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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’ response 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. If you have any questions,
please contact Scott A. Bauer at (623) 393-5978.

Sincerely,
/
DundlPptdle

CDM/SAB/JAP/kg ‘ ‘
Enclosures /
cc:. E.W. Merschoff  (w/enclosure 1 only)

N. Kalyanam

J. H. Moorman (w/ enclosure 1 only)
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ENCLOSURE 1

RESPONSE TO GENERIC LETTER 95-07, “PRESSURE
LOCKING AND THERMAL BINDING OF SAFETY-RELATED
POWER-OPERATED GATE VALVES,” REQUEST FOR
ADDITIONAL INFORMATION







Each of the questions from the RAl 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
initially developed 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.







‘} NRC REQUEST:

In 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 if your valves are similar to test valves as applicable.

Valve Stem
Valve Bonnet f

PB Fex PB Fye= Normal Force at Seat
+ Fp= Friction Force at Seat

Fr FF
$ * * Fps * ‘ Fg,» Stem Force of Motor

Fy . Fy Actuator
Fps= Stem Piston Effect
Fg Force
= <—

Fge= Stem Force due to
Residual Closing Load

u
p Valve Gate P, = Pressure in Upstream
Piping

Pyowa™ Pressure in Down.
stream Piping

Pg= Pressure in Valve
Bonnet

Valve Body

Figure 1: 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 (F4) + Hub Load (F,,) +
Vertical Load (F,.,) + Residual Load (Fy) — Stem Piston Load (Fg)-

‘ A simplified equation for each load is presented in the following discussion.







DISK LOAD |

The disk load (F4) 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 (Pg), 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 (Fgg) can be expressed as:
(Fdisk) =27 Qa* PL* B ,
where:

Q, is the equivalent force/inch due to the unbalanced bonnet pressure (Pg) 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 (Pg). This term is proportional to the
differential pressure between the bonnet pressure (Pg) and the average between the
upstream pressure (P,,) and the downstream pressure (Pyep)-

P.is the circumference of the disk seat. This term is proportional to twice the value of Pi
() 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 (0) and inversely proportional to 1 minus
the valve factor (VF) times the sine of the seat angle (8). 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.

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

(Froo) = Q' " P™







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 (Pye.,)-

P,— same as for Disk Load

p — same as for Disk Load

VERTICAL LOAD

The vertical load (F,.,) is the force due to bonnet pressure (Pg) driving the gate into the
seat. The differential pressure between the bonnet (Pg) 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 (Pg) and the connecting piping upstream pressure (P,,) and downstream
pressure (Py,.,) 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:

(Fven) =27 Ae* (PB - ((Pup + Pdown)lz)
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 (r), 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







direction and is substituted to some degree by the bonnet pressure induced load that
has been determined, from a review of Commonwezlth 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,.q) 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) - Fetf.doslng Cresid

where:

Fencosing 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 () and the coefficient of friction of the valve seat (i) to account for
relaxation. The static peak cracking is the required opening force with zero bonnet

pressure (Pg= 0). The static peak cracking is sometimes identified as static unwedging
thrust or static unseating force.

Ciesiuis 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 (Pg) 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:
(Fpislon) = Aslem* PB
where:

Ayem is the stem cross section area and is proportional to the value of Pi (), and the
square of the stem diameter divided by 4.







PVNGS MODEL VALIDATION TESTING

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-Z2Z-217, “Gate Valve Open Thrust Reqmred 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 if your 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 ldaho 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







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 difficult to 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 & 2 of
PVNGS calculation 13-MC-2Z-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-2Z-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).







The measured data and predicted values from selected Commonwealth Edison tests
were plotted and fit with 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
#52) to a minimum margin of 8.9% between the measured and predicted values of the
pressure locking load of 41,872 Ibf. with a bonnet pressure of 919 psig (Test #56).
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
#80), 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 -
limit for 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-ZZ1-004, 02-J-ZZ|-004, and 03-
J-ZZ1-004; Controlled Motor Operator Data Base (CMODB).

NRC QUESTION (1d):

Pressure locking test results conducted by INEEL on a flexible 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
' reqwred 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 dewates 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







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 EOl 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 Gravity Feed Line to Charging Pumps 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. limit was added.

SIA-HV-604 & SIB-HV-609, High Pressure Safety Injection (HPSI) Long Term
Recirculation Isolation Valves

Corrective action for an additional pair of potential pressure locking susceptible gate
valves in each unit, SIAUV604 & 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_Supply to Auxiliary Feedwater Pump
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 Spray 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 Exchanger to Low Pressure Safety
Injection Header Crossover Valve .
Modification to a pair of potential pressure locking susceptible gate valves in each unit,
SIAHV686 & SIBHV6E96, 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 Auxiliary building 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.
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SIA-HV-688 & SIB-HV-693, Containment Spray Bypass 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 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.

SIA-HV-685 & SIB-HV-694, Low Pressure Safety Injection to Shutdown Cooling Heat
Exchanger 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’ 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 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 if your 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 resuits. 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 difficult to conclude that the PVNGS thermal
pressurization model is accurate in predicting the indicated INEEL measured test

resuits. 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 resuits 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 PVYNGS 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.

ldentify 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, Sl-
671/672, S1-686/696, S1-685/694, SI-688/693.

PVNGS' criteria 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):

Discuss the 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.

15







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 Test Valve PVNGS susceptible Valves
Vendor Borg Warner Borg Warner

Type flex-wedge gate flex-wedge gate

Size 10" 12"

Class 3001b 1500 Ib

Disk material ASME SA 351 GR CF8M ASME SA 351 GR CF8M
Disk thermal coefficients* 9.11 x 10%in/in/°F 9.11 x 10%in/in/°F

Valve Body material ASME SA 351 GR CF8M ASME SA182 F316
Body thermal coefficients* 9.11 x 10%in/in/°F 9.10 x 10°%in/in/°F

Seat Ring material ASTM A296 GR CF3M  ASTM A276 TYPE 316L
Seat Ring thermal coefficients*  9.10 x 10®in/in/°F 9.10 x 10%in/in/°F

*Reference ASME B&PV Code, Sec. ll, 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 weakiink limit (179,986 Ibs.) than the test valve (64,230
Ibs.), 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 Ibs.
Expected thermal binding unwedging load = 55,000 Ibs. x 1.4 = 77,000 Ibs.
Actuator open capability = (start torque x temp. factor x OAR x pull out eff. x low
voltage % x APFRY)/(stem factor)
=[100 ft-lbs x 0.95 x 132.81 x 38% x (414/460)* x
0.9)/(0.02931 @ 0.18 stem friction)
= 119,248 Ibs.
Margin of open capability = [(119,248 —77,000)/77,000] x 100% = 55%
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13JSICUV0653, 13JSIDUV0654
PVNGS static unwedging control limit = 18,750 lbs.
Expected thermal binding unwedging load = 18,750 Ibs x 1.4 = 26,250 Ibs.
Actuator open capability = (start torque x temp. factor x OAR x pull out eff. x low
voltage % x APFRY)/(stem factor)
= [40 ft-Ibs x 0.816 x 124.1 x 35% x (456/460)? x
0.9]/(0.02931 @ 0.18 stem friction) -
=42,779 Ibs.
Margin of open capability = [(42,779 — 26,250)/26,250] x 100% = 63%

NRC QUESTION (3d):

If the 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.

e Procedure 400P-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 (SI) 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. If the 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 & 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 & 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 (SI) 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-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: This modification has been installed in all 3 units.

SIC-UV-653 & 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-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: This modification has been installed in all 3 units.
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SIA-UV-655 & 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 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-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 & 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 madification to Unit

3 SIBHV693 is scheduled for the 3R8 refueling outage which is scheduled to begin on
April 2, 2000.

SIA-HV-685 & 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 & SIB-HV-696, Shutdown Cooling Heat Exchanger to LPS| 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 SIBHVE96 is scheduled for the 3R8 refueling outage which begins April 2, 2000.

SIB-UV-671 & 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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CRDR CONTINUATION SHEET
CONDITION REPORT/DISPORITION REQUEST
BACKGROUND

Pressure locking occurs when a closed gate valve bonnet is pressurized from high process fluid pressure and the line pressure
subsequently reduces, or when the bonnet is hydraulically heated to increase the pressure of fluld trapped in the bonnet above
|| line pressure. The resultant bonnet pressure and accompanying seating forces on the gate may tequire an opening stem tirust
above an actuator or valve thrust/torque limit, and in some cases prevent opening the valve,

The NRC recently published Federal Register Notice (3-27-95, Vol 60 No 58), “Proposed Generic Letter; Pressure Locking

and Themnal Binding of Safety-Related Power-Operated Gate Valves,” which will require all nuclear power plant Licensees
to perform pressure lucking and thermal binding susceptibility evaluations and teke appropxiatc actions to ensure those gate
valves dcemed susceptible will perform their required safety functions. Engincering is currently evaluating pressure locking
and (hermal binding of gate valves per CRDR 9-3-0561. As part of this work effort, NED/MOYV developed a methodology to
cvaluate safety-related power-operated (motor, air, hydraulic and solenoid) gate valves per Calculation 13- MC-ZZ-215

Revision 0.

(1) DESCRIPTION QF CONDITION
Based on a technical review of Calculation 13-MC-ZA-215, Revision 0 and the latest information pertaining to Engmeenng

Study 13-MS-A96 (draft), the following issues have been identified: )

(1) MOVs AF-34/35/36/37, S1-651/652, SI-653/654, S1-655/656, S1-671/672, S1-686/696, Si-685/694 and SI-688/693 the-
oretical bonnet pressures resulting from the assumed temperature increases are below the valve vendor hydrostatic test
pressures, but are above the applicable ASME/ANSI B16.34 pressure limits for these valves. Since the theoretical bon-
net pressures resulting from the assumed temperature increases are enveloped by the valve vendor hydrostatic tests and
are transient pressures rather than working .i<..sures, Engineering deems this condition acceptable, untif additional
analyses and/or testing can be performed to validate the pressure versus temperature pmdncttons and determine whether
the ASME B&PV code provides specific guidance related to transient valve bonnet prcssunzauon This’issue may be
mmponable to other fluid filled components, which do not have a pressure relief mechanism viaa prcssurc mhef valve

or via component lcakage, expansion, or trapped air.

(2) MOVs S1-653/654 theoreiicul ¢ pening stem thrust requirement to overcome the postulated pressure locking loads is
greater than the 74,132 1bs maximum opening sveak link thrust limit. As mentioned in the Calculation’s techni«al
review, no additional actions were initiated, since this issue was previously identified and is evaluated per CRDR 9-5-
0607 and 10 CFR 50.59 Screen and Evaluation #95-(10226, Refer to these documents for additional information.

(3) MOVs SI-686/696 theoretical opening stem thrust requirement to overcome the postulated pressure locking loads is
greater than the 97,310 1bs maximum actuator thrust capability. As mentioned in the Calculation’s technical review,
CATS action item 930561.12 was initiated to evalvate this condition with a high priority ¢.:-ing the ongoing work effort
to complctc Engincering Study 13-MS-A96. The CATS action item was deemed appropriate instead of initiating a new
CRDR, since a preliminary review of the design basis requirements for SI-686/696 indicate SI-686/696 would not be

required to open to align/initiate shutdown cooling concurrent with the postulated temperature increase resul(mg,from a
RCS letdown line break or avxiliary steam line break event in the auxiliary building. In addition, the Calculation’s tech-
nical review also stated Engineering may deem it necessary 1o supersede the CATS action item with a new CRDR dur-
ing the detailed review of SI-686/696 per Engineering Study 13-MS-A96, As of this date, Engincering decms it
appropriate to establish a new CRDR to document the evaluation of SI-686/696 theoretical opening stem thrust to over-
come the postulated pressure Jocking loads exceeding the 97,310 Ibs maximum actuator thrust capability. Based on the
reliminary pressure locking awd thermal binding evaluvations, using nominal process conditions per Caleulation £3-
MC-ZZ-215 (Rev. 0) and Engineering Study 13-MS-A96 (draft), SI-686/696 may be potentially susceptible 1o pressure
locking under the following concurrent cenditions: (1) the valve seat and paching leakage is zero; (2) no air is trapped
in the valve bonnet; (3) no credit is taken for the valve elasticity; and (4) no credit is taken for the portion/volume of
stem, which is removed from the bonnet when the valve open cycle is commenced (i.c., no credit for the honnet fluid
specific volume increase). Although SI-686/696 are part of the PVNGS ASME XI Inservice Testing Program, SI-686/
696 are not leak tested and maintained leak tight per 10 CFR 50 Appendix J requirements. Thus, it is reasonable the SI-
686/696 gate valves to have at least 1-2 ccm minimum valve [eakage. Minimum realistic valve leakage of 1-2 ccm will
prevent bonnet overpressurization. Therefore, based on the above, SI-686/696 are deemed capable of performing their
safety-function under acsign basis conditions, and Engineering does not consider the SI-686/696 condition an

immediate operability concern,
(4) MOVs SI-671/672, S1-685/694 and S1-688/693 theoretical opening stem thrust requirement to overcome mc postulated
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pressure locking loads are Jess thaq their corresponding maximvm MOV design 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 thrust
capabilities using minimum voltages arxl pullout actuator efliciencies per the preliminary analyses performed for Engi-

neering Study 13-MS-A96 (draft).

