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PART UI 

C W T E R  I 

This part of the Design Report pertains to the design of the 
structures of the major project features, The purpose, consideratiorrs 
of site selection, descriptions, loads, stresses, stability, and methods 
of analysis are discussed for each of the features. 

The structural design of the various concrete structures was 
in accordance with "~uilding Code Requirements for Reinforced Cm- 
crete" (ACI-318-56) by the American Concrete Institute. Steel str-uc- 
tures were designed in accordance with the American Institute of Steel 
Construction "Standard Specification for the Design, Fabrication and 
Erection of Structural Steel for Buildings. ? t 

Ih acidition to structural design, the hydraulic designs of the 
spillway, diversion and outlet tunnel, and the power intake structure 
are covered. 



CHAPTER 11 

SPILLWAY 

2.01 GENERAL 

A. Purpose 

The purpose of the spillway is to ensure the safety of the d a m  
by the passage of periodic floods and the regalation of the level of the 
reservoir. Project hydrology and hydraulic requisites of the spillway 
are discussed in PART I, PROJECT SCOPE AND CRITERIA- 

B. Description 

The spillway, as shown on Exhibit 11-1, is ioc9ted in a saddle 
near the left abutment of the main dam. The principal features are the 
inlet walls, gated crest, chute, and stilling basin, which have a total 
length of 540 feet and a width of 745 feet- The inlet and outlet channels, 
which are unlined, have approximate lenptfis of 1300 feet and 4000 feet, 
respectively. 

C.  Design 

The design of the spillway falls into two major divisions, hy- 
draulic and structural, Good hydraulic performance was the prime 
consideration of the spillway design with economic and structural limit- 
ations imposed to give a practical structure. 

The spillway was designed to be constructed in two stages (see 
Section 4.04, Chapter V, PART I.). Stage f consists of a flat crest- 
s e t u r e  745 feet wide at Elevation 51.00 feet, with side walls  to Ele- 
vation 76.08 feet, and the complete chute, stifling basin, inlet and outlet 
channels as required for the finished structure. Stage II consists of 
completion of the crest structure, side walls, piers, and bridge, and 
installation of the hoists, gates, and miscellaneous metalwork. 

2-02 EYDRAULIC DESIGN 

A- General 

The spillway was designed to discharge 5W3 000 cubic feet per 
second when the surface of the surcharged re servo^ is at a maximurn 
elevation of 119.00 feet. In addition, the spillway was designed to be 
constructed so that a diversion design flood of 250,000 cubic feet per 
second during construction could be passed without the reservoir level 
overtopping the upstream cofferdam at Elevation 80-0 feet. 



NZodel studks were performed by the Hydraulic Research Lab- 
oratory, State College of Washington, Pullman, Washington, U- S. A- The 
spillway model did not conform entirely with the final design because 
the decision to change the normal maximum reservoir level from Eleva- 
tion 113.0 feet to Elevation 118.0 feet was made after the model study 
was completed. (See paragraph G ) .  Also the abutment training walls 
had to be revised due to changed foundation conditions which became 
apparent after excavation had been completed. 

B- Inlet Channel 

1. Sha e - The inlet channel is trapezoidal in section, with 
side slopes of -7 1 - 3  2 horizontal to 1 vertical. The base is at Elevation 
51.0 feet, and the base width is approximately equal to the spillway 
crest width. 

2. Plan - The inlet channel was curved in plan to avoid exten- 
sive excavation of a ridge which projects into the spillway approach 
area from the left bank. 

3. Lefr Bank - Model studies of the inlet channel as originally 
designed indicated that extensive areas of slack water would appear along 
the left bank. Shifting of the inlet channel farther to the right eliminated 
the greater portion of slack water and reduced the quantity of excava- 
tion. Several natural bays exist along the left bank but they had no ad- 
verse  effect on discharge of the model- 

4. - Ri@ Bank - Due to natural topography, the right bank of 
the inlet channel is very short. During the model study it w a s  noted that 
water approaching the inlet channel from the right side was directed into 
the main approach stream at right angles, adversely affecting the flow 
distribution in the 16 spillway bays. The major cause of this appeared 
to be a shallow bay, adjacent to and behind the rigkt bank, extending to 
the toe of the end fill section of the dam, Smooth ffow on the model was 
attained by filling this bay. A similar fill was placed on the prototype 
as shown on Exhibit 11-1- 

The maximurn prototype velocity of flow, measured on the 
model, at the right bank, was 9.0 feet per second at a discharge of 
300,OUC cubic feet per second- The maximum prototype velocity of 
flow mezsured on the model, along the upstream toe of the dam, was 
3.0 feet per second. 

The final, design of the inlet channel closely resembles the 
most satisfactory model shape tested- 

5. Diversion Floods - The spillway shown on the contract 
drawings was not designed for two stage construction. The bottom of 
the id& channel was get at Elevation 69.0 feet so that ~e total depth 
of water in the channel was 50 feet' (to Elevation 119-0 feet) which pro- 
duced an average inlet channel velocity of app:*oximdely 13-0 feet per 
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second for the peak flow during the design flood. This velocity is rela- 
tively high, and 70 feet of reinforced concrete apron was used to protect 
the bottom of the inlet channel from erosion immediately upstream 
from the spillway crest. 

In the final design, the depth of water in the inlet channel is 68 
feet (to Elevation 119.0 feet) which produces an average channel vebcity 
of 9.7 feet per second at the upstream end of the channel walls for the 
peak flow during the design flood. For "normal" fbods,  velocities will 
be much lower and a protective apren for scour was no longer eonsidered 
necessary, However, to reduce seepage becrylse of jointing in the shale 
of the inlet channel that became apparent after excavation had progressed, 
the entire area between the inlet walls was paved with a 5-inch thick 
asphaltic concrete blanket. A 3-foot deep concrete cutoff wzs placed at 
the upstream egd of the blanket. h the event of damage to the blanket 
during diversion through the Stage I Spillway, it could be repaired dur- 
ing the Stage LI construction period. 

C .  Crest 

Based on preliminary studies, the length of the spikfway crest 
was set at 640 feet. Considering f 1) crest length; (2) design flood; ( 3 )  
reservoir storage capacity; and (4) maximum s * ~ c 5 ~ g e d  reservoir 
surface elevation, the spillway crest for the findl d e s i e  was set at 
Elevation 80-25 feet, 

The upstream and downstream slopes of the crest shape were 
chosen on the basis of stability limitations and are also discussed in 
paragraph D2, Section 2.03. The curved portion near the crest is a 
circular arc which approximates the lower nappe of free discharge. 

The shape of the lower nappe was determined using "Boulder 
Canyon Project Final Repor is, PART VI, Hydraulic Investigation Bulle- 
tin 3, Studies of Crests for Overfall Dams" - United States Bureau of 
Reclamation, (USBR)- Downstream from the gate sill the crest shape 
is defined by a parabolic transition from the circular curve to the uni- 
form slope. 

The gate sill was located downstream from the crest so that 
the release with partial gate openings would be directed downward- The 
gate sill was  placed at Elevation 79-75 feet with the top of the gates at 
the normal maximum surface of the reservoir, Elevation 118.00 feet. 

The width of the piers, based on structwal requirements, is 
7 feet. The combination of sixteen 40-feet wide gates and fifteen "Iffoot 
piers required aa overall width of 745 feet between spillway sidewalls. 
This width was used for the inlet channel, crest structure, chute and 
stilling basin. 



The discharge capacity of the spillway was checked on the 
model of the original design. The measured discharges mere plotted 
against corresponding reservoir elevations and are shown on Figure A. 
The discharges for partid gate openings were also checked on the 
model and the results shown on Figure B. Curves of discharge coef- 
ficients versus reservoir surface elevations were prepared for both 
free crest flow and for discharge with gates partially open. (See 
Figures C and D). The discharge coefficient, Cd for free crest flow 
was obtained using the equatian: 

The discharge coefficient, Cd, for discharge through partial 
gate opening was obtained using the equation: 

Cd = Q - where: 

Q = Discharge in cubic feet per second. 
3, = Effective Lengzh. of the spi'lway crest (640 feet)- 
El = HI = Difference in elevation between the reservoir 

water surface and the spillway crest. - 
H2 - Difference in elevation between the reservoir 

surface elevation a.nd the bottom of the gate. 
g = Acceleration cf gravity, 32.2 feet per second 

per second. 

Discharge capacity of Stage 1 of the spillway was &so checked 
on the model, and the discharge curve is shown in Figure E- 

Flow patterns through the spillway model were satisfactory 
for all ranges of discharge. The maximum tested was 640,000 cubic 
feet per second, at Elevation 123.25 feet which is well abve the maxi- 
mum flow for the design flood. This flow of 640,000 cubic feet per 
second s b u l d  not be interpreted as being a basic capacity requirement 
or a design criteria, but was  selected for model use because it accentu- 
ated the flow tezdencies that existed with lesser discharges. 

The usual drawdown was observed around the nose of the piers 
and a typical "fish tailff appeared where the flows merge down the chute 
from the end of the pier. The "fish tail" reached a maximum height of 
about 20 feet on the prototype and exhibited no apparent iff  effects. 
There was no sepsration between the lower aappe and the crest profile 
and no subatmospheric pressures on the crest for either fully-open or 
partially-open gate operation, for all rates of discharge- 
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During the model study of the original design, the upper nappe 
touched the gate pin at a discharge of- 560,000 cubic feet per second. En 
the final design, the radius of the tainter gate w a s  increased from 30 
feet to 35 feet, and the gate pin is located above the upper nappe for all 
flows. 

D. Chute -- 
The slope used for the chute is 2 horizotitdl to 1 vertical. The 

chute walls required to maintain the backfill are about twice as high as 
the depth of mlvimum flows, as measured on the model. 

E. Stilling Basin 

The stilling bash was  designed using the United States Bureau 
of Reclamation (USBR) "progress Report III - Research Study on Stilling 
Basins, Energy Dissipaters aild Associated Appurtenances." The;floor 
of the sf;- basin was set at Elevation -3.00 feet, and the length af the 
apron at 180.00 feet. Chute blocks were used to skortea the hydraulic 
jump. Study of the model showed that the jump characteristics were 
satisfactory for all discharges, including diversion flows.  (See Figures 
F and G). A dentated sill was used at the end of the stilling basin apron- 
Model studies indicated that it functioned properly. 

The outlet chmel is required to return spillway releases to 
the river chamel through a distance of approximately 4000 feet. The 
outlet channel is aligned with the spillway. The channel narrows to a 
width of 400 feet in the first 1100 feet, and the channel bottom slopes 
up from Elevation -3.0 feet to Elevation 14.0 feet, at 5 horizontal to 1 
vertical immediately downatr earn from the structure- 

A study of scour in the outlet channel w a s  made on the spilf - 
way model. (See Figures F and GI. The scout patterns appesring on 
the model test were satisfactory. Removal of the dsniated sill on the 
model of the stwing basin greatly increased scout at; the end of the 
basin and is a good indication of the efficiency af the sill as designed. 
The foundation sand in the outlet channel was  protected by riprap for 
a distance of 200 feet downstream from the dentated sill. 

For a large percentage of the time, releases will  be mads with 
the gates partially open rather than with free flow over the crest. The 
scour studies for various combinations of partial gate opening indicated 
less erosion with all 16 gates at equal openings than fur any other com- 
bination. 

The spillway model was constructed f u l ~ o ~ g  the basic pat- 
tern of the design as shown in the contract drawings. 



Tests of the final spillway model were satisfactory in dl re- 
spects. Several changes were  made, however, in the final design of the 
prototype. which were not tested on the model. It is necessary, there- 
fore, to discuss these changes and to analyze their effect on the model 
results. 

1 Inlet Walls - These walls retain the bzdcffil just u p s e m  
from the crest structure. fn the model, they curved away from the sp* 
way centerline and extended into the inlet channel side slopes. fn the 
final design, the inlet walls  are straight and aligned with the crest struc- 
ture side wdfs .  The height of the wall varies with the depth of the back- 
fill. The original alignment was not used because of shuctural consider- 
ations. The present alignment wi l l  interrupt the smooth flow along each 
bank of the inlet channel and will reduce the discharge of the end bays 
somewhat. Considering the total width of spillway involved, the percent: 
decrease will be very small. This alignment change was built into the 
mode? for study of diversion flows, so that its effect during diversion was 
correctly shown by the model. 

2- Crest Shape - The crest shape of the final design differs irr 
several respects from the shape tested on the model. The final crest is 
at Elevation 80.25 feet, 2.25 feet above the original design - The crest 
profile is somewhat sharper than the original design. The change in 
crest elevation has no effect on the discharge coefficient. The adoption 
of a sharper crest profile will increase the discharge coefficient some- 
what. It is expected that the resulting increase in discharge will  more 
than offset the losses due to the inlet wall  change, since W s  increase 
will affect the entire spillway. 

3- Pier Shape - The piers of the final design differ from the 
model in several respects. 

The piers on the final design are 6 inches thicker. This change 
will have negligible effect on the discharge.. 

The upstream end of the piers on the final design are vertical, 
w W e  tbe model piers were hclitled. This change will also have no effect 
on rhe discha ge. 

4- Chute and Sti.iLing Basin - The only difference between the 
original design and the final design of the chute and stilling basin is an 
increase of 7-5 feet in width. The hydraulic effect of this increase will 
be negligible- 

2-03 STRUCTURA-L DESIGN 

The reinforced concrete structures in the spillway were designed 
using the folhwing criteria and assumpticrns: 
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I.  Loads 

a. Wad Loads - The dead loads shall consist of the weigkt 
~f all the permanent stationary construction entering 
into or becoming a part of the final structure. 

b. Live Loads - Assumed Live loads are as follows: 

Locat ion Live h a d  

Gate Hoist Acess Bridge AASWO H20 truck loading 

Gate Hoist Deck Hoist Load (discussed in 
paragraph D). plus 100 
pounds per square foot of 
deck area. 

Gate Anchorage Prestressing loads and gate 
arm loads as discussed in 
paragraphs E and F 

c. Seismic Loads - Seismic loads shall be equal to 10% of 
the dead weight of the structure and any backfill resting 
on the structure or adjacent and in a position to affect 
the structure applied horizontally in any direction at 
the center of gravity of the mass. 

Seismic loads on the stracturss from water shall 
be calculated using Westergaard8r parabola: x = 1 f i  
(See Figure 3) where: 8 

x = distance of water away from the structure, 
which can be assumed to act with the struc- 
ture during horizontal seismic acceleration. 

H = depth of water. 

y = distance from the surface. 

When y = H, the total voturne of water enclosed 
by the parabola can be expressed as V = 7 8" whose 
weight, W = (62.4 $1, or 12 

12 

W = 36.5 E12. Applying a seismic acceleration of Q 
expressed with respect to gravitationdl acceleration, 
the force due to earthquake exerted by the water on 
the structure is Pe = (36.5 IZ2)a . This force 
acts at O.$H, the center of gravity of the parabola 
quadrant. 



For short reservoirs, between the piers for ex- 
ample, the total force exerted by water on the structure 
canbewrittenPe=fi(36.5a2)o! ,wheref i  isgiven 
on the chart in Figure J. 

1 
d. Combined Loadings - The various components of the 

spillway shall be designed to sustain at normal stresses 
the maximum dead load and normal Live load to which 
they may be subjected. Where stresses due to seismic 
loads are combined with those due to static Loads, the 
permissible working stresses may be increased 33-1 13 
percent. For structural loads induced at stall torque of 
the hoist motor, working stresses may be increased by 
50 percent. 

2. Allowable Stresses 

Unconfined Compressive 
a. Concrete Class Strength in pounds per square inch 

at 28 days 

A 
B 

High Strength 

b. Reinforceme~t - Reinforcement shall be intermediate 
grade billet steel conforming to ASTM Designation A-1 5. 
Defo~mations shall conform to ASTM Designation A-305. 
Normal working stresses shall not exceed 20,000 pounds 
per square inch. 

c. Foundation Pressures - AflowabLe bearing pressure on 
shale = 15,000 pounds per square foot. 

Allowable bearing pressure on confined sand = 
12,000 pounds per square foot. 

Allowable foundation bearing pressures may be 
increased by 1/3 for seismic loads. 

d. Stability I 
( I )  Maximum sliding factor 0-35 
(2) Maximum sliding factor for seis-mic loads 0.45 

The sliding factor is defined as the ratio of 
the, net horizontal forces on the structure 
to the net vertical forces on the structure. 

(3) R(iinimttm safety factor against over - 
turning 2.0 

(4) Minimum safety factor against over- 
turning for seismic loads 1 -5 
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The safety factor against overturning is def in& 
as the ratio of the resisting moment to the over- 
turning moment- 

(5) The resultant of all loads must fall within the 
middle 1 /3 of the base. 

Weights of Mater ids 

Plain and reinforced concrete 150 #/ft3 
Water 62.4 #/ft; 
Dry backfill, except impervious core 110 #/ft 
Saturated backfill, except impervious core 130 #/ft3 
Dry backfill, impervious core 115 #/ft3 
Saturated backfill, impervious core 135 t/ft3 

Friction ,Angles 

Bac3sfilT Internal friction ( @ ) 
Backfill to excavated shale 

Standards - The design of the reinforced concrete struc- 
tures shall conform to the following standards: "Building 
Code Requirements for Reinforced Concrete [ACI 318 -56)" 
of the American Concrete Institute, and "Standarb Specifi- 
cations fbr Highway Bridges," Sixth Edition, of the Amer- 
ican Association of State Sighway Officials. 

B. Methods of Analysis 

1. General - Foundation pressures were calculated by fin- 
the resultant of the weights and horizontal Loads on a I-foot wide strip, 
and applying the formula p = P - - -  + m, where: 

A s 

p = foundation pressure at either edge of the base slab, in 
pounds per square foot. 

P = net weight, in pounds. 

A = area of a 1-foot strip of the base width, in square feet- 

m = moment of the resultant of dl forces acting an the 
structure about the midpoint of the base width, in foot 
pounds. 

s= sectioa modulus, M ~ ,  in cubic feet. where b eq*&s I 
6 

foot, and d equals the width of the base, in feet. 

Intermediate foundation pressures were assumed tc vary as a 
straight line between the edge pressures. 



2- Retaining Wal l s  Stability - For retaining walls, the backfill 
loads were  determined by dividing the backfill into two wedges (see Fig- 
ure K), the active wedge and the inert wedge. The inert wedge is described 
as the triangle of backfill whose base is the heel slab and height is the 
back face of the retaining wall,  The active wedge is &e remaining wedge, 
one side of which is the top surfaces of the backfill, and the other is the 
excavated shale slope. For dl of the walls investigated, the shale slope 
was assumed to extend up from the edge of the heel slab at a slope of 1 to 
1. This was a conservative design assumption. 

The weight of the inert wedge was applied on the heel. slab. The 
method of applying the loads from the active wedge is shown diagram- 
matically on Figure K. Two surfaces, the excavated shale slope a d  the 
assumed sliding plane between active and inert wedges, were a s s m a d  to 
support the weight 3f the active wedge. The direction of the supporting 
forces is a function of the angles of the supporting surfaces and the appro- 
priate friction angles. The amount of the supporting force is such that the 
force diagram forms a closed triangle. Only the force acting on the inert 
wedge was assumed to affect the retaining wall. This force was  resolved 
into horizontal and vertical components and applied to the inert wedge at 
a point 0-4 of the wall height above the base. For seismic loading, a 
force polygon was similarly constructed. with the addition of a horizontal 
load equal to 0.1 weight of the active wedge. The difference between the 
seismic and normal loadings, which was considered to be the seismic 
contribution from the active wedge, was applied at a point 2/3 of the wall 
height above the base. 1 

3 .  Internal Structural Loads - For design of the toe slab, the 
difference between foundation pressures and weight of the structure was 
taken as a load to be resisted in shear and bending- The counterforts 
were designed as T-beams, cantilevered from the base slab, to resist 
moment an? shear caused by horizontal loads on the stip of wall sup- 
ported by the counterfort. Web reinforcement. was not ansidered to con- 
tribute to the moment reinforcement requirements. 

The wall and heel slab were designed as fixed-end beams sup- 
ported at the counterforts. For local deszgn loads, horizontal, and Per - 
tical components from the active wedge w e r e  assumed to be equivalent 
triangular- loads. 

As nearly as practicable, counterforts were spaced so that the 
moments in the walls and slabs on each side of the counterforts were 
balanced. 

The purpose of the inlet waX! is to retain the sloping backfill up- 
stream from the abutment walls. The base of the inlet wal l  is level at 
Elevation 51 -00 feet, the elevation of the inlet channel floor. The top of 
the w d l  lies on a slope of 2 Plorizontal to 1 vertical and is flush with the 
surface of the backfill. The height of the wall  varies uniformly from 



STABILITY ANALYSI5 / 



O feet to 68 feet over a length of 136 feet. The base width was varied 
from a 2-foot toe and 2-foot heel at the upstream end to a 20-foot toe 
and 40-foot heel. at the downstream end adjacent to the abutment wall. 

The inlet wall was separated by contraction joints into three 
sections of approximately equal length. The upstream section was de- 
signed as a cantilevered wall. The other two sections were designed as 
counterforted walls.  Each section of wall was analyzed for stability for 
the dry condition, (immediately after construction) and for partially m- 
balanced hydrostatic lateral ioading. Results of stability analysis for the 
dry condition, which were found to be critical, are given in Figure L. 

A threefoot deep cutoff wall was  placed below the toe of the 
slab to safeguard the hundation of the inlet walls from undermining. 

D. Crest Structure - Pier Blocks 

1- Pier Blocks - Fifteen identical pier blocks are each 47 feet 
wide with the pier located on the centerline. The functions of the pier 
blocks are: 

Stage I 

a. To protect the foundation from erosion, and provide a crest 
at Elevation 51.00 feet for .diversion flows. 

Stage 11 

a. Za provide a crest at Elevation 80.25 feet, equipped with 
gates for regulation of spillway discharge. 

b. To provide for gate trunnions and anchorages and gate 
hoists. 

c. To provide stopiog siots. 

d- To provide a seat for the gate hoist access bridge and for 
a future bridge. 

2, Crest - The shape chosen for the spillway crest was  deter- 
mined, as a function of hydraulic and stability requirements, to be the 
most economical. Shapes with flatter and steeper upstream slopes and 
with an ogee downstream curve were also investigated. The design of 
the curved surface at the crest and gate sill is discussed in paragraph C, 
Section 2-02 of this chapter. A fifteen foot deep cutoff wall was placed at 
the spstream edge of the pier block to protect against undercutting, in- 
crease the pzth of percolation, and also act as a positive key against 
sliding on the foundation. The downstream edge of the crest block was 
thickened to provide a minimurn depth of five feet for the Stage I slab 
and also leave room for five feet of Stage XI concrete. 



3. Pier - The design of the pier was based on the folowhg con- - 
siderations: 

z. A minimum pier width of 7 feet was required to encase 
the gate anchorage and withstand the prestressing loads. The gate an- 
thosage is discussed in Chapter II, PART V. 

b. With the location of the gate sill. known and the radius 
of the gate selected at 35 feet, the gate trunnion was set at Elevation 
92.50 feet to minimize vertical forces on the gate trunnion and keep it 
above the upper nappe during maximum discharge- 

c. The hoist decks were located so that a vertical line 
from the hoist drum approximately bisects the angle between the posf- 
tions of the hoist cable at gate full open and at gate closed. This ensures 
that horizontal loads on the hoist will be minor. 

The surface of the hoist decks was set at Elevation 127.00 feet, 
which is convenient for access, a d  high enough to clear the gates in any 
raised position. 

d. The stoplog slot was located 3 feet upstream from the 
spillway gate, where the surface of the crest is fairly level. 

e. The bridge was placed just upstream from the stoplog 
slot, leaving I foot of clearance. This is sufficient clearance for handling 
the stoplogs, which must be brought along the bridge, lifted over tkre 
handrails, and lowered into position. The piers were designed to accom- 
modate two 10-fwt wide bridges, the upstream Wage to be constructed 
in the future. The upstream 4.5 feet of bridge seat was designed as an 
overhang to reduce the volume of concrete required for the piers. The 
bridge seat was set at Elevation 123.37 feet, with 1.5-inch deep slots 
provided to receive the bridge girders. 

4, Stability -Analysis - Loads irivestigated and results abtained 
in stability analysis of the spillway crest block are given in Figures M, 
N, and 0- 

The structure was analyzed for stability considering two pos- 
sible sliding planes, the f irs t  being the plane between s u e  and concrete, 
the second being an inclined plane from the bottom of the cutoff wall to 
the downstream toe of the structure. Analysis of the structure for either 
sliding plane gave results within the limits of the design criteria. 

A complete stability analysis was made for the pier block when 
adjacent gates are open and water discharges freely on each side of the 
pier, (see Figure 0).  Overturning safety factors were feud to decrease 
but are still well within the allowable. For this analysis, hydrostatic 
pressures on the crest surface were caLculated using pressure measure- 
ments from models tested by the United States Bureau of RecLarraatioa 
(USBR) and given in Boulder Canyon Project Report, PART ITa Bulletin 3, 
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a. Horizontal loads on the upstream slope of the crest 
section were calculated using the pressures above, applied on a ver- 
tied projection of the slope. 

b. Horizontal hydrostatic loads on the upstream end of 
the pier were taken as equal to static pressure of water standing to fhe 
depth of the hydraulic gradient, itil this case assumed to be at Elevation 
119-0 feet. 

c. Downstream fkum the crest, vertical presswe equal 
to 80 percent of the depth of the water was applied on the downstream 
sf ope. 

d. Horizontal pressures on the downslean slope were 
not considered. 

5. Pier Analysis - The piers are subject to lateral bending 
due to seismic loads and unbalanced gate openings- Hoist loads also 
cause bending but their effect is so small at the base: of the pier that 
they are negligible. The loading colnditions investigated are: given on 
Figure P. Seismic loads were critical in all of the cases investigated, 

The pier was checked for &ear on a plane along the down- 
streaxn slope of the crest- The shear was found to be fess &an 40 
pounds per square inch, and therefore safe. 

6. Crest - The crest is quite massive. Class E concrete 
was used fur the core of the crest, inside a protective shell of Class A 
concrete- 

The crest was investigated for stability and shear at each end 
of the pier, ushg the foux~dation Loads obtained in the stability andysfs, 
(see Figures M, Pc", and 0). 

The crest was checked for overturning and horkzoatal shear at 
the construction joint st Elevazion 51-00 feet, (see Figure Q). a c e  this 
constructim juint was ta be exposed for two m 0 ~ 0 0 n  seasonSbdfora 
Stage XI construction, Lateral keyways were used to help resist: b p i -  
zontal shear. Keyways near the downstream end of sbb were run Pongi- 
xudioally, perpendicular to the directha of principal shear stresses in 
that area. 

?. Gate Anchorage h d s  - Gate aneho~age h d s  are discussed 
in Chapter IIa PART V- h d s  due to prestressing the gate anchorage 
steel affect the pier in several ways. The pier was checked and found 
to be safe against bucUng, The tendency of the preswessiag load to 
crack the pies at the prestressed steel upstreztm suppert was inwesk i -  
gated, ReTzrfoxcementwas used to tie the nose of the pier fbm& across 
the support p h i e  so that the p i e r  would actas a anit while subject to 
the prestressing load, 



At the downstream support, which is the b x  girder, the bearing 
area is small, resulting in high compressive stress in the pier concrete. 
High stress due to eccentric loading will occur for some distance up- 
stream from the box girder. High-strength (4500 pounds per square inch) 
concrete was used in this area to prevent crusung- The concrete sm- 
rounding the box girder was designed to withstand a torsional moment of 
320 kip-feet, because of the high loadings during the prestressing opera- 
tion, full 28 day strength was required before prestressing, 

8. Hoist Deck - The hoist deck is 13 feet long and cantilevers 
out from each side of the pier a distance of 8 feet, to allow sufficient 
space for the gate hoists, The hoist deck was designed to sustain the 
breakdown hoist lifting load of 412 kips entirely on one hoist deck. 

9. Miscelfanmus - Temperature reinforcement was used over 
the entire exposed surface and part of the lower suvface, at the cutoff wal l  
and at the downstream end, of the Stage I slab. Temperature reinfosee- 
ment was used on the slopes of the crest at each end. Stage 11 tempera- 
ture reinforcement was made continuous with, Stage I rrehforcement. 

E- Crest Structure - Abutment W d i j  

1. General - The abutment walls are located at each side of the 
spillway crest structure and are basically retaining walls. Xn addition, 
each must perform the functions of one-half of a pier bloczk described in 
paragraph I). The locations of the spZUway gate, stoplag slot and bridge 
seats are the same with respect ts the axis as the location of these 
respective features on the pier. The abutment wall toe lea* was fixed 
at 20 feet, one-half the clear distance between piers, so that aU pier 
blacks would be identical. 

Since the toe of the abutment wall is a p a r t  of the spiUway crest, 
its shape, including cutoff wall, is the same as the  pie^ black crest shape, 
For th is  reason, &he length of the abutment wal l  was made equal to the 
length of the pier b l ~ k -  The abutment wal l  thickness was set at 4 feet to 
provide sufficient thickness to encase prestressing steel for one gate 
anchor andl to resist prestressing loads a d  backfill loads.. 

The abutment w d l  was designed to be constructed in two stages, 
Stage I consists of a 5-foot thick toe and beel at Elevation 51-00 feet, wktb 
the top of the wall at Elevation ?6-00 feat. The backfill was also placed 
to Elevation ?6,DQ feet* During Stage Il. construction the abutment waU 
and backfill was placed to Elevation 127.QO feet at the roadway. The 
abutment wall, was required, therefore, to be stable and s t ~ c t w ~ y  
sound under two different sets of loading conditions- 

2. Stability - With the toe Length and height of wall established, 
the heel length of the abutment wall  slab was selected tu obtain suitable 
stability results- For the maximum height portion of the wall a heel 
length of 40 feet was found to be satisfactory. Since the w&E height varies, 
it was possible to reduce the heel length at the downstream end of the . 

w 





LOADS AND RESULTS 
SPILLWAY CREST STRUCTURE-PIE&? BLOCK 

STABILITY ANALYSIS 



wall to 30  feet. The results of stability analysis at several stations are 
given in Figure R. 

The impervious core and the upstream backfill were considered 
saturated to Elevation 118.0 feet. Downstream from the impervious core 
the backfill was considered to be free draining. Uplift pressure under 
the base slab at any station was considered to be equal to the uplift pres- 
sure under the pier blocks at the corresponding station. 

The Stage 1 structure was checked for stability and found to be 
safe, see Figure S. A 15-degree backfill surcharge was used in the 
analysis but hydrostatic uplift was not considered. 

3. Structural Design - After a partial investigation of a gravity 
wall, and thorough investigations of both cantilevered and counterfcwted 
walls, the counterforted walls were found to be most feasible. The coun- 
terforted wall required more reinforcement but much less concrete than 
the other types and did not require the construction of special cutoff walls  
into the impervious core. The wall was designed using the methods out- 
fined in paragraph 3 of this section. A counterfort spacing of It8 feet 
center to center was selected. The toe shape, which was fixed by crest 
shape requirements, was found to be adequate for shear and bending ucder 
bath Stage I and Stage 11 loadings. Reillforcement requirements in the 
central part was found to be governed by Stage I loadings, and near each 
end by Stage II loadings. Stage I1 loadings did not affect the central part 
near the crest because of the great depth of slab, up to 34 feet. 

For the abutment wall counterforts, the point af maximum load 
from backfill was assumed to be at the elevation of the crest surface. The 
amount of counterfort reinforcement required at this Level was continued 
down to the base slab. Hoist and gate zrm loads were applied to the 
appropriate counterfort s for design. 

4. Prestress Loadings - Although the abutment wal l  gate 
anchorages are different in several respects from those in the piers, the 
effects of prestressing loads were similar. U d y  one gate anchor is Lo- 
cated in the abutment wall, so that there is 4 feet of concrete per anchor 
instead of 3-5 feet as in the pier. Tfre prestressing steel is longer in the 
abutment in order to reach the upstream end sa the entire wzl l  will act 
as a unit. The abu*-ment wall  was found to be safe from buckling far the 
prestressing load combined with the backfill load - R e i d o r  cement was 
used at the upstream support to prevent cracking, and at the box girder 
anchorage to resist torsion, High-strength concrete C450Q pounds per 
square inch) was placed at the box girder, similar to the design of the 
pier. 

5. Miscellaneous 

a. Hoist  Deck - The abutment wall boist deck is identical 
to the pier boist deck except that a %-hot cantilever was used at the back 
of the wall instead of the regular &foot cantilever. 



b. Construction Joints - The construction joints were 
spaced at vertical intervals of 5 feet and intercept the finished concrete 
surface at right angles. Special precautions were taken with the cun- 
s+cruction joint which separates Stage I and Stage IZ concrete since i t  was 
to be exposed for two monsoon seasons before continuing construction- 
Keyways were placed along the top of the Stage I slab parallel to flow Bncf 
perpendicular to the direction of principal shear stresses- A 3-foot wide 
by 4-inch deep keyway was provided along the profile of the crest on the 
vertical face of the abutment wall. BeXew the keyway, 3-foot square 
waffles 4 inches deep were provided. The keyway and waffles were 
added to provide shear strength because it  is essential that the Stage II 
crest concrete act monolithicaly with the Stage 1 slab. 

F. Chute 

1. General - The function of the chute is to carry spillway 
releases from the crest structure to the stillifig basin. The chute is 74 
feet long and 145 feet wide and lies on a slope of 2 horizontal to 1 verti- 
cal. The chute walls are 42.5 feet high as dictated by the backfill slope 
at the downstream side of the crest. The chute actually extends to Ele- 
vation -3.00 feet. The discussion of the lower portion is given in the 
following paragraph G. The chute floor was divided by longitudinal and 
transverse contraction joints into slabs 48-33 feet by 41 -38 feet. The 
longitudinal contraction joints were aligned with those of the stilling 
basin. 

2. Chute Slabs - The chute slabs were not designed to resist 
uplift pressures since an underlying pervious blanket and drain pipe sys- 
tem were installed for drainage. A cutoff at the upstream end of each 
slab was added to prevent the slab from sliding dawn the slope. A slab 
thickness of 1.5 feet was used. These slabs were nominally reinforced, 

3. Chute Wal l s  - The chute w a l k  were designed using the 
methods outlined in paragraph B. The results of stability andfysis"ror 
the chute w a l k  are given on Figure T. No surchage was considered 
because the backfill surface is sloping and therefore will not readily be 
surcharged by sliding material. For the chute wall design, backfill 
saturation was conservatively assumed to be 18 feet above the water 
surface in the chute. 

Cutoffs were placed along the upstream end of each waU slab, 
as on the chute slabs. A cutoff was atso placed along the end of the toe 
as a stopping point for the pervious blanket and drain system. The 
drainage system was not extended under the toe of the chute waU. 

