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powcr plant with a pressurizcd heavy 
water reactor ( p h w r ). The contractual 
negotiations startcd immcdiatcly and 
thc main C N H A -K W U  contracts were 
signed in May 1980 in Buenos Aires and 
approved by thc Argentino govcrnmcnt 
in July 1981 (see diagram). These 
includc:
•  The supply, Service and warranty con­
tracts for the 745 MWe power plant 
Atucha I I.
•  Contracts for thc crcation of the 
engineering company Empresa Nuclear 
Argentina de Centrales Eléctricas 
(E N A C E ) which cover the status of 
E N A C E  and thc shareholdcr agree- 
mcnts.
•  Contracts for nuclear fuel tcchnology 
covcring thc tcchnical co-operation 
agrcement on nuclear fuel tcchnology, 
and guidelines for nuclear fuel supply.

Supply contract. This covers thc licens- 
ing and quality assurance requircmcnts 
and hardware supply. The licensing 
requircmcnts of thc Argentinc licensing 
authoritiesare basedon all the criteria in 
IA E A  codcs and standards and IC R P  
26. Germán and American standards 
and rcgulations, and othcr pcrtincnt 
intcrnational rules and rcgulations are 
only part of the contrucl when appli- 
cabte. Bccause of this diversity of 
spccifications. it was agreed that thc con­
tracts should be supplcmcntcd by the 
spccifications of the relevant codes and 
standards from thc abo ve. These codcs 
and standards covcr all requircmcnts 
valid in 1979 for thc dcsign, construction 
and operation of Atucha 11 and have

Intcraction of quality assurance activities of 
CNEA and thc main and sub-contractors

been implemcntcd. The contracts con- 
tain the condition that any changesin thc 
State of art or in licensing aspeets must be 
communicated lo C N E A  and analysed if 
required for C N E A  to decide whether 
they should be implemented.

The licensing of the plant is based on 
the above-mentioned requircments and 
in additíon on a risk analysis. The liccnce

Contract structure for implcmcntation of thc 
Atucha I I  project

is in two parís, thc conslnictin» pennit is 
granted before thc first concrete is 
poured and ihc operating liccnce is 
granted before the first criticaiity is 
reachcd (filiing with hcavy water).

Qualily assurance for Atucha 11 will be 
performed in accordancc with IAIEA 
codcs and guides and will l>e exccuted for 
the imponed part by thc independem 
quality asstirance and quality control 
groups of K W U  and for thc Argentino 
part by E N A C E . The intcraction het- 
wecn thc main partios in volved is illus- 
trated in thc diagram. The licensing 
authoriticsand C N E A  as clicnt are culi* 
tlcd to perform audits. The quality 
assurance programme forms part of thc 
liccnsing documcnts.

Aftcr un cxiensivc analysis of thc 
Argentinc supplicrs markel, C N E A  and 
K W  U agreed to a scopc of supply which 
can be produccd in Argentina to thc 
spccifications laid down in the contracts 
mentioned above. The balance remain- 
ing aftcr accounling for ihc national sup­
ply forms thc basis for thc supply con­
tract bctwecn C N E A  and K W U . The 
delivery of all componcnts and equip- 
ment in accordancc with thc general pro­
ject schedulc has been laid down in a 
“ milestonc schedulc'*. This milestone 
schcdule must be up-dated cvery thrcc 
nionths in linc with the actual status of 
the plant. Imports will be de ti ve red 
under fob conditions to Incotorm 1953 
with its 1967 and 1976 supplcments.

C N E A  and K W U  ha ve agreed that. if 
Argentinc industry is able to inciense its 
supply position such additional supplics 
will be taken out of K W U 's  scopc of 
supply and thc pricc including overheads 
of K W U ’s scopc will be reduccd on thc 
basis of current offers from subcontrac- 
tors.
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Service and warranty contracts. The 
Service conlract between C N E A  and 
K W U  ineludes ihc complete scope of 
engineering services for Ihe nuclear 
powcr planl. reiluced by thal pan neces- 
sary for the procurcmcnt. follow-up and 
qualiiy assurance of ihe national com- 
ponents. As ihe build-up of E N A C E  
progresses. this scopc of services vvill 
gradually be reduced and subsequently, 
responsibility for the software will be 
transferred froni K W U  to E N A C E . 
The volunte of services to be transferred 
can be defined and decided only by 
C N E A , C N E A  governs the build-up of 
E N A C E .

