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SECTION 1.0
BACKGROUND AND INTRODUCTION

Indian Point Units 2 and 3 are four-loop pressurized water reactors, designed
to be as nearly fdentica) as practical, in both hardware and operation., This
report hi“ 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 1ines for both of these units.

The operation of a pressurized water r. “tor reyuires the primary coolant
loops to be water s¢lid, and this is accomplished through a pressurizer
vessel, connected to one of the hot legs by the pressurizer surge Tine. A
typical four-loop arrangement is shoen in Figure 1«1, with the surge line
highlighted.

The pressurizer vessel containg steam and water at saturated conditions with
the steam-water interface leve! 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 15 maintained at approximately 25% to 35%. During power ascension, the
pressurizer level varies between 22% and 50% depending on reactor thermal
power. The steam bubble provides a prescure cushion effect in tho event of
sudden changes in Reactor Coolant System (RCS) mass inventory. Spray
operation reduces system pressure by condensing some of the steam. Electric
heaters, at the bottom of the pressurizer, are energized to raise the liquid
temperature to generate additional steam and increase RCS pressure.

As Y1lustrated in Figure 1-1, the bottom of the pressurizer vessel 1s

connected to the hot leg of one of the coolant loops by the surge 1ine. The
surge lines of Units 2 and 3 are both 14 inch schedule 140 stainless steel.

1.1 Bagkground

During the period from 1982 to 1988, a number of utilities reported unexpected
movement of the pressurizer surge 1ine, as evidenced by crushed insulation,
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The Westinghe.  Ownars Group implemented a program for generic detalled
analysis in Jun, 1989, and this program involved individual detailed
| analyses of groups o plants. This approach permitted a more redlistic

. approach than could be obtained from a single bounding analysis for all
plants, and the results were pubiished in June of 1990 [3).

The followup to the Kestinghouse Owners Group Program Vs a performance of
evaluations which could not be performed on a generic basis. The goal of this
report 18 to accomplish these followup actions, and to therefore support
completion of the requirements of NRC Bulletin 88-11 for Indian Point Units 2
and 3.

1.2 QRescription of Surge Line Thermal Stra.ification

It will be useful to describe the phenomenon of stratification, before dealing
with 1ts effects. Thermal stratification in the pressurizer surge line 15 the .

- direct result of the difference in densities between the pressurizer water and
the generally cooler RCS hot leg water. The warmer, lighter pressurizer water
. tends to float on the cooler, heavier hot leg water. The potential for

stratification 1s increased as the difference in temperature between the
pressurizer and the hot leg increases and as the insurge or outsurge flow
rates decrease.

At power, when tne difference in temperature between the pressurizer and hot
leg 15 relatively small, the extent and effects of stratification have been
observed to be small. However, during certain modes of plant heatup and
tooldown, 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 1ine causes two effects:

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

0 Potentially reduced fatigue 1ife of the pipiny due to the higher
stress resulting from stratification and striping.

54095 /081491:10 1-3



1.3 Scope of Work

The primary purpose of this work was to develop transients applicable to the
Indian Point surge 1ines which include the effects of stratification, and to
evaluate the structural integrity of the surge 1ines. This work will

therefore support the demonstration of compliance with the requirements of NRC

Bulletin 88-11,

The transients were developed following the same general approach originally
established for the Westinghouse Owners Group. Conservatisms inherent in the
original approach were refined through the use of monitoring results, plant
operating procedures, operator interviews, and histori.al data on plant
operation. This process 1s discussed in Section 2.

The resulting transients were used to perform an analysis of the surge line,
wherein the existing supnort configuration was carefully modeled, and surge
1ine displacements, stresses, support loads and nozzle loads were determined.
This analysis and 1ts results are discussed in Sections 3 and 4.

The stresses were used to perform a fatigue analysis for the surge line, and

the methodology and results of this work are discussed in Section & The
summary and conclusions of this work are summarized in Section 6.

54095/081491:10 1-4
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utilities (including Indian Point Unit 2 in September, 1889), it was
determined that both units neat up and cool down in manners somewhat similar
to other plants that heat up with a steam bubble in the pressurizer. Heatups
and cooldowns are used here to characterize plant operation because they
represent the periods during which the temperature difference between the
pressurizer and the hot leg 1s potentially the greatest., Brief descriptions
of the Indian Point units' heatup and cooldown procedures follow.

