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On April 9, 1997, a public meeting.was conducted at Two White Flint North to 
discuss the Entergy Operations, Inc. {EOl} 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 Safe~-Related Power-Operated Gate Valves." The EOI and ComEd 
me1dlqdo!egi6$ that predict the thrust required to open a pressure locked 
flexjble-we~e gate valve, validation testing of these analytical methods, 
entl)nceient&:ito the ComEd pressure locking methodology, and pressure locking 
te~t~ sp_Bns2:red by the. NRC Office of Nuclear Regulatory Research {RES) 
co~itnctea biS Idaho National Engineering and Environmental Laboratory {INEEL) 
wef,~~di~gus~d during the meeting. Representatives from NRC, EOI, ComEd, 
Soyt;f,ierfPNu~ear Ope.rating Company, Baltimore Gas and Electric Company; Kalsi 
Enginee~g~Inc, {KEI) and INEEL attended the ineeting. During the meeting, 
the NRC~ta5f identified concerns associated with the use of these pressure 
locking analyt_ical methods that need to be resolved prior to issuing GL 95-07 
Safety Evaluations to. licenSe"e·s·'"thal: use the EOI or ComEd analytical methods. 
Attachment lis a list of meettng, .. particip.ants.. . ... 

EOI Pressure Lockina Thrust Prediction Methodology 
,-

During the meeting, EOI discussed the dev~lopment·and use of its pressure 
.1 e>cki ng thrust predict ion methodo 1 ogy and :the test data used to eva 1 uate 
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 {~QQ'\pound) Crane valve; a 10-inch (300-pound) Borg-Warner valve; and 
INEEL pressure·locking test;results from a 6-inch (600-pound) Walworth valve 
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 locktng conditions and 
consistently underestimated the amount of thrust required to open the 
Borg-Warner valve during pressure locking conditions. 

CONTACT: Stephen Tingen, EMEB/DE 
415-1280 

9707300022 970425 . f-·' 
PDR ADOCK,'.05000237 ) 
P PDR 

------·----.....-----·--- ---- -----~- - - _________ ':.J • ·-- -

'· 
' 

. ' j --- .. ~-- ~~----- -



..... 

2 

The NRC staff questioned whether the EOI pressure locking prediction 
methodology is applicable to all .flexible wedge gate valves or whether 
use.of the methodology is limited to specific types of flexible wedge 
gate valves. 

2. Using its methodology, EOI calculated the thrust required to open .a 
pressure locked valve and .compared the results to the pressure-lockin~f 
test results for the above valves. EOI used a 0.4 friction factor to 
calculate the required thrust ~xcept 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 validated the EOI pressure locking prediction 
methodology.· 

3. Pressure locking test results from the Walworth valve indicated that as . 
the differential pressure between the bonnet ~nd the downstream (or 
upstream) side of the valve increases, the stem thrust r~quired 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 dQwnstream 
(or upstream) side of the valve increased the stem thr·ust 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 O 
psig; however, in test-1lunmers 217 and 218 the upstream·anQ downstream 
pressures were significant1¥, greater. th_an .. O psig. · During .\he meeting, 

·EOI stated that it does not ·apply the pressure locking prediction 
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 questioned 
why the EOl 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? 

4. During its presentation, EOI used results of GL 89-10, 0 Safety-Related 
Motor-Operated Valve Testing and Surveillance," differential 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 EOl's 
pressure locking prediction methodology. 

5. 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 Differential Pressure and Pressure Lock Tests on a ·14-inch 
William Powell Gate Valve,n 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 Locking Thrust Prediction Methodology 

ComEd discussed the development and use of its pressure locking fhrust . 
prediction methodology and the test data used to evaluate acceptability of its 
methodology. ComEd presented its pressure locking test results from a 4-inch 
(lSOO-p9und) 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 -=equ-i.reG to open the pressure locked Walworth test 
valve. The staff recognized the complexity of the enhanced Com~~_pressure 
locking model and expressed an irlterest iri 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 ComEd 
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 
valves or is the methodology limited to specific flexible wedge gate 
valves? 

2. The ComEd pressure locking prediction model did 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 locking prediction methodology, ComEd reconunends 
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 application requirements needs to be addressed. · 

INEEL Pressure Lockiriq Test Results 

During the meeting, !NEEL presented the results of its Walwo~th 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 submit'tals in 
response to GL 95-07. !NEEL compared the results of this testing to EOI and 
ComEd pressure locking thrust methodology results. Attachment 5 is the !NEEL 
meeting presentation. The !NEEL 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..-Jhe.NRC staff will submit information requests 
to EOI and ComEd in a separate letter. ~ . - -· ..•. 

