
1.0 F 4 =300
5 4 ~-400.
Compression
‘95 Crack Length DS?OO
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Big Timber Creek Dam
Coh=50, Frict=40, Den=145, No Drains
DAM DIMENSIONS AND CRITERIA
Analysis type varyReserv
Criteraa at drains Corp
nheel 1 L0 BB20.0 ntoe B 107.9 BE20.0
nus 3 L0 B7B7.3 nds B 20.0 6783.3
M1 12é EL 6753 .30 Top of dam elevation G757 300
= - Base of dam elevation 66%8 888
\VA Thickness of crest .
— Base width 107.873
3 Reservoir elevatian 65746 .500
3 ai1lwater elevation 5640 .000C
3 S:11t elevation 6688.700C
= Initial crack length . 000
=] Orain distance from ax1s 8.000
Orain distance from heel 8.000
Drain efficiency . 000G
DOrainage gallery elevation 6645 . 000
Hesd at Hi, Heel 126. 5000
Head at H2, Toe 20.0000
Head at H3, DOrain 118.6018

Dam

R

Il
I

U

Il

I

Hws'\Hmrmwwmm

BASE STRESSES W & W/0 UPLIFT
Tensian
— 48
-74. .3
- -71.1 ~-83.0 7

Compression

Base wWidth
FORCED CRACK ANALYSIS

N

JV VN &1}
gt O o om
T

[ES I OV
[ -
T
\
\
f

Tension

R SNt E I ¥
[ N RS B
T

Comporession

Crack Length

TR
162

H2 20.00Moments about uncrackeo base at

00

-500
£s1

P840
200.
300
200 .
100

-3C0.
-200 .
~300.
~400 .
-500.

Ps1

Head at M4, Galler 2% .0000
CORPS  H3= ((H1- HE}(L DRN] / (L-CRK) +HZ-H4) [1-E) +H4

MATERIAL PROPERTIES:

Density of concrete 14750 K/ft3
water 06250 K/ft3
hori1z sat s:11t 088 K/ft3
vert sat s11t 120 K/ft3

Cohesaion: Break bond 50.000 1lb/in2

Apparent 30¢.000 1b/in2

Friction: Bonoed 839 40 .0 deg

(tangent&angle] Unbonded 839 40.0 geg
Fraction of area bonded 1.000
FORCES, POINT OF APPLICATION, AND MOMEMTS

53.9 6620.0)

Desc ForceX orceY CEX C8Y MomentX MpmentyY
Dam .0 -1187.7 36.3 6669.4 .0~-20986 .7
Hes 500.1 .0 BB62.2 21086 .3 .0
S1lt 53.1 .0 .0 BB42.9  1215.9 .
TW -12.5 -9.0 103.1 B626.7 -83.3 440 .7
Uplt .0 493.9 40.9 6620.0 0 6454.6
Rslt 540.7 ~-702.8 65.9 6620.0 B8117.8
RESULTANT FORCE w/uplift w/0 uplaft
HMorizontal component (+=0/3) 540 .67 G40 .67 K
vertical component (+=up )} -702.81 -1196.66 K
Resultant force 8B& .72 1313.414 ¥
Distance from CL to resultant 11.85 .38

to 173 base 17 .88

to 1/2 vase 26,97
Mgment at $3.94 from heel 8117 .56 1662 .88 k-ft

OVERTURNING SF = 1

VERTICAL STRESSES AT HEEL AND TOE
Area of base,
Moment of znert;a I

{Tension is positave)
107.87 ft2
104504 .65 ft4

Maoment arm, C 53.84 ft
Stress w/uplift wfo uplaft
Ax181 stress, PB/AC ~45 .24 77.04 ipn/aing
Moment stress, Mc/I 29.07 5.95 1n/in2
vertical stress at heel -16.18 ~-71.08 1n/in2
vertical stress at toe ~74 .34 ~82.99 lo/in2
RECLAMATION CRACKING CRITERIA (szu = pwh - fi/s)
Drain factor {p)= 1.000, Safety fsctor{sl= 3,00
Tension (ft) szu Crack
psi ps1 Prediction
.00 54.80 No ¢rk
25 .00 46 .57 No crk
75,00 29.80 NG crk
125.00 13.24 NG crk
175.00 .00 NG crk
225 .00 .00 No crk
SLIDING FACTORS QF SAFETY
Tontal horizontal forces (draiving) 540 .67 kips
Total vertical forces -702.81 kips
Safety Factor for above strengths 2.53
Cohesion (Bonded) = 66.45 ps: req for FS= 3.0

Slicing safe*y factors for various cohesIONS:
.0

BreakBond-ps 25.0 50 100.6  18C.0 200.¢C
Hesisting-K 58¢ 7 a78.1 *06 4 214: 1 2819.8 3696.5
Safety factor 1.09 1.814 2.83 =1 =40 6.84

Required SgPEPg;h= to get these sa‘ety factors whilig
other gaven values constant SF= 1.¢ 2.0 3.¢
Bondged area: cohesion (psi) .0 31.8 66.5
friction angle {deg} .0 23.4 50,3

FORCED CRACK RESULTS
Imatially compressiaon at
No length of Cracxk causes

heel
crack growtn
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File=1
Big Timber Creek Dam

_fu 50,40 . gaa

Coh=50, Frict=40, Den=145, No Drains
DAM DIMENSIONS AND CRITERIA
Analysis type varyReseary
Craiteria st drains Corp
0 nheel 1 .0 6B620.0 ntoe 8 107.9 6620.0
-3 nus 3 G 6757 .2 nas &  20.0 §753.3
EL B6753.30 Top of dam slevation 6757 .300
Base of dam elevataion 662C.00C
: Thickness of crest 20 .0060
\\;53 125.04 Base width 107 .873
Reservoir elevation 6753.300
Tailwater elevation 5641 .8685
\\ 5311t elevataon 6688 . 700
Ini1tiel crack length .Q00
Drain distance {from axis 8.00C
Drain dastance from heel 8,000
Drain effaiciency . 000
Drainage gallery elevation 5645 .000
Head at Hi, Heel 132.3000
Head at HZ, Toe 21.8653
Head &t H3, uraln 125, 0432
Head at H4, Gall 2%.0000
CORPS  H3= (ﬁ*—Hz}(L-DRN]/(L CRK)+H2-H4)(1-E}+Ha
MATERIAL PROPERTIES
Density of concrete L 14750 K/ft3
pDam water .0B250 K/ft3
— Ex = 0 horaiz sat s31lt 085 K/fL3
Res Fy=-1187 .7 vert sat silt L1200 K/f13
Exs 9953 Cohesaor: Break banc 50.000 1b/1n2
Apparent 50.000 ib/ane
o Fractiaon: Bondged 839 4G .0 oeg
{tangent&angle) Unbonded 839 40 .0 deg
siit Fraction of area bondgded 1.000
i
Frz 338 H2 21.970RCES, POINT OF APELICATION, AND MOMEMTS
{Moments about uncracked base at 52.8 6B620.0}
= NRY Desc  ForceX ForoeY (€24 CGY MomentX MomentVY
— Dam .0 187.7 36.3 66638.4 .0=-20986.7
:ig«é Res 555, 3 .0 .0 ©BB4.4 24B72.9 .C
: S1lt 531 .0 .0 B6B42.9 1215.9 .0
TW ~15.1 -10.8 102.6 B6827.3 -110.4 526.5
Unlt 0 523.4 41.0 6620.0 0 B747 .8
Rslt £93.3 ~675.1 71.8 68620.C 12085.9 - g
144 H
EL BE20| ! i i -00 RESULTANT FORCE w/uplift  w/o uplaft
Horyzontal component (+=0/s) 593 .30 £83.30 K
Vertical component  (+=up ] -67%.11 ~1138.%%1 K
! i gesultantfforceL \ 89§ ;g 1333.3% K
1stance from CL to resultant 17. -4
! Micdle 1/3 toc 1/3 pase 17.98
to 1/2 base 26,87
Moment at 93.84 from heel 12055 .85 HI08 .24 k-f