Unis 2

The heatup and cooldown procedures at Indian Point Unit 2 are generally
similar to those used at other steam bubble plants, but utiifze a ritrogen
bubble to maintain RCS pressure during periods early in the heatu, or late in
the cooldown. The heatup procedure begins with the RCS full and the
pressurizer level at 75-85%. At this point, a nitrogen bubble 15 established
in the pressurizer at a pressure of 400-450 psig. The pressurizer level and
RCS prossure are maintained in these ranges during nitregen bubble operation
using charging flow, letdowr flow and nitrogen supply. After the nitrogen
bubble 15 established, the RCS 15 vented, and at least cne reactor coolant
pump (RCP) 1s started before the RCS temperature exceeds 180°F., Oxygen levels
are also checked and hydrazine edded, 'f necessary, with the RCS held between
170*F and 190°F,

After this, a steam bubble s esta.)ished in the pressurizer by energizing the
pressurizer heaters, reaching caturation temperature at RCS pressure of
400-450 psig. After the steam bubble 1s formed, pressurizer spray is begun.
The nitrogen 15 returned into solution and transferred from the pressurizer to
the volume control tank. Normal pressurizer leve) s established, and RHR s
isolated, once the RCS temperature is approximately 350°F. The remaining
RCP's are started to complete the heatup withi, crecified Timits, Plant
procedures allow a maximum RCS heatup rate of 50°F/hr in the range of
70-350°F, and a maximym allowable pressurizer heatup rate of 100°F/hr. During
the entire process, a 1imit of 320°F is imposed on the difference between
pressurizer and spray fluid temperatures, This inherently imposes the same
1imit on the difference between pressurizer and hot leg temperaturs during
this perfod of operation.

54095/081491:10 26






coolant loops of 320°F; spray should not be uted 1f delta T betweer the
pressurizer and the spray fluld exceeds 320°F.

Lummary

From the operating procedures, the possible ranges of the syster ‘elta T could
vary, but are bounoed by the administralive Vimit of 320°F. The actual impact
of these plant oparating procedures on the analysis was determined in
conjunction with review of the plants’' past onerating histories, and 1¢
discussed in the following section,

2.5 Historical Operation

Historical records from the plants (oparator logs, surveillance test reports,
#tc.) were reviewed In December, 199C, supplemented with confirmatory
investigations of the data by the utilities (14, 15). The purpose of the
review was to obtaln a distribution of maximum system delta T, and to identify
heatup or cooldown eve,  where the maximum system delta T exceeded the 320°F
Timit., To date (as of April, 1991), Unit 2 hus experienced 85 heatups and 85
ceoldowns, and Unit 3 as experienced 37 heatups and 36 cooldowns. The data
avaiiahle represants only a portion uf these events. Therefore, the delta T
distribution 15 evpressed in terms of the events in a predetermined range as a
percentage cf the totai number of events for which data was available. A
summary of the results for available data is presented below.

Unit &
Number of Number of
System 47 Heatups or % of Heatups or s ¢
Rangs (°F) Cooldownsg Tota) Coolrowns Total
{
ja.c.0
Total events 7 8

§40}95/081491:10 2-8






transients were built upon the extensive wurk done for the Westinghouse
Owners Group [1,2,3), coupled with plant specific considerations for
Indian Point Units 2 and 3.

The transients were developed based on monitoring data, hi<torical
operation and operator interviews Conducted at a large numier of piants.
For each monitoring location, the top-to-bottom ¢ifferential temperature
(pipe cdelta 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 T,

From the pipe and system delta T information collected in the WOG[!.2,3)
effort, individual plants' monitoring data was 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.

]‘.CQ‘

The resulting distributions (for I/0 transients) were cycles in each RSS
range above 0.3, for each mode. (In the surge 1ine analyses, RCS
temperature ranges of <200°F, 200-350“F, »>350°F at hot standby, and >350°F
during startup were labelled as modes 5,4.3 and 2, respectively). A
separate distribution was determined for the reastor coolant loop nozzle
and for a chosen critical pipe location. Next, a representative KSS
distribution was determined by multiplying the average number of
occurrences in each RSS range by two. Therefore, swre is margin of 100%
on the average number of cycles per heatup in each sode of operation.

54095/081491:10 2-10
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heatup/cooldown event cycles s shown in Table 2-2. A mathematical
description of the methodology used 1s given in Appendix C. [

136® rhe critical location ts the location with the highest
combination of pipe delta T and number of stratification cycles,

Because of main coolant pipe flow effects, the stratification transient
loadings at the RCS hot leg nozzle are different. These transients have
been applied to the main body of the nozzle as wel)l as the pipe to nozzle
girth butt weld.

