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EXAMINATION / EVALUATION RESULTS FOR WELD NO. 1B2IN4D-5-8W1-2 REFUELING OUTACE 7

Reference:

1. NRC Inspection Report No. 50-325/89.35, dated December 7, 1989

Gentlemen:

Carolina Power & Light Company (CP&L) apprised the NRC Staff of the 1GSCC
examination/evaiuation results of the indication discovered in the subject
feedwater system (FWS) weld, via conference call on Thursday, December 20, 1990.
This submittal is a follow-up to that conference call, and contains only that
information pertinent to the ultrasonic (UT) examinations of the FWS Inconel and
dissimllar metal welds, and the flaw evaluation of the subject weld., A complete
summary of the NUREG 0313, Rev 2 examinations completed, as well as a synopsis of
the Installation/ inspection activities performed, and mitigative measures taken,
as part of the Reactor Coolant Recirculation and Core Spray System piping
replacement will be forthcoming in a subsequent submittal prior to Unit 1
regtare,

Enclosure 1 contains (1) a deseription of the NUREG 0313, Rev 2, UT examinaticns
perforncd on the FWS Inconel and dissimilar metal welds including the scope of
those examinations, the UT Process used, and the results of those inspections,
(2) a descriprion of the inclusion of the twelve (12) FWS Inconel and dissimilar
metal welds into CP&L's approved NUREG 0313, Rev 2 Inspection Program, (3) a
brief description of the flaw evaluation performed for weld no, 1B2IN4D-5-8W1-2,
(4) & desciiption of the monitoring of Inconel crack growth rates using CP&L's
CAV System, and (5) a conclusion that provides a basis for the continued
oper~tion of BSEP Unit 1 with the Feedwater System in its present configuration.
Enclosure 2 is & weld location map for the Feedwater System welds addressed by
this submittal. Enclosure 3 is a copy of General Electric Ultrasonic Examination
Report No. R-095, for FWS Weld No. 1B2IN4D-5-8W1-2. Enclosure & is a copy of
Structural Integrity Flaw Evaluation Report No, SIR-90-081,
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Ul Regults

As previously described in the scope of examinations, nine (9) 'Categery G', FW§,
Inconel or Inconel to carbon steel welds were examined. The results of these
examinations are as follows;
1B2INGA-2-FWRNUGAGS -3 |
1B21INGB-3-8W1-2 |
1B21N4B-3-8W2-3 i No relevant indications were
IB21INGE - 3-FWRNGB135-3 | detected using 45* shear, and
!
!
|

1B21IN4C-6-8W1-2 45* & 60° RL

1B2IR4C-6-8W2-3 transducers,

1B21N4C-6 - FWRN4C225-3

1B21N4D+5- FWRN4D315-3
p—

1B21INGD-5-6W1-2 No indications associated with 1GSCC were recorded.
However, one (1) non-geometric indication was recorded.
(See Enclosure 3 for complete GE report)

NOTE: The above listed nine (9) welds, along with the remaining four (4)

welds noted in the scope of examinations comprised 1008 of the BSEP
Unit 1, 'Category G' welds, thus no sample expansion was required,

(2) NUREG 0313, REV 2, INSPECTION PROGRAM

In accordance with NRC Inspection Report No. 50-325/89.35 (Ref 1), CP&L agreed to
evaluate the dissimilar metal welds listed for inclusion in it's approved NUREC
0313 Inspection Program. CP&L has completed an evaluation of the twelve (12) FWS$
welds listed in the Inspection Report. Of the welds listed in the Inspection
Report, nine (9) are addressed in this submittal, while the remaining three (3)
were inspected using RL transducers during BSEP Unit 1 refuel outage 6.

As stated in the "Scope of Examinations", the nine (9) FWS welds which had not
been examined using RL transducers were added into the refuel outage 7 inspection
schedule as 'Category G' welds,

Based on the examination results of the three (3) FWS welds previously inspected
during refuel outage 6, and the nine (9) FWS welds inspected during refuel outapge
7, CP&L has elected to permanently include them into the NUREG 0313, Rev 2,
Inspection Program as follows;

Weld Number Category
1B21NGA-2-8W1 -2 D 1521N4C-6-8W1-2 D
1B21NGA-2-8W2-3 D 1B21NGC-6-8W2+3 D
1B21N4A- 2+ FWNGAGLS -3 D 1B21N4C- 6+ FWNGC225-3 D
1B21N4B-3.8W1-2 D 1B21N4D-5-8W1-2 13
1B2INGB-3.8W2-3 D 1B21N4D-5-8W2+3 D
1B21N4B-3-FWNGB135-3 D 1B21NGD+5-FWN4DI1S -3 D
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Enclosure 1 page 3 of 3
(3) FLAW EVALUATION FOR WELD NO, 1B2INGD.5.8W1-2

A flav evaluation has been completed for the indication recorded in the subject
weld by Structural Integrity, Associaten (SIA). This evaluation was performed in
accordance with ASME Code, Section X1, IWB-3640, 1986 EBdition, and the
requirements of NUREG 0313, Rev 2, and demonstrates that the weld can be returned
to service for at least one operating cycle., In addition to the crack growth
analysis, SIA also performed a leak-before-break analysis for the recorded flaw
to demonstrate that in the unlikely event that the flav would propagate through-
wall, adequate margine exist between the leakage flaw size and the critical flaw
slze (see Enclosure 4 for complete analysis).

