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1. INTRODUCTLION

The first Argentine nuclear power station, for which the CNEA concluded a
contract with the West Cerman firm of Siemeuns in 1968, is al present under
consiruction at the Atucha site, on the River Panari, and is due for start-up
in 1975ﬁ This station, with a natural-uraznium fueclled, heavy-water cooled and

moderated pressurized reactor, will be able to supply 319 Mu(e).

The original design of the station did not provide for the inclusion of
an inspection system for checking the operation of the priﬁany circuit. In
view of the experience gained to date on the internationallevel, and the
engineering codes and regulations already approved or provisionally in force in
the Uniied Gtates and Europe, the CHEA decided to incorporate a system which

would permit volumetric inspection of the welding of the reactor pressure vessel.

The first snag arising out of that decision was ihe fact that there could
be no question of inspecting welds from the inside of the pressure vessel.
Bearing this limitation in mind, the CliZA, after considering a variety of
proposals, decided to commission the Southwestern Research Institute (SWRI)
(United States of America) to study, desizn and build automatic equipment for
ultrasonic inspection of the welds in the pressure vessel, nozzles and locking
bolts that could be operated {rom the outside. The commissioned equipment
includes transducers, inspection modules and an electromechanical system for
positioning and moving them. The CKEA kept for itsclf the work of designing
ihe data acquisition system and the inspection programae. In due course the
contracting firm was requested to introduce certain medifications into the design
of ihe insulation system and the contairment for the pressure vessel so that the

inspection system could be installed and opcrated.



2. CHARACTRR TG PICS O i PRessULE VESSEL
Material:

forged steer 20 N1 Mo Cr 37 (equivilent to AGTM, AS08 class 11)

Pl o ; a3 IRV - i
containing 0.95 N1 in the core area and 1.55 Ni in the flange and
head. The ingide in lined with 5.9 wm of arc—deposited auctenitic

stecl.

Dimensions of veusoel body:

Inlternal dimneter 5350 rmm
Radius ol hzimicspherieanl base 2735 mm
Internal hevghi éY}O wm
flergrhit of tiange 1850 mm
Height of eylindrical shell 5695 mm
PThrckness of oylindrical shell 270 um
Thickneess of {lange 455 mm
Tbhickness of hemispherical base 135 mm
Munenaions of vessel nead:
Internal dianeter 4900 mr
Radius of concave scclion 3000 mm
Height of flange 800 mx
Thickness of concave section 340 mm

The head iz secured by 60 bolts. The flanges and cylindrical sections

are compoged of three segments welded together.

Working conditions:

Presoure , 115.0 aim
. SN
Mean temperaiure - 267.87¢C
3. ABEAS TO B LNSPECTED *

The design of the reactor does not permit complete access to all the welds
that require examiriation in accordance with the recent codes. In these
circumslances the CHEA had to consider the extent to which marimum voluretric
luspection of the welde 1n the vressure vesnel was feasible, bearing in ming
how accessible and how critical the diflerent areas were, Tuhe lnspection

z

system designed by SWED cnables ulirasonic ingpecizon Lo be made of:

ALl of the weld:as between the cylindricnl shell mnd flange;

ALL of the Jongutudinal welds in the cylindrical shell;



ALY of the circumicrentiad welds guiniggs Lhe two sepmonts oo up
Lhe cylondment shells

ALY of the weldings botwees Lhe shell and bemigpherioal boane;

ALl of the welds in the nuweicn uged for the coolant and moderators
AL of the joins tetween the plping and nozzles;

Locking boils for the head.

4. PinGo P OR OF e cLnine o] QU PRISRT

The luspection coucpment desioned and conpbruciod by Geltl conea sls of

three separate syatens (Uor veoraels, noszles and bolts) ard 2 connole thad

aluo supplieon dato relaline to the positioning and movemsnt of ihe Stransducers.