G. Stilling Basin 

1, General - 
walls and 211 feet long, 

The s u i n g  basin is 745 feet wide between side 
This length includes 31 feet of the chute- 
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h the direction of flow, the stilling basin walls and slabs have 
been separated by contraction joints into four parts, each 52.75 feet long. 
In the lateral direction, the toe of the retaining walls occupies 10 feet on 
each side. The remaining 725 feet of width has been divided by conlac- 
tion joints into 15 separate slabs, each 48.33 feet wide. This spacing was 
selected to adhere as closely as possible to the ideal dimensions of the 
chute blocks and dentates selected in the hydraulic design of the stilling 
basin. The thickness of the slabs was increased from 1.5 feet at the up- 
stream end to 4.5 feet at the chute blocks and decreased to 2.5 feet at the 
downstream end, 

2. Chute Block Slab - At the start of the hydraulic jump, which 
occurs an the chute block slab, uplift pressures due to tailwater may ex- 
ceed static pressure of water in the chute. The chute black slab was 
checked for stability using the profile of the water surface of the hydraulic 
jump observed on the spillway model. Uplift beneath the slab was assumed 
equal to the hydrostatic head of tailwater. Two analyses were mads, one 
with the drains assumed to be 53 percent efficient and one with the drains 
100 percent efficient. Under the l o a s  investigated. the slab is subject to 
bending with the maximum moment occurring at the bottom of the slope. 

Two cutoffs have been used on the underside of the chute-block 
slabs- One at the upstream end acts as an anchor- The ather, at the foot 
of the chute, acts as an anchor and also separates the slab drainage sys- 
tems. The stress irt2uced by dynamic action of water on the chute blocks 
at the toe of the slope is insignificant- 

3. Other Slabs - The other slabs down st re^ from the chute- 
block slabs were not designed to resist bending. They were nominally 
reinforced. 

The end slab has a 22.5-foot deep cutoff waU at the downstrean 
end. This cutoff wall extends completely across the spillway. Its purpose 
is to prevent undermining of the structure at the end of the stilling basin. 
The dentated end sill is also located on the end slab. Stress in the sill 
blocks due to dynamic forces by water were investigated and were found 
to be small. Two designs were required for the 22-5-foot cutoff wall, 

1 one where it extends into shale, and the other where it extends into sand. 
I 

4. Wal l s  - The tops of the stilling basin walls were set at Ele- - 
vation 55-00 feet. The walls are 58 feet high with a heel width of 40 feet, 
except fur the 31-foot long transition section at the foot of the chute. The 
height of the transition section increases from 42.5 feet to 58 feet. The 
width of the heel slab increases proportionally from 30 feet to 40 feet. 

The walls were designed using the methods outfined in paragraph 
33, except for special cases of the transition wall and end wall, The back- 
fill -was assumed to be at the top af the waU at Elevation 55.00 feet. A f 5 
degree surcharge was added, since the stilling basin backfill could retain 
slide material. Backfill saturation was assunred to be at FJevation 45-6) 
feet while the water surface in the basin was at Elevation 64-0 feet. The 
stability analysis results are shown on Figure U. 



For the design of the transition wall, investig2tions were  made at 
several points along the wall. Intermediate loads on the structure were 
interpolated from computed loads. 

The end wall confines backfill in two directions. It was therefore 
designed to resist stresses induced by two-way loading. Regular counter- 
forts stiffen the face and base slab in the direction perpendicular to the 
spillway axis. Backfill loads in the other direction are smaller, due to 
confinement by the regular counterforts. For this reason i t  was possible 
to use small depth counterforts and ribs. See Figure V for results of 
stability analysis. 

An alternate design using a thick slab to provide two-way stiff- 
ness was studied for comparison and was found to be less desirable be- 
c a s e  of the additional concrete required. 

Cutoffs were used on the foundation slabs of the spillway retain- 
ing walls at several places. One is located at the upstream edge of the 
transition wall base to anchor the sloping base slab to the foundation. A 
cutoff extends along the toe of each wall to act as a cutoff for the stilling 
basin drainage system, similar to the chute w a l k .  A 22.5-foot deep cnt- 
off is located on the slab of the end wail section, similar to the end chute 
slab. 

A wing wall is required on the left side of the spillway ody, 
where the side slope of the outlet channel falls in a natural sand forma- 
tion. The wall has a Length of 125.50 feet. It is divided into three sections 
by contraction joints, The first section, which is adjacent to the end stilling 
basin wall .  has a length of 55.00 feet. The second section has a length of 
40.00 feet and the third a length of 30.00 feet. The top of the first. two 
sections of wall is level at Elevation 55.00 feet. The height above the base 
slab varies from 58 feet to 9 feet. The base slab lies on a slope of 13'5 
horizonraI to 1 vertical and varies in width from 40 feet at the lower end 
to 10 fee: at the upper end. The wall has no toe slab. It has a T-foot deep 
cutoff located at the downstream end. The first section of the wall  was 
designed as a counterforted wall; the second was designed as a cantilevered 
wan The third section of zhe waU slopes up from Elevation 55.00 feet to 
Elevation 75,QO feet. It has a. depth of 't feet and a heel width ~f 10 feet. 
It has a '?-foot deep cutoff similar to the first two sections. 

For design of these wall sections the batkiilf was assumed to be 
level at the top. The backfill on the downstream face of the wall, was 
assumed to have been removed by erosion. For results of stability analg- 
sis at several points along the wall, see Figwe W. 

I- Gate Hoist Access Bridge 

The gate hoist acess bridge provides a means of access to the 
piers for the operation and maintenance of the spillway tainter gate hoists. 
The bridge consists of 16 simply supported sparas, each 10 feet wide between 
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curbs. The design span length was 43.6 feet, which includes the clear 
span plus one-half of each support. The bridge was designed in accord- 
ance with the AASHO "Standard Specifications for Highway ~ridges", 
using one lane H-20 truck loading. The design was investigated far 
stresses resulting from the stoplagging operation and found to be safe. 

The bridge was designed to be constructed using precast girders 
and a cast-in-place deck. Precast girders were used to avoid erection of 
supporting falsework above the spillway crest. 

The precast girders were designed to carry the total dead weight 
of the bridge and were investigated fur erectton stresses md found to be 
safe. High strength concrete (3750 pounds per square inch] was used to 
minimize the size and weight of the girsers, making them easier to handle- 
The precast girders were cambered to offset deflections resulting from 
the dead wegght of the bridge. Keyways were  -provided at the construction 
joint between girder and bridge slab near the ends of the span where shear 
stress is highest. Holes were provided new each end of the girders to 
provide convenient Lifting points. 

The bridge girders rest i~ slots on the pier and abutment w d l  
bridge seats. The slots were chamfecad at the edge to protect the face 
of the piers and abutment from spalling. At one end of each spars 
bridge girders were bolted to ciip angles anshored to the p k .  

To reduce friction between the free end of the girder and the 
seat, two layers of tar paper were placed beneath the girders. Afreavy 
coat of emulsified asphalt was applied to the surfaces of tar paper in 
contact with concrete, 

Expansion deck plates were installed at the fofnt between spans. 
Drainage of the deck was provided by formed openings in the shah. Ten- 
inch high concrete curbs and 2.5-foot high pipe handyails were pravided 
on butfa sides of the bridge. 
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PART UI 

DXVXRSltUN AND OUTLET TUNNEL, 

3.01 GENERAL 

The diversion and outlet tunnel is located through the right 
abutment an a b e  approximately normal to the projected axis of the 
mdri darn. 

In establishing the aEgruoent of the tunnel the following require- 
ments for safe and practical construction were considered: 

1 - The upstream and downstream portals must be sufficiently 
removed from the dam c~nsfructbn area to leave arnpfe 
space for ihe cofferdams. 

2. The tunnel must be carried sufficiently far into the abut- 
meat to provide ample horizoata snd vertical rock cover. 

3. The portal locations must result in a minimum length of 
tunnel consistent with the other requirements* 

4. Discharge from the tunnel must be directed to avoid scour 
at the toe of the main dam embankment. 

The finaf tunnel location and alignment, as shown on Exhibit 
IXI-I, adequately meets the above requirements. 

Since the hitidl function of the tunnel is to divert €he river 
around the foundation area during ccmstructiun of the main dam, the size 
and shape of the tunnel were based on the following requirements aad 
criteria: 

1. The tunnel should be of sufficient size to discharge dry 
season flows without endangeritzg dam and spi&mg con- 
struction* 

Diversion through the tunnel should be made at the earUest 
possible date after the monsoon season to &ow ample time 
fur consknxctian of the dam. 

After the monsoon season, the reservoir should &ah ia a 
reasamble length of time to permit access to upskream 
burrow areas. 



4. The maximum water surface during initial dosure shodd 
not exceed Elevation 26.0 %st. L ~ I I ~  ek-ation was estab- 
lished as the maximum water level at which the initial 
closure cofferdam could be constructed without undue 
difficulty- 

From the available hydrographs, an initial diversion capacity 
of 2800 cubic feet per second was selected for the design. Studies indi- 
cated that, with this capacity, closure could have been made by December 
22nd for 17 out of 18 years without overtopping the cofferdam. 

I t  was determined that a concrete-lined, twenty-foot diameter 
horseshoe-shaped tunnel would most economically meet all require- 
ment s. 

After the diversion period, the tunnel wi l l  function as a perma- 
nent emergency outlet to release water for navigation purposes when 
there is no flow over the spillway or through the power plant. This re- 
lease is controlled by a slide gate installed in the tunnel plug. Dis- 
charge rating curves for both diversion and outlet uses are shown on 
Exhibit ID-1. 

The diversion and outlet tunnel consists of the following com- 
ponent s: 

X.  Approach Channel 
2. Tunnel Intake Structure 
3. Tunnel Proper 
4. Gate Shaft 
5- Tunnel Transition and Plug 
6 .  Siide Gate Chamber 
'7. at le t  Portal Structure 
8. Discharge Channel 

This chapter deals with the principal features of the design of 
these components. The designs of the mechanical and ekclical equip- 
ment, intake portal trashrack, bulkhead, fixed-wheel gate. and the slide 
gate are given in PART V, Chapter IU. 

3.02 DESIGN CRZTERLA AlVP ASSUMPTIONS 

Basic criteria and assumptions established for the design of 
the various components of the diversion and outlet tunnel are as fallows: 

A. Loads 

1, Dead Loads - The dead loads consisted of the weight of 
permane~t construction entering into and becoming a part of the final 
structure. 

2. Live Loads - The live loads assumed for find design were 
dictated by the conditions involved or as recommended by the recognized 
codes for the design of similar structures- 



Live loads assumed were as follows: 

Locat ion 

Roof of Gate Shaft House 

Live Load 
Pounds per Saum Foot 

Hoist Deck at Elevation 135.0 feet 200 

Inspectiion Deck at Elevation 126.0 feet 150 

Gate Support Deck at Elevation 120.0 feet 150 

Slab at 3ase of Spiral Stairway, 
Elevation 31). 5 feet 

Assumed loadings from construction equipment were as fbUows: 

Locatiun Loading 

Cut and Cover Section AASHO W20-S16 Truck h a d i n g  

Emergency Fixed-Wheel. Gate Surcharge equal to 2-26 feet of 
Storage Area fill. 

3. W b d  Load - Wind pressure was assumed to be 20 pounds 
per square foot on the vertical projection of exposed building area. 

4, 3Zarthquake Forces - Seismic forces were assumed as 10 
percent of the sum of dead and permanent loads applied at the center of 
mass in any horizontali direction. 

5. 3yc.llrostatic Pressure aad Uplift - The various componenks 
were designed to sustain the hydrostatic pressures and full nplift pres- 
sures arbkg from reservoir cr tailwater conditions bvaIved in the 
function of fhe structure. 

6- Earth Pressures - EquivaAent fluid pressures were assumed 
to be as follows: 

Material 

Saturated backfill, water 
and earth combined 

Ekpivdent Fluid Ressure 
Pounds per Cubic Foot 

Submerged backfill, earth only 40 



7. Combined Loadings - The various components were de- 
signed to sustain at allowable stresses the combined loadings of full 
dead load and normal live load- For temporary Eve loads from wind, 
earthquake, hydrostatic pressures of short duration, or breakdown 
loads combined individually with full dead toad and normal live load, 
the allowable stresses were increased 33 - 1 / 3  percent. Simultaneous 
combinations of temporary loads were not considered. 

B. Allowable Stresses - 
1. Concrete - Three thousand pounds per square inch concrete 

at 28 days, except for the unreinforced tunnel lining where 2500 pounds 
per square inch concrete was used. 

2. Reinforcement - Reinforcing steel shall be intermediate 
grade billet steel conforming to M T M  Designation A-15. Deformations 
shall conform to ASTM Designation A-305. Normal working stress 
used was 20,000 pounds per square inch. 

C. Standards 

The standards used for the design of concrete and reinforce- 
ment are in accordance with "Building Code Requirements for Reintoreed 
Concrete (ACI 3 18-56)" d the American Concrete Institute. 

D. Unit Weights 

Unit weights assumed were: 

Saturated Earth 
Submerged Earth 
Dry Earth 
Concrete 
Submerged Conere te 
Water 

E. Hydraulic Assumptions 

I I  I1  n fur Concrete-Lined Tunnel 
'Wi for Channels 

Slopes; 
Approach Channel 
Tunnel. 
Outlet Channel 

Unit Weight 
Pounds per Cubic Foot 



El Hydraulic Assumptions (cantld) 
Value 

Tunnel Losses: 
Entrance 0.3 h, 
Gate Transition 0.6 h, 
Fr Ic  t ion SL (where S = slope of the 

hydraulic gradient) 
Exit 1.0 h, 

Tune1 Capacity: Capacity Reservoir 
Cubic Feet per Second Elevation 

For Initial Diversion 2800 26.0 

For f ermanent Outlet 2000 60.0 

3.03 DESIGN OF TUNNEL COMPONENTS 

The designs of the various components cf the diversion and 
outlet tunnel were based on practical considerations to ensure safety 
and economy consistent with the function of the particular feature- 

The approach channel Is 2330 feet long and has a trapezoidal 
cross section. The 'bottom width is 20 feet and side slopes are 1,0 ta 
1 -0. The invert of the channel for its entise length is at Elevation, f 0.0 
feet, which is the same elevatbn as the invert of the intake portal. 

3. 'Tunnel Make Structure 

The tunnel btake structure coasi ts of three parts: ap- 2 stream trailling walls, a cut and cover s tion, and a section of rein- 
forced turnel lining. Finar designs of the various elements of these 
parts e v u ~ v d  from the investigations discussed in the parzgraphs 
which i d o w .  

1, Training Walls - The reinforced concrete verEicaL up- 
stream training walls are 45 feet long overaU, and vary in keTgCfiEE from 
5 feet at the upsirearn ends to 25 feet at the cut and cover section. 

The walls are constructed xnonolithitaily with the floor s W  
and were designed as cantilever beams fixed at the base. The slab 
was designed as a partially fixed beam. 

Tfre combined hadings for final design as illusirated in Figure 
A were based on the following assumptions: 

a. Structure submerged, 



b. Equivalent fluid pressure of the submerged backfill equal 
to 40 pounds per cubic foot. (This is a conservative 
as sumption. ) 

c. Uniform base pressure from structure dead load only. 

Other conditions were investigated but were not found to be 
critical. 

2. Cut and Cover Section - The cut and cover section is a 20- 
foot diameter horseshoe- shaped interior section with horizontal. exterior 
base and with a rnjnimurn thickness of 20 inches of reinforced concrete. 
The overall length of the section is 40 feet with the invert at Elevation 
10.00 feet along its entire length. Since the intake structure will be p u -  
manently submerged, the function of the cut and cover section is to pre- 
vent blocking of the tunnel by any sloughing of material from the exposed 
portal face. A trashrack is also provided. 

The structure was analyzed as a closed ring with rpmetrical 
loading by the Elestic-Weight pinciples, 

Design studies ensured that the section was adequate for the 
combined loadings, as illustrated in Figure B, based on the following 
assumptions: 

CASE 1 

a. Twenty feet of fill over barrel. 

b. Fill and barrel submerged. 

c. Equivalent nuid pressure of the submerged backfill 
equals 40 pounds per cubic hot from earth UFQL 

d. Uniform base pressure from structure dead load plus 
submerged weight of fill. 

CASE XX 

The structure considered empty only imme&ateXy after 
construction, and an H20-$16 loading introduced to rep- 
resent aay additional loading imposed by heavy con- 
struction equipment. 

Based on judgment, reinforcemet in addition to that required 
by the above cases was provided to take care of other possible loadkgs. 

3. Section of Reiatorced Tunnel Uniqg - This section tS the 
structure is a 20-foot diameter horseshoe-shaped tunnel section 126 feet 
long3 w m  a 22-inch uniform thickness of reinforced concrete lining far 
the f i rs t  40 feet of length and an 18-inch d o r m  thickxtess sf reidwced 
concrete lining for the remaining 80 feet of length The invert of this 







section has a slope sf 0.00289. The origin& excavation of the tunnel 
was such that after excavating fa- ihe design g r d e  the tunnel seccim was 
of irregular and variable height. This section was designed to support 
the concrete backfill necessitated by the or igxnal excavation. 

The structure was analyzed as a closed-ring with symmetrical 
loading by the Elastic- Weight principles. 

Tlte combined loadings for final design as illustrated in Figure 
C were based on the following assumptions: 

a- Weight of the backfill equal to 150 pounds per cubic foot, 

b. Structure empty rlmaediatelp gter coastruction and 
before diversion. 

C. Tunnel Proper 

The tunnel proper consists of a 204wt  dianerer harsesbe- 
shiiped section 1337 feet lung, S i~ce  exposed shale would not be erosion- 
resistant, a nominal thickness of unreWorcedi. Gnhg is provided. 

D Gate Shaft Structure: 

The gate shaft sWue2we co~sists  of three pa%: The ve~tieal 
gate shaft, the emergeracy fixed-wheel gate smrage area, and the gate 
shaft house. Find design of these elements of the gate shaft structure 
i s  made on the basi: of the investigations d;iscorssed in the paragraphs 
which f 1~Uow. 



Design investigations other than those upon which f ind design 
was based were: 

a. On the upstream portion, an unbalanced d o r m  internal 
pressure, equal to 20 feet of head, with zero pressure on 
exterior. 

b. On the upstream portion, an unbalanced uniform external. 
pressure, equal to 20 feet of bead, with zero pressure on 
inter iar . 

2. Emergency Fixed- Wheel Gate Storage Area - At Elevation 
105-0 feet a 24-foot square gate st~rwe area, with reiaforced caer&te 

For first stage construction a horizuntd section of the w a s  
was analyzed by moment distribution as a square t.;ls& sectioa 0% uni- 
form thickness. For  second stage construction the 24-fr~cIa divider wal l  
was assumed fixed dung the sides aarf buttom, hirmged along the tap md 
analyzed by moment dist~ibutiora. 

The combined loading for final design of first stage constractioa, 
as iUasixated ia Figwe E, was based on the assumption that the equideak 
fluid pressure of the backfill a d  the temporary surcirarge bodimg frm 
constsuct.ion equ&ment are equal to 46 pomds per cubic foaL 

The coam'bi.ned loadings for f-U design ~f second stage construc- 
tion, as illustrated in Figuse F, are based on the fuHow%ng ass~mp~oes: 











3. Gate M t  House - The gate shaft house, Located on the 
centerline of the tunnel at the top of the gate shaft, is a 24-foot by 24- 
fwt structure with reinforced ccmcrete walls 10 inches Wck -md a 
reinforced concrete roof slab 6 inches thick- The hoist deck at ELeva- 
tion 135.0 feet provides support for the stationary fixed-wheel gate 
hoist. A manually-operated monorail hoist is provided for removal of 
the fixed-wheel gate from the gate storage area and equipment from the 
s l ide  gate chamber. Electrical controls, ventilation equipment and 
slide gate hydraulic equipment which are located in the house are 
described in PART V, Equipment and Systems. 

The w a s  and cchmns were designed as fixed at the bottom and 
the deck beams were assumed as part idy  fixed. The deck and roof slabs 
were designed as 2-way slabs discontinuous at the edges, 

The combined loadings for find design of the hoist deck as *us- 
trated in Figures E and F were based on the following assunrpiions: 

a. Fixed-wheel gate hoist capacity = 30,000 pounds 

b. Weight of hoist = 10,000 pounds 

c. Uniformly distributed live load = 200 pounds per 
square foot 

d- Uniformly distributed dead load = 100 pounds per 
square foot 

Other combbed loadings investigated but which did not govern 
were as follows: 

a. Live load of 100 pounds per square hot, plus 100 pounds 
per square foot dead laad, plus 215 percent of the hoist 
capacity for dawnpull, plus dead load of the hoist, 

b. Live load of 300 pounds pa- square f o t ,  plus 100 pounds 
per square foot dead load, plus dead laad of the hoist. 

The combined loadings of the roof slab, walls and colwnnr, as 
illustrated in Figure G, were based on the following assumptions: 

Wind pressure on the walls = 20 pounds per square foot. 

'Uniformly distributed load on the roof slab = 35 pawrds 
per square foot Eve load pins 15 pounds per square foot 
deap] load. 

Column loading of 24,000 pounds included the weight of 
the fixed-wheel gate, momrail and monorail hoist, The 
lateral impact Load was 20 percent of the vertical Loads, 

Seismic forces on any equipment or structural parts were 
assumed as 10 percent uf the dead and permanent live loads 
applied at center of mass in any horizontal direction. 



E. Tunnel Transition and Plug 

The diversion tunnel was  designed to be utilized as an outlet 
works after the diversion period. This was accampl;ished by two-stage 
construction in the area of the tunnel plug- 

To permit construction of the plug and installation of the slide 
gate (Stage E), the tunnel is closed by means of the emergency fhed-wheel 
gate and bulkhead. 

1. Tunnel Transition - The tunnel transition is 20 feet in length 
and is lined with 18 inches minimum thickness of reinforced concrete. It 
varies in section. from horseshoe-shape to rectangular, beginning 28-5 feet 
upstream from the intersection of the tunnel and gate shaft centerfines. 

Structural analysis for rock loads was not considered necessary- 

Practical considerations made for final design follow: 

a. Nominal lining is provided to prevent s c o q  and reduce 
frictional resistance. 

b. Except for the diversion period, external water pressure ola 
the lining, if any, was considered balanced by water pressure 
inside the tunnel- 

c. Hoop reinforcement is provided sufficient to withstand first 
stage grouting pressures and longitudinal reinforcement is 
provided to withstand normal. thermal expansion ar,? eon- 
traction, 

En addition to the above considerations, design studies ensured 
that the section was safe under the foUomng conditi~ns: 

a. Unbalanced uniform internal pressure equal to BQ feet of 
head, with zero pressure on the exterior. 

b. Unbalanced uniform external pressure equal to 20 feet of 
bead, with zero presswe on the inte~ior, 

2- Tunnel Plug - Stage 1 construction in the area of the tunnel 
p h g  consisted of a rectangular passage lined with 2 feet midmum o£ 
reinforced concrete. The average inside dimensions of this section are 
13 feet by 22 feet, It was designed to resist an external water pressure 
on the lining during Stage 11 construction. 

The structure walls and slab were analyzed as fixed-end beams 
by moment distribution. 





The combined loadings for final design as illustrated in Figure 
H were based on the following conditions: 

a. An external water pressure on the lining, after closing 
the tunnel, equal to full hydrostatic head as measured 
from the invert at Elevation 7-5 feet to the spillway crest 
at Elevation 80-25 feet, 

b. Drains in the tunnel immediately downstream assumed 
to be 66 percent effective. 

Stage Il construction consisted of installation of the tunnel 
plug and slide gate. A portion of the plug becomes the floar of the slide 
gate chamber. 

Reinforcement around the water passage and the s l ide  gate 
bonnet was provided sufficient to withstand the pressure f~.orn full 
hydrostatic head as measured from the inwrt of the water passage 
mevation 10.52 feet to maximum normal water surf~ce Elevation If8.0 
feet. 

Reinforcement for normal thermal expansion and contraction 
was provided for all other exposed surfaces. 

F. Slide Gate Chamber 

The slide gate chamber, 10 feet by 14 feet by 21 feet high, is 
constructed adjacent to and daamstream from the sWt ,  abve the plug 
and is symmetricd about the centerhe of the tunnel. Access to the 
chamber is from the gate shaft via a spiral stairway. 

W a s  of the structure were assumed as fixed-end beams and 
anlyzed by moment distribution. 

The cornbiaed Loadings for final design as Uhzstrated in Figure 
1 were based on the foUowhg assumptions: 

1- Hydrostatic pressure at the base of chamber is equal to 
87-5 feet of head maximum. 

2- The drainage system at the downstream side of the chamber 
is assumed 50 percent effective. 

G, Oqtlet Portal Structure 

The outlet portal structure consists of two parts; a section of 
reinforced tunnel lining and downstream vertical training walls- 

Find design of these components of the outlet portat structure 
evolved from the investigations and studies discussed in the paragraphs 
which fuUuw. 



I * Section of Reinforced Tunnel Lining - This section of the 
structure is a 20-foot diameter horseshoe-shaped tunnel 40 feet long, 
with a 20-inch uniform thickness of reinforced'cmcrete fining. The 
invert of this section has a slope of 0.00289. 

Since the actual loads which magt ccme on the structure are 
variable and indefinite, final designs evolved from practical considera- 
tions for safe and economical construction. 

2. Downstream Wal i s  - The downstream training walls have a 
25-foot maximum height. and are curved for aligmnent with the discharge 
channel. The structure has a 25-foot high center pier with stoplog guides. 
a foot-bridge spanning the training walls and located immediately down- 
stream from the stoplog guides. An intermediate training wal l  10 feet 
high minimizes the scouring and erosive action of undesirable waves in 
the channel created by centrifugal fmces in the curved portion of the 
structure. 

The walls were designed as cantilevered from the base- The 
slab was designed as a partially fixed-end beam, 

The combined loadings for final design as illustrated in Figme 
J were based on the f d h w i z g  assumptions: 

a. Saturated backfill to top of walls. 

b. Structure submerged downstream from stoptugs. 

c, Triangular lateral pressure equal ta 40 powgls pr cubic 
foot, from earth only, dawnstream from stoplogs, and 75 
pounds per cubic foot from earth and water combined up- 
stream from stoplogs. 

d. Uniform base pressure from structure dead Load only. 

H- Discharge Channel 

The discharge channel is 750 feet long from the outlet portal. 
to the river, Ii has a trapezoidal crass-section wiih a bottom width af 
20 feet and side slopes of 1.0 to 1.0. The invert at the upstream end af 
the chamof is at Elevation 6.52 feet anc! has a slope uf 0.002 for its 
entire length. 
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4-01 GENERAL 

The purpose of the power intake is to provide fur safe and 
efficient diversion and coatrol of the flow of water from the reservoir 
ta the hydraulic: turbines in the powerhouse. 

B. Description 

The power intake features consist of the h*&e structure and 
three penstocks. PART XI, Chapter IV, describes the forebay chamel. 
geobgfc investigations axxi foundation and excavation conditions at the 
site, Trsshracks, stoplogs, gates, and hoists are described in PART 
V, Chapter V. 

1, Intake Structure - The intake slucture conirols a d  averts 
the flows from the forebay chvmel to the three penstocks leading to the 
powerhouse turbines. It also prevents debris from entering the penstocks. 
'I%c principal components 09. this struct=e are the trashrack suppc~rtbg 
members, water passages, gate fikafts, air vents, and operating deck. 
m e  appurtenant items are the trashracks. trashrakes, bu&heads, stop- 
logs, gates, and gate iiuists.. These: are shown tan mibits N-0, EV-2, 
and rv-3, 

The intake structtaxe is a free-standing reWorced ccracrefie 
structure. It is approxknately 215 feet wide and 99 feet long 2nd is 
orihnted . at right ang'fes to the eacl of the forebay ckmaeil, The w e r a  
heig3rt is about 95 feet from the top of the hundation sEab to the o p e -  
a- deck at Elevation 127 feet, 

Trashracks, h a t e d  at the entraace to the structure, are sup- 
ported on an inclined concrete Brame aad extend the full width and height 
of the structure, Debris which accumulates on the txlaskwaeks is xe- 
moved by a rarrechankal trashrake. The trashracks are removabk for 
maintenance purposes. 



Fixed-wheel gales, operated by statiormry hoists on the up-- 
ating deck, are located 12 feet downstream from the stoplog openings* 
Gate shafts beneath each hoist, and slots in structure walls and &vi&ng 
piers are provided for the gates- Platforms for servicing the gates are 
provided a2 Elevation 92.0 feet, Since the third powerhouse unit will not 
be installed until same future date, concrete bulkheads are provided for 
penstock No. 3 in lieu of fixed-wheel gates- 

A i r  vent shafts, which also provide access to the penstocks, are 
located about 12 feet downstream from each gate shaft. On the deck, 
above the center air vents, an 1%-foot wide by 8-fcmt fang by 8.5-fmt 
high concrete house provides shelter for a reservoir elevation float gage 
and space for miscellaneous storage. 

An 8-inch diameter pipe with valve connects the gate chamber 
and the reservois. d 24-inch diameter opening with slide gate connects 
the gate chnmber and the penstock vent shaft. These openings permit 
bypass of wates into the space between the stopbgs and fked-wheel gates 
and into the penstock. Bypass cf the wates enables operation of the stop- 
logs and fixed-wheel gates under balanced head coslditions. 

A concrete bridge provides access to the structure. 

2. Penstock Tunnels - The tbee penstocks between the intake 
structure and the powerhouse are steel lined for a distance sf &art 301 
feet. Each liner consists of: 

a, A 32-foot inside diameter section, approximately 259 
feet long; 

b. A conical section, approximately 32 feet Long, which 
reduces from 32 feet to 25 feet - 3 4 / 2  inches in 
diameter; 

c. A 25-faot - 3-112-inch insidediameter section, appro* 
imaady $6  feet long, for  the scroll case esmectiom, 

The portion of the liners within the tunnels is encased in con- 
crete. To intercept seepage and reduce hydrostatic pressure on the pea- 
stock liaers, a system of drains was provided. This system eanshts 
essentially of 19 sets of radial. drains (six drabs per set) around each 
liner, and six hmgitudinal headers which discharge into the COUPEXP~ 



8-02 HYDRAULIC DESIGN 

A. Penstocks 

Selection of 32 feet as the diameter of the penstocks was based 
on an economic comparison of the value of power versus penstock cost* 
Water hammer effects were considered. Analysis of speed and pressure 
rises due to load rejection indicated that a surge tank is not required, 
To meet the pealdng requirement at minimum head the velocity in the 
penstock is approximately 10 feet per seco~d, The velocity at average 
head is approximately 6-5 feet per second. 

The enlaace to the penstock is bellmouthed and the transition 
junctions are streamlined to reduce head losses. 

Sudden closure of the fixed-wheel gates tends to create a vaca- 
um behind the gates and in the penstocks unless air is introduced at a 
sufficient rate to balance the subatmospheric pressure. The air vent 
shafts just downstream from the gates have been provided for this pw- 
pose. These shafts are also used for access. Shaft dimensions were  
governed by access clearance requirements and are more than adequate 
for air requirements. 

B. Trashracks 

A large mount of debris is expected especially during the early 
phase of plant operation. The straight, sloping trashracks are the most 
suitable to permit easy trzsh removal. Velocity through the trashracks 
is very low and head losses are negligible- 

4.03 STRUCTURAL DESIGN - XNTAKX STRUCTURE 

A. Design Criteria and Assumptions 

Basic design criteria and arsmptions were as follows: 

1. Loads 

a. Dead Loads - Dead loads shall. consist of the weight of 
walls, partitions, framing, floors, roof, and all other permanent station- 
ary construction entering iaio and *becoming a part of the structure. 

b. Live Loads - Live loads on roof and deck shdl be pro- 
vided for assua3ing uniform or concentrated loads, 02- a combination of 
both, which w e  likely to occur over the same area. The type of loading 
causing the higher stress s W  govern tihe design. Assumed live loads 
are tabulated below: 



Roof 

Uniform Live Load 
in lbs/sq. ft. 

Trashrake 
Adobile crane 

Fixed wheel gate hoist 

Bridge AASHU, H-20 
truck loading 

c.  Hydrctstatic Pressure and Uplift - The various com- 
ponents sbaU be designed to sustain the hydrostatic pressures and up- 
lift pressures arising from reservoir co6ditions invblved in the functim 
of the structure, 

d. Earthquake Mads - A seismic force equal to .I0 ~ e r -  
cent of the total dead load arzd fixed live loads shall be assumed to act 
in any horizontal direction. 

e. Wind Loads - Wind pressure shall be assumed as 2Q 
pounds per square foot on all vertical projections above Ek~atiUa 15 
feet. For open framewrk, one and one-half times the expssed area 
shall bf3 used- 

f. Earth Pressure 

(I)  Shale - shall be assumed to exert no horizontal 
force on vertical walls. 

(2) Dry fill. - 30 pounds per cubic foot equivdenet 
fluid pressure, plus 380 pounds per square foot 
surcfiarge. 

(3) Submerged fill - 20 pounds per cubic fwt eqdva- 
lent fluid pressure, plus  fa hydrostat~c pressure- 

g. Crane Leads - In addition to the dead and Uve loads of 
the crane, a vertical impact sf XU percent: of Elhe wheel loads shall be 
assumed- No Lateral or longitudinal force shall be considered, 

h. Combined Luadjings - The various components sh& be 
designed to sustain at allowable stresses the combined loadings of full 
dead load and normal live load. For temporary Eve loads, tombiazed h- 
dh5dually with fuU dead load and normal five Load, the aUwabLe stresses 
shall be increased by 33-1/3 percent. Except for wind and impact, simnf- 
tmeous occurrence of temporary loads shall not be cansr'bered, A U w -  
able stresses resuiting from breakdown had on the crane or baht sh=raP 
be increased by 50 percent. 



2. Allowable Stresses 

a. Concrete - Concrete strength for the base slab shnlr 
be 2500 pounds per square inch at 28 days. Concrete strength for the 
remainder of the structure shall be 3000 pounds per square inch at 28 
days, except far the trashrack frame which shall be 4,000 pounds per 
square inch. 

b. Reinforcement - Reinforcement shall. be intermedhte 
grade billet steel conforming to ASTM Designation A-15. Deformations 
shall conform to ASTM Designation M 0 5 .  Normal working stresses 
s W  not exceed 20,000 pounds per square inch, 

c. Foundation Pressure - Bearing pressure on shale 
shall not exceed 20,000 pounds per square foot, 

3. Stability 

The intake structure shall be stable, under the various loading 
conditions, with respect to skiding and overturning. 

a. Resistance fu Sfi- - The sliding f a c b ~  fh ratio of 
the summation of horizontal farces to the summation of veracd forces) 
of concrete on shale shall not exceed 0.333- 

b. SafeQ&aixrst UverPurainq- Thefactor of safety 
against overturning (the ratio of total resisting moments to total over- 
turning moments) shall not be less than 1.50. 

4. Standards 

The design shall conform to the following standards: "Building 
Code Rquirements f ~ r  Reinforced Concrete (ACI 3E8-56) of the Amer- 
ican Concrete Institute" and "Standard Specifications fur Highway 
Bridges", Sixth Edition, of the American Association of State Highway 
UBicidLs, 

a Design 

1. Stability 

The intake slucture was %nvestigaied fur staWUty w2t& respect 
to sliding and overturning. 