David Terao, Chief 
Components & Testing Section 
Mechanical Engineering Branch 
Division of Engineering 
Office·of Nuclear Reactor Regulation 

Docket Nos. 50-411i, 50-4-56, 50-457, 50-454, 50-455, 50-23-7, 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 



INffL Pressure Locking Test Results 

During the meeting, INEEL presented the results of its Walwo.rth 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 submitt~ls in_ · ~ 
response to GL 95-07. INEEL compared the results of this testing to EOI and 
ComEd pressure locking thrust methodology results. Attachment S is the !NEEL 
meeting presentation. The !NEEL 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 !NEEL 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 lic~nsees that 
use the EOI or ComEd method. The NRC staff will submit information requests 
to EOI and ComEd in a separate letter. 
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- David terao,. Chief · .•. 
, ... Components & Testing Section 

Mechanical Engineering Branch 
Division of Engineering 
Office of Nuclear Reactor Regulation 

5o-p6, · 50-~, so-A57, so6 50-~, .so.437, so~m, s~, 
so~~, 5o~, s~, so~~, 50::)94' . · 
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Brian Bunte, ComEd 
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Topics of Discussion 

• To discuss the qevelopment of the EOI 
Pressure Lockirig Thrust Prediction 

• 
· · Methodology 

' I 

ENTERGY 

• To demonstrate the use of the EOI Pressure 
·Locking Thrust Prediction Methodology 

• To show various data used to confirm . 
acceptability Of the methodology : 

i. 

I l 

I 
. I 



Development of EOI 
Methodology 
• Developed in 1992 as part of the 

reevaluation effort for SOER 84-07 
I. i • J : . 

••• 
•• = ..... -.......,... 

. ENTERGY 

• Developed as an· extension of GL 89-10 · 
philosophies : , · 

' I 

• Developed based on first principles and 
NUREG/CR-5807· 

• Methodology initially confirmed by testing 
at Wyle Labs in 1993 : 

I : 

# i . 
' 



Use of EOI Methodology 

• Previous/Current usage 
\ . 
I 

• Boundary Con~itions 

• GL 95-07. Evaluation Criteria 

• Examples 
. ' . . 

.. . . 

I . 

. ' 

ENTERGY 

I : 



Previous/Current Usage 

• 
• J""Tw7=» 
~ 

ENTERGY 

• Used to address pperability concerns for 
potentially pres~ure locked valv~s 

• Used by the NR~ to address potentially 
· pressure locked valves at other utilities 

. (Ref. IN 95-30) 

• Used to evaluate the necessity of . 
modifications dUring GL 95-07 evaluation 

'. 

, . 



Boundary Conditions 
. ENTERGY 

• Upstream/Downstream Pressures must not 
exceed the Bonnet Pressure 

\ 

• . Convention re'cluires highest pr~ssure to be 
specified as Upstream Pressure . 

• .. : 

• Opening/Closing Thrust data must be 
corrected for instrument inaccuracies · 

• Taking no credit for stem ejection loads 
· increases conServatism · . 

i, 

• Use a sliding friction factor 
I ! 

i 
I 



• 
• ~ GL 95-07 Evaluation Criteria-ENTERGY 

• Reviewed Oper~tion and Surveillance 
procedures to id~ntify potential scenarios 

• Determined systym conditions for each 
. scenario (often~time dependent) 

• Used Methodology to detem1ine most 
limiting scenario 

. .. . 

• NonconfonnanCe/Operability established · 

I ; 



s & Strain, Table 24 Case 2d 

nstants 
constants 

.. 

Actual 
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·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 psig) and the Downstream side pressure (0 psig) times the disk 

· area (115.799 in2). 

Fxu=(Olbsfm • 38.147 inches)~ (1080lbsfm2•115.799 in2) 

= 125062.92 lbs 

Th~ '.net force acting on tile :DoWnstream -~is equal to th~ DownStream seat ring · · 
load times the disk circumference (38. l ~ ~h~. · 

Fxd=(3278 Jbsfm • 38.147 inches) ... 
= 125045.87 lbs (difference attributable to rounding manual calculation results) 

Total Pressure Locking Load: 

• · FPL=38.147 inches(Olbs/in+3278 lbsfm)(.388) 
= 38.147 inches (3278 lbsfm)(.388) 
= 125045.87 lbs(.388) 

FPL=48517.8 lbs 

• Total Required Thrust: 

~ :· - TReq=TUW+FPL 
= 55000 lbs +48517.8 lbs 

= 103517 .8lbs (difference attributable to rounding manual calculations results) 
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Attachment 1 

GATE VALVE DISC LOAD CALCULATION 
Ref. Roark It Youn : Formulas for StrHI It Strain, Table 24 Case 2d 

a· • Mean seat radius, (in.) 
b • Hub radius, (in.) 

