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Clarification of Response to NRC Bulletin 88-08 Supplement 3
in Response to the NRC’s Letter Dated
Novenber 26, 1991

BACKGROUND

NRC Bulletin 88-08, Supplement 3, documented an event at a
foreign reactor facility which raised new ccncerns on thermal
stratification in unisolable piping connected to the Reactor
Coolant System (RCS). At this foreign facility, cracks were
found in piping connected to the RCS. The cracks resulted
from thermal fatigue caused by hot water, which was drawn
periodicully from the RCS hot leg, leaking through the packing
gla.d of a Residual Heat Removal (RHR) valve. The hot fluid
flowed on top of the cool fluid in the pipe and produced a
temperature gridient between the top and bottom of the pipe
resulting in thermal stresses on the pipe. The valve leakage
and resultant thermal stresses were cyclic due to the thermal
expansion and contraction of the RHR valve disk.

Thi event is different than the event documented in the

ori, «nal NRC Bulletin 88-08 where thermal stratification
resulted from leakage of higher-pressure cold water into hot
RCS water. The NRC has requested that the three actions in
the original bulletin be addressed for the event documented in
Supplement 3. These actions are as follows:

A. Action 1 - Review systems connected to the RCS to
determine whether unisolable sections of piping connected
to the RCS can be subjected to streusses frem temperature
stratification or temperature oscillations that could be
induced by leaking valves and that were not evaluated in
the design analysis of the piring. For those addressees
who determine that there are no unisolable sections of
piping that can be subjected to s ~h stresses, no
additional actions are required.

B. Action 2 - For any unisolable sections of piping
connected to the RCS that may ! \“ve been subjected to
excessive thermal stresses, e...ine non-destructively the
welds, heat-affected zones and high stress locations
(including geometric discontinuities) in that piping to
provide assurance that there are no existing flaws.

S Action 3 - Plan and implement a program to provide
continuing assurance that unisclable sections of all
piping connected to the RTS will not be subjected to
combined cyclic and static thermal stresses and other
stresses that could cause fatigue failure during the
remaining life of the unit.
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Attachment 1 to Supplement 3 of Bulletin 88-08 identified
various approaches that might be used to address
configurations like the one that existed at the foreign
reactor and provide continuing assurance that fatigue failure
would not occur during the remaining life of the unit. One
approach was to revise the piping arrangement to minimize *he
effecte of thermul stratification by moving the valve
"sufficiently" far away from the hot source. An indication of
what was "sufficient", however, was not given. As a result,
when Illinois Fuwer (IP) performed its evaluation of
potentially vulnerable piping configurations at CPS, IF
adopted a very conservative approach which did not consider
the distance between the valve and source.

The conclusions of IP's analysis were transmitted to the NRC
on June 22, 1990. IP's response identified welds in
subsystems 1LP-01, 1HP-01, 1RH-01, 1RH-03 and 1RH-05 as a
potential concern based on the conservative analysis. The
analysis determined that these five subsystems had a fatigue
life of four years with the occurrence of stratification.
Illinois Power indicated that Action 3 of Bulletin 88-08
Supplement 3 would be satisfied by adding these welds to the
Clinton Inservice Inspection (I8I) Program such that they
would be inspected once every two refueling outages. It was
felt that this would provide continuing assurance that
piping/weld fatigue would not go undetected and would permit
action to be taken prior to the occurrence of fatigue failure,
thus meeting the intent of Action 3.

By letter dated November 26, 1991, the NRC indicated that IP's
response to Action 3 of Bulletin 88-08 for Supplement 3 "“dces
not provide sufficient assurance that unisolable portions of
all piping connected to the RCS will not be subjected to
combined cyclic and s ~tic thermal stresses and other stresses
that could cause fatig.: failure during the remaining life of
the unit." Pursuant to this evaluation of IP's response,
evaluation criteria were provided in the NRC's letter to
asgist in preparing an acceptable response. These includei a
criterion which provided an indication of what distance
between the isolation valve in the subject piping and _.nhe hot
source (RCS) is "sufficient" to alleviate concerns. A better
understanding vi this evaluation criterion was gained in
subsequent telephone discussions with the NRC Staff. It was
thus confirmed that the concerns presented in Bulletin 88-08
would not be applicable when the isolation valve was greater
than 25 pipe diameters from the hot source. This criterion
forms the basis for IP's revised response to Action 3 of
Bulletin 88-08 for Suppiement 3, as discussed below.
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Analysis of 1RH-34

STRATIFIED FLOW PHENOMENA (Backqround)

