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==<"] GARRETT PNEUMATIC SYSTEMS DIVISION
N A DIVISION OF THE GARRETT CORPORATION
- PHOEN!IX. ARIZONA

ENGINEERING REPORT
COMPARISON OF GARRETT PRODUCTION NUCLEAR
VALVES WITH THE VALVE USED IN TEE
EPRI/PWR SAFETY AND RELIEF VALVE
TEST PROGRAM

1. INTRODUCTION AND SUMMARY
1.1 Introduction

This report, prepared by Garrett Pneumatic Systems Division of
The Garrett Corporation, is intended for use by the Electric Power
Research Institute (EPRI) in support of the EPRI/PWR Safety and Relief
Valve Test Program. Included are descriptions of Garrett's power-
operated relief valves presently in production, and a comparison of
these designs with the Garrett PORV presently being utlllzed in the
EPRI/PWR (pressurzzed water reactor) test program.

As background information, it is noted that Garrett Pneumatic
Systems Division was created in January, 1981, in a corporate re-
organization of ‘AiResearch Manufacturing Company of Arizona, a
Division of The Garrett Corporation. The Pneumatic Systems Product
Line (of which the Nuclear/Industrial Valve Project is a part) was
given full divisional status at that time.

1.2 Summary

Garrett Pneumatic Systems Division (GPSD) is currently under
contract to both Combustion Engineering and Westinghouse to provide
power-operated relief valves for installation in the steam supply
systems of nuclear power plants. .The valves are mounted on top of the
reactor coolant system pressurizer in pressurized water reactors.

At the present time, Combustion Engineering of Windsor,
Connecticut, has ordered two solenoid-operated relief valves (SORV)
for the St. Lucie No. 2 reactor being built for the Florida Power and
Light Company. The CE valves (Garrett Part 3750010) are right-angle
designs equipped with flanged pipe connections with a 3-inch nominal
diameter inlet and an 8-inch nominal diameter outlet. The valves are
capable. of venting saturated steam, a two-phase mixture of water and
steam, saturated water, or subcooled water.

Westinghouse Electric Corporation of Pittsburgh, Pennsylvania,
has ordered thirty power-operated relief valves (PORV) (Garratt Part
3750014) for various Westinghouse nuclear installations around the
world. The Westinghouse valves are straight-through, welded-
connection designs equipped with 3-inch inlet and 6-inch outlet ports.
These valves are also capable of venting saturated steam, a two-phase
mixture of water and steam, saturated water, or subcooled water.
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Botz the CZ and Westinghouse valves contain a2 high percentage 2F
commen zarts. 3o0th uniss are alsc very similar 4c the valve uzed in the
EPRI/PWR Ltest progrcam. The &ta2rms "solenvid-operated" 2a2nd "power-
operated”™ corzesspond 5o the naomenclature used by the raspecktive
cusktcmers, Combustion =ncineering and Westinghouse. The valves ars
identical in basiec funct=ion and operation ané diffar primarily in the
configuration of the £low housings 2s subsequently discussed her=2in,

Table I presents a2 list of the utilities and power 2lants which
uyse the Garrett 20RVs and SORVs, The following sechtions of tiais
rosort prasent detailed descriptions c¢f these valvas, kccether with a2
discussion of %he similarity of these uni%s &0 the EPRI test valves
“ested at the Marshall St=2am Station and Wyles Laboratories,

1]

The first Garrett test PORV was identified as Part 3224718-1.
This valve incorporated a single-pisce cage and seat assembly which
were held in position by a Flexitallic gasket used as a compression
spriag. At the time of the Marshall test, Garrett intended tiis
design to be utilized in the production SORVs and BORYVs to be
delivered tc Combustion Engineering and Westinghouse. Although the
Marshall Test of the Garret: PORV was successful, the %Lest valva
developed a small leak (0.0l gallon per minute) under the valve
seat. Upon reviewing this test result, Garrett concluded +that an
impreved design was pvessible and changed both the kest and production
valve desigas <0 incorporate these design improvemenkts, Test wvalve
3224718~1 was returneé to Garret:t and nodified to the 3224718=2
configuration whish incorporated all the dJdesign f=2atures of the
improved Combustion Encineering and Westinghouse valve designs. a
moce detailed discussion of the design features used in the Marshall
Test Valve, Part 3224718-1, is given in Appendix A.