(4) MONITORING OF CRACK GROWTH RATES

As discussed In the conference call between the Staff and CP&L on Thursday,
December 20, 1980, CP&L has committed to monitor the crack growth rate of the
Inconel 182 material in the BSEP Unit 1 CAV system. The CAV system crack growth
data will be monitored to assure that the crack growth rate assumed in the flaw
evaluation (Enclosure 4) remains conservative. CAV system data will be anslyzed
on a monthly basie, and any anomalies In crack growth rates will be evaluated to
ensure that the FW§ integrity is not compromised, and that the plant can continue
to be operated safely,

(5) CONCLUSION

Carolina Power & Light Company has now completed (refuel outages 6 and 7) UT
examinations of the twelve (12) FWS welds vsing transducers that produce
vefracted longitudinal sound waves. One weld (1B21N4D-5.8W1:2) contains a
relevant Indication while the remaining welds have been found to be free of
relevant indications. The indication recorded in the subject weld has been
analyzed by Structural Integrity, Associates, and found to be acceptable by
evaluation. This coupled with CP&L's abllity to monitor the actual crack growth
rates ol Inconel 1B2 material using the CAV System supports the position that
this weid is acceptable to operate for at least one additional refueling cycle.
Therefore, CP&L belleves that Unit 1 can be operated safely until the next
refueling outage, presently scheduled for September 1992, without adverse effect
to the health and safety of the public.




ENCLOSURE 2
BRUNSWICK STEAM ELECTRIC PLANT, UNIT 1
NRC DOCKET 50-326 / LICENSE NO. DPR-T1
EXAMINATION/EVALUATION RESULTS FOR WELD NO. 1B21N4D-5-8W1-2
REFUELING OUTAGE 7
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ENCLOSURE 3
BRUNSWICK STEAM ELECTRIC PLANT, UNIT 1
NKC DOCKET 50-325 / LICENSE NO, DPR-71
EXAMINATION / EVALUATION RESULTS FOR WELD NO. 1B21N4D-5-8W1-2
REFUVELING OUTAGE 7

GE ULTRASONIC EXAMINATION REPORT NO. R-095
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SUMMARY SHEET

o GE Nuclear Energy
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PROJECT: PROCEDURE GE~UT~200 nev. 2 rano. N/A
BRUNSWICK STEAM ELECTRIC PLANT  |™hoceoune  GE-UT-102  Rev. 2 FAANO N/A

PROCEDURE GE~PT=-100 MNev. O FAANO.  N/i
UNIT 1 - 18}~90~8N735

svsrem FEEDWATER HOE METHOD O o ', o Ow

wEw No. 1B2IN4D~5-8Wi=2 —_ s ——

conraunanion SAFE-END TO PIPE WS TV Tonarvoma.  oman N/A

txAM T, WALTER/W. ARMES we I1/11 CAL SHQ8T N0 C-122/0-123/C=124/C-1286

exam K. GEBETSBERGER we II ¢~126/C~127/C~142

gxam H. SCHLORTT we I REPORT NO (8) R=095%

DURING THE ULTRASONIC EXAMINATION OF THE ABOVE REFERENCED WELD, NO
INDICATIONS ASSOCIATED WITH 1GSCC WERE RECORDED BY THE "SMART UT" SYSTEM
UTILIZING 45° SHEAR WAVE AND 45° AND 60° REFRACTED LONGITUDINAL WAVE SHEARCH
UNITS. THE "SMART UT" SYSTEM DID RECORD ONE (1) NON=-GEOMETRIC INDICATION
WHICH HAS THE POLLOWING PARAMETERS:

DISTANCE FROM TOTAL REMAINING SIDE OF TYPE OF SEARCH UNIT
ZERQ REFERENCE LENGTH LIGAMENT ~WELD _ REFLECTOR ___UTILIZED
1) 37.8" 1" 46" UPST * PLANAR 45°S/45RL/60RL

* CIRCUMFERENTIALLY ORIENTED

THIS INDICATION HAS AN AMPLITUDE LESS THAN 1008 DAC, WHICH I8 NOT REPORTABLE
AS PER ASME SECTION XI AND EXHIBITS NO CHARACTERISTICS OF IGSCC.

THE 45° SHEAR WAVE SEARCH UNIT ALSO RECORDED NON-RELEVANT INDICATIONS, BEAM
REDIRECT AND INSIDE SURFACE GEOMETRY FROM BOTH THE UPSTREAM AND DOWNSTREAM
SIDES OF THE WELD. ROOT GEOMETRY WAS ALSO RECORDED ON THE UPSTREAM SIDE OF
THE WELD ONLY.

THE 45° RL SEARCH UNIT RECORDED NON-RELEVANT INDICATIONS AND INSIDE SURFACE
GEOMETRY FROM BOTH SIDES OF THE WELD. SHEAR COMPONENT WAS ALSO RECORDED ON
THE UPSTREAM SIDE OF THE WELD.

