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Abstract

It has been learned that to cope with energy requirement in the remote islands and less
developed regions of Indonesia small or very small nuclear reactors producing electricity
and/or process heat could be appropriately applied. The barge mounted propulsion power
reactors are the attractive examples so far envisioned, and technology information of which is
being exposed to the world these last years. The solutions for least maintenance and no on-site
refueling, no radioactive discharge, and no radioactive waste to remain in the user country are
among the attractions for further deliberations. It has been understood, however, that there are
many uncertainties to overcome, especially for the developing countries to introduce this novel
application. International acceptance is the most crucial, availability of first-of-the-kind
engineering, prototype or reference plant that would prove licensibility in the vendor's country
is the second, and economic competitiveness due to very small size is the third among issues to
enlighten. The relevant regulations concerning marine nuclear safety, and of marine
transportation, and proliferation of information, as well as international forums to justify the
feasibility of related transfer of technology are the items that the IAEA could help to provide to
smoothen any possible international transaction. Indonesia supports this AGM as one of the
appropriate IAEA efforts on this line, and expects from it positive international consensus and
possible studies/R&D work that this country could participate.

1. INTRODUCTION

In the national industrial plan, numbers of industrial centers are being developed
throughout Indonesia. The industrial centers located on the Jawa Island are able to rely on the
available infrastructure for on-land transportation means and electricity supply by the Jawa-Bali
grid. Whereas those on the big islands as Kalimantan and Sumatra, the industries are able to rely
on the primary energy sources (oil, gas, or coal), which are indigenous on their island. But those
industrial centers, located more distantly from the energy sources will have to depend on the
energy transported and delivered, which are expensive unreliable.

It has been learned that to cope with energy requirement in the remote islands and less
developed regions of Indonesia small or very small nuclear reactors producing electricity and/or
process heat could be appropriately applied. The barge mounted gas-turbine power plants,
constructed in Surabaya shipyard, have been operating so far to provide temporary power for
Balikpapan city. By size requirement, a nuclear propulsion reactor is the most attractive
example so far envisioned. A modest quantity of technology information on floating small NPPs
have been obtained and learnt.

PWRs and BWRs were earlier being developed for naval and civilian purposes in the
industrially developed countries. Whereas in Russia naval pressurized water reactors have been
known since longer time to be utilized in icebreakers and container ships. Earlier this year,
presentations of Russian representatives were explaining these technologies for stationary (in-
land) as well as floating power plants of PWR type to the BATAN and general audiences in
Indonesia.

The first information on civilian design of liquid-metal fast reactor on barge was introduced
to the authors of this paper in 1996 during the week of ICENES-96 Conference here in Obninsk.
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This Pb-Bi cooled fast reactors, which previously used for submarines, are later to be designed
on barge and said to be capable of providing electricity in full power for 4-6 years continuously.
Advantages and improvement being pursued are mentioned in the references.

2. REQUIREMENTS

Short version of User Requirements on Small and Medium Reactors for Indonesia was
presented in the IAEA conference in Dubrovnik, June this year [I]. It includes also requirements
for small and very small size reactors, for production of electricity and possible use of process
heat, sited land based or floating, for deployment in remote areas. It covers technical, safety,
economic and financial requirements and general consideration typically applied for Indonesia,
a developing country. Below are some points, which are related to the topics of this AGM.

2.1. Siting

Figure 1 shows map of Indonesia with centers of industrial activities. The less
developed or remote areas are dipersed mostly at the eastern part of Indonesia. Industrial
zones to be developed in the East Regions of Indonesia cover such areas as Bima (West
Nusa Tenggara) as center of agro-business and agro-industry, Mbay (East Nusa Tenggara),
Benaviq (Betano-Natarbora-Viqueque, East Timor). Whereas the industrial zones Pare-
pare (Cental Sulawesi), Manado-Bitung (North Sulawesi) is to be developed as industrial
centers based on marine resource, as well as agro-business and agro-industry.

