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D E P A R T m N T  OF THE INTERIOR 
BUREAU OF RECLAMATION . 

. Branch of Design and Construction Laboratory Report No. Hyd- 3 1 1 
Research and Geology Division Hydraulic Laboratory 
.Denver, Colorado Compiled by: W. C. Case . July 31, 1951 Reviewed by: J. W. Ball 

Subject: Hydraulic Laboratory tests of seals for high-head*, coaster and 
fixed wheel structural steel gates. 

PURPOSE 

(a) Determine the manner of the failures of the bottom "music-note" - 
type rubber seal on high head coaster and fixed-wheel gates and 

(b) To develop a satisfactory seal. 

CONCLUSIONS 

1. The hollow bulb music-note seal  (Figure 2A) with or  without a brass  
bulb shield, cannot structurally withstand the forces to which subjected 
during emergency closure s f  these gates at heads as low a s  40 feet (Figure 
12). During closure under emergency conditions, the bulb of the bottom 
seal takes an elliptical shape due to the water forces and is pinched in a 
scissor action, between the seal seat on the face of the dam and seal  stem 
clamp plate on the gate, thus pulling the seal off the gate (Figures 5 a d  6). 
The seal behavior is unsatisfactory with or without a seal bulb retraction . 
system (Figures 17 and 18A). 

2. The solid bulb music-note seal  without the brass  shield shown on 
Figure 2B is somewhat better than the hollow bulb seal, but it is also too 
easily deformed by the water forces (Figure 14). The seal bulb is pinched 
a t  heads as low as 60 feet. 

3. The solid bulb music-note seal with a 90' b rass  shield on the bulb 
is the best design of the music-note type of seal  tested (Figure 2B). 

4. The solid bulb music-note seal with a brass  shield on the outside . 
of the seal stem which continues around the bulb (Figure 16) makes the 
seal  too rigid, a s  the seal bulb did not reach the seat at  the larger seal- 
to-seat gaps, 1/8 to 1/4 inch. When the seal  stem bends; the brass  shield . tends to stay bent (Figure 16B). Further, the seals tested had very poor 
rubber-to-brass bond and bending often caused separation. 

5. The principal undesirable feature of the solid bulb music-note seal 
is that the single stem does not provide adequate position control of the 
bulb which "hinges" freely on the single stem. - 

*Arbitrarily defmed as 100 feet or more. 
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music-note type of seal. TWO stems provide adequate position control 
of the sea l  bulb. However, i f  a corner exists at the top of the seat 
bevel, this seal without a 180° brass  shield is unsatisfactory because 
at zero seal-to-seat gap, 195-foot head, and the bulb extended continu- 
ously (no retraction), the bulb is pinched (Figure 26A). 

7. Brass  seal  stem reinforcing plates can be molded satisfactorily 
into the double-steam seal  (Figures 2 3  and 29) to increase the seal 's  
resistance from being pulled off the gate, but the resulting seal  stem 
is too stiff for acceptable seal  operation; i. e. , retraction w a s  poor 
and the bulb did not seal  a 1/4-inch seal-to-seat gap at 195-foot head. 

8. Fo r  both the solid music-note and the double-stem seal a 
1/ 16-inch brass  shield bonded 180' around the seal bulb is desirable 
to maintain the seal  bulb shape during gate closure, to aid the seal  
to slide past the upper corner (if present) of the seat bevel (Figure 3), 
and to reduce the gate's frictional force against the seat.  

9. Based on visual observations, a slotted, 180' b ra s s  shield 
bonded to the double-stem seal  is a s  an effective seal  as one without 
the shield (Figure 27, View x-x). 

10. The double-stem seal  assembly, Design No. 1 shown in Figures 
39 and 40A, which uses no stem-attaching screws, is unsatisfactory 
because the seal-to-seat gap that can. be sealed is limited and during 
retraction the seal  bulb section twists noticeably and the lower stem of 
the seal  buckles (Figures 40B and 41). 

11. The double-stem seal  assembly with molded circular sections 
on the stem ends and which uses no stcm-attaching screws, Design No. 2 
s'riuwn in Figure 42, I s  the most promising of all  seals tested. It 
sealed a zero to 1/4-inch seal-to-seat gap at 195-foot head, with or  
without a 1 80° brass  bulb shield, and with or without seal  bulb retraction 
provision in the gate; i. e . ,  without a brass Shield, the seal  bulb did not 
get pinched as did the double-stem seal referred to in Conclusion 6. 

1 2 .  Automatic retraction and extension of the seal bulb, using 
existing gate parts for hydraulic control points, w a s  satisfactorily 
achieved in the laboratory for both the solid music-note and d'ouble-stem 
bottom seals  (Figures 20 and 38). 

13. An adaption of the double-stem seal  to function similar  to the 
music-note type seal provides a promising seal for the bottom of the 
Shasta Dam penstock and river outlet gates (Figure 34). The seal of 
conclusion 11 is preferable, but it  can not be installed for the bottom seal  
of the Shasta gate because of space limitations on the gate. 



1. Smwthly blend the seal-!;eat bevel with the surface of the penstock 
or  river outlet entrance on future designs to prevent sharp edges 3r corners 
from catching-hold of the sea l  bulb a s  in the case of the design shown in 
Figure 3. . 

2 .  Field test the double-stem seal ,with the moldrrjd circular sections 
on the stem ends which uses no stern-attaching screws, Design No. 2 
(Figure 44). 

3. Field test at 200-foot. head the double-stem seal  with automatic 
retraction and extension of the seal  bulb (Figure 38). 

4. Install for field tests  the adaptation of the double-stem seal 
which functions as music-note seal  on one Shasta gate (Figure 34). 
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INTRODUCTION 

The seals discussed in this report apply specifically to high-head gates 
for penstock or  r iver outlet entrances such a s  that shown in Figure 1. 
High head is arbitrarily defined here a s  a hydrostatic head of 100 feet o r  
more. These gates a r e  normally operated with balanced water pressure 
across them but during e-mergency closure have reservoir  water pressure 
on the upstream side and a much lower pressure (approximately atmos- 
pheric) on the downstream side as noted on Figure 3. Seals are provided 
to prevent leakage and permit unwatering of the downstream conduit for 
inspection or  repair.  In general, the music-note type of gate seal  
(Figure 2) on high-head structural steel gates has given unsatisfactory 
service at heads of 200 to 300 feet when these gates are closed under 
unbalanced pressures. The bottom seals have been the most troublesome 
during emergency closure of the gates. 

The top seal  is the next most troublesome. No failures have occurred 
in the side seals (Figure 4) where the side seal  seats  extend one gate 
height above the conduit opening. Penstock gates have been raised, and 
the bottom or top seal  has been found torn from the gate o r  part of the 
seal missing (Figures 5 and 6). A drop-tight seal is not required. It 
is impracticable to obtain and unwatering pumps a r e  bclu.ded in the pen- 
stock and tunnel equipment. Seal leakages as high as 4,000 gallons per 
minute (about 9 cfs) have occurred m the field, and maintenance work w a s  
not possible on structures and equipment downstream from the closed 
gate. The maximum permissible gate seal leakage is about 250 gallons 
per minute (0.55 cfs). This gate seal  problem has not received particular 
attention in the past due to the small number of high head gates and the 
infrequency of emergency gate closures. 



of high head gate installations in recent~eare ,  the I~echanicd  Division 
requested that the Research and Geology Division ~inake the necessary teeis 
ta determine the manner of the music-note seal failures. This seal study 
is concerned with the mechanical behavior of the !bed and i ts  geometric 
shape, arnd not the improvement in the materials of the sealing-surfaces, 
such as  the rubber compound. A seal assembly is not considered accept- 
able unless it w i l l  seal over a zero to 114-inch scial-to-seat gap range 
(Dimension G, Figures 20 and 38). All metal shields, bonded to the 
seal bulb, used in these studies were made of 1116-inch thick, half- 
hard, yellow brass. Pertinent information on pctnstock gates projects 
that were of immediate concern at tkbt time are shown in the table below: 

When the gate weight is insufficient to fully lower the gate due to the 
rubber seal-to-metal seat friction, one of two things must be done:' 

(a) Build into the gate an actuating valve and piping to retract 
the seal bulb so  that it does not rub on ithe seat during opening and 
closing of the gate. The principal objections to this are'that the gate 
is further complicated mechanically ancl additional equipment is 
requi~ed. 

(b) Reduce the coefficient of friction between the sealing 
surfaces. This may be done by vulcanizing a brass shield (usually 
l/l6-inch thick) to the seal bulb which gives a metal-to-metal seal 
surface. The principal objections to this scheme are that sealing 
is impaired somewhat and that the seal manufacturers d~ not obtain 
a durable bond between the rubber and brass. A loose metal sheath 

. 
(bronze or steel tubing, Figure 7) has been installed on the.music-note 
seal bulb in field installations, but it does not give satisfactory 
service. 



of the experimental tesi; s e d s ,  -the majority f ree  of c h a r s .  The 
exceptions were the sea l s  shown in Figures 40A and 42, .which required 
completely new molds. The physical characteris t ics  of the rubber 
stock, Gates Rubber Compound No. 1564, used in all  the sea l  test  
samples is given below: 

. . . . . . . . . .  Tensile strength, psi, min 3, 500 
. . . . . .  Elongation at break, percent, min 500 

Shore durometer (Type A) . . . . .  .' . . .  60 to 70 
. . . . . . . . . . . . . . .  Specific gravity 1 . 1 4  

Absorption of water, by weight, percent, max 3 . 7  
Compression se t  (constant deflection) percent . . . . .  . . . .  of original deflection, max ; 23 
Tensile strength af ter  oxygen bomb aging 

(48 hours, 70' C, 300 psi), percent of 
tensile strength before aging, min . . . . . .  80 

METHODS OF OPERATING THE SEAL BULB 

Continuous Seal-bulb Extension 

This  method of extending the sea l  bulb to the seat  on the dam is ' 

the simplest metho'd used. The reservoir  head is made easi ly accessible 
to the region behind the sea l  bulb, a s  illustrated for the music-note 
sea l  in Figure 4. Holes of no fixed s ize  a r e  drilled in the angle iron 
guard adjacent to the s ea l  to assure  reservoir  head on the gate side 05 
o r  behind, the seal bulb. Fo r  the double-stem seal,  water passages can 
be provided in the s teel  members  around the outer part of the gate to 
route reservoir  head to the region on the gate side of the sea l  bulb. The 
bulb is extended during dl gate movement, and this method of sea l  bulb 
operation is called continuous bulb extension. Bulb retraction to break 
the sea l  and completely remove the seal-to-seat frictional d rag  is not 
intended. This  method of bulb operation in unsatisfactory with the 
music-note sea l  a s  described in the MUSIC-NOTE SEAL DESIGNS 
section of this report. The double-stem sea l  is better adapted to this 
method of extending the sea l  bulb. 

