
{ 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

HYDRAULIC LABORAT ORY TE ST S OF S EA L S  F OR 

HIGH-HEA D C OA STER A N D FIXED WHEEL 

STRUCTURA L STEEL GATES 

:-Iydraulic Laboratory Report No. Hyd. -311 

RESEARCH AND GEOLOGY DIVISION 

BRANCH OF DESIGN AND CONSTRUCTION 
DENVER, COLORADO 

July 20, 1951 



A 

• 

.. 

Purpose . . 

Conclusions 

Recommendations 

Acknowledgement .. .. 

Introduction . . . 

CONTENTS· 

Methods of Operating the Seal Bulb 

Continuous Seal-Bulb Extension 

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

Automatic Retraction and Extension of the Seal Bulb 

Music -note Seal 

Double-stem Seal 

Description of the Test Equipment . 

Music -note Seal Designs . . . . . 

Hollow Music-Note Seal, Showing Manner of Failure 

Solid Bulb Music -note Seal, Without a Brass Shield 

Solid Bulb Music -note Seal with a 90° Brass Shield . 

Solid Bulb Music-note Seal with a Bulb Brass Shield 

Page 

1 

1 

3 

3 

3 

5 

5 

5 

• 6 

6 

7 

7 

8 

8 

9 

9 

Greater Than 90° . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Hollow Music-Note Seal Assembly at Grand Coulee 
Gates 10 to 18 . . . . . . . . . . . . . 

Behavior of the Music -note Top Seal , . ; . . . . . . . 
! 

Automatic Retraction and Extension of the Music -note 

.10 

. .11 

Bottom Seal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 



.. 

CONTENTS--Continued 

Double-stem Seal Designs . . . . .  

All Rubber Double-stem Seal. 

Page 

14 

14 

Shielded Bulb, Reinforced Stem, Double-stem Seal. 15 

Reworked .Double-stem Seals for Shasta Dam . . . . 16 

Automatic Retraction and Extension of the Gate Bottom 
Double-stem Seal . . . . . . . . . . . . . . . . . . . .  0 17 

Double-stem Seal Without Stem -attaching Screws, 
Design ·No. 1. . . . . . . . . . . . . . . . . . . . • . . . . 20 

Double-stem Seal Without Stem-att:;ching Screws, 
Design No. 2. . . . . . . • . . . . . . • . . . . . . . . . 21 

FIGURE LIST 

Gate Installation Perspective 

Sections of Music-note Type Seals 

Seal S�at with Undesirable Sharp Corners. 

Fri ant Dam --Fixed Wheel Gate--Side Seal 

Music-note Bottom Seal Failure of U-3 Coaster Gate--
Shasta Dam . . . . . . . . . . . . . . . . . . . . . .  . 

Severe Mutiliation of the Bottom Music-note Seal of U -3 

Figure 

1 

2 

3 

4 

5 

Coaster Gate--Shasta Dam . . . . . . . . . . . . , . . . . . . . . . 6 

Shasta Dam--Coaster Gate Seal with Slip-on Tubing. . . . 7 

Grand Coulee Dam--Seal Actuating Mechanism Assembly 8 

Laboratory Test Rig--Assembly Drawing .. : ; 

Pens tock Entrance Transition Section (Typical). 

ii 

9 

10 



CONTENTS--Continued 

Test Rig Photographs. 

Manner the Hollow Bulb Music-note Seal Fails at Low 
· Heads--Without a Sharp Corner at Upper Edge of Seat 

Beve I. " o • o • • o o o .. o • o II .. .. o • • o • • o • • • .. 

Manner the Hollow Bulb Music-note Seal Fails at. Higher 

Figure 

11 

12 

Heads"."-With a Sharp Corner at Upper Edge of Seat Bevel . 13 

Behavior of the Solid Music-note Seal Withqut a Brass 
Shield . . . . . . . . . . . . . . . . . . . ·. . . . . . . 14 

Behavior of the Solid Music-note Seal with a Brass Shield . . 15 

Solid Music-note Seal Brass Shields Greater than 90° . 16 

Grand Coulee Dam--Seal Assembly--Gates 10 to 18 . . 17 

Behavior of Grand Coulee Type of Seal Assembly with 
Bulb Retraction Provisions . . . . . . . 18 

Test Gate Top Seat--Section Drawing . . . . . . . . . 19 

Music-note Seal Assembly--Dimension for Automatic 
Retraction ;and· Extension of Bottom Seal Buib. . . . 

Arrangement to Reduce Water Hammer to Protect Test 

0 • • • .  
20 

Equipment during Tests with Automatic Bulb Extension. 21 

Photographic Sequence of Music-note Seal with Automatic 
Retir.action. and EKt'ensiori. of' SeaI Bulb-. . . . . . . 22 

Double-stem Seals with Stem Reinforcing Plates. .. . . . . 23 

All Rubber Double-stem Seal 222-D-14970--Grand Coule� 
Field Tests. . . . . . . . . . . . . . . . . . . . . . . . • 24 

Seal-bulb Extension versus Reservoir Head--Double-stem 
Seal with Stem-attaching Screws. . . . . . . . . . . . . 25 

Operation of Double-stem Seal Without a Brass Shield or 
Stem Reinforcement . . . . . . . . . . . . . . . . . . . ·26 

Double-stem Seal With 180° Brass Bulb Shield and Two-
piece, Brass, Stem Reinforcing Plate. . . • . . . . • . 27 

iii 



Because of the difficulties numerated above and fhe increased number 
of high head g.ate installatio� in recentyear-., the Mechanical· Division 
requested that the Research and Geology Division make the necessary te$ts 
to determine the manner of the music-note s�al failures. This seal study 
is concerned with the mechanical behavior of the seal and its geometric 
shape, and 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 will ,seal over a zero to 1/4-inch seal-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 1/16-inch thick, half-
hard, yellow brass. Pertinent information on penstock gates projects 
that were of immediate concern at that time are shown in the tabie below: 

ax1mum nea, 
ctuating 
valve and 
piping 
equip. built 
into gate to 
extend and 
retract seal I Yes I No I No I No I Yes 

Gate we1g. 
will over-

I 

come rubber 
seal-to-
metal seat 
friction I Probably I No r Y--es I No IProbabl 

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 the seat during opening and 
closing of the gate. 'Ihe principal objections to this are that the gate 
is further complicated mechanically and additional equipment is 
required. 

(b) Reduce the coefficient of friction between the sealing 
surface.s. This may be done by vulcanizing a brass shield (usually 
1/16-inch thick) t(? 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 do 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. 
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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. of these gates at heads. as low as 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 and 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 tlte 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 
at heads as low as 60 feet. 

3. The solid bulb music-note seal with a 90 ° brass shield on the bulb 
is the best de�ign 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, as 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, �he 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 "hin es" freely on· the sin le stem. 



6. The double-stem type of seal (Figure 24) is superior to the 
music-note type of seal. Two stems provide adequate position control 
of the seal bulb . However, .if 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 23 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 was poor 
and the bulb did not seal a 1/ 4-inch seal-to-seat gap at 195-foot head. 

8. For 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 ° brass shield 
bonded to the double-stem seal is as 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 stem-attaching screws, Design No . 2 
shown in Figure 42, is 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 180 ° 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 . 

12. Automatic retraction and extension of the seal bulb, using 
existing gate parts for hydraulic control points, was satisfactorily 
achieved in the laboratory for both the solid music-note and double-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 th.e bottom of the 
Shasta Dam pens tock 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. 
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RECOMMENDATIONS 

1. Smoothly blend the seal-seat bevel with the surface of the penstock 
or river outlet entrance on future designs to prevent sharp edges or corners 
from catching-hold of the seal bulb as in the case of tli'e design shown in 
Figure 3. · 

2. Field test the double-stem seal with the molded circular sections 
on t];te stem ends which uses no stem-attaching screws, Design No. 2 
(Figure 44). 

3. Field test at 20 0-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 river outlet entrances such as that shown in Figure 1. 
High head is arbitrarily defined here as a hydrostatic head of 100 feet or 
more. These gates are normally operated with balanced water pressure 
across them but during emergency 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 conchiit;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 20 0 to 30 0 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 s_eal has _been found torn from the gate or part pf the 
seal missing (Figures 5 and 6). A drop-tight seal is not required. It 
is impracticable to obtain and unwatering pumps are included in the pen­
stock and tunnel equipment. Seal leakages as· high as 4, 0 0 0  gallons per 
minute (about 9 cfs) have occurred in the field, and maintenance work was 
not possible on structures and equipment downstream from the closed 
gate. The maximum permissible gate seal leakage is about 250 gallons 
per minute (0 . 56 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. 
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Because of the difficulties numerated above and the increased number 
of high head gate installatio� in recent..1ear1i .. the :Uechanical · oivis_ion 
requested that the Research and Geology Division make the necessary teEpts 
to determine the manner of th� music -note s�al failures ,  This seal study 
is concerned. with the mechanical behavior of the seal and its geo�etric 
shape, and not the improvement in the materials of the sealing ,-surfaces, 
such as the rubber compound. · ·A seal assembly is nol considered accepl­
able -unless it will ,seal over a zero to 1 / 4-inch seal-to-seat gap range 
(Dimension G, Figures 20 ·and 3 8 ) .  All metal shields; bonded t o  the 
seal bulb, used in these studies were made of 1 /1 6 -inch thick, half-
hard, ·yellow brass . Pertinent information on penstock gates projects 
that were of immediate concern at that time are shown . in the tabie below: 

aximum lieacl 264 ft I 265 ft I 121 ft I 99 ft I 260 ft 
ctuating 
valve and 
piping 
e quip . built 
into gate to 
extend and 
retract �eal I 'Yes I No I No I No I Yes 
ate we1g. 
will over-
come rubbe 
seal-to-
metal seat 

'{ 

friction I Probably I No r .Y-es I No I Probabl 

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 the seat dur�ng opening and 
closing of the gate . 'Ihe principal objections to this are ·that the gate 
is further complicated mechanically and additional equipment is 
required. 

. (b) . Reduce the coefficient of friction between the sealing 
surface.s . This may be done by vulcanizing a brass shield (usually 
1 / � 6 -inch thick) tc;, 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 do 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 . 
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The - Gates Rubbe r C ompany of Denver,- C olorado;· supplied all 
of the experimental test  seals,  the majority fre e of charge . The 
exc eptions we re the seals shown in Figure s  40A and 42 ,  which re quired 
c om pletely new molds . The physic al charac te ristic s of the rubbe r 
stock, Gat e s  Rubber C ompound No . 1 5 6 4 ,  used in all the seal te-st 

· s ample s i s  given below: 

Tensile strength, p si, m in . . . . . 3 , 5 00 
Elongation at bre ak, pe rcent,  m in . 
Shore durome ter (Type A) . . . . . 

5 0 0  
6 0  to 7 0  

Specific gravity • . . . . . . . . � . 
Absorption of water, by weight, perc ent, m ax 
C ompression set  ( c onstant deflec tion) percent 

of original deflection, m ax . . . . • . . 
Tensile strength afte r  oxygen bomb aging 

(48  hour s,  7 0° c • .  3 00 psi) , pe rcent of 
· tensile strength before aging, m in . . . .  

METHODS OF OPERAT ING THE SEAL BULB 

C ontinuous S e al -bulb Exten sion 

1 . 1 4  
3 . 7 

2 3  

8 0  

This method of extending the seal bulb to the seat on the dam is 
the simple st me'thc:id used.  The reservoir he ad is made e asily acc e ssible 
to the region behind the seal bulb, as illustrated for the music -note 
s e al in Figure 4. Holes of no fixed siz e are drilled in the angle iron 
guard adj acent to the s e al to as sure re s e rvoir head on the gate side o:t: 
or behind,  the s e al bulb . For the double - stem seal, water pas sages can 
be  provided in the steel membe rs around the outer part of the gate to' 
route re s e rvoir head to  the region on the gate side of the s e al bulb . The 
bulb is extended during all gate m ovement.  and this :r;n ethod of seal bulb 
operation is called continuous bulb extension . Bulb retrac tion to bre ak 
the s e al and completely remove the seal -to -se at friction al drag is not 
intended.. This m e thod of bulb operation in uns atisfac tory with the 
music -note seal as described in the MUSIC -NOTE SEAL DESIGNS 
sec tion of this report . The double - stem seal is bette r ad apted to this 
m e thod of extending the se al bulb . 

A c tuating V alve and Piping for Retraction and Extension of the Seal Bulb 

A drawing showing one type of valve and piping n e ed ed for this m ethod 
of retrac tion and exten sion is shown in Figure 8 . Briefly, this method is 
as follows : As the gate approache s the outle t entrance ,  the c avity behind 
the bulb is drained by passages to the downstr e am side of the gate whe re 
low pressure exists , and it is  intended that the s e al bulb remain retracted 
with no rubbing on the seal se at while the gate is in m otion . After the 
gate is closed and resting on the gate s tops,  the gate stem is free to lower 
furthe r .  This additional gate stem travel ope r ate s the s e al actuatin_g v:alve 
which clo s e s  the above -mentioned dr.ain and routes reservoir pres sure to 
the c avity behind the bu.lb, thus extending it to the s e al s e at .  When it is 
d e sired t o  open the gate,  the initial m ove ment of the gate stem again 
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ope rate s the actuating valve and the cavity behind the bulb is drained 
of water to the downstre am side of the gate before the gate move s up ­
ward . Thus,  the gate s e al is broken before any upward gate m ovement . 
This,  of course,  reduc e s  the gate hois ting requirem ent s  ove r  the me thod 
whe re the re servoir he ad is applied to the seal continuously. On gates  
under high head,  retraction is often necessary to  fully clos e the gate if 
the gate weight is insufficient to ove rc om e  the frictional forc e of the 
gate pre s s ed agains t  the dam .  a. 

