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102-04355-CDM/SAB/JAP
October 8, 1999

U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Mail Station P1-37
Washington, DC 20555-0001

Dear Sirs:

Subject: Palo Verde Nuclear Generating Station (PVNGS)
Units 1, 2, and 3
Docket Nos. STN 50-528/529/530
Reponse to Generic Letter 95-07, Request
for Additional Information, dated June 11, 1999
(TAC NOS. M93497, M93498, M93499)

By letter dated June 11, 1999, the NRC requested that Arizona Public Service
Company (APS) provide additional information for their review of APS'esponse to
Generic Letter 95-07, "Pressure Locking and Thermal Binding of Safety-Related Power-

Operated Gate Valves." The requested information is provided in Enclosure 1.

Additional supporting documentation is provided in the accompanying enclosures.

No commitments are being made to the NRC by this letter. Ifyou have any questions,
please contact Scott A. Bauer at (623) 393-5978.

Sincerely,

Ql

CD M/SAB/JAP/kg
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cc: E. W. Merschoff
N. Kalyanam
J. H. Moorman
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0 Each of the questions from the RAI is repeated in whole or in part below, directly
followed by the APS response.

NRC Statement:
In the February 21, 1996, response to Generic Letter (GL) 95-07 it states that you used
a pressure locking thrust prediction methodology to calculate the opening stem thrust
required to overcome pressure locking. This analytical method was used as a long-term
corrective action to demonstrate the valves would operate during pressure locking
conditions. GL 95-07 states that the use of a pressure locking thrust prediction
methodology is an acceptable corrective action to demonstrate that valves are capable
of operating during pressure locking conditions provided that the methodology is
validated by a test program. During a phone call conducted on May 20, 1999, you
stated that your pressure locking thrust prediction methodology was based on
assumptions similar to the assumptions used in the pressure locking thrust prediction
methodology developed by Entergy Operations, Inc. (EOI).

APS RESPONSE:
PVNGS PRESSURE LOCKING MODEL BACKGROUND
The Palo Verde Nuclear Generating Station (PVNGS) pressure locking model was
initiallydeveloped in the 1994-1995 time frame. The Entergy Operations, Inc. (EOI)
pressure locking model was presented in February 1994 at the Workshop on Gate
Valve Pressure Locking and Thermal Binding (NUREG/CP-0146 1994). The EOI
model's use of the Roark equations for thin flat circular homogeneous plates of uniform
thickness is the core of many of the pressure locking models in use today. Although this
EOI model is at the core of the PVNGS model, the PVNGS model has been updated as
additional information, test data and evaluations have become available over the last
four years. The PVNGS pressure locking model utilizes five component loading terms to
determine the required gate valve thrust to overcome the worst case postulated design
basis pressure locking condition. PVNGS model validation was accomplished utilizing
testing performed in,cooperation with Commonwealth Edison and the Westinghouse
Owners Group on a Borg Warner gate valve supplied by PVNGS. The details of the,
PVNGS model along with the model validation test results are presented in PVNGS
calculation 13-MC-ZZ-217, "Gate Valve Open Thrust Required During Potential
Pressure Locking Conditions" (Enclosure 3). Further, the PVNGS pressure locking
model was not solely relied upon for valves that were identified as being potentially
subjected to significant thermal pressurization. Significant thermal pressurization to
susceptible valves was identified where valve bonnet fluid was being subjected to
temperature increases above 30 F prior to or during design basis conditions. These
valves have been modified to include bonnet pressure relief devices to preclude the
possibility of excessive thermal pressurization-induced pressure locking.
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NRC REQUEST:

ln order for the NRC to review your pressure locking thrust prediction methodology,
please provide the following information:

NRC QUESTION (1a):

Describe the pressure locking thrust prediction methodology and provide the test
procedure/results that validate the methodology. Include any information that will help
evaluate ifyour valves are similar to test valves as applicable.

Valve Bonnet
Valve Stem

Pup

Frr

FF

PB

FR

Valve Gate

PB PB

PB

F,

down

Frr Normal Force at Scat

Fr FrictionForceatSeat

F~~ Stem Force ofMotor
Actuator

Frs~ Stem Piston Effect
Force

F„~ Stem Force duc to
Residual Closing Load

P„a~ Pressure in Upstream
Piping

P~„„~ Pressure in Down-
stream Piping

Pa~ Prcssure in Valve
Bonnet

Valve Body

Figure I: Simplified Valve Gate, Bonnet, and Stem Pressure Locking Forces

APS RESPONSE (1a):
PVNGS PRESSURE LOCKING MODEL OVERVIEW
The PVNGS pressure locking thrust prediction methodology involves the superposition
of five terms to determine the postulated state of pressure locking loading. Figure 1

represents a simplified pressure locking force diagram on the valve disk and stem. The
resulting equation is:

Required Pressure Locking Stem Thrust(F„„,) = Disk Load(F„,„) + Hub Load(F„„,)+
Vertical Load (F„,Q + Residual Load (F„,td) —Stem Piston Load (F~„,„).

A simplified equation for each load is presented in the following discussion.
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DISK LOAD
The disk load (F,„„) is the load at the valve stem due to a component of the friction force
(F„') at the interface of the valve gate and the valve body seat. The disk load equation is
a function of a component of the normal force (F„') to the seat, the angle between the
plane of the valve seat (6) and the valve stem axis, and the coefficient of friction (p) at
the valve seat. The normal force (F„') at the valve seat is a function of the valve bonnet
pressure (P,), the piping upstream pressure (P„,) and downstream pressure (P, „) of
the valve, as well as the cross-sectional areas upon which the pressures are applied.
Many of the forces on the disk of the gate are balanced by forces equal and opposite.
Only the unbalanced forces on the disk contribute to the normal load (F„') on the seat.

The disk load (F,„„) can be expressed as:

(~;s~)= " a" i V

where:

Q, is the equivalent force/inch due to the unbalanced bonnet pressure (P,) exerted at
the perimeter of the valve disks. This term is developed from Roark's model of a thin flat
circular homogeneous plate with the outer edge simply supported and the inner edge
fixed (Roark's Formulas for Stress and Strain 1989). This has been determined to
conservatively model the dominant force component at the disk seat due to bending
primarily induced by the bonnet pressure (P,). This term is proportional to the
differential pressure between the bonnet pressure (P,) and the average between the
upstream pressure (P„,) and the downstream pressure (P, „).

P„is the circumference of the disk seat. This term is proportional to twice the value of Pi
(z) and the mean radius of the valve seat (a).

p is the coefficient of friction at the valve seat. This term is proportional to the valve
factor (VF) and the cosine of the seat angle (6) and inversely proportional to 1 minus
the valve factor (VF) times the sine of the seat angle (6). The valve factor (VF) utilized
was develop from the equations for the differential pressure presented in EPRI's
Application Guide for Motor-Operated Valves in Nuclear Power Plants (EPRI NP-6660-
D 1990).

HUB LOAD
The hub load is the additional load at the valve stem due to increased friction at the
interface of the valve gate and valve body seat as a result of the differential pressure
between the upstream and downstream piping pressure acting on the area of the disk
hub.

e
The hub load (F„„,) can be expressed as:

(Fhvb) = Qa PL* I
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where:

Q,'is the equivalent force/inch due to the unbalanced piping pressure exerted at the
perimeter of the valve disks. The unbalanced piping pressure is the differential pressure
between the upstream pressure (P„,) and the downstream pressure (P, „). This
bending force is conservatively modeled at the valve seat of the low pressure disk. This
term is developed from Roark's model of a thin flat circular homogeneous plate with the
outer edge simply supported and the inner edge guided (Roark's Formulas for Stress
and Strain 1989). This term is proportional to the differential pressure between the
upstream pressure (P„,) and the downstream pressure (P, „).

P„- same as for Disk Load

p —same as for Disk Load

VERTICALLOAD
The vertical load (F„,„) is the force due to bonnet pressure (P,) driving the gate into the
seat. The differential pressure between the bonnet (P,) and the average of the
upstream pressure (P„,) and downstream pressure (P, „) directed into the valve seat
drive this vertical unbalanced load across the valve disk. The vertical unbalanced load
is calculated by multiplying the average differential pressure between the valve bonnet
pressure (P,) and the connecting piping upstream pressure (P„,) and downstream
pressure (P, „) by the horizontal projected area of the gate disks. The horizontal
projected area is a sum of the two ellipses projected on to the horizontal plane whose
perimeter is bounded by the seat inside perimeter. The force down on the disk is due to
the horizontal projection of the circular geometry of the seat, which the unbalanced
differential pressure is applied across. The net effective cross-sectional area of each
gate disk seat, which the net pressure acts upon, is the resulting ellipse.

The vertical load (F„,„) can be expressed as:

( -n) =2*A.*(Ps-((P.p+ P< .)~2)

where:

A,is the elliptical area, which is the single seat inside diameter area projection on to the
horizontal plane. This term is proportional to the value of Pi (n), the sine of the seat
angle (6) and the square of the mean radius of the valve seat (a).

RESIDUAL LOAD
The residual load (F„„,) is the load opposing valve opening caused by wedging the
valve disk into the seat by the closing thrust of the prior valve stroke. This empirically
derived load includes the running loads. The residual load (F„,~) accounts for the
relaxation in the wedging load which occurs when stem motion is initiated in the open
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direction and is substituted to some degree by the bonnet pressure induced load that
has been determined, from a review of Commonwealth Edison test results, to replace
increasing proportions of the residual load as bonnet pressure (P,) increases. The
residual load is calculated by taking the established static peak cracking load and
dividing by 0.67 to determine the effective closing thrust based on 33% wedging load
relaxation similar to the unwedging load coefficient utilized in the EPRI MOV
Performance Prediction Program (EPRI TR-103237 1994). This value is then multiplied
by a residual load coefficient (C„„,) which is developed from an experimentally derived
correlation which indicates that as the bonnet pressure increases the residual load
percentage of the effective closing thrust is reduced in a linear manner.

The residual load (F„„,) can be expressed as:

(Fresid) Feff.otostng resid

where:

F,„~„;„,is the prior effective closing force that is proportional to the error adjusted static
peak cracking limit divided by an EPRI established constant of 0.67 that is a function of
the valve seat angle (8) and the coefficient of friction of the valve seat (p) to account for
relaxation. The static peak cracking is the required opening force with zero bonnet
pressure (P, = 0). The static peak cracking is sometimes identified as static unwedging
thrust or static unseating force.

C„,.„is the coefficient of residual load and is an empirically derived coefficient that
accounts for an observed reduction in the measured residual load due to a proportional
replacement by the effect of the bonnet pressure (P,) induced force.

STEM PISTON LOAD
The stem piston load is the load in the open direction created by application of the
differential pressure between valve internals and the ambient pressure on the net
cross-sectional area of the valve stem. For simplification, atmospheric pressure can be
neglected since the effect is not significant for the calculation of pressure locking loads.
The net effect of this load is to drive the stem in the open direction, like a piston,
reducing the required opening thrust.

The stem piston load (F~„,„) can be expressed as:

(Fpiston) = stern* B

where:

A„, is the stem cross section area and is proportional to the value of Pi (m), and the
square of the stem diameter divided by 4.
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PVNGS MODEL VALIDATIONTESTING

Commonwealth Edison, in partnership with the Westinghouse Users Group and Arizona
Public Service, performed pressure locking testing and evaluation of a PVNGS Borg
Warner 10", 300 Ib class gate valve. These special tests involved determining the stem
thrust required to open the valve with the fluid pressure in the valve bonnet greater than
the fluid pressure in the upstream and downstream piping. The test methodology,
instrumentation, and the final results are presented in Attachment 5 of the PVNGS
calculation 13-MC-ZZ-217, "Gate Valve Open Thrust Required During Potential
Pressure Locking Conditions" (Enclosure 3).

NRC QUESTION (1b):
Results from pressure locking testing sponsored by the NRC performed by INEEL on a
flexible wedge gate valve have been placed in the Public Document Room
(NUREG/CR-6611, "Results of Pressure Locking and Thermal Binding Tests of Gate
Valves" ). Discuss ifyour pressure locking thrust prediction methodology accurately
calculates the results of these pressure locking tests.

APS RESPONSE (1b):
Review and comparison of the applicable NRC sponsored Idaho National Engineering
and Environmental Laboratory (INEEL) pressure locking test results presented in
NUREG/CR-6611 is documented in PVNGS calculation 13-MC-ZZ-217, "Gate Valve
Open Thrust Required During Potential Pressure Locking Conditions" (Enclosure 3).
This INEEL pressure locking testing included pressure locking testing of a 6" Walworth
600 Ib class flexible wedge gate valve and a 6" Anchor Darling 900 Ib class double disk
gate valve. APS has compared the Walworth flexible wedge gate valve pressure locking
test results to the PVNGS pressure locking model that was used to evaluate the
identified potentially susceptible PVNGS Anchor Darling and Borg Warner flexible
wedge gate valves. Since PVNGS does not have any pressure locking susceptible
double disk gate valves, the tested Anchor Darling double disk valves were not
applicable to the evaluated PVNGS valves which are all flexible wedge gate valves. In
general, the least square linear regression comparison of the PVNGS pressure locking
model with the INEEL pressure locking test results shows a conservative divergent
correlation. Although there appears to be some scatter of the test results that may be
partially attributed to the effect of varying upstream and down stream pressures, there
was a good correlation of the PVNGS model to conservatively predict the INEEL
thermal pressure locking measured opening thrust test results for specific data points.
However, the PVNGS model was less conservative in predicting the cold pressure
locking measured opening thrust test results. The margin between the INEEL Walworth
gate valve thermally-induced pressure locking test results measured peak unwedging
and the PVNGS model's predicted pressure locking thrust data ranged from a
conservative positive margin of 77% to a minimum margin of (negative) -10.5%. Note
that the conservative margin was found for the measured pressure locking load of
10,429 Ibf. with a bonnet pressure of 922 psig and 916 psig downstream pressure at
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187'F (Test 310) and the minimum margin of (negative) -10.5% was found for the
measured pressure locking load of 19,501 Ibf. with a bonnet pressure of 1050 psig and
essentially no upstream or down stream pressure at 65 'F (Test 343). Refer to PVNGS
calculation 13-MC-ZZ-217, Enclosure 3, Attachment 6.