(a) SI-671/672 - The postulated temperature increase, which would lead to relatively rapid bonnet pmssurizatio’h. is |
caused by cither a RCS letdown line break or an auxiliary stcam line break event in the auxiliary building. These events
do not require opcning SI-671/672 to establish containment spray. Thus, the use of minimum voltage to assess actuator
thrust capubility is overly conservative, since the postulated bonnet pressurization event would not be concurrent with
opening S1-671/672. Using nominal voltage and pullout efficiency, the theoretical opening stem thrust requirenient to -
overcome the postulated pressure locking loads are less than S1-671/672s’ corresponding actuator tfirust capabihucs. ‘
S1.671/672 is capable of performing its design basis function based on the existing applicable actuator thrust
capabilities, and no immediate e¢valuation in addition to the norinally scheduled Engineering Study 13-MS-A96 is
deemed necessary or appropriate. The bonnet overpressurization issue will be addressed as part of Item (1).

(b) SI-685/694 and SI-688/693 - The postulated temperature increase, which would lead to relatively rapid bonnet presif
surization, is caused by either a RCS letdown line break or an auxiliary steam line break event in the auxiliary building. -
These events do not require immediately opening S1-685/694 and SI-688/693 to establish shutdown cooling. Thus, the
use of minimum voltage to assess actuator thrust capability is overly conservative, since the postulated bonnet pressur-,
ization event would not be concurrent with opening SI-685/694 and SI-688/693. Using nominal voltage and running
‘efficiency, the theoretical opening stem thrust requirement to overcome the postulated pressure locking Joads arc Jess.
than SI-685/694 and S1-688/693s’ corresponding 2:w.«tor thrust capabilities. However, recent industry information
:indicates the use of running efficiency may not be conservative and pullout efficiency may be appropriate in the deter-
mination of actuator thrust capability. On the other hand, Limitorque has not completed their evaluation of the applica.
bility of pullout and running efficiency usage in actuator thrus: calculations, and has not published any
recommendations, which prohibit using running efficiency. Nevertheless, it is important to note, the theoretical opening
stem thrust requirement to overcome the postulated pressure locking loads are greater than SI-685/694 and SI-688/
693s' comresponding actuator thrust ca,-abilities using nominal voltage and pullout efficiency. Based on the preliminary.,
pressure locking and thermal binding cvaluations, using nominal process conditions per Calculation 13-MC-ZZ-215 ;
(Rev. 0) and Engineering Study 13-MS-A96 (draft), SI-685/694 and SI-688/693 may be potentially susceptible to pres.
sure locking under the following concurrent conditions: (1) if the valve seat and packing leakage is zero; (2) if no air is
trapped in the valve bonnet; (3) if no credit is taken for the valve pressure boundary elasticity; and (4) if no credit is
taken for the portion/volume of stem which is removed from the bonnet when the valve open cycle is commenced (le.,
no credit for the bonnet fluid specific volume increase). Although SI-685/694 and SI-688/693 are part of the PVNGS -
ASME X1 Inservice Testing Program, they are not leak tested and maintained leak tight per 10 CIR 50 AppendixJ -
requirements. Thus, it is reasonable to assume the SI-685/694 and S1-688/693 gate valves to have at Ieast 1-2 cem min-
;' m valve leakage. Minimum realistic valve leakage of 1-2 ccm will prevent bonnet overpressurization. Therefore,
based on the above, SI1-685/694 and SI-688/693 are deemed capable of performing their safety-function under design X
basis conditions, and Engineering does not consider the SI-685/694 and SI-688/693 condition an immediate opera?

bility concern. "

. MOVs AF-34/35/36/37, S1-651/652, S1-653/654, S1-655/656, S1-671/672, S1-686/696, SI-685/694 and SI-688/693 the-
, oretical bonnet pressures resulting from the assumed temperatire increases are below the valve vendor hydroslahc test

pressure but are above the applicable ASME/ANSI Bi6. 34 pressure limits,

N/A. Issue previously addressed in CRDR 9-5-0607.

Postulated RCS letdown line or auxiliary steam line break accident temperatures could potentially result in SI-686/
696s" bonnet fluid pressure exceeding the ASME B16.34 working pressure limit and exceeding the valve/actuator

_ assembly opening torque/thrust capability under the following concurrent conditions: (1) SI-686/696s® seat and stem .
packing leakage is zero; (2) nu air entrapment in the valve bonnet; (3) no credit is taken for the valve pressure boundary’
clasticity; and (4) no credit is taken for the portion/volume of stem which is removed from the bonnet when the valve

. open cycle is commenced (i.e., no credit for the bonnet fluid specific volume increase).

| ;‘, . n

g ] 5

OOAC-0IPO4

PVA10.04EN (10.02)




R S L A I vt B - e e e e N v e - T e —— Y L - - e SETTRIETES o SR - - e
- T Iy
-~ - =S NS s s S L g e Ay ko ot = WS M e e oo




~ - . « B
P . N - PR S wyn e ow B e i e
.\ RS , 3 A B . AN g

‘\

CRDR _‘f — _i—- _Q_Z_?;_(p

RDR CONTINUATION SHEET

CONDITION REPORT/DISPOSITION REQUEST

(4) Postulated RCS letdown line or auxiliary steam line break accident temperatures could potentially result in SI-685/694

! and SI-688/693s* bonnet fluid pressure exceeding the ASME B16.34 working pressure limit and exceeding the valve/
actuator assembly opening torque/thrust capability under the following conditions: (1) if SI-685/694 and SI.688/693s’
seat and stem packing leakage is zero; (2) if no air entrapment in the valve bonnet; (3) if no credit is taken for the valve
pressure boundary elasticity; and (4) if no credit is taken for the portion/volume of stem which is removed from the
boanet when the valve open cycle is commenced (i.e., no credit for the bonnet fuid specific volume increase).

(12) SUGGESTED DISPOSITION

In general, Engineering deems the conditions described in tbe ‘Description of Condition’ section: to be acceptable and does
not consider these conditions immediate operability concems. However, Engineering should develop specific operability
evaluntions to supplement the operability discussions prescnted in this CRDR, as appropriate. The suggested dispositions to

the above issues are:

(1) Engincering should aggressively develop a test plan and perform testing of a Borg-Wamer (and Anchor-Darling for
completeness) valve assembly to validate the pressure inctease predictions for various temperature heat up rates and
temperatures. In addition, Engineering should determine whether the ASME B&PV code provides specific guidance
(frequency and cause) related to ANSI B16.34 and transient valve bonnet pressurization, If testing is not performed in a
timely maruer, or if the test results suppont the bonnet pressure predictions, Engineering should initiate appropriate cor-
rective actions (e.g., design modifications) to prevent exceeding the ANSI B16.34 pressuse limits as required by the

ASME B&PV code guidance,
(2) N/A. Issuc previously addressed in CRDR 9-3-0007.

(3) Enginecring should finalize the SI-686/696 pressure locking and thermal binding evaluations and recommend appropri.
ate corrective actions (e.g., procedure and/or hardware modificativas) by September 1, 1995,

(4) Engincering should finslize the SI1.685/694 and SI-688/693 pressure locking and thermal binding evaluations and rec-
ommesx appropriate corrective aciions (e.g., procedure and/or hardware modifications) by September 1, 1995,
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8-30-95 INTERIM DISPOSITION FOR “POTENTIALLY SIGNIFICANT” CRDR CLASSIFICATION f

Additional Direction/Comments: Determine if actual bonnet pressures exceed AMSE/ANSI B16.34 Limits, »

Response

The technical review of Calculation 13-MC-ZA-215 identified the theoretical bonnet pressures resulting from the assumed
teperature increases exceed the ANSI/ASME B16.34 working pressure limits for MOVs AF-34/35/36/37, S1-651/652, Sl-
653/654, S1-655/656, S1-671/672, SI-686/696, S1-685/694 and SI-688/693. It is important to note the methodology used in
Calculation 13-MC-ZA-215 uses conservative assumptions and the actual development of pressure Jocking conditions is
highly situational, and the theoretical bonnet pressures may not be representative of the actual bonnet pressures.

Altbough a design modification to limit any potential bonnet pressurization to pressures less than the ASME/ANSI B16.34
limits would climinate the potential for the theoretical bonnet overpressurization 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 “the predictiou of the thrust
required to overcome pressure locking to be very difficult,” and recommends *“a combination of {esting and analysis to justify
adequate capability to overcome the thrust mquucmems of pressure locking.” Therefore, the proposed valve heatup/pressur-
ization testing would not only validate the assumpltions and results of Calculation 13-MC-ZA-215, but the test results will
also provide a substantive basis for decisions whether or not to perform design modifications for the MOVs cvuluated within

13-MC-ZA-215.
Engincering recommends this CRER be reclassified froe> “Potentially Significant” to “Adverse” with a due date of 10-31-95

to allow time for (1) performing valve heatup/pressurizauon testing and the subsequent test analyses, and (2) responding to
the issues pertaining to the theoretical opening stem thrust requirements outlined in the CRDR's “Description of Condition.”

MOVs AF-34/35/36/37, S1-651/652, S1-653/654, SI-655/656, S1-671/672, S1-686/696, SI-685/694 and SI-688/693 realisti-
cally have at least a 1 cem to 2 com valve seat/packing leak rate and/or air in the bonnet which will preclude bonnet overpres-
surization, and Engineering deems these MOVs as fully operable for an interim period until valve testing can be performed to
validate the theoretical analyses. A more detailed evaluatton will be included in the 10-31-95 CRDR dispostion.

As mentioned, the theoretical bonnet overpressurization is poslulé“led under the following comervative concurrent condi- '
tions: (1) if the valve seat and packing leakage is zero; (2) if nv air is trapped in the valve bormet; (3) if no credit is taken for

the valve pressure boundary elasticity; and (4) if no credit is 1aken for the portion/voiume of stem which is removed from the
bonnet when the valve open cycle is commenced (i.c., no credit for the bonnet fluid specific volume increase). ;
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ADVERSE CRDR 1) CRDR  9-5-0836
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2) PREPARER: DEPARTMENT: EXT DATE:
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7) ACTION(S) COMPLETED
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None

8) ACTIONS NOT COMPLETE (Note: Corrective Actions must be priorty 1, 2 or 3):

BRIQBITY ACTION DESCRIPTIONEXPECTED DISEQSITIQHN DOC ACCEPTED BY DUE
See Attached List of Corrective Actions
Note: K no Cotrective Actions aro roquired, tho CRDR will bo closed In CATS,
9) KEYWORDS | e 9) REFERENCES
pressure locking, thermad binding i1, 95.07
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WADVERSE CRDR
ALUATION/RESPONSE/ACTIONS/APPROVAL 1) CRDR 9-5-0836

PREPARER:

C. Rath/ M. Ortty P. Koaggs NED 1936

DEPARTMENT: EXT:

MOV

3) AFFECTED SYSTEMS: 4) AFFECTED COMPONENT EQID

5) EVALUATION

See Attached Continuation Sheets for Final Disposition,

6) CAUSE (Detecmination of Cause Is oplionad)
See Attached Continuation Sheets for Final Disposition.
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PRIORITY  ACTION DESCRIPTION/EXPECTED DISPOSITION DOC ACCEPTED BY

Initiate Engineering Document Change (EDC) to Calculation 13JC- o Readree
ZZ-201 Rev. 4 to reduce MOV 13-CH-536’s Design Maximum Total
Close Thrust 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, /. ;ee-‘&u&
13-AF-36/37, 13-CH-536, 13-SG-134/138, 13-S1-604/609, 13-SI-

651/652, 13-S1-653/654, 13-SI-655/656, 13-SI1-671/672, 13-SI-686/

696, 13-S1-685/694, & 13-SI-688/693 to ensure their available open

thrusts are adequate to overcome PLTB effects, per evaluated

required cracking thrusts in CRDR 9-5-0836, until modificationas are

completed to prevent pressure locking. Also, investigate/evaluate the

possibility of lowering the Maximum Design Total Close Thrust on

all MOVs having an open saf.., function.

Engineering to review Operation Procedures to ensure the adminis- M .R«‘mc.
trative controls are sufficient to ensure the removal of the Shutdow...

Cooling loop from service before the RCS temperature exceeds 310

degrees F, to avoid possible thermal binding of the Safety Injection

(SI) MOVs, Ref. Procedure 400P-9ZZ01 “Cold Shutdown To Hot

Standby Mode 5 To Mode 3”

Initiate Design Modification Work Orders (DMWOQs) on the suscepti- N I?mévof
ble MOVs to make the appropriate design changes to prevent the

potential susceptibility of the MOVs to Pressure Locking effects aher

final evaluations are completed.