Autom atic R e trac tion and Extension of the Se al Bulb 

This m e thod of retracting and extending the s e al bulb has hereto ­
fore been undeveloped . The ope ration for two types of s e als is  as 
follows : 

Music -note s e al .  Automatic retrac tion and extension of the bulb is  
feasible only on the bottom s e al of  the gate . The top and two s id e  s e als  
are ,subj e ct t o  r·e�se rvtoir· he.ad. continuously be hind"' the seal bulb . . . . 
T rouble would not be expe cted when the bottom s e al pas s e s  ove r  the top 
seat b e c ause the water flow is from top to bottom as shown in Figure 3 .  
The water flow tends ta keep the s e al ·  stem straight in this  loc ation with 
no tendency for it to curl around the stem clamp plate . However, as the 
bottom s e al approache s the bottom seat, the water flows from bottom to  
top ( Figure 3 )  and tends to  curl the s e al bulb around the stem clamp 
plate . This is when ret rac tion is required to prevent d amage to the s e al .  
Retraction is obtained b y  dimen sioning the lowe r l e g  of the angle iron 
so that it serve s  as a ,hydrau.Hc contro}poiht ( E dge X, Figure 2 0 ) ,  thus 
formin g  a low - stati c -pressure, high-velocity re gion eve rywhere down ­
stre am from the angle iron ; This low pres sure region exhausts  the 
water behind the s e al bulb which retracts the bulb to some me chanic al 
stop, such as the he ads of cap screws which c ould be used to  att ach the 
angle iron to the gate . As the gate continues to lower,  the s e al s tem 
clamp plate approaches the s e at t ending to throttle the w ater flow which 
switche s the hydraulic control from the angle iron to the lower downstream 
edge of the stem clamp plate (Edge Y, Figure 2 0 ) . When this occurs,  the 
water instantly fills the c avity behind the seal bulb at re s e rvoir he ad 
which immediately extends or snaps the bulb to the s e al s e at .  The change ­
ove r of control points must be adjus ted such that the bulb snaps ove r ·to the 
seat when the gate s is about 1 inch from its lowest point of travel (gate s top) . 
It is important that the seal bulb does not sn ap ove r to  the s e at too soon 
nor fails to snap over at all- -the latter condition resultin g in no s e al .  When 
the gate i� to be opened, retraction of the seal bulb is n ot pos s ible ,  but 
this is not s erious since thes e  gates are norm ally opened with balanced 
water force s ;  i . e . , res e rvoir he ad on both sides of  the gate . Developme nt 
details of this m e thod of retraction and extens ion during gate closure are 
given subsequently in this report for the bottom music -note s e al of the 
gate . 
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Double-stem seal . Automatic retraction and extension is applied 
similarly to the double-stem seal (Figure 38) .  The main difference 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) .  Watertpasqage .pc>"rts: on'. ·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 3 7B ana 38) . When the hydraulic control shifts to the upper 
clamp plate (Edge Y, Figure 38) or to the seal bulb, water at 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, as 
will be discussed later, a suitable seal or 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 rig are shown in Figure 11 . The latter figure 
shows a double-stem seal section in place for testing . The rig 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 lB was one piece and each plastic window was two pieces . 
The larger piece of each window fits into a slot in the steel back plate, 
and the upstream face of the window was shouldered to fit in the rig 
frame. This piece of each window was compressed between the rig 
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 of each window 
was attached to the rig with four 1/8-inch wood screws to insure a 
watertight seal at this parting surface . Thus, the windows were free 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 was attached to the steel back plate with flat head 
screws . Immediately upstream from the steel back plate were five re­
movable shi'm plates, varying in thickness from 1/ 1 6  to 1/2 inch, to 
permit adjusting the seal bulb-to-seat gap in 1/16-inch increments . The 
shims were compressed in place by four 1/2-inch cap screws threaded 
into the seat plate . . The shims were slotted for easy removal by loosening 
the four cap screws . The test gate was operated by a hydraulic jack which 
in turn was actuated by a portable electric motor-driven oil pump (Figure 
11A) .  The rig sheet metal hood deflected the water 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 rig was connected to a 12-inch pipe by circular to rectangular transi­
tion. 
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All seals tested were full size sections, 1 2  inches long. The maxi­
mum head available in the laboratory was 1 9 5  feet of water • .  The simu.­
lated reservoir head was read on the large Bourdon gage (Figure l lA) 
tapped into the 1 2 -inch pipe . The hydraulic jack oil pressure was read 
on the Bourdon gage above the portable motor-pump asse�bly. The water 
pressure behind the seal bulb (extension pressure) was read on a pressure ­
vacuum Bourdon gage . Seal water leakage was small, not easily determined, 
and small leakages were not important in these tests . Visual observations 
of the seal-to-seat leakage sufficed . When the seal sealed, the combined 
leakage s of the seal and the rig (past windows, gate leaf, etc . ) was. too 
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 
rig 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 unaltered geometrical shape in order to reduce seal 'replace­
ment costs on  existing field installations .  Unless otherwise stated, the 
seal stem was compressed . 0 1 0  to . 03 5 -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 . 

Holloir Music;-note Seal, Showing Manner · of Failure 

The initial seal tests were with the hollow music -note type seal -with­
out a brass . shield on the bulb, Figure 2A, and it was assembled as 
shown in Figure 9 .  The horizontal leg of the angle iron beneath the 
seal bulb had five 27  /64-inch water passage holes, drill size for 
1 / 4-inch pipe thread, (about o. 7 square inch of open water passage 
per linear foot of seal) to supply reservoir b,ead behind the seal bulb 
for continuous bulb extension operation. Actually the amount- of open 
water passage area per linear foot of . seal varies on gates at different 
projects . The seal-to -seat gap was s.et ·-at zero inches .  In. closing 
the test gate at 40 -foot head, the pressure condiiions around the 
seal bulb caused it to bounce against the jet, flattenii;ig the seal bulb 
until it became the hydraulic control, and the seal finally closed. as 
shown in Figure 1 2A, pinching the seal bulb betwee-n 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 in this manner would re suit in the 
seal l;>eing pulled .  off the gate . Thus, this test, at obly 40 -foot head, 
demonstr-at�d how the bottom seals have been pulled from gate� in the 
field . At 55 -foot head, the seal bulb became pinched on the vertical 
steel surface before the seal contacted the seat bevel (Figure 1 2B) . 
With the penstock entrance transition section removed, the _upper edge 
of the seat bevel provided a sharp corner which is present on many 
field . installations (Figure 3 ) .  This corner catches the seal bulb, aiding 
in the start of a· bulb pinch as the gate is lowered. Water forces alone 
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collapsed the bulb at higher heads (Figure 1 3A) and bulb pinching 
was very severe when it contacted the upper c orner of t)le seaf . 
bevel (Figure 1 3B) . 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 S\tbjected 
to a similar action as on the bottom seal. The construction of the· hollow 
bulb music -note seal, with or without brass shielding on the bulb, is too 
flimsy to withstand the water for.ces at 40-foot reservoir -head, much 
less at over 1 00 -foot head. A much more rugged seal is required. 

Solid Blilb Music -note Seal, Without � Brass Shield 

This seal was tested at the same conditions as the hollow music -
note seal. The penstock entrance tran sition section ( Figure 1 0) was. 
omitted., and all the l /4 -inch pipe holes were plugged in the lower leg 
of the angle iron, which was 2-5/8  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 sufficierit�y 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 th� 
seal bulb. The bulb then remained extended during all test gate operation . 
As the gate was closed at 60 -foot head, the bulb became pinched so 
severely betwee.n the seal stem <cla�p plat.e and the s.eal seat th.at 
the test gate could not be closed without risking damage to the rig • .  
The seal gap was increased f.rom ze ro to 1 / 8 inch, and at 6 0-foot head 
the bulb slid down the seal seat without sever:e bulb pinching. However, 
when the head was increased to 1 9 5  feet, even with a very wide seal-to­
seat gap, 5/ 1 6  inch, the seal bulb was pinched (Figure 1 4 ) .  Thus, . the 
solid music -note seal without a bra$S shield· is also unsatisfactory. 

Solid . Bulb Music -note Seal with a 90° Brass Shield 

A section drawin-g of this seal is shown in: Figure 2B. The water 
jet, striking the underside of the bulb., forces the �ulb against the 
underside of the seal stem clamp plate, tending to fiat.ten the bulb 
around the clamp plate ' s  lower end. The 90° brass shield keeps the 
seal bulb round and prevents the bulb from deforming around the end 
ot the stem clamp plate . The seal gap was set at zero inches and the 
lower angle iron leg length was set to the same length., 2 - 5 / 8  inches, 
as 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 seal 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 bevelp and the shield may be 
torn . loose in field operation, particularly if the lower edge of the 
shield gets c aught on the upper corner .of the seat bevet - (Figure. l 5A). 
Because of this, this seal operation is marginal., and emphasizes 
the need of all smooth .surf11.ces for the seal bulb to slide upon. 
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Additional testing of this seal is described in subsequent sections of 
this report, Hollow Music-note Seal Assembly at Grand Coulee Gate_s 
1 0  to 18, and Automatic Retraction and �xtension of the Music-note Seal 
on the Bottom · 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 its full round shape. Also, if the shield on the 
outside of the stem bent appreciably, it did not return to its flat shape. 
Two seal . sections with different shield designs were tested with continuous 
extension of the seal bulb, by having the five 1 / 4-inch piP.e holes open in 
the angle iron . 

The soHd bulb seal with a brass shield all around the bulb and on the 
outside of the seal stem {Figure 16A) was tested at 1/ 4-inc_h seal-to-seat 
gap atheads . of 60,. 80, _ 92, 1 1 2, 135, and 1 50 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 1 /8-inch seal"".to-seat 
gap and at heads of 60, 92, and 1 50 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 to 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 1 50-foot head, gate 
closure was impossible because the seal bulb caught on the seal seat at 
the upper corner of t_he bevel (Figure 1 5B). 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 as shown . Nearly 1 0 0  percent of the bond area was 
broken between the rubber and brass shielding on the stem . 

Hollow Music-note Seal Assembly at Grand Coulee Gates 1 0  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 Iiot available. The seal included a 3/8-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 seal bulb. This flap was 
intended to serve as a seal during retraction and extension of the bulb. 
The behavior of the seal was observed at 1/16-inch seal-to-seat gap and 
at heads of 60 , 90, 155, and 195 feet. The spring flap gav_e no seal at 
all with the seal bulb because the hollow music-note seal was too easily 
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deformed by the water forces (Figure 1 8A) . Further,  the seal bulb was 
pinched on the uppe r edge of the s e al s e at at 9 5 -foot he ad or more in the 
s ame m anne r as the e arlie r te sts on the hollow bulb s e al .  The s e al 
ope ration was c omple tely unsatisfactory. 

R e placin g  the hollow music -not e  s e al with the s olid bulb seal with 
the 9 0 ° brass shield gave bette r s e al operation ( Figure 1 8 B) . The s e al ­
to - s e at gap was 5 / 3 2  inch, which was the resulting gap with no change 
in the s e at shim s . With the se al in the retrac ted position and 1 9 5 feet 
of r e s e rvoir head, the minimum pressure obtained on drain side of the 
s e al bulb was 1 50 feet of water,  which is too high for dependable retrac -
tion . 

Behavior of the Music -note Top Seal 

The s olid bulb . m usic -note s e al with a 9 0° brass shield was assembled 
in the rig with the s e at beveled to repre sent the top s e at ( Figure 1 9 ) .  The 
s e al - t o - s e at gap was varied from z ero to 1 / 4 -in ch and the re servoir he ad 
was varied from 3 5  to 1 9 5  fee t .  The s e al ope r ated s atisfac torily as was 
expected sinc e the bulb is pulled instead of being pushed over the seat 
bevel as is the c ase of the bottom s e al .  The s e al bulb was continuously 
extended during gate closure . The bulb vibrated s omewhat during gate 
closure , p ar ticularly at 90 -foot he ad . The bulb vibration .started at ; a 
point 1 inch below the bevel and ended midway ac ros s the bevel .  The s e al 
bulb did not re ach the s e at at 1 / 4 -inch s e al-to - s e at gap at reservoir he ads 
le s s  than 90 fe e t .  This condition existed even though 1 / 1 6 -inch cle arance 
was provided be tween the bulb and s tem clam p  plate when no water was 
flowing . If this cle arance is in creas e d ,  the bulb will r e ach the s e at at 
he ads lower than 90  feet . This applies to the top, side and bottom seals . 

Autom atic Retrac tion and Extension, of the Music -note Bottom Se al 

T e s t  res ults showed that the be s t  music -note s e al design is the s olid 
bulb with a 9 0° brass shield.. and this design w as used t o  develop auto ­
m atic retrac tion and exten sion of the music -note s e al bulb . In addition, 
a s m all amount of testin__g w:as done usin g  the nonshielded,  solid music ­
note s e al .  A desc ription of this me thod of retraction and extension of 
the s e al bulb has previously be en given . The purpose of these tests was 
to determine the re quired dimensions of the steel parts adj acent to the 
s e al which aff;e ct the tim in g of the retraction and extension of the bulb . 
Foremost  in importance was the length of the angle -iron lower leg 
(hydraulic c ont rol for bulb retraction.. Edge X. Figure 2 0 )  and the 
thickn e s s  of the s e al s tem clamp plate (hydraulic c ont_rol for bulb 
extension, E dge Y, Figure 2 0 ) . The Hungry H orse p en stock gates were 
the p articular ins tallation in mind . The required dimensions are. shown 
on Figure 2 0 .  The dimensions given are bas e d  on approxim ately 6 0  
ass e m bly c ombin ations of the variables and thes e dimen sion s are 
applic able with the seat bevel in two position s .  high and low . For the 
high s e at bevel, the top edge of the bevel was flush with the top of the 
s e at shim plate s  in the te s t  rig, where as the low bevel was 1 - 5 / 8  inche s 
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lower . The lower s e al bevel tended to make the water -j e t  more vertic al 
relative to the j e t  with the high s e at bevel . To prevent pos s ible d am age 
to the test  equipment from _exc e ssive water ham mer at high he ads and at 
the large r  s e al -to - se at gaps.  three 1 / 4 -inch square metal bar s  were 
soldered onto the seal s e at, which prevented the s e al from completely 
sealing ( Figure 2 1 ) .  D uring retrac tion the low pre s s ure behind the s e al 
bulb was m e asured at the beveled c·orne r  of the adapte r  plate (Figure 2 0 ) . 
The m aximum subatmosphe ric pre s sure rec orded was 1 2  inche s of merc ­
ury. Howeve r,  this value was not representative of field conditions 
because this pressure depended upon the leakage s past the s e al end s ,  the 
angle iron ends, etc . The field c ondition s represented in thes e  tests  
were those corresponding only to the gate bottom s e al .  

The following pe rtinent points are noted : 

( a) The s e al s e ating range on the s e at at 1 9 5 -foot he ad (labor a ­
tory m aximum he ad)  is shown on Figure 2 0 .  This s e ating range is 
3 / 4 -inch above Point L, the lowe r end of the bevel,  to 1 - 1 / 2 inch e s  
below Point L.  The three 1 / 4 -inc� s quare metal bars s oldered to 
the s e at advanced the timing of the clamp plate c ontrol . Without 
the bars , the se ating range would be shortened and c onc entrated at 
the lower end . 

(b) Since the bulb se ats further down the s e at with an incre ase 
in he ad,  the s eating rai:ige applicable to Hungry Hor s e  ( 26 5 -foot 
he ad )  was e stim ated to be 3 / 8  in ch below the 1 9 5 -foot head r ange . 

( c )  Dec r e asing the clamp -plate thickn e s s  resulted in the bulb 
seating late r - -further down the s e at, othe r fac tors rem ainin g the 
s ame . 

(d) Decre asing the angle iron le g, D� for the bottom s e al 
re sulted in the bulb se ating e arlie r - -higher up the s e at ,  othe r 
factors remaining the s.ame . 