• Pressure, ( si ) 
W-hub • Hub load (I/in) 

W .. Ob differential (I/in) 
· W-total • W-hub + W 

EOI · Actual 
Calc09 Static Diie Cale PL 09 

Factor 
100860 65000 0.38 



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 lbsfm • 38.147 inches)+(450lbsfm2 • 11S.799in2) 
= 85144.8 lbs 

• ~'t ~et force acting on th~ P.owpstream elm.Jc, is equal to the Downstream seat ring 
load times the disk circumference (38.14 7 inches). - .... •·· ~..,,,. 

• Fxd=(2232 lbsfm• 38.147inches) 
= 85144.l lbs (difference attributable to rounding manual calculation results) 

• Total Pressure Locking Load: 

• FPL= 38.147 inches (866 lbsfm + 2232 lbsfm)(.388) 
= 38.147 inches (3098 lbs/inX.388) 
= 118179.41 lbs(.388) 

FPL= 45853 .61 lbs 

• Total ~red Thrust: 
'. 

• TReq = TilW +FPL 
= 55000 lbs+ 45853.61 lbs 

= 100853.61 Ibs (difference attributable to rounding manual calculations results) 
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Attachment 1 

GATE VALVE DISC LOAD CALCULATION 
Ref. Roark & Youn : Fonnulas f0t Stress & Strain, Table 24 Case 2d 

a ... Mean seat radius, (in.t 
• b .. Hub radius, (in.t 

.. Pressure ( si t 
W-hub • Hub load (I/int 

W • Ob differential (I/int 
W-total • W-hub + W 

Poisson's ratio • 0.3 
C2, C3, C8, C9 .. Plate constants 

09 Thrust - 66000 

.. . 

EOI Actual 
Calc09 Cale PL 
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Example (continued) 
• 

• 

• 

• 

• 

• 

• 

• 

• 

To check the seat loadS a force balance on the disk assembly was perfonned: 

The net force acting on the Upstream disk, is equal to the Upstream seat ring load 
times the disk circumference (38.14 7 inches) plus the ditrerence between the Upstream 
side pres,,ure (0 psig) and the Do~ side pressure (0 psig) times the disk area 
(115.799 in2). 

Fxu=(1485 lbs/in• 38.147inches)+(Olbsfm2*115.799 in2) 

= 56648.29 lbs 

l:h~.net force acting on tb.e Downstream~ is equal to the Downstream· seat ring 
loadtimesthediskcircumference(38.147.inChes). .... . ........ ., 

Fxd = (1485 lbsfm • 38.147 inches) . 
· = 56648.29 lbs (difference attributable to rounding manual calculation results) 

Total Pressure Locking Load: 

. FPL=38.147inches(1485Jbs/in+1485 lbsfmX.388) 
= 38.147 inches (2970 IWmX.388) 
= 113296.59 lbs(.388) 

FPL== 43959 lbs 

Total Required Thrust: 

TReq = TUW +FPL 
= 55000 lbs+ 43959 lbs 

= 98959 lbs (difference attributable to rounding inanual calculations results) 



• 
c.. "°· 

Attachment 1 

GATE VALVE DISC LOAD CALCULATION 
Ref. Re>arll & Youn : FOrmulas for Stress & Strain, Table 24. Case 2d 

a • Mean seat radius (In.) 
b • Hub radius. (In.) 

• Pressure, ( sl t 
W-hub • Hub load (I/in) 

09 Thrust .. 66000 

.. ' 

EOI Actual 
Cale PL 09 

Thrust 
83302 2890 Exam I 



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 psig) and the Downstream side pressure ( 450 psig) times the disk 
area {l lS.799 in2). 

• Fxu=(O lbs/in• 38.147 inches)+(630 lbs/"m2 • 115.799 in2) 
= 72953.37 lbs 

• 1lie.net force acting on the Downstream disk, is equal to the Downstream seat ring 
load times the disk circumfere~_ce (38.117.il).~h~. 

