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FOREWORD

The energy problem is real, all too real and seemingly permanent for a
country like ours plagued as it is with a host of economic problems fueled by
the high cost of imported energy. There is no single prescription for solving this
energy problem. Energy conservation is not enough. Tapping indigenous resources, be it coal, hydro, or geothermal, is not enough. Going nuclear is not
enough. Developing renewable sources such as solar, biomass, wind, tidal, and
waves is not enough. Maintenance of friendly relations with major oil producing
countries is not enough. There is no energy source that we can do without, be
it depletable or renewable.
With this realization as a background, this symposium tries to clear up the
skepticism accompanying the political decision to follow the hardest energy
path, that is, to go nuclear. The major issues surrounding nuclear power are
discussed with honesty by the speakers. Only history, however, can judge which
of the two groups, pro-nuclear or anti-nuclear, would be right. Be that as it may,
this symposium also achieved two un-intentional fruits. Firstly, it has aroused an
awareness in the Filipino Scientist to give of his talents in the search for alternative sources of energy, in the search for more efficient uses of energy, and in
developing new sources of energy with the end in view of helping alleviate the
economic ills arising from the high cost of imported fuels. Secondly, this symposium has impressed in the Filipino Scientist his moral obligation to influence
political decision-making, an obligation which becomes more and more critical
in a world increasingly becoming more and more technological. Thus, even if the
nuclear issues remain beclouded, this symposium has been a tremendous success.
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OPENING REMARKS
FELIX D. MARAMBA.SR.*
Just like most countries of the world today, the Philippines need to explore
areas for energy sources other than imported petroleum oil. In the process of
national development, we are expanding the demand for energy. Agriculture, industry, transportation and home have always covered the bulk of the increase of
the demand for fuel.
Agriculture, which before depended on "Carabao Power Activity", can no
longer depend on this animal for the production of food for our growing population. Extensive problems have to be compared for drafting on time. Irrigation
waters have to be pumped. Crops have to be cultivated, fertilized, harvested,
dried and transported. All these activities need a tremendous amount of energy.
So do industrial processing, logging, mining, and food processing. The world
trade of food supplies and industrial materials must be transported, causing an
ever-growing dependence of one country on another. Homes need home appliances. Offices in crowded industrial areas need air-conditioning. All these
activities also consume a lot of energy.
At present, the mainstay for fuel is petroleum oil. But, like other fossil
fuels, the world's oil reserves will ultimately be exhausted. It is estimated that
the present fuel supply will only last for about a generation. The oil-producing
countries are constantly raising their economies. When their oil reserves are
about to be exhausted, they will be forced to limit their production in order to
prolong their economic activity. The result will be scarcity and, consequently,
higher prices. In most countries, this will cause problems not only in the limitation of the supply of commodity but also a disruption of economic activities.
In the Philippines, we are developing other sources of energy like geothermal power. We have also embarked on a crash program on oil exploration. The
government has decided to encourage the use of cheaper alcohol and other nonconventional sources of energy: bio-gas, solar energy, waste recycling, wave
power, and others.
there is one source of energy which is very controversial not only here in
the Philippines but also in many countries today. This is nuclear power. We expect our speakers today to enlighten us sufficiently on the topic so that, at the
end of this symposium, we would have crystalized our ideas, in one way or
another, whether to adopt nuclear power or not. Minister Magno of NSDB has
urged the scientists and technologists to make a firm stand on problems concerning science and technology. NRCP has accepted the challenge. Last October,
the NRCP Division on Engineering and Industrial Research organized a sym* Former Vke-Chainnan of the Executive Board, National Research Council of
i he Phitippines, Dicutan, Tagfe, Metro Manila
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posiunvseminar on "Alcohol as Motor Fuel", as a substitute for gasoline. Today,
we will exchange views to enlighten us on this important subject of nuclear
energy. It is claimed that nuclear energy appears to be the only possible source
of the huge energy demands in the foreseeable future for agriculture, chemistry,
transportation, communication, offices, homes and other various undertakings;
in other words, for purposes of civilized living. The other present and possible
sources of energy will fall short of the demands of the foreseeable future. This
presumes then that nuclear fuel, uranium, is available in sufficient amount as a
power reserve. It is also possibly assumed that the price of uranium will remain
at economically low levels. This situation appears to be followed at present. It
has also been argued that nuclear energy is cheap as assumed by the experiments
in Japan, France, U.S.A., Great Britain, U.S.S.R. and Canada. In spite of an extensive supply of coal reserves in these countries, they have already made plans
for the building of nuclear plants for the generation of electricity. There are also
reports that Latin American countries are already producing electricity from
atomic reactors, in spite of their, well-developed hydro sources and the discovery of petroleum in the North Sea. It is also claimed that atomic reactors
are safe to operate as shown by the fact that, so far, no major accidents have
oocurred. Another proof is the use of atomic energy in the navy of several
nations. In a naval vessel, whether an aircraft carrier or submarine, utmost care
has to be made to make the crew safe right after any activity. It appears, therefore, that there is sufficient technology on the management of radiation.
The argument for nuclear energy, therefore, is that this source of energy
has proven itself to be dependable, safe, compact, and adaptable to various situations. There are, however, very serious problems regarding the extraction of
energy from the atoms, especially in the management of the by-products. So,
these by-products appear to have been well under control and, so far, there
have been no major accidents. In the case of radioactive atoms, it cannot be
denied that quantities of these little substances continue to increase. How far
the situation can go on is problematical as more and more nations go into
nuclear power generation. It should be remembered that their highly radioactive
wastes will persist over thousands of years. This reminds us of the case of the
mercury poisoning incident in Niigata, Japan. The case was discovered ly after
a number of years of accumulation of the toxic substances.
The claim that there is an abundance of uranium has not been proven yet.
It is very likely that in the future, the countries which have uranium will behave
like the petroleum oil exporters and will charge fantastic prices for uranium and,
therefore, make it very expensive to produce nuclear energy. It is preferable that
we exert more efforts on sources found in Philippine territory.
The case against nuclear energy is gaining support from many lectors all
around the Philippines. The use of the atom for energy generation is an activity
that cannot but considerably affect the peoples of the world. The highly radio*

active wastes present a top problem. If these wastes are swept into the oceans,
then, the countries bordering these oceans will suffer the penalties which radioactivity witt impose. When they get into the air, radioactive gases and particles
will spread all over the country. This has already happened with the so-called
atmospheric cosmos tests; What is feared most is not only the slow painful death
caused by radioactivity and highly toxic elements but mutations and genetic
aggravations that may be induced. Human mutants may be produced. The possibility of a physical change in human bodies are adding up. President Carter of
the United States is said to be a nuclear engineer himself. But he has placed in
abeyance the US Energy Development Program. The argument for and against
nuclear energy that I have mentioned, are merely the ones that I have gathered
as a layman on this subject. Most citizens of the Philippines are not in possession
of enough facts to form an opinion on "whether the Philippines should go deeply
into the exploitation of this source of energy or not".
I hope this symposium today will be able to provide enough information
for a sound end to our quest.

KEYNOTE ADDRESS
THE ROLE OF RESEARCH IN
ENERGY DEVELOPMENT
GERONIMO Z. VELASCO •
Addressing a scientific group like this gives me the comforting thought
that I need not go into great lengths expounding on the energy problem as I am
obliged to do before other audiences. As a matter of fact, as far as the subject
of energy is concerned, I might as well be sitting out there listening to any one
of you to further my education on such a complex area of study.
The energy crisis is actually of recent vintage and has become a catchphrase only since 1973 when, by a series of unilateral acts by the organization of
petroleum exporting countries, the whole world realized that crude oil, the
primary energy source of every economic machinery, is getting scarce, at the
same time that its cost is becoming more prohibitive.
Looking further back, however, it may be said that the crisis had long been
incipient and rendered apocalyptic by the great energy splurge accompanying
the world's technological advances. Led by the developed nations which have
become models of the good life, other nations have been in a hurry to industrialize: building factories, acquiring land, sea and air transport facilities, generating
power, expanding communities, opening up new frontiers and modernizing agricultural tasks with new equipment and machinery. All these have been using up
energy, principally petroleum, at unprecedented rates. When man burns up in
a day what took millions of years to be formed in the bosom of the earth that
is his host, he is placing an undue strain on the resources of his host. The same
pattern of prodigality has happened to the other natural resources of the earth:
denuded watersheds, land depleted of mineral richness, polluted rivers and seas,
mines so wantonly exploited, whole mountains that have been levelled. But
while humanity lives through these privations as side issues of progress, such
excess need not be there as a matter of inevitability.
The task of setting things in their proper ordei may be formidable but it
can be done. And this is the domain for scientists who, after all, have been the
progenitors of all progress. It is a matter beyond the ken of alarmists and doomsday prophets who would espouse the simplistic notion of man's returning to his
original state of nature. It constitutes a problem requiring the insight and perspective of men who understand that the quantum leap of technological advance
since the industrial revolution, cannot be reversed without creating an unimaginable mess of the human condition. It is a task for learned men fully honed in the
•Minister, Ministry of Energy

pursuit of "'evolutionary competitive processes", as the American scientist Jack
M. Hollander calls it, which will bring about new ways of doing things for the
benefit of man to rescue him from pessimism and despair.
This symposium under the auspices of the Division of Engineering and Industrial Research of the National Research Council of the Philippines is no less
than a confrontation of this task. The papers that will be read and discussed
here, touching as they do on energy, will serve as salient guidelines of consideration in our implementation of the national energy plan.
As in the case of the rest of the world, the premise of our concern over
energy as a primary factor in the economic development mix is the predictable
prospect of a future not too far off from our time where the supply from
traditional sources will be diminished and increasingly expensive. An easy way
out of such a two-barrelled squeeze would be a curtailment of consumption,
which is unprogressive and a contradiction of our aspiration for development
and growth. Parenthetically, it may be recalled that a similar squeeze confronted
the civilized world in the middle ages when the burgeoning of cities made wood,
the principal construction material at that time, extremely difficult and prohibitive to procure. But instead of resulting in the stagnation of building activity,
the crisis spurred efforts in all directions to harness and develop alternative construction materials like cement and steel.
Our response to the energy crisis has been precisely the exploitation and
development of our indigenous resources which offer a vast potential for our
eventual self-sufficiency in our energy requirements. In the long term, this response is embodied in the national energy policy evolved from a cogent assessment of our predictable needs to support the national economic and social
development goals.
Consistent with the magnitude of these objectives, the scope of the country's energy management has been enlarged to encompass all forms of energy
development. This makes for integration and coordination with a view to intensify and accelerate development efforts which will realistically and palpably
lighten the burden of our continuing dependence on imported crude.
Before we embarked on the national energy program, the country had
been almost wholly dependent on imported oil for its energy needs. Through
new energy projects and savings from conservation, we project to lessen this
dependence by 20 percent this year alone, with more hydropower, geothermal
and coal resources being placed on line. Domestic production of oil will become
a visible reality this year. This contemplates a projected growth in consumption
of seven percent which is reflective of increased economic activity all around.
At this point, allow me to focus attention on certain energy projects which
could be of interest to this distinguished group of scientists and multi-disciplined
professionals.