( e )  The gre ate r  the dim ension diffe rence of B minus D,  the 
shorte r  the time interval was betwe en the chan ge -ove r of c ontrol 
points  for retrac tin g and extending the bulb . 

(f) Othe r factors rem aining the s am e, inc re asing the s e al-to -
s e at gap retarded the time the clamp plate bec am e  the c ontrol; 
howeve r, sin c e  the seal bulb travels in an arc , the s e atin g position 
pf the bulb on the s e at was about the s ame or slightly higher .  

(g) Lowe ring the s e at bevel 1 - 5 / 8 in che s retarded the time 
when the s e al clamp plate c ontrol becam e  effe c tive . T his , in p art , 
was attributed to  the fact that the jet  streamline s we re more ne arly 
ve rtic al and the jet  was nearer the stem clamp plate than with the 
highe r s e at bevel . The lower seat bevel resulted in the bulb se atin g 
lowe r on the s e at ,  about 1/ 4 inch lower at 1 9 5 -foot he ad .  
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(h) It is important that the seal . bulb at no time become s a 
control.  When the bulb is in the retracted position, it must be 
1/  1 6  inch or more behind the line drawn from the angle iron toe to 
the clamp plate (Dimension J. Figure 20) . 

( i) The seal bulb must not contact either angl� iron leg. 
esp ecially in the retracted p9sition to insu re free circulation of 
wat er in back of the bulb . On field gates. the heads of the bolts  
that attach the angle iron .to the gate can be utilized to  replace the 
screw height Dimension E (Figure 20) . 

(j)  The main eff e.ct of water �eakage between the angle iron 
ends a�d the rig windows (not a field condition) and through the 
angle - iron attaching- screw holes was to slightly retard the time of. 
retraction. The accumulated leakage from all sources in the field 
gates into this area behin� the bulb must b e  kept below s ome 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 c ontrol 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 . Ordinary sealing precautions in 
the as sembly of the seal and gate parts should eliminate the leakages 
de s·cribed . 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 t he start of the test gate closure, the volume .behind 
the bulb is filled with water near atmospheric pre s sure,  whereas 
the same volume in a field ·gate will be at a higher head . This 
difference in pres sure was thought to have a negligible effect on 
the behavior of the seal .  

( 1) The test gate travel was 0 .  1 4  inch per second which is about 
4. 5 times faster than the field gate travel of 0 .  1 3 1  inch per se cond 
during the period the seal passe s  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 .  

· (m) In regard t o  the two side seals o n  a· field gate, the seal 
bulb should not be allowed to retract, because once retracted. · it is 
likely not ..to seal ( extend) ; for extension of the bulb,  relative move­
ment must occ�r between the longitudinal axe s 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 was done with. 
the solid bulb music -note seal with the 9 0 ° brass shield . Sinc e it 
was de sirable to have a seal without the shield, some testing was 
done with the solid bulb nonshielded music - note seal . 
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With a 5/1 6-inch seal-to-seat gap, this seal was seated with the 
bulb horizontal center line coincident with Edge L (Figure 20) on the 
seat for a static extrusion test of the bulb . After two 1 5 -minute period 
at 1 95-foot head. the bulb showed no tendency to 1 1 blow 1 1  through the 
seal clamp plate-to-seat gap. However. if the bulb seats on any part 
of the bevel and further gate closure follows, the bulb will not slip 
on the seat because of the high-friction force, and the bulb becomes 
pinched in a scissor action between the seat and seal clamp plate ,. 
(Figure 1 4).  Closure of the seal accompanied by water hammer will 
m_ultiply this undesirable condition. It was concluded that the 90° 

brass shield was required because the shield restrains the distortion 
of the seal bulb, and it does much towards keeping the bulb section 
round. 

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

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

DOUBLE-STEM SEAL DESIGNS 

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

All Rubber Double-stem Seal 

A section drawing of this seal is shown in Figure 24. The test seal 
had 9/16- inch instead of 1/2- inch nominal thick stems with cemented-on 
1/32-inch-thick seal strips· on the stem ends in place of the molded seal 
as shown. The seal bulb was operated by two methods. (a) continuous 
extension and (b) actuating valve and piping . This seal assembly was 
tested at zero seal-to-seat gap and at heads of 60, 95, 155, and 195 feet 
of water . Tests were repeated at these heads for 1/8- and 1/ 4-inch sea.I­
to-seat gaps . At 1 / 4- inch seal-to-seat gap. the seal bulb, when extended 
by the actuating · valve and piping method, did not reach the seat at less 
than 150 -foot reservoir head; likewise, at 1 /8-inch seal-to-seat gap. 60 
feet was required to assure a seal . At zero seal-to-seat gap, the seal 
bulb, when extended, reached the· seat at the lowest reservoir head. 35 
feet, used during these tests . This information was obtained by observ­
ing the seal 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 Figµre 25, Curve No. 1 .  Although the 
pressure conditions around the bulb for Figure 2 5 are different than those 
with the seal further down the seat (gate in the closed position) . the curve 
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agre e s  r e as onably well with the obse rvations of the s e al in the lowe r 
pos tion ( gate closed) . The fac t that 1 5 0 fe et of re s e rvoir he ad is the 
m inimum he ad required to obtain a s e al for 1 / 4 - inch s e al-to-seat gap 
is  not d e s ir able . Doubtle ssly, a s e al c an be obtained at the lower he ads 
and highe r s e al-to-seat gaps by removing metal from both clamp plates 
adj ac ent to the s e al bulb, thus giving the bulb m ore spac e  t o  extend out ­
ward wllen r e s e rvoir he ad is applied to the ste m s ide of the seal.  Othe r 
than noted above , this s e al ass embly ope rated s atisfactorily when the 
actuatin g  valve and pipin g me thod for ope rating the bulb was used . 
Durin g  gate closure with the hµlb in the retra� ted position, the bulb 
vibrated s omewhat at 1 5 5 -foot rese rvoir he ad as the bulb pas s ed by the 
bevel on the s e at .  This was probably due to the unstable wate r -pres sure 
c onditions next to the s e al bulb, as well as , a  " loose " s e al ass e mbly with 
the s tem c ollars installed.  In openin g the gate,  the s e al bulb retrac ted 
well when the re se rvoir pres sure was drained from the · c avity behind 
the s e al .  At this tim e ,  this s e al was the best  to date , and sufficient 
s e al was orde red for field. tes ting one gate at Grand C oulee D am .  The 
t e s ts were c onduc ted in Octobe r 1 9 5 0  using an actuating valve and 
piping to retr act  and extend the s e al bulb . The tests  we re reported 
succ e s sful, and a copy of the field report is given in the appendix of this 
r eport . 

This s e al ass embly will not ope rate s atisfactorily with z e ro seal-to­
s e at gap and with the s e al bulb c ontinuously extended . At more than 
1 3 5 -foot re s e rvoir head, the bulb becam e  pinched between the s e at and 
upp e r  clamp plate dur:ing gate closur e .  The fric tional resistance of the 
rubber bulb on the .steel -seat was too gre at t.9 permit slippage ,9f 
the bulb on the seat .  ( Figure 2 6 A . )  This bulb pinching. is not l�ely to 9.ccur 
if the pens.tock entranc e is blended smoothly with the s e a:it bevel, which 
e limin ates  the uppe r c orner on the s e at level .  Bulb pinching did not 
o c c ur at 1 / 8 -inch s e al -to-seat gap and 1 9 5 -foot re s e rvoir he ad (Figure 26 B) . 
The t e s t  gate speed was 0 .. 1 4  inches pe r s e c ond,  and the . highe r the gate 
speed,  the m ore like ly the se al bulb well be pinched . 

Shielded Bulb, Reinforced Stem, Double -stem Seal 

Seve ral de signs we re made of this type of s e al (Figure s 2 3 ,  2 7, and 
2 8 ) . The reinforcing brass plate s were molded into the s e al stem to 
further minimize the chance of pulling the s e al from the gate should the 
s e al bulb be c ome pin ched on the s e at .  The bras s stem reinforcing plate 
was m ade two -piece for s e al ste m fle xibility ( Figure 2 7 ) . As shown in 
Figure 2 3 B ,  the two-pie ce re inforcing plate "float"ed " from its centraliz.ed 
position during the curing.  The s in gle -pie ce reinforcing plate shown in 
Figure 2 9  did not float becaus e lugs we re punched in the plate that kept 
the plate c entered during curing ( Figure 23A) , 

Figure 2 8  shows as intergral bulb -lower s tem bras s shield . It also 
has 1 / 1 6 -in ch-diameter holes which fill with rubb e r  during curing to 
improve the bras s -t o - rubb e r  bon d .  The 1 8 0° bras s shield around the 
bulb on all of the s e  s e als -was slotted with the intention of obtainin g as much 
of a rubbe r -t o - steel s e aling surfac e as pos sible . Since  the water forces  

1 5  



and friction on the seat tend to turn the seal bulb counterclockwise during 
gate closure (Figure 25) ., the slots were cut off-center so  that when  the · 
seal bulb was in the turned position , the rubber  surfac e s  we re in contact 
with the seal seat .  Some of the se al t e st sections did not have the se slots 
in the brass shield comple tely filled with rubbe r,  which re sulte d in an 
inferior sealing surfac e .  This poor molding, howeve r, could undoubtedly 
be corrected . 

All of the brass reinforcing plate s in the seal stem m ade the se al too 
stiff for satisfactory ope ration . The bulb re ached the se at and sealed at 
1 / 8 -inch seal - to - se at gap and 1 50 feet of reservoir he ad, but the bulb 
did not seal by 1 / 3 2  - to 1 / 1 6 - inch at 1 /4 - inch seal - to - s e at gap and 
1 9 5 -foot re servoir head . Further,  the brass re inforcing plat e s  be c ame 
bent during extension of the seal bulb, and the plates t ended to s tay bent 
during bulb retractions ,  thus retarding the bulb movemen t .  

The addition of the 1 80° bras s shield on the bulb did improve' -the 
seal operation by preventing the bulb from getting pinched on the seat at 
zero seal - to - seat gap and 1 9 5 -foot re servoir he ad,  which occurred on 
the double - stem se al without a bulb shield . A plot of s e al bulb extens,icm 
versus reservoir head for four double - stem se als is shown in Figure 2 5 .  

Reworked Double -stem Seals for Shasta Dam 

The penstock gate s at Shasta D am include the music -riote seal (Fig-
ure 30 ) ,  and the bottom se al, in particular , has given unsatisfactory 
service .  The gate :as:sembly: included an actuating valve and piping for 
retrac tion and extension of the seal bulb . The prototype seal ass embly 
included a me tal spring flap intended for a seal . to separate the re se rvoir 
water from the cavity behind the bulb when the bulb is retrac ted or extended . 
The .double - stem se al cannot be used on the bottom seal on .the· Sha§ta.. gates ,  
because of  space limitations .  Therefore , the Me chanic al Division proposed 
two seals for replacem ent of  the music -note seal ( Figure s 31  and 3 2 ) . E ach 
se al proposal was a .rework of the double - stem seal .  The seal with the 
thin -bolted section (Figure 31) was uns atisfactory for the following re ason s :  

(a) With 1 / 8 - inch seal- to - seat gap, the bulb could not b e  
retracted after i t  had been extended at reservoir he ads of 9 7  o r  more 
fee t  because of exc e ssive leakage into the ccavJty behind the . seaL bulb 
(Figure 3 3 ) . The hole s. in the thin -bolted section for the thre e 
3 / 8 - inch c ap screws and the four 7 / 1 6. - inch -diameter spac e r s  
elongated when the bulb was extended . The space r s  were  re quired 
so  that the cap screws could be tightened and to prevent the plate 
below the _ seal from turning counterclockwise . When an atte mpt was 
m ade to drain the cavity behind the bulb for retrac tion, the elongated 
holes continued to le ak re servoir he ad into the cavity; thus ,  the se al 
bulb did not retrac t .  · If the bulb will not re tract ,  it will become 
pinched on the upper corner of the :seat bevel .  

(b) In view of  (a) ,  hole s are not  permis sible in the thin -bolted 
section, and this section would have to be held by an inte grally molded 
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c ir.c-µlar ; sec tion ·-at lhe end of the hin section . This se al would re quire 
a new m old applicable for a single project ,  and thus m ake the seals 
for Shasta Dam expensive . 

The other seal proposal ( Figure 3 2 ) ,  which was a double -stem seal 
with the lower stem cut off near the bulb at an oblique angle , was a satis ­
fac tory seal after modifications were m ade to the seal and the adjacent 
m etal parts . The recom mended seal is shown in Figu:r.,es .3 4  :and 35A .  
This seal retrac ted and ex ended s atisfac torily at 1 95-foot head over a 
z e ro to 1 / 4 -inch seal -to-seat gap range and with the cut -off stem end of 
the seal compressed from 3 / 3 2  t.o 7 / 3 2  inch,, a 1 / 8 -inch range (Figure 3 6 ) " 
The following tes s were also m ade to determ in e  the minimum he ad at 
which the sealing could be ac complished: 

(a) Z ero seal -to -seat gap, 7 / 3 2 -inch c om pre ssion on cut -off end 
of seal re quires 70-foot he ad for a seal .  

(b) Zero seal -to - se at gap, 3 / 3 2 -inch compre ssion on cut -off end 
of seal requires 45-foot he ad for a seaL 

(c) 1 / 4 -inch seal -to ,-;seat gap, 7 / 3 2 -inch compression on cut -off 
end of seal require s  1 75-foot he ad for a seal .  

(d ) 1 / 4 -inch seal -to-seat gap, 3 / 3 2 -inch c ompre ssion on cut -off 
end of seal requires  1 10-foot head for a seal .  

This seal was subjected to 1 95-foot reservoir he ad in the extended 
position, with the bulb above the seat, and with 3 / 3 2 -inch c ompre s sion on 
the ·cut -off !Lower--stern (-Figure� 35B) . The cut -off s em did not blow free 
from the steel membe r .  This was possible due to the restraining effect s  
of the 1 80° brass shield on the bu.lb again st the upper stern clamp plate , 
and the steel bar on the lowe r steel member retaining the cut -off ste m .  

When the gate was closed with the bulb extended, it c aught on the 
upper edge of the seat bevel, particularly at the sm aller seal -to-seat 
gap s .  T his condition c ould be duplic ated in the field i.f drain passage 
from the. cavity behind the bulb became plugged - -a condition which is not 
likely to occur .  This emphasize s  aga ·n  that the seal seat on future pro­
jects should be constructed without sharp edge s ,  and with the seat bevel 
blended sm oothly into the outlet entrance . 

