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DESIGN MEMORANDUM RO, VI

DETAILED DESIGN OF STRUCTURES

June 1960

A, INTRODUCTION

1. Purpcse, - The purpose of this memorandum is to facilitate
the review by higher authority of the structural design of the various
features of the project. The basic criteria, typical design computa-
tions, and other data pertinent to the design are presented herein,

2. Scope. - This memorandum covers the following structures:
outlet works, the main spillway, lining and retaining walls, the
Reuben Hart diversion spillway and auxiliary spillwgy and the modi-
fications to the existing Reuben Hart spillway,

3. Previous Reports., - No previous report on the structural
design for these structures has been submitted. The latest previous
description of the proposed structures and improvement is set forth
as part of the recommended project plan in the Design Memorandum
No., III - General Design, submitted on 15 April 1960 and approved
on 25 May 1960,

L. Location of Project. - The Hall Meadow Brook Reservoir
Project is located within the City of Torrington and the Town of
Goshen. The reservoir is formed by a dam located on Hall Meadow
Brook, 0.4 mile above its confluence with Hart Brook to form the
West Branch of the Naugatuck River and about 5 miles above Tor-
rington, a dike across a saddle east of the dam and a spillway in
the West abutment of the dike; and the existing Reuben Hart Dam
on Hart Brook west of Hall Meadow Brook and a diversion canal with
a spillway connecting the Reuben Hart Reservoir with the Hall
Meadow Brook Reservoir., All structures are in the city of Torring-
ton,




5. Description, - a. General. - A description of each of the
principal elements of the proposeéd plan of improvement for the Hall
Meadow Brook Reservoir Project is presented in the following para-
graphs, See General Plan, Plate No. 1.

b, Dam, - The dam to be constructed on Hall Meadow
Brook is composSed cf & rock and rolled earth fill embankment 1200
feet in length and having a maximum height of 73 feet above stream
bed., The top elevation is 917 feet above m.s.l. to provide for a
14,1 foot spillway surcharge and 4.9 foot freeboard. The top width
of the dam is 20 feet, with a li-foot gravel surface roadway. High-
way guard rails will not be provided since access will be limited
to official use only. The upstream dam slope is 1 on 2 from top
of dam to elevation 898.,0, 1 on 2.5 from elevation 898.0 to elevation
86,0 where a 10-foot berm is provided for access to the inlet struc-
ture and 1 on 2 below elevation 86,.0. The downstream slope is 1 on
2. The embankments consist of an upstream and downstream zone of
quarry-run type rock on gravel bedding, A large rock zone is pro-
vided on the downstream toe which will be carried to rock surface,
A rock filter zone is provided below elevation 875.0 as a transition
between the gravel bedding and the downstream rock fill. The earth
section of the embaniment consists of compacted silty sand (sandy
ti11) with either an upstream more imperviocus zone or a downsiream
pervious zone. Two schemes for controlling the seepage through the
foundation are presently being considered; one scheme consists of
an upstream impervious blanket and a 5-foot deep foundation cut-off,
and the other scheme consists of a foundation cut-off to rock with
grout curtain into rock between Station 2£30% to Station 12£10%.
Only nominal stripping is required under the embankment. Access to
top of dam is from the relocated Route 72 on the right abutment.
Materials to be used in the embankment are obtained from required ex-
cavations and from nearby borrow areas. Final embankment sections
will be presented in the Design Memorandum on Embaniments and Founda-
tions.

¢. Outlet Works. - The outlet works are located on the
right bank of The brook under the dam and founded on rock. It con-
sists of an inlet channel, an inlet structure, a conduit, and an out-
let channel,

(1) The inlet channel is excavated in earth and is
170 feet long with & bottom width of 12 feet and side slopes of 1 on
2. The invert elevation varies from elevation 850 to elevation 849.

(2) The inlet structure founded on rock contains a
reinforced concrete control weir with creat at elevation 859. Stop-
logs are provided to control and operate the permanent pool. A 3' x Ly
manually operated gate is also provided upstream of the structure,
for the flow of the stream during construction and before a permanent



pool ia established and to operate and dewater the permanent pool,
Trash rack will also be provided.

(3) The }B-inch diameter conduit constructed on
rock under the dam has a total length (including transition) of ap-
proximately 313 feet with an upstream invert at elevation 842 and an
invert at the outlet portal at elevation 841. The conduit is re-
inforced concrete. A grout ring is provided in line of the founda-
tion cut-off and three seepage collars will also be provided.