There appears to be some inconsistency between the INEEL test results for the 6"
Walworth 900 Ib valve and the Commonwealth Edison test results for the 10" Borg
Warner 300 Ib valve. This inconsistency could be attributed to the characteristics of the
tested flexible Walworth gate valve disk with its typically thinner disk and smaller hub
dimensions and an apparent instability in the friction factors under cold temperature
conditions. Therefore, it is difficultto conclude that the PVNGS pressure locking
analysis model is accurate in predicting the indicated INEEL measured pressure locking
loads. However, when the INEEL test data and PVNGS model results for the required
opening thrust versus the bonnet pressure were fit with least square linear regression,
accounting for inherent errors, the Palo Verde model reasonably approaches
conservatively predicting the trends of the INEEL test results (See Charts 1 8 2 of
PVNGS calculation 13-MC-ZZ-217, Enclosure 3, Appendix 6). Further, the results of
this INEEL pressure locking test data do not invalidate the PVNGS pressure locking
model that was developed for the relatively more rigid disk of the Borg Warner 300 Ib
class flexible wedge gate valve based on the Commonwealth Edison pressure locking
test data documented in PVNGS calculation 13-MC-Z2-217, Enclosure 3, Attachment 5.
It is apparent that the more flexible the gate valve disk is, the more sensitive the valve
is to pressure locking conditions.

NRC QUESTION (1c):
Discuss the recommended margin between actuator capability and the calculated thrust
value when using your pressure locking thrust prediction methodology, and limitations
associated with the use of your methodology and any diagnostic test equipment
accuracy requirements. Commonwealth Edison provided this type of information to the
NRC in a letter dated May 29, 1998. This letter is in the Public Document Room
(Accession Number: 9806040184).

APS RESPONSE (1c):
Commonwealth Edison, in partnership with Arizona Public Service and the
Westinghouse Owners Group, performed testing of a PVNGS Borg Warner 10", 300 Ib
class flexible wedge gate valve to determine the stem thrust required to open these
type of flexible wedge gate valves with the fluid pressure in the valve bonnet greater
than the fluid pressure in the upstream and downstream piping. The test methodology
instrumentation, and final results are identified in Attachment 5 of the PVNGS
calculation 13-MC-ZZ-217, "Gate Valve Open Thrust Required During Potential
Pressure Locking Conditions" (Enclosure 3).
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The measured data and predicted values from selected Commonwealth Edison tests
were plotted and fiitwith best fitting least square linear regression. In general a good
correlation between the regression for the measured data and for the predicted values
was demonstrated by the similarity in slope between the plotted lines. The margin
between the measured data and predicted data for relatively low values of prior closing
thrust (less than 17,000 Ibf.), were found to be from a conservative 30.9% for the
measured pressure locking load of 26,705 Ibf. with a bonnet pressure of 630 psig (Test
¹52) to a minimum margin of 8.9% between the measured and predicted values of the
pressure locking load of 41,872 lbf. with a bonnet pressure of 919 psig (Test ¹56).
However, the measured data presented tracks the predicted values calculated utilizing
the methodology of PVNGS calculation 13-MC-ZZ-217 (Enclosure 3). There is one set
of data for the relatively high values of closing thrust (greater than 31,000 Ibf.) (Test
¹80), where the measured pressure locking load exceeds the calculated stem thrust
required to open by 3.1%. Therefore, for applications of the PVNGS pressure locking
model presented in calculation 13-MC-ZZ-217 with postulated bonnet pressure of
above 200 psig, at least an additional 10% margin to account for PVNGS Model
uncertainty is maintained between the minimum actuator capability or load limit and the
calculated required pressure locking load unless otherwise justified. In addition,
instrument errors that are a function of overall diagnostic test equipment accuracy and
percent of full scale error that varies from 10% to 25% is factored into the peak cracking .

limitfor each valve based on the established pressure locking static peak cracking limit
used in the PVNGS pressure locking calculation, 13-MC-ZZ-217 (Enclosure 3). These
established peak cracking limits with their associated errors are controlled by PVNGS
utilizing a design setpoint document for each unit; 01-J-ZZI-004, 02-J-ZZI-004, and 03-
J-ZZI-004; Controlled Motor Operator Data Base (CMODB).

NRC QUESTION (1d):
Pressure locking test results conducted by INEEL on a fiexible wedge gate valve
discussed in NUREG/CR-6611 indicated that, as differential pressure between the
bonnet and the downstream (or upstream) side of the valve increased, the stem thrust
required to open the pressure-locked valve increases. The EOI pressure locking
methodology predicted that the opposite would occur in that, as 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. Discuss how your
pressure locking thrust prediction methodology trends as differential pressure between
the bonnet and the downstream (or upstream) side of the valve increases. If
applicable, discuss any differential pressure restrictions or other conditions associated
with the use of your pressure locking thrust prediction methodology.

APS RESPONSE (1d):
The PVNGS pressure locking methodology deviates from the Entergy Operations,
Incorporated (EOI) model. The PVNGS model includes three terms that account for the
effects of the variation of differential pressure between the bonnet and the upstream
and downstream side of the valve. These terms are the disk load, vertical load, and
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hub load. The disk load accounts for the friction load due to the normal forces caused
by the difference between the bonnet pressure and the average of the upstream and
downstream pressures. The vertical load accounts for the increased load due to the
effect of the unbalanced load across the valve disk caused by the differential pressure
between the bonnet and the average of the upstream and downstream pressures. This
vertical load term is not included in the EOI model but is included in the Commonwealth
Edison model. The hub load accounts for the increased loading at the low pressure
seat caused by the differential pressure between the upstream and downstream side of
the valve such that this load is proportional to this differential pressure. The hub load
increases due to increased friction load caused by the additional normal forces at the
low pressure valve seat. Therefore, the PVNGS pressure locking model indicates that,
as differential pressure between the bonnet and the valve downstream and/or upstream
sides increases, the predicted pressure locking stem thrust also increases. Conversely,
decreases in differential pressure between the bonnet and valve upstream and/or
downstream sides result in a commensurate decrease in the predicted pressure locking
stem thrust. The disk load and the hub loads are similar to the bonnet pressure and
differential pressure terms in the EOI model.

NRC QUESTION (1e):
Identify the valves for which your pressure locking thrust prediction methodology was
used to demonstrate that the valves would operate during pressure locking conditions.

APS RESPONSE (1e):
Valves utilizing PVNGS Pressure model without a bonnet pressure relief modification:

CHE-HV-536 RWT Gravit Feed Line to Char in Pum s Isolation Valve
APS found CHEHV536 to be the only potential pressure locking susceptible gate valve
in each unit that did not require any modification or corrective action based on an
evaluation utilizing the PVNGS pressure locking model. This valve is located at the 70-
foot elevation of the Auxiliary Building in the Reactor makeup Water and Boric Acid
Makeup Pump Room. This valve is a 3" Borg Warner 1500 Ib class flexible wedge gate
valve with relatively low potential bonnet pressures and not susceptible to thermal
pressurization. Consequently, the valve is subject to relatively low postulated pressure
locking loads. The postulated pressure locking loads based on the PVNGS pressure
locking thrust prediction model were factored into the existing setpoints and an
established peak cracking limitwas added.

0

SIA-HV-604 8 SIB-HV-609 Hi h Pressure Safe In ection HPSI Lon Term
Recirculation Isolation Valves
Corrective action for an additional pair of potential pressure locking susceptible gate
valves in each unit, SIAUV604 8 SIBUV609, only required establishment and resetting
to a lower limit for the allowable peak cracking in order to control the postulated
pressure locking loads. These valves are located at the 40-foot elevation of the
Auxiliary Building in their respective train High Pressure Safety Injection Pump Rooms.
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These are 3" Borg Warner 1500 Ib class flexible wedge gate valves with relatively high
potential bonnet pressures and susceptible to slight thermal pressurization and
upstream minimum system pressure. Consequently, these valves are subject to
relatively moderate postulated pressure locking loads. A heat transfer and fluid flow
evaluation was performed and documented (13-MC-SI-330, Calculation of Bonnet Fluid
Temperature for MOV SI-604/609, Enclosure 4) to determine the maximum steady state
bonnet fluid temperature.

SGA-UV-134/138 Steam Generator Steam Su I to Auxilia Feedwater Pum
Turbine Isolation Valves
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SGAUV134 & SGBUV138, involved an upgrade in the actuator and valve weaklink as
described in APS response to question 4 below to provide additional actuator capacity
and component strength to overcome postulated pressure locking loads. These valves
are located in the 120-foot elevation of the Main Steam Support Structure (MSSS)
building in the Main Steam Isolation and Dump Valve Area. These are 6" Anchor
Darling 900 Ib class flexible wedge gate valves with relatively high potential bonnet
pressures and are not susceptible to additional thermal pressurization. Consequently,
these valves are subject to relatively moderate postulated pressure locking loads.

SIB-UV-671 & SIA-UV-672 Containment S ra Control Valves
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SIBUV671 & SIAUV672, involved an upgrade in the actuator as described in APS
response to question 4 below to provide additional actuator capacity and component
strength to overcome postulated pressure locking loads. These valves are located in
the 87-foot elevation of the Auxiliary building in their respective train Piping Penetration
Rooms. These are 8" Borg Warner 300 Ib class flexible wedge gate valves with
relatively moderate potential bonnet pressures and are not susceptible to thermal
pressurization. Consequently, these valves are subject to relatively moderate
postulated pressure locking loads.

SIA-HV-686 & SIB-HV-696 Shutdown Heat Exchan er to Low Pressure Safet
In'ection Header Crossover Valve
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SIAHV686 & SIBHV696, involved an upgrade in the actuator as described in APS
response to question 4 below to provide additional actuator capacity to overcome
postulated pressure locking loads. These valves are located in the 70-foot elevation of
the Auxiliarybuilding in their respective train Shutdown Cooling Heat Exchanger and
Valve Gallery Rooms. These are 20" Borg Warner 300 Ib class flexible wedge gate
valves with relatively moderate potential bonnet pressures and are not susceptible to
thermal pressurization. Consequently, these valves are subject to relatively moderate
postulated pressure locking loads.

10
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SIA-HV-688 & SIB-HV-693 Containment S ra B ass Valves
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SIAHV688 & SIBHV693, involved an increase in the actuator overall gear ratio as
described in APS response to question 4 below to provide additional actuator capacity
to overcome postulated pressure locking loads. These valves are located in the 70-foot
elevation of the Auxiliarybuilding in their respective train Shutdown Cooling Heat
Exchanger and Valve Gallery Rooms. These are 10" Borg Warner 330 Ib class flexible
wedge gate valves with relatively moderate potential bonnet pressures and are not
susceptible to thermal pressurization. Consequently, these valves are subject to
relatively moderate postulated pressure locking loads.

SIA-HV-685 & SIB-HV-694 Low Pressure Safet In'ection to Shutdown Coolin Heat
Exchan er Cross Connect Valves
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SIAHV685 & SIBHV694, involved an increase in the actuator overall gear ratio as
described in APS'esponse to question 4 below to provide additional actuator capacity
to overcome postulated pressure locking loads. These valves are located in the 70-foot
elevation of the Auxiliary Building in their respective train Shutdown Cooling Heat
Exchanger and Valve Gallery Rooms. These are 10" Borg Warner 330 Ib class flexible
wedge gate valves with relatively moderate potential bonnet pressures and are not
susceptible to thermal pressurization. Consequently, these valves are subject to
relatively moderate postulated pressure locking loads.

NRC QUESTION (2a):
The February 21, 1996, submittal states that an algorithm was used to calculate
thermally induced bonnet pressure increase in determining the maximum bonnet
pressure in your pressure locking thrust prediction methodology.

Describe the algorithm and the basis for the algorithm.

APS RESPONSE (2a):
The thermal pressurization algorithm developed for the PVNGS pressure locking model
utilizes an empirical relationship between pressure and temperature to evaluate the
effects of bonnet water temperature increases on valve bonnet pressure. This
relationship was developed based on testing of a PVNGS spare 10" Borg Warner 300
Ib flexible wedge gate valve at Commonwealth Edison's Braidwood Station test facility.
The valve assembly was vented, filled with water and then heated utilizing strategically
placed heating coils wrapped in thermal blankets in separate tests at different heat
rates. The internal bonnet fluid temperature and pressure was recorded at various time
intervals.
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The thermal testing heat-up test results indicated two distinctive pressurization regions.
The first pressurization region which included the initial 60 'F bonnet temperature
increase could be modeled using a pressurization rate of 3 psig/'F. However, this
gradual 3 psig/'F was modeled for only the first 30 F temperature increase. The
second pressurization region, which includes the bonnet temperature increase greater
than 60 'F, was modeled starting at increases greater than 30 F using the two highest
observed applicable pressurization rates of 42 psig/'F at 150 'F and 65 psig/'F at 290
'F. These rates were normalized by developing a differential linear expression
averaging these rates over the applicable temperatures ranges and integrating the
expression over the modeled temperature range. These expressions for region one and
region two were then added together to determine the total pressure increase. The
resulting average pressurization rates after the first 30'F temperature increase are in
the range of 35 psig/'F to 45 psig/'F in the 100 'F to 160'F temperature range of
interest. The resulting postulated bonnet pressure increase is compared with the test
data and a theoretical pressurization model as is shown in Attachment 2 of the PVNGS
calculation 13-MC-ZZ-217, "Gate Valve Open Thrust Required During Potential
Pressure Locking Conditions" (Enclosure 3). The PVNGS pressurization model is
representative of the field conditions of the PVNGS valves including the moderate
temperature increases that the applicable PVNGS valves would be subjected to based
on review of test results, design basis temperature calculations, heat transfer analysis,
and applicable normal and accident scenario evaluations.

NRC QUESTION (2b):
Discuss ifyour algorithm accurately predicted the pressure/temperature relationship
test results sponsored by the NRC and conducted by INEEL that are documented in
NUREG/CR-6111(6611). Testing conducted by INEEL identified thermal-induced
pressurization rates of up to 50 psi/'F.

APS RESPONSE (2b):
Review and comparison of the applicable NRC sponsored Idaho National Engineering
and Environmental Laboratory (INEEL) thermal pressurization test results presented in
NUREG/CR-6611 with attachment 2 of PVNGS calculation 13-MC-ZZ-217, "Gate Valve
Open Thrust Required During Potential Pressure Locking Conditions" (Enclosure 3)
indicated that in the temperature region of interest that the PVNGS thermal
pressurization model rates approach those of the INEEL test results. Although no
specific thermal pressurization rate was found stated in NUREG/CR-6611 the rates
implied by the linear pressurization rates depicted in the graphical presentation indicate
that the thermal pressurization rate approaches 50 psig/'F. This does not appear
inconsistent with the Commonwealth Edison PVNGS Borg Warner valve high
temperature test results. However, the Commonwealth Edison test results of the
PVNGS Borg Warner valve indicated that there was an initial approximately 60'F
temperature heatup region before significant thermal pressurization rates were
observed. After this first 60'F temperature increase these thermal pressurization rates
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were then found to vary up to a high temperature region maximum rate of around 60
psig/'F as temperature continued to increase. The appropriate thermal pressurization
rates of significant interest to PVNGS were modeled based on these test results for the
temperature region of interest for potential PVNGS pressure locking conditions. These
do not appear to be directly comparable to the INEEL test results although they
approach the predicted pressure/temperature relationship for the 2% air volume in the
region of 150'F. However, it is difficultto conclude that the PVNGS thermal
pressurization model is accurate in predicting the indicated INEEL measured test
results. Review of additional detailed INEEL test data in the PVNGS temperature range
of interest, 100'F to 160'F, would be required.

