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In May 1988 Portland General Electric Company's Trojan Station issued a
preliminary notification of an unusual occurrence related to unexpected
displacements of the pressurizer surge line piping. Investigations
indicated the cause to be stratified flow (which resulted in therma)

‘ bowing of the piping) and the presence of stresses not considered in

f the original design. Concerns regarding this event were expressed as
far back as 1982, and a monitoring program was initiated at Trojan in

i 1986. Additiona) industry review resulted in the issuance of INPO SER
25-87, "Surge Line Stratification," NRC Information Notice 88-80,

, “Unexpected Piping Movement Attributed to Therma) Stratification," and
NRC Bulletin No. 88<11, "Pressurizer Surge Line Therma)l Stratifica-

‘ tion," which brought this issue to the attention of all Pressurized
Water Reactor owners. In addition to the effects of non-uniform

circumferential thermal expansions, the oscillating, wavelike motion of
the fluid thermal interface along the piping inside surface was
identified. This phenomenon termed “thermal striping" affects the
cumulative fatigue life of the surge ‘ine.

NRCB 88-11 required for stress integrity and fatigue 1ife of the surge
line to be reevaluated, including the effects of therma)l stratification
and thermal striping.

¢.0  3COPE

The scope ¢ this evaluation i¢ to demonstrate that the stress and
fatigue 1ife requirements of the ASME Section 11l Code, Reference 6.1,
are acceptable for the prossurizer surge line piping at Zion Station
Units 1 and 2 when the effects of thermal stratification and therma)

. striping are included in the design basis.

Wi EMOSA 14,22
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The piping analytical model has been developed from the installed
piping and support configurations for units 1 and 2. The therma)
stratification effects on the piping have been calculated as global
structural and local stress effects. The global structural effects are
the overall piping system responses, su'“ as movement, piping moments
and forces, and nozzle and restrain. v “ing. The local stress effects
are the piping stresses resu'*ing from the differential therma) expan-
sion about the piping circumference and along the pipe axis. These
localized effects introduce additional hoop and axial stresses which
are added to the giobal structura) effects and included in the stress
and fatigue evaluation,

The thermal striping effects are localized and exist in conjunction
with siratified conditions. The localized thermal striping stress has
been calculeted and included in the fatique evaluation. In addition to
the thermal stratification and thermal striping effects, the design
basis loads as required by the Zion LFSAR, Reference 6.2, have been
iticluded in this evaluation,

The piping thermal stratification motion has been calculated and used to
demonstrate the existence of adequate design clearance for the piping and
the functionality of the piping supports. This evaluation also provided
the pressurizer and hot leg nozzle loads for qualification and the piping
support loads required to qualify the structural steel.

METHODOLOGY

3.1  ANALYTICAL MODEL

The pressurizer surge line analytica) mode) was developed from the
installed piping and support configurations for Zion Station

HIEMO66E14 .22
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The piping circumferential tempereture distribution plotted from
the Diablo Canyon and Lraidwood moritoring data 1s presented in
Figures 3.2.2 through 3 2.5. Since the 1ine size, wall thickness
and material of the surge line piping 1s identical, using this
monitoring date to repreient the conductive heat transfer charac-
teristics of the Zion surge line is justified. These figures
demonstrate that a nonlinear circumferential temperature
distribution exists as a result of stratified flow. Using the
axial temperature profile hot-cold interface locations, the non-
linear circumferential temperature distribution was defined as
the S-shape distribution seen in Figures 3.2.2 through 3.2.5,
Reference 6.5.

MODES QF QPERATION

To define the modes of operation for the surge 1ine, the UFSAR,
Reference 6.2, and the Westinghouse Standard System Design
Criterie 1.3, Reference 6.6 were used. This information was
supplemented by the Zion Station operating records which
contained hot leg temperature, prossurizer temporature,
pressurizer water level, spray demand, charging and letdown flow
rates, etc, The heatup and cooldown procedures, References 6.7
and 6.8, were used with the station operating records to develop
representative hot leg and pressurizer temperature time-histories
during heatup and cooldown, Figures 3.3.1 and 3.3.2.

To develop the design basis stratified thermal modes, the hot
fluid in the surge line was assumed to be at the pressurizer
fluid temperature and the cold fluid was assumed to be at the hot
leg fluid temperature. Using these assumptions with the previous
information, Table 3.2.1 was developed. It lists the design
basis operating modes, the pressurizer and hot leg temperatures
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THERMAL LOAD CASES
PRELCSURIZER HOT LEC
NUMBER OF TQ(P. Tl‘t'ﬂ’. QT
EVENT OCCURRENCES () A (°F)
Bubble Formation 200" 450 120 330
Heatup 200'" “s 178 270
Heatup 200" 654 548 109
Cooldown 200"" 654 380 274
Cooldown 200" 445 270 175
l Bubble collapse 200"" 450 120 330
Unit losding 5%/min. 13,200 653 565 88
! Unit unlosding $%/min. 13,200 653 568 8
Step load increase 2,000 653 565 88
* Step load decrease 2,000 653 565 g8
Large step loed decrease with
steam dump 200 653 547 106
Feedwater cyclirg st hot-shutdown 2,000 653 533 120
Steady state fluctuation
Case A -~ Initial 150,000 653 588 65
Case B ~ Random 3,000,000 653 588 65
Boren concentration Equalizetion 26,400 653 588 65
Loss of load 80 653 566 87
Loss of power 40 653 564 89
Fartial loss of flow 80 653 544 109
veactor trip from full power
Case A - no cooldown 230 653 560 93
Case B - cooldown with no §I 160 653 526 127
Case C -~ cooldown with §1 10 653 «54 199
Inadvertent RCS depress.rization 20 653 433 230
Control rod drop 80 653 355 98
Inadvertent SI actuation 6u 653 544 109
Turbine roll test 20 653 450 203

. Note (1) $ix surges per occurrence yields 1200 cycles,
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elemental strain deformati n when the element is subjected to the
non-1inear circumterential temperature profile of each piping
element in the model. By comparing the piping top to bottom
temperature difference with the pressurizer to Fic leg
temperature difference in Figures 4, 6, 9 ar. 10 of Reference 6.3
and the Braidwood Unit 1 surge 1ine therral monitoring data,
e.g., Figure 3.4.1, the piping tempera.ure difference is always
less than the pressurizer to hot leg fluid temperature difyyr-
ence. Reference 6.3 reports the ratio of the piping temperature
difference to fluid temperature difference to 0,87 and less.

This ratio is even smaller for *he Braidwood data, Based on the
conductive heat transfer similarities of surge lines at these
stations to the Zion surge lines, a conservative factor of 0.9
times the fluid temperature difference was used to determine the
piping hot and cold temperatures. For conservatism, the piping
hot temperature was assumed to be equal to the pressurizer fluid
temperature and the piping cold temperature equal to the pres-
surizer fluid temperature minus the 0.9 times the fluid tempera-
ture difference.

