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L OBJECTIVES:

To determine the required thrust to open the flexible wedge gate valve, RC-MOV-535, under
postulated pressure locking conditions and stem thermal growth, and the actuator capablhty
margin for developing that thrust. : :

II. METHODOLOGY:

The methodology utilized to determine the pressure locking forces is that developed by
Commonwealth Edison and presented in Reference 1. The method utilized to determine the stem
thermal growth load is based on Commonwealth Edison methodology presented in Reference 2.

Under pressure locking conditions the internal valve pressure forces the two disk halves against
the opposing seats resulting in an additional seat contact force. That contact force is a function of
the stiffness parameters of the disk plates and central hub. In this methodology these stiffness
parameters are approximated by treating the disk plates as uniform circular flat plates with a
central hub using the equations from Reference 3 to account for disk plate bending and shear
deformation and hub stretch. The stem force required to overcome this additional internal seat
contact force is a function of the seat friction and seat angle.

Due to the seat angle, the internal pressure acting on the areas of the disk halves enclosed by
the seat contact circumference projected normal to the stem results in a force component on the
disk adding to the opening thrust requirement.

From the static condition closing thrust there is a residual seat force which together with the seat
angle and seat friction results in a static unwedging force.

For valves that are stroked closed to isolate hot fluid, the portion of stem that is exposed to
ambient conditions when open heats up when inserted and expan‘ds For SMB type actuators
with self-locking gearing and stem threads, this expansion is restrained. This results in an
additional wedging load which must be overcome during unseating.

The stem ejection load assists opening and the packing fn'ction load opposes it.

The above force components are summed to obtain the required opening thrust.

The standard Limitorque methodology with the conservative stem friction coefficient = 0.2 is
used to determine the actuator capability.
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III. ASSUMPTIONS:

1. The valve disk is assumed to act as two ideal disks connected by a hub. The equations in
Reference 3 are assumed to conservatively model the actual load due to internal pressure. This
assumption is considered conservative since the large fillets connecting the hub to the disks make -
the wedge stiffer than modeled, and expansion of the valve body along the pipe axis due to the
internal pressure is neglected. These two effects would reduce the valve internal pressure
induced seat contact force and associated required stem thrust.

2. The coefficient of friction at the upstream and downstream seats are assumed to be equal
and the same under pressure locking conditions and DP conditions. This assumption is
considered to be justified based on ComEd's bench marking of the methodology against
ComEd and EPRI pressure locking test data.

3. The Reference 2 methodology assumes that the stiffness of the valve/actuator assembly can be
_ accurately determined from the static diagnostic thrust measurements. This is a reasonable
. il assumption and is considered to be as accurate as the results of an extremely detailed finite

element analysis. The stiffness determined in this fashion may be underestimated since it neglects
the contribution from the spring pack. Based on preliminary Commonwealth Edison of this effect
it is not expected to affect the stiffness more than 20 to 30%. To conservatively accommodate
this uncertainty the valve assembly stiffness derived from the test will be increased 100%.

4. The Reference 2 methodology also assumes that the motor speed remains constant during
: seating. Based on Com. Ed and EPRI testing this is a reasonable assumption for AC motors.

H The motor RPM utilized in the calculation will be the Limitorque recommended value under load.
For these 1800RPM motors that is 1700RPM. The lower number results in a higher stiffness
which is conservative.

5. The Reference 2 method assumes that the only portion of stem that undergoes significant
thermal growth is the portion inserted into the valve. This is a reasonable assumption as long as
the differential temperature is based on the maximum bulk temperature of the fluid in the valve
minus the normal ambient temperature

The Reference 2 methodology is still under review by the Westinghouse Owner s Group (W 0G)
PLTB Task Team and has not yet been formally issued for utility use. Based on this this
calculation will be considered preliminary pending WOG acceptance. The use of this .
methodology in the interim meets the NRC expectations for use of the "best available

) . information".
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IP3 Emergency Operating Procedure E-3 Step 12
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V. OPENING FORCE ANALYSIS:

V.1 INPUTS:

Bonnet Pressure P bonnet = 2510-psi N

- Reference 4.