(4) The outlet channel excavated in rock and
earth is 1 feet wide and approximately 210 feet long having a .5
of 1 percent slope from elevation 8,0 to the brook. Downstream
of the conduit portal for a length of 25 feet a reinforced concrete
structure 1is provided for the transition. A stilling baszin is not
considered necessary. See Plate Nos. 2, 3 and L.

d. Dike. - The dike is to be constructed on a saddle
east of the dam and consists of a rolled fill embankment with a length
of 1,350 feet and a maximum height of 47 feet. The top elevation is
917 feet, m.s.1l., which provides for a 1llj,1'foot surcharge &nd a.4.9
foot freeboard. The top width of the dike is 12 feet with an 8-foot
gravel surface roadway. Highway gu;rd railings will not be provided.
The reservoir and lamdside slopes are 1 on 2.5. The slopes will be
protected by rock slope protection overlying gravel bedding. 'Ihe
main embankment will consist of compacted silty sand with either an
upstream more impervious zone or a downstream pervious zone or in-
c¢lined pervious wick. Neither a foundationmwr an exploratory trench
is considered necessary at this time. Slightly more than nominal
stripping is required under the embankment at the lower ground ele-
vation, A waste ballast has been provided on the landside toe to aid
and control foundation seepage and improve the stability at the em-
bankment. The right abutment will be separated from the spillway
channel by a concrete retaining wall., Materials to be used in the
embankment are obtained from required excavations and from nearby
borrow areas, FPFinal embankment sections will be presented in the
Design Memorandum on Embankments and Foundations.

e, Spillway. - The spillway is located adjacent to the
right abutment™of The dike and separated from the embankment by a
concrete retaining wall. The spillway is an uncontrolled, fixed-crest,
trapezoidal weir with a crest length of 100 feet at elevation 898.0
feet, m.s.1. The weir will be designed as a gravity ogee section
founded on rock and, if required, an upstream grout curtain will be
provided under the weir to minimigze uplift., The structure has a maxi-
mum discharge capacity of 19,200 c.f.s. (the outflow for the spillway
design flood)under the design surcharge of 1h.1 feet. Flood discharges
over the structure will occur infrequently and no improvement is planned
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in the valley immediately below the spillway discharge channel.
Flowage easement will be acquired for a distance of 3/ mle,

The spillway approach channel excavated in rock and
earth is about SO feet long. It has a maximum invert elevation of
893 at the weir. The bottom elevation slopes down from the weir at
1 percent grade for about 200 feet where the slope changes to o5 of
1 percent. The spillway chute or discharge channel excavated in rock
ard earth is about 1320 long. It slopes down at a 6 percent grade from
invert elevation 892 to imvert elevation 866 and thence the slope
changes to .5 of 1 percent. The discharge channel bottom width varies
from 97.5 feet at the weir bucket to 75 feet in a distance of about
112 feet. The excavated materials from the spillway are used in the
proposed embankments as rock and random fills, Excavation operations
will proceed at a rate that will allow the excavated materials to be
placed in the embankments with minimum stockpiling. See Plate No. 5.

f. Reuben Hart Diversion. ~ The diversion canal from
existing Reubéh Hart water supply reservoir is excavated in rock and
earth and consista of an approach channel and auxiliary spilliway, a
spillway, a discharge chamnel and modification to the existing Reuben
Hart spillway.

(1) The approach charmel is about 300 feet long
and 122,5 feet wide with a bottom elevation of 906.0 feet, m.s.l.
The north wall ie wholly contéined in rock. The south wall is con-
tained by a retaining wall which ties on the weaterly side into the
existing retaining wall of the Reuben Hart Reservoir and on the
easterly side it ties into a concrete cap located on top of the rock
excavation face, which will be lined with concrete to minimize loss
of water through the rock joints. The top of the wall and cap is
set at elevation 91L.5 feet, m.s.l., and together with the modified
Reuben Hart spillway will act as an auxiliary spillway to pass flows
higher than the standard project flood. The overall length of the
auxiliary spillway is about 207 feet.

(2) The spillway is an uncontrolled, fixed-crest,
trapezoidal weir with & crest length of 125 feet st elevation 911.0
feet, m.s.l. (the same as the existing Reuben Hart spillway). The
weir will be designed as a gravity ogee section founded on rock ard,
if required, anchors and an upstresm grout curtain will be provided.
The structure has the discharge capacity of 2900 c.f.s, for the stan-
dard project flood under the design head of 3.5 feet, and has a maxi-
mum discharge capacity of 6100 c.f.s. for the spillway design flood
under the design surcharge of 5.4 feet.

(3) The discharge channel varies from a width of

122.5 feet and a bottom elevation of 905.0 feet, m.s.l., to a width
of 40,0 feet and a bottom elevation of 898.,0 feet, m.s.l., in an
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average length of 310 feet. From this point, the channel has a con-
stant width of L0 feet and a slope of 2 feet in 100 feet for an ap-
proximate length of 330 feet and thence the channel 1is excavated to
rock and follows the natural rock slope to elevation 858.,0 feet,
m.s.l. and thence discharges onto the permanent pool.