Actuating Valve and Piping for Retraction and Extension of the Seal Bulb 

A drawing showing one type of valve and piping needed for  this method 
of retraction and extension is shown in Figure 8. Briefly, this method Is 
a s  follows: A s  the gate approaches the outlet entrance, the cavity behind 
the bulb is drained by passages to the downstream side of the gate where 
low pressure  exists, and i t  is intended that the seal bulb remain retracted 
with no rubbing on the seal seat  while the gate is in motion. After the 
gate is closed and resting on the gate stops, the gate s tem is f ree  to lower 
further. This  additional gate stem travel  operr tes  the seal actuating valve 
which closes the above-mentioned drain and routes reservoir  pressure  to 
the cavity behind the bulb, thus extending it  to the seal seat. When it  is 
desired to open the gate, the initial movement of the gate s tem again 



of water to the downsrream side of the before the gate moves up- 
ward. Thus, the gate sea l  is broken before any upward gate movement. 
This, of course, reduces the gate hoisting requirements over the method 
where the reservoir  head is applied to the sea l  continuously. On gates 
under high head, retraction is often necessary to fully close the gate if  
the gate weight is insufficient to overcome the frictional force of the 
gate pressed against the dam. . 
Automatic Retraction and Extension of the Seal Bulb 

This  method of retracting and extending the sea l  bulb has hereto- 
fore  been undeveloped. The operation for  two types of sea l s  is a s  
follows: 

Music-note seal .  Automatic retraction and extension of the bulb is 
feasl'Ele only on the bottom sea l  of the gate. The top and two side sea ls  
a r e  .subject to  re,serv,oir head. confinuously behind'the SGal bulb. 
Trouble would not be expected when the bottom sea l  passes over the top 
seat  because the water flow is from tap to bottom a s  shown in Figure 3 .  
The water flow tends to keep the se-dstern straight in this location with 
no tendency for i t  to c u r l  around the s tem clamp plate. However, as the 
bottom sea l  appl-oaches the bottom seat,  the water flows from bottom to 
top (Figure 3)  and tends to cur l  the sea l  bulb around the stem clamp 
plate. This is when retraction is required to prevent damage to the seal.  
Retraction is obtained by dimensioning the lower leg of the angle iron 
s o  that i t  serves  as a hydiauiic contraJpoint (Edge X, Figure 20), thus 
forming a low-static-pressure, high-velocity region everywhere down- 
s t ream from the angle iron. This  low pressure  region exhausts the 
water behind tlne seal  bulb which re t rac ts  the bulb to some mechanical 
stop, such a s  the heads of cap screws which could be used to attach the 
angle iron to the gate. As the gate continues to lower, the sea l  s tem 
cl.amp plate approaches the sea t  tending to throttle the water flow which 
switches the hydraulic control from the angle iron to the lower downstream 
edge of the stcem clamp plate (Edge Y, Figure 20). When this occurs, the 
water instantly fills the caqity behind the sea l  bulb at reservoir  head 
whlch immediately extends o r  snaps the bulb to the sea l  seat.  The change- 
over of control points must be adjusted such that the bulb snaps over ' to  the 
seat  when the gates is about 1 inch from i t s  lowest point of travel (gate stop). 
It is importarit that the seal  bulb does not snap over to the seat  too soon 
nor fails to snap over at all--the lat ter  condition resulting in no seal. When 
the gate is to be opened, retraction of the seal bulb is not possible, but 
thls is not-serious since these gates a r e  normally opened with balanced 
water forces; i. e . ,  reservoir  head on both s ides  of the gate. Development 
details of this method of retraction and extension during gate closure a r e  
given subsequently in this report for  the bottom music-note sea l  of the . 
gate. 
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similarly to the double-stem seal (Figure 38). The main differ;ice is in 
the arrangement of the lower control point. The lower downstream edge 
of the lower clamp plate serves  as the retraction control point (Edge X, 
Figure 38). Water; passage .ports arl -the .lower :clamp plate vertical face . and near the lower downstream edge permits the low pressure at these 
ports to exhaust the water behind the seal  bulb through drilled passages 
(Figures 37B and 38). When the hydraulic control shifts to the upper . clamp plate (Edge Y, Figure 38) o r  to the seal  bulb, water a t  reservoir 
head immediately passes through the same passages to extend or snap 
the bulb into the seat. The Mechanical Division intended that the water 
passage would be on the clamp plate for the lower seal  only, and that 
the cavity behind the seal bulb on all four sides would be interconnected. 
Thus, automatic seal-bulb retraction and extension may be applied to all 
four sides of the gate with a double-stem seal, whereas it  can be applied 
only to the bottom seal  with a music-note seal  is used, because, a s  
w i l l  be discussed later, a suitable seal  o r  separation cannot be provided 
between the reservoir  water and the cavity behind the seal  bulb. 

DESCRIPTION OF THE TEST EQUIPMENT 

An assembly drawing of the test rig is shown in Figure 9. A detail 
drawing of the removable penstock entrance section is shown in Figure 10. 
Photographic views of the r ig  a r e  shown in Figure 11. The latter figure 
shows a double-stem seal  section in place for testing. The r ig  windows 
were 2-inch transparent plastic which were used to observe the seal  
behavior and to permit photographs. The 1 -1/2-inch steel back plate 
shown in Figure 1 l B  w a s  one piece and each plastic window was two pieces. 
The larger piece of each window fits into a slot i n  the steel back plate, 
and the upstream face of the window was shouldered to fit in the r ig  
frame. This piece of each window was compressed between the r ig 
frame and the steel back plate by means of three 5/8-inch tie bolts out- 
side each window. The bottom face of the larger piece cif each window 
was a t t s h e d  to the r ig  with four 1/8-inch wood screws to insure a 
watertight seal at this parting surface. Thus, the windows were f ree  of the 
downstream movement of the back plate due to water loads (particularly 
water hammer) which made the window assembly durable. The small 
piece of each window w a s  attached to the steel'back plate with flat head 
screws.  Immediately ups t reaz  from the steel back plate were five r e -  
movable shim plates, varying in thickness from 1/16 to 1/2 inch, to 
permit adjusting the seal  bulb- to-seat gap in 1 /l6 -inch increments. The 
shims were compressed in glace by four l/2-inch cap screws threaded 
into the seat  plate. The shims w s r e  slotted for easy removal by loosening 
the four cap screws. The test gate was operated by a hydraulic jack which 
in turn w a s  actuated by a portable electric motor-driven oil pump (Figure ~ 11A). The r ig  sheet metal hood deflected the w a t e r  to the laboratory channel 
below the floor grating. The hood attachment to the rig was arranged for  ' 

quick removal by loosening four nuts to four steel cable ties. The gate-seal 
test r ig was connected to a 12-inch pilebe by zircular to rectangular transi- 
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mum head available in the laboratory was 195 feet of water; The simu- 
lated reservoir head was read on the large Bourdon gage (Figure 11A) 
tapped into the 13-inch pipe. The hydraulic jack oil pressure was read 
on the Bourdon gage above the portable motor-pump assembly. The water 
pressure behind the sea l  bulb (extension pressure) was read on a pressure- 
vacuum Baurdon gage. Seal water leakage was small, not easily determined, 
and small leakages were not important in these tests. Visual observations 
of the seal-to-sext leakage sufficed. When the seal  sealed, the combined 
leakages of the seal  and the r ig  (past windows, gate leaf, etc, ) was boo 
small to be measured on the 6-inch venturi meter  in the water supply piping 
system. Also, it was impossible to separate the seal  leakage from the 
r ig  leakage 

MUSIC-NOTE SEAL DESIGNS 

Variations of the music-note type seal were made, and tests on 
these seals  are  described below. It was desired to use the music-note 
seal with undtered geometrical shape in order  to reduce seal  replace- 
ment costs on existing field installations. Unless otherwise stated, the 
seal  stem was compressed ,010 to ,035-inch with the clamp plate. Sheet 
metal shims were often necessary to obtain this pinch due to the varia- 
tions in the seal stem thickness. The outside dimensions of all  the 
music-note seals tested were nominally the same. 

Hollow Music-note Seal, Showing Manner of Failure - 
The initial seal  t es t s  were with the hollow music-note type seal  with- 

out a brass shield on the bulb, Figure 2A, and it  was assembled a s  
shown in Figure 9. The horizontal leg of the angle iron beneath the 
seal  bulb had five 27/64-inch water passage holes, drill  s ize for 
l/4-inch pipe thread, (about 0.7 square inch of open water passage 
per linear foot of seal)  to supply reservoir head behind the seal  bulb 
for continuous bulb extension operation. Actually the amount of open 
water passage a rea  per linear foot of seal var ies  on gates at different 
projects. The seal-to-seat gap was sct.at zero inches. In closing 
the test gate at 40-foot head, the pressure conditions around the 
seal  bulb caused it  to bounce against the jet, flattening the seal  bulb 
until i t  became the hydraulic control, and the sea l  finally closed as 
shown i n  Figure 12A, pinohing the scal  bulb between the seal  seat and 
seal stem clamp plate in a scissor-like action. Further closure of the 
test gate would have risked damage to the rig. Further closure of a 
field gate with the seal bulb pinched ifi this manner would r e s a t  in the 
seal  being pulled off the gate. Thus, this test, a t  ohly 48-foot head, 
demonstrated how +he bottom seals have been pullt~d from gates in the 
field. At 55-focb h c a i ,  the seal bulb became pinched on the vertical 
steel surface be:o:-i: the seal  contacted the sea t  bevel (Fipre 12B). 

. 
With the penstocL entrance transition section removed, the upper edge 
of the seat bevel provided a sharp corner which is present on many 
field installations (Figure 33. This corner catches the seal bulb, aiding 
in the s tar t  of a bulb pinch as the gate is lowered. Water forces done 



was ;cry severe when 6 contacted theupper corner of the seat 
bevel (Figure 13B). The seal operation was similar with 1/4-inch 
seal-to-seat gap. If, for any reason, the gate is opened with unbalanced 
pressure across the top of the gate, the top seal  is probably subjected 
to a similar action as on the bottom seal. The construction of the hollow 
bulb music-note seal, with or  without b ra s s  shielding on the bulb, is too 
flimsy to withstand the water forces at 40-foot reservoir head, much 
less  at over 100-foot head. A much more rugged seal  is required. 

Solid Bulb Music-note Seal, Without A Brass  Shield 

This seal was tested at the same conditions a s  the hollow music- 
note seal. The penstock entrance transition section (Figure PO) was. 
omitted, and all the 1 /4-inch pipe holes were plugged in the lower leg 
of the angle iron, which was 2-518 inches wide. The seal-to-seat gap 
was set  to zero inches and the reservoir head to 60 feet. The seal bulb 
did not flatten sufficiently to become a control and the bulb remained 
retracted. The control point was the angle iron downstream edge. The 
five center 1/4-inch pipe holes (27/64-inch diameter) were unplugged 
which allowed reservoir  pressure to freely enter the cavity behind the 
seal bulb. The bulb then remained extended during all test gate operation. 
As the gate was closed at 60-foot herrd, the bulb became pinched s o  
severely between the sea l  stem cclarnp plate and the sea? seat that 
the test gate could not be closed without risking damage to the rig. 
The seal gap was increased Prom zero to 1 /8  inch, and at 60-foot head 
the bulb slid down the seal  seat without severe bulb pinching. However, 
when the head was increased to 195 feet, even with a very wide seal-to- 
seat gap, 5/16 inch, the seal  bulb was pinched (Figure 14). Thus, the 
solid music-note seal without a brass shield is also unsatisfactory. 

Solid Bulb Music-note Seal with a 90° Bras s  Shield 

A section drawing of this seal is shown in Figure 2B. The water 
jet, striking the underside of the bulb, forces the bulb against the 
underside of the seal  stem clamp plate, tending to flatten the bulb 
around the clamp plate's lower end. The 98" brass  shield keeps the 
seal  bulb round and prevents the bulb from deformix~g around the end 
of the stem clamp plate. The seal gap was se t  at zero inches and the 
lower angle iron leg length was set to the same length, 2-5/8 inches, 
a s  in the previous test. The five 1 /4-inch pipe holes were open in 
the angle iron to give continuous extension of the bulb. The s e d  was 
tested at 60-, 80-, and 95-foot head. At these heads, the gate was 
closed with no pinching of the seal bulb, but the lower edge of the 
brass  shield scrapped hard on the seat  bevel, and the shield may be 
torn loose in field operation, particularly if the lower edge of the 

I - shield gets caught on the upper corner of the seat  bevel (Figure 15A). 
Because of U s ,  this seal  operation is marginal, and emphasizes ~ the need of all smooth surfaces for the sea l  bulb to slide upon. 



this report, Hollow Gusic-note Seal Assembly at Grand koulee Gates 
10 to 18, and Automatic Retraction and Extension of the Music-note Seal 
on the ldottom Side of a Gate. 