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

• Total Pressure Locking Load: 

• FPL= 38.147 inches (0lbs/in+1912 lbsfm)(.388) 
= 38.147 inches (1912 lbs/in)(.388) 
= 72937 lbs(.388) 

FPL= 28299.S lbs 

• Total Required Thrust: 

• TR.eq = TUW +FPL 
= SSOOO lbs + 28299.S lbs 

= 83299.Slbs (difference. attributable to rounding manual calculations results) 



Review of Data 
-

• 14'' -900# Powell 

• 1 O'' -900# Crane 
4 

J . . : . 

• 4" - 1500# Westinghouse 

• 1 O" - 300# Borg~ Warner 

• 6'' -600# Walworth 

• 4'' -300# Powell (3 valves) - DP data 
. .. . ' 

• 18'' - 300# Powell - DP data 

•. 18'' - 900# Powell - DP data 

' 
i. 

I : 

~ . I 

' 

••• 
• ..,..... __ -
~ 

ENTERGY 
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Predicted Unseating Thrust Vs. Measured Unseating Thrust 
for 4" -1500# Westinghouse Valve 
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Predicted Unseating Thrust Vs. Measured Unseating Thrust 
for 6" -600# Walworth Valve ......,.. 
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What This Means 

• 
• I ........... -

ENTERGY 

• The EO I Pressure Locking Thrust 
\ 

·. Prediction Methodology provides overall 
t . : . . 

conservative approxtmat1ons 
. : . 

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

.. . 

I : 



• - - = 

Next Steps .· ENTERGY 

•· EOI plans additional valve testing under 
· . laboratory cond1tions · 

• 

• EOI plans to ev~luate other pressure locking 
data, when available 

• EOI plans to evaluate other DP data, when 
available · 

' .. . . 

. i 

' 



ComEd PRESSURE LOCKING 
M·ETHODOLOGY AND TEST PROGRAM . . 

Brian Bunte - Commonwealth Edison 
' I · • 

• ~ . 

Apri~ 9, 1997. 

U.S. Nuclear Regulatory Commission 
. Rockville, MD. 

.. . . 

•. . ' 
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METHODOLOGY TO 
. . \ . 

CALCULATE 
PRESSURE LOCKING . · 
. UNSEATING FORCE . 

.. ' . 

. ' 

Presentation to NRC on. Pressure Locking: April 9, 1997 '1 Page - 2 
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•• 
Superposition of Static Unseating 

Forces· and P.ressure Forces 

• Static Unseating Force . 

• Piston· Effect 
\ 
' I , • 

~ .. 

• Vertical Downward DP Force on Disk 
' . : 

• Pressure Locking Load 

..... . 
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Static Unseating Force 

The unseating thrust measured during static testing 
consists of: 

• The thrust required to overcome open 
packing load ~ 1

• .~ • • 

.. 
• The fo.rce required to overcome the 

seat to disk contact load. 

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

.. . . . . 
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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 calcul.ated using the 
equation b'elow: ~ · 

. . 1'C : . . 

Fpistolieffect = 4 X D;em X (~onnet - ~tm) 

.. . 

i. 
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Vertical Downward Force on Disk 

Pb .. 
onnet 

p 
bonnet 

J.seat 

P· 
outlet 

Pressure exerts a downward Jorce 
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 face. ·The equation below is· used: 

4 

~ . . . 

F~rt = 4 x D!a1 x sin( Oseat ) x ( 2 P,,onner - l';n1.1 :.... P our1er] 

.. . 

.; . 

. : ...... · .... · .. ·.···· :·:·.·:· .;.,.;.;:.: .. ;::.::;.:::::::.:::::::~::::::::::::~:::::~i:i::::::::::::::~=::::t:~~~:~:~:~:=;~~~~t~~~fittitmmt{tii~tMii~Jl~li~~i@~tlWi~lttWlt@imtt~l~f: t==~tf~~~~~~~~==~~~~tttfil:~rt~~t%;;t~· 
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• 
Pressure Locking Force 

• Disk Modeled as Axi-Symmetric·Plate with Hub 

\ .. 

Modeled As: 

.. 

Plane · 

of 
Symmetry 

Axis of 
·Symmetry 
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• Pressure I.; king F~rce 
(continued) 

• Roark's Equations Used to Calculate Deflection 
at Disk Edge Due to Pressure Forces 

....:. Due to Bending (Table 2~, Case 2L) 
- Due to Shear (Table 25, Case 2L) · 

. . 

• Deflection from Hub Stretcb is also Calculated 
• I 

• Deflectionsare·summed ~sittg superposition 

~. 
bencliitg 

5she~: 

Presentation to NRC on 'Pressure Locking: April 9, 1997 
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Pressure Locking Force 
(continued) 

• Roark's Equations Used to Calculate the Deflection Due to Edge 
Contact Load Between the Seat and Disk . 

