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SUMMARY OF RESULTS, AND STATUS OF 88-11 QUALIFICATION

Ope-ating History

Cate of commercial araratipn

Years of wats--solid heatups

Years of steam-bubble heatups
System delta T limit

Number of exceedances

Code Information

Code used for analysis

Maximum Stress and Usage Factor
Results

Equation 12 stress/allowable (ksi)
Fatigue usage/allowable

Pressurizer Surge Nozzle
Results

Equation 12 stress/allowable (ksi)
Fatigue usage/a)lowable

Support Modifications Required

Remaining Actions by Utility

Status of 88-11 Requirements

All analysis requirements met after

.actions above are completed.
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FARLEY 1 FARLEY 2
12-1-77 7-30-81
0 0
13 9
320°F 320°F

0 2

ASME Section 11, 1886 Edition

40.4/51.4 40,4/51.4
0.7/1.0 0.7/1.0
45,6/80.1 45,6/80.1
0.2/1.0 0.2/1.0

Ensure sufficient
travel allowance in
all spring cans if
whip restraint gaps
are opened.

(See Table 4-1)

Ensure sufficient
travel allowance in
all spring cans and
sufficient gaps in

(See Table 4-1)

Support modifications
identified above

Support and
restraint
modifications
identified above.

all pipe whip restraints



SECTION 1.0
BACKGROUND AND INTRODUCTION

Farley Units 1 and 2 are three loop pressur ' 'ed water reactors, designed to be
as nearly identical as practical, in both hardware and operation. This report
has been developed to provide the technical basis and results of a
plant-specific structural evaluation for the effects of thermal stratification
of the pressurizer surge lines for each of these units.

The operation of a pressurized water reactor regquires the primary coolant loop
to be water sofid, and this is accomplished through a pressurizer vessel,
connected to the loop by the pressurizer surge line. The Farley three loop
arrangement is shown in Figure 1-1,

The pressurizer vesse! contains steam and water at saturated conditions with
the steam-water interface level typically between 25 and 60% of the volume
depending on the plant operating conditions. From the time the steam bubble
is initially drawn during the heatup operation to hot standby conditions, the
level is maintained at approximately 25%. During power ascension, the level
is increased to approximately 60%. The steam bubble provides a pressure
cushion effect in the event of sudden changes in RCS mass inventory. Spray
operation reduces system pressure by condensing some of the steam. Electric
heaters, at the bottom of the pressurizer, may be energized to generate
additional steam and increase RCS pressure.

As illustrated in figure 1-1, the bottem of the pressurizer vessel is
connected to the hot leg of one of the coolant loops by the surge line, a 14
inch schedule 160 stainless steel pipe, a portion of which is almost
horizontal, but slightly pitched down toward the hot leg.

1.1 Background

During the period from 1982 to 1988, a number of utilities repc “ed unexpected
movement of the pressu-izer surge line, as evidenced by crushed insulation,
gap closures in the pipe whip restraints, and in some cases unusual snubber
movement, Investigation of this problem revealed that the movement was caused
by thermal stratification in the surge line.
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Thermal stratification had not been considered in the original design of any
pressurizer surge line, and was known to have been the cause of
service-induced cracking in feedwater line piping, first discovered in 1878,
Further instances of service-induced cracking from thermal stratification
surfaced in 1988, with a crack in a safety injection line, and & separate
occurrence with a crack in a residual heat removal line. Each of the above
incidents resulted in at least one through-wall crack, which was detected
through leakage, and led to a plant shutdown. Although no through wall cracks
were found in surge lines, inservire inspections of one plant in the U.S. and
another in Switzerland mistakenly claimed to have found sizeable cracks in the
pressurizer surge line. Although both these findings were subsequently
disproved, the previous history of stratified flow in other 1ines led the
USNRC to issue Bulletin 88-11 in December of 1988, A copy of this bulletin is
included as Appendix 8.

The bullet'n requested utilities to establish and implement a program to
confirm the integrity of the pressurizer surge line. The program required
both visual inspection of the surge line and demonstration that the design
requirements of the surge line are satisfied, including the consideration of
stratification effects.

Prior to the issuance of NRC Bulletin 88-11, the Westinghouse Owners Group had
implemented a prugram to address the issue of surge line stratification, A
bounding evaluation was performed and presented to the NRC in April of 1988,
This evaluation compared al! the WOG plants to those for which a detailed
plant specific analysis had been performed. Since this evaluation was unable
to demonstrate the full design 1ife for all plants, a generic justification
for continued operation was developed for use by each of the WOG plants, the
basis of which was documented in references 1 and 2.

The Westinghouse Owners Group implemented & program for generic detailed
analysis in June of 1989, and this program involved individua)l detaiied

analyses of groups of plants. This approach permitted a more realistic

aporoach than could be obtained from a single bounding analysis for all

plants, and the results were published in June of 1990 [3].
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The followup to the Westinghouse Owners Group Program is a demonstration of
the applicability of reference [3) to each individual unit, and the
performance of evaluations which could not be performed on a generic basis.
The goal of this report is to accomplish these followup actions, and to
therefore complete the requirements of the NRC Bulletin £8-11 for Fariey Units
1 and 2.

1.2 Description of Surge Line Thermal Stratification

It will be useful to describe the phenomenon of stratification, before dealing
with its effects, Thermal stratification in the pressurizer surge line is the
direct result of the difference in densities between the pressurizer water and
the generally cooler RCS hot leg water. The lighter pressurizer water tends
to float on the cooler heavier hot leg water. The potential for
stratification is increased as the difference in temperzture between the
pressurizer and the hot leg increases and as the insurge or outsurge flow
rates decrease.

At power, when the difference in temperature between the pressurizer and hot
leg is relatively small, the extent and effects of stratification have been
observed to be small. However, during certain modes of plant heatup and
cooldown, this difference in system temperature could be as large as 320°F, in
which case the effects of stratification are significant, and must be
accounted for.

Thermal stratification in the surge line causes two effects:

0 Bending of the pipe is different than that predicted in the original
design.

0 Potentially reduced fatigue life of the piping due to the higher

stress resulting from stratification and thermal oscillations
(striping).
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Schematic of Farley Units 1 and 2 Loop Layout

Figure 1-1.
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SECTION 2.0
SURGE LINE TRANSIENT AND TEMPERATURE PROFILE DEVELOPMENT

2.1 General Apprcach

The transients for the pressurizer surge line were developed from a number of
sources, including the most recent systems standard design transient:., The
heatup and cooldown *-ansients, which iavolve the majority of tne severe
s'ratification cccurrences, were developed from review of operating
procedures, ooerator interviews, monitoring data and historical records for
each unit, The tota) number of heatup and cooldown events specified remains
unchanged at 200 each, but a number of sub-events have been defined to reflect
stratification effects, as described in more detail later,

The normal and upset transients, except for heatup and cooldown, for the
Farley Units 1 and 2 surge lines are provided in Table 2-1. For each of the
transients the surge line fluid temperature was modified from the origina)
design assumption of uniform temperature to a stratified distribution,
according to the predicted temperature d’fferentials between the pressurizer
and hot leg, as listed in the table. The transients have been characterized
as ef...» insurge/outsurges (1/0 in the table) or fluctuations (F).
Irsurge/outsurge transients are generally more severe, because they result in
the greatest temperature change in the top or bottom of the pipe. Typical
temperature profiles for insurges and outsurges are shown in Figure 2-1.

