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SUMMARY

This report presents the methods, data, analysis and qualification results for
the Comanche Peak Unit 2 pressurizer surge line including thermal
stratification.

The report is divided into four sections with one appendix.

0 Section 1.0 - “Introducticn and Update of Design Transients" presenrts
the methods and data used to update the design thermal transients to
incorporate the effe~ts of flow stratification in the surge line.

0 Section 2.0 - “"Stress Analysis" describes the global and local stress
effects of stratification, including striping.

0 Section 3.0 - "ASME 1I] Fatigue Usage Factor Evaluation" provides the
evaluation results of the ASME I]1] fatigue 1ife of the surge line
subject to all design transients plus the effects of stratification.

0 Section 4.0 - "Conclusions” summarizes the results of the evaluations
of the effects of stratification in the surge line.

0 Appendix A - “Computer Codes" is a 1ist and description of computer
codes used in this work.

The work presented in this report leads to the following conclusions:

(a) Based on plant monitoring results from [ ]"°’° Westinghouse PWR's
(including Comanche Peak Unit 1) and flow stratification test data,
the thermal design transients for the surge line have been updated to
incorporate the effects of stratification.

(b) The global structural and local stresses and loads in the surge line
piping and support system meet ASME I1l1 Code allowables. The maximum
cumulative fatigue usage factor is [ ]a,c,e for a 40 year design
life, compared to the Code allowable of 1.0.

WPF11234/021292:10 X1






SECTION 1.0
INTRODUCTION AND UPDATE OF DESIGN TRANSIENTS

1.1 Introduction
1.1.} System Description

The primary function of the reactor coolant system (RCS) is to transport heat
from the reactor core to the steam generators for the production of steam. The
Comanche Peak Unit 2 RCS consists of four similar heat transfer loops connected
to the reactor vessel (Figure 1-1). Each loop contains a reactor coolant pump
(RCP) and a steam generator. The system also includes a pressurizer, connecting
piping, pressurizer safety and relief valves, and a relief tank.

The flow path for a typical reactor coolam loop is from the reactor vessel to

the iniet plenum of the steam generator (Figure 1-2). High temperature reactor
coolant flows through the U-tubes in the steam generator, transferring heat to

the secondary water, o.t of the tubes into the outlet plenum to the suction of

the reactor coolant pump. The reactor coolant pump increases the pressure head
of the react = coolant which flows back to the ruactor vessel.

The pressurizer vessel (Figure 1-3) contains steam and water at saturated
conditions with the steam-water interface level between 25 and 60% of the volume
depending on the ~lant operating conditions. From the time the steam bubble is
initially drawn during the heatup operation to hot standby conditions, the level
is maintained at approximately 25%. During power ascension, the level is
increased to approximately 60%.

As illustrated in Figure 1-2, the bottom of the pressurizer vessel is connected
to the hot leg of une of the coolant loops by the surge line, a 14 inch schedule
160 stainiess steel pipe.

WPF11230/021292:10 1-1



The simplified diagram shown in Figure 1-2 indicates the auxiliary systems that
interface with the RCS. Of particular significance to surge line stratification
are the normal charging and letdown function provided by the Chemical and Volume
Control System (CVCS), and the suction and return lines associated with the
Residual Heat Removal System (RHRS). The former directly controls the RCS mass
inventury and therefore affects flow in the surge line. The RHRS is used to
remcve heat from the RCS and thereby influences coolant temperature and
consequently coolant volume through thermal expansion and contraction.

Othcr systems which affect surge line flow conditions are main spray flow
suppliec to the pressurizer from one or two cold legs and the pressurizer
electric heaters. Spray operation does not significantly alter the total RCS
mass inventory, but does reduce system pressure by condensing some of the steam
in the pressurizer. The pressurizer heaters when energized generate steam and
as a result increase RCS pressure.

1.1.2 Thermal Stratification In the Surge Line

Thermal stratification in the pressurizer surge line is the direct result of the
difference in densities between the pressurizer water and the generally cooler
hot leg water. The lighter pressurizer water tends to float on tne cooler
heavier hot leg water. The potential for stratification is increased as the
difference in temperature between the pressurizer and the hot leg increases and
as the insurge or outsurge flr ' : -tes decrease.

At power, when the difference in temperature between pressurizer and hot leg is
relatively small (less than 50°F) the extent and effects of stratification have
been observed to be small. However, during certain modes of plant heatup and
~ooldown, this difference in system temperature could be as large as 320°F, in
which case the effects of stratification could be significant.