It will take another three years before the country's first nuclear power
plant in Bataan, with a capacity of 620 MW, becomes operational. Because of
ecological concern, the project has drawn much attention. Your symposium
today underscores this concern which is most welcome in the prosecution of a
nuclear program as a facet of energy sufficiency, As earlier stated, Philippine
Energy Policy underscores the goal of ensuring that levels of supply and methods
of utilization are environmentally acceptable.
There are, no doubt, potential risks in the maintenance of a nuclear plant.
Our safeguard in this respect is the experience and technology of other countries
which have long availed themselves of this type of power in their own development. As in other areas of human endeavor entailing risks, especially lethal ones,
the responsibility is one of management. The fact is that the harnessing of
nuclear power is much too significant a technological advance as to be set aside
for sheer misgivings about its proper handling. As of now, nuclear scientists in
advanced countries talk of breeder reactors becoming available in the near
future which will feed on plutonium derived from the most common isotope
of uranium U-238, said to release 60 percent of available energy as against one
percent of uranium 235. At the turn of the century, it is predicted that breeder
reactors will utilize thorium which is more abundant than uranium, as the U.S.
annual review of energy in 1978 reports.
Energy experts say that alternative sources of energy are vast. Some of
these are difficult to extract and therefore require large capital investments. And
some present environmental hazards, an impediment to science and technology,
can very well be overcome. But even discounting oil, coal, and uranium, which
are after all depletable, there are other resources which are virtually infinite
because they are renewable - the so-called non-conventional energy forms.
Considering that oil came into substantial use only a little over a century
ago, the prospect that its known world reserves can be exhausted in a few more
decades dramatically highlights the need to look to alternative resources, especially
the renewable ones, to ensure the unhampered growth of man's industrial state.
In our case, the vast potential of indigenous sources of energy is waiting to be
explored and utilized'. Developing them is a matter of time. Programmed investments and the active involvement of scientists and experts who can innovate
and add on to available technologies will accelerate their development.
Without meaning to encroach on the singlemindedness of your respective
scientific preoccupations, I would like to take this opportunity to invite the
members of this distinguished assembly to take a closer look at our energy scene.
We are a country that has come lately into the technological age. In energy
development, particularly in exploration, we have had to avail ourselves of the
advice and expertise of advanced countries for our own people to be equipped
with the necessary capability required by the complex development tasks. However, the country has a pool of its own scientists who, while not now directly
6

involved in the energy effort, can channel their research and development
studies along lines that will support some aspects of the National Energy Development Program.
Research and development efforts along non-conventional sources of
energy need the involvement of scientists like you to give access to energy to a
greater number of our people. Consider how relatively simple technologies like
biogas generators and solar dryers can improve the quality of life in our hinterlands. The use of bagasse, woodwaste, palay husk and coconut charcoal can be
equally beneficial. Witness, too, some innovations, crude as they are from the
sophisticated standpoint, that a few creative people have come up with to give
substance to energy conservation. Certainly, men of your knowledge and orientation can do much more, not necessarily starting from scratch but perhaps taking
up from where other scientific investigators have left off in the development of
processes which have yet to be perfected.
As you know, there is said to be a wide diversity of yet unproven tech*
nologies in the harnessing of solar power which encompasses wind and water
energy. This also offers a vast area of inquiry and experimentation in a country
that is abundantly sun-blessed and where wind and water are all around.
The most attractive feature of solar energy is its abundance and inexhaustibility. We, in the tropics, are blessed with nearly year-round excellent insolation.
The noon intensity of solar radiation on a clear day in the tropics can exceed
a kilowatt per square meter.
One of the most promising applications of this resource is in solar water
heating. However, the extent of solar water heating use in the Philippines is
retarded by the lack of appropriate empirical data on the economics of commercial application as well as the technical aspects of this solar-energy application.
It is the desire of the ministry of energy to start utilizing solar water heaters, not only in homes but also for many industrial and commercial establishments. But to give solid backing to this magnanimous effort, there is a need to
iron out the technical difficulties still unresolved in this field of solar energy.
At this point, I would venture to suggest a research study to improve the performance of solar flat-plate collectors.
The efficiency of flat-plate collectors is at present only acceptable for low
operating temperatures. From experience, collectors with an annual efficiency of
less than 25 per cent will be difficult to justify economically. A study on various
selective coatings to improve absorptivity while minimizing emissivity and experimentation on different collector designs and materials would aid toward making
solar wafer heating systems» viable option for selected local industries.
It interests jne to know that the Division of Engineering and Industrial Research is undertaking studies on diesel-cngbie performance using alcogas as a
supplementary fuel. Your research activities along this line is a manifestation of

your support to the government's policy to shift the country's sources of energy
from imported crude oil to indigenous and renewable resources. Considering that
the transport sector consumes more than one-third of our present energy pie, the
displacement by alcohol of some of our gasoline requirements would have technical, economic and social advantages. Tc enumerate some:
Alcohol can be produced from indigenous raw materials and with a technology that local experts have assimilated from past experience.
Alcogas is one of the most inexpensive substitutes for petroleum in the
transport sector -- by far the most evasive consumer group as far as oil substitution is concerned.
The program has considerable economic impact in terms of increased
agro-industrial activity, employment generation and import substitution.
Alcohol is environmentally acceptable rince its addition to refined gasoline
will effectively reduce the addition cf lead components — a major source of
toxic air pollutants.
Alcohol production is closely interlinked with other industries. While the
main concern of the program is alcohol production, valuable by-products are
produced which could be sold as inputs to other economic undertakings.
The technical viability of using an alcohol-gasoline mixture on a 15:85
proportion has been established after conducting numerous alcogas runs involving different car models. It must be submitted,however,that at this stage,
only an alcogas mixture obtaining from ethanol and premium gasoline has been
fully successful in effecting a shift in fuel type without necessitating any technical adjustments in the engine.
Due to the fact that the purity of the alcohol used in the alcogas mixture
is greater than 99.5 percent, it eliminated vapor lock tendencies in the vehicles'
engines, reduced lead pollution and minimized to negligible levels the corrosive
effects to the engines' total fuel system.
We have finally come to the point when full scale implementation of the
alcogas program needs a critical and decisive assessment. Your research efforts
along this line are well appreciated. In the same way that it requires money to
make more money, so does it take the application of energy to make more
energy. We have to drill, pump, transport, process and convert — activities which
all require the use of energy. This is why the energy program must be relentlessly
pursued! This is why all avenues have to be explored. And this is why all of us
must be involved in the effort.
We need more energy to sustain development and growth, to enhance the
well-being of our people. Fortunately, we have the natural resources. In you and
in others like you, we have the indispensable human resource that can propel
development to our desired objectives. With such essential assets, we can say
with confidence that we need never fear an energy shortage as long as we pursue
our goals relentlessly and purposively.
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RADIOACTIVE WASTE MANAGEMENT
AND DISPOSAL
EDILBERTO A. CABALFIN *
Radioactive wastes are by-products in the various activities of nuclear
energy utilization, which, by virtue of economic and/or technological, or political
decisions or considerations, are to the advantage of the utility, better stored
or disposed without reprocessing to recycle or reutilize all cr portions of the said
products. These wastes vary in kind and radioactivity levels .which consequently
demand a wide variety of management techniques and decisions. Table 1 gives
us a look into the composition of a radioactive waste stream from the reprocessing of typical LWR spent fuel. They represent the upper extreme of the wide
variety of wastes generated from equally varied sources.
Management of radioactive wastes require special technological processes
and standards primarily because the radioactive properties of these mate: ials
demand that the integrity of decisions and the technology applied should remain
vaUd at least 20 half-lives of the longest lived component of the nuclear waste.
A further point to consider in this field is that radioactivity cannot be destroyed
or altered by any physical or chemical processes, and therefore, by definition,
"processing" will merely imply the conversion of the nuclear wastes from one
form to another, allowing us to more effectively handle and isolate these materials
as stable products, more resistant to environmental attack, and in smaller and
more compact volumes.
Let us now review the various phases involved in the management of nuclear wastes. For all types and sources of nuclear wastes, we have to agree first
on concepts with which to form decisions and program on:
a. interim storage policies
b. the technology of reprocessing
c. the disposal scheme to adopt for purposes of temporary or
permanent disposal.
These decisions will indicate the extent and depth of study required to conform
to standards and regulations.
The most controversial issue in the nuclear industry at the moment is
whether or not to reprocess spent fuel elements from commercial nuclear power
stations all over the world. This issue is vital to the nuclear waste management
program for any nation, primarily because spent fuel elements represent the biggest single source of highly concentrated and radioactive wastes with very long
Radiation Protection Division, Philippine Atomic Energy Commission,.Q.C

