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UlTRODUCTION 

Each of the 18 river outlets in the spillway lection of Shasta Dam 
is provided with a single valve to accurately control the quantity of 
water released into the Sacramento River. A coaster gate is used to 
close the intake of any one of the passages for servicing and inspec
tion of the control valves and conduits or for emergency closure in 
event of failure of a control valve. 

In simplicity, the coaster gate is a rectangular steel structure 
with a skin plate riveted to the downstream side of horizontal beams 
which are supported by vertical girders and mounted on roller trains, 
Figure lA. In operation, the gate is lowered by its own weight in 
guides on the face of the dam. The outlets are arranged so that 
14 sets of guides serve all 18 of the conduits, the 4 lower ones being 
served by the same guides as 4 in the intermediate tier. The coaster 
gate includes a device for eng�ing the stops to center the gate in 
front of a:ny predetermined passage. 

Metal covered rubber "music-note" seals are provided on the down
stream side of the gate to contact the fixed seat on the face of the 
dam after the gate is in the closed position. Advantage is taken of 
the pressure differential across the gate to force the seals against 
the seat when the gate is closed or to retract the seals while moving 
the gate. This is accomplished by connecting a water passage immedi
ately upstream from the 1

1music-note 11 seals to the reservoir pressure 
or the reduced pressure on the downstre� side of the gate by a two
way valve actuated by overtravel of the hoisting stern. 

Normally, the gate is operated under balanced hydrostatic 
pressures with no flow through the outlet, however, design requirements 
were dictated by the concii tions existing during an emergency closure 
under maximum head. Under these conditions the gate is subjected to 
large unbalanced pressur�s. The increase in velocity under the gate 



A - Coaster Gate and Handling 
Equipment for River Outlets. 

B - Strain gages for measuring forces on coaster gate. 

SHASTA DAM 
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causes a reduction in pressure and creates a downpull force. The 
magnitude of this force could not be neglected 1n the design of the 
handling equipment which was limited by the permissible load on the 
bridge across the spillway. The.force could only be approximated 
analytically since the pressures on the bottom of the gate are a 
function of the flow velocity,. the shape of the bottom of the gate, 
and the gate opening. The value of the downpull force is therefore 
dependent upon the velocity distribution an� flow pattern underneath 
the gate, since the pressure reduction at a:ny point on the lower 
portion of the gate is equivalent to the velocity head at that point. 
Accordi�ly 

I a hydraulic model was utilized t.o evaluate the hydraulic 
forces • .!/ These studies also enabled the development of a new shape 
for the bottom of the gate which together with a properly shaped 
recess in the face of the dam above the inlet to the conduit, reduced 
the downpull force to a safe value. Numerically, this reduction was 
from 260,000 to 70,000 pounds. 

,To minimize the vibration caused by. low pressures in the outlet 
entrance at partial gate openings, provision was made 1n the prototype 
structure to admit air to the area immediately downstream from the 
coaster gate. The size of the air supply line was established at 
10-inch diameter as a result of investigations, on a hydraulic model.Y 

During the initial tests of the tube valve at Shasta Dam, advantage 
was taken of the opportunity to measure the downpull force of the coaster 
gate, the pressure developed inside the conduit, and the max:µqum 
quantity of air admitted to the downstream side of the gate.J./ Emergency 
conditions were represented by operating the coaster gate over the 
lower river outlet through Block 45 with the tube valve 98 percent open. 
(The valve was not operated at the wide-open position because of the 
severe vibration encountered dur.iug the test of the' tube valve.) 

SUMMARY 

The maximum hydraulic downpull force acting on the coaster gate 
for the river outlets was found to reasonably agree with the value 
determined on the hydraulic model. The recess provided in the face 
of the dam immediately above the entrance to the outlet was effective 
in equalizing'the forces on the upper horizontal seal assembly. 

!/Note: Numbers appearing, such as Y above, refer to the 
numbered references listed at the end of this report. 
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However, contradictory to the prediction, this balancing action also 
occ urred at the smaller gate openings causing an uplift force. This 
force was of insufficient magnitude to prevent satisfactory,movement 
of the emergency gate. 

