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fentures such as:
-  G radcd prcssurc and dircctcd air 

flow, that is, containment pressure 
bclow atmosphcric prcssurc and prcs- 
ure o f componen! rooms bclow pres­
sure o f acccssible areas o f contain- 
ment.

-  Extcnsive radioactivity monitoring.
-  Appropriate treatment o f the exhaust 

air vía Hcpa filter and activated car­
bón filter.

-  Sufficient rccircula lion capacity.
-  Scparation o f operating rdoms and 

cquipment rooms and additionat sep­
araron o f HsO  and D sO  compart- 
ments in the auxiliary buílding.

-  Protection against firc hazards by 
means o f firc dampers.

-  Standby units for substitution o f the 
operating units in • case .of faílúre 
(automatic switchover)

-  Build ing isolation during accidcnt 
condilk>ns by means o f suitable isola­
tion dampers.
To  incrcase the reliability ofa l! impor- 

tant drives and valves, actuators are 
connccted to independent emergeney 
power trains, the required coolcrs being 
suppücd from redundant chiltcd water 
equipment.

Accidcnt analysis. The analysis o f all 
postulated loss-of-coolant accidcnts 
shows that the máximum ciad tempera- 
tures does not exceed the range bctween 
600®C and 1000°C, thus being’far below 
the lim it of 1200°C intcrnationally takcn 
as the design basis for the emergeney 
core cooling systems. These rcsults wcrc 
calculatcd without takingcredit for hcat 
transfer by the steam generators.

Fo r the licensing o f the p h w r  plant 
Atucha II the Argentino authority 
required a risk analysis to be performed 
to demónstrate that the risk arising out 
o f accidcnts satisfies a prc-dctermincd 
risk critcrion, and that thesafcty concept 
ts adcquatcly sclcctcd, primarily on the 
basis o f a determ inista critcrion.

The mcthodological procedure and 
componcnt evaluation wcrc sclcctcd by 
analogy with the two “ classical" risk 
analyses: W A S H  1400 and, in particu­
lar, the Germán R isk Study (G R S ) 
which serves he re as the rcfcrcncc study. 
The rcference plant for the G R S  is a 
K W U  1300MW p w r  (B ib lis B , 1976).

The r e s u lt s  f o r  the p r o b a b i l i s t i c  r i s k  

a n a l y s i s  f o r  t h e  P H W R - p la n t  s h o w :

•  The risk is very low for both K W U - 
plants, the l w r  and the p h w r

•  The valucs for the p h w r  plant are 
somewhat smallcr than those from the 
rcfcrcncc plant o f the G R S . Consider* 
ing the lowcr power o f the p h w r  plant 
and the date and model unccrtaintics the 
risk is within ihe same order o f mag- 
nitudc.

Active engineered safeguards:  
Shutdown control elements 
Fast boron injection syslem (second inde  ̂
pendent shutdown system)
Moderaior system
Residual heat removai system
Service cooling water system for th® assured
plant
Nuclear component cooling system • 
Salety injection system 
Accumulator injection system „ 
Containment isolation 
Reactor building annutus air extraction sys­
tem
Isolation of the reactor coolani system and 
of the moderaior system 
Isolation of the main steam and feedwater 
lines ” - i
Main sleam atmospherlc dump statlon 
t-eakage make-up pumps “ ;
Emergeney power supply system

•  Even if conservatively estimated 
error bands are takcn into account to 
covcr data and model uncertaintics, the 
lim it critcrion specified by the Argcntinc 
authority is still mct. The analysis con* 
firms, that the design o f Atucha II is 
adcquatcly sclcctcd and that the plant 
fu lf ills  the licensing requ ircm cnts 
intposed in this contcxt.

The p h w r ,  which needs no enriched 
uranium, is preferred by developing 
countries. It is the principal itcm in the 
Germ án nuclear co-operation pro- 
gramme, whichí as described in the next 
scction, provides for a complete transfer 
o f design, manufacturing and operating 
tcchno logy. B ca r ing  in m ind the 
improved utilízation o f nuclear resourccs 
obtained by the good neutrón cconomy 
o f heavy water reactors and the adapta- 
b ility o f the prcssurc-vesscl type p h w r  

lo  other fuclcyclcs, such as tándem eyele 
PWR-PHWR, or thorium fuel cycle, the 
p h w r  w ill occupy a justified place in the 
production o f nuclear power ¡n the

QS.&M
Good
experience of
technology
transfer
From its crcation in 1951 up to 1964, the 
Com isión Nacional de Energía Atóm ica 
( C N E A )  devc lopcd  the capab ility  
required to be ablc to promotc and sup* 
port the construction o f nuclear power 
plants in Argentina. Th is capability was 
mainly based on human resourccs that 
throughout those 13 ycars were dedí- 
catcd to the solution o f scicntific and 
tcchnological problems related to nuc­

lear cncrgy, and was demonstrated in 
Ihc construction o f scveral rcsearch reac­
tors and in la ic r projeets.

