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Abstract

The paper presents a historical summary of the Romanian Nuclear Power Program
development, providing details for: the main criteria and principles the Program was
based upon, the contracts signed with the foreign partners to implement it, and the
national participation (site contractors, suppliers and design organizations). The effect
of the equipment assimilation program on the NPP Cernavoda (5x700 MWe) and
especially on Unit 1 schedule and performance is analyzed.

Further on the impact of the transition from centralized to a market economy over the
Romanian Nuclear Power Program development is analyzed, providing information's on
its actual status and perspectives for the next 20 years. A description of the NPP
Cemavoda Unit 1 actual progress and of the main steps performed by RENEL to get
finance to complete NPP Cemavoda Unit 2 is included.

Finally there is summarized the accumulated experience, and its feed back on RENEL
strategy to complete NPP Cernavoda Unit 2.

1.0 INTRODUCTION

The Romanian nuclear power program has been developed around the first Romanian
nuclear power plant (NPP) sited at Cernavoda, in the south-east area of Romania, in
Dobrogea region on the right side of the Danube River, about 160 km east of Bucharest.

Cernavoda NPP will have, at the final capacity, 5 nuclear reactor CANDU-type, turbine-
generator units, each of them with a 700 MW nameplate power.

2.0 THE HISTORY

2.1 Before December 1989

The story of our nuclear power program goes back to the first contact with suppliers in
1960*s. In 1977 the Romanian and the Canadian Governments formally agreed to co-
operate in the field of peaceful use of atomic energy. A joint team prepared a feasibility
study which led to the decision that CANDU-6 was the basic plant upon the which the
Romanian build its nuclear program. The option for a Western technology was based on
several reasons:

-the CANDU-6 plant was a proven one with good experience in construction and
operation in developing countries;

-#ie CANDU-6 reactors have excellent operating and safety records;
-the CANDU design placed a singular emphasis on safety matters (containment,
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seismic design) which were in advance of approaches widely accepted at that time in
Eastern Europe;

-the use of natural uranium as fuel and heavy water as coolant and moderator
enables Romania to be self sufficient in nuclear power;

-the process equipment does not require as large an investment in manufacturing
plants as that for other types of nuclear power stations.

In December 1978 Romania concluded CANDU licence contract with AECL as well as
other contracts by which, the Canadian party provided engineering and technical
assistance services, equipment and materials procurement from import, necessary for the
nuclear part of the unit 1. The services, engineering and procurement contracts were
extended for unit 2, in 1981. In February 1981 it was signed the contract for the
conventional part of the unit 1 and 2 (turbogenerator set, electric generator and their
auxiliaries) with General Electric (USA) and Ansaldo Spa (Italy) companies.

Increased efforts were made in Romania to manufacture many components in the country.
In some areas this meant that new industrial technologies had to be introduced in many
areas with the inevitable delays and problems associated with the learning period. In
general many of the basic hardware technology problems have been solved, but there
have been difficulties regarding aspects of quality and quality assurance documentation.

Limited work was also started on the Cemavoda units 3, 4 and 5 under the licensing
agreement with AECL.

2.2 From December 1989 to present

The new political order installed in Romania after December 1989 recognised that the
construction and operation of a nuclear power station requires transparency and the
awareness of the necessity to perform all the work and tasks meeting all the requirements.

In October 1990, the IAEA was asked by the Romanian nuclear regulatory body to review
the project A Pre-OSART team confirmed the stop of work and repair programme
recommended by the Romanian management and AECL in January 1990. The key IAEA
recommendations were:

- to give more responsibility and financial control to the owner of the station;
- to reduce interference from various government ministries, in order to promote
quality;
- to implement a proper management and to ensure adherence to established
procedures;
- to seek and enhance expert assistance from outside Romania, especially in site
construction management

