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1. SUMY

The regulatory ataff concura with the applicant 8 concluaion that the Indian
'Point 2 reactor vesael (l) hae been designed fabricated end tested 80 as tov-
provide a high level of initial qualitv and structural integrity, (2) will be
subjected to carefullv controlled operating conditions during its eervice life- :
‘tine 80 as to prevent any loadings beyond the apecified deaign conditiona for |
safe operation, and (3) will be monitored periodically during operation by
v:inaervice inapectiona 80 as to provide continued asaurance of {its qualitv

and integrity during ite aervice lifetime This combination of an initial
high level of quality, controlled operating conditions with conservative mar-
.gina of safety, and continued surveillance by an inaervice inapection progran “15
' provides aesurance that the Indian Point 2 reactor veaael can be operated over’
.ita service lifetime with a negligible riak of failure.' For the pnrpoee of
-rthia evaluation. failure is defined as a veasel rupture of euch an extent that

' the capability of energency core cooling ayetens to adequately cool the core f

nay be inpaired

The baaea for this- 1udgnent are the manv elements of coneervatiem and quality
which have been incorporated in. the deaign, conatruction and planned operation
' of nuclear reactor preaaure veaaela The principal elements tor our concluaion

- include the follorwing

N

»A.» Nuclear reactor preasure veseela are required to be designed fabricated

Y

o ‘constructed and teated to exceptionally high quality atandarda.




Brd The controlled-aeleCtion of accenroble materials and demonetration of
;;rheir'properties. the application of advaneed'nethods of design and
streaa analyeia. the specification of numeroua and - exacting qualirv
| control méasures during fabrication and the requirenents for extensive
_ inspecrion and testing ‘programs. are: the basic elements of Section ‘I1I1
‘? of the ASME Boiler and Pressure Vessel Code which vas specifically

‘developed for the nuclear power industry and which was applied_ro the

Indian Point 2 reactor pressure vessel.

" C. The manufacturers of nuclear reactor vessels are limited in number
bacause of the extensive . specialized fabrication facilities and the
3.many years of fabrication experience needed to eatiufy the quality

"'requirementa of the. ASHE Section 111 Code rules.

D. - The pxtensive qualitv aasurance programs required in the shops of the
'esctor vessel manufncrurer by the Section III Code rulee and the AEC
 are aubject to continuing revievs and audits of performance by rhe ASME

and the AEC Division of Compliance as a means of verifying the naintenance

,of-suitable quality levels.

E. Hhere aupplenentary enfety requirqments are considered necesssry, the
FAEC iﬁpoees additional requirements that aay not be covered fully by the
'{Section I1I requirements for reactor vesaels. ‘Examples of such require-

! . ments are fracture: toughness proper;ies for reactor vessel materials, and

>: matetial surveillance prograns to nonitor the behavior of these materials

under radiation during service.



'fNuclear pressure vessela are required to be carefully examined period-

,lically during their entire service lifetime by the application of inservice

'niinapection rules of ASHE Section Xt Code in order to detect any structural

'tdegradation which might affect their integrity.

_Auxiliary systema. safety controln, alarms, and. aafety trips as well as

afoperating linitations are provided for the specific purpose of aasuring

.vith large margins that the reactor vesael design conditions are not
)”exceeded during normal reactor operation or highly unlikely postulated

' accidents

. lSLrvice and operator experience to.date has provided coniirmetion of the;v
iquality and reliability exnected of nuclear reactor oressure veaaels.
-'Pron data available to date, 95 nuclear presaure vessels of commercial
'fnreseurized and boiling water reactor planta have auccesafully completed

over 3 SOO 000 operating houra without any structural failure and without

evidence of any unanticipated probleme vhich could be related to potential

1iveasel failure. This experience, which represents 400 vessel-years of
1 reliable and safe operation includes nuclear pressure vessels which have

7*seen as much as 10 years of operating service.

An identificationAof'the elements of conservatien and quality of nuclear réactor

pressure vessels which formed the bases for the regulatoryvstaff'e:concluSions

hss been amplified in'the following discussion in 'response to queetions'poaed

by The Atomic Safety Licensing Board during the July 16, 1971 eeesion of the

Inditm| Point Station Unit 2 public hearing.

u e . g



I1. SIGNIFICANCE TO SAFETY OF ASME SECTION III CODE RULES

Deeign Requirements-”-"

"-l} Design Rules for Class A Veesels
The lndian Point 2 reactor vessel was designed in accordance with
the Class A rules of Section III of the ASHE Boiler and Pressure

_ Vessel Code developed under_the sponsorship of the American Soclety
- of Mechanical Engineers for specific applications to preasure vessels

! ' : : . ) .
intended for nuclear power plants. Since the initisl publication of

[
fthis code An 1963, the AEC has cloeely followed the development of
. _; the code’ rules bv ective psrticipation in the ASME Subco-ittee on
| Nuclear Power which i8 responsible for the formulation of safetv rules
governing design and construction of nuclear power'plant components.
As a consequence, we have had ample opportunity to familiarize our-

N aelves vith the code deaign bases as well as to. evaluate the inherent

'fo conservatisms of the design rules.

The 'ASME ‘Subcomaittee on Nuclear Power has a balanced representation
of members from nuclesr‘coﬁponents manufacturers and designers, nuclear

~ pover plant architect—engineers, insurance underwriters, stste inspectors,

'

Netional Board of Boller and Prehsure Vessel Inspectors, nuclear power
r

'_ utilities, as well as from the ﬁtomic Energy Commission. In order'to
carry on'its functions and‘responsibilities, the Subcommittee on
EucleeriPouer is supported directly.o9-numerous‘subgroups_end working

' m“‘groups‘(e;g.; Subgroup on_Materials, Suogroup;on'Design, Working Group

on Vessels, etc.) whose recommendations are subiect to formal approval
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by.Subconnittee on Nuclear Pover. bThe Subgroups and Horking Groups

_whoae menbership approaches several hundred, are composed of experts

vho have recognized competence and direct experiences in their

respective fields and disciplinesc

ALl recommendations and actions voted upon by the Subcommittee on
hNuclear Pouer are printed periodically in the ASME "Mechanical Engineering

"¥,publication to- invite public comment. Hhen formally approved: by the

ASME Council the proposed rules are incorporated into the ASME

ﬂ Section I11 Code in the form of Addenda._

' The rules of ASHE Section III - Nuclear Vessel Code introduced for the
b-ffirst time a design approach that recognized the need for ‘the special
_design consideration associated with the service conditions under which

reactor vessels must operate Unlike the rules of other ASME Codes

applicable to power boilers of fosail fueled plants (ASME Section I)

and‘unfired'pressure vessels (ASME Section<VIII), the nuclear veasel

Lcode (ASME Section III) contains rules which provide safety aargins :
for protection against potential vesael failures vhich ¢ould be caused
by metal fatigue, netal enbrittlement by irradiation (at ‘the reactor

| beltline region), and metal ovdrstreas at points of major stress '
jconcentrationa (e g.; vessel nozzles) The ASHE Section III Code Rules.