Autom atic Retraction and Extension of the Gate Bottom D ouble ·-Stem Seal 

T e s t  re sults at this time showed that the best  double -stem seal 
operated with the bulb retracted would be one without a reinforced stem 
or bulb shield (Figure 24) . The brass shield is re"qu.ired when the seal 
bulb is continuously extended and it is necessary o reduc e the frictional 
resistance on the seat as discussed previously , The operation of the 
double -stem seal is the sam e  with or without a brass shield on the bulb 
for autom atic retrac tion and exten sion of the bulb . 
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The purpose of the se te sts was to determine the required dim ensions 
of the_ steel parts adj acent to the seal which affect the timing of the retrac ­
tion and extension of the bulb. The test gate assembly included the high 
seat (Figure 3 7) and a section of a typical pen stock entrance transit:i'.on 
which is a curved surface adjacent to the seal seat (Figure 10) . This 
section was included because it was thought that it would affect the jet  
direction past the upper clamp plate which in turn would sHghtly affect 
the timing of retraction and extension of the seal bulb . The seal section s  
were tested with four 12-inch -long rubber strips , 1 /4 -inch wide b y  1 / 3 2 -inch 
thick , two strips ,_cernented on the · ends of each seal ·s tem , to pr�vent water 
leakage past the stem s (Figure 3 8 ) .  These strips can be molded integral 
with the seal (Figure 24) .  Steel collars were used in the seal stem holes for 
the upper and lower clamp-plate attaching screws . These collars permitted 
the clamp-plate screws to be tightened and minimized wate r leakage through 
the screw holes in the clamp plates .  The low pressure behind the seal bulb. 
during retraction was m easured . The m aximum subatmospheri.c pre s sure 
recorded was 21 inches of mercury; however, this figure is not representa­
tive of field conditions because this pre ssure depended upon the water leak­
age· past the seal ends, the clamp plates, etc " In a field in stallation, this 
subatmospheric pres:Sul".e may be gr.eater, which should not appreciably 
affect the results below. The required dimensions for the steel parts are 
shown in Figure 3 8 .  The Hungry Horse Project was the particular 
application in m ind at the time of the se tests . 

The following pe rtinent points are noted: 

(a) The seal seating range on the seat at 195-foot head (labora­
tory m aximum head) was 1 / 4 to 1 inch above Point L,  the lower edge of 
the seat beveL 

(b) Since the bulb seats lower down the seat with an increase i.n 
head ,  the seating range applicable to Hungry Horse ( 26 5 -foot head) 
was e stimated to be 1/4  inch lower than the 195 -foot-head range . 

(c )  Decreasing the upper clamp-plate thickness  re sulted in the 
bulb seating later - -further down the seat, othe r factors rem aining 
the sam e ,  

(d) · Decreasing the lower clamp plate thickness ,  D, resulted in the 
bulb seating earlier - -higher up the seat, other factors  remaining the 
sam e .  

(e)  The greater the dim ension diffe rence of B m inus D, the 
shorter the tim e  interval was between the change - over of control 
points . 

(f) Other factors rem aining the same ,  incre asing the seal -to­
seat gap retarded the tim e  the upper clamp plate becam e the control . 

(g) The seal bulb downstream surface m ay be used as the control 
for extending the bulb, or the se al bulb and the upper clamp plate m ay 
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_be used together . The latte r  c ondition was the c ase for Figure 3 8  as 
the J dimension was nearly zero . 

(h) The main effect  of water leakage between the ends 9f the steel 
p arts an'd the rig windows (not  a field condition) and through the s te m  
clamp plate attaching- screw holes was to slightly retard the tim e of 
retrac tion . The accumulated leakage from all sources  in the field 
gat e s  into this are a  behind the bulb must be kept below some unknown 
le akage that would prevent retraction of the bulb . Also, if this leak ­
age i s  high, it will slightly advanc e  the tim e when the stem ·clamp 
plat e  control becomes effective . Further,  the bulb will not  s e al (extend) 
if the leakage from behind the bulb is high; for example , the leakage 
that m ay occur past the back . :s ide of the seal s tem and out · the _space r 
bar p arting surfac e s .  Ordinary s e aling precautions in the asse mbly 
of the s e al and gate parts should eliminate  the Ie akage s de sc ribed . It 
is  re com mended that a suitable gasket be used on both side s of the 
spac e r  bar near e ach seal stem (Figure 3 8 ) . 

(i )  At the start of the t e st gate closure , the volume behind the 
bulb is filled with water ne ar atmospheric p re ssure,  whereas the sam e  
volume i n  a field gate will b e  at re se rvoir head . This diffe rence in 
pre ssµ.re was thought to have a negligible effe ct  on the behavior of the 
s e al .  

(j )  The space behind the bulb on the top and two side s e als  of a 
field gate would be drained by wat e r  pas sin g  through the passage s  
ne ar the bottom seal .  This requires  tim e and this factor c an be pro­
vided by cont rolling the gate speed . As the gate closes  and the lower 
clamp is acting as the control, the suction he ad must  act on the lower 
clamp plate passage s sufficiently long to drain all four sides of the 
gate to retract the entire s e al .  The maxim um speed of the gate to 
complete retraction of the entire seal can be st be obtained by field 
tes ts ,  and the determination of this factor was not attempted in the 
labor atory. 

(k) The double -stem s e al without a brass shield did not become 
pinched on the seat when i t  was te sted at  1 9 5 -foot head and z e ro se al ­
t o - s e at gap . However ,  a s  previously men tioned, when the pen stock 
profile was omitted, automatic retraction was not used and this seal 
was ope r ated with the bulb c ontinuously extended, the seal bulb be ­
c ame pinched (Figure 26A) . 

(1) The test  gate travel was O .  1 4  inch pe r second which is about 
4. 5 time s faster than the field gate travel of O .  0 3 1  inch pe r second 
during the period the se al pas s e s  on to the s e at .  There is undoubt ­
edly a limit of gate spe ed (higher than the test  gate speed) above 
which the automatic retraction and extension feature will not work, 
but since the field gate speed is les s  than the maximum allowable , 
this condition was s atisfied . 
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(m) The principal dis advantage of the proposed autom ati.c 
re traction and exten sion of the double - stem s e al  is that the gate 
must be opened with the s e al se ated, thus requiring gre at e r  hoisting 
power than if the gate is  opened with the s e al retrac ted . This dis ­
advantage is  reduced by using a metal shielded bulb t c; lower the 
sliding friction, and the fact the gate would be opened with b al anced 
pressure s .  

Thus, . automatic retrac ti on and exten sion of the double - stem s e al was 
achieved . 

Double - stem Seal without Stem -Attaching Screws, De sign No . I 

A drawing of this s e al as sembly is shown in Figure 3 9 .  One fe ature 
of this design was that the heavy brass piece incorporated into t:tte s e al 
bulb c annot e sc ape from the gate even if the rubbe r -to -bras s bond fail s , 
A rubber -to-metal s e al was provided the full length of the s e al (Figure 40A) . 
A second important fe ature of this s e al was that the re are no stem -
attaching sc :rews,  ther�by simplifying field as sembly and elimin ating 
unde sirable water le ak age s .  A disadvant age of this s e al was its ex� e s sive 
weight , 5 .  1 pounds per foot,  compared to 3 .  4 pounds pe r foot of the double -
stem seal with a reinforc ed stem and a br as s shield on the bulb ( Figure 23B) . 

This s e al was tested u sing an actuating valve and pipin g for retrac tion 
and extension . The m axim um seal-to-seat gap, 3 / 1 6  in ch, was limited 
by the bras s  piec e  striking the shoulde r on the uppe r  and lowe r clamp 
plate s ,  This is a disadvantage , for if the gap to be s e aled is  gre ate r 
than 3 / 1 6  inch, no s e al c an be obtained . HoweYe r ,  the ass e m bly c an be  
reworked to considerably increase the m aximum gap that c an be s e aled . 
A 1 / 8 - i.n ch s e al -to - s e at gap was used during t e sting to assure se aling . 
At 40 fee t  of he ad,  and with the s e al retracted,  the bulb b r ass pie ce c on ­
t acted the upper c lamp plate . At 1 2 0 -foot he ad the lowe r stem buckled 
and turned the bulb section about 1 5  de gre e s  ( Figure 4 0 B) . A part of the 
jet was caught by the under side of the bulb which c aused·  the distorti on of 
the s·e al. At 1 9 5  feet ,  the distortion was only slightly wors e .  The seal 
sealed s atisfactorily at all he ad s ;  howeve r, the bras s pie ce appe ared to 
rub tightly· on -the upper clamp plate . 

An attempt was m ade to reduce the s e al distortion by s olde ring two 
1 / 4 - by 3 / 8 - by 1 2 -inch metal bars to the adapter plate to restrain the 
buckling of the s e al ste m s  ( Figur e 41) . The cle ar ance of the brass pie c e  
between the two clamp plates  was reduced b y  1 / 8 inch b y  soldering a 
bar at the loc ation shown on the lowe r clamp plate . The s e  change s were 
not satisfactory, as the lower stem still buckled and slipped around the 
bar . The se te�ts dem on strated that if no stem - attaching screws are 
used , the stem s be held in place by some othe r m e an s .  The s e al 
de scribed in the next p aragraph incorporated this re quire m e nt . 
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Double - stem Seal Without Stem -attaching Screws,  Design No. 2 

A preliminary design of this seal assembly is shown in Figure 4 2 .  
As shown,  the seal stem ends include an integral circular -shaped 
secti on that fits  into a groove in the adjacent steel parts ,  and thus pre ­
vents the seal stem from buckling. The two groove s ,  one .  for each 
circular sec tion, are separated sufficiently to put a small, initial 
tension stress  in the seal stem s .  The maximum section,-0.imehron of this 
seal i.s  so.mewhat le ss than the double -stem seal with stem -attaching 
screws (Figure 43 ) .  The bulb section of this seal is  le ss  of a half 
circle than the bulb section of the seal with stem -attaching screws 
which reduces  the amount the bulb can extend . However ,  limited bulb 
extension is generally de sired for seals operated wi.th continuous 
extension of the bulb, bec ause too much bulb extension will permit the 
bulb to become pinched more easily on the upper  corner of the seat 
bevel . 

This s eal was tested with and without a 1 8 0° brass shield vulcaniz ed 
to the bulb . The seal without the shield was te sted first  and using the 
stem clamp plates  as shown in the preliminary design . The actuating 
valve and piping method was used to retract  and extend the seal bulb . 
The bulb retracted s atisfactorily at all heads  with zero seal -to -seat 
gap . The seal bulb did not re ach . the seat. by 1 / 1 6  inch, at 1 /4 -inch 
seal - to -seat gap and 1 9 5 -foot he ad .  This appeared to be caused by 
excess ive frictional drag of the uppe r side oi the rubber bulb on the 
lower face of upper clamp plate . · The water j e t  forced the bulb up and 
increased the bulb clearance with the top face of the lower clamp plate . 
Therefore ,  metal was removed from the upper clamp plate,  and me tal 
was added to the lower clamp plate . The recommended as sembly is 
shown in Figure 44, and it is applicable to the bottom·, top and side 
seals of the gate . The bulb reached the seat at 1 /  4 -inch seal- to-seat 
gap and 1 9 5 -foot head for a s atisfactory seal .  Higher heads  would result 
in an even tighter  seal .  At 3 / 16 -inch seal -to - seat gap, a satisfactory 
seal was obtained at 1 0 0 -foot head .  

Operation of the seal with the 1 80° bras s shield on the bulb was 
e qually as satisfactory using the recommended seal assembly (Figure 44) . 
A plot of seal -bulb extension versus re servoir head for both seals is 
shown in Figure 4 5 .  The seal bulb with the brass shield extends further 
at a given head than the seal bulb without the shield . This is  be c ause 
the bras s shield reduc es  the frictional drag of the bulb against the 
lower face of the upper clamp plate . The bras s shield also helps  the 
bulb sec tion m aintain it s free shape . This is  shown in Figure 4 6 ,  at 
1 6 0 -foot head,  the seal bulb with the bras s shield became wedged tight 
between the two clamp plate s ,  thus limiting the bulb extension to 
slightly over 1 / 4 inch . With the seal in the position shown in Figure 46A 
and 3 / 1 6 - inch seal -to - seat gap, the bulb clearance with the upper clamp 
plate decreases to zero at 1. 1 5 -foot he ad . At z ero seal- to- seat g_ap and 
with the nonshielded se al in the position shown, the seal bulb contacts  
the uppe r  clamp plate at  1 0 5 -foot he ad .  The nonshielded seal bulb was 
flattened sufficiently by the water pres sure to provide clearance between 
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the bulb and the lower clamp plate ( Figure 46 B). The bulb clearance 
with the lower clamp plate increases from zero at zero heac;l "to 1 / 8  inch at 
195-foot head . Figure 45 indicates that the nonshielded bulb will not 
quite close ·a 1/ 4 Inch. seal-to-seat gap; but when the gate was lowered 
to the closed-gate position c·hanging the pressure conditions at the seal, 
a satisfactory seal was obtained. 

Both se·als 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 at 195-foot head (Figure 46 B). This is an 
advantage over the nonshielded double-stem seal with attaching 
screws (Figure 24) which was pinched at zero seal-to-seat gap and 
195-foot head ( Figure 26A}. . 

In reviewing all the seal 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 H d 3 1 1  - Fi ure 2 

, �  Bulb section of seal 

A - HOLL OW BUL B SEA L WI THOUT BRASS SHIEL D 

..--This edge to lie on £ of bulb ,. ,  within a tolerance of± /j'. . 
,.,- -Ninety degree half-hard ye! low 
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/ 
/ brass shield, vulcanized to rubber. 
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B - SOL ID BUL B SEA L  WI TH 90 DEGREE BRA SS SHIEL D 

HIGH HEA D GA TE SEA L STUDIES 
SEC TIONS OF MUSIC NOTE T YPE SEA L S  
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Report Hyd . 3 1 1  

Failure of bottom music note seal with 9 0  degree brass shield vulcan ­
iz ed t o  hollow bulb, November 7 ,  1 9 49 .  

HIGH HEAD GATE SEAL STUDIES 

Music Note Bottom Seal F ailure of U - 3  C oaster Gate 
Shasta Dam, C alifornia.  

Figure 5 



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 as Figure 5 .  

B .  East portion o f  damaged seal shown in Figure 5 .  