In addition to the global structural effects, the localized
effects were also calculated, The localized axiel and hoop
membrane and h,,p bending stresses resulting from the enveloped
thermal strat r(ication cases were calculated, Reference 6.5, and
added to t'e global responses in the stress and fatigue analysis,
fable 2.4.2 1ists the localized stress intensities used in this
evaluation,
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SURGE LINE THERMAL DATA
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kM 1

The surge 1ine is subjected to combined pressure-temperature
transients of the pressurizer and the hot leg as & result of
fluid transfers (surges) from the hot leg and the pressurizer,

An outsurge 1s defined as a surge from the pressurizer to the hot
leg and generates & significant thermal shock in the cooler hot
leg nozzle. An insurge is defined as & surge from the hot leg to
the pressurizer and generates a significant thermal shock at the
hotter pressurizer nozzle. Since the change in temperature asso-
ciated with the thermal shocks at the hot leg nozzle and the
pressurizer nozzle are equal, and the pipe global structura)
effects are sigrificantly larger ut the hot leg nozzle, the
thermal transient code stress terms AT,, 4T,, and T,-T, are
calculated at the hot leg nozzle and used to conservatively
represent those stress terms in the remainder of the system
piping. The pressure, temperature and flow time histories for
the events listed in Table 3.3.]1 were cunservatively enveloped to
reduce the number of thermal transient events to be analyzed.
Using the enveloped thermel transient events, an axisymmetric
finite element analysis, Reference 6.5, was performed on the hot
leg noz22le mesh depicted in Figure 3.5.1 using Sargent & Lundy
NOHEAT program, Reference €.10. The code thermal transient
stress terms are tabulated in Table 3.7.1.

THERMAL STRIPING ANALYSIS

Thermal striping, occurring together with the thermally strati:
fied flow, creates additional thermal transient stress terms
similar to the previously discussed thermal transient stress
terms, The code AT,, 4T,, and T,-T, stresses resulting from
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FIGURE 3.7.1
PIPING TEMPERATURE RESPONSE TO SURGE
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Station visua) inspection results documented in Reference 6,12 and

6.13. This comparison demonstrates that adequate clearance between the

SANHGENT & LUNDY
ENGINEERS

MieaDC

Acc. No.:

Page No, 36

piping and the flailing restraints oxists,

5.0 CONCLUSIONS

The the 'mal stratifications and fatigue eveluation of the Zior Statien
surge lines, Units 1 and 2, was performed and resulted in the following

conclusions.,

Piping Code stress criteria are met.

Cumulative usage factors are less than 1.0,

There are no new postulated pipe breaks.

‘ The spring hangert and snubbers are adequate.

' The rigid restraint is adequate.

. The flailing restraint :learances are adequate.
6.0  REEERENCES

6.1 ASME BLPV Code Section 111 1985 Edition.

6.2 Zion Stations Updated Final Ssfety Analysis Report, Volume 2,

Section 4.
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6.3 Measurement of Stratification in the Pressurizer Surge Line," by
P. Hirshberg and G. A, Antaki; Design and Analysis of Piping
Components, PVP Volume 169, 1889,

6.4 Commonwesalth Edison letter from P, R, Donavin to G. T. Kitz, CHRON
9144562, dated 07-27-80, Zion Station Units 1 and 2 Thermal
Stratification Evaluation of Pressurizer Surge Lines.

6.5 “Thermal Stratification and Fatigue Analysis of Pressurizer Surge
Lines," Zion Station Units 1 and 2, EMO-066548,

6.6 Westinghouse Standard System Design Criteria 1,3, Revision 2, 04-15-74,
6.7 Zion Nuclear Station GOP-1, Plant Meatup, 05-30-80.
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6.10 Sargent & Lundy Computer Program NOMEAT, NOHP9S5875¢10,

€.11 Sargent & Lundy Computer Program, PIPSYS, PIPPOSPE5.10.

6.12 Letter from R, J. Wulf to H, E. Bliss, Subject: Visual Inspection of
the Pressurizer Surge Line for Zion Station Unit 1, 02-20-89.
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SECTION 1.0
INTRODUCTION

1.1 Background

The current structural design basis for the pressurizer surge !ine requires
postulating non-mechanistic circumferential and longitudinal pipe breaks.

This results in additional plant hardware (e.9. pipe whip restraints and jet
shields) which would mitigate the dynamic consequences of the pipe breaks. It
is, therefore, highly desirable to be realistic in the postulation of pipe
breaks for the surge )ine. Presented in this report are the descriptions of a
mechanistic pipe break evaluation methud and the analytical results that can
be used for establishing that a circumferential type break will not occur
within the pressurizer surge line. The evaluations considering
circumferentially oriented flaws cover 'ongitudinal cases. The pressurizer
surge 1ine is known to be subjected to thermal stratification and the effects
of thermal stratification for Byron & Braidwood surge lines have been
evaluated and documented in WCAP-12743, The results of the stratification
evaluation as described in WCAP-12743, have been used in the  ;ak-before-break
evaluation presented in this report.

1.8 Scope and Objeciive

The general purpose of this investigaticn is to demonstrate leak-before-break
for the pressurizer surge line. The scope of this work covers the entire
pressurizer surge 1ine from the primary loop nozzle junction to the
pressurizer nozzle junction, A schematic drawing of the piping system is
shown in Section 3.0. The recommendations and criteria proposed in NUREG 1061
Volume 3 (1-1) are used in this evaluaticn., The criteria and the resuiting
steps of the evaluation procedure can be briefly summarized as follows:

1) Calculate the applied loads. Identify the location at which the
highest stress occurs,

2) ldentify the materials and the associated material properties.

>
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1.3 References

1-1 Report of the U.S. Nuclear Regulatory Commission Piping Review Committee
- Evaluation of rotential for Pipe Breaks, NUREG 1061, Volume 3, November
1684,

1=2 Standard Review Plan; public comments solicited; 3.6.3 Lesk-Before-Break
Evaluation Procedures; Federal Register/Vol. 52, No. 167/Friday, August
28, 1987/Noti.es, pp. 3262€-32633,

13 NUREG/CR-3464, 1983, “The Application of Fracture Proof Design Methods

Using Tearing Instability Theory to Nuclear Piping Postulated
Circumferential Through Wall Cracks."
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Operating experience in PWRs supports this determination, Te da.e, no
stress-corrosion cracking has been reportec in the primary piping or safe
ends of any PWR,"

During 1978, several instances of cracking in PWR feedwater piping led to the
sstablishment of the third PCSG. The investigatisns of the PCSG reported in
NUREG=068] (Reference 2-2) further confirmed that no occurrences of IGSCC have
been reported for PWR primary coolant systems,

As stated above, for the Wistinghouse plants there is no history of cracking
failure in the reactsr coolant system loop or connecting Class 1 piping. The
discussion below further qualifies the PCSG's findings.

