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4 Zeat ! re 30 open or less, they will be capable of performing
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1J. A, % ; ndition: 1 that it i=s available to close these
Manr ! lves fror pen when fluid dynamic torques are
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' - Thorp : t " , 1980 (Reference 6.6), the valves analyzed
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1. Eech valve cperctor is eFle to restrain the total velve torque vhick
ie the cum of seating tcroue and fluid cynaric torque (See Teble 2
in Appencix).

2. Tre calculated stress levels of the valve components under combined
seismic and LOCA conditions are less than the LOCA allovable Timits
of S0 percent cf the yield strergth of the material used (See Table
€ in Appendix).

Cenclusion

1. £Each valve operator cen overcome the total valve torcue wher opening
the vélve &nd restrein the totel vélve terque wher closira the valve.

The structural intecrity of the valves is éssured if the valve
operings are limited te 3C° or less.

kecormendations

1. Te ersure structurel integrity, the valve opering rust be limited to
20° open cr less.

rd

To ersure scalirg integrity, the velve seats must be visuelly
ircpected end te replaced as reovirec.
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FLEPCSE AND SUMEARY

The purpose ¢f this T[P is tc documenrt the results of the analysis for
tte cortainment purge énd vent valves regarcing structural adequacy to
vithstard the fluicd dyramic torques which would occur durino the
favlted concition of @ loss of coolant accident (LOCA) withir the
containment vessel (References €.10, €.11 and €.12), and the design
basic seismic lcads per cesign specification (Feference €.4),

Per Reference C.C, valves V-23-13 and V-22-14 (Drywell Purge), V-23-15
and V-23-1€ (Torus Purge), V-28-17 anc V-28-1€ (Torus Vent), V-27-1
anc V-27-2 (Drywell Vent), anc V-27-2 and V-27-4 (Drywell Purge), as
shown in Figure 1, were analyzed.

The KFC guidelines for cemonstration of operability of purge ard vent
velves datec ©/77/7C (Refererce €.£) and the MRC corments made durine
the reeting beld on 2/12/€F ir Bethecda, Varyland (Feference £.17)
heve beer incorporated ir this eveluation.

E. Ccnsideratiors

Per LFC guidelines (keferences €.0 and €.17) the following items
heve been consicerec:

1. Velve closuvre réte ic constant per Reference €.E. The valve
respense time follovire 2 LCCA ard each valve closine time mey
Le cbteined frem Feference €.12 and €.14 respectively. Thre
flvid dyneric terques tend te clcse the valve and the hearing
fricticr tergues 2lways resist the cperater.

r~ry

To cuelify valve frorm er cpering c¢f 3C° to the fully closed
peeitiorn, the fluicd velecity end cifferential pressure across
tre valve at 2 cpecified disc positicr mey be gererazted from
rese conservetion end momertur ecuations (Reference €,1F).

2. The sutject velves co not use accumulators,

£, There are rec torove 1imiting cevices fer the air operated
velves et Cyster Creek Nuclear Station.

£. Friction losses 2t fittings ard valves in the piping systems
vere censicered in the arelysis.
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€. The required safety factors are 1.5 and 3.0 for velve shaft in
plare and cut of plane respectively as long as the valve is
loceted vithin five pipe diameters after the elbow (Reference
€.17).

7. The drywell ard torus pressure transients during DPA-LOCA were
obtzined from Reference €.12 and shown in Figure 2.

Cperator Evaluaticn

In evaluating the structural integrity of the valve operator, the
calculated torque curing LCCA was compared with the allowable
torque rating of the operator per manufacturer's data to see if
the available safety factor is higher than the required per
Feference €.17.

Stress Arelycsis

[asec on the valve teroue data (Fef. €.7) ever mere conservative
than those shown ir Teble 2, stresses gererated &t valve
corponents under corbined seismic and LCCA conditions were
analyzec using the cesign rules for Class 1 valves as detailed in
Feragreph NE-254C of Section III of the ASME Beiler and Pressure
Vessel Cocde (Reference (.1, hereefter referred to 2s the Code).
The calculated stress levels were compered tc the code 21lowables,
if poscsitle, or the LCCA &llowekles of €0% of the yield strenath
¢f the raterial uvsed.

Segline Integrity

Tre EPDH seets for valves V-27-1, V-07-72, V-27-2, and_V-27-¢ have
the meximur curulative radiztior resistarce of £ x 107 rads, end
the Nitron seete for V-20-17, V-20-1C, V-22-12, V-22-1¢&, V-22-1F,
ence V-22-1€ have 1 x 10¥ race per manufacturer's infermation.
Leccrteriraticn crericels tave very little effect cn thece valve
seats.

