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IMPORTANT NOTICE REGARDING

CDNTENTS OF THIS REPpBL

Please Read Carefully

The only undertakings of the General Electric Company (GE) respecting
informatton in this document are contained in the contract between the customer
and GE, and nothing contained in this document shalI be construed as changing

the contract. The use of this information by anyone other than the custner,
or for any purpose ather than that for which it is intended under such contract
is not authorized; and with respec* to any unauthorized use, GE makes no
representation or warranty, and assumcs no liability as to the completeness,
accuracy, or usefulness of the information contained in this document, or that
its use may not infringe privately owned rights.
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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 d:cumented in reports HED0 30256 (Reference 1) and SASR 1290-HT2
(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 track growth, as specified in
NUREG-0619 (Reference 2), and amended by NRC Generic Letter 81-11

(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 life of the plant using ASME Code,

Section XI (Reference 10) methods. This result demonstrates full compliance

with the crack growth analysis requirements of NUREG 0619.
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1.0 INTRODUCTION

The Reference 1 repor' provided a plant specific feedwater nozzle fracture
mechanics assessment for Edwir 1. Hatch Nuclear power Plant, Unit 2 (hereafter
called Hatch 2) based on the original low flow feedwater controller in
conjunction with the plant operating history obtained through 1982. That
report was generated in response to Nucitrar Regulatory Commission (NRf)
requirements regarding feedwater nozzle crack growth. These NRC requirements
are contained in NUREG-0619 (Reference 2), as amended by NRC Generic Letter
81-11 (Reference 3), which states that a fracture mechanics evaluation must
predict an end-of-design-life crack size of one inch or less. The results of
the Reference 1 report demonstrated that the growth of an assurred, initial
0.25-inch crack would propagate to greater than one inch 13 years after the
initial plant startup date using ASME Code, Section XI methods.

The plant operational history used in the Reference I report was obtained
from the first four years of plant operation (1979 - 1982). The number of
events was obtained from plant operator log books, and representative thermal

cycling magnitudes were developed for startup, shutdown and SCRAM events using
plant recorder strip charts for the four year period. The magnitude of each
type of event was assumed typical of plant operation, and the number of actual
events which ecurred between 1979 and 1982 was extrapolated to estimate the
number of events tne plant would see during its 40 year design life. With this
information, a crack growth analysis was performed based on linear elastic
fracture mechanics (LEfM) techniques.

Some recommendations were made in the Reference 1 report in an effort to
improve the Hatch 2 low flow controller characteristics so that acceptable
postulated crack growth results could be achieved. These included checking
instrumentation and making adjustments or modifications to the low flow
controller system. Subsequent to the complction of the Reference 1 report,
Georgia Power Company (GPC) performed some significant modifications to the
feedwater control system to improve the cycling characteristics. In addition,
the tabulation o' thermal events experienced by the plant was continued. As a
result of these efforts, the track growth issue required by NUREG-0619 was

1-
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again addressed in Reference 4.

The Reference 4 report documented an updated crack growth analysis using
the thermal cycle definitions provided in Reference 1, but using new cycle
count projections based on the operating history obtained between 1982 and

This effort was initiated primarily because the original Reference i1990.
projection of the number of events the plant would likely experience in its 40
year design life (based on the operatito history experienced during the first
four years of plant operation) was shown to be excessively conservative based

As a result, new
on the operating history obtained between 1982 and 1990.
crack growth projections were documented in Reference 4 to address this

The results demonstrated that the growth of an assumed initial
conservatism.
0.25-inch crack would propagate to greater than one inch 32 years after the

in addition, a
initial plant startup date using ASME Code, Section XI methods,
comparison between limited plant data from a 1989 startup and the duty used in

Reference 1 was made in Reference 4. The results demonstrated that current

plant cyclic duty was less severe than that previously assumed, as expected
because of feedwater system modifications. Recommendations were made with

r
respect to future work in this area so that acceptable crack growth for the 40

and therefore full compliance with theyear design life of the reactor,
requirements of NUREG-0619, could be shown.

m

The purpose of this report is to document an updated crack growth analysis
using actual plant cyclic duty obtained during a Spring 1991 normal

Thisshutdown /startup sequence, and cycle counts obtained through Spring 1991.

analysis was initiated based on the recommendations made in Reference 4, as
well as the Reference 4 demonstration that current plant cyclic duty was less
severe than that previously assumed. The intent is to show full compliance

with the requirements of NUREG-0619.

