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SAFETY GUIDE 18-STRUCTURAL ACCEPTANCE TEST FOR CONCRETEF
PRIMARY REACTO RICONTAINMENTS F.F F

ction containment's a

DE~esignF"FCri~terion .1req uires that for* steeI pressture vessels.systems,F and .comnponents of nuclear Tha.f.e, radial Fand vertical deflections of theits Fimpottant.-to safety be tested, .to cotimn ar meaure at seeaocations
andlrds ommnsurate wih h~ around its. circumference to determ ine theof -the safety function to be- in'crease-ini tensile stresses icldnthsduo

This guide describes an acceptable posbe niil- .- oi'f, roundness :of the Fimplemienting thins requirement with nominally. cylidracotimn Stanan
the, in:itial structural acce~ptance 'test .:-crack. wjidhs` are mieasured, and crack, ýpatternsFrefle primary .reactor containment to -are recl:tie d, at locations of :pre'dic'ted: high-stress-
ateFits, Fa cpability. to 'withstand Fto- confirmn the designer's stress analysis,.iBecause

pressure 4oads.' The tests -that the. strain mneasutrrem-nts -can' beý correlated: toate, 'the' le'akiage through 'the'. -eflection measuremet aFtie in !Previous FFf- to be '.withiin- acceatable limits are tests -- on prototype, containments, strain F

by thi gude. - .Measurenients are not taken, during subsequent
acceptancete~sts of non-prototypec con !tai~,ment

on A-rpraereports are prepared to;-rFir
th esign: Ths& reports are used to cnfira -

fReactor Containment"- for -A: any. sign ifican t deterioration of the structure at
nuclear power plant isF' the- some future date,>

F'I. . F .. '•".".:' )" ''"'•! . : ":-" :: "'<:..: '.' ' "".. (, F-:•.:.: ::....• ;:"" : /<:'; -'

"Pri an~
F water-cooL

po F F

P r . v•ssel that enctoses re-.components.
o the, reactor -cooant- pres•ure boundiary.4 as
defined. in § 50-2() OfIO 1CFR Part 5.0,. and
servres.as a teakage limiting barrier to radi6acti ve
:ateris:.5 re!eased> from, the reactor cool-ant
pressure boundary- The energy in the reactor
coolant.. that , ight 'be dischargd -. fro•ri-. -the
reactor~coo)lant, system into the.,pri-maryreco
do "intaiimeit A'di~rng ýa toss :ofk coollant accid~en~t
i4would c'ause a Isignificant pressureS load, -on: the

Fconhtairnment, FAni acceptance test is commonly.
ult -confiriff that the design and conistruction
of ithe .containnxwnt is Fadequate to _withstand
such - ressure F lodig. -The test demonstrates:,

t.:. ,,on the

that h de&Ie't on fF the containmient's
structural element iid th(e- cracks of its .surface
concrte are' Woitin nceptable limits when the

:containmn is"ii i 'rsuized•, a. : p~carDuring I-the, test,, the, c ontainment is.
pressuried~iii nceet o lo evaluation-
of it deflection-, a' a functfion of internal.

Fpressure, as the 'test proiceeds;.. This xpr ,ocedure..
Provtidn~es if 11 rne 0ý t, -depressurize -the:con: inment; ifF ts response d•tiates significantly

'frm teexpected respoinse.;Jh number opressure increments "is chosen to provide
sufficient 'data' points for the: evaluation of thei' : : ••? ::ii i:!'!:•; !i:::'::::; •:;:<i : :::: : : ;:F F F F!? ;:;•: :: : : : .

:: -•.:Y i•:: : :•." .: ; : . :b ~:: :.- : .. :...:," . . :. :;;.: ' .'' .. :' .;..- .:.' F " F.