(4} The existing concrete weir of the Reuben
Hart spillway is 55 feet wide with a crest elevation of 911.0 feet
m.s.1, It will be modified by raising the crest to elevation 91L.5
feet, m.s.l. At this crest elevation it will act as an auxiliary
spillway to pass flows larger than the standard project flood.

(5) Excavation operations for the diversion canal
will proceed at a rate that will allow the excavated materials to
be placed in the permanent structures with mirmmum stockpiling. The
relocated Route 72 crosses the canal and this will necessitate the
construction of an 80-foot span bridge. See Plate Nos. 6, 7 and 9.

£Z. Existing Reuben Hart Dam. - The existing Reuben
Hart Dam constructed in 1932 i3 owned and operated by the Torrington
Water Company; is an earth £ill dam about 1,000 feet long with a maxi-
mum height of 55 feet above the stream bed, The dam has a top width
of 15 feet with a top elevation of 917.0 feet above m.2.l. and up-
stream and downstream slopes of 1 on 2. The upstream slope is pro-
tected with rock riprap and the downstream slope is protected with
seeded topsoll, The embankment is homogeneous with a central con-
crete core wall to rock having a top elevation of 908.0 feet above
m.s.1. At the left sbutment the embankment is separated from the
spillway concrete weir and the discharge channel by a concrete re-
taining wall. The uncontrolled concrete weir founded on rock is 55
feet long and has a orest elevation of 911.0 feet above m.s.l. After
the floods of 1955, an additional 28 feet of spillway has been pro-
vided to the left of the concrete welr and separated from the latter
by a concrete retaining wall. This addition is a broad crest type
spillway constructed of rock blocks and having a crest elevation
which varies from elevation $11.7 to 912.7 feet above m.s.l,

h. Administrative Facilities and Utilities. - No ad-
ministrative facilities or utilities are provided, Maintenance and
operation will be accomplished by the State of Connecticut which is
expected to use a small mobile group operating from a separate head-
quarters,

Access Roads. - The site is located on State Route
72, which will be relocated, The reconstructed Route 72 will be ad-
jacent to the right end of the dam and will serve as the main access
road. Access will be limited for official use only.

Access to the reservoir area will be via existing
Route 72 which will be provided with access to the relocated Route
72,



B, HYDROLOGY

6. General. - The Design Memorandum No. 1, Hydrology and Hy-
draulic Analysis, includes the basic data and hydrological require-
ments for the main spillway, outlet works and the Reuben Hart Di-
version. A preliminary report was submitted on 11 March 1960 and
approved 6 April 1960. A final report was submitted on 9 May and

approved 31 May 1%60. A summary of the hydrology criteria is given
below,

7. Spillway Design Flood., - The spillway design flood was de-
rived from the estimated probable maximum precipitation over the
watershed with the effect of storage at North Pond and Reuben Hart
Reservoir taken into account., The probable maximum precipitation
over the basin amounts to 24.0 inches in 2 hours with 19.5 inches
ocourring in & 6-hour period. Infiltration, surface detention and
other losses are assumed at the rate of 0,05 inches per hour, re-
sulting in a total rainfall excess of 22,8 inches.

&, Reuben Hart Reservoir. - The adopted spiliway design
flood with a peak inflow of 7800 c¢.f.s. was constructed by applying
the rainfall excess to the adopted unit hydrographs for the areas
above the Reuben Hart Dam, Routing the spillway design flood through
the Reuben Hart Reservoir, assuming the reservoir initially full to
spillway crest elevation of $11,0 ft. m.s.l., resulis in a maximum
surcharge elevation of 916.4 ft. m.s.l. and a maximum discharge of
6,100 c.f.8. to Hall Meadow Brook Reservoir and 1650 c.f.s. to Hart
Brook.

b, Hall Meadow Brook Reservoir, - The adopted spillway de-
sign flood with a peak inflow of ¢6,000 c.f.s. was developed by ap-
plying the rainfall excess to the adopted unit hydrograph for the
net drainage area above the Hall Meadow Brock Dam, and adding the
outflow from Reuben Hart Reservoir as described above. Routing the
spillway design flood through the reservoir, assuming the reservoir
initially has 6 inches of storage utilized from an antecedent flood
and that the outlet is inoperative, results in a maximum surcharge
elevation of 912.1 ft. m.s.l. and a maximum discharge of 19,200 c.f.s.

