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UNITED STATES E ﬁb
NUCLEAR REGULATORY COMMISSION » e

WASHINGTON, D.C. 20555-0001

April 25, 1997

LICENSEES: " ENTERGY OPERATIONS, INC. AND COMMONWEALTH EDISON

SUBJECT: SUMMARY OF PUBLIC MEETING ON FLEXIBLE-WEDGE GATE VALVE T
PRESSURE LOCKING THRUST METHODOLOGIES (TAC NOS. M93

M9 , M93435, M93441, M93442, M93458, M9§5§§' Mg 77,

M93 8 M9359§4 M 3/}0’ M93541, M93542)

On April 9, 1997, a public meeting was conducted at Two White Flint North to
discuss the Entergy Operations, Inc. (EOI) and Commonwealth Edison (ComEd)
pressure locking thrust prediction methodologies presented in submittals in

response to_Generic Letter (GL) 95-07, “Pressure Locking and Thermal Binding

~of Safef}-R&lated Power-Operated Gate Valves." The EOI and Comkd

methodologifd that predict the thrust required to open a pressure locked
flexgble—wedge gate valve, validation testing of these analytical methods,
enlfancefie ntSJtO the Comkd pressure locking methodology, and pressure ]ock1ng
tesfs sggnsg;ed by the NRC Office of Nuclear Regulatory Research (RES)
conﬂncte b§2 Idaho National Engineering and Environmental Laboratory (INEEL)
were’disqgusSed during the meeting. Representatives from NRC, EOI, ComEd,
Southern’Nu ear Operating Company, Baltimore Gas and Electric Company, Kalsi
Eng1neeﬁing Inc, (KEI) and INEEL attended the meeting. During the meeting,
the NRC=stafit identified concerns associated with the use of these pressure
locking analytical methods that need to be resolved prior to issuing GL 95-07
Safety Evaluations to licens€es™that use the EOI or ComEd analytical methods.
Attachment 1is a 1ist of meeting participants..

e

EOI Pressure ‘Lockina Thrust Prediction Methodo1oqv

During the meet1ng, EOI discussed the development and use of its pressure

locking thrust prediction methodology and the test data used to evaluate

acceptability of the methodology. EOI .tested a 14-inch (900-pound) William

Powell valve to obtain data to support its methodology. EOI presented ComEd

pressure locking test results from a 4-inch (1500-pound) Westinghouse valve; a _ (:
10-inch (900- pound) Crane valve; a 10-inch (300-pound) Borg-Warner valve; and

INEEL pressure-locking test: resu]ts from a 6-inch (600- pound) Walworth va]ve j;>

to help support its methodology The EOI presentation is enclosed in
Attachment 2

The NRC staff identified the following questions/concerns associated with the \
EOI pressure locking thrust prediction methodology: , : \

1. In some instances the EOI pressure locking prediction methodology .
underestimated the amount of thrust required open the Crane, Walworth
and Westinghouse valves during pressure locking conditions and
consistently underestimated the amount of thrust required to open ‘the
Borg-Warner valve during pressure locking conditions.
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The NRC staff questioned whether the EQI pressure locking prediction
methodology is appllcab]e to all flexible wedge gate valves or whether
use .of the methodology is limited to specific types of flexible wedge
gate va]ves.

Using its methodology, EOI calculated the thrust required to open .a
pressure locked valve and compared the results to the pressure locking’
test results for the above valves. EOI used a 0.4 friction factor to
calculate the required thrust zxcept when test results indicated that
the friction factor was greater than 0.4 and then the actual friction
factor value was used. The NRC staff expressed concern that use of a
0.4 friction factor in the EOI pressure locking prediction equation (in
cases when the actual friction factor was significantly less than 0.4)
may not have properly va11dated the EOI pressure locking prediction

"~ methodology.

Pressure locking test resu]ts from the Walworth valve indicated that as .

the differential pressure between the bonnet and the downstream (or

~ upstream) side of the valve increases, the stem thrust required to open -

the pressure locked valve increases (see Attachment 5, INEEL pressure

locking tests numbers 208 through 215, 217, 218, 230, 231 and 232). The

EOI pressure locking methodology predicted that the opposite would occur
in .that as the differential pressure between the bonnet and downstream
(or upstream) side of the valve increased the stem thrust predicted to
open the pressure locked valve decreased. Many of the INEEL tests
involved upstream or downstream pressure of 0 psig or very close to 0
psig; however, in test-numbers 217 and 218 the upstream and, downstream
pressures were - SIgn1f1cantly greater than 0 psig.- During the meeting,

-E01 stated that it does not apply the pressure 1ock1ng pred1ctlon

methodology to scenarios where upstream or downstream pressure is 0

. psig. However, this does not explain why the methodology is not

consistent with the test data nor does it resolve the issue when
upstream or downstream pressures are present. The NRC staff quest1oned
why the EOI pressure locking thrust methodology prediction conflicts
with the Walworth valve test results. Are there any differential
pressure restrictions or other conditions associated with the use of the
EOI pressure locking prediction methodology?

During its presentation, EOI used results of GL 89-10, “Safety-Related
Motor-Operated Valve Testing and Surveillance," d1fferent1a1 pressure
flow tests to demonstrate that its pressure locking prediction
methodology provided conservative approximations. At the end of the
presentation, it remained unclear how flow testing validated EOI’s
pressure locking prediction methodology.