A common approach for assessing the potential for stratification is to evaluate
the Richardson Number (Tables 1-1 and 1-2) which is the ratio of the thermal
density head diametrically across the pipe to the fluid flow dynamic head, or

WPF11234/021292: 10 1-2












the pipe. ihe data interpreta.ion he» 1 is an attempt to classify and
characterize ohserved thermal conditions.

There are two basic causes of thermal stratification. Thermal stratif‘~ation
can be initiated either by | ]a,c,e or the [

%€ This i. the condition which this report
addresses.

]"c,e
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]

The establishment of a highly stratified condition is best iescribed by
considering the following typical transient example. This transient is based or
an observed reference plent transient which was caused by the cut-off of the RCP
in the same loop a: the surge line.

Typical Transient Description: (RCP Cutoff Fiaure 1-12)

WPF11234/021292:10 i-7









a) Expansion of the pressurizer bubble
b) RCP trip in the surge line loop

¢) Safety injection

d) Large charging - letdown mis* “tch
e) Large spray rates

In 1ight of these observations, the update of design transients is based on
plant monitoring results, operational experience and plant operational
procedures. Conservatisms have been incorporated throughout the process in the
definition of transients (cycles, AT) and in the analysis, as described in the
report. The design transients used in this report have been shown to be quite
conservative based on comparison to monitored data for Cominche Peak Unit i.

1.2.4 Heat Transfer and Stress Analyses

The correlation of measured pipe OD temperature to ID tomperature distribution
is achieved by heat transfer analysis as well as previous expcrience with flow
at large Richardson aumbers (Ri>>1) (Figures 1-15 and 1-16).

Tnese analyses and test data available to date show that a stratified flow
condition, |
13:€+® 45 a proper and conservative depiction of the *+ ow condition

inside the pip2 at large AT and low flow rates {(Ri>1).

An additional conclusion from the heat transfer and stress analyses is that |

]a.c.e

1.2.5 Stratification Profiles

Table 1-5 summaries the major stratificatior profile characteristics. The
monitored data shows a consisten* axial temperature orofile along th~ horizontal

portions of the [ ]a.c,e curge lines monitored.

WPF1123.4/021292: 10 1-10















For conservatism, the envelope from measursd transients in all plants is applied
to define the transients.

B) Fatigue Cycles

The fatigue cy~les were obtained using the technique illustrated on Figure 1-35,

(

]a,c.e Figure 1-37 illustrates the difference between the design
transients and the transients observed at plant A.

C) Strencth of Stratification

Plant monitoring data indicate that for the various transients observed the AT
in the pipe (top to bottom) is not as large as the AT in the system (pressurizer
to hot leg). The ratio of AT in the pipe to AT in the system will be referred
to as "strength of stratification”.

a.c,e
]
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COM DOWN DATA SINSRARY
(PIR - MOY LEG) YENP DITFERENCE AND TIME DURATION FON EACH PHASE

.C

@



IMAGE EVALUATION
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TABLE 1-11
TRANSIENT TYPES

Ja,c.e
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TABLE 1-12
SUMMARY OF FATIGUE CYCLES FROM | LA

Cycle De'te Range (°F) Cycle Dalta Rerge (°F)

— -
| Se——— —
NOTE: The delts range represents the relative severity (47) of each
transient following the Tatigue cycle approach.
LB neione 0

1-32
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TABLE 1-13

SUMMARY OF PLANT MONITORING HEATUP/COOLDOWN TRANSIENTS

WITH STRENGTH OF STRATIFICATION (RSS)

‘ .00 ¢ ]a.c.i [ gt
DEserve: DEserves OEserved
Cycles RSS (1) Cycles RSS (1) Cycles BES
— 148,84
L =1
OBSERVED TRANSIENTS GROUPED
BY STRENGTH OF STRATIFICATION
(RSS) INTERVALS
We. Observed % of
RSS ~ Cycles Tota)
o ._} 8.0,
l
L J

Note: The No. of groups

< .8 and .B0 <« x < .70

80 < x « B0

Sem W a0

1-33

i3 reduced by combining the intervals .70 < x
% of tota) = 3.4% for the interval



TABLE 1-13 (cont.)
SUMMARY OF PLANT MONITORING MEATUP/COOLDOWN TRANSIENTS
WiTH STRENGTH OF STRATIFICATION (RSS)

RSS b % ¢f Transients

o

RELATIVE NUMBER OF CYCLES OF
STRENGTH OF STRATIFICATION (RNSSj)
AFTER GROUPING

RSS)
RNSS ) Strength of
% Transients (2) Stratification (1)
P. ——
[ -

Nomenclature:

(1) Strength of Stratification (RSS)
(2) Relative Number of Cycles of Strength of Stratification (RNSS)

B v 08 0 1.3‘

a,c,¢

.icé.



