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FOREWORD

This document contains Westinghouse Electric Corporation proprietary
information and data which has been identified by brackets. Coding associated
with the brackets sets forth the basis on which the information is considered
proprietary. These codes are listed with their meanings in WCAP-7211.

The proprietary information and data contained in this report were obtained at
considerable Westinghouse expense and its release could seriously affect our
competitive position. This information is to be withheld from public
disclosure in accordance with the Rules of Practice 10 CFR 2.790 and the
information presented herein be safeguarded in accordance with 10 CFR 2,903,
Withholding of this information does not adversely affect the public interest.

This information has been provided for your internal use only and should not
be released to outside persons or organizations without the express written
approval of Westinghouse Electric Corporation. Should it become necessary to
release this information to such persons as part of the review procedure,
please contact Westinghouse Electric Corporation, which will make the
necessary arrangements required to protect the Corporation’s proprietary
interests,
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size of the flaw should be large enough so that the leakage is
assured of detection with margin using the installed leak detection
equipment when the pipe is subjected to normal operating loads. A
margin of 10 is demonstrated between the calculated leak rate and
the leak detection capability.

§) Using maximum faulted loads, demonstrate that there is a margin of
at least 2 between the leakage size flaw and the critical size flaw,

6) Review the opera.ing history to ascertain that operating experience
has indicated no particular susceptibility to failure from the
effects of coriosion, water hammer or low and high cycle fatigue.

7) Justify that the material properties used in the evaluation are
representative of the plant specific material. Evaluate long term
effects such as thermal aging where applicable.

The flaw stability analyses are performed using the methodology described in
SRP 3.6.3 (1-2). *-

The leak rates are calculated for the normal operating condition loads. The .
leak rate prediction mode] used in this evaluation is an |
a,c,e

] The crack
opening area required for calculating the leak rates is obtained by subjecting
the postulated through-wall flaw to normal operating loads (1-3). Surface
roughness is accounted for in determining the leak rate through the postulated
flaw.

The computer codes used in this evaluation for leak rate and fracture
mechanics calculations have been validated (bench marked).

1.3 References

1-1 Report of the U.S. Nucleur Regulatory Commission Piping Review
Committee - Evaluation of Potential for Pipe Breaks, NUREG 1061, Volume
3, November 1984.
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1-2 Standard Review Plan; public comments solicited; 3.6.3
Leak-Before-Break Evaluation Procedures; Federal Register/Vol, $2, No.
167/Friday, August 2y, 1987/Notices, pp. 32626-32633.

1-3 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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SECTION 2.0

OPERATION AND STABILITY OF THE PRESSURIZER SURGE LINE
AND THE REACTOR COOLANT SYSTEM

2.1 Stress Corrosion (racking

The Westinghouse reactor coolant system primary loop and connecting Class 1
Tines have an operating history thal demonstrates the inherent operating
stability characteristics of the design. This includes a low susceptibility
to cracking failure from the effects of corrosion (e.g , intergranular stress
corrosion cracking). This operating history totals over 400 reactor-years,
including five plants each having over 15 years of operst au and 15 other
plants each with over 10 years of operation.

In 1978, the United States Nuclear Regulatory Commission (USNRC) formed the
second Pipe Crack Study Group. (The first Pipe Crack Study Group established
in 1975 addressed cracking in boiling water reactors only.) One of the
objectives of the second Pipe Crack Study Group (PCSG) was to include a review
of the potential for stress corrosion cracking in Pressurized Water Reactors
(PWR's). The results of the study performed by the PCSG were presented in
NUREG-053]1 (Reference 2-1) entitled "Investigation and Evaluation of Stress
Corrosion Cracking in Piping of Light Water Reactor Plants." In that report
the PCSG stated:

“The PCSG has determined that the potential for stress-corrosion
cracking in PWR primary system piping is extremely low because the
ingredients that produce IGSCC are not all present. The use of
hydrazine additives and a hydrogen overpressure limit the oxygen in the
coolant to very low levels. Other impurities that might cause
stress-corrosion cracking, such as halides or caustic, are also rigidly
controlled. Only for brief periods during reactor shutdown when the
coolant is exposed to the air and during the subsequent startup are
conditions even marginally capable of producing stress-corrosion
cracking in the primary systems of PWRs. Operating experience in PWRs
supports this determination. To date, no stress-corrosion cracking has
been reported in the primary piping or safe ends of any PWR."
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lines is expected to be in the ppb range by controlling charging flow
chemistry and maintaining hydrogen in the reactor coolant at specified
concentrations. Halogen concentrations are also stringently controlled by
maintaining concentrations of chlorides and fluorides within the specified
Timits. This is assured by controlling charging flow chemistry. Thus during
plant operation, the likelihood of stress corrosion cracking 15 minimized,

