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1.  1NTR0DUCTI0N

The f i r s t  A rgen t ino  n u c l e a r  power s t a t i o n ,  _for which th e  CKEA conc luded  a 

c o n t r n c t  w i th  thc West Germán firrn of  Siemens i n  1968, i s  a t  p r e s e n t  un d e r  

c o n s t r u c t i o n  a t  the Atucha s i t e ,  on the R i v e r  P anará ,  and i s  due f o r  s t a r t - u p  

i n  1972£ T h i s  s t a t i o n ,  with  a n a t u r a l - u r a n iu r n  f u c l l e d ,  h eav y -w a te r  coo led  and 

raoderated p r e s s u r i z e d  r e a c t o r ,  w i l l  be ab l e  to  supp ly  319 KW(e).

The o r i g i n a l  des ign  o f  the s t a t i o n  d id  n o t  p rov ide  f o r  t h e  i n c l u s i ó n  o f  

an i n s p e c t i o n  systein f o r  check ing  th e  o p e r a t i o n  o f  the prirnary c i r c u i t .  In  

view o f  the  e x p e r i e n c e  ga ined  to  d a t e  on th e  i n t e r n a t i o n a l l e v e l , and the  

e n g i n e e r i n g  codea and r e g u l a t i o n s  a l r e a d y  approved o r  p r o v i s i o n a l l y  in  f o r c é  in  

the  U n i ted  S t a t e s  and Europe,  t h e  CIIEA d e c id e d  to  i n c o r p ó r a t e  a system which 

would p e r m i t  v o l u m e t n c  i n s p e c t i o n  o f  the weld ing  o f  the  r e a c t o r  p r e s s u r e  v e s s e l .

The f i r s t  snag  a r i s i n g  o u t  o f  th a t .  d e c i s i ó n  was the  f a c t  t h a t  t h e r e  cou ld  

be no q u e s t i o n  o f  i n s p e c t i n g  welds from the  i n s i d e  of  the p r e s s u r e  v e s s e l .

B e a r in g  t h i s  l i m i t a t i o n  in  mind, t h e  C1IEA, a f t e r  c o n s i d e r i n g  a  v a r i e t y  o f  

p r o p o s a l s ,  d e c id e d  to  commission the  Sou thw es te rn  R esearch  I n s t i t u t e  (SVÍRl) 

( U n i t e d  S t a t e s  o f  America)  to  s tu d y ,  des ign  and b u i l d  au to m a t i c  equipment f o r  

u l t r a s o n i c  i n s p e c t i o n  o f  the welds í n  the  p r e s s u r e  v e s s e l ,  n o z z l e s  and l o c k i n g  

b o l t s  t h a t  cou ld  be o p e r a t e d  from the o u t s i d e .  The commissioned equipment 

i n c l u d e s  t r a n s d u c e r s ,  i n s p e c t i o n  modules and an e l e c t r o m e c h a n i c a l  system f o r  

p o s i t i o n i n g  and moving them. The CfcEA k ep t  f o r  i t s e l f  the  work o f  d e s i g n i n g  

th e  d a t a  a c q u i s i t i d n  system and the i n s p e c t i o n  prograrrme. I n  due cou rse  the  

c o n t r a c t i n g  f i n a  was r e q u e s t e d  to  i n t r o d u c e  c e r t a i n  m c d i f i c a t i o n s  i n t o  the d e s ig n  

o f  thc  i n s u l a t i o n  system and the contair .ment  f o r  the  p r e s s u r e  v e s s e l  so t h a t  the  

i n s p e c t i o n  system cou ld  be i n s t a l l e d  and o p e r a t e d .



ciiAHAcTKii'i oí*' the phw:;:;uí;e vkí>í>:i.