TABLE 1-14
SUMMARY OF YONITORED TRANSIENT CYCLES (ONE HEATUP)

Plant No. of Cycles

ﬂ.’:l.

r
I

——

Avg. Monitored Cycles: 15,75 & x;

Selectes No. of Design Cycles: 36.% (added 30% to cbserved maximum number of
cycles, plant A)

DESIGN DISTFIBUTION APPLIED TO MAX NUMBER OF
TRANSIENTS EXCEPTED WMULTIPLIED BY 200
HEATUP OR COOLDOWN CYCLES

No. of Transients RSS

o ——d,C,0

Total

T e e Y 1.35
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TABLE 1-18
SUMMARY OF X TIMES AT
MAXIMJM TEMPERATURE POTENTIAL
RMTE,

1-36
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TABLE 1-18
SURGE LINE TRANSIENTS - STRIPING
FOR HEATUP (M) ang COOLDOWN (C)

1-37
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Figure 1-14,

Transient Typical of RC Pump Cut-off
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Figure 1-18.

Surge Line #et-Cold Interface Locations
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Figure 1-20. Inadvartent RCS Depressurization (4T = 260°F in Surge Line)
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SECTION 2.0
STRESS ANALYSES

Figure 2-1 describes the procedure to determine the effects of thermal
stratification on the pressurizer surge l1ine based on transients developed in

section 1.0, |

]l.C.C

Section 2.1  Addresses the structural or global effect of stratit cation

Section 2.2 Addresses the local stress effects due to the nonlinear
portion of the temperature profile

Section 2.3 Addresses the total stress effects due to the oscillation
of the hot-to-cold boundary layer (striping) plus the
thermal stratification stress

2.1 Piping System Structural Analysis
2.1.1 Introduction

The computer analysis of the surge line to determine the pipe displacements,
support loads, and internal pipr loads is referred to as the piping system
structural analysis. These louds are used as input to the fatigue
evaluations. The thermal strutification condition consists of both axial and
diametric variaticns in the pipe metal temperature, as described in section
1.0. The model consists of straight pipe and elbow elements for the ANSYS
computer code. |

195 % These studies verified the suitability of ANSYS for

thermal stratification analysis. [
].,C.‘
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2.1.2 Discussion On Typical Surge Line Analysis

The piping layout for a typical surgeline is shown in Figure 2-3. The rigid
support, Ril, originally installed to reduce deadweight and seismic loads
provides resistance to the displacements caused by thermal stratification.
This corfiguration conservatively envelops the Comanche Peak Unit 2 surgeline,
which does not contain a vertical rigid support. |

]I,C.C

wr11234/021292:10 2-2
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Based on the above discussion, ANSYS is suitable for thermal stratification
analysis. |

]l.C»O

].vct.

2.1.3 Results Fcr Comanche Peak Unit 2 Surge Line

The calculated piping stress due to thermal stratification for the Comanche
Peak Unit 2 surge line is reviewed to ensure that the system will not collapse

wi1123/021292:10 2-4



in & "hinge-moment" mechanism, The primary plus secondary stress limit for
*his piping stress is given by ASME 111, Section NB 3600, Equation 12 as 3.0
Sm. The maximum stress intensity range, which occurs at the RCL hot leg
nozzle, is 52.1 ksi. This is less than the Code allowable value of 57.9 ksi.
This corresponds to a bounding thermal stratification case with AT = 320°F,

1t should be noted that the stress index for the hot leg nozzle in equation 12
was developed from finite element analysis of the RCL nozzle. A summary of
max imum ASME code calculated stresses is presented in Table 2-11.