2.2 Water Hammer

Overall, there is a low potential for water hammer in the RCS and connecting
surge lines since they are designed and operated to preclude the voiding
condition in normally filled lines. The RCS and connecting surge line
including piping and components, are designed for normal, upset, emergency,
and faulted condition transients. The design requirements are ~onservative
relative to both the number of transients and their severity. Relief valve
actuation and the associated hydraulic transients following valve opening are
considered in the system design. Other valve and pump actuations are
relatively slow transients with no significant effect on the system dynamic
loads. To ensure dynamic system stability, reactor coolant parameters are
stringently controlled. Temperature during normal oreration is maintainod
within a narrow range by control rod position; pressure is controlled by
pressurizer heaters and pressurizer spray also within a narrow range for
steady-state conditions. The flow characteristics of the system remain
constant during a fuel cycle because the only governing parameters, namely
system resistance and the reactor coolant pump characteristics are controlled
in the design process. Addit:onally, Westinghouse has instrumented typical
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
of the RCS primary piping and connected surge lines are such that no
significant water hammer can occur.

2.3 Low Cycle and High Cycie 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 111 of the ASME Code.
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during certain modes of heatup and cooldown operation. The effects of
stratification have been used in the leak-before-break evaluation described in
this report,

The surge line piping and associated fittings are forged product forms (see
Section 3) which are not susceptible to toughness degradation due to thermal

aging.

Finally, the maximum operating temperature of the pressurizer surge piping,
which 15 about 650°F, is well below the temperature which wo.ld cause any
creep damage in stainless steel piping.

2.5 References

2-1 Investi¢>tion and Evaluation of Stress-Corrosion Cracking in Piping of
Light Water Reactor Plants, NUREG-0531, U.S. Nuclear raegulatory
Commission, February 1979.

2-2 Investigation and Evaluation of Cracking Incidents in Piping in

Pressurized Water Reactors, NUREG-069]1, U.S. Nuclear Regulatory
Commission, September 1980.
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SECTION 3.0
MATERIAL CHARACTERIZATION

3.1 Pipe and Weld Material

The pipe material of the pressurizer surge line for Comanche Peak Unit 2 is
SA376/TP316. This is a wrought product form of the type used for the primary
loop piping of several PWR plants. The surge line is connected to the primary
loop nozzle at one end and the other end of the surge line is connected to the
pressurizer nozzle. The surge line system does not include any cast pipe or
cast fitting. The welding processes used are gas tungsten arc (GTAW), and
shielded metal arc (SMAW). Weld locations are identified in Figure 3-1.

In the following section the tensile properties of the material are presented
for use in the leak-before-break analyses.

3.2 Material Properties

Applicable material properties were developed from those in the Certified
Materials Test Report as given in table 3-1. The ASME code minimum properties
are given in table 3-2. It is seen that the measured properties well exceed
those of the code. As seen later properties at | ]a.c.e and 653°F
are required for the leak rate and stability analyses.

Industry data at 650°F were used as a basis for determining tensile properties
at 653°F. Data for SA376 TP316 stainless steel pipe and welds are given in
table 3-3 taken from reference 3-1. Data in table 3-3 are quite similar to
the Comanche Peak Unit 2 piping data in table 3-1. By maintaining a constant
ratio of properties at room temperature and 653°'F, the 653°F properties for
the surge line material were estimated. The properties at |[ 1316 were
obtained by maintaining the same ratio as those given in the ASME Code
(reference 3-2). The modulus of elasticity at | )a,c,e was obtained from
reference 3-2. A1)l the tensile properties are given in table 3-4. The
properties at | 1*“* were obtained in a similar fashion to those above.

WPFOBE3./120691:10 3-1



3.3 References
341 witt, F. J. et. al., Integrity of the Primary Piping Systems of
Westinghouse Nuclear Powe: Plants During Postulated Seismic Events,

WCAP-9283, Westinghouse Electric Corp., March 1978, p 3-3.

3-2 ASME Boiler and Pressure Vessel Code Section II1I, Division 1,
Appendices July 1, 1989.
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Room Temperature Mechanical Properties of the Pressurizer Surge Line
Materials of Comanche Peak Unit 2

1D MATERIAL

1 SA376/TP316

2 SA376/1P316

3 SA376/TP316

4 SA376/TP316

5 SA376/1P316

WPFO9324/120591:10

TABLE 3-1

HEAT NO,

J6565/28408

J6566,/28400

J6565/28408

J6565/28409

J6566,/28400

33

YIELD
(psi

44,900

47,700

44,900

46,100

47,700

ULTIMATE
(psi)

86,200

87,800

86,200

86,600

87,800

ELONG,
(%)

§3.0

52.5

53.0

52.6

52.5

R/A
(%)

68.2

68.2

68.2

66.9

68.2



TABLE 3-2

Room Temperature ASME Code Minimum Properties

Material Yield Stress Ultimate Stress
(psi) (psi)
SA376/TP316 30,000 75,000

WeFD932.4/120591:10 3-4
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TABLE 3-4

TENSILE PROPERTIES FOR THE SURGE LINE MATERIAL
]‘.C.Q MD ( ]‘acoe

AT [ ]‘,C.e. [

Yield Stress

Temperature (psi)
(*F) Average Minimum
70% 46,260 44,900
[

2 Minimum values from table 3-1.

WPFOB83J/120691:10
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Ultimate Strength

Average

86,920

(psi)
Minimum

86,200

i

Modulus of
Elasticity
(psi x 106)

28.3

]l.C.Q



PRESSURI 2ER

"FW" means field welds.

