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SUMMARY OF RESULTS, AND STATUS OF 8811 QUALIFICATION

Operating History

Date of commercial cperation
Years of water-solid heatups
Years of steam-bubble heatups
System delta T limit
Number of exceedances

Maximum Stress and Usage Factor Results

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

Pressurizer Surge Nozzle Resylts

Maximum stress intensity range/allowable (ksi)
Fatigue usage/allowable

Restraint Modifizations Required

Spring Can Modification Required

Remaining Actions by Utility

Scheduie for modifications
of spring hanger and restraints

6-16-74
320°F

Three

52.3/53.0
0.97/1.0

32.39/587.9
0.78/1.0

adjust pipe whip restraint gaps
(Tables 4-1 and 4-2)

allow sufficient travel (Tables
4-1 and 4-2)

1992

Status of 88-11 Requirements All analysis requirements met with
modification in 1992
i * Results for future configuration. See Table 3-2 for results for pre-ant
configuration.
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SECTION 1.0
BACKGROUND AND INTRODUCTION

Kewaunee 1s a two-loop pressurized water reactor, which began commercial
operation cn June 16, 1974, This report has been developed to provide the
tachnical basis and results of a plant-specific structural evaluation for the
effects of thermal stratification of the pressurizer surge line for the plant.

The operation of a pressurized water reactor requires the primary coolant loop
to be water solid, and this is accomplished through a pressurizer vessel,
connected to the loop by the pressurizer surge line. A typical two-loop
arrangement is siown in Figure 1-1, with the surge line highlighted.

The pressurizer ve contains steam and water at saturated conditions with
the steam-water interface level typically between 25 and GO% of the volume,
depending on the plant operating conditions. From the time the steam bubbls
fs initially drawn during the heatup operation to hot standby conditions, the
level 1s 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 Reactor Coolant System (RCS)
mass inventory. Spray operation reduces system pressure by condensing some of
the steam. Flectric heaters, at the bottom o the pressurizer, may be
energized to generate additional steam and increase RCS pressure.

As 1llustrated in Figure 1-1, the bottom of the pressurizer vessel is
connected to the hot .eg of one of the coolant loops by the surge line, a 10
inch schedule 140 stainless steel pipe, a portion of which is horizontal.

1.1 Background

Ouring the period from 1982 to 1988, a number of utilities reported unexpected
movement of the pressurizer surge line, as evidenced by crushed insulation,
gap closurcs in the pina 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.

5428s/091791:10 1-1
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based on the similarity of their respunse to stratification. The three most
important factors influencing the effects of stratification were found to he
the structural layout, support configuration, and plant operation. .

“he transients developed here, ang used in the structural analysis, have taken .
advantage of the monitoring data collected during the WOG program, as well as
operator interviews and historical operation data for the Kewaunee plant.

Each of these will be discussed in the sections which follow.

2.2 3System 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.

The design transients for the surge lire consist of two major categories:
(a) Heatup and Cooldown transients

(b) Norma! and Upset operation tronsients (by definition, the emergency
and faulted transients are not considered in the ASME Section III
fatigre 1ife assessment of components).

In the evaluation of surge line stratification, the typical FSAR chapter 3.9
definition of normal and upset design events and the number of occurrences of
the design events remains unchanged.

The totai number of heatup-cooldown cycles (200) remains unchanged. However,
sub-events and the associated number of occurrences ("Label", "Type® and
"Cycle" columns of Tables 2-1 and 2-2 have been defined to reflect
stratification effects, as described later.

54285/100191:10 2-2
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2.4 Monitoring Results and Qperator Interviews

2.4.1 Monitoring

Monitoring inforiiation collected as part of the Westinghouse Owners Group
generic detailed analysis(3] was utilized in this analysis. Monitoring was
performed at plants with similar layout, in addition to the Kewaunee plant.
The monitoring programs used existing and installed temporary sensors on the
surge line piping, as shown in Figure 2-2.

The pressurizer surge line 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 wer: securely clamped to the piping outer wall using hose clamps,
taking car- to properly insulate the area against heat loss due to thermal
convection «r radiation.

54285/091791:10
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the reactor coolant loop occurs during the plant heatup and cooldown,
operations during 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 nrocess.

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

2.5 Historical Operation

A review of historical records from the plant (operator logs, surveillance
test reports, etc.) was performed. From this review, two pieces of
information were extracted: a characteristic maximum system delta T for each
heatup and cooldown recorded, and the number of delta T exceedances of 320°F
(Appendix D).

The number of actual heatups and cooldowns experienced to date and their
associated system delta temperature are described below for the plant.

Number of Percentage of
System AT Heatup & Cooldown Heatup & Cooldown
Range (°F) Experienced to Date Occurrences
{
ja.c,e

This information was used to ensure that the transients analyzed for Kewaunee
encompassed the prior operating history of the plant. Comparison of the above
tabie to the numbers used in the evaluation, as seen in Figure 2-5, con’irmed
applicability to the plant. [

]l.C.Q
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2.6 Development of Heatup and Cooldown Transients

The heat.o and cooldown transients used in the analysis were developed from a
number of sources, as discussed in the overal) approach. The transients were
built upon the exiensive work done for the Westinghouse Owners Group (1,2,3],
coupled with plant specific considerations for Kewaunee. Plant specific
considerations included past operating historical temperature data, and
accounting for past and future operation with respect to whip restraint gap
modifications.