Plant monitoring included sensors located near the RCS hot leg nozzle to
surge 1ine pipe weld. Based on the monitoring, a set of transients was
developed for the nozzle region to reflect conditions when 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 in the loop with the surge line
was not operating. Transients were then developed using a conservative
number of “pump trips."

13+€+®  rherefore, the fatigue analysis
of the RCE not leg nozzle was performed using the "nozzle transients" and
the “pipe transients." The analysis included buth the stratification
loadings froia the nozzle transients, and the pressure and bending loads
from the piping transients.

The total transients for heatup and cooldown are identified as WC1 thry

HC9 for the pipe, and HC! thru HC9 for the RCS hot leg nozzle as shown in
Tables 2-2(a) and 2-2(b), respectively. Transients HCE and HCS for the

54095/081491:10 2-12
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pipe and HCY for the nozzle represent transients which occur during later
stages of the heatup.

2.7 Axial Stratificatisn Profile Development

In addition to transients, a profile of the [

]‘.\:.e

Twe types of profile envelope the stratificd temperature distributions
observed and predicted to occur in the line oé.e two profiles are a
{

LI
(
I
jé.c.0
{
j1a,¢,8
54095/081491.10 2-13
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18,¢,0

]a.c.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
heatup/cooldown process, for a given plant geometry. This pattern was used
2long with plant operating practices to provide a realistic yet somewhat
conservative nortraya! of the pipe dulta T along the surge 1ine.

The combination of the hot/cold interface and pipe delta 7 as functions of
distance along the surge line forms a piofile for each individual plant

analyzed.

Since Unit 2 and Unit 3 have similar surge line configurations, the

profile appiies to hoth units. [

]a.:.o
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TABLE 2-1
SURGE LINE TRANSIENTS HITH STRATIFICATION
NORMAL AND UPSET TRANSIENT LIST - INDIAN POINT UNIT 2 OR UNIT 3

TEMPERATURES (*F)
MAX NOMINAL

|
:
i
:
]
1
!‘
|
|

T R R N W T Ay w—

see notes on next page
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TABLE 2-2a
SURGE LINE PIPE TRANSIENTS WITH STRATIFICATION - INDIAN POINT UNIT 2 OR 3
HEATUP/COOLDOWN (HC) - 200 CYCLES TOTAL

TEMPERATURES (°F)

MAX NOMINAL
LAREL TYPE CYCLES ATstrat PRZ T RCS T
(
1a.¢,e
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Figure 2-4.
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Example Axial Stratification Profile for Low Flow Conditions
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Figure 2-6.
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Temperature Profile Analyzed for Indian Point Units 2 and 3
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SECTION 3.0
STRESS ANALYSIS

The flow diagram (Figure 3-1) describes the procedure to determine the effects
of thermal stratification on the pressurizer surge 1ine based on transients
developed in section 2.0. [

]A.C.O

3.1 Surge Line Layouts

The Indian Point Units 2 & 3 surge line layouts are documented in references &
and 7, and the layout 1s shown schematically in Figure 3-2. Tae layout
dimensions for the two Indian Point units are identical. The support
configurations of the two Indian Point surge lines are similar. Belnw is a
table summarizing the existing Indian Point surge line support configuratioun,

Indian Point Units 2 and 3
Support

Anit 2 ~Anit 3 Node Type
PHR-122 PiRR~122 1500 Pipe Whip Restraint
PWR-123 PNR-123 2100 Pipe Whip Restraint

- PWR-124 2700 Pipe Whip Restraint
PWR-120 PWR-120 3400 Pipe Whip Restraint
PWR-121 PHR-121 3500 Pipe Whip Restraint
PHR-125 PWR 125 4300 Pipe Whip Restraint
RCH-76 PH-H-63-1 3100 variable Spring Hanger
RCH-78 - 3450 Swing Brace

%4095/081491:10 3-1
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It can be seen from the table above that both of the Indian Point surge lines
contain one variable spring hanger with Unit 2 having five pipe whip
restraints and Unit 3 having six pipe whip restraints. In addition, there is
a horizontal sway brace in the Unit 2 surge 1ine. In some cases these
supports can cause higher thermal loads if displacement from thermal
stratification exceed available gap limits. The piping sizes are 14 inch
schedule 140, and the pipe material is stainless steel, SA 376-Type 216, for
both units.