The EOI pressure locking prediction model did not account for disk shear
forces, vertical downward force on the disk, compression of the disk hub
and flexibility of the body and disk. The importance of these para-

meters in providing an accurate methodology needs to be addressed. EOI -

stated that it intended to perform more testing to validate the model
but a test schedule has not been developed to accomplish this testing.
EOI was requested to provide a test schedule when it is developed.
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6. On March 25, 1997, EOI provided the NRC staff a copy of Test Report,

* "Flow Loop leferentlal Pressure and Pressure Lock Tests on a 14-inch
William Powell Gate Valve,” dated March 1, 1993. The NRC staff reviewed
the test report but the information‘necessary to independently verify
the pressure locking test results was not in the report. EOI was
requested to provide the staff with the with the test data.

ComEd Pressure lLocking Thrust Eredicfiog Methodology

ComEd discussed the development and use of its pressure locking thrust
prediction methodology and the test data used to evaluate acceptability of its
methodology. ComEd presented its pressure locking test results from a 4-inch
(1500-pound) Westinghouse valve; a 10-inch (900-pound) Crane valve; and a 10-
inch (300-pound) Borg-Warner valve to support the methodology. ComEd also
presented test results from INEEL on a 6-inch (600-pound) Walworth valve and
from the Electric Power Research Institute on a 6-inch Velan valve to help
support its methodology. ComEd stated that a pressure locking load anomaly
was identified when testing the Borg-Warner valve. KEI presented enhancements
being developed for the ComEd pressure locking methodology that will account
for the anomaly identified when testing the Borg-Warner valve. Enhancements
included valve and disk flexibility and pressurization sequence.

During the presentation, KEI discussed preliminary results of the enhanced
ComEd pressure locking prediction model. The enhanced model more accurately
predicted the thrust required to.open a pressure locked Borg-Warner and Crane
test valve. However, in some instances the enhanced model appeared to predict
less accurately the thrust required to open the pressure locked Walworth test
valve. The staff recognized the comp1ex1ty of the enhanced ComEd _pressure
locking model and expressed an ifterest in the ‘sensitivity of the different
model parameters. Attachment 3 is the ComEd meeting presentation and
Attachment 4 the KEI presentation.

The NRC identified the following questions/concerns associated with the Comtd
pressure locking thrust prediction methodology:

1. In some instances the ComEd pressure locking prediction methodology
underestimated the amount of thrust required to open the Walworth valve
under pressure locking conditions and consistently underestimated the
amount of thrust required to open the Borg-Warner valve under pressure
locking conditions. The NRC staff realizes that enhancements to the
ComEd pressure locking thrust prediction methodology are being
evaluated. Is the ComEd pressure locking thrust prediction methodology
(current or enhanced version) applicable to all flexible wedge gate
va}ves or is the methodology limited to specific flexible wedge gate
valves?

2. - The ComEd pressure locking prediction model dfd not account for
differential pressure across the disk hub. The importance of this
parameter in developing an accurate methodology needs to be addressed.
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3. When using its pressure locklng prediction methodology, ComEd recommends
a 20% to 40% (or greater) margin between actuator thrust output and the

calculated thrust value. The basis for the individual elements of this
margin and appll ation requirements needs to be addressed

INEEL Pressure Lock1ng Test Results

During the meeting, INEEL presented the results of its Walworth 6- inch 600
pound flexible wedge pressure locking tests sponsored by RES to assist the
Office of Nuclear Reactor Regulation in the review of licensee submittals in -
response to GL 95-07. INEEL compared the results of this testing to EOI and
Comkd pressure locking thrust methodology results. Attachment 5 is the INEEL
meeting presentation. The INEEL test data indicated that the EOI and ComEd
thrust prediction methodologies underpredicted the stem thrust required to
open a pressure locked valve when using pressure conditions at unwedging.
When using pressure conditions prior to valve motion, the EOI and ComEd thrust
prediction results were more consistent with INEEL test results. Further, the
test data revealed that selected trends of the EOI methodology were
inconsistent with test resu]ts

Conclusion

At the conclusion of the meeting, the NRC staff identified to the participants
several unresolved items associated with the use of the EOI and ComEd pressure
lTocking thrust prediction methodologies that need to be resolved in order for
the staff to complete its GL 95-07 safety evaluations for those licensees that
use the EOI or Comtd method.~The NRC staff will submit information requests
to £E0I and ComEd in a separate ]etter .

ce o

SO G DT

David Terao, Chief

Components & Testing Section
Mechanical Engineering Branch .
Division of Engineering

Office- of Nuclear Reactor Regulation

Docket Nos. 50-416, 50- 455 50- 457 50-454, 50-455, 50- 237 50-249, 50-373,
50-374, 50-254, 50-265, 50-295, 50-304 -

Attachments: As stated _
cc w/attachments: NRC Public Document Room

Dana Smith, EOI
Brian Bunte ComEd
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!NEEL Pressure Locking Test Results

During the meeting, INEEL presented the results of its Walworth 6-inch, 600
pound flexible wedge pressure locking tests sponsored by RES to assist the
Office of Nuclear Reactor Regulation in the review of licensee submittals in = _ -
responsé to GL 95-07. INEEL compared the results of this testlng to EOI and
.ComEd pressure locking thrust methodology results. Attachment 5 is the INEEL -
meeting presentation. The INEEL test data indicated that the EOI and ComEd
thrust prediction methodologies underpredicted the stem thrust required to

open a pressure locked valve when using pressure conditions at unwedging.

When using pressure conditions prior to valve motion, the EOI and ComEd thrust
prediction results were more consistent with INEEL test results.. Further, the
test data revealed that selected trends of the EOI methodology were

inconsistent with test results.

Conclusion

At the conclusion of the meeting, the NRC staff identified to the participants
several unresolved items associated with the use of the EOI and ComEd pressure
locking thrust prediction methodologies that need to be resolved in order for
the staff to complete its GL 95-07 safety evaluations for those licensees that
use the EOI or ComEd method. The NRC staff will submit information requests

to EOI and ComEd in a separate letter.