The Garrets Sasht PCRY, Part 3224718-2, was subseguently =2stad at
Wyle Laboratories. : o

2.  DESCRIZFTION OF GARREITT 2PRCDUCTICN NUCLEAR VALVE DESIGNS
2

.1 Tupical Tuncticnal Schematic.
Figure 1 shows &tae functional schematic tysical for all currzent
Garrett Dower-operakted relisef wvalves, The mcde of operation c¢f thesa
valves i3 2escribed in =he £allowiag parzgrashs.
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GARRETT PNEUMATIC SYSTEMS DIVISION .

A DVISION OF THE GARHE I T CORPORATION
PHOENIX, ARIZONA

TABLE I

LIST OF DOMESTIC PRESSURIZED WATER REACTORS
USING GARRETT RELIEF VALVES

Valve ‘ Garrett
Port Valve Part
Utility Plant Size Configuration Number
inches
Florida Power and St. Lucie No. 2 3 x8 Right angle 3750010
Light '
Georgia Power Arvin W. Vogtle No. 1 3 x6 Straight-through 3750014
Company .
. Arvin W. Vogtle No. 2 3 x6 Straight-through 3750014
T
a s Kansas Gas and Wolf Creek No. 1 3 x6 Straight-through 3750014
o Electric
“o
o Northeast Utilities Millstone No. 3 3x6 Straight-through 3750014
Union Rlectric Callaway No. 1 3 x6 Straight-through 3750014
Company

Callawvay No. 2 . 3 x6 Straight-through 3750014
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- GARRETT PNEUMATIC SYSTEMS DIVISION
laanasyy| A CIVISION OF TWE GARRETT CORPCRATION
- ‘| PHOENIX, ARIZONA

The Garrett power-operated relief valve is a line pressure
actuated, solenoid-controlled, relief valve of the caged-plug type.
The schematic diagram of Figure 1 shows the unit with the solenoid de-
energized and the valve closed. Inlet pressure (either vapor or
water) flows into the valve inlet connection and is ported through the
solenoid seat to the actuator head chamber of the valve. 1Inlet pres-
sure is also ported underneath the piston and through the cage holes
to surround the plug. The forces tending to hold the valve closed
include the pressure in the actuator head chamber acting on the entire
piston area and the actuator spring load. Inlet pressure also acts on

the annular area beneath the piston (and outside the seat diameter) in

a direction to open the valve. Since the annular area is less than the
total piston area, the closing force predominates and the plug is held
down against the seat with a force equal to the value of inlet pressure
multiplied by the seat area.

When the solenoid is energized, the magnetic force acts on the
solenoid armature to move the ball from the vent seat (as shown) to the
opposite seat, thus sealing off inlet pressure from the actuator head
chamber. At the same time, the actuator head pressure is vented to
discharge through the vent seat of the solenocid. With the actuator
head chamber now at discharge pressure, inlet pressure acting on the
annular area is sufficient to overcome the actuator spring load. The
plug moves away from the seat in the direction to open the valve.

) As the valve opens, pressure inside the cage builds up underneath
that portion of the plug exposed to discharge pressure. Because of
the pressure drop through the cage flow holes, this pressure is less
than inlet pressure but higher than the discharge pressure. The large
seating force that exists when the valve is closed is thus turned into
an opening force, causing the plug to move to the full-lift position.

When the solenoid is de-energized, the ball moves back to the
seat as shown, sealing off the path to discharge and repressurizing
the actuator head chamber with inlet pressure., With the plug in the
full-lift position, the opening force consists of inlet pressure
acting on the annular area and cage pressure acting on the base of the
plug. The closing forces (consisting of inlet pressure in the
actuator head chamber and the actuator spring load) overcome the
opening forces and cause the plug to move toward the seat. Discharge
pressure drops to a2 minimum as the valve reseats, and the valve is once
more held in the closed position by a force that is equal to lnlet
pressure multiplied by the seat area.