Materi ni :

Ko rgfid a t e o '  Ni Mu Cr 37 ( ec\u i va Lont lo Af/TO, A^Oíí ciar,:-, J I.) 
eo r i t a in in g  0 -9/j Nx Jn the core  a r c a  and !•>'/< i'Ji m  the f  ] ange and 

herid. The in s i  de ir» ! i ned wi th  lj . Lj  mm o f  a r c - d c p o s i t o d  a u c t o n i t i c  

s t e e l .

Díitkui:; i o f  vc:;r;nl bod,y:

l n l i ‘rnn.1 di aifie te r  53oO rmr,

Kad iuí.: of  h':/n.l :-phc rion.l base ?735 ^

I íi 11 í rr i a 1 h<; i gh t 9 /30  ci¡rn

i le igh t  o f f la t i ré  l i->50 iwn

Hoi g h t  of  c.yl m d r i c a l  ::>hcll 5^95 rom

Thi oknorn of  ,\yl i n u r i c a l  y h ü l l  VPO inm

Thiokner.s; o f  fla.nge 455 mm

Tbir-ktitípn o f  h em iopher ica l  ba3C 135 rrra

Dimofiniori.i o f  vesr.el riead:

I n l e r n a l  d i a m e te r  4900 aun

Radius  o f  concave s c c t i o n  3000 nan

Hejgh t  of  f l a n  ge 800 mm

Thickner.s  o f  concave n e c t i o n  340 xnni

The hoad xr; ricoured by 60 b o i t s .  The f l a n g e s  and c y l i n d r i c a l  s e c t i o n s  

a ro  compoued o f  th reo  r>egtnents welded t o g e t h e r .

Workxng c o n d i t i o n s :

Prcsnure. 115-0 atm
Mean tempera tu re  26'{ .S°C

3. AHÍJAS TO HE l.NSPECTEI)

The den ign of the reactor does not perrnit complete access to a l l  the welds 
that require examination ín accordance with the recent codes. In  these 
ci rcums tancfu-- the CNEA haá to consider the extent to which m&y.imum vo luTetric  
inspection of the wel dr. in the nror.sure vosnel was feas ih le , bnanng in  raind 
how accunai bl o and how c r i t i c a l  the d iffe re rit arcar, varo. The inspection 
Hystera designad by Sv/h'l ouabi ec ul trasonic in:;pecixon to be rr¡adn of:

All  o f  the wol 11: «g betvíoen the o y l i n d r x c a l  s h e l l  and f  1 a n g e ;

Al l of tho longa. tudj.nal wcl dr. in tho c y lin d r ic a l t.hell;



AI I o(‘ Lili- i: ¡ iv.um fe fon 11 al wel d:: j u i n i n g  i.ho two níigmen lo wi > i ; g  up

I } l<1 oy I i i !■ ¡ r : r:i'. : ;hi ■ ] 1 ;

All o í  the wo'ulmg boluca:. t.iic :; h o I I ;n.n hocr. ¡;phf ri c a l  bar.-,!;

AI l <>.(' ti)': wy.lt.li; .111 tile nc.; •//.’, lo:; ur.cd t 'or the c o o ia n t  and ir.ou.cra.1-or;

All oí' the joiiitj Lo twoen the p ip i  n," and noy.’/.] e s ;

l*oi‘:k.itig bol tí? t’or  tbe h e a d .

/|. I/K:j;:iil ("l'iOíJ ()!•' T!ü: i ; i ' KOTI  Oü K.iini’MKWT

Tho iní;pi'<: i. i.oti e<im pnier.t do:;;,gnod and •'.on:; L i-uc ic.l by oírjUI ocr . r iB ta  oí 

t.hruo ñopa r a t o  :y/\'> tema ( fo r  v o s m  I.;, aoKzl-'.s; and bol  t s )  and a connoie  í h a t  

1,1 :¡u iaippl.io!; ila La rol a U n g  Lo t l,o ,ío;; i t x  oning  and movciúent of  i  he t r a n s d u c e r s .