For stress corrosion cracking (SCC) to occur in piping, the following three
conditions must exist simultaneousiy: high tensiie stresses, susceptible
material, and a corrosive environment., Since some residua) stresses and some
degree of material susceptibility exist in any stainless steel piping, the
potential for itress corrosion is minimized by properly selecting a material
immune to SCC as well as preventing the occurrence of 2 corrosive
environment., The material specifications consider compatibility with the
system's operating environment (both internal and exterral) as well as other
material in the system, applicable ASME Code rules, fracture toughness,
welding, fabrication, and processing.

The elements of a water environment known to increase the susceptibility of
auste.itic stainless steel to stress corrosion are: oxygen, fluorides,
chlorides, hydroxides, hydrogen peroxide, and reduced forms of sulfur (e.g.,
sulfides, sulfites, and thionates). Strict pire ¢leaning standards prior to
operation and careful control of water chemistr, <uring plant operation are
used to prevent the occurrence of a corrosive environment. Prior to being put
into service, the piping is cleaned internally and externally., During flushes
and preoperational testing, water chemistry is controlled in accordance with
written specifications, Requirements on chlorides, fluorides, conductivity,
and pH are included in the acceptance criteria for the piping.

AR29s/120790 10 2_
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During plant operation, the reactor coolant water chemistry is monftored anc
maintadred within very specific limits, Contaminant concentrations are kept
belw the thresholds known to be conducive to stress corrosion cracking witk
the major water chemistry control standards being included in the plant
operating procedures as a condition for plant operation. For example, durig
normal mower operation, oxygen concentration in the RCS and connecting (lass |
lines is expected to be in the ppb range by controlling charging flow chem-
istry and maintaining hydrogen in the reactor coolant at specified concentra-
tions., Halogen concentrations are also stringently controlled by maintaining
concentrations of chlorides and fluorides within the specified limits. This
is assured by controlling sharging flow chemistry, Thus during plant opera-
tion, the 1ikelihood of stress corrosion cracking is minimized.

2.2 MWater Hammer

Overall, there is a low potential for water hammer in the RCS and connecting
surge lines since they are designed and opersted to preclude the voiding
condition in normally filled lines. The RCS ana connecting surge line
including piping and components, are designed tor nerma!, upset, emergency,
and faulted condition transients., The design reguirements are conservative
relative to both the number of transients and their severity., Relief valve
actuation and the associated hydraulic transients following valve opening ere
considered in the system design. Other valve and pump actuations are
relatively slow transients with no significant effect on the system dvnamic
loads. To ensure dynamic system stability, reactor coolant parameters are
stringently controlled., Temperature during normal operation is maintained
within a narrow range by control rod position; pressure is controlled by
pressurizer heaters and pressurizer spray also within & nar~ow range for
rteady-state conditions. The “low characteristics of the system remain
constant during & fuel cycle because the only governing parameters, namelv
system resistance and the reactor coolant pump characteristics are cont 'olled
in the design process. Additionally, Westinghouse has instrumented tynical
reactor coolant systems to verify the flow and vibration characteristics of
the system and connecting surge lines. Preoperational testing and operating
experience have verified the Westinghouse approach, The operating transients

49299 120790 00 2-.3



of the RCS primary piping and connected surge 1ines are such that no
significant water hammer can occur,

2.3 Low Cycle and High Cycle Fatigue

Low cycle fatigue considerations are accounted for in the design of the piping
system through the fatigue usage factor evaluation to show compliance with the
rules of Section Il +f the ASME Code. A further evaluation of the low cycle

fatigue loading 1s discussed in Section 6.0 as part of this study in the form

of a fatigue crack growth analysis,

Pump vibrations during operation would result in high cycle fatigue loads in
the piping system. During operation, an alarm signals tha exceedance of the
RC pump shaft vibration limits, Field measurements have been made on the
reactor coolant loop piping of a number of plants during hot functional
testing, Stresses in the elbow below the RC pump have been found to be very
small, between 2 and 3 ksi at the highest. Recent field measurements on
typica) PWR plants indicate vibration amplitudes less than 1 ksi. When
translated to the connecting surge line, these stresses wou'd be even lower,
well below the fatigue endurance 1imit for the surge line material and would
result in an applied stress intensity factor below the threshold for fatigue
crack growth,

2.4 Summary Eva’ acion of Surge Line for Potential Degradation During Service

.

There has never been any service cracking or wall thinning identified in the
nressurizer surge 1ines of Westinghouse PwR design. Sources of such
degracdation are mitigated by the design, .onstruction, inspection, and
operation of the pressurizer surge piping.

There is no mechanism for water hammer in the pressurizer/surge system. The
pressurizer safety and relief piping system which is connected to the top of
the prestJrizer could have loading from water hammer events, However, these
loads are effectively mitijated by the pressurizer and have a negligible
effect on the surge line.

49294120790 1¢ 2-4
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SECTION 3.0
MATERIAL CHARACTERIZATION

3.1 Pipe and Weld Materials
The pipe materials of the pressurizer surge line for the
are SA3TE/TP316 and SA376/TP304. The pipe material of ¢t

ine for the Braidwood Units 1 and 2 ¢ $A376/TP316, The
product form of the type used for the primary loop pipin
plants., The surge line i3 connected to the primary loop
the other end of the surge line is connected to the pres
surge line system does not include any cast pipe or cast
processes used are snielded metal arc (SMAW) and submerg
locations are identified in Figures 3-1, 3-2, 3-3 and 3-
n the following section the tensile properties of the m
for use in the leak-before-break anaiyses,
3,2 Materia)l Properties
The room temperature mechanical properties of the Byron
Braidwood Units 1, 2 surge 1ine materials were obtained
Materiuls Test Reports and are g ven in Table 3-1, 3-2,
room temperature ASME Code minimum properties are given
seen that the measured properties well exceed those of t

reoresentative minimum an
the Certified Material
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leak-before-break evaluation, representativ
temperature are used for tre flaw sta

average properties are used for

ultimate stresses are used for

summarized in Tables 3-5 throug

3.3 References

and Pressure Vesse




TABLE 3-1

Room Temperature Mechanical Properties of the Pressurizer Surge Line
Materials and Welas of the Byron Unit 1