The field test also included measurement of the quantity of air 
entering the outlet immediately downstream from the gate together 
with the pressure developed in this region. Although these data are 
not directly comparable to the laboratory results which revealed 
pressures sufficiently low to indicate dissimilarity between the 
hydraulic model and its prototype, the information will be of value 
in future design problems of similar nat-..1re • 

Incidental to the scheduled program, manipulation of the gate 
prior to _the test resulted in dam,age to the 11music note 11 seals. 
Accordingly, a description of the impairment together with the apparent 
reason for the malfun'ctioning is included for application in similar 
problems. 

TEST EQUIPMENT 

To evaluate the downpull force, the strain was measured by use of 
an SR-4 bonded resistance wire strain gage, Type A-5, mounted on the 
gate hoisting stem. The change in the resistance of the strain gage 
was measured by a.n instrwnent known as a Portable Stra1n Indicator 
manufactured. by the Baldwin-Southwark Division of the Baldwin Locomotive 
Works in Philadelphia. The meter consists essentially of a Wheatstone 
bridge with� galvanometer together with variable resistors to 
maintain the balance of the·bridge. 

A second strain gage of the same type was secured to a dummy bar 
placed adjacent to the hoisting stem, Figure 1J3. By using this dummy 
gage, a twofold purpose was accomplished: (1) all effects of tempera
ture were automatically balanced out; and (2) the two resistance arms 
of the bridge were made more mearly identical. The wiring plan for 
the two gages and meter is shown on Figure 2. The gages were water
proofed with cold-applied mastic developed by the Chemistry Laboratory 
f�r concrete joint filler. 

The position of the gate was ind_icated by utilizing an engineer I s 

chain secured on a cable with onP. end anchored to the coaster gate and 
kept taut by a counterweight at the free end. This cable was rigged 
in such a way that the chain passed over the bridge across the spillway. 
The strain indicator and chain were grouped together permitting the 
recording of the data with a 35-mm motion picture camera operating at 
the approximate rate of 3 frames per second. A stop watch was included 
in the picture area to verify the clocks in the metering instrument. 
Figure 3 is an enlargement of one of the frames of the motion picture 
film. 
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Simultaneously with the determination of the strain, the maximum 
q\tantity of air admitted immediately downstream from the coaster gate 
was ascertained by utilizing a Cole Pftometer manufactured by the 
Pitometer Log Corporation, New York. The orifice tips of the instru
ment were placed in the center of the 20-inch-diameter pipe which, by 
means of a manually controlled valve, was connected to the 10-inch pipe 
leading to the crown of the conduit immediately downstream from the 
entrance, Figure 4. A recording was also made of the mtnimum pressure 
in the outlet by observing the maximum deflection of a mercury U-tube 
connected to a piezometer on the left end of the horizontal axis 
17 inches from the face of the dam. 

TEST PROCEDURE 

The test was performed by starting with the coaster gate in the 
closed position (tube valve 98-percent open). The observations of 
strain, air velocity, and pressure were made while raising the gate to 
a position several feet above the entrance to the outlet where unbal
anced hydraulic forces no longer acted on the gate. Strain measurements 
were again recorded while lowering the gate to the sealing position. 
The head on the centerline of the conduit during the manipulation of 
the.gate was 26.5 feet compared to the maximum design head of 323 feet. 

During the performance of the test. the balance of the galvanometer 
in the strain indicator was maintained manually without difficulty� A 
continuous record of the strain· and gate position was obtained with 
the J.5-mm motion picture camera. 

TEST RESULTS 

The relation between the readings of the strain indicator, gate
position chain, and time shown on Figure 5 was obtained from the motion 
picture filmo The gate opening, expressed in percent, represents the 
true opening after allowing for the lip of the gate shown in the sketch 
on Figure 6. 