3.2 Pipiny Systom Globa) Structural Analysis

The Indian Point Units 2 and 3 piping systems were modeled by pipe, elbow, and
non-1inear spring elements using the ANSYS computer code described in Appendix
A. The geometric and material parameters are included. [

]a.c.e

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

12-€4® Table 3-1 shows the loading cases considered in the
analysis. To encompass al)l piant operations, [

, 'e
}6 E
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intensity range was evaluated for bcth units. For the Indian Point units, the
maximum ASME equation (12) stress intensity range in the surge line for a
system delta 7 of 320°F was found to be under the code allowable [4] of 3S5m
for the existing configuration, without the spring hanger bottomed out.
Maximum equation (12) and equation (13) stress intensity ranges are shown in
Table 3-2.

The pressurizer nozzle loads from thermal stratification in the surge line
based on no spring bottomed out configuration, were also evaluated according
to the requirements of the ASME Code [18). The evaluation using transients
detailed in Reference [13) plus the moment loading from this analysis
calculated primary plus secondary stress intensities and the fatigue usage
factors. For the Unit 2 and 3 pressurizer nozzles, the maximum intensity
range is 44.9 ksi compaved to the code allowable value of 57.9 ksi for a
materiai of SA 216 Grade WCC. The maximum fatigue usage factor will be
reported in Section 5. It was found that the Indian Point pressurizer surge
nozzles met the code stress requirements.

3.3 Local Stresses-Methodology and Results

3.3.1 Explanation of Local Stress

Figure 3-3 depicts the local axial stress components in a heam with a sharply
nonlinear metal temperature gradient. Local 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 axiai stress would not exist, [

]B,C,E

3.3.2 Finite Element Model of Pipe for Local Stress

A short description of the pipe finite element mode! is shown in Figure 3-4,
The mcdel with thermal boundary conditions is shown in Figure 3-5. Due to

54095 /081491:10 3-4
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symmetry of the geometry and thermal loading, only half of the cross section was
required for . deling and analysis. [

]G.C.O

3.3.3 Pipe Local Stress Results

Figure 3-6 shows the temperature distributions through tiie pipe wall [

18:¢.0
3.3.4 RCL Hot Leg Nozzle Analysis

Detailed surge line noz2zle finite element models were developed to evaluate the
effects of thermal stratification. The 14 inch schedule 140 model is shown in
Figure 3-10. Loading cases included [

12648 sumnary of stresses in the RCL nozzle
(location 1) due to therma! stratification is given in Tables 3-3A and 3-3B. A
summary of representative stresses for unit loading is shown in Table 3-4,
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TABLE 3-2

Summary of Indian Point Units 2 & 3 Surge Lines
Thermal Stratification Stress Results

ASME Code fquation Stress Code Allowable
Unit 2 Unit 3 (ksi)
12 4).4* 52.6** 52.9
13 46.6 46.6 50.1

*at 5D bend underneath the pressurizer nozzle
**at pipe side of pressurizer nozzle safe end

54995/081491:10 3-11
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TABLE 3-4
SUMMARY OF rRESSURE AND BENDING INDUCED STRESSES
IN THE SURGE LINE RCL NOZZLE FOR UNIT LOAD CASES

Al) Stress in psi -
Linearized Stress Peik Stress
_Intensity Range Intensity Range.
Diametral Unit Loading
Location Location Condition Inside Qutside Inside Outcide
r —
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TABLE 3-8

l' STRIPING FREQUENCY AT 2 MAXIMUM LOCATIONS FROM 15 TEST RUNS |
|‘ , I
i Tota! |
¥ Frequancy (M) Duration |
o # Cycles |
T % % La*th. 1in |
_Min_(Duration) Max. (Dura*'s )_Avg_ (Durat!an) Seceods |
g
; e R
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Figure 3-3.
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Local Axial Stress in Piping Due to Thermal Stritification
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a,c,e




| Figure 3-4. Local Stress - Finite £, went Mode's/Loading
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Figure 3-5.
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Piping Local Stress Model and Thermal Boundary Conditions
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Figure 3-6.
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Surge Line Temperature Distribution at |

Locations
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TABLE 4.2

Maximum Piping Displacement Under Normal Thermal Conditions

* Variable spring hanger location (RCH-76 for Unit 2 and PW-H-63-1 for Unit 3)
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Uy (in)

Yz (in

J.Oci'










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

According to NB-361) and NB-3630, the methods of NB-3200 may be used in lieu
of the NE-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 evaluation
are reported in terms of the NB-3650 piping stress equations. These equations
and requirements are summarized in Tables 5-1 and 5-2.