Transients identified as fluctuations (F) typically involve low surge flow
rates and smaller temperature differences between the pressurizer and hot leg,
so the resulting stratification stresses are much lower. This type of cycle
is importan. to include in the analysis, but is generally not the major
contribiitor to fatiyue usage.

The development of transients which are applicable to Farley Units 1 and 2 was
based on the work already accomplished under programs completed for the
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Westinghouse Owners Group [1,2,3]*. In this work all the Wescinghouse plants
were grouped based on the similarity of their response to stratification. The
three most important factors influencing the effects of stracification were
found to be the structural layout, support configuration, and ;:lant operation.

The transient development for the Farley units took advantage of the
similarity in the surge line layouts, as well as the similarity of the plants'
operating procedures. Thus one set of transients was deemed applicable to
both units.

The transients developed here, and used in the structural analysis, have taken
advantage of the monitoring data collected on several Westinghouse plants, as
well as operator interviews and historical operation data for the Farley
units, Each of these will be discussed in the sections to follow.

2.2 System Design Information

The thermal design transients for a typical Reactor Coolant System, including
the pressurizer surge line, are defined in Westinghouse Systems Standard
Design Criteria 1.3, Revision 1,

The design transients for the surge line consist of two major categories:
(a) Heatup and Cooldown transients
(b) Normal and Upset operation transients (by de ‘inition, the emergency

and faulted transients are not considered “n the ASME Section 111
fatigue 1ife assessment of components).

*Numbars in brackets refer to references listed in Section 7.
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In the evaivation of surge 1ine stratification, the typicel FSAR chapter 3.9
deinition of normal and upset u."ign events and the number of occurrences of
the desig: events remains unchanged,

The total number of current heatup-cooldown cycles (200) remains unchanged.
However, sub-events and the associoted number of occurrences ("Label", “Type"
and "Cycle" columns of tables 2-Za and 2-7b) have been defined to reflect
stratification effects, as described later.

2.3 Development of Norma! arg Upset Transients

Transients in the surge 1ine were characterized as either insurges or
ovtsurgas (1/0) or fluctuations (F), Insurges and outsurges are the more
Severe transients and result ‘n the greatest change in temnerature .n the top
or bottom of the pipe. An insurge may cool the entire pipe cross section
significantly, to very close to the temperature of the RCS hot leg.
Conversely, an outsurge can sweep the line and heat the pipe to close to the

temperature of the pressurizer. The typica) behavior of insurge and outsurge
thermal transients is shown in figure 2-1.

Fluctuations, as cpposed to the insurge-outsurge transients, are caused by
re’atively insignificant surges and result in variations in the hot-cold
interface Tevel, Tnese variations in the interface level do net change the

overal] global displacement of the pipe and hence are analyzed as changes in
Tocal stress only,

The redefinition of the thermal fluid conditions experienced by the surge line
during normal and upset transients was necessary to reflect the indirectly
observed fluid temperature distributions. These redefined therma) fluig
‘conditions were developed based on the existing design transient system
parameters assumed to exist at the time of the postulated transient and the
knowledge gained from the monitoring programs. The redefined therma) fluid
conditions conservatively account for the therma) stratification phenomena.
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To ocetermine the nc-ma) and upset pipe top-~to-bottom temperature difference,

"7, 1 pqt" (table 2-1), the following conservatism was introduced, [-===+
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2.4 Monitoring Results and Operator Interviews

2.4,1 Monitoring

Monitoring was performed on Farley Unit 2, using temporary sensors on the
surge line piping, as shown in figure 2-2. This data, along with monitoring
information collected as part of the Westinghouse Owners Group generic
detailed analysis[3) was utilized in this analysis.

The pressurizer surge 1ine monitoring programs utilized externally mounted
temperature sensors (resistance temperature detectors or thermocouples). The
temperature sensors were attached to the outside surface of the pipe at
various circumferential and axial locations. In all cases these temperature
sensors were securely clamped to the piping outer wall using clamps, taking
care to properly insulate the area against heat loss due to thermal convection

or radietion.
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The Farley Unit 2 temperature sensor configuration at a given pipe location
consists of five sensors mounted as shown in figure 2-2. Temperature sensor
configurations were mounted at various axial locsations. The multiple axia)
locations give a good picture of how the top to bottom temperature
distribution may very along the longitudina) axis of the pipe. In addition,
the pressurizer surge line monitoring program utilized displacement sensors
(Tanyards) mounted at four axial locations to detect vertical and horizontal
movements, as shown in igure 2+2. Typically, date were collected at [-=-
------ '©+® intervals or less, during periods of high system delta T,
Existing p1ant'1nstrumontction was used to record variout system parameters.
These system parameters were uteful in correlating plant conditions with
stratification in the surge line. A 1ist of typice) plant parameters
menitored 1s given below,

oooooooooooooooooooooooooo

..............................................

---------------------------------

Data from the temporary sensors was stored on magnetic floppy disks and
converted to hard copy time history plots with the use of common spreadsheet
software. Data from existing plant instrumentation was obtained from the
ut1lity plant conputer.

2.4.2 Operational Fractices |

An operations interview was conducted &t the Farley plant on October 6, 1988,
The two Farley units operate with similer if not identical operating
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procedures, so the discussion that follows is 8z 7icable to both Farley Units
1 end 2. Since the meximum temperature difference between the pressurizer and
the reactor coolant loop occurs during the plent heatup and cooldown,
operations guring these events were the main topic of the interview., Figure
2-3 describes the heatup process, and figure 2-4 is the corresponding plot for
the cooldown process.

In both heatup and cooldown, the plant has an agministrative limit of 320°F on
temperature difference between pressurizer and reactor coolant system,

2.5 Historica)l Operation

In the analysis, al) heatups and cooldowns were assumed to reach the maximum
system Jelte 7 values discussed in the previous section, A review Jf
historical records from each of the two units (operator logs, surveillance
test reports, etc.) was performed. From this review, two pieces of
information were extracted; & characteristic maximum system delta T
distribution for these units, and the number of maximum delta T exceedences.
The number of heatups and codldowns experienced to date and their associated
system delta temperature values are listed in Table 2-3. This data is
presented graphically in Figure 2-5.

The historical operation data for both units are listed below. Due to the
fact that both units operate similarly, the effective average of the two units
as percentages of total occurrences is shown graphically in Figure 2-6. This
average was considered in the transient development process.

Unit 1 Unit 2
_ Number ©f humber of
System (47) Heatups Percent of Heatups Percent of
‘Renge (°F) & Cooldowns Oceurrences & Cooldowns Occurrences
[ ...... -- - - - - --
Heimcy : - t e
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The above table was used to ensure that the transients andlyzed for Farley
Units . and 2 encompassed the prior operating history of both units,

2.6 Development of Heatup and Cooldown Transients

The heatup and cooldown transients used in the analysis were developed from &
number of sources, as discussed in the overal) approach, The transients were
built upon the extensive work done for the Westinghouse Owners Group [1,2,3],
coupled with plant specific considerations for Farley Units 1 and 2.

The transients were developed based on monitoring data, historica) operation
and operator interviews conducted at a large number of plants, inclu<ing
Farley. For each monitoring location, the top-to-bottom differential
temperature (pipe delta T) vs, time was recorded, along with the temperatures
of the pressurizer and hot leg during the same time period. The difference
between the pressurizer and hot leg temperature was termed the system delta

-
I

From the pipe and system delte ™ information collects ' in the WOG effort,
individual plants' monitoring data were reduced to categorize stratification
cycles (changes in relatively steady-state stratified conditions) using the
rainflow cycle counting method. This method considers delta T range as
opposed to absolute values,

.............................................
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Tro resulting distributions (for 1/0 transients) were cycles in each RSS range
avove 0.3, for each mode (5,4,3 and 2). A separate distribution was
determined for each plant at the reactor coolant loop nozzle and & chosen
critical pipe location. Next, a representative RSS distribution was
determined by multiplying the average number of occurrences in each RSS range
by two. Therefore, there is margin of 100% on the average number of cycles
per heatup in each mode of operation.

