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‘I, SUMMARY DATA

VALVE SIZE AND TYPE: 36" NR1A PRATT JOB NO.: D-028857

OPERATOR: T-516-SR3/Bettis

Standard"Calculatioﬁijgssure (Design Pressﬁre) 65
Opérating‘Pressgre (Maximum) 42

( receteration tevels (hesion) DR
| 5
.5

" Acceleration Levgls_(épgcified) 4

4

5

Speéific Deéign Pressure ) -42
‘Minimum Valve WallAThickness 2.25

.49

Code Required Wall Thickness

Form No. HPCo. 3.173

gz
g%

gy

psig

psig

_psig

gx

ay

gz

inches

inches




ot

a

II.

INTRODUCTION

This investigation has been made in response to

a request by the Customer/Engineer for evaluation of the

‘36" containment isolation/purge valves originally furnished
on Pratt'OrderuNos.'7—4019~l & 2 regarding structural.,,t

adequacy to w1thstand the dynamlc torques whlch would

occur during the faulted condition of a loss of coolant

acc1dent (LOCA) ‘within the contalpment vessel. The valve

‘assembly-would beecapable of closure during this event in
‘a time equal to or less than that originally specified.

_Containment pressure-time data was furnished by the

Customer/Engineer to identify the maximum differential
pressure "across the valve and to idehtify fluid dynamic

torque coefficients. This is included as Attachment 1.
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( . III. CONSIDERATIONS T e

The NRClgﬁidelines for deﬁonsp;ation:offgpéfébility. E
‘of purge and vent Valves} dated Séptember 27,‘}979 has
been inéorporated in this evaluation as follows:
A, -

1. Valve closure time during a LOCA will be
less than or equal to the no flow time
‘demonstrated during shop tests, since-fluid
dynamic effects tend to close a butterfly
valve. _ . _ o : o .

2. In this analysis we have considered the . .i.-g . .-
" direction of. flow furnished by owner whig¢h .= =7
is the direction resulting in higher.torque.

'We have used differential pressure-~time

data furnished by owner. ~(See Attachments

1 and 2.)

3. Worst case is determined as a single valve S
closure with containment pressure on one ~
side of the valve and atmospheric pressure -
further downstream. -

N

4. Containment back pressure will have no
_effect on closing since the same back pres-—
. sure will also be present at the inlet side
. _ ' ' - 0f the cylinder and the differential pres- S
o sure will be the same during normal operation. . -

5. Purge valves supplied by Henry Pratt Co.
do not normally include accumulators.
Accumulators, when used, are for opening ’
the valve rather than closing. : 8

6. Torque limiting devices apply only to
- electric motor operators which were not. - .. .
furnished on purge valves for Kewaunee, - * o
Wisconsin Nuclear Plant. L -

7. The effect of upstream piping will be ignored
- as a conservative approach. : A

Y = V') £ Tolc

INOUOTRIAE




7N

SN
; .

¢ @mamm

....._, G BESTRR N

>

8. For compre551ble fluid flow, the effects
. of valve orientation relative to the pipe
line are; con51dcred to be 1n51gn1flcant..

This analy51s consists of a statlc analys1s of’ |

~_the valve components demonstratlng that ‘the

stress levels under combined seismic and LOCA
conditions are less than the 90% of yield strength
of the materlals used. P

A valve operator structural evaluation is pre-
sented based on the operators ability to resist

the reaction of LOCA 1nduced fluid dynamic torques. -

Seallng 1ntegr1ty can be evaluated as. follows*

Decontamlnatlon chemicals have very little
effect on EPT and stalnless steel seats.
‘Molded EPT seats are generlcally known to
_have a maximum cummulative radiation resis=—-
tance of 1 x 108 rads at a minimum incidence
temperature of 350°F. It is recommended that
seats be visually inspected every 18 months'’
-and be replaced perlodlcally as required.

: Va-v** at ou itside ambient temperatures below
0°F, if not properly adjusted, may have leak-
age due to thermal contraction of the elastomer,

4—mhowever, during a LOCA, the valve “internal’

temperature would be expected -to be higher than RSO

I S A
vaal el T

. ambient which tends to increase sealing capab1~ ,lrl‘

lity after valve closure.  The presence of .
debris or damage to the seats would 0bv1ously S
1mpa1r sealing.

" aweoesems &7 ’\‘T";?ed
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From the general (plan) draw1ng qf_contalnment piping
and ducts 1nsta11at10n supplled by Custom r/Englneer, the

shafts of purge valves are 1n a perpendlcular plane to the

inlet bend (of elbow) C1051ng of valves 1s clockw1se if

looked from operator end of valve whlch w1ll:reduce maximum

torque value.