Detennine ASME B&PV code specific guidance related to ANSI M. Rea 6,,, 2
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 B&PV code guidance.

Review/Evaluate potential use of the existing Thermal Binding (TB)  }4, ;e,“ém(
Models (TU Electric and EMS Models) by the PVNGS Valve Pro-
gram to verify and predict akled open thrust due 10 °TB effects,

SM
AWYSE to schedule/perform maintenance to reduce the close torque M. Salazae
Y ¥witch settings on MOVs 13-S1-686/696 to reduce the open pullout
torque requirement, target TST at 25,000 to 30,000 1bs.
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1.0

FINAL DISPOSITION

BACKGROUND DISCUSSION
The NRC issued Generic Letter 95-07, Pressure Locking and Thermal Binding of Safety-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 Locking and Thermal Binding Evaluations. The Generic Letter also requested
that within 180 days each licensee /) evaluate the operational configurations of all safety-related
power-operated gate valvas 1o identify valves that ate succeptible to pressure locking or thermal
binding, and 2) perform further analysis and take needed corrective action to ensure that the suscep-
tible valves identificd are capable of nerforming their intended safety function under all modes of
plant operation. This final disposition will serve as the basis for the PYNGS response to both of the

180 day requests.

GATE VALVE PRESSURE LOCKING SUSCEPTIBILITY EVALUATICN

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Binding
Evaluations identified that no safety related solenoid operated gate valves arc uscd at PVNGS. The
study also identified 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

valves.

L]

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Binding
Evaluations identified the normally closed safety-related motor operated gate valves with open
safety functions. The following discussion documents the evaluation of pressure locking suscepti-
bility for that group of motor operated valves in accordance with the requirements of Generic Letter
95-07. The affected components are: AF-34/35, AF-36/37, CH-536. SG-134/138, SI-604/609, SI-
651/652, S1-653/654, SI-655/656. S1-671/672. SI-686/696. SI-685/694. SI-688/693.

A discussion of the contributing loads and their calculation follows.

Digk Load- 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 differential pressure
(dP) between the valve bonnet and the upstream/downstream piping over the horizontal area of the

OOAC-01P04
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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 cdge simply supported and the inner edge fixed. The perimeter load, Qg, 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, 2nr, 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”.

Resisdual Load- The load opposing valve opening caused by wedging the valve gate into the seat.
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 closing load identified in 13-JC-ZZ-201,
MOV Thrust, Torque and Actuator Sizing Calculation 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 EPR1 Topi-
cal Report TR-103237, results in conservative cracking thrusts with respect to PVNGS as-left

cracking thrusts.

Ventical Load- The vertical unbalanced load across the 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 bunnet and the upstream
and downstream pressure by the unbalanced horizontal area of the gate disks. The unbalanced hori-
zontal area is a sum of the two ellipses projected in the horizontal plane whose perimeter is
bounded by the seat sealing perimeter (see sketch below).

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)

Stem Piston Load- The unbalanced load on the valve stem area, driven by the differential pressure
between the bonnet and the atmosphere, aiding in opening of the valve, ‘The “Stem Piston Load™,
Fpiston- is calculated by multiplying the stem cross-sectional area by the bonnet pressure. This
methodology assumes reduction in differential pressure between bonnet and atmosphere during
accident conditions has negligible affect on stem load.

The Total Stem Thrust Required to Overcome Pressure Locking evaluated in the analysi,§ is:
PL Stem Thrust= Disk Load + Residual Load + Vertical Load - Stem Piston Load

PV410.04EN (10:02)
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The relationship between pressure and temperature used to evaluate the effects of bonnet water -
temperature increases on bonnet pressure was developed based on testing of a PVNGS spare 10”
Borg-Wamer 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 fluid
temperature and pressure were recorded at various time intervals.

The heat-up testing indicates two distinctive pressurization regions. The first region [Region I}
which includes the initial 60 F bonnet temperature increase can be conservatively modeled using a
pressurization rate of 3 psig/F, the maximum dP/dT identified in Region I. Although the first region
spans the first 60 F bonnet fluid temperature increase, additional conservatism will be added by
assuming this gradual pressurization rate (3 psig/F) through only the first 30 degrees of the thermal

transient. Then for Region I,

dPy/dT = 3 psig/F [Region I, first 30F temperature change only].
Py=Po+ 3 psig/F (T2 - Ty)

where Py is the initial bonnet pressure and Py is the bonnet pressure increase in Region I. If T, - T
is greater than 30 F, substitute 30 F for T~ - Ty. ’

'

The second region {Region II] which includes the bonnet temperature increase greater than 60 F can
be conservatively modeied using the highest two applicable pressurization rates: 42 ps:g/F at 150 F

and 05 psig/F at 290 F. For Region II (T, - T must be greater than 30 F),

dPy/dT = mT + b [Region II, after first 30F temperature change only]

where:
m = (65 psig/F - 42 psig/F) / (290 F - 150 F) = 0.16429 psxg/F2
b =42 psig/F - (0.16429 pmg/F" )(150 F) = 17.3565 psig/F
Thus, dP/dT becomes:

dPy/dT = (0.16429 psig/F?) T + 17.3565 psig/F

Integrating the Region II dP/dT equation from an initial Region II temperature (T; + 30 F)toa ﬁnal
Region II temperature (T5) yields the following equation: :

Py = 0.08215 psig/F2 (T2 - (T +30)? ) + 17.3565 psig/F (T5 - (T1+30) ) [Region 11]

The Region I and Region II pressure equations can be added together to determine the total pressure
increase due to a bonnet fluid temperature increase from T to T, this equation can be expressed in
two fonms depending on the magnitude of the bonnet temperature increase.

‘The first equation applics to temperature increases less than or equal to 30 F (T - Ty <= 30 F):
Pr=Py+ 3 psig/F (T - T))

The sccond equation applies to temperature increases greater than 30 F (T, - T; >30 F):

ProTAL = Po + 90 psig + 0.08215 psig/F? (T2 - (T1+30)2 ) + 17.3565 psig/F (T - (Ty+30) )

P
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The initial bonnet pressures (meunl) used as inputs in estimating the stem loads required to over-
come pressure locking are the maximum open or close pressures identified in the GL 89-10 desxgn
basis calculations for the MG Vs, The references were as follows: ’

Calculation 13-MC-SG-811
Calculation 13-MC-S1-222
Calculation 13-MC-AF-401
Calculation 13-MC-S1-226
Calculation N001-7.01-174

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 (T, Tiniial) Was conservatively assumed to be
the same as the ambient temperature cl.age. Since the final ambient temperature was taken from
the calculations which support the EQ repoit 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 the transfer of a finite amount of heat will result in .cughly the same tem-
perature change when room temperatures are within the normal operating range). Daily cyclic vari-
ations in ambient temperatuze resnlt in only small changes in bonnet temperatures and pressures,
therefore, these normal temperature variations were not evaluated. Calculations referenced by \he

EQ Report are:

2>

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

One case exists where the maximum process fluid temperature is a result of fluid in adjacent piping.
The HPSI system could be drawing suction on the Containment Sump during a LOCA when the

HPSI Hot Leg Injection Isolation Valves, SI-604 and SI-609, are called upon to perform their active
safety function. The final valve bonnet temperature for this case is taken very conservatively to be
the maximum Containment Sump 'lempcrature The initial valve bonnet tempcrature is taken to be

60 F, the RWT (HPSI Pump suction source) minimum temperature.

The RWT and Containment Sump temperatures are documented in Technical Specification 3/4.5.4
and calculation 3-NC-ZC-200. respectively.

A spreadsheet was used to apply the described analytical methodology to determine if the suscepti-
ble valves are capable of performing the required open safety function. The susceptibility spread-
sheet is attached to th:"s 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-
4
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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 limit and 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
detenmine susceptibility of the existing design to pressure locking cffccts. The evaluation deter-
mincd that all of the valves are susceptible to pressure locking, except for 1I3JCHEHV0536.

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

2.0 OPERABILITY EVALUATION OF PRESSURE LOCKING SUSCEPTIBLE VALVES
Identification of Pressure Lockine S tible Valves 1o be Evaluated for O bilit

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Binding
Evaluartions identified that no safety related solenoid operated gate valves are used at PVNGS. The
study also identified that no safety relatec 1.ydraulic operated gate valves and no safety related air
operated gate valves at PVNGS have open safety functions. Based on those findings, an operability
cvaluation is not required for air, solencid and hydraulic operated valves.

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thermal Binding
Evaluations identified the satety-related motor operated gate valves with open safety functions. The
Susceptibility Evaluation performed as a part of this disposition for that group of motor operated *
valves identified the susceptible components to be: AF-34/35, AF-36/37. SG-134/138, S1-604/609,
S1-651/652, S1-653/654, S1-655/656, S1-671/672, SI-686/696, SI-685/694, S1-688/693. An opera-
bility evaluation for the identified susceptibie motor operaied gate valves is provided in the follow-

ing discussion.

“nalyticai Methodology and A ssumptions Used to Evaluate Qperability

A spreadsheet was used to apply the same analytical methodology as that used in the Susceptibility
Evaluation to detenmine if the 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-
net pressure, and valve intemal 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
component calculated from a design maximum allowable closing thrust, Valve factors based on
published EPRI data and in situ test results were used to reduce conservitism where appropriate.
Also, in some cases, credit was taken for the bonnet pressure reduction that oceurs during an open-
ing stroke because of stem displacement prior to unseating. The resulting pullout thrust requirement
was then compared with calculated degraded voltage pullout thrust capability of the actuator, and
was compared with the  ctuator thrust limit and valve structural weak link to determine component
operability status. Also, the resulting pultout thrust‘was converted to stem torque using a conserva-
tive stem factor and then compared to the actuator torque rating and valve structural weak link to
determine componer:t operability status.

PVA19.04EN (10.02) 90AC-OIPO4
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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)(OCAR)(MINV )2(SE)(APFR)(TCF)/ (§F)

and for DC powered actuators:

Degraded Voltage Maximum Stem Thrust = (MST){OAR)YMINV)SE)(APFRYTCF)/ (SF)

where
OAR Overall Ratio (from 13-JC-ZZ-201)
MINV Minimum Voltage Ratio (from 13-JC-ZZ-201)
MST Motor Starting Torque (from 13-JC-Z2-201)
APFR Application Factor
TCF Temperature Correction Factor (from 13-JC-22-201)
SE Pullout Efficiency (from Limitorque SEL Guide)
SF Stem Factor (Calculated)

Except where noted in the specific discussions below, a conservative stem thread friction coefficient
of 0.12, actuator pullout efficiency, and degraded voltage adjustments were .pplied. An Application
Factor of 0.2 was used for minimum voltage ratios more than 90 percent, and an Application Factor
of 1.0 was used for minimnwm voltage ratios less than 90 percent, in accordance with Limitorque
recommendations. Specific motor terminal voltages from 01/02/03-EC-PK-207 DC Bartery Sizing
and Minimum Voltage and 01/02/03-EC-MA-221 AC Distribution calculations were used as input
Lecause 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.viB/SB-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, Rev.0, November 25, 1991). Thrust limits for SMB-3
actuators were increascd to 110 percent of manufacturer 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 in 13-JC-
Z2Z-201 MOV Thrust, Torque, and Actuator Sizing Calculation were used in this comparison. In
some cases, specific weak link analysis limits were used to reduce conservatism.

The pullout torque requirement was compared with the documented maximum allowable valve and
actuator torque limits to determine operability. Torque limits for all actuators were increased to 1)
pereent of Limitorque published values on the basis ol manufacturer guidance (Ref: Limitorque let-
ter 1o APS dated 917190). A one time allowable overload torque limit of 200 percent of manufac-
turer published values was also evaluated, where appropriate.