As documented in Reference 5, the methodology prescribed by NUREG 0619 is
Inisextremely conservative for the Hatch 2 f eedwater nozzle evaluation.

conservatism results from the improved configuration of the Hatch 2 feedwater
nozzles and sparger design as compared to the ccnfigurations on which
NUREG 0619 was originally based.

)

-2-
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NUREG-0619 was initiated in response to cracking observed in BWR feedwater

nozzles. This cracking occurred in BWR plants with the loose (or slip) fit
sparger design. In this configuration, cold incoming feedwater could leak past
the juncture of the thermal sleeve and nozzle safe end and impinge upon the
nozzle bore. Turbulent mixing of the hot water returning from the steam
separators and dryers and the cold feedwater bypass leakage caused high
frequency, thermal stress cycling of the feedwater nozzle bore surf ace metal.
Both analytical and experimental studies confirrred that the observed cracking
in BWR feedwater nozzles was initiated by the Figh frequency thermal cycling
and the resulting f atigue. This bypass leanage was the basis for Generic
letter 81-11 requirements te modify the slip fit sparger designs.

In NUREG-0619, the NRC staff concurrrd that crack initiation was caused by

high frequency thermal stress cycling. It was also noted in NUREG 0619 that
stainless steel cladding contributed to f atigue cracking because the thermal
stresses are higher than they would be in unclad metal. This is the basis of
Generic letter 81-11 requirements to remove the feedwater nozzle cladding.

It is known from analysis and from experience in repairing feedwater
nozzles that an initiated crack will propagate due to high cycle f atigue to a
depth of approximately 0.25 inch. At this depth, the amplitude of the high

cycle thermal stresses attenuates to an insignificant level. On inis basis,

Generic letter 81 11 requires that a 0.25-inch crack or flaw be assumed to
exist and that licensees demonstrate that this postulated flaw will not grow to
a size greater than one inch during the 40-year design life of the reactor.

The conservatism of NUREG-0619 as it relates to Hatch 2 is . evident in
several areas. First, Hatch 2 has had welded-in, single thermal sleeve

spargers since the time of construction. Thus, the possibility of crack

initiation due to bypass leakage is extremely small. Secondly, the Hatch 2

feedwater nozzles were installed as unciad. Thus, the contributing role of the
stainless steel cladding in nozzle crack initiation has never existed.

Additionally, there have been routine non-destructive examinations, per
NUREG-0619, of the Hatch 2 feedwater nozzles. The exam results indicate that

3
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there has been no crack initiation or growth as predicted by NUREG 0619 h
methodology. For example, dye penetrant (PT) examinations of the accessible
portions of the feedwater nozzle inner blend radius area on nozzles 2N4A and
2N40 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 tietected any thermal fatigue crack
indications. Consequently, there is no reason to suspect that fatigue cr
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.

O

O
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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

(RWCU) and feedwater flows. A representative definition of a startup, shutdown
and SCRAM event was developed which consisted of a series of temperature
dif ferences 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 af ter
RWCU reroute. In addition, it 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 is conservative as the cycle definition for a shutdown
is typically 'less severe than during a strrtup. 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 1 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 lables 1 - 4
were again used since those cycles were considered 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 Evidence 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 af ter the Spring 1991 refueling outage.
Special compute ,ata acquisition equipment was implemented specifically for

-5-
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this purpose, and existing plant instrumentation was tapped to acquire the
data. All parameters which affect fluid flow through the feedwater nozzles
were recorded by this equipment. This consisted of the following signals:

1. RWCU Temperature

2. RWCU flow

3. feedwater Temperature (Loops A and B)

4. Feedwater flow (Loops A and B)

5. Reactor Pressure

These signals were recorded at a frequency of once every ten econds, which is
considered to be more than adequate for the purposes of this analysis. Data

acquisition was started before any feedwater heaters were valved out of service
during the shutdown, and recording continued for approximately a two day period

(March 19-?i. 1991) until cold shutdown was achieved. For the subsequent

startty, % 18 recording was initiated at the start of plant heraup, and ran
continuously until all feedwater heaters were valved into service. This
occurred over a period of approximt.tely five days (May 30 June 4, 1994,' All
data were permanently stored in data files and transmitted to GE (Reference 6)
for incorporation into the crack growth analysis.