NRC QUESTION (2c):
Assuming zero leakage through the valve seats and stem packing, zero entrapped air
and negligible pressure expansion of the valve bonnet, the theoretical increase in
bonnet pressure due to temperature increase is greater than 50 psi/'F. If the results of
your algorithm are less conservative than the INEEL pressurize/temperature
relationship test results, explain why it is acceptable to use the results of your algorithm.

APS RESPONSE (2c):
The PVNGS thermal pressurization algorithm was developed based on the 1995
Commonwealth Edison test results of a representative 10" 300 Ib class Borg Warner
flexible wedge gate valve. The INEEL thermal pressurization test data is not
inconsistent with the available data for the PVNGS temperature range of interest (100'F
to 160 F) for the PVNGS flexible wedge gate valves that were identified as being
susceptible to thermal pressurization due to design basis event system and
environmental exposure temperature increases. This temperature range of interest is
based on review of design basis heat transfer and fluid flow calculations and is
documented in PVNGS CRDR 9-5-0836 (Enclosure 2) and PVNGS calculation 13-MC-
ZZ-217 (Enclosure 3). Further, PVNGS valves that were identified as being potentially
subjected to significant thermal pressurization have been modified to include bonnet
relief devices to preclude the possibility of excessive thermal pressurization induced
pressure locking. Significant thermal pressurization was identified as bonnet fluid
subject to temperature increases above 30'F prior to or during design basis conditions
requiring the opening of a closed pressure locking susceptible valve.

NRC QUESTION (3a):
The February 21, 1996, submittal states that thermal binding test results from a 10-inch
Borg Warner valve were used to determine the additional thrust required for valves to
operate during thermal binding conditions. During a phone call conducted on May 20,
1999, you stated that there are no solid wedge gate valves in the scope of GL 95-07
and that flexible wedge gate valves in the scope of GL 95-07 were evaluated for
thermal binding.
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The NRC staff considers that thermal binding occurs as a result of valve design
characteristics such as wedge and valve body configuration, flexibility(pressure rating),
and material thermal coefficients. The NRC staff has approved the use of thermal
binding test results to demonstrate that valves will operate during thermal binding
conditions as acceptable corrective action for GL 95-07. However, the thermal binding
test results were used for valves with very similar design characteristics.

Identify the instances where the test results from the Borg Warner valve were used to
determine that valves are capable of operating during thermal binding conditions.

APS RESPONSE (3a):
Engineering Study 13-MS-A96 Revision 0, "Gate Valve Pressure Locking and Thermal
Binding (TB) Evaluations", identified safety-related motor operated gate valves with a
safety function to open. The identified Motor Operated Valves (MOVs) are: AF-34/35,
AF-36/37, CH-536, SG-134/138, SI-604/609, SI-651/652, SI-653/654, SI-655/656, SI-
671/672, SI-686/696, SI-685/694, SI-688/693.

PVNGS'riteria to determine if a gate valve is susceptible to thermal binding is a delta
temperature decrease of at least 200'F from the time the valve is closed to when the
valve is required to open. This criteria is based upon actual operating experience, which
includes over twenty plant cool downs between the three PVNGS Units. During these
plant cool downs many gate valves have undergone large temperature decreases
(around 200'F) and none of the identified valves have failed to open due to thermal
binding during outage maintenance or unit start ups.

A review of the motor operated gate valves with a safety function to open was
performed to identify MOVs that experience a temperature decrease of 200'F or more
from the time they close to the time they are required to reopen. Only the Shutdown
Cooling suction inboard /outboard isolation MOVs (13JSIAUV0651, 13JSIBUV0652,
13JSICUV0653, 13JSIDUV0654) were identified as matching these criteria, and are
considered susceptible to thermal binding.

However, the open capability of all the safety related gate valves with a safety function
to open was evaluated and compared to the test results, but the testing was not used
as the determination of the MOV's capability to open during thermal binding conditions.
Since PVNGS evaluations have shown that all other safety related gate valves with a
safety function to open are not subjected to a temperature decrease of 200'F, they are
not considered susceptible to thermal binding based on operating experience.
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NRC QUESTION
(3b)'iscussthe Borg Warner thermal binding test results that were used in determining if

valves were susceptible to thermal binding.

APS RESPONSE (3b):
The thermal binding test results used by PVNGS were developed with a Borg Warner
10" 300 Ib class flex wedge gate valve during thermal binding effects testing performed
by the Commonwealth Edison Company. As documented in the Borg Warner 10" valve
test procedure, the valve body was heated externally with the valve in the open
position. Then the valve was closed and allowed to cool with the disk seated. After the
valve cooled, the valve was unseated and the unwedging force was recorded. The
delta temperature unwedging force result was then compared to the unwedging force
measured with no thermal binding conditions (no thermal cool down) at the same
control switch setting. The test result used by PVNGS to determine thermal binding
susceptibility is documented in the test procedure as a 38 % increase in the gate
valve's required unseating thrust after experiencing a decrease in temperature of
approximately 215'F, reference PVNGS CRDR 9-5-0836, Attachment 4 (Enclosure 2).
Therefore, to demonstrate the valves susceptible to thermal binding have adequate
open ability, the actuator's worst case design basis open capability was evaluated to
ensure it is greater than the valves measured unwedging static thrust plus 40%
additional thrust for thermal binding effects. In addition, to ensure capability of these
safety related gate MOVs, a static as-left unwedging thrust has been established as a
controlled limit and is compared to the valve's actual unwedging thrust, measured
during diagnostic testing, to ensure the measured value is below the evaluated limit.

NRC QUESTION (3c):
Discuss the valve design characteristics (wedge and valve body configuration, flexibility
(pressure rating), and material thermal coefficients) of the Borg Warner test valve and
the valves that utilized the Borg Warner valve test results to demonstrate that the
valves would operate during thermal binding conditions.
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APS RESPONSE (3c):
The Shutdown Cooling suction inboard/outboard isolation MOVs that utilized the Borg
Warner valve test results to demonstrate they would operate during thermal binding
conditions are similar type gate valves. The comparison between the Borg Warner test
valve and the PVNGS susceptible valves are shown below:

Valve design characteristics
Vendor
Type
Size
Class
Disk material
Disk thermal coefficients"
Valve Body material
Body thermal coefficients*
Seat Ring material
Seat Ring thermal coefficients*

Test Valve
Borg Warner
flex-wedge gate
1 0u

300 Ib
ASME SA 351 GR CF8M
9.11 x 10~ in/in/'F
ASME SA 351 GR CFSM
9.11 x 10~ in/in/'F
ASTM A296 GR CF3M
9.10 x 10~ in/in/'F

PVNGS susceptible Valves
Borg Warner
fiex-wedge gate
12"

1500 Ib
ASME SA 351 GR CFSM
9.11 x 10~ in/in/'F
ASME SA182 F316
9.10 x 10'n/in/'F
ASTM A276 TYPE 316L
9.10 x 10~ in/in/'F

*Reference ASME B8 PV Code, Sec. II, Materials Part D - Properties, July 95 Addenda;
Tables TE-1, Nominal Coefficients of Thermal Expansion for Ferrous Materials, Mean
Coefficients of Thermal Expansion.

The material thermal coefficients of the test valve and the susceptible valves are very
similar. However, the susceptible valves have a larger class rating and, therefore, the
disk of the valve is stiffer than the test valve, which may make the susceptible valves
more prone to thermal binding. PVNGS evaluation concluded this is a benefit. Since the
susceptible MOVs have a large actuator open capability, and the higher class valve
disk "T" slot has a much larger weaklink limit (179,986 lbs.) than the test valve (64,230
lbs.), no valve damage would occur in a thermal binding event. The susceptible valves
have a worst case open margin capability of 55% above the expected thermal binding
event unwedging thrust, as shown below.

13JSIAUV0651 13JSIBUV0652
PVNGS static unwedging control limit = 55,000 lbs.
Expected thermal binding unwedging load = 55,000 lbs. x 1.4 = 77,000 lbs.
Actuator open capability = (start torque x temp. factor x OAR x pull out eff. x Iow

voltage % x APFR)/(stem factor)
= [100 ft-Ibs x 0.95 x 132.81 x 38% x (414/460)'

0.9]/(0.02931 @ 0.18 stem friction)
= 119,248 lbs.

Margin of open capability = [(119,248 —77,000)/77,000] x 100% = 55%
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0 13JSICUV0653 13JSIDUV0654
PVNGS static unwedging control limit = 18,750 lbs.
Expected thermal binding unwedging load = 18,750 Ibs x 1.4 = 26,250 lbs.
Actuator open capability = (start torque x temp. factor x OAR x pull out eff. x low

voltage % x APFR)/(stem factor)
= [40 ft-Ibs x 0.816 x 124.1 x 35% x (456/460)'

0.9]/(0.02931 @ 0.18 stem friction)
= 42,779 lbs.

Margin of open capability = [(42,779 —26,250)/26,250] x 100% = 63%

NRC QUESTION (3d):
Ifthe design characteristics are not similar, discuss long-term corrective action, and any
short-term corrective action, if applicable, to ensure valves susceptible to thermal
binding are operable.

APS RESPONSE (3d):
The following corrective actions have been implemented and completed to resolve the
plant condition which may cause thermal binding for the valves having a possible
temperature decrease of over 200'F after valve closure.
~ Procedure 40OP-9ZZ01 "Cold Shutdown To Hot Standby Mode 5 To Mode 3" was

revised to ensure the administrative controls are sufficient for the removal of the
Shutdown Cooling loop from service before the Reactor Coolant System (RCS)
temperature exceeds 310'F, to avoid possible thermal binding of the Shutdown
Cooling/Safety Injection (Sl) MOVs. This procedure change resolves the possible
plant condition which may cause thermal binding of the Shutdown Cooling suction
inboard/outboard isolation MOVs since the identified worst case open temperature
for these MOVs is 110'F.

~ During diagnostic testing the as-left unwedging thrust is measured and compared to
a controlled design unwedging limit to ensure the measure thrust value is not over
the evaluated limit.

In addition, actual operating experience at PVNGS has shown that these valves have
undergone large temperature decreases after closure, approximately 200'F, and have
not thermally bound. Therefore, no additional corrective actions are required.

NRC QUESTION (4):
Briefly explain the modifications that have been implemented or are scheduled to be
implemented to eliminate the potential for pressure locking. Ifthe modification involves
the installation of a bonnet relief valve, discuss relief valve setpoint and how it is verified
that the valve will open when pressure in the bonnet is higher than upstream and
downstream pressure but below the relief valve setpoint.
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APS RESPONSE (4):
Pressure Locking modification descriptions:

SIA-HV-604 8 SIB-HV-609, High Pressure Safety Injection (HPSI) Long Term
Recirculation Isolation Valves
LOCATION:These valves are 3" Borg Warner 1500 Ib class gate valves on the HPSI
injection lines to the Reactor Coolant System (RCS) hot legs. These valves are located
near the 50-foot level of the HPSI pump rooms.
FUNCTION: Required to open to allow HPSI hot leg injection under various accident
conditions.
MODIFICATION:In order to ensure that the motor and actuator combination is capable
of overcoming the postulated pressure locking loads, the valve unwedging forces are
controlled as a safety related setpoint in the Controlled Motor Operator Database
(CMODB), drawing 01-, 02-, 03-J-ZZI-004. This setpoint is verified on a 2 refueling
cycle basis through the use of MOV static diagnostic testing.
SCHEDULE: The setpoint control for these valves has been implemented in all 3 units.

AFB-UV-34, AFB-UV-35, AFC-UV-36, & AFA-UV-37, Auxiliary Feedwater (AF) Pump
Steam Generator Supply Valves
LOCATION: These valves are 6" Anchor Darling 900 Ib class gate valves on the
discharge side of the Auxiliary Feedwater pumps. These valves are located in the
Auxiliary Feedwater pump room in the 80-foot level of the Main Steam Support
Structure (MSSS) building.
FUNCTION: Required to open to allow Auxiliary Feedwater flow to operable Steam
Generators under certain accident conditions.
MODIFICATION:A pressure relief valve is installed off of the valve bonnet with its
discharge routed to the Auxiliary Feedwater Pump Turbine discharge line downstream
of the pressure reducing orifice to the condensate storage tank. The valve disk to valve
stem interface was strengthened to increase valve weaklink limits. The stem to stem nut
interface machine tolerances were tightly controlled to improve the valve stem factor.
The relief valve setpoint (reference PVNGS calculation 13-MC-AF-309) was selected to
be adequately above normal system operating pressures but below actuator
capabilities. The PVNGS pressure locking model was used to ensure that the resulting
actuator capability was above resulting bonnet pressure loads.
SCHEDULE: These modifications have been installed in all 3 units.

SGA-UV-134/138, Steam Generator Steam Supply to Auxiliary Feedwater (AF)
Pump Turbine Isolation Valves
LOCATION:These valves are 6" Anchor Darling 900 Ib class gate valves on the steam
supply headers to the AF pump turbine. These valves are located in the 120-foot
elevation in the Main Steam Isolation and Dump Valves Area of the MSSS.
FUNCTION: The valves are required to open automatically on an Auxiliary Feedwater
Actuation Signal to provide steam admission to the turbine driven AF pump.
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MODIFICATION:The motor operator combination was changed from a Limitorque SB-
0-40 to a SB-1-60. The MOV thermal overload settings and breaker settings were re-
sized. The valve disk to valve stem interface was strengthened to increase valve
weaklink limits. The stem to stem nut interface machine tolerances were tightly
controlled to improve the valve stem factor.
SCHEDULE: This modification has been installed in Units 2 and 3. Unit 1 is scheduled
for the 1R8 refueling outage, which began October 2, 1999.

SIA-UV-651 5 SIB-UV-652, Shutdown Cooling Suction Inboard Isolation Valves
LOCATION:These valves are 12" Borg Warner 1500 Ib class gate valves on the
shutdown. cooling suction lines from the Reactor Coolant System (RCS) hot legs. These
valves are located in the containment building outside the bio-shield at approximately
the 90-foot elevation.
FUNCTION: The function of these valves is to provide shutdown cooling suction from
the RCS hot legs. The valves are opened to provide Shutdown Cooling and are the
inboard RCS pressure boundary between the Reactor Coolant (RC) and Safety
Injection (Sl) system.
MODIFICATION:A pressure relief valve is installed off of the valve bonnet with its
discharge routed to the Reactor Drain Tank. The relief valve setpoint (reference
PVNGS calculation 13-MC-Sl-229) was selected to be adequately above normal
system operating pressures but below actuator capabilities. The PVNGS pressure
locking model was used to ensure that the resulting actuator capability was above
resulting bonnet pressure loads.
SCHEDULE: This modification has been installed in all 3 units.