The transients were developed based on moniioring data, historical operation
and operator interviews conducted at a large number of plants, including
Kewaunee. For each monitoring location, the top-to-bottom differential
temperature (pipe delta 7) vs. time was recorded, along with the temperatures
of the pressurizer and hot leg during the same time pariod. The difference
between the pressurizer and hot leg temperature w2~ termed the system delta

T

From t'.e pipe and system delta 1 information collected in the WOG[!,2,3]
effort, individual plarts' monitoring data was reduced to categorize
stratification cycles (changes in ralatively steacy-state stratified
conditions) using the rainflow cycle ounting method. This method considers
delta T range as opposed to absolute values.

a,c,e
]

The resulting distributions (for 1/0 transients) were cycles in each RSS range
above 0.3, for each mude (5,4,3 and 2). A separate distribution was
determined for each plant at the reactor coolant loop nozzle and a chosen
critical pipe Tocation. Next, a representative RSS distribution was

54285/100191:10
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determined by multiplying the average number of occurrences in each RSS range
by two. Thererore, there is margin of 100% on the average number of cycles
per heatup in each mode of operation.

Transients, which are represented by delta T pipe with a corresponding number
of cycles, were developed by combining the delta T system and cycle
distributions. For mode 5, deita T system is represented by a historical
system distribution developed from a number of WOG plants (generic
distribution). 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 a smaller number of heatups and
cooldowns. As discussed in Section 2.5, this historical delta T system
distribution was shown to encompass the prior operating history of the
Kewaunee plant. For modes 4, 3 and 2, the delta T system was defined by
maximum values. The values were based on the maximum system delta T obtained
from the monitored plants for each 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. [

12:® The transient cycles for all modes were then enveloped in
ranges of ATp!pe' f.e., all cycles from transients within each ATpipe
range were added and assigned to the pre-defined ranges. These cycles were
then applied in the fatigue analysis with the mar mu~ AT for each

pipe
range. The values used are as follows:

For Cycies Within Pipe Delta T Range Pipe Delta T
[

12.C.8

54285/091791:10 2-8

e O b e e T e e b I

————



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

. The final result of this complex process is a table of transients
corresponding to the subevents of the heatup and cooldown process. A
mathematical description of the process is given in Appendix C. [

a,c,e
1

The critical location is the location with the highest combination of pipe
delta 7 and number of stratification cycles.

Because of main coolant pipe flow effects, the stratification transient
loadings at the reactor coolant 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 linz pipe
weli. Based on the monitoring, a set of transients was developed for (he
nozzle region to reflect conditions whan stratification could occur in the
nozzle. The primary factor affecting these transients was the flow in the
main coolant pipe. Significant stratification was noted only when the reactor
coolant pump was not operating in the loop with the surge line. Transients
were then developed using a conservative number of "pump trips."

nozzle was performed using the "nozzle transients™ and the “"pipe transients".
The analysis included both the stratification loadings from the nozzle

|
|
|
I a,c,e
. ] Therefore, fatigue analysis of the
E
! iransients, and the pressure and bending loads from the piping transients.
|
I
|
|

54285/091791:10 2-9
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unce the transients were generated, i1t was necessary to determine how many
cycles of each should be considered with the past and future restraint
configurations (see Section 3.0) for Kewaunee. The maximum number of heatups
that the plant has experienced i1s 35 events. The past corfiguration resulted
in more conservative stress ranges; therefore, an addit’ ,nal 6 heatup events '
were considered with the past restraint configuration, bringing the total
number of events considered with the past restraint configuration to 41, The
additional 6 heatups will account for operations until the modifications are
mac:. The remaining 159 heatups were considered with the future restraint
configuration. Transients that accour for past and future restraint
configuration are shown in Table 2-2 as “cycles before modification” and
"cycles after modification”.

The tota)l transients for heatup and cooldown are identified as HC)! thru HC9
for the pipe, and HC1 thru HC9 for the nozzle as shown in Tables 2-2(a) and
2-2(b) respectively. Trancients HCB thru HC9 for the pipe and HC9 for the
nozzle represent transients which occur during later stages of the heatup.
As indicaced in Sectior 2.5, based on a review of the Kew. nee operating

records, there were three events in whicn the system delta T exceeded the
transient basis upper limit of [

]i.C.Q

2.7 Axial Stratification Profile Development

In addition to transients, a profile of the [

]a.c.e

54285/100191:10 2~10



Two types of profile envelope the stratified temperature distributions
observed and predicted to occur in the 1ine. These two profiles are [

]l.C.O

Low flow profiles are characterized by a non-linear top to bottom temperature
distribution in association with low fluid velocities. A typical low flow
profile is shown in Figure 2-6. Low flow profiles are a function of the
density difference between the two fluids and the flow rates of each. DOuring
low flow conditions the two fluids do not mix, because of the density
difference, but prefer to separate with the heavier (colder) fluid filling the
lower portions of the pipe. The interface, the point at which the two fluids
meet, has a constant elevation along its entire length for steady state
conditions. This characteristic is present because stratification is a
gravity induced phenomenon.