[N

Ww W M o
o ;O moomn

N

mo o O W,

9]

w

OVERTURNING SF =

t

VERTICAL STRESSES AT HEEL ANO TOE (Tension 18 positavel
Area of ?ase‘ A T 107. 67 ftr2
Moment © inertia, 10&804 5 ft4
BASE STRESSES W & W/0 UPLIFT %S\% Moment arm, © g4 ft
Teneaom~0 Stress w/uplift w/D uplaft
L Axi181 stress, P/A -43.48 -77.16 ib/in2
1 Moment stress, Mc/1 a3 17 159.01 In/an2
vertical stress at heel 29 ~58. 158 1Ip/in2
B 7 vertical stress at toe ~85 63 -896.16 lb/in2
- 7 BECLAMATION CRACKING CRITERIA (szu = pwh - ft/s)
BDrain factor (p)= 1.000, Safety factori{s}= 3.00
- y Tension (ft) s2U Crack
-.3 psa ?DSJ Predictian
.00 57 .86 NG ork
=85.06 25.00 49 .52 ND crk
- -5B .1 o5 o 75.00 32.B6 No crk
= 125.00 16.19 No crk
i~ E 17%.00 .QQ No crk
225%.00 .00 No Crk
SLIDING FACTORS OF SAFETY
o ] ¥ota} hGFJZGﬂta; forces (driving) 5%%.30 kK1DS
om 5510 oral vertaical forces ~875.11 kaps
5 ~TOIh Compress1onl_sng Safety Factor for azove strengths 2.26
ase wWid psSi Cohesion (Bonded) = 78.11 ps: req for F8= 3 .G
FORCED CRACK ANALYSIS D%l Siiding safety factors for various cohesigns:
~— o 500, BreskBond-ps: 2.0 500 100.0 _150.0 200.¢
! ' Qe=‘5u1ﬁg K 566 . 8954 . 1343, 2118.8 2898 . € 3673.2
o 4 400. Safety factor 9 1.62 z. 26 3.857 4 .88 6.18
Hequired atrengthf to get these safety factors while
- - 300. gther giver values constant SF= 1.0 2.0 3.0
Bonded ares: cohesicn {ps1) 1.7 32.¢ 78.1
- +4 200. fractian angie {deq) Ne 31.3 56.1
;~d__~_~a~w-—’““”’/AﬂM’( -4 100 . FORCED CRACK RESULTS
- . Initially compress:on at heel
CrkTipstress —" G. gc lgngih of Crack Causes crack growith
Fg 4 -1C0.
S ) 4 -z00.
B o
“ ovVT £S 1 “300
= 4 -400.
Compressionl _gan

Crack Length 0s1
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Big Timber Creek Dam
Coh=50, Frict=40, Den=145, No Drains
OaM DIMENSIONS ANDO CRITERIA

Analysis tvpe VaryHesery
Crateria at drains Corp
nheel 1 .0 662C.0 ntoe 8§ 3107.8 BE2C.0
nus 3 .0 B6757.3 nds 6 20.0 6753.3
EL. 8753.30 Top of dam elevation 8757 . 300
Base of dam elevation - 5620.000
1DE 4G Thickness of crest 20.080C0
: Base wicth 107.873
Beservoir elevation 6753.420
Tailwater elevataion 5642 . 006C
\\\ Si11t elesvation 5688 . 700
Initial crack length . 000
Drain distsnce foom axis 8.000
Orain distance from heel 8.000
Draan efficiency .000
Orzinage gallery elevation 6645 .000
Head at H1, Heel 133.4203
Head at H2, Toe 2. 0001
Head at H3, DPBIH 128 .1872
Head at H4, Galle 25,0000
CORPS  H3=((H1- HE (L DRN} / (L~CRK) +H2~H4) (1-E) +H4
MATERIAL PROPERTIES
Density of concrete 14750 K/ft3
Dam water LOBRS0 K/Aft3
Fy= o horiz sat silt 085 K/ft3
Be: Fy=-1187.7 vert sat silt .120 K/ft3
Fez 9863 Cohesion:  Break bong 50.00C 1b/ing
== Apparent 50.00C 1b/in2
=) Fraction: Sonded .839 40 .0 deg
{tangent8angle) Unbonded .B39 40 .0 deg
si1t Fraction of ares bonded 1.000
i
Err %83 H2 22 OFQRCES, POINT OF APPLICATION. AND MOMEMTS
— ’ Momentis about uncracked base at 3.9 B8EB20.C)
= NAY; Desc FaorceX ForceY CeX CGY MomentX Momenty
— Dam .0 ~1187.7 36.3 ©6669.4 .0-20898.7
Z§§~é Res 55E8.3 .0 .0 B664.5 24738.7 LG
: Si1lt 53.1 .G .0 B642.9 1215.8 .0
TW ~15.1 -10.8 102.6 6627.3 -110.9 528.1
Uplt .0 g523.¢ 41.0 BE20.0 .G B752.8
Rslt 584.3 ~6574.6 71.9 B620.0 12128.9 ]
p .00 RESULTANT FORCE w/iuplaife w/c uplift
| Horizontal camponent (+=g/s) 594 .25 594,25 K
| vertical component {+=up ) ~874 .62 -11898.55% K
} Resultant force 899 .03 1337 .78 K
Distance from CL to resultant 17.98 4,48
to 1/3 base 17 .98
to 1/2 base 26 .97
Moment at 53.94 from heel 12128.93 5376.13 k~t¢
OVERTURNING S&F = 1.40
VERTICAL STHES$ES AT HEEL AND TOE (Tensicon 1s positivel
area gf base, : o 687 gg ;t¢
oment of 1nert1a 104604 t4
BASE STRHRESSES W & N/C‘ UPLIFT %Sl Moment arm, < 53.04 ft
Tens1om GO Stress w/ugllft w/0 uplaift
Ax31al stress, P/A 43 ~-77.16 1b/in2
B 7 Moment stress, Mc/I 4; .43 12.25 1In/in2
vertical stress at heel [o]¢] ~-57.291 1p/in2
- ] vertical stress at toe -86 | 86 ~-86.41 1p/1n2
- . RECLAMATION CRACKING CRITERIA (szu = pwn - fr/s}
Orain factor (pl= 1.000, SBafety factor (sl= 3.00
B “ Tension (ft) sZU Crack
s psi1 psi Prediction
.00 57.92 Cracked
=3 —— 1R 25.00 49 .57 N crk
Fo -86.4 | 75.00 32.91 NG £rK
: 125.00 16 .24 No orx
- 1 175.00 Q0 N ork
225.00 .00 No c©rik
SLIDING FACTORS OF SAFETY
- -1 Total norizontal forces (driving) 594 .25 kips
rprese10n Total vertical forces -674.62 Kips
5 WigoF COmRress1g -500 Safety Factor for above strengths 2.26
8se Widon ps: Coresion (Bonged) = 78,33 psa reg for FS= 3.0
FS FORACED CRACK ANALYSIS D%é £iliding safety factors for various cohesions.
5.0 TERETER 0. BreakBond-gsi .C 25.0 £C.C 10C.0 18C.C 200.0
tEnE AR Resisting-K 56E.1 9Z4.4 1342.8 211¢.4 2BQE .1 38672.8
4.5 F 400 Safety factor .85 1.81 Z.28 3.87 4.87 6.18
- FRequired strengths to get these safety factors while
4.0 F - 30C. ctner given values constant SF= 1.0 2.0 2.0
Bonged area: cohesaion {psi) 1.8 ac .1 78.3
3.5 F 4 200. friction angle (deg) g 31.4 56,2
Z.0 ;___M,__-~—*““'““"»”’//r - 100. FORCED CRACK RESULTS
e T . Heel initially 1n tensicn
=0 : - G Crack stops at LDCEFE from nheel
2.C @ 4 ~4100.
1.8 ) - ~200.
e =
- Vi FS
1.0 r 0 - =300.
5k - =400.
Compression| _
fs Crack Length 05300
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18-Mar-02 13 17 40 File=1_fu_3B0_40 gda
Big Timber Creek Dam
Coh=50, Frict=40, Den=145, No Drains
DAM OIMENSIONS AND CRITERIA