Solid Bulb Music-note Seal with a Bulb Brass Shield Greater Than 90' . 
The primary failing of these seals  was the poor bond between the brass  

and the rubber, as may be seen in Figure 16. Further, if the seal bulb was . 
severely pinched, between the stem clamp plate and seat, the bent shield around 
the bulb does not return to i ts  full round shape. Also, if the shield on the 
outside of the stem bent appreciably, it did not return to i t s  flat shape. 
Two seal  sections with different shield designs were tested with continuous 
extension of the seal  bulb, by having the five 114-inch pipe holes open in 
the angle iron. 

The solid bulb seal  with a b ra s s  shield all around the bulb and on the 
outside of the seal  stem (Figure 16A) was tested at 114-i3ch seal-to-seat 
gap at heads of 60, 80, 92, 112, 135, and 150 feet. A large gap was used 
to see  if this relative stiff seal would reach the seat.  Even at 150-foot 
head, the seal bulb did not contact the seat by 1/16 inch. Therefore, this 
stiff seal  was unsatisfactory. Tests  were also run at 118-inch seal-to-seat 
gap and a t  heads of 60, 92, and 150 feet. At this seal  gap and head range, 
satisfactory sealing was obtained. At the completion of these tests the 
brass  shield on the seal  stem was bent and the bond to the rubber was 
broken over about 80 percent of the stem area.  

A solid bulb seal with a brass  shield on the outside of the stem and 
continuing around t s  the bulb center line is shown in Figure 16B. However, 
the shield slipped past the bulb center line during the curing operation on 
the section tested. With the only change in the test gate assembly of zero 
seal-to-seat gap, the behavior of this seal was observed for  gate openings 
and closures at 60-, 92-, and 150-foot head. At the 150-foot head, gate 
closure was impossible because the seal bulb caught on the seal  seat a t  
the upper corner of the bevel (Figure 15B). This very clearly shows that 
a brass  shield is required on the upper quarter of the bulb surface adjacent 
to the stem to prevent the bulb from "wrapping" itself around the lower end 
of the clamp plate a s  shown. Nearly 100 percent of the bond a rea  was 
broken between the rubber and b ra s s  shielding on the stem. 

~ Hollow Music-note Seal Assembly a t  Grand Coulee Gates 10 to 18 

A hollow music-note seal  that represented the Grand Coulee assembly 
(Figure 17) was installed on the test  gate. The field installation included 
an actuating valve and piping for retraction and extension of the bulb. The 
seal test section did not include the 90' brass shield because a section 
with the shield was not available. The seal included a 318-inch hole every 
2 feet of seal length that permitted water pressure inside the seal  bulb. A 
spring flap contacted the lower surface of the sea l  bulb. This flap was 
intended to serve a s  a sea l  during retraction and extension of the bulb. 
The behavior of the sea l  was observed at 1/16 -inch seal-to-seat gap and 
a t  heads of 60, 90, 155, and 195 feet. The spring flap gave no seal at 
all with the seal bulb because the hollow music-note seal was too easily 



pinched on the upper edge of the seal  seat  at 95-foot head o r  more in the 
same manner a s  the ea r l i e r  tests on the hollow bulb seal. The seal  
operation was completely unsatisfactory. 

. Replacing the hollow music-note seal  with the solid bulb seal  wit.h 
the 900 brass  shield gave better seal  operation (Figure 18B). The seal-  
to-seat gap was 5/32 inch, which was the resulting gap with no change . in the seat shims. With the seal i n  the retracted position and 195 feet 
of reservoir  head, the minimum pressure obtained on drain side of the 
seal  bulb was 150 feet of water, which is too high for  dependable re t rac -  
tion. 

Behavior of the Music-note Toa Seal 

The solid bulb music-note seai  wlth a 90° b rass  shield was assembled 
in the r ig  with the seat  beveled to represent the top seat  (Figure 19). ?'he 
seal-to-seat gap was varied from zero  to 114-inch and the reservoir  head 
was varied from 35 to 195 feet. The sea l  operated satisfactorily a s  was 
expected since the bulb is pulled instead of being pushed over the seat  
bevel as  is the case  of the bottom seal.  The s ea l  bulb was continuous3y 
extended during gate closure. The bulb vibrated somewhat during gate 
closure, particularly at 90-foot head. The bulb vibration started at a 
point 1 inch below the bevel and ended midway ac ross  the bevel. The seal  
bulb did not reach the seat  at 1/4-inch sea.l-to-seat gap at reservoir  heads 
less than 90 feet. This condition existed even though 1116-inch clearance 
was provided between the bulb and stem clamp plate when no water was 
flowing. If this clearance is increased, the bulb will reach the seat  at 
heads lower than 90 feet. This applies to the top, side and bottom seals.  

I 
1 Automatic Retraction and Extension. of the Music-note Bottom Seal 

Test results  showed that the best music-note sea l  design is the solrd 
bulb with a 90' b rass  shield, and this design was used to develop auto- 
matic retraction and extension of the musrc-"note sea l  bulb. In addition, 
a small  amount of testins was done using the nonshielded, s o l ~ d  music- 
note seal.  A description of this method of retraction and extension of 
the seal  bulb has previously been-given. The purpose of these tes ts  was 
to determine the required dimensions of the steel parts  adjacent to the 
seal  which affect the timing of the retractjon and extension of the bulb. 
Foremost i1-i importance w a s  the length of the angle-iron lower leg  
(hydraulic control for bulb retraction, Edge X, Figure 20) and the 
thickness of the seal stern clamp plate (hydraulic control for  bulb 
extension, Edge Y, Figure 20). The Hungry Horse penstock gates were 
the particular installat,ion in mind. The required dimensions a r e  shown 
on Figure 20. The dimensions given a r e  based on approximately 60 
assernhly combinations of the variables and these dimensions a r e  
applicable with the seat  bevel in two positions, high and low. Fo r  the 
high seat  bevel, the top edge of the bevel was flush with the top of the 
seat  shim plates i n  the test rig, whereas the low bevel was 1-518 jnches 



relat ive to the jet with the high sea t  bevel. T o  prevent possible damage 
to the test equipment f rom excessive water hammer  at high heads and at 
the l a r g e r  seal-to-seat gaps, three l /4-inch square  metal  bars were 
soldered onto the sea l  seat ,  which prevented the seal from completely 
sealing (Figure 21). During retraction the low pressu re  behind the sea l  
bulb was measured at the beveled corner  of the adapter plate (Figure 20). 
The maximum subatmospheric p ressu re  recorded was 12 inches of m e r c -  
u ry .  However, this value w a s  not represe~itat , ive of field conditions 
because this p ressu re  depended upon the leakages past the seal. ends, the 
angle iron ends, etc. The field ccnditions represented j n  these tes ts  
were those corresponding only to the gate bottom seal. 

The following pertinent points are noted: 

(a) The sea l  seatjng range on the sea t  at 195-foot head (labora- 
tory  maximum head) is shown on Figure 20. This seating range is 
3/4-inch above Point L, the lower end of the bevel, to 1-1/2 inches 
below Point L. The three 114-inch square  metal b a r s  soldered to 
the seat  advanced the timing of the clamp plate conlrol. Without 
the bars ,  the seating range would be shortened and concentrated at 
the lower end. 

(b) Since the bulb sears  fur ther  down the seat, with an increase  
in head, the seating range plicable to Hungry H o r s e  (265-foot 
head) was estimated to be inch below the 195-foot head range. 

( c )  Decreasing the clamp-plate thickness resulted in the bulb 
seating later--further down the seat,  other factors remaining the 
same .  

(d) Decreasing the angle iron leg, D, fo r  the bottom seal 
resulted i n  the bulb seating earlier--higher up the seat, other  
facrors  remaining the s-ame. 

( e )  The g rea te r  the dimension difference of B minus D, the 
sharcer  the time interval was between !he change-over of control 
polnrs f o r  retract ing and extending the bulh .  

ff) Other factors  remaining the same ,  increasing the seal-lo - 
sea t  gap retarded the t ime the clamp plate became the control; 
however, since the seal bulb travels in ar! arc, the seating position 
of the bulb on the sea t  was about the same  o r  slightly higher. 

ig:~ Lowering the sea t  bevel : -5/ 8 ~ r ~ c h e s  retdrded the t ime 
when the seal  c lamp plate control became effective. This,  in part ,  
was attributed to the fact that the jet s t reaml ines  were more  nearly 
vertical and the jet was  neare r  the s tem clamp piate than with the 
higher seat bevel. The lower sea t  bevel resulted in the bulh seaiing 
lower on the sea!, about 114 inch lower at 195-foot head. 



controi. When the bulb is in the retracted position, it must be 
1/16 inch or  more behind the line drawn from the angle iron toe to 
the clamp plate (Dimension J, Figure 20). 

w (i) The seal bulb must not contact either angle iron leg, 
especially in the retracted position to insure free circulation of 
water in back of the bulb. 8rr field gates, the heads of the bolts 

q that attach the angle iron to the gate can be utilized to replace the 
screw height Dimension E (Figure 20). 

(j) The main effect of water leakage between the angle iron 
ends and the rig windows (not a field condition) m d  through the 
angle-iron attaching-screw holes w a s  to slightly retard the time of 
retraction. The accumulated leakage from all sources in the field 
gates into this a r ea  behind the bulb must be kept below some unknown 
leakage that would prevent retraction of the bulb. Also, if  this leak- 
age is high, it will slightly advance the time when the stem clamp 
plate control becomes effective. Further, the bulb will not seal 
(extend) if the leakage from behind the bulb is high, for  example, the 
leakage that may occur past the back side of the seal  stem and out 
the spacer bar parting surfaces. Ofdinary sealing precautions in 
the assembly of the seal and gate parts  should eliminate the leakages 
described. A suitable gasket should be used between the angle iron- 
to-gate parting surface and on both sides of the spacer bar above the 
seal  stem. 

(k) At the start  of the test gate closure, the volume .behind 
the bulb is filled with water near atmospheric pressure, whereas 
the same volume in a field gate will be at a higher head. This 
difference in pressure was thought to have a negligible effect on 
the behavior of the seal. 

(1) The rest gate travel was 0.14 inch per second which is about 
4.5 times faster than the field gate travel of 0.131 inch per second 
during the period the seal passes on to the seat. There is undoubt- 
edly a limit ~f gate speed (higher than the test gate speed) above 
which the automatic retraction and extension feature will not work, 
but since the field gate speed i s  less  than the maximum allowable, 
this condition w a s  satisfied. 

(m) In regard to the two side seals on a field gate, the seal . bulb should not be allowed to retract,  because once retracted, .it i s  
likely not to seal (extend); for extension of the bulb, relative move- 
ment must occur between the longitudinal axes of the seal  and seat. 
Retraction can be prevented by decreasing the angle iron leg, D, 
to 1-3/4 inches and decreasing the gap behind the bulb, H, to 
zero (Figure 20). 

(n) As previously mentioned, nearly all testing w a s  done with 
the solid bulb music-note seal  with the 90° brass  shield. Since it 
was desirable to have a seal without the shield, some testing was 
done with the solid bulb nonshieided music-note seal. 
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bulb horizonial center line coincident with Edge L (Figure 20) on the 
seat  for  a stat ic  extrusion test of the bulb. After two 15-minute period 
at 195-foot head, the bulb showed no tendency to "blow" through the 
sea l  clamp plate-to-seat gap. However, i f  the bulb s ea t s  on any part 
of the bevel and further gate closure follows, the bulb will not s l ip 
on the seat  because of the high-friction force, and the bulb becomes 
pinched in a sc i s sor  action between the sea t  and seal clamp plate 
(Figure 14). Closure of the sea l  accompanied by water hammer will 
multiply this undesirable condition. It was concluded that the 90° 
b r a s s  shield was required because the shield res t ra ins  the distortion 
of the sez l  bulb, and it does much towards keeping the bulb section 
round. 