]a.c.e

54285/100191:10 2-11
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“hese three configurations are “lustrated in Figure 2-7. [

"
]& e

Review and study of the monitoring data for all the plants revealed a
consistent pattern of development of delta 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 procedures to provide a realistic ,et somewhat
conservative portrayal of the pipe delta T along the surge line.

The combination of the hot/cold interface and , pe delta T as functions of
distance along the surge line forms a signature profile for each individual
plant analyzed. [

.]&,C.E.

2.8 3triping Transients

The transients develuped for the evaluation of thermal striping are shown in
Table 2-3.

a,c,e
]

54285/091791:10 2-12



Striping transients use the labels HST and CST denoting striping transients
(ST). Table 2-3 contains a summary of the HST1 to HST8 and CST) to CST?
thermal striping transients which are similar in their definition of events to
the heatup and cooldown transient definition.

These striping transients were developed during plant specific surge line
evaluations and are considered to be a conservative representation of striping
fn the surge 1ine[3). Section 5 contains more information on specifically how
the striping loading was considered in the fatigue evaluation.

54285/091791:10 2-13



TABLE 2-1
SURGE LINE TRANSIENTS WITH STRATIFICATION
NORMAL AND UPSET TRANSIENT LIST

TEMPERATURES (*F) '
MAX NOMINAL
LABEL TYPE CYCLES ATStrlt PRZT RCST
(
}3.C e

54285/091791:10 2-14



TABLE 2-1 (Cont'd.)

? SURGE LINE TRANSIENTS WITH STRATIFICATION
ER NORMAL AND UPSET TRANSIENT LIST
. TEMPERATURES (°F)
MAX NOMINAL

LABEL TYPE CYCLES ATStrit PRZT RCST
[

]

i

J

|

!

I

| 1a.¢,8

54285/091791:10 2-15
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TABLE 2-2a
SURGE LINE PIPE TRANSIENTS WITH STRATIFICATION
HEATUP/COOLDOWN (HC) - 200 CYCLES TOTAL

TEMPERATURES (*F) CYCLES CYCLES
MAX NOMINAL BEFORE AFTER
LABEL TYPE CYCLES ATStrlt FRZT RCS T MODIFZCATION MODIFICATION
(
ja,¢,8

54285/091791:10 2-16



TABLE 2-2b
SURGE LINE NOZZLE TRANSIENTS WITH STRATIFICATION
HEATUP/COOLDOWN (HC) - 200 CYCLES TCTAL

CYCLES
AFTER

. TEMPERATURES (°*F) CYCLES
MAX NOMINAL BEFORE
LABEL TYPE CYCLES ATStrat PRZT RCS T MODIFICATION MODIFICATION

54285/091791:10 2-17
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I TAGLE 2-3
SURGE LINE TRANSIENTS - STRIPING
FOR HEATUP (H) and COOLDOWN (C)

]"'CQ.

1 G
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Figure 2-1.

54285/091791:10
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Figure 2-5. Summary of Historical Data from Kewaunee (Appendix D)
| Compared to Design Heatup and Cooldown for 40 Years
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SEC 4N 3.0
STRESS ANALYSES

The flow diagram (Figure 3-1) describes the procedure to determine the effects

of thermal stratificatio. n the pressurizer surge line based on transients
developed in section 2.0. [

]G.C.Q

3.1 Xewaunee Surge Line Layout

The Kewaunee surge iine layout 1s documented in reference [5) and is shown
schematically in Figure 3-2. Below is a table summarizing the existing
Kewaunee surge 1ine support configuration.

Support Mode Type
RR-134-1 1040 Pipe Whip Restraint
RR-134-2 1050 Pipe Whip Restraint
RR-1.4-3 1060 Pipe Whip Restraint
RR-1:4-4 1070 Pipe Whip Restraint
RR-134-5 1100 Pipe Whip Restraint
RR-1.,4-6 1130 Pipe Whip Restraint
RR-134-7 1160 Pipe Whip Restraint
RR-134-8 1190 Pipe Whip Restraint
RR-114-9 1218 Pipe Whip Restraint
RC-H41 1080 Spring Hanger

It can be seen from the table above that the Kewaunee surge line contains no
vertical riyid supports but many pipe whip restraints, which vsually result in
high thermal loads during stratification. As a result of the therma)
stratification analysis, plans have been made to modify the available gap
sizes at whip restraint locations in the near future to allow sufficient gaps

54285/091791:10 31
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for thermal stratification movement. Therefore, in the global structural
analysis, two models were prepared for: (1) existing support configuration
with existing gaps, and (ii) future support configuration with all gaps large
enough and sufficient travel allowance in the spring can to accommodete all
thermal conditions.

The piping size 15 10 inch schedule 140 and the pipe material 1s stainless
steel for the surge 'insc.

Experience with the analysis of thermal stratification has indicated that
surge line layout [

]I.C.G

3.2 Piping System Global Structural Analysis

The piping system was modeled by pipe, elbow, and linear and non-linear spring
elements using the ANSYS computer code in Appendix A. The geometric and
material parameters are included. [

12€® A Yinear spring element is used to model the spring

hanger, and non-linear spring elements are used for the whip restrai~ts. The
potential for the spring hanger exceeding its displacement tolerance should be
checked, as discussed in Section 4.