Analvsis type Varyresery
37 .30 Craiteris at crains Corp
=t nheel 1 LG 8620.0 ntoe 8 107.8 6620 .0
nJs 3 .C B7857.3 nus © 20.0 68753.3
EL 6783 .30 Top of dam elevation 6757 .300
Sase of dam elevation BE20 .CCC
Thickness of crest 20.000
Base wicoth 107 873
Reservolr elevaticon 68797 .300
Tailwdter elevation 5643, 121
Si1lt elevation 5688 .700
Initial crack length . 000
Drain distance from axis 8.000
Or3ain distance from heel 8.C0¢
Crain efficiency eloie
Drainage gallery elevation 6045 .000
Heado at Hi, Heel 137.3000
Head at Hz2, Toe 23.1214
Head at M3, DOrain 128.8323
Head a3t H4, (Gallery 25 .0000
CORPS  H3={ (H1-H2} {L~DRN) / (L-CRK] +H2-H4} (1-E) +H4
MATERIAL PROPERTIES:
Censity of concrete 14750 K/ft3
Dam water 06280 K/ft3
horiz sat silt L0855 K/ft3
vert sat silt L1200 KAfe3
Cohesion: Break bond 50.000 1lb/inZ
Apparent 50.000 1b/1n2
Fractaomn: gonded .8349 40 .0 deg
{(tangent8angle} uUnbonded .8398 40 .0 deg
- Fraction of ares bonded 1.000
i
PRz B84 HZ2 23.1P0ORCES, POINT DF APPLICATION, AND MOMEMTS
- (Moments about uncracked base at 53.9 EB620.0)
= Y pesc ForceX Forcey CGX CGY MomentX Momenty
— Oam L0 —-1187.7 36.3 6B68.4 LO-20988.7
:}g-g Res 589, 1 el .0 ©6665.8 26951.3
== : 511t 8531 o .0 BB42.9 1215.9 o]
E T -16.7 -12.0 02.3 6627.7 -128.8 5680 .1
uplt .0 540.8 41.1 B6&20.0 .0 6920.0
— - Aslt 625.5 ~658.9 76.0 BB20.0 14551.8 .0
TRIRRRInn S i i o
EL 8820} I AN TR o il ; .00 AESUL TANT FORCE w/upizf W/ uplift
i i ‘ | ‘ Horizontal component (+=d/s) 625 .49 625.49 K
_l vertical component (+=up } -658.9¢ ~1199.68 K
I Resultant force apBs . %1 1352 .95 K
i Distance from CL tc resultant 2g.0% 6,36
to 1/32 base 17.88
te 1/2 base 26.97
Momernt at £3.894 from heel 14551 .85 7631.87 k-1t
CVERTURNING SF = 1.33
VERTICAL STRESSES AT HEEL AND TOE (Tension 1s positivel
Areag of ?ase. A I 0&%82'27 fta
Mgoment © inertia, 1 .65 ft4
BASE STRESSES W & W/0 UPLIFT 0S1 Mament arm. ¢ £3.94 ft
Tens1on 300 Stress w/uplift w/o uplaift
Ax1ai stress, F/A -42 .42 ~-77.23 1lp/1n2
- ] Moment stress, Mc/I 52.11 27.33 lo/in2
vertical stress at heel 5.68 -42.90 ib/in2
o " vertical stress at toe ~84.52 -104.56 1b/in2
- 7] RECLAMATION CRACKING CRITERIA (szu = pwh - ft/s)
Drain factor {pl= 1,000, Safety factorisl= 3.00
o . Tension (ft) S2ZU Crack
a.7 ns2 ns1 Prediction
elel 59 .59 Cracked
25 .00 51.26 Cracked
7% .00 34.59 NG crk
12%.0¢C 17.93 No crk
o “ 175.00 1.26 Na crk
228.0 .00 No crk
] SLIDING FACTORS OF SAFETY
o Total horizontal forces (draiving) 625.49 kips
Compression Total vertical forces -658.90 kaips
53 Woath -850 Safety Factor for above strengihs 2.13
888 Widt peEl Conesion (Bonded) = 8%.21 ps1 reg for FS= 3.C
~ FS FQORCED CRACK ANALYSIS s}=3 Sliding safety factors for varicous conesi1ons:
5.0 ToTETER 500,  BreaxBond-ps: Ne 25.C 20.0 480.6 15C6.¢ 20C.0
tESs e Resisting=K 552.9 841.2 132%.6 2106.F 2882.3 3E858.6
4 s | -1 400 Safety factor .88 1.50 Z2.132 .37 4.61 5. B%
Requireq strengtns 1o get these safety factors while
4.0 F - 350 other given valiues constant §F= 1.G 2.0 3.¢
Bonded area: cehesaon (pszj 4.7 44 .3 8% .2
3.9 F G”OB 4 20C. friction angle (ceaq) el 35.7 591
3.0 k 3' - 200 . FORCED CRACK RESULTS
CrkTapStress ) Heel initaielly in tension
P T e ey o . Creck stops at 25.80ft from heel
0 FErsee———emzg i S22 70 7T N‘\\ [ e Sole
2.0 F5e8tress T e Slade FS 10
1.8 N ~-200
1.0 } OVl FS 4 -300
.8 F ~400 .
compress ion -500
‘95 Crack Length nsi
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Big Timber Creek Dam
Coh=50, Frict=40, Den=145, Nog Drains
CAM DIMENSIONS AND CRITERIA

18-Mar-02 13: 17: 40 _fu_B0_40 .gd:

Analvsis type YaryResery
Criteria at drains Corp
rhesl 1 .0 6620.0 ntog B  107.9 6620.0
nus 3 .0 B6757.3 nds & 20.0 B753.3
Too of dam elevation 5787 300
Base of dam elevation 620 .000C
Thickness of cres 20.00C
Base wigth 107 .873
Reservolir elevation 6762 .830
Tai1lwater elevation 8645 .000
S11t elevation 6688.700
Initial crack length .000
Drain oistance from axis B.00C
Orain distance from heel 8.00¢C
ODrain efficiency L0006
Drainage gallery elevation 8645, 000
Head a8t HI, Heel 143 .8300
Head at H2, Toe 25 .0000
Hesd at H3, DOrain 135.0174
Head at H4, Gallery 2% .0000
CORPS  H3= { {(H1-H2) ¥ (L-DAN) / (L~CRX} ) % (1 .0-E) + H2
' MATERIAL PHOPERTIES:
Density of concrete . 14750 K/ft3
water LQE250 K/fL3
Noraiz sat 311t .0BS KAfe3
vert sat s1lt L4120 K/t 3
Cohesion: Break bond 50.000 1b/1ing
Apparent 50.000 lo/1in2
Fraction: Bonoea .B839 40.0 deg
(tangent&angle) Unbonded .8338 40.0 deg
Fraction of ares bonded 1.000
H2 25.0Pyaces, POINT GF APPLICATION, AND MOMEMTS
ANV {Moments about wuncracked pase at 3.8 8620.0)
] P Desc ForceX ForceY CGX CBY MomentX Momenty
:;g 5 Dam .0 ~1187.7 36.3 6669.4 .0-20986.7
¢ 2338 PRes 645.1 N .0 BB667.8 30808.1 .0
Up} ft S3ilt =3.1 L0 .0 BB42.3 121E.9 .0
Ex= 589 TW -19.5 ~-14.0 101.8 66828.3 -~1i62.8 671.8
v i Uplit e 569 .1 41.3 B620.0 g 7201.9
Oviw -2.1 -12.9 10.2 6735.1 ~2BB.2 . -865.0
EL B&20 ' l i 1 00 Rsit 676.6 -B45.%5 81.6 £620.0 17885.2 .0
3 LI ‘3 il FESULTANT FORCE w/uplift w/o uplife
: l Hh Horizontal component {(+=d/s) 676.5 5768 .57 K
! gertical fcomconent (+=up } —Ség 4 —3§ég>g2 E
M : y esultant force 35.10 1 .34
' ! Middlle 1/3 Distance from CL to resultant 27 .71 8.80
to 1/3 pase 17.98
to 1/& vase 26.87
Moment at 53,34 from heel 17885 .2% 10683.37 k-t
OVERTURNING SF = 1.24
VEQTIC?L STRESSES AT HEEL AND TOE (Tens%og71§ gositlve
. Ares of base, A 107. t
BASE STRESSES W & W/0 UPLIFT %51 Moment of inertia, I 104604.65 fr4
Tenciom C0 Moment arm, C 53.84 ft
Lress wfuplzft w/c uplaft
- 7] Axi1al stress, P/A -41.55 ~78.19 lp/in2
Moment stress, Mc/I 54.04 238.28 Ipn/in2
- N vertical stress at neel 22.49 -39.94 1lo/in2
Vertaical stress at toe -105.860 ~-116.45 1p/1n2
RECLAMATION CRACKING CRITERIA (szu = pwh =~ ft/s]
- = Ny Drain factor (p)= 000, Safety factorl(s;= 3.00
22.5 Tension (ft) §2uU Crack
psi1 ps1 Prediction
I L= > T S 105 .6 .00 B2.43 Cracked
- T 25.00 $4.09 Crackeg
-116.4 75.00 37.43 No crk
- ] 125.00 20.76 No crk
17%.00 4.09 Ng crk
- ] 225.00 .00 Ne cork
o -] SLIDING FACTORS OF SAFETY ,
amar B Total horazontal forces Wravang £76.57 Kips
Boee Width tompress 20500 Total vertical forces ~-545 . 49 kips
a8 Si Safety Factor for sbove strengths 1.89
FS FORCED CRACK ANALYSIS [s}= Cohesion (Bonded) = 9% .80 ps: req for FS= 3.0
5.0 560« Sliding safety factocrs for various cohesions:
BreakBond-psi 2 25.C 8C.C 100.0 1E0.C 200.0
4.5 F Fesisting~K Hal 8 83C.C 1318.3 2065.0 2875.7 Zb4g .4
Safety factor .BO 1.37 1.9% 2,10 4.24 5. 3c
4.0 F Feguired strengths tc get these safety factorse whale
other given values constant SkF= 1.0 2.0 2.0
3.5 F Bonded area: cechesion (psa) 8.7 sz2.2 a5.8
fraction angle {(deg) e 41.8 62.7
3.0 p—
--:\_‘S”‘,%p_s.i:_”efis .............. FORCED CRACK RESULTS
2 e e} Hge! 1nit:ally in tencian
Crack stops at 7E BEfY from neel
2.C - ~10Q
1.8 F200.
1.0} ovYT HS-30C
5 F - ~-400
Compressaian]| _
‘85 Crack Length QS?OO
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Big Timber Creek Dam
Coh=8%0, Frict=40, Den=145, No Drains
OaM DIMENSIONS AND CRITERIA
Analysis type varyReserv
3 Criteris at drains Corp
M1 B783.83 b3 6763 .80 Freel 1 0 BB20.0 ntoe B  107.9 6820.0
# 6757.3C nus 3 L0 B787.3 nogs B 20.0 87833
Hi EL B67853.30 Top of dam elevation 5757 .300
N Base cf dam elevation 5620.000
H1 k Thaickness of crest 20.000
Base widin 107 .873
Silt elevataon E688.700
Ini1t:1al crack length . 000
Oraan distance from axis 8.600
Orain distance from heel 8.000
Orain efficiency .000
1 Orainage gallery elevation 5645 000
CORRPS  H3= ( (M1=M2] *x (L-DRN) / (L~CRK} I % (1. 0~E} + H2
MATERIAL PROPERTIES
Density of concrete 14750 K/ £33
water SHE250 K/fCZ
horiz sat s1lt 0BS5S K/ft3
vert sat silt 120 K/ft3
Cohesaion: Break bpond 50.000 1b/in2
Apparent 50.000 ib/in2
Fraoction Bonded 839 4C.0 geg
{tangent&angle] Unbonded 833 4G .0 deg
Fraction of area Donged 1.000
EL 6620.00 | <mm o mmmmmmmmm e EL_8620.P0 . ol <o e U ATk e dmn e o .
Res TW Crack U/s8  Slade Over Reg M3 2/8 Us/5 Slige Qver Hego H3 0/8
Elev Elev Lengin Stress FS S Con Siress Stress Fg Fg Ccoh Stress
6720.006840 .00 .00 -B5.89 4.08 2.22 25.4 04.4 -36.1 -bB5.8 4.08 2.22 25.4 94.1 ~36.1
6746 .506640 .00 oo 182 2.583 1.54 66.5 118.6 -74.3 -18.2 2.53 1.54 66.5 118.6 -74.3
57593.306641 .87 .G0 ~-.3 z.28 i.40 78. 1% 125.0 -BbB.8& ~-.3 2.26 1.40 78 .1 125.0 -86.8
6753.426642 .00 .00 .0 2.26 1.40 78.3 127.3 -8B.8 .0 Z.26  1.40 78.3 125.2 -~865.9
B7%7.306643. 12 29.60C .0 1.88 1.20 85.2 137.3 -98B.2 S.7 2.13 1.33 BS.2 1i28.8 -384.5
B763.836645.00 76.86 .0 1.88 1.04 a5 .8 143.8 ~-161.4 22.5 1.858 1.24 g5.8 435.0 ~105.6
Ll Rl
o X o X
. I~ Lo g
o> FACTORS OF SAFETY PN STHESS
jes) vs]
~ I~
s} g {e]
o o o [e
o A \ o s
e A\ s o0 /
[{e] w
] 1
co A\ S\\\\ o
o - oo
T~y L]
5T \\\ Y
o~ ‘\\\\\ o~
pie] >0
[ a
land —
wo \ \ wo /
2 % 1RV { ;
o™~ s ]
>0 >0 :
L [ i :
@ @ l
o ke !
© - ; o
(@] o
a8 t £
~ : ~ !
o i H @« i
i i : !
< i : ; ! ! o : i
. : H ! i . i ;
o j : z ; ; Xaxé ; E 1 i X& X
g.@ 5 1.6 4.5 2.0 2.5 3.0 2.9 4.0—%@0.9153.61@0,0—59 O 0 50.6 100.0450.020G.0
© LEGEND: Factor of Safety O LEGEND: Stress - psa
Xax Yax Sym Ling Description Xax Yax Sym Line Descraiption
i 1 + U/S Stress 1 1 + U/S Stress
1 1 X 0D/% Stress 1 X bD/S Stress