Thus, automatic retraction and extension of the solid music-note bottom 
sea l  was achieved (Figure 22). 

After reviewing a l l  testing on the music-note seal,  it was apparent that 
the position control of the bulb is inadequate which makes this sea l  marginal 
a s  a bottom seal .  In order  to control the position of the sea l  bulb, a second 
s tem was added, and this sea l  has been designated the double-stem type of 
seal .  

DOUBLE-STEM SEAL DESIGNS 

The double-stem type of sea l  is shown in Figure  23. Steel col lars  
(spacers)  were used in the screw holes in the sea l  s tems in order  to tighten 
the attaching screws and to minimize water leakage through the screw holes 
(Figure 25).  Using the s tem collars  resulted in little o r  no compression on 
the stems,  thus permitting the sea l  to "float" somewhat. 

All Rubber Double-stem Seal 

A section drawing of this  sea l  is shown in Figure 24. The test  sea l  
had 911 6-inch instead of 1 / 2  -inch nominal thick s t ems  with cemented-on 
1 /32-inch-thick sea l  s t r ips  on the s tem ends in place of the molded s ea l  
as shown. The sea l  bulb was operated by two methods, (a)  continuous 
extension and (b) actuating valve and piping. This sea l  assembly was 
tested a t  z e ro  seal-to-seat gap and a t  heads of 60, 95, 155, and 195 feet 
of water. Tes ts  were repeated at these heads for  1/8- and 1/4-.inch seal-  
to-seat gaps. At. 1 !4-inch seal-to-seat gap, the s ea l  bulb, when extended 
by the actuating valve and piping method,did not reach the sea t  a t  l e s s  
than 150-foot reservoir  head; likewise, a t  1/ 8-inch seal-to-seat gap, 60 
feet was required to a s su r e  a seal.  At z e ro  seal-to-seat gap, the s ea l  
bulb, when extended, reached the sea t  a t  the lowest reservoir  head, 35 
feet, used during these tes ts .  This information w a s  obtained by observ- 
ing the s ea l  behavior with the gate in the closed position. A plot of bulb 
extension versus  reservoir  head with the bulb center line coincident with 
the seat  top surface  is shown in Figure 25, Curve No. 1. Although the 
p ressure  conditions around the bulb for  Figure 25 a r e  different than those 
with the sea l  further down the sea t  (gate in the closed position), the curve 



postion (gate closed).   he fact that 150 feet of reservoir  head is the 
minimum head required to obtain a seal for  1/4-inch seal-to-seat gap 
is not desirable. Doubtlessly, a sea l  can be obtained at the lower heads 
and higher seal-to-seat gaps by removing metal from both clamp plates 
adjacent to the seal bulb, thus giving the bulb more space t.o extend out- 
ward when reservoir  head is applied to the stem side of the seal. Other 
than noted above, this seal  assembJy operated sa.tisfactorily when the 
actuating valve and piping method for operating the bulb was used. 
During gate closure with the bulb in the retract2d position, the bulb 
vibrated somewhat at 155-foot reservoir  head a s  the bulb passed by the 
bevel on the seat .  This w a s  probably due to the unstable water-pressure 
conditions next to the seal  bulb, as  well a s  a "loose" seal assembly with 
the stem collars installed. In opening the gate, the seal bulb retracted 
well when the reservoir  pressure was drained from the cavity hehind 
the seal .  At this time, this seal was the best to date, and sufficient 
sea l  was ordered for field testing one gate a t  Grand Coulee Dam. The 
tests  were conducted in October 1950 using an actuating valve and 
piping to re t rac t  and extend the seal  bulb. The tes ts  were reported 
successful, and a copy of the field report is given in the appendix of this 
report. 

This seal  assembly wi l l  not operate satisfactorily with zero  seal-to- 
sea t  gap and with the seal bulb continuously extended. At more  than 
135-foot reservoir  head, the bulb became pinched between the seat  and 
upper clamp plate during gate closure. The frictional resistance of the 
rubber bulb on the steel seat  was too great tg permit slippage:?f 
the bulb on the seat. (Figure 26A. ) This bulb pinching is not r ee ly  to Occur 
i f  the penstock entrance IS blended smoothly with the sea t  bevel, which 
eliminates the upper corner on the seat  level. Bulb pinching did nat 
occur at 1/8-inch seal-to-seat gap and 195-foot reservoir  head (Figure 266) .  
The test gate speed w a s  0. 14 inches per  second, and the higher the gate 
speed, the more likely the seal bulb well be pinched. 

Shielded Bulb, Reinforced Stem, Double-stem Seal 

Several designs were made of this type of seal {Figures 23, 27, and 
28). The reinforcing b rass  plates were molded into the seal  stem to 
further minimize the chance of pulling the seal fi30m the gate should the 
seal  bulb become pinched on the seat.  The brass  stem reinforcing plate 
was made two-piece for seal  stem flexibility (Figure 27). As shown in 
Figure 23B, the two-piece reinforcing plate "floated" from its centralized 
position during the curing. The single-piece reinforcing plate shown i n  
Figure 29 did not float because lugs were punched in the plate that kept 
the plate centered during curing (Figure 23A). 

Figure 28 shows a s  intergral bulb-lower stem brass  shield. It also 
has 1/16-inch-diameter holes which f i l l  with rubber during curing to 
improve the brass-to-rubber bond. The 180' bra s s  shield around the 
bulb on all  of these seals  was slotted with the intention of obtaining a s  much 
~f a rubber-to-steel sealing surface as  possible. Since the water  forces 



gate closure (Figure25),  the s lo ts  were cut off-center s o  that when the 
seal  bulb was in the turned position, the rubber  sur faces  were in contact 
with the sea l  sea t .  Some of the sea l  test sections did not have these s lots  
in the b r a s s  shield completely filled with rubber ,  which resulted in an 
infer ior  sealing surface.  This  poor molding, however, could undoubtedly 
be corrected.  

All of the b r a s s  reinforcing plates in the seal  stem made the s e a l  too 
s t i f f  for  satisfactory operation. The bulb reached thc sea t  and sealed a t  
1 / 8  -inch sea l  -to-seat gap and 150 feet of r e se rvo i r  head, but the bulb 
did not sea l  by 1/32 - to 1116-inch at 1/4-inch seal-to-seat gap and 
195-foot reservoi r  head. Further ,  the b r a s s  reinforcing plates became 
bent during extension of the seal bulb, and the plates tended to s tay bent 
during bulb retractions,  thus retarding the bulb movement. 

The addition of the 180° b r a s s  shield on the bulb did improve the 
sea l  operation by preventing the bulb from getting pinched on the sea t  at 
ze ro  seal-to-seat gap and 195-foot r e se rvo i r  head, which occurred on 
the double-stem sea! without a bulb shield. A plot of sea l  bulb extension 
versus  reservoi r  head for  four double-stem s e a l s  is shown in Figure 25. 

Reworked Double-stem Seals  for  Shasta Dam 

The penstock gates  at Shasta Dam include the music-note sea l  (Fig- 
ure 30) .  and the bottom seal,  in particular.  h a s  given unsatisfactory 
serv ice .  The gate assernblx included an actuating valve and piping fo r  
retraction and extension of the sea l  bulb. The prototype sea l  assembly 
ir~cluded a metal spr ing  flap intended for  a sea l  to separate  the r e se rvo i r  
water from the cavity behind the bulb when the bulb i.s retracted o r  extended. 
The double-stem sea l  cannot be used on the bott-om sea l  on the S h a ~ t a  gates, 
because of space limitations. Therefore,  the Mechanical Division proposed 
two sea l s  for replacement of the music-note seal (F igures  31 and 32). Each 
seal  proposal was a .rework of the double-stem seal .  The seal with the 
th~n-bolted section (Figure 31) was unsatisfactory for  the following ruasclns: 

ja) With 118-inch seal-to-seat gap, the bulb could not be 
retracted af ter  it had been extended at r e se rvo i r  heads of 97 o r  more 
feet because of excessive leakage into the.cavity behind the s e a l  bulb 
(Figure 33). The holes in the thin-bolted seciion for  the three 
318-inch cap sc rews  and the four 7/16-inch-diameter space r s  
elongated when the bulb was extended. The space r s  were required 
s o  that the cap sc rews  could be tightened and to prevent the plate 
below the seal from turning counterclockwise. When an attempt was 
made to drain the cavity behind the bulb for  retract ion,  the elongated 
holes continued to leak re se rvo i r  head into the cavity; thus, the seal 
bulb did not r e t r ac t .  If the bulb will not r e t r ac t ,  it will become 
pinched on the upper corner  of the s e a t  bevel. 

(b) In view of (a);' holes a r e  not permissible  in the thin-bolted 
section, and this section would have to be held by an integrally m:flded 



a new mold applicable for a single project, and thus make the s e a l s  
for  Shasta Dam expensive. 

The other sea l  proposal (Figurc: 32), whjch was a double-stem s e a l  
with the lower stem cut off near  the bulh at  zn oblique angle, was a sa t i s -  
factory s e a l  after modifica%l.ons were made to the seal  and the adjacent 
metal par t s .  The recommended s e a l  is shown i n  Figures 34 and 35A. , 

This  sea l  retracted and extended satisfactorily nt 195-for: head over a 
ze ro  to 1/4-inch seal-to-sr?at gap range and with the cut-off s tem end of 
the sea l  compressed f rom 3/32 to 7/32 inch, a 118-inch range {Figure 36 ) .  
The following tt?sts were also made to determine the minimum head a! 
whlch the sealing could be accomptished: 

(aj Zero  seal-to-seat gap, 7132-inch compression on cut-off end 
of seal  reqrzires 70-foot head fo r  a scal .  

jh) Zero  seal-to-seat gap, 3132-inch compression on cut-off end 
of seal requires  45-fuat head f o r  a seal.  

(c) 114-inch seal-to-seat gap, 7/32-inch cc~mpression on cut-off 
end of sea l  requires  175-foot head for a sea l .  

(d) 1/4-inch seal-to-seat gap, 3132-inch compression on cut-off 
end of se,d requi res  110-foot head for  a sea l .  

This  sea l  was subjected to 195-foot r e se rvo i r  head in the extended 
position, with the bulb above the sea t ,  and with 3132-inch compression on 
the'cut-off lower s tem (Figu~ee 35B). The cut-off stem did not 'ciow f r ee  
from the s teel  member.  This  was possible due to the restraining effects 
of the 180° b r a s s  shield on the bulb against the upper s tem clamp plzte,  
and the s tee l  bar on the lcrwer steel  member retaining the cut-off stem. 

When the giite was ciosed with the bulh ext,t?nded. i t  caught on the 
upper edge of the seat  bevel, particularly at  the s m d l e r  seal-tcr-seat 
gaps. This  condition could be duplicated i n  the field l f  drain passage 
from the cavity behind the bulb became plugged--a cc.rndition which is no? 
likely to occur.  This  emphasizes agzin that the seal sebt o n  futureprcb- 
jects should be constructed without sharp edges,  and with the sea t  bevel 
blended smol;tlhly into the outlet entrance. 