PV410-04EN (10.02)
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13JAFBUV0034, 13JAFBUV(035 ‘
For the operability determination of the subject motor operatcd valves, conservatism was reduced :
by a) using as-left peak cracking thrust measured values, b) using revised weak link thrust and E .
torque limits of the valve, ¢) using actuator running efficiency instead of pullout efficiency, d) tak-
ing credit for bonnet pressure reduction caused by opening stem displacement prior to unseating,
and ¢) justifying a reduced value for final bonnet temperature. The weak link thrust and torque lim-
its were calculated on the basis of Certificd Material Test Reports of the as built valve components 1
(Ref: SDOC 13-P-221B EDC 95-01703). Use of actuator running efficiency for operability 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
will be slightly reduced during the opening stroke because of stem displacement. The stem di{-
placement that occurs prior to unseating reduces the bonnet pressure slightly and reduces the asso-

ciated pullout thrust requirement. (Ref: Calculation 13-MC-ZZ-2]18 Gate Valve Bonnet Pressure 3
Decrease Due To Stem Motion). The final bonnet temperature is assumed to be 115F. The EQ Pro-
gram Manual, Appendix A, DBA Temperature and Pressure Profile for the Main Steam Support g
Structure (MSSS) EL 80’ shows that .o..m temperature during HELB 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 " 3
more than 115F is conservative. The operability tabulation shows that the p.edicted pullout thrust 3
and torque requirements are within the calculated degraded voltage capabilities of the actuator, and ;
within the structural limita.ons of the valve and actuator assembly. On this basis the subject motor .
operated valves in the as-left configuration are considered capable of performing their safety 1elated

open function under pressure locking conditions. '

i
P T
. AR

13JAFAUV0036, 13JAFAUVY()037
For the operability determination of the subject motor operated valves, conservatisin was reduced N:

by a) using as-left peak cracking thrust measured values, b} using revised weak link thrust and
torque limits of the valve, ¢} using actuator running efficiency instead of pullout efficiency, d) tak-
ing credit for bonnet pressure reduction caused by opening stem displacement prior to unseating,
¢) taking credit for DC motor stall torque capability, f) using manual values for degradéd voltage,
£) using less conservative valuc for stem thread cocfficient of friction, and /1) using a reduced value
for final bonnet temperature. The weak link thrust and torque limits were calculated on the basis of
Certificd Material Test Reports of the as built valve components (Ref: SDOC 13-P-221B EDC 95-
()1703). Use of actuator running efficiency for operability determination is considered justified on
the basis of site test data acquired on DC power actuators. Bonnet pressures that may result from
pressure locking effects will be slightly reduced during the opening stroke because of stem dis-
placement. The stem displacement that oceurs prior 1o unseating reduces the bonnet pressure
slightly and reduces the associated pullout thrust sequirement (Ref: Caleulation [3-MCZZ2-218
Gate Valve Bonnet Pressure Decrease Due To Stem Motion), The degraded voltage torque capabil-

e

L.

o My 5y e

- -
- 32
0

A,

ity of these actuators was calculated using 90 percent of the stall torque capability shown by the T3
manufacturer’s gen- 7ic motor curve for a 40 ft-1b 125 VDC motor, and was calculated on the basis 3
of revised degraded voltage values specified in Calculation 01/02/03-EC-PK-207 DC Battery Sizing i
and Minimum Voltage Calculation. The final bonnet temperature is assumed to be 115F. The EQ 5
Program Manual, Appendix A, DBA Temperature and Pressure Profile for the MSSS El. 80’ shows : _ ,
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that room temperatuse 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 1IJAFAUV0036 exceeded the valve’s thrust weak link.
For the subject component, the we:k link is located at the stem connection to 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 1bs. 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-
ject 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 opcrated valves, conservatism was rcduced
by a) using as-left peak cracking thrust tacusured 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-P-221B EDC 95-
01703). The opérability tabulation shows that the predicted pullout thrust ana worque requirements
are within the calculated degraded voltage capabilities of the actuator, and within the stnuctural lim-
itations of the valve and actuator assembly. On this basis the subject motor operated valves in the
as-left configuration are considered capable of performing their safety related open function under

pressure locking conditions.

13JSIAUV0604, 13JSIBUV0609
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 actuator running efficiency
instead of pullout efficiency, ¢} using manual values for degraded voltage, and d} using a 0.5 valve
factor. Use of 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. The degraded voltage torque capability of these actuators was calculated using a terminal
voltage predicted by /1,2.3-EC-MA-221 AC Distribution Calculation for LOCA with start-up trans-
former loading, following energization of sequenced loads. Use of this degraded voltage value is
justified because the subject valves will not be repositioned for at least 30 minutes followmg initia-
tion of the event. Use of a 0.5 valve factor for the subject valves is justified on the basis of recorded
diagnostic test data. The operability tabulation shows that the predicted pullout thrust and torque
requirements are within the caleulated degraded voltage eapabilities of the actuator, and within the
structural limitations of the valve and actuator assembly, On this basis the subjeet motor operated
valves in the as-left configuration are considered capable of performing their safety related open

function under pressure locking conditions.

oo

13JSIBUV0671, 13JSIAUV0672
For the operability determination of the subject motor operated valves, conservatism was reduced

by a) using as-left peak cracking thrust measured vaiues, and ) using a 0.55 valve factor. Use of a

PVAID.04EN (10.62)
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0.55 valve factor for the subject valves is justified on the basis of recorded dtagnostxc test data. The
operability tabulation shows that the 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 thejsubject motor operated valves in the as-left: iconfigu- ‘

ration are considered capable of performing their safety related open function under pressurc lock-

ing conditions. ]

»

ALl

13JSTAHV 0685, 13JSIBHV 0694 %
For the operabxllty determination of the subject motor operated valves, conservatism was rcduccd
by ) using as-left peak cracking thrust measured values, b) using a 0.5 valve factor,.and ¢) using
actuator running efficiency instead of pullout efficiency. Use of a 0.5 valve factor for the subject j
valves is justified on the basis of in situ test data and published EPRI reports. 1Jse of actuator run- :
ning efficiency for operability determination is justified because the subject valves are provided
with a hammer-blow device and the actuator is running prior to being loaded. The operability tabu-
lation shows that the predicted pullout thrust and torque requirements are within the calculated
degraded voitage capabilities of the actuator, and within the structural limitations of the valve and
actuator assembly. On this basis the subject motor operated valves in the zs-left configuration are
considered capable of performing their safety related open function under pressure locking condi-

tions.
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13JSIAHV 0686, 13JSIBHV0696

For the operability determination of the subjcct}motor opcrated valves, conz~rvatismiwas rcduccd
by a) using as-left peak cracking thrust measured values, b) using actuator running cfﬁcxcncy '
instead of pullout efficiency ¢) using less conservative stem thread coefficients of frxctlon.\and d)
using manual values for degraded volngc Credit was taken for an extended actuator thrust rating of
200 percent. The extended thrust rating is justified on the basis of Kalsi testing that concluded Lim-
itorque actuators are qualified for a thrust of 200 percent of rating for 763 cycles (Ref: Document
No. 1707C, Rev.0, November 25, 1991), and because pressure locking is expected to occur infre- }
quently over the life of the plant. Use of actuator running efficiency for operability determination is ;
Justified because the subject valves are provided with a hammerblow device wad the actuator is run- 1
ning prior to being loaded. Use of reduced stem thread coefficients of friction are justified on the B
basis of recorded diagnostic test data. The degraded voltage torque capability of these actuators was ;
calculated using a terminal voltage predicted by /3-EC-MA-221 AC Distribution Ca(gbulatiqn for :
LOCA with start-up transformer loading, following energization of sequenced loads. Use of this .
degraded voltage value is justified because the subject valves will not be repositioned for at least 30 !
minutes following initiation of the event. After reducing conservatisms, all of the subject valves
were within applicable thrust limits and were within seismic and valve weak link limits, but were

outside of published actuator torque limits. . « ,
.. The actuator is a Limitorque SMB- 1 and the desjgn torque i ating is 850 ft-1bs, memquc st.m din
" aletter to PYNGS September 7, 1990 that, torque up to 110 pereent of rating, or in lhl\ casey 93S fi-

 Ibs is acceptable, Limitorque stated in their Maintenance Update 92-1 that any size SMB .u.m.lmr is
L.\p.\blc of withstanding a one time allowable overload of up to two times the pubhshcd torquc rat-
ing, or in this case, 1700 ft-lbs without damage or sacrifice to the actuator qualification. If this rat-
ing was exceeded, or the overload occurred more than once, inspection of the actuator is
recommended. For the subject actuators, the pullout torque requirement ranges from a minimum of
1,369 ft-Ibs to a maximum of 1,538 ft-1bs. The torque requirements are within the calculated
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degraded voltage capability of the actuator. Although, when pressure locked, all of the valves could
requirc 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 of performing 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. "

13JSIAHV 0688, 13JSIBHV0693
For the operability detenmination of the 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
with a hammerblow device and the actuator is running prior to being loaded. The operability tabula-
tion shows that the predicted pullout thrust and torque requirements are within the calculated
degraded voltage capabilities of the actuatcr, and within the structural limitations of the valve and
actuator assembly. On this basis the subjec* notor operated valves in the as-left configuration are
considered capable of performing their safety related open function under pressure locking condi-
tions.

i
13JSIBUV0656 . ,
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 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
basis the subject motor operated valves in the as-left configuration are considered capable of per-

Lre

forming their safety related open function under pressure locking conditions. "

12JSIAUV0653, 13)JSIBUV0654
1 e interim operability of the subject moror operated valves until implementation of pressure lock-
ing modifications was addressed by CRDR 950607, and therefore an operability evaluation is.not

required for this disposition, ¥

JISIAUVOGSL, 3JSIBUV0652, 3JSTAUV0653, :
The subject motor operated valves have already been modified to prevent the possibility of pressure
locking, and therefore an operability cvaluation is not required for this disposition. !

W

13JSIAUV0655

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 actuator running efficiency
instcad of pullout cfficicncy, and ¢) using revised values for degraded voltage. The subjcct valve is
assumed to be opened no sooner than two hours after initiation of event. This assumption is justificd
on the basis of RCS cooldown at a conseivative 100F/hr rate from 565F to 335F for Shutdown
Cooling Initiation (Ref: 40EP-9E003 Loss of Coolant Accident). Use of actuator running efficiency
for operability detennination is justified because the subject valves are provided with a hammer-

" %

QOAC-0IPO4
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blow device and the actuator is runmng pnor to being loaded. The degraded voltage torque capabxl-
ity of these actuators was calculated using a terminal voltage predicted by 13-EC-MA-221 AC
Distribution Calculation for LOCA with start-up transformer loading, following energization of
sequenced loads. Use of this degraded voltage value is justified because the subject valves will not
be opened sooner than two hours following initiation of the event. After reducing conservatisms, all
: of the subject valves were thhm applicable thrust limits, and actuator torque and valve seismic
; limits. ‘ a i . f
; ' , A ;
| 12JSIAUV0651, 12JSIBUV0652 ” .
. For the operability dctermmanon 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 requirements are within the calculated degraded voltagc capabll-
dties of the actuator, and within the structural limitations of the valve and actuator assembly. On this
*basis the subject motor operated valves in the as-left configuration are considered capable of per-
formmg their safety related open function under pressure locking conditions. 3 >
¢ 4
3

, ; !
3.0 GATE YALVE THERMAL BINDING SUSCEPTIBILITY EVALUATION . !
' ¢

1

n
»*
13

‘ » &
Thermal binding is associated with a wedge gate valve that is closed while the cysiem is hot and is
allowed to cool before the valve is re-opened. An i increase in the required open thrust sometimes
occurs due to different expans®ons and contractions of the wedge gate, valve seats and valve body

-Solid-wedge gate valves are most susceptibie to thermal binding, however, ﬂcx:ble-wcdgc gatc

valves may experience thermal binding effects at gignificant temperature changes. ' v
: : {

. ™ . ¥ i
Further evaluation is required to justify the functional capability of the ﬁemble-wedge gate vdlves

identified in Engineering Study 13-MS-A96 to overcome possible thermal binding cffects on the
‘valves and resolve the possible plant condition which may cause thermal bindii.x. This Jusnﬁcauon
will be based on the margin of available thrust to overcome possible thermal binding cffccts "
» ‘
& \' ¥
‘The Engineering Study 13-MS-A96 Revision () Gate Valve Pressure Locking and Thernial Bmqu
Evaluations 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 rchtcd air
operated gate valves at PYVNGS with open safety functions. Based on those findings, no furthér
~ evaluation of thermal binding susceptibility is required for air, solenvid and hydraulic opcr.ucd

valves, a

;‘A t
T

The Engineering Study 13-MS-A96 Revision 0 Gate Valve Pressure Locking and Thernial Bmilmq
Evaluations identificd safety-related motor opcratcd gate valves with open safety functions. The
‘ following discussion dncuments the cvaluation of thermal binding susceptibility for that'groupof
motor operated valves in accordance with the requirements of Generic Letter 95-07. The affected
components are: AF-34/35, AF-36/37, CH-536, SG-134/138, S1-604/609, SI-651/652, Si- 653/654
S1-655/656, S1-671/672, SI-686/696, SI-685/694, S1-688/693. ¢
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(a) A review of the motor operated flexible-wedge gate valves identified in Study 13-MS-A96 was
performed to identify: ‘ .

14

(1) Valves with a safety function to open .
(2) Valves having a close to open decrease temperature delta of over 80 degrees F g :
(3) Valves having a gignificant close to open decrease temperature delta (over 200 F),

(b) Thermal binding will not be considered to create a credible binding thrust load for valves which
are closed at temperatures which are less than their safety function opening temperatures,

(¢) The extent of the thermal binding effects (additional required opening thrust) will be considered
directly related to the close to open temperature decrease, based on the initial results of the pres-
sure locking and thermal binding testing performed by Commonwealth Edison Company. The
thermal bmdmg test results show that a 10” Borg-Wamer 300 # Class Gate valve experienced an
18% increase in the required unseating thrust at an 88 F open to close decrease temperature delta
‘and a 38% increase in the required unseating thrust at a 215 F open to close temperature decrease,

See ComEd Company Memorandum "Pressure Locking / 'I’hermal Binding Test Data”, Attach-
ment 4.