8. Flood Control Outlet, - A L8-inch diameter ungated outlet
is provided on the right bank of the brook through the dam to pass the
normal flow of the brook and to 1limit the maximum discharge to ap-
proximately the channel capacity downstream. With the pool at spill-
way crest, the resulting discharge is 450 c.f.s. At meximum surcharge,
the discharge is 510 c¢.f.8. The estimated channel capacity downstream
of the dam is 40O c.f.s., which will not be exceeded until the pool
rises above 890.0 ft, m.s.1l., which represents about 71 percent of
the flood control capacity.




Upon completion of current work on the river channels through
Torrington, Connecticut, the channel capacities will be 12,600 c.f.s.
on the Lower West Branch and 19,500 c.f.s. on the Naugatuck River be-
low the confluence. The standard project flood at these two locations
as modified by Hall Meadow Brook Reservoir and the Reuben Hart Diver-
sion with an ungated }8-inch outlet will be 12,,L,00 c.f.s. and 19,300
c.f.s. respectively. The discharge capacity of the selected cutlet
will satisfy diversion requirements using an upstream cofferdam with
top elevation 880 feet, m.s.l.

9, Freeboard. - A freeboard of Li.9 feet above the maximum sur-
charge pool of 912.1 feet, m.s,1. is provided resulting in a top of
dam elevation of 917.0 fest, m,s.1l.

C. HYDRAULIG DESIGN

10, General, - The hydraulic design of the spillway and outlet
works is discussed in Design Memorandum No. 1 - Hydrology and Hy-
draulic Analysis, Data pertinent to the design of the main spill-
way, the outlet works and the Reuben Hart diversion splllway and
auxiliary spillway are given below.

11, Main Spilllway. - The main spillway selected for the Hall
Meadow Brook Dam 1s an ogee section with the top portion of ‘the up-
stream face inclined at an angle of 45%Ath the radiue of the upstream
portion of the ogee orest 5.l feet and t%gsequation of the coordinates
of the downstream section y = 0,0817 x 1,768, 16 facilitate the con-
struction of the weir a tangent of 1.3l feet in length was used to
separate the parabolic curve from the bucket curvature which has a
15-foot radius. The toe of the weir 1s set at an elevation of 1 foot
above the proposed channel grade to avoid the possibllity of the un-
even rock excavation interfering with the flow. It was concluded that
a apillway length of 100 feet provided the most practical layout. As-
suning the reserveir initially has 6 inches of storage utilized from
an antecedent flood and neglecting, the relatively small discharge through
the outlet, the reservoir pool for the selected splllway length was
912.1 with a corresponding discharge of 19,200 c.f.s.

12. Outlet Conduit. - An ungated circular outlet conduit with a
diameter of L8 inches was adopted, The conduit has a length (including
transition) of about 315 feet. To insure that the conduit will rest on
sound rock, the invert elevation has beenset at 842.0 feet; m.s.l.
through the transition at the upstream end and then will have a slope
of ore foot to the portal end,

13. Intake. - A drop structure at the entrance to the conduit,
with a crest elevation of 859.0, will maintain a permanent pool to
mitigate fish and wildlife losses, To permit flexibility in the final



adopted permanent pool elevation, the weir will include 6 stop-log
sections, each 5 feet in length. Drainage of the permanent pool
will be accomplished with 2 hand-operated sluice 3' x L' located
in the upstream face of the weir with a gate invert at elevation
850.0 m.s.l. The vertical curve to support the jet at the intake
was determined from the following formula:

2 2

X + I = 1
p? (2n§’
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where D i3 equal to )} feet. Since the jet will be suppressed in
the horizontal direction by the walls of the weir, a simple cir-
cular curve with a radius of 22.0 feet was used instead of an el-
1liptical shape. A transition section 10 feet in length will pro-

vide fillets from a L' square section to a circular section with a
L-foot diameter.

With the sluice gate ¢losed and stop logs for the per-
manent pool at elevation 860.0, the weir remains the hydraulic con-
trol until the flow exceeds about 270 c.f.s. At that time the weir
will become submerged with the pool elevation about 862.0 m.s.l.
The condult itself will flow under pressure when the discharge ex-
ceeds about 80 c.f.s. With the sluice gate open, the control will
not shift to the weir until the discharge exceeds about 180 c.f.s.

1. Trash Racks., - A metal trash rack with a maxirmum opening
of about | square feet will span the weir portion of the intake and
also provide access to the hand-operated sluice at the end of the
weir. The average velocitlies through unobstructed openings with the
pool at spillway crest will be 2.5 feet per second.

15, Outlet Stilling Basin, - From preliminary geologic imvesti-
gations, it is considered that the bedrock in which the outlet chan-
nel is located is capable of withstanding the maximum velocity of
35 feet per second which would occur with the pool at spillway crest.
Since a stilling basin is not considered necessary, the transition
from the portal end of the circular conduit to the 1,' trapezoidal
discharge channel will be a 25-foot reinforced concrete apron to
support and spread the discharge.