/J. I . üy:-, toril Ti r_ i ¡_v.- i.eoti t £_tho _/> .-«rusl

Thi:; .i t.C'.ii i ; ,'>ned fo r- u l l r  iaon i o t e rs t ing  o f  the oi rou'iifovan t i a l  and 

1 origi ludí nal ! wc I di? ir# thc pre:r;u re v e n a d , l o e a t e d  betweon tho  l i a n d o  end 

homi apho r ica i  bnr.e. 1 t o o n i j i r t s  o f  thc  fo l io w in g  p a r t s :

( a )  A pe miañen l ¡«tructu re i-, i t u a t e d  in  tho c i r c u l a r  spaoe ,  app rox imat  el y  
300 rtiüi wide, I n f t  f o r  t h i s  purpor.e betwscn tho p i t  i r . n u l a t i o n  ar.'U. 

ver,:;cl ;

( b) An i rinpp.otion module c o n t a i n i n g  the  u l t r a s o n i c  t r a n e á u c e r s , p e i m i t t i n g  

thc  eoleeteci  a roac  to  be scanned ;

(o)  A d n v e  un.it fo r  tho i nr .poction module;

(d)  A d r iv e  uní t for r o t a U n g  the permanent  s t r u c t u r e .

Tho pormanerit s t r u c t u r e  c o n s i s t s  o f  a  c i r c u l a r  r a i l  fi.xed to the  w a l l s  

o f  the p i t ,  and n u p p c r i i n g  a r o t a t i n g  s e c t i o n  f i t t e d  with a v e r t i c a l  r a i l ,  a long  

which thc i n n p e c t i o n  module can t r a v e l .  Th is  s t r u c t u r e  was i n s t a l i e d  i n  the  oxt  

boforo  thc: pror>:;uro venr.el war. lowered i n t o  i t .

The i n s p e o t i o n  module and i t s  d r i v e  unix  were mounted d u r ing  each  i n s p e c t i o n  

a t  tho top o f  the p i t  by remov.al o f  o no o f  the b lo c k s  forrning the  i n s u l a t i  on.

The d r i v e  u n í t  f o r  the pom-anent  s t r u c t u r e  i s  hooked up du iá n g  th e  i n s p o c t i o n  

through a tui .nel  p r o / i d m g  accoss  i n  the lower p a r t  o f  the p i t .

Gcanni ng o f  the a rea s  reTi.nri.iig i napea i ion i s  a^coppL.i r;hed by cciabancd 

imovernent o f  tho modulo u;i a.td üovm the v e r t i  cal  r a i l  and o f  tho  pornianent ro t.ar,i ug 

n t r u c  luce f o r  ho r i zon t a l  icolj on.  ín  t h i s  wny the  t rp .nrducers  enn be s e t  i n  ara." 

por;.i t i o n  a t  al ! on tho oyl i n d r i o a l  body o f  thc voaao1 , bel ow trie no/ .zle l i n o .



' ¡i < > í; ¡lK'n¡'i'’ v.'.'r.' ¡ ":. ¡ ■ ■ i ! M :\.< <\!: u :- >;j. Lí'i íl¡¡.: i MCp'.-ot i.on

l , . c : h n  i i¡ih' w l  i./ 1 , w h i n í i  r u q u  i r o e  t h r r . - o  i  ■.(¡■.¡duccre a r r .  .n,■■;<.; d. i.n a  l i n o ,

w í i M - h  U i c  1 w n  .’m  ! . ■ /1.1 i ;-,h i i' t r e  I a t  i v e  l o  1111: c e n t r a l  o n o  a n d  b u  t u  r u o d

;it. íi i. n'í! í'i.:n l ; m , i M - n  í  »1 (>)’(> ¡ :. f . i x e d  and t’O 'lluil t o  lh<¿ tOCXed fU r£ aC.O .

