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1. INTRODUCTION

The economic and social development at a high rate in
Romania implies great efforts for a corresponding increase in
the power generation.

The electrical power development plan of the country
forsees that in 199of 2o per cent of the electrical power will
be nuclear, which means that nuclear power plants with a total
power supply of approximately 6,ooo MWe must be operating by
that time.

The accomplishment of this project implies allotment
of important investment funds which can only be achieved by a
large scale participation of the Romanian industry starting
with the very first nuclear power plant and then, by gaining
experience, most of the construction, equipment manufacturing
and commissioning efforts will be supported by their own means.

As far as the classical equipment for nuclear power
plants is concerned, Romanian industry has already gained a
good experience by the construction of many thermo-electric
plants, which are now producing an important part of the elec-
trical power in the country.

Related to this orientation, the manufacturing of nu-
clear fuel in our country represents a prior task since fuel
influence on the energy costs is very important as far as power
plants need a continuous supply with new fuel.

Since natural uranium and heavy water reactors have
already proved good operating performances and other particu-
lar features, Romania concentrated its attention on them, so
that fuel research and development has been directed from the
beginning towards natural ÜO 2, zircaloy claded fuel elements;
a special project with a view to ensure this type of fuel has
been initiated.



2. OBJECT AND PLANNING OF THE PROJECT

Final aim of the project is the manufacturing of nu-
clear fuel in our country; with specifications and performances
in agreement with the core characteristics of the power reac-
tor type, ensuring the adequate output for running a given
number of power plants.

Due to its great and long-terms problems, the project
was divided into 3 major stages, (fig.l) which are consecutive
with some overlapping, which therefore means that quite a lot
of the activities are developing simultaneously.

The setting up of the fuel demonstration facility
and especially the activities scheduled for this phase were
fulfilled to a great extend within the framework of the UNDP-
IAEA technical assistance project "Development of nuclear
technology in Romania". Although this project covers a rather
large area of interest in the nuclear field, it is mostly
concentrated in the direction of fuel technology [l]

The UNDP-IAEA project is the largest of this type so
far executed by the Agency [2]. Its section concerning fuel
technology, has been correlated and included into the general
activities of greater extension under the fuel project, whose
presentation can be seen in table I.

Th „ schedule for the accomplishment of phase A (the
demonstration facility) forsee also 3 categories of activities
(fig.2) which have been grouped according to their preliminary,
basic or final character and to the place of developing.

In fact, the work started in laboratories belonging
to the State Comitee for Nuclear Energy in Bucharest and simul-
taneously at the new site of the Institute for nuclear techno-
logy, near Pitesti, where important funds have been invested
for the construction and equipment of laboratories and other
experimental and testing facilities.

Preliminary activities and a great deal of the peak
action activities (fig.2, and table I) have been carried out
in Bucharest between 1972 and 1975; the rest of them have
been or are being accomplished at Pitesti.

The present paper mostly deals with the first stage
of the fuel project, being related to the activity in the
demonstration facility, hereinafter called "phase A"(unless
otherwise specified).

3. PROJECT DESCRIPTION

The main technical stages of the project are illus-
trated in fig.3.

They correspond to the following categories of acti-
vities :

- manufacturing technology for natural U0 ? ceramic
grade powder and sintered pellets;

- manufacturing technology of fuel rods and bundles;
- irradiation testing of fuel rods;
- design and fabrication of some specific equipment
needed for phase A, as far for B and C;



In accordance with the requirements for starting
the project, the following operations have been carried out in
the framework of preparatory activities:

- defining the main steps of the technologycal pro-
cess;

- purchasing equipment and materials for immediate
needs;

- defining the necessary equipment and establishment
of detailed technical specifications;

- preparation of the working halls;
- Installation and commissioning of main and auxi-

liary equipment for immediate needs;
- setting-up the detailed experimental programme;
Most of the preparatory activities were carried out

during 1972 (table I) and then the peak action activities
followed among which the most important are:

- purchasing equipment and expendable materials to
be used in the framework of the project;

- lay-out and commissioning of equipment;
- research work for establishinig detailed procedu-

res specific for every step of the flow sheet, de-
termination of the optimal parameters characteris-
tic for the technologycal process, defining the
specifications of the products resulting from each
of these steps;

- setting up the control methods for every phase and
for intermediate products;

- elaboration of batches of powders, pellets, and
fuel rods in order to verify the reproductibility
of the process;

- elaboration of the experimental fuel rods, their
testing and characterization out of pile, before
sending for irradiation experiments;

- detailed defining of irradiation procedure and of
post-irradiation examination;

- manufacturing the irradiation rigs and auxiliary
devices;

- irradiation in the reactors (BR-2 and MZFR);
- post-irradiation examination;
Some of the peak action activities witin phase A

have been carried out with a large assistance from the part of
foreign experts and advisors who cooperated with the Romanian
staff in the accomplishment of the project [3].

The participation of the foreign experts in the prepa-
ratory activities was very small and there is no expert assis-
tance for the finalization activities of phase A, among them
being:

- manufacturing of fuel bundles;
- specific out-of-pile testing of fuel bundles;
- achievement of a fuel production in the pilot plant;
- verifying by calculus the specifications and perfor-
mances by means of the models;

All these activities are performed by means of the
installations and facilities of I.N.T. at Pitesti and stand
for the link between phase A and phase B of the fuel project.

Beside the activities directly concerned with the aim
of the project, some other connected activities belonging also



to other projects have been included into the general programme,
bringing their contribution to setting up the fuel technology.
Such activities are:

- reactor core calculations, including the calculus
of fuel elements and fuel bundles;

- conception and design of certain testing devices
including loops, stands, irradiation rigs as well as
a zero-power reactor;

- manufacturing of some of these devices;
- construction, supply, installation, commissioning

and operation of certain equipment and facilities
needed for phase B and C among which may be mentioned
the following: the material testing reactor, the post-
irradiation, examination laboratories, the hall for
out-of-pile tests, the zero-power reactor, the radio-
active waste treatment facility, a.s.o.

Special attention has been paid to the setting-up of
the fuel pilot plant, this activity being done simultaneously
with the performing of other main activities of the phase A
and using for its design and construction technical solutions
directly resulted from the acumulated experience and from
technical assistance of foreign experts.

Definition of main technologycal steps of the fuel ma-
nufacturing process (fig.3) was done by romanian specialists,
colaborating with foreign experts, on the basis of selection
of some parameters and technical characteristics in agreement
with similary experiments done abroad and according to indus-
trial achievements, this fact enabling the use of some mate-
rials and components already available on the international
market [4]. With this purpose, the following basic data were
choosen:

- cladding material: zircaloy 4
- outside diamètre : 15.24 mm
- minimum cladding thickness: O.38 mm
- length of fuel bundle: 495 mm
- maximum diamètre: Io2.4 mm
- maximum linear power: 53o W/m
- medium burnup: 75oo MWd/t
Starting from these data, the other fuel characteristics,

were established either by calculation, or on the basis of the
own experience and that of foreign experts, as far as by using
the results of many experiments and tests done in the very
framework Gf the project.

We have to point out the major difficulties encountered,
some of these still persisting, in establishing all the charac-
tenstxcs of technologycal operations, of intermediate products,
as for in performing the design of fuel bundles.
They are generated by de restriction existing today on inter-
national level, concerning the transfer of technology. As the
demands for energy become greater and greater and since
primary sources are limited, a greater number of countries will
be obliged to use nuclear energy, either by obtaining a techno-
logycal transfer, or, if the conditions for such a transfer
are very hard, by own efforts.

The nuclear fuel represents a factor of particular
importance for reaching a high safety during the operation of
a nuclear reactor.