- Edge Contact Load and Bending (Table 24, Case IL) 

- Edge Contact Load and Shear Stress (Table 25, Case IL) 

• Defl·ection from Hub Compres~\on is ~lso.Calculated 
" . ; . 

• The edge contact load has units ~f lbf/in 
. ' . . ' . 

• The total deflection per unit Contact load is calculated using 
superposition 

• 

• The contact load is then calcuiated by dividing the total deflection 
.due to pressure forces by the deflection per unit contact load due· to 
edge loading. .~ . 

Presentation to NRC on ·Pressure Locking: April 9, 1997 ' Page --9 



• Pressure Locking Fore~ 
( c;ontinued) 

• The Pressure Locking Force is Calculated using the 
·Equation Below: 

. \ 
I 

I ' • 1 . . . 
F::::~ontact (/bf) = tr X Dseat X F::ontact load (/bf f in) 

. I 

Fpres1ock = 2 x F::::1con1oc1 x [museat x cos((}seat )- sin( (}seat)] 

.. . 

. I 

Presentation to NRC on· Pressure Locking: April 9, 1997 i . 
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·• 0 •• • • 
List of Inputs Used in Pressure 

Locking Calculation - . 

• Design Basis Pressure CQnditions 

• Valve Disk Geometry · 

• Valve Disk Material Ptoperties 
• . ' 

· • Valve Stem Diameter ·. 
· ·e Static Unseating Thrust 

•.Coefficient of Frlctio·n between Disk and Seat 

~ . . .. . . 
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• Baselining Pressure Locking Methodology 
EPRI Valve 24 (6'' Velan FW·Gate Valve) 

Calculation of· Pressure Locking Unseating Thrust 

(excerpt from MathCad calculation) 

(static unseating thrust) 
. . \ . 

' 

f' po = 2.636· 1 o4 
· ·tbf 

F s = t.969104 •lbf . (total c9ntact l?a~ betwe.en disk and seats ~ue to pressure) 

F . 1t.D 2p . 
piston · = 4· stem · bonnet 

2 . . . . .. 
F vert := 1t ·a ·sm(theta )· (2·P bonnet - pup - p down) 

F preslock : = 2· F s · (mu· cos (theta ) - sin (theta ) ) 

F total : = -F piston + F vert. + F preslock + F po 

F piston = 3.367· 1 a3 •lbf 

F vert = 7.583· 1 a3 •lbf 

4 
F preslock .= 1.74•10 •lb 

. . 4 . 
F total = 4. 797· 10 •lbf . Resu~t is within 1 % of measured pressure . . 

locking force of 48,272 lbf.-

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



.. 

\ 

ComEd .TEST PROGRAM . . 
FOR VALIDATION OF.· 
·PRESSURE LOCKING 

MODEL 

.. . ' . 

...... ·.· .... : ..... ·.·.·.·.·:·.·:·:·:·;·:·:·:: .. ;::::=~====:=::::::::::=::::::::~~=::::::::~:~:i:~~::~:::~§#:=~~:~=~~=:~~~:t*f ~=l~J1~~@I~JJ~:~~~Wlt~~~l~t1~~~tti~~l%1f~t~f{fil~J~1tfitit~~§fftil~ttt1f1:~~r:r =-=~@~~~ 

i, 
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•• Overview·or Test Results··· 

•Crane 10" 900# Class Gate Valve 
- Pressure Locking Loads Predictable 

•Westinghouse 4" 1500#flass Gate Valve 
- Pressure Locking Loads P,r~dictable 

1 .. 
• 

•Borg-Warner 10" 300# Class Gate Valve 
. ·, 

-· Pressure Locking Load Anomaly Identified,· 
Pressure Locking Load w~s otherwise predictable 

• 

•Walworth 6"_900# Class Gate Valve (INEL Test Data) 
- Pressure Locking Loads Predictable 

. .. . . 

• I 
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VOTES 
system 

Ven•--• 

• 
ComEd Test Fixture 

MPM 

Limitorq. . . 
.. ___ __. \l ...... / 

\ "<" 

' .... _L __ _. ..... ----.strain Gauge 
BB w·( ~ ,,,.· -~-J 

Pressure 
Gauge .. 