16. Reuben Hart Diversion. - The diversion from the existing
Reuben Hart water supply reservoir will be accomplished by a new
spillway located uostream of the present easterly abutment and a
diversion canal into the Reuben Hart reservoir, In addition the
existing spillway will be modified and incorporated into a new
auxiliary spillway for floods exceeding the standard project flood.




17. Diversion Spillway. - The diversion spillway is an uncon-
trolled ogee welr with a L[5Cupstream face and a crest elevation of
911.0 (elevation of existing Reuben Hart spillway)}. The radius of
the upstream portion of the ogee crest is 2,50 feet and the eavation
of the coordinates of the downstream section is Y = ,143 x 1e/(7e

A tangent 3,8l feet in length was used to comnect the ogee section
to the bucket with a 5' radius., The elevation at the toe was set

1 foot above the channel grade to avoid the possibility of inter~
ference to flows from the uneven rock. The selected length of 125
feet will permit the discharge of a standard project flood with a
head of 3.5 feet, thereby providing a freeboard of 2.5 feet on the
exiating dam. With splllway design flood conditions, the diversion
spillway will discharge 6,100 c.f.s. into the Hall Meadow Reservoir
ard the auxiliary spillway will discharge 1,650 c.f.s. into the
present spiliway discharge chanhel at Reuben Hart Dam. The Reuben
Hart pool will be elevation 916.) feet which will leave a freeboard
of 0,6 feet on the existing dam.

18, Auxiliary Spillway. - The south wall of the approach chan=
nel to the diversion welr constitutes an auxiliary spillway. The
wall 1s an extension of the Reuben Hart spillwey which will be raised
3.5 feet to elevation 914.5, the same top grade of the wall. The
length of the auxiliary overflow section, including the Reuben Hart
spillway will be 207 feet. For purposes of hydraulic analyses, the
effective length of the spillway was reduced to 200 feet to allow for
the angle of approaching flow. The top of the wall will be curved
but because of its low design head, the curvature will not conform
to an ogee section. '

D. GEOLOGY

19, General. - A general discussion of geologic conditions and
a partial Tecord of subsurface investigations is presented in Design
Memorandum No, 2, Site Geology, submitted on 9 May 1960 and approved
31 May 1960. '

20, Bedrock Conditions. ~ The bedrock at the site is comprised
of gneisses and schists generally hard, with a steeply dipping highly
distorted foliation, Extensive horizontal Jointing closely spaced
neer the surface becoming more widely spaced with depth forms a major
rock structure control throughout the area. A secondary control is
formed by & steeply dipping, randomly spaced joint set whose strike
varies from N 30°W to N 80°E, The depth and degree of horizontal
Jointing varies throughout the site but is generally most intense to
depths of 10 to 15 feet below the natural rock surface.




2l. Foundation Conditions., - The design of all footings for
concrete structures have been established at depths generally below
the zone of most prominent Jointing and weathering., Intersecting
Joint planes will govern to a large degree the shape of rock exca-
vations, depending on the relative orientation of the rock structure
and the structural excavations. In areas of extensive cuts, it is
considered practical to excavate the rock to slopes of I on 1 after
removal of loose and blocky surface rock. Jointing and associated
weathering observed in borings and outcrops adjacent to the stream
channel will prohibit the excavation of rock slopes to close
tolerances in the outlet works and will require that the foundation
for the conduit be placed at or near stream grads to obtain a suitable
foundatlon for anchoring of the upstream control weir structure.

The extensive and apparent continucus nature of the hori-
zontal jointing, dipping 5 to 10°, requires that consideration be
given to the relatively high degree of water transmissibility of the
rock to depths of 15 to 25 feet below the rock surface. Measured
rates of flow during pressure testing of the rock indicates values
as great as 20 gpm at 0 pounds of pressure. In view of the apparent
seepage along the horizontal planes relieved only by randomly spaced
vertical Joints, the structures will be designed for maximum uplift
with drainage to be provided by steeply inclined drain holes which
will intersect the horizontal joint system. Where stability con-
sideration necessitates the investigation of shearing resistance to
horizontal movement, a 3liding frietion of rock on rock should be
uged as the unit shearing strength of the material with an assumed
angle for sliding frietion of 26°, In the diversion canal upstream
of the welr, anticipated water losses during storage will be con-
trolled by use of & grout curtain and an impervious membrane, (See
Plate No. 9). It 13 considered that the stop or packer method of
grouting would be most effective in sealing the narrow ridge between
the diversion canal and the existing Reuben Hart Spillway Channel.
The grouting would be cormducted prior to construction of the weir
and walls, and would include the existing Reuben Hart weir, down-
stream of which considerable water losses occur during periods of
high water. The extent of grouting will be generally governed by
the depth of horizontal jointing which would be to shallow depths
of 15 to 20 feet in the vicinity of the dam and to a depth of 0.5
of the ultimate static head on the spillway structure, or a minimum
depth of 15 feet. Water losses would be further prevented by con-
struction of a spray-on-type asphalt gunnite membrane in an area
upstream from the auxiliary spillway weir as shown on Plate 9.