- 1L

- .. David Terao,. Chief - e -

- Components & Testing Section
Mechanical Engineering Branch
Division of Engineering
Office of Nuclear Reactor Regu]at1on '

Docket Nos. 50-416, so;/ 50-457, 505454, 50-455, 50-237, 50 248, so~37/
50374, 503258, 50/265 50-295, 50-304

Attachments: As stated

- cc w/attachhénts: NRC Public Document Room
Dana Smith, EOI
Brian Bunte, ComEd
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PARTICIPANTS
NRC 'PUBLIC MEETING
APRIL 9, 1997

NAME ' ORGANIZATION

OGOV DVOoDLIZILXKMOWMNMLHOD
L] . L] L] L] L] L]

. Wessman NRC/NRR
. Terao NRC/NRR
Scarbrough NRC/NRR
Donohew NRC/NRR
. Tingen . NRC/NRR
. Weidenhamer NRC/RES
Brown NRC/AEQD
. DeWall INEEL
. Watkins ' INEEL
. Holbrook INEEL : ’
Burton EOI/Grand Gulf Nuclear Station (GGNS)
Smith EOI/GGNS
. Jackson EOI/GGNS
. Bunte ComEd
Piet : Comkd
. Wang KEI
Reckford Baltimore Gas and Electric Company/Calvert Cliffs
. Myer Southern Nuclear Operating Company/Vogtle

ATTACHMENT 1
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8 Topics of Discussion

Bl - To discuss the development of the EOI '

Pressure Locking Thrust Predlctlon

~ Methodology i

e To demonstrate the use of the EOI Pressure
~ Locking Thrust Prediction Methodology

» To show various data used to confirm
acceptability of the methodology =
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B Development of EOI %
M Methodology
N - Developed in 1992 as part of the
B reevaluation effdrt for SOER 84-07

K Developed as an ‘extension of GL 89- 10
philosophies

e Developed based on first principles and
- NUREG/CR-5807

» Methodology initially confirmed by testlng
at Wyle Labs in 1993 |
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[l Use of EOI Methodology

. Pre.vious/Curre':nt usage
} © Boundary Condltlons
 GL 95 07 Evaluatlon Crlterla

. Examples
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Previous/Current Usage

BN - Uscd to address operability concerns for
- potentially pressure locked valves

e Used by the NRC to address potentlally
- pressure locked valves_ at other utilities

| (Ref. IN 95-30)

e Usedto evaluate the necessity of |
modifications during GL 95-07 evaluation
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#l Boundary Conditions e

ENTERGY

 » Upstream/Downstream Pressures must not
exceed the Bonnet Pressure

. Convention requires highest pressure to be
spemﬁed as Upstream Pressure

. Openmg/Closmg Thrust data must be
ll corrected for instrument inaccuracies

. Taking no credit for stem ejec‘tiOn loads
increases conservatism _
« Use a sliding friction factor
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R GL 95 07 Evaluatlon Crlterla e

. Rev1ewed Opera;amn and Survelllance
procedures to identify potential scenarios

* Determined system condltlons for each
- scenario (often-time dependent)

B - Used Methodology to determine most |
| limiting scenario -

. Nonconfonnance/Operablhty estabhshed




EOlDO‘l'\ElM. Calo. No, | g
Generel Computation Sheet
Attachment 1 : L ——
| | | | | [ | 1 [ H _JENTERGY

GATE VALVE DISC LOAD CALCULATION

Ref. Roark & Young: Formulas for Stress & Strain, Table 24, Case 2d

Wm. Powell 14": Ex e 0/1080/1080 ' .
Disc Characteristics I : .

a b C2 €3 c8 Co9 | L1 L17 Hub Area Hub Cireum| ls¢ Circum ) Sesat Angle |
6.071 1.876 .170123 ] .029524 | .683382 | .284763 | .006199 | .146383 11.045 11.781 38.147 0.40 5 '
Loads Due to Bonnet Pressure
q (psig) ab Qs Fl e L [Varable Description:

1080 4794 1486 [Linki A e N . a =|Mean seat radius, (in.)
' ¢ b =|Hub radius, (in.)
Loads Due to Upstream Pressure R ___q =|Pressure, (psig)
q (psig) -Qb Qa i ] "§ e i ' W-hub = [Hub load {#/in)
1080 4794 1485 |l iRl By ] W =|Qb differential {#/in)
W-total = |W-hub + W
Loads Due to Downstream Pressure Poisson's ratio =]0.3 |
lpsig) | @b T [T T T C2, C3, C8, C9 = |Pate constants
) 0 O (e s L11, L17 = |Loading constants
| = |Coefficient of friction
Loads Duse to Differential Pressure . Seat Angle=|°
q (psig) W-hub W W-total Qa 09 Thrust ={65000
1080 1013 4794 5806 1793
Seat Rm Force Calculation
Unit|Load Force|Calc Total
Upstrm. Dnstrm. Upstrm. Dnstrm. | - Force
0 3278 0 126063 125063 —
Thrust Calculation ’
EOI Meas. EON Actual )
Calc 09 " Statle Disc Calc PL 09 '
Thrust Thrust Factor Thrust Thrust
103618 66000 0.388 - 486518 Example




Example (continued)
+ Tocheckthe seat loadsa force balance on the disk assembly was performed:

*  Thenet force acting on the Upstream disk, is equal to the Upstream seat ring load
A times the disk circumference (38.147 inches) plus the difference between the Upstream
side pressure (1080 psig) and the Downstream side pressure (0 psng) times the disk
'area(115799m2)

*  Fxu=(0lbs/in *38.147 inches) + (1080 Ibs/in2 * 115. 799 mZ)
=125062.92 Ibs

»  Thenet force acting on the Downstream dlsk;xs equal to the Downstream seat nng
o Ioadtxmathedxskclrcmnference(% 147 irfches).