half-lives. To disallow their reprocessing will mean removal of this source, and
hence relatively simpler requirements for storage and disposal To allow reprocessing would, on the other hand, mean large inventory of "open" radiation
sources that are highly corrosive, toxic, and radio-active. Fig. 1 gives us a schematic diagram of some of these options.1 Option I, i.e., disposal of unprocessed
spent fuel elements, give us the choice to cool fuel elements on reactor sites for
a period of time (8 to 10 years or more), after which they are transported by
special transport casks to away-from-reactor (AFR) storage facilities for future
retrieval and reprocessing or final packaging and disposal into permanent disposal
sites. A second choice for the disposal of unprocessed fuel elements requires the
immediate transfer (one year or so) of the spent fuel after removal from the
reactor core to AFR storage facilities provided with cooling ponds. After 8 to 10
years cooling in these ponds, the spent fuel elements are treated as in the first
choice. There are at present three schemes for AFR spent fuel storage facilities.
These are the wet storage type on above ground storage ponds equipped with
clean-up, cooling and circulation, and monitoring systems, or the two dry storage
types, which make use of either shallow underground concrete canisters, so
spaced to allow natural air cooling, or convection vaults in shallow underground
sites, again cooled by circulating air.
Management of nuclear wastes from reprocessing of spent fuel elements
is, on the other hand, more complex and will involve step by step verifications of
compliance to standards, as to the nature of the resulting wastes, their interactions with the storage and/or disposal media and generally the environment.
The lower portion of Fig. 1 gives us indications of the possible options to handle
the nuclear waste arising from fuel reprocessing. Consider the distinct steps involved in the various options mentioned:
a.
preliminary "processing" to separate the different components in
the waste stream, eg., separating the actinides from the fission products, or the long-lived alpha emitters, from the shorter-lived components.
b.
waste fixation or immobilization to convert the separated high level
components into stable and resistant solids.
c.
disposal of the "processed" wastes into the selected medium.
Let me define at this point two terms used in the scheme:
Storage is defined as the placement of nuclear wastes into suitable media
under controlled conditions, with the intent of retrieval or recovery
for study, transfer or recovery at a later time.
Disposal,on the otherhand, is the placement of nuclear wastes into suitable
media, without any further intent of retrieval, control or recovery.
From the two definitions above, you will understand better why the succeeding discussions on the various elements of radioactive waste management
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are not considered complete or necessarily adequate, but rather stepping stones
towards better and more improved and reliable concepts and technologies as
more data become available from tests and experiences.
Let us start with the basic environmental impact assessment program that
is required even now of conventional industrial activities. The ultimate objective
is, of course, man, I.e., that the proposed activity will not cause him or the succeeding generations harm; cause him to live under an acceptable risk; and limit
or prevent him from exploiting and enjoying nature around him. The environmental impact study has to prove this fact on the one hand, and prove also that,
within the limits of the safety standards, the activity will be economically
viable. For the first requirement above, the general environmental profile,
namely, the geology and seismology, meteorology, hydrology, demography,
ecology, and the sociological patterns of the site, are studied. Whether we are
preparing for a nuclear plant, a reprocessing plant, an interim storage site, or a
permanent disposal site, the criteria are for a geologically stable base, with
minimum seismic and/or volcanic activity, isolated underground hydrological
movement, an established and documented ecological chain for the expected
waste or general radioactive emissions from the plant, and a population density
that can be managed and controlled under normal or credible accident conditions.
On the second consideration, the economic viability of the activity, which
is equated rather very strongly to the detriment imposed upon the population
expected to be affected by the activity, can be decided on in terms of the cost
of the detriment and the engineered safety cost that has to be structured into
the design and operations of the planned activity, to achieve the desired level of
risk. Fig. 2 graphically illustrates this relationship.
Some of the specific studies being undertaken as part of the environmental
impact assessment study are the following:
a.
b.
c.
d.
e.

identification of the various critical pathways of reconcentration
ofradionuclides;
determination of the dilution or reconcentration factors of the
critical elements in the ecological ladder;
calculation of the dose to man from each and all of the critical path*
ways identified i
thermal, chemical, and radiological effects of the wastes on the
environment, and
meteorological characterization of the site and surrounding areas.

Let us now go into the review of the presently available technology in
nuclear waste management, i.e., the various options available in partitioning
(separating), solidifying, immobilizing (fixing), storing and disposing of nuclei:
wastes.
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Partitioning or separation of the highly radioactive components in the
waste stream can be carried out by several choices of chemical treatment processes, or by evaporation. The resulting solid or semi-solids, are either immobilized or fixed in appropriate media like asphalt or cement monoliths (in
the case of medium level radioactive slurries) or converted into oxides, calcine cakes, ceramics or glass products. Table 2 gives us a list of the various solidification processes being used in the advanced countries, together with the characteristics of their products. It should be noted that a very low teachability rate is
one of the important and desirable characteristics aimed at by the solidification
processes.
The final stage in the management of nuclear wastes is the disposal of the
solidification products into a suitable disposal site.
Table 3 gives us a tabulation of the concepts presently being considered.
By and large, the geological concept is thought to be the most attractive and
within the reach of present technology. It is obvious, therefore, that a thorough
characterization of the geological site is necessary, and such factors that will
insure the required containment and isolation of the wastes will be factored into
the acceptance or rejection of probable sites. Table 4 enumerates some of the
geological factors considered as desirable. These factors are divided into 2 conceptual levels: those factors relevant to the inherent geological safety of the area
or site; and those factors which take account of operational and constructional
constraints.
Figs. 3 through 8 illustrate some of the disposal concepts being studied in
the U.S.A. and European countries. Some concepts make use of the heat generated by the waste to melt and fuse a cavity in the geologic formation where
the waste will forever be entombed. The rest I believe are self-explanatory.
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Table 1. Typical Compositions of Radioactive Waste Materials
Grams/MT from Reactor Type W
Material <b>
Reprocessing
Chemicals

Hydrogen
Iron
Nickel
Chromium
Silicon
Lithium
Boron
Molybdenum
Aluminum
Copper
Borate
Nitrate

2,300
26,200
3,300
6,900

—
435,000
—
1,100
1,900

98,000
244,000

68,500

452,000

4,800
—
40

250
4,200
1,000

4,840

5,450

4,800

48Q
140
40

1,400
30
10

260
1.250
50

660

1,440

1,560

Other A c t i n i d e s ^

< 0.001
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Total Fission Products ^

28,800

79,400

33,000

538,000

419,000

Fuel Product
Losses (f>i)

Uranium
Thorium
Plutonium
Sub-Total

Transuranic
Elemetns &)

Neptunium
Americium

Curium
Sub-total

TOTAL

f.
g.
h.

LMFBR <e>

3,800
1,500
400
300
200
200
1,000
40
6,400
40

Sub-total

b.
c.

400

HTGRW

1,100
100
200
—
—
—
—
—
—
—
65,800
900
—
—

Phosphate
Sulfate
Fluoride

a.

LWR w

103,000

—
—
380,000

4,300
__
500

<

0.001

Water content is not shown; all quantities are rounded.
Most constituents are present in soluble, ionic form.
U-23S enriched PWR, using 378 liters of aqueous waste per metric ton, 330
MT exposure. (Integrated reactor power is expressed in megawatt-days [MWd] per unit
of fuel in metric tons [MT].)
Mixed core and blanket, with boron as soluble poison, 10% of cladding dissolved 1,249
liters per metric ton, 37,100 Mwd/MT average exposure.
0.5% product loss to waste.
At time of reprocessing.
Volatile fission products (tritium, noble gases, iodine and bromine) excluded.

13

1
4

Radioactivity of selected Fiwion-Pioduct nuclides in high-level
waste f'om reprocessing 11 typical burn-UPLWR fuel for various
cooling times (33,000 MW .d/t U, 30 MW/t PWR fuel)
Curies/t reprocessed uranium after
Half-life

Nudide

la
Strontium-90
Yttrium-90
Zirconium-93
-95
Niobium-9S
Technetium-99
Ruthenium-103
-106
Rhodtum-106
AnUmony-125
TeUuiium-12Sm
-127m
Iodine 129
Caesium-134
-135
-13?

28 a
64 h
1500000a
65 d
35 d
210000 a
40 d
1.0 a
0.5
2.7 a
58 d
100 d
1700000a
2.0 a
3000000a
30a

Barium—137m
Cerium-144
Praeodynium-144
Promethrum-147
Samarium-151
Europium-152
-154
-155
Total curies of all fission
producti/t uranium
NOTES:

2.6
280 d
17 min
2.6 a
90a
12.5 a
16 a
1.8 a

7.5 x 10 4

.OxlO4
.OxIO4

1.9x10°

1.9x10°
0

103.