(d) Far the valves determined to have a 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 wdl bc per-
formed using the following equation:

¥
H

Pereent Available Thrust = (Open Thrust Limit - Cracking Thrust)/Cracking Thrust ) |

t

Where:

The Cracking Thrust will be cqual to the latest measured As-Left open cracking thrust per the
Open Diagnostic As-Left Thrust Test Signature for cach gate valve identified. Since, it was deter-
mined that the open available thrust/torque limit is based on the motor stall capability because the
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 limiting open
thrust, unless otherwise noted. Note: the motor pulluat thrust capacity is based on those values
"«ted in the operability tabulation sheet “Calculated Actuator Pullout and Torque Capablltty” See
Attachment 2. .

(e) Thermal binding will only be considered to create a credible binding thrust load for valves which
are closed at temperatures which could decrease more than 200 F before the valve is opened. (Ref:
SOER 83-9) Therefore, only valves determined to have a gignificant close to open decrease tem-
perature delta (over 200 degrees F) will be consicered as needing resolution of the possible plant
condiiion, which may cause thermal binding (periodically opening the valve as it cools, adminis-
trative procedurc changes ctc.). \ A

1 4
‘,' " . . . - apse . g . . . - ‘ ﬂ‘:
’ 3
Valve Design Engineering has completed the review of the motor operated flexible-wedgé gate
O‘rztlvcs with a safety function to open for thermal binding susceptibility. Corrective actions have

cen initiated to resolve the 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.

"

&

PVA10.04EN (10.02) 90AC-0IPO4
¥

-

: T

n




&

— - - - B e RSSO . -y
e su e B e £ [ D oo JUE . il —— S v
,\;v.,mu.-wﬁ o O Cae S - [ [P
T e, PR -SEA Y Ar; 2
i - e e Y ¢
>
.
- - X —-— ” « b -
. - -~ . - - - . - I ~o o - . -9
"
-
P
~ - :
- - -
- = - Al et
< - nary
- " aMg
. *
. =
LI
w * N
- . - . -
N e . - - -~ e Sl -
= - -’
- . = N - e
S . . L ome
.
P
- . - . 2
-
- .
- . Ve -
- - P . - a . B
.
- -
R o
-
- "
. -
-~ [
- hd « o - -
- [EI - « A S - # = 4 . . - - -
, W oaiw ) . . . - 1 . . mww o - w o
H . N 3 P, -
e
P
. . v % - - -
: - Am i tweme v mE . 2 ee TF PR e - . Bl
% - g
F«Q
» -
§
»
- - el = e - ol e e e e - [ _ . .




CRDR CONTINUATION SHEET

Rea vETex me s egem e enen
X .

'
y
? i

CRDR Y e 5 oo,

0836

ONDITION REPORT/DISPOSITION REQUEST

Table 1 below provides a summary of the motor—operated gate valves identified as having an open

safety function and possibly being susceptible to thermal binding effects:

“)
L]
¥

L]

Table 1. Summary of Motor-Operated Valves Possibly Susceptible to Thermail Blndﬁ;\g
tag | Case | MomtCaso | Nomal | ASIEN R coponty
Number |CloseHot| " b (F) Temp (F) Temp (F) | to Thermal Evaluation
Temp (F) Range Binding Required
AF-34/35 124 50 84 84 {0 124 NO NO
AF-36/37 124 50 84§ 84 to 124 NO NO
CH-536 120 60 94 94 to 120 NO NO
" lIsG-134/138| 575 553 564 553 to 587 NO NO
S1-604/609 74 60 74 74 to 231 NO NO
SI-651/652 | 35072 110 210 110 to 368 YES YES
SI-653/654 | 3502 110 210 110to368 | YES YES
S1-655/656 | 200 87 87 87 to 104 NO YES .
Si-671/672 | 87 87 7 87t0104 | NO No
SI-686/696 | 200 77 77 77 to 104 NO YES
SI-685/694 | 200 77 77 77 to 112 NO YES
st 688/693 | 200 77 77 77 to 104 NO_ YES -

I Based on a 200 F temperature decrease criteria per INPO SOER 83-9. The actual temperature
decrease required to thermally bind the valve may be lower or higher. Based on actual operating
experience at PVNGS, some of these valves have undergone large temperature decreases, althou;,h
Iess than 200 F, and have not thermaily bound. Thus, the 200 F critcria is deemed appropriate.

21tis important to note, the RCS is warmed up with one train of shutdown coolmg secured but both
suction paths arc aligned to provide LTOP protection until the RCS temperatuic is greater than 291
¥, Thus, for the purposes of this evaluation , the warm-up of SI-651/652/653/654 to maximum tem-
perature based on SDC UFSAR temperature of 350 F will be considered as the high close tempera-
ture.

AF-34/35/36/37 ¢
The worst case close temperature is based on the pussible closure of these valves after an AFAS-]
or AFAS-2 open and the worst case open is b.tscd on the AF pump room minimum design tempera-
ture. This worst case temperature change is less than 80F and is not considered applicable to the
operation of these valves during a design basis safety function requirement. Since AF- ‘34/15/16/?7
are generally opened at the same or slightly higher temperature than their closure tcmper.nurc .md
the worst case possible temperature change is less than 8OF, AF-34/35/36/37 arc not dccmcd sts-
ceptible to thennal binding. .
: 3
CH-536 (O
The worst case close temperature is based on maximum RWT water temperature and the possible
¢losure of this valve after an automatic open ata low-low VCT level indication and loss of power to
CH-514. The worst case open temperature is based on the minimum RWT water temperature. This

PV419-04EN (10-92)
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. worst case temperature change is less than 80F and is not considered applicable to the operation of

« this valve during a design basis safety function requirement: Since CH-536 is generally opened at
-the same or slightly higher temperature than its closurc temperature and the worst case possible
temperature change is less than 80F, CH-536 is deemed not susceptible to thermal binding. ,

o :
SG-134/138 .
SG-134/138 are nonnally closed after Operations performs the AF turbine driven pump ASME XI
test in Mode 3 or | 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 if pressure
drops in one of the SGs the other one is used to drive the AF turbine driven pump. Since SG-134/
138 are cpened at the same or slightly lower temperature than their closure temperature to perform
their safety function (i.c., Decrease Temperature of 22 F), SG-134/138 are deemed not susccptlblc
to thermal binding. . ;
SI-604/609 : i ¥

The worst case close temperature is based on the valve reaching the Calculated HPSI Pump Room
temperature per 13-MC-HA-269 and the wurst 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:

. considered applicable to the operation of these valves during.a design basis safety function require-

NDITION REPORT/DISPOSITION REQUEST N :

ture, SI-604/609 are deemed not susceptible to thermal bmdmg 3 .

i+
"

SI1-651/652/653/654

and they may cool down to room operating tcmpcraturc of 110 F for a potential change in tempera-
fire of 240 F. However, when the SDC loop is isolated the temperature may be as low ag 230 F but
could be as high as 350 F, as the operation procedures are written, Therefore, these valves do have
the possibility of cxpenenung a temperature decrease of greater than 200 degrees F, and are
-remed as susceptible to thermal binding. A capability evaluation will be performed and corrective
actions initiated to ensure the SDC is isolated under 310 F. , 4

A

t
i

SI- 6%%/6%6 .
These valves could be closcd initially at a SDC UFSAR temperature of 350 F. Howeveraper Opcr-
ating Procedure 400P-9S102 these valves are reqzired to be re-opened or left open untilithe pipe
line is cooled to below 200 degrees F and than closed. Therefore, 200 degrees F will be used as the
maximum close temperature and 87 degrees F as the cold open temperature based on the projecied
room temperature per Calculation 13-MC-HA-269, It is deemed that a 113 F temperature decrease
is not significant enough for a 12-inch flex-wedge gate valve 1o themmally bind., However. S1-655/
650 will be evaluated for required open safety functional capability. t g

SI-671/672 : R
‘The worst case tempera’ ares arc based on the projected room temperature per Calculation 13-MC-
HA-269. These valves are opened at the same or higher temperature than their closure temperature,

Therefore, SI-671/672 are deemed not susceptible to thermal binding. 5

¥

ment. Since S1-604/609 open safety function is at-2 higher temperature than theic uosurc tcmpcra- :

These valves may be closed initially at a Shut Down Cooling (SDC) UFSAR temperature of 350 F°

PV419.04EN {10.92) ) Q0AC-QIPO4
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4"
 Identification of Valves to_be Evaluated for TI | Binding Qperabilit

S1-686/696

These valves could be closed initially at a SDC UFSAR temperature of 350 F. However, per Oper-
ating Procedure 400P-9S102 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 will be used as the maximum close
temperature and 77 degrees F as the cold open temperature based on the projected room tempera-
ture per Calculation 13-MC-HA-269. It is deemed that a 113 F temperature decrease is not signiti-
cant enough for a 12-inch flex-wedge gate valve to thenmally bind. However, SI- 686/696 will be
evaluated for required open safety functional capability.

S1-685/694 :
These valves could be closed initially at a SDC UFSAR tcmperaturc of 350 F. However, per Opcr-

ating Procedure 400P-9S102 when Shut Down Cooling is in standby and the temperature is above

" 200 degrees F these valves are required to be re-opencd or left open until the pipe line is cooled to

below 200 degrees F and than closed. Therefore, 200 degrees F will be used as the maximum close
temperature and 77 degrees F as the cold open temperature based on the projected room tempera-
ture per Calculation 13-MC-HA-269. I ., deemed that a 113 F temperature decrease is not signifi-

~ cant enough for a 12-inch flex-wedge gate valve to thermally bind. However, SI- 685/694 will be

evaluated for required open safety functional capability.

$1-688/693 i

These valves could be initiaiiy closed at 200 F based on the possible heat transfer to the dead leg
piping on each side of these valves due to the SDC termination temperature. The cool down te 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-
ing. However, SI-088/693 will be evaluated for required open safety functional capability. .

e
oh

" OPERABILITY EVALUATION OF THERMAL BINDING SUSCEPTIBLE VALVES

Valve Design Engineering has completed the thermal binding susceptibility review of the motor
operated flexible-wedge gate valves with a safety function to open. Engineering has concluded that
thermal binding effects will not prevent the subject MOVs from performing their open eafcty func-

* tion. This conclusion is based on the valves®' most recent closing temperature and opcn as-left

cracking thrusts. The conclusion is based on the initial results of the pressure locking .md thermal
binding testing performed by Commonwealth Edison ¢° ompany., Results of the lhum.ll hmdmz.
ceffects testing show that a 107 Borg-Warner 300 # Class Gate valve experienced a 18%a i lllch.I\c_ in
the required unscating thrust at an 88 F temperature decrease and a 38% increase in the rcqlurul
unscating thrust at a 215 F temperature decrease, See Attachment 4.

Corrective actions have been initiated to resolve the possible plant condition which may cause ther-
mal binding for the valves having a possible temperature decrease of over 200 degrees F after clo-

~ sure and to adjust the current Design Maximum Design Total thrust limit setpoint to rcducc the
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13-S1-651/652/653/654
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b

required open cracking thrust, when appropriate. ;
14

Attachment 3 lists the MOVSs that may be subjected to an 80F or more decrease in temperature

. between the time the valve is closed and when the valve is required to perform its safety function.
. The attachment shows the calculated available thrust to overcome any added open thrust due to pos-

'sible thermal binding effects. An evaluation to cnsure these MOVs have the capability to pcrform
.their open safety function against possible thermal binding effects follows:

' 3

k]
-

Design Basis Functional Description
These MOVs are normally closed 12" 1500# Class Borg-Warner flex-wedge gate valves on the

shutdown cooling suction lines from the RCS hot legs, and are remotely opened to establish shut-
down cooling and for LTOP protection. They also isolate the SI System from the RC System. SI-
653/654 valves also function as inboard Containment isolation valves (Penetrations 26 and 27)
Since, these valves could be closed at a SDC UFSAR temperature of 350 F and they may cool.down
to room operating temperature of 110 F, . potential decrease in temperature of 240 F is possible.
However, Engineering has investigated the Control Room Logs and the applicable RCS and Pres-
surize Heat-up and Cool-down Rate Record, kept in Procedure 40ST-9RCO1 Appendix A to deter-

mine the actual times/temperatures when the SDC system was last isolated in uil tiwree units.
' 3

Unit 1: It was determined froms the Unit 1 Control Room Logfda!cd 11-23-95 (night shift), SDC was

isolated at 274 F. Therefore, these valves can only experiencing a temperature decrease of 164
degrees F which is within the range of the thermal binding test performed by Commonwealth Edi-
son Company. Based on these valves having a minimum of 126% additional opening thrust avail-
able over the measured cracking thrusts to compensate for any added open thrust due (0 thermal
binding effects, Unit 1 SI-651/652/653/654 valves are considered capable of performing their open

safety function.