THE 60° RL SEARCH UNIT RECORDED NON~RELEVANT INDICATIONS AND INSIDE SURFACE
GEOMETRY FROM BOTH SIDES OF THE WELD.

A MANUAL ULTRASONIC RELOOK IN THE AREA OF THE INDICATION WAS PERFORMED TO
DETERMINE THE PERCENT OF DAC AT REFERENCE SENSITIVITY.
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o S Spinar Sneny (CONTINUATION
PROJECT: sverew. FEEDWATER
BRUNSWICK STEAM ELECTRIC PLANT SCbil slddoiail i o
UNIT 1 = SN738

A LIQUID PENETRANT EXAMINATION WAS ALSC PERFORMED, WHICH RESULTED IN NO
RECORDABLE TIRDICATIONS.

PREVIOUS DATA AND RADIOGRAPHS WERE REVIEWED PRIOR TO THIS SUMMARY.
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NRC DOCKE™ 50-325 / LICENSE NO. DPR-71
EXAMINATION / EVALUATION RESULTS FOR WELD NO, 1B21N4D-5-8W1-2
REFUELING OUTAGE 7
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Mr. Ashleigh M. Lucas

Carolina Power & Light Company
411 Fayetteville Street
Raleigh, NC 27602

Subject: Flaw Evaluation of UT Indication for Feedwater Nozzle
Weld 1B21N4D~-5-SW1=-2 at Brunswick Unit 1

Dear Mr. Lucas:

This letter provides a summary of an evaluation performed by
Structural Integrity Associates (8I) to assess the continued
operation of the subject feedwater nozzle weld. The 0.38 inch
deep by 1 inch long UT indication in this weld is assumed to be
an IGSCC flaw for the purpose of this evaluation. In summary, it
is found that the weld can be returned to service for at least
one fuel cycle, since the indication is predicted to not exceed

ASME Code and NRC NUREG=-0313, Revision 2 allowable limits in that
tinme.

BACKGROUND

During in-service inspection of the subject weld during the 1990
outage, a circumferential flaw indication measuring 0.38 inch
deep and 1.9 inch long was identified by UT with the flaw tip in
the Inconel 182 portion of the subject feedwater nozzle weld as
shown in Figure 1. A fracture mechanics analysis has been
performed tc demonstrate that the observed flaw will not grow to
an unacceptable size during the next operating fuel cycle. The
crack growth law employed in this analysis is based on
conservative CAV crack growth data from Brunswick, Unit 1,
without the effect of hydrogen water Chemistry (HWC). In
addition, a leak-before~break evaluation has been performed to
demonstrate that in the event that the observed flaw should
propagate through=-wall, adequate margins exist between the

predicted critical flaw and the leaking flaw sizes to provide a
detectable leakage.

FLAW EVALUATION

The flaw evaluation was performed using the linear elastic
fracture mechanics options of the pc-CRACK computer software [(1).
There are two basic aspects to this evaluation: crack gro

e
analysis and allowable flaw size determination.
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Crack Growth Analysis Approach:

It is assumed for this analysis that any crack growth will be_due
to intergranular stress corrosion cracking (IGSce). Fatigue

cracking at this location is considered to be very unlikely since
the weld is protected from any thermal transients by the presence
of the thermal sleeve. Furthermore, bypass leakage of cold
feedwater into the thermal sleeve annulus, which has been a
problem in other BWR feedwater nozzles, is not a concern he;e
since the thermal sleeve is welded to the safe-end, as shown in
Figure 1. Even in cases where bypass leakage has occurred,
cracking has not been found in the safe-end but only in the
thicker nozzle region where high thermal stresses can exist. The
important parameters to be considered in the crack growth
analysis are the pertinent stresses, the fracture mechanics crack
nodel and the crack growth law.

Stresses:
Since the flaw is in the circumferential direction, the axial
stresses at the weld will control the crack growth. Torsicnal

stresses are neglected, since they do not tend to open the crack.
The stresses at the weld location are due to internal pressure;
applied p.ping loads and weld residual stresses. The internal
pressure used in this evaluation was conservatively assumed to be
the design pressure of 1325 psig. The pressure stress shown in
Table 1 was calculated using the relationship:

p di?
(@07 - di7) (1)

Og =

where P = internal pressure
di inside diameter of the pipe
do = outside diameter of the pipe

The geometric data for the pipe is provided in Table 1. The
stresses Jdue to piping loads were calculated using loads obtained
iom CPFu Calculation No. 5A-B21-516, Revision 0 (2]. A summary
of ...se stresses is also shown in Table 1. For the IGSCC crack
growth evaluation, the sustained stress combination of internal
pressure, dead weight and thermal stresses is used, along with

weld residual stresses. Since this weld has not been stress-
improved, the residual stresses result from the butt welding
during original construction. USNRC document NUREG=-0313,
Revision 2 [3) has provided a butt weld residual stress
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the stress intensity factor and the material constant n, the
value of the material constant C is calculated to be 2.12 x 1078,

llence the crack growth law used in this evaluation for Inconel
182 is given by:

da/dt = 2,12 x 10°% K?2.161 (3)
crack Growth Results:

The 1IGSCC crack growth for a combination of sustained stresses
(Dead weight + Pressure + Thermal) of 7.09 ksi and butt weld
residual stress is shown in Figure 5. The crack size of the 0.38
inch deep initial flaw after 1 fuel cycle of operation (18 months
or 13,140 hrs.) is calculated to be 0.42 inch. The detailed
PC~CRACK computation output is attached as Appendix A. Again,
this is considered to be a conservative prediction of crack
growth since a 360° crack model was assumed, and the UT
indication is actually only 1 inch long. Using the methods of
NUREG-0313, Revision 2, the crack length is predicted to grow to
only 1.22 inch, corresponding to growth in depth to 0.42 inch.