102a

10 ! s

6.0 xlO 3
6.5 xlO 3
0

0
0
1.9x10°
0

4.2 xlO 2
4.2 xlO 2
6.2 xlO 2
2.5 xlO 2

1.4 xlO1
0
0
0
0
0

1.4 xlO 1
0
0
0
0
0

2.8 xlO*2
7.3 xlO 3
2.9 xlO' 1
8.5 xlO 4

3.8 xlO' 2
0
2.9 xlO' 1
1.1 x 104

3.9 xlO' 2
2.9 xlO' 1
0

9.8 xlO 5
3.2 xlO 2
3.2 xlO 5
7.5 xlO 4
1.1 xlO 3
1.1 xlO 1
6.5 xlO 3
4.3 xlO 3

7.9 xlO 4
1.0 xlO 2
l.OxlO 2
7.0 xlO 3
1.1 xlO 3
6.4 xlO 3
4.4 xlO 3
1.4 xlO 2

9.9 xlO 3
0
0

0
0
0

5.1 x 10 2
3.5 xlO' 2
8.9 xlO 1
0

1.4 xlO' 1
0
0
0

1.7 xlO 6

3.1 xlO 5

3.4 xlO 4

2.1 xlO 1

S.7X1O3
1.3 xlO 4
1.4x10'
1.5 xlO 2
2.1 x 105
2.1 x 10s
6.2 xlO 3
2.6 xlO 3
6.0 XlO2
3.8 xlO"2
1.5 xlO 5
2.9 xlO"1
1.0 x 10 s

1.4 xlO 1

1.9x10°

(1) lO^dNiaMtodMMtoforpurpomoftliiitsfeli.
(2) Dst»tal»ao«BNWl-1900WlU^Rdfc
(SCHNEIDER. KJ, PLATT, AM., Edi)
(3) DiU mMftd u k Status jt«poct of Smttfe (ACA) CommlttM on RMUosctlv* Wuft (4 June, 1974).
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Table 2. Characteristics of Solidified Waste Products
SottUlkatlon
proem

Sonic*

Product
fom

WIKwutt
oxW«r

Tunpentun
offumitlon
CT1)

FhtMtad

USA

Gnnuluctlcint

100

400-500

1.0-1.7

0.4 1.0X10'3

SxlO' 1

Pot

USA

ClkiM.cUe

90

850-900

12-1.4

0.61.0xl0' 3

SxlO' 1

RUntkvtl

USA

Borailktte

30-10

900

2.9-3.1

Spray
SoUdirv-»tion

USA

Caldne

N-100

too

Spray
SoHdfflcnttai
Ftio>phtt<
Slut

USA

Gkn

20-80

1200

Dtndty
.

Thcnntl
oonduclivMy
"••

LMduHUty
h e ""
'•

CUdndJon

USA

STOPPER
USA

Glut

1200

30

Slliauof
•kimfao
Hbc*ti

10"5-l0"

W 2 .10" 4

3.0
2.7-2.9

3

2 3.5 x 10*

io- ? .io- n

up to 500

2000

10"*.
"* 10"*
10'

10'7,10' 5

2.9

MALT

USA

Ahimtno
alUcatt

NtptollM
tytnlt*

Cuwta

Glut

0.1-3

1350

PINGAL

UK

tontflote

39-0

1050

2.1

2.4 » 10"3

10-5 "

HARVEST

UK

BoitMUctte

25

900-1050

2.6

2.75-4 x 10"3

10" 5 -10 -7

RIVER

France

loroi>icitt

20-30

1150

2.5 2.9

2.1-3.6 x 10*3

I0*5.10'7

Contkniwii
pra«a(AVM)

France

20-30

1150

2.5-2.9

2.«-3.6xlO' 3

10"S-W7

VERA

FRG

BoifMWate

20-30

1100-1200

2J-2.7

PHOTO

FRG

Phoiplut*
Out

25-3S

1000

2.6-2.9

2.4 x l O ' 3

Cwmlc
Hut

25

1000

2.6-2.9

24x10°

25

FGR

THERMITE

FRG

ONHIC

LOTES

EwodMmic

FIvMpllU*
OWMlC
MHttllMllta

EtiradMKic PkMpkMltlHi
•KiGmniay ktHMOInwlrix
FRG

For

ESTER

ESTER

l 0

Hut

THERMITE

PAMELA

19JklttoUy;

10'" (inmyna

•onMillGM

Italy

10"5-I0"7
10'S-10"7

2000
C*amfc5M>0C
fetcorpontton
MHI
400°C

10"*-10'7

5.0

25-35

Glwl000oC
iMOiponUM
kHMtdMkte
«00°C

5.5

2.5 X W 2

l»4-10'7

22-21

900-1050

2.5-3.0

2.5 3 J x IO'S

I0*

20-21

1000

2.7-3,0

20-25

NO

2.3-JS
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Table 3. Summary of System Characteristics for Alternative Waste Management Syitemi
Rcqtitrtmmti for ih» Syitnu
Interim
Liquid Watte
Slontval
Refttocwlna
rtant

Famtlonlna
of Wane into
T o o ot more
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Solid Watte
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Rtxyclo 1'acBlty

bwormltoal
Diipoial
of Watte
roMlllumii

DUOOMI
or* Total
Hlfh-Unl
WaMc
Comtlluwnli

Other

" Coficvj.1 (SotU WnU'
Nonntded

No

Ulau

Optloni:

Yet

Vn

Ye<
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Pjffcicncw from Aliovc Hwiulmnfiiti are tlatcd below

I.

SolklwMKcniplaccdln
mined rtvity, no nuld

Abo in-phce mellconvenion in rockwulc matrix

mined enhy: MlW «li coottot^
nomiltlnt
DkfotH/riocfHlni
O l H an Com*

uit In mmed
onlty, IriltM « « t c

• o n of ftivl to re>

No

Nu

convinioM in cock>

y ; t
rellux coolii^ mtiflnt

«tT«« cootiniu ntettaif
p
metriaofdrtmtokt:
no IhU cooing c?
•ndtlni

orantaMtlircompon of FMI to rt|»an»»H plant

deep noki:no fluid cooti n coHncltiH<a)

llo
wmttcMicnt matrix

I

No

AnckoteOtonat/dkaaaal
Abo a
cnfloaumpon

SaMacttataoMMdotllar '

.'.

RarMadtaicntMka

I.

Soav m* l i n n OtMts

1

1.

Sskilapan

}

J.

Satatlant*

j

1.

IMtanKton

2.

trtoiMan

).

AcatmHn

«.

NKkMtvlnrm

I

FcTteydtaMa.lMliiAi

DMrM
Rlqrtla/
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Table 4.

Geological factors considered in the selection of repositories and/or
disposal sites.
GENERAL

Group - - Inherent geological anc hydrogeological safety
1.
Spatial distribution of the rocks — characteristics of the containing rocks.
(a) Homogeneity of the rock mass
(b) Three-dimensional geometry
(c) Geological structure
2.

Fluid-flow factors - the possible mechanisms for transport of nuclides
away from a repository.
(a) Rock parameters, including permeability , porosity and dispersiveness
(b) Regional hydrologjcal and hydrogeological conditions

3.

Long-term stability of the rocks - integrity of the repository and containment of the wastes.
(a) Solubility
(b) Plasticity
(c) Mechanical integrity
(d) Thermal integrity
(e) Radiation integrity
(f) Diapirism
(g) Geodynamic conditioning
(h) Seismicity
(i) Operational safety and stability

4.

Geochemical parameters - influenced by the operation of the respository
and influencing the effectiveness of the containment.
(a) Sorption properties (adsoption and absorption)
(b) Thermal effects
(c) Gas and liquid inclusions
(d) Mineral sources of water

Group II — Major operations and construction constraints
1.
Social and political aspects
2.
Ecological effects
3.
Economic aspects
4.
Civil engineering, mining, and engineering geology
5.
Protection against voluntary and involuntary access.
Subject to modification by secondary thermal and mechanical effects
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FIGURE 1.

oo

High-Level Radioactive Waste
Management Options

COST

X - SAFETY COST
Y = COST OF DETRIMENT

SAFETY

FIGURE 2.

Relationship Between Safety Cost
And Detriment
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FIGURE 3.
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or Melting
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FIGURE 4.
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Melting
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FIGURE S. Solid Waste Emplacement in a Deep Hole with In-Placc Conversion to a Rock-Waste Matrix
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FIGURE 6. Liquid Waste Emplacement in an Exploded Cavity - In-Hacc
Drying and Conversion to Rock-Waste Matrix
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INLET FILTERS
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REACTOR SAFETY
CARLITO R. ALETA •
Safety is a serious business. Anything that will eliminate or minimize accidents, or rather, the causes of accidents, is always a serious business.
Accidents, as we all know, obey Murphy's law: "If anything can go wrong,
it will," or the obvious corollary: "Accidents happen at the least time you
expect them."
We all know that we do not want accidents to happen. Their arithmetic is
well recognized: Accidents add to your costs, subtract from your welfare and
happiness, multiply your sorrows, and divide your resources. We,therefore, try
to make things as safe as possible.
We are faced, however, with the question, "How safe is safe enough?" To
answer this, we must introduce the concept of risk.
One common way of defining risk is simply the potential of an undesirable
event. An acceptable risk is one where we are willing to accept the consequences
of an undesirable event. Thus, a pedestrian crossing a busy street takes die risk
of being hit by a car. Bui: this risk does not prevent him from crossing, anyway.
He accepts either unconsciously or consciously, this risk. The desire to get to
the other side is far more important than the risk of being hit. Cigarette smoking
is also believed to cause lung cancer, yet many accept this risk.
One way of showing risks is to plot the probability of an occurrence of an
event against the consequences of that event. In Figure 1, we note the frequency
of events plotted against the fatalities.
Zero risk in any activity is impossible to attain. There is a need to define
a point beyond which further reduction in risk need not be made, perhaps
because of prohibitive costs, or the risk is already acceptable.
One's perception of risk is different from another. One could ask, for
example, if "one in ten thousand (10,000) is the chance that a man of 56 taken
at random will die within a day, should a man at 56 who knows his health to be
good, disregard completely this probability? Or if a public lottery were drawn
' Philippine Atomic Energy Commission, Q.C
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for the choice of an immediate victim, and if our names were inscribed in one
of the 10,000 tickets, should we be perfectly be easy?"*
Thus, because people act on their subjective perceptions of risk, there is
a wide range of reactions possible towards a given risk. These reactions, however,
may be changed by providing clarifying information if this is presented in a
credible manner.
What are the risks involved in nuclear power? The issues against nuclear
power may be categorized into the following:
SAFETY, WASTE MANAGEMENT,
TERRORISM.