The methods used to evaluate Code 1imits 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 tro scress. This classification determines the
acceptable 1imits 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 ~om nominal values using stress indices C1, C2, C3 and C3' for
pressure, moment and thermal transient stresses. Equation 11 includes the K,
K2 and K3 indices 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

54025/081591:10 5-2
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determine nomina)l stress based on straight pipe dimensions. |

]a.c.o

For the RCL nozzles, three dimensional (3.D) finite element analysis was used
as described in Section 3.0. |

]l.C.C

Classification of local stress due to thermai 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 NB-3200, which
represents stress due to differential thermal expansion at gross structural
discontinuities. (

12C® 1he impzct of this on the
selection of components for evaluation is discussed in Section 5.1.3,

540957081451 :10 5-3
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The stresses in a given component due to pressure, moment and local thermal
stratification loadings were calculated using the finite element models
described in Section 3.0. |

12€® This was done for specific components as foilows:

54095/081491:10 5-4
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From the stress profiles created the stresses for Equations 10 and 11 could
be determined for any point 1. ae section. Experience with the geometries
and loading showed that certain points in the finfte element mode’s
coneistently produced the worst case fatigue stresses and resulting usage
factors, in each stratified axial location. |

]l.C.G
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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 | ads
(“restraint of free end deflection"), the value of Sm was taken 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 mechanica) load, the
value of Sm was taken at the highest metal temperature during tie transient.

§.1.3 Selection of Components for Evaluation

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

1%€®  The method to evaluate usage

factors using stresses determined according to Section 3.0 s described below.

5.2 Eatigue Usage Factors

Cumulative usage factors were calculated for the controliing components using
the methods described in NB-3222.4(e¢), based on NB-3653.5. Application of
these methods Y5 summarized below,

Transient Loadcases and Combinations

From the transients described in Section 2.0, specific loadcases were
developed for the usage evaluation. [

]C.C.O

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 wi*h the stress data as described above.
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5.3 Fatigue Due to Thermal Striping

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

]l.C.C

Thermal striping stresses are a result of differences between the pipe inside
surface wall and the average through wal) temperatures which occur with time,
due to the oscillation of the hot and cold stratified boundary. This type of
stress 1s defined as a therma)l discontinuity peak stress for ASME fatigue
analysis. The peak ctress 1s then used in the calculation of the ASME fatigue
usage factor.

185 the methods used to determine alternating stress intensity
are defined in the ASME zode. Several locations were evaluated in crder 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 15 assumed to attenuate and follow :
the slope of the curve shown on Figure 5-2. Figure 5-2 s conservatively represented

by & series of § degren temperature steps. Each step lasts [ 1% seconds. i
{

13+C4® 45 used 1n a)) of the usage factor calculations, the
total fluctuations per step is constant and becomes:

( JI.C.O

Each striping transient 1s a group of steps with [ 1%©® fructuations per
step. For each transient, the steps beg.a at the maximum AT and du-reases by
[ 1%5® steps down to the endurance 1imit of AT equal to [ )% The
cycles for al) 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 [ J%C® to obtain tota) fluctuations. This results ‘
in total fluctuations at each step. This calculation 1s performed for each '
step plateau from [ 18€4® o obtain total
fluctuations. Allowable fluctuations and ultimately a usage factor at each :
plateau 1s calculated from the stress which exists at the AT for each step.

| The tota! 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
( 1% Thig 15 reflected in the results to be discussed below.

5.4 Fatigue Usage Results

| NRC Bulletin 88-11 [5) requests that fatigue analysis should be performed in
| accordance with the latest ASME 111 requirements incorporating high cycle

| fatigue and thermal stratification transients. ASME fatigue usage facturs
have been calculated considering the phenomenon of thermal stratification and
therma! striping at various locations in the surge line. Total stresses

54095/081491:10 5-10
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125 %  the total stresses for al)
transients in the bounding set were used to form combinations to calculate
alterrating stresses and resulting fatigue damage in the manner defined by the
Code. Of this tota) stress, the stresses in the 14 inch pipe due to
{

l'ato.

The maximum usage factor o. Indian Point surge 1ines occurred at [

146 1n this thermal fatigue evaluation, weided
attachments at PWR-1Z0 and PWR-12) were also included, and 't was found that
the usage factors were smaller than the maximum value 1isted above due to
lower tota) loadings and stresses at the lug lotations.

