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SECTION 1.0
INTRODUCTION AND BACKGROUND

The United States Nuclear Regulatory Commission issued Bulletin 88-£3
Supplement 3 (Reference 1) Tollowing the discovery of a valve leakage induced
fatigue crack in the residual heat removal (RHR) suction piping at Genkai Unit
1 nuclear power plant (see Figure 1-1). This bulletin requested utilities to
identify susceptible piping systems, inspect potential crack lccations and
provide continuing assurance of piping integrity for the life of the unit,

An initial evaluation of the Comanche Peak Unit 1 RHR piring was completed in
April 1989 (Reference 2 - original issue). A second evaluation was completed
in August 1989 (Reference 2 - Supplement 2). This evaluation considered a
variation of the stratification loading, i.e. stratification initiating in the
horizontal piping upstream of the first isolation valve.

\s a result of the evaluation performed in Reference 2, temporary temperature
monitoring locations and criteria were established, and TU Electric has been
continuously monitoring the Unit 1 RHR piping to provide continuing assurance
that the RHR suction piping is not subjected to combined cyclic and static
thermal and other stresses that could cause fatigue failure during the
remaining life of the units.

As a result of successful data collection for the first fuel cycle of Unit 1,
a review has been conducted to determine if valve leakage is occurring. In
addition, an evaluation has been performed to determine augmented inservice
inspection intervals (based on fatigue crack growth methodology, and assuming
continuous valve leakage), thus satisfying NRC Bulletin 88-08 requirements
without continuous monitoring. The purpose of this report is to document the
results of the monitoring data review, to evaluate the postulated valve
leakage condition, and to provide recommendations for satisfying NRC Bulletin
88-08 iequirements for Unit 2.
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Figure 1-1. Sketch of the Cracking Location in the Genkai Unit 1 RHR Suction
Line
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was characterized by low delta T's (less than 200°F), and no significant
cycling was observed.

During normal operations (reactor thermal power >95%) a more significant
observation was made. Temperature measurements on the unisolable side of the
loop | RHR isolation valve were hot, and close to that of the loop 1 hot leg
temperatures. This result compares favorably to res_1ts from flow model
testing which suogest that turbulent penetration from primary loop flow should
penetrate approximately | ]%“*. The RMR isolation valve is
appro imately 14 pipe diameters from the ioop pipe. Except for certain test
conditions, RFR operations, and one reactor trip (in which all RCP's tripped)
there were no unexpected thermal events in loop 1 RHR Tine. However, loop 4
RER mouitoring data displayed a significantly different response to normal
operating conditions (reactor thermal power >95%). ODuring normal operations
temperature measurements on the unisolable side of the loop 4 RHR isolation
valve were cold, between 95 and 120°F. It should be noted that during this
time no significant stratification was observed during power operatior<,

Since the two RHR lines were, for all practical intents, identical in layout,
further investigation into the cause of the cold temperature readings during
normal operations was merited. It vas eventually concluded that there was an
insufficient turbulent branchk pipes effect (heat transfer by a mass transport
mechanism) to heat up «l1 of the inventory in the unisolable section of loop 4
RHR. It is further postulated that the reduced turbulent penetration effect
is the result of having two branch pipes in very close proximity to each other
on the primary 120p. In this case, the loop 4 RHR 1ine (a 12 inch line) is i$
inches away ' “m the pressurizer surge line connection (a 14 inch line). It
is postulat: that the two penetrations in close proximity to each other
result in recuced turbulent penetration energies available to either line.
Therefore, the total mass exchange that occurs in the loop 4 RHR line is less
than that of the loop 1| RHR line and hence the l1ine cools to ambient after
some period of time.
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Details of the otierved stratification are shown below:

a,c,e

It should be noted that the above transients from the monitored data do not reflect
any causes from valve leakage, rather from plant operation. These transients have
been conservatively included in the fatigue and fatigue crack growth analyses.
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valve. This condition stratified the horizontal section of the pipe for some
period of time. The maximum pipe delta temperature observed during these
events was | 1% The total numbcr of these events observed during the
monitoring period was [ ]%“*® and a1 were associated with increased primary
Toop flow.