.take into account the fact that different modes of vessel failure may

' potentially jeopardize the structural integritv of a reactor vesael.

"The regulatory staff has evaluated the adequacy of the design rules

of the 1965 Bdition of ASME Section 111 Code which has been applied



».applied
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'iveaael would be expected to withstsnd_during service,

‘ R R @

to the Indian Point 2 reactor veasel. He have inveatigated the design
bases. stress criteria. and methodo of analyaea employed to deternine
their applicability and conservatiam not only in terms of the margina
of safety, but also with respect to design control measures which vere
I Based on. this review, we are confident that the reaulting

'design of the Indian Point 2 vessel will provide the degree of safety

we considered to be neCessary for nuclear reactor pressure vessels. -

! Design Control Measures

Typical'deaign control measures are the requirements imposed.by.the
‘codevrules on both the owner and manufacturer of”therreaCtor"vesselr‘
Before the‘nanofectorer could proceed-withrthe design of ‘the vessel;
the owner, ”through his design agent, (in the case of‘Indian Point i

vessel, the Westinghouse Electric Corporation) vas required to prepare

va document identified ‘as the Design Specification. The.specification
included (l) the specific functions and operating conditiona of ‘the
‘reactor vessel, (2) the mechanical and operational loadinga vhich the
(3) the predicted'
enVironmental conditions.‘soch as radiation,'to vhich the vessel
naterial would be expoaed, (&) the range of transient conditions,_

expected during reactor heatup and cooldown, as well as during operating

s i

periods of plant 1oading and unlohding or atep changes in power, (5) the

anticipated:loadings inposed by upset-conditions»such as reactor trips,
.vloae of pover_to:operating syaten coiponents.(itei,_recircolatingA

reactor coolant pumps),hetc._(6)fthepdynanicAloadinge:ongtheuyessel

Vvvhich vould_result in the event of an earthquake occnring.inqthe
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vicinity of the plant aite and (7) loadinga from the postulated

failure of reactor coolant piping. Such a deaign specification had

“not heretofore been required by any other pressure vessel code.

To assure that auch design requirementa are correctly stated and ”

complete in providing an adequate basis for design, the Code rules

‘ further require that the Deaign Specificetiona must be reviewed and

certified by one or more registered profeaaional engineere competent
in the fieldvof design of pressure vessela ‘and related nuclear.>
energy system requirementa. Such'reauirements were'fully met in the

case of the Indian Point 2 reactor vessgel by the Westinghouse Electric

Corporation which was responaible for the’ preparation of the"

apecifications;

With such Design‘specificationajin“hand; the vessel manufacturer

-(Combugtion Engineering,'Incorporeted)‘was required hy‘code rules to

make a complete stress analysis establishing that the vesael design
detaila developed and used in construction complied with the require-

ments of the Design Specification as well as with the deaign rules of

. the Code." Such analyaea were performed for’ the’ Indian Point 2 reactor

; vesael;band compiled as the veaaeI‘Streas Report. The report was '

further reviewed and certified bv the manufecturer s regiatered f'
profeaaional engineer competent in the field of pressure vessel deaign,
after it had been properly andlcompletely reconciled vith the deaign

;

rulea of the Code,




IThe code-reduirements pertaining to4the preparation of the vessel
Design Specificatione, an& Strese Report"ere recognized'by the
regulatory staff as fulfillment, in part, of the design control
measures specified in the AEC Ouality Assurance Requirement of 10 CFR

J ' '
"Part 50 Appendix B. These measutes of deeign control provide

!
assurance ‘that the eystem conditions to which the Indian Point 2

reactor_veasel will be exposed ianervice have'been properly’communi-

cated to the veseel designer, and, 1in turn, that no design*oversight

18 committed whose consequences could cause failure of the vessel in

"gervice. -

'Protection Apainst Ductile Failure -

To assess the coné’ervgtisin' associated with the design ‘é:i-éngth
incorporated in the construction of the.Indian Point 27 reactor vesqel

the regulatorv staff reviewed the design criteria of the ASMF Section III
Code with respect to the fraction of the ultimate strength of veqsel
materials relied upon to sustain the service loadin;s. It 1s recegnized
that one Dotential mode of veesel_failure. namely, tuctile vieldiug; is
asgsociated with 6ueretress of'vessel material bevbnc permieéible design
streee'limits to the level of the ultimate strength prbaertiesfefi
«Qeesel'compouente;__ | - |

In:crder toifrevent unacceptaulezulaStic'deferﬁation of the feactor

- vessel and to’ provide a nominal chtor of safet§ on the ductile buret

pressure of the vessel, the ASHE Section III design criteria permit the.

vessel deeigner to utilize no’ more than one-third of the ultimate"




strength of the vessel‘material when the reactor vessel {s subjected

to the onerating loads such'as'nressure and other mechanical loads.

"As.an.eiamble. the CVIindrical.shell'sections.of the lndisn ﬁoint 2
' reactor vessel have been designed.to limit the stress to a‘value not -

in excess of 26 700 pounds rer quare'inch St'design temperature,'

which compares with an ultimate strength value of approximatelv

80,000 pounds per square inch for such materials at the corresponding

- tempe‘rature .