To convert the strain into force in pounds, the strain indicator 
was read. with no load on the hoisting stem ( the gate resting on the 
stops) and while the gate was suspended in still water. The difference 
L1 these two readings was 89 uni ts. Then by knowing the weight of the 
gate in air, it is possible to compute the force in pounds represented 
by a single unit of the strain as follows: 
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Weight of gate in air = 92,527 pounds 
' 

Specific gravity of steel = weight in air 
wt. of equal volume of water 

7. 83 - -----'9=2..,.. 5=2�7 ____ _ 
wt. of equal volume of water 

Weight of equal volume of water = 92,527 = 11 817 
7.83 ' 

By Archimedes • principle: 

Wt . of gate submerged = wt. in air - wt. of equal volume of water 

= 92,527 - 11, 817 = 80 , 710 pounds 

Hence, S0,7lO = 907 pounds = one unit of the s train indicator.  
89 . 

The two examples On Figure 5 further illustrate the procedure in 
obtaining force from the strain-gage readings. 

I t  should be realized that the accuracy of the test results is 
dependent upon the weight of the coaster gate in air. This weight 
can be computed , however, the tolerances allowable will introduce 
errors of unknown value. Accordingly, the weight of 92 , 527 pounds 
was assumed as correct since this value is shown, exclusive of dunnage, 
on the itemized list of materials which accompanied the bill of lading 
for shipment of the gate. This weight is presumably the result o: 
Paragraph 25 of Specifications No. 1682-D which states in part, " the 
contractor shall, in the presence of the inspector , weigh all finished 
materials on the most accurate scales available, and a complete list of 
such net weights, exclusive of boxes , crates , or skids, shall be 
furnished to the contracting officer. "  

A discrepancy in the gate position indicator occurred during the 
initial part of the test due to failure of releasing the brake on the 
hoist used to lower the counterweight on the cable supporting the 
engineer ' s  chain. The sud.den jerk on the line when the brake was 
released caused a ,shift in the zero of the tape, which was corrected 
by observing the reading when the gate was lo,,,ered to the stops at the 
completion of the test.  

A second inconsistency was apparent in that the strain increased 
approximately 30 poin ts while the gate was suspended above the opening 
where balMced pressures existed. An' additional increase of 6 points 
occurred during the closing cycle as evidenced by a comparison of the 
strain with the gate resting on the stops at the conclusion of the 
observations with that existing at the start of the test.  Accordingly , 
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the portion of the curve expressing the relation of strain to  gate 
position during the closing cycle was lowered approximately 36 points 
to obtain the true value. The relation between strain, gate position, 
and time after correcting the inconsistencies is apparent from Figure 5.  

The increase of  36 points in  the strain can only be attributed to 
the occurrence of a ieak in the insulated wire permitting water to 
contact the electrical conductor, thereby increasing the resistance. 
This condition is further exemplified by the fact that the first entry 
of water would cause the greater increase in resistance corresponding 
to the 30 points while increasing the length of the electrical conductor 
in contact with moisture would cause a lesser change in the resistance 
resulting 1n the 6-point value. 

From the data obtained, it is possible to evaluate: 

a. The friction force 

b. The hydraulic downpull force acting on the gate 

c. The maximum quantity of air supplied to the downstream 
side of the gate and the minimum pressure in the conduit 

• 
These three items will be discussed in the o�der listed. · 

The Friction Force 

From the following, it is apparent that one-half of the difference 
between the forces during the closing and opening cycle represents the 
force to overcome frictiont 

opening force = net thrust + friction 
closing force = net thrust - friction 
opening force - closing force = 2 friction 

or friction = opening force - closing force 
2 

The relation between the friction force and gate opening is shown on 
Figure 6.  All forces shown in this repor t are based on the maximum 
design head of 323 feet by increasing the values actually measured on 
the prototype structure by the ratio of;, m. In analyzing the results,  
it must be assumed that a linear relatiofii�ip exists between the stress 
developed on the periphery of the hoisting stem and the total fo.rce 
acting on this member, and further, that a similar relationship exists 
between the deforme,tion of the strain gage and its resistance. 
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The Hydrauli"c Downpull Force Actin� on the Gate 