The ,i rm : u ¡i¡/(■:•!. i im-; Un t,;i j-- ■ ■ i ran::dn«<;n; can ro t a l o  90°  abou t i tr. mid p y i n t  i.i¡ a  

n i , m e ;  |).-t r-.-1 1 l e l  t . ■ i.iie p,u i-r-i-- :<: i n  qu<-.*. t i o n ,  t h s r c b y  pormi t H w y  i  u y p e c t i o n  c f  

bnl.h ):<> r¡ :,oii I ;. 11 -1 vert i ' ; : i :  v'old:-.. 'i'be Iranr.ducc r:-. are 1 od.f~ a i  i n  r o o e p t a c i  cr. 

wi l.li a )irc:-.".¡iv' d v í t o r  t\.c;¡ ;Vr conpi  i pu rpor.op.

'I'hi; u f -  c , í  r i i o i, ("K.i-.ji.’cíjrf. u< i t.c modulo o n a b lu s  one to  a p p i y  di f f crenfc

< • x. ti i ¡1 ii íi. i on ni'-• r- , í:ti<¡ Lhe iiocr.i bi ii. ty o f  v ary in ;;  the o p r o v i d e s  n a r i  rnunti 

i tul; e-i.1. i nr, di" ■- i'¡ ...w ■ r. r i ir.o ,: vea ic.: 1, ¿ircount oí' i n i'orrnali on re! a t i  r g  to  i  i  vrlie»

d -  U C U M .

A rr.'ín/-,v!n«:.i*. tV r i t::?* •' r i i no'/.:--.! füi 
T " .........  "

T h  i b a r .  t c a í  ! y  o í "  u n  a r m u l a r  m a l  m o u n t o d  p & r m a n c n i l y  a  r o u n d  t h e  

iio-.-.-/,l c  1,l a  ' < H > i i v * : i i i e n t  d i  ¡ n a n c e  f  r o m  t h o  w o l d ,  a n d  a n  i n s p e c t 1 0 0  m o d u l e  s i n n  l a v  

tf' M u í  o h o  u " . < \ l  f 0  ¡- t h e  p r r - c n u  r e  v c r r . e l . T h e  r a i l  i s  f i  l l e d  o v o r  t h e  n o z . c r ' l e  o,y 

m o  - m r ,  o í "  l n c o n « - l  r . p r i  r , w i m - . ' i  , - u > r ; o r b  t h e  d i  f  f c r a r . c e  i n  i  h e  m a l  e x p a n s i ó n .

. S . ADTiMítcnu-Mt í'or i ti ri T bol ln

‘l'híi í K - a c .1 i o c k i . u ^  b o l  tr. h a v e  a n  a : n . a l  a p e r t u j x  r u n n m g  I h r o u g h  v m i c r i .  m a k e s  i x

p o p ; - , i  b l e  t o  ¡ n r p o c t  t f x - m  u l  I. r n : : o n . i  c a l  l y  f r o m  t h n  i n a i d e  t , y  m e a n s  o f  a  s p e o i a l

í t e )  f - c o u t  r i ü ,'7 p n i l i "  w l u c t i  i-.; ^ u i d e d  b y  a  r o d  T t o í i i  a  d e v i c e  o n  t h o  o u t r . i d o ,  a n d .  f i x e ¿  

t.o t h o  e n d  o f  t h c  t>c. 1 1 d u r i n ^  e a c h  i r i s p e c t i o n  o p e r a t i  o n .

A-A-  (‘'onco 1 <: .ini) j)o:; i 11 on i i;/'; cori 1 r'ol :¡

Thore i c onl y one con:.-,ole f o r  al 1 th e  oontx-ol and p o s i t i o n i r . £  d c v i c e s  in  

til o fiystoin, and the re a re o o p a ra t c  í .ndependently operat ing:  u n i t s  f o r  the 
furict ionn r e l n t i . n^  to thu da f f e r e n t  d e v i c e s .  Thoss  f o r  the d r i v e  u n i t  o f  th e  

í’Orm.-uicnt nln ic tm -; ;  and tho d r i v e  u n i t  o f  the  i n s p e c t i o n  module i n d í c a t e  and 

cu.nitrol th(.¡ fo I lew ¡.ng: o n / o f f ,  d i r e o t i o r .  o f  movement, a t t i t u d e ,  co u p l in g  
riic<;h,Ln i p,Ti , u n i  i .