ULTIMATE YIELD
10 HEAT NO./SERIAL NO.  MATERIAL STRENGTH  STRENGTH  ELONG. R/A
psi psi (%) (%)
A L1284/13816 SA376/TP304 84,100 42,400 $3:7 £2.3
B L1264/13816 SA376/TP304 84,800 42,400 54,0 $7.0
¢ L1281/13803 SA376/TP304 84,600 42,200 89,7 £§7.7
0 L1283/13812 SA376/TP304 87,800 44,300 $3.7 68.2
E J3536/9083 SA376/TP316 83,100 44,300 $5.0 70.4
F §E009/6071 SA376/TP316 78,900 38,700 £8.7 72.3
G L1283/13812 SA376/TP304 87,900 44,300 $3.7 63.2
K L1283/13812 SA376/TP304 88,600 45,200 80.% £%5.2
SW1 E7444 (GTAW) SFAS.3/ER308 N/A N/A N/A N/A
34839 (SMAW) SFAS,4/E308 85,700 $9,000 40.0 £4.8
SW2 E7444 (GTAN) SFAS.9/ER308 N/A N/A N/A N/A
£7444 (SAW) SFAS,8/ER308 N/A N/& N/ N/A
SW3 E7444 (GTAW) SFAS,9/ER308 N/A N/A N/A N/A
346839 (SMAW) SFAS.4/E308 85,700 $9,000 40.0 64,8
S36768 (SMAW) SFAS,4/E308 84,900 57,400 40.0 84,7
SwWd  E7444 (GTAW) SFAS,9/ER308 N/A N/A N/A N/A
£7444 (SAW) SFAS.9/ER308 N/A N/A N/A N/A
SWS E£7444 (GTAW) SFAS.9/ER308 N/A N/A N/A N/A
346839 (SMAW) SFAS.4/E308 84,800 §7,400 40.0 64.7
FWl SMAW AND GTAW N/A N/A N/A N/A N/A
FW2 SMAW AND GTAW N/A N/A N/A N/A N/A
FW3 SMAW AND GTAW N/A N/A N/A N/A N/A
Fwd SMAW AND GTAW N/A N/A N/A N/A N/A
FWS SMAW AND GTAW N/A N/A N/A N/A N/A
N/A = Not Available
AB280/ 120790 10
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TABLE 3-2

Room Temperature Mechanical Properties of the Pressurizer Surge Line

10 HEAT NO./SERIAL NO.,  MATERIAL
L1284/13816 SA37€/TP304
L1284/13816 SA376/TP304
L1284/13808 SA376/TP304
L1281/13807 SA376/TP304
J3536/9083 SA378/TP316
L1283/13808 SA376/TP304
L1283/13807 SA376/TP304
L1281/13807 SA376/TP304
E7444/GTAW SFAS,9/ER308
346839/SMANW SFAS.4/E308
836768/ SMANW SFAS.4/E308
E7444/57 AW SF5.9/ER308
E7444/SAW SFAS,9/ER308
E7444/GTAW SFAS.9/ER308
346839/ SMANW SFAS.4/E308
E7444/GTAN SFAS,8/ER308
E7444/SAK SFAS.9/ER308
E7444/GTAN SFAS.9/ER308
346833/ SMAN SFAS,4/E308

Fwl
FW2
| FW3
; Fwd
| FKS

| N/A

= Not

SMAW AND GTAW
SMAW AND GTAW
SMAW AND GTAW
SMAW AND GTAW
SMAW AND GTANW

482820780 10

Available

N/A
N/A
N/A
N/A
N/A

3-4

Materials and Welds of the Byron Unit 2

ULTIMATE YIELD
STRENGTH  STRENGTH  ELC, R/A
o1 psi (%) (%)
84,100 42,420 §3.7 §2.3
84,900 42,400 54.0 §7.0
85,900 42,900 56.6 £4.2
84,900 43,400 §7.9 73.0
83,100 44,4300 55.0 70.4
85,900 43,900 210 65.9
87,400 43,700 §7.1 71.0
87,400 43,700 57.1 71.0
N/A N/A N/A N/A
85,700 §9,000 40.0 §4.8
84,900 57,400 40.0 §4.7
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
85,700 59,000 40.0 84,9
N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
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TABLE 3-4

Room Temperature Mechanical Properties of the Pressurizer Surge Line

10 HEAT NO./SERIAL NO.  MATERIAL
J6568/28416 SA376/TP316
J6570/28428 SA376/TP316
J6570/28428 SA376/TP316
J6568/28416 SA376/TP316
J6570/284289 SA387/TP316
J6568/28416 SA376/TP316
16654C/GTAW SFAS.9/ER308
14975C/SMAW SFAS.4/€£308
04756 /SMAW SFAS.4/E308
16654C/GTAN SFAS,9/ER308
6038010/SMAN SFAS.4/E308
14975C/SMAW SFA5,4/E308
04756/ SMAN SFAS.4/E308
16654C/GTAW SFAS,9/ER308
6038010/SMAW SFAS.4/E308
§038011/5MAW SFAS.4/E308
04756/ SMAW SFAS,4/E308

Fwl
Fw2
FW3
Fd
FWS

N/A

4810

SMAW AND GTAW
SMAW AND GTAW
SMAX AND GTAW
SMAW AND GTAW
SMAW AND GTAW

= Not Available

120790 18

N/A
N/A
N/A

/A
N/A

3-6

Materials and welds of the Braidwood Unit 2

ULTIMATE YIELD
STRENGTH  STRENGTH  ELONG, R/A
psi psi (%) (%)
87,800 $,700 52.6 66.9
87,600 46,400 50.6 8.6
87,600 46,400 50.6 68.6
87,800 45,700 52.6 66.9
90,600 47,600 50.0 66.7
87,800 45,700 52.6 66.9
2,500 N/A 41 N/A
82,900 N/A 36 N/A
94,000 N/A e N/&
92,500 N/A 41 N/A
85,000 64,000 45 54
92,800 N/A 36 N/ A
94,000 N/A L N/A
92,500 N/A 4l N/ A
85,000 64,000 45 54
82,820 60,240 50 §7
94,000 N/A 44 N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A N/A
N/A N/A N/A /A
N/A N/A N/A N/A
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Material

SA376/TP304

SA376/TP316

4829412078C 0

Representative Tensile Properties for Byron Unit |

Temperature
(°F)

100
135
208
455
653

100
135
208
455
653

TABLE 3-6

Minimum
Yield (psi)

Average
Yield (pst)

42,200
39,740
34,990
28,110
25,160

38,700
36,800
33,130
26,540
23,840

3-8

43,670
41,120
36,210
29,090
26,040

41,800
38,750
35,780
28,470
25,750

Minimum
MNtimate
si)

84,100
82,53
79,330
71,660
71,200

78,900
78,900
78,800
75,530
75,530






Materia)

SA376/TP316

4320y 120700 10

Representative Tensile Properties for Braidwood Unit 1

Temperature
(*F)

100
13%
205
455
653

TABLE 3-8

Minimum

Yield (psi)

43,700
41,1%0
36,230
9,110
26,060

3-10

Average

Yield (psi)

44,570
42,380
38,160
30,560
27,450

Minimum
Ultimate
\pst)

87,400
85,770
82,450
74,470
73,940



TABLE 3-9

Representative Tensile Properties for Braidwood Unit 2

Minimum
Temperature Minimum Averace Ultimate
Material (*F) Yield (psi) Yield (psi) (psi)

SA376/TP316 100 45,700 46,2%0 87,600
13% 43,030 43,580 85,960

205 37,890 39,590 82,630

455 30,440 31,720 74,640

653 27,250 28,450 74,170

49290020790 00 3,11



TABLE 3-10

Modulus of Elasticity (E)