ECONOMICS, POLLUTION AND

This paper will not discuss the last four topics. Each one in itself is broad
but they could be subject of the open forum later on. This paper will concentrate
on Safety, ^specifically, on Reactor Safety, and specially, for the Pressurized
Water Reactor (PWR). Figure 2 shows a typical PWR, which is similar to the
plant being constructed in Morong, Bataan.
A nuclear power plant uses the nuclear chain reaction of a fissionable
material as a source of heat to make steam to operate turbines which run the
generators. The fuel in a PWR is enriched uranium, i.e., about 3% U—235. **
In the PWR, ordinary water is circulated around the reactor core and
becomes heated by nuclear reaction; in the process, it cools the core. Additionally, water acts as moderator, i.e., it slows down the neutrons flowing through the
reactor core so they will be able to cause fission.
One misconception by many is that a nuclear power plant can explode like
an atomic bomb. Such an explosion, it must be emphasized, cannot happen.
Although the principle of fission is the same in a nuclear reactor and in an atomic
bomb, fission is controlled in the former, but uncontrolled in the latter. Furthermore, the fuel in a commercial nuclear reactor using uranium has low enrichment (about 3% U-235), while in a bomb, it is highly enriched (about 90%
U-235).

* From NUREG/CR-0400 Risk Assessment Review Group Report to the US Nuclear Regulatory Commission or the Lewis Report on the Rasmussen's Reactor Safety
Study, p. 39
•* Natural uranium contains only 0.7% U-23S
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What is the hazard associated with nuclear reactors? There is a large amount
of radioactive materials produced in the reactor core. These radioactive materials*,
if released, could create a,serious hazard to the public. The object of reactor
safety, therefore, is to prevent the significant releases of radioactivity which
could prove a risk to public health and safety.
In a recent study on reactor safety ** significant contributions to risk
were found to be the accident sequences which involve: (1) an initiating event
(e.g. a transient disturbance or a pipe break), (2) failure of one or more safety
functions (e.g. reactor shutdown or emergency cooling) and (3) release and dispersion of radioactivity (e.g. failure of reactor containment building).
The risk can therefore be reduced by diminishing the following probabilities:
(1)
(2)
(3)

occurrences of initiating events,
failure of safety systems provided to control the course of evented
failure of safety systems and structures provided to inhibit releases
of radioactivity.***

There are 2 main approaches to Reactor Safety - The Technical and the
Administrative.
TECHNICAL APPROACH TO REACTOR SAFETY

The philosophies employed here are defense-in-depth and redundancy and
diversity.
The defense-in-depth approach considers a broad spectrum of possible
events in order to define safety design and operating requirements for plant
components, systems and structures.
The range of potential occurrences in a nuclear power plant can be grouped
into 3 major groups.**** (Table 1):
(1)

Anticipated operational events which may occur with moderate frequency (several times a year and which would not resul i in significant
release of radioactivity).

* The amount of radioactivity present in a typical 600 MW (e) nuclear reactor cote
after 650 days of operation at full power is about 940 million curies, mainly due to the isotopes, kryton, xenon and iodine.
••Reactor Safety Study, WASH-1400 (NURBG-75/014) Oct. 197S
•••NUREG/CR-0438 Plan for Research to Improve Safety of Nuclear Reactors
April 1978.
••••NUREG/RC-0438 Plan for Research to Improve Safety of Nuclear Reactors
April 1978
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(2)

Events with low probability of occurrences (from 1 in 10 to 1 in 100
per year) and the potential of small release of radioactivity.

(3)

Events with very low probability of occurrences (1 in 100 to 1 in
10,000 per year for which engineered safety features are provided
to mitigate potentially severe consequences.)

Analysis of the first group of events (moderate frequency) provides an
opportunity for detecting and correcting weakness in specific plant designs that
might otherwise contribute to more serious failures.
Analysis of the second group of events must show that if they were to
occur, the plant design would be such that existing regulations on public exposure
to radioactivity would not be exceeded.
The third group of events are ^postulated in spite of the low probability of
their occurrences and using very conservative asssumptions, i.e., deliberately
underestimating the performance of a safety feature and overestimating the consequences of its failure. Example: the degraded performance of safety systems
concurrent with a major pipe break in the reactor coolant system. The Engineered
Safety Features (ESF)must be designed so that the consequences are well within
the regulations. The ESF includes the Emergency Core Cooling System (ECCS),
radioactivity-removal systems, and containment heat removal systems.
Let us take the case of a loss-of-coolant accident due to a major pipe break
in the primary coolant loop. As designed, the ECCS would inject cooling water
into the core, thus averting a high temperature build up and possible meltdown
of the fuel. Should the ECCS fail,.'the temperature of the core would increase
possibly exceeding the melting point of the fuel cladding. Radioactive gases
would be released but these would be retained in the containment vessel. If the
containment vessel fails, the gases would escape into the shield building. Should
this shield building fail, the gases would escape into the atmosphere where
meteorological factors would then play a part in determining exposure of the
public to the radiation. What this sequence of events indicates is that in the
design of a reactor, there are multiple barriers that prevent the escape of radioactivity into the atmosphere, and the probability of the simultaneous failures
of each of these barriers is very, very low.
The defense-in-depth concept requires the following:
(a) the plant should be. soundly and conservatively designed so that it
can be built, tested, operated and maintained in accordance with stringent
quality standards and engineering practices. The design should have a high
tolerance for the possibility of system malfunction and abnormal conditions.
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(b) the safety systems should minimize or prevent damage from failures
or operating errors which are assumed to occur during the plant lifetime. Safety
margin and redundancy are incorporated into the protection system.
(c) the requirement of additional safety features should address arbitrarily, assumed events with low probability.
Redundancy and diversity means that the reactor protection system and
the engineered safety features are designed and installed in such a way that at
least two independent systems are fully operational at any one time, and each
system is designed differently from each other. For example, to shut down the
reactor, a solid control rod, or liquid poison is used.
ADMINISTRATIVE APPROACH TO REACTOR SAFETY
This administrative approach is referred to as the licensing process. The
Philippine Atomic Energy Commission is the regulatory body responsible for
licensing nuclear power plants.
There are three (3) main stages involved in the licensing process before the
nuclear power plant becomes operational. These are the Provisional Permit (PP),
the Construction Permit (CP), and the Operating License (OP) stages.
THE PROVISIONAL PERMIT STAGE
This stage requires the submission of a Preliminary Site Investigation
Report (PSIR), which describes the proposed site. It contains documentation on
the geological, seismological, meteorological, hydrological, and other physical
characteristics of the site. The Provisional Permit (PP) allows the site excavation
and foundation work.
THE CONSTRUCTION PERMIT STAGE
The application for a CP is submitted with two documents: the Preliminary
Safety Analysis Report (PSAR) and the Environmental Report (ER).
The PSAR describes the design of the proposed plant and presents more
comprehensive data on the site.
The PSAR should contain the evaluation of a broad range of potential
occurrences, including a set of design-basis accidents, and safety features provided to prevent these accidents, or if they occur, to mitigate their effects on
both the public and the facility's employees.
The PSAR is subjected to a review for completeness of information, soundness of engineering design and reliability of the protection systems that are
activated during occurrences. The review is performed in accordance with a plan
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which provides the acceptance criteria to be used in evaluating the various systems, identifies the components and structures important to safety, and describes the procedures to be used in the review process. The acceptance criteria
used in the review include regulatory guides, codes and standards.
The Environmental Report (ER) describes the possible environmental
effects of the plant's operation and construction and incorporates discussions
on both radiological as well as non-radiological releases from the plant.
If a CP cannot be granted because of certain unresolved safety concerns,
PAEC may issue limited work authorizations (LWA), which limits the scope of
the construction activities by the Applicant.
During construction, periodic audit and inspections are conducted by
PAEC to determine compliance by the applicant of the licensing conditions.
THE OPERA TING LICENSE STA GE
When the construction of a nuclear power plant has reached a stage where
final design information and plants for operations are ready, the applicant submits an application for an operating license. A Final Safety Analysis Report
(FSAR) and a final Environmental Report are submitted with this application.
The FSAR describes (a) the pertinent details of the final design of the
plan and (b) plans for operation (c) procedures for coping with emergency and
(d) physical plant security provisions.

]]
-
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The final ER contains an update of information on potential effects of
plant operation on the environment, as well as measures to mitigate environmental impacts.
THE QUALITY ASSURANCE PROGRAM*
Another administrative component of reactor safety is the requirement of
a quality assurance (QA) program which should be followed by the applicant
during plant construction and operation. As defined, quality assurance comprises
all those planned and systematic actions necessary to provide adequate confidence
that a product will perform satisfactorily in service. QA includes quality control
(QC), which comprises those QA actions related to the physical characteristics
of a material, structure, component or system which provide the means to measure and maintain the material, structure, component, or system to predetermined
requirements.

This is also discussed in the Safety Analysis Report (PSAR or FSAR).

29

']

The regulatory staff ensures proper implementation of the applicant's QA
program through a continuing inspection and enforcement program. The organization and qualification of personnel associated with the QA program are
evaluated. In case the applicant has contractors, the applicant should ensure the
proper implementation of the contractor's QA program; the contractors, in turn,
should ensure the proper implementation of their sub-contractors' QA program.
Even in the administrative approach to reactor safety, the defense-in-depth
concept is also evident.