For the Kewaunee surge iine design with the existing support configurations,
under the normal thermal and therma! stratification loadings, many unintended
thermal constraint conditions occurred at the pipe whip restraint locations.
This is mainly due to the fact that the pipe whip restraints were originally
designed with the considerations of the normal thermal expansion loading only,
and consequently, less than adequate gap clearance for the higher

54285/091791:10 3-2



displacements resulting from stratification can exist in the pipe whin
restraints, [

1% for the future support
configuration, all pipe whip restraints are to be vemoved or gaps are to be
opened large enough $0 ¢aat no unintended thermal conctraint wil) occur.

The hot-cold temperature interface along the lenyth of a surge Yine [

]l.C.Q

Each thermal profile loading defined in section 2 was broken into [

14 rable 3.1 shows the loading cuses considered in the
analysis. Within each operiution the [

3.0 Consequently, all the thermal traniient

loadings defined in cection 2 could be evaluated.

The pressurizer and PCL temperature listed in Table 3-1 reflect the
approximate system AT. System temperatures are used only *o define the
boundary displacements at both RCL and pressurizer nozzles.

In order to meet the ASME Section 11 Code stress limits, global structural
models of the surge line for existing and future support (onfigurations were
developed using the ifurormation provided by reference [5] and the ANSYS
general purpose finite element computer code. Each mode)! was censtructed

using [
ja.c.8

$4285/100191:10 3-3
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3.3 Local Stresses-Methodology and Results

3.3.1 Explanation of Local Stress

Figure 3-3 depicts the local axfal stress components in a beam with a sharply
nonlinear metal temperature gradient. Loca)l axial stresses develop due to the
restraint of axial 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 local axial stress would not exist, [

]l.(.i

3.3.2 Finite Element Mode)l of Pipe for Loca) Stress
A ihort description of the pipe finite element mode) is summarized below. The
model with thermal boundary conditions 1s shown in Figure 3-4. Due t»

symmetry of the geometry and thermal loading, only half of the cross section
w4$ required for modeiing and analysis, |

JG.C.Q
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|
1.3.3 Pipe Local Stress Results

Figure 3-5 ghows the temperature distributions through the pipe wall [ i

J.'C"

3.3.4 RCL Hot Leg Nozzle Analysis

A detailed surge line nozzle finite element mode! was developed to evaluate
the effects of thermal stratification. The model 1s shown in Figure 3-9. [

J"c" A summary of stresses in the RCL nozzle location |

due to thermal stratification is given in Table 3-3.

3.4 Total Stress from Global and Local Analyses

|
;: ]‘.C..

|
|
54285/091791:10 3-6
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3.5 Thermal Striping

3.5.1 Background

At the time when the feedwater line cracking problems in PWR's were first
discovered, 1t was postulated that thermal oscillations (striping) may
significantly contribute to the fatigue cracking problems. These oscillations
were thought to be due to either mixing of hot and cold fluid, or turbulence
in the hot-to-cold stratification layer from strong buoyancy forces during low
flow rate conditions. (See Figure 3-10 which shows the thermal striping
fluctuation in a pipe). Thermal striping was verified to occur during
subsequent flow model tests. Results of the flow mode! tests were used to
establish boundary conditions for the stratification analysis and to provide
striping oscillation data for evaluating high cycle fatigue.

Thermal striping was also examined during water mode! flow tests performed for
the Liquid Metal Fast Breedcr Reactor primary pine loop. The stratified flow
was observed to have a dynamic interface region which oscillated in a wave
pattern, These dynamic oscillations were shown to produce significant fatigue
damage (primary crack initiation). The same interface oscillations were
observed in experimental studies of thermal striping which were performed in

54285/091791:10 3.7
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Japan by Mitsubishi Weavy Industries. The thermal striping evaluation process
was discussed in detall in reference (3], and is also discussed in references
(7], (8], and [9].

3.5.2 Thermal Striping Stresses

Therma!l striping stresses are a result of differences between the pipe inside
surface wall and the average through wall temp.ratures which occur with time,
due to the oscillation of the hot and col¢ stratified boundary. (See Figure

3«11 which shows a typical temperature distribution through the pipe wall). [

]I.C.!

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

1%® 1he methods used to determine alternating
stress intensity are defined in the ASME code. Severil locations were
evaluated in order to determine the location where stress intensity was a
maximum.

Stresses were intensified by Ka to account for the worst stress
concentration for all piping elements in the surge 1ine. The worst piping
element was the butt weld.

)A.C.ﬂ

54285/091791:10 3-8
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3.5.3 Factors Which Affect Striping Stress
The factore which affect striping are discussed briefly below:

{

).gtp.
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Figure 3-1. Schematic of Stress Analysis Procedure
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Figure 3-4. Piping Local Stress Mode! and Thermal Boundary Conditions

L 54205/091791:10 ' 3-18

¥ }




e

Figure 3-5. Surge Line Temperature Distribution it [ 1208 aviad
Locations

L

54285/091791:10 3-19 |



















b _ _". ; a,c,e

L &

A

'Il ; » I ‘f
a’:"ﬁ
‘;-. .
‘.|'

1
N
S 5

'. :

Figure 3-11. Thermal Striping Temperature Distribution
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SECTION 4.0
DISPLACEMENTS AT SUPPORT LOCATIONS

The Kewaunee plant specific support displacements along the surge 1ine were |
calculated under the thermal stratification and normal thermal loads for both '
existing and future support configurations. Tables 4-1 and 4-2 show the

maximum values of the support displacements in the surge line. For the future

design consideration, the support displacements presented in the corresponding

column of Tables 4-]1 and 4-2 are provided for verification relative to their

design.