2.1.4 Additional Information on Linear Equivalent Techniques

2.1.4.1 Introduction

A review of the pressurizer surge line thermal stratification for several
plants indicated that the actual stratification temperature profiles are
better described by nonlinear diametric (cross-sectional) temperature
distributions. These temperature profiles will have effects on the global
structural behavior of the surge lines in terms of loads and displacements.
The use of isoparametric solid elements has made possible the study of
nonlinear cross-sectional temperature profiles, such as step change of
temperatures at mid-plane. This study was performed using a model developed
for the WECAN computer code. In order to achieve a less costly analytical
solution, an alternative model using pipe and elbow elements was developed for
the ANSYS computer code. These elements can only be loaded with a constant
cross-section temperature or a linear top-to-bottom cross-section temperature.
It, therefare, becomes necessary to establish an equivalent

linear temperature profile which will result in the same deflections and loads
in the piping system as would a nonlinear temperature profile. It should be
noted that there are differences in the WECAN and ANSYS models as described in
section 2.1.2. These modeling differences will contribute to minor
differences when results obtained from the analyses are compared. The purpose
of the study and the comparison with the measured displacements is to verify
the suitability of ANSYS for thermal stratification global analysis. The
theoretical basis for the equivalent linear temperature profile is based on a
cantilever beam model and is summarized below.

WPF1123,/021292:10 2-5
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5. For & centilever beam subject to thermal stratification, the axial
force (¥) and bending moment (M) are zero at each cross section (A),
thus

F e fy0dA=0(2.15)
Mo [0y dh=0(216)

The above equations are solved in closed form with the following results:

]‘che
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2.1.4.4 Discussion

i

The suitability of ANSYS for thermal stratification global analysis i3
demonstrated by the comparisons between case 3 and case L. WECAN and ANSYS
pipe displacements on Table 2-2 also confirm this. In addition, case 3L is
representative of the eleven analysis cases which represent various step
temperature profiles along the pipe axis.

2.1.5 Conclusions

Analytical studies with ANSYS and WECAN have confirm>d the validity of using
an equivalent linear diametric temperature profile to represent thermal
stratification. Fleven cases of thermal stratification were analyzed using
ANSYS for the Comanche Peak Unit 2 surgeline. Resul*s for all ather cases of
stratification were obtained by interpolation. The resulting loads on the
pressurizer and hot leg nozzles are acceptable. The surge line p.iz stress
satisfies the ASME 111 NB-3600 Code Equation 12 limits.

2.2 Local stress Due to Non-Linear Thermal Gradient
2.2.1 Explanation of Local Stress

Figure 2-24 depicts tne local axial stress components in a beam 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 .ross section. For & linear top-to-bottom
temperature gradient, the local axial stress would not exist, [

]a,c,e
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2.2.2 Superposition of Local and Structural Stresses

For the purpose of this discussion, the stress resulting from the global
structural analysis (section 2.1) will be referred to as "structural stress.”

|

12 € |ocal and structural stresses may be superimposed to
obtain the total stress. This is true because linear elastic analyses are
performed and the two stresses are independent of each other as summarized in
Figure 2-25.

rigure 2-26 presents the results of a test case that was performed to
demonstrate the validity of superposition. As shown in the figure, the super-
position of local and structural stress is valid. |

j3:¢.@

2.2.3 Finite Element Model of Pipe for Local Stiess

A short description of the pipe finite element model is shown in Figure 2-27.
The model with thermal boundary conditions is shown in Figure 2-28. Due to

symmetry of the geometry and thermal loading, only half of the cross section
was required for modeling and analysis. [

]ayc‘e
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2.2.4 Pipe Local Stress Resulis

Figure 2-29 shows the temperature distributions through the 14 in. schedule
160 pipe wall |

]a.c.e

2.2.5 Unit Structura’ Load Analyses For Pipe

In order to accurately superimpose local and global structural stress.s,
several additional stress analyses were performed using the 2-D pipe model.

T (

]a,c,e

2.2.6 RCL Hot Leg Nozzle Analysis

Two RCL surge line nozzle models were developed to evaluate the effects of

thermal stratification. These two models are shown in Figures 2-43 and 2-44.

WPF11224/021292:10 2-11
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Figures 2-45 thru 2-53 present color contour plots of temperature and stress
distributions in the surge line RCL nozzle. A summary of locil stre.ses in
the RCL nozzle due to thermal stratification is given in Table Zz-o. A summary
of stresses for unit loading applied is shown in Table 2-7.

2.2.7 Conserve:risms
Conservat.sms in the local stress analysis are listed below:

1. The hot/cold fluid interface is assumed to have zero width. A more
gradual change from hot to cold would significantly decrease local
stresses.