The fullowing table presents the results of stability analyses 
performed an tire intake structure. Oth~.,conditiuffi~ wEch were fomd 
to be noa-mitical, are not presented. 



Sliding Overturning No- Loading Condition Factor Factor of 
Safety 

I. At completion of structure, dry. 
Weight of fill acting on entrance, 
without arch action. 

I I For loading diagram, see Fig. A 1 0.07 1 12.3 
t I i 

El. During operation. No uplift 
under bottom slab upstream of 
tunnel entrance. 

For loading diagram, see Fig. f3 

25 percent uplift under bottom 
slab upstream of tunnel 
entrance. Water  table at ELe- 
vation 91.00 feet. 

I For loading diagram, see Fig. C 0.09 I 
2. Structural Components 

a. Entrance and Transition - Each penstock entrance consists 
of two adjacent bellmouthed rectangular openings. The size of each open- 
ing is 11-5 feet wide by 32 feet high and was selected an the bases of a 
study comparing hydraulic performance dt)l practical limitations of gate 
and stoplog design. 

The transition extends from the downsfremn side of the intake 
gate slots to the upstream end of the penstock. Lr the cibectioa of Pb~w~afiCg: 
section gradually changes from the two rectangular openings to a single 
32-foot inside diameter runnel. The entire component is a cut a d  cover 
tunnel 58 feet long on a slope of minus 0.11 16 to 1- 

Five sections, one at each end and three in the transition, were  
investigated under the foUuwing loading cunditions: 

Case X - Structure resting dry wxth biLCk5likX ie place* 

Case Xlla - Water surface at Elevation 119 feet, peastask 
full and lin operation, no uplift. 









Loadings at Station 62 t. 18.00 a r e  shown on Figure El Loadings 
at intermediate and downstream sections a r e  similar. 

b. Base Slab - The base slab serves as a foundation for 
the structure and as an apron for the forebay at the entrance to the pen- 
stock. It is 6 feet thick, 39 feet long and exiends the full width of the 
intake structure. In the direction of flow it Hes on a sfope of minus 

A earn 0.1 X 16 to 1 .€I. Six-fmt deep cutoff walls  are Located both at the upst- 
and downstream ends- The base stab was reinforced as a one-way slab 
to resist the foundation pressures in beam action. 

c Piers, Beams and Struts - The piers  support the trash- 
rack. Alternate piers are supported by struts. htermediate piers are 
supported by horizontal beams which d s o  rest on the struts, A diagonal 
strut is used at the top to stiffen the structure in the direction of flow. 

The system of piers, struts and crossbcarns was designed to 
resist probable combZnations of the prinr ary and secondary loads. 

The primary loads used for the design of these members w e r e  
a 20-foot head differential across the trashrac k and dead weight, Because 
of the large width of the intake strucwre, secondary temperature and 
shrinkage stresses required special. attention. Compressive stresses in 
bending induced by temperature changes were high and the use of high 
strength (4,000 poucds per square inch) concrete was justified. A tern- 
perafure differential of 30 degrees Fakenheit was assumed adequate in 
view of the massiveness of the crassbeauns. Shrinkage stresses were  
controlled by the arrangement of the lifts and pours, 

h the vertical direction stresses were indeterminate bE2), n ~ t  
critical since the structure is freestanding with a relatively small h o ~ i -  
zontal loading. ME. members were reinforced with a miniram of one 
~ercent of their cross-sectional area. 

d. W a l l s  - The structure has tbee principal wails which 
retain the fill at the sides and above the cut and cover brmnePs. Togekher 
with the piers they support the operating deck. 

The gate chamber and air-vent are separate wdEed e~closures 
attached t;o the downstream w d i  + Above the surface of the backfi9 the 
walls  were designed :a wifhstand 20 feet of head- Belaw, they were 
designed fox 20 feet of head plus the saturated backfil!. The side walls  
were also designed to withstand stresses induced by temperature deflec- 
tion of the crossbeams, The gate chambers and air -vent+ can be &abed 
independently and were designed for full reservoir head fn addition ta 
backfill Eoads- 

e. Peck Slab - The deck slab proedes space for spcration 
of the trashrack rake, to install staplogs, and to operate and maintain 
the fixed wheel gates. The deck and supporting beam system was designed 
;o carry the dead weight and the five loads which are listed in Paragraph 
4-03, A., I. ,  b. of this chapter, Two-way design was used far the slabs- 



The deck slab is sloped for drainage. Hatch covers, curbs a d  
hand rails all around are provided for the safety of personnel. 

f. Deck House - The deck b a s e  is constructed of concrete 
and serves as office and storage room and also provfdes shelter for the 
reservoir recordiug gage. The walls  of the single-story building were 
designed to carry the roof and resist wind load. They are rmmindly 
reinforced. The roof was  designed as a two-way slab- 

g. Gate Chamber and Vent - The gats chamber is used to 
store and service tkte gates. Xn the ful l  raised pusition the bottom of the 
gate is at Elevation 92-feet. A service floor has been provided at Ele- 
vation 92 feet arrd clearance is available aU around the gate. 

Another piatform was psovidcd at Elevation f 19-00 feet which is 
abave maximum reservoir elevation, anid w5ll permit operation of the slide 
gate and valve to balance 'he head prior to opening the gates or removirag 
the stoplags. Access ladders and  ailing for the platforms are provkbd. 

-An access ladder has been provided in the air vent which cam be 
used as an entrance to the penstock. 

In addition to backfill loads, the three conditions which were 
used for design are as follows: 

Case I - 20 foot head outside. 

Case H - Reservoir ;full, wheel gate closed and vent empty- 

Case X I I  - Reservoir full, stoplogs in glace and both gale 
chnmber and vent ermrp*. 

The above loadings are s h a m  on F i v e  F. 

h. Access Bridge - The access bridge was designed to 
carry an H-20 truck Load. It is a 16-foot: wide bridge supported by #he 
bank, a central pier and the right side wall of the Intake structure in two 
simple spans, The bridge deck was designed to he poured irn place on 
three precast girders- The girders are similar to the precast girders 
used for the spillway bridge and were precast in the same forms. 

The precast girders were designed to carry the to- dead weight 
of the bridge and were investigated for ereetiorz skesses and found to be 
safe, High seen@ concrete 53756) pounds per square hch) was us;& to 
minimize the size and weight of the girders. making them easitw to handle- 
They are cambered to offset deflecttan resulting kana the dead weight of 
the bridge. Keyways are provided at the construction joint between girder 
and bridge slab near the ends of the span where tthe sfrear stress is highest. 
Holes were formed near each @end of the girders to prov5de rzanvenient 
Wtbg points- 
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The central pier is a bent formed by a top beam. two supporting 
columns and a foundation block. The columns were designed for eccea- 
tric losadhg cawed by a truck on one span as w& as dead b a d  and earth- 
quake load. Wind load was not a governing design factor. 

The foundation block was designed to limit soil pressure to I0 
kips per square fmt under the eccentric Load and allso to resist intend 
stresses caused by the column moments and f omdatiun pressmes. 

The bridge abutment was desigwd to support thr bridge ant? 
retain the roadway. A large bearing area was provided to keep fouada- 
tioo pressure low skrce the abutment is located near the edge of a cut. 

A. Design Criteria and Assumptions 

Basic design criteria and assumptions were as faUows: 

1. Penstuck Liner - The penstock liners shall be de- 
signed to adequately resist (1 )  deflecttoas and distortion during fabri- 
cation and erection, (2) inter4 bydrustatic pressure [3ncl~~,di.ng water 
hammer) after installation, and 8) external presswe due to grouting w 
seepage in the cmcrete encasemen$. 

2, Concrete Encasement - The concrete which encases 
the liner shall be designed to adequately resist external hydrostatic 
pressure. The encaseameat adjacent to the upstream pmW shall be 
designed to additionally resist the faad of the ewerlying makerid. 

a. Concrete - The concrete which encases ttse pen- 
stock liners shaU have a strength of 2,506) p o d s  per square h c h  at 
28 days. 

The design of the peastock Liner s W f  emfarm to the 
American Sofiety of Mechanical Engineers "Boiler and Pressure Vessel 
Code3', 1956 Edition- 

The penstock Liners were designed ka resist deflectha and 
distortion during installation, as well as internal hydrostatic presswe 
after installation, and external pressure due to grouthg or seepage in 
the concrete encasement- 



Determination of the minimum plate thickness for resistance 
to deflection and distortbn during instauation was based on the equatbn, 

IF f t  b= d + 20, w b r e  "t" is ithe plate thickness in inches, and d is the 
7 m -  

internal diameter in inches. 

Determination of tbe plate thickness for resistance to i ~ t e r d  
hydrostatic pressure was based on the "free pipe stress", and computed 
using the equation, 

t = pr , where "t" is the plate thickness in inches. 
S 

It  11 tr  rrt p is the internal hy&ostatic pressure in pounds per square inch, r 
t a  nr is the inside radius of tkfe liner in, inches, and s is the dluwable c&cu.tn- 

ferent- stxess in pounds per square inch. The internal hydrostatic pres- 
sure was computed from the pressure heads along the penstock prdse ,  as 
shown on Figure D. These pressure heads indude a m ~ m r r m  37 percent 
rise, based on fGZ load rejecban at maximum head with a 5-secoM gov- 
e r n ~ ~ -  t h e .  

The "free pipe stress" for the entire Iiner length is shorn on ",be 
stress &gram of Figure D- Exambaaan of the stress diagram shuws 
that, except for a short length at the ihowns@reare transition where imernal 
hydrostatic pressure governed, the necessary plate thickness was governed 
by the requirement for resistance to deflection and dist~rtioe during h- 
stallation, 

order EO maintain a high margin of safety against buckling 
due to external pressure the foUowiag provisions were made: 

2.. The space between the liner a& wncrete encasement was 
grouted 50 ensure close contact, 

3* A system of drains was designed and installed to Pimft 
external hydros%atic pressure on the liner. 





stream wall of the powerhouse coupling chamber. This wdP is separated 
from the rest of the powerhouse structure by a contraction joint. The 
wall and concrete encasement are subject to external hydrostatic pres- 
sure. 

2. Reinforced Encasement - Tlre portion of concrete encase- 
ment between the portals was designed to resist external hydrostatic 
pressure, using the equation 

s = pr , where "sf' is the circumferential compressive 
6. 

I t  1 )  stress in pounds per square inch, p is the external hydrostatic pres- 
I1 I t  s u e  in posnds per s q w e  inch, r is the outside radius of the concrete 

11 I t  encasement in inches, and t is encasement thickness in irides, The 
minimum encasement thickness is 2.5 feet. Compressive stresses cum- 
puted by the above formula were very low and reinforcement was not re- 
quired. However, because of pussible horizontal m o v e m ~ t s  of the shale, 
the concrete encasement in the central portion of the tunnels was nomi- 
n a y  reinforced in both the lungitudind and Wansverse directions. 

The upstream 16 feet of the penstock is a cut and cover comdu%i 
and was designed to support its awn weight plus thee  combinations of 
external loads* The section was d y z e d  by the use uf coefficients fmm 
United States 3ureau of Reclamation, &@neesing Monograph No. B 4, 
I t  Beggs Deforrneies Stress Andysis of Single-Barrel CsmaWts." The 
governing external laading concWons were as folows: 

Outside Outside 
Vertical Hor izsntal Interior 

Case I 52 feet of Hydrostatic; None: 
saturated fill, presswe from 
water surface Efevatiorz E XS.0 
Elevation 1 19.0 feet 

feet 

Case U Same as Case I Same as Case X None 
plus saturated 
soil at rest 

Case a3 52 feet of dry None 
f lli 

See Figure G. 

The next 32 feet, proceeding in the directiorr, of flow, is inside 
the tunnel and tapers in strength from the heavily reinforced cut and 
cover section to the nominally reinforced central part of the t w &  
ILiaing. 

The downstream 36 feet of penstock lining is aoxnrnftrry rein- 
forced on each face and is monolithic with the reinforced upstream wall 
of the coupling chamber. 
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Exhibit Title 

W- 1 Power Intake - Intake Structure - General 
Arraagement - Elevations and Sections 

W-2 Power Intake - hkke Structure - General 
Arrangement - Plan btjow Elevation 127.00 

W-3 Power Intake - Intake Structure - -nerd 
Arrangement - Plan Above Elevation 37.50 
and 92-00 















The powerhouse is designed as a conventional indoor -type 
structure. with a mass concrete substructure and a steel-framed super- 
structure. This type of buirding was selected for the Karnduki power- 
house primarily because of the prevailing climatic conditions. T D I T ~ W ~ ~  
rains during the monsoon season would make maintenance impractical, Z 
not impossible, unless the plant was endose& Econ~mic studies of in- 
d w r  versus outdoor structures were not in themselves sufficiently cm- 
clusive to dictate a choice from the cost start&jobt. 



Principal tailwater elevations are as foliows: 

Flood Elevation 55.00 feet 

Normal minimum ( 7,900 cfs, f unit) F T  14.50 I t  

Two complete power-generating units plus provisiow for a 
third unit are to be installed. Concrete w d f s  isalate the substructxare 
of the third unit bay from the rest of ttre powerhouse to prevent fimding' 
t h u  the open area og this unit. Each of the three bays measures about 
78 feet loslg by 63 feet wide. 

The powerhouse is designed rc permit convenient and efficient 
aperation of the plant. TMs was  accompkished by Locating major areas, 
such as the transformer deck, maintenance area, eontrcrl room, office, 
and machine shop  thin easy access of zach other. Piping far oik a d  
water systems, electric wiring, and heating and ventilating ducts are 
designed to permit ready access for maintenance and operation. Descrip- 
tions of the powerhouse arrangement with details of the design of the 
structure are presented in Paragraphs 5.02 an4 5-03 of this chapter. 

The general arrangement of the powsrhcmse as described in W s  
chapter is shorn on Exhibits V-I, threttgh V-6. For convenience ~qpre-  
sensation, the arrangement is presented by floor elevations, starling at 
Elevation 49-08 feet aad descending to the lower" levels of the structure. 

A Elevation 49.00 Feet 



ready accessibility to the service area. Other tocations considered 
were unfeasible with respect to the above criteria, or because of inter- 
ference with other features. For example, placing of the transformers 
on the upstream side of the powerhouse woufd necessitate either exces- 
sive excavation of materid from the natural cut-off barrier between CiXLe 
powerhouse and the intake structure or lengthening of the unit penstocks. 

A gentry crane traveling the length d the deck on the dawn- 
stream edge, is designed for use in operation of the d r a f t  tube buZkhead 
gates. I)iscussioa of the gantry crane, as well as other powerhouse 
equipment and systems may be found in PART V, Equipment and Systems. 

B. Elevation, 36.00 Feet 

The genesatox room floor is 13 feet below the erection area, at 
Elevation 36.00 feet. Selection of this elevation was governed principally 
by the turbine manufacturer $5 selected unit setting requirements. Con- 
sequently, it is possible to use a shorter generator shaft, and a savizg 
in the height of the powerhouse superstructure is effected. Lucatim of 
the floor at any lower levei would be impractical because of hydraulic 
problems, and location at a higher elevation would be Eess ecortormical, 

At the south end of the structure, oa the same level. and adjoirr- 
ing the generator rolm Z h w  of Unit Bay No. 1, is the machine shop area. 
measuring approximately 63 feet by 19 feet. Tlst too2 roam is located 
at the east end of the machine shop- 

Under the txlandorxner deck, at Elevation 36.00 feet are the 
office, reception room, toilets. control room, battery -groom. emergency 
generator area, and fan room. 

C. Elevation 22.50 Feet and Below 

The Nrbiae room floor is at Elevation 22.50 feet. A ramp along 
the west side of the room slopes to Ekvati~E? 2Le28 feet and praMcles 
ready access to a storage room, the janitor's room, the cable spreading 
area and the oil purification and storage rooms. 

b €he southwest corner of tbe structure at this elevation, is a 
pump area. beneath which are sumps for dramage and unwateriag. The 
sumps descend to Elevation -SOIOP feet, 

An inspection gallery, extendfag the length or' the structure at 
Elevation -1% 00 feet, provides access to the draft tubes and the turbine 
runners. 

hdividual flexible coupling chambers are: provided along the 
upstream w a s  of the structure! for each penstock Access to each of 
the three chambers i s  principaUy from the turbine room (Elevation 
22.50 feet), and at their lowest level, Elevation -1 9-00 feet, fram the 
inspection gallery. Those parts requiring a large servicing area can 
be removed through the hatches at Elevation 49-00 feet. 



Until U ~ i t  No- 3 is instdied, the access door in the nor* w a ,  
at Elevation 49.00 feet, wi l l  nut be used. To provide access in the hter- 
im, the design calls for a door to be placed in the east waif of Unit Bay 
No- 2. 

Ta provide access between levels in the powerhouse, two st& - 
ways have been included in the building design. Buth stairways, m e  
located in the southwest corner of Unit Bag No. 1 and the ather in the 
northeast corner of Unit Bay No, 2, will  permit easy access between 
flours at Elevation 49.00 feet to 22-50 feet. 

The tailrace channel, approximately 220 feet wnde, runs parallel 
to the transverse axis of the powerhouse to the river. The invert is levex 
for 10 feet past the ends of the draft tubes to confine possible eroded 
materials from entering the tubes, and then slopes upward with the same 
vertical angle as the draft tube inverts. The sides of the channel, exca- 
vated vertically in shale, are benched at intervals to confine small amounts 
of fallen eroded materfds. Where Loose soil is encountered, appropriate 
slopes, with suitable Wansit ions are provided to enswe stability- 

STRUCTURAL DESIGN 

fSasic criteria and assmprions were established for application 
ro the design of the Karnafuli powerhouse. The paragraphs and tabuiatioas 
which fc ilow give these criteria and zrssrr;mptions as developed far the, vari- 
ous features of design. Results of stability analyses of the structure are 
also presented. 

Criteria for Design 

A. Loads 

1. Dead mads - Dead loads shall include the weight of walls, 
partitions, framing, floors, rod, and dl other permanent stationary 
construction enxerlng kto 2nd becoming a part of the building, 

2. Live Loads - The faLLuwiag tabulation presents Loads 
assumed uniformly distributed per square foot of raof* flaor, or wall 
area. 

Location Live Laads in 
Poutxls per Sq. Ft. 

Roof 40 

Floors 
Transformer Deck 200 
Grecrion +Area X 000 
Generator Room 1600 
Qffiee 100 
Control Room 100 
Emergency Generator Room 300 
Machine Shop 150 



Location 

Battery Room 
Toilets 
Turbine Room 
Storage Room 
Oil Storage Room 
Uil Purification Room 
Cable Spreading Area 
Pump Room 
Stairs and Landings 

Uve Laads in 
Pounds per Sq. Fa, 

Erection area floor shall be checked for H-20 AASHO standard 
motor truck, transformer and rotor loads, and the transformer deck for 
weight of draft tube gate and transformer loads. 

3. Wind Load - Wind pressure shall be taken at 20 pounds per 
square foot on the vertical projection of the gross exposed building areas. 
For open framework, one and me-half times the exposed area shall be 
used. 

4. Earthquake Forces - Seismic forces on any equipment or 
structural parts shall be XU percent uf the surn of both the dead and fixed 
live loads, applied at the center of mass acting in any horizontal direction. 

5. Crane Loads - Crane impact loads shall be TO percent of 
wheel loads. To provide for the effect of mo-g crane trollegs, the 
lateral forces on crane runways shall be 10 percent aT the trolley weight, 
with the full load applied to the runway at the top of each rail. Longi- 
tudinal forces on crane runways shdf be 10 percent of the maximum wheel 
loads, applied at the top of each rail- 

6. Hydrostatic Pressure and Uplift - The powerhouse shall be 
designed to sustain any loads arising from hydrostatic pressure and full 
uplift pressure. A reduction of me-third in uplift pressure may be per- 
mitted fur maximurn tailwater condition, and the uplift pressure due to 
m&um tailwater shall not exceed the weight. of the powerhouse struc- 
ture. 

7. Combined Loading - The powerhouse shall be designed to 
sustain at normal stresses the maximum dead load, normal five loads, 
and crane operating loads to which it may be subjected. 

mere stresses due to wind, earthquake, construction loadings, 
or maximum high tailwater condition are combined with those due to static 
loads, the permissible working stresses may be increased 33-1/3 percent. 
Except for the assumption of simultaneous occurrence of wind and maxi- 
mum high tailwater, stresses due to abnormal loacting conditions shall 
not be combined with each other or craw operating loads. 



Stresses resulting from break-down load on the crane may 
exceed the normal dlawable stresses by 50 percent. 

B. Allowable Stresses 

1. Concrete - Three thousand pound per square inch concrete 
at 28 days shall be used except in the substructure components over 3.5 
foot thick, where two thousand-five hundred pound per square inch can- 
crete may be used, unless otherwise specified. 

2. Reinforcement - Reinforcement shall be intermediate grade 
billet steel conforming to the Standard Specification ASTM A-305. Work- 
ing stresses shall not exceed 20.000 pounds per square inch. 

3. Soil Pressure - Horizontal pressure of the excavated vertical 
shale faces adjacent to substructure waUs is assumed to be zero. 

Vertical bearing pressure on the shale shdl not exceed 20,000 
pounds per square foot on the horizontal projection of the area. 

C. Standards - All design work shall conform in general to the f d -  
lowing standards, unless otherwise specified: 

Concrete - " ~ u i l d i n ~  Code Requirements for Reinforced Con- 
crete (ACI 3 18 -56)," by American Concrete Institute. 

Structural Steel - "Code of Standard Practice for Steel Buildings:' 
1952, of American Institute of Steel Construetian. 

In addition to the above codes, the I955 edition of the " ~ n i h r r n  
B~ilding Code", adopted by the Pacific Coast Building Officials Conference 
is to be generaly uiilkzed. This particular code has selected because of 
similarities in climatic and seismic conditions in East Pakistan and the 
Pacific Coast . 

I)- Protection of Reinforcement - Protective covering of reinforce- 
ment (including stirrups and ties) from outside of bar to surface of concrete 
shall be not less than that shown in the following table. 

Type of Construction 

Floor and Roof  Slabs and Light 

6 

Tunnels and Conduit Barrels 1 1 -1/2" 1 2" 1 2-1/2" 
r i 1 

Heavy Section 2" 2-112" 1 3-1/2" I 



The powerhouse, as showri on the general arrangement draw- 
ings, (Exhibits V-l through V-6) was investigated for stability with 
respect to tbe uplift, sliding and overturning to which the structure will 
be subjected. Safe and satisfactory values were obtained, based on the 
assumptions and criteria set forth in the following tabulation. 

I.  Flotation - Assuming full uplift due to hydrostatic pressure, 
the flotation ratio (dead weight divided by totat uplift) shall not be less 
than 1.1 for f i r s t  stage concrete. After completion of the powerhause, 
the ratio shall not be less than 1-25. 

2. Resistance to Sliding - The coefficient of sliding friction 
(the ratio of the summation of horizontal forces to the summation of 
vertical forces) of concrete on shale shall be equal to or less than 0.333. 

3. Safety A x i n s t  Overturninq - The factor of safety against 
overturning (the ratio of total resisting moments to total overturning 
moments) shall not be less than L50.  

The following tabie presents the results of stability analyses 
performed on Unit No. 2 of the structure, the critical unit fo r  foundation 
pressure under the conditions given in the table- In each case the 
results indicated satisfy the criteria for stability of this unit and URit 
No. I.  

Loading Condition - Unit No. 2 
Flotation 

No. Description Ratio 

I First stage concrete to El- 49.0, 
upstream water surface ,t El. 48.5 
to tailwater at EX. -33.19 

I For loading - diagram, see FIG. A 1 3.00 

Final stage concrete in place. 
Water surface at El, 55.0. 
Generator and transformers not 
in place. Draft tube and scroll 
case full of water. 

I For loading diagram, see FIG. B 1 I. 54 
I 

IIf Final stage concrete- A l l  equip- 
ment in place- Draft tube empty; 
scroll case full of water. Up- 
stream water surface at El- 48.5 
to tailwater at El. "7.5, I I For loading diagram, see FIG. C 1 2.16 

Coef. of Overturning 
Sliding Factor of 

Friction Wety 

I 



The results of stability analyses for Unit No. 3, the critical unit 
for lateral pressure parallel to the longitudinal axis of the powerhouse, 
are presented with the critical loading condition as follows: 

Final stage concrete during erec- 
tion of Unit No- 3. Draft tube 
gates in place. Upstream water 
surface at El- 48.5 to tailwater 
at El. 21.0. 

Loading: Weight of concrete and 
hydrostatic pressure 

~verturniqg 
Factor of 

safety 

Loading Condition - Unit No. 3 I I Coet. of 
1 Flotation 

As was the case in Unit No- 2 analyses, the results for Unit No* 3 

Sliding 

For loading diagram, see FIG, I) 1 1.8 0.333 

- 
satisfy the stability criteria. 

Description 1 Ratio Friction 

1.60 

F. Findl Design 

Based on the ~ e s u l i s  of the studies and investigations conducted, 
general arrangement drawings of the powerhouse were prepared and are 
as presented in the accompanying exhibits, 

So that transmission of stresses created as the result of possible 
unequal foundation settlement or deformation are minimized, the anit bays 
of the structure are isolated from each other. In addition, flexible coup- 
lings are used to connect the penstocks to the scroll cases, providing field- 
bility at those points. The back w a l k  of the coupling chambers use metal. 
water stop and expansion joints to provide flexibility between the power- 
house and the penstocks. 

Draft tube dimensions are in accordance with recommendations of 
the turbine manufacturer, to provide areas and shapes with satisfactory 
hydraulic characteris tics. Uplift pressures caused by water seepage under 
the draft tubes are relieved by a system of drain holes in the draft tube flours 
extending into the foundation. These drains are connected to a separate 
drainage system to relieve uplift pressures caused by artesian head in the 
sand stratum which lies about forty feet beneath the Axaft tube floors. This 
system consists of relief wel ls  penetrating into fhe sand stratum and a s -  
charging whatever water is collected into the draft: tubes or into the h- 
spection gallery gutter. Distortion of the foundattun, if any, and the result- 
ant effects, are minimized by the use of this relief wel l  system. 



N G .  A 
TRANSVERSE SECTION THRU .$ EIN/T N0.2 . I INTERNATIONAL EWGlNEEWNG CO.. 1NC. 

E SAN FRANCtSC3- CALtF. 



Hfo'ros fu fie Press w e  H-yd~coslolk Pressure 



Hydrosfafic Pressure 

Soil pressure Scde I"= 56" 

I KARNAFW PROJECT 

f POWERHOUSE 
f / G .  C I D E S I G N  REPORT 





G. Structural Cornsorrents 

1. Structural Steel Superstructure - The powerhouse super- 
structure is steel-framed above Elevation 60.5 feet. In addition to dead, 
live, and earthquake loads, the superstructure carries the bridge crane 
load including impact. The superstructure of each unit was designed to 
act independent of the other two units- 

The roof is flat except for a slight pitch for drainage. It is sup- 
ported by girders which span the powerhouse in the direction of flow. Nu 
interior supports are used. Purlins span late.-ally and brace the girders 
at the quarter points. Structural roof panels span lateraIly between the 
main girders. The panels selected have a loading capacity of 85 paunds 
per square foot which is ample for the insulatior. and roofing deadweight 
plus the live load. These panels also have the ability to transfer wind 
and seismic loads laterally at the roof ley-I. to &he supporting columns. 
Bents formed by the columns and rod girders can safely carry wind and 
seismic loads in the other direction. These bents also contribute to the 
support of the bridge crane horizontal Loads. These bents are braced 
laterally by the roof panels described above through structural rigidity 
and welded connections. Gall panels are supported by girts spanning 
horizontally between the columss. Wall  panels can withstand the design 
wind loading- 

The top of the crane rails is at Elevation 88.0 feet. The rails 
rest on the crane-rail girders, one each at the upstream and downstream 
sides of the building. Each crane-rail girder is a built-up member de- 
signed to support the crane loads, including impact, applied at any Loca- 
tion, and horizontal traction and braking Loads applied laterally or Lon@- 
tudinafly at the top of the crane rails. Both the impact and longitudinal 
traction loads were assumed to be 10 per cent of the wheel loads, The 
lateral loads on each rail were assumed to be 10 per cent of the combined 
weight of the crane trolleys and five load. The crane-rail girders will 
also withstand the hoist-stall Load of 215 per cent of the rated load with 
the crane positioned over the generator, in place. The alkw~able stresses 
were increased by 50 per cent for this case- See Figure F. 

The working loads an2 keakdown laads which were used for the 
analysis of the crane-rail girder are tabulated in Table A below: 

TABLE A 

Normal Operation Includina Impact Hoist-sf dl Condition 

Vertical Lateral 

* M o o r V  
a. 764 ft, kips 10.3 ft. kips 
b- f 021 ft, kips 90-0 f i  _ kips 
C.  1366 ft. kips 121-5 ft-  kips 
d. 644 kips 59.8 kips 
e. 412 kips 38.4 kips 
f. 399 kips 35.2 kips 

Vertical hberd 

1060 ft- kips none 
1420 fr. kips none 
19TO ft, kips none 
889 kips none 
510 kips ROW 
367 kips none 

+ M or V due to the bridge crane represent: 



a. Maximum positive moment, 

b. Maximurn negative moment over end support. 

c. Maximum negative moment over lnternnediate suppart. 

d. Maximum reaction at intermediate support. 

e. Maximum shear at i~termediate support. 

f .  Maximurn shear at em3 support. 

* Loading 
Condj tions 

TABLE I3 

End Bent Intermediate Bent 

a b c d e a b c d 
k/It k/ft Mps kips kips k/ft k/ft kips kips 

0.65 0 33 275 95 1.25 0 41 588 

0 0 33 215 95 0 0 41 588 

0.35 0 33 95 275 l-25 O -41 202 

0 0 -33 95 215 0 0 -41 202 

0.65 0.19 Q (not critical) 1-25 0-38 Q (not critic&) 

(not critical) (not critical) 

* Load conditions which were investigated axe as follows: 

Horizcmtal thrust, eccentric crane Load and rcmf Lo&. 

Eorizontal thrust and eccentric crane ]Load- 

Horizontal thrust, direction reversed, eecentrit 
crane load and roof load. 

Same as C without rmf load. 

Wind load plus roof laad. 

Ear thquae load. 
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Rorizuntd tbasts on the columns were  determined by cafcu- 
XatZxg the reactions from the wheel loads on the crazle-rail girder. In 
calculating the reactions the elastic: properties of the g i r d e r  and columns 
were considered. The wheel loads were placed at two positions, one to 
determine the maximum reaction at an intermediate column and the other 
fur an end column. 

Bents resisting horizontal thrust are formed by the crane-rail 
girder and the columns in a building unit. These bents were analyzed 
assuming the column bases fixed and, again, assuming they were hinged. 
The columns used are safe for either case. The position of the bridge 
crane on the benthad a rather small effect and was analyzed at one 
eccentric position ody. 

The moments resulting from fkwistmt& thrust (assuming col- 
umns fixed at the base) were combined with the wheel Load moments to 
check stresses in the cr;r?re-rail girder, Column anchorages were 
designed to transmit the: c o h m  moments fo the concrete below- 

2. Concrete Superstructure - The concrete superstructwe 1 consists of the reMmced concrete columns. walls and beams above 
Elevation $a:O feet and the columns on Cofurnn fine D which extend 
down to Elevation 22.5 feet. Heavy eoacrete columns support the steel 
superstructure columns. A thin, wide bead connects the concrete cob 
umns at tfie top. Thin walls connect the columns below the- window level 
at Elevation 56.0 feet. At the south end of the building the main entrance: 
is framed by concrete columns and beam* X concrete canopy cantilevers 
from the building to provide shelter for &e entrance way. Thin walls 
connect the co%umns at the ends of the building. 

The main building columns were designed to carry the wetgbt, 
moments, and horizontal thrust which are transferred through the base 
plates at Elevation 60.5 feet. The restraining effect of the connecting 
beams and thin walls was neglected because of the& fiexibifity 

Columns ? through 14 on Column Line D extend to Elevation 
22.5 feet. The beams and floor slabs at Elevation 36.0 feet and EEeva- 
tion 49.0 feet brace the columns laterally- The beam moments and 
reactions, which are transferred to the columns at the floor levels, 
were combined with the superstructure loads for- coPum~ design- The 
b e a s  and columns were analyzed as  a rigid frame. The beam at 
Elevation 36.0 feet was also designed to withstand torsion transferred 
from the generamr room flour. 

The connecting b c a ~ l s  at Elleva,ion 60- 5 feet were designed to 
carry their own dead weight plus a small Live load. The collrreeting 
walls were designed to withstand water presswe on the outside of the 
building to El evatian 55.0 feet, 

The canopy over the south entrance to the building was 
designed to carry a nominal live roof load in addition to dead weigh+ 
It consists of a concrete slab sup~orted by two txm~ilever berams- 



A reinforced concrete lintel over the hiLd;ing entrance supports 
the canopy slab and the sliding dour. Columns an either side of the door 
support the lintel, canopy and structural members above. 

At the north end of the building, provisbns have been made Eo 
remove a section of the wall  to facilitate the future instalfation of Unit 
No. 3. The removable wall section is fixed only at the base and wilf. 
resist water pressure by cantilever action. After Unit No. 3 has been 
installed, the wall will be replaced. 

3- WaUs - At Elevation 49.0 feet the principal loads on tXte 
structure come from the main columns. These loads are supported and 
safely dispersed by the walls below. In addition to the column loa&s, the 
walls were designed for two cases as shown on Figure S. Case I is for 
first stage construction with the weep-holes open and Case U is for the 
completed powerhouse with the weep-holes closed. A nominal hydro- 
static load has been used with Case f because of the possibility of heom- 
plete drainage. Since the walls  were poured against vertically excavated 
faces, soil pressure was assumed to be zero. 

The coupling chamber side walls were designed to act as counter- 
forts for the powerhouse upstream wall  and also to resist hydrostatic pres- 
sure cm one side as shown on Figwe K. Thee coupling chamber removable 
cover slabs were designed to support an 33-20 truck loading. 

The downstream wal l  above the draft tubes and below the gallery 
was designed to withstand a hydrostatic load from Elevation 22.5 feet. Thk 
wall will not be loaded except during the future instalfation of Unit No. 3. 
The downstream gallery walls were designea fur a hydxoslatie: load from 
Elevation 55.0 feet. The downstream wzUs are supported by the piers. 
Unit No. 3 is flooded up to tailwater level and the wall  between the gallery 
and the generator room was aka designed ta carry a hydrostatic load f ~ o m  
Elevation 55.0 feet. 

4. Building Foundation - South End - The superstructure at the 
south end of the building is supgorted on foundation beams resting directly 
on the shale. At the downsheam corner the foundation shale slo6ghed dur- 
ing excavation and a portion of the remaining shale was not suitable as a 
foundation. A cantilever from the sump w d 1  was designed to support the 
column and safely resist the bending moments. The sump wall  was rein- 
forced to carry the additional load. 