41-3088B
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2.2 Ccmbustion Zacineering

Ih

Talve

mn

olencid-Ozerated Reli=e

2.2.1 Majicr Comoeonenks - Tha majer ccmponents which comprisa she
Gazrestt 3-iack X 3-inca right angle solenoid-overatad relisf <~alwve
(SORYV) (Garrete Part 3730010) are illustrated in Figure 2 and aze
described in the follewing tabulation.
Find Component
Number Descripticn Material
3 ' Sclenoid Gac=eht designed
) Bedy CRES SAlL32, GR 7315
5 Bonnet CRES SAal82, GR F316
8 Cage . CRES -Sa479, Type 21800
7 Plug CRES SA479, Type 316
(RCoCr-A kardfacing)
8,9,10 Studs SAS4G, GR321, CL2
(Electroless-nickel plated)
17,18,19 Seals 347 and Graphoil
29 Seat Sa479, Type 316L
(RCoCr=~A hardfacing)
2.2.2 Design Paakuraes and Oweration - As shown in Figure 2, the
Gacrett: right-angla SORV utilizes a “gartridge" cleosyrs element
approach which isolates the internal operating mechanism Zrom the
cukar pressure vessel components. The valwve bedy, bonnet, and ssla-
neid, and &eheir respective studs and nuts, ratain system Srassure 23
required By the ASME 30iler and 2Pressure YVassel Coée, S=cticn IIZ,
Class I. The 50dy z2lsc transmits and reacts esxternal lozads agplied =0
the valve.

Valve operation and closure are performed by she cage, glug, and
seas assembly, which are mechanicallv isolated from the 32ressure-
rataining 3Saris. The wzlwe seat s sedled wikh 2 shset mastal/
Graghoil-2vse Selco s=22l and is tols2d inso the =edvy wish =an 2igza-
seranz=2 A235 CREIS zel=s. The sea:, shus anchorad, : 2ida
Zar =he czge z3nd Slug =sssxkly. Cnce instzlled, sha =x2
g23% =gol=s. The 22 IS fed om 2 raizaé zin zm4
szalsd 37 me2an: o2 2z zard sn zing Sgore zeal 3=
s2.Low 272 3emnes. The 3zl 8 sexl2¢ Tv mazns 2
cing 2gorsz sa23l oo the sacs f2rm 2 zlzzsl ve 2
Thiz glossed vclLinme L3 ithe 272 nezd =hamizer 3= and
Sizazusssd in parsgrash .0l

+l-320332
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A DIVISION OF THE GARRETT CORPORATION
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The caced plug desicn has 2 number of inherent advantzges over an
uncagad slug-trpe wvalve. Wnen <the plug is actuatkeé =20 %the ozen
pesition, the plug sealing surface is retractad out of the flow strean,
thus :nduc-“g or eliminating the possibility of erosion of %he sezling
surface by either high-pressure steam or contaminants in the ZSlow
stzream. In addition, the annular arangement of the cage £low holes
focuses the flew stream in the center of khe cage, thus reducing flow
velocities over the valve seat and thereby also :Aquczng the possi-
biliky of erosion. ‘

4

In addition, the cage/seat assembly acts as a dual orifics system
with a two-stage pressure drop. The reason for tne differences in
cage and seat flow areas in the various valves is 1) the need =o vent
the spacified quantity of steam and/or water througih the valve, and 2)
to eliminate the possibility of saﬁurated water flashing to steam
upstream of the seat.

Compensation for thermal growth caused by differential heating
rates between the valve cage and bedy is prcvided By a gap which is
maintained between the bottom of the cage and -"e top of the seat.
When the valve is closed, the cage is held up against the bonnet by a
light spring (Find Number 27). When the valve opens, pressure forces
the cage up in%o the bonnet with a high load, thus maintaining the cap
between the base of the cage and the seat. Even under worst-case
thermal growth conditions, the sseat-cage-bennet stack i3 never such
that &the thermal compensator gap is reduced to zero. Thus, the
"Eloating™ cagce remains axially unloaded at all times, and thermal
growth has nc effect on operability of the wvalve.

Cempensation for end load-induced deformation of the valve body
is provideé in much the same manner. The diametral clearange bestween
the cage and 5Seody in the area of the piston ring is an order of magni-
tude larger Gthan the worst possible deformation of the bedy in this
cegion. Even when maximum end loads are applied to the Sase of the
vaive, the tcdy never contacts the cage CD and no forces are zrans-
mitted between the Lwo compeonents.