Tho un i v i o r  tho UK-.poction ¡nodal o p r o v i d e s  f o r  i n d i  c a t i ó n  and c o n t r o l  o f  

Uio I'o 1 I ovv'ir. :̂ o u / c f í ' ,  t n u i ü . l i r o r  an.fjl c .  t r a n n l a t i o n  o f  t r a r ;» d u ctr  c i g r i a l  in  

tii«- modnli.i, t-ri t. 't I, i n i,  o f  i ; a 1 \ 1 1 < >, :md p r-< ;u re o f  1 ''-afr-jiiuco v  rc-cc. o Lncl o s .

I N : j i l e e ?  i i u . '¡-picr i . ;

Trio |)U I .”.••• (.-•-lio í . i i  :■ p;(' i p. ;ippl ; <-. l t(< the 1 c-i,.r-i tvd i  n.i.l arm r i ívniíti ív¡ r o n t i  /•! 

Wc!,:;‘ )u ''h'' I ' í^r-i -  -  • ’m: ! i an tt.-o Íb i iov í iuf :  f o r  ni:



(a.) C’.ctminin/; o f  Lmo w< J.«1 from bo th  in dos  a t  an a r i l lo  o f  45 ;
- o

(b)  ‘óoanning  of  i,hc weld from both  si des a l  an a n g le  o f  üO ;
/ o >(o)  ñcnnrri ng of weld r/,one and nd.jacont a r e a  with  normal be ara (90 ) .

The sonnrs in  ( a )  and (b)  a r e  c a r r i e d  out  c o n s e c u t iv e l y ,  wbere&s ( c )  i s  

e f f o c t o d  al. the  sarce time as onc o f  the o t h e r  two.

The tándem t e c h n ’ que i:- a p p l i e d  a t  tho  sainé t ime as th e  p u l s e - e c h o  

ficanning, an < leí i. t ionru t r a n s d u c e r  b e i n g  used  a s  a r e c e i v e r  f o r  t h i s  parpóse .

F o r  tho weld:; bo ideen  tho cy"'.i n d r i c a l  c h e i l  and the  f l a n g e ,  and in  the  

p a r t  where th e  ny lj  ndr.i oal  shel  l  ¿s  j o i n e d  to the h e n ü s p h e r i c a l  base ,  we u se  on ly  

th e '  pu lue -ocho  techn iquc  and s e m  a t  45 ̂  and- 60° from j u s t  onc s id o  o f  th e  wsid .  

S cann ing  w i th  normal l i g h t  i s  e f f e c t e d  i n  the  saíne way as  f o r  th e  c y l i n d r i c a l  

s h e l l .

F o r  tho noB7,le:: and bol to  wc only  use  tho p u l s e -e c h o  t e o h n iq u e ,  at. s u i t a b l e  

nnglen f o r  the geometiy o f  ea.ch a r e a .

6 .  DATA AC^U! 'UT.LÜU rX/mCA

When r.ouuii i. as.i onirw; ’JWHi to d e s ig n  and c o n s t r u c t  tho i n s p e c t i o n  equipment 

in  s e r v io o ,  th e  ONZA d e t a i l e d  an u i t r a s o n i c  t e s t  expe r t  from i t s  END s e r v i c o  to 

work a t  tho I n s t i t u t o  so t h a t  he cou ld  g e t  f a m i l i a r  with  the  d e s ig n  and 

cono t rué  t i  un o f  the equi pmonfc, undergo t r a i n i n g  i n  i n s p c c t i o n  p ro ced u re s  p r i o r  

t o  and d u r in g  s e r v i c e ,  and work on th e  d e s ig n  o f  th e  d a t a  aoqu.is i t i .on system.