Again, calculations were performed on the collected computer data to
determine the feedwater nozzle fluid temperature based on mixing of the reactor

water cleanup (RWCU) and feedwater flows. Plots nf the resulting data are

provided in Appendix A. These data were then reduced into a series of ,

temperature differentials grouped ac :ording to severity in 25'f increments, and
a series of pressure differentials grouped according to severity in 100 psi
increments. The temperature differentials consisted of startino at some

'

temperature T , and proceeding to a final temperature T2 where a change in1

direction of the temperature change occurred The pressure differentials
consisted of start;..g at some pressure pl, and proceeding to a final pressure
P2 where a change in direction of the pressure change occurred. Any

differentials less than 25'F or 100 psi were neglected to eliminate signal
noise from consideration; these small magnitude cycles have an insignificant
contribution to crack growth. A full cycle is defined in the crack growth

-6-
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h analysis as initially starting at some value To (or Po), changing to some other
1 (or P ), and then returning to lo (or Po). Therefore, the result ofvalue 1 1

this data reduction iras a series of half-cycles of different magnitudes.

A rtpresentative definition for the combined shutdown /startup event was
developed for each feedwater loop which consisted of a series of temperature
and pressure differences and a corresponding number of occurrences for each of
these differences. Only minor dif ferences existed between the two feedwater
1 cops, and the definition which had the most temperature fluctuations (Loop A)
was used for both loops, This shutdown /startup definition is provided in
Table 5. Since SCRAM data were not available for computerized cellection, the
SCRAM definition previously used (from Table 4 - after RWCU reroute) was
utilizedforfuturecyclicdutyhrojectionsinthecrackgrowthanalysis. 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 I and 2 for the period of

operation before RWCU reroute, (2) the duty from Tables 3 and 4 for the period
of operation af ter RWCV reroute and before feedwater system modifications, and
(3) the duty from Tables 4 and 5 for the period of operation af ter feedwater,

system modifications until the end of the plant design life.

O -
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hTable 1
Thermal Cycle Definition for a Startup Event

Before RWCU Reroute

(Obtained from Reference 1)

Tmax Tmin Ain
L*L1 m L11 livb er of (1ckel
424 100 324 1

436 137 299 1

436 180 256 12

436 212 224 2.5

436 233 203 4

395 220 175 3

323 182 141 1
'

265 136 129 3

266 144 122 7

272 157 115 4

h272 163 109 9

316 213 103 7

267 173 94 7

244 164 80 6

216 152 64 12

228 170 58 9

231 180 51 32

257 215 42 7

201 171 30 16

Total - 143.5
/

Notes: (1) une pressure cycle of 0 to 1000 psi is assumed.

(2) A shutdown event has the same cycle definition as this event.

(3) Imax = maximum fluid temperature, Tmin minimum fluid
temperature, ATn nozzle temperature difference - Tmax-Tmin-

9
-g.
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Table 2

Thermal Cycle Definition for a SCRAM Event

Before RWCU deroute

(Obtained from Reference 1)

Tmax Tmin AIn

ill ill CfEl llEhr of Cnlu
436 327 109 6

436 268 168 4

436 225 211 8

436 174 262 4

436 147 289 3

Total - 25

flotes : (1) The above definition is for the cooldown portion of a SCRAM

O event only; the warmup portion has the same cycle definition
as a startup event (Table 1),

(2) One pressure cycle of 0 to 1000 pst is assumed.