*  Fxd=(32781bs/in* 38.147 mch&e) .
=125045.87 Ibs (difference attributable to roundmg manual calculation results)

*  Total Pressure Locking Load:

»  FPL=38.147 inches (0 Ibs/in + 3278 Ibs/in)(.388)
= 38.147 inches (3278 Ibs/in)(.388)
= 125045.87 Ibs(.388)
FPL =48517.8 Ibs

Total Required Thrust:

- TReq=TUW +FPL
= 55000 Ibs +48517.8 Ibs .
= 103517.81bs (difference attributable to rounding manual calgulaﬁons results)




EC{ Design Enginesring Calo. No.
Genrt Computation Shast Q:
Attachment 1 ' ——
GATE VALVE DISC LOAD CALCULATION :
Ref. Roark & Young: Formulas for Streds & Strain, Table 24, Case 2d
Wm. Powell 14°: Example 0/1080/450
Disc Characteristics s . .
a b c2 C3 c8 co L11 L1? Hub Area Hub Circum| lsc Clreum p Seat Angle|
6.071 1.876 .170123 | .029624 | .683382 | .284763 | .006199 | .146383 11.04% 11.781 . 38.147 0.40 6
Loads Due to Bonnet Pressure :
(pst Qb Qa i 1 i ariable Description:
1080 4794 -1486 st j ] [ a = [Mean seat radius, (in.)
. b = |Hub radius, (in.)
Loads Due to Upstream Pressure - : q = |Pressure, (psig)
(psi Qb Qs (L }% ' W-hub = |Hub load (#/in)
- 450 1997 619 R i i . W = Qb differential (#/in)
- W-total = |W-hub + W
Loads Due to Downstream Pressure Poisson's ratio = |0.3 |
‘ _g_(%lg) %b %a h A g b. ' ﬁ C2, C3, C8, C9 =|Plate constants
S —— L11,L17 =]|Loading constants
1 = [Coefficient of friction
Loads Due to Differential Pressiure Seat Angle=|° :
qlpsig) | W-hub w W-total Qs 09 Thrust = |66000
450 422 1997 2419 747 '
Seat Ring Force Calculation }
Unit{Load. Force|Calc Total
Upstrm. Dnstrm. Upstrm. Dnstrm. Force
866 2232 33060 85160 118210 :
Thrust Calculation
EOI Mess. : EOl - Actual L
Calc 09 Static Disc Calc PL 09 )
Thrust Thrust Factor Thrust Thrust
100860 55000 0.388 45860 Example .




Example (continued)

To check the seat loads a force balance on the disk asSembly was performed:

The net force acting on the Upstream disk, is equal to the Upstream seat ring load
times the disk circumference (38.147 inches) plus the difference between the Upstream
side pressure (450 psig) and the Downstream side pressure (0 psig) times the disk area
(115.799 in2).

Fxu= (866 lbs/in * 38.147 inches) + (450 Ibs/in2 * 115.799 in2)
=85144.8 lbs

The net force acting on the Downstream disk, is equal to the Downstream seat ring
load times the disk cnrcumference (38. 147 inches).

LGRS

Fxd =(2232 Ibs/in * 38.147 inches)
=85144.1 1bs (difference attributable to rounding manual calculation results)

Total Pressure Locking Load:

FPL =38.147 inches (866 Ibs/in + 2232 Ibs/in)(388) -
=38.147 inches (3098 Ibs/in)(.388)
=118179.41 Ibs(.388)

FPL =45853.61 Ibs

Total Required Thrust:

TReq=TUW +FPL

= 55000 Ibs +45853.61 lbs ‘ _
=100853.61 lbs (dnﬂ'erence attributable to rounding manual calculations results)



EOI Design Engineering Calo. No.
Genersl Computation Sheet
Attachment 1 ' ——t o
1 | | L : | | [ENTERGY

GATE VALVE DISC LOAD CALCULATION

Ref. Rbark & Young: Formulas for Stress & Straln, Table 24, Case 2d

Wm. Powell 14": Example 0/1080/0

Disc Characteristics : - ) '

A b C2 c3 c8 c9 L11 L1? Hub Area [Hub Clrcum| isc Circum o Seat Angle
6.071 "1.875 170123 | .029624 | .683382 | .284753 | .006199 | .146383 | 11.045 11.781 38.147 0.40 5
Loads Due to Bonnet Pressure
q (psig) Qb Qa M {{gj ». :!‘-' \ |Variable Description: ’

1080 4794 -1486 L B a ={Mean seat radius, (in.)
4 b = [Hub radius, (in.)
Loads Dus to Upstream Pressure G q_=|Pressure, (psig)
| _q(psig) ab Qa___ |iltnien I © W-hub = [Hub load (#/in)
0 0 0 1 bl R W = Qb differential (#/in)
W-total = {W-hub + W
Loads Due to Downstream Pressure . Poisson's ratio ={0.3. ]
{psl Qb Qa ] i C2, C3, C8, C9 = |Plate constants
0 0 0 i A L11, L17 =|Loading constants
| u=]Coefficient of friction
Loads Due to Differential Pressure Seat Angle=1° !
(psig) | W-hub . W W-total Qa 08 Thrust = |65000
0 . 0 -0 0 0
Sest Ring Force Calculstion :
Unit|Load Force|Calc Total
Upstrm. Dnstrm. Upstrm. Dnstrm. Force
1485 14856 56658 66658 1133156 .
Thrust Calculation )
EOI Mens. E0l Actual

Calc 09 Static Disc Calc PL 09
Thrust Thrust Factor Thrust Thrust
98961 $5000 0.388 43961 Example



' Example (continued)

To check the seat loads a force balance on the disk assembly was performed:

The net force acting on the Upstream disk, is equal to the Upstream seat ring load
times the disk circumference (38.147 inches) plus the difference between the Upstream
side pressure (0 psig) and the Downstream side pressure (0 psig) times the disk area
(115.799 in2).