The Garzett SORV incorporatses radundant gositicn swite
of the switches aze actuatad when the valve is in the closed
Ewe are actuated whesn the valve is in the open desision.
=ime ==at the valive ig s=zokinc Sesween the sgen and closad
21l Ss2ur switches mainzzia gconsinuvicry, The switcshes arzz
means of 3 samarizm/cczal:s magnet whish mcves 3D a2nd de
Til2¢ insida <ha 2gnnez. Thus, Scgition indicazisn is 23zs
Zenetrasian o2 =2z pressure scundazv or She use oFf fasking

+.L=-332332
Fzgz 3
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The Garrett SORV is controlled by a Garrett-designed solenoid.
The solencid is a direct-acting, three<way valve. In this concept,
electromagnetic force is transmitted directly onto a ball, switching
it between two seats. The solenoid contains no delicate pilot mech-
anisms or other devices which might stick or jam. The electromagnetic
force developed by the: solencid during actuation is on the order of
several hundred pounds. Paragraph 2.4 presents a description of the
design features of the solenoid. i

2.3 ‘Westinghouse Power-Owerated Relief Valve

2.3.1 Major Components - The major parts which comprise the Garrett
3-inch x 6-inch straight-through power-operated relief valve (PORV)
(Garrett Part 3750014), are illustrated in Figure 3 and are described
in the following tabulation.

Find Component

Number Description Material

1 Bedy CRES SAl82, GR F316

2 Bonnet CRES SAl82, GR F316

3 Seat SA479, Type 316L
(RCoCr-A hardfacing)

4 Solenoid . Garrett designed

6,27  Studs SA453, GR 660

14,15,16 Seals : 347 and Graphoil.

24 Cage CRES A276, Type 21800

29 Plug CRES SA479, Type 316

(RCoCr-A hardfacing)

2.3.2 Design Features and Operation - As shown in Figure 3, the
Garrett straight-through  PORV utilizes a "cartridge" closure element
approach similar to that of the right-angle SORV discussed in para-
graph 2.2.2. The valve body, bonnet, and solenoid, and their
respective studs and nuts, retain system pressure as required by the
ASME Boiler and Pressure Vessel Code, Section III, Class I. The body
also transmits and reacts external loads applied to the wvalve.

Valve operation and closure are performed by the cage, plug, and
seat assembly, which are mechanically isclated from the pressure-
retaining parts. The valve seat is sealed with a sheet metal/Graphoil
tvpe Selco seal and is bolted into the body with ten high-strength
A286 CRES bolts. the seat, thus anchored, becomes the guide for the
cage and plug assembly. Once installed, the cage captures the seat
bolts. The cage ID is guided on a raised ring on the seat and sealed
by means of a carbon piston ring bore seal in the bedy just below the
bonnet. The plug OD is sealed by means of a carbon piston ring bore
seal on the cage ID to form a closed volume over the plug. This closed
volume is the actuator head chamber shown in Figure 1 and discussed in
paragraph 2.1 above.

41-3088B
Page 9
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GARRETT PNEUMATIC SYSTEMS DIVISION
A DIVISION OF THE GARRETT CORPORATION

- PHOENIX. ARIZONA

The caged plug design has a number of inherent advantages over an
uncaged plug-type wvalve. When the plug is actuated to the open
position, the plug sealing surface is retracted out of the flow stream,
thus reducing or eliminating the possibility of erosion of the sealing
surface by either high pressure steam or contaminants in the flow
stream. In addition, the annular arrangement of the cage flow holes
focuses the flow stream in the center. of the cage, thus reducing flow
velocities over the wvalve seat and thereby also reducing the possi-
bility of erosion.

In addition, the cage/seat assembly acts as a dual orifice system
with a two-stage pressure drop. The reason for the differences in
cage and seat flow areas in the various valves is 1) the need to vent
the specified quantity of steam and/or water through the wvalve, and
2) to eliminate the possibility of saturated water flashing to steam
upstream of the seat.