5
s
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18-Mar-02 13 20: 02 File=1_ru_B0_40.gda
Big Timber Creek Dam
Coh=50, Frict=40, Den=145, Drains, Eff=.67
DaAM DIMENSIONS AND CRITERIA
H1 144. g1 Analysis type CracklInat
OvtwWe Criteria at crains Colo
— #32 -5 4 aneel 1 .0 BB20.C ntoe 8 107.8 B6620.0
$ nus 3 .0 B757 nds ©& 16.0 6753.3
Ly EL B753.3C Tap of gsm elevation 6757 .3C0
- Base of oam elevation 6620.000
Thickness of crest 16.000
Base waigdth 107.873
Aeservo:r elevation 5764.914
Tarlwater elevation 6645 .000
S11t elevatzion 6688 .700
Initial crack length 000
Orain distance from ax1s B.0OQO
Drain d:staence from heel 8.000
ODrain gffrciency .6B7
Drzinage gallery eleavation 6864%.000
Hesa at Hi, kee] 144.9138
Head at H2, Toe 2%.0000
Head at 3, Orain 51.9699
Heau at k4, Gallery 25,0000
COLC 3= {({H1-H2) % (L-0RN} /(L)) % [1.0-Ecolo} + HZ
MATERIAL PROPERTIES
Density of concrete L 147580 K/ft3
L\HB 651.97 e water 0628% Kﬁft%
R 3 neriz sat sa1it e K/ft
M“———“”§“ B9 A FlI-1a5°8 vert sat s1lt 120 K/ft3
= Conesion: Break bond 50.000 lp/in2
Apparent 50.000 1bp/in2
~— Friction: Bonaed .839 40.0 deg
= {tangent&angle) Unbonded 839 40.0 geg
== Fractaion of area bonged 1.0600
st-n 53.1 H2 25.0
£x= 4 H2 25.0Ppnces, pOINT OF APPLICATION, AND MOMEMTS
-~ Vi (Momerits about uncracked bDase at 3.9 BEB20.0)
B — Desc Forcex Faorcey Cox CBY MomentX MomentyY
':9 = Dam L0 =1145 .2 36.C 6668.0 0-20851.6
1i4°%  Res £€54.4 .0 .0 ©6B668.1 31446.5 .0
Uplift Result 511t 53.1 N .0 B6642.9 121£.9 L0
Exs il 0,8 EXT BEs.e Tw -19.5  -14.6 101.8 6B62B.3 -~162.8 BIB.5
Y 4 uplt 0 323.2 43.3 8620.0 .0 344%5.3
OviwW -2.4 -11. 4 8.2 675%.2 -~324.8 ~520.1
EL 66820 |Gl m m”l It ““HH HHHW@@M Rsit  685.6 -B848.0 71.S 6620.0 15246.8 s
M} ”) ‘i ‘ RESULTANT FORCE w/uplaft w/0 uplaft
' | Horizontal component {+=d/s) BB5 .60 885 .80 K
| verticsl component  {+=up } -848.05 ~1171.20 K
Middle 1/3 Resultant force 1080 .52 1357 .11 K
~ Distance from CL to resultant 17.88 10.08
to 1/3 base 17.88
to 1/2 base 26.97
Moment at 53 .84 from neel 185245 .80 11801.54 k~ft
OVERTUBNING SF =
VERTICAL STRESSES AT HEEL AND T0£ (TEHS;GQ 1S positive)
Area of hDase, A 107.87 ft2
BASE STRESSES W & W/0 UPLIFT %gé Moment of inertia, I 104604 .65 ft4
Tension Moment arm, ¢ 63,94 fr
Stress w/uplift w/o uplafe
- 7 Ax181 stress, P/A -54.59 -7%.40 1b/in2
Moment stress, Mc/1 54.59 42.26 1b/in2
I ] Vertical stress at heel .00 -33.14 ib/in2
vertical stress at toe ~109.19 -117 .86 1b/1in2
RECLAMATION CRACKING CRITERIA (szu = pwh - ft/s}
I~ 1 Oraain factor (pl= (527, Safety factor{s)= 3.00
0 Tension (ft) sSZu Crack
psa psa Prediction
-3 = o .00 33.14 Cracked
r ey 25.00 24.81 No crk
-117.7 75.00 8.148 No crk
- N 125,00 .Ce No crk
17£.0C Nl No crk
o 1 22% .00 .00 NO C©rk
" - SLIDING FACTORS OF ﬁAFETﬁ \
comee o Totsi horaizontal forces (griving) E£85 .60 kips
Lompressiohn| e
Base Width £ -£00 Total vertical forces -84E . 0% k1pS
3 4 DS Safety Faptcer for above strengtns 2.1
FS FORCED CRACK ANALYSIS £sa Cohesion {Bonded) = 8€.6C psi reg for FS= 3.0
5.0 ~oraion ou0.  giiding safety factopes for various cohesions:
' : Break@ond-ps: e 2%.0 50.0  100. 150 . =200.0
4.5 - - 4006 . Resisting-K 7i1.6 i08B% .2 1488.3 2265.0 30A4,6 3818 .3
Safety fasctor 1.04 1.8C 2.17 3.30 4. 44 5.857
4.0 f -4 300 Required strengths toc get these safety factors whiale
ather given values constant SF= 1.0 2.0 2.0
3.8 F 4 200 Bonded area: cohesion (psi1) N 42.5 86 .6
w__ﬁﬂ__ﬂﬂ_ﬂﬂ_~wp,,,ﬂ«”’ friction angle {(deg) .0 35.0 56.5
3.0 F 7 100, FORCED CRACK RES
i T3 G- . QRCED oRAC SULTS
.8 “F%Jifﬁj“ress - . “Mee]l imitislly im tension
~~~~~ e Crack stcps at LCGEt from heel
% - -] n—
2.0 frgemmormmenn- T Slide FS 100 .
oeStress
=k N i
S T N uT Fs 200.
1.0 r 4 -3CC.
.5 F - =400 .
Compression -
‘85 Crack Length DS?OO'
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Big Timber Creek Dam
Coh=50, Frict=40, Den=143, Drains, Eff= .67
DAM DIMENSIONS AND CRITERIA

Anslysis type VaryReserv
Criteria at drains Cclo
nheel 1 .0 BE20.0 ntoe 8 107.8 6620.0
nus 3 .G B787.32 ngs © 16.0 6753.3
EL 6783 .30 Top of dam elevation 65757 .300
- Base of dam elevataion 6520, 000
Thickness of crest 16.000
Base width 107 .873
Reservoar elevataion 5720.000
Tailweter elevation 8640 .C00
Silt elevation 65688. 700
Initial crack length .000
Drain distance from axls 8.000
Orain distance from heel B.000
Crazn efficiency .B657
Drainage gallery elevataion 6645 . G000
Hezd at Hi, Heel 10G. 0000
Head at H2, Toe 20.0C00
Head at H3, Oraain 47 5853
Head at H4, Gallery 2% .0000

CoLO H3= ((H1-H2) (L-DRN) / {L) +H2~H4} (1-Ecoln) +H4
MATERIAL PROPERTIES

Density of concrete S14750 K/F83
water 06250 K/fr3
horiz sat s1lt 085 K/Ft3
vert sat silt 120 K/ft3
Conesiaon: Break pond 50.000 ib/1in2
Apparent S0.000 ib/in2
Frictagn: Bonoed L8339 40 .0 deg
{tangent&angle] Unbonded .B39 40 .0 deg
Fraction of ares bonded 1.000
FORCES. POINT OF APBLICATION, AND MOMEMTS
H2 20 .00Qmoments about uncracket base &t 53.8 6620.0
Desc ForceX ForceY CGX% CEY MomentX MomentyY
?w—jz—— Cam 0 ~1%458 2 36.0 6668.0 .0-20551.6
Fx= —12.5 Res 312.5 .0 .0 6653.3 10416.7 e
Fy= 9.4 531t 53.1 .0 .0 B8642.9  1215.8 .0
7> TW -12.5 -5 4 102.3 6626.7 -83.3 458 .8
Uplt .0 249 .2 44.0 &620.0 .0 247C.86
E—————| _— - TR Rs1t 353.1 ~805.3 47 .2 EBB20.0 -6073.0 .C
i i i e B
EL 882000 I i ‘ m (L Ik oo RESULTANT FORCE w/uplift  w/o uplift
1] || Hl i FHorizontal component (+=d/s) 353.10 353.10 K
| vertical component {(+=up ) -Q05 .34 -11%4.9%c K
J ! } gesuitantffohcg 1 97é‘?6 120;.35 K
e | 1stance from CL to resultant ~6 .71 -7 .40
Middle 1/3 to 1/3 base 1798
to 1/2 base 26,87
Moment at 53.94 from neel -6B072.898 -8543 .61 k-ft