Unit 2: It was detenmined from the Unit 2 Control Room L.og dated 3-23-95 (day shift), SDC was
isolated at 248 F. Therefore, these valves can only experiencing a temperature decrease‘of 138
degrees F which is within the range of the thermal binding test pcrfonned by Commonwealth:Edi-
son Company. Based on these valves having a least 276% additional opening available thrust over
the measured cracking thrusts to compensate for any added open thrust due to thermal binding
effects, Unit 2 SI-651/652/653/654 valves arc considered capable of performing their open safcty

f unction.

Unit 3: It was determined from the Unit 2 Control Room Log dated 3-23-95 (day shift), SDC was
isolated at 300 F. Therefore, these valves can only experiencing a temperature decrease of 190
degrees F which is within the temperature range oI the thermal binding test pcrfonncd by Common-
wealth Edison Company. Based on these valves having a least 185% additional opening thrust
available over the mearared cracking thrusts of these valves to compensate for any added open
thrust due to thermal binding effects, Unit3 SI-651/652/653/654 valves arc considered capablc of

performing their open safety function.
X
t
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13-S1-655/656 .
Design Basis Functional Description A

These valves are normally closed 12" 300 # Class Borg-Wamer gate valves on the shutdown cool-
ing suction lines from the RCS hot legs, and are remotely opened to establish shutdown cooling.
These valves also function as Containment outboard isolation valves (Penetrations 26 & 27).
Since, Operating Procedure 400P-9S102 requires these valves be re-opened or left open until the
SDC loop is cooled to below 200 cegrees F, than closed and the worst case cold open temperature is
87 degrees F, a 113 F temperature decrease is possible. This temperature delta is within the temper-
ature range of the thermal binding test performed by Commonwealth Edison Company. Based on
these valves having at least 121% additional opening thrust available over the measured cracking
thrusts of these valves to overcome any added required open thrust due to thermal binding effects,

13 S1-655/656 valves are considered capable of performing their open safety function,

13-S1-686/696

. Design Basis Functional Description ( v

These valves are normally clesed 20" 300 # Class Borg- Wamer gate valves on the shutdown cool-
ing heat exchanger discharge header, and are remotely opened to establish shutdown cooling flow
through the heat exchanger. y
Since, Operating Procedure 400OP- 9SIO;. 1equires these valves be re-opened or left opcn until the
SDC loop is cooled to below 200 degrees F and the worst case cold open temperature is 77 degrees
F based on the projected room temperature per Calculation 13-MC-HA-269, a 123 F temperature
decrease is possible. This temperature delta is within the temperature range o1 the thermal binding
test performed by Commonwealth Edison Company. Based on these valves having at least 564%
additional opening thrust avasuable over the measured cracking thrusts of these valves to overcome
any added required open thrust due to thermal binding effects, 13 SI-686/696 valves are considered
capable of performing their open safety function. 3

13-S1-685/694

Design Basis Functional Description . '
These valves are normally closed 10” 300 # Class Borg-Warner gate valves isolating thc shutdown
~ooling heat exchanger inlet, and are remotely opencd to establish shutdown cocling flow through
the heat exchanger.

Since, Operating Procedure 400P-9S102 requires these valves be re-opened or left open until the
SDC loop is cooled to below 200 degrees F and the worst case cold open temperature is 77 degrees
F based on the projected room temperature per Calculation 13-MC-HA-269, a 123 F worst case
temperature decrease is possible. This temperatiize delta is within the temperature range of the ther-
saal binding test performed by Commonwealth Edison Company. Based on these valves having at

‘lcasl 143% additional opening thrust available over the measured cracking thrusts of these valves to
‘overcome any added required open thrust due to thermal hinding cffcus 13-S1-685/694 valves are
considered capable of performing their open safety function . 4

'
‘

13-SI-688/693

Design Basis Functional Description
These valves are nonr Jly closed 10” 300 # Class Borg-Warner gate valves on the shutdown (.ool-

ing heat exchanger bypass header from the containment spray pump discharge, and are remotely
opened to ensure CS is available during cooldown when the plant is on SDC.
Since these valves can experience a close temperature of 200 F based on the possible hcat tmmfcr

*
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to the dead leg piping on each side of these valves due to the SDC termination temperature and
could possibly cool down to 77 F based on the projected room temperature, the change in tempera-
ture could be 123 F (less than 200 F), This temperature delta is within the temperature range of the
thermal binding test performed by Commonwealth Edison Company. Based on these valves having
at least 220% additional opening thrust available over the measured cracking thrusts of these valves
to overcome any added required open thrust due to thermal binding effects, 13-SI-688/693 valves
are considered capable of performing their open safety function.
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g

l) Pressure Locking qusceptlbuny Evaluatxon Table

2) Operability Tabulation Table

3) Available Thrust for Thermal Binding Effccts Table ‘,

4) ComEd Memorandum “Pressure Locking / Thermal Binding Test Data”

A-1S-96

Pressure Locking Susceptibility :

» ] 2-I5-96
)%y K g, 4,005 556

Pressure Locking Operability:

Thermal Binding:

Q0AC-0IPO4

PV410.04EN (10.02)
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PRESSURE LOCKING SUS!!PTIBILITY EVALUATION

Mark Orth_ T S o e ; i
Chuck Rath PRESSURE LOCKING CALCULATIONS L
" IRevision 0 e ) i N
Valve Tag (size) L _SYSTEMINPUTS VALVE INPUTS
~Tinitial, Tfinal j Pinitial] Pup |Pdown a b | theta] nu | VF [ Valve Structural Limit

S S Thrust | Torque
AJD Gatr Valves: oo
AF-34/35 (67 104 * 123 11801 O 0 263 | 088 | 5 03 | 06 | 345900 517
AF-36/37 (67) | 104 1 125 {18161 O 0 1263] 08| 5 03 | 0.6 | 34900 517
SG-134/138 (6°) . 587 ' 587 F1,383] O 0 | 263 ] 0.88 03 | 06 | 35000 550

H H 1

a t | '
BWI/IP Gate Valves: ;- ; i |
CH-536 (37 i 104 i 104 | 97 0 0 150 - 111! 5 03 | 06 | 10,705 124
S1-604/609 (39 . €0 1§ 231 | 1,960| 660 0 128 1111 5 03 | 06 | 10,705 124
SI-651/652 (127) i 120 : 368 ; 2561} O 0 525 30 ] 5 03 | 06 | 179,786 | 5,009
S1-653/654 (127) 520 | 368 | 465 Q 0 . 525] 30 i 5 03 | 06 | 74133 2,342
SI-655 (127) 104 i 216 , 470 0 0 1 525 | 3.0 5 03 | 06 | 80,000 1,113
SI-656 (127 [ 104 | 121 | 470 0 0 1 525 | 3.0 5 03 | 06 | 80,000 1,113
SI-671 (8" 104 | 104 | 326 | 326 0 407 | 24 5 03 [ 06 | 30248 478
S1-672 (87) 104 { 104 | 326 | 326 |..0 407 | 24 7 5 03 | 06 | 30248 478
S1-685/694 (107) 104 { 112 | 458 [ 0O 0 513 | 2.7 5 03 | 06 | 37,835 597
SI-686/696 (207) 104 | 104 | 458 0 0 9.50 | 5.0 5 03 | 06 | 126368 | 2,805
S1-688/693 (107 104 7 104 ! 630 0 0 513 1 27 5 03 | 66 | 37835 597
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MOV ‘ACTUATORI/STEM INPUTS MOTOR INPUTS MOV MISC INPUTS 4
OAR P.O.Ef COF ; Dstem! Pstem ] Lstem ‘Actuator Stuctural Lumnt Viull | Vmin | MTorg| n | TOF Max Close|% Residual :
, j : ) !_-_. i Load Load
: ‘ i !
425 : 04 ' 042 ¢ 1.5 0.333[0667; 90000 i 935 460 | 385 | 60 | 2 | 0.96 50,000 67%
4018+ 04 : 0.12 § 15 :0.333]/0667] 90,000 | 935 115 | 9366, 40 1 1 50,000 |° 67% : B
4369 04 012 ! 15 *0.33310667! 33600 ! 550 125 | 97441 40 1 1 33,6900 67% N
: - ; i i ‘
30 | 04 ¢ 0.12 10.875§ 0.167 | 0.333§ 28,000 275 460 401 |1 75 | 2 10.99 11,000 67% -
3621 04 i 012 ;08751 0.167 ] 0.333 | 28,000 - 275 | | 460 | ..14 | 15 21097 19,600 67%
985 ¢ 038 { 012 | 2.75 { 0.333] 0.667 } 154,000 ; 3,630 460 | 369 ! 100 | 2 | 0.95 154,000 67% ]
88.4 { 04 ! 012 | 275 | 0,333} 0.667{ 90,000 935 _460 | 4561 40 |.2 ]0.89 46,517 67% -~ v
~ "884 § 04 § 042 §-2.75 ,; 0.333 ] 0667 | 90,000 935 460 394 40 21088 46,517 67% R
884 04 1 012 | 2.75 | 0.333 ) 0667} 90,000 ; 935 460 384 |- 40 2 ]0.96 46,517 67% -
27.97] 045 1 0.12 § 1.375] 0.250 | 0.500 | 48,000 550 460 386 25 2 10.98 30,248 67% . i
27971 045§ 0.12 | 1.375] 0.250 ) 0.500 ]| 48,000 550 460 | 386 |_ 25 210498 30,248 67% | -~ ;
39.11| 0.4 | 0.12 1.5 | 0.250 | 0.500 | 48,000 550 460 | 415 25 21098 33,600 67% B
8257 04 | 0.12 ] 2.125] 0.333 ] 0.667 | 90,000 935 460 | 404 60 2 | 0.98 53,429 67%
58.131 04 | 0.12 1.5 ! 0.250 ) 0.500 ! 48.000 550 460 | 414 25 2 10.98 33,600 67% !
{
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ATTACHMENT 1 CRDR 9’5

PRESSURE LOCKING SUSQIBILITY EVALUATION

! :
- I M z e
Calculation of Minimum Available i CALCULATION OF "" .
i Torque and Thrust at Motor Stall DP ACROSS DISKS Calcuiation of Disk Loa
Stem Factor! Avail Torque | Avail Thrust_! VDF Pfinal DPavg c2 C3 Cc8 - o]
0.0160 - 686 . 42752 0.700 1,858 1858 0.1614 | 0.0277 | 0.5887 | 0.2898
00166+ 524 1 32633 i 0814 1,879 1879 0.1614 | 0.0277 | 06887 | 0.2898
0.0160 : 545 . - 33963  0.780 1,383 1383 0.1614 | 0.0277 | 06887 | 0.2898
— — i

0.0087 | 68 i 7,825 | 0.760 97 97 0.0307 | 0.0025 | 0.8417 | 0.2034
0.0087 i 171 T 19721 i 0.810 8,638 8308.5 0.0173 | 0.0011 | 0.8781 | 0.1615
0.0224 {2288  :_ 102095 - | 0.643 15365 | 16365.. 0.0770 | 0.0098 | 0.7643 | 0:2752
0.0224 | 1,133 _ 50,551 0.900 14,269 | 14269.4 0.0770_ | 0.0098 | 07543 | 0.2752
0.0224 | 913 i 40,743 0.734 4.587 4586.9 0.0770 | 0.0098 .| 0.7643 | 0.2752
0.0224 | 946, 42220 ! 0.697 521 521 0.0770 | 0.0098 | 0.7643 | 0.2752
0.0133 217 16,330 0.704 326 163 0.0712_| 0.0088 | 07717 | 0.2698
0.0133 217 16,330 0.704 326 163 0.0712_| 0.0088 | 07717 | 0.2698
0.0139 345 | . 24759 0.900 482 482 0.0917 | 0.0127 | 0.7471 | 0.2861
0.0192 1,498 | 77.964 0.771 "7 488 458 0.0918 | 0.0127 | 0.7470 | 0.2862
0.0139 461 33119 i 0810 630 630 0.0917 | 0.0127 | 07471 | 0.2861
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[RPEPRE SRS T, S

i i ‘ - '
i : S SRS SR
i Residual Closing L | Vertical Load | Stem Piston
Perpindicular to the Seat Using Roark Thin Plate Theory ~ Load at Cracking On Disks Load
L1 L17 mu Qb Qa_ | Pflorce ;' Disk Load Residual Load Fvert Fpiston
0.00552 | 0.1395 0.5680 3,303 -1,074 35,905 f‘ 20,159 33,500 7.038 3,283
0.00552 | 0.1395 0.5680 3,341 -1,066 | 36,311 ' 20,387 33,500 7,117 3,320
0.00552 | 0.1395 0.5680 2,459 =799 | 26,726 115.005 22,512 5,239 2,444
0.00017 | 0.0289 0.5680 26 -13 310 |, 144 7.370 120 58
0.00005 | 0.0166 0.5680 1,479 -796 17,189 7.809 13,132 8,944 5,194
0.00113 | 0.0699 0.5680 28,384 -12,712 | 954,363 | 476,372 103,180 247,014 97,204
- 0.00113 | 0.0699 0.5680 24,749 -11,084 | 832,133 | 415,361 31,166 215,378 84,754
0.00113 | 0.0699 0.5680 7,956 -3,563 267,491 | 133,519 31,166 69,234 27,244
1 0.00113 | 0.0699 0.5680 904 -405 30,383 15,166 31,166 7.864 3,085
0.00096 | 0.0649 0.5680 207 -94 5,533 2,740 20,266 2,957 484
0.00096 | 0.0649 0.5680 207 -94 5,533 2,740 20,266 2,957 484
0.00163 | 00824 0.5680 934 -400 28,734 14,634 22,512 6,933 852
0.00164 | 0.0826 0.5680 1,648 -705 93,885 47,825 35,797 22,635 1,624
0.00163 | 0.0824 0.5680 1,221 -523 37,557 19,127 22,512 9,062 1,113