Pressure 
Gauge 

•• • 

Pressure 
~'ff· '·. Gauge 
~~~~ . : 

·· Hydro Pump · 
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. . • • 
Test Sequence 

• I 

• Static (Baseline) Tests · 

• LLRT of Test Valve 
.. 

• Hydro-Pump DP Tests to determine seat to· disk friction 
· coefficient 

. \ 

• Bonnet Pressure Decay·T.'~sts 
. , 

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

' 

• Rep_eat of Test Sequence 'at differen~ torque switch setting(s) 

. • Thermally Induced Bonn~t Pressurization Tests 

• Thermal Binding.Test-for Valve.Cool Down Effect 
•. . . 

Presentation to NRC on· Pressure Locking: April 9, 1997 :, 
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' 
Predicted Unseating Thrust Versus 

Measured Pressure Locking Unseating Thrust 
f~r Borg-Warner Valve 
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. Predicted Versus Measured Portion of 
Unseating Thrust Due to Pressure Forces 

for Borg-Warner Valve 
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• 

·Independent.Review and Enhancement of 

the ComEd Pressure Locking Methodology 

to Inclµde Disk Pinching· 

Caused by Body Flexibility. 

Proposal Submitted 
for Review and Evaluation to 

BWR Owners' Group 
Valve Technkal Re-solution Group 

~- ....... 

August 7, 1996 

Proposal Submitted by 

Kalsi Engineering, Inc . 

.. .. 
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•• Kalsi Engirieering, Inc. 

13 

Case History of a Recent Severe Binding Problem 

& Its ·Root Cause 

Utility: 

System and Valves: 

Valve Type: 

Size/Pressure: 

Manufacturer: 

\ 
' 

I ' • 

NUS CO 

Shutdown Cooling System . 
Valves 1-SD-2A/2B 

Solid Wedge Gate 

12", C/a:.;s 600 

Crane ~hapman 

Design tiP (for Valve Operation):· · 150 PSI ·(appx) 

. Maximum Upstream Pressure: 1,050 PSI· (appx) 
.. ' 

Temperature: .• From Ambient to 350°F 

------~----------------1996 NMAC Conference 
i 



Kalsi Engineering, Inc. 
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Figure C.lb - Location of Thermocouples/Strain Gages for 1-SD-2B 

KALSI ENGINEERING, INC . 
MECHANICAL DESIGN & ANALYSIS 



• • 
STRAIN GAGE READINGS 

SD4 28 

DATE 

Figure4 
Body Strain Gage (~1) Readings for Valve 1-SD-2B from July 31 to August 20, 1995 
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Yoke Strain Gage (16) Readings for Valve 1-SD-2B from July 31 tc August20, 1995 . ' 
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• Kalsi Engineering, Inc. 

Re,1iew c·f 
ComEd Pressure Locking Methodology and Test Data 

· ComEd Methodology 
\ 
I 

• Disc flexibilities under s~a~ load and differential pressure were 
considered using Roark's equations. Valve body and seats were 
assumed to be rigid. 

. : 

• Seat contact force was calculated to determine PL ·force. 
I 

• Total opening thrust is. the sum of four components: d 

- PL force, 

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

- Stem piston effect force (negative), and 

- Static unse~ting force (including steL'\ packing friction and disc 
'-veight). 

. ! 

1 

•.I 



• Kalsi Engineering, Inc. 

Test Data 

• ComEd performed PL tests on three valves: 

- Crane 10" x 900# flex wedge gate valve, 

- Westinghouse 4" x 1500# flex wedge gate valve, and 

- Borg-Warner 10" x 600# 1 fl~x wedge. gate valve . 
• 

• Sequence of pressurization was different on each valve: 

- Crane: bonnet pressuriz¢d: through upstream, 

- Westinghouse: valve pressurized before closing 

• 

'7" Borg-Warner: bonnet pressurized through upstream for majority 
of cases (with 2 exceptions) 

• ComEd PL methodology Pl"~dictions showed good agreement with 
test results for Crane and: Westinghouse valves~ Predic.tions were 
unconservative for Borg-Warner Valve. ,, 

2 



• Kalsl Engi'n~eri~g~ lttc. . ,: 

. 12 

GRAPH 6 
Predicted Versus Measured Portion of 

Unseating Thrust Due to Pressure Forces 
for Borg-Warner Valve: 

4i . 

5000 10000 15000 20000 25000 
Predicted Pressure Forces 

.. . . 

30000 

• Errors In ComEd~~ Prediction vs. Test Results for Valve 3 as high as 60o/o 