2. Stresses are based on linear elastic analysis even though stress
levels exceed the material yield point.

2.3 Thermal Striping
2.3.1 Background

At the time when the feedwater line cracking problems in PWR's were first
discovered, it 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 2-54 which shows the thermal striping
fluctuation in a pipe). Thermal striping was verified to occur during
subsequent flow model tests. Results of the flow model tests wece 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 model flow tests performed for
the Liquid Metal Fast Breeder Reactor primary pipe loop. The stratified flow

WPF11234/021292:10 2-12



was observed to have a dynamic interface region which oscillated in a wave
pattern. (See Figure 2-55 for test pipe sizes, thermocouple locations, and
Table 2-8 for typical frequency of striping oscillations.) These dynamic
oscillations were shown to produce significant fatigue damage (primary crack
initiation). The same interface osciliations were cbserved in experimental
studies of thermal striping which were performed in Japan by Mitsubishi Heavy

Industries.
2.3.2 Additional Background Information

Thermal striping was examined during 1/5 scale water model flow tests
performed for the Liquid Metal Fast Breeder Reactor primary pipe loop. These
tests were performed by Westinghouse at the Waltz Mills test facility. In
order to measure striping, thermocouples were positioned at 5 locations in the
hot leg piping system (three in the small diameter pipe and two in the large
diameter pipe.) The inside diameters of the large and small pipes were 6-1/2
and 4 inches, respectively. Figure 2-56 shows the test setup and locations of
the thermocouples. (Figure 2-55 shows test pipe sizes with circumferential
position of thermocouples.) Thermocouple locations were selected |

19:%*  1The
thermocouples extended [ ]a.c.e into the fluid. The flow rates and
corresponding Richardson numbers for each pipe size are chown in Tlable 2-9.

A total of | 12:€® tests was performed and evaluated. Three parameters
were measured during the water tests which help define thermal striping:
frequency of fluctuations, duration, and amplitude of delta fluid temperature.
The [ ]a.c,e were
recorded in the discussion of test results and are presented in Table 2-10.

The freguencies of the temperature fluctuations from these test results were

reported to be in the range of | ]a.c,e As shown in Table 2-10,
the |

]‘,Cye
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In order to use the water test data for the surge line striping analysis, the

test data with a |
18€+® was chosen to be used in the evaluation. From Table 2-9,

the | ]“C’e inch 1.D. pipe with flow rates of [
]a,c,e for the

pressurizer surge line.

When all other factors are equal, it has been shown that the thermal striping

stress is [ la,c,e

A typical value of usage factor was calculated with the [
]a.c,e as follows:

]a’c’e

This distribution corresponded to |
]a,c.e considered to occur at a stress level calculated with frequencies

of [ ]."c'e respectively. Calculations revealed that there
was | ]a.c,e in the usage factor when a
[

19 Therefore, | 13¢® was assumed in all usage factor

calculations.

For the Comanche Peak Unit 2 Pressurizer surge line, the frequency of |

]a.c.e was used in the [
]a.C’e
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As shown in Table 2-1C, the amplitude of AT varies from |
]a.c.e of the full AT between the hot and cold fluid temperatures.

For the Comanche Peak Unit 2 Surge line, the amplitude was assumed to be at |
]a,c,e

as shown by the curve in Figure 2-57. This is conservative since a higher AT
results in higher stress,

The maximum duration of thermal striping from Table 2-10 shows that thermal
striping occurred for | ]a.c,e For the Comanche Peak Unit 2
pressurizer surge line, thermal striping was considered to occur [

a,c,e
]

2.3.3 Thermal Striping Stresses

Thermal striping stresses are a result of differences between the pipe inside
surface wal)l and the average through wali temperatures which occur with time,
due to the oscillation of the hot and cold stratified boundary. (See Figure
2-58 which shows the typical temperature distribution through the pipe wall).

[

a,c.e
]

The peak stress range and stress intensity is calculated from a 2-D finite
element analysis. (See Figure 2-59 for a description of the model.) [

]a,c,e The methods used to determine aliernating stress intensity are
defined in the ASME code. Several locations were evaluated in order to
determine the location where stress intensity was a maximum.