F' ; i -:!! , ! : "',: i-:•! : ? :• :i : >, F:: . ' I S A.!? : .....F F F-, F'i: •.•i••i:: : • •,< ,: ;.:: :'!! :;':>!i :!:i '!:: : i, ::•: ,;; :, ::: " ! :': : l :

J. egltry Pist~

-.COncretet- primary reactor containnients F

-FFshould be ~iibjected to an 'acce~tt~ce test >

-which increas.es-ýhe contain•:ent's `1;ter:aJ
pressure from atmospheric press6ee-to--at
least 1.115 times the con tainmenf dýe sign F F
pressure m four- or more Lapproxjmte-ly

• . .a.. p. pressureI rncremIiiAs'- `Th'
- containment shouli be depressurized- -in

the' Same number. of increments.:
Measr . .emnts should aberecorded- 'at

-. : a:tmsphencpress ure and at each .re•ss:e
..: level of 71 the pressurization and

d - -epressurization cycles At, each level, the .
pressure. should be heId constant for 'at

S" leas-t one:: hourbefore the deflections and FF
strains are, recorded. Crack pat4terns_
'should be recorded at the maximumr

.. -... pressure level ,' .' . F -

..:The radial, deflections ifthe Fcontainment
:should býeMeaesured:Ftverv•rIApoints along FF

-six equally r spaced': miiidans' Veirt icl '

FdeflectioIns -of the containment shopld, be.,F
measured at the apex anid Fthe springli~ne of

- the dome. For cyindrii alc ji ,' .. ::- : !::::::.:::: ." : : : ; " ? ::•!;:i;'i~;!: • :"::-? •-: ;:; :: , , F FF, :? -!: :¢ i F:; :: :
F: . F. . .;:" : F , : ::!iii 9 • •:•: ::: ':F> F':: F ' :: •>,'i:: :: .2 , • : :
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I.. 'I'• •. s' shown

these-points 'shozild be. locate assonmtr pia eie tainý gageso
?on g. A For cone-cylinder other, suitble apparatus may be used

taen, tMen•ePoints should be the measurements i
loa a .p i_"z,:~e,:9Tin.:po yly.h;en, a.

located~~~:fi as shwýo,.iue:8-haevromnaonditions 'during the
. .e agea o th manner, i.

... I -:t.o' th e :!, "'.r "I...''.N

the?" "• n ment.:walladacentto "..the .and:to suichfan:ex en thatwillpermi•t nhe'

a i .1..o , .:c .a ýf.... .O

,,::.. 1 e •ol1•n.2 rshoule measured .t*evlato of their contribution' to ` h.
rp n q iTh con ta.nment......... ~ .sh wea anddn4.Th pater of that ~exceed 0.01 Atmospheric ;temperature,&,pfesre. ad*~

,m Ain vdt~h shouf1'd'be mapped near the hfuiiy nie'~adotie0 te
-ba'se-al at - igt ta' e treo

.... e 0 'c.n. should be moni,,e wa0. 'thesringineof the. doe continuously du.ring itheest. In: additioII, ~ ~ ~ ~ ~ ~ ~ 9 ardaudielretoenntIhe -temperature iisd nd. outsider h
Prestressed .cintajimients, the crack cnti ̀inmetr sho'ld b p rda

Jpatterp sloulA -be' mapped also at the suffioiently. long periods of time prior tojntetsedtibn-ýbetweei ýa buttress 1and the ,t~he t~e't to "establish, an average. A
wall, atth 'iieseto bewenthrtpi41peratiire of the wallfoi~the evaluation.
rinig girder aiid the wal ond -ntheJ to0fefd fejrtd hneo th
•e . of ...-.. .. .e...t I.ure m ts . hefiggirdeir. At each location, lctionr and str~maiiime I ts

an ara o. at etst. should be o •,T he•-e•vironmental- condions un..e.r,".,.
inp~d.K, hch'tet may -be. conducted should

5i pr..ottY-pe containments, stai 'btPe specifiedl; The -test~ ýshould not' '.be!.
msen nthe concrete suOfficint conducted r"ndei • lextreme weather'

to ii '~rpeeeauain.iecniis uch. a~s.snow, ieavy rain, or.
t.:. Ma I '.Sra ami n, drstbution) .0 h.ud be t i8 i '•..........

deeiinda teoloiglcations:. : 0.If..the '-tees pfressurie dro~psfdri unexpected &."1 '

ao conditio.s.o o beaht ow. . he lor-o oe erdintof( e net, s weuence
1.,qpF:ýmissur taevel, thq-efitifteýt' seq ..-... int..;te " a.'the largest' bpeni, •sho-•...§.uld: be repea•e.