,Other categories of stress loadings, such as bending, are recognized

. by the 'ASME Section 111" Code design criteria to be additive to the

atresses due toﬁpressure; and slightly‘higher'design stress'limits

are. permitted for such’combinations,

Hovever, these limits on combined stresses, which dvrive from nroven

nrinciples of limit design theorv, are not permitted to exceed the

-vield strength of the_vessel material under normal 1eactor onerating

conditions in_order to prevent undue permanent distortions in localized

areas of the vessel. The msrgins of safety between the design limits
»and*ultinateistrength‘in“termsﬂof'”collapse" of the vessel section"

Yemain substantially similar to those for'sections of the vessel -

Lo

:associated°with'only‘pressure 1oddings.

o

The conservatisn inherent in these allowable deaign stress limits for
primary loads exnected during normal reactor onerstion can be expreseedi

in terms of the vesaells ductile burst pressure and compared to the

)
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1opetating pressure of the Ipdién Point 2 reactor vessel. The conservatism

" 'may also be expressed in terms of the overstrain required to dilate the

vessel to the limits of its ddctiiitﬁ before:féilure might be.expéctéd{-'

 }ih-terns of nominal strains 1ﬁposéd on the reactor vessel, a factor
 9f.npproxinate1y 50 is available between the strains»sustained by the

o vesael'during normal reaétbr operation, dnd the strains correapqndihg

" %o the ultimate ductility of the reactor veésel;materihlﬁ. -This factor

i.yﬁhen related to the reactor vessel shell ductility defines the extent

;of deformatibn of ihe msthl vhich would be required thachievn'ductile

. 'rearing of the vessel. "In more practical terms, thé'engrg§ required

 “to'ruptute the-vessél 1s approximately 500 times greater than the strain

' -energy conitained in the vessel material under hofmal”operatihg’stfeaé;b:

" These compariéonsvpf margins in terms of strain and strain energy

- provide ad@ed assurancé of édequate dééigq conaérvgtiam in,design stress

limits,

i

"Exp@riﬂen;alfteats of pressure vessels under static loadings as well =

¢ -

* ‘as analytical studies indicate that ‘a factor of appraoximately 2.8 is
clodaly.fépreden:atibe“df‘the harginfbetwach debign’:ressute”and_butat

pressure. However, tests have alst demonstrated tha:, under dynanfé

loading pressure (1;é.; very tépid?ﬁresaure rise within the vessal),

1

~.'a factor of 3.0 or gtééter”dn'pfﬁqéhge'is not unreasonable to attaim,

‘. a8 the vessel undergoes plastic dilation.

",B“Qéd on the foregoiﬁg considerations, the burst preﬁsure of the -

- Indian Point 2 reactor vﬁéseifunder btatic pressure "oading'VOuld:be

"‘5""
o
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estimated as 2.8 times the design pressure of 2685 psig, or 6958 psig,

'and under a dynamic pressure pulse, the burst preasure could rise tov
3.0 times the denign preseure of 7455 psig.
_Such pressure increaoes in the reactor vessel are, however, not

realizable in practiee becausé of the overpressure protection systmes

pnovided to.proteoe the reactot-veoeel; as well as all conponents in ‘ 
the reaetor coolant pressure sydtem will prevent a tise 1nbpressufe

in excess of 2735 psig (as fednired'oy the ASME Sectlonilll_Code rules
on overpteaaure nrotection). by fullv opening.and diachnrging the
reactor coolant until such time. as the'pressdre'drone‘to the onerating
level, and by the operntion of ehe'Reactof Contfol and Protection :

System which functions concurren:l?nto terminate pregsure ttannients.'

The regulatorv staff believes that the identified design'ponservatism
and margins nrovided.by the ASME Code deoign at%eSa.lihttn fof
primary:loads'wieh respeco to the ultimate strength of the Indian
Point 2 reactor vessel are adequate to'asBUré that Veéﬁelfnuntnre by

ductile yielding is exceedinglvdunlikelv.

PrOCection Against Failure by Metal'?atigue

Another potential mode of vessel failure tecognized bv the rules of the
ASHE Section III Code is related to the high loralized atrains 1mposed
on vessel components (primarilv at vessel geometric discontinuities

as a consequence of transient: conditions vhich result in cvclic loadings.

Temperature changes of the reactor coolant induce- cvclic thermal stresses

and concomitant atrains) which“have the potential to initiate and
\ .
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propagate flaws in the vessel. Répetitive thermal cvcling, such as

may be expected during reagtoi heatup and cddldown.,cohtributéa to

* metal fatigue. Specific design rules which requiré a fatigue analysis

are an important provieion'of,the:ASME Sec:ionVIII Codé.that,takes

into account metalifatigue as a b&tential mode Of veasel failure,

.The éystgm désigﬁ transienis and éhei: egpected number of occurrences
(i.e., number of fatigue cfcles'considefed in the design éf_fhé vessel)
have been sﬁecified in the Design Specificatioh.fof'the.lndian Point-Z
teactor.vessel. The vessel designer, by makinQ»uQe.of the designv

fatigue curves contained in the ASME Section III Code énd the

‘calculated stress amplitudes which each design transient imposes ‘upon

-the'vessélfcoﬁponehts.”detetmines the permissible safe number Of-cVéles

for vessel obef#tfbn;
In evaluating.the design.coﬁsergatism included in such fatigue_analvseé,'
the regulatory staff examined the basgs for the ASME-Seétion.tII'

€atigue design cutVes; Such énrﬁes vere dérivéd from experimental data‘
based on fatigue tests conducted éich specimens éf matefialsbrehresen4 |
tétivé of those.uéed'in:the Ind&an ?oint 2”téact§f'pfe88ufe vessel. thegé
“data weré bublished”in 1964 by.fhe American Socletv of Mechanical |
“Engineers’ in the "Criteria of thé ASME Boiler éhd'Pregéufe’Vessel'Code

for Design’bv-AUalvsithn‘Sectioﬂ ITI."  The datn'shoéed that these

design fatigue cyrves were estabhlished bv anplying avﬁafetv factor on

the representative trend curve fof Erack initiation and failure in the

tested specihena. The number of fatigue cycles to be allowed in
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‘-deeigning the vgssel~was‘reducéd by a factor of hot less than 20. The
permissiblg_cyélic étress amplitude which could be imposed on the. .
,vessel'cbmboﬁent reduced to not less than 50 percent of‘the stress

aMﬁlitude which resulted in crack initigtioh-in the test specimens..