SIC-UV-653 8 SID-UV-654, Shutdown Cooling Suction Outboard and Inboard
Containment Isolation Valves
LOCATION:These valves are 12" Borg Warner 1500 Ib class gate valves on the
shutdown cooling suction lines from the Reactor Coolant System (RCS) hot legs. These
valves are located in the containment building outside the bio-shield at approximately
the 90-foot elevation.
FUNCTION: The function of these valves is to provide shutdown cooling suction from
the RCS hot legs. The valves are opened after opening of inboard isolation valves to
provide Shutdown Cooling and they also provide the outboard RCS pressure boundary
isolation between the RC and Sl system. These valves are also inboard containment
isolation valves.
MODIFICATION:A spring check valve is installed off of the bonnet with its discharge
routed to the piping upstream of the subject gate valve. The check valve setting
(reference calculation 13-MC-Sl-229) was selected to be adequately above normal
system operating pressures but below actuator capabilities. The PVNGS pressure
locking model was used to ensure that the resulting actuator capability was above
resulting bonnet pressure loads.
SCHEDULE: This modification has been installed in all 3 units.
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SIA-UV-655 8 SIB-UV-656, Shutdown Cooling Outboard Containment Isolation
Valves
LOCATION:These valves are 12 " Borg Warner 300 Ib class gate valves on the
shutdown cooling suction lines from the Reactor Coolant System (RCS) hot legs. These
valves are located in the pipe penetration rooms at the 80-foot elevation of the Auxiliary
building.
FUNCTION: The function of these valves is to provide shutdown cooling suction from
the RCS hot legs. The valves are opened to establish shutdown cooling. These valves
are also outboard containment isolation valves.
MODIFICATION:A spring check valve is installed offof the bonnet with its discharge
routed to the piping upstream of the subject gate valve. The check valve setting
(reference calculation 13-MC-SI-229) was selected to be adequately above normal
system operating pressures but below actuator capabilities. The PVNGS pressure
locking model was used to ensure that the resulting actuator capability was above
resulting bonnet pressure loads.
SCHEDULE: The modification has been installed for SIBUV656 in all 3 units. The
modification for SIAUV655 has been installed in Units 2 and 3. The modification to Unit
1 SIAUV655 is scheduled for 1R8 which began on October 2, 1999.

SIA-HV-688 5 SIB-HV-693, Containment Spray Bypass Valves
LOCATION:These valves are 10" 300 Ib class Borg Warner gate valves. These valves
are located on the shutdown cooling heat exchanger bypass header from the
containment spray pump discharge. The valves are on the 70-foot elevation of the
Shutdown Heat Exchanger rooms in the Auxiliary Building.
FUNCTION: These valves provide a flowpath for Containment Spray to be used when
the plant is on shutdown cooling.
MODIFICATION:The actuator internal gearing of these valves has been changed from
an overall ratio of 38.11:1 to 81.64:1. This ensures that the thrust delivered by the
motor actuator is capable of overcoming the calculated bonnet pressure loads under
design basis conditions.
SCHEDULE: The modification to SIAHV688 has been completed in all 3 units. The
modification for SIBHV693 has been installed in Units 1 and 2. The modification to Unit
3 SIBHV693 is scheduled for the 3R8 refueling outage which is scheduled to begin on
April 2, 2000.

SIA-HV-685 8 SIB-HV-694, LPSI to Shutdown Cooling Heat Exchanger Cross
Connect Valves
LOCATION: The valves are 10" Borg Warner 300 Ib class gate valves. These valves
are located on the inlet lines to the shutdown heat exchangers. The valves are located
on the 70-foot elevation in the Shutdown Cooling Heat Exchanger rooms.
FUNCTION: These valves are opened to establish shutdown cooling flow through the
inlet to the Shutdown Cooling Heat Exchangers and are closed to isolate shutdown
cooling flow.
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MODIFICATION:The actuator internal gearing of these valves has been changed from
an overall ratio of 38.11:1 to 81.64:1. This ensures that the thrust delivered by the
motor actuator is capable of overcoming the calculated bonnet pressure loads under
design basis conditions.
SCHEDULE: The modification to SIAHV685 has been completed in Units 2 and 3. The
modification to Unit 1 SIAHV685 is scheduled for the 1R8 refueling outage which began
October 2, 1999. The modification to SIBHV694 has been installed in Units 1 and 2.
The modification to Unit 3 SIBHV694 is scheduled for the 3R8 refueling outage which is
scheduled to begin on April 2, 2000.

SIA-HV-686 L SIB-HV-696, Shutdown Cooling Heat Exchanger to LPSI Header
Crossover Valve
LOCATION: These valves are 20" Borg Warner 300 Ib class gate valves. The subject
valves are located in the Shutdown Cooling Heat Exchanger valve gallery on the 80-
foot elevation of the Auxiliary Building.
FUNCTION: These valves are remotely opened to establish shutdown cooling flow
through the heat exchanger.
MODIFICATION:The motor operator combination has been changed from an SMB-1-
60 to an SMB-2-60. The MOV thermal overload settings and breaker settings have
been re-sized. This modification ensures the motor operator is capable of overcoming
bonnet pressure loads under all design basis conditions.
SCHEDULE: The modification to SIAHV686 has been completed in all 3 Units. The
modification to SIBHV696 has been installed in Units 1 and 2. The modification to Unit
3 SIBHV696 is scheduled for the 3R8 refueling outage which begins April 2, 2000.

SIB-UV-671 K SIA-UV-672, Containment Spray Control Valve
LOCATION:These valves are 8" Borg Warner 300 Ib class gate valves. The subject
valves are located on the 90-foot elevation of the Auxiliary Building in the Pipe
Penetration Rooms.
FUNCTION: These valves are on the discharge header to the containment spray
nozzles and are opened on a Containment Spray Actuation Signal (CSAS). These
valves are also outboard containment isolation valves.
MODIFICATION:The motor operator combination has been changed from a SB-0-25 to
a SB-1-40. The MOV thermal overload settings and breaker settings were re-sized. This
modification ensures the motor operator is capable of overcoming bonnet pressure
loads under all design basis conditions.
SCHEDULE: The modification to SIBUV671 has been completed in all 3 Units. The
modification to SIAUV672 has been installed in Units 2 and 3. The modification to Unit
1 SIAUV672 is scheduled for the 1R8 refueling outage which began October 2, 1999.
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ENCLOSURE 2

PVNGS CONDITION REPORT/DISPOSITION REQUEST
(CRDR) 9-5-0836, GENERIC LETTER 96-07 180 DAY

RESPONSE EVALUATION
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CRDR CONTINUATIONSHEET
CONDITION REPORT/DISPOSITION REQUEST

CRDR I--- ...o

BACKGROUND
Pressure locking occurs when a closed gate valve bonnet is pressurized from high process fluidprcssure and the line pressure

subsequently reduces, or when the bonnet is hydraulically hcatcd to increase Uie pressure of fluid trapped in the bonnet above
line pressure. The resultant bonnet pressure and accompanying seating forces on the gate may require an openIng stem thrust
above an actuator or valve thrust/torque limit, and in some cases prevent opening thc valve.

Thc NRC recently published Fcdcral Register Notice (3-27-95, Vol 60 No 58), "Proposed Gcncric Letter. assure Locking
and Tlieimal Binding ofSafety-Related Power-Operated Gate Valves," which willrequire all nuclear power plant Licensees
to perform pressure locking and thermal binding susceptibility evaluations and take appropriate actions to ensure those gate
valves deemed susceptible willperform their required safety functions. Enginccring is curtently evaluating prcssure locking
and thermal binding ofgate valves pcr CRDR 9-3-0561. As part of this work efFort, NED/MOVdeveloped a methodology to
evaluate safety-related power-operated (motor, air, hydraulic and solenoid) gate valves per Calculation 13-MC-ZZ-215,
Revision 0.

(I) DFSCRIPTION OF CONDITION
Based on a technical review of Calculation 13-MC-ZA-215, Revision 0 and the latest information pertaiU<tg to Engineering
Study 13-MS-A96 (drafi), the following issues have been identified:

(I) MOVs AF-34/35/36/37, Sl-651/652, Sl-653/654, SI-655/656. SI-671/672, SI-686/696, Si-685/694 and Sl-688/693 rl<e-

orerical bonnet pressures resulting from thc assumed temperature inc<eases are below thc valve vendor hydrostatic test
pressures. but Me above tlie applicable ASME/ANSIB16.34 pressure limits for these valves. Since the r/<eorerieal bon.
nct pressures resulting &om the assumed temperature incrcascs are cnvelopcd by the valve vendor hydrostatic tests a<xi

are transient pressures rather than working „';~utes, Engineering deems this condition acceptable, until additional
analyses and/or testing can bc performed to validate the pressure versus temperature predictions and dctcrmine whether
the ASME B8:PV code provides specific guidance related to transient valve bonnet pressurization. This'issue may bc
tnnsportable to other fluid fined components, which do not ha" c a pressure reliefmccha<Lsm via a pressure relief valve
or via component lcakagc, expansion, or tnppcd air.

N

(2) MOVs Sl-653/654 r/<core<ical cpcning stem Uuust requirement to ovcrcomc the postulated pressure locking load~ is
greater than the 74,133 lbs maximum opening weak link thrust limit. As mentioned in the Calculation's tcchni 'iI
review. no additional actions were initiated, since tlus issue was previously identified and is evaluated per CRDR 9-5-
0607 and 10 CFR 50.59 Screen and Evaluation ¹95-N)226. Rcfcr to these documents for additional information.

(3) MOVs Sl.686/696 theoretical opening stem thrust rcquircment to overcome the postulated pressure locking loads is
greater than the 97,3 I 0 lbs maximuin actuator thrust capability. As mcntioncd in thc Calculation's tcchnical rcvicw,
CATS action item 930561.12 was initiated to evaluate this condition with a high priorityd..'."mg the ongoing work effort
to complctc Engineering Study 13-MS-A96. The CATS action item was deemed appropriate instead of initiating a ncw
CRDR, since a preliminary review of the design basis requirements I'or SI-686/696 indicate Sl-686/696 would not be

required tn open to align/initiate shutdown cooling concurrent with the postulated temperature increase resulting„from a

R( S Iet<lwvn 1»ic brcak or auxiliary stcam linc brcak event in the auxiliary building. In addition, the Calculation's tech-
»ical review also stated Engineering may deem it necessary to supersede the CATS action item with a new CRDR dur-
ing thc detailed review of Sl-686/696 per Engineering Study 13-MS-A96. As of this date, Enginccring deems it
appi<ipriatc tu cstablisli a new CRDR to document thc evaluation of SI-686/696 r/<core(i<;a/ opening stem tluust to over-
come the postulated prcssure locking loads exceeding thc 97,310 Ibs maximum actuator tluust capability. Based on thc
p<riiwf<l<lrvprcssure locking and thermal binding evaluations, using nominal process conditions pcr Calculation 13-
MC-ZZ-215 (Rcv. 0) and Engineering Study 13-MS-A96 (draft), Sl-686/696 may be porenrially susceptible to pressure
locking under thc followingconcurrent conditions: (I) thc valve scat and packi<ig Icakagc is zero; (2) no air is trapped
in tlic valve bo»:iet; (3) no credit is taken for the valve elasticity; iuid (4) iio credit is taken for the portiott/vo1ume

ol'tem,which is removed from the bonnet when the valve open cycle is commenced (i.c., no credit for thc bonnet, fluid
specific volume increase). Although SI-686/696 arc part of thc PVNGS ASME XI Inscrvicc %sting Program, Sl-686/
696 arc not leak tested and maintained leak tight pcr 10 CFR 50 Appendix J requirements. Thus, it is reasonable the Sl-
686/696 gate valves to have at least 1-2 ccm minimum valve Icakagc. Minimum realistic valve leakage of 1-2 ccm ivill
prevent bonnet ovcrpressurization. Therefore, based on thc above, SI-686/696 are deemed capable ofperl'orming Uteir
safety-function uiider ucsign basis conditions, and Engineering does not consider the SI-686/696 condition an
immediate operabflity concern.

{4) MOVs S1-671/672, Sl-685/694 and SI-688/693 Ckeorerieal opening sicm thrust requirement to overcome the postulated

PVa<044EN <10 92) * 00AC41P04
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pressure locking loads are It;~ihLg their cones ponding maximum MOYdesign thrust capabilities under nominal con-
ditions per Calculation 13-MC-ZZ-215, Revision 0, and are acceptable. However, the theoretical opening stem thrust
requirement to overcome the postulated pressure locking loads are greater than their corresponding actuator thmst
capabilities using minimum voltages and pullout actuator eQiciencies per the preliminary analyses performed for Engi-
neering Study 13-MS-A96 (drafi).

(a) SI-671/672 - Thc postulated temperature increase, which would lead to relatively rapid bonnet pressurization, is
caused by either a RCS letdown line brcak or an auxiliary stcam line break event in the auxiliary building. Thcsc events
do not require opening SI-671/672 to establish containment spray. Thus, the use ofminimum voltage to assess actuator
thrust capability is overly conservative, since the postulated bonnet pressurization cvcnt would not be concuncnt with
opening SI-671/672. Using nominal voltage and pullout eQiciency, the rheorericai opening stem thrust requirement to
overcome the postulated pressure locking loads are less than SI-67I/672s'orresponding actuator thrust capabilities.
SI.671/672 fs capable of performing its design basis function based on the existing applicable actuator thrust
capabilities, and no immediate evaluation in addition to the normally scheduled Engineering Study 13-MS-A96 is
deemed necessary or appropriate. The bonnet overpressurization issue willbc addressed as part of Item (I).

{b)SI-685/694 and SI-688/693 - The postulated temperature increase, which would lead to relatively rapid bonnet
pres-'urization,is caused by either a RCS letdown linc break or an auxiliary steam line break event in the auxiliary building.

