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features such as:

— Graded pressure and dirccted air
flow, that is, containment pressure
below atmospheric pressure and pres-
ure of component rooms below pres-
sure of accessible areas of contain-
ment.

Extensive radioactivity monitoring.
Appropriate treatment of the exhaust
air via Hepa filter and activated car-
bon filter.

Sufficient recirculation capacity.
Scparation of operating rdoms and
equipment roons and additional sep-
aration of H:0 and D:O compart-
ments in the auxiliary building.
Protection against firc hazards by
means of firc dampers. .

Standby units for substitution of the
operating units in -case .of “failure
(automatic switchover)

Building isolation during accident
conditfons by means of suitable isola-
tion dampers. .

To increase the reliability of alt impor-
tant drives and valves, actuators are
connected to independent emergency
power trains, the required coolers being
supplied from redundant chilled water
equipment.

Accident analysis. The analysis of all
postulated loss-of-coolant accidents
shows that the maximum clad tempera-
tures does not cxceed the range between
600°C and 1000°C, thus being Tar below
the limit of 1200°C internationally taken
as the design basis for the emergency
core cooling systems. Thesc resulis were
caleulated without taking credit for heat
transfer by the steam generators.

For the licensing of the pHWR plant
Atucha 11 the Argentinc authority
required a risk analysis to be performed
to demonstrate that the risk arising out
of accidents satisfies a pre-determined

risk criterion, and that the safcty concept

is adequatcly selected, primarily on the
basis of a deterministic criterion.

The mcthodological procedure and
component evaluation were sclected by
- analogy with the two *‘classical’ risk
analyses: WASH 1400 and, in particu-
lar, the German Risk Study (GRS)
which serves here as the reference study.
The reference plant for the GRS is a
KWU 1300MW pwr (Biblis B, 1976).

The results for the probabilistic risk
analysis for the pHWR-plant show:
® The risk is very low for both KWU-
plants, the LWR and thc PHWR
® The valucs for the pHwR plant are
somewhat smaller than those from the
reference plant of the GRS. Consider-
ing the lower power of the pHWR plant
and the date and model uncertaintics the
risk is within the same order of mag-
nitude.
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Active engineered safeguards: .
Shutdown control elements
Fast boron injection system (second inde<
pendent shuidown system) -
Moderator system
Residual heat removel system
Service cooling water system for the assured
plant . R
Nuclear component coofing system ~~
Safety injection system
Accumulator injection system -
Containment isolation
Reactor building annulus air extraction sys- -
tem - I
Isolation of the reactor coolan! system and
of the moderator system
Isolation of the main steam and feedwater
lines ~
Main steam atmospheric dump statlon
Leakage maks-up pumps o
Emergency power supply system .
. P .

.
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® Even if conservatively estimated
error bands are takcn into account to
cover data and model uncertaintics, the
limit criterion specified by the Argentine
authority is still met. The analysis con-
firms, that the design of Atucha Il is
adequately sclected and that the plant
fulfills the licensing requirements
imposed in this context.

The pHWR, which needs no enriched
uranium, is preferred by developing
countries. It is the principal item in the
German nuclear co-operation pro-
gramme, whicht as described in the next
section, provides for a complete transfer
of design, manufacturing and operating
technology. Bearing in mind the
improved utilization of nuclear resourccs
obtained by the good neutron cconomy
of heavy water reactors and the adapta-
bility of the pressurc-vesscl type PHWR
to other fucl cycles, such as tandem cycle
PWR-PHWR, or thorium fuel cycle, the
pHWR will occupy a justified place in the
production of nuclear power in the
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experience of
technology
transfer

From its creation in 1951 up to 1964, the
Comisién Nacional de Energia Atémica
(CNEA) devcloped the capability
required to be able to promotc and sup-
port the construction of nuclear power
plants in Argentina. This capability was
mainly based on human resources that
throughout thosc 13 years were dedi-
cated to the solution of scicntific and
technological problems related to nuc-

lear ¢ncrgy, and was demonstrated in
the construction of several rescarch reac-
tors and in later projects.