• Predictions. unconservath/e. ... . . 

." . . : . '. 

:··. 
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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 dperation 
. ' 

• Included body and seat flexibilities 

• Included stem and yoke flexibilities 

• Refined disc flexibility estjmate .. . 

I i 

'· 3 



• • Kalsi Engineering, Inc. . 

General Force Equilibrium Equations 

• Static wedging/unwedging equations 

• General · disc force . equilibri\tm equations applicable to different 
. I 4 

sequences of operation · 1 

• Opening thrust equations 

.. 

I • 

i 
I . 4 



\ 

•• 
Kais/ Engineering, Inc. 

Disc Flexibility 

· • Roark's equations vs. FEA results\ 
• 

-FEA model with the same fixe~·~dge at hub 0.0.: Results from both methods 
are close, within 5o/o. 

- FGA model including hub flexibility: Hub flexibility contribution is significant (see 

table of comparison). 

• Opening thrust calculations showed that disc flexibili~ 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 ,oad. 

.. . 
' 

• Roark's disc flexibility estimate can be improved using a reduced hub diameter 
'. 

to account for the· hub elasticity. 

. I 
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BORG-WARNER - ROARK, TABI.E 24, CASE 2I. (RIGI:::> HUB) 

ANSYS 5.3 
JAN 23 1997 
10:12:07 
NODAL SOLUTION 
STEP=l 
SUB =1 
.TIMZ=1 
UY 
RSYS=O 
OMX =.490E-04 
SEPC=l0.314 
S~· =-.467E-04 
- -.~67E-04 
llij -.415E-04 

· fiil -. 363E-04 
- ·-.311E-04. 
- -.260£-(/'i 
- -.208E-04 

. .• -.156E-04 
:~,_..: _'- -.104E-04 · 

- -.519E-05 
0 
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O" BORG-WARNER - ROARK, TABLE 24, CASE 2L 

ANSYS 5.3 
JAN 22 1997 
17:43:28 
NODAL SOLUTION 
STEP=l 
SUB =1 
TIME=1 
UY 
RSYS=O 
OMX =.123E-03 
SEPC=16.061 
Sl'fN =-.118E-03 
SMX =.583E-05 
- -.118E-03 
- -.105E-03 

. IE] - ~ 909E-04 
- -. 770E-04 

. - - • 632E-04 
- -.494E-04 
·- -.356E-04, 
- -.218E-04 
- - • 79.9E-05 

.583E-05 



DISK FLEXIBILITY CC >MPARISON ' 

·ROARK'S EQUATIONS VS. FEA RESULTS 
for Table 24, Case 1L 

·• 

l<UAKK.'t; 

EQU~TIONS FEARESULTS RATIO 
Uetlection Ue.tlection l<oark I --~/(fb/in) in/(lbfin) FEA 

• 
10" x 900# Crane . 9.0SE-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 

4/?./9'1 ~J!gl~! 
wg_..,.,..-

.. 
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10" BORG-WARNER 30 FEA -- CASE 2 

.. 
..... 

ANSYS 5.3 
MAR 19 1997 
12:58:31 
NODAL SOLUTION 
STEP=2 
SUB =1 
TIME=2 
ox 
.RSYS=O 

·•oMX =; 002662 
SEPC=30.959 

· sMN =-.371E-05 
SMX =.001259 
- -.371E-05 
- .137E-03 
- .277~-03 
- .417E-03 
- .557E-03 
Ima .698E-03 
C=:J .638E:..03 
~ .978E-03 
- .001119 

.001259 
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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 
MYS=O 

•. 'Ol'lX =. 001638 
SEPC=30.144 
SMN =-.237E-06 
SMX =.965E-03 
- -.237E-06 
- .107E-03 
- .214E-03 
- .321E-03 
- .429E-03 
&I .536E-03 
t=:J .643E-03 
~ .750E-03 
- .857E-03 

.965E-03 
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• 4" WESTINGHOUSE 3D FEA -- CASE 2 

... '• ' ' 

ANSYS 5.3 
MAR 19 1997 
13:56:40 
NODAL SOLUTION 
STEP=2 
SUB =1 
TIME=2 
ux 
"RSYS=O 

•OMX =. 624E-03 
SEPC=31. 7 45 
SMN =-.770E-05 
SMX =.421E-03 
- -. 770E-05 

.400E-04 
- . 876E-04 
- .135E-03 = .183E-03 

.231E-03 
~ .278E-03 
~ .326R-03 
- .374E- 03 

.421E-03 



Kalsi Engineering, Inc. 

Applying Enhanced l\1ethodology to 

ComEd and INEL Tested Valves 

. • Borg-Warner valve ,, 

- Overall improvement in tl\rust predictions 
I. ' • - Test #56 ~ · 

- Valve closed with pressure 
. : 

• Crane valve 
l 

- Good agreement for both methods 

• Westinghouse valve 

- Good agreement for both methods 
.. ' 

• Walworth valve (INEL) 

- Some improvement using enhanced method 

• Stiffness sensitivity study 
I ; 

• 

12 



alsi Engineering, Inc. 

10" x 600# BORG-WARNER VALVE. 
(TSS=l & 2) 
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si Engineering, Inc. 

10" x 900# CRANE VALVE 

60000 ··.----.------,------,-------.---..;.._--.,------

~ 50000 -1-----i-----1-----1-----1----~ 