Tliese events do not require immediately opening SI-685/694 and SI-688/693 to establish shutdown cooling. Thus, the
usc of minimum voltage to assess actuator thrust.capability is overly conservative, since the postulated bonnet pressur-,
ization event would not be concunent with op:ning Sl-685/694 and SI-688/693. Using nominal voltage and running
eQiciency, the Ihearericai op.niwft stem thrust rcquin ment to overcome the postulated pressure locking loads arc ~
Qgg Sl-685/694 and SI-688/693s'orresponding a;«~tor thrust capabilities. However, recent industry information

;indicates the use ofrunning eQiciency may not be conservative and puuout eQiciency may be appropriate in the deter-
mination of actuator thrust capability. On the other hand, Limitorquc has not completed their evaluation of the applica.
bilityofpullout and running cfliciency usage in actuator thrus'. calculations, and has not published any
recommendations, which prohibit using running efliciency. Nevertheless, it is important to note, the theoretical opening
stem thust requirement to overcome thc postulated pressure locking loads are greater than SI-685/694 and Sl.688/
693s'orresponding actuator thrust ca~abilities using nominal voltage and pullout elIiciency. Based on the preliminan,
pressure locking and thermal binding evaluations, usir g nominal process conditions pcr Calculation 13-MC-ZZ-215
(Rcv. 0) and Engineering Study 13-MS.A96 (draQ), SI-685/694 and SI-688/693 may bc porrlrrialiysusceptible to pres-
sure locking under t}!e followingconcurrent conditions: {I)ifthe valve seat and packing leakage is zero: (2) ifno air is

strapped
in the valve bonnet; (3) ifno credit is taken for the valve pressure boundary elasticity; and (4) ifno credit is

taken for the portion/volume of stem winch is removed from the bonnet when the valve open cycle is comnienad (l.e.,
no credit for the bonnet Quid specific volume increase). Although SI-685/694 and SI-688/693 are part of tiie PVNGS ~

ASME XI Inservice Testing Program, they am not leak tested and maintained leak tight per 10 O'R 50 Appendix J

requirements. Thus, it is reasonable to assume thc SI-685/694 arid SI-688/693 gate valves to have at least 1-2 cern min-
w valve leakage. Minimum realistic valve lcakagc of 1-2 ccm willprevent bonnet ovcrp!essurization. Thercforc.

based on the above, SI-685/694 and SI-688/693 are deemed capable ofperforming their safety-function under design,<
basis conditions, and Engineering does not consider the SI-685/694 and SI.688/693 condition an Immediate o pera-',

biuty concern.

(21 REQUIREMENT VIOLATED

(1) MOVs AF-34/35/36/37, SI-651/652, SI-653/654, SI-655/656, SI-671/672. SI-686/696, Sl-685/694 and SI-688/693 rhr-
orerical bonnet pressures resulting from the assumed temperature increases arc below thc valve vendor hydrostatic tcsf

:. pressures, but are above the applicable ASME/ANSI Bl(2.34 pres"ure limits.
}

(2) N/A. issue previously addressed in CRDR 9-5-0607.

(3) Postulated RCS letdown line or auxiliary stcam linc break accident temperatures could potentially result in Sl-686/
696s'onnet fluid pressure exceeding thc ASME 8 16.34 working pressure limit and cxcecding thc valve/actuator
assembly opening torque/thrust capability under the followingconcurrent conditions: (I) SI-686/696s'eat and stem
packing leakage is zero: (2) no air entrapment in the valve bonnet; (3) no credit is taken for thc valve pressure

boundary'lasticity;and (4) no credit is taken for the portion/volume ofstem whichis removed from the bonnet when the valve
open cycle is commenced (i.e., no credit f'r Ihe bonnet fluid specific volume increase).

PV41044aN t10 02) 00AC4IP04
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(4) Postulated RCS letdown line or auxiliary stcam lire break accident temperatures could potentially result in SI485/694
aixl SI488/693s'onnet Quid pressure exceeding tbe ASMBB16.34 working pressure limitand exceeding tbe valve/
actuator assembly opening torque/thrust capablllty under the followirtgcortditlons'. (1) ifSM85/694 nrtd Sl

688/693s'eat

and stem packing leakage is zero; {2)ifno air entrapment in the valve bonaet; (3) ifno credit is taken for the valve
pressure boundary elasticity; and (4) ifno credit is taken for the portion/volume ofstem which is removed horn the
bonaet when tbe valve open cycle is commenced {i.e., no credit for the bonnet Quid specific volume increase).

(12) SUGGESTED DXSPOSION

In general. Engineering deems the conditions described in the Description ofCondition'ection to be acceptable and does
not consider these conditions immediate operability concerns. However, Engineering should develop speciflc operability
evaluations to supplement tbe operability discussions presented ia this CRDR, as appropriate. The suggested dispositions to
thc above issues are:

(I) Engineering should aggressively develop a test plan and perform testing of a Borg-Warner (aad Anchor-Darling for
completeness) valve assembly to validate tbe prcssure iaciease predictions foi various temperature heat up rates and
temperatures. In addition, Engineering should dctcrmine whether the ASMB B8:PV code provides speciflc guidance
(frequency and cause) related to ANSI B16.34 and transient valve bonnet pressurization. Iftesting Is not performed in a
timely maeicr, or ifthc test results support tbe bonnet pressure predictions, Engineeriag should Initiate appropriate cor-
rective actions (e.g., design modiflcations) to prevent exceeding tbe ANSI B16.34 presstae limits as moulted by the
ASMB BsiPV code guidance.

(2) N/A. Issue previously addressed in CRDR 9-5-0o07.

(3) Engineering should finalize the S1-686/696 pressure locking and thermal binding evaluations and recommend appropri-
ate corrective actions (e.g., procedure and/or hardware modifications) by September I, 19o<.

(4) Engineering shmild finaliz the Sl 685/694 and SI-688/693 prcssure locking and the rmal binding evaluations and rec-
ommend appropriate conective actions (c.g., procedure and/or hardware modifications) by September I, 1995.

PV4 I OMEN tl0.0n



r II

e'
I

I)

I'

I
E

'T

II IP

'

~E '0
Il E

1

'I

1

f

I E

1

)

I

I'I

CI
E



DR CONTINUATlONSHEET CRDR 9 5 0836

ONDITlON REPORT/DlSPOSITION REQUEST

8-30-95 IXI%RIMDISPOSITION FOR "POTENTIALLYSIGMFICANT"CRDR CLASSIFICATION

Additional Direction/Comments: Determine ifactual bonnet pressures exceed AMSE/ANSIB1634 Limits.

Rceuuu
The technical review ofCalculation 13-MC-ZA-215 identified the rheorericdl bonnet pressures resulting Irom the assumed
emperatuie inaeases exceed tbe ANSI/ASMBB16.34 working pressure limits forMOVs AP-34/35/36/37, SI-651/652, Sl-

653/654, SI-655/656, SI-671/672, SI-686/696, SI-685/694 and SI-688/693. It is important to note the methodology used in
Calculation 13-MC-ZA-215 uses conservative assumptions and thc actual development ofpressure locking coaHHons is
highly situational, and the theoretical bonnet pressures may not be representative of the crcruai bonnet pressures.

Although a design modification to limitany potential bonnet pressurization to pressures less than thc ASM'/ANSIB16,34
limits would eliminate the potential for the rhcorerical bonnet oveipressurization conditions, Engineering recommends valve
heatup/pressurization tests be performed to validate the conservative assumptions and theoretical results within Calculation
13-MC-ZA-215. In fact, Attachment 2 to Generic Letter 95-07 (issued August 17, 1995) states "tbe prediction of the thmst
required to overcome prcssure locking to be very dJIHcult," and recommends "a combination of~ and itiHtlggiato jed iy
adequate capability to overcome the thrust requirements ofpressure locking."Therefore, tbe proposed valve heatup/pressur-
ization testing would not only validate the assumptions and results ofCalculation 13-MC-ZA-215, but the test results will
also provide a subs!antivc basis for decisions whether or not to perform design modifications for the MOVs evaluated witfdn
13-MC-ZA-215.

Engineering recommends this CRDR bc reclassified frr .. "PotentiaHy Signitlcant" to "Adverse" with a due date of 10-31-95
to allow time for (I)performing valve heatup/ptessuricauou testing and the subsequent test analyses, and (2) responding to
the issues pertaining to tbe theoretical opening stem thrust iequiiements outHncd in thc CRDR's "Description of CoeHtion."

i OVs AF-34/35/36/37, SI-651/652, SI-653/654, SI-655/656, Sl-671/672, SI-686/696, Sl-685/694 and SI488/693 realisti-
cally have at least a I cun to 2 can valve seat/packing leak rate and/or air in the bonnet which willpreclude bonnet overpres-
surization, and Engineering deems tliese MOVs as fullyoperable for an interim period until valve testing can be performed to
validate the theoretical analyses. A more detailed evaluauon wiH be included in tlie 10-31-95 CRDR cHspostion.

As mentioned, the theoretical bonnet ovetpressurization is postulated under the followingcoa;ervative concurrent condi-
'ions:(I) ifthe valve seat and packing leakage is zero; (2) ifn~ air is trapped in tbe valve bonnet; (3) ifno cre<Ht is taken for

thc valve prcssure boundary elasticity; and (4) ifno credit is taken for the portion/volume ofstem whicn is removed from thc
bonnet when tbe valve open cycle is commenced (i.c., no credit for the bonnet fluidspecific volume increase).

8/ao/9>
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) AFFECTED SYSTEMS:

MOV

DEPARTMENT.'ED

4) AFFECTED COMPONENT EQID

EX7.'936 DATE:

02-16-96

5) EVALUATION

See Attached Continuation Sheets forFinal Disposition.

6) CAUSE (Detamttttttton ol Ceuee Ia opttoneI)
Scc Attached Continuation Sheets for Final Disposition.

w41044EA ~ payat 1 (ot 05)



1

P

'I
1 0

V

«4

0
h

J

a ~,<
I

t

~ J

Ii
rl

I

J

I'

'l;]

I

V

II
4

v e ~ 4 v *,
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CRDR+—5 —@8%v

PRIORITY ACTION DESCRIPTION/EXPECTED DISPOSITION DOC ACCEPTED BY DUE

Initiate Engineering Document Change (EDC) to Calculation 13JC- g. I('r+a
ZZ-201 Rev. 4 to reduce MOV 13-CH-536's Design Maximum Total
Close Thmst limit to 11,000 Ibs to reduce its possible required crack-
ing thrust, to ensure its available open thrust is adequate to overcome
PLTB effects.

Control the Maximum Total Close thrusts on MOVs 13-AF-34/35,
13-AF-36/37, 13-CH-536, 13-SG-134/138, 13-SI-604/609, 13-SI-
651/652, 13-SI-653/654, 13-SI-655/656, 13-SI-671/672, 13-SI-686/
696, 13-SI-685/694, k 13-SI-688/693 to ensure their available open
thrusts are adequate to overcome PLTB effects, per evaluated
rcquircd cracking thrusts in CRDR 9-5-0836, until modificationas are
completed to prevent pressure lock(ng. Also, investigate/evaluate the
possibility of lowering thc Maximum Design Total Close Thrust on
all MOVs having an open sa.". ~ function.

Engineering to review Operation Procedures to ensure the adminis-
trative controls are sufficient to ensure thc removal of the Shutdo~.:
Cooling loop from service before the RCS temperature exceeds 310
degrees F, to avoid possible thermal binding of the Safety Injection
(SI) MOUs, Ref. Procedure 40OP-9ZZ01 "Cold Shutdown To Hot
Standby Mode 5 To Mode 3"

N.Rc.ge
9zw 9

Initiate Design Modification Work Orders (DMWOs) on the suscepti-
ble MOVs to make the appropriate design changes to prevent the

potential susceptibility of the MOVs to Pressure Locking effects acier
final evaluations are completed.

)t, >Iee4leo( e'e/2 >> ')0

Determine ASME BBcPV code specific guidance related to ANSI
B16.34 and transient valve bonnet pressurization. Issue appropriate
corrective actions to prevent the potential to exceed the ANSI B16.34

pressure limits as required by the ASME B8cPV code guidance.

>)I. Re+ e. 4/I4/ >

Review/Evaluate potential use of thc existing Thermal Binding (TB)
Models (TI.I Electric ind 1.'MS Models) by Ih( PVNCS Valve Pro-

I ram to verify a(id l)rcdict a(klc(I »I)('.)) Il)n)sl diic I» 'I'l cl'I'eels.

Vail
~~WE to schedule/perform ni;(iiitciiaiicct() reduce tlic close torque

ij'<~~switch set tiny on MOVs 13-SI-686/696 to reduce the open pullout
torque re(I(')rcmcnt, target TST at 25,000 to 30,000 lbs.

p>.g..~ 4(I4/4

hl 54i4>4R 2/i>/'I
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CRDR 9 --. 5 . 0836

FINALDISPOSITION

BACKGROUNDDISCUSSION
The NRC issued Generic Letter 95-07, Pressure Locking and Thermal Binding ofSafety-related
Power-Operated Gate Valves on August 17, 1995 to formally require Licensees to take appropriate
actions to analyze and eliminate the potential for gate valve pressure locking and thermal binding
events. The letter requested that within 90 days each licensee 1) perform a screening evaluation of
all safety-related power-operated gate valves to identify those that are potentially susceptible, to
pressure locking or thermal binding, and 2) document a basis for the operability of the potentially
susceptible valves or take appropriate action. The screening evaluation using nominal process con-
ditions was performed and documented by the PVNGS Engineering Study 13-MS-A96 Revision 0
Gate Valve Pressure Lociing and Thermal Binding Evaluatinns. The Generic Letter also requested
that within 180 days each licensee I) evaluate the operational configurations of all safety-related
power-operated gate valves io identify valves that ate su ceptible to pressure locking or thermal
binding, and 2) perform further analysis a id take needed corrective action to ensure that the suscep-
tible valves identifi-d are capable of!~rforming their intended safety function under a)l modes of
plant operation. This final disposition willserve as the basis for the PVNGS response to both of the
180 day requests.

I.O GATE VALVEPRESSURE LOCKINGSUSCEPTIBILITYEVALUATION

The Engineering Study 13-MS-A96 Revision 0 Gatr Valve Pressure Lociing and Thermal Binding
i:(aluations identified that no safety related so)enoid operated gate valves arc used at PVNGS. The
study also identifie that no safety related hydraulic operated gate valves and no safety related air
operated gate valves at PVNGS have open safety functions. Based on those findings, no further
evaluation of pressure locking susceptibility is required for air, solenoid and hydraulic operated
va) ves.

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Laeling and Thermal Binding
Fvaluatinns identified the norma))y closed safety-rclatcd motor operated gate valves with open
safety functions. T)ie followiiigdiscussion documents the evaluation of prcssure locking susccpti-
bi)ity for that group of motor operated valves in accordance with the requirements of Generic Letter
95-07. The affected components arc: AF-34/35, AF-36/37, CH-~36. SG-134/138. SI-604/609, SI-
65 ) /65". S1-653/6i54. Sl-655/6i56. S1-67 ) /672. S)-ti86/696. S)-685/()() ). SI-688/693.

~ ' PVv v s

A discussion of thc contributing loads arid their ca)cu)ation fo))ows.