The safety "of nuclear power .plants is already a problem
of the international comunity, that will become more and more
pregnant, and the rigurous measures adopted so far to ensure a
high level of safety have been proved as very efficient, but
in the same time very expensive.

The possibility of giving up some of them that may seem
redundant, can not be ignored. One may also attempt to
minimise them in order to reduce expenses, or to shorten the
way of producing energy of nuclear origin, especially when an
adequate technology is not available. This circumstance will
generate a potential danger threatening not only the country
or teritory where the nuclear plant is placed, but also the
international comunity.

The solution of this problem could be find only in
cancelling the restrictions for the transfer of technology
concerning the peaceful uses of nuclear energy and in
strengthening the IAEA function of international support and
control.

4. RESULTS

Peak action activities (fig.2) were materialised in
establishing working procedures of technological process which
enabled the elaboration of batches up to loo Kg.UO2 powder,
pellets and fuel rods. Their characteristics are described in
full detail in the test reports [5], [6] and [7]drawn up in
the same time with the preparation of irradiation experiments.
The main technical features of irradiation experiments, now
under way in the reactors BR-2 (CEN-Mol, Belgium) and MZFR
(Karlsruhe, F.R.Germany) are given in table II [3].

The first two rods, irradiated up to a burnup of
3ooo MWd/t, shown a good behaviour and are going to be trans-
ferred to the posh-irradiation examination. The 19 rods bundle,
especially assembled for irradiation in the reactor MZFR
has reached, until the date of drawing up this paper
(february 1977) four months of irradiation, without any sign
of unsatisfactory behaviour.

The checking carried together by romanian staff and
foreign experts has proved a complete fulfilment of requested
specifications, the testing méthodes and procedures used being
in agreement with the international requirements.

As a matter of fact, the accuracy of some tests and
analysis has been verified through comparison of the results
obtained at I.N.T. with the results obtained on identical
samples at nuclear research centres from abroad (KF Karlsruhe,
CEN Saclay a.s.o). This is the case of chemical purity
analyses for U0_ powder and pellets, of tests concerning
resistance welding of end caps, non-destructive testing of
tubes for claddings a.s.o.

Among the achievements obtained in the framework of
the project [3],[8],are the design and manufacturing of some
equipment and devices to be operated in the demonstration
facility, suitable alsc for use in the pilot plant and later
on in the fuel plant, as:

- ultrasonic device for non-destructive and dimensional
control of tubes;

- brazing device;
- resistance welding device;



- powder mixer;
- mixer-setller battery for uranyl nitrate purification;
- fuel bundle assembling device;
- apparatus for determination of moisture in UC>2

pellets;
- apparatus for measuring contamination on fuel rods;
- personnel contamination monitor a.s.o.
A good result obtained consists of calification and

specialisation of the staff which was involved in the project,
for which converged the training stages in nuclear centres
abroad, but in the first place the practical activity of the
project as well as the competent advising by the foreign
experts recruited under technical assistance agreement with
UNDP-AIEA.

5. REMARKS AND CONCLUSIONS

The implementation of the fuel project after its clear
defining through establishing the main intermediary stages
(fig.l) has been achieved by:

- organisation of project management and designation
of working teams;

- distribution of responsabilities;
- definition of imputs and timing of execution;
- achievement of work stages, tests, checks, follcw-up,

control;
- evaluation of intermedia4.e results and corrective

actions;
- overall analyses of the results;
In order to facilitate the follow-up, the cooperation

between teams and the reporting, a suitable classification
and coding of operation was used.

A PERT diagram of the project was elaborated, but this
one has been only partially succesfull, because of difficulties
in realistic estimation of some phases and operations,
generated by the research work features, as well as by the
lack of experience with similar activities.