-. d.Si-ifi cAnteviations~~pj~~toxiin~~~t~y, ~.5t -froth- edeofonth previous testhUd ercdd"'~
'.7:(t'. beng I" t.•Pti poeniing, (tbIngtolewall thikness. ad'evaluated.

at'o~grf 'theo'pening); and Ifansigrnicarit modifications or repairs
C. in -thewallatthe-eVe- .. : .

.tthe ctaimnt followrin.thl;a:in t:est .t,"the test should' ýbenW"T'hese' riaswemients should be made- at 1 2The following ifor ation should be.......three",positions within the; wai~e, ear 'included 'in 'the -Prlmn Saet....... .. - 1.... ,....nelar ryi
.. o. -inside f•efA mid-pin t :,%Anal .andnsis Raport: r yS

the shear o rainsi .in ."an...ace .: y .e.

OC..prestess.,•g .anchor, of a. ve.ticle. of 'the st:uct...which will be ...

t~ndn.' li measureiment should be measuoned
"O*he-base p.*ate .of c, the, tole/nces!o be,- permitted on 'the

c~nh~f t7ie -thf thbase, plate and-atl U~eitdrsponse `in tlie -acceptance
-a-ist'aiice -,normaf to- th~e wall ret~

ap P ox. M. a t el, .a-d o ne.h a l f t e n d o n d- . Th:b.e.i t h

du is mftm-h etre o ~hc the predicted, 1
ie" e" e on,. established

6'n•O .T o0,.te.,"e .:., i., tn ieuts, strain•• ........ .atin should. be

' e ati e to;4eiflstrin ' i..l. ud, ' d, e..n. tli.: A.t.':

measurein en aceptance test ite(ntuefaIfl I

ýof pr010totype mnimnt " comparisi of te test measurements
7-.An of isplcemet -'With' jfie allowýable limiits (predicted i~

7Ayreliable system odipaentr es Iponrse: :Plu'S tol~erance) tofor
• :" :.;, .: •

:!:.• • ? .: b •: .. ::>• i:: • •:,.: ,.•.-: :" ) •:: :,.A .•:•::
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defiectionis, strains, and crack width,
- c. an- ,-evaluation of, the- estimated

.. actiacyof hemeasuremnents,9 :d2 aný evalUation: of any deviiations,. (i;e6.
e~s .res~is~~jd h l~a~

liftits, 4he alsp stitjn ýo.th

T.. •:•.- • ¢o • •,. r ., :•. • ,• : :• " ,_o t he,! • ' , •• ••i,•.!,? , •• : '
deviations .• - ,'n' a " ':d.the need.o,,•."or'r:eciti.
measures, and:

: ........ I''..•e. a discussion of' the 'Calculate&;df~.e
margin -p.rovided -b e struct

dedcedgron te.ire :it .i'•!;:i•

of Conitainmient:

igline of Dome or Top, ofpR'i:,Gi &rng,• '.i ...

-~ I
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Top
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I - 2: (R)

I (R)
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Notes 1., 2, & 3

..ELEVATION

'a-;

'I

i~iJ

I';

PLA,
W ,R ax" Z• "R uld ( ).de

• . .. ..... .. . . . . . . . . . ....... . . "..... 4 -"

2. () ad Vrtial V) efldios soul bemeasured rat the points indica6ted` by(R) and V-

•ý l•:••• .. .... . jo n,..b v i e -

Whee riidbas/wfl oit i ud,1 oit-~ soud, b b eht ase-.Of thewall ad4istace-equa ;toflu tfesth thic ess of the wýall at the location where "th.e defectior is measurdSa non-rigid sw l joint is :sdPoint sho e h of-the:wall.'
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1. A po oints should be located. symetrically abOuAt•heýopening:.
2..Radial d.tangenial..e.lec•in should.btemeas•ured ata ch ioi tet'pd .