HIGH HEAD GATE SEAL STUDIES 

Sev.ere Mutilation of the Bottom Music Note Seal of U - 3  Coaster Gate 
Shasta Dam, California. 
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23 

H r>- ® 

S E.CT/ON H -H 

( <f Upper seal seat 

4 s 

TYPICAL DE.TAIL OF MITER 

JOINTS OF 195, sQ.§, ZIS AND 235 

F!.O W  � 

S £ C T I O N  D -D 

�::::::;;=;=i::;!=:=::::_�- -Ends of /95,20S,Z!S 
--::,- and Z35 to be ground 
/ square and butted 

S E C T/ON E -E 

� 
$: 
:i 
0 

ci , 

� I .}: 

V) '  

S E.CT/ON F-F 

:_I� 
: _ ,: . .  Y ©-C�,-- - -i�=Fl 

..::..::,,,
-J 2i : ',\ 

_________ :::_i '· 

Before water pressure is applied\ 
this dimension is approximately If{ \ 
but after being subjected tofu II \ pressure becomes approx. Jii and 
spring should be fi" tight as indicated-' 

S E C TI O N  K - K  

1 1 1 ' firmly together. Joints 
in fil to be located 
to suit lengths fur­
nished, provided 
that joints in 195 are 
not coincident with 
joints in either zos, 
353/L , � or 75'!1L 

TYPICAL DETAIL OF SQUARE 
JOINTS OF � . �, ?,.§ AND 23S 

SEC. J -J 
TYPICA L DETAIL OF MITER 
JOINTS OF 19S AND � AND 

BUTT JOINTS OF �.� AND 24S 

NOTES 
Parts zzs , 235 and 435 are provided to maintain booster pressure 

required in removing hemispherical bulkhead in penstock,  (see 
De1g. Z/4-D- ) and are to be removed af earliest opportunity 
after hemispherical culkhead is removed. 

t---------f--------j 
(D &i 

DOWNSTREA M EL£ VAT/ON 

S E A L  

S I D E  
E:.LE..VATJON UPS TREAM ELEVATION 

Part � is provided for convenient holding of parts 235 and �­
Provide holes in 235 for � and in 215 to clear heads 

A S S E. M B LY 
ASSEMBLE ON£ - MA R K  9188 - S  

R E F£ R £NC£ D R A WINGS 
l5'xl9.05' COAST£R GATE LEAF -ASSEMBLY · UST OF PARTS _ _  . . . . 2.14 - D - 9/88 
15'x l9.05' COAST£.R GAT£. FRAM£-A55£./.18LY _ _ _ _ _ _ _ _ _____ _  Z/4 - D ·  2299 

15', 19.05 'COAST£R GAT£. LEAF - PRESSUR£. BOOSTING 5YST£M .•  Z/4 - D • 
AUOWANCES AND TOLERANCES FOR METAL F/T$ _ _ _____________  X - D - 893 

of 415 . 
Contractor shall mark or tag each part with the mark 

number shown with the corresponding detml, as ; 
9/97 -ZS 

Where :; mark number covers more than one shipping length, the 
contractor shall add suitable subscripts to the mark number to 
properly identify each length. 

Paint threads of 27 S and 28S with a non-corrosive thread compound 
immediately before installation in field. 

FIGURE 7 
REPOR T Hyd.- 3 1  I 

L I S T  OF PA RTS - SE.ALS FOR ONE. GATE 
DRAWING 
NUMBER 
Z/4-D-9198 . . 
2/4-D-9/99 -

-
- ---

2i4-!J-9ZOO - -- -·-
" 

- - - -

L - ·-- ---•-
J!4·D:9�Q_I 

1---
-· ' -

L-..-.-•• - - -

-- - -
-

" . .  
. . . . 
--

- ------. .  
--- - - --. .  

" 
. .  

�-

. .  . . . . . . 

. . . .  
" . .  . .  --. .  . .  . .  . .  
" . .  . .  . . . .  . . . .  . . . . 

No. detail . . . . . . . .  . .  --. .  . .  . .  . . 
Z/4-D-9201 
X-D-311 

IPART 
NO. 
JSR 
/SL 
25 

3S R  

j� 
45" 
"45'-
5511 

551.-i-=-· --
6SR 

� 75R 
15C 

8_� 
, _J� 

:os 
" iii} 
/ISL 
IZSR 
/25L 

135" 
/3SL  
/45 

155 
/65 
1 75 
/85 

�'!_�_ 
_!-0?__ 

Z/5 
225 
235 

NO. 
REQ'D 

I 
I 

__}__ 
I 
I 
=i= 

I 
. I -

I - -- -
I 

_ I_ 
I 
I 

_ _!; _ 
- z 

z 
I 
I 
I --
I 
I 

. . 
I 
3 
.; 
2 

z 
2 

�?J!-f 
7-z_g_ 
56 L.F. 
16 L.F. 
56L.F 

245 1/6 L.F. 
255 2 
265 /O +Z 
275 1104+/0 
lBS 106+/0 
295 12+2 
305 40'3 
.3/5 B+Z 
3ZS Z+/ 
335 /Z+Z 
34S 68+16 
355 Z6+Z 
365 IZ+Z 
37S 34+3 
.385 ZZ+Z 

-.39S ZZ•Z 
40S 4Z'4 
4/5 IZ•i. 
4ZS * 
435 74 u: 
445 z 
455 2 

0£SCRIPTION 

Top seal base . _ __ _ 
Top_ 2e_al base __ -
Bottom seal base 
Vertical seal base 

i-c\/ertical seal base 
,_Vertical seal base 

Vertical seal base 
Horlzontaf cfam{i . .  
Horizontal clamp 
Vertical clomp ·- --

1 -V�fical_ckimp - �-Vertical clamp 

.. 

' 

- --
Vertical clamp 
Horizontal filler 
Vertrcal filler 
Vertical filler 

-

MATE. RIAL t 
CLASSIFICATION 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Sfeel 

Steel 
S1r.:c: 
Stee.' 
StePI 
Steei 
Steel 
Ste_(?! 
Steel 

·-- - . 

US£D WITH 

. .  

. . . .  

·Horizontal qu�
-
----stea-

·-- . .  - - - -- -
S1ee(--

. ------- -�i�onja_l guard 
Vertical auard 

-
r.s1-ee1 · - - --

Vertical auard · ·t-steel- -
- - - -· 

Vertical g_uarcl 
Vertical guard 
Shim (laminated) 
Gasket 
Shim (laminated) -Gasket 
Gasket 
Rubber seal 

JubiD9. -Spring 
Soring 
Spring_ 

e-Sprina 
A ir vent 
Dowel 
Socket head cop -5':rew 
Socket head aw SUE'W 
Special bolt with nu1 
Soecial bolt with nut 
Soecial bolt with nut 
Stud with nut 
Stud with nut 
-"xJ['7-/ex.head coo screJW 
·:x z· Hex. head cap scrEw 
"x U;" Hex.head cap screw 

; ,4J •Hex.head cap SCTl!W' 
f'x4 "Hex. hd. bolt wifh s,z. nuf 
Ix if.· Hex.head cop screw 
iri<i·"Round head s::rov 
t·x •· Round head screw 
Gasket -1,thick. 
Zlx .003" ShimsfixF.. 
Drill for rubber 
Drill for rubber 

Steel 
Steel 
stee_1 __ 
GARLoC"K7vo.t'S'"i 
OR q_m_[YAL£.�T 

Steel 
GAlfL6t·p-_ -ri(CtBt 
OR £.QUIVALc..NT 
GARLOCK NO. 681 
OR £0VIJC..A_b__Q!_"[_ 

Rubber 
sf"tiL-8RAss'7sTAiNL£SS 

- ------ - --
- -- ---- -

· ----- - - . 

-----
-

. -· 

-

· ·-
----- -- - --
·- --- - - - - ·  

STl4,b M (,:U..ftl. Aµ.OY_ .. • _ 
fl-EL·BRA5S·srAINLlS:S 

s�e'i-"":f , · -- · Steel _ _  __ _ _ _ _ 
STE.LL·BRASS-STAINUSS STULOR(U.NJ.A.U.OY _ _ _ ___ --· 
Steel /5 ".'L 
Steel 

---
Tzs ____ 

Steel ����i����� 
Steel rs�·�sil'�� � 
Steel - l,Z,3,35'¾. 45 RIL - -
Steel IZ 3 JS'¾. lS'l't. 45_� 
Steel JS RfL 35RfL 45� 
Steel � IS 'l·'L 35'¾. 
Steel ___ _ Z,3S'lt,45'1/L 
St�el � ..... tb fJ�t�.�,-7� 
Steel 3,ZS 4S"IL 
steel ' 1,2 3,3S"IL,45 "IL 
Steel l,2 3 35'YL 4S'K 
Steel /, IS . . 
Steel 3, 25 
Steel - ZS 225,245 
Steel fi11;:·uk· 
g,,"1't'JM."&'t' 
5teel or brass· 
Steel 19S 
Steel /95 --

--- - -

* furnish in rolls or sherls in sufficient o:nount to cover areas ·under 
bases &.%. �.�.�. springs 225,ill and shim 435 indicated in 
sections D-D [-[. F-F. H-H and K-K . 

"t Where materials a;e specified on frhe· drawings, but ore noffurfher 
covered by detailed specifications, the corrfracfor shall furnish high 
c.'ass commercial grades of materials that are safisfactory to the 
contracting officer. 

"' Furnished by fh, qovernmenf. 

GATE S I A ND 2 ONLY 
IJJll!.UTEO STA TES 

liJEP'AR.'TMCN.T 0tr THE INTERIOR 
SU.'REA.tl OF RECLAMATION 

CENYRAIL VALLEY PROJECT - CALIFORNIA 
KENNETT DIVISION 

S H A S T A D A M 
MAIN UNI T  PENSTO CKS 

15' x 19.05• COASTER GATE LEAF 
SEALS 

A SSEMBLY · LIST OF PARTS 



SECT/ON A - A 

• 

U PS TR EAM E L E. VATION SECT/ON B - B  

SE.A L  A C TUATING MECHA NISM ASSEMBLY 

- -,-- ·-=r.t=x-- - -+,- ---,-
'--,----'· 1· . -f-L- . - . _J Normal stem- - - · · - - -- ' I 

trove/ � ' : 
.L . .  :··+- - . . -\--7 �- --· --r· -+----:-J ': · ·t- ·17 I · : : _ .. -Gate stem nut : I - - -.-. - - - .. 

222-D-86 

No detail 

222-D-8606 

IP 
2P 
3P 
4-P 
5P 
6P 
7P 
BP 
9P 

/OP 
1 / P  
IZP 
13P 
1/J.P 
ISP 
16P 
17P 
IBP 
/9P 
WP 
Z IP  
22P 
23P 
24P 
25P 
26P 
27P 
28P 
29P 
30P 
3 1P  
32P 

FIGURE 8 
REPORT Hyd.-31  I 

L I S T  O F  PA R.TS SEAL A CTUATI NG ME.CHAN/SM FOR ONE. GATE L EA F  

O E. S C R I P T/ON 

I 
I cover 
I 
2 

2 

I 
I 
2 
6 

I 
8 
16 
6 
6 
8 

3 
I 

I 
2 

er inch 

MATE.RIAL t 

GARLOCK KLOZURE 1497 
R E  NT 

Leather 
tee! 

Steel 
Steel 
S teel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel and bronze 
Steel 
Steel and bronze 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 

DRAWING PART 

NUMB£R No. 

222·D-86a; 33P 
" 34-P 

No aetail 35�_ 
222-D-8606 36P 
No detail 37P 

" 38P 
" 39P 
" IJ.OP 

L---
c.E: IP  

" 42P 
" LJ.3P 
" 44-P 
" IJ.SP 
" l/.6P 
" IJ.7P 
" 4-8P 
" l/.9P 
" SOP 

222-D-860! 5 /P  
" SZP 

No detail 53P 
" 54P 
" 55P 
" 56P 
" 57P 
" 58P 

222-D-8603 59P 
" 60P 

INo detail 6 / P  
" 62P 
" 63P 
" 6/J.P 

No. 
REQ'D. 

I 
I 

. 2_ 
I 

18 ft. 
iut 
1/-0H 

_/_ -
_J_ 

__ .!.__ 
I 

3 
I 
4-
2 
I 
4 
2 
4 
5 
2 

/ 6  
I 
I 

12 

I 
I 
8 
2 
8 

I 

D E S C R I P T I O N  

Valve stem 
Valve stem 
1 ._ ,3 THD. x 1-�u:oe?!:/'iT iz:N���E.YV. 
�pg"h_ner wrench 
l/'. Sfqnrj9_rd pipe 
� .. Sfq{)_dgcd pipe 
2" Standard pipe 
4-"x 13{� 125 'Reducinq flanqe (b) 
i�8" scci.r!.ed flao_qe (b> 
!£!.}_2_5# Scr_��ed__tee_ 
4"x 3"x3 " x  /25# Screwed fee 
3 x 2" x 2" x I zsH Screwed fee 
1J-"x90°x 1z5 # Screwed ell 
3"x 90°

x /Z5# Screwed ell 

- . 

2" X 90°
x /25#5-crevved e"tt .. 

. 

16 150 11 Screwed union 
3"x l5Q#Screwed U[ljQ_n_ _ __ 
2" x / 50# Screwed union __ 
Pioe hanaer 
Pine hanner 
4-"x 9"x ,i,' Gasket 
l/."x l3fx,{'Gasket 
f'x tff'Cap �crew 
12;�

1
4• )( 12S F�fN G E D  REDUCER 

b OR E GI U I VA ENT 

IZ"x 125 # Screwed flanae {bi 
.,,"x 4-' Bolt with hex. nut 
Screen 
Hanner 
¾ x3"Sfud with hex. nut 
£ xf¾"Heaci/ess set screw 
J"x3£'5tud with 2 hex. nuts 
lt'Sfd. flanaed sw,na check valve/bl 

M/\'ffR / A I  -t 

Slee/ 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
C A S T  IRON vn 

F O /:f G E D  STF.EL 
C A S T  1nON OR 

FORGED STE E L  

Cas t  iron 
Cast iron 
cast iron 
Cr:isf iron 
Cast .iron 
(ast"(ron 
foAq/leable iron 
.M_qjjeable jron 
Malleable iron 
Steel __ __ _ __ _ _ _ 
Steel ________ 
Standard ---
Standard 
Steel 
r;o g_ itQ!J.._ . --
CAST IRON OR 

FOAGE.O STE�.!:....___ 

Steel 
Bronze or oalv. steel 
Steel 
Steel 
Steel 
Steel 
IRg�.D.�� o:;;,MME.n 

(a) Class 50 in accordance with Federal specs. QQ-l-652 . 
Cb) Alf flanges to be faced, and drilled to American Std 12s 1ttemplafes. 

222-D-8601 66P I P/un aaae Steel 

·--- - - -- -------Adjust turnbuckle 32P in Field 
assembly so that  reference 
mark on compression stem 
29P a lines with end of sprinq 
casing 22P when valve spool 
2P and qate stem nut are in 
position shown 

15 

p 

8 
p 

rz- ff Dia. ho les 
on 17'' dia B C · . 

® 
SC R E E::':· 

aRoNzc OR GALVANIZ£0 5T££L 
ONE REQ

0

0. - MARK 8 603-S9P 

r· _ _ _ _  ( __ ___ _ 

lt) 

Y . • • • ••• 

= 

tMisce!laneous materiafs:- Where materials are specified on the 
drawinqs, but are not further covered by detailed specifications, 
the contractor shall furn ish hiqh class commercial grades of 
materials thc,f are safis facf-ory to the confracfing officer. 