Stresses were intensified by K3 to account for the worst stress concentra-
tion for all piping element in the surge 1ine. The worst piping elements were
the butt weld and the tapered transition.
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2.3.4 Summary of Striping Stress Considerations

WPF11234/021292:10 2-16
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2.3.5 Thermal Striping Total Fluctuations and Usage Factor

Thermal striping transients are shown at a AT level and number of cycles. [

]‘QC,‘

a,c,e
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2.3.6 Conservatisms

The conservatisms in the striping analysis are that striping occurs at one
location, surface film coefficients assume high values with constant flow, and
conservative design transients are used. The major conservatism involves the
combination of maximum striping usage factor with fatigue usage factor from
111 other stratification considerations. The |

].gCQe
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TABLE 2-1
COMPARISON OF WECAN AND ANSYS RESULTS FOR
LINEAR STRATIFICATION - Case 2
(Displacements in Inches)

ANSYS/WECAN
(JOBANSF) WECAN (AGJAQLM) ANSYS (PERCENTAGE)

— o —

a.,0.¢
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1ABLE 2-3
TEMPERATURE DISTRIBUTIONS IN COMANCHE PEAK UNIT 2 PRESSURIZER SURGE LINE
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THE EQUIVALENT LINEAR COEFFICIENTS Jl
(14 inch -

TABLE 2-4

Schedule 140 Pipe)
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TABLE 2-5
COMANCHE PEAK UNIT 2 SURGE LINE
MAXIMUM LOCAL AXIAL STRESSES AT [LOCATIONS 1 THRU 5]

Local Axial Stress (psi)

Location Surface Maximum Tensile Maximum Compressive
v i ‘_-1
! 4,¢C, @
I
s —

Note: Local thermal stresses shown are for a AT = 260°F.
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TABLE 2-7
SUMMARY OF PRESSURE AND BENDING INDUCED STRESSES
IN THE COMANCHE PEAK UNIT 2 SURGE LINE RCL NOZZLE FOR UNIT LOAD CASES

All Stress in psi
Linearized Stress Peak Stress
Intensity Range
Diametral Unit Loading
Location Location Condition Inside Qutside Inside Qutside

WPFUB11/020692: 10 2-25
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TABLE 2-8
STRIPING FREQUENCY AT 2 MAXIMUM LOCATIONS FROM 15 TEST RUNS
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TABLE 2-9
FLOW RATES AND RICHARDSON NUMBER
FOR WATER MODEL FLOW TESTS

Cold Water

Flow Rate
Pipe Section GPM) Ri_
4.0 inch 1.D. ) a.c,e
6.5 inch 1.D.

N s P ]
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RESUL 1S FROM T90 Hiy T57 1 AMDCOUPLE LOCATIONS

10TAL
DuRAT IO
FREQUENCY (M) # CYOLES/ ANPLITUDE (X OF POTEMTIML )
% x 5 1GTH N ; N x

IDURATIONM) BRX. (DURATION) $¥G (DURATION) TINE (SEC) WsIN (CYCLES) MAR  (CYCLES) AV

{CvCLES)
— a,c.e




WPF1123J/021292:10

TABLE 2-11]
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Figure 2-9.
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Figure 2-54. Thermal Striping Fluctuation
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Figure 2-58. Therma! Striping Temperature Distribution
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SECTION 3.0
ASME SECTION 111 FATIGUE USAGE FACTOR EVALUATION

3.1 Cod | Criteri

Fatigue usage factors for the Comanche Peak Unit 2 surge line were evaluated
based on the requirements of the ASME B & PV Code, Section 111 (reference
3-1), Subsection NB-3600, for piping components. The more detailed techniques
of NB-3200 were employed, as allowed by NB-3611.2. ASME 111 fatigue usage
factors were calculated for | ]l,c.e points in the surge line
piping using program WECEVAL (reference 3-2).

3.2 Previous Design Methods

Previous methods of surge line piping fatigue evaluation used the NB-3653
techniques but with thermal transients defined by W SSOC 1.3 F[3-3] and 1.3.X
[3-4), assuming the fluid surges to sweep the surge line piping with an
axisymmetric temperature loading on the pipe inside wall. These evaluations
produced typical usage factors of approximately [ ]a.c.e at girth butt
welds, [ 1%©'® at elbows and bends, and [  1¥'©'® at the RCL hot leg
nozzie crotch region. Effects of stratification were not included in previous

design analyses.