K W U  guarantecs the gross elcctrical 
output. the plant spccific heat ratc and 
the hcavy water losses for the first two 
years of operation. Additionally, K W U  
warrants for four years after handing- 
overof the plant to the customerthat the 
services performed and the components 
dclivcred are frcc frotn deftciencies, free 
from non-conformitics and will opérate 
troublc-free and that any repairs neccs- 
sary will be performed at no cost to 
C N EA .

EN A C E and fue! contracts. The founda- 
tion contraéisstipulate that E N A C E  will 
be the niain architect engineer for all 
nuclear powcr plants in the Argentino 
programme. Accordingly the know-how 
contract between E N A C E  and K W U  
ineludes intensivo training services and 
entitles EN A C E . to request manpower 
to act as normal staff members of 
E N  A C E  on long-term assignmcnt con­
tracts. The pcrcentage of K W U  shares 
in E N A C E  will be progressivcly reduced 
to zero by 1991).

Sincc 1968 C N E A  has been building 
up its own fuel manufacturing facilities 
for Atucha l.and K W U  has supported 
this build-up by supplying manufacturing 
cquipment. The reccntly signed con­
traéis inelude the assumption of manu* 
facturing responsibility by K W U  but the 
transfer of nuclear fuel manufacturing 
know-how to cnable C N E A  to build and 
opérate a fuel factory with sufficient 
capacity for 100 per cent supply of the 
reioad and first cores for the entire 
Argentine nuclear programme.

For Atucha II.  the contracts bc- 
tween C N E A  and K W U  are sup- 
plcmcntcd by the delivery of fuel clc- 
ments and heavy water by C N E A  itself 
and by about 50 per cent of the com­
pone nt and systcm dcliveriesbeing from 
Argentine sources. The know-how con­
traéis with E N A C E  for engineering ser­
vices and with olher Argentine com- 
panies for the manufacture oí spccial 
components form ihe basis for the 
further dcvelopment of Argentino indus- 
trv.

Reactor building of the Atucha II p i i w r

1 Reactor pressuro vessel. 2 Refuelllng 
machine. 3 ¿team generator. 4 Reactor cool- 
ani pump. 5 Moderator cooler. 6 Steam and 
feedwater valves. 7 Component cooling heat 
exchanger.

Extensive use 
of PWR- 
technology
ln the pressuri/.ed hcavy water reactor 
(p h w r ) of Kraftwcrk Union dcsign Ihe 
core iscontaincd in a pressure-vessel. As 
a result there are many common features 
between this p h w r  and a prcssurized 
light water reactor (i'W R ), and it has 
bcnefitied from K W U ’s 150 years of 
operating experience with l w r s .

The components of the reactor cool- 
ant system are fully comparable in dcsign 
and arrangement with a p w r . The reac­
tor pressure vessel is positioned verti- 
cally in the centre of the systcm. Idcnti- 
cal coolant loops, cach comprising onc 
coolant pump and onc steam generator, 
are conncctcd to the pressure vessel 
radially. The systcm is enclosed in a 
spherieal leak-tight stcel containmcnt, 
designed for full accidcnt pressure, and 
this containmcnt is protcctcd against 
external impaets by a reinforccd con­
creto reactor building. The annulus bet­
ween the Steel shcll and the protective 
concrete structurc is conncctcd to a spe- 
cial exhausting systcm that cnsures that 
oven under accidcnt conditions radio- 
activity cannot be rcleascd to the 
environment.

