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REPORT, OR THAT THE USE OF ANY INFORMATION, APPARATUS, METHOD,
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G1.0 PURPOSE

6G2.0

G3.0

This Appendix provides the plant-specific evaluation of pressurized
thermal shock effects of the SB LOCA + LOFW transients presented in
the main body of the CEN-189 report for the ANO-2 reactor vessel.

SCOPE

The scope of this Appendix is limited to the evaluation of the SB LOCA +
LOFW transients presented in CEN-189, as applied to the ANO-2
reactor vessel.

Other C-E NSSS reactor vessels are reported in separate Appendices.

INTRODUCTION

This Appendix to CEN-189 was prepared by C-E for Arkansas Power and
Light for their use in responding to Item I1.K.2.13 of NUREG-0737 for
the ANO-2 reactor vessel.

This Appendix is intended to be a companion to the CEN-1839 report.

The transients evaluated in this Appendix are those reported in
Chapter 4.0 of the main report. Chapter G5 of this Appendix reports
the plant-specific fluence distributions developed as described in
Chapt~r 5.0 of the main report. Chapter G6 reports the plant-specific
material properties and change of properties due to irradiation,

based on the methods of Chapter 6.0 of the report. Chapter G7 reports
the results of comparing the fracture mechanics results of Chapter 7.0
of the report, to the material properties discussed in Chapter G6.

THERMAL HYDRAULIC ANALYSES

The pressure-temperature transients used to perform the plant-specific
vessel evaluation reported in this Appendix are those reported in
Chapter 4.0 of CEN-189. As discussed in the body of the report, there
are several plant parameter conservatisms included in the analyses

to develop these transients due to the reference plant approach used
which could be eliminated by performing more detailed plant-specific
thermal-hydraulic system analyses. Removal of these available conser-
vatisms by additional analyses was not performed due to the favorable
conclusion achieved.
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6.5.0 FLUENCE DISTRIBUTION

Arkansas Nuclear One - Unit 2

is in operation, but has not yet completed a surveillance
capsule evaluation. Since the vessel beltline materials
are low copper content, detailed fluence profiles were not
necessary for demonstration of acceptable PTS capability.
Accordingly, the FSAR end of 1ife peak fluence prediction
was used to estimate end of life material properties. Also,
in order to evaluate the sensitivity of the fluence predic-
tion value, material properties were also determined assum-
ing an end of life fluence twice the FSAR prediction value,
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G.6 MATERIAL PROPERTIES

The chemistry and initial (pre-irradiation) toughness properties of the
Arkansas Nuclear One =- Unit #2 reactor vessel beltline materials are summarized
in Table G6-1. The most controlling material in terms of residual chemistry
(copper and phosphorus) and initial RTyp, based on Regulatory Guide 1.99* is
plate C-8009-1 from the intermediate shell course. The predicted RTypr shift
based on the maximum design fluence, 3.47 x 101%n/cm? (E>IMeV) at the inside
surface of the reactor vessel is 168F using Regulatory Guide 1.99. This will
result in an adjusted RTyp, at end-of-life (32 effective full power years) of
173F 2t the vessel inside surface. If the design fluence was increased by a
factor of two to 6.94 x 1019n/cm2. the RTypr shift is predicted to be 237F for
an adjusted RTypr ©f 242F,

009-3 is the plate selected for the surveillance program

*Note that plate C-8
the C-E design curve presented in the ANO-2 FSAR.

on the basis of






6.7.0

6.7.1

ANO-2 Vessel Integrity

The fracture mechanics analysis is performed using upper bound

data for fluence and material properties in the ANO-2 vessel.

The peak vessel fluence is considered to occur at the point of highest
RTNDT' The material toughness properties KIC and KIa are determined
from the calculated temperatures for the SBLOCA + LOFW transients
using the method described in Section 7.3.3 and the predicted

RTNDT values through tne depth of the wall. Critical crack depth
diagrams are constructed from the applied KI vs crack depth curves
at the mid-core level of the vessel and tho :alculated material
toughness curves. In this manner the integrity of the ANO-2 vessel
is evaluated for the SBLOCA + LOFW trensient.