4.2.2 Behavior of Loop 4

The presence of cold water in the unisolable section of loop 4 RHR during
normal operations raises the question of what the interface is like between
the primary coolant and the isclated RHR inventory. It should be noted that
there is insufficient data at this time to conclusively support any single
hypothesis; however, thire are at least two possible scenarios. One, the
interface between the hot primary coolant and the cold water is a gradual
temperature gradient that is stable and non-cyclic and restricted to the
vertical section of the lonp 4 RHR 1ine. Therefore, the only adverse loading
would be those events alreau accounted for by considering 240 cycles of
increased primary loop flow in loop 4. The load condition for this scenario
(vertical temperature gradient) is described in Table 4-1 as transient number
1. A vertical temperature gradient restricted to the vertical section would
result in an axial temperature distribution that dropped off quickly from the
primary loop temperature at the top of the vertical segment to ambient
temperature at the bottom.

The second scenario is suggested from review of the Comanche Peak monitoring
data. From Figure 4-2 it can be seen that the relative circumferential
locations of RDT 6 and RTD 7 are 180 degrees apart. The monitoring data from
these locations suggest that a current exists in the vertical section of the
pipe. This condition is highly speculative since location 6 did display
erratic data; at some times the readings were negative. However, at other
times the reacings were normal and within acceptable engineering ranges.
During periods of normal power operations (reactor thermal power > 95%) the
temperature readings at location 6 are colder than location 7. If the
readings from location 6 are to be believed, this condition could only be
explained by a vertical current that is driven by the turbulent penetration.
Turbulent penetration at the 45 degree bend would provide the pumping action
by establishing an entrainment region that pulled cooler water from the lower
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region of the pipe. Since the overall turtulent penetration is low, the rate
of mass transfer of the RHR line inventory with the primary loop inventory is
low. Hence, the introduction of heat through the mass transport mechanism is
not sufficient to heat the entire line; this 1s consistent with the observed
data at location 1. This condition is illustrated in Figure 4-3. Transients
that consider these effects are described in Figure 4-2 as Case 1, Case 2, and
Case 3.

4.2.3 Operational Transients that Apply to Both Loop 1 and Loop 4

Thermal stratification was observed in both RHR lines (connecting to loops 1 &
4) during heatup and cooldown operations that involved line up and operation
of the RHR syetems. The stratification everts were directly caused by opening
of the RHR isolation valves and relatively low flow in the lines. These
events were characterized by delta T's less than [ 1*“* and no
significant cycling.

Transients that envelope these observed conditions are listed in Table 4-1.
Transients | 1% are applicable to both loop 1 and loop 4 RHR
lines. Transient [ 1% to loop 4 only.

4.3 Development of the Postulated Valve Leakage Tr:nsients

The transient at Genkai was due to intermittent valve leakage, which provided
2 path for hot water to be drawn into the RHR line from the miin loop. In the
horizontal piping downstream of the second elbow from the RCS connection, a
stratified flow was established, with hot water filling the top of the pipe to
a depth of 10 percent of the inner diameter.

To establish a postulated valve leakage transient for this scenario,
stratification was assumed to exist in the horizontal piping upstream and
downstream of the isolation valve (8702B on loop 4). The same portion of the
pipe as at Genkai was assumed to be filled with leakage flow (i.e. 10 percent
of the inner diameter with a leakage rate of 1.0 gpm). The bulk fluid was
assumed stagnant, and therefore its temperature declines quickly with axial
distance, since heat transfer is primarily conduction. [ |
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SECTION 5.0
FATIGUE USAGE FACTOR EVALUATION

6.1 (ode and Criteria

Fatigue usage factors for the Comanche Peak Unit 2 RHR suction Tines were
evaluated using the concept of the ASME B & PV Code, Section I1I, Subsection
NB-3600 (1979 Edition), for piping compone.ts. The fatigue evaluation
required for level A and B service limits in NB-3653 is summarized in Table
6-1. ASME 111 fatigue usage factors were calculated for each type of
component between the hot leg branch nozzle and the second isolation valve
where the piping was most affected by the stratification.

6.2 Previous Design Methods

Previous evaluations of RHR suction line piping fatigue used the NB-3653
techniques but with thermal shock transients defined by Westinghouse design
specifications, assuming the fluid flows to sweep the RHR line piping with an
axisymmetric temperature loading on the pipe inside wall, and that no
stratified flow due to postulated valve leakage exists. Those evaluations

produced typical usage factors of approximately [ 1% at elbows and
bends,
[ ]** at valve ends, and [ ]%€*® at the RCL hot leg nozzle safe end.