The hydraulic downpull force was obtained by eliminating the forces 
due to friction and the weight of the gate. The relEitionship of this 
force to gate opening 1s  sho\-m on Figure 6. To permit comparison , the 
curve determined from observations on the hydraulic model is shown on 
the same plo t. It  may be seen that the maximum drawdown is 59 , 000 powids 
of 11,000 pounds less than predicted. This variance of appr9ximately 
15. 7  percent is not greater than should be expected for this type of 
measurement • 

The characteristic of the curve determined on the prototype is 
different than the one obtained from the model at gate openings of 55 
to 65 percent. The reason for the nonsimilarity is not apparent but 
is relfJ.tively unimportant in this region. However , the peculiar 
characteris tic of the curve may have been caused by a mechanical 
condition resulting in a very small fric tional force. In fact, the 
prqtotype data showed a negative friction force between gate openings 
of 67 to 73 percent which indicated that this force was less than the 
accuracy of the measurements. 

I 

Considerable variation exis ts between the model and prototype 
downpull ·curves for gate openings of 12 to 45 percent, due to the effect 
of the recess in the face of the dam immedia tely above the entrance 
to the outlet. As previously stated, this recess was one of the two 
design methods utilized to reduce the downpull force to a minimum i 
the other one being a lip on the bottom of the gate. The purpose of 
the depression was to balance the hydros tatic pressure on the upper 
horizontal projected seal assembly. Without such a recess the 
pressure on the lower side of the seal assembly would be low,  the same 
as the pressure in the outlet entrance, hence the s tatic pres sure on 
top of the projection would exert a downward force increasing the 
total downpull. At the smaller gate openings, however , the model 
demons trated that a negative downpull 01 uplift force existed which 
together wi th the fric tion force might prevent the lowering of the 
coaster gate. To avpid this  condition, the recess was tapered so that 
as the gate closed the recess would begin to lose its effectiveness  at 
an opening of 45 percen t and become entirely ineffective at an opening 
of 20 percent. I t  is apparent that the receRs would also lose its 
effect at gate openings larger than approxima tely 80 percent since 
the lower horizontal projected seRl assembly would then occupy a 
position causing unbalanced pressure. 

Referring to Figure 6, uplift forces did exist  indi�ating that the 
reces s did not begin to los e  its effectiveness until the gate was 
lowered to an opening of approximately 20 percent. This exemplifies 
the possibility of encountering a condition preventing the closure 
of a gate without. applying mechanical forces in addition to the dead 
weight. 
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The portion of the model curve representing downpull for gate 
openings les s  than 45 percent is indicated as a dotted line inasmuch 
as the recess corresponding to the prototype structure could not have 
been duplicated on the hydraulic model without a major structural revi
sion. Accordingly, the downpull forces in this region were predicted 
from a general study on the hydraulic model utilizing recesses smaller 
than desired. 

The Maximum Q;uant.ity of Air Supplied to the Downstream Side of the Gate 
and the Minimum Pressure in the Conduit 

The maximum quantity of air flowing into the outlet adjacent to 
the coaster gate was evaluated by utilizing a cole pitometer with the 
orifice tips located in the center of the 20-inch pipe. The deflection 
obtained in a water manometer connected to the instrument permitted the 
determination of the air velocit1 in the center of the pipe. This 
velocity was computed as follows : 

Diff. head of water manometer � 0. 69 foot 

Dry bulb • 65° F = 18. jo C 

Wet bulb : 60.5° F = l.5.8° C 

Barometer c 29.4" = ?4?-mm mercury 

De�sity of moist air , 

D • 1. 2929 (273,13) (B-O.J783e ) 
T 760 

where T = absolute temperature 

B = barometric pressure 1n mm of mercury 

e = vapor pressure of the moisture in the 
air in mm of mercury 

D : 1 . 2118 (747 - 0. 47) = 1. 2118 (0.982)· 
?60 

= 1. 19 grams per liter 

D = 1. 19 (28131?) = 0.0?43 lb/ft3 
453 • .5 
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62,4 (0. 69 ) = S?9.49 ft  of air = h 
0. 0743 

V : ./2gh 

V : .j64. 32(S?9.49) = ,,./37272. 7968 

= 193. 06 ft/sec 

Pitometer coefficient by extrapolation of rating curve supplied 
by Pitometer Log Corporati�n = 0. 809 