The Romanian Electricity Authority (RENEL) and the consortium formed by AECL-Canada
and ANSALDO-ltaly (AAC), signed a new contract, in August 1991, which enabled the
consortium to perform the project management with the aim of commissioning Cemavoda
unit 1 by the end of 1995. The Consortium will operate the plant for the first 18 months, and
provides both formal and on-th&job training for the Romanian personnel who will operate
the unit when the AAC leaves the site. A group of Romanian specialists is working on the
project management team (PMT), under the direction of the Canadian and Italian
managers, in order to acquire the necessary management skills.
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To reduce hard currency expenditures for imported fuels, the new strategy focus on
completed unit 1 as quickly as possible. The strategy included:

- Resolving the complex government approach. Now, one customer is
responsible for the project - RENEL the newly formed Romanian utility.
- Improving the site and living conditions at Cemavoda. The government has
implemented a large package of infrastructure improvements, including new
housing for the workers, a hospital and shops.
- Limiting work on other units to preservation activities, in order to focus on
completing unit 1, including the materials and resources.

2.3 The project management team (PMT) and its activities

The signature of the Project Management Contract (PMC) between RENEL and AAC
represented the start of the first significant co-operation between western organisations
and a utility of Central Europe for the completion of an NPP.

The Cemavoda plant is based on the CANDU technology, and this makes it different from
any other nuclear installation in Central and Eastern Europe. However, from many other
viewpoints the conditions of the site when it was taken over by RENEL and AAC in 1989
were similar to those of other nuclear sites in the former Communist world where NPP
construction was interrupted. Most of the mechanical and electrical equipment already
existed for the first two units; this equipment had been supplied under previous contracts
by Canadian, Italians, United States (GE) and Romanian suppliers, but its condition after a
long period of storage had to be checked; civil works were in different phases of progress
for the five units; construction work had started on the first unit, but its quality did not
appeared to be satisfactory; documentation had to be checked. Major changes were
needed in the site organization and in particular in the overall project management.

The AAC PMT has been given full authority to manage the project on behalf of and in the
interest of RENEL. Nevertheless, every effort was made to utilize to the maximum extent
possible the personnel of RENEL and the Romanian contractors who already worked on
site. As station owner, RENEL has the ultimate authority with regard to all aspects of
construction, commissioning and operation. AAC has the responsibility and authority to
determine expenditure allocations within the established annual budget The total funds
required for project completion have been estimated jointly, and the annual budget
expenditures have to be kept within this limit

After the signature of the PMC and the establishment of the integrated AAC - RENEL PMT
on the site, several actions were started in parallel:

-establishment of a new QA and quality control (QC) organization;
- review of the overall plant design;
- assessment of all construction work already performed and definition of the
necessary corrective actions;
- verification of the status of all existing material and equipment;
- establishment of an integrated procurement unit;
- negotiation of new contracts with the Romanian contractors based on western
practice;
- procurement of adequate tools and erection equipment;
- on-the-job training of Romanian manpower;
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- start of a social programme aimed at improving the living conditions for
Romanian personnel working at Cemavoda;
- provision of a town site for foreign staff.

Today all the working practices and systems of AAC are fully operational, including
computerized systems for material and document control and computerized scanning of
the drawings. In addition the site work-force has been reduced to a more manageable
5.000 persons.

The Cemavoda unit 1 reactor has been loaded with nuclear fuel in June 1995 while the
reactor criticality and first synchronisation to grid are planned for the end of 1995.

The completion of Cemavoda unit 2, being a replica of unit 1, will benefit from the overall
progress of the work so far done (approx. 25%) and presently kept in preservation, of a
qualified organized and trained personnel, domestic and expatriate, and of existing
infrastructures and technical facilities.

4.0 KEY LESSONS

When initiating a nuclear power programme, a realistic assessment of the skills and
capabilities available in the country must be made in order to define the optimum role and
degree of localization. The extended schedule of the Cemavoda project was to a large part
due to the strong emphasis on localization for a first nuclear unit and the assignment of the
management of this complex programme to organizations that did not have sufficient
experience. A contract for a first nuclear unit should essentially be of turnkey type, with
subcontracts and training provided to develop the basis for increased future localization.

In the area of manufacturing, technology transfer agreements were made with experienced
foreign vendors. However, while the production of local components was successful (40%
local participation for unit 1), delays in manufacturing and the time taken to develop an
effective QA programme led to major delays. Localizations of manufacturing and
decisions on the sources and scope of supply should start well in advance of construction.