Allowable Flaw Size Determination:

The allowable flaw size is determined using ASME Code, Section XI
IWB-3640 (5). Specifically, Table IWB-3641-5 for circumferential
flaws in shielded metal arc and submerged arc welds was used for
this evaluation. The methodology of IWB-3640 has been
incorporated into the pc-CRACK computer software, and therefore
this software was used to perform the evaluation for the Inconel
weld, Results of the evaluation are shown in Table 2. The
results indicate that for this relatively short flaw, the
allowable depth-to-thickness ratio is 0.60. The allowable flaw
size is therefore 0.504 inch. As can be seen from Figure 5, the
predicted flaw depth of 0.42 inches after 18 months of growth is
significantly below the allowuble size of 0.504 inch.

LEAK-BEFORE-BREAK CONSIDERATIONS

In the unlikely event that the observed flaw should propagate
completely through-wall, a leak-before-break ‘'LBB) analysis is
performed to determine the margin of safety between +*he
detectable leakage fiaw size and the critical through=-wall flaw.
NUREG-1061 Volume 3 (6] and General Design Criterion 4, for
leak-before-break analyses (GDC-4) [7) identify several criteria
to be considered in determining the aprlicability of the
leak-before-break approach to piping systems. One of the
requirements is that the system should not be susceptible to
IGSCC, Strict interpretation of this requirement would make this
weld unqualified for a LBB analysis since the 1Inconel 182
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material is susceptible to IGSCC. However, a LEB analysis is
presented in this evaluation solely to supplement the crack
growth evaluation presented above. In this case, the acceptance
criterion is that the predicted critical through-wall flaw size
(for normal operating plus SSE stresses) must be at least twice
the length of that flaw which would result in detectable leakage.

Leak Rate Calculation:

Leak rates for circumferential through-wall flaws of varying
length were computed by using the metnods of References 8 and 9.
This was done to identify the flaw length required to produce a
detectable leak rate, and to assess the sensitivity to flaw size.

The ¢ ack opening area (COA) under the influence of steady-state
operating stress (combined tension and bending) is computed from
Reference 9 as shown in Table 3. Linear elastic methods are used
in this case. This calculation is considered guite conservative
since no correction for the crack tip plastic zone was included.

Giver the preccding crack opening areas, tie corresponding
leakage rate is calculated using the methodelogy provided in
Reference 2, The leakage rate is calculate” by multiplying the
crack opening area by a leakage rate constant. A conservative
value for this constant of 12¢ gpm/in® is provided in Reference 8
for application to BWR piping.

Critical Flaw Size Calculation:

In this evaluaticn the critical flaw size is determined using the
J=integral/Tearing Modulus (J/7) Elastic~Plastic Fracture
Mechanics (EPFM) analytical technigues., A procedure for using
this approach for the assessment of the stability of through-wall
circumferential flaws in cylindrical geometries such as p?pac is
presented in References 10 and 11. This procedure was used for

the determination of the critical flaw size using the pe~CRACK
computer software,

The material properties used in the elastic-plastic fracture
mechanics analyses are shown in Table 4. The elastic modulus
(E), Code allowable stress (&), and lower bound yield strength
(0o = oy) and ultimate strength (¢,) were taken from Seation III
of the KSME Boiler & Pressure Vessel Code for the temperatures of
interest [5). The flow stress is computed as an average of oy
and ¢,, although this does not influence the stability ana)_ =is
results, Ramberg-Osgood true stress-strain constants « ancd n for
stainless steel .ere assumed for inconel 182 since the shape o
the stress-strain curve is expected to be similar to that of
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Inconel 182. The stress-strain curve incorporating the Oy = Oy
values in Table 4 is shown in Ficure 6.

The EPFM J-Resistance (J~k) curve of J vs. crack extension is
shown in Figure 7 for stainless steel flux welds. The power 'aw
constants, C and N, representing this curve are given in Table 4.
This curve for stainless steel is from Reference 12 and
represents a lower bound for low toughness submerged arc welds
(SAWs). It is assumed that it is also applicable to Inconel 182
shielded metal arc welds (SMAWSs), as a conservative lower bound.

