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ABSTRACT

This report provides a plant specific feedwater nozzle fracture mechanics
assessment for the Hatch 2 plant., The results presented herein are an update
to those documented in reports NEDO-30256 (Reference 1) and SASR 1290-H12
(Reference 4) based on plant data collected during the Spring 1991
shutdown/startup sequence. The intent of this report is to show compliance
with NRC requirements regarding feedwater nozzle crack growth, as specified in
NUREG-0619 (Reference 2), and amended by NRC Generic Letter Bl-1]
(Reference 3). The results show that the growth of an assumed initial
0.25-inch crack would propagate to 0.96 inch (which is within the allowable
value of one inch) during the 40-year design 1ife of the plant using ASME Code,
Section X1 (Reference 10) methods. This result demonstrates full compliance
with the crack growth aralysis requirements of NUREG-0619.
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there has been no crack initiation or growth as predicted by NUREG-0619
methodology. For example, dye penetrant (PT7) examinations of the accessible
portions of the feedwater nozzle inner blend radius area on nozzles 2N4A and
IN4D were performed in 1985. Both inspections showed that no significant
thermal fatigue cracks were present. There have also been several ultrasonic
(UT) examinations of the inner blend radius and nozzle cylindrical bore
section. These examinations have not detected any thermal fatigue crack
indications. Consequently, there is no reason to suspect that fatigue c¢r

are present in the Hatch 2 feedwater nozzles.

Based on the foregoing, the excessive conservatism of assuming an initial
0.25-inch flaw and the successful examination results should be considered when
evaluating the results of this NUREG-0619 postulated crack growth analysis.
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2.0 CYCLIC TEMPERATURE DEFINITIONS

The Reference 1 report provided thermal cycle definitions based on
operating data from startup, shutdown and SCRAM events. These definitions were
based on a review of plant recorder strip charts providing feedwater system
temperatures and flow rates. Calculations were performed to determine the
feedwater nozzle fluid temperature based on mixing of the reactor water cleanup
(RWCY) and feedwater flows. A representative definition of a startup, shutdown
and SCRAM event was developed which consisted of a series of temperature
differences and a corresponding number of occurrences for each of these
temperature differences.

Since the RWCU system was rerouted to both feedwater lines (as opposed to
its original configuration of emptying into just one line), separate
definitions were developed for the time periods representing before and after
RWCU reroute. In addition, 1t was assumed that a plant shutdown was the mirror
image of a startup (e.g., these events were identical with regard to cyclic
duty). This assumption i1s conservative as the cycle definition for a shutdown
is typically less severe than during a stertup. Finally, only the nozzles
experiencing RWCU injection prior to the RWCU reroute were analyzed as those
nozzles experienced more severe duty. Thus, four cycle definitions were
generated in the Reference | report and used in that crack growth analysis;
these are repeated for convenience in this report in Tables 1 - 4.

In the Reference 4 analysis, the cycle definitions shown in Tables 1 - 4
were again used since those cycles were coniidered to be typical of plant
operating duty and only limited new computer data were made available. This
was conservative since the cycle definitions were determined to be more severe
than those resulting from the modifications made to the feedwater system
subsequent to 1983. fvidence of this conservatism was shown in Section 7.0 of
the Reference 4 report.

For the current analysis, actual plant data were obtained from a normal
shutdown/startup sequence before and after the Spring 1991 refueling outage.
Special comput: dta acquisition equipment was implemented specifically for
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analysis as initially starting at some value T, (or Pg), changing to some other
value T; (or Py), and then returning to Ty (or Pg). Therefore, the result of
this data reduction vas a series of half-cycles of different magnitudes.

A representative definition for the combined shutdown/startup event was
developed for each feedwater loop which consisted of a series of iemperature
and pressure differences and a corresponding number of occurrences for each of
these differences. Only minor differences existed between the two feedwater
loops, and the definition which had the most temperature fluctuations (Loop A)
was used for both loops. This shutdown/startup definition is provided in
Table §. Since SCRAM data were not avaitlable for computerized collection, the
SCRAM definition previnusly used (from Table 4 - after RWCU reroute) was
utilized for future cyclic duty Yrojections in the crack growth analysis. This
is considered conservative based on the comparison made between current plant
duty and past plant duty in Section 7.0 of the Reference 4 report

Therefore, for the purposes of calculating crack growth, three sets of
data were considered: (1) the duty from Tables 1 and 2 for the period of
operation before RWCU reroute, (2) the duty from Tables 3 and 4 for the period
of operation after RWCU reroute and before feedwater system modifications, and
(2) the duty from Tables 4 and § for the period of operation after feedwater
system modifications until the end of the plant design life,
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Table 3 ‘II’

Thermal Cycle Definition for a Startup Event
After RWCU Reroute
(Obtained from Reference 1)