This method is relatively inexpensive and can be rapidly constructed
over the irregular rock surface. If undesirable seepage is observed
during the first year of operation, the membrane could be later ex-
tended over the entire approach channel during the annual period of
lowest reservoir level,

The close horizontal jointing of the rock requires that
anchors be steeply inclined to intersect a maximum number of hori-
zontal joint plares.
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E. CONCRETE MATERIALS

22, Concrete Materials, - Concrete materials are covered in
detail in Design Memorandum No. IV - Concrete Materials, submitted
1 April 1960 and approved 13 April 1960,

F., STRUCTURAL DESIGN

23. Purpose. - This section of the design memorandum presents
the design criteria; basic data and assumptions used in the struc-
tural design of the appurtenant structures. A brief description of
of the structures with loading comditions and assumptions used is
included to show the design procedure. Typical computations are in-
cluded in the Appendix showing the maximum conditions for the critical
structures, Additional computations following the same procedure will
be made wherever warranted by a change in loading or a reduction in
section,

2li. Scope. - The structural design of the spillway weir, spill-
way lining and retaining walls, inlet structure, conduit, outlet
structure, Reuben Hart Diversion spillway weir and lining and modi-
fications to the existing portions of the Reuben Hart Dam are in-
cluded herein,

25. Design Criteria. -

a, General, - A1l working stresses conform to those speci-
fied in the Engineering Manual EM 1110-1-2101, "Working Stresses for
Structural Design", dated 6 Jamuary 1958, Loading conditions, design
assumptions and other design criteria are based on the following ap-
plicable parts in the Engineer Mamual for Civil Works: Standard Prac-
tice for Concrete (Part CXX, October 1953); Gravity Dam Design (EM
1110-2-2200, Sept. 1958); Structural Design of Spillways and Outlet
Works (Part CXXIV, December 1952) and Retaining Walls (issued as
Part X, Chapter 9, dated July 19L5). Accepted engineering practice
has been employed in cases where the Engineering Manual for Civil
Works does not apply.

b. Concrete., - The following table lists the concrete and
reinforced concrete stresses used in the design of structures. In
each case, the Civil Works Manual exposure classification A (applica-
ble to structures subject to moderately severe weather exposure) has
been used.

Flexure - Lbs. per 5q. In.
Extreme fiber stresses in com-
pression(except conduit) 1,050
Extreme fiber stresses in com-
pression (conduit) 1,350
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Flexure - {cont'd) Lbs. yer Sq. In.

Extreme fiber streases in tension

(plain concrete) 60
Shear - (v)
Beams - no web reinforcement 90
Beams with properly designed web
reinforcement 240
Footings - at critical section 75

Bond - (u) Deformed bars -

Top bars 210
M1 others 300

Bearing - (fe)

Load on entire area 750
Load on one-third area or less-~
maximum permissible 1,125
Modular Ratio - (n) 10

¢. Reinforcement. - (1) Grade and Working Stresses. - All
reinforcement in the structures; including temperature and shrinkage
reinforcement was designed for the working stresses of new billet
steel, intermediate grade, deformed bars which is 20,000 p.s.i. in
flexural tension, The reinforcement will conform to the requirements
gf Federal Specification QQ-5-632, Type II, Grade C and to ASTM A~305-
6T.

(2} Spacing. - The clear distance between parallel bars
will not be less than times the diameter of round bars except that
in no case will the clear distance between parallel bars be less than
1 inch, or 1} times the maximum size of the coarse aggregate.

(3) Minimum Cover for the Main Reinforcement., - The
minimum cover from main steel reinforcement to surface was maintained
at 4" in all cases,

(4) Splices. - A1l splices will be lapped 30 diameters
to develop by bond, the total working strength of the bars, Splices in
the main reinforcement at points of maximum moment have been avolded in
the design.
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(5) Temperature and Shrinkage Reinforcement. - Tem-
perature and shrinkage reinforcement will be provided where the
main reinforcement extends in only one direction. Such reinforce-
ment will provide for a ratio of steel area to concrete area (bd)
of 0,002 with a minimum of .0012 in each face up to a maximum of
#6 bvars @ 12" cc.

d, Structural Steel. - Structural steel was designed for
the working stresses of ordinary bridge and building steel (yield
point 33,000 p.s.i. minimum) which conforms to the specifications
for the Design, Fabrication and Erection of Structural Steel for
Buildings, issued by the Mmerican Institute of Steel Construction.
Allowable design working stresses conform to those given in the
Engineering Manual for Civil Works using a basic stress of 20,000
p.-s.i.