ATTACHMENT 1 CRDR 9-5-0836
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= . PRESSURE LOCKING SUS.IBILITY'EVALUATION

1 w - 3
MOV Min Avail CHAPTER 15 EVENT RESULTING
Total Stem Thrust | Total Torque Required Thrust due to IN THE MAXIMUM.INCREASE IN' .
Req'd to Overcome |to Overcome Pressure ! Structural Limit or BONNET TEMPERATURE. PRIOR-TO
Press Locking Locking Motor Torque Limit REQ'D ACTIVE OPEN FUNCTION -
Ftotal Required Torque Limiting Thust Suscept? “Reqd by GL 95-07 -

57,414 921 32,223 Yes HELB
57,684 926 32,223 Yes HELB

40,312 647 33,600 Yes ALL (Normal Conditions)

} 7,576 66 7,825 No ALL (Normal Condmons)
777 =-24,690 214 10,705 Yes LOCA
729,363 16,346 102,095 Yes MSLB
577,151 12,935 41,719 Yes MSLB
206,674 4,632 40,743 Yes HELB
51,101 1,145 41,719 Yes HELB
25,479 339 16,330 Yes LOCA
25,479 | 339 16,330 Yes LOCA
43,227 602 24,759 Yes HELB

104,634 2,010 48,663 Yes ALL (Normal Conditions)

49,587 691 33,119 Yes ALL (Normal Conditions)
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F.38,(6)
"S-AF-:!O (6‘) ‘

L isGa3 (5)
t, (1356134 (6)

bae v \I-SG 138(6')
42-80 138 (6)
3-56.138(01

-, 3-Sl 852 (17}

1.51853 (12)
S, 281483 (17)
36883 (127

S L.51854 (1)
{28188 1)
o5 3SH54 (1)

Ge 151688 (1)
251685 (1)
i astessaz)
T Lstess 1)
© 2.51886 (1)
L iasiess (1)
; 1.51671 (89
“12.51671 (89
3.51671 (89

i ‘1
Pe v hs1e72(89
. 251802 (89
T as1872(89
[0 1.51685 (107

2:51.685 (100
| 351485007

1.51694 (107
, 2.51694 (109
3.51684 (10
1* 1:51-888 (201
+ 25688 (20)

. dsLess (2

. 151850 (20
< 08 (20)
(20)

1o

(o
3 81-668 (1

~~‘23‘693 [¢lop]
3-54693(10')

)

(”‘”-36 (6.,‘\'

L 1,51693 (100 .

.u"“\ '

104

104
104

104
104
104

104
104
104

587
87
587

587
587
587

104
104
104

104
104
104

104
104
104

120
120
120

120
120
120

120
120
120

120
120
10

104
104
104

104
104
104

104
104
104

104
104
104

104
104
104

104
104
104

104
104

104 °

104
104
104
104
104
104
104

104

AT

RETYCE
404 o
BT TR
»

- 104,

Ak} I‘4

124y,
" 124,
A28,

124
124

124

125
125
128

125
125
125

587
587
sa7

587
587
587

Room
Room ",

. Room

Room,

Room

Room
Room
Room

Room
Room
Room

Ambient
Ambient
Ambient

Ambient
Ambient
Ambient

Fluid

Room
Room
Room

Room
Room
Room

Room
Room
Roorn

Room
Room
Room

Room
Room
Room

Room
Room
Room

Ambient
Ambient
Ambient

Ambient
Ambient
Ambient

Room
Room

PR

i b

WNPUT,
ot

3

iq1s
\- ,15
118,

118

15
15

115
115
1$

115
115
115

587
587
587

587
587
587

104
104
104

120
120
130

130
130
120

160
100
160

190
100
160

160
160
160

160
100
160

1
21
121

2
121
121

104
104
104

TR

e

3 TA'inoAssu

, 1,601
1001 '
"‘, 100‘

Dl,801.

1801"
1,801

1818
1,816
1816

1818
1,816
1818

138
138
1,383

1383
1,383
1383

07
o7
97

1,900
1,960
1,000

1,060
1,960
1,960

4087
487
487

47
487
487

487
487
467

487
487
467

470
470
470

470
470
470

T n\-x LTSRN T NS ‘My‘“‘}“:'f ok

8 s,ut. rai

k«,v-.

1,649
1,640
1,049

1.840
1,649
1,640

1383
1,38
1383

1,38
138
1383

o7
o7
o7

2038
2033
2038

2038
2038
2038

1,015
1,015
1018

1,015
1,015
1.015

1015
1,015
1015

1,015
1,015
1015

S

& BEE BAE BYY BKy 888 8y

A
8%

»
&

458

m;

4,634
1,634,
+ '163‘

.‘*1,03& .
1,634
7 1,634

24, 765
17,573

24,161
10,121
21,001

10,200
17,584
20,713

8,007
13,700
14205

4814
11,208
14515

4,100
4887
4754

6.353
6,202
7.500

712
0414
6011

55470
35011
44,850

78512
20,770
62,320

18,084
16,331
20544

11,128
14,201
17.508

13413
21,585
18,480

8,418
10,085
16012

8,731
9,626
693

0514
8,470
74

13,740
9,188
4240

9,643
14,011
4904

0,423
18,408
1,114

19,802
19,839
15,241

10,382
V412
8478
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ALVE DIMENSIONAL CONFIGURATION

WIONE NIl LS

gto/Time RS V) ; ?
414, ‘ . V. o : RN . J 3
. Ghven ‘vAssumed Ghen  Cakculsted Calculsted  Ghen  .Giin  Calclated Cakulsted Caloviatéid. Caloulated ".Calcnfated 15
MeTeg(size)  tets v VE ' Dstem' ow . DPayg s B - =] = R N N e ;-3,4*
" - ' . : v . ) ? sh Y
tAradl < ‘ ‘ 2 HAH
FAF3L(0) $ 03 06 150  056%0 T 263 054 01523 00257 0.0047 02038, 0004 pat
e i) 5 03 06 150 05680 7, 263 004 - 01523 0.0257 0.6047 02938 _ 00049 i
‘AR (o) 5 03 06 150" 05650 ™ 263 004 0.1523 0.0257 0.6347 0203 00040 - g i
Y, - " _ M I ? !
£ i LAF35.(6) 5 03 06 150 05680 734 263 004 0152 0.0257 0.0947 02508 00049 " Bl
2.AF.35(6) 5 03 06 150 05680 734 263 0.64 0.1523 0.0257 06047 ‘0236 - 00040
f;h “3AF35 (69 5 03 08 150 05680 7™ 263 064, 0.1523 0.0257 00047 0% 00049 Bl
Lo ' . 0 . :
£, ARS8 (69 ) 03 06 150  056% 1649 2.63 0.04 0.152 0.0257 00047 02936 0.0049, e
L 2AR38(8) s 03 08 150 0%6%0 1649 263 0.64 0.1523 0.0257 0.0047 02036° 00040 a4
L FAFI8(5) s 03 08 150 05680 1649 263 0.04 0.1523 0.0257 0.0047 02006 - 00049 k&
N i e
YF. 1+ LAF3T (69 5 03 06 150 056 1649 263 0.4 0.1523 0.0257 0.6047 02936 0.0049 4
L RARST () s 03 06 150 0580 1649 263 004 01523 00257 0.6047 02008 0.0049 kal
I“ <+ AFT (6) 5 03 06 150 0562 1649 263 004 01523 00257 0.6047 023068 0.0049 BEl
£, 156134 () s 03 06 150 05680 1383 263 007 0.1482 0.0248 0.6976 02049 0.0048 0120 .. }f
i 2:5G134(67) 5 03 a6 150 05680 1383 263 007 0.1482 0.0248 0.6076 02040 00048 01200 B i
< 3sganE 5 03 06 150 050 138 263 07 0.1482 00248 06976 02849 00048 01200 5l { :
‘ s
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170788 SMB-3 140,000 154000 350,000 130,521 73856 78%
179788 SMB3 120000 154000 350,000 154000 83725 %
179,768 SMB-3 140000 154000 350,000 154000 117357 3%
251852 (129 179,786 SMB3 140000 154000 350,000 154000 69615  121%
L 351852 (1) 179.788 SMB3 140000 154000 350,000 154000 101,065  52%
CSMes3 1) 74,133 SMB.1 45000 73350, 12500 €318 50200 ™
E}"' 251853 (17) 72133 SMBA €500 73350 11250 189 51707 %
ne 0 351853 (17) 74133 SMB-1 45,000 73350 112,500 €180 61,720 oS
151854 (129 74,333 SMB 45,000 73350 112500 63180 52304 21%
- 2.51854 (1) 74133 SMB-1 45,000 73350 112500 63189 55437 1%
Bl - 3.50654 (179 24133 SMB 45000 7335 112,500 0315  Sses? %
Y Lsss (129 80,000 SMBa 45000 7335 112500 62470 33348 7%
251855 (17) 0,000 SMB1 45,000 73350 11250 02470 41520 0%
2.51655(17) 80,000 SMB.1 45000 73350 112500 62470 35404 &%
b
F" 1.51853 (179 80,000 SMBA 45000 73350 11250 $4527 2833 2%
L 2.51656 1) 80.000 SMB. 45000 73350 112,500 $4827 39,000 %
b oasuesen 80.000 SMBA 45000 7335 112.500 S4527 30847 %
;» 1.51671 (37 30,248 $60 24,000 39120 €0.000 78t 1372 26%
S 251471 (87 30,248 $80 24000 39,120 €0.000 1630 14,607 12%
{,‘ 15161 (87 30,248 $80 23,000 39120 €0.000 17281 19N 5%
1.51672 (%3 30,248 $80 24000 30,120 0, 18, 144 1
. 00 6.3 4495 m
251872089 30,243 $BO 24,000 39120 €0,000 16230 13450 21%
b asiene) 30,243 $SB0 24000 20,120 0,000 1830 878 ™
",y
2-4 ©usiess 1) 37,835 SMBO 24,000 39,120 90,000 M/ 2547 5%
S 251685 (109 37,635 SMBN 24000 29120 00,000 34034 27005 7%
S 3.51685 (10 37,835 SMBO 24000 39,120 £0.000 MOM NN ao%
Ll L8652 (10) 37,838 SMBO 24000 30,120 60,000 34004 28450 20%
Y 261894 (100) 37,838 SMBO 24,000 29.320 00,000 : 304 32818 4%
7.+ 354694 (107 37,835 SMBO 24000 39,120 00,000 MoM M an
T Ls1688 (20 120,384 SMBA 45000 90000 11250 0000 78,38 15%
2.51688 (200 128,368 SMB- 45000 %0000 112,50 $0000  67.443 w
o 35168800 128368 SMBA 45000 0000 11250 00000 80,050 12%
698 (20) 128,368 SMB 45000 20000 112500 90000 88747 "
128,368 SMB 45,000 0000 112,500 0000 88784 "
128,363 SMBA 45000 20000 11250 0000 84,188 ™
37,835 SMBO 24,000 870 32119 15%
37835 SuB0 24000 W70 3109 18%
_ ysieas (109 37,835 SMBO 24000 B0 023 2%
. 151800 (100 37,835 SMBO 24000 R 38700, 20059, | 2TH “
ML 2816930107 37,835 SMBO  24,000: Jzooc . 318350 133003 2%
" 44351693 (100 37.835. SMBO T 24000 (;’ . ~"3079°~v ?89“' Rt T Lo
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Torque Modu Du‘l’m 1.1:1’4:& zom, o Tmuﬂ Roq'rorq.n Mugh
- .‘q‘" ‘ - . B u Y + ,
654 'smBd 850 88 /1,700 ©o0s4 549 - 10M
683 SMB1 . 850 €8 1700 633 . 518 3%
5 $MB-3 850 ‘€35 1700 . R 404 %
B '654 SMB, 850 038 1,700 . 654 508 20%
83 sMe-1” 850 Qs %0 653 574 A%
517 SMBd 850 §S LT | 517 458 1%
654 . SMB1 850 gas . 1,700 o540 o7 »
/683 SMB- 850 ®s 1,700 63 &8 ™
83 SMB-1 850 85 1,700 6 631 o%
FA37 (87 054 SMB-1 850 95 1,700 054 496 2%
S2AFIN () 683 SM8-1 850 0s 1,700 o5 613 1%
oy [ HBAFIT (6D 683 SMB-1 850 935 1,700 683 084 3%
! L1864 (89 §75 S80 500 550 1,000 545 413 2%
2:5G-134 {89 60 $89 500 550 1,000 s 494 10%
£35GAU(8) 575 $80 500 550 1,000 550 500 %
L 1.56.938 (59 $50 $80 50 550 1,000 545 st s5%
" 42.56.138 (%) €00 $80 50 550 1,000 S48 454 20%
15G.128 (69 575 $80 500 550 1,000 550 507 &%
,' - 1.CH.538 (3) 2 SMBLO 290 275 500 s a7 %
S~ 2088 () 124 SMBOO 250 278 500 s a S4% |
*3.CHS36 (3) 124 SMBOO 250 275 500 s 4 ss%
T nstea 124 SMBOO 250 215 500 124 7 2%
e 2.51804 (39 124 SMBOO 250 215 500 124 75 &%
L 351604 (3) 124 SMBO0 250 275 $00 124 87 2%
151600 3) 124 SMBLO 250 218 500 124 8 %
124 SMBLO 250 275 500 12¢ 7 e1%
124 SMBO0 250 275 500 e 73 oo%
5.687 SMB3 330 360 6600 3630 2107 %
5,687 SMB-3 3300 3630 6000 2,048 1,655 8%
s.6a7 SMB-3 330 3630 6600 6% 1,676 ©%
o 5.687 SMB3 3,300 3630 6600 3,630 2630 %
: 251852 (121 5.687 SMB-3 3300 3630 8600 3630 1,500 133%
L v 351852 (1) 5.687 SMB-3 3.300 360 6600 3.6 2,207 0%
(£ 19302 2342 SMBy 850 85 1,700 38 1328 0%
& 251853 (17) 2,322 SMB-1 850 9SS 1,700 w5 1203 28%
L‘; | 351653(12) 2342 SMB-1 850 s 1,700 %08 1383 Q%
: ‘
{’T - 1.51854 (1) 2342 sMB1 ' 8% 95 1,700 s 1172 -20%
R 2s650n 234z SMB-1 850 WS 1700 s 1202 25%
BT 38684 (127 2342 SMaut 350 WS 1,700 ©s 1315 20%
{" 181855 (1) 1113 SMB-1 3% 035 1700 w0s 1714 25%
;,v 2.5L655 (1) 1113 SMB-1 850 s 1.700 <] 1] 0%
. 3sss 1,113 $MB.1 850 s 1300 ws 281 o
£
[T ustessan 1113 SMB-1 850 05 1700 %5 5 a%
¥ 2S5 1,113 SMB-1 850 935 1,700 ws a4 ™
o lSesun 1113 S\B.1 850 %35 1,700 ws 820 13%
F oL nstery (a0, a8 $80 00 50 1,000 2% 182 26%
281871 (87 a7 $80 500 550 1.000 27 194 12%
351671 (87 478 S80 500 550 1,000 Pe’) 158 5%
| user2ee) 478 $B.0 500 550 1,000 27 1% 1%
T 2.81672(8) % sBo 500 550 1,000 218 170 21%
| asueney 4 $BO 00 550 1,000 217 18 %
T sness (107 507 $MB.0 500 850 1,000 a 453 5%
W 2.51885 {100 o7 SvR.0 500 550 1.000 4 300 2%
L 3.51685 (107 o7 SMB.0 500 £50 1,000 a7 22t %
1.51692 (100 97 SMBO 500 550 1,000 ara 206 20%
281684 (10 597 sva0 £00 550 1,000 e 457 %
(, 3SHEU10) 597 sv8.0 500 §50 1,000 an A% “x%
' 2,005 SMB-1 8% %S 170 1,700 1,360
2,805 SMB-1 3% 935 1,700 1,700 1,451
2,005 SMB.1 850 0 100 1,700 1538
2,805 SMB-t 350 @35 1,700 1,700 1473
2.805 SMB-1 850 %5 1,700 1,700 1473
2,605 SMB-1 850 95 1,700 1,700 1,307
507 SMBO 00 550 “r
g 507 SMBO 500 550
%L 35888 (10) 597 sSMB0 500 550
1.51603 (107 597 SMBO 500, 550
-2 51693 (10) 507 SMBO . 500, . S50 ¢
}}sn 693 (107 57 smBo' ;800 .
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Oormal Notn

