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Pennsylvania Power 8 Light Company
Two North Ninth Street ~ Allentown, PA 18101-1179 ~ 610/774-5151

Robert G. Byram
Senior Vice President-Nuclear
61 0/774-7502
Fax: 610I774;5019

JUL 1 j- 1996

U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Mail Station P1-137
Washington, DC 20555

SUSQUEHANNA STEAM ELECTRIC STATION
RESPONSE TO RAIDATED 6/10/96 ON
GENERIC LEi TTER 95-07 Docket Nos. 50-387

and 50-388

This letter provides Pennsylvania Power 8c Light Company's response to the NRC staff's letter
dated June 10, 1996, 'Request for Additional Information - Generic Letter 95-07,'Pressure
Locking and Thermal Binding ofSafety-Related Power-Operated Gate Valves."

The licensee's submittal does not discuss the potential susceptibility of HV-1(2)49-
F013, Reactor Core Isolation Cooling (RCIC) Injection, and HV-1(2)49-F031, RCIC
Suppression Pool Suction, to pressure locking. It is noted that, although the Reactor
Core Isolation Cooling system is considered safety-related at some facilities, it is
considered non-safety-related at others and similarly may not be within the scope of GL
95-07 for Susquehanna Steam Electric Station. Please discuss whether these valves
were considered in your GL 95-07 review. If not, please discuss how the potential for
pressure locking and thermal binding was addressed for these valves within your
licensing commitments regarding the RCIC system, such as GL 89-10 or Bulletin 85-03.

The RCIC HV-1(2)49-F013 and HV-1(2)49-F031 valves were conservatively included in the
Generic Letter 89-10 Program. However, the vessel make-up function of the RCIC system is
not safety-related and no credit for the RCIC system is taken in our accident analysis. The

opening function of these RCIC system valves is not considered to be safety-related in that
they are not required to: 1) ensure the integrity of the reactor coolant pressure boundary; 2)
ensure the capability to shut down the reactor or maintain it in a safe shutdown condition; or,

3) prevent or mitigate the consequences ofdesign basis accidents that could result in potential
off-site exposures comparable to the 10CFR100 guidelines. The RCIC HV-1(2)49-F013 and
Hv-1(2)49-F031 valves were not included in PPdtL's final listing of valves which received g0
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formal detailed screening for susceptibility to pressure locking and thermal binding in
response to Generic Letter 95-07 since they do not have a safety function to open.

However, as the result of the similarities between the HV-1(2)55-F006 (HPCI Injection)
valves, which are susceptible to pressure locking, and the RCIC HV-1(2)49-F013 valves, the
RCIC counterparts were judged to likewise be susceptible to the phenomenon. As with the
HPCI injection valves, this susceptibility has been, or willbe eliminated by drilling a hole in
the feedwater side disc of these valves. This corrective action was completed on Unit 1

during a forced outage in the Fall of 1995, and the Unit 2 valve willbe modified in the 8th
Refueling Outage in the Spring of 1997.

The licensee's submittal states that HV-1(2)55-F001, High-Pressure Coolant Injection
(HPCI) Turbine Steam Admission Valve, was determined not to be susceptible to
thermal binding, based on valve heatup/cooldown scenarios and valve materials of
construction. The NRC staff believes that, while different disk/body materials can
increase the likelihood of thermal binding, similar disk/body materials do not preclude
the occurrence of thermal binding. Has the licensee performed any analysis or testing
(including past diagnostic testing performed under similar heatup/cooldown scenarios as
would be present during a design basis event) to verify the assertion that these valves
are not susceptible to thermal binding?

HV-1/255F001 is the HPCI turbine steam supply isolation valve. It is located just upstream
of the HPCI stop valve, which is located on the HPCI turbine inlet. Just upstream from the
F001 valve, is the HPCI steam line drain which is maintained open while HPCI is in standby.
The F001 valve is normally closed and is the first closed isolation valve in the steam line
while HPCI is in standby. The two upstream HPCI steam line containment isolation valves
are maintained normally open, so that the steam line is pressurized with steam up to the F001
valve while HPCI is in standby.