EST IN

LARGST PEPING IN0T"NET.

t.44

4: :4, 
.'".. 

.
.:; 

. .4

.... 
.. . : " • .4 44ii: :, i•!• •

,, 
4. 4. 

.. 4.,4



M

..- .APENI A.

Prototye oncret ePrimary Repactor4
The initial pr~imar recOcn'tain mei4 thatc b Anyincporjoates, a: new' or -unusual de'sign featuLre IS. c A pconsidered to: bei prototype; contairnment. tnSpeifc xapls.of design featuresth.At1 wýouId- ar"dbe consdered ro be iniative ot Al rotidtype it

--onarin(a this time are given b~elow. d..A
thar% ovnin l Rinfofced- Concrete eA..AConainentrein':

A. concrete prim ary, reactor containment is froývonidere a prototrypý -1 it is theý f irs~t .d4in.Id
to Incorporate -r any of the following:feau~res: laeg~a, A domne with a shape, other than h. An.b.hemisphercica, 

i . Tw~cAn opning ler than Ol:D,3g 
tharc.Tooedi"g with a diameter greater ta4hani 015D that are separated by a

distancet hesthan O.21. j. A cd. A connec~tion of the cylindrrical wall. to thethe bottom. slab or to thie dome by a sI'd'slding joint, a hinge. or a combination of hn

e. A paterd, of 4ai reinforcing other than to tvertical straight: bars and horizontal L. Aný,hoops.;
L. Anv r ntermedfiate interior floor- connected frdrto -t he. wall, or, an ag. -Aniy other structural design features

bihmay decrcase the safety margins
fro that4tof a. containment confirmed by

'A.prot2. Piestfesed Concre~te Containment new or un
tests, as di.ýA prstresed oncrete, primary reactor

conairuen wth. grouted or ungrouted 1 htenfdqns, is considered a-prototype if it is the in a. differefirt desoig tof incoirorate dany, of -the features rneisuremne"below
-a. A-t n eumbro buttresses more or less than 3D=in te6, 

con tainmnei

.. '.- . ,I .6

,-..-

Containments

buttress~es in
1

1,h6 d'ome;1

attern6 of eiid'ns, other, than ve'rt

.ons: a•id hoop tendons lein
..gr. .p.s of . • .nd .nso iented, - , I;

4e, d 6ui~b e 
7

~res~tie~ssed. dorhe with a heýl

Oa bzop,

ase- l her, th.a. a coil vent 4. n
frced tlat sl~ab,

OnerIai contain'rrient i shape diffe.
a avert~icl Cylinder,

vid uia tAe nd ons 
1

i th- UlIti miatec s t rer~

er than-500 tons,

openignglargerthan' 0.21
op.en.lngs ,. with. a dia. . ete. .......
0.:5 .sparated dby a distancI

onne~qtJon of -"tlI* cylilidrfi~dl~'

bottom, slab or : ýto the to p, doriei

in t.. hinge,,- or. -a, coibinatioi
ife.an dsi ý n g.jo.i .t,
Inerediaýt • iiiterjior floor conne.he .w al [i;:.or•:.(. i :s: .7.. ,: ; .. :.•.:i:•::.•,

othefri:..gstruitualF deisign- fTati
c ray decreaseitli say rnarj

1. that.of a containment confirmed
icceptance test.

o.type contai1inMen.t i,;r" one. th• attin6CorpU sual, .de~sign. featuie ,not y'et i iconfirn
:Us~sed inA Apedi'xA-.-

sec6dnd laig&tope.n•Iing is struc turally loaded
ft mannlo.!fýronli 7Ie largest Opening, si"mijilar
ftsi .tan.d.i & i ,f .hould be made.

rnal diamneter, of the cylindrical"

:.G I