Figure 2 shows the map of Indonesia with isoseismic lines and zones of subduction.
Some isolated or less developed areas, which are at the East Regions of Indonesia may be
located in the high seismic areas. The isoseismic lines shows for the Nusa Tenggara Timur,
South of Maluku and Irian Jaya the horizontal ground acceleration are between 0.05 to
0.25 g, whereas for Sulawesi and North of Maluku are at the less end of the span.

Therefore, the barge mounted installation that would stand to the seismic
disturbances and possible related tsunamis, as well as for simplicity in the remote area
construction and operation would be preferable. Although in-land, stationary types, if they
are assured complying the seismic requirements as the floating ones, are well appreciated.

As characteristics of the potential sites as well as their load and other technical
demands may differ from site to site, detail requirements on design characteristics vary
substantially. It is, therefore, significant that information on "envelope design
characteristics" of proposed plant, i.e. the span in which the plants are designed, also be
presented, so as to simplify the appropriateness of a site.

2.2. Possible options

Due to limited information on other designs at the authors' side, only two Russian
reactor types are mentioned in this paper: the pressurized water KLT-40C and the liquid-
metal (Pb-Bi) fast reactor Cruse-50 variants. As mentioned above the floating/barge
version would look to be promising for remote areas or less developed regions [2"6).

The features of long core life (couples of years), minimal on-site construction, least
maintenance and no on-site refueling, long campaign time, low environmental radioactive
discharge during operation and no refueling at site are announced to contribute to
simplicity of application.

By the build-own-operate (BOO) scheme the vendor would tow the NPP barge, with
cool shutdown reactors in it to the construction site. And at the end of each operating
campaign the vendor would replace the NPP with new one and tow back fully used cores
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Figure 1: Map of Indonesia with industrial centers, existing and being developed [12].
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to the home country. In this way no irradiated fuels and radioactive wastes would remain in
the user country. And this is one of the most attractions for further deliberations.

These advantages gained in 160 reactor years of KLT-40C operation t5J are derived
from an advanced core design requiring uranium fuel with enrichment more than 20%
U235 (HEU), and/or plutonium fuel. Some efforts, however, to reduce the enrichment to
less than 20% (LEU) are being exercised, which would result an entirely new core.

The information on the KLT-40C reactors in its possible deployment in Pevek or near
St. Petersburg has been widely publicized. On the other hand since the liquid metal fast
reactor type has not proceeded into the market, it remains to the BATAN the least
informed. It is anticipated that recent progress will be presented in the forum.

2.3. Licensibility in the country of origin

In the Indonesian Atomic Energy Act there is no specific difference in the present
licensing steps for large-, medium-, small- and very small-sized nuclear power plants. The
adoption of passive safety concept, non-active components, and other improvement of
engineered safety features will be taken into consideration in making possible
simplification of the licensing process.

The SMRs including the nuclear desalination plant (or process heat installation) shall
be licensable in the country of origin. Meanwhile, to simplify the licensing process in
Indonesia, adoption of passive safety concept, non-active components, and other
improvement of engineered safety features should be taken into consideration as much as
possible in designing the plant.

2.4. Economic criteria

Economic competitiveness due to very small size is the third among issues to
enlighten. It is understood that small and very small power reactors has certain advantages
in general (such as adaptation to small grid, less financing required, more manageable for
domestic participation, etc.171), but the cost of generated electricity per KWh is usually
high. While for the deployment at remote areas or at the less developed regions the
economic criteria for the Small and Very Small Reactor alternatives in principle remain the
least generating cost, but additionally the following are considered:

• the largest social gain,
• zero or the least government subsidy, and
• smaller than the cost to upgrade the infrastructure and transportation means in order

to remove the "remoteness" qualification.

These competitiveness criteria are applied, for both conventional financing, and for
BOO or other non-conventional financing schemes (e.g. with barter supplement). In
principle an evaluation based on "profit and risk sharing" is considered.