' Upstream Pressure P up = 350-psi- -
] Reference 5(Min RCS for .
Downstream Pressure ¥ down = 0'PS! bleed & feed
Assumed (Conservative).

Disk Thickness t := 0.633-in
Seat Radius a = 1.249-in _ Reference 6.
Hub Radius b = 0915in Reference 6.

: Reference 6.
Half Hub Length L :=0367-in(1.0 - 0.633)
) ' : Reference 7. (Attached)
Seat Angle theta := 5-deg
' Reference 6. -

Poisson's Ratio (disk) V=3 '
Mod. of Elast. (disk) E := 29-10% psi Typical of Stainless Steel

- ’ Typical of Stainless Steel
Static Pullout Force F = 2740-1bf
(Nominal Measured) po Reference 8.

Diagnostic Error % e:=102

(SRSS of 10%&2%) : Reference 9.
: Open Valve Factor VF =5 Reference 9.
: D g = L1254
Stem Diameter stem n Reference 6.
Ambient Temp - T =120 Assumed for Press. Doghouse
‘ Conserv since max normal is 140F
: - Max Vlv Temp T y := 669 - Reference 11.

Stroke Length Lg=26875in Reference 6.

- 1700 |
Motor Speed RPM = — ' Reference 9. (Nominal is 1800)

min (Conservative)
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Thrust at Seating | Fysc = 530-1bf . . Reference 8

Thrust at CST F oot = 14174-1bf Reference 8

Unseating thrust F yw = 2175-1bf Reference 8

Total Thrust(closing) F yqax = 15198-1bf Reference 8

Stem Coeff. of Expans. q := 9.8-10°6 Reference 12

Acuator Overall Ratio OAR := 468 Reference 9

Stem Lead Sy =02:in Reference 9

Time at Seating t hc = 23.87-sec Reference 8 '

Time at CST t gt 1= 24.556-sec Reference 8

V.2 PRESSURE FORCE CALCULATIONS

Coefficient of friction between disk and seat: (Reference 10)

: cos(theta ‘
mu := VF. ( - ) : 3 mu =0.52079
1-- VF-sin(theta)

Average DP across disks:
P

: +P
_ - up " * down
DPavg = P bonnet ~ - 2 ~

DPavg =2.335-10° +psi

Disk Stiffness Constants (Reference 3, Table 24)

. 3 |
D:= L(t)_.z_ D =6.73576:10° “Ibfiin
12-(1 - V') '
G=—"T G =1.11538-10" -psi

) 2:(1+v)
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Geometry Factors: (Reference 3, Table 24)

T

e {0 - o) -6
curtfirvanfl]
conp | m) )

il

[

Moment (Reference 3, Table 24, Case 2L)
-DPavg: a C 9 2
Mgy =—— a’-b)-L
o |2ab ( ") -Lyg
DPay,
Qp = B (42 )

_2b

[
care [ (] oo

C 5 =0.03233
Cs =0,00272
Cg =(_).837é4
C g =0.20757

L3=0
L9=0

- oy
L 11 =1.88551+10

x

L 17 °= 0.03041

M b = 153.18434 Ibf

Q, =922.23058 Ef
m
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Deflection due _td preﬁsure and bending: (Reference 3, Fable 24, Case 2L)

a’ a’ DPavg-a*

= = - - 6 o]
Y bq .-Mrb'B'Cz*Qb'B.C:;"—'—D—._L. 11 »ybq— 5.80032:10 ° -in

Deflection due to pressure and shear stress: (Reference 3, Table 25, Case 2L)

. (a b)? )
K, =-03|2In o 1+ " | _ K, =-004771
2
_ K ¢o-DPavg-a st
Ysq© G Ysq=2 in
Deflection due to hub stretch (from center of hub to dlsk)
P force = 3.1416:(a” - b”)-DPavg P force =530202:10° Ibf
Pforce L

y — ’ 555104107 -
stretch ™ 5 141667 (1-E) Y stretch = 2-5°104:10 7 +in

Total Deflection due to pressure forces:

- ' _ R
Yq"qu+ysq_yStretch ‘ yq— 5.5925-10 1n

Deﬂectlon due to seat contact force and shear stress (per Ibf/in.): (Reference 3, Table 25,
Case 1L)