RECORD ON REACTOR SAFETY
The public safety record on nuclear reactors can stand scrutiny. Table 1
shows the fatalities in some major disasters - those associated with natural, as
well as technological, disasters.
Figure 1 shows fatalities from man-caused events. It is interesting to note
that the worst possible power generation accident would not be a nuclear meltdown but the failure of a hydroelectric dam at the head of a heavily populated
valley. This dam failure could kill as many as a quarter of a million people and
destroy many billions of pesos worth of property, and a dam accident is substantially more likely than a major meltdown accident.* The risk of nuclear
reactors can also be compared with that from natural disasters in Figures 3 and 4.
RESEARCHES ON REACTOR SAFETY
Despite the seeming good safety record of nuclear power plants, researches
are still being planned (e.g. in the US) to improve reactor safety. One criterion
used in evaluating researches on reactor safety is the risk-reduction potential inherent in the research topic.** To assess the risk-reduction potential, one needs
to consider the accident sequences associated with the operation of nuclear
power plants.
Two initiating events are generally the cause of potential accident sequences that are significant contributors (see Table II) to the overall risk. These are
pipe breaks and operating disturbances. If the probability of one type of initiating
event were reduced, the overall accident risk would not significantly change ,
because the other type would still remain a contributor to risk at about the same
level of probability. Reducing the probability of both types below the current
levels has morerisk-reductionpotential.
Risks could also be reduced by reducing the failure probability of safety
systems designed to mitigate the course of events.
* S. McCnckern 1978. "The Cue for Nuclear Power," Dialogue, Vol. II No. 3
••NUREG/CR-0438
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Risks could also be reduced by decreasing the probability of radioactive
releases that could be caused by an accident sequence, such as the probability
of failure of reactor containment buildings.
CONCLUSION
Reactor safety measures, although shown to be effective as borne out by
the reactor safety record, are still being improved and researched on.
Murphy's law for reactors should read: "If anything can go wrong, it will
be analyzed and factored into the design."
It is not farfetched to conclude, therefore, that reactor safety would become a waning issue against nuclear power; on the contrary, it seems to be an
important factor in its favor.
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Table 1. Examples of Potential Occurences

Group 1 events
uncontrolled rod cluster control assembly bank withdrawal from a
subcritical condition
uncontrolled rod cluster control assembly bank withdrawal at power
uncontrolled boron diluttion
loss of external electrical load and/or turbine trip
loss of off-site power to the station auxiliaries
excessive load increase
accidental depressurization of reactor coolant system
inadvertent operation of the emergency core cooling system during
power operation

Group 2 events
loss of reactor coolant from small ruptured pipes, or from cracks in
large pipes, which actuates the emergency core cooling
minor secondary system pipe break
complete loss of forced reactor coolant flow
waste gas decay tank rupture
inadvertent loading of a fuel assembly into an improper position

Group 3 events
major rupture of pipes containing reactor coolant, up to and including double-ended rupture of the largest pipe in the reactor coolant
system (LOC A)
major secondary system pipe rupture, up to and including double
ended rupture (rupture of a steam pipe)
steam generator tube rupture
fuel handling accident
rupture of a control rod drive mechanism housing (rod control
assembly ejection

Source: PNPP-1 Preliminary Safety Analysis Report
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Table 2. Fatalities in some major disasters
Natural Disasters
Epidemic and Famine
Influenza, World, 1917-1919
Bubonic Plaque, Europe 1340's
Influenza and famine, Russia 1914-24
Roods and Storms
China, 1851-66
China, 1887
Holland, 1S30
Earthquake
China, 1SS6
China, 1976
India, 1737
Fire
Moscow, 1S70
Japan, 1923 (earthquake)
Tokyo, 18S7 (earthquake)
Avalanche and Landslide
China, 1920
Tyrol, 1915-18
Peru, 1962 (Wont single)
Voicinn
T UlwWIU

25 Million
25 Million
20 Million
40 Million
1.5 Million
.4 Million
830 Thousand
655 Thousand
300 Thousand
200 Thousand
140 Thousand
107 Thousand
180 Thousand
40 to 80 Thousand
4 Thousand
,

Unsen, Japan, 1793
Krakatoa, 1883
Pelee, Martinique, 1902

53 Thousand
40 Thousand
33 Thousand
Technological

Marine
Spanish armada, 1S88
Royal Navy, 1782
St. George and Defiance 1811
Explosion
Gunpowder, Brescia 1969
Ammunition, China, 193S
Ammunition, Belgium, 1918
Mine
Manchuria, 1931
Manchuria, 1942
France, 1906
Rail
Spain, 1944
France. 1917
Italy, 1944 (Suffocation)
West Pakistan, 1957
Aircraft
Boeing 747's Canary Islands, 1977
DC-10, Paris, 1974
DC-8, Sri Lanka, 1974

4 to 10 Thousand
3.5 Thousand
2 Thousand

!
i

i

3 Thousand
2 Thousand
1.8 Thousand
3 Thousand
1S49
1060

6S0
SSO
300
300

!

582
346
191
RaJatrJosiAaodMtd

Theoretical
1957 Calculation (WASH 740), Maximum
197S Calculations (WASH 1400)

Rnl

Gmliad, 1925, X-ray film Art
Mexico, 1960, Loat Co<0 source
Idaho, 1961, SL-1 accident

3400
1400

'

125

"i

s

Adopted from: C.A. Willis, "Development in Emergency Preparedness". / Korean Nuclear
Society, 1,1, p. 49 (March 1975).
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FIGURE 1

Frequency of Man-Caused Events Involving Fatalities

i^: 1. Fatalities due to auto accidents arc not shown because date are not
available for large consequence accidents. Auto accidents cause about
30,000 fatalities per year.
2.

(FROM:

See section 6.4 for a discussion of confidence bounds applicable to the
non nuclear curve. Sec section S.S for the confidence bounds on the
nuclear curve.
"Reactor Safety Study". WASH-MOO, NRC, Washmgton. D.C. 1975)
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Cross Section of A Typical PWR Plant
FIGURE

2. (From "Fundamentals Course Manual, CE System BO Design,"
NRC, Washington, D.C. 1977
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Frequency of Natural Events Involving Fatalities.

Note: See section 6.4 for a discussion of confidence bounds applicable to the non
nuclear curve. See section S.S for the confidence bounds on the nudear curve.
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(FROM:

"Reactor Safety Study", WASH-1400. NRC Washington. D.C. 197S)
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FIGURE 4. Summary of Estimated Average Whole-body Radiation
Doses in the United States (mrem/person)
(FROM:

A.W. Klement, Jr., et at., "Estimates of Ionizing Radiation Doses in the
United States 1960-2000", Environmental Protection Agency, Washington, D.C. 1972)
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ECOLOGICAL CONSIDERATIONS - ENVIRONMENTAL IMPACT
OF NUCLEAR POWER PLANTS
OELSO ROQUE •
The subject of possible accidents that will occur due to the possible cooling capacity of the nuclear plant, has been discussed in detail this morning. This
afternoon, since we will be talking about possibilities, maybe this problem should
be compared with the probability of other accidents in other sources of power
such as dams and fossil fuel camps. The number, given by people who are for
nuclear power, shows that the probability of these happenings is very small indeed, in fact much smaller than the collapse of a dam close to highly populated
areas. As you will know, if a dam over a certain village collapses, then a lot of
people will get killed in the process. The probability of these happenings is
significantly greater than the probability of a nuclear power plant melt down.
Of great concern today is the apprehension over the disposal of radioactive
wastes. It has been claimed that plutonium, which is one of the radioactive
wastes, is one of the most toxic substances known to man. I find it difficult to
understand when we say that something is more toxic than the other because I
know that man dies only once. Even if a substance is more toxic than the other,
it could have been wrong. But, these should be discussed in relation to other
substances that man usually handles. For example, there is an active commerce
in hydrogen cyanide which is a very toxic substance. A certain volume of this
poison, if scattered all over the countryside, will probably kill an estimated six
billion people. The annual volume of amonnia produced will probably kill eight
billion people if an accident will disperse this volume. There are other toxic
substances which are handled in the day to day commerce of man. Plutonium is
therefore not an exception. In fact, you will be in a delicate stage when you
are injected with plutonium. Once the substance gets into the human system, it
will incite an uncontrollable feeling of great hunger. Although there are more
horrible substances or microbes being handled by nations of the world which are
more dangerous than plutonium, I believe that the significance attached to plutonium is in the psychological apprehension of people. Radioactive substances
have been associated with the "bomb" for a long time. I also think that nuclear
power will become a major source of energy in the world and that the economic
disposal of plutonium will eventually be found. There are reports that in England
they have discovered some practical ways of disposing highly radioactive wastes
toy transforming them into glass-like substances and then burying them in some
stable geological formations. Of course, this method will not be economically
feasible today because the amount of plutonium that is being fanned out by
nuclear power plants will not warrant an economic disposal based on these matters.
•National Environmental Protection Council