Leak-pefore-Break Results:

The detailed critical flaw size computation output, from
PC-CRACK, is given in Appendix B. Using the conservative flux
weld material J-Resistance curve described above, critical
through-wall circumferential cravk lengths were ccmputed for both
pure remote tension and pure bending loadirv of pipes. 1In both
the tension and bending loadirg, the applied =trese of 9.607 kei
was used, and the critical crack length results were linearly
interpolated to estimate the combined tension-bending case. The
9.607 ksi total stress is comprised of 4,45 ksi pure tension (due
to the design pressure of 1325 psi) and 5.157 kei bending (due to
0.143 ksl dead-weight, 2.498 kei thermal, and 2.516 ksi DBE or
SSE stresses). The interpolated critical crack length is 14.11
inch, or approximately 35% of the pipe circumference,

Table 3 presents leak rate calculations for through=-wall
circumferential cracks of varying lengths. As described above,
the crack opening area was conservatively calculated using linear
elastic methods and taking no credit for the crack tip
plasticity. Combined tension and bending loading is considered,
with the pressure stress computed from the operating pressure of
1000 psi, and the previously discussed bending stresses due to
dead-weight and thermal loads. The crack opening area (COA) in
Table 3 is multiplied by 125 gpm/in? to calculate a conservative
leak rate of 23.56 gpm for the crack length of 14.2 inches
(approximately the critical length), and 3.22 gpm for a crack
half that length. Thus, adeguate leakage for detection is
indicated, and leak-before-break is predicted. A further salient
conclusion is that the predicted critical through=wall crack

length of 14.2 inches is well in excess of the 1 inch length of
the indication.

SUMMARY AND CONCLUSIONS
A flaw evaluation has been performed for the UT indication (0.38

inch deep by 1 inch long, circumferential) in feedwater nozzle
weld 1B21N4D-5-8W1=-2 of Brunswick Unit 1 to demonstrate that this
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weld can be returned to service as-is for at least one operating |
cycle, The evaluation was pertormed using an Inconel 182 crack
growth law derived from reactor coolant CAV crack growth data for
Brunswick Unit 1, not taking credit for hydrogen water chemistry.
A conservative crack model consisting of a 360° circumferential
flaw was used for the analysis. The analysis showed that the
initial flaw of 0.38 inch depth is predicted to grow to 0.42 inch
after 18 monthe of operation. The allowable flaw size was
determined per the reguirements of ASME Code, Section XI IWB=3640
to be 0,504 inch deep. Thus, the flaw indication is acceptable
as~is for at least one more lé-month operating cycle.

To supplement the crack growth analysis, a lazk-before-break
analysis was also performed to demonstrate that in the unlikely
event that the existing flaw should propagate through-wall,
adegquate margins exist between the leakage flaw size (with
leakage conservatively computed) and the cratical flaw size,
Furthermore, the current indication length of 1 inch is well
below the predicted critical through~wall crack length of 14.2
inches, based on elastic-~plastic lower bound material toughness,

Prepared by! : Date: /‘/’3/490
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Table 2

e
pe-CRACE
(€) COPYRIGNT 1984, 1988
SIRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, Ca (408)978-8200
YERSION 2.0

Date: 21<Dec+19%0
Tine: 7:11:26.83

ALLOWABLE FLAW SITE EVALUATIONS
USING ASKE SECTION X1, IMD+3640/50 PROCEOURES AND CRITERIA
FOR CIRCUNFERENTIAL CRACRS TN STAINLESS STEEL PIPIMG

RATERIAL 1§ SPECIFIED AS SKIELDED METAL ARC WELD
DEFAULT PROPERTIES:

DESIGN STRESS = 6.9

FLON STRESS : 50.8%

BRUNSWICK UNTT | FW NOIZLE WELD 1821M4D~5+8N1-2
VSER SUBPLIED MATERIAL PROPERTIES:

DESIGN STRESS ¢ 21,30

FLOW STRESS ' 69.90

PIPE QEOALTRY:
OUTER DIAMETLR @ 13,7500

WALL TNICRMESS @ 0.8400
CRACK GEONETRY:

CRACK DEPTH @ 0. 3800

CRACK LENGTH @ 1.0000

THE FLANED PIPE 1S ASSURED TO FAIL DUE TO UNSTABLE DUCTILE TEARING (EPFN)

THE ALLOWABLE FLAN SI2E IS DETERNINED USING COOE TABLLS
AKD DEFAULY SAFETY FACTORS FOR NORMAL OFERATING (INCL, UPSET & TEST) CONDITIONS

NEMBRANE STRESS (Pa) = 44500 (SAFETY FACTOR : 2.770)
BENDING STRESS (PB) = 2.1900 (SAFETY PACTOR : 2,770)
EXPANSION STRESS (Pa) :  2.4980 (SAFETY FACTOR @ |.000)
3

PESIEN STRESS 23.3000
(Pat Pb)/%a : 0.8
STRESS RATIO : 0.3240 (DOES NOT INCLUOE S8.7.)
M FACTOR : 1.0000
it T 045U
1/circuaterence ¢ 0.028
ALLONARBLE a4/t t 0.6000
Veircunferencs

0.00 0,10 020 0.30 040 0.8
ALLOWABLE a/t  0.6000 0.6000 0.6000 ©.6000 0.6000 0.4900
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Table 2

BRUNSWICK UNIT 1 FW NOZZLE WELD 1B2IN4AD=6-8SW1-2
Leak Rate in Pipes, Cirec, Thru~wall Cracks