"SW" means shop welds.

The numbers in the circles identify the materials.

(see the ID column of table i=1)

Figure 3-1 Comanche Peak Unit 2 Surge Line Layout
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SECTION 4.0
LOADS FOR FRACTURE MECHANICS ANALYSIS
figure 3-1 shows the schematic layout of the surge line for Comanche Peak Unit
2 and identifies the weld locations.

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

e e -

b BE (4-1)
where,

] = stress

F . axial load

M - bending moment

A = metal cross-sectional area

1 B section modulus

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

My = (M o 143)0:8 (4-2)
where,

"B = bending moment for required loading

"Y = Y component of bending moment

"2 - . component of bending moment

WEED9324/120597: 10 4.1
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Seven loading cases were identified for LBB evaluation as given in tal'e 4.2,
Cases A, B, C are cases for leak rate calculations with the remaining .ases
being the corresponding faulted situations for stability evaluations.

The cases postulated for leak-before-break are summarized in table 4-3. The
cases of primary interest are the postulation of a detectable leak at norma)
power conditions |

]a.c.e

The combination |

The more realistic cases |

WPFD9324/120591: 10 4.3
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1€ The logic for this AT [ 168 4
based on the following:

Actual practice, based on experience of other plants with this type of
situation, indicates that the plant operators complete the cooldown as quickly
as possible once a leak in the primary system is detected. Technical
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 1imit (»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. Normal
loads were determined using the algebraic sum method whereas faulted loads
were combined using the absolute sum method. A summary of the loads and
stresses is given in table 4-4,

WPFOBBY/ 12069110 4-4



4.5 Governing Location

The welds at the Comanche Peak Unit 2 surge lines are fabricated using the
GTAW and SMAW welding procedures. Node 1020 (which is at a GTAW weld) is the
governing location, when the stress levels and the weld procedures are both
taken into account for all the locations on the pressurizer surge line.

WPFOO32) /120591 ¢ (0 4-5






TABLE 4-2

Normal and Faulted Loading Cases for Leak-Before-Break [valuations

CASE A: This is the normal operating case at an RCS temperature of 653°F
consisting of the algebraic sum of the loading components due to
P, DW and TH.

- a\cQg- |
|
|
|
|
|
|
|

- et 1

CASE D: This is the faulted operating case at an RCS temperature

of 653°F consisting of the absolute sum (every component
load is taken as positive) of P, DW, TH and SSE,

}
}
|
|
| WPE0932.4/ 120591 1 10 4-7
:
|
|
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TABLE 4-3

Associated Load Cases for Analyses

A/D This is heretofore standard leak-before-break eva' jation.

These are judged to be low probability events.

WPFO9324/120591410 4-9
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WELD LOCATION

Figure 4-1 Comanche Peak Unit 2 Surge Line Showing Governing Location
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(5-2)

The analytical model described above accurately accounts for the internal
pressure as well as imposed axial force as they affect the limit moment. Good
agreement was found between the analytical predictions and the experimental
results (reference »1). Flaw stability evaluations, using this analytical
mode), are presented in section 5.3,

5.2 Leak Rate Predictions

Fracture mechanics analysis shows in general that postulated through-wall
cracks in the surge line would remain stable and do not cause a gross failure
of this component. However, i3 such & through-wall crack did exist, i1t would
be desirable to detect the leakage such that the plant could be brought to a
safe ‘down condition. The purpose of this section is to discuss the method
which | be used to predict the flow through such a postulated crack and
present .he leak rate calculation results for through-wall circumferential
cracks.

$.2.1 General Considerations

The flow of hot pressurized water through an opening tu a lower back pressure
(causing choking) is taken into account, For long channels where the ratio of
the channel length, L, to hydraulic diameter, DH‘ (L/DH) is greater than [
1€ both | 125® nust be
considered. In this situation the flow can be described as being single-phase
through the channel until the local pressure equals the saturation pressure of
the fluid.

WPEO324/120561:10 §-2
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Figure 5.1

Fully Plastic Stress Distribution
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Figure 5-9 Critica)l Flaw Size Prediction for Comanche Peak Unit 2
Node 1020 Case G
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TABLE 7-)

Leakage Flaw Sizes, Critical Flaw Sizes and Margins
for Comanche Peak Unit 2

Load Critical Flaw Leakage Flaw
Nede  (ase —aize (in) ~aize (In).  Margin

.’cl.

® These are judged to be low probability events
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