38

The topic that I would like to bring out will deal on the other ecological
impacts not ordinarily associated with nuclear power itself but those that fall
short of a nuclear power plant. Geothermal pollution is one. In the Bataan
camp, it has been estimated that the contingent temperature of the surrounding
areas is in the immediate vicinity of about ten degrees centigrade. There are now
studies being conducted by the National Power Corporation on what would be
the probable impact of this temperature. They are testing the various reactions
of a number of important commercial species in the area in various life stages
and are trying to find out what would be the impact of this temperature increase on the waters and aquatic life of the country. It has been pointed out that
it could have some adverse impacts and these will influence the design of the
present nuclear power plant in Bataan. What is known to the public is that, the
most serious impact, in my view, of the nuclear power plant in Bataan has
already happened. This happened during the date of construction. We are very
familiar with the sights in that place. We used to have a project in that vicinit.
During the last two years, I have noticed that the sediments in the beach have
increased by about ten inches. If you will wade in this once beautiful sandy
beach today, you will notice that there is now mud under the water. The
reason for this is the tremendous amount of erosion that has been going on in
the area because of the construction of the nuclear plant. It is a one billion
dollar project generating a lot of activities in the area. There is a housing project
which is being developed for the plant personnel in the area. A new road system
was also constructed in the area. All these activities contributed greatly to the
tremendous erosion going on in the plant site. We also noted that the composition of the flora and fauna in the area has changed tremendously at the start
and during the construction phase of the plant. In fact, the inventory of the
terrestrial environment, which was conducted a few months before the construction, showed that some of the trees were already eliminated in the area. We can
also see these from the landstate or satellite pictures taken of the area.
I therefore believe that the major ecological impacts or consequences of
the nuclear project have already happened. There is a great change in land use in
the area because of the speculations of some high earning people living in the
area. The prices of goods, especially sea-foods, have increased in magnitude. There
is a community that is growing up in that area which is supposed to be a restricted
area once the nuclear plant becomes operative. It is a community composed
mostly of the families of the construction workers. If the construction will take
years to finish, then this community will be more or less permanent. The National
Power Corporation will have a difficult problem in getting rid of them once the
construction of the plant shall have been finished. All these things have nothing
to do with radioactivity.
To make everybody feel at ease, let me tell you that in the ecological program of the project, one will note that everything that needs to be done is in
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fact being taken care of. There is a thorough ecological inventory of the site,
including the aquatic and terrestrial organisms found in the place. There are investigations being conducted in the area: floral surveys, soil analysis, ocean
ecology, epistemological studies, geological studies, etc. The results of all these
investigations or studies will be used as basis to find out, after the operation of
the plant, whether these elements have changed so that we can therefore say that
there is an adverse impact on the environment. Note that all these studies are
being used only for monitoring purposes and not as a physician's instruments
which could make a change in the decision to construct the nuclear power plant.
The government, probably, would like to answer questions on the changes in
the environment which could be directly related to the operation of the plant.
To find out the impact of the power plant on aquatic life and its ecological
possibilities, is a very complex study which is now being undertaken in the construction area and its surrounding environment. The food changes of both flora
and fauna in the aquatic environment is being traced out because the NPC or
PAEC is interested in tracing the various pathways of the regional species that
may find their way in the aquatic environment of the plant. As planned, the
study is going to be conducted during the construction phase and during the
actual operation of the power plant. It will take about ten years to get conclusive results as to whether there is, in fact, a change in the ecological processes
in the area.
To find out the impact of thermal radioactivity discharge is another experiment being conducted at a laboratory which was constructed at the plant
site, with the primary purpose of discoverng the reactions of fishes to various
thermal reagents. They have an aquarium for a temperature of one degree higher
than the ocean temperature, and another aquarium for a temperature of two
degrees greater than the ocean temperature, to find out the behavioral changes
of various fishes at various life stages of fishes which are of commercial importance, like the bangus fry. The experiments show that a five degree increase
in ocean temperature could influence the productivity of these fishes.
The effect of chlorine on the commercially important fishes is another
experiment being conducted in the plant site. In order to prevent the progressive
decrease of the power of the nuclear plant, chlorine is applied to kill the various
organisms that attached themselves to the piping system of the nuclear plant. As
a result,the cooling water effluent will have a great concentration of chlorine. So,
an experiment was conducted to find out how fishes react to the various concentrations of chlorine and recommendations will be made as to the amount of
chlorine tolerable for the fishes to survive in the surrounding area.
Another experiment being conducted in the plant site is to find out the
swimming velocity of the fishes in the area or to measure how fast they could
swim so that they could escape from being sucked in by the cooling system of
the nuclear plant.

40

The good point in these various experiments is that, any possibility that
we could think of to minimize the impact on the environment in the plant area
is being taken cared of. But these do not mean that there is going to be no
adverse environmental impact in the area. All this time, we have been saying
that the decision in putting up a nuclear power plant was wise. A very good
question for the Ministry to answer now is: "Now that it is claimed that we
have oil, was it a correct decision by the administration to put up a billion dollar investment on a nuclear power plant?"
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THE ECONOMICS OF NUCLEAR POWER AND ITS IMPLICATIONS FOR A DEVELOPING COUNTRY
CARLITO R BARRIL*
By far the most expensive single project that the Philippines has ever undertaken is the first Nuclear Power Plant now under construction in Bataan. Thus,
when the National Power Corporation made the decision to go nuclear and contracted to build the said nuclear power plant, it is but proper to assume that it
made a thorough analysis of the economics of this new energy source. It is further assumed that because of the special nature of the project, particularly its
dollar requirements, special care was exercised in the evaluation of its cost and
benefit ratio, not only in terms of both the immediate and long range impact oa
the economic development of our country but also in so far as being consistent
with the government's program thrusts of helping and developing the countryside.
We need to assume all these otherwise NPC would stand guilty of making
a hasty decision on a project whose significance and repercussions transcend not
only this generation but generations to come.
It will, therefore, be the object of this paper to discuss the different economic aspects and cost considerations of nuclear power in order that we may
understand better what kind of technology we are importing and how much it
will really cost us, ultimately, if indeed that is possible to ascertain. For this
purpose, I have to rely on the data and information disseminated by NPC itself
as well as from sources abroad particularly the USA from where we are getting
this power plant and which has the experience arid in-depth understanding of
the different aspects of nuclear power.
To start with, let us consider jwhat NPC has advanced as its rationale for
going nuclear. To quote NPC (NPC publication, Philippine Nuclear Power Plant,
p. 5, second paragraph), "The economics of the nuclear power project has been
the subject of in-depth study, including a searching inquiry at the Cabinet level
of government during the latter part of 197S. The economic rationale is fairly
clear cut - to free the country from the demonstrated possibility of shortage in
the supply of petroleum oil.". At best these statements are vague and unclear. If
we are gullible and take these, particularly the last statement, at "face value",
the NPC's rationale becomes irrational, economically speaking, and absurd at
that. How can we free our country from the possibility of shortage in the supply
of oil by going nuclear?
Of course, we are not that gullible and give NPC the benefit of the doubt
that what it really means and gives as the primary and overriding reasons for
•Associate Professor in Chemistry, CAS, UPLB, College, Laguna
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going nuclear is to free the country from the effects of the possible shortage of
oil. But then, does it mean that because of such an overriding concern (to find
an alternative to oil), all other considerations including costs, health and environmental and political considerations became secondary?
The rationale NPC provided give us reason to believe that NPC did not
make a thorough and critical evaluation of the economics and cost considerations
of nuclear power. Had it done so, then it will come to the inevitable conclusion
that nuclear power, being a "hard energy path", is simply uneconomic, very
costly and highly inappropriate for a developing country such as ours. By shifting to nuclear power as a means of freeing the country from dependence on oil
we will be merely shifting dependence on another source of energy whose supply
and technology are even more foreign and more sensitive to the vagaries of world
politics and opinion.
The issues must be made clear. If this nation is to opt for nuclear power as
an energy source and spend billions of pesos and foreign reserves on it, " it is
necessary to understand the drawbacks as well as the benefits of that energy
source. Costs are a key part of that understanding."
Let us therefore examine those costs - not the environmental, health
and/or social costs in general — but the economic costs in particular — of nuclear
power; Where possible, we will also try to compare them with the costs of conventional and/or indigenous energy sources such as oil, hydro, geothermal and
solar.
COST CONSIDERATIONS
What are the cost considerations involved in adopting nuclear power as a
source of energy? Like any power plant, these include capital costs, fuel cost,
maintenance and operational costs. In addition, unlike conventional energy
sources, there are also the fuel reprocessing and waste management costs, and
decommissioning cost, as well as perpetual safeguarding cost. All of these need
to be accounted for in determining the cost of the power that will be generated
from the start-up until the plant is closed down permanently.
CAPITAL COST*
From the feasibility study reportedly made by NPC and the Energy Development Board in 1976 the capital costs of the different energy sources were
compared and given as follows (in terms of dollars per KW): Coal - $800,
geothermal - $900; hydro - $1,000, and nuclear $1,500.
For the 620 MWe Bataan Nuclear Power Plant - NPC gave its cost to be
$1,109 million including the initial fuel cost of 432 million. In terms of dollar
cost per kw, this will be equal to $1,700 which is some 14% over the feasibility
value of $1,500.
*Ed Note: As of March 1981, the projected cost of this is $ 1.9 billion.
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It must be noted that the unit capital cost varies with the size of the power
plant, becoming less expensive in terms of cost per unit capacity with the increase
in size. For instance a 400 MWe nuclear plant will cost 1.5 times on a $/KW
basis compared to that of a 1000 MWe plant and a 600 MWe about 1.2 times as
much. Inflation and time greatly influence this. Table 1 shows the $/KWe estimates
on a time basis for a nuclear power plant and corresponding oil plant; as given by
Barbers and Associates, 197S:
Table 1. Estimates of the capital cost per KWe on a time basis.
Unit capital cost, $/KWe
Jan 1985
Dec. 1981
start up
start up

Jan. 1990

S598

745

$1043

Oil (w/o SO2 abatement)

375

453

668

Oil (w/ SO 2 abatement)

438

537

483

Nuclear (PWR)

These estimates done by AEC in 1974 show a constantly increasing gap
between nuclear and oil fired power station capital costs. Recent data proved
this to be not only true but also conservative. Based on these values, a 1000 MWe
PWR if built in the US to operate by 1981 would cost $ 598 million and a 600
MWe would cost about $462 million. Translating US costs to Less developed
countries' (LDC) costs is not easy. Some estimates say that nuclear plant built in
LDC will be 15% to 25% more expensive than in the US (Barbers, 1975). Considering the reported cost of RP's first nuclear power plant of $1.1 billion for
a 620 MWe, these estimates appear to be grossly understated, unless there are
ancillary expenses we have to pay as an importer of this highly sophisticated
technology. This is one factor that clearly works against LDC wishing to adopt
foreign technologies.
Another aspect of the capital costs as regards nuclear power is its very
heavy "front end loading" of foreign exchange costs as compared with that of
fossil stations. This is quite important when foreign exchange reserves ace
limited as is the situation in LDC. The reasons for the difference in foreign exchange needs are:
1) Nuclear power plants cost more and take longer to build than equivalent fossil units, 2) a considerably higher portion of the total capital outlay
of nuclear plants must be imported by an LDC, e.g., approximately 60-70% of
the total; and 3) the initial nuclear fuel core must be financed in advance.
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In an example given by. Barbers and Associates (1975) for a) 1000 MWe
station, b) nuclear capital outlay of $598 million; c) oil capital outlay of $372
million: d) 60% of capital outlay for nuclear to be imported versus 50% of the
oil capital outaly; e) a IVi year nuclear construction versus 6 years fossil schedule; and 0 nuclear fuel inventory costs of about $40 million. The foreign exchange flows generated in this example would be approximately as shown in
Table 2.