2.6.1 Pipirg Transients

Transients, which are represented by delta T pipe with & corresponding number
of cycles were teveloped by combining the delta T system and cycle
distributions., For mode 5, delta T system is represented by a historical
system distribution developed from a number of WOG plants (generic
distributisn), Using data from a number of plants is beneficial as the
resulting transients are more representative of a complete spectrum of
operation than might be obtained from only a few heatups and cooldowns.

For modes 4. 3 and 2, the delta T system was defined by one maximum value for
each mode. The values were based on the maximum system delta T obtained from
the monitored plants for sach mode of operation. An analysis was conducted to
determine the average number of cycles per cooldown relative to the average
number of cycles per heatup, [====s=ssrecsccncec. BASEEEERaNS FRelpns vy

---------------------------- 1€ The transients fur al) modes were
then enveloped in ranges of ATpipe' f.e,, all cycles from transients

within each ATpip0 range were added and assigned to the pre-defined

ranges. These cycles were then applied in the fatigue analysis with the

ma x imum ATpﬁ . for each range., The values used are as follows:

p
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For Cycles Within Pipe Delta T Range Pipe Delta T

( .......... -ne
.......... ---
.......... -
.......... -
---------- - -
.......... - -

o ]..C,.

..........

This grouping was done to simplify the fatigue analysis, The actual number of
cycles used for the analysis for each sub-event in heatup and cooldown is
shown in Table 2-2.

2.6.2 Hot Leg Nozzle Transients

Because of main coolant pipe flow effects the stratification transients
loadings at the reactor coclart hot leg nozzle are different. These
transients have been applied to the main body of the nozzle as well as the
pipe to nozzle girth butt weld.

Plant monitoring included sensors located near the nozzle to surge lina pipe
weld, Based on the monitoring, a set of transients were developed for the
nozzle region to reflect conditions when stratification could occur in the
nozzle, Table 2+2b. The primary factor affecting these transients was the
flow in the main coolant pipe. Significant stratification was noted only when
the reactor ccolant pump was not operating in the loop with the surge line.
Trarsients were then developed using & conservative number of “pump trips.”

"The fatigue analysis of the nozzle was then performed using the “nozzle
transients" of Table 2-2b and the pipe transients of Table 2-2a. The analysis
included both the stratification loadings from the nozzle transients, and the
pressure and bending loads from the piping transients.
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These three configurations are illustrated in Figure 2-9., The Farley units
fall under the category of [====+ --revanciiarivaiacivreriiamrinariiauinsas

.................................................... BEAEAR AR RS EEE RS EE -
...................................................... L R
................................................................. -
........................................................................

LR R R T S R S R R R R Eme---- EEsE .- -
.........................................................................
...................................... .....-.-...]"ci.

Review and study of the monitoring date for all the plants revealed a
consistent pattern of development of delte T as a function of distance from
the hot leg intersection. This pattern was consistent throughout the
heat-up/cooldown process, for a given plant geometry. This pattern was used
along with plant operating practices to provide a realistic yet somewhat
conservative portrayal of the pipe delta T along the surge line.

The combination of the hot/cold interface and pipe delta T as functions of
distance along the surge line forms a profile for each individual plant
analyzed. Since Farley Units 1 and 2 have similar surge line configurations,
the profile applies to both units,

2.8 Striping Transients

The transients vevel~ped for the evaluation of thermal striping are shown in
table 2-4,

............................................................................
............................................................................
...........................................................................
.......................................................................

......................................................
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Striping transients use the labels HST and CST denoting striping transients
[ET), Tebla 244 zomtsing 2 summary of the HST1 to HST8 and CST1 to CST7
thermal striping transients which are similar in their definition of events to
the heatup and cooldown transient definition.

Thrse striping transients were developed during plant specific surge line
evaluations and are considered to be a conservative representation of striping
in the surge 1ine[3). Section 5 contains more information on specificelly how
the striping loading was considered in the fatigue evaluatien.
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TABLE 2-1
SURGE LINE TRANSIENTS WITH STRATIFICATION
NORMAL AND UPSET TRANSIENT LIST

TEMPERATURES (°F)
MAX NOMINAL

LABEL TPE  CYCLES 75,0

( ....................... - - - -
........................ - - - -
......................... - - - -
.................. - - - -
------------------ -—-- - - -
------------------------ - - - -
------------------------- . - - -
ooooooooooooooooooooooooo - - - -
------------------------- - - - -
......................... - - - -
------------------------- - - - -
......................... - - -
......................... - - - -
......................... - - - -
........................ - - - -
ooooooooooooooooo - - - -
............................ --e - - .-
------------- - - - -
---------------------------- - - - - -
----------- - - - -
........................... --- - - -
............. - - - -
........................... --- - - -
........... - - - -
----------------- - - - -
............ --- - - -
............. - - - -
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TABLE 2-1 (Cont'd.)

SURGE LINE TRANSIENTS WITH STRA1 “ICATION
NORMAL AND UPSET TRANSIENT LIST

TEMPERATURES (°F)

MAX NOMINAL
LABEL TYPE  CYCLES  oTgy .4 PRZ T RCS T
PR et R ‘ . 3 5
S e ettt ResttlseltbtE SRRSO RNenE e eSS )a’c!‘
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TABLE 2-2b
SURGE LINE NOZZLE TRANSIENTS WITH STRATIFICATION ~ FARLEY UNITS 1 AND 2
HEATUP/COOLOOWN (HC) = 200 CYCLES TOTAL

TEMPERATURES (°F)
MAX NOMINAL
LABEL TYPE CYCLES ATStrat PRZT RCST

‘-- - - - - -
-—- - - . - - - -
- . - - - -
.- . - - - -
- - - - - - -
- .- - - - - - -
.- . - - - -
- - - - - - -
- - - - - . - -

- - - - - - -~
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TABLE 2-3 HISTORICAL COLLECTION OF HEATUPS AND COOLDOWNS
FARLEY UNITS 1 AND 2

Farley Unit 1

Number of
System 47 Number of Events Heatup & Cooldown Events
Range (°F) Experienced to Date** Considered in 40 Year
Heatups Cooldowns Design
[ ...... soee P PP
...... it A LI
Farley Unit 2
Number of
System 4T Number of Events Heatup & Cooldown Events
Range (°F) Experienced to Date** Considered in 40 Year
Heatups  Cooldowns Design
[ ....... ese smes U aeewe
..... e et papepar ..,.]arcp.

*Two cycles per event were assumed, resulting in four cycles at a7 = 320°F,
**Only those with & maximum System AT available are listed.
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TABLE 2-4
SURGE LINE TRANSIENTS = STRIPING
FOR HEATUP (M) and COOLDOWN (C)

Label ssvsssss ssesssmmsssss

- - ---
- - ---
- .- are .e-
-—--- - -- -
- Lk -
- - - - -
- - e -
LA A A J - -—--
- e e
.- - ---
- asa hak
- - SHe LB
L cew PR
L e P
et gt -
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Figure 2-1,
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Typical Insurge-Outsurge (1/0) Temperature Profiles
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Figure 2-5. Historica! Meatups end Cooldowns for Farley Units 1 and 2
Compared with the Number of Events Used in the Analysis

49300 122080 '0 2.2‘



§2-2

48330017490 20

Figure 2-6. Summary of Hisloricai Data from the Farley Units 1 and 2,
Shown as an Effeclive Average for Both Units, Compared
to the Distribution Used in this Analysis
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Figure 2-7.