Temperature £ (kst)
(°F)
100 28,138
138 27,950
208 ¢7,600
455 ¢6,11%
653 ¢5,03%

45294120780 16 3-12



NOTE:
FWl to FWS « Field Weld
SW1 to SWS « Shop wWeld

Figure 3-1 Byron Unit 1 Surge Line Layout

4400 101290 10



I'B "

Note:
FWl to FWS « Field Weld
SW1 to SW5 - Shop Weld

Figure 3-2 Byron Unit 2 Surge Line Layout

AB0%/'0220 10 3.14



Note:
FWl to FWd « Field Weld
SWl to SW3 - Shop Weld

Figure 3-3 Braiawood Unit 1 Surge Line Layout

453402290 10 3. lg



IIB "
W2

Note:
FWl to FW4 - Field Weld
SW1 to SW3 - Shop weld

Figure 3-4 Braidwood Unit 2 Surge Line Layout

“400e/ 102096 10 3-16



SECTION 4.0
LOADS FOR FRACTURE MECHANICS ANALYSIS
Figures 3-1 through 3-4 show schematic layouts of the surge 1ines for Byron
Units 1 & 2 and Braidwood Units 1 & 2 and identify the weld locations.

The stresses due to axial loads and bending moments were calculated by the
following eguation:

crgpey (4-1)
where,

¢ s stress

F - axial load

M * bending moment

A s metal cross-sectional area

pd * section modulus

The bending moments for the desired loading compinations were calculated by
the following equation:

o T 2. 0.5
Mg (My" * Mp7)

where.
Mg : bending moment for required locading
MY = Y component of bending moment
Mz s 1 component of bending moment
The axia) load and bending moments for crack stability analysis and lesk rate

predictions are computed by the methods to be explained in Sections 4,1 and
4.2 which follow,

429y 120792 10 4-

-
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u.o-....oo..-.....o.-oo.o--]"c" Th' logﬁc fcr th*s AT [---.-o.}“c’e

fs based on the following:

Actual practice, based on plant experience with this type of situation,
indicates that the plant operators cumplete the cooldown as quickly &s
possible once & leak in the primary system is detected. Technica)
Specifications may require cold shutdown within 36 hours but actual practice
is that the plant depressurizes the system as soon as possible once a primary
system leak is detected. Therefore, the hot leg is generally on the warmer
side of the limits (~200°F) when the pressurizer bubble is quenched., Once

the bubble is quenched, the pressurizer is cooled down fairly quickly reducing
the AT in the system.

4.4 Summary of Loads and Geometry

The load combinations were evaluated at the various weld locations, Norme!
loads were determined using the algebraic sum method whereas faulted loads
were combined using the absolute sum method.

48290120780 10 4-4




4.5 Governing Locations

A1) the welds at Braidwood Units 1 and 2 surgelines are fabricated using the
SMAW procedure. In Byron Units 1 and 2 surge lines both SMAW and SAK
procedures were used. The following governing locations ware established for
each type of weld.

SMAW we'd

Node 1030 (hot leg nozzle junction) for Byron 1 & 2 and Braifdwood 1 3 2.

SAW weld

Node 1350 for Byron Units 1 and 2.

The loads and stresses at these critical locations for all the loading
combinations are shown in Tables 4-4 through 4-7.

49294120792 10 4-

o




:v-:\.g.,F "1

Types of Loadings

Pressure (P)
Dead Weight (Dw)
Norma! Operating Thermal Expansion (TH)

Safe Shutdown Earthquake and Seismic Anchor Motion (55E)%

8SSE is used to refer to the absolute sum of these loadings.

49294120790 10 4-8






TABLE 4-3

Associated Load Cases for Analyvses

A/D This is here-to-fore standard lea' ~before-break evaluation,
k- NES W
A/f sessss sreesessssssnsecaasascctnarssensssassasssennasenan
B/E ..... PR B RPN ARG E PSRRI NS EP sl l s s e e st Rsteesss
B/’ ............. i R S - e er--
B/G‘ ................. B Bl ) M i v e e S e L s
C/G‘ ............................................... s Tt
®  These are judged to be low probability events.
49295120780 10 4-8



TABLE 4-4

Summary of LBB Loads and Stresses by Cese for Byron Unit |

Node Case  Fy(1bs) Sy(psi) Mg(in=1b) Sg(pst) Syipsi)

1030 A 228508 4561 1025567 6386 11547

1030 B [ eeeeee e emesses eeee e e
1030 G Loeeees s b

1030 0 2¢6488 4920 3083650 20801 WL
1030 B Teeeses seen smesses esese seees

1030 F | seeess L

1030 G |_seeees cess semsess sesss ssses |

1350 A 238383 4778 758895 5170 9948

1350 B [eeeses sese emessss eeeme aeees T,
1350 ¢ |_eeeee- sees  seessss seeme eeess .

1350 D 28879 4302 1610046 10968 869
1350 B [eeeees ssss | ssssess wsase  seses

1380  F | eseees I ;

1350 G | ewees swas meseces semes eenes n

4301200 0 4 .9



TABLE 4+5

Summary of (BB Loads and Stresses by Case for Byron Unit 2

Node Case  Fy(lbs) Sy(pst) Mg(in=1b) Sglpst) Se(psi)

1030 A 228678 4564 1031828 7029 11583

1030 B l: ------ shas " - | eeawes | o haemes G wseds « a,c.e
1030 | eweses e el ¥

1030 D 254803 5088 3157781 21511 26539

1080 £ [Teere sees mmmemes e el 3 s
1030 F | sesses sees emsssse aeees aeeee

1030 6 ’_ ------ L e ‘J

1350 A 239362 4778 766365 5220 9938

1350 B | eseee- e seser eeeen a.ce
1380 | ewwees mawn | L eesemas e AU ST o

1350 D 256460 5119 1452482 1884 15013

1380 B [Teeeee- sees 0 emmsess smees s g b
1350  F | sseee- seer mseess seses eeee. |

1350 6

)
------ -- - - .- - '

4938 1 I00 0 41 0
-



Node

1030
1030
1030
1030
1030
1030
1030

4819y 20790 10

Case

e M M O OO DD >

TABLE 4-6

Summary of LBB Loads and Stresses by Case for Braidwood Unit 1

Fy(1bs)

228508

------

......

Sy(psi)

4561

4320

Ms(ﬁn-Ib)

1025567

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

.......

4-11

Sa(DS‘)

6985

-----

.....
.....