A1l support displacements 1isted in Tables 4-1 and 4-2 should be verified, to
ensure that the spring hanger (RC-M41) has enough travel allowance.
Insufficient allowance would result in an unevaluated condition for therma)
stratification. For the olsplacements at pipe whip restraint locations,
enough gaps should be maintained between the pipe outside surface and the whip
restraint surface so that the pipe will be free to move during all normal and
stratified therma! conditions.

For the existing support configuration, the whip restraints predicted to
contact the pipe are RR-134-2 and RR-134-4 uynder maximum thermal

stratification, and RR-134-3, RNR-134-4, RR-134-6, and RR-134-9 under norma)
therma! expansion.

54285/091791:10 4-]
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TABLE 4-2

Maximum Support Displacement* (inches)
Under Normal Therma)l Expansion

Risplacements at Support Locations
Existing Future
—..tonfigyration _..Lonfiguration «
Node 1) 1) V)4 ). Ry pz
]a.c.e
Oisplacement at Whip Restraint Locations
Existing Future
Configuration e onfiguration ¢
Node DX oY 114 1) oy D2
]a.c.e

With surge 1ine uniform temperature of 653°F; and X along plant East, ¥

vertically upward, and Z by the right hand rule (see Figure 3-2).

+ Future configuration represents no pipe whip restraint contact and no
spring can bottomed out.

54285/100191:10 4-3
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Specific requirements for class 1 fatigue evaluation of piping components are
given in NB-3653. These requirements must be met for Level A and Leve! 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 ine
components under stratification Joading. Since the NB-3650 requirements and
equations correlate to those in NB-3200, the results of the fatigue evaluation
are reported in terms of the NB-3650 piping stress equations. These equations
and requirements are summarized in Table S5-1.

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 pased on the
nature of the stress, the loadirg that causes the stress, and the geometric
characteristics that influence the stress. This classification determines the
acceptable !imits on the stress values and, in terms of NB-3653, the
respective equation where the stress should be included. Table 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 C1, C2, C3 and C3' for
pressure, moment and thermal transient stresses. Equation 11 includes the K1,
K2 and K3 incices in the pressure, moment and thermal transient stress terms
in order to represent peak stresses caused by local concentration, such as
notches and weld effects. The NB-3653 equations use simplified formulas to

54285/091791:10 §-2
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determine nominal ¢ ress based on straight pipe dimensions. [

]l.C.O

Fco the PCL nozzles, three dimensional (3-D) finite element analysis was used
as described in Scction 3.0, [

]‘.-.e

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 & Ta-Tb term, ciassified as "Q" stress in NB-3200, which
resents stress due to differential thermal expansion at gross structural
mtinuities. [

1268 1he impact of tnis on
the selection of components for evaluation is discussed in Section 5.1.3.

54285/091791:10 5-3
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From the stress profiles created, the stresses for Equations 10 and 1) could
be determined for any point in the section. Experience with the geometries
and loading showed thac certain points in the finite element models

consistently produced the worst case fatigue stresses and resulting usage
factors, in each stratified axial location. [

]a.c.e
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fquation 12 Stress

Code Equation 12 stress represents the maximum range of stress Jue 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
inherantly addressed.

Equation 13 Stress

Equation 13 stress, presented in Section 3.2, is due to pressure, design
mechanical loads and differential thermal 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-Tb" term of Equation 13 is only applicable at structural
discontinuities. [

]a.c.e

Thermal Stress Ratchet

The requirements of NB-3222.5 are a function of the thermal transient stress
and pressure stress in a component, and are independent of the giobal moment
loading. As such these requirements were evaluated for controlling
components using applicable stresses due to pressure and stratification
transients.

54285/091791:10 56
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Allowable Stresses

Allowable stress, Sm, was determined based on note 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 taken as the average
of the Sm values at the highest and lowest temperaturss 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 tiansient.

5.1.3 Selection of Components for Evaluation

Based on the results of the global analyses and the considerations for
controlling stresses in Section 5.1.2, [

12:%% 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 loadcases were
developed for the usage evaluation, [

]a.c.e

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.
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Usage factors were calculated at controlling locations in the component as

follows:

LB

2)

3

4)

Equation 10, Ke, Equation 11 and resulting Equation 14 (alternating
stress - Salt) are calculated as described above for every possible
combination of the loadsets.

For each value of Salt, the design fatigue curve was used to
determine the maximum number of cycles which would be allowed if
this type of cycle were the only one acting. These values, N,.
Nz...Nn. were determined from Code Figures 1-9.2.1 and 1-9.2.2,
curve C, for austenitic stainless steels.

Using the actual cycles of each transient loadset, LIRRLP PR, M
calculate the usage factors U‘. U2"'Un from U1 - n‘/N‘. This

is done for all possivle comoinations. Cycles are used up for each
combination in the order of decreasing Salt. When N1 is greater
than 101‘ cycles, the value of Uy fs taken as zero.

{

]I.C.Q

The cumulative usage factor, Ucum, was calculated as Ucum = U‘ -
Uz * e Un' To this was added the usage factor due to
thermal striping, as described below, to obtain total Ucum. The
Code allowable value is 1.0.