.Althouéh thesé.safgty faétors,?ére aprlied Eo téke inth.account’énviroﬁ-
ﬁental factofé,'éuqh'as the reactor coolant chemistry, ﬁnahticipéted
differences 1n;fﬁti§ue characteristics with size and gebmefrv‘of
vessél coﬁﬁonencs, and exnerimenﬁal data ééatter, gdditional tests
conducted by the'Pfessure‘Veései Reseatéh_Commit;ee énd other
- organizatiohé have vefifiea the margiﬁs in. the ASME Segtion‘III'
‘fatigue design curﬁe@. ) - e
A.ﬁofe mé;ninéfﬁlxmeﬁsuré.of‘the-aésigﬁ;conserVatiém aqso§1ated with .
.;gebdegién Qf.the rgaétbr pressﬁre-ve§;e1 to withstand the cyélic. |
zsérviéé'ldndé cén'bg’obtaiﬁed from the ana1ysis?of3the ektént of
cumulativeiéffectsAoftfatigue.d;ring 1t§*§etv{¢e'lifetimé;T"It‘1é o
”iedognized ;hat.thé reactor veéhél Qill; 1n:fact.fbé shbje@ted’ln
sefvice to'a-Qafiety of system;;tansiénta.' EachvgtféQchyélé‘hgs'an
additive effect dnvtﬁé fatigqe'aémage‘that the vessel material may

éxﬁériénce; prdﬁided:fhe strains. are sufficiént';o cause damagé.

The cumulative effects of such stress cycles on the vessel's
permissible number of cycles are evaluated, 'as required by the ASME
Section III Code rules for fattguejanalyses;'by.comparihg the expected

number of cycles (n) for each t?ansient with 1ts respective permissible



safe number of cycles (N) as determincd ftom the futigue design
‘me aunmation of these fractiona (n/N) for all transients

curves.
"cumulative usaga fraction vhich‘representq-the fraction

'vyields a
uﬁed of the available safe fatigue life for the reactor vessel
'mmduyb | | o B
'In the case of the Ind;an Pointgz reaetor vessel, the "cumulative
usage fractions' for tﬁe majoriﬁy of the veasel componenﬁs are |
significanely less than 1.0, théh'heens that the vessel could
safe;y'sustain a signifieangly greeter numbet.of féfigue eyclee

‘dutiné'setvieevthen those exbeétédite occu&fwithohtlekCeeding‘the_

safe limit befm;tted by the design fatigue curves of the Code.

'Ain consequeece of such conservative values the tegulatory staff
believes the Indian Point 2 reactor veasel has: been deaigned in
accordance with ;he fatigue design rules of the ASME Section III
Code with‘auffiéient margin to esane that the:exeected nuﬁbef'ef
cyélic'1oad§<1mpqsed'oééf'its servtce~11fe§1ﬁe'Vi11 resu1t in

negligible damage by metal fatigie.

B. Haterial Reqnirements-

Control of Materiala for Reactor Vessels

1.’ .
The ASME Section IIT Code contains rules which recognize the 1mportance

of conttolling the quality‘ofeagl.materiala which"are‘ueedvto construct

Class A vessels (such as the In%ian Point 2 reactor vessel) 1t is

the policy of the ASME Boiler apd Pressure Veesel'Committee.to-approve

i .
Y
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only materinls whose properties uﬁet the most stringcnc netallurgical

requirements vith respect to physicel properties. nicroatructure._-

weldability, structural atability. the influence of fabrication

'processes.Ltherual treatment effects on scrength propertiea and
: ductility; and the degree of retention of_fructure.toughness with

_.exposure to operating temperatures and radiatiom.

Indche majority of cases, these materials are iden;ified by detailad
specifications'isaued by the-Aﬁericnn-Society-torvTesrtng and Materials .

(ASTH) , and contained in the ASME Boiler and'Preasure'Veosel'Code -

Section Il - Material Specifications. '‘Weldability of mterials wust be

ostabliEhedfby the application of detailed prbcedoreb and qualification
tests orescribed7io:the ASME‘Qoiler’&nd Pressure Vesée11C0deb;a$ection IX -
Uelding Qualifications. Mmterials whiehifeiitro meet these réduiremenrs '
are not acceptable for construction of preasure vessels within® the |

scopa ‘of ASME Section III Code’-’Nuclear’Veasela.

" In order to assure that the materials used in the construction of

i'cactor' vessels conform- to the'."f)r(escri;b'ed 'apecificit‘ioﬁbé‘; the Code ‘"

'rulea require oach material aanufacturer to cartify that all materials

, furnished meet the requirements of the naterial apecifications. The

;ercificationw(uill’Teat Report9'requ1res 8 report of the reaults of =

physical properties tebta'(e.gké'keddile'strehgth,'yieid streagth,

‘fracture toughness, etc.) and chehical analyses actually conducted for

!
each plate or forging as well as apecial tests’ required by the Code _
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rules. In addition, the manufacturer must report the renults of

nondestructive examinations and weld repairs (if performed) on the

materials.

These‘test, analvses; and examinations are intended to provide

asaurance to the reactor vessel’ designer that the strength and
quality of the materials furnished to the manufscturer are not
below the specified 1imits upon which his stress analvses are

based, and that the materials are free of unacceptable defects.

. These requirements were net, in'all-respects, for the Indian Point 2
. i .

reactor vessel. ‘In addition; Westinghouse chose to augment the Code
requirements for examination of plate materials of the reactor vessel,

such as by requiring 100 percent volumetric examination instead of

‘the approximately 40 percent required by the ASWE Section III Code,

under vhich rules the Indian Point 2 reactor veaeel was built.

¢

Minimum Strength Propertiee of ‘Materials

An added conservatism which haq been incornorated in the materials
specifications as part of ASME Code - rules is the epecification ‘of the
s

minimum values of tensile etﬁehgth and yleld strength Based on a
statietical treatment of test data collected for the materials produced
by the various materials nanufacturers, the ‘extent of variabilitv in

the strength properties of each material was determined. From such

studies, minimum values were-sélected«in defining the specifications

v: for tensile strength and yield strength.,'Examination”of the actual

physical properties reported by the material manufacturers (in the Mill

3\
A



Test Reportse) generally shows etrength_properties averegee 10_pereent »

higher than the minimum couaidered.acceptebie:for-deeign‘purpoeeo.