So far ihe re are no main diffcrcnccs to 
a p w r . There is also onc common pres-

surizer in the system. The pwR-like gen­
eral dcsign of the reactor coolant system 
with standardized and proven com- 
ponents and weldcd joints results in a 
small and leak-tight high pressure boun- 
dary for the hcavy water which is used as 
both coolant and moderator. There is 
good accessibility to the components for 
maintcnance and in-servicc inspcction. 
In-service inspcctions according to 
intcrnationally acccpted codcs, with 
proven methods and cquipment, can 
thus be performed without rcstrictions.

The pressure vessel, is largor than that 
of a p w r  at equal thermal output and has 
a different cover: it is pcnctrated by a 
large number of nozzles, onc for each 
coolant channcl.

The control rod drives are arranged 
around the pcriphcry of the cover, to 
allow room for the on-load refuelling 
machine which operates dircctly above 
the vessel cover. The control rods are 
inscrled into the reactor core at anglcs 
between 18° and 25°.

As with a K W U - p w r , there are no 
pcnctrations of the reactor pressure ves- 
sel in the arca of the core and bclow.

The reactor pressure vessel internáis, 
howcvcr, are very different from thosc 
of a p w r . Becausc of the neutrón physics 
a largor aniount of moderator is ncces- 
sary comparcd with a p w r  and the fuel 
has to be concentratcd in discrcte cool­
ant channcls. Thcsc aro arranged verti- 
cally and so there are no problems duc to 
defícctions, especially from those 
induccd by carthquakes. The coolant 
channcl elosure plugs, which are needed 
at onc end only. are easily acccssiblc for 
maintcnancc by lowcring the water 
level.

The coolant channcls penétrate a
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moderator tank, which is located inside 
the reactor pressure vessel. As the mod­
erator is more efficicnt for moderation at 
lowcr temperatures, the moderator tank 
is conncctcd to separate cooling circuits 
via nozzles in the reactor pressure ves- 
sel.

Coolant circuit. Each coolant channel 
contains onc 37-rod bundle with an 
active Icngth of 5300mm. The coolant 
enters the coolant channcls from bclow 
and Icavcs the coolant chamíels above 
the cover of the moderator tank and is 
guided to the outíct nozzles of the vessel. 
The coolant, having passed through the 
steam generator, enters the pressure 
vessel and flows outsidc the moderator 
tank downwards to the bottom of the 
pressure vessel bcforc-entcring the cool­
ant channcls again.

The pressure, but not the tempera- 
ture, between coolant and moderator is 
equalized by openings in the cover of the 
moderator tank. As the pressure differ- 
ence between coolant and moderator is 
therefore only small. thin-walled coolant 
channelscan be used. This results in low 
parasitic neutrón absorption and there- 
fore high burnup of the natural uranium 
fuel. Furthermore. the conncction be­
tween the reactor coolant system and the 
moderator system permits the use of 
common auxiliary systcms to maintain 
the necessary water quality'. The number 
of auxiliary systcms can therefore be 
reduced to a mínimum.

The heat gencratcd in the moderator 
by neutrón moderation and heat transfer 
(5 per cent) is removed from the mod­
erator for pre-heating the feedwater. 
This is one of the reasons for the high net 
efficicncy (about 32 per cent) of a power 
plant with a pressurc-vesscl-type p h w r .

The turbine-generator plant is con- 
vcntional and only site-dependent fea­
tures vary. The building layout and 
arrangement are also identieal to thosc 
of a p w r  as are a grcat number of auxili­
ar)' systcms. allovving identieal inspec- 
tion and maintcnancc methods and 
cquipment.

This dcsign of p h w r  was first demon- 
strated as a 57MWc multi-purposc 
rcscarch reactor (M Z F R ) at the Nuclear 
Research Centre, Karlsruhc, which 
went into operation in 1966. The first 
commcrcial powcr plant, with a 340 
M We p h w r  of K W U  dcsign. was built 
at Atucha. Argentina, and was handed 
over in 1974. The power output was 
incrcascd to 367 MWe in 1977. To date 
this reactor has shown cxccllcnt operat­
ing performance with high ratcs of 
availability and ihcrcby furnished proof 
of its full operating rcliability. Up to the 
end of January 1982, Atucha I attained 
an availability of 82 per cent and a heavy

water loss of less than I per cent a ycar. 
The order for the 745 MWe Atucha II 
was acccpled in Octobcr 1979.