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

3.3 Analysis for Thermal Stratification

With thermal transients redefined to account for thermal stratification as
described in section 1.0, the stresses in the piping components were
established (section 2.0) and new fatigue usage factors were calculated. Due
to the non-axisymmetric nature of the stratification loading, stresses due to
2" loadings were obtzined from finite element analysis and then combined on a

siress component bas’-.
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3.3.1 Stress lnput

Stresses in the pipe wall due to internal pressure, moments and thermal
stratification loadings were obtained from the WECAN 2-D analyses of 14 inch,
schedule 160 pipe. |

]a,c.e
|
]a,c.e
3.3.2 Classification and Combination of Stresses

fs described in 3.3.]1 the total stress in the pipe wall was determined for
each transient load case. Two types of stresses were calculated: Sn to
determine elastic-plastic penalty factors, Ke‘ and Sp. peak stress. For most
components in the surge line (girth butt welds, elbows, bends) no gross
structural discontinuities are present. As a result, the code-defined "Q"

stress, the ’3‘abl°|Ta'°bTbl portion of the §  stress, is zero.

For the RCL hot leg nozzle, the results of the 3-D finite element WECAN
analysis of the nozzle were used to determine "Q" stress for transients with
stratification in the nozzle. Note also that Sn included appropriate stress
intensification using the secondary stress indices from NB-3681.

Peak stresses, including the total surface stress from all loadings -
pressure, moment, stratification - were then calculated for each transient. [

]a,c,e
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3.3.4 Simplified flastic-Plastic Analysis

When code Eq. 10, S , exceeded the 3Sm limit, a simplified elastic-plastic
analysis was performed per NB-3653.6. This requires separate checks of
expansion stress, £q. 12, and Primary Plus Secondary Excluding Thermal Bending
Stress, Eq. 13, and Thermal Stress Ratchet, and calculation of the
elastic-plastic penalty factor, Ke, which affects the alternating stress by
Sa]t = Ke sp/z. The Ke values for all combinations were automatically
calculated by WECEVAL. Thermal stress ratchet is also checked by WECEVAL.
£q. 13 is not affected by thermal stratification in the pipe where no gross
structural discontinuities exist, but is required to be verified at the
nozzle. Eq. 12 was evaluated in the Global ANSYS analysis by checking the
worst possible range of stress due to the expansion bending moments (section
2).

3.3.5 Fatigue Usage Results

The maximum Usage factors were [ ]a.c‘e at the RCL nozzle safe-end (node

1010, Figure 1-7) and [ ]a,c.e at the 5-D bend located underneath the
pressurizer, (Figure 1-7) which are less than the code allowable of 1.0.

The above usage factors included the effects of striping. The nature of
striping damage is at a much highe - frequency, varies in location due to fluid
level changes and is maximized at a different location than the ASME usage
factor.

3.4 Conservatisms in Fatigue Usage Calculation

The above calculated ASME usage factors contain the inherent conservatisms
known to be in the ASME Code methods. These include the conservatism in the
elastic-plastic penalty factor, Ke’ the method of combining loadsets based on
descending Sa]t’ and the factor of 2 on stress and 20 on cycles in the design
fatigue curve.

Also, due to input limitations in program WECEVAL, the maximum value of peak
stress intensification for all loading types was used. This was conservative

WPF11230/021292:10 3-4




3.3.3 Cumulative Fatigue Usage factor Evaluation

Program WECEVAL uses the Sn and S_ stresses calculated for each transient to
determine usage factors at selected locations in the pipe cross section.
Using a standard ASME method, the cumulative damage calculation is performed
according to NB-3222.4(e)(5). The inside and outside pipe wall usage faciors
were evaluated at | ]a.c.e through the pipe wall of the
2-0 WECAN model.

This includes:

1) Calculating the Sn and SR ranges, Ke. ana Sa)t for every possible
combination of the [ ] '©+€ transient load sets.

2) For each value of Sa]t‘ use the design fatigue curve to determine
the maximum number of cycles which would be allowable if this type
of cycle were the only one acting. Thesc values, Nl’ NZ"'Nn’ were
determined from Code Figures 1-9.2.1 and 1-9.2.2, curve C, for
austenitic stainless steels.

3) Using tne actual cycles of each transient loadset supplied to
WECEVAL, UITLPTRER calculate the usage factors Ul' uz...un from
Uj = ny/N;. This is done for all possible combinations. If N, is

greater than 1011 cycles, the value of Ui is taken as zero.

]!,C,Q

4) The cumulative usage factor, Ucum’ is calculated as ucum = Ul + U2
o4 Un. The code allowable value is 1.0,
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