5. Sump - The sump i s  divided into two parts, one for drainage 
and one for unwatering the draft tubes. The waUs were designed to resist 
hydrostatic pressure from Elevation 55 feet on the outside with either or 
both parts empty. The bottom slab of the sump was designed to resist an 
uplift pressuse of 9-0 kips per: square foot. The interior wall was designed 
to resist water pressure on either side from Elevation 22-50 feet- 

8- - Piers - The piers wupport the superstructure, gallery, and 
transformer deck. They will also resist hydrostatic pressure &atrsmitte4 
from the downstream walls, horizontal thrust from the supersWucEure 
columns, and local bending moments caused by loads from the transformer 
deck. 







7 .  Draft Tube and Base Slab - The foundation of the power- 
house is mass concrete except for the base slabs under the draft tubes. 
The slabs were designed to resist the maximum combination of soil 
pressure and uplift. 

The piers form the sides of the draft tubes. Provision has 
been made to stoplog the draft tubes at the downstream end for unwater- 
ing, inspection and repair. The draft tube roof spans between the piers 
and was designed for a hydrostatic load from Elevation 22-5 feet- The 
roof of the draft tube supports the scroll case between piers. It was 
designed to carry the dead loads plus weight of water in the scroll case. 
The upper half of the scroll case is lined with 314-inch cork-tar mastic 
open to drains to prevent pressure in case of scroll case leakage- 

8. ErectionDeck - The erectiondeck was designed to support 
a transformer plus a uniform load of 1 kip per square foot- 

9. Transformer Deck - The transformer deck is supported on 
the piers  and by beams at the ends of tbe powerhouse, f t  was designed to 
car ry  the transformers, the stoplog crane, an H-20 truck loading, and 
above the gallery, a hydrostatic load from Elevation 55.0 feet- 

At the sides of the tailrace the shale was considered unsafe to 
carry large loads so beam and slab systems were designed to span the 
critical area near the brink. At the north end three beams cantilever 
out from the powerhouse piers. These beams support deck loads and 
also one end of each of three smaller simple beams which extend the 
deck far enough to allow the gantry crane to clear the last transformer- 
At the south end, three large simple beams support the entire deck 
area. One end rests on the powerhouse pier while the other rests on 
concrete piles drilled into the shde about 20 feet back from the brink. 
These piles will  safeguard the structure by spreading the load deeper 
into solif shale. 

10. Galleries - h addition to the vanous floor Loads the 
gallery floor at Elevation 22.5 feet was designed to resist hydrostatic 
uplift pressure from Elevation 55.0 feet. Side walls were designed for 
the same pressure. 

11 Second Stage Concrete - Except for the floor at Elevation 
36.0 feet, the supporting columns and the turbine block, the second stage 
is mass concrete. Arch action over the scroll case was investigated. - 

The floors and supporting beams at Elevation 36.0 feet were designed 
under the applicable live loads. Also considered was the torsional 
load from the generator which is resisted by the slab at Elevation 
36.0 feet. 

A temporary wall between Units Nos, 2 and 3 was tnstalled 
to allow flooding of Unit No. 3. This wall is supported at Elevations 
22 and 36 feet and will resist a hydrostatic load from Elevation 55.0 
feet by cantilever and beam action. 



12. Cable Gallery - The cable gallery from the powerhouse to 
the switchyard consists of a lined tunnel a& vertical shaft except  for a 
portion adjacent to  the powerhouse. This section is a span which parries 
its own weight plus deck loads from the transformer deck. The span is 
simply supported at the powerhouse on a cantilevered beam extend- 
from the north substructure wall and on shale at the other end. The ed?& 
gallery lining is unreinfurced except at the span section. Access ladders 
are provided in the shaft. The shaft is sheltered from the weather by a 
brick house. 
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CHAPTER Vf 

SWITCHYARD AND SINGLE-CIRCUIT TOWER 

6 . 0  GENERAL 

The center of the switchyard is situated approximately 470 feet 
downstream from the centerline of the powerhouse generators and 400 
feet to the right of the tailrace centerline. It is oriented in such a way 
as to permit approximately normal conductor take-off. 

To establish this location, the following requirements for safe 
and practical construction were observed: 

1. The structure must be surrounded by a protective fence, 
enclosing a square with lateral dimension of 150 feet. 

2. This area must be situated as near as practicable to the 
powerhouse, angled away from the tailrace centerline only so much as to 
easily maintain a safe clearance between wires  thraughout, and at some 
location which would require a minimum of costly grading and excavation- 

These requirements were met by the final location and orienta- 
tion of the switchyard. 

6.02 DESIGN CRITERIA AND ASSUMPTIONS 

Basic criteria and assumptions established for the design of 
the switchyard structure and the single-circuit tower are as follows: 

1. Dead Loads - The dead loads consisted of: the weight af dl 
permanent construction entering into and becoming a part of the final 
structures, inchding strueturd steel, mounted equipment and insulators. 

2. Wire Loads - The wire loads consisted of the rnaximunz 
stringing tension developed, This tension was  assumed to act horizon- 
tally without reduction. A vertical component of' twenty per cent of the 
stxinging tension was assumed. 

3. Wind Loads - Wind pressure was assurned to be 12 pounds 
per square foot on the projected area of pipes and wires, and 15 pounds 
per square foot on 150 per cent of the projected area tf the boxed lattice 
structures. 



4. Earthquake Forces - Seismic forces were assumed to be ]LO 
per cent of the sum of the dead and permanent loads, which included verti- 
cal wire  loads, mounted equipment and insulators. applied horizontally 
along the centerline of the respective beams. 

B. Allowable Stresses 

All  structural steel material for the switchyard shall conform to 
ASTM Designation A7, arsd all connection bolts to ASTM Designation A394. 
High streng* members shall conform to ASTM Designation A94. 

The allowable safe stresses for the design of the switchyard were 
assumed to be as fcllows: 

Members in tension - 25,000 pounds per square inch 

Members in compression - 
- a. Slenderness ratio less than 150 25,000 - 110 ~ / r  pounds 

per square inch 
with a mdmuns 
of 20,OOET 

b. Slenderness ratio more than 150 18,000 - 61 L/S pounds 
per square inch 

Connection bolts in shear - 22,000 pounds per square inch on full shank 
Connection bolts in bearing - 44,000 pounds per square inch in single 

shear, 

The maximum slenderness ratio was assumed to be as follows: 

Main members 140 
Secondary members having calcufated stress 200 
Redundant members 250 

Safe stresses in the high-elastic steel, main members of the 
single-circuit tower were assumed to be as fdlows: 

Members in tension 30,000 psi 

Members in campression 

a. Slenderness ratio less than 100 32,500 - 145 L/r pounds 
per square inch with 
a marim- of 28,800 

b. Slenderness ratio less than 150 28,500 - I IS L/r p o d s  
per square inch with 
a maximum of 26,000 

c. Slenderness ratio more than 150 26.000 -- 91 L/r pounds 
per square inch 1 1 



6.03 TYPES OF LOADING 

A. Switchyard 

The loading combinations investigated were  as follows: 

1 .  Full dead load, dl conductors and static wires and full 
wind from any direction, fur both the first-stage two-bay and the future 
three-bay structure. 

2. Full dead load, all conductors and static wire and full earth- 
quake force, again for both first-stage and future structure. 

3. Full dead load, all or part of the conductors and static wires 
considered broken on one face of the structure, and wind in the direction 
of the maximum resultant wire pull, for both first-stage and future struc- 
ture. 

4. The same as in 3,, but with wind in a direction normal to 
conductors and E tatic wires. 

Inspection and partial analysis of the above mentioned cornbina- 
tions indicated that the maximum loading condition to which the switch- 
yard frame would be subjected was the third, with all the cundrrctars and 
static wires on either the powerhouse or the transmission line side con- 
sidered broken and wind in the direction of these wires, respectively 
away from or toward the powerhouse. The maximum horizontal loading 
condition for the eantinuous beams which support the conduetu~s, w a s  
with dl conductors on alternate spans broken as well- To obtain the 
maximum stresses in the web members, full. wind was applied in the 
direction normal to that of the conductors. The resulting Loading corn- 
binations were considered to be fully reversible, It was noted that in no 
case did stress due to earthquake forces exceed those due to wind Loads- 

The design of the smaller, independent structures was based on 
a single combination of dead and equipment loads and wind forces. 

B. Single-Circuit Tower 

The loading combinations investigated were similar to those of 
the switchyard. In addition, conductors were considered broken in oppo- 
site directions in order to obtain torsiondl stress- 

C. Footings 

Reinforced concrete footings were designed to support the 
switchyard towers and equipment. Anchorages and sb.rrctura1 members 
in She footings were designed to transmit all combinations of weight, 
moments, and thrust- 



Foundation pressures in the larger footi~gs (8-foot x 10-fool) 
were held to 4.5 kips per square foot while pressures for the smaller 
footings were less, in accordance with g d  practice for this type of 
foundation material. 

6*04 METHODS OF ANALYSIS 

The basic methud of a-lysis was that of moment distribution, 
The boxed members, both towers and beams, were considered as contin- 
uous frames in all the vertrcal and horizontal planes knto which they could 
be fitted. 

Two base conditions were considered: 

3. Bases fully fixed, for maximurn stresses at the base. 

2. Bases 50 per cent fixed, for maximum stresses at the 
junction of towers wid beams- 

Any fixity of less than 50 per cent was considered highly unlikely 
in view of the relatively small, mount of rotation infrerent in the column 
bases and footings. 

6.05 RESULTS 

The results were plotted as shear and moment Sagrams for the 
various loading combinationsc All moments were than anafpzed as eoupLes 
acting as direct axial. Iuads on the main members @.em tower legs and 
beam chords) and all shears were distributed as axial loads acting an the 
web members. The web members of the panels common to fiatkt taw- and 
beam were subject to stresses from each. moments and shears were 
then divided by two to yield the stresses per face of component member. 

Addition of stxesses due to loading in directions norm& to e z h  
other, where such was the critical condition, was effected to obtain maxi- 
mum tension and compression stresses in dl members* The member 
sizes were then determined cm the basis of the design criteria kist& 
prevbusly. 

The stiffness factors and dead weights of the selected main 
member sections were conpared with the origrnaf. assumptions and were 
found to be in close agreement. 



CHAPTER VZI 

CARGO TRANSFER SYSTEM 

7.01 GENERAL 

A. Purpose 

The primary purpose of the cargo transfer system is to move 
bamboo and wood rafts from the reservoir to the lower KarnafuXi River. 
It w i l l  d s o  handle small craft and other cargo to and from the reservuir- 

B. Location 

The cargo transfer system crosses the narrow ridge between 
the reservoir and the river at saddle dam No. 5. The river terminal is 
located approximately 800 feet downstream from the end of the power- 
house tailrace channel. For location see Erhihit 2, PART 1- This site 
was selected to minimize the length of the structure and to keep the 
travel time from the reservoir to the river as short as possible. 

C . Description 

The c a ~ g o  transfer system consists of an dl-wefded structural 
steel superstructure with looped main track on which electrically-driven 
rnonoraii trolleys with hoists travel in a continuous circuit between the 
reservoir and the river, The direction of travel is counter-clockwise as 
viewed in plan. The main track, side track, work platforms and canfin- 
uous catwalk are supported by 11 structural steel bents spaced at 45.8- 
foot centers. At either end, the track overhangs the supportkg bent for 
a distance of 20.0 feet and is flared to permit turning. The height: of the 
substructure is such that suspended loads clear the ground surface a 
minimum of 6 feet. Access to the catwalk i s  by way of ladders at bents 
No. 3, No. 5, and Xo- 9. 

The structural steel bents are supported by reinforced concrete 
bents. The concrete substructures at either terminal extend above high- 
water levels* Layout of Ithe cargo transfer system is shown on Fig. A, 
The design of 'he trolleys is given in Part V, Chapter VXf. Terminal. 
facilities are discussed in Paragraph 1.05- 

7.02 OPERATIONAL REQUIREMENTS 

The cargo transfer system was designed for the following oper- 
ational requirem eat s: 

1. Capacity shall be 150,000 pounds of cargo per hour- 



2. The system shall be capable of operation with reservoir 
levels from Elevation 1 5  feet to Elevation 118 feet and 
river levels fram Ef evatiun 10 feet to Elevation 49 feel. 

3 .  The cargo shall consist of: 

a. Bamboo rafts, 20 feet by 6 feet by I foot weighing 
approlrimateIy 7,500 pounds- 

b. Small river boats varying in size from f 5 feet by 4 
feet by 2.5 feet to 50 feet by 7 feet by ? feet weighing 
up to 16,000 pounds. 

4. Trolleys shall. be capable of tandem operation to handle 
loads ~-?p to l6,OUO pounds. 

7-03 SUPERSTRUCTURE DESIGN 

A. Loads 

The superstr.~cture was designed for the following combinatioras 
of loadings: 

1. Desd load, live load and 6 pound per square foot wind load- 

2. Dead laad and 30 pounds per square faat wind Load. 

3. Dead load and horizontal seismic load of 10 percent crf 
gravity. 

See Fig. % far the river terminal bent loadings. 

3- Stresses 

Maxim-um steel stresses were limited to 11,000 pounds per 
square inch- 

A mininium fac~or of safety of 6 for wire  rope baekstsys was 
used* 

C .  Design 

All bents were analyzed by moment distribution fcr the loads 
given above. Selecxion of sections were based an seesses from Qovera- 
h g  loads and within the allowable maximum. ?50 member wik2. deflect 
more than 0.25 percent of its unsupported length fur the design loads, 
W i r e  rope longitudinal backstags brace the structure against w i d  and 
eartbq~uake forces between bents No. 3 and 9. 

Base plates and anchoir balts were designed to b w m &  all loads 
to the substructure- 

The design of the superstructure was such that field welded 
joints were  held to a rniairnum. 





NO, 
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7.04 SUBSTRUCTvRE DESIGN 

A. Loads 

The substructure was designed for the foHawing loads: 

1. Loads from the superstructure plus substrrrciare dead 
loads and a horizmtal seismic load of 10 percent of gravity 
as applicdde. 

2, In addition the terminal substructure bents were designed 
to resist a horizontal h p a c t  load of 30 kips at any water 
surface elevation. 

See Fig. C fur laadings an the reservoir terminal substructure 
bent. 

B. Stresses 

Maximum ailowable stresses for the design of the substructure 
were as folows: 

1. Concrete stresses - As specified by the American Concrete 
Institute for 3,000 pound conc~ete at 28 days. 

2. Reinforcement steel - 20,000 pounds per square inch. 

3. Bearing pressure on shale - 4,50Q pounds per square foot. 

4. Bearing pressure on fill - 1,000 pounds per square foot, 

C.  Design 

The substructure bents were designed as rigid frames to meet 
the requirements of loads and stresses above. base slabs for bents 
No. 3 and 4 rest on compacted fill. All other bents have base slabs 
resting on solid shale. All  base slabs are large enough to transmit the 
Pads to the! foundation without exceeding the allowable bearing pressures. 

The terminal bents are braced so that the 30 kip impact load 
causes only minor deflections at the juncture of &e svbstrueture axxi% 
superstructure. This insures that superstruct?.m~ stresses from impact 
luads at fhe. water surface wil l  be aegligible. 

The reservoir termiabt substructure bent ks &aced by reinkrced 
concrete -adi struts anchored by a reinforced concrete foeing. The 
river terminal scbstructure bent is braced by reidorced concrete beams 
Wcfr extend from the top of each side column ts tke side column of bent 
Nu. 10. 



7-05 TERMINAL FACILITIES 

Floating concrete pontoon wharfs at each terminal serve as 
work platforms for operating personnel. These floating wharfs ride on 
rails embedded in the terminal substructure bents and are equipped with 
heavy springs to reduce impact forces transmitted to the structure. 

At the reservoir terminal, floating training booms and w.nehes 
facilitate the routing of cargo. A floating ramp, stairways, and ladders 
provide easy access for operating personnel- 

The floati~g wharfs are divided into 8 compartments and wi l l  
float with 3 compartme~ts flooded. The top slab of each compartment 
has a 4-inch pipe insert and plug so that any leakage may be pumped out- 
in ce.se of damage to the walls or bottom of the floating wharf it map be 
hoisted and turned for repair by means of the trolley hoist. 
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PART IV 

CHAPTER I 

GENERAL 

The structures in the Karnafuli Project are widely separated; 
however, they are related to each other not only by their interconnecting 
functions but also by their materials and finishes. The materials 
selected for use throughout the project are durable, easy to construct, 
and easy to maintain, and of qualify high enough to justify pride in the 
appearance of the finished sluctures. Simplicity of line and shape, and 
repetition of materials and colors have contributed to the continuity of 
the project design. 

An overall project perspective precedes this page. (Fig. A) 
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PART IV 

CHAPTER CI 

POWERHOUSE 

2.01 GENERAL 

This chapter of the Design Report presents descriptions of the 
powerhouse achite~twal  and finish treatment, Plans, elevations, and 
sections of the powerhowe an- shown on Exhibits 11-2 threugh 11-8, 
Perspective sketches of bath the interior and exterior of the powerhouse 
precede this page- [Figures ZI-A and Ilt-B) 

2.02 POWERHOUSE APPROACH 

The EwnafuU Project powerhouse is arpruached via 2 curved 
surfaced road which terminates in a paved area in front of the power- 
house entrance.. This southeast end elevation of the powerhouse is 73 
feet wide and more than 60 feet high. In the center is a roll-up service 
door 18 feet wide and 22 feet high, with a cantilevered canopy to provide 
pratec~ion from r-ain and sun as well as to give emphasis and shadow to 
the elevation. The entrance for personnel is located to the left of the 
large service dour in a recess which gives protection for the entrance 
without detracting from the massive scale of the structure. 

Planting areas filled with hardy native shrubs are Located On 
each side of the powerhouse entrance, to add color and interest to the 
eleva~ion, 

2 0 3  INTERIOR ARRANGEMENT 

All visitors, as well as operating personnel, enter the power - 
house through the same entrance door to the erection deck at Elevation 
49.0 feet. From this point the magnitude of the project and the massive 
scale of the structural steel. frame, the generators and *he bridge crane 
can be realized. The contrasting colors of the finished surfaces and the 
brzm of the generators and turbines also add to the dramatic bpressbn 
for the visitors.. 

The sta i rs  leading to the generator floor are made of steel, 
with concrete treads and safety nosings. The clean-cut Lines of the 
stairs are typical rxamples of the simplicity of design which is stressed 
throughout the powerhouse. 

At the base of the stairs, on the generator floor, visitors can 
enter the air-conditioned reception room or office- Both of these roams 
have acoustical ceilings to help reduce the sound from the generating 
equipment. Adjacent to these rooms are the toilets, with both eastern 
and western type fixtures. A refrigerated drinking fountain in the 
generator room is also easily accessible- 



The control room, with its complex switchboards and other 
control equipment, is another area of special interest to the visitor - This 
room is also air -conditioned, and the wall between it and the generator 
room is furred to reduce sound transmission. From within this rmrn 
the operator can view the generators and governor actuators tkwugh 
double- glazed panels. 

Two stairs lead to the turbine room at Elevation 22.50 feet. The 
walis and ceilings of the turbine room are painted to improve the appear- 
ance and Ughting in the area. A large quantity of mechanical and elee- 
tricai equipment, cable trays and piping may be seen, giving this area an 
interesting appearance as well  as functional value. 

Galleries below the turbine floor are unpainted and are normally 
accessible to operating personnel on2y. 

Egress from the building is normally through the door at the 
erection deck; however, two other exits aye ~rovided for emergency or 
service use. 

2.04 SUPERSTRUCTURE DESIGN AND FINISHES 

The superstructure of the Ka;l-nafuli powerhouse has been 
designed to fulfill field requirements as well as to present studied sim- 
plicity of materials and erection. 

A.  Concrete Base 

The concrete base around the supersbucture from Elevation 49.0 
feet to Elevatim 60.5 feet serves several funcxionaf purposes as foUows: 

1 - Xi-- pr. events water from entering the powerhouse interior, 
should tailwater ever reach high flood level between Elevation 49-0 feet: 
and 55- 0 feet- 

2. Vent lines are concealed in the wall and turned out above 
Elevation 55.0 feet. 

3. Air supply and exhais: ducts are supported by the wall with 
duct louvers worked into the wid1 design. 

4, Electrical conduit and boxes are conceaXed in the concrete 
wall.  

5. The concrete is of structural value to the steel frame of the 
superstructure. 

The windows, the large air supply louvers and the electrical bus 
ducts are all worked into the wall design, The exterior faces af the con- 
crete coiumns and the concrete w d l s  at the ends of khe superstructure 
are faced with ceramic tile, to make a permanently colored finish requb- 
ing minimum maintenance. The exterior faces of the panel walls between 
the concrete coXumns are faced with stuccai, to provide a contrast af color 
and texture. 



Since a mechanical ventilation system fs  provided for the 
powerhouse, +he windows are made of fked  steel frames without opening 
vents, except for the windows above the erection area, where happer 
vents may be opened by using a short u a k  The concrete soffits above 
the windows shade the window openings from the heat of f-kre sun. 

A'oove the concrete base, the superstx-xt=e is housed in an 
uninterrupted s~rface of fluted V-beam ,040 ahminum w i t h  a green finish- 
This material offers an interesting textwe of alternating 7:ert.ica' fines 
of sun and shade* Its  green cdar is shoo-apolied baked e~arnel. The 
finish is resistant to corrosion and stains, and i t  r e d w e s  :he ref.-ectidty 
of the aluminum The interior of the walls is lined with corrzgared 
aluminum. with the corrugations running in *he vertical directian This 
type of alumin~m sandwich wall, with a center core of one inch of glass 
fiber insulation, has a "U" value {coefficient of heat transfer) of -155. 
The lightweight materials are shipped separately m d  the w d l s  are fab- 
ricated in the fields using either weldable studs t<.i th duminum caps or 
composite dwninurn self-tapping screws  with c e o p  ene washers. This 
t-ype of exterior wall was selected because of i ~ s  octstanding appearance 
maderate cost, light weight. ease of erec:ion speed of ci izztion, insula- 
tion value: permanent finish and weather tightness. The ma3 unit weight 
of the zxrerior sandwich wail is about two pounds per square foot. 

C . Roof Construction 

The roof of the powerhouse consists of steel panels covered 
with two inches of rigid insulation and a %ply built-up asphalt  and grave1 
roof. Steel roof decking was selected because it pmvides an interesting 
ceiling surface. ir can be rapidly installed without shoring, and i t  is a 
dry appiicat ion which does not interfere w5rb er emion oper at Scms within. 
rhe structure. The steel decking was  esrimated to be less costly than a 
concrete roof slab. 

The materials no be used inside the powerhouse were selceeed 
for their permanence aapcarance- fSre resistance ~ n d  cost uaEues. 

A Part lrians 

Good quality brick, ulanzrfactur ed in East Pakistan, was used in 
construction of partitions. These brick par!itions weps plastered OQ both 
sides as is customary inloca! practice. Oil Roolr  partitions are of rein- 
forced concrete construcrion for greater fire resistance. 

Where furring was reqr;ixed steel furring cbaaels  and 3.9- 
pound per square yard metal Iath were specifid. Where ~ l a s t t r  is fndz"- 
cated on rhe finish schedule, three c ~ a t s  were used an metal lath and two 
coats an br iek surfaces. 



The tollet partitions and dmrs mound the western t,ype water- 
closets are the flush baked-enamel insulated metal t-ype with chrome- 
pfatzd fittings. The partitions around the eastern type fixtures extend 
to the floor, and are made of ceramic tile on brick. The fronts of these 
swls are made of metal panels and doors. 

B. Doors 

The hinged doors throughout the powerhouse are a flush hollow 
metal. type with hollow metal frames a d  good quality h z r d ~ ~ e .  Standard 
sliding fire doors are provided for the ail rooms. These doors are a type 
ay~proved by the National Board of Fire Wnde~writers~ The Large metal 
roll-up door at Elevation 49.0 feet is of standard design with hand-chain 
operation. 

As indicated on the Finish Schedule on Exhibit 11-1, four types 
of floor finish are used, Concrete floors have a steel-troweUed finish 
and a brush-applied concrete hardener to seal the surface arrd prevent 
&sting. Quarry tile was selected for the generator flour and erection 
deck. Tbis materiait provides a dense surface which is  iarpexvious to 
greasy subs+a.nces, and easy to keep dean, Its permanent color is also, 
a desirabie feature* Quarry tile was also used for a base, on curbs and 
for lining, drainage trenches. Ceramic tile was selected for the toilet 
room flours and w a l k .  This material was selected because i t  has an 
attractive appearance, it. is easily cleaned, an6 its hard  surface i s  nor 
easily marked or damaged. Vinyl-piastic-asbestas tile is used in the 
receprion room, office and control roams.. This I/&-inch rsick materid 
is resistant to greases, alkalis and &lute acids. Its color and sheen are 
desirable in these rooms* A four -inch high rubber cove base: gas =@-id 
In these roams to simplify Koor cleaning and to stop the w&E paint. 

In r w m s  where suspended ceilings are required, two types were 
used The tojkt rooms have plaster suspended on metal cbrmnels and 
metal lath. In ather finished =eas, merd a@;oustical tile was selected 
because of i ts acoustical values, its shop-a~plied baked-on white finish, 
and tine ease with which panels may be removed fur access to conduit a d  
piping. These metal tiles. with inserted pads, are suspended on! No. 8 
wires, steel channels and T-bar s of special design- 

E- Concrete Finishes 

Formed concrete surfaces which are exposed, have had all tins 
removed and holes filled. leaving reasonably smooth. and uniform swfaces. 
Concrete floors in the powerhouse h u e  steel-trowelk3 fWshes an dk 
exposed meas 



The erection area structural, f uor at EleVatim 49.0 fee? and 
all fluors on Elevation 36.0 feet were depressed 3 inches below the 
finisfied floor elevation. The 3 -inch. depression pros-ides am@ e depQi 
for the application of tile where shown on the finish ~ c h e d u k .  In ather 
areas the depression provides sufficient depth for ~Iaeirrg a uniform 
well-trowelled concrete finish after the rough C Q ~ E S ~ ~ U C + ~ O ~  work i s  
completed, 

The tran&rrner deck at Elevation 49-0 feet has a 3-inch con- 
crete topping which is reinforced with steel mesh. Under this topping, 
a 3-ply asphalt and felt membrane war installed above the controt bay 
rooms at Elevation 36.0 feet. This membrane and concrete topping 
extends down in tke transformer pits  to protect them s ' r m  rain 03" fZ*~m 
oil spillage. 

F. Painting 

Painting procedures and color selections w e e  car crfulry 
anrlyzed in order to select proper painting systems and $0 present a 
cheerful and safe ornosphere in which to work. 

All surfaces not having permanent factory finishes were painted 
as shoua on the Finish Schedule- Concrete, plaster anif stucco were 
given a prime coat and two finish coats of paint as required for g o d  
quality work. Ferrous metals were given a thee-coat paint &ei;ktme~t* 
whether they are in finished areas or not. Ferrous metals which m e  
submerged in water were given special. paint treatment as ~sequirad in 
good practice- 
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Interior Finish Schedde 

Powerhouse - Floor Plan, Elevation 49-00 

Powerhause - Floor Plan, Elevation 36.00 

Powerhouse - F1-r Plan, Elevation 22-50 

Powerhouse - Dowristream Elevatiom 

Powerhouse - Ekvations 

Powerhouse - Longitudinal S e c t i ~ n s  

Powerhouse - Transverse Section 
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PART IV 

CHAPTER III 

OTHER STRUCTURES 

Although the powerhouse is the major structure in the 
Karnafu3.i Project, the other structures have been given careful study. 
Simplicity and repetition were emphasized in both design and finish, 
to be consistent with the scale of the project. The equipment, and 

I rdlings, pasticirlarly on the wpilfway and intake structures, were 
arrznged and painted to give a neat appearance. Horizontal Ledges, 
where dust may collect and wash down the walls causing streaks and 

, water marks, were held to a minimum. Painted surfaces were givers 
treatments, coatings and colors consistent with those on the power- 

, house to improve appearance and to simplify maintenance problems- 

Perspectives of the spillway and the outlet works precede 
this page, (Figures A and 8) 
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PART V 

CHAPTER I 

GENERAL 

This part of the Design Report pertains to the design of the 
structural, mechanical and electrical equipment permanently instatled 
in the various project features. Structural equipment includes gates, 
trashracks, bulkheads and stoplogs. Design of structural steel frames 
including the powerhouse superstructure, switchyard, etc. is covered 
in Part IlI, Structures. 

The desiga criteria for each item of equipment and system is 
presented. A description and other pertinent information such as capac - 
ity, protection features and layout exhibits are given. The design analysis 
of each item of structural equipment is also given. 



PART V 

CHAPTER I1 

SPILLWAY 

2.01 GENERAL 

The spillway crest structure has 16 gate openings each 40 feet 
wide, separated by ?-foot thick intermediate piers. The spillway crest 
is at Elevation 80.25 feet, and the top of gates is at Elevation 118*00 
feet- The bridge and the hoist deck are at Elevation 327.00 feet. 

The spillway is equipped with tainter gates, operated by indi- 
vidual drum-and-cable hoists. Electric power for the hoists is suppfied 
by a transmission line from the powerhouse. However, an emergency 
source of electric power is provided by a diesel-electric generator 
installation at the spillway. 

One set of interchangeable stoplogs is provided ta enable un- 
watering for inspection, maintenance or repair of a gate when the 
reservoir level is between Elevation 80 feet and Elevation f 02 feet. 

2-02 TAINTER GATES 

A. General 

1. Select ion - The selection of hinter gates with individual 
hoists was determined during preliminary design to be the most satis- 
factory choice for combining reliability and economy. An alternate plan 
involving vertical lift gates with two traveling cranes was given prelim- 
inary consideration, but was eliminated because of lesser ~-ef%abiXity, 
with little, if any, reduction in cost. 

The adopted arrangement i s  in keeping with current United 
Sates practices where tainter gates are being used for spillway control. 
Such gates have been made as large as 50 feet wide by 50 feet high* and 
present plaming calfs for even larger units. 

2. Description - Design of the gate, as sha- on Exhibit XI-X 
WART W, follows conventional Pines, using horizontsUy spanning skin 
&tes su&orted by vertical ribs. The ribs, in turn, are supported by 
a system of horizontal girders, from which the load is delivered to the 
trunnions through box girders and struts- 

The center of the trunnion has been pkuced Law, but dear  of 
the upper nappe of the maximum flood flow, to reduce to a = m u m  the 
vertical component of the rnaxhurn gate Load on the pier, 



Each trunnion pedestal bolts onto a nearly vertical ancharwet 
girder which is embedded in the concrete. The anchorage girders are 
held in place by a system of post-tensioned, high-tensile rods. 

An angular hoisting movement of 44.5 degrees raises the bottom 
gate edge to Elevation 107.00 feet, which Level is approldmateiy one foot 
above the estimated design flood nappe. 

Standard J-type molded rubber seals are provided for the sides 
and sills of each gate. 

3. Stresses and Loads 

Under all conditions of normal loading, the maximum allowable 
design stresses were limited to 90 percent of those given in the American 
Institute of Steel Construction (a4BC) Specification for Structural Steel for 
Buildings. Normal loads are considered to consist of ail combinations of 
hydrostatic loads up to full reservoir Ievd together with dead loads and 
normal operating loads. with the gate in any position from fully open to 
cfosed. 

Maxbnurn reservoir elevation is set at Elevation 119 feet, rt- 
sulting in a surcharge of only one foot abow the top of the gate. hcreased 
stresses resulting from flood surcharge are normally considered permis- 
sible if they do not exceed the normal aHowable stresses by more than 
one-third, 433.3%). h this case, the one-foot surclswge represents a 
load increase of five percent, 

C. Provision for Corrosion 

+ r p C r  Prur-isbn for corrosion was made by providing a~ 40 inch of 
extra thickness to the skin plate of the gates arrd by using a minimum 
thickness of 368 inch for a32 steel work. 

Exhibit 11-2 $W3T V) presents in graphical form the loading, 
conditions considered and xhe assumptions made for design of the varPaus 
gate components. 

The structural framing sf the face of the gara and its s ~ r n t i n g  
horizontal, beams canforms ro ?he B e s t  cenue~tiona! metbod of framhg 
cainter gates. The skin piale is siipported on vertica: stiffeners or ribs 
which are curved to the radius of the gateg- Horizontal elements of the 
skin plates are designed to span continucusty over the ribs. The ribs 
are designed as straight beams w i ~ h  varying hydrostatic hading, contin- 
uous over two spans with cami1eve.r~ at each end. Pwtirp~ aE the skin 
plate are assumed to act integral1 y with rhe stiffening IT ibs. Span lengths 
of the ribs are such as ro equalize rib moments as much as pragzricaEel 
Combined stresses at; critical points r asulting from skin plate action in 
conjunction with rib bending were inuerrigated. 



The skin plate ribs are  carried on three horizontal girders 
which, in turn, are supported near the fifth points to approximately 
equalize the positive and negative bending moments. The middle girder 
is designed to resist the entire thrust of 270,000 pounds in addition to 
bending forces. 

The design of these gates differs from the canvenfiimal, in that; 
the means for carrying the hydrostatic load from the horizontal girders 
to the trunnion bearing consists of but one strut at each end of the gate, 
instead of multiple strut arms. one from each horizontd girder to the 
bearing. The single strut design was adopted primarily to provide clear- 
ance in the pier recess between the gate and the zmbedded anchorages. 
with the anchorages placed almost horizontally axid parallel to the maxi- 
mum load resultant. OUler advantages of this compact layout of gate 
supports are that the component p a r t s  may be more easily. heat-treated 
after shop welding, they may be shipped as units. and they require no 
field welding to reassemble. The maintenance problem is dso reduced- 
The disadvantage of this type of box girder and strut construction is that 
the weight of steel. required is slightly in excess of that of the conven- 
tional multiple-arm system. However, there are savings in fabrication. 
shipping, and erection costs that offset any additional. cost of material- 

As shown on Exhibit U-2, the centerline of the strut is Eacated 
slightly below the line of the full gate load resultant, so that strut mo- 
ments (of opposite signs) are balanced when the gate is at its critical 
opening of 13 .S feet. 

The trunnion bearing is the hinge about =hi& the gate pivots 
It consists of a hub on the downsixearn end of the strut, with a pin con- 
necting the hub to the supporting pedestal, One s ide  of the pedestal i s  
designed to resist the lateral thrust: of 270,000 pounds. 

I 'I 
The bronze bushing and thrust ring are of the self-lubricating 

Labrite" type to ensure positive lubrication at all times. Thls is a 
standard type of installation for connections wi th  high bearing pressures 
which make it impossbk to maintain a film of ordinary grease on the 
sl iding surfaces. Also, this type installation eliminates the necessity 
fur a high-pressure lubrication system. The forged steel pin is equipped 
with a stainless-steel sleeve to prevent ewrosion on the contact surface, 

F. Anchorage 

Anchorage design provides far the use of individual anchorage 
girders for each trunnion, wi+A the upper portion of each e d e r  projectkg 
out of the concrete. 