The safety-related function of the F001 valve is to open to initiate HPCI turbine operation. It
willopen upon a HPCI initiation signal provided that the F066 valve (HPCI turbine exhaust
valve) is fully open. The F001 valve does ~ have any safety function to close as it is
manually closed following HPCI shutdown, isolation, or trip (i.e., it does not automatically
close).

The HPCI F001 valve was evaluated for thermal binding due to both equilibrium cool-down
and heat-up. The details from this screening evaluation are presented below.
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A significant degree of equilibrium cool-down could create the potential for thermal binding
due to differential stem contraction as a result of cool-down of the valve components after it
is closed. This is due the stem having a lower material thermal expansion coefficient than the
body/disk, and the thermal gradient along the stem when the valve is in the open position.
Note that the F001 valve is only susceptible to a thermally induced thrust addition due to
differential contraction along the stem axis (vs. flow axis) during equilibrium cool-down.
Because the valve body and disk are the same material (both are SA 216 WCB), the F001
valve is not susceptible to thermal binding due to differential thermal growth/contraction
along the flowaxis.

As noted above, the HPCI F001 is normally closed with steam up to the valve and is opened
to support HPCI operation. Consequently, the only situations where the valve would have
the potential to undergo a uniform cool-down following closure is aAer a HPCI isolation
(with subsequent manual F001 closure) where HPCI is not subsequently returned to standby
or an operating mode. Note that a HPCI system isolation during a transient event may be

followed by HPCI restoration, in which case there is not opportunity for the F001 to
experience significant cooldown. The scenario of interest is a HPCI isolation aAer which
HPCI is permitted to remain isolated, such that HPCI is no longer expected to be in service
for the plant event in progress. Should such an event occur, HPCI testing at normal reactor
operating conditions would be performed prior to returning HPCI to service. Thus, the HPCI
F001 is routinely functionally demonstrated to not be susceptible to thermal binding
following equilibrium cool-down.

Ambient temperature effects relative to thermal binding are considered bounded by process
fluid effects since the valve is in steam service. This would include confirmation of the
ability of the F001 to open, therefore, this is judged to not be required for design
consideration. Thus, the HPCI F001 is routinely functionally demonstrated to not be

susceptible to thermal binding followingequilibrium cool-down.

Thermal binding due to equilibrium heat-up occurs when a given valve is closed at cold
conditions and is then heated while still closed. The only time the F001 valve experiences
heat-up from a cold condition is following a plant or HPCI system outage. Following a plant
re-fueling outage (18 month or 24 month in the future), the valve would be stroked open
under hot conditions as part the plant startup to test HPCI. In this case, the valve would be

stroked as part of HPCI operability testing prior to exceeding a reactor pressure of 150 psig
and within 12 hours of reaching 955 psig, Such testing would duplicate conditions that
would exist during a design basis event for when HPCI is required to initiate. Additionally,
HPCI flow verification will be performed after a long outage and/or HPCI pump/turbine
work. Also, the F001 valve is stroked open on a quarterly basis, however this could be

performed under either hot or cold conditions. Furthermore, ifHPCI is taken out of service
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for planned "on line maintenance", a HPCI flow test is always performed following the work
as part of the plan. Consequently, the F001 valve would be stroked under hot conditions
followingwork on the HPCI system.

Also, as noted above under the Equilibrium Cool-Down discussion, the HPCI F001 is not
susceptible to thermal binding along the flowaxis from either equilibrium cool-down or heat-

up, due to identical body and disk material. Along the stem axis, greater thermal expansion
of the body than the stem occurs during equilibrium heatup; this willnot impact the required
pullout thrust.

Therefore, the HPCI F001 valve is not susceptible to thermal binding due to equilibrium heat-

up.

Regarding HV-'i(2)55-F042, HPCI Suppression Pool Suction Valve, the licensee's
submittal states that a detailed heat transfer analysis determined that the water within
the valve cavity will experience an insignificant temperature rise during accident
conditions. Please provide this analysis for our review.