13,176
6.676

0.84
€.038
6.456

§
3.0060216
1,625108
0.282743

0.1946606

1000
3369

143
468
264]

2BB50000

COA (in"2)0.008276

GPM

SIR=-90-081

0.66

(Water Leak)

13,756
6.876

0.84
6,035
6.455

12.5
6.060740
2.504872
0.302609

0.417685
1000
3269

143
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o - e O
sdo- o~
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3b
14.19628
7.007043
1.009667

T.368272
1000
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2408
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0.188447

22.66
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Table 4

Material Constants Used for Inconel 182
in LBB Evaluation

E (ksi) 28,850
sm (kei) 16.994
ao (kei) 28.35
(= dy)
o 11.56
n 2.88
C 2.673
N 0.3162
JIC 0.300
Jmax s
¢, (kei) 8G.0
atlow(kSl) 54,178
SIR=-90~081 13
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FEEDWATER NOZZLE DETAIL (N4D)

Weld 1B2INAD-5-SWI-2
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Figure 1. BPBSEP-1 Feedwater Nozzle Detail (N4D)
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BSEP UNIT 1 CRACK GROWTH DATA: INC- 182
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LOWER BOUND J-RLSISTANCE CURVLE
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Figure 7. Lower Bound J-Resistance Curve for Austenitic Stainless Steel and
Inconel Flux Welds
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Appendix A

Stress Corrosion Crack Growth Analysis
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tm
pc~CRACK
(C) COPYRIGHT 1984, 1988
STRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200
VERSION 2.0

Date: 21-Dec~199%90
Time: 10:34:43.79

STRESS CORROSION CRACK GROWTH ANALYSIS

BRUNSWICK UNIT 1 FW NOZZLE WELD 1B21IN4D-5-8SW1-2

INITIAL CRACK SI2E= 0,3800
WALL THICKNESS=: 0.4400
MAX CRACK SIZE FOR SCCG= 0.6720

STRESS CORROSION CRACK GROWTH LAW

LAW ID c N Kthres KiC
INCONEL 2.120E-08 2.1610 1.0000 1000,0000

STRESS COEFFICIENTS

CASE ID co Cl c2 Cc3
RESIDUAL 30.6312 +-266.0472 478 .4576 -229.4907
MEMBRN 1.0000 0.2000 0.0000 0.0000
RESIDUALB 1.0000 ~2.3810 0.0000 0.0000
Kmax
CASE 10 SCALE FACTOR
RESIDUAL 1.00
MEMBRN 7.09
TIME PRINT
TIME INCREMENT INCREMENT
60000.0 73.0 730.0

crack model:CIRCUMFERENTIAL. CRACK IN CYLINDER(T/R=0.1)

CRACK sesercccccnencsSTRESS INTENSITY FACTOR-=socncnsccsnnas
SIZE CASE CASE CASE
RESIDUAL MEMBRN RESIDUALB
0.0134 6.513 0.228 0.224
0.0269 8.614 0.324 0.312
0.0403 9.841 0.398 0.376
0.0538 10.572 0.462 0.427
0.0672 10.964 0.519 ©.470
0.0806 11,108 0.571 0.507
0.0941 11.114 0.623 .54}
0.1075 10.986 0.673 0.573
0.1210 10.723 0.723 0.601

SIR-90~-081 Appendix A



pc-CRACK VERSION 2.0

0.1344 10,347
0.1478 9.873
0.1613 $.313
0.1747 B.743
0.1882 8.079
0.2016 7.384
0.2150 €.634
0.2285 5.837
8.;;;9 4,997
. 4 4,178
0.2688 J.488
0.2822 2,781
0.2957 2.056
©.3091 1.318
0.3226 0.572
0.3369 “0.179
0.34%94 ~0.929
0.3629 ~1.683
0.3763 ~2.440
0.38%8 ~3.1%96
0.4032 «3.949
0.4166 4,696
©.4301 ~5.512
0.4425 6,355
0.4570 ~7.198
0.4704 -8.03%
0.4838 ~8.878
0.4973 «9.703
0.5107 -10.282
0,5242 ~10.586
0.837¢ -10.843
0.58510 «11.083
0.5645 -11.211
0.5779 “11.817
0.5914 ~11.872
0.6048 ~12.398
c.6182 «13.197
0.6317 ~13.966
0.6451 ~14.701
0.6586 -15.399
0.6720 -16.088
TIME KMAX
730.0 10.14
1460.0 10.10
2190.0 10.06
2920.90 10.01
3650.0 ®.97
4380.0 9.93
SIR-90-081

DA/DT
S.168BE~06
J.138E-06
3.109E-06
3.080E~-06
3.052E-06
3.028E~-06

DA
0.0002
©.0002
0.0002
.0002
0002
0002

O 09O

A A/THK
0.3823 0.45%
0.3846 0,458
0.3869 0,461
0.3892 0.463
0.3914 0,466
0.3936 0.469%
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pc-CRACK VERSION 2.0 PAGE ¢