..Q --

\ 
' 

E--c 
00. 
::::> 
~ 40000 ·l-----i-----t----r_--:

4
-J------::;;ol"------1-----1 

::I:: 
E-4 
0 z z 30000 -1-----1-----t-----:-
rij 
11'4 
0 
Cl 
~ 20000. 

00. 

~ 
~ 10000 -1-----¥-----t-----+-----1-----1----

"· 

. 
0 10000 20000 30000 40000 50000 60000 

PREDICTED OPENING THRUST (lb) 
I . 

l:::..COMED l 
liJKEI - FE~ 



·., 

•s• t;ngineerf ng, Inc. 
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.i Engineering, Inc. 

6" x 600# WALWORTH V AI VE 
(INEL) 
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• i Engineering, Inc. 

45000 . 

44000 . 

...-. 43000 . 

..0 
-"' '-'· 42000. 
~ 
00. 
p 41000. 
~ 
::= 

40000 E-4 
~ z 39000. 
1-4 z 
~ 38000. 
~ 
0 37000 . 

36000. 

35000 -
I 

. SENSITIVITY STUDY 
on different valve component stiffnesses · 

-e- Kbp 1 - Body stiffness under pressure only 

-f-Kbp2 - Body stiffness under pressure and pipe end load · 

-er- Ks - Seat stiffness 

--*- Kdisk - Disk stiffness •. 

-e- Kstem - Stem stiffness 
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STIFFNESS 

'· 
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•• • • 
Kais/ Engineering, Inc. 

·summary 

• Opening thrust calculations r'~thout accounting for body flexibility and 
sequence of operation can cause significant error .. The ma.gnitude of error 

' . 

depends upon the body flexibility, disk flexibility,. ·and sequence of operation. 

• Work in progress to calculate :body flexibiHty without detailed FEA. Simplified 

hand calculation equations (using only 3 or 4 key dimensions) are being 

developed through a matrix of finite el.ement analyses. to systematically cover 
variations in valve body shapes due to di.fferences in manufacturer designs, 
sizes, and pressure classes. 

.. 
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• ··" Characteristics of INEEL Walworth Valve Tested 
Against Pressure Locking Conditions · 

Valve Walworth, 6-inch, 600-lb 
. P.i~~ .t.~i_q~f!~~~- ( <?n~. qi_~9 )~ ........... 9 .. ~?.q. i.~ ........... . 
Meanseat-diameter ~ ·. 5.515in. 

e e e e e e • e • e • e • e e • e e e e e e e • e e I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 I I J'e I I 1 1 1 1 1 
I 

Stem diameter 1.250 in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hub diameter 2.580 in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . . . . . 

.. ':I.~~. ·'~.~9.t.~ ............... ; .............. 9: ~?.~. i.~ · .......... . 

. . VV~.qg~. ?.119.I~ ............................. ~.~O~ ......... ~ .. . 
Poisson•s ratio 0.3 

I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I 

Modulus of elasticity 29,700 ksi .. 

CD70l.c7 



ComEd ethod 
. Walworth Valve @ Unwedgin.g 
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ComEd ethod" 
Walworth Valve @ Unwedging 
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Grand Gu Mtethod 
Walworth Valve@. IJnwedging 
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Grand G Method 
Walworth Valve@ Unwedging 
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Com Ed et hod 
Walworth Valve Prior to Motion 
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ComE et hod 
Walworth Valve Prior to Moti.on 
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·Grand Gu Method . 
Walworth Valve Prictr to Motion 
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Grand Gu Method 
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• .; ' 

Thrust Trends Using Both the· ComEd 
and Grand Gulf Methods · 
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Conclusions 

• Both methods underestimate the stem thrust required to open a valve 
that is pressure locked. . 

• Both methods underestimate less using conditions prior to valve 
motion. 

\ 
' 

I . 
4 

~ . 

• Selected trends of the Grand Gulf Method are inconsista~t with test 
data. 

r , 

'· 
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The opinions prese~ted .here today are .. _ 
those of the authors: and not necessarily 
endorsed by our sponsor, the USNRC. 
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