€. Increase in Normal Wbrking_Stresses. = No inereases in
normal allowable stresses were used.

26, Basic Data and Assumptions, =

a, Controlling Elevations of Dam and Appurtenant Structures

Un.s.1.) -

(1) Main Structure -

Top of Dam and Dike 917.0
Spillway Crest 898.0
Maximum water surface just

upstream at spillway weir 912.1
Maximum tailwater elevation

at spillway weir 900,0
Conduit invert 8L2,0
Conduit outlet 841.0

{2) Reuben Hart Diversion -

Main Weir 911.0
Ahuxiliary Weir 914.5
Modified Existing Weir 914.5
Maximum water surface upstream

of weir 916. 4
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b, Loads. - (1) Dead Loads. - The following unit weights
for materials were used:

MATERT AL UNIT WEIGHT (1bs/cu. ft.)

sz Saturated Moist Submerggg

Rockfill 115 135 115 T2
Gravel Bedding & Pervious Fill 125 11 130 78
Impervious Fill 130 1.5 10 82
Concrete (Plain & Reinforced) 150
Steel Lg0

(2) Tive loads., - The following live loads were used:

Water 62.5 1bs. per cu. ft.
Wind 30 1bs, per sq. ft.
Equipment as furnished by manufacturer
Snow 4O 1bs. per sq. ft.

c., External Water Pressure, - Triangular distribution of the
water pressure in the reservoir pool on the spillway and abutments was
used, Tallwater pressure was taken at 60% of full value for the spill-
way sectlion.

d. Internal Water Pressure, - Uplift pressure under the dam
was agsumed effective on 100% of the area of the base, varying uniformly
from tallwater head at the toe to full headwater at the heel for the
main spillway. The uplift pressure for the Reuben Hart Diversion spill-
ways was assumed as full headwater pressure across the entire base,

e. Earth Pressure. - Earth pressures were determined in
general in accordance with Part X, Structural Design, Chapter 9, Re-
taining Walls, "At rest" pressures were used in all cases.

f. Earthquake Forces., - Because of the small size of the
structures irnvolved, earthquake forces are not a factor and were dis-
regarded,

ﬁ. Ice Pressure. - Horizontal forces due to ice pressure
were included in the design of the Reuben Hart auxiliary weir as well
as the conservation welr.



h, Frost Protection. - On the basis of temperature re-
corde and frost penetration depth curves derived by the Arctic Con-
struction and Frost Effects Laboratory of the Corps of Engineers,

a minimum frost protective cover of I, feet above foundation level
will be used for any structures founded on earth.

27. Main Spiliway Weir and Lining. -

2. Descrigtion. = The main spillway weir is an ogee-
shaped concrste overflow section 100 feet long with crest elevation

at 898,0 m.s.1l. (See Plate No. 5). Contraction joints will be pro-
vided at a 25,0 ft. spacing. A short section of concrete lining
will be anchored to the rock on the West Side and a section of
lining with a small gravity section above the rock surface will be
emplcoyed on the East Side, Vertical contractlon Joints will be em-
ployed in the lining at a spacing not over 30 feet.

b. Spillway Stability. - The following loading conditions
were used In the design:

Case I, - Reservoir at maximum surcharge and tailwater
levels, full uplift over 100% of the base and hydrostatic lateral
pressure on the downstream face taken at 60%.

Cagse II, - Same as Case I, except 10 feet of rock be-
neath weir included as acting with the weir,

Case IIT., - Water at splllway crest and uplift over
100% of base area varying from full head upstream to O downstream,

¢, Spillway Design, - Maximum bearing under Case I1I was

found to be only 893 1bs, per sq. ft. Under Case I loading it was
found that the co-efficient of sliding friction on the base was 1.97
and that the resultant fell within the middle third of the base, As

a result of the high friction co-efficient it was decided to employ
rock anchors that would engage 10 feet of rock to act with the base.
Under this condition of loading (Case II) the co-efficient of friction
was reduced to 0,93. However, considering the restraining effect that
¢an be obtained from the lateral resistance of rock below the base
elevation of 891,0 there is an ample factor of safety against sliding,.

d. Spillway Lining. - Rock anchors holding the 1'-0" thick
lining to The rock face were figured for a head of water to the top of
lining reduced by 50% because of drains into the rock. Design net
head was determined to be 8 feet and requires #11 anchors sunk 10 feet
into rock and spaced 6'-0" by 6'=0", The concrete lining was designed
urder two-way action spanning between the rock anchors.
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e, Gravity Wall Above Spillway Lining. - The gravity wall
section above the rock surface was designed for a rapid draw down
condition assuming moist soil and no uplift.