Tmax Tmin ATp
Lf) ' () Number of C(ycles
436 102 334 ]
436 19 317 1 |
436 143 293 8 3
436 169 267 4
436 182 254 5.5
436 20% 231 2
335 185 150 ]
268 142 126 |
645 436 109 |
26 137 89 14
217 134 83 3 "I"
214 134 50 10
225 150 78 |
229 161 6e b 3
208 145 62" 3
196 143 53 :
174 128 46 . 5
197 165 42 13
178 144 34 36
207 183 24 10
172 156 16 e & .
Total ~ 14]1.5
(1) One pressure cycle of 0 to 1000 psi 1s assumed.
(2) A shutdown event has the same cycle definition as this event.
(3) Tmax = maximum fluid temperature, Tuin = minimum fluid
temperature, AT, = nozzle temperature difference = Tpax-Tmin- .




Notes:

YMIX
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(1)

(2!
(3)

GE-NE-523-95-0991

Revision 0
Table 4
Thermal Cycle Definition for a SCRAM Event
After RWCU Reroute
(Obtained from Reference 1)
Tmin ATy
{F) (F) Number of Cycles
339 97 !
268 168 5
212 224 i
179 287 8
134 302 L

Total « 2%

The above definition 1s 2. the cooldown portion of a SCRAM
event only; the wa.mup portion has the same cycle definition
as a startup event (Table 3).

One pressure cycle of 0 to 1000 psi 1s assumed

Tmax = maximum fluid temperature, Tyipn = minimum fluid
temperature, Al, = nozzle temperature difference = Tpax-Tmin.
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3.0 PLANT OPERATING HISTORY

The Reference | report utilized plant operating history based on a review
of the operator log books for the period of 1979 - 1982. During that four year
period, a total of 79 startup/shutdown and SCRAM/return to service events were
re-orded, Extrapolating those 'vents to 40 years, a total of 790 events was
used in that crack growth analysis.

The Reference 4 report utilized the same event definitions used in
Reference 1, but considered the number of thermal events experienced by the
Hatch 2 reactor for the time period up to 1980, as provided in Reference 7
Extrapolating those events to 40 years, a total of 322 events was used in that
crack growth analysis,

GPC has continued to keep track of the reactor thermal events since 1985.
A summary of the thermal events experienced by the Hatch 2 reactor was provided
for the time period of 1985 - 199]. These data were provided in the Reference
7 and 8 correspondences, and are shown in Table 6. This information
demonstrates that events experienced during the 1979 - 1982 time period
occurred more frequently than in the 1985 - 199] time period. Therefore, for
conservatism, the 1979 - 1982 events were used for estimating the number of
events which occurred during the 1982 - 1985 time period where adequate cycle
count information was not available. The 1985 - 1991 events were used to
predict cycle counts for the remaining 40-year plant 1ife,

The information shown in Table 6 was used to determine an updated
projection for the number of events for the 40 year design life of the plant.
This new projection is shown in Table 7. It is seen that the extrapolated
number of events for the 40 year design life of the reactor (102 + 198 = 300)
is significantly lower than the 790 events previously obtained in the
Reference | report. It is also lower than the 322 events projected in the
Reference 4 report. These differences demonstrate continued improvement in
plant operation with respect to thermal duty, and are consistent with field
observations made regarding cyclic duty. Ref-rence 9 documents the fact that
there are typically more thermal events during the initial years of plant
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Table 6
Plant Operating History Summary
1985 - 1991

(Obtained from References 7 and 8)

Number of Number of Number of
Year startups shutdowns oLRAMs
1985 2 2 2
1986 4 4 5
1987 ] ] 4
1988 3 3 6
1989 | l 0
1990 0 0 2
1991 L o LR

Totals: 13 13 19

(1) In 1985, the period covered was between 8/1/

(2) In 1991, the period covered was between 1/1/

(3) The total time period covered by this data
was assumed to be equal to 6.0 years.

85 and 12/11/85.
91 and 7/31/9].
(8/1/85 7/31/91)
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Table 7 ‘II’

Projected Number of Events for the 40 Year Design Life

No. of Number of Number of No. of

_ngs_um_, Jears Startups shutdowns SCRAMs
1979 - 1985 6 28 28 90
1985 - 1989 4 11 11 17