1.2.(2).m(i).a - |
a/ \b _ 4 in
- Y g = 6.60571:107° +——r

(per Ibf/in) o S » in
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Deﬂection due to seat contact force and bending (per Ibf/in.): (Reference 3, Table 24,

Case 1L)
#\[[C2\[(2Cs a -
Za|— —_— . - - —_ ] . ) mn

(per Ibffin) ' in
Deflection due to hub compression (per Ibf/in), (from center of hub to disk):
. _2am L in
¥ compr = T 416b* (1E) | Y compr = 3.77587+10°° TR
(per Ibffin) | (g)

Total deflection due to seat contact force (per 1bf//in.):

= - = . 7 .____in
Yw  YbowtYsw™Y cpmpr Y w =1.24696°10 b

(per 1bf/in) . : (;)

Seat Contact Force for which deflection is equé.l previously calculated deflection
from pressure forces:

Fg=2ma—> F  =35191-10° Ibf
Y w -

V.3 UNSEATING FORCES

F, ... is included in measured static pullout Force

Foo _
F = —p _ 3
pomax e F pomax = 3.05122:10° <lbf

sec OAR Speed =0.12108+sec | «in

F -F
= CST HSC Rate = 1.98892-10* *sec ! Ibf

Rate :
test ™ thse
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2 P ,
K:= Raw K =3.94228-10° &' -Ibf (Doubled for conservatism
Speed
Fypermal = KoL g (Ty-T A)"' F thermal =475021+10° <Ibf

thermunwdg =704.37029 <Ibf

: ._T 2 ) = .10° ..
F» piston = 4-D stem P bonnet F piston = 2.49499-10° -Ibf

a2 o ' S = 10° -
F yort =Ta -sm(theta)-(Z-P bonnet - F up” P down) F jert =1:99475:10° -Ibf

= 2-F ;(mu-cos(theta) —vsin(theta)) : F preslock =3.03852:10° -Ibf

F preslock

F total = ~F piston * F vert * F preslock * F pomax * F thermunwdg

Fiotal = 6.29387:10° +Ibf

VI. CONCLUSION

Per Reference 9 the calculated actuator thrust capability at degraded voltage and elevated

temperature and with a conservative stem friction coefficient of 0.2 is: MCUVo = 9052Ibf.

Since this is significantly greater than the above calculated force, F,,, = 6294 Ibf, the

capability of this MOV to open under the postulated pressure locking conditions combined with
. the stem thermal growth load is demonstrated. The margin is ((9052 -6294)/(6294))x100% =

43.8%. v '
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IDENTIFICATION: ’ - | oscrune:
Document Title: 1?/%""? L”‘“;"(’]' 5"”(’”'%""’ ?f RE—mov-S¢ (] eec []. IsC _
e | ‘ [} MecH [] FreProtact

Doc. Number: |P3 - CAall— RL- 0)7*'7 Doc.ReQision: 0 H css ] Simulator
o ' 1] Other '

'mcmgw CAT 1
METHOD OF VERIFICATION: |
i Design Review [] Alternate Calculations [] Qualification Test

PHILIp C e, SUTEM EhGusER.  — 4o

Selected Verifier:

# : v " Design Verification Guestionnaire
All questions shall be explained in the space provided.

1. Were the inputs correct and incorporated into the design? _
‘Explanation: Yes, Al Adla bave ban con";(mgd %* eg]@‘_' 3 tg-ﬁg_’mg.

, 2. AAre the physical and functional characteristics of the proposed design within the approved design basis of the
systam(s) structure(s} or component{s)?
. Explanation: . -

M /A

3. Does the proposed design incorporate license Commitments?
Explanation: '

N /A

4. Are assumptions necessary to perform the design activity adequately described and reasonable: Where
. hecessary, are the assumptions identified for subsequent reverifications when the detailed design activities are
completad? ' :

Explanation:

Vet Atsump s Lided n  Zaliulaion.

5. Are the appropriste quality and quality assurance requirements specified? e.g., safety classification?
Egplanation:

Yoo This MIV s Cofely = valabed (CAT I

6. | Arethe applicable codes, standards and regulatory requirements including issue and addenda properly
identified and are their requirements for design met?