Al Syslam Yor annne _J____

! . ) : .
This 1tew 1o deaigmed Tor uliriconic teating of the clrcuniorential and
longi tudinal lwelds 1n the pressure vessel, located betlwecen the fflange znd

howiapherical Uame. 1t consists of the {ollowing parts:

1
(a.) A permanent ntructure citunted in the circular space, approsimaiely

200 mm wide, ieft for this purpese betwecn the pit lnculatvien and

(b) An innpection module containing the ulirasonic tranzducers, permitiing

the sclected arcns 1o be scanned;
(¢) A drive unsl for the incpeciion module;

(d) A drive untifor rotating the permanent striciure.
The permanent siructure consists of a circular rail fixed to the walls
of the pait, ond *uppor“ ng a rotating section fitted with a verticsl rail, along

which the incpection module can travel. This structure was installed in ihe pit

before the pressure vensel was lowered into it.

s

The inspectiion module and i1is drive unit were mounted during each inspection

at the top of the pit by removal of one of the blocks forming *the insulation.

The drive unit for ithe permanent structure is aocoked up during the inspectlion

(]

through a twmel providing access in the lower part of ithe pii.

Scanning of the arcas redurring inspeclion ls aczcowplished by coumbaned

movenent of the modulc un ard dowvn the vertical rail and of the permanent rotaiing

clruclure for horigzoatad met,on.e In this way the sransiducers con te sel in any

position at all on the cylindrical body of the vessod, balow ihe nozzle line.
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(a) Geosuninge of loe wold Drom both sides at an angle o 45 5
(b) seanning or ihe weld from both sides al an angle of 00 ;
v : ) ; ; X 5 b ] oA
(¢) Scanning of weld zone and adjacent area with normal beam (907).
The scans in (a) and (b) are carried out consecuiively, whereas (c¢) is
effected at the same time as onc of the other iwo.

The tandem techn®Que is applied at thoe same time az the pulse-echo
scanning, an additionsd transducer belbg ursed as a receiver for this purpese.

For the welds ULotdeen the cyiindrical chell and the flange, and in the
part where ithe cylindrisul shell is joined lo the hemispherical base, we use only

: .0 0 o . .

the pulce-echo technigue and scon at 457 and 607 from just one side of the weld.
Scanning with normal light is effected in the same way as for the cylindrical
shell.

For the noszles anmd bolts we only use the pulse-~echo technique, at suilable

angles for the geomeiry of each area.

O DATA ACRQUTSTTEON YA

When commissioning: SWRI to design and construct the inspectlion equipmeni

]

4

in service, the CHZEA detlailed an ultrasonic test expert from its END scervice Yo
work at the Insvitube so that he could get familiar with the design and
congtruction of the cauipment, undergo training in inspection procedures prior

to and during szervice, and work on the design of the data acquisiiion system.
Y b (=3 o

The equipment cupplied by SWRI described above provides infermation
relating to the ul lrasonic inspection in analcgue form, and digital data on lhe

positioning of the module.

The data acquisition syston designed by CNEA 1s ceszigned Yo provide a
permanent record of all inapections and to enable the recorded data 1o De
subsequently processed for handiing by computers.

Two sets of ultrasenic equipment are used to actuate the three transducers
in the inspection moduie. One of them operates simultanecously wiith two
transducers - an emitter~receiver and normal angle of incidence instrument -
and the othur acts as a receiver {45° or 60°). The date (in an@logue form)
sampled by four gales plus the infomation received from ihe X, Y position
indicaters on the conlrol panel are recorded on megnztic tape by an ' recorder

with muitiple channcla for munultancous recording,



- b -

This M recorder, which prevides a recording lhal can be prvconsced for
aubpodquent compuler snatlysio, is suppleomenled by glwalbancous recorditgg on o
mul tichavnel oneiliographic recorder.  The laller is thus used o o graphic
display systoan vhich 1o cihwuliancous with the inspection and also permites
compensation For ihe magmetic ink recording, since the sipnal Ls received, a

a certain delay, frow the playback head of the same magnetic recordor.

incorporated in Lhe wagnetic recopder io an audio recording channel so
Lo anelude arl Lhe additional anfomation reguired, Yor example chabges in

angle ol ingspection, aumber of scan and co forth,

Finally, the systewm includes a video tape recovding of the cousQle and

ogcilloscope sereens.
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Tl , shear wave transducer (emitter-receiver)
T2 , longitudinal transducer (emitter-receiver)
T3 , recever transducer (pitch & catch with T1)
C1,C2,C3,Ct, gated areas

Fig. 2.- Draw illustrating the inspection technique
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Fig. 3.-

Instrumentation and Data Acquisition System