Aitbough the vessel designer ie not’ permitted to7utilize_tnis-higher :

,available margin of strength in designing the reactor vessel, it d

does contribute an additional canservatiem_in veesel'etrength. The

' regulatory staff'believee the application of theee'naterial control

maasures to the Indian Point 2 reactor veeeel provides aasurance thet

the msteriele used in the. coustruction of the veaeel poeeess adequate -

strengthrforvthe intended reactor serviceg

?abricetion7RQQuirements

Y

Quality Control inrRedCLor:VeséellPabricatibn °

To_aseure'thetvthe'intended_quality level is attained during the
fabrication'proceaseslapplied in'ﬁhhufaoturihg e’reabtor‘VQESeizsuch'
ae'the Indian Point 2'veose1‘ the ASML Section III Code rules imposed

controls on each etage of fabrication.

. Hateriels used in the construction of components of the reactor veseeli".

are required to carry identification markings to assure that only the

specified materials are applied in- febrication. The intent-islto

'-prevent the?use“of improper mﬁtériale, sincermatérial testing after

:feoricetion ‘to verif&ﬁoualityﬁié'not’practicable}

Vessel parta such as ehells, He&ds, and nozzles. are heated to pernit

rolling, forming end forging opermtiona. in order to produce the .

,geoeetrical shapee required for a reector vessel. Since such heating
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‘proceaéea.may.inducg.ﬁetaliurgicalichanges vhich_could affect the
physical probéftieb of the mafériaiﬁ.'thg manufdctﬁtér;ia required
to dhalify;shth,processes»bv”fés;s oh‘réﬁreéentativgynatetiéls.ijhere.
:Eévstreﬁgth of the‘matetiaié ié 1mpa{red‘by ;ﬂe héatiﬂg procésses,

-special'heat treatﬁents arefréquiredito restore acceptable ptoperties{

"Haceriﬁls Qﬁich are discovered;during tﬁe process of fubrication_to
contain defecgs thét develdned'és a'cdnsequence of cutting #ndi
workihg are unacceptablé, unlesé'ihe defects are coﬁnletély»removed
and fevairs and réexamina:tons are performed in accofdanéevwith‘ptOCé-
'dures5spécified‘ih'ché ASHE’Sectibn IiI Codé."Aii?éagehﬁof’hatefial
which are to be joined $y'we1ding1;0'othér hé}t;léré‘fi;ét’ﬁbﬁéi"
destructively examined to detect flaws, laminations, and inclusions,
since these edgés‘beCOme.the'weld heat affécted7zonéé"tha£v8ré most

’susceptibie_to Ciack-develowméhtg 8

| Since welding opErations'are~recqgnized'as one of the cfigicai
fébricatipnvproceSses7iﬁ-joiﬁing bafts of the reactor vessel, only
qualifted‘welldir;g' brdée’durea are permitted to be u'tiiliz'ed. ‘ In
-additioﬁ;‘éach wéldef'and'welding machine oﬁefacor must demonstrate
hia:caphbiiiﬁv-té petf;rm‘weids.whiéh, upon testéﬂébnﬁuccédjin*-
éccordanceiwith'the“proé¢dufe'of'the'ASME SéctibnEIX'Codé; demonstrate
' stfength; dutciiitv;ﬂand’ffgctuké:téughneas'brohetfies eqhivalent"bf
superior to the»métetials jdineq. The Qegéel mahquCtﬁrer is,nbti-

permitted to'prbééed Vith-prOduc;ion welding until aftef welding
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'procedures to be uaed on the reactor vessél are qualified and welding

peraonnel hsve succesafullv demonstrated acceptable performance.

'Despite the controls'placed on permisaible welding proceduresfand the

per formance qualifications of welders. the ASME Section III Code Rules
further require that all completed welds 1in the reactor vessel be
volumetrically examined to verify the soundness of each joint. "Such
requirements are intended to provide assurance of continued maintenance
of veld quality during production welding on the vessel. Hhere |

unacceptable defects are detected defect removal. reweld and

'reeXamination,are'required*by~the Code."
The welding processes applied in the constrUCtion:of a.reactor vessel
xgenerally'require:preheatingfof~the‘ferritic materials to be joined,

'ofollowed:by a heat treatment of the weldment after conpletion"of

velding. The underlying basis:for such thermal treatments is not only
'to attain welds as free of défects as practical but also to assure

wvelds with the most favorable netallurgiCal Characteristicsfandeith

ca minimum of residual streases in the weld metal. For these reasons,

gthe ASHE Section 'I1I Code préscribes mandatorv procedures which must

be followed and: controlled b? the- vessel manufacturer in the ¢onduct

: _of heat treatments of weld 1oints. ,Since»the strength ductilitv, and

fracture toughness properties of the completed welds in a reactor'
vessel cannot be subsequentlv verified by anv practical teats
(without destroying the comnleted weld 1oint by removal of a section

of the weld seam for testing purposes), assurance of acceptable weld
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joint quality ia provided by stringent quality ontrol mneasures

' axerciaed during the course of vaaael fabrication as required by

the Code.~-

The regulatory staff believes that the application of fabrication

_rulea of the ASME Section I1X Code to the Indian Point 2 reacoor
rveaael provides adequate aaaurance thatpthe veaael, as fabricated,

poaaeaaea both‘phyaical and metallurgical propertiea not aignificantly

different from those verified by teatsIConducted_on representacive

material and weld metal of the reactor vessel.

D; _Inapection'and TeatingARequirements =

Inapection.Practicesv

The meaaure of'aoundneaa-and quality acnieved in tne manufacture
of a‘reactoraveaael 1s established directly By'tne performance of
nondeatructive_examinationa; the_number‘and"eitent'ofbexaminationa
conducted durink’each atage:of:fabrication; andithevaenaitivity of

the examination methods emploved in detecting flaws {n metal.

The regulatory ataff haa examined the nondeetructive examinationsv

requirements aa specified by. the ASME Section 111, Code and as applied

'”T-apecifically to the Indian Point 2 reactor vessel.- Easentiallv two

: categories of examination methods are specified by the codea, namely

surface examinations. such as liquid penetrant ‘and’ magnetic particle'

| nethoda ‘which are capable of detecting cracks originating on the

surfacea of naterial, and to d- limited extent, sub—aurface flawa

in cldae‘proximity to the:aurfacea, and'volumetric examinations,. such
. . : 1 ) ‘ .