It must be noted that these usage factors are conservative since, in the
design process, calculations are carried to the point where results meet code
requirements, and are not further refined to reduce the usage factor.

6.3 Anaiysis with Thermal Stratification

With the thermal transients redefined to account for thermal stratification
due to valve leakage and operational related transients, as described in
section 4.0, the stresses in the piping components were established (section
5.0) and new fatigue usage factors were calculated. ODue to the
non-axisymmetric nature of the stratification loading, stresses due to all
other loadings such as axisymmetric thermal from design transients were then
combined.
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3) Using the actual cycles of the transient 1nadset, calculate the
contribution to the usage factor U from the postulated
stratification. If N, is greater than 10!} cycles, the value of U,
is taken as zero.

n

is calculated as U= Y U,
13

4) The cumulative usage factor, U .,

The code allowable value is 1.0.

6.4 Fatigue Usage Results

A stress analysis was completed for the stratified flow condition, including
local stresses and global stresses resulting from stratification. Deadweight
stresses were constant, so they were not included <ince they would not
contribute to the alternating stress. The crite ia used are shown in Table
6-1. The analysis was performed on loop 4 of Unit 2 which was determined to
have the highest stresses.

]O,C,C
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1%“*®  Stresses were obtained from

transient thermal and stress analyses of a 2-D WECAN finite element mode!.

7.3 Fatigue Crack Growth Results

For Loop 4, fatigue crack growth analysis was performed to determine the time
required for a 60 percent through wall crack to occur based on the postulated
transient stratification loading, as shown in Table 4-1 and Figure 4-4. The
critical T cations are [

]%€® Results of this analysis indicate that a minimum of [

1%* A1l other welds in
the Loop 4 RHR line should be inspected in accordance with standard ASME
Section XI criteria.

For the loop 1 RHR 1ine, since the leakage has no impact on the unisolable
portion of the piping, the fatigue usage calculated, based on only the
operational transients described in Section 4.0, is 0.9 for 40 years of design
life. Therefore, fatigue crack growth calculation was not performed.
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SECTION 8.0
SUMMARY AND CONC .USIONS

A detailed evaluation of the residual heat removal suction lines for Comanche
Peak Unit 2 has been completed in response to concerns raised by a pipe crack
incident which occurred at Genkai Unit 1 in Japan and subsequent NRC Bulletin
88-08.

The monitored data from the Unit 1 RMR suction lines have been reviewed and
evaluated. No NRC Bulletin 88-08 type of valve leakage was observed in the
data. However, conservative assumptions were made to postulate a Genkai type
of Teakage in the Loop 4 RHR line. Based on such assumptions, the resulting
stratification loading and associated stresses were calculated. Using these
calculated stresses and postulated high number of stress cycles, conservative
fatigue usage and fatigue crack growth calculations were ther parformed for
Loop 4 RHR line. Loop 1 RHR suction line leakage has no impact on the
unisolable portion of the piping as previously discussed in Section 4.!.

For the loop 4 RHR line, fatigue usage calculation provides an indication of
the probability of cracking and of the time required to initiate. Fatigue
crack growth analysis was performed to determine the time raquired for a 60
percent through wall crack to occur based on the postulated transient
stratification loading. The critical locations are [

1*“* Due to the extremely
conservative assumption in the fatigue usage calculation, a fatigue usage
factor of less than 1 could not be obtained within the plant design life at
the governing location. Furthermore, results of this analysis indicate that a
minimum of 1.5 years of leakage is required for an initial flaw of 10 percent
wall thickness to propagate tc 60 percent wall thickness. Augmented inservice
inspection intervals should be developed based on this result of 1.5 years for
both Tocations on the loop 4 RHR line. A1l other welds in the lToop 4 RHR line
should be inspected in accordance with standard ASME Section XI criteria.

For the Toop 1 RHR line, since the leakage has no impact on the unisolable

portion of the piping, the fatigue usage calculated, based on only the
operational transients described in Section 4.0, is 0.9 for 40 years of design

WPF 1136470212921 10 8-1
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