~Di k L ad- The load opposing valve opening due to friction in the seat caused by an unbalanced
load on the gate disks. This unbalanced load is developed by application of the differentia) pressure
(dP) between the valve bonnet and the upstream/downstream piping over the horizontal area of the

PV41044EN (10.02( OOAC4IP04
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disk subjected to the dP. The load on the disks is calculated by modelling each gate disk as a flat cir-
cular plate with the outer edge simply supported and the inner edge fixed, The perimeter load, Qa, is

calculated using the methodology identified in Roark's Formulas for Stress and Strain (6th edition,
Table 24, Case 2d). The perimeter load, taken at the mean seat diameter, is then multiplied by the

. perimeter length, 2)tr, to obtain the load on a single disk. This load is doubled for the two disks
(Disk Force) and multiplied by the seat to gate coefficient of friction to obtain the "Disk Load".

This load is adjusted to compensate for the relaxation in this, load which occurs when stem motion
is initiated in the open direction. This empirically derived load includes running loads. The "Resid-
ual Load" is calculated by taking the maximum allowable rlosing load identified in 13-JC-ZZ-201,
MOVThrust. Torque and Actuator Sizing Calcu(a/ion inclusive of inertia and instrument uncer-
tainty, and multiplying it by 0.67 to account for a conservatively assumed 33% relaxation in load
between valve closure and when stem motion is initiated.

Note: Assuming cracking thrust is 67% of the maximum closing thrust, consistent with EPRl Topi-
cal Report TR-103237, results in conservati;e cracking thrusts with respect to PVNGS as-left
cracking thrusts.

V~~~g- The vertical unbalanced load across thc valve disk, driven by the differential pres-
sure between the bonnet and piping, directed into the valve seat. The "Vertical Load", F„«, is cal-
culated by multiplying the average differential pressure between the valve bvnnet and the upstream
and downstream pressure by the unbalanced horizontal area of the gate disks. The unbalanced hori-
zontal area is a sum of thc two ellipses projected in the horizontal plane whose perimeter is
bounded by the seat sealing perimeter (see sketch below).

p/y/
r

//ii
Plan view of the net cross-sectional area of a single gate valve disk on which the

average differential pressure acts to create the Vertical Load
(Elliptical Area is Area which DP is applied across)

I)etweel) the I)o))l)el )u)(l tI)e )llluo»I)))e)'e. )Il(lll)I'll!'!I)el)I))It<)I II)e v)live. 11)e Slel)) Pl»lul) Lo))(l
1 )Iq)<))) i» ealeul))ted l)y )nuit)l)ly)ng the»le)l) el<)»»-»eel)))n))l ))re)l l)y tile I)t))lnel pre»»ure. 'll))»
methodology;)ssumcs reduction in diffcrcntial prcssure between bonnet and atmosphere during
;)ccitlcnt conditions has negligible affect on stem load.

Thc Total Stem Thrust Required to Overcome Prcssure Locking evaluated in the analysis is:
PL Stem Thrust= Disk Load+ Residual Load+ Vertical Load - Stem Piston Load
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The relationship between pressure and temperature used to evaluate the effect of bonnet water
temperature increases on bonnet pressure was developed based on testing of a PVNGS spare 10"

Borg-Warner gate valve at Commonwealth Edison's Braidwood Station test facility.The water
solid valve assembly was heated in separate tests at different heat rates and the internal bonnet Quid

temperature and pressure were recorded at various time intervals.

The heat-up testing indicates two Jistinctive pressurization regions. The first region [Region I]
which includes the initial 60 F bonnet temperature increase can be conservatively modeled using a

pressurization rate of3 psig/F, the maximum dP/dT identified in Region I. Although the first region
spans the first 60 F bonnet fIuid temperature increase, additional conservatism willbe added by
assuming this gradual pressurization rate (3 psig/F) through only the first 30 degrees of the thermal
tratisient. Then for Region I,

dPt/dT = 3 psig/F [Region I, first 30F temperature change only].
Pt = P0+ 3 psig/F (T2 - TI)

where P0 is the initial bonnet pressure and Pt is the bonnet pressure increase in Region I. IfT2 - Tt
is greater than 30 F, substitute 30 F for T~ - Tt.

The second region [Region Il]which includes the bonnet temperature increase greater than 60 F can
bc conservatively modeled using the highest two applicable pressurization rates: 42 psig/F at 150 F
and 65 psig/F at 290 F. For Region II (T2 - TI must be greater than 30 F),

where:
dPlt/dT = mT+ b [Region If, after first 30F temperature change only]

m = (65 psig/F - 42 psig/F) /(290 F - 150 F) = 0.16429 psig/F
b = 42 psig/F - (O. I 6429 psig/F" )(150 F) = 17.3565 psig/F

Thus, dP/dT becomes:

dPII/dT = (0. 16429 psig/F ) T + 17.3565 psig/F

Integrating the Region IIdP/dT equation from an initial Region II temperature {Tt + 30 F) to a final
Region II temperature (T2) yields the following equation:

PII = 0.08215 psig/1'T2 - (TI+30) )+ 17.3565 psig/F {T2-{TI+30)) [Region II]

Tlie Region I and Region II pressure equations can be added together to determine the total pressure
incre isc due to a boniiet fluid temperature increase from TI to T2, this equation can be expressed in
two forms dcpeniling on the magnitu<lc of the hi»»ict tcmpcr;ttttrc i@ere:tsc.

'I'hc first c(lu;ition;il)1)lies to tcnipcr;ttttrc iticrc;iscs Icsi tli;itior cqtt;tl to.t01''I'o -'1'I <= 30 I'):

Pt = P0+ 3 psi~~ (Tp - TI)

The second equation applies to temperature increases greater than 30 F (T2 - Tt ) 30 F):

'TOTAL= P0+ 90 psig + 0.08215 psig/F (Tg - (Tt+30) ) + 17.3565 psig/F (T2 - (Tl+30) )

PVl I 044 EN» 0 OR) 90hC4lPO4
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The initial bonnet pressures (PjQjfjgf) used as inputs in estimating the stem loads required to over-
come pressure locking are tlie maximum open or close pressures identified in the GL 89-10 design
basis calculations for the MOUs. The refer'ences werc as follows:

Calculation 13-MC-SG-811
Calculation 13-MC-SI-222
Calculation 13-MC-AF-401
Calculation 13-MC-SI-226
Calculation N001-7.01-174

I

The PVNGS Environmental Qualification Report was used to identify any rapid ambient tempera-
ture increases which may result in a significant increase in bonnet pressure. Calculations were per-
formed for several of the valves to conservatively estimated the increase in bonnet temperature due
to this increase in ambient temperature. Where a bonnet temperature calculation was not performed
the temperature change of the fluid in the bonnet {Tfi~T)njtjg) was conservatively assumed to be
the same as the ambient temperature ch~,gc. Since the final ambient temperature was taken from
the calculations which support the EQ repoic it is appropriate that the initiating room temperature
assumed in that analysis be used to determine the increase in room temperature (the increase in
room temperature due to thc transfer of a finite amount of heat willresult in.~ugMy the same tem-
perature change when room temperatures are within the normal operating range). Daily cyclic vari-
«tions in ambient tcmperaiui ~ resiilt in only small changes in bonnet temperatures and pressures,
therefore, these normal temperature variations werc not evaluated. Calculations reference'd by ihe
EQ Report are:

Calculation 13-NC-ZA-212
Calculation l 3-MC-ZA-201
Calculation 13-NC-ZC-211

One case exists where the maximum process flui<l temperature is a result ofQuid in adjacent piping.
The HPSI system could be drawing suction on the Containment Sump during a LOCA when the
HPSI Hot Lcg Injection Isolation Valves, SI-604 and SI-609, are called upon to perform their active
safety function. Tlie final valve bonnet temperature for this case is taken very conservatively to be
the maximum Containment Sump Temperature The initial valve bonnet temperature is taken to bc
60 F, the RWT (HPSI Pump suction source) minimum temperature.

The RWT and Containment Sump temper;iiure» «rc <l<>cuinentc<l in Technic;il Specific;ition 3/4.5.4
'ui<l calcul;ition I 3-NC-7C-206, rcsjicci ivcly.

A spr«adshcct w;i» iisc<l to apply the describe<I analytical methodology to determine ifthc susccpti-
blc valves are capable of performing thc required open safety function. The susceptibility spread-
sheet is attached to tl " disposition as Attachment 1 and is identified as "Pressure Locking
Susceptibility Evaluation". The required pullout thrust for each valve was calculated using inputs of
initial bonnet temperature, final bonnet temperature, initial bonnet pressure, and valve internal
dimensions. A peak cracking thrust component was calculated from the maximum allowable clos-
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ing thrust. A 0.6 valve factor was assumed for all valves. The resulting pullout thrust requirement
was then compared with calculated degraded voltage pullout thrust capability of the actuator, and

was compared with the actuator thrust limitand valve structural weak link to determine susceptibil-
ity of the existing design to pressure locking effects. Also, the resulting pullout thrust was con-
verted to stem torque and compared to the actuator torque rating and valve structural weak link to
determine susceptibility of the existing design to pressure locking effects. The evaluation deter-
mined that all of the valves are susceptible to pressure locking, except for 13JCHEHV0536.

13JCHEHV0536 motor operated valves were evaluated to be not susceptible to pressure locking
because the valves are not exposed to the elevated room or fluid temperatures required for signifi-
cant bonnet pressurization.

2.0 OPERABILITYEVALUATIONOF PRESSURE LOCKINGSUSCEPTIBLE VALVES

~f,xal8itz
The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Bimling
Lvaluarians identified that no safety related solenoid operated gate valves are used at PVNGS. The
study also identified that no safety related t hydraulic operated gate va!ves and no safety related air
operated gate valves at PVNGS have open safety functions. Based on those findings, an operability
evaluation is not required for air, solenoid and hydraulic operated valves.

Tlie Engineering Study 13-MS-A96 Revision 0 Ga(e Vali e Pressure Lacking and Thermal Binding
Lvaluatians identified the safe y-related motor operated gate valves with open safety functions. The
Susceptibility Evaluation performed as a part of this dispositioii for that group ofmotor operated

'alvesidentified the susceptible components to be: "AF-34/35, AF-36/37. SG-134/138. S1-604/609,
Sl-651/652, S1-653/654, Sl-655/656, SI-671/672, S!-686/696, SI-685/694, SI-688/693. An opera-
bilityevaluation for the identincd susceptiole motor operated gate valves is pro"dcd i", the fo'!low-
ing discussion.

t mme'
spreadsheet was used to apply the same analytical methodology as that used in the Susceptibility

Evaluation to determine iftlie susceptible valves are capable of performing the required open safety
function in their current as-left configuration. The operability spreadsheet is attached to this dispo-
sition and is identified as "Operability Tabulation". The required pullout thrust for each valve was
calculated using the same inputs of initial bonnet temperature, final bonnet temperature, initial bon-
»ct prcssure, an<1 valve internal dimensions shown in the Susceptibility Evaluation. However, the
as-left peak cracking thrusts from diagnostic test data were used instead of a higher peak cracking
coniponent calculated f'rom a dcsigii niaxii»ui»;illttw;iblecl«siiig tlumst. Vilve f;tutors biise(1 on
publislicd EPRI dat;i:uitl iii situ test rcsiili» werc iisctl tt»ctlut.'c ct>iiscrv;ilisiiiwhere appr«priatc.
Also, in sonic cases, credit was t;ikcii 1'or tlic l>«unct prcssure rctluction thiit occurs during;tn opcii-
ing stroke bcc iusc of stem displaccincnt prior to unseating. Thc resulting pullout thrust requircmcnt
was then compared with calculated degraded voltage pullout thrust capability of thc actuator, and
was conipared with thc ctuator thrust limit;uidvalise structural weak link to detemi inc component
operability status. Also, the resulting pullout thrust'was converted to stem torque using a conserva-
tive stern factor uid then compared to the actuator torque rating and valve structural weak link to
detcrrnine component operability status.

PV4t044E'll it0 'tt} OOAQOIPOi
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The pullout thrust requirement was compared with a calculated degraded voltage pullout thrust
capability of the actuator. The degraded voltage thrust capability was calculated on the basis of the
following relationship for AC powered actuators:

Degraded Voltage Maximum Stem Thrust = (MST)(OAR)(MINV)(SE)(APFR)(TCF)/(SF)

and for DC po» ered actuators:

Degraded Voltage Maximum Stem Thrust = (MST){OAR)(MINV)(SE)(APFR)(TCF)/(SF)

» /<ere

OAR
MINV
MST
APFR
TCF
SE
SF

Overall Ratio (Jrom 13-JC-ZZ-201)
Minimum Voltage Ratio (from 0-JC-ZZ-201)
Motor Starting Torque (from 13-JC-ZZ-201)
Application Factor
Temperature Correction Factor (from 13-JC-ZZ-201)
Pullout Efficiency (from Limitorque SEL Guide)
Stem Factor (Calculated)

Except where noted in the specific discussions below, a conservative stem thread frictioncoefficient
of 0.12, actuator pullout efficiency, and degraded voltage adjustments were pp!(ed. An Application
Factor ofO.o was used for minimum voltage ratios morc than 90 percent, and an Application Factor
of 1.0 was used for mu)un <n voltage ratios less than 90 percent, in accordance with Limitorque
recommendations. Specific motor terminal voltages from 01/02/03-EC-PK-207 DC Battery Sizing
and Minimum Voltage and 01/02/03-EC-MA-221 AC Distribution calculations were used as input
because it provides the current effective data, although less conservative.

The pullout thrust requirement was compared with the documented maximum allowable valve and
actuator thrust limits to determine operability. Thrust limits for SMB-000, S>vitB/S8-00, SMB/SB-0
and SMB/SB-1 actuators were increased to 163 percent of Limitorque published values on the basis
of Kalsi test data (Ref: Document No. 1707C, Rev0, November 25, 1991). Thrust limits for SMB-3
actuator» were increased to l10 percent ofmanufacturer published values. A one time allowable
overload thrust limit of 250 percent of manufacturer published values was also evaluated where
appropriate. In general, valve seismic and structural weak link thrust limitations shown ii) 13-JC-
ZZ-201 MOVThrust. Torque, and Actuator Sizing Calculation were used in this comparison. In
sonic cases, specific weak link analysis limits were used to reduce conservatism.

nic pullout torque requirement wa» cnn) I);)re<i wi)I) tlie <Inc))niente<I inaximum allowable valve;ind
ilclllalol tolqllc Ililiit»t() <Ictcrn)inc <>I)< r )I>iliiy.'I'<>i(Iii( Iiiiiit»I'<>r;)II;i(iii it(>r» w( rc incrci)»c<I t() I l0
per<:ci) t of Lin)itorquc publi»he<I viiluc» (>i) tl)c I>;i»i» <>I in;ini)I;i(:lu)>crgiui<liu)cc (/(l('/ Lintitor</u('«l-
t() tr»)>PS <lat«<l 9/7190). A one tiine allow;)blc ovcrlo )d torque limit of 200 percent of manufac-
turer published v;tiucs was:dso evaluated, whcrc appropriate.