54285/091791:10 5-8
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5.3 Fatigue Due to Thermal Striping

*  fh> usage factors calculated using the methods of Section 5.2 do not include
the effects of thermal striping. [

]O,C.Q

Thermal striping stresses are a cesult of differences hetween 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. This type of
stress is defined as a thermal discontinuity peak stress for ASME fatigue
analysis. The peak stress is then used in the calculation of the ASME fatigue
usage factor.

12+®  The methods used to determine alternating stress intensity
are defined in the ASME code. Several locations were evaluated in order to
determine the location where stress intensity was a maximum.
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Thermal striping transients are shown as a AT level and number of cycles. The
striping AT for each cycle of every transient is assumed to attenuate and follow

the siope of the curve shown on Figure 5-2. Figure 5-2 is conservatively represented’
by a series of 5 degree temperature steps. Each step lasts [ 13:C+® ceconds.
Fluctuations are then calculated at each temperature step. Since a constant
frequency of [ 13€+® 55 used in a1l of the usage factor calculations, the

total fluctuations per step is constant and becomes:

[ ]l.C.Q

Each striping transient is a group of steps with [ 1%® fiyctuations per
step. For each transient, the steps begin 2t tne maximum AT and decreases by
{ 1%C% cteps down to the endurance limit of AT equal to [ ) A (1)
cycles for all transients which have a temperature step at the same level were
added together. This became the total cycles at a step. The total cycles
were multiplied by [ 1%:€4® t0 obtain total fluctuations. This results

in total fluctuations at each step. This calculation is performed for each
step plateau from [ 1268 to obtain total
fluctuations. Allowable fluctuations and uitimately a usage factor at each
plateau is calculated from the stress which exists at the AT for each step.
The total striping usage factor is the sum of all usage factors from each
plateau.

The usage factor due to striping, alone, was calculated to be a maximum of
[ 13 ® This is
reflected in the results to be discussed below.

5.4 Fatigue Usage Resylts

NRC Bulletin 88-11 requires fatigue analysis be performed in accordance with

the latest ASME IlI requirements incorporating high cycle fatigue and thermal
stratification transients. ASME fatigue usage factors have been calculated
considering the phenomenon of thermal stratification and thermal str »ing at
various locations in the surge .ine. Total stresses included [ bl
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Figure 5-1. Striping Finite Element Model |
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SECTION 6.0
SUMMARY AND CONCLUSIONS

The subject of pressurizer surge line integrity has been under intense
investigation since 1988. The NRC issued Bullet  .8-11 in December of 1988,
but the Westinghouse Owners Group had put a prog:.m in place earlier that
year, and this allowed all members to make a timely response to the %ulletin.

The Owners Group programs were completed in June of 1990, and have oeen
followed by a series of plant specific evaluations. This report has
documented the results of the plant specific evaluation for the Kewaunee plant.

Following the general approach used in developing the surge line
stratification transients for the WOG, a set of transients and stratification
profile were developed specifically for Kewaunee. A study was made of the
historical operating experience at the Kewaunee plant, and this information,
as well as plant operating procedures and monitoring results, was used in
development of the transients and profiles.

As a result of the analyses, pipe whip restraint gaps and spring can travel
allowance will be adjusted to accommodate thermal displacements due to normal
therma! expansion and thermal stratification. The date committed for the
adjustments is 1992, The results of this plant specific analysis along with
support modification demonstrated acceptance to the requirements of the ASME
Code Section III, including both stress limits and fatigue usage, for the full
licensed 1ife of the plant. This report demonstrates that the Kewaunee plant
has now completely satisfied the requirements of NRC Bulletin 88-11.
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WA NGTON, ¢
ecember 8
NREC B FTIN N B . RESSURIZER RGE LINE THERWA RATY AT 10N
AdCressees
A1l holders of operating licenses or constructicn permits for pressurized water
reactors (PwWRs
Purpose
ol 188°1°2 ], ;
The purpose of this bulletin $ T0 (i) request that addressees estat ish and
implement a program to confirm pressurizes surge 'ine fntegrity in view of the
ocCurrence of thermma! stratification and require addressees to inform the
staff of the actions taken to resclve this 1ssue
Jescription of Circumstances
The Ticensee for the Troian plant Nas observed unexpected movement of the
pressurizer surge line during inspections performed dt each refueling outage
since 1582 when monitoring of the line movements began during the last
refuelinc  utage, the licensee found that 1n addition to unexpected gap )
Sures - ‘e pipe whip restraints, the pilping actually contacted two re-
stre ., Although the licensee had repeatedly adjusted shims and 3ap sizes
P8SeC On analysis of various postulated conditions, the probliem had not bHeer
resoived. The most recent investigation by the licensse confirmed that the
movement of piping was caused Oy therma! stratification in the line This
“henomenon was not considered in the original piping desiy~. On October ;

.988, the staff

'ssued Information Notice 88-80,
Attributed to

to Therma) Stratification.” regarding
'ndicated that further generic communication may
for Beaver Valley 2 has also noticed unusua’
arcer-than-expected surge line displacement