Automatic Retraction and Extension of the Gate Bottom Double-Stem Seal 

Test  resc!$s rai this  time showed that the best double-stem sea l  
operated with the bulb retracted wm.~ld be one without a reinforced s tem 
or bulb shield (Figure 24). The b r a s s  shield is required when the sea l  
bulb is continuously extended and i t  is necessary to reduce the frictional 
resistiince on the sea t  as discussed previously. The operntion cf the 
double-stem seal  is the same wjth o r  without a b rass  shield on the bulb 
for automatic r e t r a c ~ i a n  and extension of the bulb. 
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of the s tee l  pa r t s  adjacent to the sea l  which affect the timing of the r e t r a c -  
tion and extension of the bulb. The test  gate assembly included the high 
seat (Figure 37) and a section of a typical penstock entrance transition 
which is a curved sur face  adjacent te the sea l  sea t  (Figure 10). This  
section was included because it was thought that i t  would affect the jet 
direction past the upper clamp plate which in turn would slightiy affect 
the timing of retraction and extension of the s e a l  bulb. The sea l  sections 
were tested with four 12-inch-long rubber s t r ips ,  114-inch wide by 1132-inch 
thick, two str ips .cemented on the ends of each sea l  stem, to prevent whter 
leakage past the s t e m s  (Figure 3 8 ) .  These s t r i p s  can be molded integral 
with the seal. (Figure 24). Steel col.lars were used in the seal stem holes f a r  
the upper and lower clamp-plate attaching sc rews .  These col lars  permitted 
the clamp-plate sc rews  to be tightened and minimized water. leakage through 
the sc rew holes in the clamp plates. The low pressu re  behind the s e d  bulb 
during retraction was measured. The maximum subatmospheric p ressu re  
recorded was 21 inches of mercury;  however, this figure is not represcnta-  
tive of field conditions because this p ressu re  depended upon the water leak- 
a g e  past the sea l  ends, the clamp plates, e tc .  In a field installation, this 
subatmospheric p ressu re  may be greater ,  which shouid not appreciably 
affect the resul ts  below. The required dimensions fo r  the s tee l  pa r t s  a r e  
shown in Figure 38.  The Hungry Horse Projec t  was the part icular  
application in mind a t  the time of these tests.  

The following pertinent points a r e  noted: 

(a) The sea l  seating range on the seal at 195-foot head (labara- 
tory maximum head) was 1 / 4  t o  1 inch akwve Point L, the lower edge of 
the seat. bevel. 

(b) Since the bulb sea t s  lower down the sea t  with an increase  i n  
head, the seating range applicable to Hungry Horse (265-foot head) 
was esiimated to be 114 inch lower than the 195-foot-head range. 

( c )  Decrgasing the upper clamp-plate thickness resulted in  the 
bulb seating later--further down the seat ,  other factors  remaining 
the same.  

\d) Decreasing the lower clamp plate thickness. D, resulted in the 
bulb seating earlier--higher up the seat,  other factors  remaining the 
same.  

( e )  The g rea te r  the dimension difference of B minus D, the 
shor t e r  the t ime interval was between the change-over of control 
points. 

If) Other fac tors  remaining the same, increasing the s e d - t o -  
sea t  gap retarded the t ime the upper clamp plate became the control. 

(g) The sea l  bulb downstream surface may be used a s  the control . 
f o r  extending the bulb, o r  the seal  bulb ~ n d  the upper clamp plate may 



the J dimension was nearly zero. 

(h) The main effect of water leakage bet.ween the ends of the steel 
par ts  and the r ig  windows (not a field condition) and through the s tem 
clamp plate attaching-screw holes was tc slightly retard the time of 
retraction. The accumulat,ed leakage from all sources in the field 
gates into this a r ea  behind the bulb must be kept below some unknown 
leakage that would prevent retraction of the buli,. Also, i f  this leak- 
age is high. i t  will slightly advance the time when the stem clamp 
plate control becomes effective. Further ,  the bulb will not sea l  jextenc 
i f  the leakage from behind the bulb is high; for example, the leakage 
that may occur past the back s ide  of the seal stem and out'the spacer  
bar  parting surfaces. Ordinary sealing precautions in  the assembly 
of the sea l  and gate par ts  should eliminate the leakages described. It 
is recommended that a suitable gasket be used on both sides of the 
spacer  ba r  near each seal stem (Figure 38) .  

(i) At the s t a r t  of the test gate closure, the volume behind the 
bulb is filled with water near atmospheric pressure ,  whereas the same  
volume in a field gate will be at reservoir  head. This  difference in 
pressure  was thought to have a negligible effect. on the behavior of the 
seal .  

(j) The space behind the bulb on the top and two  side seals of a 
field gate would be drained by water plissing through the passages 
near the bottom seal .  This reqci res  time and this factor can be pro- 
vided by c~nr ro l l ing  the gate speed. As the gate closes and the lower 
clamp is acting a s  the control, the suction head must act on the lower 
clamp plate passages sufficiently long to drain all four s ides of the 
gate to ret~ac:,  the entire seal. The maximum speed of the gate to 
complete retraction of the entire seal  can best be obtained by field 
tests ,  and the determination of this factor was not attempted i n  the 
laboratory, 

(k) The double-stem seal without a b r a s s  shield did not. become 
pinched on the seat  when it, was tested at 195-foot head and zero  seal- 
to-seat gap. However, a s  previously mentioned. when the penstock 
profile was omitted, automatic retraction was not used and this seal  
was operated with the bulb continuously extended, the seal bulb be- 
came pinched (Figure 26A). 

(1) The test gate travel was 0.14 inch pe r  second which is about 
4 . 5  t imes faster than the field gate travel of 0.031 inch per second 
during the period the sea l  passes  on to the seat.  There is undoubt- 
edly a limit of gate speed (higher than the test gate speed) above 
which the automatic retraction and extension feature will not work, 
but since the field gate speed is less  than the maximum allowable, 
this condition was satisfied. 



re t ract ion and extension of the dol~ble-s tem seal  is that t.hl: gatt: 
mus t  be opened wi th  the sea l  seated,  thus requir ing greaier hnistirlg 
power than if the gate is operred with the seaJ ref.racted. TI113 d i s -  
advantage is reduced by using a metal shielded bulb tc Jawer the 
s l ~ d i n g  fr ic t~.on,  and the fac i  the gate would be opened with brilanced 
p r e s s u r e s ,  

Thus,  automatic retract ion and extension of the double-stem sea l  was 
achieved. 

Double-stem Seal withoct Stem -Attaching Screws ,  Design No. I 

A d r*~wing  of this s e d  assembly is shown in F igure  39. One f?~~tl :re 
i t f  thi.s design w a s  that the heavy h r a s s  pjec-e incorporated into the s e d  
buih cannor. escape f rom the gate even i f  the rubher- to-brass  b o ~ d  fails, 
A rubber--to-metai  seal was provided the fu l l  length of the seal (Figure 40A).  
A second important fea ture  of thrs seal  was t i ~ k i  there are no stem- 
attaching sc rews ,  thereby simplifying field a s sembly  and eilminat1:ng 
undes~.rahle  water leakages. A disadvant.a.ge of this seal  was i1.s excessive 
upeight, 5.1 pou.nds pe r  fool, compared to 3 . 4  pounds pe r  foot * ~ . f  tke double-. 
s tem sea i  with a raeinforced s tem and a brass shield on the bulb (F':gure 23B).  

T h i s  s e a l  was tested using a n  actuating vaive and pipirig for  rerracticjri 
and extension. The maximum seal-to-sebr gap, 3,' 1 6 .l.nch, was lirnikild 
by rhe b r a s s  prece s t r iking the shoulder on the upper and lower clamp 
plates.  Th j s  is z. disadvantage, for  if the gap to be sealed is g r e a l e r  
?ban 3 / 1 6  inch, no sea l  can be obtainpd. However. the assembly cxn be 
rpurorked t.o considerab3y rncrease  the maximum gap t h ~ t  can be s e d e d .  
A 118-inch seal-7.0-seat gap was used during tes t ing to zsscre sedirag. 
Ar 40 feet of heed, and with the s e d  retr-acted, the b ~ l b  bt a s s  piece con- 
rdc7.ed i,ht.: u p p r  c lamp plate. At 120-fooi head the lower s t e m  buckied 
dnd turned the bulb section ribgut 15 degrees  ( F i g w e  40BJ. A part  cf the 
1": was ca~gh!  by the under s ide  of the bulb whjch cz>~st ;d  ?he drstostjsn t:f 
:he seal. AT. 195 feet, the distortion wzs only slighrly wrorse. The sea! 
s r i aed  satlsfac!orily at ali heads: however, the brssr; p l ~ c e  appeared ro 
r u b  t;ghtiy onsthe zpper c lamp plate. 

An &?.tempt was made TO roducu the seal  dj.;tort ion tly solderiug 1.wo 

lj4- by 3 / 8 -  by 12-inch metal bars to  the adapter plate to restrain ihe 
buck11 ng of the seal sterns (Figtrre 41). The clearance of thq b r w s  piece 
hetween the ?wo clamp plates  was reduced by 1 / 8  i n c h  by sn ider ing  ti 
bar at the loca t ion  shown on the lower  c lamp plate. These  cha.ngetj w e r e  
nor satisf&ct.ory, as the lower s tem sr.i.ll bucW.ed and slipped arctamel the 
ba.r. These tests demonstrated that if no stem-attaching screws are 
u s e d .  t h e  stems be held in place by some other  means.  The seal 
described in the next. paragraph incorporated t h i s  roquirvmenf  . 



A prel iminary design of this sea l  assembly i.s shown i n  F igure  42. 
A s  shown, the seal  stem ends include an integral circular-shaped 
s e c t ~ o n  that f i t s  into a groove in  the adja.cent, s tee l  parts, and  thus pre-  
vents the seal s tem from buckling. The two grooves, one f o r  each 
circular  section, are separated sufficienrly to put a small, init ial  
tension s t r e s s  i n  the sea l  stems. The maximum section .dlm&dn of this 
s e ~ l  is s0mewha.r l e s s  than the docble-stem seal  with stem-attaching 
screws (Figure 43). The bulb section of this s e a l  is less of a half 
circle  than the bulb section of the sea l  with stem-attaching screws 
which reduces the arnclunt !he bulh can extend. However, l imited .bulb 
extension is generally desired for seals operated with corrtinuous 
ex-tensl~n of the bulh, because too much bulh extension will permit  the 
bulb to become pinched more  easily on the npper corner  s f  the seat 
beve 1. 

This s e d  was tested w ~ t h  and without a 180° brass shield vulcanized 
to !he bulb. . The seal withou? the shield was tesl.ed f i r s t  and using the 
stem clamp plates as  hewn 1.n the preSlminary design. The actuating 
valve and piplr~g mc?!,hod was used to re t rac t  and extend the s e a l  bulh. 
The bulb re t rac ted  satisfactorily at dl heads with ze ro  seal-to-sea! 
gap. The seal  hulh did not reech the seat,  by 1/16 inch, a! 1/4-inch 
seal-to-seat gap knd 195-foot head. This appeared to be caused by 
excessive frictional d rag  of the upper side of the rubber bulb on the 
lower face of upper clamp plate. The  water jet forced the bulb up and 
increased the bulb clearance wit.h the  top face of the l o w e r  clamp piate. 
Therefore, m e t d  was romcved from the upper clamp plate, and metal 
was added to the lower* c l a m p  plat?.  The recommended assembly  is 
s h o w n  in Figcrr 44 and i.t i s  applaczblr: to the hottam, top and side 
seals of the gate. The bcib reached the sea t  a t  l j4- inch seal-to-seal 
gap and 195-foot hesd for a sat isfactory seal.  Higher heads would resul t  
in a n  even tighter seal EJ. At 3/16-inch seal-to-seat gap, a sat isfactory 
sea l  w a s  obtained a: 100-furx head. 