Valves at outside arbiert temperature below C°F, if not properly
aciusted, may heve leakage cdue to thermel contraction of the
elastorer. hHowever, cduring LCCA, tre valve internal temperature
vould ke expected to be higher than the ambient, vhick tends to
incre. - sealing capebility after valve clesure. Since the
prese, . of dekris or dizmace tc the seats would impair sealire,
the se2t  must be visually inspected and be replaced ac recuired
te ensur seéling intearity.
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.0 LETHCLS

This study consists of fluid dyramic torque calculations, valve stress
analysis, and cperator eveluation. Methods are depicted as follows:

2.1

Torque Calculations

The method described in Reference €.3 for calculating torques of
butterfly valves is erployed ir this analysis.

The valve torques ére calculated using the fellowino formulas:

Tg = Cg D¢ )

T, = £.7) Dief Ap (2)

Te = I AP (2)

Tp = 3.0€ 04 (4)
vhere:

Te = seatirg torque in ft.-1ts.
Tt = beering torgue ir ft.-lbs.
T¢ = fluic dyremic terque ft.-1bs.
Tp. = hkycdrostatic torque in ft.-1bs.

L = diameter of velve in ft.

¢ = diemeter c¢f skeft in inches.
Al = pressure Crop acrose valve ir psi.
Ce = coefficient cf seating terque.
(¢ = coefficient of dynamic torque.

f = beerinc fricticr ccefficiert = C.2F
The torgue coefficierts may be obtéined from the valve
rmanufacturers (Fef. €.2). Witk the giver drywell end torus
pressure transierts during CEA and valve closiro characteristics,
the fluid velocity end the preccure drop across each valve at a
specified disc opering engle betveen C° and 2C°, car he cenerated
from mase conservetion ard momentum equaticns., The total velve
torque i either & comtineticon of bearing, seatire end

bydreetatic terques when valve i cloced or a combiration cf
tearing érd fluid cyramic torcues vher velve is open,
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(Te)y = Tp + Tg + Tp (disc in the closed position) (5)

(Te)z = 1.2 T + Tg (disc ir the oper position) (€)

The NRC requirec safety factors are 1.5 and 2 for valve _haft in
plane and out of plane respectively as long as the valve is
located vithin £ pipe ciameters after the elbows (Peference 6.17).
The detailed torque calculetions ancd aveilable safety factors
were documented in Feference €.1F.

Valve Stress Analysis

This anelysis used the design rules for class 1 valves as
described in paragrepk MB-3540 of Sectior III of the ASME Boiler
end Pressure Vessel Code (Reference €.1). The reauirements for
class 1 valves are much more explicit than these for either class
2 or 2 valves. The analysis is conservative since the cdesign

rules for class 7 and 2 velves are exceeded by those fer class 1
valves.

Valve components were anélvzed tasecd on the conservetive toraues
cktained ty corsidering the mexirum contzinrent design pressure
&s the pressure immeciately in front of the valve during LOCA
(heference €.5). Tre SSE seisric eccelerations were
simulteneously epplied in each of three mutually perpendicular
c¢irections.

Seismic loads vere conservetively taken as 1.f times of the
acceleration levels civen in Reference €.24. The acceleraticn
constants ox, gy, anc gz represent accelerations in the x, y, 2
cirectiones respectively. Ir the coordirate system the x axis is
defined élong the pipe exis, the z axis aleng the shaft axis, and
the y exis rutually perpencicular te the x and z 2xes. Valve
orientétion with respect tc cravity was taker inte account by
ecdine an equivelert la leced te the seismic load in the proper
direction. The acceleraticon constants used are surmarized in
Teble 1 in Appencix.

As shown in Peference €.9, the calculated stress values vere
compared vith the code 21lcwabkles, if poesible, or the LCCA
allowebles of ©C% of the yield strength of the materials used.
(ode allowable stress levels are Srm for tersile stresses and C.€
Sm for sheer stresses. Vhere Sm is the cesion stress intensity
vélue as defired in Appencdix I, Takle I-1.1 of Secticn III of the
Code. Tre valve component materials are listed in Table 2 in
fppendix.
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2.3 Cperater Evaluation

Tec evaluate the structural acequacy of the valve operators, the
LOCA incuced cperating torques for valves at different disc
positions have to be compared with the allowable torques for
operators to see if the available safety factors are higher than
the required.