-

Nete 1

* Note 2

Note 3 1

Note 4
Hote S

Note 8

‘Note 7

Rote 8
Hote 9
Note 10

Note 11

Hote 12
Hote 12
Kte 14
Note 15
Note 18
Note 17
Hote 18
Hote 19

Abbreviations

thetz
Dstem

'Assumed VE 0.0 tnless noted, '
mmmwwzmwmw«mmummmmam «1,0,00,000

sctustors per Kalsl Report 1707C Rev. 0. - )
Actuator Theist Limit equal to 1. CxMMMWMhMMMMde « 2 sctuators )

‘wmm%wmmvpmmi. ) ,
Acwm‘rhms!umtmalbi.‘lxMWMmdgnvMRmhbwwmmdm « 3 sctvators, . :
noted.

ummwm&mamzmm
graded voltage id ‘f d by Calculath fi.z&ecu»m.

e 7 - it
v (I .
i

Appﬁodnmmethmdemtkmﬁm
v.mfxwaasahmumodoommdpummmmwhmmm

VnMwuklinkoul 1756 lomodamu!ombdsscm.mmm;m»udbﬁ 000 1bs to comp te for as-toft ing
loadandaﬂawava!idﬁm@ng parison with the required puliout thrust. .

S1.853/654 were iSentified 3 sumpbbk to PL per CROR 950007, Interim op ability rs alrsady covered,

Vahve s assumed to be repositioned at least 5O minutes sfter LOCA lruthbon. \Volbgo 10 manual start with rsted running
current during LOCA with startup transformer foaded & RCPs running Is spplied for Vmin, Ref: 1,2,3-EC-MA-221,

Vave Factor of 0.5 s assumed based on published EPRI test data and site test data.

Deleted

Assumed actuator running efficiency

Deleted :

The cakulated bonnet p ' was reduced by 200 psl to take creda for p ducth d by stem opening displ t priot
to unseating the disc

Motor torque value'Is Dased on stall torgue off the generc motor curve for a 40 i1 125 VDG motor, decressing that value 10 the nearest

whole number, and multiphing that value by 0.9,
As-leRX diagaostic traces for the subiect vales were reviewed 10 obtain actual as-lelt values for COF,

Vatyes for Vmin retrieved from 01/0203-EC-PK-207 OC Bonm Sqing 9nd Minimum Voltsge Calculabon.

Deleted,
Reletence CalcMC.S1-330 foc final bonnet temperature,
Bonnet intial pressute of 487 PSIG ding to LTOP setpoint was d.

Thinal was determined by calcutation 13-MC.S1331,

Subject valve has already been modified to prevent pressure locking
Boanet temperature Tfinalis assumed to be 115F, This based on EQ Py Manusl, Appendix A, DBA Temperature and Pressure Profle for the MSSS E180.

The profile shows that room tempetature dunng RELB ramps to peak t;mpomuo of 123F within 110 seconds, M ramps down 0 107F within the next 15 minutes,
The sssumption that bonnet temperature increases 10 115F because of the HELB DBA tempersture profile is conservative,

I

hatf of the gate disc angle
stem diamater

disc friction coefficient

stem factor

stem coelficient of friction

stem torque

stem thrust

minimum degraded voltage R
actuator overst ratio

motor stacting torque

voltage degradation factor

degraded voltage puliout torque

stem thread pitch

stem thread lead
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AVAILABLE THRUST FOR THERMAL BINDING EFFECTS , ’;
EQID# AJL. Measured Static OPEN Thrust Limit Available Thrust for Percent Avalil. Thrust As-left Maximum ;
Unseating Load (OPEN) Motor Stall Thrust Capacity Thermal Binding (TB) effects  to overcome TB effects Temperature Delta -
(Ibs) (ibs) ' (bs) (degree £)
1S1AUV0851 55170 177333 122163 221% 184
2SIAUV0851 35011 131521 96510 276% 138
3SIAUV0651 44880 177333 132453 295% 180 .
1SIBUV0652 78512 177333 98821 128% 184
2S1BUV0652 30770 177333 146563 4768% 138
, 3SIBUV0852 62320 177333 115013 185% 190 ;
C1¢ 7L 18ICUV0853 18084 63189 45105 248% 184 J;ﬁé :
o 28ICUV0853 16531 63189 46658 282% 138 RS
. 38ICUV0653 20544 €3189 42645 208% 180 R
- J4sIDUVeB54 11128 63189 52061 468% 164 i
- - - 2SIDUV06S4 14261 63189 48928 343% 138 i
>3$lDUV0654 17508 63189 45683 281% 180 ad
- 1SIAUV0855 13413 69558 56145 418% 113 =
L2su¢\uvoesss 21585 69558 47973 222% 113 i
. ‘351AUV0655 18469 69558 51089 277% 13 >4
. f, ASIBUVOE56 8418 42220 33802 402% 13" RS 'S
o \fzsl_a,yyoese 19085 42220 23155 121% 13 ~
= ~3sraﬁ\766’se 16912 42220 25308 150% 13
R «1SIAHV0685 13740 34034 20294 148% 123 -
’§ZSIAHV0685 9188 34034 24848 270% 123
SRR 38!AH)I9§85 4240 24752 20512 484% 123 .-
. .:1S|BHv0694 9843 34034 24391 253% 123
-, 12STBHV0884 14011 34034 20023 143% 123
TN 3SIBHV0694 4904 24752 19848 405% 123
i~ 4SIARV0688 10362 33119 22757 220% 123
ARV 8412 33119 23707 252% 123
8476 33119 24843 201% 123
7302 33119 25817 354% 123 -
12148 41399 29253 241% 123
7154 33119 25985 383% 123
9423 85768 76345 810% 123
18496 131659 113183 812% 123
11114 77984 66850 601% 123
- - 19802 131659 111857 565% 123
- [28IBHV0696 19839 131659 111820 584% 123 =
. esslBHvoeee 131659 116418 764%
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:Date: January 16, 1996
To: R. C.‘Bedford (Braidwood) W. R. Cote (Braidwood) N. B.:Stremmel.(Byron)

B. K. Smith (Byron). HLMnldaink(Dmden) J. G. O'Neill (Dresden)
B. S. Westphal (LaSalle) L. D. Pool ‘(LaSalle) J. R. Amold (Quad Cities)
B. Gebhardt (Quad Cities) R. Mika (Zion) G. C. Lauber (Zion)

<S. Rnbom (Zion) S. A. Kom I. Garza

* Subject: Pressure Locking / Thermal Binding Test Data

The purpose of this memorandum is to provide a summary of the initial results from pressure focking
and thenaal binding testing that has boen performed at ComEd Stations. A formal report
documenting the final test results and analyzing test valve performance sgainst pressure locking and

thermal binding mode! predictions will be issued early in 1996,

"hutesﬁngwaspafom\ed on a 10” Crane 900# Class gate valve, a 4” Westinghouse 2500# Class

gate vatve, and & 10” Borg-Warmner 300# Class gate valve. The Crane valve was tested at the Quad

Cities Station training building; the Westinghouse and Borg-Wamer valves were tested at the
Braidwood Station training building and warehouss facilities. ,

Attachment 1 provides the bonnet depressurization test results for the subject valves. Attachment 2
compares the measured pressure locking loads to the ComEd MathCad mode for predicting
pressure locking unseating load. The MathCad pressure locking calculation models and Excel
spreadsheets with test results for these valves are availsble on tho NODWORLD/SYS network drive
in the PRESLOCK directory. Attachment 3 provides the thermally-induced, bonnet pressurization
rates for the test valves. Excel spreadsheets containing this data are also contained in the
PRESLOCK directory. Attachment 4 provides the results of thermal binding tests.

If you have any questions conceming this memorandum or its attachments, please call me at
Downers Grove extension 3824,

,{"ZW:;.. P £ 5. 2=
Brian D. Bunte
MOV Program Lead

Commonwealth Edison Company

Attachments
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ENCLOSURE 3

‘ PVNGS ENGINEERING CALCULATION
13-MC-Z2Z-217, “GATE VALVE OPEN THRUST REQUIRED
DURING POTENTIAL PRESSURE LOCKING CONDITIONS”