(3) Imax maximum fluid temperature, imin rainimum fluid
temperature, ATn nozzle temperature difftrence - Tmax*Imin-

O
9
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Table 3
Thermal Cycle Definition for a Startup Event

After RWCll Reroute

(Obtained from Reference 1)

Tmax Imin Ain

[*[1 L*f 5 L*.El Rynier of CYClel
436 102 334 1

]
436 119 317 1

436 143 293 8 ;

436 169 267 4

436 182 254 5.5

436 205 231 2

335 185 150 1

268 142 126 1

545 436 109 1

226 137 89 14

217 134 83 3

214 134 60 10

225 150 75 1

229 161 68 } 3

208 145 63 9 6
'

196 143 53 5

174 128 46,5 5

197 155 42 13

178 144 34 36

207 183 24 10

172 156 16 11

Total - 141.5

Notes: (1) One pressure cycle of 0 to 1000 psi is assumed.
) (2) A shutdown event has the same cycle definition as this event.

(3) Tmax - maximum fluid temperature, Tmin minimum fluid
temperature, ATn nozzle temperature difference - Tmax-Tmin-

- 10 -
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Q Table 4

Thermal Cycle Definition for a SCRAM Event

After RWCU Reroute

(Obtained from Reference 1)

Tmax Tmin ATn

{'fl [* U L'O tiumber of Cycles

436 339 97 1

436 268 168 5

436 212 224 4

436 179 257 8

436 134 302 7

Total - 25

flotes : (1) The above definition is 4. the cooldown portion of a SCRAM
event only; the wa mup portion has the same cycle definition
as a startup event (Table 3).

(2) One pressure cycle of 0 to 1000 psi is assumed.

(3) Tmax maximum fluid temperature, Tmin minimum fluid ,

temperature, ATn noule temperature difference - Tmax-Tmin-

n
L)
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Table 5
Thermal and Pressure Cycle Definition

for a Shutdown /Startup Event

(Obtained from Computer Data Acquisition During Spring 1991)

AT Number of
(*f) Half-CYClet

25 < AT s 50 214
50 < AT s 75 10

75 < AT s 100 3

100 < AT s 125 6

125 < AT s 150 2

150 < AT s 175 2

175 < AT s 200 0

200 < AT $ 225 0

225 < AT s 250 0

250 < al s 275 0

275 < AT s 300 2

300 < AT 0_
Total 239

AP Number of
(psi) If al f-C ycl_n

100 < AP s 200 3

200 < AP s 300 0

300 < AP s 400 0

400 < AP s 500 1

500 < AP s 600 0

600 < AP s 700 0

700 < AP s 800 0

800 < AP s 900 0

900 < AP s 1000 0
1000 < AP 2

Total - 6

Notes: (1) All temperature fluctuations less than 25'f, and all pressure
fluctuations less than 100 psi in magnitude were neglected as
the majority of these were attributed to signal noise and they
have an insignificant impact on the crack growth evaluation,

(2) A half-cycle is defined as a change in temperature from T1 to
T2 only (e.g., no return to T1 associated with a full cycle).
The same is true for pressure half-cycles.

- 12 -
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() 3.0 PLANT OPERATING HISTORY

The Reference 1 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
recorded. 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 1990, as provided in Reference 7.
Extrapolating those events to 40 years, a total of 322 ovents 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 1991. These data were provided in the Reference

Q 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'- 1991 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 life.

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 1 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. Reference 9 documents the fact that
there are typically more thermal events during the initial years of plant

- 13 -
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operation to account for " learning curve" effects. The methods used in
determining the projected values in Table 7 are consistent with those outlined
in Reference 9.

The projected number of events shown in Table 7 are used in the updated
crack growth analysis contained herein.

|

|
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(^x'sj Table 6
Plant Operating History Summary

1985 - 1991

(Obtained from References 7 and 8)

Number of Number of Number of

ylitt Startuos Shutdowns SCRAMS

1985 2 2 2

-1986 4 4 5

1987 1 1 4

1988 3 3 6

1989 1 1 0

1990 0 0 2

1991 2 2 0

Totals: 13 13 19

10
V

Notes: (1) In 1985, the period covered was between 8/1/85 and 12/31/85.

(2) In 1991, the period covered was between 1/1/91 and 7/31/91.

(3) The total time period covered by this data (8/1/85 - 7/31/91)
was assumed to be equal to 6.0 years.

