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BACKGROUND

The economic conditions in Spain by
1960 were appropriate for the inception
of a modest nuclear program.

HIGH RATE OF GROWTH

The economy was picking up after a
prolonged postwar slump. The popula-
tion was sizable, about 30 million peo-
ple, thus providing a good potential
market for industrial and service ac-
tivities.

Electricity was growing at the rate of
11 % per annum, and similar long term
growth was predicted since per capita
consumption was only about 480
kWh/y.

ENERGY RESOURCES

Resources for generation of electricity
were scarce. The economic hydroelec-
tric resources had been tapped to a lar-
ge extent over the previous decades.
Operation of the hydro plants, limited
by the available rainfall, was being op-
timized for peaking duties by the cons-
truction of hyperannual dams and ad-
ditional generating units.
Coal resources were available, but ex-
ploiting them was costly due to the
structure of the mines. High-sulfur lig-
nites were also available.
— Oil and gas were inexistent, alt-
hough modest exploration was
being conducted on and offshore.

INDUSTRIAL STRUCTURE

The country had the basic industrial
structure on which a nuclear industry
could be developed.

— Electrical utilities that had started
producing electricity for public con-
sumption in 1875 had the necessary
size and skilled personnel to accom-
modate the then 100-300 MWe nu-
clear units.

— The scientific and technical commu-
nity, trained at Universities and Poly-
technic Institutes, had a good level.
Exchange programs with other
countries over the previous decade
had provided access to the rapidly
advancing nuclear sciences and
technology. The Junta de Energia
Nuclear, created in 1951, had star-
ted promoting technical and experi-
mental activities in the nuclear field
and provided a basis for regulatory
activities.

— Industry, which had achieved a no-
table.status during the 20’s and 30's,
had recovered from the postwar re-
cession and had been considerably
modernized through its participation
in the construction of fossil-fired sta-
tions and chemical plants. Engineer-
ing firms had been created that in-
corporated the necessary skills for
tackling complex, multidisciplinary
projects. Most equipment manufac-
turing plants were relatively old but
new tooling was being added and
some brand new plants built with
modern machines and methods.

CREATION OF THE
INFRASTRUCTURE

The nuclear infrastructure in Spain has
been created over a period of 25 years
by efforts on all fronts by different par-
ticipants: Government, utilities and in-
dustry.
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GOVERNMENT

The Government has played a major
role in the creation of the infrastructu-
re. performing the tasks of promotion
and regulation, mostly through the Mi-
nistry of Industry and Energy, and pro-
viding the necessary legislative frame-
work,

THE JUNTA DE ENERGIA NUCLEAR

This Organization, equivalent to the

Atomic Energy Commissions of several

countries, was created under a diffe-

rent name in 1948 and was given the

basic functions of:

- Advising Government on nuclear
matters. ;

- Conducting international relations in
the nuclear field.

— Promoting nuclear activities, inclu-
ding the fuel cycle.

- Laying out the regulatory ground ru-
les.

— Training experts.

The major milestones achieved over

the years have included:

— The construction and operation of
research and experimental reactors.

— The production of radioisotopes.

— The creation of the Institute for Nu-
clear Studies for postgraduates.

- The development of technology for
all phases of the fuel cycle.

— The creation of a Safety Division and
the drafting of the Nuclear Act and
Regulation.

As the nuclear sector matured in the

country, most of these activities have

been reassigned.

- The front-end fuel cycle activities
have been transferred to the Empre-
sa Nacional del Uranio (ENUSA).

— The Safety and Regulatory activities

have been turned over to the Coun-
cil for Nuclear Safety (CSN), a newly
created organization reporting to
Parliament.

- Waste Management activities are
now the responsibility of the Empre-
sa Nacional de Residuos Radiacti-
vos (ENRESA), a crown company
which is funded by taxes levied on
electricity receipts.

The JEN's main activities are now de-

voted to High Energy Physics, Fusion

and Alternative Energies.

THE ELECTRICAL UTILITIES

The electrical utilities have responded
to the challenge of the surging electri-
cal demand over the years. Overall,
they have maintained their structures
but havegrown in size. There are now
21 utilities belonging to 6 groups that
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account for 90 % of the market and 3

groups that supply 7 %. 70 % are pri-

vately owned, and 30 % are public. All
of them are members of the associa-

tion called Unidad Eléctrica, S. A.