Example Axial Siratificalion Profile for Low Flow Condilions
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Figure 2-8. Geometry Considerations
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Since snubbers and springs allow thermal growth, the Farley Units 1 & 2 surge
lines have essentially similar support configurations for the thermal
stratification analysis. The piping size is 14 inch schedule 160 and the pipe
material 4s stainless steel for the surge lines in both units. Farley Unit 1
surge 'ine pipe has SA 376-Type 316, Farley Unit 2 has SA 376-Type 304,

Experience with the analysis of thermal stratification has indicated that
surge line layout has a significant effect on the resulting stratification
induced global pipe bending moments. One of the important factors regarding
aurgs 1ing layout was Tount to b [sessrecessssnnsissunisssinnsssnvnasnnass

For the existing support design the Farley Units 1 and 2 surge line design
also incluges nine pipe whip restraints., These pipe whip restraints have gaps
ranging from 0" to 2.625" between the restraint and pipe. The actual gaps in
pipe whin restraint (PUR) for both units were modeled. For the spring
hangers, the actual tr.vel allowances were also modeled in Unit 2 model. For
Unit 1 design, trave! allowarce was assumed to be sufficient (since there was
no evidence of spring cans bottoming out from walkdown information),

Based upon & review of whip restraint arawings and the visual inspection
reports[4J of Farley Units 1 and 2 pressurizer surge lines, it was concluded
that some of the whip restraints impeded vertical motion due to
stratification, Furthermore, the spring can 2RC-3 was actually found to be
bottomed out in 1988, The travel allowance of this support was increused in
1888 to accommodate the stratification displacements.

The structural evaluation addressed by this WCAP assumes that proper whip

restraint gaps have been established and sufficient travel allowance in the
‘sprﬁng cans have been assured for the future operation, With respect to the

$0684/012391 10 3.2
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The global piping stress analyses were basea on two models due to the
difference in bottomed out spring and pipe whip restraint gap conditions
between the two units. The first mode! represents the existing Unit 1 suppurt
and restraint configuration and the second mode] represents the existing Unit
2 support and restraint configuration. For the future support configuration,
both models wer. assumed totally free from any therma) constraint caused by
pipe whip restraint contacts and/or spring can bottomed out. The results of
the ANSYS global structural analysis provided thermal expansion moments. The
ASME Section 11l equation (12) stress intensity range was evaluated for both
support configurations, For the existing supzorti configuration, a system
delta T = 337°F was evaluated for Unit 2 and delte T = 320~ for Unit 1. For
the future support configuration, a system delta T = 320°F was evaluated for
both units. In ail cases, excluding the Unit 2 existing configuration, the
maximum ASh. equation (12) stress intensit range in the surge 1i.e was found
to be under the code allowable of 3Sm. Maximum equation (12) and equation
(13) stress intensity ranges are shown in table 3-3. From this table, it
should be noted that, for Unit 1, modifications to the whip restraint gaps are
not nece.sary, as long as suffi ient travel allowances are provided in the
spring cans. For unit 2, both spring can travel allowances and whip restraint
gaps require ver.fication,

The pressurizer nozzle lvads from pipe thermal stratification were also
evaluated according to the requirements of the ASME code. The evaluation
included the calculations of primary plus secondary stress intensities and the
fatigue usage factors. The maximum stress intensity is 45.6 ksi compared to
the code allowable value of 80.1 ksi, and the maximum fatigue usage factor is
reported in Section 5. It was found that the Farley pressurizer nozzle met
the code stress requirements.

In order to superimpose lncal and global stresses, several stress analyses
were performec using the 3-\' pipe model, [=======;=scecccccceccncncnnanan.

-------------------------------------------------------------------------
------------------------------------------------------------------------
------------------------------------------------------------------------------

............................................................................
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3.3 Local Stresses-Methodology and Results

3.3.1 Explanation of Local Stress

Figure 3-3 depicts the loca! axial stress components in a beam with a sharp),
nonlinear metal temperature gradient. Local axial stresses develop due to the
restraint of axiel expansion or contraction. This restraint is provided by
the material in the adjacent beam cross section. For a linear top-to-bottom

temperature gradient, the ' sa) axial stress would not exist, [==-===cceccse.
........................................ ..-...]alc’e

3.3.2 Finite Element Mode! of Pipe for Local Stress

A short description of ine pipe finite element model is shown in figure 3-4.
The mode! with thermal boundary conditions ‘& shown in figure 3-5. Due to
symmetry of the geometry and thermal loading, only half of the cross section
was required for modeling and analysis, [+=e/=sececccsccccnncacncnnncnannnns

.........................................................................

W e e L e e e e e R TR R R e D W e R R e R e e T e e e e

-------------------------------------------------------------------------------
--------------------------------------------------------------------------

------------------------------------------------------------------------------
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............................................. ]a,C.O

3.3.3 Pipe Local Stress Results

Figure 3-6 shows the temperature distributions through the pipe wall [=====-
.......... ]alcge

3.3.4 PCL Hot Leg Nozzle Analysis

[ ...........................................................................
"""""""" J8:S€ & summary of stresses for unit loading is shown in
table 3-5.

3.4 Total Stress from Global and Local Analyses

---------------------------------------------------------------------------

50883/012391 10 3-7






3.5.2 Therms® _criping Stresses

Therma! striping stresses are a result of differences between the pipe inside
surface wall and the average through wall temperatures which occur with time,
due to the oscillation of the hot and cold stratified boundary. (See figure
3-12 which shows a typical temperature distribution through the pipe wall),

.........................

The peak stress range and stress intensity was calculated from a 3-D finite
slomant analysis.  [sersonsessessnsrinsnissassinnsrasppussdnsenesennbnesnnou

----------------------

'®  The methods used to determine alternating
stress intensity are defined in the ASME code. Several locations were
evaluated in order to determine the loration where stress intensity was &
max imum.

Stresses were intensified by K3 to account for the worst stress

concentration for all piping elements in the surge line. The worst piping
element w2s the butt weld.

-------------------------------------------------------------------
--------------------------------------------------------------------------

--------------------------------------

3.5.3 Factors Which Affect Striping Stress

The factors which affect striping are discussed br 2fly below:

50855/012391 10 3_9
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TABLE 3-2
COMPARISON OF WESTDYN AND ANSYS PIPING THERMAL DISPLACEMEWTS
AND SUPPORT LOADS FOR A TYPICAL SURGE LINE MODEL*

AP et I S 0 el Ay e R TR a,c.e

* The existing support configuration was used in this study.
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TABLE 3-3
cammary of Farley Surge Line
Thermal Stratification Stress Results

Unit 1 Unit 2
Support Configuration Support Configuration
ASME Code Equation Existing+ Future* Existing* Future* Code Allowables

(ksi) (ksi) (ksi) (ksi) (ksi)
12 ; 48,7 40,4 55,4 40.4 51.4
13 40.0 40.0 40.0 40.0 48,6

*  Future support configuration represents no botteming out of spring cans
and no pipe whip restraint contact under all thermal loadings with maximum
sstem \T = 320°F

+ Existing support configuration represents the actual spring bottom out
and/or PWR contact condition under all thermal loacings with maximum

system AT = 337°F (for Unit 2) and 320°F (for Unit 1).