Selpsi)

-----
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SECTION 5.0
FRACTURE MECHANICS EVALUATION

§.1 Globe) Fadlure Mechanism

Determination of the congitions which lead to failure in stainless stee’
should be done with plastic frecture methudology beceuse of the Targe amount
of deformation accompanying fraciure. One method for predicting the faflure
of ductile materia! is the I-°~°'°°°--°-'°°°‘--3"°" method, based on
traditional plastic 1imit load concepts, but accounting for [eeveee

conernees (000 g taking into account the presence of & flaw, The flawed
component is predicted to fail whai the remaining net section reaches & stress
leve! &t which a plastic hinge s formed, The stress ‘evel at which this
occurs is tormed as the fliw stress, [recseenmsesssscccciscccccnncsnrncncene
cessesesssensscnsaccnsas B This mathodology as Deen shown to be
applicable to ductile piping through a large nunber of experiments and 18 usec
here to predict the critical flaw size in the preasurizer surge line. The
failu=e criterion has been cbtained by requiring equilibrium of the section
containing the flaw (Figure 5-1) whe) loads are applied. The detailed
development is provided in Appendix A for a through=wa!l circumferential flaw
in a pipe secticn with interna) pressure, axial force, and imposed bending
moments. The 1imit moment for such a pipe is given by:

[.-'.--o--o-o-‘-~o------c--oo-.o-.o-}.'c‘. (5-1)

where:

[......................-.t.......-..p.-.......O...-..-.....I......t‘.....‘
PR R R R R R R
T TR R R R R R L

o...o..-..o.o.oooo-‘-].’c

A28 120780 0 5.1
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e EEHETIIEE qce 3+2)

The anelytical mode) described ebove accurately accounts for the interna)
pressure &s well as imposed axial force as they affect the limit moment. Goog
agreement was found between the analytical predictions and the experimente!
results (reference 5-1). Flaw stability evaluations, using this analytical
mode!, are presented in section 5.3,

5.2 Lesk Rate Predictions

Fracture mechanics analys‘s shows in gerera) that postulated through-wall
cracks in the surge line would remain stable and do not cause & gross failure
of this component, However, if such & through-wall ¢rack did exist, it would
be desirable to detect the leskage such that the plant could be brought to @
safe shutdown condition, The purpose of this section is to discuss the method
which will be used to predict the flow through such & postulated crack and
present the leak rate calculation results for through-wall circumferentiai
cracks,

5.2.1 Genera! Considerations

The flow of hot pressurized water through an opening to & lower back pressure
(causing choking) is taken into account. For long channels where the ratio of
the channe) length, L, to hydraulic diameter, Ous (L/Dy) is greater than
[+=)0 50 potn [sreemmmmennnnnnnnennecnneneen )60 o or be considered.

In this situation the flow can be described as being single-phase through the
channe! unti] the local pressure equals the saturation pressure of the fluid.

4020 T2LTRC D 5.2




At this point, the flow begins to flash and choking occurs. Pressure losses
due to momentum changes will dominate for [seceeeceeees]®©® wongupr, for

large L/D, values, the friction pressure drop will become impertant and must
be considered aleng with the momentum losses due to flashing,

Iﬂ u“nq the [ -------- e Rl cemen. L

P b R T R mEsEE.- DR R R R P R R RO R R SEmmn-
P T L L R L PR R R

e EE.-- .....‘.......-........,.............,...]“C...

The flow rate through @ crack was co'c  ated in the following manner. Figure
§-2 from reference 5-2 was used to estimate the critical pressure, Pc, for the
primery loop enthalpy condition and an assumed flow, Once Pe was found for a
given mass flow, the [--------------------................_..,,,,_._"]a,c,c
was found from figure 5-3 taken from reference 5-2. For all cases considered,
since [------.................,.,IG.C,0 Therefore, this method will yield
the two-phase pressure drop due to momentun effects as i1lustrated in figure
§-4, Now using the assumed flow rate, G, the frictional pressure drop can be

caleulated using

(L/D, + 40)6°
6 Py ¢ =g

bbade (83)

where the friction factrr f {s determined using the [+====ewer=- een)BiCo®
The crack relative roughness, t, was obtained from fatigue crack data on
stainless stee) samples, The relative roughness velue used in these
caleulations was [messessseseneece 8608 pyg,

L TERD Bl 5.3
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The weld at the locations of interest (1.e. the governing locatiyn) are SMAW
anc SAW welds. Therefore, “2* factor corrections for SMAW and SAW we'ds were
spp)ied (references 5-4 and B«5) as follows:

2o 1,05 (1« 0,013 (0.0, = 4)] (for SMAW) (5-5)
2 ¢ 1,30 {10,000 (0.0, = &)) (for SAN) (56)

where O0 is the outer diameter in inches. Substituting OD = 14,00 inches, the
7 factor was calculated to be 1.289% for SMAW and 1,43 for SAW, The appliec
leads were increased by the I factors and the plots of 1imit load versus Crack
length were generated as shown in figure 5-6 to 5-29. Tables 88, 56, 57
and §<B show the summery of critical flaw sizes for Byron, Braidwoods Units i
U

§.4 R!f!r!qsgg

§-1 Kanninen, M. F. et al., ‘Mechanica) Fracture Predictions for Sensitized
Stainless Steel Piping with Circunferentia) Cracks" EPR1 NP-182,
September 1876,

8.2 [Fauske, H. K., "Critical Two-Phase, Steam Water Flows," Proceedings of
the Heat Transfer and Fluid Mechanics Institute, Stanford, California,
Standford University Prass, 1961, 1410

-3 Tads, M., "The Effects of Shell Corrections on Stress Intensity Facters
and the Crack Opening Area of Circumferentia) and a Longitudinal

ThrnumheCrack in a Pipe,” Section 11+1, NUREG/CR-3464, September 1983,

§-4 NRC letter from M, A, Miller to Georgis Power Company, J. P. O'Re‘lly,
¢ated September 9, 1987,

§-5 ASME Code Section XI, Winter 1985 Addendum, Article IWB-3640.
§-6 Standard Review Plan; Public Comment Solicited: 3.6.3 Leak-Before-Break

Evaluation Procedures; Federal Register/Vol. 52, No. 167/Friday, August
28, 1987/Notices, pp. 32626-32633.

4920 12078000 5-5




Node Point  Load Case Temperature

1030

1350

A8 020780

TABLE §-!

Leak Rate Crack Length for Byron Unit 1

grggk L!"ﬂ!h sin.z

(*F) (for 10 gpm leakage)

R R .

e g

R R S ———

A B e O I N a -

e R S S e

e N S

-

5-6
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Ngd! Point

1030

13%0

4920 13070 10

TABLE 5-2

Leak Rate Crack Length for Byron Unit 2

s08¢ Case lenpergture Crack Length (in.)
(*F) (for 10 gom leakage)

|
SO S

Cy



TABLE §-3

Leak Rate Crack Length for Braidwood Unit |

Node Point  Load Case  Tempersture  (rack Length (in.)

(*F) (for 10 gpm leakage)
P j ‘.c.'
1030 | seseseseseseciiciiin, sesessnaas
e )

49288 120790 10 5.8



TABLE $-4

Lesk Rate Crack Length for Braidwood Unit 2

Node Point Load Case Temperature Crack Length (4n.)