Regarding plant construction, the suppliers should organize a familiarization programme
for the local contractors to inform them of the requirements and quality needs of a nuclear
construction programme before a project contract is concluded. The necessity of rework,
low productivity and inability of people to adapt to new work practices and requirements
have delayed construction of Cemavoda. A large amount of civil and mechanical rework
was successfully carried out, but at the expense of major delays.

Project management proved to be the weakest area in the initial phase of Cemavoda unit
1. Unfamiliarity with project management systems (document control, material control,
critical path scheduling), and lack of detailed planning for the execution of the work led to
significant delays. Excess focus on "hard' areas, such as materials, concrete, equipment
and welds, without the necessary attention to "soft" areas, as QA, procedures, project
planning and project systems, resulted in much rework and delays.

Training is an essential part of a first nuclear project. Because the political circumstances
in Romania, a large part of the training programme provided for in the original contracts
was not carried on. This resulted in both lack of understanding by Romanian organizations
of the work and the programme and a lack of appreciation by the foreign suppliers of local
customs and work practices. This contribute to misunderstandings and delays.
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After the PMC signing the training of Romanian operating staff at a sister CANDU 6 power
station, Point Lepreau in Canada was a success. Also, the co-operation of the foreign
specialists with the Romanian contractors led to increases in productivity, ranging from
factors of to 10, due to better tools, better planning and better understanding of the
detailed work requirements.

An additional contribution to delays of the work were delays in local currency financing.
The cost impact of interest during construction was often neglected.

A key factor in project construction and quality of the work was the difficulty of introducing
and implementing a QA programme according to international standards. When Canadian
and Romanian Authorities agreed on the Cemavoda project in 1979, the western concept
of the owner did not fit into the old Romanian system. The contractors at the site reported
to various ministries and also to a group that was designated as the owner, Intreprinderea
Nucleara Cemavoda (INC). These groups did not worked together to build the station in a
logical and controlled fashion. Instead of integrating QA into the quality system existing
within the companies, it was imposed on them and therefore perceived by them as another
bureaucratic measure without much meaning. Also the importance and priority of the role
of QA was not adequately recognised by the management of the plant.

ft was intended that INC should develop and implement a QA programme to cover all
phases of the project activities, but this implementation was not successful. INC was not
conceived or sized as a project manager in the Western sense but rather was an owner's
representative. The level of effort and skills needed to manage the completion of a
complex large project was not fully appreciated or understood. What emerged as a QA
site organization generally met western standards but it did not have the expertise and
authority to enforce application of the QA programme to the project This was largely due
to interference by outside organizations.

The following points illustrate some of the difficulties experienced during the old system:

- the QA programme of INC focused on construction/installation activities and
did not address other project activities;
- the QA programme of INC and of site contractors were difficult to understand
and use by the Romanian staff;
- audits INC and site contractors were ineffective because lack of experience
and training and also lack management support. The observations were vague
and it was only tried to resolve specific events or symptoms, not to review the
system to establish the root cause of problems.

With the installation of the new Romanian government and the consolidation of the AAC,
well defined lines of responsibility and functions were developed for all phases of the
project. AAC and RENEL have developed a QA programme to cover all project activities,
ft complies with the applicable norms, codes and standards as formulated in the design
definition.

AAC has implemented a QA organization that is capable of reviewing and reporting on all
QA activities for the project. The organization is led by a QA manager and is comprised of
quality specialists, seconded by quality auditors from Canada, Italy and Romania. Its
mission is to perform QA engineering and project audit activities.
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The QA manager of AAC reports directly to the project director, but he has also to report to
the home offices (AECL for NSP related activities, Ansaldo for BOP activities and the
Romanian design organization (CITON) for support systems engineered in Romania).

AAC has also executed a verification programme to review and assess all work performed
to date at Cemavoda unit 1. The programme determines conformance with the design
requirement and ensures that all deviations and changes are reviewed for acceptance.