In 1965 a feasibility study was under-
taken by CNEA for the first nuclear
power plant to be built in the country. In
1968 the call for tenders and the evalua-
tion of offers was carried out by CNEA.
Based on CNEA’s advicc the govern-
ment approved the construction of the
367 MWe Atucha 1, a pressure-vessel
type PHWR using natural uranium. The
Atucha 1 power plant started operation
in 1974 and the local contribution to its
construction amounted to 33 per ceni by
value.

The technology transfer involved in
this initial Argentine experience of a
nuclear power plant can be summarized
as follows:

— Training of local industry to meet
strict and severc quality control stan-
dards. !

- Training of scicntific personnel in the
solution of practical problems related to
the commissioning of a nuclear power
plant.

- Devclopment of the technical capabil-
ity to assumc thc responsibility for
operating and maintaining a nuclear
power plant.

- Training in the fabrication and inspec-
tion of fuel elements.

- Acquisition of managerial experience
in areas such as planning and control,
organization and personncl.

- Theorctical and practical experience
in the ficld of licensing.

During the construction of Atucha 1,
the second nuclear power plant,
Embalse, a 648 MWe pressure-tube type
PHWR using natural uranium, was
approved in 1973. At present, Embalse
is being commissioncd and the local par-
ticipation in its construction has risen to
58 per cent by value.

As is shown in the table, local partici-
pation has considerably increased and at
present the technological capability
acquired can be summarized as follows:
- Training of local industry in the
detailed cnginecring. crection and sup- -
ply of nuclear quality components and
systems.

- Increase in the capability of scicntific

. and technical personnel through a tech-

nology transfer agreement with the main
contractor.

- Practical training of personncl in
dctailed engincering and special erce-
tion work.

- Improved capability in fuel clement
fabrication.

— Increased experience in contractual
relationships and technical-
administrative organization.

— Acquisition of capability in the proce-
dures of quality assurance audits.
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- Increase in capability in supervising
and controlling the work of main con-
tractors and subcontractors.

New engincering company. The scicn-
tifie, technological and managerial
experience attained through the first two
Argentine nuclear power plants made it
passible to avoid a *'turnkey’’ contract
for the third onc. For this, Atucha I1, the
rolc of architeet-cngincer is being under-
taken by a new national cnginecring
company as mentioned carlicr, in the
scction on contracts.

The company was sct up in 1981 with
the following main objectives:

@ To perform all engincering scrvices
nceded to implement auclear power
plant projects to be installed principally
in Argentina. Such enginecring scrvices
comprise the management of the infra-
structure, as well as preliminary plan-
ning. plant planning and fayout; design,
projcct management, procurement and
follow-up; supervision of construction
and crection, including commissioning,
training of personncl; and back up assis-
tance for operation and maintcaance of
nuclear power pfants.

® To render technical assistance to
owncers or operators of nuclear power
plants in Argentina, in line with the
exccution of the Argentine nuclear plan.
Such assistance will be rendered prefer-
ably through the delegation of personnel
to the respective owners or operators, of
through scrvice contracts covering
activitics such as those described above.
® To promotc the use of Argentine
enginecring and components in the nuc-
lear projects to be built in Argentina.

So far the activities of the company
have been dirceted to the procurement
of local supplies, project and sitc man-
agement, quality assurance and the for-
mation of different engincering groups.
Today the company carries out these
activitics through its technical, commer-
cial, industrial promotion and assistance
directorates, and the project and quality
assurance departments. It is cngaged in
the transfer of technology and know-
how from the Federal Republic of Ger-
many both for the cfficicnt performance
of its present activitics and for the
development of the project for the fourth
nuclcar power plant in Argentina. The
success of this transfer process requires
the co-operation of the sharcholders and
the integration of the German personnel
assigned to the enterprise (about 50 at
the present moment) and the Argentine
personncel (about 40X)).