-

.1
] -
-

Qur

concerns b

rédised

fwd am

Jnexpected Tuvement
the Trojan experience and

be forthcoming The licensee
ober movement and sionificant
Ing power ascension

°y the above observations are similar to those described
NRC Bulletins 79.13 Revision 2, dated October 16 379 .racking in
‘eedwater System Piping” and 88-08 (dated une 22, 1988 'Thermal Stresses
“iping Lonnected ty Reactor Coolant Systems,
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pir tress that may exceed de n T for fat £ tresse

rod lef an € mMore acute wher the DIg expansior restcr Le
ey yuah Mntace with DiDe w' t restra nts o ast efrrmas e
which can ead ¢ himb ca SLrecses w e far . A Foinme
p2irment of the ine Ana S performed * the Tr r grepe

0 a »€ -

'he'-v'a J:ra:‘i :“;’- '»-:"~ 0'! 'r‘.. f‘Ver < - e re af ¥ Bs
Oldown, and steady~-state perat r T the plant

yring a tvpica plant heatup. water in the pressurizer S heated ¢
*40°F; & steam dubdle 15 then formed in the pressyrizer Rithough the
>'¢-,,,e,\, ic noat »w»,-—‘-»" nderst - as the hot water ¢ wSs it 3
. Owrate *rom ..’e Dr Ssurizer thr ugh :ve suroe 'sne A the hRot-' @
the hot water rigdes on a dyeér Qf cooier water causing the JOper pare
P1pe T0 be heated to a Nigher temperature than the Ower part see
T &8 ' . < - - - | ¢ i~ rlale £ - "
ne A erentia Lemperature could o€ as high as J( , ndsed n e&xpe
- - . ~al Yanm . i~ de An { m £4
ongitions auring tvpica Pplant Qperations naer this condit n, a1

therma! expansion of the pipe metal can cause the p

pip 3 pipe t0o cefliect s1

cant

"or the specific configuration of the sressurizer surge line in the T
clant, the line deflected downwara dnNC when the surge line contacted

whip restraints, it underwent PiIcSTIC deformation, resy ting in perma

T i, - "1
JeTormation of the pipe

ne Trojan event demonstrates that thermal stratification in the nres

surge ‘ne causes unexpected 21pIng movement and potentia

( ol plast
The licensing basis according to 10 CFR 50.55a for a)) PwRs requires
-ensee meet the American 20Ciety oFf Mechanical Engineers B8o1iler and

‘essel Code Sections [I! and Il and to reconcile the pipe stresses an
evaluation when any significant differences are Jbserved between meas
and the ana’'ytica) resylts for the Nypothesized conditions. Staff ey
'ncicates that the therma! stratification phenomenon could

-
-

ran HAae
Jyreaq gata

a'uatior

occur in a PRk
surge Tines and may invalidate the analyses Supporting the integrity of the

surge 1ine. The staff's concerns include unexpected bending
striping (rapid oscillation of the therma! dboundary 1

v U

and therma

nterface along the

' Ns1de surface) as they affect the overa!l {int STity of the surge 'fne for +:
cesign I1fe (e.q.. the increase of fatigue

O
v

Reques ted

Addressees are requested

e tC take the following actions
1 For all licensecs of oJperating PwWRs
“ JCensees are requested te CONGUCT & visual inspection (ASME ectior
X1, VT-3) of the pressurizer surge 1ine at the first avatlable
Shutdown after rece Pt Of this ¢t etin which exceed even da
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This inspection should determine any gross discernadle distress or
structural damage in the entire pressurizer surge line, ncluding
piping, pipe supports, pipe whip restraints, and anchor bolts.

B.  Within four months of receipt of this Bulletin, licersees of plants
'n cperation over 10 years (1.e., low power license prior to
January 1, 1979) are requested to demonstrate that the pressurizer
surge line meets the applicable design codes® and other FSAR anc
regulatory commitments for the licensed 1ife of the plant, consider-
ing the phenomenon of thermal stratification and therma! striping in
the fatigue and stress evaluations, This may be accomplished by
performing & plant specific or generic dounding analysis, !¢ tne
‘atter option fs selected, licensaes should demonstrate applicani’y
of the referenced generic bounding analysis. Licensees of plants
cperation less than ten years (i.e., low power 'icense after
January 1, 1979), shou'd complete tha foregoing analysis within one
year of receipt of this bulletin. Since any piping distress observed
Oy agdresseas in performing action 1.2 may affect the analysis, the
Ticensee should verify that the bounding analysis remains valig, I[f
the opportunity to perform the visual inspection in 1.a does not
occur within the perfods specified in this requested 1tem, incorpora-
tion of the results of the visual inspection into the analysis should
be performed in a supplementa) analysis as appropriate.

- L

where the analysis shows that the surge line does not meet the
requirements and 'fcensing commitments stated above for the duration
of the license, the !icensee should submit a sustification for
continued operation or bring the plant to cold shutdown, as appropri-
ate, and fmpiement [tems 1.c and 1.4 below to develop a detiiled
anaiysis of the surge line.

¢. If the analysis in 1.b does not show compliance with the requirements
and licensing commitments staied therein for the duration of the
cperating license, the licensee {s requested to obtain plant specific
data on thermal stratification, thermal striping, and line deflec-
tions. The licensee may choose, for example, either to instal)
nstruments on the surge !ine to detect temperature distribution ang
therma| movements or to obtain data through collective efforts, such :
45 from other plants with a similar surge line design. [f the 'atter
option 1s selected, the licensee should demonstrate similarity in
Jeometry and operation.

d. Based on the applicable plant spec’!fic or referenced data, 'icensees
are recuested to update their stress and fatique analyses to encire
compliiance with applicable Code requirements, incorporating any
observations from 1.a above. The analysis should be completed no
'ater than two years after receipt of this bulletin. 1[f a licenses

ffatjgue andlysis should be performed in accordance with the latest ASME
section [[! requirements Incerporating high cycle fatigue.