It is a's0 concluded that the Indlan Point pressurizer surge nozzies meet the
Code stress allowables under the thermal stratificotion loading from the surge
1ine, with no spring hanger bottomed out configuration and the transients
detailed in reference [15]. They also meet the fatigue usage requirements of
ASKE Section I, with a maximum cumuiative usage factor equal to 0.26 [18].
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TABLE 5-1
CODE/CRITERIA

0  ASME B&PV Code Sec. III, 1986 Edition
~ NB3600
- NB3200

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

- Simplified Elastic-Plastic Analysis

Expansion Stress, S. ¢ 38m (Eg. 12) - Global An:lysis
- Primary Plus Secondary Excluding Thermal Bending < 3Sm
(Eg. 13)
- Elastic-Plastic Penalty Factor 1.0 ¢ K’ < 3.333

- Peak Stress (Eq. 11)/Cutwlacive Usage Factor (Ucum)
Sut = K.Splz (Egq. 14)

- Design Fatigue Curve
Ucum < 1.0
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Figure 5-2. Attenuation of Thermal Striping Potential by Molecular
Conduction (Interface Wave Height of One Inch)
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SECTION 6.0
ANALYSIS SUMMARY

The subject of pressurizer surge 1ine integrity has been under intense
investigation since 1988. The NRC fssued Bulletin 88-1)1 in December of 1988,
but the kestinghouse Owners Group had put a program in place earlier that
year, and this allowed all! members to make i timely response to the bulletin,

The Cwners Group programs were ¢ pleted in June of 1990, and have been
tollowed by a series of plant specific evaluations. This report has
documeanted the results of the plant specific evaluation for Indian Point Units
2 ang 3.

Following the general approach used in developing the surge line
stratification transients for the WOG, a set of transien*s and stratification
profile were developed specifically for Indian Point Units 2 and 3. A study
was made of the historical operating experience at the Indian Point Units 2
and 3, and this information, as well as plant operating procedures and
monitoring results (from similar p ants), was used in development of the
transients and profiles.

The analysis results are shown in Section 3 0 for ASME code stress, Section
4.0 for displacements at supports and whip restraint Jocations and Section 5.0
for ASME code fatigue cumulative usage factors. The results were
conservatively ca'cula*ed using the maximur design temperature differential
and worst case assumpt ons for inducing thermal stratificalion to the system.
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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 probiems include coupled thermal-stress analyses for
the quadrilateral, triangular, brick, and wedge isoparametric elements. These
problems are an integral oart of the WECAN quality assurance procedures. When
a change is 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.

A.2 STRFAT2

A.2.1 Description

STRFAT2 is a program which computes the alternating peak stress on the inside
surface of a flat plate and the usage factor due to 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 particular
pipe being evaluated.

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

The freguency, 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
wall tomperature.
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A.4 FATRK/CMS

A.4.1 Description

FATRK/CMS 1s a Westinghouse developed computer code for fatigue tracking
(FATRK) as used in the Cycle Monitoring System (CMS) for structural components
of nuclear power plants. The transfer function method is used for transient
thermal stress calculations. The bending stresses (due to global
stratification effects, ordinary thermal exparsion an: seismic) and the
pressure stresses are a1so included. The fatigue usage factors are evaluated
in accordance with the guidelines given in the ASME Boiler and Pressure Vessel
fade, Section III, Subsections NB-3200 and NB-3600.

The code can be used both as a regular analysiz program or an on-line
monitoring device.

A.4.2 Feature Used ’

FATRK/CMS 1s used as an analysis program for the present application. The
input data which include the weight functions for thermal stresses, the unit
bending stress. the unit pressure stress, the bending moment vs. !
stratification temperatures, etc. are prepared for all locations and geometric
conditions. These data, as stored in the independent files, can be
appropriately retrieved for required analyses. The transient data files
contain the time history of temperature, pressure, number of occurrence, and
additional condition necessary for data flowing. The program prints out the
total usage factors, and the transients pairing information which determine
the stress range magnitudes and number of cycles. The detailed stress data
may also be printed.