PV<>04<E>< (>0 Ot) OOAC4>P04
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13JAFBUV0034, 13JAFBUV0035
For the operability determination of the subject motor operated valves, conservatism was reduced
by a) using as-left peak cracking thrust measured values, b) using revised weak link thrust and

torque ))mits of the valve, c) using actuator running efficiency instead of pullout efficiency, d) tak-
ing credit for bonnet pressure reduction caused by opening stem displacement prior to unseating,
'uid e) justifying a reduce<i value for final bonnet temperature. Thc weak link thrust and torque lim-
its were calculated on the basis of Certifie Material Test Reports of the as built valve components
(Ref: SDOC 13-P-22IB FDC 95-0I703). Use of actuator running efficiency for operabil)ty determi-
nation is justified because the subject valves are provided with a hammerblow device and the actua-
tor is running prior to being loaded. Bonnet pressures that may result from pressure locking effects
willbe slightly reduced during the opening stroke because of stem displacement. The stem dis-
placement that occurs prior to unseating reduces the bonnet pressure slightly and reduces the asso-

ciated pullout thrust rcquir<.mcnt. (Ref: Calculatian >3-MC-ZZ-218 Gate Valv<'onnet Pressure
Decrease Due 7a Stern Mntiarr). The finn) honnet tcmperaturc is assumed to be 115F. T)ie EQ Pro-
gram Manual, Appendix A, DBA Temperature and Pressure Profile for the Main Steam Support
Structure (MSSS) El. 80'hows that.v.>m temperature during HELB ramps to a peak temperature
of l 23F during the first 110 seconds of thc event, and then ramps down to 107F within the next )5
ininutes. Based on this room temperature profile. the assumption that final bonnet temperature is no
more than 115F is conservati rc. The operability tabulatioii sliows that the I,<edicted pullout thrust
;uid torque requirements are within the calculate<) degraded voltage capabilities of the actuator, and
within the structural limita,ions of the valve and actuator assembly. On this basis the subject motor
opcratc<l valves in the as-)cft configuration are considered capable ofperforming their safety i 'lated
open function under prcssure locking conditions.

l3JAFAUV0036, 13JA&AUV0037
For the operability determination of the subject motor operated valves, conservatism was reduced

by a) using as-left peak cracking thrust measured values, b) using revised weak link thrust and
torque limits of the valve, c) using actuator running efficiency instead of pullout efficiency, d) tak-
ing credit for bonnet prcssure reduction caused by opening stem displacement prior to unseating,
e) taking credit for DC motor stall torque capability, f) using manual values for degraded vo)tagc,
g) using less conservative value for stem thread cocfficicnt of friction, and li) using a rcduccd value
for final bonnet temperature. The weak link thrust and torque limits were calculated on the basis of
Ccrtificd Material Test Reports of the as built valve components (Ref: SDOC I3-P-22IB EDC 95-
0/703). Use of actuator running efficiency for operability determination is considered justified on
tlic basis of site test data acquired on DC power actuators. Bonnet pressures that may result from
))fcssilre locking cffcct» '(vil) hc slightly re(lu<'c<) <lurint'licopciiing stroke hccaiisc of stem di»-
)ililcclllclll.I lic stclii (Ils))la('cnl('<it l)lilt <>('('Ilrs I>l i<>l'<> nns('all>>It I'('<)n('('s l)i(.'<>lilict

))rcsi<uf('liglit)y;iii(Irc(I(iccs llic ass<>('ialc(I I>ii)I<>iill)inisl >«: Inircnicnt flh'/: ('<rl<'r<l<rli<>ri I3-<M(.'-ZZ2/6'
'<rl<'r<rlv('I<>rrrr<'tI'r'<'sxt<r'<')«''r'«'r v<')u<'i> St<v>< M<>ti<>rr). I')ic ()cgi a()e() voltilgc torque cilpa)>i)-

ity of these iictuators wii» ca)culated using 90 perceiit of the stall torque capability sliown by tlie
manufacturer's gen ric motor curve for a 40 ft-lb 125 YDC motor, and was calculated on the basis
of revised degrade<I vo) tage values specified in Calculation 01/02/03-EC-PK-207 DC Battery Si:ing
and Mininruw Voltage Calculation. The final bonnet temperature is assumed to bc 115F. The EQ
Program Manual, Appendix A, DBATemperature and Pressure Profil for the MSSS El. S0'hows
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that room temperature during HELB linearly ramps to a peak temperature of 123F during the first
110 seconds of the event, and then ramps down to 107F within the next 15 minutes. Based on this
room temperature profile, the assumption that final bonnet temperature is no more than 115F is con-
servative. Use of reduced stem thread coefficients of friction are justified on the basis of recorded
diagnostic test data. After reducing conservatisms, all of the subject valves were within limits,
except for one. The required pullout thrust of 1 JAFAUV0036 exceeded the valve's thrust weak link.
For the subject component, the we;lk link is located at the stem connection!o the gate, below the
packing. The thrust imposed by the actuator on the weak link is equal to the pullout thrust less the
running load. Therefore, the pullout thrust was reduced by 1,000 lbs. to compensate for running
load. This is justified on the basis of as-left diagnostic data that shows running load to be in excess
of 1,200 lbs. After this final adjustment, the operability tabulation shows that the predicted pullout
thrust and torque requirements are within the calculated degraded voltage capabilities of the actua-
tor. and within the structural limitations of the valve and actuator assembly. On this basis the sub-
JCC fn'ect motor operated valves in the as-left configuration are considered capable of performing their
safety related open function under pressure locking conditions.

13JSGAUV0134, 13JSGAUV0138
For the operability determination of the subject motor operated valves, conservatism was reduced

by a) using as-left peak cracking thrust 'c,asured values, and b) using calculated weak link thrust
and torque limits of the valve. The weak link thrust and torque limits were calculated on the basis of
Certified Material Test Reports of the as built valve components (Ref: SDOC 13-I'-22(B EDC 95-
01703). The operability tabulation shows that the predicted pullout thrust anti iorque requirements
we within the calculated degraded voltage capabilities of the actuator, and within the structural liln-
itations of the valve and actua<or assembly. On this basis the subject motor operated valves in the
as-left configuration are considered capable of performing their safety related open function unucr
pressure locking conditions.

funl.t ion under prcssure lock»g

t
13JSI B UV0671, 13JSIAU V0672
For the operability determination of the subject motor operated valves, conservatism was reduced
by a) using as-left peak cracking thrust measured values, and b) using a 0.55 valve factor. Use of-a

13JSIA UV0604, 13JSIBUV0609
For tile operability determination of the subject motor operated valves, conservatism was reduced
by <r) using as-left peak cracking thrust measured values, b) using actuator running efficiency
instead of pullout efficiency, c) using manual values for degraded voltage, and d) using a 0.5 valve
factor. Use nf actuator running efficiency for operability determination is justified because the sub-
ject valves are provided with a hammer-blow device and the actuator is running prior to being
loaded. Thc <legradcd voltage torque capability of these actuators was calculated using a terminal
voltage predicted by I,2,.3-EC-MA-22/ AC Disti7'lnttion Calculotinn for LOCA with start-up trans-
for»ier loading, following encrgization of sequenced loads. Use of this degraded voltage value is

tustified because tlic subject valves willnot bc rcpositioned for at least 30 minutes following initili-
tion of the event. Usc of a 0.5 valve flctor for the subject valves is justified on the basis nf recorded
(liagiioslic test (I;it;l.Tile ill)crahilityt;iliul;llililisliliws tlillt tlic lire(lictc(l pullluit tlirust;in(l torque
rcquireniciils;irc withiil tlic c:il«ul;llc(I(I( I nul«iI viiltaI.««aiialiilitics<iI tlic actuator, an(I wit!tin tlic
Slnl«lural lilnit;ililin»cif tl>«va!vc ancl a«nultiu'SS«ullily. <)n lliis Iiasis ill«silbjccl nintiir liPcratc<l
valve» in thc as-left c<infiguratinn arc considcrc(l cap;lhle <if performing> their safety related open

I Coll(littOllS.
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degraded voltage capability of the actuator. Although, when pressure locked, all of the valves could
require a torque in excess of actuator rating, none of the valves would require a torque in excess of
the 200 percent extended rating of 1700 ft-lbs, Based on this discussion, and the assumption that
pressure locking is a low probability occurrence, the subject motor operated valve in the as-left con-
figuration is considered capable ofperforming its safety related open function, An action has been
initiated to reduce the close torque switch adjustments of the subject components. This action will
have the effect of reducing the pullout torque requirement as an interim measure until the valves
can be modified to prevent pressure locking.

13JSIAHV0688, 13JSIBHV0693
For the operability determination of tlie subject motor operated valves, conservatism was reduced
by a) using as-left peak cracking thrust measured values, b) using a 0.5 valve factor, and c) using
actuator running efficiency instead of pullout efficiency. Use of a 0.5 valve factor for the subject
valves is justified on the basis of diagnostic test data and published EPRI reports, Use of actuator
running efficiency for operability determination is justified because the subject valves are provided
,witli a Iiarnmerblow device and the actuator is running prior to being loaded. Tlie operability tabula-
tion sliows that tlie predicted pullout thrust and torque requirements are within the calculated
degraded voltage capabilities of the actuator, and within the structural limitations of the valve and
actuator assembly. On this basis the subjI I 'iotor operated valves in the as-left configuration are
considered capable of performing their safety related open function under pressure locking condi-
tions.

13JSI 8 UV0656
For thc operability determinati in of the subject motor operated valves, conservatism was reduced
by using as-left peak cracking thrust measured values. The operability tabulation shows that the
predicted pullout thrust and torque requirements are within the calculated degraded voltage capabil-
ities of the actuator, and within the structural limitations of the valve and actuator assembly. On this
i,a „; th sub'ect mnt!ir (inerats dl vatvcs in th('. as-Ieft cnnfiguration are considered capable of per-
forming their safety related open function under prcssure locking conditions.

12JSI AUV0653, 13JSIBUV0654
i Iie iiitcrirn operability of the subject inotor operated valves until implementation of prcssure Jock-
ing mo(lifications w;is «d(lresse(l by CRDR 950607, and tliercfore «n operability evaluation is not
require(1 for this disposition.

3JSIA UV0651, 3JSIBUV0652, 3JSIA UV0653,
'I'Iic siihjcct motor operated valves have already Iiccn inodificd to prevent the possibility ofprcssure
Iockiiig. iuid thcrcforc an operability evaluation i» iiot required for this disposition.

13,IS IA tIV0655
Fiir (lie (ipcr;iliiliiy(Icicnniii;iii(iii<il'ili«s(ilijc('tiiiIIt<» (ilier;iic(1 v;ilvcs. c(iiiscrv;itisiiiw;is rc(luce(I
Iiy «) iising iis-lcf't pc;ik cr:ickiiig ilirusi inciisurc(1 viiliic».b) usiiig:ictu;itor running

cfficicncy'nstead

of pullout cfficicncy. and (;) using revise(1 values for degraded voltage. Thc subject valve is
;issumcd to bc opcncd nn sooner than two hour» after initiation ofevent. This assumption is justifie
on tlic basis of RCS cooldown at a consc vativc IOOF/hr rate from 565F to 335F for Shutdown
Cooling Initiation (Ref: 40EP-9FO03 Loss ofCoolant Accident). Use of actuator running efficiency
for operability deterinination is justified because the subject valves are provided with a hammer-
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blow device and the actuator is running prior to being loaded. The degraded voltage torque capabil-
ity of these actuators was calculated using a terminal voltage predicted by l3-FC-MA-22J AC
Distribution Calculation for LOCA with start-up transformer loading, followingcncrgization of
sequenced loads. Use of this degraded voltage: value is justified because the subject valves willnot
be opened sooner tlian two hours following initiation of thc event. After reducing conservatisms, all

; of the subject valves were within applicable tlirust limits, and actuator torque and valve seismic
,. limits. i

t
- 12JSIA UVD65l, l2JSIB tJVD652
For the operability determination of the subject motor operated valves, conservatism was reduced
by using as-left peak cracking thrust measured values. The operability tabulation shows that;,th
predicted pullout thrust and torque requircmcnts are within thc calculated degraded voltage capabil-

»ities of the actuator, and within the structural limitations of thc valve and actuator assembly, On this
"basis the subject motor operated valves in the as-left configuration are considcrcd capable of'per-
forming their safety related open function under prcssure locking conditions.

3,0 GATE VALVETHERMALBINDINGSUSCEPTIBILITY EVALUATION,

PJzmmm
(1

»!Thermal binding is associated with a wedge gate valve that is closed while th: "ystem is hot and is
allowed to cool before the valve is re-opened. An increase in the required open thrust sometimes
()cours duc to different expans'sns and contractions of tlie wedge gate, valve seats and valve body.

- Solid-wedge gate valves are most susceptible to thermal binding, however, flexible-wedge gite
valves may experience theiinal binding effects at jjg1~01 temperature changes.

r I

Further-evaluation is required to j stif" the f nc'.ionJ capability of thc flexible-wedge gate vtllves
idcntificd in Engineering Study 13-MS-A96 to overcome possible thermal binding effects on tlic

'valves and resolve the possible plant condition which may cause thermal bindi .~. This justific'ation
will be based on the margin of available thrust to overcome possible thermal binding effects. "'

~ ~ ~ ~ ~ ~l

» »,

Tli Enginccril!g Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Bi/>tling
Lvttluations identified that no safety related solenoid operated gate valves are used at PVNGS".'The
study also identified that no safety related hydraulic operated gate valves and no safety rclatcd air
operalcd gate valve» at PVNGS witliopen safety functions. Based on those findings, no" further
cvalu;ltioli of'hen!i;il bindiiig susccptil)ililv is required I'or air, solelioi(l ari(l liy(lraulic operate(}
villYes. JI

t

The Enginccrilig Study l 3-MS-A()() Rcvisioii 0 Gat( 1'alve Pressut'( Loci'ing an(l Thet'nial Biniling
Lvaluations identified safety-related motor operated gate valves with open safety functions. Tlic
following discussion documents thc evaluation of thermal binding susceptibility for that'group of
li)otor operate<i valves in accordance with thc requirements of Generic Letter 95-07. Thc affected
coll)polielits life: AF-34/35, AF-36/37, CH-536, SG-134/138, SI-604/609, SI-651/652, SI-653/654,
SI-655/656, S1-671/672, SI-686/696, SI-685/694, SI-688/693.
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(a) A review of the motor operated fiexible-wedge gate valves identified in Study 13-MS-A96 was
performed to identify:

(I) Valves with a safety function to open

(2) Valves having a close to open decrease temperature delta of over 80 degrees F
(3) Valves having a ~inificanr close to open decrease temperature delta (over 200 F),

(b) Thermal binding willnot be considered to create a credible binding thrust load for valv'es which
are closed at temperatures which are less than their safety function opening temperatures.