Based on theoretlcal limits and . our test data, Ap w1th

pipe-in inlet varies from 471 Py to about 0. 407 Py Wlth

an elbuw in the system thls goes farther down to about 0.3
Py or about to 739 of the 1n1t1a1 assumed Ap used in the
computer program. Slmply stated, the hlghest torque value

will be direct _valve 1nlet with rounded inlet throat—-nozzle.

METHOD OF ANALYSIS -

' Valve/Actuator evaluation is based on fluid dynamic torque calculation,

valve stress analysis and operator'evaluation;
A ‘Torque Calculation
i AThe'torque of any open butterfly valve is.the‘summation of fluid

dynamic torque and bearing friction torque at any given angle,

one wr tme '\ms&‘ed
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Bearing friction torque is calculated from the following

equation:
T = AP (A) (U) (.5d)
Where, !

Ap = Pressure dlfferentlal psi.
A= Progected dlsc area normal to flow, 1n2.
U = Bearlng coefficient of friction.

shaft diameter, in.

- d

‘Fluid dynamic torque is calculated from the following

-equation:.

S 3
Tp TG D AP
" Where,

" D = Valve diameter, in. ' , :
TOo ~ al{-x "Pg M/\f?{t

AP = Pressure differential, psi. (LIMTED
‘ T , _ AT SOHIC FLOU)

Ce = Torgue coefficient.

Pratt has déveiépéd totque coefficients for'differeﬁt
angles of disé opening based on experimental;test data‘using
5" séale.model valves with dry air as fluid medium. Such
tests were performed_using.“on—centerﬁ disc designs at varying E
uﬁstfeaﬁ/downstream pressﬁre rétiés oftizl to 4:1. Similar
.tests‘wére performed for voff-center” discs at a pressure

ratio of 1l:1.

ous or s ARIDSEEH
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For theaéurpose of this analysism"off~center"'aisc n
torgue coefficients’ have been derived by modlflcatlon of
experimentally determlned voff-center” disc torque coef—
ficients as_described above, incorporatmng‘appllcable
pressure ratio factoi; | o

The follow1ng :omgqtex table summarlzes calculatlon fj"jj;mwjﬁwjf
data and torque results for valve openlng anqles of O to
90°, |

The maximum valve torgue due to flow under speeified

- LOCA cohaitions occﬁré at the valve éhgle-?So-from»the

closed position and is equai to 125752.in~1bs. (worst'

condition).
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B. Valve Stress Anélysis

The calculated méximum valve torgue of 125752 in-lbs.

resulting from LOCA conditions is less than the torque which

was used for the original seismic stress analysis of the

subject valve. T Tt T T |

Since the stress levels in the.analysis are below the

de51gn allowable, it is concluded that the valve assembly

is structurally sultable for LOCA 1nduced forces combhined

w1th seismic and other 1oad

C. Operator Evaluation -
The maximumtorque (125752 in-lbs.) generated during a

LOCA induces reactive forces in the load carrying compo-

nents of the actuator. The Bettis Model T-516~SR3 furnished

has a rating of 197000 in~;bs. for these components at the

full open or full closed positions.

" The manufacturer has advised that the maximum torque

absorption'dapability at any intermediate position between

full open and full closed should be limited to 109000 in-1lbs.

Fluid dynamic torques generated by a LOCA were foﬁhd to be
lower than 109000 in-lbs. ohly for valve disc openings of

65° of less.

" CONCLUSION

- It is concluded that the valve structure during closure

is adequate for the defined LOCA induced loads based on the-

calculated torques developed in their analysis, however, the

calculated torques exceed the manufacturer's rating for the

actuator except at valve disc opening angles of 65° or less.
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ATTACHMENT 2

36" NR1A VALVE STRESS REPQRT .

Summarized in the following two tables are valve stress
intensities of primary concern. Esseatially, Table I ident-
ifies body stresses and how they relate to the "Draft ASME

.. Code for Pumps and Valves for Nuclear Power" dated Nov., 1968
and the March, 1970 Addendum, Table IT identifies stresses
in other elements of the butterfly valve assembly for which
N - the pump and valve code provides no specxfic analysis pro-
’ cedure, :

Depending upon the nature of the séress being con-
gidered, the allowable stress level is defined as’ one of
the fOllOQng. - v e : LT

[ .. ‘VliQ" For calculations based on code procedures, allowable
‘ : ' -, siresses as specxfied in the code,

- - . R -

2o For~calculations not based on code procedures, stress .
“ . - levels are kept below Sm for tensile stresses and .5 Sm
L for shear stresses. Sm is allowable stress level as T sl
gspecified in Tables A.1 and A.2 of the Pump and Valve . R
Cede for 300°F. o - : o
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" 9EBIE I - Body Stress Ievels