\- 3 Hex. nuts 

I" 

"O"= Pipe size - - - ---

3 Hex. nufs -:::_ 
each end 

- ·-·1 · · ·;..: 
� i 

. .  1 

.-A� t 
-t-

t;, 
_, 

" ' "J 
"' ' . . .  L . .Y 

\" 30� ) 
1- 2-r Dia holes 

® 
PI PE. HANGE.R 

MA R K  NO. A 0 MA TERIAL RE.O'O. 

HANGE.R 
STEEL 

8603 -5/P 2 3" 4-" Steel ,. 
8603 -;- 5 Z P  lj. 

, .. 2" Steel r 
ONE REQ'O. - MARK 8603 - GOP 

THIS DRAWING IS FOR GATES L; TO 9 INCLUSIVE 5PE.C. No. 1010 
FOR GATE.$ I, 2, AND 3 SPEC. No. 905, SEE. DWG. 222-0-2541. 

U N I T E D  S T A T E S . 
DEPARTMENT OF THE INTERIOR 

BUREAU OF RECLAMATION 

COLUMBIA BASIN PROJECT- WASHINGTON 

G RAND C O U L-E E DA M 
1!5' ,c 29.6!5' PENSTvCK COASTER GATE LEAF" 

SEA L AC TUA TING MECHANISM ASSEMBLY-LIST OF PA RTS 
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, - Gate housing 
Mounting pad for 7" diameter 

hydraulic jack - - - -. 
, -Bolt or rivet 2 stock handles to hood 

, . f Bolt, bend shank as shown 

* Two clips each side, 
welded to hood, 
bent aver test rig, 
to position hood 
while fastening 

, - -{Flexible steel cable, 
33{' long between 
loop centers 

f::�-16 Ga. or heavier 

Upstream and bottom faces open. Upstream 
flange {wide, bottom flange /" wide. f"x r 
rubber gasket all along contact surface. 

I 0 

H O O D  DETA IL 
S I D E  E L E V. 

S C A L E  OF INCHES 

FOR HOOD DETAILS ONLY 

12 

, . - -;Channel iron reinforcing belts -. , 

R I G  A S S E M B LY 
SECTIO N 

,-2{'x f" x /6"8ar, weld to hood, 
,' drill r dia. slotted holes 

·- -2"x j" x 16" Bar; weld to hood, 

:;+;' 
I 
I 
I 
I 
I 
I 
I 
I 

::.:: ::. -::.-:...-_-_-: -:-=-=--=----==-� 

H O O D  D E TA I L  
DOWNSTREA M ELEV. 

- - Two-piece, 2"plastic window 

- - -Removable shims for varying 
the seal- to - seat gap 

Check and true alignment of jack shaft and base , gote chamber 
top and gate stem to insure gate contact with seal seat 
throughout entire length of gate travel. 

0: 
I 

([)! 
I 
I 

6): I 
I 

8: 
I 
I 

([): 
I 

0: I I 
. - - - - - - - - - - - - --

§: r - - - - -
� 

1 I � I 
' I �  I 

f'Aj L - - - - , 

�j 
I 

I I 

([): : 
j : 

1,.-l---,ik,.�� 

TES T  R I G  
HA L F  SECTIO N A -A 

-.... I 
..... ___ -l 

I 
I 
I 

:6) 
I 

:([) 
I 

i0 

- - - � - - - - - - ­

WI ' I  
I I 

I 
I 

A SSEMBLY 
HA LF DOWNSTREAM ELEV. 

.,,., <o 

.--• '  

F i g u re 9 
Report  Hyd.- 3 1 1  

All sections o f  seal 
12" :': long for snug 
sliding fit between 
plastic windows. 

Furnish all screws 
for assembly 

- - - 4{',{ Seal stem 
clomp plate 

: ,-Rubber seal test section 
: :' furnished byHyrfroukc lob. 

·,. : 
•

0 0tL1_t 
-'! : r ____ !.i � .. lfz"eteor nom. :i,.,,,,.,,.,,,,,.,..,,"""'- - --:-r 

'- - L - 2j nj x f  

S EA L  ASSEMBLY SECTI O N  

'• , .,,,. _.,__,,_,__R 
' ' 
: 1 ' . 
I -lco ' ,., ' ' 

---1---L-« ....... ,_, - \ r ·  
; _.u_ 

I "  I "  44 X 18 BA R 

:L. 
'!...., 

- r--�- . 
··Top n.s. 4 dttfJ• j - 11 

thds. socket hd. screw 

J "  J" I -� � r ,..- --_¾--- ,  .. -- ." � .:;  
-� i r�1 

' - -
' ,' - - - - -.- "'s."'.c.

-' 
...L.....L.JCL..J.....ll_-,F---- -{ ! 

-.:8�,II and ctr: bore for recessed 
1"socket head cap screw 

4� "x ? ," C L A M P  P L A T E  B B 
:Drill and ctr bore for f". 13 
._ thds. s ec,ol ca screw , r---- - - - - 3 "  - - - --->1<-- 1{--

\ @) � �� 

Grind if needed 
to fit · - - -

f---- 2�· - -­
: . 
' 

1 3 -j"P,pe top for water pipe plugs�; 
6 11 / 11 / 11 

28 X 22 x 2 A NG L E  

SCALE OF INCHES UNL.-ESS OTHERWISE flOTEO 

HIGH HEAD GATE SEAL STUDleS 
LA BORATORY TEST RIG-ASSEMBLY DRAWING 
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, , , 1 ' , 
I I 
I I 
I '  
I I 
I I 
I '  

I I 
I 

, , I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - - - - - - - 3{- - - - - - - - - - - -

: ' ' 
Dr(II f and csk for ) 
t flat head screws <,_ 

' ' , ' 
I ------- -----+-'---· -------- -----�--

: 1 : , . ,  
I I 
I I 
I I 
I I .  
I I 
I 1 
I I , , , 
1 1 :  ! - :

±' 

� - - - - - -- - - -- --- - - - i r --- - - - - - -. - - - - - - - - � ; - - - - - - - - - - - - - - - - - - itr 
�-�:'i;;i:ilii;:_:_i -r:;:=::_-_:[ �=�;i�-�, 
t ( ,'. . :· � . (_; . �) t @· . .....,,, - • - - - -- - - - --2 � - - - - --• ' - - - - -2 1 - - - - - - -- - - -- -·- 2J - · · · - - �· • 

{ ;,I 

- ---2J - - - ----�i
- - l , -, , ' . 

��-
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s· 
i6 R- ·  

I 

-, 

' . 
I 
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I 
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l� ___ 1 1 - - - - · - · · · · · · - w - - · - - - - - - - - ---

l
- - - - -- 2 " · - - - -1 - - - - ·2" - ---- -1-

Grind heods of  o/1 /· .. 
protruding screws / ',, 
on face flush. Fill / .• �-

--y,
· 

slots with solder.-- - ,( . .  . X  • 1 , "- 1.· 
/ ·- •• ,r.. · • . , --, N� Flat head screws 

/ ,-·- � ,-;-,. f long with hex nuts 
,, ,, ... , I' 

/ ,,, t.:.' ,' 
/ ,' ,' ,' 

/ � <�l-Ori/1 f and fit 4-,f, 1• braces (not shown/ to rig 

� / ,. , · - -- -,lsalder brass ribs to face plate 
I I "' ., I 

/ / ....... . . / / .. • / "' -f Bross ribs 
/ Brass plate

-r
- - - •• • � • , · - .  •. :,i , - -fr NC  Flat head screws 

/ 
.... ,- - -/-< .. .. ,f long with hex nuts 

I I 
" ,  

I I .. , 
,' 

I ., 

' ' ' I , 
' I ' ' ' , 

I I / 1• : i--7-Drill and csk If plafe. ,. 

j r-- · :  / Ori/I and top thru 2 and 4 
· --=-:,.. 1--:i plate1 and provide far f-:= • : 0 tg,-i NC flat head screws 

. � ·  j � f Sleet bar- - + ··· ':' : ong. 

! , J_ :. ,-Ori/I fi ond est in { plat,. 
� '•; Drill and tap i deep in l bar, 

'"o;,; -. 
- ­ .. .. .. .. .. 

� : :1 1 ond pravisfe far 10- {  NC flat head 
! l ! screws I long. .. .. 
I � I I ' ,  

iJ- : _ _  :LL _ _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - ----- - - - - - - - - - - - -- - - - - ---� 

'lo, .. "' 

i..f 

). _ _ _ _ _ _  _ 

' 
•· --+-{ Steel plate 

' 

•' � 

_ _ _  .i 

H I GH HEA D GA TE S EA L  S TU D I E S  
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A .  Side view showing piping, gages, and general 
arrangement of equipment . 

B .  View with hood removed showing seal actuating 
pressure supply hoses,  gage line and double stem 
seal assembly. 

HIGH HEAD GATE SEAL STUDIES 

Test Rig Photographs 

Figure 1 1  



A. End view of seal, assembled 
with zero seal-to- seat gap, showing 
the pinched bulb after reaching the 
seat bevel at 40 feet 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 . 
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A .  End view of seal showing bulb 
deformation at 1 9 5  feet head- -no gate 
movement after applying head .  Zero 
seal-to-seat gap . 

B .  End view of seal at 1 60 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 Head s - ­
with a Sharp Corner at Upper Edge o f  Seat Bevel . 
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The seal bulb becomes pinched during gate 
closure at 1 9 5  feet head and at a large seal­
to-seat gap, 5/ 16 inch. Without a 9 0  degree 
brass shield, seal bulb "wraps"  itself around 
the end of the seal stem clamp plate .  

HIGH HEAD GATE SEAL STUDIES 

Behavior of the Solid Music Note Seal without a Brass Shield. 

Figure 1 4  
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A .  Bulb approaching seat, control at 
edge of angle iron . 

B .  Bulb in position for snap -over, con­
trol at edge of stem clamp plat e .  

C .  Bulb snapped-over onto seat .  

HIGH HEAD GATE SEAL STUDIES 

Photographic Sequence of Music Note Seal with Automatic Retraction 
and Extension of Seal Bulb - - 1 9 5  feet head, 1 / 8  inch Seal -to-Seat Gap.  

Figure 22  
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A .  Note the poor bond between b rass shield and rubber which was 
typical on seals with large shields .  

B .  Brass shield slipped during molding and shield does not reach to 
end of stem. The bent shield is the result of laboratory tests.  

HIGH HEAD GATE SEAL STUDIES 

Solid Music Note Seal with brass shields greater than 90 Degrees .  

Figure 1 6  
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L I S T  O F  PAR TS - S EALS F O R  ON£ GATE 
DRAWING PART No MATERIAi. MAT'L. USfO WITH 
NUMBER No. REQD D£SCR /PT/ON CLASSIFICA T I O N  REF. No. PARTS 

222-0-9745 ss• 2 Horizon tal c/amy ___ _ _ 
ssc -2 - Horizon ta I clam 
65" 2 Vertical clam 855 
65 ' 2 Ver tical_ c lam.,,_ _ __ --1 855 
75 2 Vertical clam 855 

,:• Furnish in rolls or sheets in sufficient amount lo cover areas under bases ,s::, 25� 
�", 45, sprinq 335 and shim 385 indicaled in Sections C·C ,  D.-0, E·E, and G·G 

+Where matenals are specified on the drawinqs, but are not further covered bY, 
detailed specifica tions, the contractor shall furnish h iqh class commercial 
qra des of matenals that ore sattsfactory to the con tractin q officer. 

t Use 974-2 as prefix of the mark number 
t Furnished by the Government. 

LIS T O F  DRA WINGS 
SEAL ASSEMBLY · LIST OF PARTS _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ 2zz - 0 ·971J-2 
TOP AND BOTTOM SEAL BASES _ _ _ _ _  • _ _ _ _ _ _ _ _  •• 2 2 2  • O ·97113 
VERTICAL SEAL BASES _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  222 - 0 -9744 
CLAMPS · GUARD S ·  FILLERS · SHIM · SEAL· BOLTS. _222 ·D-971/-5 

R E FERE NCE DRAWINGS 

/S'x 29.65' PEN STOCK COASTER GATE LEAF - ASSEMBLY· LIST OF PARTS _ _ _ _ _ _ _  222 -D -9733 
tS'x 29.65' PENSTOCK COASTER GATE FRAME _ _ ·  _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ __ 222 -D - 2/62 
IS, 29.6 5 '  PEN STOCK COASTER GATE LEAF - PRESSURE BOOSTING SYSTEM •• _222-D- 6840 

U N I T E D  S TA T E S  
DEPARTMENT O F  T H E  I N TERIOR 

BUREAU O F  RECLAMATION 
COLUMBIA BASIN PROJECT- WASHINGTON 

Parts 375 anc/ 385 ore provided to ma,n tain booster pressure 
required 1n remov111q hem1spher,cal bulkhead in penstock, 
(See Dwq. 17.2-0-6840) and are to be removed at earliest 
opportunity after hemispherical bulkhead is removed. 

G R A N D  CO U L E E  D A M  
t!S ' x  29.65 ' PENSTOCK COASTER GATE LEAF 

SEA L  A S S EM B LY - L I ST OF PARTS 
GATES /0 TO IB 

SECTI O N  D - D  

Part J;1__s_ is provic/ed for conven1enf hoid,nq of parts 375 , 
and � .  Provide holes in .J� to clear heac/s of .JJ..S. . 

_ See specificcrtions for markinq. 



A.  Hollow bulb music note seal 
without a shield, 1 9 5  feet head . 
Note the complete absence of a 
seal with bulb spring during re ­
traction . 1 / 1 6  inch seal-to - seat 
gap . 

B .  Solid bulb music note seal 
( 5 / 3 2  inch seal -to - seat gap) with 
a 90 degree shield which retards 
bulb deformation and loss of con­
tact with the spring; however·, at 
1 9 5  feet head,  the pressure b e ­
hind the seal bulb was 1 5 0  feet 
which is  too high for dependable 
retraction . 

Report Hyd .  3 1 1  Figure 1 8  

HIGH HEAD GATE SEAL STUDIES 

Behavior of Grand C oulee Type of Seal Assembly . 
With Bulb Retraction Provisions . 
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HIGH HEA D GA TE SEA L S TUDIES 
TEST GATE TOP SEA T - SEC TION DRAWING 
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i_  

I I 5 "  I .  Max imum C, 1 ,� ,  goes with minimum D and maximum G, 16 . Similarly, 
minimum C, f; goes with maximum D and minimum G, zero. 

2. Seal seating range on seat at 265 ' head (Hungry Horse) is estimated 
to be ff" lower than at 195' h ead. 

3. Test gate rate of travel equaled 0. 14 inches  per second. 
4. Hydraulic control for retraction was edge X; for extension was edge Y. 

HIGH HE A D GA TE SEA L S TUD IES 

MUSIC NOT£ SEAL ASSEMBLY. DIMENSIONS FOR A UTOMA TIC 

RETRAC TION AND EXTENSION OF BOTTOM SEA L BUL B. 
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A .  Beveled seal seat with brass bars soldered to fac e .  These 
bars prevented complete sealing, thus decreasing water hammer . 