44530.0 8.06 1.927E-06 0.0001 0.4905 0,584
45260.0 8.03 1.914E-06 0.0001 0.4919 0.586
45990.0 8.01 1.,901E-06 0.0001 0.4933 0.587
46720.0 7.98 1.B8BE~06 0.000.4 0.494¢€ 0,589
47450.0 7.96 1.876E-06 0.0001 0.4%960 0,591
48180.0 7.94 1.B64E-06 0.0001 0.4974 0.592
48%10,0 7.94 1.868E-0¢ 0.0001 0.4987 0.5%94
49640.0 7.94 1.867E~06 0.0001 0.5001 0.59%
iﬂ{‘%.% ;.%& ﬁ.‘ﬁﬁ ~06 0.0001 0.5015 0,597

. . .871E-06 0.0001 0.5028 0.599
51830.0 7.96 1.873E-06 0.0001 0.5042 0,600
52560.0 7.96 1.B75€E-06 0.0001 0.5086 0.602
53290.0 7.96 1.877€-06 0.0001 0.5069 0.604
54020.0 7.97 1.879E~06 0.0001 0.50C% 0.608
54750.,0 7.97 1.88B2E-06 0.0001 0.5097 ¢.607
55480.0 7.98 1.6B6E~-06 0.0001 0.5111 0.608
56210.0 8.02 1.904E~06 0.0001 0.5124 0.610
56%40.0 8.05 1.923E-06 0.0001 0.5138 0.612
57670.0 8.09 1.941E~06 0.0001 0.515% 0.613
58400.,0 8.12 1.960E-06 0.0001 0.5167 0.615
59130.0 8.16 1.9R0E~0¢ 0.0001 0.5181 0.617
5%860.0 8.20 1.99%E-06 0.0001 0.5196 0.619
60000.0 8.21 2.003E-06 0.0091 0.5199 0.619

END OF pe=CRACK

SIR-90~-081
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pc-CRACK VERSION 2.0

MATERIAL J=R CURVE:INCONEL

J= 2.6730 » (gda)” 0.3162
Jiecs 0.3000
Jmaxs $.0000
INCREMENTATION: =
CRACK INCREMENT=: 0.2028
NUMBER OF INCREMENTS: 100
INCREMENT CRACK S12E
STRESS: 9.6070
CRACK SIE Jappl Tappl Tmat
1.0000 0.0433 0.50285 €61B0O6.2832
1.2028 0.0837 0.6153 38865.9221
1.4056 0.0664 0.7218 34560.7813
1.6084 0.0813 0.8126 15855.6173
1.8112 0.0980 0.9154 10569.938%
2.013%9 0.1169%9 1.0322 7221.52%9¢6
2.2167 0.1382 1.1652 5029.1467
2.419% 0.1623 1.328% 3%5855.533%4
2.6223 0.1899 1.4918 2531.0316
2.B281 0.2206 1.6828 1B29.0178
3.0279 0.2554 1.8999 1333.4600
2.2307 0.254¢ 2.1473 $79.2018
3.,433% C.3389 2.4297 723.2572
J3.6363 0.3890 2.7533 536.6920
3.8391 0.4458 3.1248 299.6843
4.0418 ©.5102 3.5526 298.4474
4.2446 0.5838 4.0467 723,.263%0
4.4474 0.6670 4.6190 167,1998
4.6502 0.7623% $.4011 125.2629
4.8530 ©.8737 6.6020 93.2597
5.0558 1.009% 7.3652 €8.1773
5.2586 1.1619 8.4181 $0.3513
5.4614 1.3358% 9.6474 37.2547
5.6642 1.5346 11.0663 27.5878
5.8670 1.7629 12.7076 20.43%0
6.0697 2.0250 14,6112 15,1443
6€.272% 2.3264 16.8251 11.2182
BY INTERPOLATION
Jerits 2.0512
Terits 14.8034
Acrits 6£.0874
Acrit - dasz 5.6545
W= 11.8424
MATERIAL J-R CURVE: INCONEL
da Jmat Tmat
0.0020 0.3746 582.1897
SIR-90=-081

0.6446

PEGE
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pe-CRACK VERSION 2.0

0.0028 0.4172
0.0040 0.4647
0.0056 0.5176
0.0078 0.5764
¢.0110 0.6420
0.0154 0.7150
0.0217 0.7964
0.030% 0.8870
0.0429 0.9879
0.0604 1.1002
0.0849 1.2254
0.1193 1.3648
0.1678 1.5201
0.235%9 1.6930
0.3317 1.8856
0.4663 2.1000
0.6556 2.3389
0.9218 2.6050
1.2960 2.9013
1.8221 3.2314
2.5618 3.5990
3.6018 4.0084
5.0640 4.4644
7.119% 4.9722
SIR-90-081

461.1879
365.335)
289.4042
229.2547
181,6066
143.8617
113.9616
90.2759
71.5131
56.6499
44,8758
35.5489
28,1604
22.3076
17.6712
13,9984
11.08%90
8.7843
6.9586
$.5123
4,3666
3.4591
2.7401
2.170¢

END OF pec~CRACK
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Date: 2.-Dec-19%90
Time: B:48:24.42

tm
pec~CRACK
(C) COFYRIGHT 1984, 1988
STRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200
VERSION 2.0