The initial foreseen phases according to the schedule
done in 1972 has been observed in a large extend, except some
of them connected to the achievement of complex devices
(based mostly on imported equipment), for instance for the
material testing reactor, for the post irradiation examination
facility, some equipment for the fuel demonstration facility,
to the undertaking of some external subcontracts provided in
the UNDP-IAEA technical assistance agreement, to the placing
fellows or expert recruiting.

To facilitate the coordination between stages, the
iteration of some paramètres and procedures and to reduce as
much as possible the project duration, actions concerning
stages shown in fig.3 were started at the same time, on the
basis of preliminary definition of specific inputs and outputs,
elaborated mostly under pre-project activities and according
to pre-set characteristics of each intermediate product.

The method led to good results and enabled correction
and adjustment on the way of all technologycal matters.

Phase A of the project comes to an end in 1977, that
means 6 years since its activities started- We may say that
the duration of this phase could have been of only 3 years,



if were not the barriers imposed for technologycal and indus-
trial information. Even in the presence of such barriers, the
IAEA participation to the progress of some activities, by
their facilitation, recruiting of experts, placing fellows, .
conclusion of external subcontracts, was very efficient and
does represent a valuable contribution to the implementation
of this project and to the results obtained.

There are good premises to intensify the role of the
Agency in supporting countries which are going to introduce
nuclear energy in the industrial field, through adequate
guiding, as well as through controlling the observation of
the international provisions for safeguards. The increasing
of the IAEA contribution should be done with the preservation
of member states interests and in accordance with the interests
of the international comunity, that is a pregnant necessity
of our time.
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TABLE I

PROJECT WORK PLAN

Project activities

Preparatory activities
UMDP-IAEA project.
Construction of laborato-

castration Sïï^'S'SST'
Y Manufacturing of testing

facilities.
Other basic activities of
phase A.
Final actions of phase A.

Achievement of pilot
plant (building and eguip-

Pilot ment).
plant Transfer of activities

from demonstration faci-
lity to pilot plant.
Specific activities of
pilot plant.

Design and manufacturing
F u e l of equipment.

Dlants Achievement of plant,
^ commissioning and opera-

tion.

19
72

i—i

19
73

19
74

19
75

vr>
r»

-4

19
77
 
1

•>>

19
78

—

19
79
 
j

—

19
8o
 J

— *

refers to the fuel
project only

refers to the beginning
of the activity only

refers to
activities
of other
projects
mainly



TABLE II

MAIN TECHNICAL CHARACTERISTICS
DEFINING PRELIMINARY IRRADIATION TESTS

Characteristics

Pellet diamètre
Fuel density
Cladding materi-
al
Cladding outside
diamètre
Cladding inside
liante t r e

itfelding method

Number of rods

Rod length
úOj stack length

tex.linear power

Ylax. burnup

Ylax. cladding
temperature

Coolant
Coolant pressure

U/M

mm-,
g/cm

mm

mm

-

mm
mm

w/cm

MWZ/t

°C

kg/cm

BR-2 experiment

short i r ra-
diation

long irra-
diation

14,33-o,ol
lo,55+o,15(96% T.D.)

zircaloy-4

14,415^0,0022

resistance

3 3

5oo
48o

6oo

3. ooo lo.ooo

3oo

H_0(stationary)
7o

I

MZFR
experiment

TIG

19

3oo
28o

5oo

lo.ooo

3oo

D90(flowing)
9o



Demonstration

facility (phase A)
Pilot plant
(phase B)

Fuel plant
(phase C)

FIG. 1. Subdivisions of the fuel project



Preparatory
activities

» Peak action
activities

Phasing out
activities

FIG. 2. implementation stages of phase A
activities
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Design and manufacturing of specific equipment

Uranium
refining

Preparing cans
spacers pads
ã end caps

Irradiation
tests

U02 powder
preparation

Fuel rods
manufacturing

Fbst irradiation
examinations

U0£ pellets
manufacturing

Fuel assembly
manufacturing

Grids
preparing

I Production
i technology

FIG. 3. Mean technical stages of phase A