Compensation for thermal growth caused by differential heating
rates between the valve cage and body is provided by a gap which is
maintained between the hottom of the cage and the top of the seat.
When the valve is closed, the cage is held up against the bonnet by a
light spring (Find Number 30). When the valve opens, pressure forces
the cage up into the bonnet with a high load, thus maintaining the gap
between the base of the cage and the seat. Even under worst-case
thermal growth conditions, the seat-cage-bonnet stack is never such
that the thermal compensator gap is reduced to =zero. Thus, the
"floating" cage remains axially unloaded at all times, and thermal
growth has no effect on operability of the valve.

Compensation for end lcad-induced deformation of the valve body
is provided in much the same manner. The diametral clearance between
the cage and body in the area of the piston ring is an order of magni-
tude larger than the worst possible deformation of the body in this
region. Even when maximum end loads are applied to the valve, the body
never contacts the cage OD and no forces are transmitted between the
two components.

The Garrett PORV incorporates redundant position switches. Two
of the switches are actuated when the valve is in the closed position
and two are actuated when the valve is in the open position. During
the time that the valve is stroking between the open and closed posi-
tions, all four switches maintain continuity. The switches are actu-
ated by means of a samarium/cobalt magnet which moves up and down with
the plug inside the bonnet. Thus, position indication is obtained
without penetration of the pressure boundary or the use of packings.

41-30883 -
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The Garrekt PCRV is conszslled by 3 Garretit-designed solencid,
The sclenoid is a direct-zacting, thrae-way valve. In =z3is gonecept,
elactromagnetic force is &sransmittad directly ento 2 ball, switching
iz be=wean w0 seats. The solenoid contains no delicate pilch mechan-
isms or other devices which might stick or jam. The elactromagnetic
force develoced v the solencid during actuaticn is on the <rder of
saveral aundrad pounds. Paragraph 2.4 presents a2 description of the

design features of the sclencid.

2.4.1 Madjor Componenis - The major parts which comprise the Garreth
solenoids Zor nucglear appl+cahlons {Garrett Parts 3750020 and 3730028)
are illustrated in Figure & and are described in the following tabula-
tion. The only difference bhetween the &two dssigns is that Part
3750023 is not equipped with position indicator switches, alzhough it
does include the magnet rod used for actuating tie position switches.
Park 3750028 is used on SORV 37350010 (Combustion Ewglneerlng)p while

Part 3750020 is used on PORV 3750014 (Westinghouse).

Find Componernt ,
Number , _Descripton Material
1 3ody ' SA182, GR 7315
2 Pressure Vessel SA479, Tvoe 347
3 Coil Assembly Nickel claé copper
: with "E" glass insu-
lation
4 Cover 1029 aicksl plated
stael
3 Armature Carpenter 430
8 Stop Carpentar 430
7 Stem AS‘I"M .-1275, Type UVS
, §21800
8 Ball and Seat Assembly Stellite 83 b5all and
RCoCr-A hard-£faced
seats

oy 3
W s
(&)
[ Y3
1.3 <0
w

W ode
W




GARRETT PNEUMATIC SYSTEMS DIVISION
A DIVISICON OF THE GARRETT CORPQRATION
PHOENIX, ARIZONA

FIGURE 4

COMPONENTS OF TEREE-WAY SQOLENOID VALVES
GARRETT PARTS 3750020 AND 3750028

41-3088E
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2.4.2 Design T s anéd Operakrion - As shown in Tigure &, =he
Garrett soleanoi a direc:-acting, three-way slactiromagnetic
switccter valve. When power is appliad tc the soleroid coil, =r
resuleing elact cmagnetic £isld forces the armature down againsc ths
stop assembly with a large force margin. The armature zushas the
solencid stam down acainst the ball, moving it f£rom the upper seat o
the lower seat. ™he solenoid stem includes an override mechanisa
which limits the total force applied %o the solenoid ball when it
zﬂac"-s the lower seat, thug protecting both the ball and the sesat
Zreom Aamage. when =he solencid is de-anergized, a2 raturn sgzing
sushes the solencid stam and armature tack %o the pcs::;cn shewn,
small return spring, plus the inlet pressure forge causes the valve £
ca2turn to the upper seat. :

eatur
d i

O

Design features of the Garrett solenoid include the use of
Carpenter 430 corrosion-resistant magnetic material ia the armature
and stop assembly, together with a hermetically sealed pressure vessel
and body assembly. All of the materials used in the construction of
the solencid are inorganic. The solencid coil is wrapPed with nickel-
clad cooper wire with "E" glass insulation. The coil is also bifilar

wound to limit voltags spikes when the solenocid is de-energized.