Modern design and constrruchim practices in the field ol pre- 
stressing permit the use of a lighter anchorage arrangement for securing 
the girder to the concrete pier. A group of post-tensioned high-strength 
steel rods within &e pier is used for this purpose. The weight 0% tkse 
rods i s  only a fraction of that of a structurak steel anchorage, and the 



post -tensioning force which clamps the anchorage girder against the con- 
crete is considerably in excess 3f the maximum water presswe on the 
gate- This type of anchorage has two distinct. advantages, in that (I) Z t  
eliminates any movement of the trunnion when the gate is loaded, and (2) 
i t  places the pier concrete in compression, thus preventing the formation 
of cracks. 

2.03 TAXNTER GATE HOISTS 

A. General 

3 .  Purpose - Sixteen spillway tainter gate hoists are provided 
for operation of individual gates as will be required for proper spillway 
releases. 

2. Location - The hoists are located at Elevation 127.00 feet 
on the cantilever portions of the spillway piers adjacent to aad above the 
spillway tainter gates. 

3. Description - Each hoist is a 75-ton (2,000 pounds per ton) 
nominal capacity, w i r e  rope. dcuble-drum, double-pickup, e i e c r r i ~ ~ y  
driven hoist with a r25 sing or f owering speed, under power-, of two feet 
per minute. The hoists are built for outdoor aperation as showre on 
Fijpre A, 

EL Selection of Type 

The cantilever supported hoist arrangement was selected to 
diminate the cost of a supporting bridge. 

I. Loads and Stresses - The haist capacity i s  based an the gake 
weight, s e d  and trunnion frictions, and the hydraulic loads and is rated at 
the gate connections. Hoist loads are show& on Exhibit 11- 2. The hoist 
parts are designed with a safeby factor of ffue based on the dkimate 
strength of the materials used- The wise rope is selected with a safety 
factor of five based on the breaking strength of the rope, The stresses 
induced under the rnaxhm.m torque of the hoist drive motor do wt exceed 
eighty percent of the yield point of the materials, 

2. Mechanical Features - Mechanical features include two sep- 
arate drum azsemblies, mounted on the cam never partian of the piers. 
The two drum assemblies are connected by a power transmission shaft 
which spans the opening between piers. One drum assembly contains the 
primary drive unit;. The drums can receive all the wise ropes in sh&e 
layers. The ropes are secured to the gate through open bridge rope 
sockets to provide a means fur adjusting the rope tension. The power 
transmission shaft is ho3ow to provide rigidity at. comparatively small 
weight and is equipped with flexible couplings at each end to compensate 
fos misalignment and deflection. A self-locking worm gear f s incorporated 
in the primary drive machinery to function as a laad brake in contralLing 
the lowering speed. .A gate-position indicator is mounted in the vicinity d 
the haist control station* 





3. Structursl Features - Each w i r e  rope drum assembly is 
mounted on a rigid s+zucturaP steel. base construsted as a unit. These 
bases are equipped with lifting eyes to facilitate installation of the hoists. 
The bases are secured and leveled by means of anchor bolts embedded 
in the concrete. 

4. Electrical Features - AU electrical equipment is suitable 
for outdoor operations and f o r  the power source of 230/400 volts grounded 
wye. 3-phase, 50-cycle, alternating curre~t. Electrical wiring runs in 
rigid metal conduits, tagged and marked for permanent identif: tcation. 
H o i s t s  operations are push-button controlled. To raise or lower the gate, 
the operator must press AIhe required push-button '60 start the hoist- The 
hoist will continue in operation until the operator presses the stop push- 
button or until the limit switch stops the hoist. An alarm bell is provided 
to ring for each foot cf gate travel. Each push-button has its r = ~ n t r d  
function designated by a namepf ate. 

An e;ectr'.cal hoiuing brake is prcvided ro stop and hold the gate. 
This brake sets automaticaliy on interruption of electrical power in the 
motor circuit; i t  releases when the motor circuit is energized. Rekase 
can be effected manually. The hoists are equipped with Limit switches ta 
control upper and lower gate posi lons.  Instr~ctions fur operating the 
hoist, wiring control diagrams and maintenance tastructtons are per- 
ma~ently  placed in ;Re vicinity 06 the control cabifiea. 

A. General 

A set of seven interchaz.z.geabk, structural steel stoplags i s  gra- 
vided to permit inspection, maintenance, or repairs to the tainter gates. 
This set of stopfogs permits unwatering of any one tainter gaze when the 
reservoir water surface is at EXevatiorz 102- 00 feet or below, a cakmditisa 
which will prevail for several months each year. The stoplogs are stored 
in a convenient place from where they can be trucked or barged to the 
spillway for use- 

I 

The hydrostatic pressure on the upstream face of the stoplogs 
i s  the primary load. Secondary loads are induced by friction between the 
individual stoplogs, since the water pressure against them causes unequal 
lateral deflection. 

The stoplogs were designed to safely resist the pressures re- 
sulting from a reservok water surface at Ekva~Pon Pl3.QQ feet, In the 
event that i t  should become deskable to vnwaecr a gate whilst the reser- 
voir level is above Elevation 102.00 feet, additional stoplogs can be 
designed fox placing above the ~r*igBnd set. 



C. Bearings and Seals 

£Wted-on timbers form bath bearing and seal against the d m -  
stream faces of the stoplog slots. Timber bumpers ikse provided at the 
ends of each stopkog to prevent damage ta the slots- 

Sealing at the sill and between the individual stoplogs is accom- 
plished by means of molded J-type rukher seals. 

A lifting beam is provided fur use in positioning the stoplogs. 
Lowering ;tad raishg is accompEshed with the use of iz mobile crane. V&en 
a stoplog has been lowered to its find position, a pull on the tag lines dis- 
engages the two hooks for recovery of the lifting beam. When remowing 
stoplogs, the lirting beam is towered until the hcmks engage the Lilting e ~ e s  
by gravity. 



Lighting is provided by standard incandescent industrid type 
fbctares, fullowiq the criteria estaUished by general project U@tirrg- 
The taiater gate hoist control locatiuns have iDmination levels of 3- 
foot candles. The gate-hoist access bridge has I-foot candle. Con- 
venience outlets fur extension lights and other temrary operaling 
and maintenance service, u d  power outlets fur use of power hand 
h ~ & s  we located at 100-foot intervals across the spillway- 

E- Grounding 

A copper grounding system is provided to protect personnel 
from danger of Ugh vultage due Lo faulty equipment or short circuit 
conditions. All exposed metalwork is crsrznected to the main grctmd 
cable to keep all such metal to equal potential, a d  the main ground 
cable is grounded by coaraectkms to driven ground rods in the approach 
channel, 

To provide communications with other project features during 
routhe operations and xaahtenance activities, a telephone is inastalkd 
at the spillway transformer pole. 

G. Emergency Power and LigAtir~g 

A diesel electrical generating p l a t  to provide emergency 
power and lighting fos. the spillway tainter gates is iast&ed in the 
spillway area. 
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CHAPTER UI 

DIVERSION AND OUTLET TUNNEL 

3-01 GENERAL 

Design of the diversion and outlet tunnel provided for use of the 
tunnel first as a temporary diversion structure, and second, as a perma- 
nent outlet works. Design requirements for the outlet works included the 
folbwing: 

1- Discharge capacity shal be 2000 cubic feet per second 
at the minimum reservoir operating level of Elevation 
60.0 feet. 

2- Means for closure shall be provided to allow; [I) installa- 
tion of a control gate, and (2) normal alrd emergency in- 
spection and maintenance of the control gate- 

The minimum tunnel cross-sectional area required for* passage 
of diversion flows war somewhat larger than that necessary far the outlet 
works function. Consequently, a concrete bulkhead with an orifice s d -  
ficiently large to pass the required flow is provicfed, as sltown an Exbibit 
Jn-1. A fixed-wheel gate is located on khe upstream face of the buHlrhea6. 
This bulkhead and gate combination provides the means for closure for 
the purposes set forth in Item 2 abaue. A second stage concrete phzg - 
with a rectangular opening is located drrwstream of the buLWread- This 
plug restricts the =ea in the control section of the tunnel and provides 
anchorage for the high pressure slide gate which i s  used for wntrol of 
flows after diversion- 

1. Selection - Selection of &a type sf bulkhetad was based 
sn &e results of cumparrative ewnomic studits of a 20-foot high b~ P4- 
foot wide fixed-wheel site, and a fixed bukhead 05 the same bbensiams, 
with a small opening which could be closed by a Eked-wheel gate on Zhe 
upstream face of the bulkhead. The bulkhead and gate eombipatiop was 
adop ted .  



2. Description - As shown on Exhibit I11-2, the 20-foot Mgf, by 
14-foot &inch wide concrete bulkhead is 3 feet 2 inches thick and has a; 
total weight of approximately 112,600 pounds. A rectangular-shaped bdl -  
mouth opening, 6 feet wide and 7 feet 6 inches high, has the sane min3mum 
dimensions as the opening through the tunnel plug immediately downs*xeam 
of the bulkhead. 

B. Design 

1. Criteria and Assumptions - The bulkhe; d was designed to 
withstand the hydrostatic forces due to a reservoir level at Elevation 
80.25 feet. the elevation of tbe spillway crest. Allowance fur greater head 
was unnecessary, since the second-stage concrete behind the bulkhead pro- 
vides the support necessary to resist the forces resulting from higher heads. 
The design provided for this concrete to be placed before the reservoir SUP- 
face rose above Elevation 88.25 feet. 

Maximum allowable stresses in the bulkheard were limited as 
follows: 

a. Compressive strength of concrete, 3?58 pounds 
per square inch at 28 days* 

b. Tensile unit stress of steel, 20,000 pounds per 
square inch. 

c. All other stresses, in accordance with the hcrican 
Concrete Institute Building Code, ACI 318- 56. 

2. ,Analysis - Details of the bulkhead design analysis are shown 
on Exhibit III-3. The commnent parts of +he bulkhead were analyzed as 
beams with hydrostatic and gaae-wheel loads- Snce the horizontal beams 
designated as C, B, and E are short, aad have unyielding supports at their 
ends, it was assumed fur analysis that the vertical D beams were can~nuotxs 
two-span beams, supported by beams C, B, and E. B e r n  supports and loads 
are as shown an Exhibit Ul-3. 

1. Selection - As previously mentioned. s fired-wheel we was 
selected for use in conjunction with the buH&ead. This type of gate is con- 
sidered ea be the most ecansmieaB kind for the intend 

2. Description - Ttrs fixed-wheel gate, framing and d e u l s  of 
which are shown on Exhibit IIf-4, is  XO feet 2-112 inches wide, EO feet 5 
inches hi& and 20 inches thick. Total weight of the gate i s  approximatekg 
25,400 pounds, of which 15,200 pounds 5s steel, and X8,200 pwrnds Is con- 
crete b U a s t .  



The gate operates on the upstream face of the bulkhead. Slots 
in the upstream portion of the gate shaft are equipped with gate; &*tides, 
to facilitate the raising and Lowering of the gate. Dogging devices are 
provided at Elevation 135 feet for holding the gate in its storage position- 

An equalizing h e  intraduces water from the upstream. side of 
the fixed-wheel gate to the chamber between it and the slide gate to per- 
mit operation under balanced head conditions. However, in the event 
that the slide gate should be jammed in the open position, permanent 
concrete ballast inside the fixed-wheel gate permits closure against 
the hydrostatic: head due to a reservoir level at Elevation Q? feet- 

1. Criteria a d  Assumptions - The fixed-wheel gate was 
designed for normal steel stresses (basic tensile stress being 18,000 
pounds per square inch) under full hq-&astat& head due to a normal 
pool water surface at Elevation 118 feet- AAlsa considered, but not 
governing, was the condition of maximum pmL water surface at Zfe- 
vation 119 feet, with an allowable overstress of 33-1,!3 percent 
(24,000 pounds per square inch). 

The skin plate was designed for bending at, a basic tensile 
stress of 24,000 pounds per square inchi under narrnaf load, both alone 
and as part of the girder stresses. An allowance of 1/16 inch was made 
for skin plate and side plate corrosioa. 

2. Analysis - In the design, h e  gircder flanges were considered 
to be part of the skin plate, kksus forming a continuous series of Iraurrehed 
beams. Skin plate and girder stresses, which are at right angles to each 
other, were combined by adding three-tenths sf Fhe smaller stress to the 
larger stress, in accordance with Poisson's ratio for carbon steel. Com- 
plete details of the fixed-wheel gate design analysis are givm in Exhibit 
m-5. 

3.04 SLIDE GATE 

A. General 

crest; Elevation 80.25 feet, and the powerhouse units are shut dowa 

2. Sltructurd Requirement - 'The gate must rcesist hydrostatic 
lpressuxes from full head at reservoir* water surface ELevaOjcm 119-0 



4. Description - The gate and hoist, as shown on Exhibit LII-6, iS  : 
standard type of slide gate which has been developed over the past fifty ye- 
and is in wide general use. The gate is constructed of cast iron, with bronz 
and steel. used for special parts. Principd parts are as folXows: 

a. Gate leaf, measuring 6 feet by 7 feet-6 inches 
b. Upstream and downstream frames 
c. 3unnet, with recess for gate leaf 
d. Bonnet cover 
e. Connecting stem, gate leaf to hoist 
f ,  Hydraulic hoist, with cylinder about f & inches 

in diameter by 8 feet-6 inches high. 

3. Design 

The one-piece, cast-iron gate leaf, with internal webs which span 
horizontally across the openins was designed to resist hydrostatic pressnrc 
from the f U .  reservoir. The maximum horizontal beam stress at this head 
is about 1,500 pounds per square in&. 

The gate frames and bonnet were designed to resist the reaction of 
the hydraulic hoist and to redrt  external pressures of 30 pounds per square 
inch. The frames and bonnet are strongly cross-sibbed to distribute the hoi 
reaction. Internal hydrostatic pressure on the frames and boanet is carried 
into the concrete which encases the gate- 

The bonnet cover was desjgned to resist internal hydrostatic pres- 
sures from the full reservoir head and to resist the saactioz from the hobt. 

The operating bad on the hoist to raise the gate, when the reservoj 
surface is at Elevation 80.25 feet, i s  approxknately 152 kips. This IQad is 
made up of dead weight of gate led  and stem, downpull, and friction of the 
gate leaf on its seats. A conservative starting coefficient of sliding friction 
of 0.6 for bronze on bronze was asswned- The load of 152 kips requires a 
differential oil pressure on the hoist piston of approximately 660 pounds per 
square inch. This compares to the required test presswe on the cylinder o 
1,200 pounds per square inch. which gives a hoop tension stress of 9,500 
pounds per square inch- 

Composition of the bronze seaUag seats on the gate leaf and frame 
was developed by the U. S. Bureau of Reclamation to carry heavy loads with 
sliding contact a-d to resist abrasion. Bearing stress on rhe seats during 
operation i s  under 500 pounds per square inch, as compared to an allowable 
stress of 3,000 pounds per square inch for this type of bronze. 

The pumping equipment aad eontrds fur the hydraulic hoist operatj 
system are located in the shaft house. A manual pump and by-pass valves a 
located in the gate chamber. 



3.05 HOISTS 

A. General 

I .  Pwpose - A fixed-wheel gate hoist is provided far opera- 
tion of the fixed-wheel gate. A monurai2 hoist is provided to l ift the gate 
from its "dogged" position into the shaft house* 

2. Location - These hoists are :ocated in the shaft hause of 
the gate shaft structure above Elevation 135-0 fee:. The fixed-wheel gate 
hoist is placed dlrectly above the fixed-wheel gate and held in place on 
the hoist: deck by anchor bolts, The monorail hoist is suspended from a 
monorail just below the roof of the shaft house and over ;he centerfine 
of the tunnel. 

3 .  Description - The fixedwheel gate hoist; is a 15-ton (2000 
pounds per ton) nominal capacity, reeved-wire rope, single-drum, 
single-pick-~p, ekectr i c d y  driven hoist built for Indoor operat ion as 
shown on Figure A, 

The monorail hoist is a 10-ton (2000 ~ o u n d s  per ton) rated 
capacity, hand-operated. chain hoist, wSth traveling tsolFey, and mono- 
rail as shown on Figure A. 

Bw Fixed-Wheel Care Hoist 

I. Selection of Type - Cumpararive studies were  made d an 
efectric -powered monorail hoist versus a statio~axy f ixeb- wheel gate 

2. Design 

a. Zoads and Stresses - The hoist parts were  designed 
with a safety factor of five based on the ultimate: strear* e& the materid 

wire rope with sheaves and load block. ~ h ;  drum isWkrge enough to 
receive the w i r e  rope in a single layer. The fleet slzae is a maxi- 
mum of 3-1:2 degrees. The load block design is such that the ropes 
wi l l  not leave the sheaves at any aperating posltroa. AlL d i  
meshing swfaees m e  adequately lubricated. A gate- 
i s  mo~med  Beas the hoist @onwal panel. 



c .  Structural Features - Because the hoist must bz  moved 
from its position to remove the fixed-wheel gate, it is mounted on a rigid 
structural steel base cunstructed as a single unit. The base is equipped 
with lifting eyes, and a lifting sling is provided with the hoist for this 
fmc tion. 

d. Electrical. Features - All electrical equipment is suit- 
able f o r  indoor operation and for the power source of 230/400 volts. 
grounded wye, 3 -phase, 50-cycle, alternating current. 

Electrical wiring runs in r i g i d  metal conduits, tagged and 
marked for permanent identification, mist operations are push-button 
contrdted; each push-button has a name plate designating its function- 

The hoist speed, raising or lowering, is 2 feet per minute. The 
lowering speed is controlled by regenerative braking of the drive reotor- 

An automatic electric holding brake is installed or? the drive 
motor shaft extension, This brake sets, holding the gate, in the event of 
electrical power failure. The hoist is equipped with upper- and Lower 
limit switches to control the respective position of load block travel. In 
addition, a separate upper limit switch, directly activated, contrds gate 
maximurn raised position, 

Instructions for operating and maintaining the hoist, together' 
with electrical wiring diagrams, arc mounted in the vicinizp of the con- 
trol cabinet. 

C* Monorail Hoist 

1, Description and Design - The monorail hoist i s  a! commercial 
hand-operaxed hoist wieh a 10-ton rated cacpaeirg axxi a lift of Z B r  feet, Thhe 
hoist and lifting beam were designed with a safety kctor of four based oar 
the ultimate strength of the material used- I t s  laad hook was  designed ts 
accomm&ate the 4Stf ng pin ar the fixed- wheel gate, and is swive l  mounted 
on a thrust bearing- The hoist rrolley has an easy-rolling actiorr req&ing 
a minimum effort ro operaw along the maywail baaem, 

To protea the emergency and control gazes from damage or dis- 
ruption of operation, a trashrack wirb openbgs m e  foot wrde by W e e  feet- 
t h e e  inches high, i s  provided at the entrance fa the turnel, Frambg and 
derails of the trashrack, wkarch fully coxrerrs the tunnel enwmcs, are shown 
on Exhibit UI- 9. 





The trashrack was designeo to ensc-e faiirzre of the metalwsrzk 
before overstressing the concrete Design differentiates between the 
sqppurts, or horizontal girders, and the bays. The supports were  de- 
signed as simplle beams for a stress of 33 000 m m d s  ~ e r  square irrch 
under a differential head of 40 fee:. The resulrant supports have a vary- 
ing crass section, wirh the mr xh-cljrn thickness i~ the middle to- resist 
bending mumlent, 

The bars were designed as contiauous beams with a sWess of' 
33,000 pounds per sqtmre inch under a differ entia3 head of 35 feet. 

3uck:ing of both the supports and bars was  investigated. 

The remote focazdan of the Diver- sloa and Ouzk Tunnel from the 
powerhouse required !]tzar ePectrlta1 se~vic;le be provided B y  the a e r M  &s- 
mibution line. Srvice is burnish ady :a .he shaft house, as nes perrna2- 
nent power-operared qzipment is Lsczired at the intake or auklet port&% 



Modern practice required secondary protection fur the trans- 
former bank and branch circuits to motors, power outlets, and Lighting 
and convenience outlets. To provide this protection, a standard ccmvsrt- 
i b k  three-phase, four - wire distribution type circuit breaker panelbard 
is installed in the shaft house. This type of' arrangement is preferable to 
other arrangements from the standpoint of simpficitp, safety, and economy. 

All motors are provided with magnetic starters m d  other control 
equipment required for local control. KQ autamaxic or remote control 
eqniprnen t is pravkk d, since there are na emergency conditions which 
would require such equipment, 

33. Lighting and Convenience Outlets 

Lighting provided by standard Lncaadescent industrial - type fix- 
tures, following the criteria cstabffshed, is 10-foot candles over EPevaffan 
135 feet, and 5-foot candles at a41 other locations. Vapor - tighf fixtures 
are installed below Elevation 55 fear to reduce the possibility of damage 
from flooding of these areas during high tai2water conditions, 

Convenience outlets are located at each working elevation for 
use of power hand took and extension fights, 

E. Grounding 

F- Telephone 

To provide communicathms with otkr project featares during 
routine operations and maintenance ac tlvhiesi 8 telephone is instd1d in 
the shaft house. 



PART V - CHAPTER frcf 

General Arrangement 

Bulkhead Framing and Details 

Bulkhead Desip -Analysis 

Fixed- Wheel Gate Framing and Details 

Fixed- Weel Gate Desf gn Analysis 

S i d e  Gate Assembly 

Trashrack Framing and Details 









PART V-EXHIBIT Elf-2 
i 



r a m g w r  

S E A M  B 



PART V-EXHIBIT Ell-4 

jC'S26* 4SSU-W-ricws. -- *vJn a a - m l u n m  M 111)* -a#: 
,,& L & & C r . y y * d r * i e w r Z - - u r r r  

R-a-rr* w t n c r r r w r - -  --, 

,ar L%- & rr rrr+- C.W C W . 3  - .-c- i 
c e ~ p .  

*- -reJ - 4 C b - r -  9-C : . Q t c W ;  

.C.b*E -.W-,-ed- -C*rC.-7Fe-. -.--r 

-. ,---&LJLD I., *L=.c--.&IC PI 

gurrur la> 

















PART V-€WBET Ell 



CHAPTER IV 

POWERHOUSE 

4-01 GENERAL 

This chapter covers all of the electrical and mechanical equip- 
ment and systems installed in the powerhouse. Information given includes 
equipment description, design capacities and functional description. 

4.02 ELECTRICAL EQUIPMENT AND SYSTEMS 

The electrical installation for the Karnafuli Project powerhouse 
has been designed on the basis of the unit system, with each generator 
and main power transformer bank operating as an electrical unit. Each 
unit is connected through a high. voltage oil circuit breaker to a common 
high voltage bus. Generation is at 11 kilovolts and high voltage Wens- 
mission is at 332 kilovolts. 

Generation voltage was chosen to rn eet local standards, as fiere 
will be some power distribution to associated project features at this 
voltage. Transmission voltage was determined by necessity to match the 
high voltage transmission system from Chittagong to Dacca presently 
under construction. 

Installation follows the modern principles and practices being 
used in the United States far equivalent projects and is intended to be as 
economical as practicable. The manufacture, rating, installation, testing, - 
and operation of all electrical materials, machinery and equipment is in 
accordance with United States standards applicable to this type of equip- 
ment. 

The paragraphs which fallow in this section present pertinent 
information pertaining to the machinery, equipmeat and materids to be 
used at the Project. Exhibits IV-1, IV-2. and IV-3 are single h e  dia-  
grams for main, auxiliary, and miscellaneous power. 

A. Generators and Auxiliary Equipment 

1. Generators - Tine initial two hydraulic turbine-driven verti- - 
c a l  shaft alternating-current generators are each rated SO,OOQ kilovolt- 
amperes at 0.8 power factor* 11 kilovolts, 3-phase, 50 cycle per secarrd, 
107 revolutions per minute units with direct-cmnected main aad pilot 
exciters, neutral groun2ing transformers, excitation aab voltage regula- 
tion cubicfes, gage boards, and other necessary appurtenances as further 
described in this chapter. The generators are self-ventifaking with a 
closed system of aircooling, utilizing water air coolers. The generators 
are provided with carbon dioxide fire protection equipment in accordance 
with modern practice for units of this size. 



The generators a r e  equipped with the usual protective and in&- 
cating devices, such as detectors and alarms for winding temperature, 
bearing temperature, bearing oil temperature and level, air cooler- and 
bearing oil cooler water flow, and exciter air temperature. Also relay 
protection and instrumentation are provided as described under C- 1, 
Main Control Switchboard, 

2. Excitation and Voltage Replation Equipment - The main 
and pilot exciters are integral. parts of each main generator, mounted 
above the main generator rotors. Each rnain exciter is rated 250-volts 
direct current, wil l  be shunt. wound, with interpoles, and will be excited 
from pilot exciters. Each main exciter is provided with a field circuit 
breaker and a field discharge resistor, The pilot exciters are 250-volt 
direct current, flat-compound wound, self-exciting. The exciters are 
operated in conjunction with automatic voltage regulating equipment. 

The voltage regulation equipmen t is the automatic, rheostatic 
type of latest design, c~pable of properly regulating the generator voltage 
for all generator operating requirements a ~d conditions. The equipment 
is installed in totally encf.osed switchgear type cubklas wtth control 
equipment furnished foi mounting on the main control switchboard. 

3. Generator Neutral Grounding - Each generator has neutral. 
grounding transformers wi th  secondary resistors a s  required, to limit 
the severity of ground faults in the generator winding. The neutral ground- 
ing equipment is mounted in totally enclosed sheet steel cubicles. The 
transformers are single-phase, oil -f tiled distribution type, rated 1 1 -kilovolt - 120/240 volts, 50 cycles aiterna~ing current. 

4. Generator Main Connetrfons - In order to conserve space 
and provide adequaze cur-ent. caxrving capacity and safety, isolated phase 
bus duct is used for the 11 -kilovolt connection from the generator via the 
main terminal equipment to  'he ourdoor wpe i 1-kj!ovoIt generator discon- 
necting switches adjacent to ?he power h c k e  wall. 

The generator termina; equipment, cwsisting of surge protecting 
capacitors and lightning arresters, ~;arerrrial ?ransformers, and current 
transformers, is provided in isolared t-we steel enclosures matching the 
main bus enclosures. 

Standard outdoor type canstxuxion is used for the rnain bus from 
the 1 I-kilovoi~ generator d~scunnecting switches to: the mak power traes- 
formers, station service aransformers and 11 -kifovo4f distribution I b e  oil 
circuit breakers. 

B. Transformers and High Voltage Equipment; 

1. Main Power Transformers - The main power transformers 
are single-phase, tw-u-winding, oil-iamersed, forced air -cooled, outd-r, 
14,400/ l9.2UQ kilovolt -amperes, 0.8 power factor, 50 cycle, 11-kilovolt 
delta to 76/ 132 kilovolts grounded wye. The transformers are connected 
in three-phase banks with m e  s p a r e  unit. Single-phase transkrxners are 
used in preference to three-phase upits because of their reliability and to 



overcome transportation problems which w o d d  be inherent. in the larger 
units. The transformers are installed on a deck at the downstream wall 
of the powerhouse, in order  to provide a symmetrical arrangement for 
the unit system, and to keep the generator - transformer- connections as 
short as possible, 

2. Powerhouse High Voltage Connections - The high voltage 
equipment at the powerhouse consists of the 132 -kilovolt lightning 
arresters and the 132-kif0vol.t line between the transformers and the 
switchyard. 

The connections are outdoor-type pipe and cable bus arranged 
as required for the unit system to provide as compact an installation as 
possible in order to reduce space requirements on the t,ransforrnexz deck. 

C. Station Service Equipment and Systems 

1. Main Control Switchboard - A main control switchboard af 
the duplex completely m e t d - e n d ~ ~ e d  cubicle i p e ,  with front  and rear  
sections, top encfosrrre, and end sections is provided ro house instru- 
ments <;ant rol devices, relays and their acx5 iary de-.rices for the proper 
operation and protection of the powerhocse eiecrrlczi equipment, 

All equipment is modern Parge ceatrai sratior, tFTe. The prin- 
cipal protective equipment consists of gener a:or differentiaf over c z r ~ e n t ~  
over voltage, and loss of excitation relays, generator -rnsin rmsforrner- 
differentia? relays, main bus differential relays am3 transmissicm line 
distance relays. Indicating instrrrments are rr avided rc record all majoy 
equipmect electrical values such as volzage-cwrent, power, KVA, KVAR, 
and temperature. Audibie and visual annunciz~ion af afI promxive 
devices also are provided. 

2. Station Battery and Battery Charger - The statior- battery 
I s  a lead-acid glass cell type rated 250 volzs direct current, to furnish 
direct current Tor operatioh; convol aad protection of &ct&al equip- 
ment where limited dependable power is required- The battery is pro- 
vided with a fully automatic charger with auxiliary epnipnzentl meters, 
switches, rheostats, fuses, and graund derec:or lamps, all mounted in a 
suitable cabinet. 

3. Station Service Equipment - A connec~ion is taken off the 
11-kilovcft bus of each unit to a 500 kilouoit-amperesl 3-phase. fiO-eyck, 
I1 kilovolt - 400/230 volt, oil-filled. station service transformer. These 
transformers furnish power to the starion service swirchgear, f aad 
centers and power distribution panels fox- auxiliary usage in the power- 
house. 

4. ~ ie se l .  Enpine-Driven Emeraencv genera to^ - A 150 kilo- 
volt-ampere, 3-phase, four-wire, 230/400 vo i~s ,  50-cycle diesel engine- 
driven generator provides a limited mount  sf emergency station service 
power in the event of trouble or failure of the statim service trans- 
farmers. 



5. Carrier-Curr ent Communication Equipment - Carrier -cur- 
rent communication equipment is pr ovideb fox- voice communication over 
the transmission lines to C handr aghona, Chittagong and Siddhirganj. The 
installation consists of the necessary transmitter-receivers, coupling 
capacitors, line traps, line tuning equipment, and interconnecting cable- 

6 .  Telephone Equipment; - Private mama1 televhone equipment, 
including switchboard relays, battery, rectifying and ringing equipment 
with transformer, distributiorr frame: prot-ective equipment, carrier- 
current matching equipment, code-call box, telephone sets at each project 
feature, and cable and wiring are provided, 

7. Power Intake Structure - Power is furnished at the intake 
structure by a 480-volt feeder from the pawerhouse station service. A 
distribution panel, motor cclntroL equipment, lighting and grounding 
systems and other equipment are provided. 

8. Lighring System - The powerhouse is rr ovibed with a cam- 
plete alternating-current lighting system and wiEh limited emergency 
direct-current lighting where reqzired for o~erat lon.  The transfer to 
direct -current emergency- f lghrfrrg is automatic Tow-v~:*,age actuated- 
Pl A he equipment is either indow , weather~wof .  explosion-proof o~ other 
appropriate qype as required for each location. 

9. -- Grounding System -The powerhouse is provided with an eke- 
trical grounding system with main ground connections to the main gener- 
ator and turbine frames, generator grounding transformers generator 
surge protection, main transf'ormey tanks and new-  a: bus- main trans- 
former lightning arresrers. 132-kIIavolt c;yc.;it, brcaEer tanks, and 132- 
kilovolt steel structures. Se+orzdar y ground connections are made to all 
other electrical equlpmeny , condul'~, ~ ' p e  h a n d ~ a l : ~ .  'adders and mis- 
cellaneous exposed met aiwo: k _ 

D. Service To Other Project Features 

. . An I1 -kilovolt aer.ml izne distributes ~ c w  er f r  am the powerhouse 
to the spillway and ourlet runnel cantrol equipment, area Xighring and ather 
~roject ioads. DescriprSans of ~hese  systems U-I! amear in the apprapri- 
Hie chapters for these fea'nres 

4-03 MECHANICAL EQUIP M E K T  A,ND SYSTEMS 

Mechanical equipment and systems are provided zn the Karmfuli 
Project powerhouse for the pus roses of irrsta2lation. operat ion, mainten- 
ance and repair of d! powerhouse facilities- 

This section of the Desigr, Repom cr esents descriptions and 
pertinent information concerning design of the fofhwing: 

A. Tul'rsnes and Governors 
B. Auxi3iary Sps terns 
C- Draft T.~tbe Srrlkheads 
D. Cranes and Hois t s  



-4. Turbines and Governors 

1. Turbines 

a.  Genera$. - The genera: s w i n g  of the t ~ r b i n e s  is shown 
orr Figre  E. 