If the system oT is maintained at 310°F for Unit 2. the Equation 12
stress will be 50.96 ksi.

& Corservative envelope of the trko units.
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TABLE 3-4
FARLEY SURGE LINE
MAXIMUM LOCAL AXIAL STRESSES AT [==vmeesrseesccccans ' bbb
(14 inch Schedule 160)

Local Axial Stress (psi)

Location Surface Maximum Tensile Maximum Compressive
T T L A A o P TS 8 P Bk S el 1 YRR Sl A0 e, a,c,e
[eesereccnnccccenrenrccnccccancccncsannsnsnnsanacscsanmnnnn ]a,c,e

8088s,/01229" 10
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| TABLE 3 6
| STRIPING FREQUENCY AT 2 MAXIMUM LCATIONS FROM 15 TEST RUNS

\

Total
Frequency (HZ) Duration

¥ Cycles
% % % Lgth, in
Min _(Duration) Max (Duration) Avg (Duration) Seconds

-

-------- - - - - - - - -- - -
- --- - - - - - Gmsme-

- sememe - - - - -- -- - - - emesmese=
- --- - - - - - -
- - -- - - - - - emesesw -

........ - - - - - - --- -- - - - - -
- - -- - -- - e wmessse=-
- - - - - -- - - messsese-
-~ - -- - -- - e esmesesse-

---------------

------- - - - -- - -- --- -- - -
- - - -- --- -- - W meseseswe-
- - -- - -- - o

------- - --- -- - - -- - - - - -
- - - - --- - --- - esewesese-

------- - - - - - - -- - - - .-.-..-l
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Figure 3-1, Schematic of Stress Analysis Preccedure
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figure 3-2.
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Figure 3-3.

Loca’ Axial Stress in Piping Due to Thermal Stratification
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Figure 3-4, Local Stress - Finite Element Models/Loading
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Figure 3-5. Piping Local Stress Mode! and Therma! Boundary Conditions
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Figure 3-6. Surge Line Temperature Distribution at ( 1406 aida
Locations
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Figure 3-7. Surge Line Local Axial Stress Distribution at ( Jhikee
Axial Locations
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fFigure 3-8. Surge Line Local Axial Stress o Inside Surface at
[ )%C:® axiai Locations
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Figure 3-9. Surge Line Local Axial Stress on Outside Surface at
[ 1% Adia) Locations
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figure 3-10.

Surge Line RCL Nozzle 3-D WECAN Model:

14 Inch Schedule 160
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Figure 3-11. Thermal Striping Fluctuation
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Figure 3-12.

Thermal Striping Temperature Distribution
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Support Node
RC-R1 2216
RC~-R? 2217
RC-R2 2238
Support Node
2PSR-1 3258
2PSR-2 3254
2P3R-3 3250
2PSR-4 3240
2PSR-5 234
2PSR-6 2218
2PSR-7 3215
2PSR-8 2212
2PSR-9 320%
B84 /01229 10

TABLE 4-1

Farley Unit 1 Maximum Support Displacement

Under Thermal Stratification & Norme)l Operation Condition

Displacements (inches) at Support Locatiens

Existing
synport Configuration
L DY 02
0.79  0,38/-0.11 +0.1/-0.42
0.86 +0.33/-0.13 +0.14/-0.3
1,45 -1.1 +0.31/-0.22
Displacement at Whip Restraint
Existing
Support Configuration
DX DY 02
0.26 ~-0.45 0.15/-0.21
0.57 ~0.65 0.08/-0,52
80 G R W 0.16/-0.58
1.44 ~-1.16 0.291-0.3
1,36 +0.78 0.34/-0.02
1.00 0.08/-0.16 0.23/-0.13
0.72  0,40/-0.09  0.05/-0.55
0.52  0.29/-0.05 -0.88
0.16  0.02/-0.004 ~-1.2]

Future
Support Configuration
DX DY D2
0.79 -0.16 0.11/-0.42
0.86 =0.,37 0.14/-0.32
1,45 ~3.04 0.14/-0.22
Locations
Future
Support Configuration
0X DY 02
0.26/-0.03 -0.53 0.04/-0.21
0.57 1,35 -0.52
1,17 -2.66 -0.58
1.44 -3.06 0.11/-0.30
1.36 -2.62 0.22/-0.02
1.00 -1.01 0.19/-0.13
0.72 0.02/-0.09  0.07/-0.5%5
0.52 0.21/-0.05 -0.88
0.16 0.03/-0.004 -1.21



TABLE 4-1 (continued)

Farley Unit 2 Maximum Support Di. acement
Under Therma)l Stratification & Normal Operation Condition

Displacements (inches) at Support Locations

Existing Future
Support Configuration Support Configuration
Support  Node DX DY Dz DX DY 0Z
2RC-R1 2216 0.79 0.83/-0.13 0.04/-0.42 0.79 =0.33 0.08/-0.42
ZRC-R2 2217 0.86 0.48/-0.15 0.07/-0.32 0.86 Q97 0.12/-0.32
2RC-R3 2238 1,45 -0.70 0.26/-0.22 1.45 -3,45 0.09/-0.22

Displacement at Whip Restraint Locations

Existing Future
Support Configuration suppert Configuration
Support  Node DX oY 0z DX DY bz
PSR-1 3258 0.26 -0.45 0.13/-0.22 0.26/-0.07 -0.58 0.01/-0.22
PSR-2 3254 0.5 -0.44 0.05/-0.53 0.56 -1.50 -0.53
PSR-3 3250 1.17  -0.74 0.11/-0.58 1.17 ~2.98 -0.59
PSR-4 3240 1,44 0,74 0.24/-0.31 1.43 -3.47 0.06/-0.31
PSR-5 234 1,36 -0.47 0.28/-0.03 1.36 =3.03 0.17/-0.03
PSR-6 2218 1,00 0.26/-0.19  0.15/-0.13 1.00 -1.28 0.17/-0.13
PSR-7 3215 0.72  0.53/-0.11  0.,01/-0.55 0.72 =0.11 0.06/-0,55
PSR-8 el 0.5¢ 0.39/-0.05 -0.88 0.52 0.14/-0.05 -0.88
PSR-9 3205 0.16  0.03/-0.004 -1.21 0.16 0.03/-0.004 -1.21

0 Ler AN e 4-3



SECTION 5.0
ASME SECTION 111 FATIGUE USAGE FACTOR EVALUATION

5.1 Methodology

Surge lire fatigue evaluations have typically been performed using the methods
of ASME Soaction 111, NB-3600 for all piping components [====r=~scceccncccss

...........................................................................

...............................................................................

------------------------------------------------------- «ee]8® Bocause
of the nature of the stratification loading, as well as tha magnitudes of the
stresses produced, the more detailed and accurate methods of NB-3200 were
employed using finite element analysis for all loading conditions.
Application of these methods, as well as specific interpretation of Code
stress values to evaluate fatigue results, is described in this section,

Inputs tv the fatigue evaluation included the transients developed in section
2.0, and the global loadings and resulting stresses obtained using the methods
described in section 3.0. In general, the stresses due to stratification were
categorized according to the ASME Code methods and used to evaluate Code
stresses and fatigue cumulative usage factors. It shouid be noted that, [---

............................................................................
.........................................................................
...........................................................................
..............................................................................
...........................................................................