(UNESA) that has the following func-

tions:

— Coordination of utilities for rate stu-
dies, planning of new facilities, finan-
cial matters, nuclear efforts.

- RandD.

— Promotion of uses of electricity.

The integrated operation of the grid,

previously under the control of UNESA,

has now been transferred to REDE-

LECTRICA, a newly created company

with public control.

ENGINEERING COMPANIES

The increasingly complex job of engi-
neering modern plants has gradually

been transfered from the so called
“technical offices” of the utilities to spe-
cialized engineering companies similar
to the US Architect-Engineers.

These companies acquired a lot of ex-
perience during the 1960's through
their involvement in the design and
construction of chemical and petroche-
mical plants. Fossil-fired power sta-
tions were designed and built by these
companies from about 1960 to-1978,
with unit sizes increasing from 40 MWe
to 500 MWe.

The engineering companies participa-
ted in the nuclear plant program from
the beginning, taking on jobs connec-
ted with the BOP and erection and site
management activities. They worked
initially with experienced foreign A/E’s,
but gradually took on the responsibility
for complete jobs.

MANUFACTURING COMPANIES

The manufacturing infrastructure of
Spain evolved during the 1960's to a
point where mechanical equipment,
and even more so electrical goods,
were built with designs by others,
usually under license agreements. At
the commencement of the nuclear pro-
gram, the industry was reorganized on
the basis of the existing structure.
Major efforts were devoted to this en-
deavor:
- Investment in new tooling, although
existing plants were largely used.
- Acquisition of new technology from
experienced foreign manufacturers.
— Training of engineers and techni-
cians.
— Reorganization of company opera-
tions along the lines of new QfA
practices.
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New plants were built only for very spe-
cific purposes, such as manufacture of
heavy components (reactor pressure
vessels, steam generators, etc.), but
the effort to streamline operations of
the existing industry was a very
worthwhile and fruitful enterprise.

NSSS VENDOR

No basic nuclear design company has
been created in Spain. Foreign vendors
fill this role in a competitive fashion.
These companies operate from domes-
tic offices that have played an impor-
tant role, mostly in engineering follow
up activities and in the promotion of a
quality supply industry.

ERECTION AND CONSTRUCTION

The structure of civil engineering com-
panies and mechanical and electrical
erection firms was firmly established
before the nuclear era and these com-
panies were easily upgraded for nu-
clear — grade quality work.

FUEL CYCLE

During the 1950's and 1960’s, the JEN
developed the technology for uranium
ore processing to yellow cake. Pilot
plants were also built for other phases
of the cycle. When ENUSA was crea-
ted in 1972, patents and know-how
were turned over to the new company.
Over the years, ENUSA expanded its
activities to include exploration of new
deposits, construction of an industrial
size uranium mill, participation in the
EURODIF enrichment plant, construc-
tion and operation of a fuel element fa-
brication plant and the associated in-
core fuel management capacity.
ENRESA, created in 1984, is responsi-
ble for all back-end phases of the cycle,
including storage, transport and repro-
cessing.

EDUCATION AND TRAINING

The large number of Scientists and en-
gineers that are necessary for the am-
bitious Spanish program have been
trained at Universities and Polytechnic
Schools, plus the Institute of Nuclear
Studies referred to above.

Special mention should be made of the
training and simulation center operated
by the firm Tecnatom, where operators
for Spanish and a good number of fo-
reign plants have been trained.

OTHER INDUSTRY

A host of companies have been crea-
ted to meet other specialized needs of
nuclear plants, such as in-service ins-
pection, maintenance, retrofits, waste
handling, special consulting services,
etc.
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F 1 Creation of the Infraestructure. Installed capacity.

ELECTRICAL MARKET AND
NUCLEAR PROGRAM

As stated earlier, the decision to go nu-
clear was prompted by an increasingly
heavy demand and the scarcity of re-
sources.