RESULTS

The calculated torcues enc the available safety factors are summarized
in Table 3 in Appendix. The maximum torque absorption capability
Lased on manufacturer's cdate is also presented in the same Table. It
shows that the operators are structurally adequate for valve closing
frorm 3C° open.

Teble ¢ in Appencdix comperes the minimum valve bedy wall thicknesses
vith the code reguired minimum thicknesses. A1 the valves satisfy
the minirurm w21l thickness recuirement of the Code.

The celculated stress levels of the main elements of the vealves are
listec in Teble £ in Appencdix. Results ircicate that all the valve
compenents stresses neet the code 211ovatle strese limits, or the LCCA
¢1lovatle limits of C0% of the yield strength.

CCRCLUSICK

£11 ten (1C) valves are structurally adequate if the valve opening
ergles are limitec to 3C° or less under combired LCCA, pressure, and
CEA seisric lToads. Structural adequacy is assured for the operators
ard the velve compenents.

FECOMEENCATICKS

1. To ernsure ctructurzl integrity, the valve openings must be Timited
te 3C° oper or less from the cleoted pesiticr.

. To ersure seglinc integrity, the valve seats must be visuvally
inspected and be replaced as requirec.

REFERENCES
€.1 ASFE Eciler and Pressure Vessel Code, Section III, 1€€0 Edition.
€.2 Steel Velves, ALSI E1€. 3£-1C77,
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7.0 APPENLIX

Figures 1 and 2, as vell 3s Tables 1 through £ are presented in this
Appendix.
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DIRECTION ACCELERATION LEVELS

o

ACCELERATION Shaft Axis is Vertical Shaft axus is horizontal
Values given Values used Values qucn Values uscc

R in Reference 6.4 ] in the Analvsis | in Refererce 6.4 | in the Aralvs:s

% * 4.5 3 4.5

Pipe axis)

Sy 39 4.5 (3+1)g (4.51)g

9z (3+l)g 4.5¢1)g g 4.5

(shaft axis)




TABLE 2 MATERIALS FOR VALVE COMPONENTS

VALVE MATERIALS
OOMPONENTS
Group A (1) Group B (2) Group C (3)
Valves Valves Valves
Body ASTM-A126 Class B ASTM-A126 Class B Carbon Steel - Plate
Disc ASTM-AS536 SA351 CFsM Ni-resist No. 2
Shaft ASTM-AS82 17-4 PH condition 1075, 316 s.8.
SAS564
Shaft Key ASTM-AS582 ASTM-A304, Grade 86-30H SAE1035
Bushings ASTM-B438, Type 2 Teflon Teflon
5 Disc Pins 304 s.s. 17-4 PH condition 1075, 316 s.s.
" SA564
1
Operator Bolts Carbon Steel SAE Grade 2 SAE Grade 2

Note: (1) Group A valves are V=27-1, v-27-2, v=-27-3, ard

—_—

(2) Group B valves are V-28-17 and V-28-18, the Fisher Controls 12" valves,

(3) Group C valves are V-23-13, v-23-14, v-23-15, and V-23-16,

V-27-4, the centerline 18" valves,

the Fisher Controls 8" valves,

gL 3o £| abed
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TABLE 4 - MINIMIM BODY WALL THICKNESS

VALVE VALVE DESIGNATION VALVE SIZE ACTUAL MINIMM QODE REQUIRED MIN.
GROUP (in.) BODY WALL THICKNESS PER ANSI
THICKNESS (in.) 16.34 (in.) _l

A V-27-1, V=-27-2 18 0.728 0.48

V-27-3, V=-27-3
R V-28-17, V-28-18 12 1.0 0.38
c V-23-13, V-23-14 8 0.75 0.31

V-23-15, V-23-16 J

A9y

L
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TABLE 5 SUMMARY OF STRESS ANALYSIS