Explanation:

DCM.- 4 DESIGN VERIFICATION
Raov Nn )
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DESIGN VERIFICATION CHECKLIST
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7.

: Design Verification Questionnaire ,
All questions shall be explained in the space provided

Have applicable construction and operating experience been considered?

Explanstion: Yoo Thic  cphdodivn ffuﬁanﬁ-'m peview }L\ar PLIG wfdﬂrv

Gl 45-07 . Ahat

Ye

X ferfm .

Have the design interface requirements for mechanical, electrical /16C, and civil/structural engineering been

8 |
_ satisfied? = . , .
Explanation: ' . '
&/A
8. Was the appropriate design method used? '

~

Explanation: V.4 Thiy cokendsins
Ao r /4

173170V ) @ ad i A%

is the output reasonale compared to inputs?

Explanation:

Yes

[§

‘ 1.

Are the specified parts, equipment and processes properly suited for the fire protection Appendix R, QA, and
EQ classifications required for the application?

Explanation:
N/
12. | Arethe specified materials compatible with each other and the design environmental conditions to which the
' material will be exposed? :
. Explanation: :
NIk
13. Have personnel requirements and limitations for maintenance, testing, and inspection been satisfied?
Explanation:
M A
14. Are accessibility, maintenance, repsir, and inservice inspection requirements for the plant including the plant

conditions under which these will be performed been considered?

Explanation:

r LA

15.

Has adequate accessibility been provided to perform the in-service inspection expected to be required during
the plant life? : ' ' '

[

MIN

‘ Explanation:

DESIGN VERIACATION ATTACHMENT 4.2
Page _10 of 21 1.
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Design Veriﬁcaﬂon Guesﬁonnalm

5

Explanation:

/v/A

17. | Arethe acceptance criteria mcorporated inthe design documents sufficient to allow verification that design .
requirements have satisfactorily accomplished? T

Explanation: \/eé, ﬁj_& ton Ansion 2« M AM‘&/VM mnbnrnw r@{/MMMVdJ

jb f AD 2 b-‘/l.‘ifﬂ
18. [ Have adequabe pre-operational and subsequent periodic test requirements been appropriately specified?
Explanation: :
M/ f
18. l Are adequate handhnj storage cleaning and shipping requirements specified?
Explanation:
VA
20. [ Are adequats identification requirements specified?
Explanation: .
M[B~
21. | Arethe conclusions drswn in the Safety Evaluation fully supported by adequate discussion in the test or Safety
Evaluation itself? :
Explanat;lonf

VA

22. l Are necessary procedural changgspec:ﬁed and are responslbulmes for such changes clearty delineated?
E_xplanauon :

N/B

23. [ Are requuremenw for record preparation, review, approval, retention, etc., adequately specified?
Explanation:

’Y{A, Ahan 44 (AT I M,Luvb/hlm P oprmerts M,l‘@rvm{

24. } Have supplemental reviews by other englneenng disciplines (seismic, electrical, etc.) been performed on the

integrated design package? 4
Explanauan . o
ek, Sy Tim erginal W ) engw At rovitvel {hn caluadabin

‘ - 25, |ﬂave the drawings, sketches, calculations, etc included in the integrated design package been reviewed?

Explanation:

Yei_

Jocom-a - | DESIGN VERIFICATION - ' ATTACHMENT 4é§
Rev.No.3 Dhana 44 _2 A A
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. Design Verification Questionnaire
AII questions shall be explained in the space prowdod

Have reviews been perfonned to ldantrfy any effect on the Check Valve Mamtenance Program? .
Explumtlon /V/ e 1

27. | Doas tha design for check valves meet the intents of INPO SOER 86-03?
Explanation:

NMA

¥

28. Is the plant reference simulator physical and functional fi derty affected and it's design change been factored into the cost?

Explanatlon

_/(/,//*r

29. | Are ol referencas listed including design calculatmnlanalys:s) that were used as part of the dasign review?
Explanauon.

Yh,

{
. REMARKS/COMMENTS:

@) i YA

OCM - 4 AR DESIGN VERIFICATION ATTACHMENT 4.2
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