Over the years of rapid economic ex-
pansion (from 1960 to 1974, the GNP
grew at an annual accumulative rate of

7.5 % per year), electricity demand
grew at the rate of 7.2 % per year. The
per-capita consumption has grown
from 483 kWh in 1960 to 3070 in 1988.

The installed capacity has evolved from
a hydro-dominated structure in 1960 to
a situation where hydro is reserved for
peaking and the load is met by nuclear
and domestic coal-firec units. Table |
and Figure | contain the evolution of
the capacity.

Table II and Figure Il summarize the
growth of electric generation from 1960
to 1986. The shifting role of hydro
energy and the rapid growth of the nu-
clear component are apparent. The lar-
ge hydro capacity (further expanded re-
cently with pump-storage units) has
been a boon in later years to accom-
modate large coal and nuclear units
supplying the base load.

In 1986, the nuclear units have produ-
ced more than 29 percent of the total,
close to the European Community ave-
rage.

The location of the nuclear units can
be seen in figure IIl. The legend clari-
fies which units are in operation or un-
der construction and sites that are ap-
proved but construction permit pen-
ding.
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INFRASTRUCTURE

EVOLUTION OF ELECTRIC

GENERATION (%)

TOTAL

HYDRO FOSSIL NUCLEAR GWH
19500 84 {6 - is6i4
1970 49 49 2 56490
1980 28 67 5 110483
1985 926 52 22 127363
1986 21 50 29 128697
— FOSSIL IN 1986

COAL 48 %

olL

GAs 27

The nuclear program has been imple-
mented in three phases or “genera-
tions”, which are characterized by the
contracting mode, the size of the units
and the degree of domestic partici-
pation.

FIRST GENERATION (1962-1972)

Three plants make up the first round of
orders (see Table [ll).

All three were contracted with foreign
vendors using the turnkey procedure.
The role of Spanish industry was limit-
ed to the civil work, mechanical and
electrical erection and a substancial
part of the engineering under the lea-
dership of foreign A/E’s. Electrical and
mechanical equipment were localized
only on a limited basis.

These units are in operation today and
achieve an excellent load factor. The
Vandellos-l plant is partly owned by
Electricité de France. It has the only
gas-cooled reactor in Spain.

SECOND GENERATION (1970-1982)

In 1969, the first 10-year electric plan
with a strong nuclear component was
approved.

On the basis of the experience obtain-
ed in the construction and initial ope-
ration of the first generation units, the
Spanish utilities ordered a second
round of seven larger units.

The turnkey concept was abandoned
in favor of a system of contracting by
packages, under the management of
the owners with the help of A/E's.

The NSSS was contracted to foreign
nuclear vendors, who supplied the ba-
sic engineering and equipment plus
erection supervision. They were re-
guested to localize most of the equip-
ment in Spain and, in pursuit of this
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goal, they played an important role in
helping develop a nuclear quality in-
dustry in the country.

The Balance of Plant was designed by
the A/E’s working alongside the custo-
mers. The Spanish Engineering Com-
panies took over the responsibility for
this job (and construction management,
to the extent demanded by the custo-
mers), with occasional help from fo-
reign A/E’s.

T

NUCLEAR PLAN
CONSTRUCTION

FIRST GENERATION

1. Zorita PWR/W. 160 MWe Jul 68
2. Garona BWR/GE 460 MWe Mar 71
3. Vandellos 1 GCR/France 500 MWe May 72

SECOND GENERATION
(1970-1982)

. Almaraz 1 PWR/W
. Asco 1 PWR/W
. Almaraz 2 PWR/W
. Cofrentes BWR/GE
. Asco 2 PWR/GE
. Lemoniz 1 PWR/W
. Lemoniz 2 PWR/W

930 MWe Jul 81
930 MWe Dec 83
930 MWe Jan 84
975 MWe Nov 84
930 MWe Oct 85
930 MWe Uncertain
930 MWe Uncertain

WMo A

—

THIRD GENERATION
INCLUDED IN 1983 PEN.

11. Vandellos 2 PWR/W

! 982 MWe 1988
12. Trillo 1

PWR/KWU 1041 MWe 1988

OUTSIDE 1983 PEN.