In response to Generic Letter 95-07, a screening evaluation was performed for the
HV-1(2)55-F042 HPCI Suppression Pool Suction Valve. The initial screening evaluation
identified operating conditions which create the potential for thermally induced pressure
locking due to heating from the suppression pool and the HPCI room. Consequently, a

detailed evaluation was recommended based on heat-up from the suppression pool since it
was more limiting than room heat-up. This was based on the current design which results in
an auto transfer of the HPCI suction from the Condensate Storage Tank (CST) to the
Suppression Pool on either low CST level, or high suppression pool level. During the
detailed evaluation, it was recognized that a proposed modification would result in a manual
swapover at a later point in time than the current design. Consequently, the detailed heat
transfer analysis and PPAL's 1SO-day response to GL 95-07 were based upon this proposed
modification since it bounded the current design. The response to this question provides a

synopsis of the final outcome of the analyses performed in response to the initial screening
evaluation relative to the bounding condition represented by the proposed modification.

First, an analysis was performed to determine the expected suppression pool temperature and
heat-up rate for a small break LOCA rather than using maximum design values. This
evaluation was performed using the SABRE computer code which is capable ofmodeling the
reactor and containment response to such an event, as well as CST level. This analysis

Typically on-line maintenance is scheduled on a quarterly basis concurrent with the performance of the quarterly
flow surveillance.
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showed that the suppression pool would heat-up from 90 to 134'F in 99 minutes at the time
the F042 valve willbe required to open, with low CST level being the controlling condition
for swapover. However, for conservatism the heat transfer calculation used a heat-up from
80'F to 140'F at 120 minutes.

The heat transfer analysis was performed under the assumption that the primary mode ofheat
transfer would be conduction. This was based on the relatively long distance from the source
of high temperature to the valve (i.e., the suppression pool), and the geometry (pipe bends,
etc.) through which the fluid would need to travel to get to the valve. This analysis showed
that, during the two (2) hour period of interest, the valve would heat up less than 0.1'F. The
assumption regarding conduction was independently verified by the calculation reviewer
using the Computational Fluid Dynamics (CFD) code FLUENT. This analysis was
performed to check the assumption that convection would not significantly affect the heat
transfer rate under the conditions of interest. The conclusion was that convection heat
transfer had less effect on the heat transfer at the valve than conduction did. Therefore, the
valve will experience less than 0.1'F temperature rise at the time it is required to operate

(2 hours into the event) and is not be susceptible to thermally induced pressure locking due to
heat-up from the suppression pool. A copy of the detailed heat transfer analysis summarized
above for heat-up ofthe HPCI F042 valve from the suppression is attached for your review.

Based on the detailed heat transfer analysis for suppression pool heating, the screening
update concluded that the HPCI F042 was not susceptible to thermally induced pressure
locking. Subsequently, it was recognized that ambient room heating was no longer bounded

by heating from the suppression pool and that a detailed evaluation for this condition would
be needed. The followingprovides a rationale for considering the HPCI F042 not likely to be
susceptible to thermally induced pressure locking until a detailed analysis can be performed.
PPkL's post-accident reactor building temperature analysis for this event indicates a room
delta T of 21'F(104'F to 126'F) at the time the F042 is required to open. This delta T is
within the range allowed for the valve during normal plant operations (40'F). The valve is
stroke tested on a quarterly basis and has not experienced any problems indicative ofpressure
locking (i.e., failure to stroke, excessive leakage, etc.). While stroking of the HPCI F042 on a

quarterly basis does not fullyestablish non-susceptibility to pressure locking, it does provide
some measure ofacceptable operation. Furthermore, ifone considers the heat sink formed by
the valve body, piping, and water within the piping, as well as the suppression pool water
analysis, it is reasonable to expect that the valve bonnet will experience limited
pressurization, ifany at all. This is further supported by the fact that a time lag will exist
between room temperature changes and valve response to such changes. All these factors
form a basis for the interim assessment that the HPCI F042 valve is not likely to be

susceptible to become pressure locked due to room heating until a detailed analysis is
performed. Ifthe results of the detailed analysis modify our position that the F042 valve is
not susceptible to thermally induced pressure locking, we willinform the staff.
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In Attachment 1 to GL 95-07, the NRC staff requested that licensees include
consideration of the potential for gate valves to undergo pressure locking or thermal
binding during surveillance testing. During workshops on GL 95-07 in each Region, the
NRC staff stated that, if closing a safety-related power-operated gate valve for test or
surveillance defeats the capability of the safety system or train, the licensee should
perform one of the following within the scope of GL 95-07:

1. Verify that the valve is not susceptible to pressure locking or thermal binding
while closed,

2. Follow plant technical specifications for the train/system while the valve is
closed,

3. Demonstrate that the actuator has sufficient capacity to overcome these
phenomena, or

4. Make appropriate hardware and/or procedural modifications to prevent pressure
locking and thermal binding.

The staff stated that normally open, safety-related power-operated gate valves which
are closed for test or surveillance but must return to the open position should be
evaluated within the scope of GL 95-07. Please discuss if valves which meet this
criterion were included in your review, and how potential pressure locking or thermal
binding concerns were addressed.