Operation of the sea l  with t,he 180" b r a s s  shield on the bulb w a s  
equally a s  satisfaciory using the recommended s e a l  assembly (Figure 44).  
A plot of seal-bulb extension versus  reservoir- head Ior both seals is 
shown i n  Figure 45. Tho seal bulb  with !he b r a s s  shield extends fr-lrtl~er 
at a given head than the sea l  bulb without the shield. This  is Ijrc&use 
the b rass  shield reduces the f r lc t iond ddrsg of the bulb agbinst ?he 
lower face of the upper clamp platc.  The brass shield also helps the 
bulb section maintain its free shapc. This is shown i n  F igure  46, a? 
160-foot head, the s e a l  hulb with the brass shield became wedged tight 
between the two clamp plates,  thus limiting the bulb extension to 
slightly over  1 j 4  inch. With the sea l  i n  the posj t i  on shown in Figure 46A 
and 3116-inch seal-to-seat gap, the bulh c l e a r a ~ l c e  w ~ t h  the upper clamp 
plate dec reases  to ze ro  at 1 1  5-foot head. At z e r o  seal-to-seat gap and 
with the nonshielded s e a l  i n  the poslt1c.n shown, the seal bulh czntacts 
the upper c lamp p1at.e at 205-foot head. The nonshielded seal bulb was 
flattened sufficiently by ?he wate r  p r e s s u r r  to provide clearrmce between 



with the lower clamp plate i id reases  f:om z e r o  at  ze ro  head 'to 118 Inch at, 
195-foot head. Figure 45 indicates that the nonshieided bulb will riot 
quite close a '1 /4  inch seaJ-to-seat gap; hut when the gate was lowered 
to the closed-gate position &ang'ing the p ressure  conditions at the seal, 
a satisfactory sea l  was obtained. 

Both sea ls  were operated at zero seal-to-seat gap and with the 
bulb extended continuously. The bulb of both seals was not pinched 
during gate closures a t  195-foot head.(Figure 46B). This is an 
advantage over the nonshielded double-stem sea l  with attaching 
sc rews  (Figure 24) which was pinched at ze ro  seal-to-seat gap and 
195 -foot head (Figure 26A) ,  

In reviewing a l l  the sea l  tests  discussed in this report,  the 
double-stem seal  assembly of Figure 44 appears  most promising, and 
field tests  are recommended. 
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Report Hyd. 3 1 1 Figure 5 

Failure of bottom music note seal with 90 degree brass  shield vulcan- 
ized to hollow bulb, Pu'ovember 7 ,  1949.  

Music Kote Bottom S ~ a 1  Fni1llr-e of LJ-3 Coaster G a t e  
Shasta Dam.  California. 



Report Hyd. 3 1 1  Figure 6 

A.  Loose 90 degree brass shield showing Allen head clamp plate screw 
markings, indicating the severe pinching of seal bulb between clamp 
plate and seat. Same seal a s  Figure 5 .  

B. East portion of damaged seal shown in Figure 5 .  

C 

HIGH HEAD GATE SEAL STUDIES 

Severe Mutilation of the Rottom hiusic Note Seal of U-3 Coaster Gate 
Shasta Dam, California. 
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A .  Side view showing piping, gages, and genera; 
arrangement of equipment. 

R .  V i e w  with hood removed showing sea l  actuating 
[rressure s u l ~ p l y  hoses ,  gage line and dout~le s t em 
seal  assembly .  d 

HIGH HEAD GATE SEAL STUDIES 

'Test R i g  Photographs 



A. End view of seal, assembled 
with zero  seal-to-seat gap, showing 
the pinched bulb after reaching the 
seat bevel at 40 fee! head. Further 
closure of gate would pull the seal 
off the test  gate. 

B. At 55 feet head the seal bulb gets 
pinched on vertical steel  surface be- 
fore the seal bulb reaches the seat 
bevel, zero  seal-to-seat gap. 

HIGH HEAD GATE SEAL STUDIES 

Manner the Hollow Bulb Music Note Seal Fails at Low Heads without 
a Sharp Corner at Upper Edge of Seat Bevel. 



A .  End view of seal showing bulb 
deformation at 195 feet head--no gate 
movement after applying head. Zero 
seal -to-seat gap. 

B. End view of seal at 160 feet head. 
zero seal-to-seat gap. Similar bulb 
pinching occurs at all heads above 40 
feet. Further closure of the gate * 

would pull the seal off the test gate. 

HIGH HEAD GATE SEAL STUDIES 

Manner the Hollow Bulb Music Note  Seal Fails  at Higher Heads-- 
with a Sharp Corner at Upper Edge of Seat Bevel. 
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'I'hr. hval  bulb  bet orr icas  p~nc.fic.d dur .111~  gatch 
( lusurc.  % ~ t  1'45 fvc.1 t~r-ad and at n lar-gc. sc.:~l- 
1o-st.at E a p .  5 16 1111.11. M'ittic>ut 3 90 Jrgrc'e 
i)r:tss s t l ~ c ~ l d ,  si1:rl i>u!t> "H I - ; I ~ J ~ "  ~ t s e l f  at-ouriti 
1 1 1 ~  1-11d o f  thtb SI.*LI! s 1 1 ~ t n  i 1:.111p plait!. 



A .  Seal I I ~ I I I ) ,  with ! I0  clc.gr-ec* s l l i c l t l ,  
b l l c i ~ n g  ctc~wu seal 1)cvcl  at !15 iect hc'ad. 
Idc>wcr- edgc of stiiclti  scrapr!s h;tr.d or1 
s ca t .  N ine ty  tiegr.c?c I\t.rrss s l ~ ~ c ~ l t l  I)r'rB- 
vents  bull^ f rom " w r a p r ) ~ n g U  itstblf 
at-cxinti c r ~ d  of scal sten1 c:l;lrn[) 1 1 1 ; i t t u ,  

whic-h oc-c-urs I ~ c l o w .  



4 Report Hyd. 31 1 Figure 

A. Note the poor bond between brass shield and rubber which w a s  
typical on s e a l s  with large  sh ie lds .  

B. B r a s s  shield slipped during molding and shield d o e s  not reach to 
end of stem. The bent shield is the restllt of laboratory tests. 

H U ~ ~ E A D  GATE SEAL STUDIES 

Solid Music Note Seal  with b r a s s  sh ie lds  greater  th'm 90 D e g r e e s .  
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Repor t  Hyd. 31 1 Figure 18 

A .  Hollow bulb mus i c  no te  sen1 
without a shield,  195 feet head.  
Note t h e  comple te  a b s e n c e  of a 
s e a l  with bulb sp r i ng  d u r i n g  re- 
t rac t ion .  1 /16  inch  s ea l - t o - s ea t  
gar'. 

B. Solid bulb mus i c  no te  s e a l  
(5/32 inch s ea l - t o - s ea t  gap) with 
n 90 d e g r e e  shield which r e t a r d s  
bulb deformat ion  and l o s s  of con-  
t a c t  with t h e  sp r i ng ;  however ,  at 
195 f e e t  head, t h e  p rcssur -e  be- 
hind t h e  s e a l  bulb was  150 fee t  
which i s  too high f o r  dependable  
r e t r a c t i o n ,  

HIGH HEAD GATE SEAL STUDIES 
e2 

Behav io r  of G r a n d  Coulee  Type of Seal Assembly .  
With Bulb Ret rac t ion  P r o v i s i o n s .  



HIGH HE A D  GA TE  SEAL STUDIES 
TEST GATE TOP SEAT - SECTION DRAWING 
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HIGH HEAD GAPE SEAL STUDIES 
MUSIC NOTE SEAL ASSEMBLY. DIMENSIONS FOR AUTOMATIC 

RETRACTION AN0 EXTENSION OF BOTTOM SEAL BULB. 
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Report Hyd. 311 Figur 

A.  Beveled s e a l  s e a t  with b r a s s  b a r s  so ldered  t o  face. T h e s e  
b a r s  prevented complete  sea l ing ,  thus d e c r e a s i n g  water h a m m e r .  

B. Solid bulb m u s i c  note seal wit11 90 d e g r e e  b r i ~ s s  shie ld on 
bulb. T h i s  s e a l  was  used with  the above seat .  The damage 
was sustained in seat ing .  

HIGH HEAD GATE SEAL STUDIES 

Arrangement to  Reduce Water H a m m e r  to Protect T e s t  
Equipment during T e s t s  with Automatic Bulb Extension 
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R e p ~ r t  Hyd. 31 1 F i g u r c  23  

A. Sea l  wi th  o n e  p i e c e ,  s e l f  c e n t e r i n g ,  b r a s s  r e i n f o r c i n g  plate  In 
stems.  The pla te  was c e n t e r e d  during mold ing  by mcaris  of the  
tabs shown.  (See F i g u r e  2!)). 

El. Seal with 180 degree. s lo t t ed  brass  bulb sh ie ld .  l 'wu p i e c e ,  
br.;lss stc.111 reinforcing platc- shi f ted dur-ing nlolciing. (See  Figurcr 
27). 







A .  Unsatisfactory gate closure at zero 
seal-to-seat gap. Seal bulb catches on 
the upper corner of seat bevel. 

Report Hyd. 311 Figure 26 

*+HIGH HEAD GATE SEAL STUDIES 

Operation of Double Stem Seal without a Brass Shield or Stem Rein- 
forremen .. Gate Closed with Bulb Extended 8t 195 Head. 

B. Satisfactol-y gate closure with 1/8-inch 
seal-to-seat gap. 



. ... VIEW X-X 

SEGTIQAI Y-Y . 

HIGH HEAQ GATE SEAL SfUD/ES 
DOUBLE STEM SEAL WITH 180 DEGREE BRASS BULB SHIELD 

AND PWO- PIECE, BRASS, STEM REIWWCiNG PLATE 
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SECTION A-A 

HIGH HEAD G A T E  S E A L  STUDIES 

DOUBLE STEM SEAL WITH /NTFGRAL BULB-STEM BRASS PLATE 







NOTES : 
I Gate includes provls~on for re- 

traction and extension of bulb. 
2. Test seal IS mode from double , stern sea/ ------- - - - - - - - - - -  -----  " 

HIGH H E A D  G A T E  S E A L  STUDIES 
SHASTA DAM PENSTOCK GATES BOTTOM SE.4L-PROPOSAL NO. I .  



//// 
NOTES: 

1. Gate includes provisions for re- 
troctian and extension of bulb. 

2. Test seol is made f rom 
sfem sea/ ----------- - -- -------- - 

HIGH HEAD G A P E  S E A L  STUDIES 
SHA ST4 DAM PENSTOCK GATES BUT TOM SEAL -PROPOSAL NO. 2. 



,-Line 8, posit ion of 
seal  w i t h  no f low. 

eal- to- seot gap 
-Reference, see Figure 31 

TEST P O S I T I O N  

The seal b u l b  r e m a i n e d  e x t e n d e d  a b o v e  97 f e e t  
of h e a d  b e c a u s e  w a t e r  l e a k e d  t h r o u g h  the  four 
7 /~s "d iome te r  spacer  p i n  h o l e s  i n  the  th in  rubber  
bol ted sect ion,point "A' These holes were stretched 
to  an e l l i p f i c a I  shope.  When b u l b  r e t r a c t i o n  was 
a t t e m p t e d ,  Phe p ressu re  b e h i n d  t h e  b u l b  c o u l d  
not be r e d u c e d  s u f f i c i e n t l y  f o r  r e t r a c t i o n .  . 
S i m i l o r  l eakage  i s  l i k e l y  to occur  f h r o u g h  cap- 

~n screw holes.---- ,_--  
' 46  
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R E S E R V O I R  H E A D - F E E T  OF W A T E R  

H I G H  H E A D  G A T E  S E A L  S T U D I E S  
I 

S E A L  B U L  8 E X T E N S f O N  V E R S U S  R E S E R V O I R  H E A D  
I SHASTA P E N S T O C K  GATES BOTTOM SEA L - PROPOSA L NO. I .  