True V = 193.06(0. 809 ) = · 156. 19 ft/sec. This value represen ts 
the velocity at the center of the 20-inch-diameter pi�*'J·  The 
average _velocity is chosen as 0.873 times the maximum!i/ , or 
1S6. 19( 0. 8?3) = 136. 35 ft/sec 

Inside diameter of 20-inch pipe = 19. 182 inches 

Area of 20-inch pipe = 1/4 11 ( 19. 182) 2 

12 

= 2.007 sq ft 

� = 2. 007 ( 136. 35 )  = 273. 55 cu ft/ sec 

The minimum pressure developed in the outlet immediately downs tream 
from the gate obtained by means of a mercury U-tube connected to the 
piezometer, previously described , was recorded as -22 . 98 feet of water. 
At firs t glance ·it appears that the maximum quantity of air was flowing 
since the pressure in the conduit was con siderably les s than one-half 
atmosphere. However, when the losses are considered in the air supply 
line, it becomes apRarent that the velocity measured in the 20-inch 
duct with the i:fole §itometer is essentially correct. Writing 
Bernoulli ' s  equation between a point in the gallery at the s tar t  of the 
3-foot 8-inch duct, Figure 7, and a point 1n the outlet where the 
pres sure was measured reveals that the head required to produce the 
flow is  approximately the same as the available head. The following 
computation verifies this  s tatement. I t  is assumed that all of the 
air enters the intake 1n Block 46 which i s  much closer to the outlet 
tes �ed. No o ther outlets were operating during _the test 

q = 273.55 cu ft/ sec (measured) 
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·. 

Losses in 3-foot 8-inch duct ,  
v2 

t 0 . 50 31 -8"  en ranee = -
2g 

v
2 

0 0 . 15 3' -8" 1-90 · elbow • -
2g 

v2 
1-30° elbow :;;; 0 . 11 3' -8" 

2g 
v2 

friction = f � 3' -8" = 
D 2g 

v2 
0 . 012 _.2Q 3' -8"  

3-bb? 2g 

v2 
: 0 • 29 . 3 I -8 II 

2g 

v2 
total loss 

= 1 05 3' -8" 
• 

2g 

V3 1 -8 11 
= 

2i6:�� =- 25.9  ft/sec
. 

Losses in 20-inch duct , 
I v2 

entrance = 0.50 _.?.Q 
2g 

v2 
- 2-45° . elbows = 0.24 _.?.Q 

2g 

v2 
friction = 0.012 ?O _2Q. 

1. 625 2g 

v2 
= 0 . 52 __gQ_ 

I 2g 

v2 
total loss = 1. 26 _2Q. 

2g 

V • 273 •55 • 136. 30 ft/sec 20 2. 007 
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Los ses in 10-inch duct , 
2 

V 10 entre.nce = 0.50 
� 

v2 

2-90° elbows = 0 .80 _1:Q. 
2g 

v2

10 gate valve = 0. 10 2g 

v2 

1-75° elbow = 0. 15 _!Q. 
2g 

v2 

2-45° elbows = o.'24 -1:Q. 
2g 

v2 

friction = 0. 012 

v2 
36 10 

O. 8 3.5 2g° 
= 0 . 52 _lQ 

2g 

v2 

to tal loss = 2. 31' _1:Q. 
. 2g 

- 273 .55 
VlO - o .54?6 = 499.54 ft/sec 

Total of los ses in J-foot 8-inch, 20-inch, and 10-inch ducts, 

H' = 1.05 
v2 v2 v2 

J
' -811 + 1 26 _£2. + 2 31 _1:Q. 2g • 2g • 2g 

_2 ___ 2 ___ 2 

H 1 - 1.05 � + 1 26 lJ6.30 + 2. 31 499.54 
2g . • 2g I 2g 

H 1 = 9336. 92 feet of air 

Head required to produce the discharge of 273.55 cfs, 

y2 ___ 2 
H = 9336.92 + _1:Q. :  93�6.92 + 499.54 

2g · -' 2g 

m 13 , 216. 59 feet of air 
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The available head is the difference between the atmospheric pres sure 
and that in the outlet 

t
hicil was -22.98 feet of water. Hence, the 

available head = 22•98 62• ) = 19 299 feet of air Therefore the . 0 07 1 ' • • 
available head is gr�atet than that required to produce the discharge 
of 273.55 cfs. However, the discrepancy is relatively small as 
demonstrated in the following computation assuming a discharge of 
330 cfs. The losses in terms of the velocity head will remain 
unchanged. 