The scope of safety-related power-operated gate valves to be evaluated for pressure locking
and thermal binding under Generic Letter 95-07 was determined via a multi-level screening
process. An initial listing of3720 gate valves was ultimately reduced to a final listing of fifty
four (54) valves, which was essentially a subset of valves in PP&L's Generic Letter 89-10
Program. For the 54 valves determined to be within the scope of Generic Letter 95-07, a

detailed screening to determine the valve's susceptibility to pressure locking and thermal
binding was performed. In determining the susceptibility to pressure locking and/or thermal
binding for this final subset of valves, plant conditions established during tests and
surveillances were considered.

In response to recent NRC communications (including GL 95-07), it has become apparent
that the potential for tests and surveillances imparting safety functions (no matter how short
the time period) should be considered. In response, PP&L is in the process of reassessing the
total population of safety related motor operated valves for safety functions not presently
addressed when establishing the scopes of both Generic Letter 89-10 and Generic Letter
95-07. In the interim, actions are being taken (e.g. ERF's/status control tags, LCO's, etc.), as



~ ~

-7- FILE R41-2, PLA-4479
Document Control Desk

necessary, to control stroking ofvalves which are identified to have safety functions imparted

by testing.

Through review of operational experience feedback, the staff is aware of instances
where licensees have completed design or procedural modifications to preclude pressure
locking or thermal binding which may have had an adverse impact on plant safety due
to incomplete or incorrect evaluation of the potential effects of these modifications.
Please describe evaluations and training for plant personnel that have been conducted
for each design or procedural modification completed to address potential pressure
locking or thermal binding concerns.

This question requested a description of the processes in place to assure that modifications
and/or procedural changes made as a result of pressure locking or thermal binding do not
have an adverse safety impact upon the plant. PP8cL has several mechanisms in place to
assure all aspects of changes (procedural or physical) are properly considered., Our safety
evaluation (10CFR50.59) process is rigorous in directing the individual to consider all
potential consequences of a change. Additionally, a "team" approach was used with regard
to changes resulting from our GL 95-07 evaluation. Such teams include members from
various departments in order to assure that both operational and design impacts are

considered, including potential negative impacts. Training has also been provided to
engineering personnel regarding pressure locking and thermal binding, and a design
consideration is being added to our design input procedure to assure future changes properly
consider pressure locking and thermal binding, including potential adverse impacts of
corrective action options.

The modification to the Unit 1 HPCI F006 valve and interim stroking of the Unit 2 HPCI
F006 valve demonstrates PP&L's processes to assure that such actions will not adversely
impact plant safety and operations. Prior to implementing the modification thought was
given to the impact to LLRTperformance as a result of drilling the valve disk; however, the
team consensus was that this would be preferable to other means of addressing pressure
locking and that the risk of LLRT failure was not significant. Additionally, care was taken
during the implementation of the modification to assure that the hole was drilled in the proper
side of the disk.

Also, procedures were revised to perform valve stroking on an interim basis during plant
heat-ups as a preventative measure to preclude thermally induced pressure locking With
regard to Unit 2 valve stroking, numerous engineering evaluations were performed to assure

that the minimum number ofvalve strokes would be performed without increasing the risk of
the valve to become pressure locked. Additionally, system engineering made sure that
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control room operators were aware of the reasons for stroking, and assured that the operators
were provided with clear and concise direction.

Based on the'bove, any modifications or procedural changes performed in response to GL
95-07 will consider all potential impacts, including any adverse impacts to plant safety or
operation.

Ifyou have any questions, please contact Mr. C. T. Coddington at (610) 774-7531.