Report Hyd. 311 Figure 3 s  

A. Recommmded bottom mal w i t h  180 degree, slotted bra88 f ield.  
- * 

B. BPlB rebad rbo*r mat at 195 feat bod. TIXI bmlb 
ahowed no kadoacy to Worrout with ths m i n i ~ v .  
cornprcsmoion of beveled stem, 3/32 he&. 
teat a i r n d ~ k d  a tWum in t b m  bulb retractifon 
ayakrn. 



Report Hyd. 31 8 Figure 36 

A .  Assembly with minimum compression, 
3/32 inch, of beveled stem. Seal end 
painted white. 

B.  Assembly with maximum compression, 
7/32 inch, of bwcled stem. Seal end 
painted white. 
HIGH HEAD GATE SEAL STUDIES 

Assembly Views of Recommended Bottom Seal 
Shasta Penstock Gates. 



Report Hyd. 3 11 

A. Side  v i ew o f  s e a l  a s s e m b l y  showing  
penstock ~ ~ l t r a n c e  t rans i t ion  s e c t i o n .  

B. View s h o w i ~ l g  v a c u u m - p r e s s u r e  
p o r t s  in  l o w e r  seal  stern clamp p la te .  

HIGH HEAD GATE SEAL STUDIES 

Double S t e m  Seal with S t e m  Attaching S c r e w s  A s s e m b l e d  
f o r  Automatic  Retrac t ion  and Extens ion  of  S e a l  Bulb  



Test gate leof--- 

FRONT S!DE 

water passage, 2.1 
s9. inches per linear 
foot of seal, to retract 
and extend the sea/ 
bulb. See figure 378. 

fo be $' lower than at 195' heod. 
2. resf gate rate of travel equaled 0.14 inches per second. 
3. Hydraulic control tar retraction was edgs X ;  for extension was edge X 

EXTENSION OF BOTTOM SEAL BULB. 



HIGH HEAD GATE S E A L  STUDIES 
DOUBLE STEM SEAL WlTHOUT STEM ATTACHlhlG SCREWS - OESJGN NO. I 

TEST GA TE A SSEMBLY 



Report Hyd. 3 11  Figure 40 

A. Twelve-inch test  secticn of seal .  Eqd painted white. 

B. Seal  retracted at 120 feet head-- 
showing buckled s t em and twist of 
bulb section.  118 inch seal-to-seat 
gap 

Photographs of the Double Stem Seai without Stem Attaching Screws--  
Design No. 1 .  



B. Seal in retracted position at 195 
feet head with bars in place, intended 
to stop stem buckling. 



-Passage for odmis- 
sion of atmospheric 
pressure for re - 
traction and res- 
ervoir head for 
extension. 

-With or without 
180" bross shield 
vulcanized to  
rub be^. 

HIGH HEAD G A T E  SEAL STUDIES 
DOUBLE S TEA4 SEAL WITHOUT STEM ATTACHING SCREWS 

DESIGN NO. 2 -PRELIMINARY 





HIGH HEAD GA TE SEAL STUD/PS 
DOUBLE STEM SEAL WITHOU;T STEM ATTACHING SCREWS 

DESIGN NO. 2 -TEST GATE SEMBLY - RECOMMENDED DESIGN 
3 2  C .# 



CURVE 
NO FLOW C L  E A  R A N C E  

R E F E R E N C E  
A B 

-4 f '  Zero Figure d~ - 
x- Zero Figure 42 

RESERVOIR H E A D - F E E T  OF W A T E R  I 
I HIGH H E A D  GATE S E A L  S T U D I E S  I 

SEAL B U L B  E X T E N S I O N  VERSUS R E S E R V O I R  H E A D  

3 2 0  
DOUBLE STEM SEAL WITHOUT STEM 6ITTACH:NG SCREWS - OESlGN NO. 2 



Report Hyd. 31 1 

A. Seal  with 180 d e g r e e  b r a s s  shield,  
r a i s e d  above s e a t .  Bulb w a s  wedged 
between c l a m p  plates  at 160 feet  head 
o r  m o r e  when bulb was extended. 

B. Seal without a b r a s s  sh ie ld  and 
z e r o  sea l - to -seat  gap. With bulb e x -  
tended during gate  c losure ,  bulb was 
not pinched at 195 feet head. 

HIGH HEAJ~ATE SEAL STUDIES 

Operation of the Double Stem S e a l  without Stem Attaching Screws  
Design No. 2.  







DEPARTMENT O F  TE3E INTERIOR 
BUREAU OF RECLAMATION 

COULEE DAM, WASHINGTON 

November 2, 1950 

To: Chief Engineer, Denver, Colorado 

From: District Manager 

Subject: Experimental Seals for Penstock Coaster Gates--Grand Coulee 
Dam --Columbia Basin Project. 

Reference is made to your teletype DN-CD 845. Three succes- 
sive stimulated emergency closures were made with the new type experi- 
mental seal. No damage was done to the seals during thesc tests and 
very low leakage was encountered after each closure. The tests  were 
considered very successful. The following detailed report covers the 
preparation for and the results of the simulated emergency closure tests  
using the subject seals. These tests were made using the R-6 coaster 
.gate. A test of a similar nature using the music note type seals is 
referred to in a let ter  of November 23, 1949, to Chief Engineer, from 
District Manager, subject "Closure of R-7 penstock coaster gate under 
simulated emergency conditions--Grand Coulee Power Plant--Columbia 
Basin Project. " 

A. Preparation of Coaster Gate 

1. The coaster gate used for this test was one of the 
three gztes furnished under Specifications No. 905. 
This gate was put in service in June 1941 and was 
removed from service during October 1949 to permit 
installation of new seals (see let ter  December 16, 1949 
to Chief Engineer, from District Manager, subject 
11 Report on condition of main 'unit L-3 penstock 
coaster gate--Grand Coulee Pov/er Plant--Columbia 
Basin Project"). It was subsequently installed in 
the R-6 position on April 24, 1950. ~ f l e  controls 
were tested and operation of the gate was deemed 
satisfactory. 

2. Removal of the coaster gate was accomplished on 
August 25, 1950. The seal bases were removed and 
then taken to the machine shop for alteration in accord- 
ance w i t h , D r a w e  No. 32'221)- 15067: The roller 
chains were noted to be in an inoperable condition 
at this time due to corrosion. (See photograph 
No. 3-22706. ) The chains were removed from the gate, 



until each rol ler  and link was f ree  to move. The 
links were treated with Texaco Type L rus t  preventive 
compound before the chains were reinstalled on the - 
gate. After installing the chains on the gate, it 
was ;just possible to rotate them using an a i r  tugger 
which exerted a 1-ton pull. After completion of the 
tests,  the chains could not be rotated using the 
same pull. The probable reason for  the h ighres is t -  
ance-  to rotation is that this coaster gate was 
equipped with rol ler  chains having unbalanced o r  
double links, whereas subsequent coaster gate chains 
incorporated the balanced o r  triple type links. 

B. Installation of the experimental seal. 

1. Installation of the experimental seal  (Drawing No. 222- 
D-14970) was made in accordance with the March 15, 
1950 revision of Drawin.  N6.222:D -15067. T h e n i t e r  
joints in the corners  of the sea l s  were vulcanized 
i n  place on the gate. Photographs Nos. 3-22820, 
3-22821 and 3-22822 were taken during the installa- 
tion of the seal .  

After the installation of the sea l  was completed, 
clearance readings were taken o n  the seals at the 
points indicated on Figure 1. Readings on the 
vertical sea l s  were taken with a gage inserted 
between every other pair of ro l l e r s  using the 
ro l ler  track for  a reference plane a s  shown in 
photograph No. 3-22819. A wire was strung 
parallel to the top and bottom sea l s  and the 
clearance readings taken between the seal  and 
the b r a s s  sea l  seat on the dam is 1/16 inch 
(to. -1/16") a s  shown on Drawing No. 222-D-9732, 
but this was not attained on a13 par ts  of the sea ls .  
See figures 3 and 4 for the readings obtained. 

3 .  The dimensions of the rubber sea l  furnished were 
checked for conformance to those shown on Drawing 
No. 222-D-14970. Every dimension was found to be 
as large as the tolerances permitted. This  in part - 
accounts f o r  not attaining the normal seal  clearance. 



On September 14, 1950, the coas te r  gate was  operated 
and the penstock bulkhead was drained. The f i r s t  
at tempt to  drain the bulkhead (by opening the 6" 
d ra in  valve) was considered a fa i lure  af ter  35 minutes. 
The gate was completely ra i sed  and again lowered with 
the s a m e  resu l t s  on the second attempt. On the third 
t r ia l ,  the gate was raised about one foot, then with 
the 6-inch drain valve open, the gate was allowed to 
se t t le  by opening the by-pass valve on the coas t e r  
gate control piping. The  resu l t s  of this c losure  were 
v e r y  good (see  photographs Nos. 3-22847 and 3-22848). 
Leakage past the s e a l s  was estimated to be 25 gallons 
p e r  minute. 

D. Action of the seal . 
With the penstock drained, the movement of the exper i -  
mental seal appeared to  be l imited to the. sl.ight move- 
ment towards the b r a s s  s e a t  necessa ry  to prevent  leakage. 
Excess ive  deformation of the seal was not apparent.  
(See photograph No. 3-22850. ) 

E. Effect iveness  of the sea l  a f te r  the generator  dryout run. 

An inspection was made of the coas t e r  gate leakage 
a f te r  completion of the dryout run. The seal was 
obtained by closing the wicket gates,  lowering the 
coas t e r  gate, and opening the penstock dra in  valve. 
Leakage past the s e a l s  was estimated to be 200 gallons 
p e r  minute at this t ime with seve ra l  leaks apparent.  
(See figure 6 .  ) 

F. Method used j.n simulating emergency  shutdown. 

The  conditions under which an emergency shutdown was 
simulated were fixed wicket gate opening and constant 
unit speed. These conditions were  maintained by 
beginning with the unit on the line with a load of 108 
megawatts. The c o a s t e ~ .  gate was then trippsd and the 
unit gradually dropped i t s  load in o r d e r  to hold syn- 
chronous speed. T h e  conclusion of this s t e p  was 
motoring the unit before  opening the generator  c i rcui t  
b reake r  s o  that the wicket ga tes  would not c lose  when 
the unit separated f r o m  the t ransmission sys tem.  



shutdowns. 

1. The first  emergency shutdown was made on October 9, 
1950. Inspection of the coaster gate was made shortly 
after the shutdown and revealed several small  leaks.  
past the seals. (See figure 6 . )  Leakage was estimated 
to be 150 gallons per  minute. 

2. The second emergency shutdow.1 was also made on October 9, 
1950. Inspection of. the gate this time revealed a number of 
quite small leaks. (See Figure 6. ) Leakage was estimated 
to be 75 gallons per  minute. 

3. The third emergency closure w a s  made on October 10, 
1950. The leakage this time was limited to one large 
leak near. the top of the left vertical seal  and a small  
amount of water coming i n  under the inner clamp bar 
on the opposite side. (See Figure 6. ) Leakage was esti- 
mated to be 100 gallons per minute. 

H. Opera.tiona1 data during the shutdowns. 

Figure 5 shows all of the operational data pertinent 
to the emergency closures. These figures a re  repre- 
sentative of dl three shutdowns. It was noted that the 
pressure in the scrol l  case dropped very slowly after 
the unit was separated from the transmission system. 
This is due to the fact that the turbine acts  a s  a 
centrifugal pump and holds pressure in  the penstock 
proportional to i t s  speed. 