13. Valdecaballeros 1 BWR/GE
14. Valdecaballeros 2 BWR/GE
15. Trillo 2

975 MWe
- 975 MWe
PWF!_[K-WU 1041 MWe

SITE PERMIT GRANTED

16. Sayago
17. Regodola
18. Vandellds 3

During this phase, industry was upgra-
ded to world-class standards, new
companies were created for speciali-
zed services, and the fuel cycle com-
pany Empresa Nacional del Uranio
(ENUSA) was incorporated.

Five of the seven units ordered are in
operation today. Construction of the ot-
her two has been suspended for non-
technical reasons and no definite date
has been set for resumption of ac-
tivities.
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THIRD GENERATION (1975)

A third round of orders comprising five
units was planned in 1975 or slightly
thereafter. Full national participation
was intended, in practice about 90 per-
cent, since import of items of a high
economic level was always considered.

To achieve this high national participa-
tion, a new company, Equipos Nuclea-
res, S. A. (ENSA), was created to ma-
nufacture the heavy components for
the NSSS of whatever system the utili-
ties would choose. Another new com-
pany, Empresa Nacional de Residuos
Radiactivos (ENRESA), was also for-
med to take on the responsibility for
the back-end of the fuel cycle and was-
te management activities.

Two of the five units are in the final
commissioning stages and are expec-
ted to enter commercial service early
in 1988. The other three are suspended
with percentage of completeness rang-
ing from a few percent to about 60
percent. Resumption will be authorized
when the anticipate demand justifies it.

During this latest phase of nuclear
construction, the nuclear industry in
Spain has reached maturity. Spanish
firms have become exporters of nu-
clear-grade equipment and services,
and technical assistance and transfer
of technology to other countries have
begun.

Three additional sites are authorized
(Sayago, Regodola and Vandellos-3),
but although orders were placed for the
first two with nuclear vendors, no cons-
truction permit has been issued yet and
activities have stopped before concre-
te pouring.

SUMMARY

In summary, 8 units with 5815 MWe are
in operation and 7 units with 6871 MWe
are in various stages of contruction.
The 15 units are located on 7 inland
sites and 2 coastal areas. 10 utilities
are involved. Only 4 units are wholly
owned by one utility, the rest being sha-
red by more than one.

DOMESTIC PARTICIPATION

The Spanish Government recognized

from the beginning the value of creat-

ing a nuclear industry.

- As a means of promoting high tech-
nology industry in other fields.

— As a means of ensuring independen-
ce from foreign supplies.

- To guarantee the prompt and com-
petent servicing of future plants.

— As a means of obtaining substancial
savings in foreign currency.

The nuclear industry was promoted

through the established mechanisms

available to the Government.

- Use of the old “Preferential Interest”
Act that restricted importation of cer-
tain items.

— Regulation of Technology Transfer
Contracts.

— A new Act covering "Mixed Manufac-
ture” that awarded special benefits,
fiscal and otherwise, to firms that un-
dertook the manufacture of equip-
ment incorporating imported sub-
components.

— Direct action, when needed, such as
the creation of specific entities,
using a bidding process.

The increase in domestic participation

over the years is shown in Table IV. It

is seen that total capacity has been
achieved in the fields of engineering,
civil works and erection, with the ex-
ception of the basic engineering of the

NSSS. The equipment has been locali-

zed to the practical extent imposed by

the availability of raw materials and the
economy of scale for some compo-
nents.

TIV

'DOMESTIG CONTENT (%)

FIRST SECOND THIRD
_GEN. GEN.  GEN.

TOTAL  42-44 70-80 80-90
EQUIPMENT = 24-25 45.55 70-78

'ENGINEERING 50-70 75-80 ~100

CIVIL
ERECTION

6575 100 100
80-81 100 100

The process has been successful and
has enabled Spanish Industry to be
present in the world market.

Countries embarking on similar pro-
grams have expressed interest in the
Spanish process as being representa-
tive of a medium scale industry that, by
determination and serious work, has
achieved an advanced status, overcom-
ing deficiencies that are not normally
encountered in more developed socie-
ties. Spanish Industry is of course
ready to share its experience with inte-
rested parties, helping to orient local
industries by advising them regarding
successes achieved as an example to
follow, and the mistakes made to pre-
vent reoccurrence.