CVERTURNING SF = 2.99
VERTICAL STRESSES AT HEEL AND TOE {(Tension 1s positaive
aArea of ?ase 107.8% ft
Moment o 1nert1a I 104604.65 ft4
BASE STRESSES W & W/O UPLIFT le Moment arm, ¢ 53.94 ft
Tens onl™ 0 Stress w/uplift w/0 uplift
Axial stress, P/A -58 .28 -74.33 1b/1n2
N 7] Moment stress, Mc/I1 -21.75 ~3C.58 1b/in2
vertical stress at heel -80.03 ~104.892 1lb/in2
B 7] vertical stress at toce ~-36.54 ~43.73 1b/in2
- ] RECLAMATION CRACKING CRITERIA (szu = pwh - ft/s)
Drain factor (p)= .573. Safety factor(sl= 3.00
r ] Tension {(ft] szZuU Crack
e psa ps1 Prediction
ST .00 24.89 NG Crk
-80.0 S 25.00 16 .58 No crk
1049 S 75%.00 .60 No ork
) 12%.00 .00 N0 Crk
B 7 175.00 .00 ND ©rk
225.00 .00 No crk
SLIDING FACTORS OF SAFETY
B ] Total horizontal forces (driving) 352.1C kaips
COmpress o Total vertacal forces ~805 34 ki1ps
5556 Wiotih SmDrESS 0800 Safety Factor faor above strengths 4.35
58 1 ! 30 Cohesion (Bonded) = 19.29 psi req for FS= 3.0
F& FORCED CRACK ANALYSIS Ds1 Slaiding safety factors for various cohesions:
5.C (P rreve IRE0Y BreakBonda-ps: .0 25.0 50.0 100.0 18C.0 200.C
PETEE AT Hesistaing-K 78G.7 114B8.0 1836.3 2313.0 308B9.7 38664
4.5 r N . 1 400. Safety factor 2.18 3.25 4.38 6.5% 8,75 10.85
8 11de FS n Required strengths 1o get these safety factors while
4.0 F - 300 gther given values constant Sf= 1.0 2.0 3.0
Bonded area: conesion (psij .0 .G 18,3
3.5 F -4 200. fraiction angle (deg] .0 o] 17.3
3.0 o - 100. FOACED CRACK RESULTS
OYT Fs Initisally compress:icn &t heel
.5 —= C. No length Cf Crack CausSes Crack growth
kS EBEPLEESS
2.0 «‘%:?’f 58 4 -1co.
1.5 F - 4 -200.
ot - -300.
.5t - —-400 .
Compression -500

3 Crack Length psl


http:104604.65

L 7%

File=1

Big Timber Creek Dam
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Coh=50, Frict=40, Den=14%, Drains, Eff=.67
DAaM DIMENSIONS AND CRITERIA

Analysis type varyResery

Criterxa at drains Colo

nreel 1 LD OB8820.0 ntoe 8  107.8 8620.0

nus 3 L0 B787.3 nds B 165.0 5753 .3

1 1odso  EL 6753.30 Tap of dam slevation 5757 .300
- S Base of dam elevation 8620 .C000

Trickness of crest '16.000

Base width 107.873

FReservoir eglevation 6746 500

Tailwater elevataion 68640 . 000

S1it elevation 6688.700

Initial crack length . 000

Drain cistance from ax:s B.000C

Drain dastance from heel 8.000

Orain efficaiency .EB7

Drainage gallery elevataion 6645 .000

Head at Hi1, Heel 126.5000

Head st H2, Toe 20.0000

Head at H3, a)ﬂ 56, 169é

Head at H4, GaxJ 25.000

CCLO H3= ( (H1- ME) L DRN) / (L) +H2- H4)(1 Ecolo) +H4

i MATERTAL PROPERTIES:

Density of concrete L 14750 K/f#t3
water L0B250 K/ft3
nariz sat si1it .0BY K/ft3
vert sst si1lit 120 K/EL3

Conhesaon: Break bond 50.000 1b/in2

Apparent 50,0060 1b/1in2

Fraction; Bonded 839 40 .0 deg

{tangent&angie) Unbonded 839 40 .0 deg
Fractiaon of area bonded 1.000

FORCES, PUOINT OF APPLICATION,
H2 20 . 0Quoments asbout uncracked Dase

AND MOMEMTS
T 53.8 6£6820.0)

Desc  ForceX Forcey CGX CGY MomentX Momenty
\w—jz—— Dam 0 114852 36.0 ©668B.0 .0~-20851.6
¢ f ~12.5 Hes 500G .1 e .0 B662.2 210886.3 .G
uplift Result =5.4 811t 53.1 .0 .0 BB42.9 121E.9 .0
Exz ‘§£‘.§§9‘§ TW -12.5 -8 . 4 102.8 B62B.7 -83.3 458.8
N ReiE 5 852 857 BRR0 sl 08
P i Rsit 540 . - 1. 1 . .0
T T ] I I |
i 8§201 ! HHMHHHmMEWW”MHHHHHHMH%%M&E@&w~OO RESUL TANT FORCE w/uplift w/0 uplaft
i W i ! Horizontal componegnt {+=0/8) 2540 .67 540 .67 K
1 vertical companent {(+=up -871.17 ~1184 .86 K
Eesultamt fovcg ] 1@2%.3% 1274 ES K
i istance from CL to resultant L1 1.84
Migdle 1/3 fo 1/3 base 17 .98
te 1/2 base 26.97
Mament at  53.84 from heegl 53858, 03 212B.02 k-ft
OVERTURNING SF = .02
VERTICAL STRESSES AT HEEL AND TDE {Tension 1s positave)
Area of base, A 1 o é87 g% ft2
Moment of inertis, 1 104604 . f14
BASE STRESSES W & W/0 UPLIFT Q81 Moment arm, ¢ N 53.94 ft
Tension - 0 Stress w/uplift w/0 upliaift
Ax1al stress, P/A ~56 .08 ~74.33 1b/in2
- ] Moment stress, Mc/I 19.19 7.61 1b/ine
vertical stress at heel ~36 .90 -66.71 1b/in2
- - vertical stress at toe ~75.27 -81.94 1b/1in2
- b RECLAMATION CRACKING CRITERIA (szu = pwh -~ ft/s)
Drain factor (p)= .543, afety factor{s)= 3.00
- . Tension (ft) 52U Crack
e psi Ds 1 Predgiction
S 75 3 .00 29 .82 No crk
= 25.00 21.48 No crk
- -66.7 ~“81.0 75.00 4,82 No crk
125.00 .00 No crk
- 1 17% .00 .GO No crk
] 22%5.00 00 No crk
SLIDING FACTCRS OF SAFETY
1 Totsl horlzonta% forces (craiving) 5?0.6; kips
COompressio Total vertical forces -871.17 kaips
Base Width =OTIRLEs B-s00 Safety Factor for above strengths 2.79
4L 0s1 Cohesian (Bonged) = $7.36 psi reg for FS= 2.0
FS FORCED CRACK ANALYSIS D%l Q‘l“ ing safety factors for various conesicns:
5.0 Ters o GG reaxkBorg-ps: N 280 0.0 100.0  15C.0 2060.0
! e R&C‘SvsnM—K 731.0 11489.3 1807 .7 2284.4 3061.0 3837.7
4.5 r 4 400 Safety factor 1.325 2.07 79 5.23 5,66 7. 16
N Reguired strengths to get trese Sofety factors while
4.0 F -4 300 cther gaiven values constant SF= £.0 2.0 3.0
Bonded area: cohesion (psia) .0 22.6 87 .4
3.5 -1 20C. friction angle (deg) .0 19.3 44 .1
3.0 + ) -4 100. FORCED CHACK RESULTS
—~Glide FS nitislly compression at heel
2.8 rErrFrpSrressT = C. NC length ©f Cratk CBUSESs ChEltk growih
2.0 FireSerges 1 -100.
2 S oVT FS :
1.5 R IR 4 -200.
1.0 4 -300.
.5 41 -400C.
Compressaan|
'95 Crack Length DS?OO'


http:104604.65

18-Mar-02 13: 20: G2 File=1_ru_8B0C_40.9¢1

Big Timber Creek Dam
Coh=5%0, Frict=40, Den=14%, Drains, Eff=.867
DAM DIMENSIONS AND CRITERIA

Analysais type VaryReserv
Criteris at dgaéggo o Cglc 67 3 8620 0
nheel 1 . . nioe 1 . .
H1 133.30 , nus 3 0 E757.3 nos & 16.0 £753.3
\vi EL 6753.30 Top of cam glevation 58757 . 300
p— Base of gam elevation 6620 .000
- 3 Thaickness of crest 16.000