(*F) (for 10 ypm leakage)
- n
1030 ............................ e L T !
..................................... e '
|
| - e

4920 120790 00 5.

o
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Summary of Critica) Flaw Size for Byron Unit |

TABLE -5

Critica)

Nﬂ! PQM& Mm Y!mnrltgr! Flaw 54

1030

1350

BBy 200 10

‘o

(*F)

...'........-..‘.......................
..-......ﬁ..'.......‘..............‘..‘
........O.-...‘.....‘......‘...........

-‘...............".."............‘...

g
I I R
l.......“..-...C...‘O...‘........O.Q..

L I i e

'

10

8.c,0



TABLE 5-6

r

Summary of Criticel Flaw Size for Byron Unit 2

Critical

Noge Point Loac Case Temperature Flaw Size (in

(*F)

1030 SRS IE RO NSRS ESENINEaPIEs ey
3
SO ERINEAEIAEEENSEEIIPENURENSEESSEES
soenssasssbebEaESS shbsusbIsERPbe OB NS

e AR EE e

1350 Feseessssseesesesaneissana cemenines

R e R
B R L R ssE-
R dEmme- L e R s .-

SH000 120790 10 R

o




Node Pgint

1030

R0 2000 0

TABLE $+7

Summary of Critical Flaw Size for Braidwood Unit 1

Load Cese Tempersture
(*F)

§-12

Crivica)
Flaw 31;. (in)
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Figure -1 Fully Plastic Stress Distribution

S- 14

ey



“
i
»

MASS VEIOCITY fi/iesciite?))

I

i, STAGNATION ENTHALPY (107 B/t
gure -2 Analytica red s of Critical Flow Rates of
Stoam=water Mirtyures

A0 0 1§




CRITICAL PRESSURE RATIO ip,_ip_)

Figure 53
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Figure S-4,

48000/ '02090 10

idealized Prassure Orop Profile Through a Postulated Crack






PIPE OD=14.00 T=1.

Figure 5-6.

030980 10

BIRON 1 LOAD CASE D NODE 1630 (SKAK)

250 siCy=29.2
Mz, J@SE+04

Critical Flaw Size Pregictisn for Byron Unit |
Node 1030 Case 0



L

PIPE OD=14.00 T=1.2%50 S1GYs=

RS £ WODE 1660 (M)

Faz247,

Mz, ,311E+04

Figure 5-7. Critical Flaw Size Pregiction for Byron Unit |

a
-

L Y -~ -

Node 1030 Case t

00 00w 0



BYRON 1 LOAD CASE F NODE 1838 (SMAK)

PIPE OD=14.00 T=1,2%50 $1CGy=385.0

Mz, J46E+94

Figure $+8 Critical Flaw Size Prediction for Byron Unit |
Node 1030 lase f

4000 10390 0 £.7
v &



BYRON 1 LOAD CASE G NODE 1838 (SMAK)

PIPE OD=14.00 T=1,2%@ $1 Faz387.7

Mz, 620E+04

Figure 5+3 Critical Flaw Size Prediction for Byron Unit 1

AAM A

Node 1030 Case 6

00 St 0 <

L]



h

BRON L LOAD CASE D MODE L350 (340

PIPE OD=14.00 T=1.2%0 SI1CY¥’r 23.8 1GU=75.9 ¥
Mz, l61E+04

Figure §-10 Critica) Flaw Size Freaiction for Byron Unit :

-
-
.
-
v

Noge L350 Case D

00 02eC 0

o

Car



l

iR  BYRON 1 LOAD CASE E NODE 1330 (SAM)

FIFPE ODP=14.800 1 $1GU=79.9

Mz, L6WE+ 04

h |

Figure S-11 Critica) Flaw Size Presiction for Byron Unit )

™

Lase

A03s 0280 ¢ £.24



PIPE OD=14.00 T=1.290 S$1GY=26.9 2z50.3

Mz, 142KE+04

Vi A I SSE T ML SO (0,
\

Figure 8-12 Critical Flaw Size Pregiction for Byron Unit )

LLER TR, .



BERON 1 LOAD CASE G NODE 1356 (SAM)

PIPE OD=14.00 T21.29%0 SI1CY=26. .xcu 79.9 Faz36.7

=,264E+04




B - BRON 2 LOAD CASE D NODE 1030 (SMAR) _

PIPE OD=14.00 T=1,.250 $1GQy¥=2%.3
=.316E+04

.......



..»-";;
| BYRON 2 LOAD CASw £ NODE 1038 (SMAN)
& PIPE OD=14.00 T1T=1.2%0 S$I1Cyz=28.2 SiICuU=71.2 Faz2939%.
M=, 321E+04
0
¥
Figure 5-18 ritical Flaw Size Prediction for Byron Unit 2
i Node v Lase t
Fs 4024/ 102080 19




BIRO 2 LOAD CASE F NODE 1630 (SMAW)_

PIPE OP=14.00 T=1,2%50 $1Cy=33.2

M=, 38B3E+Q4

Figure S+16 Critical Flaw Size Frediction for Byron Unit 2
Node .C30 Case F

A0 290 0



BYRON 2 LOAD CASE G NODE 1838 (SMAK)

PIPE OD=14.00 T=1.2%0 $I1Cy=39. Faz66.1
Mz . 6165+04
Figure S-17 Critical Flaw Size Pregiction for Byron Unit 2
Node .C10 Case G

000 N80 0



BYRON 2 LOAD CASE D NC'DE 1336 (AW

PIPE OD=14.00 T=z1.290 $1CGyY=295.3 .
Mz, LASE+ @4

Figure 5-18 Critical Flaw Size Pregiction for Byron Unit 2

~n o~

‘ “ah
Node 1350 Case D

A03s 101990 0 7



BLAON 2 LOAD CASE I NODL 1338 (SAK)

PIPE OD=14.00 T=1.230 S1QyY=29.3 SIGU=71.2 Faz237.
Mz, L4ASE+@4




BERON 2 LOAD CASE F NODE 1330 (SAK)

PIPE OD=14.00 T=1.2%50 S$1Qy=2

Figure 5-20 Critical Flaw Si
Node .32

4800 098G 0

i i
e rr
A iA=L
v wase ?