Fxu=(1485Ibs/in * 38.147 inches) + (0 Ibs/in2 * 115.799 in2)

=56648.29 Ibs

The net force acting on the Downstream disk, is equal to the Downstream seat ring
load times the disk circmnference (38. 1 Q71qéhg)

Fxd = (1485 Ibs/in ® 38.147 inches) ,
- = 56648.29 Ibs (difference attributable to roundmg manual calculanon r&sults)

Total Pressure Locking Load:

_FPL=38.147 inches (1485 Ibs/in + 1485 Ibs/in)(.388)

= 38.147 inches (2970 Ibs/in)(.388)
= 113296.59 1bs(.388)
FPL = 43959 Ibs

Total Required Thrust:

' TReq=TUW+FPL

= 55000 Ibs + 43959 lbs
= 98959 Ibs (difference attributable to rounding manual calculations results)



EO! Design Engineering ; S Calo. Ko,
General Computation Sheet . . ‘
. Attachment 1 ’ ) '

L | [ I il I | { i H JENTERSY
GATE VALVE DISC LOAD CALCULATION S
Ref. Roark & Young: Formules for Stress & Strain, Table 24, Case 2d

. Wm. Powell 14": Example 450/1080/1080 : .
Disc Characteristics : ,

s b c2 c3 c8 c9 L1 L17__| Hub Area JHub Circum] lac Circum] 5 | Seat Anglo
8.071 | 1.876 | .170123 | 029624 | .683382 | .284763

.006199

.146383

.38.147

Loads Due to Bonnet ,
{psl ab ‘ ; . Varisble Description:
1080 4794 Ll R R 1 . a_= |Mean seat radius, (in.)
' 4 b = [Hub radius, (in.)
K q_= |Pressure, (psig)
q (psig) PSR R - W-hub = [Hub load (#/in)
1 il W = |Qb differential (#/in)
W-total = |W-hub + W
Poisson's ratio =[0.3 |
C2, C3, C8, C9 =|Plate constants
L11, L17 =|Loading constants
] p=|Coefficient of friction

Seat Angle = |©
(psig) | . W-hub w W-total Qa 09 Thrust = |66000
630 591 2796 3387 1046 :
Seat Ring Force Calculation
Unit{Load ) Force|Calc Total
Upstrm. Dnstrm. Upstrm. Dnstrm. Force
0 1912 0 72954 729564 \
Thrust Calculation ' :
€0l Meas. EOt Actual
Calc 09 Static Disc Cale PL 09
Thrust Thrust Factor Thrust Thrust . _
83302 65000 0.388 28802 Example .



Example (continued)

To check the seat loads a force balance on the disk assembly was performed:

The net force acting on the Upstream disk, is equal to the Upstream seat ring load
times the disk circumference (38.147 inches) plus the difference between the Upstream

 side pressure (1080 psxg)_ and the Downstream side pressure (450 psng) times the disk

area (115.799 in2).

Fxu=(0Ibs/in * 38.147 mchw)+(630 Ibs/in2 * 115.799 in2)
=72953.37 Ibs

The net force acting on the Downstream disk, is equal to the Downstream seat ring

load times the disk circumference (38.147 inches).

Fxd = (1912 lbs/in * 38.147 inches)
= 72937 lbs (difference attributable to rounding manual calculation results)

Total Pressure Locking Load:

FPL =38.147 inches (0 Ibs/in + 1912 Ibs/in)(.388)

=38.147 inches (1912 Ibs/in)(.388)
= 72937 Ibs(.388)
FPL = 28299.5 Ibs

Total Required Thrust:

TReq=TUW +FPL

= 55000 Ibs + 28299.51bs | '
= 83299.5Ibs (difference attributable to rounding manual calculations results)
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BN Rcview of Data

B - 147 -900# Powell

B - 10” -900# Crane

BN - 47 1500# Westinghouse

+ 10” - 300# Borg-Warner

. 6” -600# Walworth 1

e 4” -300# Powell (3 Valves) DP data

- 18” - 300# Powell - DP data
e 18” - 900# Powell - DP data
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@ o
B What This Means “-E“’E.“G*

B . The EOI Pressure Locking Thrust
d . Prediction Methodology provides overall
conservatlve approxnnatlons

* Good agreement exists between prediction
and measured thrusts for a diverse sample of
valve sizes and manufacturers




0
j Next Steps . o

« EOI plans addlt;onal valve testing under -
- laboratory conditions

« EOI plans to evaluate other pressure lockmg |
data, when available

. ll © EOI plans to evaluate other DP data, when
available | |
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METHODOLOGY TO
~ CALCULATE

PRESSURE LOCKING

UNSEATING FORCE

[}



e o @
Superposition of Static Unseating
Forces and Pressure Forces

‘@ Static Unseating Force

® Piston Effect .

)

@ Vertical Downward DP Force on DlSk

® Pressure Locking Load .

Presentation to NRC on Pressure Locking: April 9, 1997 ~ Page-3



o e e
- Static Unseatmg Force

The unseatmg thrust measured durmg static testing
~ consists of

® The thrust requlred to overcome open

packing load S

® The force required to overcome the
seat to disk contact load.