28, Reuben Hart Diversion, = Structures included are a new ogee
shaped spillway section 125'-0" long with crest elevation at 911,0
m.s.1l., an auxiliary spillway consisting of existing spillway ralsed
to a crest elevation of 914.5 and a new semi-gravity section joining
the new spillway and the existing spillway. The semi-gravity section
wall will have a top elevation of 914.5, the same as the auxiliary
spillway and is approximately 150 ft. long. Contraction joints in the
new weir will be spaced at approximately 31 feet center to center and
in the new semi-gravity wall at approximately 21 feet center to center.
(See Plate Nos. 6 and 7.)

a. New Spillway Section. -

(1) Stability. - The spillway was analyzed for the fol-
lowing conditions of loading:

Case I, - Construction condition, dead load of
structure only.

Caze II. - Normal operating condition with reser-
voir at crest elevation, no tailwater and full uplift over 100% of the
base.

Case III, - Surcharge elevation of 914.5 and tail-
water at 907.0 full uplift over 100% of the base.

Case IITA,- Surcharge elevation at 916.4 and tail-
water at elevation 908.7 full uplift over 100% of the base,

(2) Spillway Design. - Bearing pressure under all con-
ditions was found to be low and the resultant within the mid third of
the base, In order to obtain a satisfactory factor of safety against
8liding it was found necessary to engage 10 feet of rock to act with
the concrete.

b. Modification to Existing Spillway. -

(1) Stability. - Additional concrete added to the
existing section was considered to make it act as a combined unit., The
combined section was analyzed for the same loading conditions as the
new spillway section except as follows:

Case 1I, - Ice thrust of 7,500 lbs. per linear foot
applied,

Case III. - Surcharge elevation at 916.l4 and no
tailwater. Full uplift over the base to headwater elevation.
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(2) Spillway Design. - The ice thrust application re-
quired the addition of the bucket downstream in order to obtain a
satisfactory stability corndition with the resultant within the base.

¢. oSemi-Gravity Sections., - The semi-gravity sections were
analyzed for the same conditions of loading as the Modified Spillway
Section., It was necessary to design the concrete section as a canti-
lever from the rock surface. Tension anchors will be provided an-
choring the concrete and reinforcing steel will be provided in the up-
stream face to resist tension.

29, Inlet Structure, - The Inlet Structure is a small rectangu~
lar concrete structure 12'-0" by 21'-0" with invert at elevation 842.0,
crest of weir at 859.0 and top of stop-logs at elevation 862.,0. The
structure was designed as a vertical U section with the top supported
by beams and struts, The structure was designed for a lcading condition
with water to elevation 862.0 on the outside with inside dry. It was
also investigated for an ice thrust of 10,000 1bs. per linear foot.
Due to the confining area around the structure a higher value for ice
pressure was used bere than on the structures in the Reuben Hart Di-
version. (See Plate No., 3)

30, Conduit. -

8. Description. - The conduit will be a circular section
41-0" inside diameter and 313 feet long. Contraction joints will be
provided at 31 foot intervals.

b. Loading. - The conduit was investigated for the fol-
lowing two loading conditions.

Case I. - Rapid drawdown from spillway crest with earth
saturated to elevation 898.0 and moist from elevation 898.0 to top of
dam. Vertical load taken as the rectangular weight above the conduit
roof and horizontal lcad as 50% of the vertical.

Case IT. -~ Water at spillway crest, earth submerged to
elevation 898 and moist above. Vertical load taken as the rectangular
weight above conduit roof and horizontal as 50% of submerged and moist
weights plus hydrostatic pressure to elevation 898.0.

Ge. Conduit Design. - Conduit section required was found to
be 1'<3" thick and steel reinforcement consists of #6 rods at 1!'-0"
gpacing except at invert where spacing was decreased to 6" because of
bond requirements.

31. Outlet Structure. - The outlet structure consists of gravity
type side wallg with a small channel slab anchored to rock. Design of
the walls was based on accepted practice., (See Plate No. L)
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32, Sluice Gate. - A cast iron slulce gate 3'.0" wide x
41=0" high will be installed on the upstream wall of the weir
structure with the invert at Elevation 850.00. A floor stand with
hand crank for manual operation of the gate will be mounted on the
weir deck at Elevation 862,00, (See Plate No. 8).

This gate will be used for the flow of the stream during

construction and before a permanent pool is established and to
operate and dewater the permanent pool.
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