VALVE VALVE STRESS STRESS LEVEL ALLOWABLE STRESS
GROUP OUMPONENT NAME AND SYMBOL (PS1) (PSI1)
242) Gm 0.9
Primary Membrane Pm 12600 p 27000
Primary plus secondary op v,
stress due to internal 1012 TZ(»OO 37306
pressure .
pipe | aia) o | & oo, 2ol
Body reaction 155 T
A stress Bending Peb 16631 18900 . 2
T.5 am .
v-27-1, Torsion Pet 8648 4
V-27-2. 18900 ‘ 27000
v-27-3, Thermal secondary ot 444 am 0.99%
Vv-27-4) Stress 12600 ’ 27000
Primary plus Sn 23885 1 Sm 0.99
seconddary stress 37800 i 27000
Disc Qombined Bending s(1) 4032 0.9%
Stress on disc centerline 40500
Torsional shear Stress S(9) 3 6
Cambined Shear stress S(6) 6030 =
Shaft Combined bending 5(5) RBA4 0.92
stress
Cambined stress S5(4) 11911 0.9
(shear and bernding) )a)g
" shaft Key Shear stress on 5(16) 11664 0.93
key
Disc tapper Shear stress in S(17) 21999 0.99
pins pins 40500
Bushings Bear ing stress in S(21) 2191 Crmpressive al lowable
(shaft bearing)| bushings 4000
Operator Tension in bolts S(54) 1530 0.9
Mount Lng L +5(59) 51300
Thear e to 5(57) 4308 0.9
| Torgque on bolts - -
Cobinal stress in bolts 5(53) 5463

!
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L
99¢ "ON daL

8L 3O 9| abeq



TABLE 5 (Cont'd)

VA'VE VALVE STRESS STRESS LEVEL ALLOWABLE. STRESS
GROUP QOMPONENT NAME AND SYMBOL (PSI) (PST)
am 0.99%
Primary mf-\e Pm 1360 12600 , 2700{
Primary plus secondary op 1825 <m 0.9 .
stress due to internal 1 2600 . 27
pressure
piipe Axial Ped 1820 1 .5 5m gio o,
Body roaction p—-o 2050 1595"8.0 i 0.9 &
B stress Bending Peb % 2;
Ranion Pet 7211 1.5 Sm 0.9¢
(Vv=-28-17, & 21
V-28-18) Thermal secondary ot 468 ‘m 0.96
Stress 12600 ¢ 27000
Primary plus Sn 13237 3} Sm 0.99
secondary stress 17800 ’ 210“
Disc Combined Bending s(1) 2822 am
Stress on disc centerline 17900
| Torsional shear Stress s(9) 9869 1“ -
Canbinad Shear stress S(6) 10134 2ieon
Shaft Cambined bending 5(5) Sm
stress 6747 46000
Cambined stress 5(4) 14054 am
(shear and bending) 46000
Shaft Key Shear stress on 5(16) 2151 o.92 )
key
Disc tapper Shear stress in S(17) 27483 0.6 Sm
pins pins ‘ 27600
Bushings Bear ing stress in s(21) 1349 Compressive allowable
(shaft bearing)| bushings 10000
Operator Tension in bolts 5(54) 271921 0.9% -
Mounting +5(55) 51300 f<D
Shéar due to S((!?) 21899 o.,—F .
on bolts 51
%—.m in Bolts | 5(50) 45613 1

8L 3O L| abeg
L
992 °ON ¥alL



TARLE 5 (Cont 'd)

VALVE VALVE STISS STRESS LEVEL ALLOWARLE STRESS
GROUP CUMPONENT NAME AND SYMIXKL (PS1) (PST)
1194 ‘i
}E‘m:yﬁ » Mombirane . Pm Yesin
Pramary plus secondary o - .
stress due to internal n2 g:.m
pressure |
pipe Axial Pexd "7 L?ﬁ;"
c Body reaction p—— = TR T
) stress Berxting Pcb 2i750
irie 16440 1.5 9m
v-231-14, Tursion Pot b
v=-23-15, - 21750
V-23-16) Thermal secondary ot 419 Sm
Stress 14500
Primary plus Sn 25629 3 am
socondary stress 43500
Disc Conbined Bending s(1) 1246 0.9 %
Stress on disc centerline 2700(
| Torsional shear Stress $(9) 11988 A E
Conbained Shear stress S(6) 12296 m
Shaft Cambined bending 5(5) 14599 am
Stress 22200
Combined stress S(4) 21599 9m
(shear and bending) 22200
‘Shaft Key Shear stress on 5(16) 22318 o,zJ
kewy 50
Disc tapper Shear stress in s{i1m 30308 0.90;
pins pins i
Bushings Bearing stress in s(21) i612 Compressive al lowable
(shaft h_-'l.ngu bushings 10000
Operator Tension in bolts S(54) 24000 0.9 F.' g 0 -3
Mounting +5(55) sl % Q g
Shear due to 5157} 30049 5.9 .
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