B .  Solid bulb music note seal with 90  degree brass shield on 
bulb. This seal was used with the above seat . The damage 
was sustained in seating. 

HIGH HEAD GATE SEAL STUDIES 

Arrangement to Reduce Water Hammer to Protect Test 
Equipment during Tests with Automatic Bulb Extension 

Figure 21  
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A .  Bulb app roaching seat ,  cont rol at 
edge of angle iron. 

B. Bulb in position for snap -over, con­
trol at edge of stem clamp plate .  

C .  Bulb snapped-over onto seat .  

HIGH HEAD GA TE SEAL STUDIES 

Photographic Sequence of Music Note Seal with Automatic Retraction 
and Extension of Seal Bulb - - 1 9 5  feet head,  1 / 8  inch Seal -to-Seat Gap.  

Figure 2 2  



Report Hyd . 3 1 1  Figure 2 3  

A .  Seal with one piece,  self centering, brass reinforcing plate i n  
sterns .  The plate w a s  centered during molding by means o f  the 
tabs shown . (See Figure 2 9 ) .  

B .  Seal with 1 80 degree, slotted brass bulb shield . 
brass stern reinforcing plate shifted during molding. 
2 7 ) . 

Two piece ,  
(See  Figure 

HIGH HEAD GATE SEAL STUDIES 

Double Stern Seals with Stem Reinforcing Plates .  
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Report Hyd . 3 1 1  Figure 26  

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

B.  Sat isfactory gate c losure with 1 / 8 - inch 
seal -to- seat gap . 

HIGH HEAD GATE SEAL STUDIES 

Operation of Double Stem Seal without a Brass Shield or Stem Rein­
forcement . Gate Closed with Bulb E xtended at 1 9 5  Head .  
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HIGH HE A D  GA TE SEAL STUDIES 

DOUBLE STEM SEAL SEL F-CENTERING STEM 
REINFORCING PL A TE 
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See specifications for marking 
Parts ZZ5 , Z35 and 435 are provided to maintain booster pressure 

required in removing hemispherical bulkhead in penstock, (see 
Dwg. Z/4-D-9367) and are to be removed at earliest opportunity 
after hemispherical bulkhead is removed. 

Part 415 is provided for convenient holding of parts 235 and 43S. 
Provide holes in 235 for � and in 215 to clear heads 
of 415 . 

Where a mark number covers more than one shipping length, the 
contractor shall odd suitable subscripts to the mark number to 
properly identify each length. 
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LIST OF PARTS - SEALS FOR ON£ GATE 

DRA WING ART NO. MATERIAL MI\T'L 
NUMBE.R NO. RE.Q'D OE.SCR IPT/ON CLASS IFICATION ",f.;°· USED WITH 

2I1+-o-1120s 15" I Too sea! base Steei B55 !"--- �-IS�L--
+�-+-=

Tc
c:-oc.....csc..cec.ca-

-:l--:b
c.cac::sc::e _ __ _ -1-'sTeet ____ 8�5�5--+- -- ----1 

211+-0-11206 ZS Bottom seal base Steel B55 
211+-0-11207 35" Vertical seal base Steel 855 

35L Vertical seal base Steel 85s 
45R Vertical seal base Steel ass 
45L Verficol seal base Steel ass 

21'+-D·J/208 55R Horizontal clomp Steel ass 
SSL Horizontal clomp- Steel ass 
65" Vertical clomp Steel ass 
.,sL Vertical clomp Steel ass 
75" Vertical clamp Steel ass 
75L I Vertical clamp Steel ass 
as 4 Horizontal filler Steel ass 
95 z Vertical filler Steel ass 
I0s 2 Vertical filler Steel ass 
us• Horizontal uard Steel ass 

I35L I Vertical uard Steel ass 

/55 G Gasket 
/65 z Shim laminated t 

,.._ __ ___,__,_7_5--+-_ z__,_ G�o sket 
185 2. Gasket 

No. detail 

195 "-7ZLF Seal 
--t -- --

Z/5 56 LF. 
ZZ5 /6 L.F. 
235 56 L.F 
245 6 L.F. 

zss 2 

Z65 !O +Z 

275 05+7 
2.85 I0't+7 
Z95 
305 
3/5 
3Z5 

Sprin 
Retainer 
Refoiner 

"Drill for rubber Steel 

t 

t 
t 
t 
t 

t 
!95 

t 195 

* furnish in rolls or sheets in sufficient amount to cover areas under 
bases IS'YL , £§, 3S'Yi., 4Slj,[ retainers 225,235 and shim 435 indicated in 
sections D-D, £-£, F-F, H-H and K-K .  

t Where materials are specified on  the drawings, but are not further 
covered by detailed specifications, the contractor shall furnish high 
c!ass commercial grades of materials that are satisfactory to the 
contracting officer 

t Use 1 1201;- as prefix of the mark number. 
£> Furnished by the Government. 
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NOTES: 
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.. 
Pressure iri let and 

drain passage- --. 

1. Gate includes provision for re­
traction and extension of bulb. 

2. Tes t  seal is made from double ," 
stem seal ---- - -- - -- - - - - - - - --- - - -

Re p o rt H yd. 3 1 1  - F i g u r e  3 1  

HI GH HEA D G A  TE S E  A L  S TUD IE S  
SHA S TA DAM PENSTOCK GATES BOTTOM SEAL-PROPOSAL NO. I .  
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Pressure inlet and 
drain passage-, 

::,. I'. 

NOTES: 
,. Gate includes provisions for re- j' 

traction and extension of bu/ b.  
2. Test seal is mode from double / _ 

s tem seal--- ------ - - - - - -- ------ - - -

HIGH HEA D G A TE SE A L  S TUDIES 
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SHA STA OA M PENSTOCK GA TES BOTTOM SEAL -PROPOSA L NO. 2. 



Report H yd. 3 1 1 - F igure 3 3  

,-L in e B ,  position of r-' sea l  with no  flo w. 

I 

.I I "  -('1 - 8 Seal - to - seat  gap 
- - - - - :Refere n c e, see Figure 31 
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, to an e ll i p t ic a l  s h ap e. Wh e n  b u l b  re tra c tion was 
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not b e  re d u c e d  s u ff ic i e n t ly  for r e t r a c t i o n. 
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Test gate leaf--, 

,t Shim to prevent leakage 
through screw holes- - - - - - -- - - - -

Pressure inlet and drain --- - - - - ------, ' 

Spacer "£ '.!. - - - -- -

' ' ' 

�-- -L':_ -� 
' 8 ' 

I 

r--

7 
I 

I 

�-=-==--­- �� 
/ .... -66°30

1 

I 

-:...1� 
__ _  y _  
- - - 1. -

- ----,:: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - ----,;: - � 
� \

'' I 
.Y, I 

' ,  ,,. \0 : 
I 
I 
I 
I I 

, ---1------ �-IBO Degree 
: : half-hard 
6 1 yellow brass 
: shie ld. 
I 
1 
I 
I 
I 
1 

- - - - - i - - - _i -
A 

/ : I 

/ ->I 23" � - il''.... _J I 64 I 64 ' 

I 

3" I 
- i<-8 

� 
a 
..J 
Li.. 

( / II  ,; II 
' - T x 8 Spacer 

Report H yd .  3 1 1  - F i g u re 3 4  

3 II I 

8 :,<-
I 
I 

DETA_IL A 
SUITA BLE FJEL D  DESIGN 
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I"  ..J.." o" 

� II 

4 32 3 32 
I "  L" o" 

I I "  

8 32 3J2 

D on 
D Fiqure32 
�" I 16 

2711 I 32 
1311 1 2711 

, ,6 32 

NOTE: It . is important that deflection 'i
f' of the 

seal stub be adhered to in field assembly. 

HIGH HEA D GA TE SEA L S TUDIES 

SHA S TA PENSTOCK GA.TES - RECOMMENDED BO T TOM SEAL DESIGN 
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A.  Recommended bottom seal with 180 degree, slotted brass shield. 

B. Bulb raised above seat at 1 9 5  feet head. The bulb 
showed no tendency to blowout with the minimum 
compression of beveled stem, 3/32 inch. This 
test simulated a fa�lure in the bulb retraction 
system. 

HIGH HEAD GATE SEAL STUDIES 

Section and Operation View of Recommended Bottom Seal 
Shasta Penstock Gates. 

Figure 35  
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A .  Assembly with, minimum compre ssion, 
3/3 2  inch, of beveled stem . Seal end 
painted white .  

B .  Assembly with maxim.um compression, 
7 /32  inch, of beveled stem . Seal end 
painted whit e .  

HIGH HEAD GATE SEAL STUDIES 

Assembly Views of Recommended Bottom Seal 
Shasta Penstock Gate s .  

Figure 3 6  
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A .  Side view of seal assembly showing 
penstock entrance transition section . 

B. View showing vacuum-pressure 
ports in lower seal stem clamp plate . 

HIGH HEAD GATE SEAL STUDIES 

Double Stem Seal with Stem Attaching Screws Assembled 
for Automatic Retrac tion and Extension of Seal Bulb 

Figure 3 7  
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Rubber seal strips 

Test ga te leaf- - - ,  
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FRON T SID£ 

-- ,.-: : --Seal seating 
:,<·' range at 
1 195 ' head. _ _  •L 

- - - -Seat 

-f' Lower clamp 
plate 

I ��- - _.__....__, - t-,G. -vacuum -pressuf'e 
:..� ,-,------.�---1 

.:fi : 
water passage, 2. 1 

l , ;1,- -J sq. inches per linear 
'• -Gasket i :-:X : foat of seal1 to retract 

1 ,,, 3 1',. and extend the seal ->iC=2 to- L.(-
l" + o" I A 

4
' 

bulb. See figure 378. 
- - -0 =2- , , ,  ---� /6 _ _  I '.,\ 32 0-.:-'<v 

NOTES : 
1 .  Seal seating range on seat i::Jt 1 6 5 '  head (Hungry Horse) is estimated 

to be j" lower than at  195' head. 
2 . Test gate rate of travel equaled 0. 14 inches per sec ond. 
3. Hydraulic control for retraction was edge X;  for extension was edge Y. 

HIGH HEA D GA TE SEA L S TUDIES 
DOUBL E S TEM SEAL ASSEMBLY. DIMENSIONS FOR A UTOMA TIC 

RETRAC TION A ND EXTENSION OF BOTTOM SEA L BUL B. 
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HIGH HEA D GA TE S E A L  S TUDIES 
DOUBL E STEM SEA L WI THOU T S TEM A T TA CHING SCREWS . .  - DESIGN NO. I 

TEST GA TE A SSEMBLY 
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A. Twelve-inch test section of seal . Ef1:_d painted white . 

B .  Seal retracted at 1 20 feet head - ­
showing buckled stem and twist of 
bulb section . 1 / 8  inch seal-to-seat 
gap . 

HIGH HEAD GA TE SEAL STUDIES 

Photographs of the Double Stem Seal without Stem Attaching Screws- -
D esign No.  1 .  
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A. Seal bulb extended ·at 1 20 feet head .  

B.  Seal i n  retracted position at 1 95 
feet head w ith bars in place, intended 
to stop stem buckling. 

HIGH HEAD GATE SEAL STUDIES .  

Operation o f  Double Stem Seal without Stem Attaching Screws - ­
Design No. 1 ;  1 / 8 -inch Seal-to-Seat Gap. 
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HIGH HEA D GA TE SEA L S TUDIES 

DOUBL E S TEM SEA L WI THOU T  STEM A TTA CHING SCREWS 
DESIGN NO. 2 - PREL IM INA R Y  
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HIGH HEAD GATE SEAL STUDIES 

Size comparison of Double Stem Seals with and without Stem At­
taching Screws. 

Figure 43 
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A l l other dimensions 

not shown on the clomp 
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on . the preliminary 
drawmg, Figure 42. 

HIGH HEA D GA TE S E A L S TUDIES 
DOUBL E S TEM SEA L WITHOUT STEM A TTA CHING SCREWS 

DESIGN NO. 2 - TEST GA TE ASSEMBL Y - RECOMMENDED DESIGN 
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contacted both 
clamp plates 
which limits 
the bulb ex­
tension . 
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SEA L B U L B EX T E N S I O N V ER S U S  R E S E R V O I R H E A D 
DOUB L E  S TE M  SEA L  WITHOUT STEM A TTA CHING S CREWS - DESIGN No. 2 
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A. Seal with 1 8 0  degree b rass shield, 
raised above seat .  Bulb was wedged 
between clamp plates at 1 60 feet head 
or more when bulb was extended . 

B .  Seal without a brass shield and 
zero seal-to-seat gap . With bulb ex­
tended during gate closure, bulb was 
not pinched at 1 9  5 feet head . 

HIGH HEAD GA TE SEAL STUDIES 

Operation of the Double Stem Seal without Stem Attaching Screws 
Design No. 2 .  

Figure 4 6  
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UNITED STATES 
DEPARTMENT OF THE INTE RIOR 

BURE AU OF RE C LAMAT ION 

C OULEE DAM� WASHINGTON 

November 2, 1 9 50 

T o :  Chief Engineer,  D enver,  C olorado 

From : District  Manager 

Subj e c t :  Expe rimental Seals for Penstock C oaster Gate s - - Grand Coule e 
D am .:. - c olumbia Basi.n Proj e c t .  

R eference i s  m ade t o  your t eletype DN -CD 8 4 5 . Thre e  suc c e s ­
sive s timulated eme rgency closure s were m ad e  with the new type experi ­
mental s e aL No dam age was done to the s e al s  during the se te sts and 
ve ry low le akage was enc ountered after  e ach c losure . The t e s ts were 
c on s ide red ve ry succe ssful . The following detailed report 'cover s  the 
prep aration for and the re sults of the s imulated em e rgency closure tests 
u sing the subj ect seals . The se t e s t s  were m ade u sing the R - 6 coaster 
_gat e . A te s t  of a sim ilar nature u sing the music note typ e  s e als is 
refe rred to in a letter of November 2 3 ,  1 94 9 ,  t o  Chief Engine er,  from 
District  Manage r ,  subj e c t  "Closure of R - 7  pen stock c oaster gate unde r 
simulated e m ergency c ondi.tions - -Grand C oule e Powe r Plant - - C olumbia 
Basin Proj e ct . 1 1  

A .  Preparation of C oaste r Gate 

L The c oaster gate u s ed for this te s t  was one of the 
three gates  furnished unde r  Spe c ific ation s No . 9 0 5 .  
This gate was put in s e rvice in June 1 94 1  and was 
removed from service during October 1 94 9  to perm it 
installation of new s e als ( s e e  lette r  D e c e"mber 1 6 ,  1 94 9  
to Chief Engineer,  from Distri c t  M an ager, subject  
"Report on condition of  m ain unit L - 3  penstock 
c oaste r  gat e - - Gr and C oule e  Powe r Plan t - -C olumbia 
Basin Proj ec t ' 1 ) .  It was subsequently in stalled in 
the R -6 position on April 24, 1 9 5 0 .  The cont rols 
we re tested and ope ration of the gate was d e e m ed 
satisfactory.  