remaining 1ife 30 _ 63 63 _—) .
Totals: 40 102 102 198

Notes:
(1) For the time perind of 1979 - 1985, the following calculations were
performed to determi’e the number of cycles:
# of startups from Reference | « 79 - 60 « 19
# of years of data in Reference | = 4
# of years for 1979 - 1985 time period = 6
# of startups for 1979 - 1985 time period « 19 x (6/4) « 28
Also: #shutdowns = 19x(6/4) « 28 and #SCRAMS » 60x(6/4) = 90
(2) For the time period of 1985 - 1989, the number of cycles was obtained from
Table 6 (References 7 and 8). ‘
(3) For the remaining life, the following calculations were performed to
determine the number of cycles:
# of startups during 1985 - 1991 « 13
# of years of data during 1985 - 1991 = 6
# of years for remaining life = 34
# of startups for 19¥] - 4D-year life = 13 x (34/6) « 74
# of startups during 1985 - 1989 = 1]
# of startups for remaining life « 74 - 11 = 63
Also: #shutdowns = 13x(34/6)-11 = 63 and #SCRAMS = 19x(34/6)-17 = 9i
(4) The cyclic definitions before RWCU reroute (Tables | 2) will be
conservatively applied to the entire 1979 - 1985 time period in the crack
growth analysis. The definitions after RWCU reroute (Tables 3 - 4) are
applied to the 19685 - 1969 time period. The shutdown/startup definition
ubtuined during Spring 1991 (Table &) and the SCRAM definition efter RWLU
peroute (Table 4) are applied to the remcining 1ife period.
(5) One SCRAM avent 15 considered to inciude both the SCRAM and the following
return to service,. .
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4.0 FINITE ELEMENT ANALYSIS RESULTS

A detailed finite element model of the Hatch 2 feedwater nozzle
configuration was develnped in the Reference ! report in order to develop
temperature distributions as well as thermal and pressure stresses for
subsequent use in the crack growth analysis. Those res:lts were also used in
the Reference 4 analysis, and remain valid for use in the current analysis. As
a result, they are usea without modification herein, The stresses for the most
limiting nozzle corner section as given in Reference 1 are shown in Table 8.

The pressure stresses shown in Table 8 are for the case of a 1,000 psi
vessel pressure, scaled to account for the differences of modeling a three
dimensional structure with a two dimensional model. The scaled pressure
stresses shown in Table 8 are linearly scaled to the AP described in the
thermal cycle definitions shown in Tables 1 - §.

The thermal stresses shown in Table 8 are thcse resuiting from a step
transient of 450°F (temperature ramped from 550°F te JO0°F in 9 seconds). The
stresses shown arve those which are present in the nozzle structure 45 seconds
after the temperature drop. In the Reference | report, these stresses were
used for all temperature cvcles in the crack growth analysis with the exception
of one (corresponding to a drop in feedwater temperature to the steady state
condition present at shutdown). For this one cycle per event, another stress
profile corresponding to the stress state present 180 seconds after the
analyzec¢ temperature drop was used. It was found in the Reference 4 analysis
that using this 180-second stress prafile for one cycle per event had an
insignificant impact on the crack growth analysis results. Therefore, for
simplicity, only the stress profile corresponding to 45 seconds after the
analyzed temperature drop was used in the Reference 4 crack growth analysis.
That same thermal stress profile was also used in the crack growth analysis
contained herein, as identified in Table 8. The thermal stresses shown in
Table 8 (which developed from a AT of 450°F) are linearly ccaled to the AT
described in the thermal cycle definitions shown in Tables 1 - 5. The scaled
thermal stresses are subsequently used along with the pressure stresses in the
crack growth analysis contained heiyein.

- 17 -
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Thermal and Pressure Stresses
for the Limiting Nozzle Cross Section
(Obtained from Reference 1)

Pressure Hoop Stress
Ratioed by 1.5987
{psi)
33589
33015
31926
30716
29421
2788!
26302
24310
22754
19039
17001
15136
13373
11653
9902
8040
5944
4860

The'mal Hoop Stress
(t = 45 seoconds)
SRPUICINRF | ) 1 ¥ TS
44541
41319
3455]

27370
20086
12762
6011
1113
-2503
-3528
-3313
-2815
-2316
1856
-1419
-994
-568
-356

The pressure hoop stresses were scaled by the 1.5987 factor to
account for the differences of modeling a three dimensional
structure with a two-dimensional model (see Reference |).
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5.0 STRESS INTENSITY FACTOR CALCULATIONS

As in References 1 and 4, stress intensity factors were calculated using
solutions for standard stress distributions in half and quarter space. The
stress intensity solutions for specific crack geometries are shown in Figure 1.
It was recognized that the solution for a 3-D nozzle corner crack lies in
between the half and quarter space solutions, so those solutions were averaged
to obtain the nozzle solution. Further support of this assumption is provided
in Appendix B.

The pressure and thermal stress distributions shown in Table 8 were fit to
third order polynomials using a standard least squares procedure, The fit was
checked to ensure accuracy for the region of interest (at least the first 1" of
¢cross section). The polynomial coefficients were then substituted into the
simulated three dimensional nozzle corner crack stress intensity factor
expression of Figure 1. The resulting stress intensity factor ver.us crack
depth results are plotted in Figures 2 and 3.