These same loads still exist when the valve is
unseated under pressure locking conditions.




| Piston Effect

® The difference between the bonnet pressure and
the ambient pressure outside the valve body results
in a stem ejection force (or piston effect). This
force is in the direction which assist valve opening.
The magnitude of this force is calculated using the
equation below:  ° .

F.o o -Z.p2 (P

pistoneffect " 4 Stem onnet 1)atm)

Presentation to NRC on Pressure Locking: April 9, 1997 |




o e e
Vertical Downward Force on Disk |

Pressure exerts a downward force
on the valve disk. This force is calculated
for each side of the disk by multiplying the
vertical projected area of the valve disk
~ times the differential pressure across that
disk fface. ‘'The equation below is used:

bonnet

- P

onnet L inlet

- P

outlet ]

E,m—%xD2 l><s1n( 8...)x|2F,




Pressure Locking Force

e Disk Modeled as Axi-Symmetric Plate with Hub

Plane
of

Symmetry

RS
)

SN %

....... 3 S35 R R R SRR

| Presentation to NRC on Pressure Locking: April 9, 1997




® Pressure Lgking Force ‘4 .
o (continued) i

® Roark’s Equations Used to Calculate Deflection
at Disk Edge Due to Pressure Forces

— Due to Bending (Table 24, Case 2L)
— Due to Shear (Table 25, Case 2L)

® Deflection from Hub Stretch is also Calculated
® Deflections are summed using superposition

PN B o
. " hub stretch




.A .
. ° . N

Pressure Locking Force
(continued)

~ @ Roark’s Equations Used to Calculate the Deﬂectlon Due to Edge
Contact Load Between the Seat and Disk .

~ Edge Contact Load and Bending (Table 24, Case 1L)
-~ Edge Contact Load and Shear Stress (I’able 25, Case 1L)

o Deﬂectlon from Hub Compressnon is also Calculated
| ® The edge contact load has umts of lbf/m

® The total deﬂectlon per unit contact load is calculated using
superposmon

® The contact load is then calculated by dividing the total deflection
“due to pressure forces by the deﬂect1on per unit contact load due to
edge loading. | :




Pressure Locking Force
(continued)

® The Pressure Locking Force is Calculated usmg the

Equatlon Below:
. Y

| .
4

J

F (lbf) X Doy X Frpis oaa (U 1 i7)

. total
| F;)reslock 2 X Eseat contoct X [m seat X COS( eat) Sm( seat )]

Presentation to NRC on Pressure Locking: April -10



o & O
List of Inputs Used in Pressure
Locking Calculation:

® Design Basis Pressure Conditions
® Valve Disk Geométry |
® Valve Disk Material Propertles
‘@ Valve Stem Dlameter SR B

- @ Static Unseating Thrust
® Coefficient of Friction between Disk and Seat

Presentatlon to NRC on Pressure Lockmg Apnl 9 1997



Baselining Pressure Locking Methodology
EPRI Valve 24 (6” Velan FW Gate Valve)

Calcul_atiOn of Pressure Locking Unseating Thrust
(excerpt from MathCad calculation)

F po = 2.63610% “Ibf (static unseating 't‘t\rust)

F=196910" Ibf | ~(total contact lpadk between disk and seats due to pressure)

»

' n . 2 . . : - » . i
F piston '“Z‘D stem P bonnet F piston f3°367 10° Ibf
- 2 . ' A - . - : '— ' ’ .
F yert =n-a-sin(theta ) (2P ponnet ~ P yp = P down) F yert =7.58310° *Ibf
) : ) : 4
F preslock = 2-F -(mu-cos(theta ) — sin(theta )) F preslock = 1.74'10 *Ib
F total F_'F piston + F vert + F prestock + F po
F iotal ='4.797-104 ‘Ibf’ .Result is within 1% of measured pressure

Iockin‘g force of 48,272 Ibf.

“Presentation to NRC on Pressure Locking: April 9,1997 | Page-12



- " ComEd TEST PROGRAM
FOR VALIDATION OF
~ PRESSURE LOCKING
T10ODEL
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. -

Overview of Test Results -

'@ Crane 10” 900# Class Gate Valve
— Pressure Lockmg Loads Predictable

® Westmghouse 4” 1500# Class Gate Valve
- Pressure Locking Loads Predlctable |

o Borg—Warner 10” 3004 Class Gate Valve

— Pressure Locking Load Anomaly Identlfied,
Pressure Locking Load was otherwise predictable

® Walworth 6” 900# Class Gate Valve (INEL Test Data)
— Pressure Locking Loads Predictable

Presentatlon to NRC on Pressure Lockmg April 9, 1997 Page - 14



ComEd Test Fixture

VOTES
system _
Pressure
Gaugc
Hydro Pump
Vent

Pressure Pressure
Gauge Gauge

‘J'-' V&" vt

/ R S
......................................... % > SO -

Presentatlon to NRC on Pressure Lockmg Aprll 9 1997
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| Test Sequence o |
® Static (Baseline) Tests
LLRT of Test Valve

® Hydro-Pump DP Tests to determine seat to disk frlctlon
~coefficient

' }
o Bonnet Pressure Decay Tests

® Alternating Static (Baseline) Tests and Pressure Locking
Tests at various bonnet/outlet pressure combinations

® Repeat of Test Sequence at different torque switch settlng(s)_
Thermally Induced Bonnet Pressurization Tests |
® Thermal Binding Test for Valve Cool Down Effect

Presentation to NRC on Pressure Locking: April 9, 1997 | Page - 16



Predlcted Unseating Thrust Versus
Measured Pressure Locking Unseating Force

for Crane Valve

Measured Unseating:
| Load
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Predicted Versus Mea‘éured Portion of
Pressure Thrust Due to Pressure Forces
- for Crane Valve ‘-