Each t u b m e  is paraxteed to develcr 55 000 horsepower at an 
effective net head of 68 feet when ope~ating ar 107.1 revoiutions p e r  min- 

F1 ute. r he maximum guaranteed efficiency js 30 percent at an effective 
net head of 80 feet. The maximum owpus is limired to 63,000 horsepower 
which is equivalent to  115 percent of rhe generaror rated cacacity. 

b. Working Stresses - The maximern znit stresses for the 
rotating parts of the t u r b i b  were  specified ner ro exceed one-half of +.he 
yield point at runaway speed. When the EL-bke is s5 jec t .  to maximum 
hydrostatic pressure jincludi~g presstire rise due :o fu!! load rejec:ion) 
znd is under maximum normal operating conc!irisns, -he swesses i n  the; 
differem metals wiii 120% exceed those slrcwrr in :he f o : l c w i ~ g  takie: 

Maximum VET:: S:ress In P o ~ n d s  per Square Inch 

Tension Compression 

Cast iron 2,000 X 0,000 

Cast steel 10.000 10: 000 

Alloy cast steel 20 percent of 20 percenr of 
sftimate s t r engh  or uffimate strength or 

33 percenz of 33 percear; of 
yield poinz yield point 

Plate steel for 
s~ ira l  case or other 12;OOO 
principai parts 

Bronze bearings - - 3,500 

Exception was made on the spiya1 case where a maximum 
stress cf 13,200 pounds per square inch was ailowed &zing maximum 
pressure rise. Also, two-thirds of the yield paint was allowed in the 
wicket gates, wicket gate stems and levers ar ?he breaking point of the 
breaking element of the gate operating mechanism. 

c. Spiral Case - The spiral case is of t h e  rfveted single 
buttstrap design. The horizontal centerline is located ar Elevation 5-00 
feet [as recommended by the rnanvfacturer] to p-even7 excessive cad-  
tation or pitting of the runner. 

d. Runner - The runner 2s cornmsed of six cast-steel 
blades set in a cast-steel hub. The hub comains the blade ooerating 
mechanism which consists of a cast-szee'i cross head connected to 



levers on each of the blades. The space inside the hub is completely 
filled with lubricating oil from the Kapian oil head, The lower end of the 
runner is covered with a cast-iron cone. Critical areas of the blade have! 
a 11% inch thick layer of stainless steel piaced where tests and experience 
have indicated that, pitting is most likely to occur. 

e. Main and Intermediate Shaft - The main twbine shaft is 
34 inches in diameter and 245-3/8 inches long. A 15-inch diameter open- 
ing for the blade operating rod extends rhroc&our i ts  entire  length. The 
runner blade servomotor cylinder is integrally cast with the main shaft 
and bolted to an intermediate shaft. The other end of the intermediate 
shaft has a flange which is bolted to the generator shaft coupling Range, 

f. Blade Uperating-Mechanism - The blade operating rod 
is connected at the Lower end to the cross head in the runner hub and at 
the upper end to the operating piston in the blade servomotor cylinder. 
Oil pressure for operating and controlling the position af the runner 
blades is admitted to the servomotor cyifnder through pipes .inside the 
generator shaft. 

g. Glide Bearing - The !whine bearing i s  af the ail pres- 
sure Iubricating type. One contin~ously rwming A- C. pump supplies the 
pressure to the bearing. If this pump shodd fail, a flow switch located 
in the pressure line will start the emergency D. C-  oil pump, E the oil 
flow to the bearing is insufficient-, an additional flow s w k h  E~cated in the 
pressure line wil l  initiate the Ed1 shut-down of the unit. 

h. Outer Head C w e r  - The ourex- head ccver canains the 
upper and intermediate bronze bushed bearings and *he swffing boxes for 
the wicket gate stems. Rate stri~s of a materia: resistant toarosib 
are bolted to the head cover in the outer passage a-ea 

i .  h e r  Head Cover - The gate operating ring which moues 
on bronze strips. the turbine gaide beax Zng and the stuffing box are lacaked 
on the inner head cover. The stuffing box can be supplied ~ 5 t h  filtered 
water by a hand-operated valve in the turbine pits This water i s  used oa 
the stuffing box during motoring of the units and possibly during long oper- 
ating periods at speed-no-load- 

A valve located on the innet head co--.w and operated by linkage: 
from the operating ring admits air between the head cover and the runner 
ta reduce vibration when the turbine I s  operated at Il;ghr laadis. On a 
sudden load rejecxion the valve is designed ro open by the vacuum deveEaped 
in the draft tube* 

j Centralized Lubrication System - A semi -automatic lub- 
ricating system is furnished for each turbine. The system is of the dual 
line type where No. 1 cisculr around the ~ t t  h e r  Iubr5cates excEusiveLy 
all wicket gate stem bearings subject to wamr presswes and No- 2 circuit 
lubricates all remaining poinr s on the ~ ~ b f n e .  The lubricating cycle far 
No* 1 circuit, lubricating the stem bearings is WIp automati= and con- 
trolled by an adjustable interval timer. The KO- 2 circuit, lubricating & 
other points on the turbines, is interconnected to No* 1 circuit by two h 





control valves. No. 2 cycle will  catch lubricant from No. 1 cycle during 
one of its cycles. The air-operated lubricant pump wi l l  continue to run 
until the booster valve on the return lines reaches ful l  pressure on the 
complete system. 

k. Tailwater Depressing System - Provisions have been 
made on the turbine for future installation of a tailwater depressing 
system which may be used to force the tailwater level below the bottom 
of the runner blsdes. This will be required if in the future it would be 
desired to motor the units with the wicket gates closed, and with the 
generators connected to the line; for voltage and power factor correc- 
tion and as a spinning reserve. 

1. Spare Parts - The following tools and spare parts are 
furnished with the turbine: 

Wrench Board with a complete set of wrenches and 
special tools for assembling and dismantling the 
turbine equipment. 

Lifting Device for the main shaft, runner and inner 
head cover assembly- 

Device for runner and shaft assembly during field 
erection. 

Wicket Gates and stems completely machined with 
bushings ready for ins taila t ion. 

Complete set of breaking eiements fo r  the gate oper- 
ating mechanism on the turbine. 

Babbiited liner far the turbine guide bearing- 

Sleeve for the main shaft where it passes through 
the packing box, including keys, screws, etc., re- 
quired for attaching the sleeve to the main &&. 

A. C .  motor-driven turbine bearing oil p u p  cum - 
plete with motor- 

D. C .  motor-driven turbine bearing oil pump corn- 
plete with motor. 

A. C.  motor-driven head cover drainage pum-p com- 
plete with motor - 
D- C. motor-driven head cover drainwe pump com - 
pfete with motor- 

Complete set of aL1 packings for one turbine, 



2. Governors 

a. General - Each governor has been designed to produce 
510,000 foot-pounds for automatic operation of the gate servomotor and 
36 2,000 foot -pounds for similar operat ion of the blade sesvarnator. The 
minimum oil pressure is rated at 300 pounds per square inch. Each 
governor consists of an actuator cabinet, a pressure tank and a separate 
sump tank equipped with pumps and motors. The actuator cabinet and the 
presswe tank are located on floor Elevation 36 feet and the sump tank on 
floor Elevation 22.5 feet. 

b Actuator Cabinet - Each actuator cabinet is provided 
with a shut -down solenoid and a speed-no4 oad S O ~ R O ~ ~ .  

The shut-down solenoid will be de -energized bp protective relays 
which will be actuated for the following conditions: 

Overspeed of 180 percent. 

G;owrr,or low oil pressure o: iow oil level in tank. 

Turbine bearing with either ?ow ail f low 0:. high temperatare. 

Kap!an head packing boxes with 'bigh temperatwe. 

Generator bearings with either low oil level ar high temper- 
ature* 

Release of C 0 2  sysr em. 

Generator differ enxial 07 gene!? a to* main transformer 
diferentlal. 

Gener afar overcurren:: , 

Generaror neurr a2, ground over voltage. 

Manual oper ation of cowrd s w i ~ c h  an governcr panel to 
I I: Stop position". 

The speed- rfo-load solenold w i l  be de-energized fay the - 
following conditions r 

(1) Generator overvdtage or ; oss of excitation. 

(2) Generator oil e3'3cdt. breaker trip, manual OF by Lke 
bus, differential relays- 

(3) Generator and transformer winding overt emperatwe. 



Pressure Tanks - Th2 pressure t z ~ k s  each contain a 
vofrzme of 444 cubic feet which is approximately 20 times larger than 
the gate and blade servomotor cylinders. Each t a k  i~ provided with 
one air compressor which automatically starts and stops  in response 
to a float switch and a pressure switch located or. the pressure tank. 
The two air compressors are interconnected and if one compressor. is 
out of operation the other, by manual operation, can be used for both 
tanks. 

d. Sump Tanks - The sump tanks contain not less than 
110 percent of the total volume of oil in the entire system. On each 
tank are ~:munted two 75 hossepuwer motor driven oil pumps of the 
positive displacement screw type. The pumps have a combined capacity 
per min~re  of thee times the lotaf oil -?ofanne of the twbine ~ervOmuP~rS. 

e. Spare Parts - The govermrs are furnished with the 
folknving spare parts and tools: 

Oil pump complete with motor and pilot, unEoade~~ 
safety and shur-off vaP,ves 

Head drive generator complefe wit6 rotor, stator and 
bearing. 

Head mokur coxap%ete with stator and r obr. 

Complete head governor. 

Blade relay valve plrrnger and bushings. 

Pilot value plunger and bushing. 

Complete set of packing. 

B. Auxiliar~ Systems 

Desi,m of the powerhouse arxxllizy systems was accomplished 
in accordance with apprapr iate codes, giving due consider &an to prac - 
t ied a ~ d  economic aspects of ehe design.  

Crlterla for sizing and selection of a i ~ i n g  materiais was 
derived from the Unired States Bureau of ~ e c i a m a ~ i o n  publication, 
"~urbines  and PumpsH, Design Supplement KO. 6, dated November 7. 
l95O. 



Design or selection of other materials and equipment was gener- 
aUy based on recommendations, soecifica:ions or standards of the fokf ow- 
k g  authorities: 



'Lt- Piping from 2 - 2 { 2  inches to 8 rnches in diameter, 
inclusive, is Schedule 40 black, seamless pipe with be%-eled ends for 
we2dinz. 

c.  Piping 2 inches in diamerer and srxzdler is standard 
weight galvanized, wrought steel with threaded ends and galvanized, 
malleable i r o ~  fittings and couplings. 

d- ,411. piping 2-1 / 2  irtches in diameter and 1arger is 
welded with slip-on and welding neck  flanges as appEcabPe. 

Gate-type valves are used for general purposes.. Two a d  anc- 
bsLf inch and larger size vahyes are flanged, valves 2 inches and smaller 
8~ i4 §~r*€?wed, 

2. cool in^ Water Services - Approximatelp E 650 gallons per 
minute sf cuollsrg water is required for each main generator. Abut  1550 
gallons per minute at Less e h a  10 degrees Fahrenheit temperature ~ i s e  
are required for the generator air coaling ~09s; 50 gallons per minute 
for the thrust bearings; and xpproximatte*Ey 35 gaSlons p e ~  minute fur the 
turbine Searings- This water is supplied,  as shown on Exhibit W - 4 ,  by a 
valved branch from the raw water header to a duplex strainer and centri- 
fugal pump which meets the capacity and head requireme~ts for delver y 
of water at approx;irnar;ely 40 pounds per square inch a:: the generator eon- 
nections. Since ebe raw water header pressce varies to the extent pre- 
viously mentioned, the delivery pressure front the pump varies accord- 
ingly. Consequently, a pressure reducing station at each generator  PO- 
vidcs z constant pressure s ply af wanel- *a the generator eompanemts 
involved. 



Duplex strainers, which can be cleaned wl+hoct interrupting 
operations, are provided on all pump suction Lines. The baskets are 
bronze, with 3/ 16-inch perforations, and are capable of withstanding I25 
pounds per square inch pressure if fully clogged. The ratio of the strain- 
ing area of each compartment to the strainer inlet area is approximately 
four to one. The body of the strainers is provided with vent cocks and 
and drabs. 

Pressure regulating valves are or* the fuTT.-flow needle type. The 
high capacity and low pressure drop permi's sensizive regulation, free 
from binding. The valves are diaphragm and external pilot operated, 
utilizing water from the main cooling water line. iTafves have externally 
guided stems to minimize binding from warer depc:sits. Valves are in- 

11 stalled with bypass. Y" strainer and isolation gate valves. 

Balancing valves are of the PdbrLated plug-cock t-ve. Two and 
one-half-inch and Larger size vahes are Fanged; those 2 inches and 
smaller are screwed. The semi-stee: valves are wrench-operated. 

3. Statiolr Service Water Svsrem - Twa SO-gafim per minute 
pumps at 163 feet total dynamic head del&rv ere provided for station 
service water requiremen~s~ These pumps rake suction Erem the &inch 
raw water branch and strainer serving the fire ~rorection system, as 
shown on Exhibit IV-4. In addrrion s~or'ying the treated water system, 
the pumps discharge into a s*anion set- :ZLZ rne'aa5k tlsmk w.hich pravides 
storage and minimizes p m ~  eyeling, 

4 3-inch header and a 2- l i 2-inch header run 'he length of the 
powerhouse wi rh branch take-offs for *he zir zanditioaing condensing unit 
cooXing coils, and for the numerous hose Erbs and service comeetio~s 
throughout the planr. These heaeer s also supc!y rhe normal coofing water 
requiremeats eb the emergency generator when In ope~atilon~ 



operating level. Should the water level be Lower than normal at the 
pressure setting involved, a level control opens a solenoid valve and 
allows excess air to escape until the lower range of acceptable pres- 
sure is reached. 

4. Nater Fire Protection System - The water fire protection 
system shown on Exhibit IV-4 consists of two 500-gallon per minute, - 
100-pound per square inch pumps which discharge into an exposed 6-inch 
header running the length of the powerhouse close to the ceiling of khe 
mechanical gallery. Hose racks are located in accordance with recoxn- 
mendations of the National Bureau of Fire Underwriters.  kn addition, 
fire hydrants are installed at both ends of the powerhouse at Elevation 
48-5 feet, and allso in the switchyard. 

The branch takeoff  from the raw water header to the Eire 
pumps and other services is equipped with a duplex strainer which 
serves fire pumps, station service pumps, and the Branch rake-off to 
the emergency generator. 

The fire main will no~mt311y 3e supplied and maintained at a 
pressure of 60 to 80 pounds per square 2 - h  by means a$ a cross-can- 
neetion from the station service p u p s .  fn case of a heavy demand, 
such as represensed by a hose or fire hydrant discharge, ?he pressure 
drops below the 60 pounds per square inch rrormaXy srrppIiecl- Xf the 
pressure drops to 56 pounds, the number ant? fire pump wi l l  automatic- 
ally cut in on presswe control. E the demand is suf f ic ie~t  to cause the 
pressure to continue to drop to 52 pounds per square inch, the second 
fire pump automatically curs in on Fressure control, The combined 
pumps discharge is provided with a relief valve set above: PO0 pounds 
per square inch, but lower than the shut-off head of the pumps. 8n 
cessation of demand, the discharge pressure rises, and a portion of the 
water is recirculated through the pump or pumps to prevent overheating- 
Once started, the fire pumps continue to operate until mimually shut off 
and reset. 

The fire pumps are of the horizontal split-case type with bronze 
impellers, bronze sleeves and wearing rings, and outboard ball bearPa$s, 

Interior f ire hose racks are of the Fire Underwriters-labellled 
swinging type, each containing 75 feet of 1-1j2-inch standzd linen fire 
hose. The racks are either pipe-damp ar wail-bracket mounted, with 
1- 1 / 2 -inch fixed type, non-ad jusrable fog nozzles. 

Outside fire hydrants are a past type with s. 6-inch riser barrel. 
and with two independently valved 2-1 12-inch hose thread outlets. Each 
hydrant is instaled with a 5-inch gate valve and a 6-inch branch to the 
main. Gate valves are wrench-operated and installed below grade, with 
an adjustable valve box (slip type) connector. 

5. Treated Water  System - The treated water system, as 
shorn on Exhibit XV-5, obtains its water from the station service pumps 
through a 2- I/ 2 inch header. 



The header is provided with an orifice plaie which directs  a 
portion of the waier through an alum and alkali pox. to act as a coagulant 
for the suspended matter in the water to be treated. FotPawing the d m n  
and alkali pot a tank, with a capacity of approximately 100 gallons, is 
provided for mixing of the alum and alkali with the turbid water, The 
water is then run through two rapid sand filters which have a design 
capacity based on 2.5 gallons per minute per square foot of surface- 
Each filter is equkp2ed with an orifice plate to prevent the flow from ex- 
ceeding the capacity of the filter. Also pr-ot5ded are regulated backwash 
coatroE valves in +he rnultiport system. 

The filtered water, suitable for sen-ice to the turbine gland 
seals, is run from the treated water header to each tmbine gland seal 
through a one-inch branch Line. Remaining treated water passes thaugb 
a flow meter which determines the quantity flow and controls the rate of 
chlorine application by the chlorinate?-. &I a~tomatic hypchlorinator 
injects the prescribed amount of chlorine into the system. The treated 
water then flows into a pneumatic -a& w&ch provides storage m d  de- 
creases fluctuations prior to p i n g  in~o the normal domestic water sup- 
ply, eithizs through a hot wa+er heater folc hot water OY normal cold water 
runs to the fixtures. 

The esximated maximum cold water demand af 60 galhrzs p r  
minute was based on the fixture list- 

The dum and alkali feeders are of the proportioning pot type, 
complete with necessary va!res, con-ru' vahes,  sediment traps, orifice 
plate, and piping. The aEum and d k a k  feeders utilize ammonium alum 
and lump sal soda. sespec?iveI y. 

The mixing tank is of welded steel const~uction urkh dished 
heads suitable for pressures to 125 pounds per square inch and I s  corn- 
pletely galvanized, The -tank has suppo-. r s for ver tics floor morxnthg 
with necessary tappings. 

Rapid sand filter s a. e of the ver tic&, flax- -mounted, pressure 
type, with manually operared rnuMporr va: ves fax a c c o m p s  the uar- 
bur  pbases of the Wxering o~erarfon, such as backwashing, A h r i n g  to 
waste, filtering and closed. X s u  prm5ded aFe access ~ k u g s ,  &sbrributors, 
manual air vents, supporring legs, and a filtering medfa of graded fine 
and coarse silica sand and $r aveL The tanks are of welded steel con- 
struction with dished heads designed fbJ pressures up ta 125 pounds per 
square inch. Orifices are instalfed in the fir:-ered water discharges for 
regdatiun of the flow rate, to pr evem undue agitatgon and earr y-over of 
filtering media during backwashhg. 

The automatic hypocfiforinatar is electric-water operated, meter- 
actuated type, so designed that ghe rare of chlorine appLication is adjustable 
and is in proportion to flow of water. The unie has a capacity of at least $8 
gallons per 24 hours, or five pounds of chlorine per 24 hours when runniag 
continuous~y using a one percent hypochlorite sohtion- Xot mare Elran 0.5 
gallons of water per minute is required for operation and control of the 
apparatus- 



The pneumatic water tank is a 125-pound per square inch, 
welded, completely galvanized vertical type, mounted on a structural 
base. A dual float and pressure control of the mercury bulb, electric- 
operated type opens a solenoid valve on the water inlet at a predeter- 
mined low water level, admitting water from the supply main. If the air 
pressure is below normal after restoration of the normal water  Level, 
the pressure control opens a solenoid valve on the station compressed 
air line, restoring the normal operating pressure. If the air pressure 
is above normal after restoration of the normal water level, the pres- 
sure control opens a solenoid valve, allowing excess air to escape until 
normal operating pressure is restored. 

Solenoid valves for water inlet and for the pneumatic tank air 
M e t  and outlet are of the line voltage, magnetic type, for operating on 
125-pound per square inch air or water pressure lines, 

6. C02 Fire Protection Systems - The C02  fire protection 
system for generators, shown on Exhibit 111- 6, consists of carban-diox- 
ide cylinders on the turbine room floor. with pipe runs for initial and 
delayed discharge to each generator. The number of cylinders and the 
arrangement and size of p p e  and discharge nozzles were determined by 
the manufacturer, based on the static air volume of the machine and the 
decef eration period without the application of the generator field. 

Operation of the system is automatic, by use of electric ther- 
mostats and tie-in with the tripping circuit of the generator differential 
protection relays. In addition, provision is made for manual operation 
from a remote-control electric switch box, 

The cylinder bank consists of two group of cylinders, one group 
furnishes an initial discharge to rapidly buiid up the CQ2 concentrat ion. 
The other group furnishes a delayed discharge to compensate fur normal 
leakage throughout the deceleration period of the machine. Because of 
the rexsteness a m  inaccessi'uility of the project, a 100 percent supply 
of spare bottles is neatly mounted adjacent to the connected system- 
The entire cylinder battery is assembled in a secure manner and 
arranged so that each cylinder can be weighed in place without disturb- 
ing the connections, and without putting the system out of service, The 
cylinders stand in their normal. upright position arid are guarded with 
removable wire mesh screening. Pressure-operated switches far red 
indicating lights in the manual switch boxes, a d  a remote alarm indicate 
when gas is being released. 

Ia addition to providing fire protection for the generators. C02 
protection is also provided for the oil storage and purification rooms 
as shown on Exhibit IV-6. This system is fully automatic, providing 
about a 34 percent concentration in a vaLume of 13,500 cubic feet. This 
is accomplished with fixed nozzles which utilize rate-of-rise type *her- 
mostats for actuation. The system controls use C02 pressure in limes 
to individual pieces of equipment to simultaneously trip duct dampers, 
exhaust; fans, and fire dwrs when thermostats open cylinder valves. 
Automatic electric releases, mariual. release, cylinder banks, a& other 
appurtenances arc similar to those for the generator fire protection 
system previously described. 



.All of the cylinders are constructed of seamless, drawn steel 
and charged with carbon dioxide. Each cylinder conforms in all respects. 
with the shipping container specifications of the Interstate Commerce 
Commission. 

All pipe and fittings are hot-dipped galvanized and scale-free. 
Pipe up to and including 3/  4 inch in diameter is standard weight. For 
larger sizes, extra-heavy pipe is utilized. M! fittings are galvanized 
and have a minimum bursting p-essure  of 6000 pounds per square inch, 

Pressure-operated switches are of the mercury type, mounted 
on a pivoted frsrnework in such a manner that a small piston advance by 
the pressure of the gas wi13 operate the switch.  The thermostats are of 
the fixed temperature, bi -metallic type. 

1. Cornmessed Air Systems - The station service compressed 
air syst6~1, shown on Exhibit fV-6, consists of two tank-mounted recipro- 
c a t i n  compressors and an additiokal verrtca! receiver amply sized to 
satisfy the normal powerhouse compressed air demands. A system oper- 
ating pressure of 125 pounds per square inch was  selected. 

Compressed air from this system js d i s r  rS1;:ed throrzghorrt the 
powerhouse through mains rurmhg a? or near ceilings with branch sup- 
ply lines to the sewage ejector, pneumatic ranksA generator air brakes, 
grease pumps, raw water line blowouts and to service hose bibs 
located throughout the powerhouse. 

The governor comeressed air svsrem suppiles zir ro the governor 
accumulator tanks to mainrain the or>tirnum hvdra.;:ic oii lev& for turbine 
servomotor operation. Normally a ~ ~ e s s u r e  of 300 oounds per square 
inch is required to overcome ? h e  :asses and tc charge an accu:nulahor 
tank which varies in operating p r e s s w e  from 225 to 275 ~ounds per square 
inch . 

Precautions for keeping the hydraulic oil as free From water and 
other contaminants as possibie incl~de : I )  'caking a 3  branch r tn-outs off 
the tops of the mains to crevenr lnclfusian or carry-over of water, ( 2 )  pro- 
viding drains in the combressed ai- r e ~ e i v e r s  and i3) ~roviding a valved 
drip leg and an air  dehydxarsr C a r t :  idge in each ajr iirre, before connecting 
to a hydradie oil acctzmulator :at&. 

In general- aii branch zake-offs from station service compressed 
air mains and gcvernar compressed air mains a r e  taken off the top of the 
subject m a h  to prevent incf nsion of w a t a  _ Drip legs with valved drains 
or water traps are installed at the ends of runs of mains to collect con- 
densed moisture and permit its removal- 

System piping is generally b: ack wrought steel pipe with malleable 
iron-screwed fittings for pipe 2 inches in diameter arrd smaller- Flanged 
and welded fittings are used for pice 2-1 /2  inches in diameter and larger. 



Valves in general for siItes 2 inches and smaller are globe 
valves or lubricated plug cocks. Valves 2-1 /2  inches and larger are 
flanged lubricated plug cocks. 

Station service air compressors are a "V1'-belt driven, recip- 
rocating two-stage type, complete with motors, drives, mounting bases 
(welded to horizontal steel air receivers), support legs, muffler-filter 
units on intakes, automatic CL:-itrols, belt guards, pressure gages, relief 
valves, intercoolers, and all necessary accessories. Compressors are 
multicylinder, with isolated, finned cylinder heads bolted to frame, suit- 
able for operation at 125 pomds per square inch- Receivers are of 
American Society of Mechanical Engineers Codz design for 200-pound 
per square inch working press-ares. Control is of the automatic "dualft 
type, actuated by the air receiver pressure. 

The station air receiver is a vertical, floor-mounted type, in 
accordance with the requirements of the American Society of Mechan- 
ical Engineers Code for Unfired Pressure Vesse l s  for 125-pound per 
square inch working pressures, complete with d l  necessary inlets, 
outlets, inspection plugs, drains and control tappings. 

M r  traps for removing moisture from drain pockets in the 
compressed air lines are of the regular float type, designed for oper- 
ation at a minimum pressure of 125 polrnds per square inch. 

The governor air compressors are a "V"-belt driven, recip- 
r ocating, multistage type complete with motor, drives, mounting bases, 
support legs, muffler-filter units on intakes, automatic controls, pres- 
sure gages, relief valves ard all necessary accessories. Receivers 
are of American Society of Mechanical Engineers Code design for 300- 
pound per square inch working pressures. Control is of the automatic 
I I dual" type, actuated by the air receiver pressure. 

8.  Unwatering System - The unwatering system is provided 
to drain the penstocks, scroll cases, and draft tubes for access, inspec- 
tion, and maintenance. The system, as shown on Exhibit IV-?, 
the means to accomplish the following: 

a. Draining water from the scroll. case when the wicket 
gates are closed, and/ or draining all water from the penstock to the 
draft tube. A 14-inch valved fine for each unit takes suction from the 
low point of the penstock and scroll case- A valve station is located in 
the inspection gallery. The discharge connects to the steel-lined portion 
of the draft tube. 

b. Draining the draft tubes to the unwatering sump. A 
16-inch valved line for each unit takes suction from a point near the 
bottom of the draft tube through an inlet grating. A vdve station is 
located in an adjacent access pit. Discharge is into an unwatering sump 
at one end of the powerhouse. 

c. Removing collected water from the unwatering sump. 
Two vertical turbine unwatering pumps with characteristics as shown 
on Figure A are located in the unwatering sump for this purpose. 



d. Refilling draft tube and scroll, case to normal tailwater 
elevation from the tailrace. A 10-inch valved line for each unit takes 
suction from the tailrace through a beehive strainer, Located below normal 
minimum tailwater on the downstream wall of the powerhouse. A valve 
station is located in the inspection gallery. Discharge is into the lower 
portion of the draft tube. 

Normal unwatering is accomplished at periods of normal tail- 
water by closing the intake gates and draining through the penstocks, 
scroll case and drsft tube, to normal tailwater elevation. At this point, 
the draft tube gates Ere closed, leaving approximately I ,  S40,OUU gallons 
remaining in the unit. The 14-inch scroll case drain line to the draft tube 
and the 16-inch draft tube drain to the unwatering sump are opened and 

- - I  the urwatering pumps are skirted. v l l ~ t i l  the s u p  $22, the combined dis- 
charge is in the order of 7000 gallons per minute, gradually dropping to 
approximately 5500 gallons per minute as the sump Levei recedes. This 
operation permits unwatering of a unit in about four hours. Designed 
operation and pump selection is as shown on Figure A. 

To reactivate a unit, the drain valves are dosed and the 10-inch 
draft t ~ b e  fill line is opened, permixing the tinit to fill to normal tailwater 
elevation, equalizing pressure on the draft tube gates prior to hoisting. 

bwatering sump pump control is accomplished by means of an 
automatic bubbler type level measurixig and pump controller utilizing corn- 
,- ,, -ed air and measuring pressures involved to determine the sump levels. 
kdtomatic pump stop-start and high-level alarm positions a r e  incorporated 
in the system. 

Pipe and fittings for the penstock drain line to the draft tubes are  
black welded steel, Schedule 30 where ernbeclded, and Schedule 20 where 
exposed, with flanged ccnnectiuns ar the vaives. 

Pipe and fittings for the draft tabe unwatering lines to the un- 
watering sump is American Water Works Association Class 150 bell and 
spigot, cast iron pipe with Class  "B" fixittiogs. 

Pipe and fittings for rhe draft tube filling fine from the tailrace 
to draft tubes is black welded steel, Schedule 30 where embedded, and 
Schedule 20 where exposed, with flanged connect ions at the valves. 

Valves, for gefieral purposes, are of the gate type- Sizes of 
2-1 12 inches and larger are flanged, and those 2 inches and smaller are 
screwed. 

Unwatering pumps are a vertical turbine type, with bronze en- 
closed impellers, cast iron flanged and bolted bowls, basket strainer, and 
oil-lubricated steel shafts. Units have nan-overloading characteristics 
and operaEe at not over 1760 revoFu~ions per minute. P u m p  discharges 
are fitted with checks and gates. Motors are a squirrel cage induction 
type, with vertical hollow shafts and non-r ever sing ratchets, 





9. Drainage System - The powerhouse drainage system indudes  
all floor, gutter, equipment and area drains discharging into a main %-inch 
header installed below the lowest 5-n paint and discharging into a drain- 
age sump at one end of the povrerhouse. As shown on Exhibit fV-7, two 
vertical turbine pumps in the unwatering sump discharge the water  to the 
tailrace. A valved cross-connection b ~ t w e e n  the unwatering and drainage 
sumps permits complete emptying of the unwatering sump. An additionat 
valved cross-connection between sumps is provided at an elevation above 
normal pump starting level. In the event drainage pumps are inoperable, 
water overflows from the drainage sump to the tinwatering sump and is 
removed by the unwatering pumps. 

Pump capacities and pipe sizes are based on practical and 
economic considerations- Water to be drained includes seepage through 
walls and foundations, turbine and equipment drains, floor washdown, 
filter backwash and other overflow and leakage. Pipe sizes selected are 
considered conservative, cansistent with economic feasibility. 

Roof drains are provided on the roof of the powerhouse for re- 
moval of rain water. The downspo~ts  discharge into trenches around the 
outside of the building and into the transformer drain pits, 

Transformer pit drains remove coliected water through three 
6-inch drain lines which discharge into the tailrace. 

Pipe and fittings for the drainage system are standard weight, 
cast iron, bell and spigot materials. 

Roof drain downspouts are Schedule 40, black welded steel 
with Class 150 malleable iron, black, banded fittings, 

Drainage pumps are a vertical turbine type, with bronze semi- 
open impellers, cast iron fl mged and bof ted bowls, basket stsaicer, arrd 
oil-lubricated steel shafts. Units have non-overloading characteristics 
and operate at not over 1760 revolutions per minute- Pump discharges 
are fitted with checks and gates- Motors are a squirrel cage induction 
type with vertical hollow shafts with non-reuersing ratchets 

10. Plumbing System - The powerhouse glubing,  shown on 
Exhibit 1% 7, consists of a conventional. building plumbing system, with 
a pneumatic sewage ejector, a septic tank, and effluent discharge to tail- 
race- A hot water heater and hot and cold water distribution lines to all 
fixtures are included. 

The pneumatic ejector lifts sewage from ;he lower levels of the 
powerhouse to a septic tank buried adjacent: to the pawerhouse. The 
effluent flows by gravity to the tailrace. 

All sanitary waste and soil mains are standard weight, cast iron 
belt and spigot pipe, with cast iron 5eX! and spigot fittings- W a s t e  and 
vent lines smaller than 2 inches in diameter are galvanized steel and are 
equipped with drainage fittings. 



Plumbing fixtures, complete with all accessories, brass, trim 
and supports, are as follows: 

a. Water closets are a siphon- jet type with flush valves, 
vacuum breakers and screw-driver stops, hard rubber open-front seats 
and check hinges, 

b. Eastern type water closets with dl necessary appur- 
tenances are set level. with the floor. 

c.  Lavatories are 19-inch by 17-inch, with direct-lift 
I t  waste fitting trim. P" traps, cleanouts, and all necessary accessories. 

d. Urinals are a wall -mounted, flushing rim type, with 
flush &ve connections, strainers and traps, cleanouts, and all necessary 
accessories. 

e. The lead-lined sink provided for the battery room is 
wequipped with lead straiz.;r, lead plug and lead tail piece, for connection 
to the acid waste Une. 

f. Floor andareadrains ingeneral areof cast iron, 
round pattern, with square tops and hinged grates. 

g. Service sinks are 24 inches by 20 inches, with double 
faucets, 3-.rich cast iron "P" trap standards, metal strainers, rough 
brass cleanuut plugs and all necessary accessories. 

The sewage ejector is a single-unit pneumatic type, operated by 
the station compressed air system. The unit includes a steel receiver, 
gate and check valves, electrode control and air -piping strainer, reducing 
valve, 3 -way solenoid valve, and all necessary accessories- 

The septic tank i s  consrructed of heavygage welded steel with 
a thick asphaltic coating inside and out. The tank has two compartments, 
~ 5 t h  a flanged top cover- 

11. Ventilating System - All portions of the powerhouse, other 
than the control room, are provided, as shown on Exhibit IV-8, with 
forced, filtered air ventilating systems- No provision was made for tcm- 
pering, coding, dehumidifying or recirculation, 

Temperatures at the site range from a maximurn of 110 degrees 
Fahrerikeit during summer months, to a minimum of 50 degrees F-en- 
heit during the winter. For desl- purposes, the summer and winter out- 
door temperatures tabulated below were assumed, based on American 
Society of Heating and Air-conditioning Engineers design temperature 
definitions : 

Summer dry bulb 9'7 degrees Fahrenheit 
Summer wet bulb 83 degrees Fahrenheit 
Summer relative humidity 56 percent 
Winter dry bulb 68 degrees F&rs&eit 



The amounts of fresh outside air distri2uted ?c the various 
partio~s of the powerhouse are as follows: 

~%i..r Changes per hour 

Generator Room 
Turbine Floor 
Battery Room 
Oil Rooms 
Inspection Gallery 
Toilets 

Taking into account all equipment, fight and solar heat gains, 
the system will Emit temperztwe rise to Iess than 10 degrees Fahren- 
heit. 

Limitirng air velocities used throughout the svsfem are  as 
follows: 

Feet pe? rninu~e - 
Main fan ourler velocity 1850 
Intake air Iorr----er s 800 
Air d o c i t y  thr m g h  f i l r  er s 300 
Maximum dtc?  velocity 3 500 
Discharge aj .- registers 750 - 1000- 

The source of sqxAy air is iht ough a louvered opening on the 
downstream wall of the generaror room EcoF - above maxihum high 
water level. Air is draw= shrorrgh :he l owers .  down a dtrc shaft, iata 
a plenum and through a fi3er bank, 54- a cewr~fugal S I Q Z ~ ~  fan. The air 
is distributed throughout the b ~ 2 d k g  by a network of s~ppiy  ducts* Air 
is circulated through the inspectian ga3zez y at Elevation -19-00 fee; by 
the negative pressure prodxed by clrc-daring fans. The fans, noznted 
in the penstocks coupling chambers draw air from the inspeceon gallery. 
into embedded ducts, dischargjng the air. inm the generamr room through 
registers mounted on the upstream wall. TnitjaLly, onz fan is mounted a& 
the Unit No. 1 penstock and one at the Unit No. 2 penstock, A third fan 
will, be attached to the embedded duct in *he U n h  NO, 3 penstock when 
hat  unit is installed. The a i r  discharged into the tmblne area at ELe- 
vation 22.5 feet exfiltrates up to the generator Toom Eoo- !h_Pough stair- 
way and access openings- 

I Three exhaust fans mounted h!gh on the u r s z  earn waif of the - 
generator room floor provide a pasi*ius exit mute  For the SUPPLP air 
distributed into the building- These fans we-e designed to maintain a 
slight positive pressure in the building. GT avity damper s are attached 
to the fans to close the fan openings s h o ~ l d  the fan be 2zrned off 03- 

should power faifwe occur. -Ad pieces of equi~rnert: a m  independently 
conrroUed by on-off switches. 

me toilet, battery, and oil rooms are provided wi*h exhast 
fans- These fans are connected to ducrs which discharge air out the 
downstream wall through lout=e,rs loca?ed above the maximum Mgh 



water level. The toilet room and battery room fans are manually oper- 
ated by on-off switches. The ail room fan, in addition to having the man- 
ual off-on switch, is interconnected with the GO2 fire extinguishing con- 
trols. These controls, through a network of COp piping act simultaneousfy 
to trip fire doors and fire dampers shut, and to shut off the exhaust fan. 

Fans and blowers conform to the standard requirements of the 
National Association of Fan Manufacturers. Motors for fan service are 
ball-bearicg, general purpose, squirrel =age induction motors, of suf- 
ficient capacity to perform the work required. Drives are generally of 
the "v"-belt type with belt guards. 

