
XA0056467
CASE STUDY: THE ROMANIAN NUCLEAR PROGRAM —
CERNAVODA NUCLEAR POWER PLANT

D. POPESCU
Romanian Electricity Authority (RENEL),
Bucharest, Romania

Abstract

Cernavoda Nuclear Power Plant Project was and still is the largest investment in the
electricity sector of Romania. History and status of the NPP project is presented in this paper.

1. INTRODUCTION

Romania started the construction of Cernavoda Nuclear Power Plant, with CANDU
600 megawatt electric (MWe), pressurized heavy water reactors (PHWR), in the 1980s. The
first unit was connected to the grid by the middle of 1996 and inl997, Unit 1 produced 5.4
terawatt hours (TWhrs). RENEL now hopes to obtain financing to complete Unit 2 for a
scheduled start up in 2002. Units 3 to 5 are on hold.

2. HISTORY OF THE PROJECT

For Romania, nuclear power is an important alternative. It represents the best solution
for development of the power sector because it is a safe, economic and an ethical source of
energy. That is why the Romanian Nuclear Power Program is an important component of the
national power sector strategy. The focus of this program is the design and construction of the
Cernavoda Nuclear Power Plant, consisting of five CANDU-6 units. Romania chose the
CANDU reactor type because the design is a proven one, with an excellent operational record,
offering a high a level of safety, public, environmental and seismic protection. It also satisfies
all international standards, and has the potential to provide competitive power generation. Its
ability to use natural uranium also suits Romania's interests in producing nuclear fuel and
heavy water, along with other important components for plant operation.

2.1. Unit 1

In 1978 a contract was signed with Atomic Energy of Canada, Limited (AECL) for
engineering and procurement services. Construction work started on Unit 1 in 1979. In the
following years the activity on site was carried out as follows:

1981: Contract for Balance of Plant (BOP) was signed with ANSALDO and GENERAL
ELECTRIC;

- 1985: First connection to the grid originally scheduled for December 1985;
- 1990-1991: Project managed by Romanian organizations employing traditional

investment, project management, involvement of the central administration and a
controlled budget;
1990: International Atomic Energy Agency (IAEA) Pre-OSART mission reviewed
construction activities and made suggestions to enhance work quality and safety
practices;
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- 1991: Contract signed with AECL-ANSALDO Consortium for completion,
commissioning and initial operation of Unit 1;
1996:
- First criticality: April;
- First connection to the grid: July;
- Full Power: October;
- Commercial operation: December.

Unit 1 was financed largely with public funds from the state budget, and with export
credits from Canada and Italy, under a Romanian State sovereign guarantee. There was also a
1992 export credit of about $450 million to complete Unit 1 from 50% to 100%. The
reimbursement of credits is scheduled until 2006.

Unit 1 is operating well, having recorded a gross capacity factor of 87% during the
period January - December 1997 and producing more than 5.400TWhrs.

2.2. Unit 2

Preparatory works on Unit 2 began in 1980 and continued through 1995. In 1996,
preparation began, but there was little progress because of lack of financing. Unit 2 is now
about 35% complete, with major components now on site. We are now seeking financing to
complete the Unit.

For breakdown of the capital cost of the Cernavoda Unit 2, Table 1 shows the amounts
allocated to the civil works, reactor, balance of the nuclear island, conventional island,
ancillary systems outside the power island, contingency, various expenses, fuel and heavy
water.

The total capital cost to complete the project is about 750 million USD, with a 4 year
schedule.

TABLE 1. THE BREAKDOWN OF THE CAPITAL COST FOR CERNAVODA UNIT 2

Total Realised Balance
[Mil USD] [Mil USD! [Mil USD]

Civil works 190 150 40
Reactor (calandria, pumps, fueling machine, 370 180 190
boilers, pipes and all process within this area)
Balance of nuclear island (nuclear services 150 60 90
building, heavy water recovery facilities,
control room, laboratories, spent fuel
handling and all processes within this area)
Conventional island (turbine, generator & 400 210 190
auxiliary systems, electrical bays & cabling)
Ancillary systems outside power island 140 50 90
(service water, transformers, diesel generators)
Fuel and heavy water 150 0 150
TOTAL 1400 650 750

Assumptions : The above figures include engineering, duties and contingency.
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Unit 2 completion is based on the assumption that funds will come mainly from
sources outside Romania, and the state budget, or RENEL's budget, will cover only the
interest during construction. Adequate funding is a fundamental obstacle to completing the
project according to schedule, to avoid additional costs. A multi-annual budget is an absolute
necessity in any credit involved in the project.

A basic condition for developing and implementing a nuclear project is the political
support of the Government, including legislation and financial actions. The 1997 revision of
the least cost development study confirmed the need to complete Unit 2 of the Cernavoda
NPP for commercial operation by the year 2002. The Government of Romania stated that
completion of Unit 2 of the Cernavoda NPP is a national priority, declaring by the decree the
strategic importance of this project for the development of the Romanian economy.