--------------------------------------------------------------------------

.5.1.1 Basis

The ASME Code, Section 11, 1986 (Reference [6]) Edition was used to evaluate
fatigue on surge lines with stratification loading. This was based on the
requirement of NRC Bulletin 8B-11 (Appendix B of this report) to use the
“latest ASME Section 111 requirements incorporating high cycle fatigue".

80882/012391 10 5.1



Specific requirements for class 1 fatigue evaluation of piping components are
given in NB-3653, These requirements must be met for Leve)l A and Level B type
loadings according to NB-3653 and NB-3654,

According to NB-3611 and NB-3630, the methods of NB-3200 may be used in lieu
of the NB-3600 methods. This approach was used to evaluate the surge line
components under stratification loading. Since the NB-3650 requirements and
equations correlate to those in NB-3200, the results of the fatigue eveluation
are reported in terms of the NB-3650 piping stress equations. These equations
and requirements are summarized in Table 5-1.

The methods used to evaluate these requirements for the surge 1ine components
are described in the following sections.

5.1.,2 Fatigue Stress Equations

Stress Classification

The stresses in a component are classified in the ASME Code based on the
nature of the stress, the loading that causes the stress, and the geometric
characteristics that influence the stress. This classification determines the
acceptable limits on the stress values and, in terms of NB-3653, the
respective equation where the stress should be included. Tabl. NB-3217-2
provides guidance for stress classification in piping components, which is
reflected in terms of the NB-3653 equations.

The terms in Equations 10, 11, 12 and 13 include stress indices which adjust
nominal stresses to account for secondary and peak effects for a given
component. Equations 10, 12 and 13 calculate secondary stresses, which are
obtained from nominal values using stress indices Cl, C2, C3 and C3' for
pressure, moment and thermal transient stresses. Equation 11 includes the Kl,
K2 and K3 indices in the pressure, moment and therma! transient stress terms
in order to represent peak stresses caused by local concentration, such as
notches and weld effects., The NB-36%53 equations use simplified formulas to

$0884/01220!1 10 5-2



determine nominal stress based on straight pipe dimensions, [=====s=«=

............. R L I B B R R R A R A A R R R R R R R R R R R R R
R R R R R R EEEEEEe-S--- L o R R R
....................... SRR RS AEE SRR RS AR R ERER SRR EEREERR .-
............... SR R R R R R R R R R R R R R B R R R R R
............................... R R R SRR R R e R EREEEE RS-
................... R T M St AP T

For the RCL nozzles, three dimensional (3-D) finite element analysis was used

as descr‘bad 1n Section 3.0. [ .................... W - -
----------------------- Rt S S R R S
------------------------------------------- W - -
............................................. D e
......................................................... -
----------------------------------- R T
------------------------------------------------- R e R -
............................................. smmmemnamscseenarnsnanana]81C1@

Classification of local stress due to thermal stratification was addressed
with respect to the thermal transient stress terms in the NB-3653 equations.
Equation 10 includes a Ta-Tb term, classified as "Q" stress in HB-3200, which
represents stress due to differential thermal expansion at gross structural
discontinuities, [===ssecsccncr cormorccnrmnennncicnncrcnsnnncncccnnccoccnes

--------------------------------------------------------------------------

------------------------------------------------------------------------------

------------------------------------------- )2:€9€  The impact of this on the

selection of components for evaluation is discussed in Sectien 5.1.3.

$0855/01238) 10 5.3



Stress Combinations

The stresses in a given component due to pressure, moment and local thermal
stratification loadings were calculated using the finite element modeis
described in Section 3.0,  [+esevvnonsisane sEEASAEvars Enspibaninsdene sy

......... e e e R e e e

e mEE .- - - - R o S

12:%®  This was done for specific components as follows:

...... .-

[-- ---------------------------- B I R S S - -
-------------- T I )
..................... T e e
..............

WA e e e e e e e e - - e
............................... e e )
............ -

R e I - - e e -
..................................... R I
----------

e e - - -
e - R e -
-------------------------- B R
------------ i
------------------------- e e e
--------------------------------- R
-------------------------------- W e e
.................... e e e
................................................. - .-
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From the stress profiles created, the stresses for Equations 10 and 11 could
be determined for any point in the section. Experience with the geometries
and loading showed that certain points in the finite element models
consistently produced the worst case fatigue stresses and resulting usage
factors, in each stratified axial location, [=====- e crnmenn
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Equation 12 Stress

Code Equation 12 stress represents the maximum range of stress due to thermal
expansion moments as described in Section 3.2. This used an enveloping
approach, identifying the highest stressed location in the model. By
evaluating the worst locations in this manner, the remaining locations were
inherently addressed.

Eguation 13 Stress

Equation 13 stress, presented in Section 3.2, is due to pressure, design
mechanical loads and differential therma)! expansion at structural
discontinuities., Based on the transient set defined for stratification, the
design pressures were not significantly different from previous design
transients., Design mechanical loads are defined by the design specification
for surge lines built to the ASME Code.

The “Ta-Th" term of Equation 13 is only applicable at structural
digcontinuiting, [ssecssrstrvamprtrnnpnsisrionainpepentasFagunnreniyy

--------------------------------------------------------------------

Therma! Stress Ratchet

The requirements of NB-3222.5 are a function of the thermal transient stress
and pressure stress in a component, and are inaepandent of the global moment
loading. As such, these requirements were evaluateda for controlling
components using applicable stresses due to pressure an¢ stratificatic.
transients,

80885/0121 10 5-6



Allowable Stresses

Allowable stress, Sm, was determined based on ncte 3 of Figure NB-3222-1. For
secondary stress due to a temperature transient or thermal expansion loads
(“restraint of free end deflection";, the value of Sm was teken as the average
of the Sm values at the highest and lowest temperatures of the metal during
the transient., The metal temperatures were determined from the transient
definition. When part of the secondary stress was due to mechanical load, the
value of Sm was taken at the highest metal temperature during the transient.

5.1.3 Selection of Components for Evaluation

Based on the results of the global analyses and the considerations for

contrelling stresses in Section 5,1.2, [+ovevvnsccnceresss B AP ity PepunRbe e
,,,,,,,,,,,,,,,,,,, a,c,e

------------------- ) The method to evaluate usage

factors using stresses determined according to Section 3.0 is described below,

5.2 Fatigue Usage Factors

Cumulative usage factors were calculated for the controlling components using
the methods described in NB-3222.4(e), based on NB-3653.5. Application of
these methods is summarized below,

Transient Loadcases and Combinations

~

From the transients described in Section 2.0, specific lcadcases were
develcped for the usage evaluation, [e====esscse- B A it Al e it L

------------------------------------------------------------------------------

Each loadcase was assigned the number of cycles of the associated transient as
defined in Section 2.0. These were input to the usage factor evaluation,
along with the stress data as described above.

80884/012361 10 5,7
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--------- sesresenevivennnesersnenes |60 Thg tota1 stresses for ol
transiants in the bounding set were used to form combinations to calculate
¢lternating stresses and resulting fatigue damage in the manner defined by the
Code. Of this tote] stress, the stresses in the 14 inch schedule 160 pipe due

tc [ oooooo L R R B R FAERAAT RS SRR LTS R TS E- R B L L
............................ ‘...-....’O'-.......'.........'......]“c’.

Thie maximum usage factor on Farley surge ines occurred at [=sre=svrrresvescas
.............................. .’-'\....-....-.........-.....-.-H.....]“c’.
For the { ---------------------- P L L e RS e S ----
----- 181€+® the maximum cumulative usage factor of 0.7 wes calculated.