A.4.3 PBrogram Verification

FATRK/CMS ic verified according to Westinghouse procedures with several leveis
of independent calculations.
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APPENDIX B
USNRC BULLETIN 88-11
In December of 1988 the NRC issued this bulletin, and 1t has led to an
extensive investigation of surge line integrity, culminating in this and other

plant specific reports. The bulletin is reproduced in its entirety in the
pages which follow.
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OMB No, 3150.0011
NRCB 88-11

UNITEC STATES
NUCLEAR REGULATORY COMMISSION
OFFICE OF NUCLEAR REACTOR REGULATION
WASHINGTON, D.C, 20585

December 20, 1988

NPC BULLETIN NO. 88-11: PRESSURIZER SURGE LINE THERMAL STRATIFICATION

Adarusgocs:

ATl holders of operating licenses or construction permits for pressurized water

reactors (PwWRs ),

Purgosg:

The purpose of this bulletin is to (1) request that addressees establish and
implement a program to confirm pressurizer surge 'ine fntegrity in view of the
occurrence of thermal stratification and [2) require addressees to inform the
staff of the actfons taken to resolve this fssue.

Description of Circumstances. é

The licensee for the Trojan plant has observed unexpected movement of the
pressurizer surge line during inspections performed at each refueling outage
since 1982, when monitoring of the line movements began. [During the last
refueling outage, the licensee found that in addition to unexpected gap clo-
sures in the pipe whip restraints, the piping actually contacted two re-
straints, Although the licensee had repeatedly adjusted shims and gap sizes
based on analysis of various postulated conditions, the problem had not been
rescived, The most recent investigation by the licensee confirmed that the
movement ¢f piping was caused by therma! stratification 1in the line. This
phenomenon was not considered in the original piping design, On October 7,
1988, the staff {ssued Information Notice PB-80 "Unexpected Piping Movement
Attributed to Therma! Stratificatiun," regarding the Trojan experience and
indicated that further generic communication may be forthcoming. The licensee
for Beaver Valley 2 nas also noticed unusual snubber movement and sfgnificantly
larger-than-expected surye line displacement during power ascension,

The concerns ratsed by the above observations are similar to those descrided in
NRC Bulletins 79-13 (Revision 2, dated October 16, 1979), “Cracking 1in
Feedwater System Piping" and 38-08 (dated June 22, 1988), "Therma) Stresses in
Piping Connected to Reactor Coolant Sy<tems . "
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This inspection should determine any gross discerrable distress or
structural damage fn the entire pressurizer surge line, Ynclyding
piping, pipe supports, pipe whip restraints, and anchor bolts.

Within four months of recefpt of this Bylletin, )icensees of plants

1n cperation over 10 years (i.e., low power license prior to

January 1, 1979) a"e requested to demonstrate that the pressurizer
surge 1ine meets the applicable design codes® and other FSAR and
regulatory commitments for the licensed 11fe of the plant, consider-
ing the phenomenon of therma! stratification and therma! striping in
the fatigue and stross evaluatfons. This may be accomp)ished by
performing a plant specific or generic bounding analysis, [4 the
latter option {5 selected, licensees should demonstrate applicanility
of the referenced generic bounding analysis. Licensees of plants in
Jperation less than ten years (1.e., low power 'icense after

January 1, 1979), should complete the forege g analysis within one
year of receipt of this bulletin. Since any piping distress observeq
by acdressees in performing action 1.a may affect the enalysis, the
Ticensee should verify that the tounding analysis remains valie. [f
the opporturity to perform the visua! inspection ‘n 1.2 does not
occur within the perfods specified in this requested 1tem, incorpora-
tion of the resylts of the visual inspection {r Ye analysis should
be performed in a supplementa) analysis as te.

where the - ' sis shows that the surge line dos. not meet the
require~- nd licensing commitments stated above for the duration
ot the 2¥, the licensee should submit a Justification for
contim +Jeration or bring the plant to cold shutdown, as appropr-
ate, ana implement [tems 1.¢ and !.d below to develop & detyiled
analysis of the surge line.

[f the analysis i~ 1.b does not show compliance with the requirements
and lice sing commitments stated therein for the duration of the
operating license, the licensee is requested to obtain plant specific
data on thermal stratification, therma) striping, and !ine deflec-
tions, The licensee may choose, for example, elther to instal)
Instruments on the surge line to detect temperature distribution ang
thermal movements or to obtain data through collective efforts, such
as from other plants with a similar surge line design. 1f the 'atter
option 1s selected, the licensee should demonstrate similarity in
qeometry and operation.

Sased on the applicable plant specific or referenced data, licensees
are recuested to upgate thefr stress and fatigue analyses to ensure
compliance with applicable Coue requirements, incorporating any
observations from 1.2 above. The analysis should be completed no
later than two years aftor receipt of this bulletin, If a Ticensee

'Fatigue andlysis should be performed in accordance with the latest ASME

Section

!