Very truly yours,

R.. yram

Attachment

copy: NRC Region I
Ms. M. Banerjee,
Mr. C. Poslusny,

NRC Sr. Resident Inspector
NRC Sr. Project Manager
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INTRODUCTION

The purpose of this calculation is to evaluate the fluid temperature at
the valve bonnet, under conditions when the valve may be exposed to a heat
transfer source and thus heat up prior to the condition or time at which the

'alve is required to open to perform a safety function. Va'ives which heat up
prior to their requirement to open when performing a safety function are con-
sidered susceptible to thermally induced pressure locking as described in NRC

Generic Letter 95-07 (Reference 1). The particular valves covered by this
evaluation are the Residual Heat Removal (RHR) valves (F004, F007 and F028)
and the High Pressure Coolant Injection Valve (F042). These'alves have been
screened via the screening criteria for thermally induced pressure .locking and
this screening is documented in References 2 through 5. The model used to
evaluate the temperature at the valve to. assess the potential of thermally
induced pressure locking .was developed in Reference 6.

METHODOLOGY

The methodology used to evaluate the temperatures of the various piping
systems at the valve locations is, described in Reference 6. The model assumes
that the heat transfer from the hot location to the pipe location (valve) of
interest is due to conduction along the pipe. For the RHR system valves, the
piping lengths are all greater than 7.6 m.(25 ft.), therefore the effect of
energy transfer due to convective currents within the pipe at the distances in
question is negligible within the time frame under consideration (5 2 hours).
The length of piping from the suppression pool hot source to the HPCI F042
valve location is 2.1 m (7 ft.), but the piping goes through the suppression
pool wall for 1.8m (6 ft.) of that distance. The suppression pool wall acts
as a heat sink and will tend to keep the temperature at the valve down. Since
the pool heatup is gradual (27.8K (50~F) over a ninety minute period) and the

"temperature gradients between the suppression pool and the pipe are not large
(on the same order as the heat-up), the. buoyant driving force is small. This
small driving force combined with the constrained geometry of the pipe
inhibits the potential for developing significant convective velocities within
the pipe for the period of interest (s 2 hours).

Based on the screening studies referenced above, the following data are
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input to the model:
a. RHR F004

Length from hot source (min.) 1.8 m (6 ft.)
Hot Source Temperature 444.3 K (3400F) ramped

to 388.7 K (2400F) over a period of two hours
(27.8K/hr) or (50oF/hr), a conservative estimate of .

Shutdown Cooling Operation)
Ambient Valve Temperature 299.8 K (800F)
Duration 8 hours (conservative

estimate of when the F004 valve may be required to
open under Shutdown Cooling conditions)

Pipe Dimensions (24"-HBB-110} 0.61 m (24")
OD'.525

mm (0.375")
wall'HR

F007

Length from Hot Source (min.)
Hot Source Temperature

(Shutdown Cooling Operation)
Ambient Valve Temperature
Duration
Pipe Dimensions (6"-GBB-112)

12.2 m (40 ft.)
444.3 K (3400F)

299.8 K (80oF)
-Steady State Assumed
0.1683 m (6.625")

OD'.112

mm (0.28") wall'

(18 ft.)
(180oF)
(80oF)

RHR F028 - (Case I — Shutdown Cooling)
Length from Hot Source (min.) 7.0 m" (23 ft.)
Hot Source Temperature 444.3 K (340oF) ramped

to 388.7 K (240oF) over a period of two hours
(27.8K/hr) or (50~F/hr), a conservative estimate of
Shutdown Cooling Operation)

Ambient'alve Temperature 299.8 K (800F)
Duration 8 hours (conservative

estimate of when the F004 valve may be required to
open under Shutdown Cooling conditions)

(Case II - Station Blackout)
Length from Hot Source (min.) 5.5 m

Hot Source Temperature 355.4 K

Ambient Valve Temperature 299.8 K
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Duration
Pipe Dimensions (18"-GBB-109)

HPCI F042

Length from Hot Source
Hot Source Temperature
Ambient Valve Temperature
Duration

Steady State Assumed
0.4572 m (18")

OD'2.7

mm (0.5") wall7

2.1 m (7 ft.)"
333 2 K (140oF)
299 ' K (80oF)
2 hours

(In worst case (see Reference 5) valve fluid temper-
ature changes in roughly 90 minutes and the valve is
required to be stroked at that time. Two hours is
used here as conservative, since the valve will not be
required to be stroked after two hours.)