It is also concluded that the Farley pressurizer surge nozzles will meet the
code stress allowables under the cyclic loading from pipe thermal
stratificaticn, and meet the fatigue usage requirements of ASME Section I1!,
with a cumuiative usage factor equal to 0.2.
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TABLE 5-1
CODE/CRITERIA

o  ASME B&PV Code, Sec. 111, 1986 Edition
= NB3600
= NB3200

0 Level A/B Service Limits
Primary Plus Secondary Stress Intensity < 3Sm (Eq. 10)

Simplified Elastic-Plastic Analysis

Expansion Stress, S, < 35m (Eq. 12) - Global Analysis
- Primary Plus Secondary Excluding Thermal Bending < 3Sm
(Eg. 13)
= FElastic-Plastic Penalty Factor 1.0 < K < 3,333

Peak Stress (Eq. 11)/Cumulative Usage Factor (U )

Salt = KeSp/Z (Eq. 14)
. Design Fatigue Curve

* Ugm= 1.0

50852/01239' 10 5..12
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Figure 5-2, Attenuation of Therma) Striping Potential by Molecular
Conducti~n (Interface Wave Height of One Inch)
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APPENDIX A
LIST OF COMPUTER PROGRAMS

This appendix lists and summarizes the computer codes used in the pressurizer
surge 1ine thermal stratification analysis. The codes are:

1. WECAN

2. STRFATZ

3. ANSYS

4, FATRK/CMS
A.l WECAN

4 1

f.1.1 Description

WECAN 1s a Westinghouse-developed, general purpose finite element program. It
contains universally accepted two-dimensional and three-dimensional
isoparametric elements that can be used in many different types of finite
element analyses. Quadrilateral ana triangular structural elements are used
for plane strain, plane stress, and axisymmetric analyses. Brick and wedge
structural elements are used for three-dimensional analyses. Companion heat
conduction elements are used for steady state heat conduction analyses and
transient heat conduction analyses.

A.1.,2 Feature Used

The temperatures obtained from a static heat conduction analysis, or at a
specific time in a transient heat conduction analysis, can be automatically
input to a static structural analysis where the heat conduction elerents are
‘replaced by corresponding structural elements. Pressure and external loeds
can also be include in the WECAN structural analysis., Such coupled
thermal-stress analyses are a standard application used extensively on an
industry wide basis.

$0884 /012391 .10 A"l



A.1.3 Program Verification

Both the WECAN program and input for the WECAN verification problems,
currently numbering over four hundred, are maintained under configuration
control, Verification problems include coupled thermal-stress analyses for
the quadrilateral, triangular, brick, and wedge isoparametric elements, These
problems are an integral part of the WECAN quality assurance procedures. When
a change 1s made to WECAN, as part of the reverification process, the
configured inputs for the coupled thermal-stress verification problems are
used to reverify WECAN for coupled thermal-stress analyses,

A2 STRFATZ

A.2.1 Description

STRFAT2 is a program which computes the alternating pesk stress on the inside
surface of a flat plate and the usage factor due ‘o striping on the surface.
The program is applicable to be used for striping on the inside surface of a
pipe if the program assumptions are considered to apply for the particula:
pipe being evaluated.

For striping the fluid temperature is a sinusoidal variation with numerous
cycies.

The frequency, convection film coefficient, and pipe material properties are
input.

The program computes maximum alternating stress based on the maximum
difference between inside surface skin temperature and the average through

.wa11 temperature.,

06K /012391 10 A2
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A.4.3 Frogram Verification

FATRE/CMS s verified according to Westinghuuse procedures with several levels
of independent calculations as described below ¢ (1) transfer function method
of thermal strestes as compared with direct WECAN finite element analyses.

(2) combined stresses as compared with hand calculations and WECEVAL

analyses, (3) The fatigue usage factor results as compered with WECEVAL
analyses. :

$O88s 01200 10 A,s






for pressurized woter

NS bulletin 15 to (1) request that dddressees establiish and

"am to confirm pressurizer surge line Integrity in view of the

ermal stratification and (2) require sdaressees to inform the
NS taken to resolve this Yssue.

Jescription of Circumstances

-
- ——————— .

The Ticensee for the Trojan plant has observed unexpected movement of the
pressurizer surge 'ine during inspections performed at each refueling outage
since .90¢, when monitoring of the )ine movements began. [uring the ‘ast
refueling outage, the lfcensee found that 1n eddition to unexpected gap ¢
Sures 1n the pipe whip restraints, the Piping actually contacted two re.
straints Although the licensee had repeatedly adjusted shims ane 9ap Sizes
vased on analysis of various postulated conditions, the problem had not bheer
resuived. The most recent Investigation by the licensee confirmed that the
movement of Piping was caused Oy thermal stratification in the 'i1re. This
Phenomenon was not considered in the original piping design. On C-.tober s
LJBE, the staff 1ssued Information Notice 88-80, "Unexpected Piping Movement
Attridbuted to Therma) stratification," regarding the Trojan experience and
indicated that further generfc communication may be forthcoming. The Yicensee
‘or Beaver Valley 2 has alse noticed unusua) snubber movement and significant
drcer-than-expected surge 'ine displacement ouring power ascension.

¥

The concerns ratsed Oy the above observations are similar to those described 1+
NRC Bulleting 79.13 Revision 2, dated October 16, 1979), “Cracking in
Feedwater System Piping" and 88-08 (dated June 22, 1988), "Therma) Stresses i+
Piping Connected to Reactor Coolant Systems.'




s Movements are high : avie ! .
i May exceed desigr ‘15 for fatioue
Fe acute when the pipine expansior

A e 'R N i » - » e
¢ wWith pipe whig restraints Fiest

ead O high iocal stresses. )ow tycla fatig
the 1 Andlysis performed by the Tre
VECWrs In the pressurizer surge
fleady-state operations of the o ant

v

& typical plant heatup, water in the pressurizer s heated +¢ about
Q40°F; & steam bubble s then formed in the pressyrizer Although the exace
phenomenon 15 not thorouah!y Jncerstood, as the hot water Flows (at a ver
flowrate) from the pressurizer through the surge line t¢ the hot-leg pipin
the hot water rides on a layer of cooler water, causine the upper part of
vibe 10 be heated to a higher temperature than the lower part ‘see Figure
The differentia) terperature could be as high as 300°F, besed on expected
-Ongitions during typical plant operations. Under this condition, different c
thermal expansion of the pipe metal can cause the Pipe to deflect sfonify.
cant |
For the specific cenfiguration of the Pressurizer surge line in the Trojar
plant, the line deflected downward and when the surge 'ire contacted two pine
-'H*rntrvmts,':.mcewm"t;'ostm :e‘UMaHon,resut*ﬂg in permanent
Jeformation of the pipe

The Trojan event demonstrates that therma) ctratification in the pressurizer
surge 'ine causes unexpected PINING movement and potential plastic deformatior
The licensing basis accoraing to 10 CFR 50,588 for all PWRs requires trat the
'censes meet the American S0ciety of Mechsnica) Engineers Botler ans Pressure
vessel Code Sections 1] and Xi and to reconcile the Pipe stresses ana fat
evaluation when any significant d1fferences are observed between measures
énc the analytical results for the hypothesized conditions. Staff evalvatior
'heicates that the therma) stratification phenomenon coule ocCur 1n all PyR
surge lines and may invalidate the analyses SUPpOrting the integrity of the
furge 1ine., The staff's concerns include unexpected bending ana therma)
SLriping (rapid oscillation of the therma! boundary interface elong the piping
'Ns10e surface) as they affect the overa!l! integrity of the surge line for its
‘esign 11fe (e.g., the increase of fatigue