40000 — .
35000 — SR S|

30000 ' — /////,, :
125000 —— i —

20000 1 — ‘

- 15000 ' .
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5000 '

‘Measured Load Due to
Pressure
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e
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Presentation to NRC on Pressure Locking: April - 18 |




Predicted Unseating ’ Thrust Versus

Measured Pressure Locking Unseating Thrust

- for Westinghouse Valve

Measured Unseating

Thrust

6000

5000
4000

3000
2000

1000

0 1000 2000 3000 4000 5000 6000

Total Predlcted Unseatmg Thrust -

~ Presentation to NRC on Pressure Locking: April 9, 1997
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Prédicted Versus Measured Portion of

Unseating Thrust Due to Pressure Forces

for Westinghouse Valve

- Measured Load Due to

Pressure

7000
6000

5000 -
4000 -
3000
2000 -

1000

0 1000 2000 3000 4000 5000 6000 7000

' Predicted Load Due to Pressure




Predicted Unseating Thrust Versus .

Measured Pressure Locking Unseating Thrust
for Borg-Warner Valve

45000
T o
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g' 5000/ — -
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Predicted Versus Measured Portion of
Unseating Thrust Due to Pressure Forces

for Borg-Warner Valve
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| Predicted -Unseating Thrust Vérsus -
Measured Pressure Locking Unseating Thrust

for Walworth Valve

22000
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Based on initial review of INEL Test Dataf currently available in NRC Public quument Room
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‘Independent Review and Enhancement of
the ComEd Pressure Locking Methodolegy -
~ toInclude Disk Pinching "
~ Caused by Body Flexibility

Proposal Submitted
for Review and Evaluation to

BWR Owners' Group
Valve Technical Resolution Group

August 7, 1996

Proposal Submitted by |

Kalsi Engineering, Inc.

ATTACHMENT 4



‘Kalsi Engineering, Inc.

13

Temperature:

Case History of a Recent Severe Bmdmg Problem |
& Its Root Cause

Utility:

 System and Valves: o

Valve Type:
Size/Pressure:

Manufacturer:

Design AP (for Valve Operation): -

‘Maximum Upstream Pressure

NUSCO

Shutdown Cooling System
Valves 1-SD-2A/ZB

Solid Wedge Gate
127, Class 600

Crane Qhapman

| 150 PSI (appx)

1,050 PSI (appx)

. From Ambient to 350°F

- 1996 Nli\'IAC Conference



Kalsi Engineering, Inc.

Equivalent
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1996 NMAC Conference
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Kaléi Engineering, Inc.

‘Review cf
ComEd Pressure Lockmg Methodology and Test Data

‘ComEd Methodology

S
« Disc ﬂex1b111t1es under seat. load and differential pressure were

considered using Roark’s:equatlons Valve body and seats were
assumed to be rigid.

» Seat contact force was calculated to determino PL force.

¢ Total opening thrust is the sum of four components: -
— PL force,

- - Downward pressure load on disc due to bonnet pressure over
disc projected areas,

— Stem piston effect force (negatlve) and

— Static unseatmg force (1nclud1ng stera packing fnctlon and disc
weight).



Kalsi Engineering, Inc.

Test Data

* ComEd performed PL tests on three valves:
- Crané 10” x 900# flex wedge géte valve,
- Westinghouse 4” x 1500# flex wedge gate valve, and
— Borg-Warner 10” x 600# a:fl.'?x wedge gate valve.

. Sequencé of pressurization was different on each valve:
— Crane: bonnet pressurized through upstream,
~ Westinghouse valve pressurized before closing

o Borg-Warner bonnet pressurized through upstream for majority
of cases (w1th 2 exceptions)

e ComEd PL methodology p._rgdlctions showed good agfeement with
test results for Crane and Westinghouse valves. Predictions were
unconservative for Borg-Warner Valve.



' Kalsi Bnigineering, Itic, ":{: I ' o

| GRAPH 6 ‘
Predicted Versus Measured Portlon of
Unseating Thrust Due to Pressure Forces
for Borg-Warner Valve:
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e Errors in ComEc:it’.,'s_ Predic{lon vs. Test Results for Valve 3 as hi'gh. as 60%

e Predictions unconservative

o 1996 NMAC Conference
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Kalsi Engineering, Inc.

Enhancement of

ComEd Pressure Locking Methodology

}

* Developed general force equilibrium equations that can: be applied
to different sequences of operation

Accounted for sequence of operation

Included body and seat flexibilities

Included stém and yoke flexibilities

Refined disc flexibility estimate



. ’ .

Kalsi Engineering, Inc.

General Force Equilibrium Equations
. Static wedging/unwedging equations
* General * disc force'equiliblri.‘um equations applicable to different

sequences of operation ¢

£

¢ Opening thrust eq’uations‘ N



(. . ‘

Kalsi Engineering, Inc.

Disc Flexibility

‘o Roark’s equations vs. FEA results, |

- FEA model with the same flxed edge at hub 0.D.: Results from both methods

»

are close, within 5%.

- FGA model including hub flexnblllty Hub erX|b|I|ty contribution is significant (see
table of comparlson) :

e Opening thrust calculations showed that disc flexibility has small effect on the
predicted thrust using ComEd PL methodology. Because the change in
stiffness affects both disk deflections due to pressure and seat load.

e Roark’s disc flexibility estimate can be improved using a reduced hub diameter
to account for the hub elasticity.