(c) The extent of the thermal binding effects (additional required opening thrust) willbe considered
directly related to the close to open temperature decrease, based on the initial results of thc pres-
sure locking and thermal binding testing performed by Commonwealth Edison Compa'ny. 1%e
thermal binding test results show that a IO" Borg-.Warner 300 ¹ Class Gate valve cxpcricnccd an
18% increase in the required unseating thrust at an 88 F open to close decrease tcmpcraturc delta

'and a 38% increase in the required unseating thrust at a 215 F open to close temperature deer'ease,
See ComEd Company Memorandum "Pressure Locking /Thermal Binding Test Data", Attach-
ment 4.

(d) For the valves determined to have n close to open temperature decrease of over 80 degrees F,'justi-
fication of the capability of the gate valve to perform its intended open safety function willbc per-
formed using the following equation:

Peru.nr Available Thrust = (Open Thrust Limit - Cracking Thrust)/Cracking Tluust
Where:

The Cracking Thrust will be equal to the latest measured As-Left open cracking thrust, per the
Open Diagnostic As-Left Thrust Test Signature for each gate valve identified. Since, it was dctcr-
mined that the open available thrust/torque limit is based on the motor stall capability because thc
Torque Switch (TS) is bypassed for at least 20% of the open stroke for all the gate valves identi-
fied, the motor pullout thrust capacity of the'actuator will be used as the maximum limitingopen
thrust, unless otherwise noted. Note: the motor pull< ut tlvust capacity is based on those values
':stcd in the operability tabulation sheet "Calculated Actuator Pullout and Torque Capability", See
Attachment 2.

(e) Tirermnl binding willonly be considered to create n credible binding tlrrust load for vals)cs wlriclr
are closed at tcmpcraturcs which could decrease more than 200 F before the valve is operred. (Ref:
SOER 83-9) Therefore, only valves dctcrrn ncd to have a ~in~ifi n~ close to open decrease tcm-
pcrnture dcltn (over 200 degree» F) will bc consi(iercd as needing resolution of the possible plant
c()n(lition, which mny cause thermal binding (periodrcnlly opening the valve as it cools, admini»-
trative proccdurc change» ctc.).

~ v ~ Vv v ilii ''I rn> lli irl ~

'ive Design Engineering hns cotnplctcd the review of the motor operated flexible-wc(fge gate
'veswith n safety functiorr to open for thermal binding susceptibility. Corrective actions have

en initiated to resolve (he possible plant condition which may cause thermal binding for valves
having a possible decreasing temperature delta of over 200 degrees F after closure based on their
design basis conditions.
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,, worst case temperature change is less than 80F and is not considered applicable to the operation of
'his valve during a design basis safety function requirement, Since CH-536 is generally opened at

the same or slightly higher temperature than its closure temperature and the worst case possible
temperature change is less than 80F, CH-536 is deemed not susceptible to thermal binding

SG-134/138
SG-134/138 are normally closed after Gperations performs the AF turbine driven pump ASME XI
test in Mode 3 or 1 and are cycled opened and closed during the bi-monthly ASME XI testing.

.Therefore the worst case hot temperatures is based on the temperature at the first Tech Spec Steam
Generators (SGs) relief pressure set point of 1262.5 pisg per the ASME Steam Tables. The worst
case cold temperature is the SGs normal operating temperature based on the assumption ifpressure
drops in one of the SGs the other one is used to drive the AF turbine driven putnp. Since SG 134/
138 are opened at the same or slightly lower temperature than their closure tcmpcrature to perform
their safety function (i.e., Decrease Temperature of 22 F). SG-134/138 are deemed not susceptible
to thermal binding.

SI-604/609
The worst case close temoeraturc is based nn the valve reaching the Calculated HPSI Pump Room
temperature per 13-MC-HA-269 and the ~vrst case open temperature is based on the AF pump
room minimum design temperature. This worst case temperature change is less than 80F and is no,
co»sidcred applicable to the operation of these valves during a design basis safety function require-
ment. Since S1-604/609 open safety function is at " higher temperature than their closure tempera--
ture. S1-604/609 are deemed not susceptible to thermal binding.

Sl-651/652/653/654
These i alvcs may he closed initiallyat a Shut Down Cooling (SDC) UFSAR tcmpcraturc of 350 F
and they may cool down to room operating tcmpcraturc ot'110 F for a potential change in tcmpcra-
tUfc vl 240 I'. However, when I ic SDC loop'is iso ' 'tiie t m~~efature may be as low as 230 P but
could be as high «s 350 F, as the operation procedures are writteii. Therefore, these valv'es do have
the possibility of experiencing a temperature decrease of greater than 200 degrees F, and are
-'cerned as susceptible to thermal binding. A capability evaluation willbe performed and corrective
;ictions initi;itcd to ensure thc SDC is isolated under 3101.

S l-655/656
These valve» could be closed initially it a SDC UFSAR tcmpcraturc of 350 F. However;per Oper-
;i(i»g Proce(lure 40OP-9SI02 these valves are req ired to be re-opened or left open until'thc pipe
line i» cooled to below 200 degree» F and than closed. Therefore, 200 degrees F will be used as the
r»aximuin close tcinperaturc and 87 degrees F as thc cold open temperature based on the pro„:e< ted
room tcinpcr;itiirc pcr Calciilatio» 13-MC-HA-26')i It is (Iecniccl th;it:i I I 3 F temperature decrease
i» nol signific:iiilciioiigli for a I 2-iiicli llcx-wc<i@( I'afc val v( ni ilicnii;illyI)in<i. I lnwcvcr. SI-655/
6'5() wiII l)c cvalualcri I'or rc<liiirc(Iol)cii saf'ciy I'«ncii~uuil c;il);ihility.

S 1-671/672
The worst case tempera'~res arc based on the projected room temperature per Calculation 13-MC-
I.IA-269. Tlicse valves;ue opened at the same or higher temperature than their closure temperature.
Therefore, S1-671/672 are deemed not susceptible to thermal binding.

PV410 OGDEN 00 02) OOACAIP04
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CRDR 9

SI-686/696
These valves could be closed initiallyat a SDC UFSAR temperature of 350 F. However, per Oper-
ating Procedure 40OP-9SI02 when Shut Down Cooling is in standby and the temperature is above
200 degrees F these valves are required to be re-opened or left open until the pipe line is cooled to
below 200 degrees F and than closed. Therefore, 200 degrees F willbe used as the maximum close

temperature and 77 degrees F as the cold open temperature based on the projected room tcmpcra-
ture per Calculation 13-MC-HA-269. It is deemed that a 113 F temperature dccrcase is not signiti-
cant enough for a 12-inch flex-wedge gate valve to thermally bind. However, SI-686/696 willbe

evaluated for required open safety functional capability.

SI-685/694
These valves could be closed initiallyat a SDC UFSAR tcinperature of 350 F. However, per Oper-
ating Procedure 40OP-9SI02 when Shut Down Cooling is in standby and the temperature is above
200 degrees F these valves are required to be rc-opened or left open until the pipe linc is cooled to
below 200 degrees F and than closed. Therefore, 200 degrees F willbe used as the maximum close
temperature and 77 dec rees F as the cold open temperature based on thc projected room tempera-
ture per Calculation 13-MC-HA-269.."; c deemed that a 113 F temperature decrease is not signifi-
cant enough for a l 2-inch flex-wedge gate valve to thermally bind. However, SI-685/694 willbc
evaluated for required open safety functional capability.

SI-688/693
These valves could be initiaccy closed at 200 F based on the possible heat transfer to the dead lcg
piping on each side of these valves due to the SDC termination temperature. The cool down to 77 F
is based on the projected room temperature per Calculation 13-MC-HA-269. The change in temper-
ature is 123 F (less than 200 F). Therefore, SI-688/693 are deemed not susceptible to thermal bind-
!»a. However, S 1-688/693 will be evaluated for required open safety functional capability.,

4" OPERABILITYEVALUATIONOF THERMALBINDINGSUSCEP = ISLE VALVES

V)lve Desigr) Engineering h;)s completed the thermal binding susceptibility review of the motor
operated flexibl-wedge gate valves with a safe'.y Function to open. Engineering has concluded that
tl)crm;)I bi»(li»g cffccts will »ot prevc»t thc subject MOVs from performing their oper} safety func-
tio». 'I'hi» cor)clusio» is based or) the valves')ost re«cnt «losing temperature and oper. r)~-left

«rackir) i> thrusts. 'I'l)e cor)cl()si»» is I);)sc(l c)» tl)c i»iti;)I results c)f tl)e l)ress»re lc)cki»g ')r)(l then));)I
I)i»(lir)g tcstir)g I)crfc)n»c(l I)y Cc)r»r»c)»w(;)ltl) I'.(Ii. )) ('c r»l);)))v. Rc. ()It,'')l)c: tl)crr»;)I l)II)(ll»g
c:Ifc(:ls test)I)g sll()w thglt rl I 0 U()l'g-Wrlr'l)cf',t0IIII („ lrlss (.»Ilc vzllvc cxl)cr'lull(:c(I (I I iK'n If)clcrlsc )I)

tl)c rc:(luirc(l »))sc;)ti»g thn)st;)t r)r) III''c)»pert)turc (lcc:rcasc ))»d r) 38% i»crc')sc it) tl)c rcquirc(l
unscati»g thrust at a 2I 5 F tcrnperaturc dccrcasc, Sec Attachment 4.

Corrective actions have beer) initiated to resolve the possible plant condition which may cause ther-

)»al bir)ding for the valves having a possible temperature decrease of over 200 degrees F after clo-
sure a»(l to r)djust the current Design Maximum Design Total thrust limitsetpoint to reduce the

pv410446cc Cco 0)) OOAC4IP04
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CRDR 0 —- 5 —-~0/8

I) Pressure Locking Susceptibility Evaluation Table
2) Operability Tabulation Table
3) Available Thrust for Thermal Binding Effects Table
4) ComEd Memorandum "Pressure Locking /Thermal Binding Test Data"

5 pages
7 pages
1 page
6 page

Pressure Locking Susceptibility:

Pressure Locking Operability:

Thermal Binding: la&
Z-lh -76
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-'ATTACHMENT>3',CRDR-9-'"--
AVAILABLETHRUST FOR THERMALBINDING EFFECTS

EQlt& AILMeasured Static
Unseating Load (OPEN)

(lbs)

OPEN Thrust Limit Available Thrust for
Motor Stall Thrust Capacity Thermal Binding (TB) effects

(Ibs) (Ibs)

Percent Avail. Thrust
to overcome TB effects

left MaxImum
Temperature Deja

(degree F)

1SIAUV0851
2SIAUV0651
SSIAUV0651
1SIBUV0652
2SIBUV0652
3SIBUV0652

. 1SICUV0653
,
2SICUV0653
.3SICUV0653
,1SIDUV0654

-- 2SIDUVOB54
>SSIDUV0654
'1 SIAUV0655

: ~2SIAUV0655
,,~---:SSIAUVOB55

t'1SIBUVOB58
'r2SIBUV0656
'3SIBUV0656

'- „-.1SIAHV0885
;~2SIAHV0685
"..SSIAHV0685
.- 1SIBHV0894
-'2SIBHV0694
'3SIBHV0694
:-'1SIAHV0688

- '2SIAHV0688
:SSIAHVO688
,1SIBHVOB93

i,- ---, .;;2SIBHV0693
'-': .'- ':,;3SIBHV0693

1SIAHV0686
42SIAHV0686
I3SIAHV0686
',1SIBHVOB9B-

.'2SIBHV0696
?SSlBHV0696

pp'.-

55170
35011
44880
78512
307 10
62320
18084
18531
20544
11128
14261
17506
13418
21585
18469
8418
19065
16912
13740
9188
4240
9643

14011
4904
10362
9412
847B
7302
12146
7154
9423
18498
11114
19802
19889
15241

177333
131521
177333
177333
177333
177333
63189
63189
63189
63189
63189
83189
69558
69558
69558
42220
42220
42220
34034
34034
24752
84034
34034
24752
33119
33119
83119
33119
41399
33119
85788
131659
77964
131659
131659
131859

122163
96510
132453
98821
146563
115013
45105
46658
42645
52061
48928
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, .Date:

To!

January 16, 1996

R. C. Bedford (Braidwood) W. R. Cote (Braidwood)
B. K. SmIth (Byron), H. L. Mulderink (Dresden)
B. S. Westpl< (LaSa0e) L D. Pool (LaSalle)
S. Gebhardt (Quad Cities) R. hfika (Zion)

~ S. Raborn (Zion) S. A. Korn

N.B. Streend t,Byron)
J. 6.'Nill(Dresden)
J.R. A ld(~Cite)
O. C. Lauber (Zion)
I. Oaaa

I

I

!

Subject: Freshie Loddiig/Thecal Binding Test Data

The puqese of this manorandurn is to provide a summary ofthe initial results &em prcssure locking
snd tliennal.binding testing that has been perfoaned at ComEd Stations. A formal rcport
docuinenting,the,6ia1 test results and ana~ng test valve performance agaiiist pressure locking and

thernuLl binding model predictions willbe issued early in 1996.

testing was performed on a 10" Crane 90% Class gate valve, a 4" Westinghouse 25'lass
gate valve, and a 10" Borg-Warner 3NS Class gate valve. The Crane valve was tested at the Quad
Cities Station training building; the Westinghouse and Borg-Warner valves were tested at the
Braidwood Station training building and warebeise fheBities.

Attachment 1 provides the bonnet depressurization test results for the subject valves. Attacliment 2
compares the tneasured pressure locking loads to the ComEd MathCad aedd for predicting
pressur~ locking unseating load. The MatlCad pressure locking calculation modeh and Excel
spreadsheets with test results for these valves are available on the NODWORLD/SYS network drive
in the PRESLOCK directory. httaciunent 3 provides the tie@nally-induced, bonnet pressuriz'ition
rates for the test valves. Excel spreadsleets containing this data are also contmied in the
PRESLOCK directmy. Attachinent 4 provides the results ofthermal binding tests,

H

S

)

t

Ifyou have any qucstioiis uuxerning this memoranduin or its attachments, please call me at
Downers Grove extension 3824.

I

Brian D. Bunte
MOVProgram Lead
Commonwealth Edison Company

Attachments
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ENCLOSURE 3

PVNGS ENGINEERING CALCULATION
13-MC-ZZ-217, "GATE VALVEOPEN THRUST REQUIRED

DURING POTENTIAL PRESSURE LOCKING CONDITIONS"