Accordingly, 
v2 

H '  = 1 05 3' -B" 
• 

2g 

H '  = 

V3 ' -8" = f8�,6 = Jl. 25 ft/sec 

= 330 v20 2.007 

VlO 
= J30 

0 • .5476 

l 05 31,25 
• 2g 

2 

= 164. 42 ft/sec 

= 602. 63 ft/sec 

2 

+ 1 26 164. 42 • 2g + 2.31 60;�63 

= 13,588. 22 feet of air 

Head r equired to produce the discharge of 330 cfs, 

v2 
H = 13,588. 22 + 

2
!0 = 19,234. 41 feet of air 

2 

This head of 19, 234.41 feet · of air to produce a flow of 330 cfs compares 
favorably with the available _head. The difference between the measured 
discharge of 273. 5., and 330 is approximately 17 percent which is within 
the expected accuracy of the results. 

As previously stated the pressure in the conduit at the piez6meter 
located at the left extremity of the horizontal axis 17 inches from the 
face of the dam was -22. 98 feet of water . The pressure determined in 
the 1 : 17 scale hydraulic model under similar condit ions of head was 
-3. 75 feet of water indicating that vapor pressure would be obtained 
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on the prototype. This apparent dis similarity between the model and 
prototype is readily explained when consideration is given to the fact 
that aey quantity of air admitted in the prototype structure would 
expend and prevent the attainment of vapor pressure. Hence . it is not 
possible to attain vapor pressure if any air is admitted. The fact that 
the usual similarity between model and prototype does not exist under 
this condition has been recognized for several years . but very little 
information has been obtained to bridge this gap. 

During the design studies it was not intended that the quantity 
of air admitted on the downstream side of the coaster gate would be 
sufficient to prevent the formation of pressures conducive to cavita
tion,  since the duration of the infrequent operation o f  the coa.ster 
gate under emergency conditions would. be insufficient to cause damage. 
The function of the air was to prevent excessive vibration. 

The audible sound which occurred in the gallery adjacent to the 
coaster gate during the represented emergency condition revealed that 
cavitation did occur . The magnitude of this sound can best be described 
as being sufficient to prevent conversation at any possible voice 
level. However , there was no indication of excessive vibration. 

THE "MUSIC  NOTE" SEALS 

Previous to the conduct of the test of the coaster gate the "music 
note" seals had been damaged fnd removed from the gate. Since the 
guards,  Parts 8S , 9sR . and 9S . Figure 8 . were in place . the space 
between the gate and the seal seat on the face of the dam was only 
sl ightly greater then with the seals i_n place. Th i s  factor could not 
conceivably affect the inagnitude of the maximum downpull force but 
could possibly result in a lower gate position at the point where the 
recess  became ineffective. However , any effect due to the absence of 
the seals is considered to be negligible.  

The circumstances surrounding the damage of the "music note 11 seals 
were not a part of the testing procedure, but the facts are stated to 
as si'st the designing engineer in future problems of similar nature. 

· Prior to the failure of tlie seals the gate had never been operated 
with unbalanced pressure , but upon completion of the work inside the 
lower river outlet in Block 45 preparatory to studying the hydraulic 
features of the tube valve the coaster gate was raised approximately 
2 feet with balanced pressure . then completely lowered with unbalanced 
pressure. After again balancing the pressur e the gate was raised to 
the surface .  The purpose of this manipulation was to 'ascertain if the 
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rollers turned properly , as some doubt existed relative to the ability 
of the rollers to turn 1n their rusted condition. The failure of a 
roller to  func tion could be determined by inspection after the gate 
was placed on top of the dam. 