In 1965 a feasibility study was under- 
takcn by C N E A  for the first nuclear 
power plant to be built in the country. In 
1968 the cali for tenders and the evalua­
tion o f offers wascarried out by C N E A . 
Based on C N E A 's  advicc the govern- 
ment approvcd the construction o f the 
367 M W e Atucha 1. a prcssure-vessel 
type p h w r  using natural uranium. The 
Atucha I power plant starled operation 
in 1974 and the local conlribution to ¡ts 
construction amounted to 33 per ccnt by 
valué.

The tcchnology transfer involved in 
this initial Argentine expcriencc o f a 
nuclear power plant can be summarized 
as follows:
-  Trainíng o f local industry to meet 
stríct and severe quality control stan- 
dards.
-  Training o f scicntific personnel in the 
solution o f practical problems related to 
the commissioning o f a nuclear power 
plant.
-  Dcvclopment of the tcchnical capabil­
ity to assumc the responsibility for 
operating and maintaining a nuclear 
power plant.
-  Training in the fabrication and inspec- 
tion o f fuel elements.
-  Acquisition o f managerial experience 
in areas such as planning and control, 
organizaron and personnel.
-  Theorctical and practical experience 
in the fic ld o f licensing.

During the construction o f Atucha 1, 
the second nuclear power p lant. 
Embalse, a 648 M W e pressure-tube type 
p h w r  usíng natural uranium. was 
approvcd in 1973. A t  present. Embalse 
is being commissioncd and the local par­
tic iparon in its construction has risen to 
58 per ccnt by valúe.

A s  isshown in the tablc. local partici- 
pation has considerablv incrcascd and at 
present the tcchnological capability 
acquired can be summarized as follows:
-  Train ing o f local industry in the 
detailed enginccring. crcction and sup- ‘ 
ply o f nuclear quality componcnts- and 
systems.
-  Incrcase in the capability o f scicntific 
and tcchnical personnel through a tcch­
nology transfer agrccmcni with the main 
contractor.
-  Practical training o f personnel in 
detailed cnginccring and spccial crcc­
tion work.
-  Improved capability in fuel element 
fabrication.
-  Incrcascd experience in contractual 
r c la t io n sh ip s  and tcchn ica l- 
administrative organizaron.
-  Acquisition o f capability in the procc- 
dures o f quality assurancc audiis.
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N ationa l p a rtic ip a ron  in A rgen tine  pow er p lants

Referente 
standard NPP Atucha 1 Embalse Atucha II

% % % %
Electromechanical supplles 60 9 24 27
Erecllon 17 9 16.1 16
Civil works 15 15 15 15
Engineering 8 0 3.2 4

too 33 53.3 62

-  Incrcnsc in capability ¡n supcrvising 
and conirolling thc work o f main con­
tra c to s  and suhcomractors.

New engineering company. The scicn- 
tifie, tcchnological and managerial 
cxperience auained through Ihc first two 
Argentino nuclear powcr plants made it 
possiblc lo avoid a ' ‘ turnkey”  contract 
fo rtheth irdone. For lilis , Atucha 11,thc 
rule o í architect-enginccr is beingunder- 
taken by a ncw national engineering 
company as mcniioncd carlicr, in the 
scction on contraéis.

The company was set up in 1981 with 
thc following main objectivcs:
•  To  perform all engineering scrvices 
needed lo implcmcnt nuclear powcr 
plant projeets to be ¡nstallcd principally 
in Argentina. Such engineering scrvices 
comprisc thc management o f thc infra- 
structurc, as well as prcllm inary plan- 
ning. plant planning and layout; dcsign, 
projcct management, procuremcnt and 
follow-up; supervisión o f construction 
and crcction. including commissioning, 
training of personnel; and back up assis- 
tancc for operation and maintcnancc o f 
nuclear power plants.
•  To render technical assistance to 
owncrs or operators o f nuclear powcr 
plants in Argentina, in líne with thc 
exccution o f the Argentino nuclear plan. 
Such assistance w ill be rendered prefer- 
ably through thc delegation o f personnel 
to Ihc respective ownersor operators, or 
through scrvicc contraéis covering 
activitics such as those describcd above.
•  To  promote the use of Argcntine 
engineering and componcnts in thc nuc­
lear projeets to be buill ¡n Argentina.

So far thc activiües o f thc company 
have bcen dircctcd to the procuremcnt 
o f local supplics. projcct and site man­
agement, quality assurance and the for- 
mation o f different engineering groups. 
Today thc company carries out these 
activ iiics through its tcchnical. commcr- 
cial. industrial promotion and assistance 
dircctorates, and thc projcct and quality 
assurance departments. It isengaged in 
the transfer o f tcchnologv and know- 
how from thc Federal Republic o f Gcr- 
manv both for thc cfficient performance 
o f its presen! activitics and for ihe 
dcvclopmcnt o f thc project for thc fourth 
nuclear powcr plant in Argentina. The 
succcss o f this transfer proccss requires 
thc co-opcration o f thc sharcholdcrs and 
ihc integraron o f ihc Germán personnel 
assigned lo ihc enterprise (about 50 at 
thc present moment) and thc Argentino 
personnel (about 400).