The stress intensity relationships used to generate Figures 2 and 3 are
used in the updated crack growth analysis contained herein,

- 19 -
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Figure 1. Boundary Integral Equation/Influence
Function Magnification Factors for .
a BWR Feedwater Nozzle



Figure 2. Stress Intensity vs . Crack Depth
(Thermal Stresses. 45 seconds)




Stress Intensity Factor (ksi/inch )

wq
40-4

/ Pressure = 1000 psi
30 - / e

Vg
//
R I
4

O | % N 14 Wy = B 1 3 1 i T T 1 i 1 ] 1 1 1 T T ﬁ'
0.0 i 0 4 0.6 0.8 1.0 1.2 1.4 1.6 18 20

Crack Depth Along Section (inches)

Figure 3 Stress Intensity vs. Crack Depth
(Pressure Stresses)



CRACK GROWTH EVALUATION
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—

21 startup/shutdown events (Table 5)
remaining 1ife ==> 3 sets of —— followed by
30 SCRAM/return to full power events (Table 4!

e

Thus, the total number of events analyzed was as follows:

Startups Shutdowns _ SCRAMs
1979 - 1985 7x 4=« 28 7x 4= 28 7x13 = 91
1985 - 1989 6x 2= 12 6x 2= 12 6x 3= 18
remaining 1ife I x2] = 63 3 x 2] = _63 3 x 30 « 90
Totals: 103 103 199

These total number of analyzed events can be compared to the totals
projected in Table 7. Although conservative, the effects of analyzing the one
extra startup/shutdown event (103 vs. 102) and the one extra SCRAM event (199
vs. 198) are considered insignificant.

The results of the crack growth evaluation are shown in Figure 4. These
results show that, using the ASME Code, Section XI crack growth relationships,
a postulated 0.25 inch initial depth crack (as specified in NUREG-0619) becomes
0.986 inch deep at the end of the 40-year plant design life. As anticipated,
these results are significantly improved from the Reference 1 results, and
further improved from the Reference 4 resuits. This improvement is due to the
significantly lower number of c;clic events projected for the 40 year design
Tife of the plant, as well as improved cyclic thermal duty resulting from RWCU
reroute and feedwater system modifications.

24
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7.0 SUMMARY AND CONCLUSIONS

The Reference 1 and 4 crack growth analyses for Hatch 2 were reevaluated
using an updated cycle count profection and data obtained during the Spring
1991 normal shutdown/startup sequence. Application of previously determined
cycle severity (for the period 1979 - 1989), current cycle severity (for the
remainder of the plant design life), thermal and pressure stresses, and ASME
Code Section XI crack growth relationships to the cycle projection resulted in
the postulated crack growth of an assumed 0.25 inch initial depth flaw to 0.96
inch at the end of the 40-year design life of the plant.

The results of this report show that the crack growth analysis
requirements of NUREG-0619 are fully satisfied. Further confirmation of the
Hatch 2 nozzle integrity has been provided in the past from ultrasonic test
(UT) and dye penetrant test (PT) inspection: performed at intervals specified
in NUREG-0619. These examinations, which have occurred over the past several
refueling outages at Mar.h 2 have revealed no indications. A program of
continued thermal duty monitoring and inspections consistent with the
provisions of NUREG-0619 will ensure continued integrity of the nozzle region
and provide further validation of these results.

26 -
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APPENDIX A
FEEDWATER NOZZLF TEMPERATURE, PRESSURE AND FLOW DATA

This Appendix contains plots «f the calculated (mixed) nozzle fluid
temperature and loop flow as a function of time for both Loops A and B for the
Spring 1991 startup/shutdown sequence at Hatch 2. Also included are plots of
reactor pressure as a function of time for the same time period. The time
period covered by the plots corresponds to the following dates:

Plot
No. ldentifier fvent Period Covered
1 SD-1 3/19 - 3/2]1 Shutduwn 3/19/91 @ 23:27 to 3/20/91 @ 15:00
2 SD-2 3/19 - 3/2] Shutdown 3/20/91 @ 15:00 to 3/21/91 @ 07:23
3 SU-1 5/30 - 6/04 Startup 5/30/91 @ 14:00 to 5/31/91 @ 12:00
4 Su-2 5/30 - 6/04 Startup 5/31/91 @ 15:00 to 6/01/91 @ 10:00
5 SU-3 5/30 - 6/04 Startup 6/01/91 @ 10:00 to 6/02/9]1 @ 08:00
6 SU-4 5/30 - 6/04 Startup 6/02/91 @ 08:00 to 6/03/9]1 @ 06:00
7 SuU-5 5/30 - 6/04 Startup 6/03/91 @ 06:00 to 6/04/9]1 @ 04:00
8 SU-6 5/30 - 6/04 Startup 6/04/9]1 @ 04:00 to 6/04/9]1 @ 15:13
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A.2 Loop B Mixed Fluid Temperature Plots .
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