Related to QA but different in focus and scope is the issue of the safety culture which
needs to be addressed early in a nuclear programme. The IAEA Pre-OSART report refers
to the need for a cultural changes to facilitate the safe operation of the Cemavoda station.
These cultural changes must be introduced at least in the station working environment,
since broader political changes may take time.

The successful performance of Cemavoda during the last few years makes us confident
that unit 1 of Romania's first NPP will be commissioned and operated with observance of
the strongest safety requirements and will provide a reliable source of electricity for the
Romanian economy.

4.0 UNIT 2 THE CHALLENGE FOR AN ADVANCED FINANCING SCHEME

4.1 Unit 2 completion part of RENEL'S power system development program

At the and of 1994, the nameplate power installed in the Romanian national power system
was 21.808 MWe, with an overall electricity production of 53.507 GWh, of which 39,5%
generated in lignite and coal fired plants, 28,6 % generated in hydrocarbon fired plants
and 26,5 % in hydropower plants. The rest of 5,4 % is generated by independent
producers. Considering the age, the nameplate power installed may be ranked as follow:
36 % up to 15 years, 23 % among 15 and 20 years, and the rest (41 %) over 20 years.

The actual forecast, based on a minimum economic growth scenario, shows an increase of
the electricity demand, which in the year 2000 will be about 62.500 GWh.
The available maximum power output is evaluated to be, at present, 9.000 MWe, less than
50 % of the nameplate power. Maximum power demand, in 1994, was about 8.500 MWe,
evidencing the low margin of the system.
The national grid least cost development studies performed by Ewbank Preece Ltd. and
Romanian Institute of Power Studies and Design (ISPE) demonstrate the opportunity to complete
and put in commercial operation, up to year 2000, units 1 and 2 of Cemavoda NPP.

After the commissioning, Cemavoda unit 1 will provide, to the grid, about 4.200 GWh,
about 8 % of the electricity generated in Romania, concurrent with a significant reduction
of the hydrocarbon imports (about 1,4 millions' tones) and of the pollutant emissions from
fossil fuel firing.

The electricity generated in Cemavoda unit 2 will be purchased integrally by RENEL. It is
not excluded the possibility of some exports.
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4.2 The actual status of the unit 2

4.2.1 Activities already performed

The completion of unit 2, being a replica of unit 1, will benefit from the overall progress of
the work so far done (about 662 millions USD) and presently kept in preservation. Based
on a RENEL analysis, the unit 2 status at the end of 1994 was:

• equipment/material procurement: about 68 % of the required quantities are
already purchased (about 545 millions USD, of which 290 millions USD local
supplies);

• construction works on site: the overall progress is about 24 % (67 % civil
construction, 5 % mechanical construction and 1 % electrical and I&C
construction).

4.2.1 Activities to be performed

Continuing the partnership with his traditional partners, AECL and ANSALDO, a joint
RENEL-AECL-ANSALDO performed, during the last half of 1994 and first half of 1995, a
detailed evaluation of the activities to be performed to complete unit 2, including the cost
associated to. These are summerized in Table 1.

The time schedule, from the starting of the Project up to the first grid synchronisation of unit 2,
foresees 40 months for construction and 16 months for commissioning. However, optimisation
studies in progress might allow to reach the target of 34 months for the construction phase and
14 months for the commissioning phase.

Table 1 Activities required to complete unit 2 and their costs

Equipment/ materials procurement

Constructions-erection works

Engineering, technical assistance, commissioning,
staff training, social costs

Insurances

Subtotal 1

Contingencies (5%)

Subtotal 2 (fuel and heavy water exclusive)

Fuel (initial loading)

Heavy water

TOTAL

Total
(mill. US doll)

256,6

67,4

221,7

12

557,7

27,9

585,6

6,1

116

708

Of which import
(millions US. doll)

92,7

-

170,6

12

275,3

13,8

289,1
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4.3 Main features of the project

4.3.1 Nuclear fuel

Romania devoted very large capital resources to develop a nuclear fuel bundle factory at
Pitesti, with a capacity of approx. 10.000 CANDU type fuel bundles per year (sufficient for
2 CANDU 6 units), qualified for use in CANDU 6 reactors. Recently the equipment and the
manufacturing technology have been up-graded in collaboration with the Canadian
supplier ZIRCATEC PRECISION INDUSTRY, and the system and procedures have been
qualified by AECL and ZIRCATEC.