o

The sclenoid incorporates provisions for orifices &
inlet pressurs and discharge vent lines. These crifices can
to provide independent control of tha opening 2nd closing ti
valve on which the solenoid is installad according to the -
of each individual customer

o
TNt

.
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3. DESCRIPTION OF EPRI/PWR TEST VALVE, PART 3224718-2
The valve selected for the EPRI/PWR Safety and Relief Valive Test
Program i1s Garrett Part 3224718-2. The uniz is a hogged out, flanged
model of a straight-2hrough power-operated relief valve similar to the
Westinghouse valve., Figures 5 and 6 present, respectiwvely, exiernal
re

a8
and cross-sectional wviews of the test walve. Figure 7 is a cross-
sectional view of the Garret: develooment model =hree-way solenoid
useé ko control the test valve

g, COMPARISON QF ZPRI/PWR TEST VALVE WITE PRODCCTICN COﬁ?ISUQATIONS

- . = o - - e . .
This section 9f the regorit Presents a <£i £ sinilzriz
- 22 P < [ eme omm . . S P - b
and ZiiZfarsanges Datwean tRe IPATPWR sLest valwve 23nd tha2 ralwves
- 3 i o & q * o -
Prassently in sroducticon ov Garrzett Ior use In nuglaar 3PBLILTETIOoONS
[ - - - -
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FIGURE 5

- EPRI/PWR TEST VALVE
GARRETT PART 3224718-2
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CROSS~SECTION OF
GARRETT DEVELOPMENT SOLENOID

41-30882
Page 17



. | GARRETT APNEUMATIC SYSTEMS OIVISION
QARENTY| * S1VISHCN CE TE JAARETT ITAMTAANICH
. - ] ImCENIZ aA20NaA

d.1 Main Valve agsemclv

As drevicusly noted, Garrektt Part 3224718-2 was creatad specific-

ally for the EPRI/PWR Sarfety and R[elizf Valve Test Program. Thera-
7 , . :

fcore, great care has been taken to make the unit representative of =he

Sroduction models currently being furnished to Westinghouse and

Combustion Zngineering., The only differences are in the cage 2nd ssat
Slow areas, and in the housing configuration., Part 3750010 is a

right-angls design, These points are discussed in grsater detail .

in the follewing paragrapihs.

©4.1.1 Inlet Pize Arsa - The ialet flange comnection on groduction

units of Part 3750010 has an area of 5.309 sqguare inches (2.600 inch
nominal diameter). The welded inlet conmection on Part 3750014 has an
area of 5.103 sguare inches (2.549 inch nominal diameter). The inlet
area of the test wvalve, Parkt 3224718, is 4.909 sguare inches (2.300
inch nominal diameter). ' These variations are not significant with
respect to the basic performance or operation of the valves.

4.1.2 Discharge Pive Area - The discharge flange connecticn on Part
3750010 has an area of 43.539 sguare inches (7.45 ineh nominal
diameker) while Part 3750014 has a welded discharge connecticn with
22.28 sguare inches (5.328 inch nominal diameter). The test wvalve
discharge area is 28.27 sguare inches (5§.00 inch nominal diameter).
Similarly, these variations are not significant with respect toc =he
basic pecformance or operation of the valves.

4.1.3 Seat Area - The seat fiow details of the wvalves are 2s follows:

Pars ' Seat
Numter Diameter Flew Araa
' inches . sguars inches
3730010 2.138 3.380
3750014 1.4290 1.384
3224718=2 2.15¢ - 2,631
The variation in sea:t diametars and flew areas nehad above is a
funceion of 4%he cdesired oressure-ralizving cavacity zné whekhar =he
valve size has saen ovtimized Zor water sr st2am flow. Ecowevar, zhe
vagiation im Slaw arsas Ras no 2£32¢: ca walve fuingzion ¢r sparadils
i=v.
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4.1.4 Cage Configuration - The ID of the cages at the flow
holes on the production valves is 3.00 inches, whereas the test valve
has a 2.500-inch diameter cage. The pattern and details of the flow holes in
each cage are described below.