An inspec tion revealed that the roller trains performed satisfactorily , 
but the metal sheath (Par t 15S, Figure 8) . had been completely torn 
from the top horizontal seal , and the rubber seal was torn or cut 
for a dis tance of 3 · feet from the right end (facing downstream). 
The bottom horizontal metal sheath was bent completely out of shape, 

c severed in the center , and merely hanging from the two ends. The 
upper 18 inches of the two side sheaths had been smashed. 

• 

It  is significant that  the bottom . sheath was rolled upward 
revealing that the damage had occurred while the ga te was being lowered. 
The flattened portion of the side sheaths indicate that the upper por
tion of the side seals which were above the seat  on the face of the dam 
were extended while lowering the gate with unbalanced pressure and that 
the force against the seat as the gate lowered was great enough to 
smash the sheaths. Hence � it can only be concluded that the seals 
were protruded when the ga te was operated with unbalanced '!)res sure. 

The failure of the seal� to retract because of faulty operation 
of the seal actuator ass�mbly cannot be considered . as  inspection by 
projec t personnel revealed that the apparatus was in proper working 
condition ; therefore, it must be assumed that  the "music note" seals 
were extended because of h:,rdraulic forces. I t  was noted that the 
portion of Parts 17S and 18S which contact the flexible sea�, 
Figure 8, was crooked. and hence , a continuous contact could not 
conceivably be obtained. This factor alone would prevent retrac tion 
of the seals by admitting re'servoir pressure to the channel behind the 
seals. 

There are two obvious reasons which may have cont1•1buted to the 
failure of the springs (Parts 17s and 18S) to seal the chamber 
immediately behind the seals : ( 1) �teel wa s used ins tead of brass 
because of the critical material situation impoaed by the recent war; 
and ( 2) the tolerances maintained during the assembly of the mechanism 
may not have been as rigid as des ired • . The importance of the latter 
fac tor canng� be overemphasized and was demonstrated in the hydraulic 
model stuey:U made in connection with the design of the gate seals. 

I t  should be pointed out that the seals under consideratio� are 
obsolete, since 1n later designs the me tal sheath has been replaced by 
a brass section welded to the rubber to prevent extrusion. Altho� 
this new type seal may minimize the possibility of extrusion of the 
rubber, it is not conceivable that  its performance will be materially 
different than the one described for Shasta Dam unless the channel 
behind the seals is closed to enable the development of a low pressure 
to retract  the seals. 
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The leakage past the coaster gate while the work was being performed 
preparatory to testing the tube valve was insignificant, but proj ect 
personnel ad.vised that on all previous occasions the leakage was quite 
high, impeding access to the interior of the conduit. I t  is quite 
certai� that at least a portion of the difficulty in obtaining a good 
seal was due to the presence of construc tion debris such as pieces of 
reinforcing steel left in the entrance to the outlets prevented proper

1 
action of the seals. However, this factor would have no bearing on 
the failure of the seals to retract. 

RECOMMEUDATIONS 

Because of the wide variation of the hydraulic forces acting on 
the prototype coaster gate compared to those determined ·on the 
hydraulic model between gate openings of 12 and 45 percent, additional 
laboratory study is desired to evaluate the effect of the recess. This 
information is particularly desirable since the model s tudy did not 
include the recess corresponding to the field struc ture due to the 
necessity of abandoning the model for more urgent work b efore. making 
major alterations involved in constructing the recess. The investi
gation should also include other gate-seal assemblies not influenced 
by the desire to utilize materials on hand. A third important factor 
which could be beneficially evaluated is the relation of the quantity 
of air admitted on the downstream side of the gate to the hydraulic 
downpull forces. 

Such a program properly integrated with field observations on 
existing s tructures would undoubtedly provide more tools for the 
designer. The inauguration of the s tudy should be preceded by a 
thorough investigation of work previously performed on similar gates 

with particular reference to the Corps of Engineers. Department of 
the Army, wh'ioh is lmown to be  confronted with similar design problems • 
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