Cocz

Strass

Cod= | Analysis Allozedle
Stress Name ref. Par. | Svm. Paf. Pg. | Ievel - | Stress
; Prz. Nem::a:}a Stress In- S T Sm :
B ositn 452.3 Pm - 5 - 751 18,200
Al PI.'L 2y & Secendary Strsss : ‘ )
due to mt;nal pressure "452.4a-7 | op 5 2,122 1.5 Sm
' : T ' : ~ : 28,350 -
Seccndary Stresses Do to e i
Pipe raaﬂtlm o 452,.4b o - 1 1.5 Sm
e B . e Ped 6 . 013721 28,350
, Peb o F408 p
f Pot 3,357
3 &m
Valve Body Secondary Siressesy 452.4 ° Sn 6 7,100 |59 700
B Fatigus Stress (MaZ2,000) | 452.5 Sp 7 5,176 | 65,000
Primary & Seccndary Staesses Nen -] Sa 1.5 Sm
.dve to flange, pressure, and - Ccdified 7 1,181 |28 4350
Seismic loads L -

'RO‘!:SS: ' lo

20
3.
. "

°

'Body matcnal is carbon’ steel pex ASTM ASIG-—Cr. 60,

Seismic accelerations are 5 gf s. simultaneously aophed in each
~of three rutually pcrpendlcular dirxections. .

Analysis pressure is 65 ”psn.g.

Allowable stresses are at 30001,

%

¢s -




* TABLE IX '~9on-¢0d1fic‘d' Stress Levels

Valve TStr¢§§ . § Analysis | Material Stress | Allowable 3?
(- Component: ~ Name Ref. Pg. | Level Stress %
Combined Trunnion | ASTM A-350 | .- I .5 'sm
Held Shear Stress 8 Gr. LF-1 2,150 8,850
_ Combined Tensile £ ASTH A-350 o Sm
i Trunnion Stress in Trunnion f 11 Gr. LF-1 1,635 | 17,700
_ X:idme“t Conbined Tensile ASTM A-350 1 635 | sa ]
; e Stress in Trunnion Gr. LF-1 ? 17,700
Base Weld 11 o K
: . Local Bending I ASTM A-516 Sm
; Stress in Body I Gr. 60 13,000 } 38,900 - |
P _ . b ASTM A-516 Sn
: Disc Haxircum Disc Stress | 12 Gr. 60 11’?40 18,200 4
%. o a N ASTH A-479 " | sm :
| Shaft Maximum Shaft Stress 13 Type 304 15,730 | 19,800
Retainer Shear é . ASTM A-240 |- .- | .5 Sm i
5 tress : 14 Type 304" 2,750 9,900 ‘
: : 't Retainer Bearlng 4 ASTM A~240 Sm
E‘ Shaft Retainer | Stress 1% - | Type 304 14,000 | 19,800
 Assesdly. Bolt Temsile  ~ f . | ASTh A-540 A sn 4
H Stress . 14 C1.1;6r;321 | 21,000 46,200
'{" I Shaft Groove ] o ASTM A-479 1 .5 8m
4 Shear Stress ' : 14 Type 304 1,800 9,200
: Keyway Bearing/iycqe B , ASTM A-350 | 31,438 | .9Sm.36 00@
 Hub Block Stress. 5/ STR.) g 15 Gr. LFI [(15,720)1 (Sm 17, 000§
s Assesbly | pax, Combined . ' ASTHA-560 | .. | sm
| - | Bolt Stress B 16 C1.1,Gr.B21 | 265565 | 45,200
.- . | T, Washer Normal . - Silicon Lub N % - -_léy
. .. -} Beering Stress - - % 18 ‘Bronze - | 374 1,200 ...
- -} %, Washer Seismic o S Silicon;Lub IR ;4 'j
, | Bearing Stress o .18 Bronze. 1,870 8,000
1 Thrust | Adjusting Screw s L ASTM A-479--| .5 Sn t
zear1§§ Shear Stress 18 Type 316 6,240 | 10,000 |
ssem : et . ~—
sembiy . Adjusting Screw - - . ASTM A-479 ‘ Sm
Tensile Stress - - § .18 Type 316 14,800 20,000 ]
|- - . -l Retaining Serew - § - ' 0 | ASTHA-540 | | S;m §
: Tensile Stress % . 18 7 1 Cl.1,Gx.B2) 17,700 46,200 .1
: Cover Shear . ' .  f. ASTH A~516 15 Sm i
i Stress 18 Cr. 60 2,600 9,450 -'%

*Not specified in pump and valve codc. e

NOTES: 1. °Sei*nic nccclcrations are'5 gls. sirultnncous;y upplicd in cnch of
L, C . thrcc mutually pcrpcndicular dircctions. . .
' 20 Annlycis pressure is 65 psig.
Allowable 5trcc£cs arc at 3002 p,

3.

° .