4.3.2 Heavy water

The heavy water requirement for each 700 MWe Cemavoda NPP unit is 500 t for the
initial inventory and approx. 7 t/y for yearly losses. Romania has already built a heavy
water production plant (ROMAG), at Tumu Severin, having an installed capacity of 360 t/y
over four modules of 90 t/y capacity each. For the next two years only two, and after three
of the four modules will be in operation. ROMAG has already delivered 1501 of D2O for
the initial inventory of Cemavoda unit 1.

4.3.6 Safety issues

The safety standards applied for the construction and operation of Cemavoda Unit 1 and 2
are in line with all principles set out by IAEA regulations and guides.

CNCAN has already granted the Site Permit for Unit 2, based on the submission of the
Initial Safety Analysis. Partial construction permits for civil works and some process
systems were granted on the basis of the submission of a Preliminary Safety Analysis
Report and other specific documents. The work so far executed at site, for Unit 2, has been
based on the above partial construction permits.

The licensing process of Unit 1 is in a very advanced stage focusing on the evaluation of
the Criticality License Application. The licensing process for Unit 2 may fully benefit of the
experience already acquired on Unit 1. CNCAN position is that the licensing process and
requirements for Unit 2 will be similar to the Unit 1.

4.3.7 National participation

The completion of unit 2, being a replica of unit 1, will benefit of qualified organised and
trained personnel, and of existing infrastructures and technical facilities, set up during unit
1 completion.

There are:

local site contractors, qualified to work in nuclear/conventional islands, state
owned or privatised, existing the pre-requisites of a competition framework;
domestic manufacturers, part of them having manufacturing licenses. It is to
be noted that Romanian suppliers for the unit 2 were qualified, with respect to
the technical capabilities, quality assurance program, and manufacturing
procedures, similar as AECL traditional suppliers;
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design and research organisations with personnel trained in developed
countries and within unit 1 Project management Team, and with detail
knowledge of the CANDU 6 design.

4.3.7 Construction and operation personnel

To day unit 1 is 98 % completed, so there is an experience to overcome program
difficulties inherited from the past, and is presumed to be easily and profitably transferred
to the unit 2, avoiding major organisational and technical problems.

The project maagement tarn, on the basis of its extensive experience in the construction,
commissioning and operating of CANDU nuclear power plants, has considerably improved
working methodologies and made operative the concepts of quality, efficiency and team
approach, clearly defining responsibilities and objectives of all Cemavoda plant
departments and section involved in the various activities, unit 2 completion will fully
benefit of o local personnel (owner, site contractors, suppliers, designers) qualified and
organised.

NPP Cemavoda has a training centre with a full scope simulator, which together with unit 1
in operation provide the conditions to select and train the unit 2 operation personnel.

4.3.8 The challange for an advanced financing scheme

The opportunity of works completion and commissioning of NPP Cemavoda Unit 2 was
demonstrated within the study "Least Cost Capacity Development between 1994-2010"
performed by EWBANK PREECE in collaboration with ISPE, in 1994. This unit completion
was also included in RENEL development Strategy, providing the year 2000 as
commissioning term.

The value of the investment carried out, up to now, was estimated at 662 mill. USD and
the difference remained for the works completion, at about 708 mill. USD. The execution
period up to Unit 2 commercial putting into operation, was appraised at 58 months, starting
from the actual stage of the already performed works and assuming the experience
accumulated for Unit 1 achievement.

The electricity generated in Cemavoda Unit 2 will be purchased integrally by RENEL at a
price that will allow to reimburse the investors and the loans, and from the potential
participants to the physical completion of the project will be preferred those participating to
its financing.

The economic analysis performed by RENEL has emphasised the economic efficiency of
the Cemavoda NPP unit 2 completion, under a joint venture financing scenario which
should provide the financial resources to cover the import part as well as a portion of the
local part of the project.
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