2 .  R emoval of the c oaste r gate was acc omplished on 
August 2 5 , 1 9 50 . The se al bas e s  we re rem oved and 
then taken to the m achine shop for alter ation in ac cord·-
anc e with - Drawing No.  � 22-:..n - 1 5 0 67': The rolle r 
chain s we re noted t o  be in an inoperable condition 
at this tim e due to corrosion . (S e e  photograph 
No .  3 - 2 2 7 06 . ) The chain s were removed from the gate , 



soaked in solvent, and worked by me chanical me ans 
until e ach roller and link was free to move . The 
links were treated with T exaco Type L rust preventive 
compound before the chains were reinstalled on the 
gate . After  installing the chain s on the gate , it 
was just possible to  rotate .  them using an ai.r tugger 
which exerted a 1 - ton pull . Afte r  completion of the 
te sts ,  the chains could not be rotated using the 
s am e  pull . The probable reason for the �igh re:sist­
a.nc e : to rotation is that this coaster gate was 
e quipped with roller chains havin g unbalanced or 
double link� ,  whereas subsequent coaster  gate chain s 
in corporated . the balanced or triple type links . 

B . Installation of the expe rimental seal .  

1 . .  Installation of the e xperimental s e al ( Dr.awin_g No. 222 -
D - 1 4 9 70 )  was made in accordance with the March 15,  
1 9 5 0  revision of Draw.in_g ·No . :.:.222ED' � 1 50 67 :  The···niiter 
joint s  in the corner s .  of the seals were vulc aniz e d  
i n  place o n  the gate . Photographs Nos . 3 - 2 2 8 2 0 ,  · 
3 - 2 2 8 21 and 3 - 2 2 8 2 2  were taken during the installa-
tion of the s e al .  

2 .  After the installation of the seal .was completed, 
clearanc e readings were taken on the se als at the 
points  indicated on Figure 1 .  Re adings on the 
vertical s e als were taken with a gage in serted 
between eve ry othe r p air of rollers using the 
rolle r track for a refe rence_ plane as shown in 
photograph No . 3 - 2 2 8 1 9 .  A wire was strung 
parallel to the top and bottom seals and the 
clearance readings taken between the se al and 
the brass s e al s e at on the dam is 1 / 1 6  inch 
(+0 ,  -1/ 1 6 " ) as shown on Drawing No . 2 2 2 -D -9 73 2 ,  
but this was not  attain ed on all parts of the s e als . 
See  figures 3 and 4 for the readings obtained.  

3 .  The dim ensions of  the rubbe r seal furnished were 
checked for conform ance to those shown on Drawing 
No.  2 2 2 -D - 1 49 7 0 .  Every dimension was found to be 
as large as the tole rance s  permitted . This in part 
ac counts for not attaining the normal se al cle arance .  

2 



c: . . .  Initial gate sealin g to rem ove · peristock ·  bulkhe ad .  

On S eptembe r 1 4, 1 9 50,  the coaste r gate was ope rated 
and the p enstock bulkhe ad was drained . The first  
attempt to drain the bulkhead · (by opening the 6 1 1  

drain valve ) was considered a failure after 3 5  minute s . 
The gate was completely raised and again lowered with 
the s am e  results on the se cond attempt . On the third 
trial,  the gate was raised about one foot, then with 
the 6 -inch drain valve · open, the gate was allowed to 
s e ttle by opening .the by-pas s valve ori the coaster 
gate control pipin g.  The re sults of  this closure were 
ve ry good (see photogr aphs Nos . 3 - 2 2 8 4 7  and 3 - 2 2 8 4 8 ) . 
Le akage past the seals was e stim ated to be 2 5  gallons 
p e r  minute . 

D .  Action of the s e al . 

With the penstock drained, the m ovem ent of the expe ri ­
mental se al appe ared to be limited to the . slight move ­
m ent towards the bras s  s e at ne c e s s ary to prevent le akage . 
E xce ssive deform ation of the seal was not app arent . 
(See photograph No . 3 - 2 2 8 5 0 . ) 

E .  Effe ctivene s s  of the seal after the gene r ator dryout run . 

An in spe ction was m ade of the c o aste r gate le akage 
after completion of the dryout run . The s e al was 
obtained by closing the wicket gat e s ,  lower ing the 
c oaster gat e ,  and opening the penstock drain valve . 
Le akage past the seals  was e stim ated to be 2 0 0  gallons 
p e r  minute at this time with seve ral leaks apparent . 
(See figure 6 . )  

F .  Method used in simulating eme rgency shutdown . 

The conditions unde r which an emergency · shutdown was 
simulated were fixed wicket gate openin g  and c ons tant 
unit speed . The se c ondition s we re maintained by 
beginning with the unit on the line with a load of 1 0 8 
m egawatts . The coaster  gate was then tripped and the 
unit gradually dropped its load in orde r to hold syn ­
chronous speed.  The c onclusion of this step was 
motorin g the unit berore opening the gen e rator circuit 
breake r so that the wicket gate s would not close when 
the unit separated from the transmis sion system . 

3 



G. Effectiveness of seal after each of the three em�rgency 
shutdowns . 

1 .  The first eme rgency shutdown w�s made ori October 9,  
1 9 50 . Inspection of the coaster gate was m ade shortll!' 
after the shutdown and revealed several small leaks 
past the seals . (See figure 6 . ) Leak.age. was estimated 
to .be 1 50 ·gallons per minute . 

2 .  The second emergency shutdown was also ·made o n  0.ctpber 9 , 
1 9 50 . Inspection · of�the gate this time revealed a number of 
quite small le aks . (See Figure 6 . ) Leakage was .esti,mated 
to be 75 gallons per minut e .  

3 .  The third emergency clo.sure was made on October 10> 

1 950 . The leakage this tim e was limited to- one large 
le ak near the top of the left vertic al seal and a small 
amount of water coming in under the inner clamp bar 
on the opposite side . (See Figure 6 . ) Leakage was esti ­
mated t o  -be 1 00 gallons per minute . 

H .  Operational data during the shutdowns . 

Figure 5 shows all of the operational data pertinent 
. to the emergency closure s .  The se figures are repre­

sentative of all three shutdowns . It was noted that the 
pressure in the scroll case dropped very slowly after 
the unit was separated from the transmission system . 
This .  is due to the fact that the turbine acts as a 
centrifugal pump and holds pre ssure in the penstock 
proportional to its speed . 

l . Condition of the seal after testing.  

1 .  The coaster gate was removed from the slot on October 1 1 , 
1 9 50 to permit inspection of the se .als . A visual inspection 
of the se als revealed no apparent damage . A slight 
tendency for the seals to, ereep towards the middle of the 
gate was noted. (See photographs Nos . 3 -2 2984, -985,  
-986,  ·and -9 8 7 . ) The last photograph shows a pulled 
down condition of the seal at the top right corne;r which 
wp.s due to a material shortage on the vertic al seal on 
i:6stallation . This existing condition� appeared to be 
unchanged by the closure tests . 

4 



2 .  Another set  of s e al cle aranc e re adings. sirn ilar :. to 
tho s e  taken before installation of the gate ,  were tak en .  
Using the gage inserted between  a pair o f  rollers and 
using the roller track as a refe rence plan e ,  readings 
(See .Figure s 3 and 4) to the vertic al seals -.were taken 
but not at the same loc ations as previously, be cause 
the roller chain s could not be rotated as was mentioned 
in p aragraph A-2 .  

3 .  The average seal clearances  both before and afte r  the 
c losure tests are shown below, also shown is the average 
change in the seal cle arance s  during the te sts . The 
n ormal recommended cle aranc e between the s e al and the 
s e al se at on the darn is \ / 1 6  inch (+O ,  - 1 / 1 6 -inch) . 

Top seal 
Bottom seal 
Right vertical .  seal 
Left vertic al seal 

Initial 
Clear ance 

. 0 76 inch 
• 042 inch 
. 0 9 2  inch 
. 084 inch 

Final 
Cle arance 

. 0 81 inch 

. 031  inch 

. 0 20 inch 

. 0 1 6  inch 

Change in 
Clearance 

+.  006  inch­
,;. ,  Oll inch 
- . 0 72 inch 
- . 0 6 8  inch 

{The above average rea-dings are to be conside red accurate  
within t ' r /  6 4  inch.  ) 

J .  Roller chains . 

The rolle r chains appe ared to have functioned satis -
factorily, howeve r, this might not have been true if the 
chains had not been worked ove r prior to the t e s t .  It 
is felt that this vital portion of the gate should be made 
of corrosion resistant steel . 

The rubber used in the subject  s e al was softer  than previous 
s e als but of very good quality, it vulcanized very well and no joint ,  

field or fac tory, showed any stres s  or failure after the tests . The 
rubber  bulb of the se al appe ared to be sufficiently confined by the 
clamp bars s o  that no m aladjustments resulted from the em ergency 
closure s .  The possibili ty· of replacing the c oaster gate top and bottom 
s e al s  only with the type of seal used on the s e  emergency closure te sts 
has been mentioned in previous conve r s ations between your office and 
the proj e c t  personne l .  Your furthe r -c om ments on this poss ibility are 
invited . 

Enclosur e :  1 2  photographs 
6 data  sheets  

For the District  Man ager 

CSgd, )  F �  J .  Sharkey 
Acting Supe rvising Engineer 

C opy to:  Regional Director, Boise .  Idaho 
(with data sheets  only) 
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Figure 3 

Position Position 



Position 

Figure 4; 

Clearance is distance 
from ·  seal to seal seat 
with gate in postion as 
shown on Drawing No� - .2 2 2 -D-
9732; recommended mini ­
mum clearance is . 062 inch 

- sign indicates inter­
ference . 

Accuracy of readings is 
t 1/64 inch. 

Interior - Reclamation - Denver., Colo . 
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Report Hyd . 3 1 1  · Photo No. 3 - 2270 6 

R - 6  coaster gate (formerly L -3) lower right roller chain. Photo shows 
corrosion of t he steel c hain links. This gate was in service from June, 1 94 1  
until November, 1 949 ,  and from April, 1 950 until August, 1 950 . The c hains 
are in an inoperable condition, and it may be noted that their sliding action 
in operation has slightly flattened the contact surface.  After removing the 
rust from t he links, many pits were found to be in excess of 1 / 1 6  1 1  in depth. 
August 30, 1 950 . 



Report Hyd . 3 1 1  Photo No. 3 - 22820 

The R - 6  c oaster gate which was formerly installed in L - 3  and furnis hed 
und er Specifications No . 905, showing installation of the experimental 
s eal  (Reference  Drawing No. 222 -D - 150 6 7 ) .  T his close -up shows the 
t op left c orner of the seal during installation of the clamp bars .  
September 1 3 ,  1 950 .  



Report Hyd . 3 1 1  Photo No. 3 - 2 28 2 1  

The R - 6  coaster gate which was formerly installed in L -3 and was fur ­
nished under Specifications No. 905 , showing installation of the experi­
mental seal (Reference Drawing No . 2 2 2 -D- 150 6 7) . This close -up 
s hows the top right corner after the completion of field vulcanizing .  
September 13 ,  1950 . 



Re port Hyd . 3 1 1  Photo No.  3 - 2 2 8 2 2  

T h e  R - 6  coaster gate  which w as formerly installed in L - 3  and was fur ­
nished under Specifications No.  905 , showing installation of the experi­
m ental s eal (Refer ence Drawing No .  2 2 2 -D - 150 6 7) . This view of the 
s e al was  t aken of the upper right hand sid e  of the gat e .  September 1 3 , 
1 950 . 



Report Hyd . 3 1 1  Photo No. 3 - 228 1 9  

The R -6 coa ster gate which was formerly installed in L -3 and was furnished 
under Spec s .  No. 905, showing installation of the experimental seal (Ref­
erence Drawing No. 222 -D- 1506 7) . Use of the seal c learance gauge is 
shown. The gauge was inserted between the rollers  and firmly seated 
against the roller track . A c learance of 1 / 1 6 "  between the seal and the 
gauge is t he normal setting . September 1 3 ,  1 950 . 



The c oaster gate, formerly installed in Unit L - 3 ,  is shown installed in the R-6 penstock .  The gate i s  equipped 
with the experimental seal (Reference Drawing No .  2 2 2 -D - 1 50 6 7 ) .  T otal leakage past the gate was estimated 
to be 2 5  gallons per minute . The top half of the gate is shown in the photo .  September 20 ,  1 95 0 .  
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The coaster gate, formerly installed in Unit L - 3 , is shown installed in the R - 6  penstock. The gate is equipped co 
with the experimental seal (Reference Drawing No. 2 2 2 - D - 1 5 0 6  7) . T otal leakage past the gate was estimated � 
t o  be 2 5  gallons per minute . The bottom half of the gate is show n  in the phot o. September 20 ,  1 95 0 .  



Report Hyd . 3 1 1  Photo No.  3 - 2 2 8 5 0  

This c los eup view of the c oaster gate i n  the R - 6 penstock w a s  taken 
looking t oward the left side of the gate just above the bottom to inter ­
mediate leaf section splic e plate ( s e e  Phot o No.  3 - 2 2 848) . The l ight 
c olored strip on the left is the bras s s eal s e at .  The experimental 
s eal (R eferenc e Drawing No.  2 2 2 -D - 1 5 0 6  7) is just barely visible in 
the 5 / 1 6 1 1  wide recess betw een the s eal seat and s eal c lamp . Sep -­
tember 2 0 ,  1 9 5 0 .  



The special rubber seal (Drawing No.  222-D- 14970) is shown on the R - 6  c oaster gate after c ompletion of the 
s imulated emergency closure test s .  The photo shows the condition of the lower east c orner of the seal . 
October 1 1 ,  1950 . 
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The spec ial rubber seal (Drawing No.  222-D - 14970)  is shown on the R-6 coaster gate after completion of the 
s imulated emergency closure tests .  The phot o shows the condition of the midp oint of the lower seal . 
October 11, 1 950. 
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The special rubber seal (Drawing No.  2 2 2 -D - 14970)  is shown on the R - 6  c oaster gate after c ompletion of the 
s imulated emergency closure tests .  The photo  shows the condition of the lower west c orner of the s eal. 
Note the spac e between the lower clamp bar and the seal. October 1 1 , 1 9 50 . 
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The special rubb'er seal (Drawing No .  222-D - 1 4970 )  is shown on the R - 6  c oaster gate after completion of the 
s imulated emergency closure test s .  The photo shows the upper west c orner of the s eal . The pulled down 
c ondition of  the seal at the corner was pres ent before the test s  and does not appear t o  have been alt ered dur ­
ing the test s .  October 1 1 , 1 9 5 0 .  
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