Part . Hole
Number Diameter " Hole Pattern ‘Flow Area
- inch ' ' . square inches
3750010 0.146 7 rows of 48 ' 5.625
3750014 0.230 S rows of 32 : 6.648
3224718-2 0.142 7 rows of 38 4.213

The diameter of the cage and the pattern of f£low holes depends on
the desired pressure~-relieving capacity and whether the valve has been
optimized for water or steam flow. As with the seat areas, the varia-
tion in flow areas has no effect on valve function or operability.

4.2 General Similarities

As shown in Figure 6, the EPRI/PWR test valve, Garrett Part
3224718-2, is generally representative of both of the production
valves discussed in Section 2 above. The test valve incorporates the
following items which are also included in the production wvalves.

l. A bolt-down seat

2. A "floating" cage with a thermal compensation gap
between the cage and seat

.. Piloting of the cage on a register land of the seat

. Selco seals

3

4

5. Hardfaced seat and plug

6. Carbon piston ring seal on plug
7

. . Carbon piston ring seal on cage

The differences between the production and test valves are
primarily due to the £fact that the test valve was designed and
produced before completion of the production designs. These differ-
ences include use of external solencid tubing on the test valve rather
than internal as on the production versions. Also, the cage in the
test model is piloted on the bonnet which, in turn, is piloted on the
body. In the production configuration, the cage pilots directly into
the body. Finally, the test valve has a packing system to seal a rod
that is connected to an LVDT for a readout of valve position. This
instrumentation is for test purposes only and the production valves
use the magnetic reed switch system previously described.

41-30888B
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4.3 Sktraisht-Through versus Right-incla Flow Housing

Both the EPRI/PWR test valve and the Westinghouse prpduction
valye are straight-thrsough, 3 in. x § in., pDower-operatsec! reliaf
valves. The Combustion Engineering wvalve is a 3 in. x 8 in. right

angle design. Although a right-angle valve is somewhat differant from
a straight-through design from the standpoint of hydrodvnamic effi-
ciency and external locading, the ftest results from the Garreti/EPRI
test valve are considered fully applicable to the Combustion Engineer-
ing wvalwe, Pars 37350019. '

The variation in pressure r2lieving capacity of a right angle
varsus straight-through valve is easily calculated once the discharge
geometry is known. All stzam and water £lows obtained during the EZPRI
test program can de applied to the righte-angle CE valve design with a
high degree of confidence. : _ '

The "cartridge® closure design of the Garrett valve eliminates
the possibility of valve binding due to end lcad-induced daflections.
The worst case load possible for the Garrett 3 in. x 8 in. right
angle SORYV is 33,100 pounds of thrust against the discharge flange.
This is reacted to the associated structure as & 384,378 in.-lb moment
ehrough the inlet flange. An analysis was performed in which it was
assumed that this moment would "ovalize" %the flow body in the ragien
of the cage carbon piston ring seal. The result of this analysis was
that the body diameter would deform by minus 0.00116 inch in this .
ragion. Since the minimum cage clearance with the body is 0.012 inch,
or ten times as much, no external load-induced binding can occur.

4.4 Solenoid

The Garret: development sclencid shown in Figure 7 is being used
to control the EZPRI/PWR test valve, Part 3224718-2, As shown, the
development nodel solenoid includes an 2lectrcmagnetic coil of the

same size as the Production model, a Gthree-=way switching mechanism
with a ball-type plug, a mechanical override on the solenoid stem %o
limit the %*otal force applied %20 the ball during actuation, and a
similar stvle body and pressure vessel Lo retain systam pressure.

Since the basic intent of the IT2RI/SWR safety and ralisf vzlws

L2 7as Drimarilv 5o Jemconstr-ate valve ogperzbility under 31l zordi-
i 2f £low 2and 2Pressyse likaly =23 e atkz2ined in an <gerazing
ST ad watar reachor, and net 42 imgose 32ks anvirznment =i 2
J= sis Zwen: 2on the ezuipment, the 3Jarrest Zsvelognsent solansid
2= naszazizls £i832ring Zzom whgsze Zzund in the sraductizn sclz-
20 a2 devalasment solanoid Ls Suncticazllv resprasantaziva 22 tke
=T n design.