The main supply fan is a centrifugal t-we, double width, double 
inlet, with backwar d inclined blades, Class I. 

Circulating fans and main exhaust fans are of the direct drive 
propeller type with constant speed driw, 

The battery room, toilet room, and oil room exhaust fans are 
of a direct drive, utility set type, single width, single inlet.. with forward 
curved blades mounted or suspended on vibr atian-free suppo- ts. 

Filters are a permanenr, Impingement, washabf e ,  all-metal 
panel type, 4 inches thick. encased in steel metal frames. Air velocity 
through the filter is limited ro 300 feet per minute. 

Ductwork Is fabricated of hm-dipped, galvanized sheet steel. 
Bracing for ducts is of galvanized sheet angle-iron members, with sup- 
porting rods as recommended by the +berEcan Suciety of Hea: and Air- 
conditioning Engineers. Sheet. metal gages for the varicsus duct sizes 
are as follows: 

Maximum Side 

Up to 24 inches 
24 to 40 inches 
40 to 12 irrches 
72  inches and larger 

Splitter dampers of the lacking quadrant type are; proviGed at 
alf. supply branches. right angf e tuns are provided with duct tTwns. 
Round bends have a radius of one-and-one-half tbe  duct- width. where 
practicable. All iniet and discharge connect ions to fans we made with 
heavy canvas-asbestos cloth made tighr ro the fans and ducts. 

12. Air-Condit ioning System - The &r-conditioning system for 
the powerhouse contra1 room is ,  as shown an Exhibit IV- 8- 

Ternpsratures at the site range from a maxrmum of Ilk! diesees 
Fahrenheit during summer months to a minimum of 50 degrees F&en- 
heit during the winter- For design purposes, the summer and winter out- 
door temperatures tabulated below were asstrmed, based on the American 



Sciety of Heating and Air-cmnditioning Engineers des ign  temperatare 
definitions : 

Summer dry bulb 97' degrees Fahrenheit 
Summer wet bulb 83 degrees Fahrenheit 
&xmmer relative humidity 56 percent 
'Winter dry bulb 68 degrees Fahrenheit. 

The air conditioning system w a s  designed to  maintain f nterior 
conditions in the control room, office, and reception room a5 f~fbvs:  

Summer cooling 82 degrees Fahrenheit 
Summer zelative hum iditp 50 percent 
Winter temperature 70 degrees Fahr enheit. 

The canciitioning si the air includes filtering, heaffng and cool- 
i n  A constant minimum amount of outside air is brorzght through a duct 
connected to a louver mourzted on the downstream w&Z of the gens~atos 
room. This duct connects t,o an air hand!ing mil: which disfribztes the 
treated zir into the conditioned areas. In. addition. an amsum of air e q t d  
to the outside air intake is exhausted f ~ o m  the toilet rooms. The exhaust 
fans for these rooms are thus utilized for two purposes. A retur,-: air duct. 
system returns air to the air handling unit. Mansal  dampers or? the r+ir 
handling unit for outside and return air can be adSusred to ma6noa.h a slight 
positive pressure in the conditioned areas. An efecwic heating coil In the- 
supply duct is actuated by a roam summer-winter: type thermostat to main- 
tain the area above a minimam temperature during winter months. The 
same thermostat actuates a fseon compressor to maintain the ternperatwe 
below a maximurn limit dwir,g the summer. The frearr compressor-can- 
densing unit is connected to a direct expansion coil Izt the air handling u ~ t  
to dehumidify, as well as cod.  the air- 

The air handling unir for the corrrrol room and office oxpea a l ~  
conditioning system is a self-contained type, including fan? easing, filter 
sectim, nixing box, direct -expansion coaling coih,  and electric heating 
coils - 

All other components are similar to rhose p=eviously described 
for the ventilating system, 

13. Insulating Qi1 System - The insulating oil system, as shown 
on Exhibit IV-9, permits treatment, transfer and storage of ~ransfanmer 
insulating oil. The system consists of one clean ail storage tank and one 
dirty oil storage tank, each capable of storing the oil charge: of one trans- 
former; supply and return headers, w i ~ h  valve srarfons at each bonk of 
thee transformers and in the switchyard Ebr :he oil ~ i r e u i t  breakers; a 
portable insulating oil transfer pump, capable or" filling or emlatying a 
transformer in Less than two hours: a portable filter mess tha~ can be 
utilized fur both insulating oil a ~ d  lube oil; and a portable centrif~ge 
s h t  also can be utilized fw b r k r  insfdaring oil h E e  oif. 

When a transformer is required to be taken our* QZ service and 
unxaaked, the oil is drained to the dirty oil  tank, rrsirrg Ehe porrrable mans- 
fer pump, to enable moving the transformer without additional weigk, The 



oil is then purified by the filter press (or centrifuge, depending on the 
condition of the oil] and transferred to the clean oil tank. The transfer 
pump is used to move the dean oil back to the transformer prior' to re- 
storing the unit to service, Purifying is normally performed with the 
filter (or centrifuge) directly connected to the transformer- m e  a3 is 
circulated to purify it and increase its di-electric quality. The insulating 
oil system in general permits the foilowing operations: 

a. Fill clean and dirty oil storage tar& by gravity. 

b. Fill transformers or oil circuit breakers from clean 
oil storage tanks, using the transfer frump- 

c. Empty transformers or oil circuit breakers into *he 
dirty oil storage tank, using the transfer pump. 

d. Move dirty 02 from +he dirty oil tank through the 
filter press to the clean oil tank. 

e. Ci-cdate oil from transformers or ail circuit breakers 
though filter press back to transformer or ail ch-cuit 
breaker, to effect purification. 

f. Flush supply lines wi* oil from the clean oil storage 
tank, and return the all to the dirty ail stwage tank, 
using the transfer- pump. 

Alf insulating oil pipit-% i s  Schedule 40: black wr~u&t steel pipe, 
pickled and oiled with X SO pound per squiu e inch malieable ism screwed 
fittings for fittings 2 inches a d  smaller in size+ Welded fittings are used 
for 2-112-inch sizes and larger. Lengths of flexible metal-lined, syn- 
thetic, oil-resistant hose with braided co\=er are provided, each with male 
and female standard t-we mezaMfe hose couplings a& adapt-err with 
American Standard screw thread. Valves in general are of threi gate type, 

The insulaaing oZ star age tanks are a graui*-y "-me, with welBed 
consffuction- Each tank is fitted w i ~ h  a bolted mo&ole, a vent, and suctloa, 
fill, drain and stick gage tappings- The vent is krrher provided with a 
dehydrating filter to prevent inelrlsians ctf water, The suction and fk l l  con- 
nections extend to wirhin 6 inches of the bomm of the tanks, and are Fitted 
with foot valves and anrisplash deflectors, respsetivel y Trzsulatbg oil 
tanks are finished with a heavy biturnastic coating on the outside, and a 
synthetic oil-resistant enamel an the inside* 

The portable filter is a press t-ype, c~rnpleee with motor-dkiven 
pump, cast iron frame and pf ates with movable and fixed heads a d  b d i -  
wheel closing device- steel drip pan, basket t y e  sfi~a.iner, air be&, pres- 
sure relief valve, and pr-essurk gages; all mounted on a rigid seed f'~"ame 
with heavy casters. The rotary-gear type pump operates a% a 1S-fmt 
suction 1 s t  and a 70-pound per- square inch disc-ge pressure. 



A filter paper drving oven, w j ~ h  sufficient. capacity to handle 
several charges of filter papex i s  provided. The oven is cf sheet steel 
with adequate heat insulatian and has manual electricaE. control,s for low, 
medium and high heat. A the;-morne"er and thermostat is also provided, 
Filter paper is Rung vertical'y from r uds and the sheets aye separated 
slightly to facilitate rapid and thoro~gh drying. The inter ior is painted 
with oil-resistant paint. Wiring has hea!-resistant insdation a& is 
installed concealed within the outer casing. 

The portable insulating oil :r-ansfer pump i s  a ~ositive-displace- 
rnenl, direct-connected, elec~x ic rnoVor -driven tme. The pump has close- 
grained casr iron castings. hard a3qv iron herriGg-bone gear s, forced- 
feed lubrication, buiit-in y7ellef valves and an endosed type motor- This 
pump may also act as a standby snit  fc:-- f ~ b e  oil service. The unit i s  
mounted on a rigid stl~tei bkse- sqyasted  on heavy drrtv casteps, and is 
provided with a taw bar; f 00 fee:. of e'ectt-leal cable a cable rack and a 
motor starter. 

14. Lubricating 01.: System - The mwerhouse :ubrlcirting oZ 
system permits treatment, transfer, and sborage cf *he :~birkat%lxg and 
governor oil. The system. as shown on ELrlbi~ IV-9, consists of suppIy 
and return headers, with cannee+ions to gene?raFor and turbtne Bearings, 
governor systems, clean and d i t y  ci: s t o r  age tanks, and a +~ansfer  pump, 

Each of the sjf. tanks, which we Zo~ated in the Lube olhsaorage 
room, has sufficient capaci: y to store sic the h b r i c e t ~ ~ g  and governor 
oil from one turbine, gener am?. and gcvernor. The parMsk filter press 
and gostable centrifuge are as descr lbea tnder hsukt ing  Oil System. 
The sxpp2y and return headers are hcs:ed at the ceiling of the floor at 
 levat ti on -21-50 feet and the :u-bine m m  flaar at ~lev&:ion 22.50 feet. 
MI equipment branches (except bear k g  ~uerf lows)  are valved, 

Filling storage ranks by gravity. 

Moving ail from a db ty oil tank to+ any othw 
reservoir in ?he svstem) &mu@ the fiEte~ press 
ra a clean oii rank: 

Draining a gwer no- sump, ustng rhe transfer ~ u m p  



At the entrance of the oil storage room a curb of sufficient height: 
is provided to permit containment of aU off within the room, in case of 02 
spill or tank break of both tanks. A sump and pumping connection is pso- 
vided in the oil room to permit removal of (1) waste oil by pumping, or 
(2) water by gravity. 

All lubricating and governor oil piping is Schedule 40, black 
wrought steel pipe, pickled and oiled, with 1150-pound per square inch 
malleable iron screwed fittings for sizes 2 inches and smaller, welded 
fittings for 2 - 112-inch sizes and larger. Lengths of flexible, metal-lined. 
synthetic, oil-resistant hose, with braided cover are provided; each with 
male and female standard type, metallic hose couplings and adaptors ~ 5 t h  
American Standard screw thread. Valves in general are of the gate type. 

The lubricating oil storage tanks comply with the Fire Under- 
miters requirements fur welded construction- Each tank is fitted with a 
bolted manhole, a vent, ar,d suction, fill, drain arrd gage glass tappings, 
The suction and fill connections extend to within 6 inches of the batom of 
the tanks, and are fitted with foot valves and antisplash deflectors, re- 
spectively. Lubricating oil tanks are furnished with a heavy biturnastic 
coating on the outside, and a synthetic oii-resistant enamel on the inside, 

The Lubricating oil transfer pump i s  a positive displacement, 
direct-connected, electric motor-driven type. The pump has close- 
grained cast iron castings, hard dioy ison herringbone gears, forced-fed 
lubrication, a built-in relief valve and an enclosed type motor, 

15. Tailwater Gage System - The tailwater gaging system pro- 
vided includes (1) a stilling or gage well  from Elevation 55.00 feet to below 
low tailwater elevation; (2) a connecting gipe to the tailrace with screened 
inlet; (3) a valved compressed air ~unnectiun to the inlet gipe to permit 
cleaning of screen w i t h ' c ~ m ~ e s s e d  air; and (4 )  a valved drain from the 
bottom of the stilling well .  

A water level. measuring device incorporating ti float, counter - 
weight and pulley arrangement actuates a transmitter which transmf t s  
the water level to a recorder in the control room. 

C .  Draft Tube Bulkheads 

1-  General 

a. Requirements - For- unwatering any powerhouse unit 
for inspection or maintenance, a set of three identical bulkheads is 
requirgd to close off the draft tube from the tailwater. 

b. Selection - Selection of the type of bulkhead was bas& 
on the combined cost of Sulkheads and gantry crane- Reinforced concrete 
bulkheads were estimated to weigh more than 50 tons each, as compared 
to 11.5 tons each [includes a lifting beam weighing 1,100 pounds) far 
struct;inrd steel bulkheads. The obvious economy of a gantry crane for 
the smaller weight dictated the choice of ahe structural steel bulkheads. 



c. Description - Each bulkhead is of all welded con- 
struction, 23 feet-2 inches high by 15 feet-1 inch wide, with ten 2 1 W 6 2  
beams which span the draft tube openings horizontally. The 21 WF62 
beams support a 9116-inch thick skin plate on the upstream side. 

Each draft tube bulkhead opening is provided with an 8WF24 
sill, stainless steel side and top seal ?labs, and dogging devices for 
holding bulkheads in normal storage position just below the deck at 
Elevation 49 -00 feet. 

The bulkheads are equipped with standard rubber seals. To 
seat the bulkhead and to facilitate anwatering a unit, four springs on 
side brackets are provided to force the bulkhead against the stainless 
steel seal plates before a differential pressure is established by the 
unwatering pumps. If a differential. pressure is built up on the upstream 
face of the bulkhead by inadvertently filling the draft tube from the 
reservoir instead of from tailwater, the bulkhead wil l  simply "blow out;" 
without damage, except for shearing off the spring brackets 

Two 4-inch flap valves are located near the top of each bulk- 
head to prevent trapping air when the draft tubes are filled. 

2. Design 

a. Criteria and Assumptions - The draft tube bcfkheads 
were designed for normal steel stresses (basic tensile stress being 
18,000 per square inch) under an 6nbalanced hydrostatic heGd 
from tailwater at Elevation 24-00 feet. 

The skin plate was designed for bending at a basic tensile stress 
of 24,000 pounds per square inch under normal load, both done and as 
part of the girder stresses. A corrosion allowance of 1/32 inch for dl 
exposed surfaces was made, 

An increase in allowable stresses of about 113 was perzitted 
for tailwater at Elevation 44.0 feet (5  feet below the deck), 

b. Analysis - fn the design the beam flanges were con- 
sidered to be part of the skin plate, thus forming a continuous series of 
haunched beams. Skin plate and beam stresses, which are at right angles 
to each ather, were combined by adding threetenths of the smdier 
stress to the larger stress, in accordance wit51 Poissonts ratio fur carbon 
steel .  

Complete details of the draft tube bulkhead analysis are given 
in Figure 3- 

D. Cranes 

1. General 

a. Purpose - A powerhouse bridge crane is provided for 
installation and maintenance of the turbines, generators, and other equip- 
ment within the powerhouse. 



A draft tube bulkhead gantry crane is provided for handling the 
bulkheads for the draft tubes. 

b. Location - The powerhouse bridge crane is located in- 
side the building. It travels the full length of the powerhouse on a runway 
supported by wall columns. 

The draft tube bulkhead gantry crane is located and travels an 
rails extending along tBe fadl  lerrgth of the transformer deck. 

c. Description - The powerhouse crane is a 350-ton [2,000 
pounds per ton) nominal capacity, two-trolley, cab-operated, electricay 
driven, double-girder, indoor traveling bridge type with lifting beam, as 
shown in Figure C. The bridge girders have a span of 65 feet-3 inches 
between rails, The Zifting beam connects the main hooks of the two trolleys 
to provide the 350-ton nominal capacity at the eye of the lifting beam. Each 
trolley has a main hoist of f 75-ton ngminal capacity, with allowance for one 
half of the lifting beam weight, and an auxiliary hoist of 25-ton nominal 
capacity. 

The draft tube crane is a 12-ton (2,000 pounds per ton) nominal 
capacity, fixed hoist, two-point pick-up, platform - operated, efectr:' c&ly 
driven, outdoor cantilever gantry type, as shown on Figure D. 

2. Powerhouse Bridge Crane 

a. Selection of Type - A bridge crane with two trolleys, 
each witb a main and auxiliary hoist arrangement wi'r'n the lifting beam, 
was selected to provide versatility to accommodate dl the required lifts. 

(1) Lifts and Speeds - The crane was designed for thk 
following lifts and speeds: 

Liff Speed 
(feet) (feet per minute) 

W n  hooks 68 
Auxiliary hooks 10'7 
Trolley travel 
Bridge travel 

(2) Loads and Stresses - The crane was designed for 
the following loads: 

(a) Dead Load - Total weight of crane bridge, cab, 
drive machinery, walkways, and bridge bucks 
and wheels- 

(b) Live Load - Weight of trolleys, blocks, hooks, 
ropes, lifting attachments, and Lifted loads. 









Ewthquake - Ten percent of live load and 
dead load applied horizontally or vertically 
with 33-113 percent overstress aflowed. 

Crane Impact Loads - Ten percent cf the 
wheel loads. 

Trolley Traction - Ten percent of total Live 
1uad applied to bridge rail equally on each 
girder. 

Bridge Traction - Ten percent of live bad  
plus ten percent of dead load; seventyfive 
percent of thf s total load applied to one s ide  
of cra2e. 

The structural members were designed with d h w a b l e  stresses 
of 18,000 pounds per square inch in tension and 1Q,Q80 pounds per square 
inch in shear. Allowable compressive stresses were in accord with the 
American Institute of Steel Coastruc tion Specification for the Design, 
Fabrication and Erection of Structural Steel for Buildings. With rated 
bad, the bridge girder deflection will not exceed 0.001 inch per inch of 
span. 

Mechanical components were designed with a safety factor of 
fhe, based on the ultimate strength of the material used. The wire rope 
was selected with a safety factor of six, as to size, with due ~Xowance for 
reeving efficiency. Stresses induced at stall, torque of the froist drive 
motors w i l l  not exceed eighty percent of the yield paint of the materid 
of any crane component. 

(3) Mechanical Features - iMecMca3. features of 
the crane include equalizing bridge trucks with sixteen wheels, eight per 
side, to provide wide disix~bution-of loads. The hoists are drum and - 
reeved wire rope type, with drum capacity to receive dl the rope i-n a 
single layer. The fleet angle is a mnximum of 2-1 /2 degrees. The load 
block design is such that the rapes will not leave the sheaves at any oper- 
ating position. The main hooks are of the sister type. All bearings are 
of the anti-friction type, except for the sheaves. A L L  sliding and meshing 
surfaces are adequately lubricated. 

(4) Structural Features - Ttze crane is welded con- 
structioa. The bridge girders are box type with standard crane rails for - 7 

the trolley runway mounted on the vertical neutral axes. The girders 
are secured with rigid-end connections. The bridge trucks are equal- 
izing box-type construction equipped with safety lugs, rail sweeps, and 
spring bumpers. The trolley frames are box type, single weldments 
without field joints, and are equipped with safety lugs, rail sweeps, and 
spring bumpers. A structural steel lifting beam has been proeded to 
connect the two main hooks, for lifts greater than the single hook capac- 
ity. An indoor s+zucturaf, steel operator's cab is suspended from bridge 
to provide the operator w i t h  an optimum view. Operating and Lubricating 
instructions are mounted within the cab. Walkways, safety hand rails 
and ladders have been provided. 



(5) Electrical Features - The electrical equipment 
is suitable for indoor operation and for the power source of 2301400 volts, 
grounded wye. 3-phase 50-cycle alternatingcurrent.  The p w e f  collector 
systems for the crane and the trolleys utilize non-corrosive, formed 
conductors and sliding shoes. Independent full-magnetic controls have 
been provided for each hoist and travel operation. All electrical cornpan- 
ents of $he controls will   ail Safe". An alternating current reversing, 
direct *rent dynamic lowering brake system has been provided for each 
hoist. Each hoist and travel operation has been equipped with a holding 
brake that is released when the respective motor is energized and sets 
when the motor circuit is interrupted. The bridge is also eq?ripped with 
a hydraulic-electric brake for slowing and stopping the travel. Each 
hoist is equipped with upper and lower Umit switches and a separate 
block-activated upper limit switch. The crane is equipped with lights to 
provide proper illumination under the crane and in the cab. The electri- 
cal wiring is enclosed in rigid metal conduits, tagged and marked for 
permanent identification. 

(6) .Spare Parts - The following spare parts for the 
crane are provided: 

Brake Lining 100 $3 
Motor Carbon Brushes 100 % 
Contactor Tips 100 '$3 

Fuses 100 $3 

Wire  Rope 50 % 

3. Draft Tube Bulkhead Gantry Crane 

a. Selection of T-me - The cantilevert type gantry crane 
was selected to provide working clearance between the 'transformers and 
the gantry legs while hoisting or fawering the draft tube bulkbeads- The 
two-point pickup, with a shallow-depth lifting beam, was used to reduce 
the crane height to provide adequate dearance below the power trans- 
mission lines. The operator's platform was elevated to keep it and the 
electrical components abuve high flood levels- 

b. Design " 

f 1) Lifts and Speeds - The crane was designed far 
the fallowing lifts and speeds: 

Lift Speed 
(feet) p e t  per minute) 

Hoist 
Crane Travel 

8 
-30 and 60 

(2) Loads a d  Stresses - The crane was designed 
for the foilowing loads: 

(a) Dead Load - Total weight of crane structure, 
hoist machinery, operator % platform, bist 
housing, and gantry drive trucks md wheels- 



(b) Live Load - -Weight of blocks, hook, ropes, 
lifting beam, and lifted load. 

(c) Earthquake - Ten percent of live toad and 
dead lozd applied horizontally o~ vertically 
with 3 3 - 15'3 percent overstress dlowed. 

(d) Wind Load - Ten pounds per square foot 
for opewa+ing condition and 30 pounds per 
square foot for static condition, both cal- 
culated on crane and bulkhead together. 
W:nd b a d  and earthquake loads were not 
considered m occur simuXraneously. 

(6) Crane Tmpact Loads - Ten percent of the 
wheel loads. 

The structural members were des'gned with dlow~~bXe stresses 
of 18,000 pounds per square inch in tension and 10 ,OOO pounds per square 
inch in shear- MLowabTe c ~ m p r e s s ~ v e  stresses were in accord with the 
American Institute of S~eeh Constr uction SF ecification for the Design, 
Fabrication and Erection of Structural Stee: for Buildings. With rated 
load, crane deflections will nor exceed 0.001 inch per inch of span, 

Mechanical cornpmenrs were  designed with a safety factor af 
five, based on the ultimate strengrh of the nateriars rrsed, The wire 
rope was selected with a safety factor of six, as to size. with due allow- 
ance for reeving efficiency, Stresses induced at stall torque of the hoist 
d r i w  motors will not exceed eighty percent of the yield point of the 
material of any crane component. 

The crane righting moment is a minimum of 110 percent of 
the combined overturning moment caused by maximum hoist motor 
torque and wind loads when the crane ts werat-fng, 

(3) Mechanical Features - Mechanical features 
include a motor -driven, self-locking worm gear reducer with two out- 
put shafts connected by flexible coup15ngs tothe two hoist drum assern- 
blies. The drums can receive dl rhe wire  rope for the direct 1st in 
single layers. The ropes are secured to the bulkhead lifring h e m  
through open bridge rope sockets  to provide a means for adjusting the 
rape tension, (Note: The lifting beam was supplied wrbh the bulkheads.) 
The self-locking feature of the gear reducer functians as a load brake 
during the lowering opera~ion. -Kt1 bearings arc the anti-friction type, 
except for the sheaves. Al l  sliding and meshing surfaces are ade- 
quately lubricated. 

(4) Structural Features - The crane is box-type 
construcrion with a hoist housing on *he top. A counterweight i s  pro- 
vided to maintain the righting moment. An operator % platform is 
located within the legs of :he crane to afford an optimum view. The 
operating and lubricating instructio~s are mounted adjacent to the 
controls- 



Safety hand rails and ladders are provided. The trucks are 
equipped with safety lugs, rail sweeps, and spring bumpers. 

(51 Electrical Features - The electrical equipment 
is suitable for outdoor operation and for the power source of 2301400 
v d t s  grounded wye, ~-?hase 50-cycle alternating current. The power 
is supplied to the crane by a portable power cable and automatic cable 
reef. All the electrical components of the conlols will "Fail Safetc. 
The crane is equipped with manual controls. The hoist is equipped 
with a holding brake that is released when the hoist motor is energized 
and sets when the motor circuit is interrupted. The hoist is equipped 
with upper and lower limit switches. Adequate lighting has been sup- 
plied on the crane to facilitate night operation. The electrical wiring 
is enclosed in rigid metal conduik, tagged and marked for permanent 
identification. 
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CHAPTER V 

POWER mTAKE 

5.01 GENERAL 

This chapter discusses the design of the structural, mechan- 
ical and electrical equipment of the power intake structure. The general 
arrangement of ibis equipment is shown on Exhibit V-I. The power intake 
structure is described in Pa,~t fII, Chapter XV. 

A. Description 

To protect the powerhouse units from damage by trash, sixteen 
identical sets of trashracks are provided ar the upstream face of the in- 
take structure- Each set ccnsist s of six panels. Each panel is f 0 feet 
5 inches wide by 16 feet high, and is fabricated from 2-inch by 3/8 inch 
vertical bars which are su~ported by 12-inch deep horizontal I-beams 
and channels. Adjscent panels in a ser are bolted together. at a combin- 
ation splice plate and lifting connection, so &at all installation or removal 
operatiorzs can be performed from the intake structure deck- A dogging 
device is provided to hold the assembled trashracks in pasition while 
attaching or removing a panel. The trashracks ar*e installed in slots 
formed in the intake structure colwrins and bear on embedded angles. 

B. Loads and Stresses 

The trashrack bars we2e designed to yield under a uniform load 
of 625 pounds per square foot (10 feet of head), The trashrack framing 
was designed to withstand a uniform load of 940 pounds per square foot 
(15 feet of head) at stresses not to exceed those recommended by the 
American Institute of Steel Cmstruction. 

The trashrack bar spacing is 6 inches on centers as specifid 
by the turbine manufacturer- The bar thkkaess and depth was deter- 
mined from a United States Bureau of Reclamation formula for the faU- 
ure stress in flat tmshrack bars, This formula equates the failwe 
stress tc the yield stress times f 1-23 - 0.0l53 L/t), where L i s  the un- 
supported span and t is the bar thickness. The depth and spacing of the 
support members was determined by relating the section modulus of 
avaiM31e I-barns to the required section modulus for the eontributirrg 
loaded area- I-beams having the feast rot& weight were chasm. 



5.03 TRASHRACK RAKE 

A. General 

1. Purpose - The trashrack rake is provided to facilitate the 
removal of debris from the trashracks 

2. Location - The trashrack rake is installed on rails which 
are mountad on the intake structure deck near the upstream edge. 

3. Description - The trashrack rake, as shown on Figure A, 
is a 2-ton capacity, self-dumping, log-grappling type. It is equipped  with 
a fixed electric powered hoist, which is mounted on an electrically-driven 
supporting frame and is suitable fur outdoor operation. 

4. Selection of Type - The selection of this type of trashrack 
rake was based on the experience of its successful use in other instaUa- 
tians with similar requirements. 

B. Design 

1. Lifts and Speeds - The trashrack rake was designed f o r  a 
hoist speed of 30 feet per minute, a lift of 110 feet, a travel speed of 20 
feet per minute, and a travel distance of 210 feet- 

2. Loads and Stresses - The trashrack rake was designed to 
be stable and rigid to prevent undue deflections and vibrations for the 
folbwing loads: 

Dead Load - Total weight of supporting frame, apron, 
chute, supporting frame: trucks, arrd hoist 
and drive machinery* 

Live Load - Total weight of rake, wire rope, and 2-ton 
rated trash load. 

Wind h a d  - 10 pounds per square foot while travel- am 
30 pounds per square foot while stationary, 

Impact Load - 10 percent of the wheel Loads. 

Travel Traction - 10 percent of the total weight, 15 percent 
of this applied to one side. 

Mechanical and structural parts were designed for a safety 
factor of five, at rated load, based on the ultimate strength of the mate- 
rials used. The wire rope was selected with a safety factor of five, at 
rated load, based on the breaking strength of art rope wit31 due allowance 
for reev-g. Increased stresses were permitted for rm increase of 25 
percent of the rated trash load- The stresses induced under the zn&- 
mum torque of the hoist drive motor will not exceed 80 percent of the 
yield point of the materials. The maximum deflection of any part under 
any load does nut exceed 0.00125 inch per inch of unsupported span. The 





2. Description - Four gates, two each for Penstock No. I and 
Penstock No. 2, are provided for shutting off flow from the reservoir. 
Penstock No. 3 is closed with temporary concrete bulkheads. 

Each of the fixed-wheel gates is 33 feet-10 inches M@z by 13- 
feet-5 inches wide and weighs approximately 45,500 pounds- The gates 
are normally suspended from the hoist cables in the "Opent' position with 
the bottom of the gate just above the penstock opening. The intake struc- 
ture is provided with gate hanger beams for suspension of the gate in a 
I t  dogged" position in the maintenance chamber above Elevation 92 feet. 

The gate is composed of six independent units. Each unit is 
made up of three built-up horizontal girders, diaphragm stiffeners, a 
continuous downstream skinplate, end plates, and fow wheels  and axles- 
Units are connected together by a welded vertical strap on the upstream 
flange of the girder and by a horizontal, bolted splice plate on the skin- 
plate. The gate has a tot& of 24 wheels. The intake structure is pro- 
vided with gate slots, side and sill seal plates, and guide and bearing 
rails. The gates are  equipped with rubber seals- 

The gates will. be normally positioned directly zbave the intake 
opening in order to close off the flow to the penstocks in the minimum 
amount of time. 

3. Design 

1. Criteria and Assumptions .- The fixed- wheel gates were 
designed :or normal steel stresses (basic tensile stress being 18,000 
pounds per square inch) under full hydrostatic head with a normal, pool 
water surface at Elevation 118 feet. A 33 percent increase in stresses 
was allowed for the combination of girder and skinplate bending stresses- 
The hoisting connection was designed to resist twice the hoist capacity 
at normal working stresses. 

An allowance fur corrosion was made by adding 1/16; inch of 
extra thickness to the skiopfate and upst  earn flange and using a mini- 
mum thickness of 3/8 inch for all members, 

2. Analysis - Each of the gates was designed as s ix  independ- 
ent units sized such that each unit, resists approximately one sixth of the 
total hydrostatic load. The hydrostatic load is resisted by the horizontal 
girders. The downstream flange of the girders was assumed ao consist 
of a section of skinpfate with a width of 24 times the skinplate thickness. 
The vertical diaphragms were provided to reduce the bending stress in 
the skinplate between the girders. The load on the girders is transferred 
to the end plate and into the cantilevered axles and wheels. Because af 
rhe flexibility of the assembled gate, all wheels MIL be in contact with 
the bearing rail and no moments due to distortion will be induced in the 
gate. Complete details of the design analysis axle given in Exhibit V-2, 



sighting moment is equal to f 10 percent of the overturning moment 
caused by the maximum torque of the hoist motor with a jammed rake 
plus the wind load. 

3- Mechanical Features - The hoisting machinery consists of 
a motor-driven worm gear speed reducer, drums, gearing, and shafting 
with supporting bearings. The warm gear speed reducer is self-locking 
and functions as a load brake during lowering operation. The drums will 
receive all the wire rope in a single layer. The maximum rope fleet 
angle is 3-1/2 degrees. Guards prevent the rope from leaving the sheaves. 

The travel drive machinery consists of a motor driven speed 
reducer, gearing, and shafting to the drive wheels.  

The rake basket is self-dumping and is large enough to accom- 
modate a 3-foot diameter log. The rake wheels ride on, and are guided 
by the trashbars. Rake tocth penetratiorr is 1-1/2 inches. The trash 
rake has a lever-controlled emergency load release. 

4. &ructural Features - The trashrack rake has an apron and 
hinged chute to permit dumping. A shielded  operator?^ platform, located 
to provide an optimum view of all operations, is supported by the frame. 
A ladder permits access to the hoist machinery deck, Supporting frame 
trucks are equipped with rail sweeps and safety lugs. 

5 .  Electrical Features - All electrical equipment is suitable 
for outdoor operation and for the power sosrce of 230/400 volts, grounded 
wye, 3-phase, 50 cycle, alternating current. The trashrack rake is 
equipped with an automatic iake-up cahte r eel with capacity for 100 feet 
of 4-conductor, 600 volt cable. AX operatims are pushbuUon coratrdled; 
each push button has a nameplate designating its function- Each separate 
operation has independent control with mechanical interlocks to prevent 
any two buttons from being pressed simcftaneously. 

The hoist machinery is equipped with an eXectricalLy operated 
holding brake, mounted on ';he hoist drive motor shaft extension. The 
travel drive machinery is equipped with an electrically-operated travel 
and parking brake. The brakes set upon de-energizing motor circuits, 

The limits of the position of the r a k e  are controlled by electrical 
limit switches in the controk circuits. A separate, directly activated, limit 
switch is provided for the extreme upper rake position- 

The rake, dumping area, and operator's platform are ilhnrinateb 
by lighting fixtures mounted on the supporting frame. 

5-04 INTAKE GATES 

A. General 

1. Selection - The intake gates will narmaUy be operated under 
balanced head conditions but must be cqxhle of quick closure under an 
unbalanced head in an emergency. ~ ixeb-wheel  gates were selected to 
provide for this duel requirement becawe of their economy. 



5.05 STOPLOGS 

A. General 

Two sets of structural steel s";p;ogs are provided to permit 
inspection and maintenance of the intake gate, track, and guides. Each 
set consists of a top panel approximately 14 feet wide by 12 feet high by 
2 feet thick and an intermediate and bottom panel approximately 14 feet 
wide by 13 feet high by 2 feet thick. The intermediate and bottom panels 
are interchangeable. Total weight of boch sets of stoplogs is approxi- 
mately 60,000 pounds. 

B. Loads and Stresses 

The stoplog panels were designed to withsand full. hydrostatic 
head due to a normal pool water surface at Elevation L 18 feet. An allow- 
able stress of 120 percent of ALSC ailowabie stresses was used for the 
girders. An increase of 113 was aiiowed for the sklnpfate. A corrosion 
allowance of 1/32 inch was added to the ski-nplate and the upstream flange 
of the girder. 

C. Design 

Design of the stoplogs was s im~far ta that of the intake gate as 
the hydrostatic load is resisted by horrzowai girders composed of an 
upstream flange, a web, and a downstresm flange with an assumed width 
of 24 times the skinplate thickness. The hvdr ostatic Iaad is passed from 
the skinplate through the webs,  end plates and wood seals into the con- 
crete. 

D. Bearings, Seals md Guides 

The intake structure is provided with stoplog slots and em- 
bedded metal seal plates. Bolted timbers bear and seal against the 
downstream face of the stoplog slot4 Sealing at the s i l  and between 
stuplogs is also accomplished by timber seals. Timber bumpers at 
each end of the stoplog panel act as s i d e s  and prevent damage to the 
concrete. 