GU=71.7

Fa=350.3
M= .149E+04

diction for Byron Unit 2

a,C,€




BYRON ¢ .AD CASE G NODE 1338 (SAH)
PIPE OD=14.00 T=1.29@ SICY 28.2 SiGuU=74.7 Faz67.6
M=, 242E+CA4
Figure 5-21 Critical Flaw Siie Frediction for Byren Unit 2
Node 1350 Case G
4000002990 10

§-34

——



T BRATONOOD. 1 LORD CASE D MODE 1650 (SMRK)

PIPE OD=14.00 T=1.2350 £1C¥=26.1 SIGU=74.0
Mz, 303SE+04

Figure 5-22 Critical Flaw Size ®rediction for Braidwood Unit |
Node 1C20 -ase O

800 02 10



a—a———

BRATDWOOD | LOKD CASE, £ MODE 1030 (M)

PIPE ODP=14.00 T=1.2350 SICY¥=26.1 §1

M= ,.311E+94

Figure 5-23 Critical Flaw Size Prediction for Braidwood Unit 1

44024102990 10 2.1
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BRAIDNOOD 1 LOAD CASE T NODE 1638 (SMAK)

PIPE OD=14 .90 T=1.2%0 SI1CY=36. GU=R2, Faz49
M=, 34BE+04

-~ -

Figure S-24 Critical Flaw Size Prediction for Braidwood Unit |

am

Node 1030 Case ¥

L1 LB PRRES | L £.17
e

L
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BRAIDNOOD 1 LOAD CASE G NODE 130 (SMAK)

PIPE ODP=14.00 T=1.2%@ SICGyY=41. SIGU=8S, Fa=392.7
Mz . 620E+94

Figure 525 Critica) Flaw Size Prediction for Braidwood Unit 1
Node 1C10 Case G

LLDRIRREE: | £.1R
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8.2 Initia) Flaw Size

Verious initia) surface flaws were assumed to exist, The flaws were assumed
to be semi-elliptical with a six-to-one aspect ratio. The largest initial
flaw assumed to exist was one with a depth equal to 10% of the nominal wal)
thickness, the maximum flaw size that could be found acceptable by Section X!
of the ASME Code.

6.2 Results of FCi Analysis

Fatigue crack growth ana'vsas were performed at the reactor coolant loop
nozzle junction at location 1 (which corresponds to the highest usage factor
in the surge 1ine) and at location 2 as shown in Figure 6-5., Location ¢
corresponds to the location of highest ASME Section 111 eguation 12 stress.

Results of the fatigue crack growth analysis are presented in table 6-1 for an
initia) flaw of 10% nominal wall thickness.

Conservatisms existing in the fatigue crack growth analysis are listed be'ow.

1o Plant operationa! transient data has shown that the conventional
design transients contain significant conservatisms

( 2‘ ------- N N R N T A EART RO RSN AP RN abaiagh ik o okl g A

4, Fatigue crack growth calculations are based conservatively on
elastic stresses

8. FCG neglects fatigue life prior to initiation

49294120790 10 E'
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DETERMINATION OF THE EFFECTS OF THERMAL STRATIFICATION
W a ‘c ge

Figure 6-1 Determination of the Effects of Thermal Stratification on
Fatigue Crack Growth
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Figure 6-2 Fatigue Crack Growth Methodology
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where
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&K

* Crack Growth Rate in inches/cycle
2.42 x 10720
Frequency factor (F = 1.0 for temperature be)ow 800°F)

R ratio correction (S # 1.0 for Re (; §Ss ) « 1.8R for
OQ<Re< .8, and S » ~43,35 + 87.97R for R » n.8)

Environmental Facter (E = 1.0 for PWR)

Range of stress intensity factor, in psi v in

The ratio of the minimum Kx (K,

‘m1n) to the maximum KI (

Klmax)'

Figure 6-4. Fatigue Crack Growth Equation for Austenitic Stainless Stee!
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SECTION 7.0
ASSESSMENT OF MARGINS

In the preceding sections, the leak rate calculations, fracture mechanics
analysis and fatigue crack growth assessment were performed., Margins at the
eritical locations sre summarized below:

In Secton 5.3 using the IWB-3640 approach (i.e. “I" factor approach), the
"eritdcal" flaw sizes at the governing locations are calculated. In Section
5.2 the crack lengths yielding & leak rate of 10 gom (10 times the leak
detection capability of 1.0 gpm) for the critical locations are calculated.
The leakage size flaws, the instability flaws, and margin: are given in Tables
7-1, 7+2, 7-3 and 7-4. The margins are the ratio of instab‘lity flaw to

leakage flaw. The margins for analysis comdination cases A/D, !esemcorcccccss
«ee]8:€18 01) gxceed the factor of 2. The margin for the extremely low
probability event defined by [==+====~ 181618 §g [eomemccerriorenanacancans
----- cenassassanmassssscsssnnssrsranannnnnnenceea ]8E00 4 stated in

Section 4.3, the probability of simultaneous occurrence of SSE and maximum
stratification due to shutdown because of leakage is estimated to be less than
10'11. Thus, the fracture mechanics calculations for case B/GC demonstrate
extreme conservatism. The Case A (in the instance case [-==1%'€'®) is of
little relevance since leakage would be detected for the leakage flaw size of

» &8
case L'3° -5 ¥

In this evaluation, the leak-before-break methodology is applied

conservatively, The conservatisms used in the evaluation are summarized in
Table 7-5.
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TABLE 7-1

Leakage Flaw Sizes, Critical Flaw Sizes and Margins
for Byron Unit 1

Load Critical Flaw Leakage Flaw
Node Case Size (in) Size (in) Margin
1030 A/D 11,35 4,75 ¢.3%
— w— 8,C0
1350 A/D 15,00 5.30 2.83
Hiadi ~-r 4,C,0
R it T hipe

% These are judged to be low probability events

49294120790 10 7-2
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TABLE 7+%
LEE Conservatisms
Factor of 10 on Leak Rate

Factor of 2 on Leskage Flaw for al) cases (except 1.66 for B/6 case
which is an extreme!y low probability event)

Algebratc Sum of Loads for Leakage
Absolute Sum of Loads for Stability
Average Material Properties for Leakage

Minimum Materia) Properties for Stability

1-6



SECTION 8.0
CONCLUSIONS

This report Justifies the elimination of pressurizer surge 'ine pipe breaks as
the structure! design basis for Byron Units 1 and 2 end Bratawood Units | b2
a8 1ol ows:

8.  Stress corrosion cracking s preciuded by use of fracture resistent
materials ‘n the piping system and controls on reactor coclant
chemistry, temperoture, pressure, and flow during normal operation.

b, Water hammer shou'd not occur in the RCS piping (primery loop and
the sttached class 1 auniliary lines) because of system cesign,
testing, end operationa! considerstions,

t. The effects of low and high cycle fatigue on the intagrity of the
surge 1ine were evaluates and shown acceptable. The effects of
tnerma) stratification were eveluated and shown acceptabdle.

d.  Ample margin exists between the leak rate of small stable flaws and
the criterion of Reg. Guide 1.45,

¢, Ample margin exists between the small stable flew sizes of item ¢
and the critical #law size.

£, With respect to stability of the reference “law, ample margin erfsts
between the maximum postulates loads and t @ plant specific maximum
faulted loads,

The postulated reference flaw will be stable beceuse of the ample margins in
d, e and f and will leak at a detectable rate which wil) assure a safe plant
shutgown,

Based on the above, it 18 concluded that pressurizer surge line bresks shou'd
net be considered in the strurtura) design basis of Byron Units 1 § 2 and

Bratgwood Units 1 & 2.
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