Tho equipment r .upplied by SHRI d e s o r ib e d  above p ro v id es  In fo rm a t io n  

r e l a t ' i n g  to  the  ul t r a s o n i c  i n s p c c t i o n  iñ" ana logue  forra, and d i g i t a l  d a t a  on the  

p o ñ i t i o n i n g  o f  the  module.

The d a t a  aoqui s i  t.ion sy:;to:a den igned  by CNEA i s  de s ig n ed  to pro  v i  de a 

perinanont reco rd  o f  a l l  1 nspec t ions  and to  enab le  the  r e co rd ed  d a t a  to  be 

ouboequent ly  prooessed  f o r  h a n d i in g  by com puts rs .

Two s e t s  o f  u i t r a s o n i c  equipment a r e  used  to  a c t ú a t e  th e  t h r e e  t r a n s d u c e r s  

i n  tho i n s p c c t i o n  module. One o f  them o p e r a t e s  s im u l ta n e o u s iy  with  two 

t r a n s d u c e r s  -  an emi t t e r - r e c e i v e r  and normal ang le  o f  in c id e n  ce ins trum.ent  -  

and the  o t h e r  act-s as  a r e e e i v o r  (45°  o r  60°)  . The d a t a  ( i n  ana loguc  fe roí) 

aampled by fou r  ga to s  p lus  the i n f o n n a t i o n  r e c e i v e d  from th e  X, Y p o s i t i o n  

m d i c a t o r r .  on tho con l. r\ú panel  a r e  recorded  on magno t i c  t a pe  by an FM r e c o r d e r  

w i th  mú l t i p l e  char.re'l s f o r  n imultanoous  ro c o rd in g .



'J'hiB FM roc.ordor, wi:i oh prcv idcu  a  rcoord i  ti/' Ihat  can be •,/ roooRscu xor  

nubnoquont eo’iipu lo. r anal.yrii :j, ir; nuppl cmotil od i>,y íiinrii taueou:; record] ¡¡ti on tu 

mui t i chuune l  o a ^ i l i o f t r a p h i o  r e c o r d c r .  The l a  ti. oí- i n thuss u red  ar. a g r a p h ic  

di  tipl a,y R.y« tom vi!) ich ir. ::i mu 1. tanconr. vi i th  tho i rr rpcc t ion  and a i  ¿5 o permití* 

compcjiüjfi'tion fo r  the mainel  i o inV; reco rd  ¡ ri£, tt.V neo tho Bienal  in  r e o o iv o d , a í l-or  

a c e r t a i n  dcl.-i^, from tho p 1 r<y hack hoad o f  Iho o ame magrieti c r eco rd  c r .

I noorpor.-i tod irt t!io mafíncti c r e c o rd a r  i:; an aud i o recordin.^  channel  a o a? 

lo j i i d u d c  a i !  Ihc aridi t lonal.  I n fo rm a t io n  r e j u i r e d ,  f o r  cx¿ii!ip l o címuíjej in  

ang lc  ol' irirjpofrl'ion, muuhor o f  sean and co f o r t h .

Kinal  1 .y, i.ho r.;y:;t,oi¡i inoLnd.es a  v ideo  tapo ro co rd ih g  o f  the  conso l*  aiul 

o s c i l  Loscopfi r .c reens .



Fig 1 . -  View oí the pe rm a nen t  ro ta t ive  assem bly  in the V esse l  P i t  .



TI , shea r  a ave t r an s d u ce r  ( e m i t t e r - r e e e iv e r )  
T2 . longitudinal t r an s d u ce r  ( e m i t t e r - r e e e iv e r )  
T3 . r e e e v e r  t r a n s d u c e r  (pitch & catch with TI ) 
C1 , C2 , C3 , C4 ,  gated a r e a s

Fig.  2 , -  Draw i l lus tra t ing  the inspect ion  technique
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1
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Fig.  3 . -  Ins trumenta t ion  and Data Aequisi t ion System