LIl requirements 1ncorporating high cycle fatigue.
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Is unstle to show compliance with the applicable design codes and

other FSAR and regulatory commitments, the licensee is requested o
submit a justification for continued operation and a description of
the proposec corrective actions for effecting long term resolution

2. For all applicants for PWR Operating Licenses:

a. Before issuance of the low power license, applicants are requestes *¢
demonstrate that the prejsurizer surge line meets the applicable
design codes and other FSAR and requlatory commitments for the
1censed 11fe of the plant. This may be accomp'isred by performing a
plant-specific or generic bounding analysis. The unalysis should
include consideravion of thermal stratification and therma! striping
to ensure that fatigue and stresses are in compliance with applicat'e
code 1imics, The analysis and hot functiona) testing should veri'y
that piping chermal deflections result in no adverse consequences.
such as contacting the pipe whip restraints, [f analysis or test
results show Code noncompliance, conduct of 11 actions specified
below {5 recuested,

b, Applicants are requested tc evaluate operational alternatives or
piping modifications needed to reduce fatigue and stresses to
acceptanle levels,

¢, Applicants are requested to either monitor the surge line for the
effects of thermal stratification, beginning with hot functiona)
testing, or obtain data through collective efforts to assess the
extent of therma! stratification, thermal striping and piping
deflections,

d. Applicants are requested to update stress and fatigue analyses, as
necessary, to ensure Code compliance.* The analyses should be
completed no later than one year after issuance of the low pnwer

1{cense,

3. Addressees are requested to generate records t0 document the development
and implementation of the program requested by Items | or 2, as well as
any subsequent corrective actions, and maintain these recor~ds in acecor-
dance with 10 CFR Part 50, Appendix B and plant procedures.

Reporting Requirements:

1. Addressees thall report to the MRC any discernable distress and camage
observed in Action l.a alono with corrective actions taken or plans and
schedules for repatr before rastart of the unit,

'TT’ccnplfancc with the appiicable codes 1s not demonstrated for the fyul)
duration of an operating license, the staff may impose a license condition sucr
that normal operation 1s restricted to the dyration that compliance is actua'!y
demonstrated,
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Addressees who Cannot meet the schedule gescribed in [tems 1 or 2 of

Actions Requested are required %0 submit to the NRC within 60 days of
receipt o; this bulletin an alternative schedule with ‘ustification for

the requested schedyle.

"ne

3. Agdressees snall submit a letter within 30 days after the completion of
these actions which notifies the NRC that the actions recuested 1n [tems
by 1a or 2 of Actions Requested have been performed and that the resylts
are available for 1nspoc§ion. The letter shal! include the justification
fur continued cperation, if dppropriate, a description of the analytical
approaches used, and a summary of the results.

Although not requested by this bulletin, dddressees are encouraged to work
collectively to address the techn:cal concerns associated with this 1ssue, as
well as to share pressurizer surge line data and operationa) experience. In
agdition, addressses are encouraged to review piping in other systems which may
experience thermal stratification and therma) 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, su as to determine if further generic communications are in order,

The letters required above shal) he dddressed to the U.S. Nuclear Regulatory
Commission, ATTN: [Document Control Desk, Washington, D.C. 20885, under oath
or affirmation under the provisions of Section 182a, Atomic Energy Act of 1984,
=S amended. [n cdditfon, a copy shall be submitted to the appropriate Regional
Administrator,

This request is covered by Office of Management and Budget Clearance Number
3150-0011 which expires December 31, 1989. The estimated average burden hours
s approximately 2000 person-hours per !icensee response, including assessment
0f the new requirements, searching data sources, gathering and analyzing the
data, and preparing the required reports. These estimated dverage burden hours
pertain only to these fdentified response-related matters and do not include
the time for actua) implementation of physical changes, such as test equipment
installation or componert modfficatfon., The estima.id average ragiation
exposure 1s approximatyly 3.5 person-rems per licensee response,

Comments on the dccuracy of this estimate and suggestions to reduce the burden
fidy be directed to the Office of Management and Budget, Room 3208, New Execy-
tive Office Building, washington, 0.C. 20503, and to the U.5. Nuclear Requla-
tory Commission, Records and Reports Management Branch, Office of
Administration and Resource Management, washington, D.C. 20885,
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Hot Flow from Pressurizer
ThOt = 425°F

e —

Stagnant Cold Fluid
Tcold = 125°F
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