W ith ihc dcvclopmcnt o f E N A C E ,  it 
w ill be possiblc to consolídate thc 
nalional potcntial for ihc construction of 
nuclear powcr plants. assigning clcarly 
defined roles to thc different scctors

involvcd:
•  C N E A  w ill rcmain the clícnt and 
operator.
•  E N A C E  w ill dcsign the nuclear 
powcr plants and w ill be their architcct 
engineer.
•  Private industry w ill supply ihe com­
poncnts, including the hcavy ones, w ill 
do thc detailed engineering and w ill be 
rcsponsiblc fo re rcc lion .

Manufacturing tcchnotogy. Thcrc are 
already numerous prcccdents for the 
transfer o f manufacturing technology 
from Germán industry to Argentina with 
its own high standard o f industrializa- 
lion. For this reason morc-or-lcss cióse 
contacts already exist betwcen several 
Germán and Argentínc companies con- 
cerning the manufacture o f cquipmcnt 
for thermal power plants, hydro-clcctric 
powcr plants. and chemical and petro- 
chcm ical plants. The construction o f 
nuclear powcr plants in Argentina 
cntailcd, in addition, the manufacture of 
components to spccial rules, standards 
and specifications.

Sincc 1968, with the construction o f 
Atucha I, Argentine industry has bcen 
participating activcly in the manufacture 
and erection o f numerous components 
such as hcat cxchangcrs, pressure vessels 
and tanks. The cquipmcnt manufacturad 
at thai time was for requírement 
categories3 and 4, which are at thc lower 
end o f thc requirement catcgory seale, 
which begins with requirement catcgory 
1, i.c . cquipmcnt forming the reactor 
coolant the pressure boundary. This 
demónstrales the willingness and ability 
o f the Argentine dcsign and manufactur­
ing cnginccrs lo  acquaint thcmsclvcs 
with Germán rules and to manufacture 
to specifications.

W ith Atucha N , the partic iparon o f 
thc Argentine industry w ill be consider- 
ably greater, and in thc course o f thc 
p ro ject nu c ica r com poncn ts fo r 
requirement catcgory 1, such as thc site 
weld bctween the uppcr and thc lower 
scctions o f the reactor pressure vesscl, 
thc steam gcncrators, the pressurizer 
and thrce of the four moderator coolcrs, 
and thc accumulators, w ill also be man- 
ufacturcd in Argentina.

Thanks to thc flcx ib ility  o f ihc Argen­
tino dcsign and production cnginccrs in

co-opcration with thcír Germán part- 
ners, thc convcrsion ncccssary in some 
'cases from A S M E  Codc to Germán 
standards did not present any major 
problems. The progress o f the compo­
nents in production indicates that for 
Atucha II also Argentine industry w ill 
deliver on schedule and in thc required 
quality.

Power plant engineering, The principal 
ítem o f thc Argcntinc-Germ an nuclear 
co-operation is the transfer o f thc power 
plant engineering technology to thc joint 
A rgentinc-Gcrm an engineering com­
pany E N A C E .  The challenge herc lies 
in the fact that simultaneously with the 
implementation o f a íargc-scaJc projcct, 
such as Atucha II, thc engineering 
potential must be established and built 
up. The advantage o f tying n plant- 
related technology transfer to the 
setting-up o f a company is that the 
build-up can be carried out to fixcd dates 
and before actual projcct work is started. 
A lso  with thc performance o f engineer- 
ing activitics, thc progress o f technology 
transfer is measurable.

The po ten tia l fo r power plant 
engineering in Argentina is composcd 
partly o f already existing capabilitíes and 
pa rtly  o f various jo in t Germ án- 
A rgen tin o  sp cc ia lize d  groups o f  
engineers, which include projcct man­
agement. These groups consist o f Ger­
mán and Argentine cnginccrs in the 
ratio o f approximntely 1:5 initially. 
Some o f the Argentine cnginccrs spend 
six to 18 months in K W U  project groups 
in Erlangen, whilc others are being 
fam iliarized with special engineering 
fieldsusing K W U ’ son-the-job-training.

In parallel and w ithin (he scopc o f the 
so-callcd transfer o f documents agree- 
ment, drawings, reports, specifications, 
w o rk ing  p roccdu rcs, and proccss 
specifications which w ill be needed for 
the independent construction o f nuclear 
power plañís in the futurc are being 
transferred to E N A C E .  A lready this 
ycar, extensive fields o f the engineering 
are being transferred from K W U  to 
E N A C E .

The sim ilarity o f the p h w r  with thc 
p w r  facilitatcs thc transfer o f tcchnol- 
ogy betwcen Germán industry and 
Argentino industry. q
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