Base wigth 107.873
Reservoir glevation 6753.30C
Tai1lwater elevataon 6641 .865
Si1lt elevataon e688. 700
Initial crack length .QQ0
Orain distance from axis 8.000
Orain distance from heel B.000C
[ Orain efficiency LBEB7
\ Drainage gallery elevaticn BE4%5, 000
Heao st M1, Heel 133.3000
Head at ®Z, Toe 21.8653
Head &t M3, Drain 58 .3144
Head at M4, Gallery 2% .0000
\ COLO  H3=( H1-H2) (L-DAN) / (L) +Hz—Ha] (1~Ecola) +H4
MATERIAL PROPERTIES:
Density of concrete .ég;gg E;ftg
water . s} ft
= L» 3 58 .31Danm horiz sat s1it OB K/ft3
Bes™ s I I | vert sat silt 120 K/ft3
§§; 552 : Cohesion: Break bond 50.000 1b/1in2
Apparent 5G. 000 lb/in2
T Fraiction: Bonded .B3g 40 .0 deg
= ~—— {tangentSangle) Unbonged .B39 40.0 deg
Silt Fraction of area bonoged 1.000
i
£32my 584 He 21.QFORCES, POINT OF APPLICATION, AND MOMEMTS
| ’ (Mcments about uncracked base at 53.2 B620.0
> | Desc ForceX ForceY Ccex CoY MomentX MomentY
W - Dam L0 ~1145 2 35.0 €668.0 .0~20551.6
= :3? é Res 585.3 e .0 BEB4.4 24B72.8 .0
b Silt 53.1 .C .0 68B42.9 1215.8 .0
Tw -15.1 -11.3 10z .4 ©6827.3 ~11C.4 547 .8
Uplt el 288 .5 42 .9 66B2¢.0 .0 3303.3
- Hsit 5Ga3.3 ~-888.0 B84.9% £620.0 9077.8 .0
o Y | |
EL B8620)0M -00 RESULTANT FORCE w/uplift  w/p uplift
n; ( Horizontal component  {+=d/s) =893.30 593 .30 K
I | vVertical companent  {(+=up ) -B58.04 ~1156.50 K
i I | gesg)tantfforcg 1 ﬁodé.%g 1293.88 K
| ‘ istance from CL to resultant 10 . . 9%
| Mc_le—g/_gw Lo 41732 base 17 .88
to i/2 base 26.97
Moment a3t 53,94 from heel 8077 .80 5774 .54 k-ftt
OVERTURNING SF = 1.82
; VERTICAL STRESSES AT HEEL AND TOE (Tension is positive)
[ Area of ?ase. ? 1 Odénggg §t§
. Moment o inertia, 104 . t
BASE STRESSES W & W/O UPLIFT %Sl Moment arm, C 53.94 ft
Tensi1on &Y Stress w/uplift w/0 uplift
Axial stress, P/A -55.24 -74.45 ln/1in2
B N Moment stress, Mo/I 32.50 20.68 1b/in2
vertical stress at heel -22.73 ~83.77 1b/1in2
[ N vertical stress at toe ~87.74 ~g5 .13 1b/1n2
B ] RECLAMATION CRACKING CRITERIA (szy = pwh - ft/s)
Drain factor (pl= .937, Safety factor (s)= 3 00
B I Tension (ft) BZU Crack
_an 7 psa psa Predaiction
peldl 31.04 No crk
= e =87 7 25.00 Pz, 74 No crk
- —-53.8 -g5 1 75.00 .04 No crk
) 125.00 .00 No c¢rk
- B 17%.00 .00 No crk
225 .00 .00 No ¢rk
SLIDING FACTORS OF SAFETY
= -l ¥ata% horézon%a% forces ldravaing) ggg.go kips
comn 3 ctal vertaica orces - .04 kaps
= v SROBCESS100_s00 Safety Factor for above strengths 2.82
gse Widin psa Ceonesion (Bonged) = 68.23 psi req for FS= 2.0
FS FORCED CHACK ANALYSIS DEa Sliging safety ‘a”tors for various CoResions:
5.C Tarsion 50C. BreskBeond-psi 25,0 £0.0 4€0.0C 150.0 20C.0
ma Resistaing-K ?EO C 1108 .3 1488.7 2273.3 305G.0 3826.7
4.5 F - 400, safety factor 1.01 1.87 z.52 3.83 5.14 6.45
n Reguaired strengths Lo get these safety factors whilie
4.0 F - 30C. cther given values conmstart SF= 1.0 z.0 3.0
Bonded area:; cohesaon {psi) N 36.0 68.2
3.5 F -~ 200. fraiction angle {deg) e 25.5 49.5
3.0 I - 100. FORCED CRACK RESULTS
~ - . e - o Initzally compression at heel
bt Sl — iength of cra CBUSES Crack growin
e .58 ST T =T oe FE . Nz thoof SCK CBUgES aCK G Wi
2.0 F= ress T —4 =400,
1.5 b =OVT FE 4 -200
1.0 4 -300.
5 b -4 -400.
Compression -500

o
)

Crack Length psi
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Big Timber Creek Dam
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Coh=50, Frict=40, Den=145%, Drains, Eff=.67
OAM DIMENSIONS AND CRITERIA
Analysis type varyReseryv
Criteris at orains Colo
nheel 1 .C 662C.5 nipe B 107.9 &820.0
nus 3 .0 B757.3 nos B 16.0 6753 .32
EL B753.3C Top of dam elevation 6757 .300
" Base of dam elevation 6620 .000
Thickness of crest 16.000
Base width i07.873
Reservoir elevation 6757 . 300
Taylwster elevation 6643 . 121
Si1lt elevation B6688. 700
Initial crack length , Q00
Drain distance from ax:s 8.000
Ora:n distance from heel 8.000
Drain gfficaency .B87
Orainage gaiiery elevation BG4S . 000
Head at Hi, Heel 137.3000
Head at H2, Toe 23.1214
Head at W3, 0Orsin 59.5752
Head at H4, Gallery 25.000
CoLOo H3= ( (H1-H2) (L-DRN] / (L) +H2~ Hd}(‘—ECDIO)+H4
MATERIAL PROPERTIES:
Dengity of concrete ;12728 K?ft%
i water b2 K/ft
L3 59 -Sthan neriz sat silt 08s Kit3
Fx= 583 —~114 vert sat silt .120 K/ ft
Fy= e~ Fy=-1145:3 Cohesian: Break bond 50.000 1pn/in2
— Apparent 50.000 1b/1in2
Fraiction Bonged . 838 40.0 deg
e {tangentlangle) Unbonded 839 40 .0 deg
Fraction of ares bonded 1.000
H2 23. 1BORCES, POINT OF APPLICATION, AND MOMEMTS
V2 iMoments about uncracked base at £3.5 8820.0]
Desc ForceX ForceY CoX CGY MomentX Momen
o Dam 0 ~1145.2 3.0 6668.0 .0-20851
€ 71§-7 Res 589 .1 .0 .0 6B6Z.8 26951.3
Upliyft Resu Silt 53.1 .G .0 B642.8 1215.9
Ex= oG EXE TW -16.7  -12.5 102.1 6627.7 -128.8 603
LA X\ v uplt Ne 307.3 43.1 6620.0 .0 3345
, ’ Ralt BeS.5 -8510.4 87.4 EB620.0 11445.3
T TITTTRRGER 00 occu ranr <orce wramtite wfa gplare
! Horizoental component {+=0/s) 525 .49 82% .49
vertical camponent {+=up ) -850 .40 -1157.72
gesu}tant forcg 1 1058 6% 131?.88
2 qj iistance from Cu to resultant 13.4 LG
—% to 173 base 17.98
tao 1/2 base 26.97
Moment at $3.94 from heeil 11445 .33 8100 .17 k~-ft
OVERTURNING SF = 1

VERTICAL STRESSES AT HMEEL ANDO TOE (Ternsaion is positive!l
Area of pase, . 107 .87 ft2
Moment of znertla 104604 .65 ft4
BASE STRESSES W & W/O UPLIFT %81 Moment arm, C 53,9 ft
Tensson 0 Stress w/uplaift w/0 uplaft
Axial stress, P/A ~54.75 ~74.53 1b/1n2
7] Moment stress, Mc/I 40.98 29.00 1n/ing
vertical stress at heel -13.76 ~4%5 .53 ib/1n2
- 7] vertical stress st toe -85 .73 -103.53 1b/1n2
B . BECLAMATION CRACKING CQITERIA (szu = pwh -~ ft/s)
Orain factor (pl= 533, Safety factoris)= 3.00
- ] Tension (ft) s2U Crack
—-42 A ps1 psi Predaction