The Government believes that completion of Unit 2 will benefit from the experiences
of the owner's staff during Unit 1 construction, testing and commissioning. Moreover, both
units use the same western advanced technology and the same license.

The Romanian Government is ready to offer the necessary facilities to attract and
enable the foreign financing. Even the Sovereign Guarantee of the Romanian Government is
expected for the foreign loan, while competition for the Unit 2 project financing is underway.
The project financing approach is an option accepted by the Romanian authorities.

To settle the main issues of the financing plan, an economic analyses was performed
covering the life time of Unit 2. The main findings of the analyses show the project can
reimburse loans only from the revenues from Unit 2 electricity sales. Project financing may
therefore be difficult to obtain, at least in the short run. Electric power demand has been
steadily declining (Figure 1) because of reduced activities in certain inefficient industrial
sectors as well as upgrading the manufacturing technologies. However, forecasts predict a
return to internal consumption levels equal to or greater than before 1990 by the year 2010.
The completion milestones of the Cernavoda NPP Unit 2 are shown in Figure 2.

3. NUCLEAR INFRASTRUCTURE FOR CANDU PROJECTS

The infrastructure supporting this program is very strong. Today, the Romanian
nuclear industry represents one of the most advanced sectors in engineering and technology
and it has the capability to meet the requirements of the international codes and standards,
with excellent quality assurance skills.

The Romanian infrastructure for the CANDU project consists of:

- a heavy water plant with an output of 100 tons/year, supplying the D2O inventory of
Unitl;

- the CANDU type fuel bundles plant which was rehabilitated and qualified by the
Canadian partners (ZIRCATEC and AECL) and which supplied some fuel bundles for
the first load and reload of fuel for Unit 1 of the Cernavoda NPP;

- CITON - an engineering and design institute with nuclear objectives, ensuring nuclear
documentation, waste management strategy and technical support;
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FIG. 1. The evolution of the internal consumption.

ICN - a research institute in which the main directions are: non-destructive testing for
in-service inspection, reactor physics, post-irradiation tests, fueling machine tests,
waste management, nuclear electronics, etc.;
Cernavoda training center - providing training on a full scale simulator - CANDU.

6. CONCLUSIONS

Benefits of the construction of Unit 1 include:

- the project is based on western advanced technology;
- the development of a national nuclear infrastructure (heavy water, fuel, heavy

equipment, research, development, and engineering);

- the availability of trained staff.

Disadvantages in the Romanian nuclear programme include:

- total project size too large (5 units under construction at the same time);
- political pressure to accelerate work imposes unrealistic schedules;
- failure to follow procedures;
- non-motivated staff; and
- excessively ambitious Romanian industry participation.

For Romania, nuclear power based on PHWR technology is valid, safe, economical
and ethical. Key issues are, to maintain the high level of expertise attained and increase
international cooperation. We consider that Romania has good experience and capabilities to
share with the members of the HWR community, but we also must have experience and
expertise from other countries.
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Period

1980-1990

1990-1995

1995-1997

January 1998

Sept. 1997-Mar. 1999

Sept. 1997-Jan. 1999

Feb.1999-Oct.2000

Sept. 1997-June
2000
Sept. 1997-Nov. 1998

Aug.1998-Dec.2000

July 1998-Jan.1999

Jan. 1999-Oct. 1999

Oct.1999-Dec.2000

Dec.2000-Apr.2001

Sept.1997-Dec.2001

July 1999-Dec.2OO1

Dec.2000-Dec.2001

June 1998-June
2000
August 2000

June 2000-Nov.
2001
Oct.2000-Feb.2001

Oct.2000-Dec.2000

Feb.2001-July2001

Feb.2001-June
2001
Dec.2000-Mar.2001

Apr.2000-Aug.2001

Aug.2001-Oct.2001

Nov.2001-Dec.2001

Dec.2001

Jan.2002-June 2002

Apr.2002-July 2002

Description of activities

Concrete puring, construction works

Preservation works

Preparation works

Sign construction contract

19
80

1
19
81

l

Procurement of the remanining equipment & material

RB Resuming the construction works

RB Install vertical & horizontal reactivity mechanisms

RB Install ventillation components

RB Airlocks & shielding doors

RB Install nuclear piping

RB Install fuel channels

RB Install feeders

RB Install cabinets feeders

RB Install shield plugs

RB Mechanical equipment and piping

Install electrical equipment & cables

Install I & C

Commissioning - Operating staff on the job training

Commissioning RB pressure test

Commissioning Phase "A" - RB Install electical

Commissioning Phase "A" - Reactivity mechanism

Commissioning Phase "A" - Water systems

Commissioning Phase "B" - Electrical equipment

Commissioning Phase "B" - Reactivity mechanism

Commissioning Phase "B" - Water systems

19
82

i
19
33

Commissioning Phase "B" - Fill and hydro cold test HTS

Commissioning Phase "B" - HTS hot test

Commissioning Phase "B" - Fill systems with D2O

Commissioning Phase "B" - Fuel load

Commissioning Phase "C"

RENEL Operating test
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FIG. 2. Cernavoda NPP Unit 2. Complete millestones.