The pressure-vessel typc hcavy water 
reactor dcscribcd here has a promising 
further potcntial. With the present State 
of the art the reactor power can be 
incrcascd to obtain a plant output of900 
to 1000 M W e, without basic changcs to 
the reactor pressure vessel, and an even 
larger plant sizc may be expccted in the 
future.

Site conditions. The 745 M W e Atucha I I  
nuclear powcr plant is situated HOkm 
north^west of Buenos Aires on the south 
bank of the Rio Paraná de las Palmas a 
few kilometers away from the commun- 
ity of Lima, Zarate County.

The possiblc site-specific external 
impaets were taken into account in the 
dcsign of the plant, and the follovving 
stracturcrs are designed against carth- 
quakc, tornado, explosion pressure- 
shock wave and flood: reactor building, 
main steam and feedwater valve com- 
partment, fuel pool building, switchgcar 
building, emergeney power and chillcd 
water supply building, servicc cooling 
water intakc structurc, Service cooling 
water pump houses, servicc cooling 
water pipes, and cable duets between the 
reactor, switchgear and emergeney 
power and chilled water supply build* 
ings. t

Cooling water dischargc is effcctcd by 
means of a second dischargc canal 
arranged beside the existing discharge 
canal. Two structurcs separated from 
onc another and protectcd against earth- 
quakc are provided for scrvice water sup­
ply, with the water being extractcd

dircctly from the Rio Paraná and from 
the existing intakc channcl for Atucha I.

Reactor core dcsign. The dcsign of the 
Atucha II reactor corc followsthe dcsign 
of Atucha 1. The 451 fuel channcls genér­
ate a thermal powcr of 2052 M W . and 108 
M W  are gencratcd in the moderator to 
give a total gencratcd thermal powcr of 
2160MW.

Reactivity control is possiblc by (a) 
control rods consisting of stccl (grey 
absorbers) and hafnium (black absor­
bere); (b) change of moderator tempera- 
ture within the range of 180°-220°C: (c) 
moderator and coolant poisoning by the 
normal operation borating systcm: and 
(d) refuelling.

A  fast boron injcction system for 
poisoning the moderator provides a sec­
ond independent and diverse-mode shut- 
down systcm.

In linc with progress in control of corc 
thcrmo-hydraulics, K W U  reactor plants 
are cquipped with a “ condition limitation 
system*' which acts between the normal 
fccdback Controls and the reactor protcc- 
tion systcm. This system keeps the plant 
variables within the range specificd as the 
basis for safety analysis.

The benefit of the new corc protcction 
philosophy is that - in contrast to the past 
- thermal core design is not obliged to 
supply D N B  margins to allow for unde- 
sired power density distríbutions in the 
corc causcd by control rod or fuel assem- 
bly nianoeuvres. Thcsc can now be 
dctcctcd and prevented by the con­
dition limitation system which is of 
redundant design and physicallv sepa­
rated and built to fulfíl the same safety 
requirements as the reactor protcction 
systcm (sec bclow).

At full powcr and taking into account 
measuring tolcranccs, the rcference val­
úes for powcr density limitation and 
D N B  condition limitation are set to 
ensurc thal the following tcchnologícal 
limits are not violatcd: a linear heat rate 
of 598.6W/cm. and a D N B ratio after 
complete loss of flow of 1.30 according to 
W3 corrclation. , «* ■

Automated on-load refuelling. The
natural uranium reactor makes possiblc 
and dcsirablc, with a view lo obtaining a 
high burnup, ihe shufflingand replacment 
of the fuel assemblics during power plant 
operation. The refuelling procedurc is 
performed by a single refuelling machine. 
Normally 1.8 fuel assemblics are rcplaccd 
in the reactor each full powcr day.

The fuel assembly transpon systcm is 
locatcd in the reactor building and in the 
fuel pool building. The main itemsof the 
fuel transpon systcm are: refuelling 
machine, tilter with supporting structurc, 
fuel transfer tubc, fuel pool, and the cor-
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