K-
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as radiography end ultrsnsonic techniques, vhich serve principslly to

locste subsurfsce flsws through the entire volume of netal.

Both exanination cstegories yield results-vhiCh hsVe'sefety‘

significance with respect to the influsnce of flews ‘upon the structursl

. reliability and integrity of reactor vessels in service. Surfsce flaws,

particularly on the interior surfaces of the vessel are more susceptible
to grouth by fatigue and stress-assisted corrosion mechsnisns than:

subsurface flsws within the netsl thickness because of the generally

:f higher stresses susteined at the interior surfaces, and the exposure

to the resctor coolsnt environnent.- Subsurface flaws nsy form the .
nucleus for crack grouth which if undetected could enlsrge in
service and propsgste to the surfsce. Both types of flaws if pernitted :

to grou to criticsl size, Bay contribute to locsl reduction in vessel

'strength and introduce the potentisl for failure._:

. Nondestructive Eisminstion'Sensitivities

‘Ia. recognition of the inportsnce to safety of nininizing the presence
of: any flsus in reactor vessels, the ASME Section III Code rules” heve
established stringent exsminstion procedures and” ecceptance standsrds.

Radiogrsphic examination techniqhes ‘have demonstrsted capsbilities to .

detect flaws in excess of 2 percent of ‘the’ vall thickness. ‘and less

- than 2 percent vhen the'flawvirregularities are favorably oriented
-_with respectfto5the rsdiatibn éource; Ultrasonic exeminstion techniques

possess sensitivities which pernit detection of. flsws in hesvier sections.
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.'auch as comnonly used in teactér veaaele, in excess of 3 percent of

" the vall thickneea, and less than 3 percent vhen the flaws are explored

3.

“from several angles and ditecti_on.b

Liquid penetrant and nagnetic’particle exaninations.techniquea'can'

‘generally detect extremely snaflow surface flaws, which correepond to

a much lesser percentage of the wall thickness than detected by the‘

" volumetric examination methods. Flaws less than 1/16 tnch in depth

are considered as nonrelevant .and ata within the‘acceptance standards

established for these techniduee. Experimental teats, as’ well aa

'analytical evaluations based on the principles of fracture nechanica,

‘have demonstrated that flaws lees than ‘1716 inch in depth have R

"negligible‘influence ‘'upon the‘strength and fatigue resistance of

materiala.

~Theae linita_of'exanination»aenéitivities'forn tneﬁoasia for the
acteotance'atandards eatabliened“in theiASHIisection'IIl'Code:‘ The
Indian Point 2 reactor veseel has been examined in accordance with
such acceptanee atandarda; and eecorde cdupiledfby'the vessel
manufacturer are maintained'aé‘evidence of combliahce'with the ‘Code

‘rules.

ATeatiné Practicea

VAa a final measure of yerification of the structufal adequacyiof tne
comoleted reactor'veaael “the, A§H£ Section III Code rules require
‘that the veasel be subjected to ‘a hydrostatic: teet by sealing all :

nozzle openinga in the veasel ‘and preaeurizing uith water to a value
// »
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»considerablv higher than the vessel vill experience in aervice. Thie
',test provides a direct neans to confirm not onlv the design adequacy‘:'
of the individual components to withstand-an overload_vithout
':unacceptable-defornntion;ibot élso'to cosoreftnnt cﬁé ieok{tignt

'integrity of the vesoel'iseentabiishedi

| In the case of'tne Indian-Point»Z reector vessel, the hydrostatic
test pressure imooaed vao 3125 psi which, when compared with’the
operoting pressure‘of'2235 psi during.normal reactor.bperation.
renresents an overload of approximately 40 percent; Although this 'é :
~overload may appear subatantial. the materiala for the ma1or portions
of-the_vesael_are ‘not subject to overstrain (and consequent unacceoteble
'distortionS“dﬁring‘the test’since the test atroins7remningesoentiali1.
B ‘belovvthefvieiolstrengtnVof‘the nateriais._?iV‘*:'&' - v

Lt

fne adeouacy.o}_thc1hydroetaticvteet condocted on‘tne indian Point 2

' reaCtor‘veasel_ho proof'of”its'strncturai integritv'forihervice’nny
be'judged*by“recognition'of'the-fect?that tﬁe'test'stresé'nttaineo
.ét‘ambient'teot7temoerature“inlthe vessel shell, for example, ves 67
percent of the minimum apecified vield strength of thevmétérial vhich .
~ compares with approximatelv 36 nercent “of" the design vield atrength of

the material expected during normal reactor operation."»

‘The regulatory staff believes the combination of (a) nondestructive
exaninations performed on boqh‘the materials and welda of the Indian d

Point 2 reactor vesscl during the.course*of.fabrication,'(b) the‘.
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stringent acceptance atandarda applied vhich control the final
quality of completed veaael and (e) the conduct of a aucceeaful

hydroetatic teet. providea as_aurance that no flaws ex_iat vhich. ‘under "

‘service conditiona. aight_influence its aafevoperation.

"III. BRITTLE BEHAVIOR AND RADIATION DAMAGE

~ Protection Against Brittle Fracture:

5hFarritic stéels that are commonly uaed in the conatruction of nreaeure
.,Qesaale axhibit.properties uhich,:under‘a epecific conbination of atreaa, ﬁé_
"temporature, and the preaence of flawa in the netal _nay lend to brittle
i.fracture. The ASHE Section III Code rules have recognized thia potential

wode of failure in pressure veaaela by including requirements that

'r_ferritic materials meet certain levels of fracture toughness.

_ ‘Brittle fracture ia generally associated with thoae temperature conditiona ‘
_where the materiale exhibit e narked reduction of fracture toughneaa

"properties.:'rhe'tenperature range;for auchvbrittle behavior is usually

below 100‘F«for those steals used in the construction of’reactor §essa1..