Thermal stratification is a phenomenon resulting from the lack
of mixing between the stagnant fluid in a horizontal pipe and
the incoming, relatively hot, very slow moving fluid from any
leakage source. The denser cold fluid orncupies the bottom
portion of the horizontal pipe while the more buoyant hout
fluid occupies the upper portion of the same pipe.
Accordingly, the top side of the pipe, which is hotter, would
expand significantly more than the cooler bottom side. This
creates an upward bowing if the horizontal stratified pipe was
simply supported, and a downward bowing if the horizontal
stratified pipe was supported as a cantilever. With the
exception of a stratified water/steam interface surface, the
surface interface between the stratified denser cold fluid and
lighter hot fluid is not generally distinct due to the heat
conduction between the fluid layers. 1In addition, the leakage
flow disturbs this hot/cold interface surface and creastes
standing wave-like surface oscillations within it. This
oscillatory motica of the hot/cold interface surface, scanning
the pipe inside wall, generate= 5 localized thermal transient
which is commonly known as therma. striping. This thermal
striping generates a concern with regard to thermal fatigue
cracking.

SUBSYSTEM 1RH-34 ANALYSIS

Subsystem 1RH-34 begins at the connection to the 20-inch
Reactor Recirculation (RR) Pump “B" suction line and ends at
ihe penetration anchor for containment penetration 1MC-14.

The portion of piping consicdered as unisnlable from the
Reactor Coolant System (RCS) includes the portion of the line
from the RPV up to valve 1E12-F009. A simplified schematic is
shown in Figure A (p. 3 of 5 of this attachment).

Analysis of subsystem 1RH-34 was conservatively based on the
following scenario:

A. With the system stagnant at a temperature of 130°F,
leakage develops through the seat of valve 1E12-FD09
and the stem of valve 1E12-F008. This starts the
stratification cycle

B. The leaking water, at a temperature of 550°F RPV
temperature, flows ~T the top of cold water in
horizontal piping runs.
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The total number of stratification cycles based on a
conservative analysis was 15,000 over 40 years.
Str.iping, thermal fluctuations at the hot-cold
interface, was calculated to occur at a rate of 200
cycles per stratification cycle for a total of
3,000,000 striping cycles.

RESULTS OF ANALYSIS

Per the analysis, bending mcments due to bowing and the

resulting

ti.ermal stresses, as well as localized thermal

stresses due to striping, were calculated. These stresses

were then

combined with design-basis lcadings. PEoth

structural and fatigue aspects were then evaluated, with the

following
A.
B.
Cs

D.

NOTE:

results:

Loadings at the connection between the RH piping and
the 20" RR "B" suction line were unchanged.

Piping stresses and usage factors remained within
the allowable ASME Code limits.

Load increases on supports were evaluated and were
found to be acceptable.

Load increases at the containment penetration (1MC-
14) from the subsystem 1RH-34 analysis were analyzed
and vere found to be acceptable.

The first attempt to qualify the penetration
itself was done using the fatigue cycle
analysis discussed previously. This resulted
in unacceptable fatigue loading. The original
fatigue cycle analysis was revisited and a
number of assumptions were determined to be
overly conservative. In the new analysis,
consideration was given to cooldown of the line
and heat up of the valve disk as these
mitigating effects were not included in the
original analysis. A re-evaluation was
performed to more accurately model the fatigue
cycles. A graphical comparison of the two
analyses is given by Figures B and C (pages 4
and 5 of this attachment). Based on the more
accurate analysis, 6,739 stratificatien and
375,407 striping cycles would occur. The
penetration was successfully qualified using
the fatigue cycles from this more accurate
analysis. Subsystem 1RH-34 was not reanalyzed
using the more accurate fatigue analysis since
the results using the original analysis were
acceptable as is.



Attachrent 2

to U= 01948
Page 3 of 5
~Penetration
Isolation Valve -~  Isolation Valve
1E12F009% 1E12F008
s _ﬁ.._u-.-« .
\\ Low Pressure
’ High Pressure
-1 S )l/ Lo
\ Y
S ,__wa
it \
o 17 p. L Locked Open
SUBSYSTEM Ly Ly REMARKS
1RH~34 ~ 4=1/2° ~ 16’ Ly + Lp <28D
NOTE: Ly is a Horizontal Run.

Ly is a Vertical Run.
This case has been analyzed for thermal
stratification and found to be acceptable.

Figure A



Attachment 2
to U~ 601058
Page 4 of 5

Original Analysis

Cycle is assumed to resume
immediately

1
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) Cycle repeats itself every
I 24 hours

Temperature difference between top (hot) portion

ot pipe and the bottom (cold) portion stabilizes.
Flow is assumed to stop.

Fluid flows, thermal stratification/striping occur,
pipe heats up.

Ieak begins.

Piping is subjected to continuous fatigue
cycles.

Cycle restarts every 24 hours.

Figure B
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