N

- 15 -
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hTable 7
Projected Number of Events for the 40 Year Design Life

No. of Number of Number of No. of
Time Period .ltar.1 Startuns ShutsLowns SCRAMS
1979 - 1985 6 28 28 90
1985 - 1989 4 11 11 17

remaining life 30_ _1L _ 63 __9L
Totals: 40 102 102 198

Notes:

(1) For the time perind of 1979 - 1985, the following calculations were
performed to determir.e the number of cycles:

# of startups from Reference 1 - 79 60 - 19
# of years of data in Reference 1 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 1991 - 40 year life 13 x (34/6) 74

# of startups during 1985 1989 - 11

# of startups for remaining life - 74 - 11 - 63
Also: # shutdowns - 13x(34/6)-ll 63 and # SCRAMS 19x(34/6) 17 - 91

(4) The cyclic definitions before RWCU reroute (Tables 1 - 2) will be
conservatively applied to the entire 1979 - 1985 time period in the crack
growth analysis. The definitions af ter RWCU reroute (Tables 3 4) are

applied to the 1955 - 1959 time period. The shutdown /startup definitinn

obtaineri during Spring 1991 (Table 5) and the SCRAM definition af ter RUCU
reroutn (Table 4) are applied to the remaining life period.

(S) One SCRAM event is considered to include both the SCRAM and the following

return to service.

- 16 -
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4.0 FINITE ELEMENT ANALYSIS RESULTS
1

|

A detailed finite element model of the Hatch 2 feedwater nozzle
configuration was developed in the Reference 1 report in order to develop

' temperature distributions as well as thermal and pressure stresses for
subsequent use in the crack growth analysis. Those results 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
vessei 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 - 5.

The thermal stresses shown in Table 8 are these resulting from a stepg
() transient of 450'F (temperature ramped from 550*F te 100*F in 9 seconds). The

stresses shown are those which are present in the nozzle structure 45 seconds
after the temperature drop. In the Reference 1 report, these stresses were

used for all temperature cycles 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
analyzed temperature drop was used. It was found in the Reference 4 analysis

that using this 180-second stress profile 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 scaled 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
(p) crack growth analysis contained herein.

- 17 -
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Table 8

Thermal and Pressure Stresses
for the Limiting Nozzle Cross Section

(Obtained from Reference 1)

Distance from Pressure Hoop Stress The* mal Hoop Stress

inside Surface Ratioed by 1.5987 (t - 45 seconds)
finches) (psi)

,, fosi)
0.000 33589 44541

0.075 33015 41319

0.225 31926 34551

0.400 30716 27370

0,600 29421 20086

0.850 27881 12762

1.150 26302 6011

1.500 24310 1113

1.954 22754 -2503

2.693 19039 -3528

3.284 17001 -3313

3.874 15136 -2815

4.465 13373 -2316

5.056 11653 -1856

5.647 9902 -1419

6.247 8040 -994

6.833 5944 -568

7.127 4860 -356

Notes: (1) 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 1).

O
L 18 -
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!3
C1 5.0 STRESS INTENSITY FACTOR CALCUI.ATIONS

As in References 1 and 4, stress intensity factors were calculcted 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 f actor

expression of Figure 1. The resulting stress intensity factor ver.us crack

n depth results are plotted in Figures 2 and 3.
(j

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

f(
- 19 -
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| 6.0 CRACK GROWTH EVALUATION
!
!

The fatigue crack growth rate data for low alloy steel from Section XI of
the ASME Code (Reference 10) were used for the crack growth analysis. This

curve is the same as was used in the Reference 1 and 4 reports. In the

Reference 1 report, a best fit relationship war also used in the crack growth
analysis. The best fit results were reported for information and comparative
purposes only, and provided significantly improved results over those obtained
from an ASME Code, Section XI approach. Nevertheless, the best fit

relationship was not considered in the Reference 4 analysis since the ASPE Code
curves are the accepted criteria for analyses of this type. Therefore, the

crack growth relationships from the ASME Code are used exclusively in the
updated crack growth analysis contained herein.