' To identify the appropriata range for each material of the veaeel, the

'veasal nanufacturer conducta inpact teata on apecinene of the materiall ‘

in order to eatabliah the nil-ductility transition (NDT) tenperature,

- at which brittle fracture may generally ba expected if the naterial is

_subjected to aignificant loada in the presence. of flawa " (The naxinun

NDT tenperature of all nateriala ih the Indian Point 2 reactor veaael :'.";-

)

ia in the unirradiated condition 201? )
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Since reactor vessels are exposad to tenperaturca and strasses during

A'initial stagea -of heatup ‘and final otageo of cooldown whern the nateriala .
7-of the_veasel are,approoching ;he NDT:tenporaturos,‘(the range.of brittle ,
fracture potential), operational 1imitotiono of pressure and temperature =

"uusttbe'imposod to protect ‘the vessel against brittlo-fractuto.‘

In its review of the Indian Point 2 reactor vnsael, the regulatory staff
eetablished that the vessel manufacturer had fully conplied not only .

-i with the fracture toughness requirementa as apecified in the ASME Sectionri

II1 Code but also the -additional test requirenants specified by

"*Hcstinghouse Electric Corporation. Notvithstanding "conp‘l'ianco»wi{th“ﬂ.'
f}these requirements, the regulatory ‘staff eiunihod,ih‘dotail the fracture
- toughness ueasureasnts taken for each conponent part of the teactor vassel
’:uincluding the weld natal which joined the parts, in order ‘to ‘assess the'
‘quantititive measure_of_conqervati?m and‘safety margins iu‘establishing>

~ operating limitations.

'.fIn'ioooguitionuoféduﬁntiﬁative theoratical methods of analysis made

svailable by the application of the principles of fracture machanice, |

and the increaoed'knovIedgé’of‘uathfial'propoities'of'forriiié steels

derived from bbthJiudustr?ﬂAnd AEC:diraEteauféoéhfch'B?ogfihd}ifﬁoA5

-regulatOrf'itéff developed duénfitutiVé’ctitétii:fofiffaofufo.;oughueos
-fequireuents for nuclear power reactors. ‘Theoa'fequiromeufd& which
were»puhlished»iﬁ July, 1971 by thefAEC; 1afio-cpnfso. Appendix G

afe mofelstriugéntrtﬁan the-curfenthSHE tequirémenta’and héve been fully B
applied ‘to the Indian Point 2 reactpr vossel in establishing the operating

pressure and teuperature limitations.




The measure of added conservatism resulting from the applicetion of the
AEC fracture toughnese criteria to the Indian Point 2 reactor vessel

may be gained from a comparieon of‘the Operating-temperature limitationa

:_ imposed prior to reaching full- pressurization of the reactor vessel during
,reactor-heatup.< The initial temperature limit derived from the current
B rules of ASME Section III Code was 136°F while the AEC criteria required

'a temperature of not less than 220° ' The AEC temperature limit which

" has been accepted by Conaolidated Edison, is currently epecifiedrin the

v-only when above the apecified temperature of 220 P aasures that all vessel

Radiation Fffects :

the licensee's Technical:SpeCificatiOnvCOncerning reactor vessel operation.

et
L

AOperation ‘of - the Indian Point 2 reactor vessel at significnnt preseurea

t

materiaIs’have'conservative valuee~of'fraCture'toughness‘eufficiently abdve

_ those: values vhere.the’potential'for‘hrittle fracture’maY‘exietg'”,

'Despite the conservative approach taken to eatabliah safe operating

1imits, an additional requirement vas imposed by the AEC regulatorv R

qtaff to take into account the expected degradation in fracture touahness

propertiea of the beltline region material of the reactor as a reault of

‘the effect of radietion from the rcactor core during service.. Eatimation

i

of these radiation effects {involves calculations of the predicted neutron

fluence to which the vessel materihl'will be exposed over the 60‘vear o
service lifetime of the reactor.: %uch calculations which were performed

for the Indian Point 2 vessel ueing the modified PIMG one-dimenaional 55



'to a higher temperature as the neutron fluence increases.
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i groupfdiffosion_coqputer code resulted in a neutron fluence value of
2.4 x 10%7 a/ew’? (B > 1 Mew) . |
Irradiation tests on bpecimeoo of the reactor vessel materials‘demonstrate_

.that, for such neutron‘fluence, the initial nil-ductility trahsition‘shiftsk

In otheriterms,'

this effect means the fracture toughness properties of the materials, at

 f.the initial specified operational limit of 220°F, will be significantlv

.reduced.

_program;*

Accordingly, with increasing'periode of'service.,the operational‘

71imit-o£ the'reactor must be adjusted to a'ﬁigher temperature where the
“materials will continue to-exhibit adequate frdctﬁreitougﬁﬁeosteéeo-after'

‘radiation.

Because of ' the uncertainties associated with the calculations of the’

" neutron fluehce.‘the'veriability in radiction;induced‘changes-ih‘fréctgre i

‘toughness among the reactor vessel materials, and other indeterminate
long-term effects on material properties_the‘AEC‘reduiresﬁceosulee’of
specimens of the actual materials used in the conetroction'of the vessel

to‘be‘placed within the reactor Veasel. The ‘Indian Point 2 reactor veasel

' contains such cnpsules as part of itu material irradiation surveillance :

withdrawal of these capsules at periodic iutervale during
serViCe’and teeting of the'irradiateé Bpecimens provides a direct means .

~ to monitor the-changes‘in'materio1§3érecture toughneéevproperties. _
To assureva-time1y3adjuatment'6f'thefopereting'liﬁitationsffor the Indian
Poiht.Z reactor.vessel, the TechnichljSpecifications»will require '

.Consolidated'Edison.to'withdraw tHe*éirsticapsu1e~at theffirst*refueling



outage (approxinatelv two yesrs'of operation) and report the test results

to the Commission;A At that time.-sn adiusted operating limit will be

'specified for continued service to reflect the measured changes in

material properties.

" By establishing conservative operating lhmits initially snd periodically '

» during service, the regulatorv ataff believes the Indian Point 2 resctor.

vessel can be safely operated under conditions which assurevthat-

adequate'material fracture toughnesa properties are alvays available

to prevent brittle fracture.

" IV.  MONITORING CHANGES IN VESSEL QUALITY BY INSERVICE INSPECTIONS |

Development of Inservice Inspectionlcode“

The'AEC has long recognized that the enhanced qualitv standards

.applied in the construction of reactor vessels in accordance with the

rules of ASHE Section III Code could best be maintained during service
if a planned program of inservice inspections was implemented. The AEC

regulatorv staff accordingly initiated a program to develop requirements

- for the inservice inspection of nuclear reactor pressure veaaels. A

comparable effort on the part of induatrv was also eatablished at the

request’ of the ABC..