INSTABILITY EVALUATION

BRUNSWICK UNIT 1 FW NOZZLE WELD 1B21N4D-5-SW1-2

crack model:THROUGH Wi 'L CRACK IN CYLINDER UNDER REMOTE BENDING

MATERIAL PROPERTIES:~
FLOW STRESS(SIGMAT )= 54,1750
YIELD STRESS(SIGMAD)= 28.3500
YIELD STRAIN(EPSILONG)= 9.B27E-04
YOUNG MODULUS= 2.8BS5E+04

POISSON RATIO= 0.3000

RAMBERG-0SGO0D STRESS-STRAIN LAW:~
ALPHAD] = 11.5600

Npls

2.8800

GEOMETRIC PROPERTIES:~-
QUTSIDE DIAMETERS:
WALL THICKNESS (t)=

OTHER CONDITIONS:~-
PLANE STRAIN <1> OR

PLANE STRESS

<2>: 2

13.7500
0.8400

dAz 2,.028E-01

LOADING CONDITIONS:~
LOAD=z 1060.8260
STRESS= 9.6070

HALF CRACK LENGTH(a)s= 1.0000
(2a/circumference):  0.0493

a/t(a/b) F H
0.0000 1.0000 8,.%623
0.0625%5 1.0589 6.3423
0.1250 1.1838 5.6635
0.2500 1.5178% 4.3380
0.3750 2.1278 S.138%
0.5000 2.7381 1.9330

SIR~90~-081
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pe-CRACK VERSION 2.0

MATERIAL J-R CURVE : INCONEL

Jsz 2.6730 * (da)” 0.3162
Jics 0.2000
Jmax: 5.0000
INCREMENTATION: =

CRACK INCREMENT= 0.2028

NUMBER OF INCREMENTS: 100
INCREMENT CRACK SIZE

STRESS: 9.6070

CRACK SI1ZE Jappl Tappl Tmat
1.0000 0.0284 0.-082 154515.2647
1.2028 0.0347 0.3576 99773.2108
1.4056 0.0421 0.399¢ 65772.1967
1.6084 0.0503 0.4327 44675.1280
1.8112 0.0593 0.4709 31364,.C503
2.0'3%9 0.0690 0.5118 22589.6766
2.2167 0.0796¢ 0.5567 16603.1041
2.4195 ©0.0910 0.6262 12403.8482
2.6223 0.1040 0.6903 9309.8402
2.8251 0.1182 0.7562 7082.9928
3.0279 0.1338 0.8289 53%94.4662
3.2307 0.1509 0.9093 4159.0612
3.4335 00,1697 0.9984 3228.1500
3.6363 0.1903 1.0973 2519.7001
3.8391 0.2129 1.2073 1975.9330
4,.0418 0.2378 1.3299 1555.4902
4.2446 0.2652 1.4670 1228.3410
4.,4474 0.2955%5 1.6204 972.4009%
4.6502 0.3289 1.8186 771.2436
4.8530 0.3665 2.1827 610,5914
5.05%8 0.4115 2.4870 475.2314
5.2586 0.4628 2.783% 368.5931
$.4614 0.5202 3.1146 286.2061
5.6642 0.5845% 3.4885 222.4852
5.8670 0.6564 3.9123 173.0781
6.0697 0.7372 4,3938 134.6897
6.272% 0.8278 4.9425 104 .8128
6.4753 0.9298 5.5693 8l.5304
6.6781 1.0447. 6.2874 63.3710
é.8809 1.1744 7.1124 49 2004
7.0837 1.3211 8.0630 38.1413
7.2865% 1.4874 9.1616 e9.851351
7.4893 1.6764 10,4350 22.7861
7.6921 1.8917 11,9152 17.5472
7.8%949% 2.137% 13.6411 13.4732

BY INTERPOLATION

Jerits 2.1304
Terits 13.5911
SIR-90-081

dA
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
00,0000
0.0013
0.0019
0.0027
0.0039
0.0056
0.0082
0.0118
0.0170
0.0245
0.0812
0.0742
0.1077
0.1567
0.2287
0.3351
0.4931
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PC-CRACK VERSION 2.0

Acrits 7.88%90
Acrit - gas 7.4010
wEe 8.0707

MATERIAL J=R CURVE: INCONEL

da Jmat Tmat
0.0020 0.3746 $82.18%7
0.0028 0.4183 458 ,7269
0.0040 0.4670 J61.4464
0.0087 0.5214 284 ,7959
0.0081 0.5822 224.4003
0.0114 0.6500 176.8126
0.0162 0.7257 139.3166
0.0229 0.8103 109.7723
0.0325% 0.%9047 86,4933
0.0461 1.0101 68,1510
0.0653 1.1278 $3.6985
0.0928% 1.2592 42.3108
0.1311 1.4089 33.3381
0.1887 1.5697 26.2682
0.2632 1.7526 20.6976
0.3730 1.9568 16,3084
0.5285 2.1848 12.8499
0.748% 2.4394 10,1249
1.0612 2.7236 7.971%
1.5037 3.0410 6&.2859
2.13%307 3.3953 4,9529
3.0193 X.7909 3.9026
4,2784 4.2326 3.0750
6.0626 4.725%8 2.4229
8.5%908 5.0000 1.90%91

END OF pe~CRACK
SIR-90-081
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