.00 31.76 No ¢rk
TS ~=95.7 25.00 23.43 No crk
- : ~103 & 75.00 6.76 Mo crik
i 125.00 .00 NO crk
B N 175.00 .00 No crk
| 225.00 .00 No crk
SLIODING FACTORS QF SAFETY
- 1 Total horizontal forces (driving) 625 .49 kips
Com P . Total vertacal forces ~BEQ . 40 kips
Enee WidEn SRRLESSL00 =50 Safety Factor for above strengihs 2 .38
< 20 ps: Cohesion (Bondedl = 74.88 psi reag for FS= 3.0
£S5 FORCED CRACK ANALYSIS DS Sliging safety factcrs for varicus cohesions:
5.0 T 500. BreaxkBond-psa: .C Z28.C 0.0 106¢.¢C 50.0 200
PETis L Resisting-K 713,68 1101.9 149B0.3 2266.r 3043 £ 3820.
4.5 + - 400. Safety factor 144 1.76 2 .38 z.B2 4.87 &
Reguirec strengths to get these sa‘aty factors while
4.0 F 4 300. other given vaiues constant &F= 2.0 2
Bonged area: conesion (ps:i) .O 34.8 74
3.9 r < 200. friction sngle ldeg) .0 28.2 52.
3.0 T - 100C. EGRCEDICRACK RESULTS
e e - mitially compression at heel
2.8 e 0. NG length 6f Crack Causes crack growth
5.0 +4 -100C.
1.% F QYT F§ -4 =200.
1.0 -4 -300.
5 F -4 -400.
Compressaion]
'85 Crack Lengtn DS?OO‘
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Big Timber Creek Dam
Frict=40, Den=145, Drains, Eff=
DaM DIMENSIONS AND CRITERIA

18-Mar-02 13: 20: 02

Coh=50, .67

Analvsis type VaryResery
Ovtwt Criteria at drains Colo
= -1613 nheel 1 .0 6B20.0 ntoe 8 107.9 6620.0
nus 3 .0 B757.3 nos B 16.0 B7%3.3
,EL B7893.30 Top of dam elevation G787 .300
- Base of dam elevation 85820.000
Thaickness of crest 16.000
Base width 107.873
Reservolr elevation 6763.830
Tai1lwater elevation B864% 000
5ilt elevation 6688 . 700
initial crack length [alele]
Drazn daistance from a8xa1s 8.0C0C
Drain distance from heel 8.000
Orain efficiency 667
Orainage gallery elevataion £545.000
Head at H1, Heel 143.8300
Head at He, Toe 25.0000
Head at M3, Drain 61.65358
Head at M4, Galler 25.0000
COoLG H3= ( (H1~ HE}%(L ~DRN} / (L)} % {1.0-Ecolo) + #H2
MATERIAL PROPERTIES:
Density of concrete L147%0 K/ft3
L{ﬁB £1.64 water L0B250 K/ft3
Dam horiz sat silt .085 K/ft3
8454 Eii.qiasd vert sat silt . 120 K/ft3
. Cohesiaon: Break bond 50.000 1b/in2
= Apparent 55.000 1b/in2
~— Friction: Bonded . 838 40 .0 deg
{tangentSanglel Unbonded .B3g 40.0 deg
. Fraction of area bonded 1.000
BiIE o3 H2 25.0
Fy= jé — = QORCES. POINT OF APPLICATICN, AND MOMEMTS
-~ v (Moments about uncracked base at 53.9 B820.0)
| i — Desc ForceX ForceY [Bc3 CGY MomentX MomentY
195 Dam o ~1145.2 36.0 666B.0 .0-20851.6
Zi%'3 Res 645‘1 .0 .0 B6567.8 30808.1 .0
S1lt 3.1 .C .0 B842.9 1215.9 N
T "19.5 ~14.86 101.6 6828.3 ~162.8 598.5
uplt .0 321.8 43,3 6620.0 .0 34141
OviwW -2.1 -10.3 8.2 6755.1 -288.2 ~470.3
EL 5620 bﬁ' i N il oo Aslt 676.6 -848.4 71.2 BB20.0 14663.7 .0
1” “|‘ AESULTANT FORCE w/uplift  w/o uplift
! Horizontal component {(+=gd/s)} E78 .87 6?6.57 K
i 1 %erticalt fcampoment (+=up ) —8;2.3? ~i%%0.é2 K
B e 4 ! esultan grce 108%.1 1.64 K
Middle 1/3) Distance from CL to resultant 17.28 9.61
to 1/3 base 17.98
to 1/2 base 26.97
Moment at 53.84 from heel 14653 .74 112493 .61 k~ft
OVERTURNING SF = 1
VEQTIC?L STRESSES AT HEEL AND TOE (Tensgon is gosztivel
- Area of base, A 107 .87 ft
BASE STRESSES W & W/0 UPLIFT %51 Moment of inertia, I 104604 .65 ft4
Tensi16n 00 Moment arm, c 53.94 ft
Stress w/uplift w/0 uplaft
s T Ax1al stress, P/aA -84 . ~-75.33 1b/in2
Moment strass, Mc/I 852.51 40 .28 1b/in2
- T vertical stress at heel -2. 11 -35.0% lp/in2
vertical stress at toe -107 .12 -115.61 1b/in2
BECLAMATION CRACKING CRITERIA (szu = pwh - ft/s)
B 1 CDrairn factor (p)= 528, Safety facteoris)l= 3.00
-2 1 Tension (ft) szu Crack
pal ps1 Prediction
~7;3g;5::::::::::::::::::::::~«:Ai£1k1 .00 32.94 No crik
» TR R 25.00 24,61 No crk
-115.8 75.00 7.94 No crk
N ] 125.00 .00 No crk
17%.00 .00 No ork
r 1 225.00 ele} NG crk
- - SLIDING FACTORS OF SAFE?K
Compres e Total norazontal forces {gravang) 676.87 kips
Ease Wioth Bres2180s00 Tctai vertical forces -848 36 kips
. v csl Safety Factor for above strengths .2C
FS FORCED CRACK ANALYSIS D81 Cohesion (Eonded) = B4.84 ps: reqg for F8= 3 o)
5.0 T e 500. Slidaing safety factors for varigws coresions
' hib BreakBond-psa .Q Z8.0 B50.0 16C.0 15C.0 200.0
4.5 -1 400. Resistaing=-K 711.9 1100.2 1488.95 2265.2 3041.9 3818.6
Safety factor 1.08 1.63 2.20 3.35 4.56 5,64
4.0 F -1 300 . Reguired strengths ta get these safety factors wnile
otner given values constant SF= .0 2.0 2.0
3.5 -1 200. Bonded area: cohesion (psi) .O 41.3 84.8
3 __ﬁ_d__mp_ﬂ—w—'~—““”“#” 100 frictaion angle (deg) .0 34.2 55.9
.C E -1 .
P T AR mpe - FORCED CRACK RESULTS
=8 “'ﬁ,LﬁEbt‘e”S - g. Inytsally compression at hesl
TTreeal Pt S11g e 100 Ne length ¢f Crack Causes crack growtn
2.0 peaeew=s e TS RN S.ade Fo -4 ~100
ToeSLress T
4 - ~ 4 —
1.5 “"’“”‘“*“----*~_A0Vi g 20C .
1.0 F 4 =300.
5 r 4 -400.
Compressionf
’85 Crack Length DS?OO'
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Big Timber Creek Dam

Coh=50, Frict=40, Den=145, Orains, Eff=.
DAM DIMENSIONS AND CRITERIA
H1 144.91 Analysis type
OVtwt - Crater:s at drains
S nheel 1 .0 BB2C.C nto
é nus 3 .0 B757.3 nds
i EL B753.30 Top of dam eievation

Base of dam elevation
Thickness of crest

Hase width

Beservoir elevation
Tailwater sievatian

Si11t elevation

Initial crack length
Drain distance from axis
Drain distance from heel

Orsin efficiency

Drainage gallery elevataicn
Head at Hi, Heel

Head st H2, Toe

Head at H3, Drain

Head at Hd4, Galler

coLo H3= { (H1- HZE*(L DRN)

MATERIAL PROPERTIES
Density of congrete
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Appendix C - Cost Estimate Worksheets
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Appendix D - Fish Passage Alternatives
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