‘These efforts led in late 1967 tOya'joiht AEC—industry cooperative code

development program under the auspices of the American National Standards

Institute (ANSI) N-45 Commdttee with the sponsorship of the American

Society of Mechanical Engineers. ?The combined effortsrculminated in
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the publication of the 1970 Editfon of the ASME Boiler and Pressure

Vessel Code - Section XI. - "Inservice Inspection of Nuclear Reactor

Coolant Syetens"; In recognition of the ecceﬁtebiliry of the ASME

Section XI Code~in'fu1filling the requirements of the AEC, the?rulee of

this inservice inspection code vere. adopted by the AEC virh the

publication of 10 CFR 50.55a - "Codee and Stenderda for Nuclear .

Power Plants .

' Preqperational Baseline Exaniuation

‘between the surfaces of plates, ?orginge, and bars from which the

The ASME Section XI Code requires that the reactor vessel pressure-

~containing velds be eubjected to a nondeetructive nethod of exanination

as ‘a preoperational requirement prior to&initiel plant‘etartup. ‘The
method offexeﬁinetion.eanOyed involves the use of ‘an ultrasonic’

technique, which’permite'detectrOn 6£1any significant eurfaée'Orb

‘sub-surface - flaws .by examining thejen;ire'uoluﬁe'bfeﬁetalxcohtained
‘reactor vessel is constructed. Sych iechods_of examination are
‘therefore identified as‘fvolumecric‘examiuetions."

‘The regulatory staff has recogiized that these volumetric ¢xaminations,

which have been applied to,the*Iq4ien“Pdiﬁt‘2~reecrer vessel; serve two

important purposes. First, this preoperational examinatibon, ‘as required

‘by the rules beASHE'SectidnCXI;fﬁrOVidee-a record ‘of ‘the location 6f1any

discontinuities in the metal (euch»ea?eXtreuelbremell flaws) that may exist

in the reactor vessel welds. "The_examinatiensxare require¢ despite the



fact that the entire welds seams, as well as the base materials of the
reactor vessel. vere 100 percent volumetricallv examined during the

course of vessel fabrication and 8uccessfu11v met the accentance

,standards.

The intent of the ASME Section X1 Code rule is to assure the availability

"of a record of the initial condition of the vessel 8 integrity for

comparison with the examination reaults of the planned future inservice

inspections. Anv discontinuities in the vessel materials will therefore

be periodically monitored‘to detect any tendenty of these’flaws to grow‘_

{n gervice..

Particular emphasis is given to the examination of pressure containing
welda of the vesael, since service experiences with welded structures, in
general, confirm that veld joints and weld heat-affected zones in base

material ‘are potential areas for flawa to initiste and grow under

service loadings.

fhe second and more imnortant purpose served bv the nreoperational
exsmination is the confirmation and re-verification of the acceptable‘
structural integritv of the reactor veaael following its. installation
in the plant. Although the reactor vessel has been fullv examined
during fahrication to meet the acceptance standards of ASME Section 111

construction code, the veasel mav be aub1ected to loadings during the

hvdrostatic testing which could alter the vessel'’ s structural

conditions. The post~hydrotest nreoperational examination of the
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Indian Point 2 reactor vessel vgrified thet no defects developed during

ihydrq-testing'end confirmed the vessel's quality level es'eccepteble for

,1..reactor operation. -
‘The regulatory staff has assured itéelf that the inservice inspection
tfprogtam foi-the Indian Point 2 reaeter_vesael will comply with the

o exaninetioua requirements of the ASME Section XI Code, and in most

i,reepects. with the inepection frequéncy required during each tean-year

”"intetyalt In order to permit time'fothhe'developnent of specialized

remote mechanical ultransonic examination devices which will be reqeited

‘ torexaﬂine»thbse~ereas ofﬁthe_veesel.net’readiljdeceeedible;dthe’AECTe"
has required Consolidated Edison (in accord. with the Licensee' 8 DA

.:Technical Specificationa) to submit its program of ineervice inspection

‘g'vfor euch areas for review by the Conmission prior to the expiration of

C.

five years of service. The regulatory oteff hae received aesurence
fton industty that exanination equipment for remote inspectidna can be

made eveilable on a tinely basis and applied to eatisfy the exauination

.» requitenenta of the ASHE Section Xl Code. within thie five—yeat period.

Sebeitivity dfllnservice"zxaninatimn Methods

To gain assurance that the eeneitivity*of'inserViee'eiahipatieﬁ'nethods'

' (ulttanaonic techniquee) and the frequency of exnainatione which are

planned for the Indian Point 2° reector vessel vill monitor on g tinely

basis the growth of a poetulated:flawpin the vessel before attaining
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critical eize. the regulatory staff has investigated the experimental

flaw growth rates data for reactor vessel materials, utilizing the

priociplee of frecture-eechenice;

Since ultreeonic exeninetion techniquee have denonetreted capabilities

" to detect flewe in excase of 3 percent of the matal thickneee. ineervice . *

examinations may feil to locete fluve below thie threehold of

detectability. Hhen subjected to the fatigue cycles expected in airﬁic.,
such'fleie may gtow'on the order of*1/10,000 inches per cycle.t-ﬁith such

limited flaw grovth per cycle, the number of fatigue cycles reqnired to

develop a through-vall flaw (97 percent of vell-thicknese of 8-5/8

inches in the case of Indian Point 2 veeeel) vould be many ‘orders of

magnitude greater than the number of transients which the reectot vessel

nay be expected to experience during the periode between inbervice ‘?-'

“.l“r -'5
:

inepectione.

0On_the basis of tha reletivel’y‘iniigeiv'fic'enc""growth"rete'" at which flave -

in 8 reector vessel may enlarge during normal reactor operation, the’

_reguletory staff believes that the program of inservice inepection

developed for the Indian Point 2 reactor veseel vill not only assure
timely detection of eny unenticipeted etructural degredation in the
veeeel hut ‘also provide confidcnce that the probability of eny flew
growing unknowiugly during the aervice lifetime to a critical eize

and reeultiug in sudden failnre is negligible.'_’