Pipe Dimensions (16"-HBB-109) 0.4064 m (16") OD

9. 525 mm (0. 375" ) wa) 1'he distance from the hot source was chosen to be 1.8 m (6 ft.) (the
distance to the valve from the second pipe bend from the Shutdown
Cooling piping which has flowing fluid in it). While some convective
currents may be set up in the stagnant piping, such currents are
expected to be dissipated after two 90 pipe bends." The distance from the hot source was chosen to be 7 m (23 ft.) (the
distance to the valve from the second pipe bend away from the hot,
flowing fluid for the same reason as previously discussed.

where

In addition to the above physical values, a value for heat tr'ansfer
coefficient was chosen. The value used 'was not critical to any case but the
HPCI F042 valve, because the distance from the hot source to the valve was
well beyond the distance at which the temperature gradient in the axial
direction goes to zero, as determined in the sensitivity study in Reference 6.
However, because the pipe which attached to the HPCI F042 valve went through
1.8 m (6 ft.) of concrete and not a gas atmosphere, the heat transfer
coefficient was approximated by

h = k/ax
k = thermal conductivity of the concrete

1. 4 W/m K (0. 809 BTU/hr ft OF)

and ax = thickness of thermal penetration, m.

For the case of the HPCI F042 valve and associated piping, the actual time
frame of interest is on the order of two hours (see Reference 5), and the
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thickness of interest is chosen, on the basis of engineering judgement, to be
'0.3 m (-1 ft.). Therefore, the heat transfer coefficient is

h = 1.4 / 0.3 = 4.7 W/m"- K (0.822 BTU/hr ft- ~F).
This value for heat transfer coefficient compares favorably with the value
derived for the insulated feedwater piping, based on Specification M-1086'~,
which gives a maximum heat flux from insulated piping of 205 W/m-'65 BTU/hr
ft-'). The heat transfer. coefficient based on this Specification is th'

h = 205/ ( 4704-313 2 ) = 130 W/m~K
( 0.23 BTU / hr ft- ~F )

Since a typical value of thermal conductivity for concrete is at least an
order of magnitude greater than the typical insulating material", using a
heat transfer coefficient of the same order of magnitude as the heat transfer
coefficient derived from the insulating material conservatively represents the,
heat transfer effect of the concrete suppression pool wall.

~rocrlam ~Erl ut
The input data file for each of the five cases (four valves plus one extra
case for the RHR F028 valve) are shown in Appendix A. For each case the
inputs consist of:
Input Line 1

1. Inner Pipe Radius, m

2. Outer Pipe Radius, m

3. Heat Transfer Coefficient from Pipe'o Surroundings, W/m" K

4. Heat Transfer Coefficient from Internal Fluid to Pipe, W/m- K

5. Pipe Length, m

6. Initial Pipe Temperature, K

7. Surrounding Temperature, K

Input Line 2

1. Pipe Material Density, kg/m~

2. Pipe Material Heat Capacity, J/kg K

3. Pipe Material Thermal Conductivity, W/m K

4. Length Discretization, ax, m

5. .Time step, s

6. Problem End Time, s

Input Line 3
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1. Fluid Density,
kg/m'2.

Fluid Heat Capacity, J/kg K

3. Fluid Thermal Conductivity, W/m K

Input Line 4

1. Node number for Printing
2. Node Number for Printing

'.

Number of Time Steps between edits
Input Line 5

1. Number of Temperature-Time Pairs to be Read

Input Line 6

Odd Numbers — Boundary Temperature, K

Even Numbers - Time at which Boundary Temperature is Applied, s
Dzscusszon
Line 1 - The inner radius is taken, as 0.01 m for all cases to be conservative
in the conduction heat transfer area. The outer radius is determined fiom the
pipe diameter of the individual case. The heat transfer coefficient is taken
as 1.306 W/m"" K, per discussion above and in Reference 6. Fluid convection is
not modelled in these cases; therefore, the heat transfer coefficient from the
fluid to the pipe is input as zero. The pipe length is taken long enough to
encompass the valve location (Reference 6 contains a sensitivity study showing
that lengths beyond 6 m do not change the results of the calculation). The
initial an'd infinite boundary temperatures are case specific and are .discussed