2.5. Domestic participation

As usual requirement in the developing countries, maximal utilization of locally
available materials, manufacturing capabilities and readily made products, as well as
Indonesian nationals for labour, skilled workers and supervisory services are encouraged
for the construction, operation and maintenance works, as far as they meet the specified
quality. Indonesian companies are encouraged to participate and take the transfer of
technology. But in the case where the plant would operate under a BOO scheme, in which
the Independent Power Producer (IPP) alone would own the floating module of nuclear
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plant including nuclear fuels, the domestic participation is likely limited to the on-land
facilities: switchyard, transmission, distribution and other supporting facilities.

These on-land facilities should be assigned with participation to the Indonesian
companies. Whilst operation and maintenance participation would be optimized by the IPP
itself. Local non-nuclear maintenance obviously could be executed by local shipyard or
engineering companies. Other options of domestic participation could be expected in the
design participation of Indonesian engineers in the vendor country, including for example
the design of interfaces and non-nuclear auxilliaries.

2.6. R&D Cooperation

Participation in the R&D on certain design verification, first-of-the-kind engineering or
the one having ultimate objective in the constructing of a prototype or demonstration plant
in Indonesia might be of possible option. The user contribution in this case may cover the
R&D site, available manpower, licensing and accompanying public relations. Later
experiences would benefit all participating sides and create regional market of their own.
With this scheme of cooperation a process of gaining licensibility or a reference plant might
be aimed.

3. INTERNATIONAL ISSUES

3.1. Acceptance

It is understood that the highly enriched fuels and/or plutonium were used to achieve
compact configuration of the core as well as long core life without refueling at the plant
site. If the highly enriched uranium fuels be used, therefore, international utilization of this
special materials should be put forward into an international consensus, before any
developing country could step forward. On the other hand, when the LEU conversion from
the HEU have been readily obtained the newly designed core would need proveness in the
operating experience.

International acceptance is the crucial issue that one country should foresee, since it
involves non-proliferation and safeguards. In possible scheme of Build-Own-Operate
(BOO) the whole barge with the nuclear fuel will stay and remain within the supplier's
possession before, during and after the use in the reactor. This might solve the problem of
ownership of such materials within the territory of a user country, unless otherwise does not
accord to the local regulations.

The extent of security that required for the safeguarding highly enriched uranium
and/or plutonium fuels within the plant and during transport through international waterway
would likely need international consent. Similar consideration would apply to the
movement of floating reactors having whole irradiated cores containing full spectrum of
radioactivities.

3.2. Assistance

The relevant regulations concerning marine nuclear safety, and of ocean nuclear
transportation, are the least exposed to the Indonesian entities. Other topics relate to any
particularities, e.g. of the liability and insurance coverage of such floating plants, compared
to stationary ones recently discussed in Dubrovnik conference II0). The facts that on the
BOO scheme the owner of the reactor & fuel, operator on one hand and the utility on the
other hand may belong to different country with respective own regulations.
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There have been long lists of IAEA information highlighting and promoting the
various ways of SMR's application; some of them quoted here as reference [7-11].
Moreover there have been numbers of IAEA expertise being sent to developing countries
to assist in evaluating possible options of nuclear power plant introduction. Nevertheless,
further assistance of expertise and dissemination of technical information that once was
non-civilian, as well as international forums to help assess the feasibility of related
technologies are the items the IAEA could organize.

4. CONCLUDING-REMARKS

The application of civilian version of nuclear propulsion reactors in Indonesia looks
realistic for the coming intermediate terms although some uncertain points shall be clarified.
Indonesia supports this forum as one of the appropriate IAEA efforts on promoting propulsion
nuclear reactors for civilian application, and expects from it positive international consensus on
various points discussed above. Possible studies or R&D works that this country could
participate in are anticipated.
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