Summary of Physics and Matzrial Data Input to Fracture Mechanics Analysis

A nominal design fluence value of 3.47 x 1019 n/cm2 (E>1 MeV) was used

to approximate the end-of-life fluence for the ANO-2 vessel, as well as
a conservative upper bound of 6.%4 x 1019 n/cm2 or double the predicted
end-of-1ife value. The peak fluence is consids=red to be uniform around
the vessel. A conservative radial fluence 2ttenuation was used such ‘
that:

F
— = exp (-8.625 in x .33 in.”}) - (arw)
Fo
= exp (-2.85) - (a/w)
where F = point fluence in wall
FO = peak fluence at surface

a/w = fractional wall depth

Controlling nlate material properties were us2d in the anglysis,
which are as follows:

PCT. Cu = 38
PCT. P = .010
Initial RTNDT = 5°F

The shift in the value of the RTNDT was determin~d using the method




G.7.2

6.7.3

of Reg. Guide 1.99. This produces an end-of-life prediction for the

surface RT, o of 173%F using the nominal design fluence. A predicted
surface RT, .. value of 242%F is determined for a fluence double the

nominal design fluence.

Results of Fracture Mechanics Analysis for SBLOCA + LOFW
Restoration of Feedwater (Case 5)

The stress analysis for this case is presented in Section 7.8.2 of

the report. The fracture mechanics analyses were performed using

upper bound properties for the ANO-2 vessel and conservative end-of-life
fluence levels. The critical crack depth diagram is constructed using
the stresses in the transient at the mid-core level coincident with the
peak fluence and material properties. Figure G.7-1 shows the critical
crack depth diagram for a nominal design fluence of 3.47x 1019 n/cmz.
The calculated shifts in RTNDT are relatively low, and for this transient
loading condition the initiation toughness level is not exceeded.
Therefore, no crack initiation would occur for this combination of
loading, fluence, and material properties.

Figure G.7-2 shows the critical crack depth diagram for the same
transient loading and upper bound material properties, but twice the
nominal! design fluence. From the figure it is apparent that no crack
initiation would occur for this transient even with fluence levels
greatiy exceeding the nominal design fluence.

Conclusion

These results demonstrate that the integrity of the ANC-2 vessel would
be maintained throughout the assumed life of the plant for SBLOCA + LOFW
transient with recovery of feedwater.




4 "9 *611 NIH
nin* ‘104
4 b n) *154
2 = ONY 4 *9730 *S 1oty 1LINT
W) °*nS/N N2+ 35F " IONINYY
= trwrr—iev-1ri . . o e e e 5

£0+30001" 20+3000R" 20+«30009° 20+3000%"* 20+ 30002"° ‘0
ollllilllIo!lbllllllolll'lll!lollll!l|llolll-l!-llo.l-l-lllllo"llll'llo-ll-llllloll'll'll-.l"lll-lld vI=GSo01:1*
/ /!
7 e e
! /
4 4
00+«30001

00+*30Nn02"*

00«30n00¢%

,
———————eeeeee 0 O YOOV
/

00«%0009"

LR

C0+3000

NN NE NSNS NA

00+30n0n"

-~

/
!/

\\\\0"\\\\0\7\\0\\

. —— . ——— —— - — . ——p Y ROOOT




ny *1%4
4 *930 1ONIN LINT
W) *ns/N 0D7+«389" IYNINYY

Et'NT W)

E0+30001°"° 20+30008R"* 20+3G009°" 20+3000° Z0s30n02" ‘0

. - - - - - - - - -y vi=3501;"*

~

00+«30001"

N S NNNN

00*30002"°

\\\\0\\‘

00+ 3000¢*

—o0vYIONOw*

MAUNANNTANANRNRNNTNSNANNANETASNCENANSN TS

NS NN NN NN NN

00«30004"

00+*30009"°

™t N NN

» %Y

00+ 3000;"

.

W

00«30000"

S NANNENAN

00« 30004"

~
\\\\4‘\\\\'\\\\.\\"\.\\\

* NN NN\

- - - - -y - ——— ) " - ;- ——— - they0noT*

ITL *SA HLdIO0 ¥OVHD WOl IMD







COMBUSTION ENGINEERING, INC.