N ’ ANSYS 5.3

_ : ' JAN 23 1997
10:12:07
‘WODAL SOLUTION
STEP=1
SUB =1
TIME=1

o " oY ‘
RSYS=
_ o R | DMX =.490E-04

ient R S T | SEPC=10.314
- L . SMN =-. 467E~04
R T -.467E-04
N ' - - ~.415E-04
~.363E-04
-.311E-04 .
-.208E-04
-.156€E-04
-.104E-04-
-.519E-05

L

L Tefo

. 2
2]

|

DO
-~ e

RI&ID HUB

B

.gx

0

‘“ BORG-WARNER - ROARK, TABLE 24, CASE 2L (RIGID HUB)



- . ANSYS 5.3
: JAN 22 1997
17:43:28
NODAL SOLUTION
STEP=1 .
SUB =
- TIME=
UY L}
RSYS=0 :
‘ DMX =.123E-03
o ® - SEPC=16.061
- L - | sMN =-.118E-03
> , ' SMX =.583E-05
D . =.118E-03
a -.105E-03
-.909E-04
B
-.770E~04
-
-.632E-04
-
o - 494E-04
. -.356E-04
-.218E-04
-.799E-05
.583E-05

. &" BORG-WARNER - ROARK, TABLE 24, CASE 2L



DISK FLEXIBILITY C(:)M.PAR'ISON

ROARK'S EOUATIONS VS. FEA RESULTS

for Table 24, Case 1L

~ROARK'S R —
EQUATIONS | FEA RESULTS " RATIO
Dqﬂecﬁon Detlection Roark
in/(Tb/in) in/(lbfin) FEA
10" x 900# Crane -9.05E-07 1.17E-06 77%
4" x 1500# Westinghouse 2.98E-07  5.28E-07 56%
10" x 600# Borg-Warner 5.69E-07 1.20E-06 47%

Note: Hub flexibility contribution is very small

o
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10" BORG-WARNER 3D FEA -- CASE 2

STEP=2

SUB =1

TIME=2

ox

RSYS=

“eDMX =.002662

SEPC=30.959%

SMN =-.371E-05

SMX =.001259
l.371E-05

= .137E-03

o -277E-03

. - 417E-03
. 557E-03

R
T 698E-03
- 838E-03
"978E-03
1001119
©001253
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10" CRANE 3D FEA -- CASE 2

ANSYS 5.3

MAR 19 1997
13:24:30

NODAL SOLUTION
STEP=2

SUB =1

TIME=2

UX

RSYS=0

‘DMX =.001638

.423E-03
.536E-03
. 643E-03
.750E-03
. 857E-03
. 965E-03
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WESTINGHOUSE 3D FEA

-- CASE 2

ANSYS 5.3

MAR 19 1997

13:56:40

NODAL SOLUTION

STEP=2

SUB =1

TIME=2

UX

"RSYS=0

«DMX =.624E-03

SEPC=31.745

SMN =-.770E-05

SMX =.421E-03
-.770E-05

= .400E-04

- .8768—04

“ .135E_03

"= .183E-03

= - 231E-03
.278E-03

.326E-03

.374E-03
.421E-03

B



Kalsi- Engineering, Inc.

Applying Enhanced Methodology tb
ComEd and INEL Tested Valves

~* Borg-Warner valve |
~ Overall improvement in thrust predictions
~ Test #56
- Valve closed with pressure

Crane valve |
— Good agreement for both methods

Wes-tinghouse valve
- Good agreement for both methods

Walworth valve (INEL) |
~ Some improvement using enhanced method

Stiffness sensitivity study

12
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OPENING THRUST (ib)
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Summary

e Opening thrust calculations w?thout accounting for body flexibility and'
sequence of operatlon can cause significant error. The magnitude of error
depends upon the body ﬂeXIblllty, dlsk flexibility, and sequence of operation.

e Work in progress to calculate body flexibility without_ detailed FEA. Simplified
hand calculation equations (using only 3 or 4 key dimensions) are being
developed through a matrix of finite element analyses to systematically cover
variations in valve body shapes due to differences in manufacturer designs,
sizes, and pressure classes. ‘ -
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. @ o o
- Characteristics of INEEL Walworth Valve Tested
Against Pressure Locking Conditions

- Valve Walworth, 6-inch, 600- Ib

Disc thickness (one disc)| 0.520 in._

‘Mean seat diameter. * || 55150n,
‘Stem diameter ...l 1.250i0n. ...
‘Hub diameter ] 2580,
‘Hublength . 0.928in. =
‘Wedgeangle .| 50 ...
‘Poisson'sratio ... | .03 .

Modulus of elastlcny 29,700 ksi
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Walworth Valve

24000

~ 20000

16000
12000
8000

4000

Grand Guf? Method

e Mt

0

4000

8000 12000 . 16000

Measured thrust (Ib)

20000

@ lUnwedging



Estimated thrust
Measured thrust

15 b

Grand Guf? Method

Walworth Valve @ Unwedging

2

0.5 |-

lllllllll !‘ S | | 1 1 1 1 1 1 ] | 1 1 3

4000 8000 12000 16000 20000
Measured thrust (Ib,)

- 24000



Estimated thrust (ib,)

.

20000 |
16000
12000

8000

4000 |-

ComEd Rethod

Walworth Valve Prior to Motion

24000

L 1 L i

lllll

8000 12000 16000
Measured thrust (Ib,)

20000

. 24000




o ComE®Vethod ®
Walworth Valve Prlor to Motmn
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®  Grand Gu®Method
Walworth Valve Prior to Motion
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Conclusions

e Both methods underestimate the stem thrust required to open a valve
that is pressure Tlocked.

e Both methods underestimate 1es$ using conditions prior to valve

motion. f\.
e Selected trends of the Grand Gulf Method are inconsistant with test
data. - |

e
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