The procedure for calculating the crack propagation is as follows: For

each cycle, the maximum and minimum stress and the number of occurrences were

calculated. From this, the stress intensity factor range and the corresponding
R-ratio were calculated for each cycle. Using this and the ASME Code crack
growth relationships, the incremental crack growth was calculated for each
cycle. The crack size was updated and the procedure was repeated for all
cycles until all events had been analyzed. The pattern of thermal events was
assumed to be as follows for the analysis:

_

4 startup/ shutdown events (Table 1)
1979 - 1985 --> 7 sets of - followed by

13 SCRAM / return to full power events (Table 2)

-

_._

2 startup/ shutdown events (Table 3)
1985 - 1989 ==> 6 sets of - followed by

3 SCRAM / return to full power events (Table 4)

_

O
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21 startup/ shutdown events (Table 5)
remaining life --> 3 sets of - followed by

30 SCRAM / return to full power events (Table 4)

_

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

Startuos Shutdowns _, SCRAMS

1979 - 1985 7x 4- 28 7x 4- 28 7 x 13 - 91

1985 - 1989 6x 2- 12 6x 2- 12 6x 3- 18

remaining life 3 x 21 _13 3 x 21 - 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
0.96 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 results. This improvement is due to the
significantly lower number of cyclic events projected for the 40 year design
life of the plant, as well as improved cyclic thermal duty resulting from RWCU
reroute and feedwater system modifications,

O
- 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 projection 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 groeth 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 Hahh 2, have revealed no indications. A program of
continued thermal duty monitoring and inspections consistent with the

provisions of NURE6-0619 will ensure continued integrity of the nozzle region
and provide further validation of these results.

;
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APPENDIX A 1

rEEDWATER N0ZZLE TEMPERATURE, PRESSURE AND FLOW DATA

This Appendix contains plots e 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. Identifier Event Period Covered

1 SD-1 3/19 - 3/21 Shutduwn 3/19/91 0 23:27 to 3/20/91 0 15:00
2 SD-2 3/19 - 3/21 Shutdown 3/20/91 0 15:00 to 3/21/91 0 07:23
3 SU-l S/30 - 6/04 Startup 5/30/91 0 14:00 to 5/31/91 0 12:00
4 SU-2 5/30 - 6/04 Startup 5/31/91 0 15:00 to 6/01/91 0 10:00
5 SU-3 5/30 - 6/04 Startup 6/01/91 0 10:00 to 6/02/91 0 08:00
6 SU-4 5/30 - 6/04 Startup 6/02/91 0 08:00 to 6/03/91 0 06:00
7 SU-5 5/30 - 6/04 Startup 6/03/91 0 06:00 to 6/04/91 0 04:00
8 SU-6 5/30 - 6/04 Startup 6/04/91 0 04:00 to 6/04/91 0 15:13

,

O
- 28 -
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. A.1 Loop A Hixed Fluid Temperature Plots
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APPENDIX B

COMPARISON OF : TRESS INTENSITY FACTOR SOLUTIONS

The boundary integral equation / influence function magnification f actors
provided in Figure I were originally applied to the feedwater nozzle region
several years ago when incidences of nozzle corner cracking were reported.
Reference B-1 documents the comparison of experimental test results with those
obtained from the use of the magnification f actors shown in Figure 1. Those

results showed good agreement between the two, and confirmed that continued use

of the magnification factors was appropriate.

To further demonstrate the reasonableness of the figure 1 magnification
factors, stress intensity factor predictions were compared to those obtained

% from the detailed three dimensional (3-0) study reported by Gilman and Rashid

$y1 (Reference B-2). Gilman and Rashid performed detailed 3-D finite element

db analysis to predict stress intensity f actors for a nozzle geometry. These

predictions were substantiated by comparise, wiih available experimental data.
Therefore, a comparison of the predicticas made using the magnifi ', ion factors

given in Figure 1 to those of Gilman and Rashid is useful in denonstrating the
validity of the predictions made in this report.

_

Figure B-1 shows the stress profile obtained by Gilman and Rashid from
their 3-0 finite element analysis. This profile was used along with the
magnification factors of Figure 1 to predict stress intensity f actors for
comparison with the Gilman and Rashid results. This comparison is made in

'% Figure B-2, it is seen that the agreement between the two predict;ons is /ery
good, which provides further justification for the use of these factors.

9
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