I I

above.
Line 2 - The pipe density, heat capacity 'and thermal conductivity are taken
from Reference 11 (p = 7833 kg/m', c~ = 465 J/kg K and k = 54 W/m K). The
spatial and time discretization values are 0.05 m and 1 second which is con-
sistant with the sensitivity study documented in Reference 6. The end time is

\
taken sufficiently long to assure that the valve will not have to be exercised
at times beyond the end time (except for the HPCI F042 case, where the end
time quoted is 2 hours)
Line 3 - The fluid properties were input to the calculation but not used in
the calculation because the analysis was performed on the basis that
conduction was the major mode of heat transfer.
Line 4 - The node temperatures edited bracketed the valve location.
Lines SG6 - The. temperature versus time history was case dependent, however,
for the RHR valve cases, a short ramp (10 minute) to final conditions was used
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and the final temperature determined at — 1 day, except as noted for the RHR

F004 valve, in which case results are presented at 3 and 8 hours. Thus, the
quoted results are not sensitive to this ramp. For the RHR F004 and F028
valve calculations, a short ramp to the maximum temperature ~ was followed by a
-27.8K/hr (-500F/hr) ramp for two hours to model the effect that Shutdown
Cooling has on Reactor Vessel temperature. For the HPCI F042 valve, the ramp
used is initial to final temperature in ninety minutes, which is based on
information contained in Reference 12.

RESULTS AND CONCLUSIONS

The results for each of the five calculations are shown in detail in
Appendix B. Examination of these results show that the predicted temperature
change at the valve of interest is in all cases, except the RHR F004 valve,
much less than 0.56K (10F) after 24 hours (86400 seconds). The results of
these calculations are summarized in Table 1 and the detailed outputs are
shown in Appendix B. In interpreting these results, it is necessary to
consider that the results presented are conservative for conduction solutions.
A true steady state condition would result in a steady state temperature in
the piping nearly equal to the temperature of the hot fluid, because of the
effect of piping insulation and the slow convection currents which would
eventually'be generated. However, this effect would occur over a much longer
t'me frame than is of interest here.

The RHR F004 valve temperature is shown in the summary Table to change
much more than the other valves in shorter times, which is expected because of
the much shorter difference to the valve from the hot source. The temperature
increase at 8 hours is predicted to be -5.8K (10.4 F), but much less than that
in 3 hours. The range of expected values for when the RHR F004 valve is
expected to be required to open is 3 to 8 hours, therefore, the expected tem-
perature rise that the valve is required to operate is bounded here.

The analysis herein was performed without analyzing for convection
currents in the piping. The only condition of the five which may be suscep-
tible to convection currents is the HPCI F042 valve, because of the relatively
short distance. between the valve of interest and the heat source. The effect
of small velocity convection. currents is expected to be negligible for the
time period of interest (S 2 hours). Therefore, it can be concluded that,
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under the conditions of interest, no significant'luid temperature (all of the
predicted temperature changes are « 0.56 K (10F), see Table 1) occurs prior

~ to the time which the valve is required to open to perform its safety
function.

TABLE 1 - PREDICTED TEMPERATURE CHANGE OF THE FLUID AT THE VALVE

Valve 1D
RHR F004
RHR F004
RHR F007
RHR F028
RHR F028
HPCZ F042

(NOTE:

Initial Tem . K F Fioat Tem . K eF ~aT K Fl
(3 hours) 2&9.8 (80) 300.1 (80.5) <0.3 (<0.5)
(8 hours) '99.8 (80) ,305.6 (90 ') -5.8 (-10.4)

299.8 (80) 299.8 (80) 0.0 (0.0)
(S/D cool.), 299.8 (80) 299.8 (80) 0.0 (0.0)
(SBO) 299.8 (80) 299.8 (80) -0.03 (<0:05)

299.8 (80) 299.8 (80) '0.01 (<0.01)

The results for the HPCI F042 valve are taken at — 2 hours.
Results for the RHr F004 valve are taken, as, noted, at 3 and 8
hours. Results for the other valve are taken at times — 24 hours.
Zn addition, Appendix D results confirm that convective heat
transfer is not significant during this time period.)
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