4.-3083:2
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5. CONCLUSIONS

As discussed in the previous paragraphs, the Garrett/EPRI Test.
Valve, Part 3224718-2, is representative of both Garrett PORV designs
presently in production. Therefore, the results of the EPRI/PWR
Safety and Relief Valve Test are considered fully applicable to both
the Combustion Engineering Solencid-Operated Relief Valve, Part
3750010 (3 in. x 8 in. right-angle valve) and the Westinghouse Powesr-
Operated Relief Valve, Part 3750014 (3 in. x 6 in. straight-through
valve). : -

41-3088B
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APPENDIX 1

GARRETT STRAIGHT-THROUGH TEST VALVE
PERFORMANCE AT MARSHALL STEAM STATION
JANUARY 23, 1981
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GARRETT STRAIGHT-THROUGH TEST VALVE
PERFORMANCE AT MARSHALL STEAM STATION
JANUARY 23, 1981

- Garrett straight-through power-operated relief wvalve, Part
3224718~1, was tested in the EPRI/PWR Safety and Relief Valve Test
Program at Marshall Steam Station on January 23, 1981. The valve
configuration at that time was similar to that of the right angle
valve shown in the attached Figure 1, except that Part 3224718-1 has a
straight-through body and utilizes a linear potenticometer system .for
measuring plug position. The wvalve internal design included a single-
piece cage and seat assembly held down by means of a Flexitallic
spring gasket, and an orificed plug controlled by a two way, piloted
Valcor solenoid. -

The valve was subjected to eleven cycles of operation at 2440
psig with dry, saturated steam. The valve operated normally, with no
tendency to fail to operate. Internal leakage, which was zero at the
beginning of the test, was 0.006 gpm at 2440 psig after two cycles, and
0.01 gpm at the end of eleven cycles. Following the conclusion of the

official EPRI test, Garrett requested that a number of additional

cycles be run on the wvalve., After 66 unofficial cycles, the wvalve
leakage continued at the 0,01 gpm value. Steam flow rates for all
tests were 295,000 1b per hr.

Foliowing’this test, the valve was disassembled and inspected.

All parts were in good condition following the 77 cycles of operation,

except for the Flexitallic gaskets beneath the valve seat and at the
body/bonnet interface. The seat gasket was completely washed out and

_the body/bonnet gasket was showing signs of distress. The washed-out

seat gasket was considered to be the cause of the 0.01 gpm internal
leakage rate.

Post-test analysis showed that the problem was caused by differ-
ential thermal growth during the first opening cycle. A Flexitallic
gasket between the cage and bonnet had the dual function of holding
the cage down against the seat gasket and compressing sufficiently to
compensate for differential thermal growth. The spring gasket proved
unable to withstand the applied locad and took a permanent set, thus
allowing the cage to become unlcaded and lift up off the seat gasket.
The seat gasket was therefore exposed to the scouring action of the
steam and all of the asbestos washed out during the first cycle of
operation. The valve then experienced the 0.0l gpm leakage beneath
the seat.
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Since &the Marshall steam test proved that the criginal metho
compensating for &=hermal growth was inadeguate, 2 number of de
changes wer2 made tc Part 1224718-1 and to the Combustion ERrginee
ané Westinghouse product.3dn Dower-operated ralief wvalves.
included:

[ R T 7

M s o
m 3N 0
Mm@ 30

03

1. Designing & sevarate, boltad Jown saact.

2. Allowing the walwe cage ko float for thermal compensa-
tion.

3. Replacing the sszat and body/Sonne: Flaxitallics witl
Selco seals.,

i, Changing thae caga-Hombonnet szal frem a Flexizallic to
a carbon pisten riag bere-seal.

In addition, at the time of the Marshall test, Gargrett was in the
process 0% changing the produchion PORVs from a Valcor, pilotad, two-
wav solenocid to a Garrett designed and manufactured, diresct-acting,
three-way solencid. The th:ee—way solencid design was judged to give
nattar contrel of valve operation. The:efcre, Pare 3224718-1 was
modifiad to accert the Garrstt thrae-way solenoid.
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