-



g et hOw mpliance with the apt ahle de
ther AR and regulator mitment the Aniee regquested ¢
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the pro e rrective actions for effectir ng term re it
ra 4D} ants f WR Operatir enses
2 Sefore issuance of the low power ense, apeg ants are requestec °
jemonstrate that the pressurizer surge !ine meets the ap: ib'e
jesign codes and other FSAR and regulatory commitments for the
icenseg 'ife of the plant This may be accomplished by perforn
plant-specific or generic bounding analysis The analy hould
include consideration of therma! stratification and therma trig 3
to ensure that fatigue and stresses are in compliance with apnc ible
code 1imits The analysis and hot functiona) testing shou verié
that piping therma! cdeflections result 1n no adverse consequence:
Such as contacting the pipe whip restraints f analysis or test
resuits show Code nonzompliance, conduct of a actions specified
below 15 requested

Applicants are requested to evaluate operationa alternatiy

et C
P1ping modifications needed to reduce fatigue and stresses ¢
acceptable ‘evels

Applicants are requested to efther monitor the surae line for the
effects of therma! stratification, beginning with hot functiona
testing, or obtain data through collective efforts to assess the
extent of thermal stratification, thermal striping and pipir

deflections.

s Applicants are requested to update stress ang fats
necessary, to ensure Code compliance.* The analvses should ©
completed no later than one vear after |

{cense

3 Addressees are requested to generate records to document the deve!

e

and implementation of the program requested by Items | or 2. as we as
any subsequent corrective actions, and maintain these records in a
Jance with CFR Part 50, Appendix B and plant orocedures

N

a -
“eporting Regquirements:

aressees sha!! report to the MRC any

¢ discernable distress 4nd cdamaqe
observed in Actien | long with

corrective actions taken or plans and
re restart of the unit

. »

o -
-

b

sCheduies for repair

Y g —
*1¥ compTiance with the applicable codes 1

e S not demonstrated for the fy
duration of an operating license, the staff may impose a license conditior

that normal operation s restricted to the duration that compliance 1§ actua
jemgnstrated
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Ee Adaressees who cannot meet the schedule gescribed in [tems 1 or 2 of

Actions Reguested are required to submit to the NRC within 60 days of
receipt of this tulletin an alternative schedule with justification for
the requested schedule.

3. Addressees shall submit a letter within 20 days after the completion of
these actions which notifies the NRC that the actions reauested in tems
b, 1d or 2 of Actions Requested have been performed and that the results
are availadble for 1nsoec%50n. The letter shall include the justification
fur continued cperation, if appropriate, a description of the analytical
dpproaches used, and a summary of the results.

Although not requested by this bulletin, addressees are encouraged to work
collectively to address the technica) concerns associated with this fssue, as
well as to share pressurizer surge Tine data and operationa) experience, In
acdition, addressees are encouragec to review piping in other systems which may
experience therma! stratification and thermal striping, especially in light of
the previously mentioned Bulletins 79-13 and 88-08. The NRC staff intends to
review operational experience giving appropriate recognitior to this phenome-
non, SC 4s to determine if further generic communications are in order,

The letters recuired above shall be addressed to the U.S. Nuclear Regulatory
Commission, ATTN: Document Contro) Oesk, washington, D.C. 20555, undar oath
or ¢ffirmation under the provisions of Section 182a, Atomic Energy Act of 1954,
as amended. I[n addition, a copy shall be submitted to the appropriate Regiona!l

Administrator.

This request is covered by Cffice of Management and Sucget Clearance Numper
3150-0011 which expires December 31, 1989, The estimated average burden hours
s approximately 3000 person-hours per licensee response, including assessment
0f the new requirements, searching data sources, gathering and analyzing :he
data, and preparing the required reports. These estimated average burden hours
pertain only to these identified response-related matters and do not include
the time for actual implementation of physical changes, such 4s test equipment
installation or component modification. The estimated dverage raciation
exposure s approximately 3.5 person-rems per licensee response.

Comments on the dccuracy of this estimate and suggestions to reduce the burden
May be directed to the Office of Management and Budget, Room 3208, New Execy-
tive Office Building, washington, D.C. 20503, and to the U.S. Nuclear Regula-
tory Commission, Records and Repcrts Management Branch, Office of
Agministration and Resource Menagement, washington, D.C. 20655,
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If you have any questions about this matter, please contact one of the teshni.
cal contacts listed delow or the Regiona! Administrator of the aocpropriate

regional office.
y) CZT -
4;03103 £, Rossi, Dirdctor !

Oivision of Operational Events Assessment
Office of Nuclear Reactsar Regulation

Technical Contacts: §S. N. Hou, NRR
(301) 492-0904
S. S. Lee, NRR
(301) 492-0942
N. P. Kadambi, NRR
(301) 492-1153
Attachments:
1. Figure !

2. List uf Recently Issued NRC Bulletins



Surge Line Stratification
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