E. Handling 

Stoplog panels are both lowered and raised by o lifting beam 
operated from a portable crane. The lifting beam is aurumatie for both 
operations. A spring-activated late h  in wil l  either connect or discon- 
nect the lifting beam and the stoplog paaeis. The be- is provided with 
a tag line to release the pin in case of a premature connection, The 
lifting beam has timber g-aides on each end which travel in the same 
guide slot as the stoplogs, assuring positive alignment whh the stoplog 
lifting connection. 



5-06 BULKHEADS 

A. General 

As previously mentioned, the two intake openings for Unit NU. 3 
are closed by reinforced concrete bulkheads. These bulkheads, which 
were cast in place. are each approximately 36 feet high by 34.5 feet wide 
by 2.5 feet thick. The gate slots had dl required embedded metal work 
for later installation of fixed-wheel guides, rails, etc, in place before 
placing the bulkhead concrete. A metal, water stop was installed in the 
joint between the gate slot concrete and the concrete of the hulkhead- 

8. Loads and Stresses 

The bulkheads were designed to withstand full hydrostatic head 
due to a normal pool water surface at Elevation 118 feet. Allowable com- 
pressive stress in +the concrete was 1350 pounds per square inch. Allow- 
able tensile stresses in the reinforcement were 20,000 pounds per square 
inch. 

C.  Design 

The bulkheads were designed as simply supported one-way slobs 
spanning in the horizontal direction. This one-way action was ensured by 
placing asphaltic filler cushions at the top and bottom bulkhead bearing 
surfaces. 

5.0'7 HOISTS 

A- General 

1. Purpose - Four intake gate hoists w e  provided for raising 
and l o w e r i n g n d - w h e t 1  gates for routine inspection and mainten- 
ance and for emergency closure of the penstocks. 

2. Location - The intake gate hoists are mounted directly abve 
the gate slots on concrete pedestals which rise from the irltake structure 
deck at Elevation 227 feet. 

3. Description - The intake gate hoists are 40-tan [2,000 pounds 
per ton) nominal capacity, reeved wire rope, single drum,  single pickup, 
pedestal-mounted, outdoor type as shown in Figure B and are electrically 
drivers with provisions for emergency closure. 

4. Selection of Type - Since the intake gates are to be used for 
emergency closure, individual hoists were  selected. Selection of this type 
hoist was based on experience of successful use in other installations 
which have similar requir ements 

3. Design 

2 .  Lifrs and Speeds - The intake gate hoists were designed for 
a l i f t  of 68 feet with a normal raking and lowering speed of 1.5 feet per 
minute and an emergency lowering speed of 4.5 feet per minute. 





2. Loads and S-z esses - The hoisr capacity at the gate con- 
necticm was determined kom the gate weight {submerged or dry), whee l  
friction. seal friction, hyd-arrlic loads, m d  down pull during emergency 
closure against unbalanced head. The component hoist parts were  be- 
signed with a safety factor of five ar sated b a d  a d  based on the ultimate 
strengths of the materials used. The w i r e  rope was selected with a 
safety factor of six at rated load and based on the rope breaking strength. 
with due dlowance for reeving efficiencies. The stresses induced under 
the rnaximrzrn torque of the hoist drive maror did not exceed 80 percent 
of the yield point of the materials. U ~ d e r  maximum b a d i n k  the hoist 
base bearing bads on the concrete did not exceed 600 pounds per square 
inc h, 

3 -  Mechanical Features - AVechar;ics.t features of the intake 
gate hoists h c h d e  the motor-driVm speed ~educer, gearing, *urn. and 
wire rope with sheaves and load block. The drum is large enough to 
receive aI-i the wire roFe ir: a single laves. The; maximum fleet angle is 
3-1/2 degrees. The load b h c k  was designed to enswe that the ropes 
w i l l  not ieaw the sheaves a t  afiy operating pcrsi~icln. A fan brake wil l  
con'lfoi the speed during emergency ciosure of the gate. A gate pasition 
indicator is mounted near the hoist conr-sl panel. AIi sliding and me&- 
ing surfaces are adequately '3*:?xiczzied. 

4,  Structural Features - The b i s r  base i s  a! rigid structuraI 
steei tinit and i s  equipped with l i f t ing eyes ?o facilitate handling of the 
boisr. An access ladder f l  om the intake structure deck at Elevatioa 
127 feet ro rhe hoist b ~ e .  and hand m z l s  on the base are provided. 

5. Et,ectsical. Feztures - The electr-ical eq~ipmena is suitable 
for outdoor operation and :"or the power scrwc;e of 2301400 volts, grounded 
wye, 3-phese, SO-cycle a",errzating i;uwrent, The ePectrLea1 wiring is en- 
closed in ?$rid met& conduits, tagged and marked for permanent ideati- 
fication. 

Moist operations are push-button emxrolkd with nameplates 
designating the function of each push-trz:ton* The normal speed for 
lowering gares is controlled by the r egener-at:ve braking action of the 
electric motor- During emergency iower fag of gates, the motor- turns 
freely with no Dower applied to its terminals, with the fan brake con- 
trolling the lowering speec. Each bist is eqepped with an ammatic 
electric holding brake, mounted on the hoisc motor shaft* For emeqpncy 
gate Xowering a push-button at me pawerhw;se releases elre holding brake. 
The holding brakes are ainv equipped w k h  s manual ref ease to be used 
in event of electrical power failure. Electrical limit switches are pro- 
vided in  he hoist control circuit to cmtsol gate travel and, as an abdi- 
rlonal safety measure, a d x e c t  activared t=poer limit s w i ~ c h  is provkted, 

hsrxactions for operating rhe hoisrs and lubrication charts a m  
electrical wiring diagrams are moufittd In :he control cabinet and pro- 
tected against the weather+ 



5.08 OTHER EQUIPMENT 

A. Reservoir Elevation Gage 

A continuous record of the reservoir water surface eEevatEon is 
made by means of a float-well and transmitter at the intake structure and 
a recorder in the powerhouse. A 14-inch diameter steel pipe float well, 
extending from Elevation 63 feet to Elevation 129.50 feet, is located in 
the intake structure air vent shaft fur Unit No. 2, The float wefk is con- 
nected to the forebay by a two-inch diameter pipe at Elevation 70 feet. 
The inlet of this pipe is screened to prevent the entrance of foreign mate- 
rial. For cleaning the screen, a one-inch dimeter air blo-a-off connec- 
tion is provided. The transmitter, which is morrnted at Elevation f 29.50 
feet, is actuated by a float, counterweight, and pulley arrangement, 
Electrical impulses are transmitted to a recorder in the powerhouse 
control room . 

B. Penstock Fkling Gates and Valves 

Each penstock is equipped with a 24-inch diameter slide gate 
for filling the penstock and spiral case. The slide gates are mounted at 
Elevation 67*50 fee1 on the wall between the fixed-wheel gate chamber 
and the air vent shaft. The gates are operated by h=d-cranks on en- 
closed gear pedestal lifts mounted at Elevation 119 feet. With the sl ide 
gates wide open, approximarely 2 hours are required to fill the penstock 
and spiral case. 

Each intake is also equipped with an 8-inch line far filling Ure 
space between the stuplog and fixed-wheel gate. The line is located at 
Elevation 71 -50 feet, and has an 8-inch fillling value with a stem extend- 
ing up to a floor stand at Elevation 119 feet- Each line aEsa has a guard 
valve to permit maintenance of the filling valve. Approximately two 
hours are required to fill the space between the stoplog and the fixed- 
wheel gate* 

5.09 ELECTRICAL POWER AND LIGHTING 

A- General 

Power is protided to the intake structure from the power center 
in the powerhouse through underground conduit and cable. Direcr-current 
service of 250 volts fur operation of the holding brakes of the intake gate 
hoists is furnished from the station control battery in the powerhouse 
Wough underground conduit and cable. 

Gate hoist motors and trashrack rake motors are provided with 
230/400 volts, grocnded wye ,  3-phase. 50 cycle alternating cwrerrt- 
Lighting and convenience outlets are provided w2th 230 volt, single-phase, 
50 cycle service. 



8. Secondary Protection 

To provide secondary protection for branch circuits to matars, 
power out lets, and lighting and convenience outlets, a standard convert - 
ible 3-phase, 4-wire, distribution type circuit breaker panelboard is 
installed at the power intake structure. This arrangement is simple, 
safe, and ecunamicd. 

C Controls 

MI motors are equipped with magnetic starters. Remote con- 
trol 3f the holding brakes of the gate hoists from the powerhouse czaatrol 
room is provided for emergency closure of the gates- 

D. Lighting 

Lighting is furnished by standard incandescent industrial type 
fixtures. The illumination Level for the intake structure beck hause is 
10 foot-candles and for tkre deck itself is 3 foot-candles. The trash- 
racks are ilhminated for night raking operations by fixtures mounted 
on the trashrack rake. 

E. Grounding 

A capper grounding system is provided to protect personnel 
from danger of high voltage due to faulty equipmat or short circuits 
MI exposed metalwork is connected to the main ground cable to keep 
all such metal at equal potential, The main ground cable is grounded 
by connection to driven ground rods and lo mead constantly in contact 
with water in the forebay channel. 

A telephone i s  installed at the intake struc=t.me Et'eck hause for 
communication with other project areas- 
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PART V 

CHAPTER Vf 

SWITCHYARD 

6.01 GENERAL 

The switchyard equipment protects the generators, main trans- 
formers and transmission lines, and provides a number of possible dif- 
ferent connections between the generators and the transmission lines. 
Additional equipment, also located at the switchyard. couples the com- 
munication facilities at the powerhouse to the conductors of the trans- 
mission lines which are ~ s e d  as carrier for commlinication and relay- 
ing coordination with other stat: 'ens. 

The electric& arrangement of the switchyard is shown on 
Exhibit VI-1, The physical arrangement. of equipment and structures 
appears on Exhibit Vf -2, 

Presented ir- this chapter is informati~n pertaining to Ule 
selection and design of the electrical equipment in the switch.yard. 
Design of the supporting srrucrures is discussed in Part ID, Chapter VI. 

6 -02 DESIGN CHARACTERISTICS 

A- General 

The electrical scheme which was adapted far the switchyard 
is of the single-bus type, improved by the addition of bus sectiondizing 
breakers- 

The equipment is arranged in a amber of paraUel, identical 
bays, each consisting of: (1) one generator oil circuit breaker. (2) a 
section of bus, and (3) one mansmissian fine oil. circuit breaker. The 
sections of bus in adjacent bays are connected thrsugh a bas section- 
alizhg oil circuit brea3re~ 



The initial instdlation consists of two bays, with interposed 
bus sectionalizing breaker, Space is provided for a third bay and a 
second seetiondizing breaker which wil l  be added to the switchyard 
when the third generator is installed in the powerhouse, 

Additional equipment installed at the switchyard consists of 
lightning arrestors on each line, to protect equipment and insulation 
from surges on the transmission lines, and of grounding switches to 
ground the fines when out of service. 

The design, manufacture, rating, testing, and installation of all 
electrical equipment and material was made in accardmce with United 
States standards applicable to this type of equipment. 

Power circuit breakers weigh approximately 37,600 pounds 
each and air disconnecting switches weigh approximatefy 3,000 pounds 
each, 

The arrangement sf the switchyard equipment allows the fallow- 
ing  connections to be made: 

With only m e  generalor running 

Generator No. I feeding rr;ulsmissicm line No. 1 @ectiodizing 
breaker open) 

Generator No. 2 feeding transnissicm line No. 2 EsectionaUzing 
breaker open) 

Generator No. 1 feediw wansmissiorm line No. 1 and No, 2 
(sectiodizixlg breaker closed) 

Generator No. 2 feeding transmission line No- 1 and NQ, 2 
(sectiona2iziag breaker closed) 

Generator No. 1 feeding transmission line No- E. 

Generator No- 2 feeding transmission line So, 2 

With two generator s ruminpiJ paralleled {Sect ionalizing 
breaker closed) 

Generators No. 1 and 30- 2 feedkg transxnission kine No, Z 



The above connections are satisfactory in view of the number of 
generators and transmission lines involved, the type of operation foreseen 
for the plant, and the Location of the plant in the system. The additional 
expense of providing a higher degree of flexibility was considered to be 
unjustified. 

Any section of the system outside the switchyard which develops 
a fault w i l l  be autornaticalLy excluded from the system. Generator or 
transformer faults will trip the generator breaker in the corresponding 
bay and will result in the plant being operated on one of the connections 
shown above for one generator running. Faults an a transmissian Line 
will trip the appropriate line breaker and disconnect the line from the bus. 

Faults in the equipmenr at the switchyard can take place either 
in one of the breakers or in one of the bus sections. Generator breaker 
faults will  result in the exclusion of the breaker and related generator. 
Bus sectionalizing breaker faults w i l l  require the exclusion of the breaker 
and operation of the plant with one of the ccmnections shown above for one 
generator r wining or fur two generators xnning, non-paralleled. Faults 
at a transmission line breaker will resrilf in excluding that breaker. from 
service and connecting the line to the bas ti~ouglr the by-pass switch. 
Finally, a fault in a section of btrs will trip the sectionalizing breaker and 
the two breakers of that bay. ODeratioa can be continued with the generator 
and the line in the bay not affected by the fault. It will  be necessary to 
clear the fault before the other bay can be brought: into service again. The 
likelihood of a fault in a bus section, however, is extremely remote and if 
i t  should occur the fault could be cleared Fr* a very short time. 

The degree of dependabdity prwided by the mocfified single-bus 
scheme is considered satisfactory f ~ r  the type of Loads present in the 
system, the inherent: dependability of the equipment specified for the praji- 
ect, which in itself greatly reduces the possibility of faults, andl the short 
time required to clear an extremely unlikely fault at a bus section. 

RATINGS 

The switchyard was designed for the followiag ratings: 

Voltage - 132 KV - Determined by mansmission Line design. 

Power - 150,OUU KVA - Determined by. installation of two 
50,000 KVA generators inStlallp and one 50,000 KVA 
generator in the future. 

Interrupting capacity of Power Circuit Breaker - 3,500 MVA - 
Determined by short circuit study on basis ef four 
50,000 KVA generators ant3 two 3 32 KV 60 &EVA trans- 
mission lines to CMxtagong. 



6.04 INTERCONNECTIONS 

The switchyard is connected to the main ;su,.- transformer at 
the powerhouse by overhead transmission lines and to the next station in 
the system also by overhead transmission lines. 

Low voltage power is brought to the switchyard from the power- 
house by way of the underground ducts and the cable gallery. This route 
is also followed by the control cables connecting the equipment in the 
switchyard to the duplex switchboard, and by the coaxial cable connecting 
the carrier communication equipment in the powerhouse to the coupling 
devices in the switchyard. 

8-05 CONTROLS 

Local manual control is provided for opening and closing of each 
air break disconnecting switch. 

L ~ c d  manual and remote electrical control at the powerhause 
duplex switchboard is provided for opening and closing of each power 
circuit breaker - 

6.06 INTERLUCK SCHEMES 

The grounding switches on the transmission lines have a, rrrechan- 
ical key operated interlock to prevent the closing of the grounding switches 
i f  the OCB by-pass or line s ide  disconnecting switches are closed. 

The QCB by-pass and Line side disconnecting switches are 
equipped with a mechanical key operated interlock to prevent their closing 
if the line grounding switch is closed. 

6.07 SIGNAILING DEVICES 

Visual-audible alarm is provided an the duplex swi tchbard in 
the powerhouse comxol room xbr the f olluwfng conditioas: 

Bus Differential Relay Trip 

Line QCB Relay Trip 

QCB No-voltage and Low Air Presswe. 

Lights are provided OR the duplex switchboard in the powerhause 
c~ntrol room far each power circuit breaker to indicate open, closed, ok 
tripped position of the breaker. 



Indicating instruments are provided on the duplex switc-hbcarcf 
in the powerhouse contro? room for: 

Bus voltage 

Line voltage (each line) 

Line watts [each line) 

Line watt-hours (each lifie) 

6-08 ELECTRICAL POWER AND LIGHTING 

Electrical power is provided at the switchyard from the power- 
house 230/400 volts wye system fur operation of oil circuit breaker air- 
compressors, space heaters, carrier communication equipment, switch- 
yard lighting, and convenience outlets. An outdoor weatherprod convert- 
ibf e 3 -phase, 4 -wee circuit breaker type distribution panel will protect 
the various branch circuits to the above equipment, 

Conventional switchyard lighting is provided with structure- 
mounted or separately pole-mounted fixtures as required for good ah- 
mination, 

6.09 COMMUNICATIONS 

A telephone located at the swircbyard wi l l  permit communica- 
tion with other project areas during routine operation and maintenance 
activities- The telephone is installed in a weatherprcorof enclosure and 
has a separate loud ringing bell. 

Carrier communication coupling eq fzipn em consisting of line 
traps, capacitor potential devices and Line tuning units provides a corn- 
munication and relaying channel OWF the transmission lines to other 
locations on ihe transmission system ;hat, are similarly equipped, The 
carrier system was designed as part of the design af the: transmission 
lines by others. 

A copper grounding system protects persomel and equipmeat 
from daoger of high voltages due to Ilghming, faulty equipment or s W t  
circuit conditions. Exposed metal i s  connected ta the main gmmd 
cables hi order to keep aZ: such metal at equal potential. Ground poten- 
tial ~ a d i e n t  i s  kept at a minimum by proper spacing of main mat e m -  
sections and $rouM rclchs. 
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PART V 

CHAPTER VII 

CARGO TRANSFER SYSTEM TROLLEYS 

7-01 GENERAL 

A. Purpose 

Three manccai3 type electric driven trolleys are provided to 
transport bamboo or woad rafts and small river boats between the reser- 
voir and the river below the dam. Two trolleys wiPl normally Se sufficient 
to meet the general requirements of traffic, permitting the t h i r d  to be 
placed on standby service. Two trolleys may be operated in tandem when 
individual loads to be transported are In excess of the capacity of a single 
trolley unit. 

8. Description 

Each trolfey consists of a supporting frame suspended from a 
single monorail track by :wo &wheel trucks. Each unit is completely 
sef f -contained with rnotiva ting drZves a two-drum hoist, operator's cab, 
anti-collision device, and controls. Power is furnished to the trollegs 
from an overhead conduc:or szstem mtluilted on the top of the monorail 
track. Complete cantrol or' the functions of the trolley can be effected 
from the cab, See Figure A. 

7-02 DESIGN 

A. Lifts and Speeds 

The trolley hoists were  designed for a lift of 125 feet with excess 
capacity to Lift 139 feet from the extreme raised position- The normal full 
load hoisting and lowering speed i s  120 feet per minute. The full load 
trolley traveling speed is 420 feet per minute. 

Each trolley hoist is rated at 4 tons eapaeity, effected from two 
%-ton hooks. The capacity is sufficient; far individual M e s  and, when cor- 
related with the hoist and trolley speeds, is adequate to handle the design 
rate of 150,000 Ibs- of cargo per hour with two units- The component 
parts of the trolleys are designed in consistence with goad practice for 
equipment of this t>ye. 

C.  Mechanical Features 

The trolleys are driven by the four wneek of the rear truck, 
these comprising one-half of the total trolley wheels. The drive bogie 



consists of two 2-horsepower motors, each with gear reductions to the 
driven wheels and conical rotor brakes built-in to the motors. 

The two-drum hoist is rated at 4000 Ibs. at each huck. The 
haist mechanism consists of a single 40-horsepower motor with a Lamin- 
ated disc -type brake and a two -stage speed reduction unit coupled disec:ly 
to * e  drums. High and Xow position limit switches are driven directly 
from the forward drum and interrupt the respective hoist circuits. W i r e  
ropes of 15-millimeter diameter extend from each drum to a lifting beam. 
The lifting beam is equipped with automatic disengaging devices. 

The aluminum panel operatorts cab is weatherproof. It, has 
adequate window area for the operator's observance of hoisting and 
traveling. Entry to the cab is from a platform located in the vicinity of 
the side track or from the catwalk. 

Each trolley is fitted with an anti-collision device consisting of 
a separately towed four-wheel truck suspended from the monorail- The 
towed trucks are equipped with self-actuated brakes to maintain the cor- 
rect relationship with the trolley E r a &  Contact between a trolley am? a 
towed truck in front interrupts the drive motor current to the back trolley, 
thereby braking the unit, 

D. Structural Features 

The m d n  frame far the trolleys is a rigid welded steel unit, 
supporting the hoisting machinery and the cab. The frame is suspended 
f ~ o m  the trucks by double-pivoted joints to maintain uniform wheel con- 
tact on the monor3il while traversing on the curved portion of the track, 

E. Electrical Features 

The electrical equipment is suitable far auhdaor aperation and 
for the power source of 2301400 volt, 3 phase, 50 cycle current. The 
hoist and drive motors are of the totally enclosed- siip-ring type, 
1500 revolutions per minute. ball-bearing fitted,, with one hour rating. 
Holding brakes far hoist and trolley drives aye an integral part of the 
motors wirh special provisions to accommodate them. The Lowering 
speed of the hoist is controlled by under-syvnchranous braking, affording 
greatly reduced lowering speeds when desired- The hoist control is of 
the variable speed, reversing manual type 1~3th four speed points in each 
direction. The rraveling control is similar. 

Cab lighting and ventilation is provided and each trolley is 
equipped with a tai l  light and a 50-watt flood light. 

,Ail compownts and materials for the electrical systems are 
suitably designed for tropical exposur e- 
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C U P T E R  I 

GENERAL 

This part of the Design Report discusses the design of rod-  
ways, channel s, surface drainage, azd miscellaneous features. These 
items, though not major, are quite irnporturt in r n a t  ?hey provide 
essential protection or access to the ixajor project features. 

The design cf the roadways, channels, surface drahage, and 
miscellaneous features. while in no way difficult or complex, neces- 
arily required full attention to numerous derails to achieve adequate 
protection and convenient access at an economical cost. 

Details of the design, including purpose, location, and 
description of these various items, a r e  given in the chapters which 
folow.  



CKCkPTER I1 

ROADWAYS 

2.01 GENERAL 

The roadways provide access between the various structures 
of the project to existing housing and office buildings and to existing 
roads. 

The main access road begins at the northwest exranee to the 
project area where it connects to the existing road to Chandraghona and 
Chittagong. From &is paint it is routed under the cargo transfer strrrc- 
t u n ,  southeast dong the reservoir rim, across the ridge between the 
powerhouse and the intake structnre, southeast to the center of the main 
camp area, north to the diversion tunnel gate house where it swings to 
the east to crosz the main d a m  aad connect ta the spillway access bridge. 

The access road to the powerheuse leaves the main access rozd 
in a westerly direction and swings north around the high ground Between 
saddle dam No- 2 and the river to connect to the puwerho~se  p~rkrng area 
at Elevation 49 feet. Two access roads are provided to the switchyard 
from the main access road. One road is routed to the north side of the 
switchyard, and one to tbe east zide. An access road is provided to the 
northeast side of ihe intake structure from the main access road at a 
point where it swings to cross the ridge between the powerhouse and the 
intake structure- A short access road is provided from the main access: 
road at the left abutment of the main dam to connect to an existing tawn- 
site zoad. 

Access turnouts and driveways are provided where existing 
townsite roads intersect the main access road. [Exhibit 2, Part L shows 
layout of access roads.) 

C.  Description 

Concrete was selected fur the pavement because ix will require 
minimum maintenance ur*der the severe weather conditions of East Pak- 
istan* A flexible pavement woi;ld require more maintenance, md it 
would have been necessary to purchase special equipment for its con- 
struction- No addffiaod equipment was required to csorrstruct #be eon- 
mete pavement . 



The pavement is placed directly on the sub-grade where the 
sub-grade is sand. In areas where the sub-grade is compacted clay or 
shale, thepvment iS placed on a layer of compactedsand to provide 
positive drainage under the concrete and to prevent pumping action in 
the sub-grade under traffic. 

A width of 22 feet was  selected for the pavement on the main 
access road and the powerhouse access road to provide safe passing 
widths for traffic. A width of 15 feet was selected for all other roads for 
singhe lane construction as there was either no requirement for passing 
or the road connected to an existing narrow road. 

MI roads, except that across the main dam, have 6-foot \vide 
shoulders which are sodded to prevent erosion by monsoon rains, The 
shoulders provide parking areas for disabled vehicles and a protective 
zone for drainage structures which normally parallel the road. 

Xn cross-section the pavement slopes down 3 percent on both 
sides of the centerline for quick runoff of rain water to the gutters. The 
sub-grade slopes are parallel, to the pavement slopes to provide under- 
drainage. All1 horizontal curves hsve been super-elevated from 5 to 8 
inches. Changes of grades greater than one percent are made by 100- 
foot vertical curves- 

D. Design 

The rigid pavement was designed as an unreinforced slab with 
adequately restrained joints and edge thickening. Two thicknesses of 
pavement were selected, The roadway from the cargo transfer structure 
to the approach of the ridge between the powerhouse and intake structure 
(where heavy lumber hauling map be encountered) is 7- 112 inches thick, 
with an edge thickness of I1 inches. This section is adequate for 10,000 
to 12,000-pound wheel loads, and is the equivalent of heavily traveled 
rwal roads in the United States of America. The remainder of the access 
roads are 6 inches thick, with an edge thickness of 9- 112 inches. This 
section is adequate for 7,000 to 8,500-pound wheel loads, and is the equiv- 
alent of roads and streets carrying only occasioral wheel Loads of 8,000 
pounds and over in the United States of America. The thickness was 
determined from the following formula: 

where d l  = nominal thickness of pavelrent 

ti = center thickness of pavement 

te = edge thickness of pavement 

W = wheel load in pounds 

C = coefficient of sub-grade - taken as 1.00 



Expansion joints w e r e  placed at 12G-fo~t  intervals, and con- 
traction joints at 15-foot intervals. Details of joints were as recom- 
mended by the American Concrete Institute standards "Design of Con- 
ereto Pavements". Exhibit U-1 shows typical road sections and con- 
strrrction details. 

Where the roadway sub-grade is placed on fill, ',he fill is com- 
pacted to a density of 90 percent of Modified AASffO standards. 

2.02 GUTTERS AND CULVERTS 

A. General 

Gutters are provided to take care of rain water runoff and to 
provide drainage of roadway bases. In general, they parallel the road 
except in locations where the ground slopes away fram the roadwgy and 
the presence of runoff water is acceptable. Culverts are provided where 
i t  is necessary far drainage to cross the roadway. 

B. Description 

Two types of gutters were selected; local brick plastered with 
Porrland cement-sand mortar, and precast concrete blocks. The plas- 
tered  brick gutters were selected d-ming the early part of construction 
wheri i t  was expedient to install permanent gutters for protection and 
other rnater ials were not available. 

Precast block gutters were selected later, as they are similar 
to the @ttex=s and d r a i ~ s  used on the downstream slope of the main dam 
and casting forms were available. Two types of precast block gatters 
were used: type A, vee-shaped with 2.5-to-I side slopes; a d  type B, 
trapezoidal in shape with l- 1/2-to- 1 side siopes and a one-foot wide 
base .  In general, the @tiers fd low the road profile. mere the road 
profile is flat or reverse to the flow in the gutters, the minimum slope 
of the gCir;ter is 0.005 feet to the faat. 

The corrugated galvanized metal culverts are of either 18-inch 
diameter or 30 -inch diameter, depending on the estimated runoff. In 
=eas whex-3 it was necessary to maintain the grade in gutters and out- 
falls so high that proper burial depths for protection of the culverts was 
not ~oss ib l e ,  30-inch reinforced concrete box culverts were specified. 
, , I  culvert entrances have drop inlexs and are protected by head-wall s 
ax their outlets. The minimum slope on culverts is 3/  16-inch to +be foot- 



PART V1 

CHAPTER III 

SVRFACE DRAINAGE AND LANDSCAPING 

3.01 GENERAL 

With the exception of the powerhouse area, the majority of 
landscaping in the project was  determined by requirements for surface 
drainage. The intention was to give the job a neat and pleasing appear- 
ance, to provide controlled surface drainage, and to protect runoff slopes 
from erosion by heavy monsoon rains. 

The typical hills and deep pilies of the Chittagong H i l  Tracts 
in the area were leveled and filled to elevations varying from ELevation 
120 to 170 feet* Cuts for permanent featsres, other than hydraulic chaw 
nels, were made as steep as practical to prevent erosion by rain. The 
leveled areas at the tops of the cuts were  graded to carry surface drain- 
age away from the cut. These areas drain into the gutters paralleling 
the access roads, or into special  gutters provided Ea coLLect surface 
water. Discharge from the gutters is co~veyed by concrete chutes into 
the reservoir or the Karnduli  River. Where the chutes do not discharge 
directly into water, the outlet md is providec: wrth a small stilling basrn 
to dissipate the energy of the water, The ground at the outlet is further 
protected by riprap unless the material is hard shale. On steep slopes 
the chutes are anchored to prevent movement. 

The areas graded far surface drainage are sodded in the vicin- 
ity of permanent structures to prevent unsightLy erosion of the topsoil. 

3.02 SPECIAL AREAS 

A. Powerhouse 

The ridge between the powerhouse and the intske s 
graded to drain into the gutters paralleling the main access road to pre- 
vent surface drainage Irom flowing dawn the cut faces into the power- 
house or intake structure. The sandy material on top of the ridge is 
covered with a minimum of 12 inches of impervious top soil, and suddeb 
to present a pleasing appearance and to prevent ingress of rain water 
into the ridge. The berms around the powerhouse excavation are graded 
to the inside, and either provided with plastered-brick gutters or ditches 
to carry drainage away from the cuts to areas of shale outcrop. 

Special attention was given to the landscaping of the powerhouse 
area in order to harmonize with the architectural features of the power- 
house. The entire area between the tailrace xnd the river is graded for 
surface drainage to the river, sodded and planted with a m b e r  cf local 
trees. The concrete parking area is surrounded with a shrub border, 
which defines the area and compiements the planted areas zit either side 
of the main entrance (see Part FV, Chapter 11). 



The right abatment of the spillway rests against a cut in shale. 
To prevent ingress or" water and limit fall-outs from the steep slope, the 
swface at the top of the cut is sealed with impervious material and 
sodded. The area is graded to drain away from the cut into a gutter 
which discharges into the reservoir. 

C. Cargo Transfer 

The river bank under the cargo transfer structure consists of 
sandy materials with occasional shale outcrops. Construction berms in 
this area were graded to drain into plastered-brick gutters on the inside 
of the berm to prevent runoff from eroding the structure f~rm~dartions. 
The gutters discharge on shale outcrops. 



BaScEtLANEOUS FEATURES 

Two types of fencing were selected for w e  on the project. 
Galvanized chain-liak fences on galvanized pipe frames are installed 
in areas requiring maximum security, Barbed-wire fences on: con- 
crete posts are used in ail other fenced areas, 

The chain-fink fences are 2-inch mesh with 9-gage galvan- 
ized wire stretched tightly over, and clamped &o, 2-inch minimum 
diameter jplvanized steel posts, aominally spaced at I 0-foot centers. 
The bottoms of the posts are encased in concrete for marim- rigidity. 
Chain-Link fences are provided with gates where required for access. 

The barbed-wire fences are 5 feet high with galvatrized 12-gage, 
4-point hog wire stretched, at 6-inch spaces, an triangular concrete 
posts set nominally at 12-foot intervals* The posts are set 3 feet deep 
in the ground, Strain, corner, and angle posts are set in concrete. 

B. Location 

The switchyard is completely fenczd with a 6-foot bigh chain- 
link fence, with angle arms at thc tops of the fence posts suspending 
3 slands of barbed-wire. A 14-foot wide gate is provfded for access 
an the north and east sides of the yard, This fence prevents miauthor- 
ized persons from entering the dangeruus high-voltage area of the 
switchyard. 

A 5-foot high chain-link feace is placed across the powerhouse 
access road near the p6werhoa.e parking area to regdate entry into the 
area. The feace is provided with a 20-feat wide gate for access of 
vehicles, and a 3-foot wide gate fur access of pedestrians. A barbed- 
wire fence is connected to each end of the ebb-link fence at the approach 
to the powerhouse, and is extended to enclose the entire pawerhouse area 
to prevent entry of animals and unauthorized persons. 

Four-foot high chain-link fences were pfaced at each end of 
tbc tFansfoFmer deck to deter entry into the dangerous high-voltage 
area by unauthorized persons. Three-foot wide gates are ptovided in 
each fence for access to the transformer deck, and a 14-foot wide gate 
is provided in the south fence to &law movement of the ganlg crane 
and the transformers. 
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house across the main d a m  to the spillway right abutment to prevent un- 
authori~ed entry into the project in this area- and especially to prevent 
handling of cargo over the main dam. A barbed-wire fence is placed zt 
the top of the cut on the right abutment of the spillway as a safety precaution- 

4.02 GUARD RAILS AND CURBS 

A grrard rail is provided on the ridge between the powerhouse and 
the intake structure to prevent vehicles out of control from plunging into 
the powerhouse. The guard rail is of the stzmdard flexible-beam type made 
from 12-gage galvanized metal. The rail is bolted tu 8-inch square rein- 
forced concrete posts set 4 feet deep at f 2.5-foot centers, The center of 
the rails is 18 inches above ground level. 

Eighteen-inch high reinforced concrete curbs are provided on 
both sides of the main access road acro-s saddle dam No. 2 to a paint 
south of the intake structure* The fiU in this area is tw tzarrow ta allow 
placement of the usual side gutters- The curbs prevent road drainage from 
eroding the embankment.. They also provide protection against vehicles 
running off the embankment, 

4.03 MISCELLANEOUS BUILDINGS 

Miscellaneous small buildings have walls of local brick and floors 
and roofs of reinfarced concrete, The walls  are plastered inside arrd out 
with Portland cement-sand mortar. Four of the buildings house fire-fight- 
ing equipment, two at the powerhouse and two art the switchyard. TWO of 
the buildings on the downstream slope of the dam house the horizontal 
piezometer gages and related equipment. One building houses the emer- 
gency diesel  generator near the spillway right abutment, 

The tailrace channel was excavated in shale with near-vertical. 
sides. The channel was lined with concrete for a distance of 50 feet down- 
stream from the powerhouse for protection against erosion of the shale 
surfaces, The base slab of the firring is 12 inches thick and is divided Ery 
longitudinal contraction joints at 35.5-foot spacing. The top face of the 
slab is nominally reinforced to prevent cracking due ta temperature and 
shrinkage stresses. 

The fining on the side cuts is approximately l2 inches thick and 
extends from 'he base slab to Elevation 26.0 feet. It is anchored by No. 8 
reinforcing b a  grouted into the shale at 6.0-foot centers. Weep holes at 
4.0-foot centers sere formed in the lining to prevent unbalanced kyclro- 
static pressure between the shale and the lining, Both faces of G r z  side 
lining were  nominal1 y reinforced. 

On the Left side of the channel above the lining, rock anchors were 
installed at 6.0-foot centers up to Elevation 46-0 feet to prevent fallouts. 
The full shale face was similarly anchored for a distance of XQO feet U U ~ -  "- 
stream from the end of the fining. 

On the right side of the channel, rock anchurs were mstaUed 2t 
6,o-foc)t centers up to Elevation 22.0 feet aku for a distance of LOO feet 
dawnstream from the end of the lining. 
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