With the devclopment of ENACE, it
will be possible to consolidate the
national potential for the construction of
nuclcar power plants, assigning clearly
defined roles to the different sectors
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Natlonal participation in Argentine power plants

Reference
standard NPP Atucha t Embalse Atucha It

% % % %
Electromechanical supplies 60 ] 24 27
Erection 17 e 16.1 16
Civil works 15 15 15 15
Engincering 8 4] 3.2 4

100 kx] 58.3 62
involved: L co-operation with thecir German part-
® CNEA will remain the client and ners, the conversion nccessary in some
operator. - ‘cases from ASME Code to German

® ENACE will design the nuclear
power plants and will be their architect
engineer. .
@ Private industry will supply the com-
ponents, including the heavy ones, will
do the detailed engineering and will be
responsible for erection.

Manufacturing technotogy. There arc
already numcrous preccdents for the
transfer of manufacturing technology
from German industry to Argentina with
its own high standard of industrializa-
tion. For this reason more-or-lcss close
contacts already exist between several
German and Argentine companies con-
cerning the manufacture of equipment
for thermal power plants, hydro-clectric
power plants, and chemical and petro-
chemical plants. The construction of
nuclear power plants in Argentina
cntailed, in addition, the manufacture of
components to special rules, standards
and specifications.

Since 1968, with the construction of
Atucha |, Argentine industry has bcen
participating actively in the manufacture
and crection of numecrous components
such as heat exchangers, pressure vessels
and tanks. The equipment manufactured
at that time was for requircment
categories 3 and 4, which are at the lower
cnd of the requirement category scale,
which begins with requircment category
1, i.c. equipment forming the reactor
coolant the pressure boundary. This
demonstrates the willingness and ability
of the Argentine design and manufactur-
ing cngincers to acquaint themsclves
with German rules and to manufacture
to specifications.

With Atucha 11, the participation of
the Argentine industry will be consider-
ably greater, and in the course of the
project nuclcar componcnis for
requircment category 1, such as the site
weld between the upper and the lower
scctions of the rcactor pressure vesscl,
the stcam generators, the pressurizer
and three of the four moderator coolers,
and the accumulators, will also be man-
ufactured in Argentina.

Thanks to the flexibility of the Argen-
tine design and production cngincers in

standards did not present any major
problems. The progress of the compo-
nents in production indicates that for
Atucha 11 also Argentine industry will
deliver on schedule and in the required
quality.

Power plant engineering. The principal
item of the Argentinc-German nuclear
co-operation is the transfer of the power
plant engineering technology to the joint
Argentine-German  engineering  com-
pany ENACE. The challenge here lies
in the fact that simultancously with the
implementation of a large-scale project,
such as Atucha II, the cngincering
potential must be established and built
up. The advantage of tying a plant-
related technology "transfer to the
setting-up of a company is that the
build-up can be carried out to fixed dates
and before actual project work is started.
Also with the performance of engincer-
ing activities, the progress of technology
transfer is mcasurable.

The potential for power plant
engincering in Argentina is composed
partly of alrcady existing capabilitics and
partly of various joint German-
Argentine specialized groups of
engineers, which include projcct man-
agement. These groups consist of Ger-
man and Argentinc cngincers in the
ratio of approximately 1:5 initially.
Some of the Argentinc engincers spend
six to 18 months in KW U project groups
in Erlangen, while others arc being
familiarized with special engincering
ficlds using KWU's on-the-job-training.

In parallel and within the scopc of the
so-called transfer of documents agree-
ment, drawings, reports, specifications,
working procedures, and process
specifications which will be needed for
the independent construction of nuclear
power plants in the futurc are being
transferred to ENACE. Already this
year, extensive ficlds of the cngincering
are being transferred from KWU to
ENACE.

The similarity of the PHwR with the
pwh facilitates the transfer of technol-
ogy between German industry and
Argentine industry, Q
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