Actions Requested:

Addressess are requested L0 take the following actions

For a1l Ticensees of operating PwRs

Licensees are requested to COnduct a vitual ingpection ASME , Sect:
(I, VT<3) of the Pressurizer surge 11ne at the first availadble cole

shutdown after receipt of this bulletin which exceeds seven dayc
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vecembar
Yage

determine any gross disces
the entire pressurizer surg

Pipe whip restraints, ane anchor

receipt of this Bulletin, licersees of plants
years (1.e., low power license prinr te
anuary 1, 1§ are recvested to demonstrate that the pre
furge 'ine meets the sptlfcable destgn codes® and other FS
requlatory commitmenit “or the licensed 11fe of the plant,
"g the phenomenon of therma! stretification and therma! ¢
fatigue and stres* evaluations, This may be accomplis

surizer
K and
consiger.
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trimins i
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g by
€ plant spec)fic or generic bounding analysis 1f th

10F 15 selected, lfcensees should demonstrate applicant’
referenced generic bounding analysis Licensees of plants ir
€ss than ten years (1.2., Tow power ‘icense after

Ly 1979), should complete the foregoing analytis within ore
f receipt of this bulletin. Since ahy piping distress observed

vy accressees in performing action 1.a may affect the analysis, the
iCensee should verify that the oounding analysis remains valid
OFtunity to perform the visua) 1nspection 1n 1.4 does not
the periods specified 1n this requested 1tem, incorpors-
resuits of the visua) inspection into the analysis should
'n & supplemanta) analysis as sppropriate

B .

f

where the anaiysis shows that the surge 'ine does not meet the

requirements and licensing commitments stated above for the duratior
of the license, the licensee should submit a justification for
continue? oneration or oring the p
ate, and viement "tems 1.¢ and |
anaiysis of the surge ine.

lant t¢ cold shutdown, as appropri.
¢ below to develop a detatled

f the anglysis 1n 1.b does not show complian

and Ticensing commitments Stated therein for the duraticn of the
operating license, the licensee s requested to obtain plant specific
Jeta on thermal stratification, therma ! striping, and 1ine deflec.
tions. The licensee may Choose, for example, either to install
'nstruments on the surge line to detect temperature distribution ang
therma! movements or to obtain data through collective efforts, suct
s from other plants with a similar surge line design, If the latter

option 15 selected, the licensee should demonstrate simidarity in
jeometry and operation. ‘

C& with the requirements

Based on the applicable plant specific
are recvested to update their stress and fatigue analyses to ensure

compliance with applicadle Code requirements, fncorporating any
observations from 1.a above. The analysis should be completed no
dter than two years after receipt of this bulletin, 1¢ a THcensee

or referenced data, 'icensees

s

€ 2nalysis should be performed ir

eccordance with the latest ASME
requirements 'ncorporating high cycle fatigue.
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Addressees are requested L0 generate records to document the development

Urebie O Show COmpiiance with the app'icadle design codes
ther FSAR ang regulatory mrmilments, the 'icensse ¢ reguested ¢
bmit a Justification for continued operation ang d description of
the Droposecd corrective actions for effecting 'ong term resolutic
2 ants for PWR Operating Licenses

Before issuance of the low power '1cense, applicants are requested *¢

Jemonstrate that the pressurizer surge 'ine meets the app)licable
Jesign codes and other FOAR and regu'atory commitments for the
fcensed 'ife of the plant This may be accomp)ished by performire
plant-specific or generic bounding anelysis. The analysis should

fnclude consiceration of therma) stratification and therma' striping
v

to ensure that fatfgue and stresses are 1n compliance with applicet
code 'imits, The analysis and hot functiona) testing should veri ¥,
that piping therma' ceflectiors result 1n no adverse consequences.
Such as contacting the pipe whip restraints., 1If andlysis or test
resuits show Code noncompliance, conduct of 81! actions spectfied
beiow 18 requested,

Applicants are requested to evaluate operational alternatives or
PIpIng mogifications needed to reduce fatigue and stresses to
scceptable levels.

Applicants are recuested to efther monitor the surge line for the
effects of therma) stratification, oeginning with hot functiona)
testing, or obtain data through collective efforts to assess the
extent of therma! stratification, therma! striping and piping
deflections.

Appiicants are requested to update stress ana fatigue aralyses, as
necessary, to easure Code compliance.* The analyses should be
completed no later than one year after issuance of the low power
Ifcense,

and implementation of the program requested by Items | or 2, as wel) as
any subsequent corrective actions, and maintain these records in accor-
dance with 10 CFR Part 50, Appendix B and plant pgrocedures.

Reporting Requirements:

Addressees sha!) report to the NRC &ny discernable distress and damage
observed in Action l.a alone with corrective actions taken or plans and

sCheduies for repatr before restart of the unit,

*1¥ compTiance with the applicable codes 1s not demonstrated for the fy'!

duration of an operating license,

that

demonstrated,

B-5

the staff may impose a license condition suct
normal operation 1s restricted to the duration that compliance 1s actua!l'y
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: Addressees who cannot meet the :cheadule gescribed in [tems 1 or 2 of
Actions Requestey are required to submit to the NRC within 60 days of
receipt 07 this bulletin an alternative schedule with ustification for

the recuested schedule.

. Addressees shall submit a letter within 20 days after the completion of
these actions which notifies the NRC that the actions recuested 1n [tems
b, 14 or 2 of Actions R*ﬁggg:;c have been performec ang that the results
are avatlable for Tnspection. e letter shell include the sustification
fur continued operation, 1f appropriate, @ description of the analytica’
approaches used, and & summary of the results.

ATthough not requested by this bulletin, addressees are encouraged to work
collectively to address the technica! concerns associated with this fssue, as
well a5 to share pressurizer surge 11 e data and operational experience. In
aggition, addressees are encoursged to review piping in other systems which may
experience therma'l stratificetion and therma) ttrip1n$. especially in Tight of
the previously mentioned Bulleting 79-13 and 88.08, The NRC staff intends to
review operationa! experience giving appropriate recognition to this phenome-
NoN, $u &5 to determine 1f further generic communications are in order,

The letters recuired above shall be addressed to the U.5. Nuclear Regulatory
Commission, ATTN: Document Control Desk, washington, D.C, 20856, under oath
or effirmation under the provisions of Section | 2a, Atomic Energy Act of 18%4,
45 amended. In addition, a copy shal) be submitted to the appropriate Regions’

Agministrator,

This recuest 1s covered by Office of Management and Budget Clearance Number
J180-0011 which expires December 31, 1989, The estimated dverage burden hours
s approximately 3000 person-hours per licensee response, includin asseisment
cf the new requirements. searching data sources, gathering and analyzing the
data, and preparing the required reports. Thaite estimates dverage burden hours
pertain only to these identified response-related matters and do not include
the time for actyal impiementation of physical changes, such as tes equipment
installation or component modification. The estimated average ragiation
exposure 1s epproximately 3.5 personsrems per licensee response,

comments on the accuracy of this estimate and suggestions to reduce the burden
May be directed to the Office of Management and Budget, Room 3208, New Execu-
tive Office Butiding, washington, 0.C. 20803, and to the U.S. Nuclear Regu'a-
tory Commission, Records and Reports Management Branch, Office of
Agministration and Resource Management, washington, 0., 20685,
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APPENDIX C

TRANSTENT [EVELOPMENT DETAILS
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