I. Condition of the seal after testing. 

1. The coaster gate was removed from the slot on October 11, 
1950 to permit inspection of the seals. A visual inspection 
of the seals revealed no apparent damage. A slight 
tendency for the seals  to Creep towards the middle of the 
gate was noted. (See photographs Nos. 3-22984, -985, 
-986, and -987. ) The last photograph shows a pulled 
down condition of the seal  at the top right corner which 
was due to a material shortage on the vertical seal on 
installation. This existing condition. appeared to be 
unchanged by the closure tests. 



those taken before installation of thegate ,  were taken. 
Using the gape inserted between a pair  of ro l lers  and 
using the ro l ler  track a s  a reference plane, readings 
(See Figures 3 and 4) to the vertical sea l s  were taken 
but not a t  the same locations a s  previously, because 
the ro l ler  chains could not be rotated a s  was mentioned 
i n  paragraph A-2. 

The average seal clearances both before and after the 
c.losure tes ts  a r e  shown below, also shown is the average 
change in the sea l  clearances during the tests .  The 
normal recommended clearance between the seal  and the 
sea l  seat on the  dam is 1 /16  inch (+0, -1 /16-inch). 

Initial Final ' , Change in  
Clearance - Clearance Clearance 

Top seal .076 inch .081 inch +. 006 inckn 
Bottom sea l  .032 inch .031 inch - . O i l  inch 
Right vert ical ,  sea l  .092 inch .020 inch -. 072 inch 
Left vertical sea l  .084 inch .016 inch -. 068 inch 

(The above average readings a r e  to be considered accurate 
within f 1 / 6 4  inch.) 

J. Roller chains. 

The ro l ler  chains appeared to have functioned sa t i s -  
factorily, however, this might not have been true if the 
chains had not been worked over p r io r  to the test. It 
is felt that this vital portion of the gate should be made 
of corrosion resistant steel.  

The rubber used i n  the subject sea l  was softer  than previous 
s ea l s  but of very  good quality, i t  vulcanized ve ry  well and no joint, 
field o r  factory, showed any s t r e s s  or failure af ter  the tests .  The 
rubber bulb of the sea l  appeared to be sufficiently confined by the 
clamp bars  s o  that no maladjustments resulted from the emergency 

I closures.  The possibility of replacing the coas ter  gate top and bottom 
1 s e a l s  only with the type of seal  used on these emergency closure tes ts  

ha s  been mentioned in previous conversations between your office and 
the project personnel. Your further -comments on this possibility a r e  

I - invited. 

I For  the Distr ict  Manager 

(Sgd..) F, J .  Sharkey 
Acting Supervising Engineer 

Enclosure: 1 2  photographs 
6 data sheets  

Copy to: Regional Director,  Boise, Idaho 
(with data sheets  only) 
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Figure 4 

Clearance i s  distance 
from seal to seal seat 
with gate i n  postion as 
shown on Drawing No. 222-D- 
9732; recommended mini- 
mum clearance i s  . 062  inch - sign indicates inter- 
ference. 

Accuracy of readings is 
f 1/64  inch. 

Interior - Reclamation - Denver, Colo. 







R - G cuas ter .  g a t e  ( f o ~ . ~ n e r l y  L - 3 )  lowet. r i g h t  t.oller. cha in .  P h o t o  s h o w s  
tor-rosion of t h e  s t e e l  c h a i n  l i nks .  ' r t ~ i s  g a t e  was in s e r v i c e  fro117 J u n e ,  1941 
un t i l  :Qove t~ lbe~ . ,  1949,  a n d  frorn Apt-il, 1950 unt i l  Augus t ,  1950. The c h a i n s  
a r e  in  a n  i n o p e r a b l e  cond i t ion ,  a n d  i t  rrlay be noted tha t  t h e i r  s l i d i n g  a c t i o n  
i n  oper*at iun h a s  s l i g h t l y  f l a t t ened  the  c o n t a c t  s u r f a c e .  A f t e r  I-enloving t h e  
r u s t  f r o m  t h e  l i nks ,  m a n y  p i t s  w e r e  found to b e  in e x c e s s  of I j 16 " i n  dep th .  
Augus t  30, 1950. 

d 



t i ( .~~or- l  f tyd :il 1 f J l ~ t ) t o  N o .  3 - 2 2 8 2 0  

'I'he I ? - t i  c ,vas te r .  gat(: ~ . h l c . I i  W;J> f v t - n ~ c . ~ - ~ y  1 r 1 ~ 1 ; j I I i ~ d  111 I . - : <  arici f i ~ ~ . i i i ~ l i ~ ~ t ~  

under .  Spec i f i l : a t io r~s  N o .  905, s h o ~ i l i g  i i n s t ; i i l ~ \ t i o r~  of 111~  exl,et-ln:ent:~l  
s fba l  (I(efc~.ence D r a w i n ? ,  No.  2 2 2 - D -  15067). T h i s  c.losc.-ul> shows 111~. 

tup  Icl't cur - r i e r  of  t l ~ e  sc:al d u ~ - i l l g  i n s 1 a l l ; ~ t  i o ~ i  of t h e  c . l a : ~ ~ f )  I ~ a r - s .  
Sep tc . rnbcr  1 3 .  1950.  



Report Hyd. 31 1 Photo No, 3-22821 

The  K - 6  Zoaster gate which was fo rmer ly  installed in L-3  and was f u r -  
nished under Specifications No. 905, showing installation of the  expe r i -  
mental s e a l  (Reference Drawing No. 222-D-15067). T h i s  c lose-up 
shows the'atop right c o r n e r  a f t e r  the completion of field vulcanizing. 
Septembe.-y 13, 1950. 

? 



l o t  l  I I P h o t o  N o .  :+- 221122 

'rilc R-G coaster g a t e  which  w a s  f r ) r*~ i l c r ly  irlstallcd i t 1  L-Y and ivas f u t - -  

nished tlndox. Spec lficat io11s N o .  YU5, s t lowing  i n s t a l l a t  iori o f  t i ~ c *  esy.)er.l 
tnentnl scnl (Refe l -ence  Dr.:~wirlg N o .  2 2 2 - D -  I50 I i7 ) .  This v i t -w  of tht. 
seal was t a k e n  of the upper.  right hand s i t l c l  of t h c  gate. St.+pttbrnbc~. 13, 
1950. 



T h e  R - 6  c o a s t e r  g a t e  w h i c h  w a s  f o r r n e r . 1 ~  i n s t a l l e d  i l l  L-3 a n d  was fu l -n i shed  
u n d e r  Spccs. No. 905, s h o w i n g  i n s t a l l a t i o r l  of t h e  e x p e r i m e n t a l  s e a l  ( K e f -  
e r e n c e  Drawing  No.  222-D- 15067). Use of t h e  seal c l e a r a n c e  g a u g e  is 
s h o w n .  T h e  g a u g e  w a s  i n s e r t e d  b e t w e e n  t h e  I-ollers and  f i r m l y  seated 
a g a i n s t  t h e  r c l l e r  t r a c k .  A c l e a r a n c e  of 1/ 16" b e t w e e n  t h e  s e a l  a n d  t h e  
gauge is the n o r m a l  s e t t i n g .  Sep t e rnbe l -  13, 1950. 



L V  

' he  c o a s t e r  ga te ,  f o r m e r l y  ins ta l led  i n  Unit L - 3 ,  is shown ins t a l l ed  in t h e  H-6 pens tock .  T h e  gate i s  equipped $ 
, i t h  the  e x p e r i m e n t a l  seal (Hefepence  D r a ~ v i l l g  No. 222-D- 15067). T o t a l  l e a k a g e  p a s t  t he  g a t e  w a s  e s t i m a t e d  -4 

3 be 25 ga l lons  p e r  minu t e .  The t op  half of t h e  gate is shown in  the photo. S e p t e m b e r  20, 1950. 



N 
'rhc c:oastc~- g a t e ,  fot-mer-ly ~ristalled ~n Unit  L-:3, is slio1s.11 ~ n s t : i l l t : < j  1 1 1  t t i c  H - 6  p t b l l s t o c . k .  'l'tie g a t e  1s t:clu~ppt.d a 

A 
with t he  cx~)erlmental seal ( R e f e r e n c e  D r a w i n g  Su. 2 2 - 1 -  7 )  'I'otai lttaliagt. p a s t  t i l t*  g a t e  was e s t l n ~ ~ t t t ~ c l  cc 
t o  be 25 gallons p e r  m i n u t e .  T h e  bottom half uf the. gatt* is S ~ L J W I I  t hc  p t ~ o t c , .  September.  '20, 195U. 



k. 
I 
N 
CQ 

T h e  c.::.,aste~. gate ,  fut.r.net.ly illstalled in  Uni t  L - 3 ,  is stiutvri 1:lstr1llcd i l l  the L i  -ti p, ~~s toc :  k .  'I'he gate is equipped cc 
5. 

w i t h  the tbxi)et.ir-rlerital seal (l-ieference D r a w i n g  N u .  2 -  l i ) .  'I'vt.al Jvakagc. past tlic. gate rvas estilnatcd x 
t v  be 25 g a i l t ~ n s  pet* ~ n i n u t e .  ?'he Lottorn half of th t .  g:~tt> I S  shown in  !he p h c . ~ t c ~ .  St.l)tcnlbc.~- 20, 1 9 5 U .  

k 



Hcport Hyt l .  31 1 Photo No. -22850 

' I 'his c l o s e u p  v i e w  of t h e  c o a s t e t .  g a t e  i n  t h e  K - 6  p e n s t o c k  was  t a k e n  
l ook ing  tclwal-cf the  l e f t  siclc of t h e  g a t e  just a b o v e  t h e  b o t t o m  t o  i n t c r -  
n l e d i a t e  leaf s e c t i o n  s p l i c e  p l a t e  ( s e e  P h o t o  No.  3-22848) .  T h e  l i gh t  
c o l o r e d  s t t - i p  o n  t h e  left is t h e  b r a s s  scbal s e a t .  T h e  e x p e t w i m c n t a l  
s e a l  ( l t e f e r e t ~ c e  D r a w i n g  No. 2 2 2 - D -  15067) is j u s t  ba r e ly  v i s i b l e  in  
the 5, 16" w i d e  recess b e t w e e n  t h e  seal seal  and  s e a l  c l a m p .  Sep 
t c ~ n b c r .  2 0 ,  1950 .  d 



Iicporl Hyd. 3 1  1 P h o t o  N o .  





L3 
'I'tle specla1 r u b b e r  seal (Draawlng n'o. 2 2 2 - D -  14970) is s h o w n  o n  t h e  R-t i  c:oaster g a t e  after comple t ion  of t he  t~ 

s i ~ n u l a t e d  emergency c l o s r e  t e s t s .  The photu s h o w s  t h e  condition of t h e  1owc.1. wes t  cornel. of t h e  s e a l .  a 
03 

r\;,~te t h e  space between t h e  l o w e r  c la rnp  bar and the  seal. Octuber.  11, 1950. cn 



Thc 
s i n  
C or 
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2 s p e c i a l  r u b b e r  s e a l  (Drawing Nu .  222-D- 14970) is shown on the  R - 6  c o a s t e r  g a t e  a f t e r  completion of 
~ u l a t e d  e m e r g e n c y  c l o s u r e  t e s t s .  r h e  photo s l ~ u w s  the  upper  west  c o r n e r  o f  the  s e a l .  The pulled dow 
i d ~ t i o n  of the  seal  a t  t h e  cor r  1. w a s  p r e s e n t  before  the  t e s t s  and does  not appear to  have  beell altered d 
t h e  t e s t s .  Oc tober  11, 1 9 5 f  

the  
I1 
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