Table 2.

Foreign exchange flows for two types of power plant of 1000 MWe
capacity.

Foreign Exchange Obligations
(Cumulative ($ million)

7
6
5
4
3
2
1
Each year after start up

oil

nuclear

—
—
7.4

7.17
17.90
35.90
89.70
179.40
279.90
373.7*
373.7*
398.80
16.3 for fuel cycle

20.5
55.8
126.5
171.1
171.1
186.0
78.8 for fuel

Note that RP's first nuclear plant costs twice as much which means, under
the same assumption, we would need to double the above figures. Since we have
limited foreign reserves, we would be forced to borrow and pay interest in the
process. These factors together with the effect of inflation are included in the
so called time discounted value accumulation of costs which would be a major
factor in the computation of the total costs of total power generation. Estimates
are that the time discount rate could be 20-25%. NPC gave a value of $230 Million
for inflation and $281 million for interest expenses during the construction
period (see Table 3). The total foreign exchange loan of $901 was obtained
from Eximbank and a syndicate of international commercial banks. (NPC, 1978,
p. 4).
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Table 3.

Cost of the 620 MWc First Philippines Nuclear Power Plant (NPC,
1978)
Price ($, million)

Basic price

US$537 (or $541*)

Initial nuclear fuel load

32

Transmission facilities

25

Inflation cost

230

Interest expenses

281

Total

US$

1,105*

•Foreign exchange financial loan amounted to $901 million and the peto costs
equivalent to $208 million. Note that the total of these two values of $1,109 million exceeds the above total by US $4 million. When NPC (Pres. Itchon and Company) was asked
about this discrepancy, they said to add it to the basic price to make it US $541.

FUEL COSTS
With regard to fuel costs, it is generally considered to be the strongest
point of nuclear power plant. With the oil price constantly escalating, it is claimed
that on the first year of operation of our nuclear plant "savings over an equivalent
oil fired unit (620 MW) is 3.9 cent avos per KW or PI 38 million (SI 8.6)". (Bulletin
Today, April 29, 1978). Note that this was based on the assumption that uranium fuel will remain cheap at less than $10 per pound. However, during the last
four years alone, the price of uranium has jumped from $7 a pound in 1973 to
about $40 a pound today (Morgan, 1977) and caused Westinghouse (the Company building our nuclear plant) to default on its contract to supply 80 million
pounds of uranium at $8*12 a pound (Bulletin Today, Sept. 4,1977).
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If this is any indication, it does not augur well for the supply of U, the
overriding reason advanced by NFC in opting for nuclear power instead of oil.
The fact is the supply of cheap U will be gone in 20 years. In theUS,listen to what
the Committee for Nuclear Responsibility, Inc. say about nuclear power which
they consider bad for the jobs, and a trivial source of energy, in the first place:
"Quite in addition to the hazards of nuclear power for this generation and
thousands of generations to come, there is also a severe shortage of nuclear fuel
in the U.S. for the nuclear plants which utilities plan to build.
"The severe shortage of nuclear fuel for our light-water nuclear plants has
been acknowledged by the federal ERDA, the U.S. geological survey and the
utilities.
"The US is already importing nuclear fuel to stretch our own supply. But
the US should not put itself at the mercy of another set of foreign fuel-owners.
Besides, the known U reserves of the whole western world may not satisfy projected demand beyond 1979.
"The construction of nuclear power plants which could not be fueled would
deal a horrible blow to the American economy by using up scarce capital and
energy which are needed elsewhere for jobs.. . and by causing the cost of electric
power to rocket out of sight.
"It would be reckless to allow utilities to build highly expensive nuclear
^ants when they can not be sure of a supply of fuel for the lifetime of each
plant; such building would represent gross economic irresponsibility."
Similar conclusions were reached by Saunders Miller in his book "The
Economics of Nuclear and Coal Power" which "presents a cohesive and accurate
analysis of the commercial economic costs of nuclear energy" . . . The book discusses the continued malfunctioning in the nuclear fuel cycle and explores the
risks to investors of financing nuclear facilities and shows the danger of a potential
collapse of the entire US economy within 30 years if nuclear power is expanded
as currently projected.

OPERATING AND MAINTENANCE COST
Regarding operating and maintenance cost, Barbers and Associates observes that it will probably not turn out to be a significant factor either in
total power costs or in the economic comparison between various types of
power plants. It may be added, however, that a nuclear power plant is a much
more complicated and sophisticated technology requiring highly trained man*
power which is generally lacking in LDC's. In contrast, we have already the
expertise and trained manpower for fossil power plants. This situation would
tend to make the O/M costs of nuclear power higher than those of oil plants.
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CAPACITY FACTOR
Another important factor in the calculation of annual power generating
costs is the so-called capacity factor (CF) which is defined as the ratio of actual
output in KWH to designed full capacity output in KWH. The projected CF of
70% for RP plant is rather high and ambitious. Based on the US experience,
the CF for its 23 nuclear plants in 1973 was about 57% and fell around 55% in
1974. Likewise, Japan was also reported to realize only 37% CF for its nuclear
plants. To quote Barbers and Associates (Page 11-27) "several analyses have concluded that earlier expectation of improved CF's as plants are broken in and
operating experience is gained have simply not been borne out in practice. Instead, the operating reliability and CF's of US nuclear stations appear. . . to
peak after 3 to 4 years break-in period and fall rapidly thereafter." In the light
of these, do we expect to get a CF higher than 50%. It would be an achievement
indeed if we could average 50% CF over the lifetime of the plant (about 30
years).
ADDITIONAL COST CONSIDERATIONS
At this juncture, it will be relevant to cite a report based on a study made
by the Environment, Energy and Natural Resources subcommittee of US House
of Representatives entitled "Nuclear Power Costs" which was presented to the
95th Congress (2nd session), on April 12,1978. The main objective of the study
was "to understand the drawbacks, as well as the benefits"of nuclear power as
an energy source, it being a significant factor in the President's National Energy
Plan. The report is an in-depth examination of the economic costs - not the
environmental, health or social costs in general - of nuclear power to energy
producers, consumers and taxpayers. It also compared the cost of renewable
alternatives.
The historical growth in number of nuclear power was noted since the
signing of the Atomic Energy Act in 1954. With only 5 plants constructed in the
decade prior to 1965-66 when an ambitious nuclear program began - growth
rate took an extraordinary rate of 20% a year until the early 1970's when it
started to plummet. "Major economic, as well as technological and safety problems had become evident. In 1974, 9 units ware cancelled and 91 deferred;
from 1975 through the first 6 months of 1977,20 more were cancelled and 192
units deferred. A total of 67 commercial reactors are now operating, supplying
some 9 percent of US electricity needs".
In examining the key issue involved in this slow down in the construction
of nuclear power plants the committee examined these facts: "construction
costs for a nuclear plant are increasing more rapidly than the general rate of
inflation, or 10 times faster than those for an oil refinery; nuclear plants are
experiencing seriout cost overruns - as much as 267 percent for one plant and
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more than 100 percent for others; the cost of uranium has risen from $7 per
pound in 1973 to more than $40 per pound today for new sales; known uranium
reserves are being depleted; various "hidden costs" and "extra costs," such as
Federal subsidies for nuclear power R and D and limited liability and insurance
are not incorporated in electric rates, and unknown costs, such as those associated with the "back end" of the fuel cycle, have not been determined, and also are
not incorporated into the price of electricity.
"With the Department of Energy's estimates for disposing of only the
military wastes ranging from $2B to $20B, it is the committee's belief that the
cost of disposal and perpetual care of commercial radioactive waste is subject
to similar speculation."
It may be noted that a price estimate for a sophisticated waste management procedure for a 1,000 MWe plant was given as $200 million per year (Cohen,
B.L. - Sci. Amer. Vol. 236 (6): 21 (June, 1977).
"Because the cost of decommissioning a plant remains unknown, and may
vary considerably depending upon the size and type of reactor and the type of
decommissioning method used, the report examined why such costs cannot
accurately be included in the rates paid by today's electricity consumer. The
costs, like the costs of radioactive waste management, therefore, remain a
potential burden for future generations. Cost estimates for decommissioning
range from $100,000 to $6 million for fuel fabrication facilities and from 3
percent to 100 per cent of capital costs for nuclear plants.
"The report also examined the costs of renewable energy sources such as
solar energy and conservation, as alternatives to nuclear power. The subcommittee found that solar energy used for space heating and hot water is already economically competitive with nuclear power throughout most of the United States
and that solar electricity from photovoltaics could be economically produced in
many areas of the U.S. as early as 5 years from today. It now takes at least 12
years to complete construction of a nuclear power plant.
"The subcommittee heard testimony that through more efficient use of
energy — combined with employment of such renewable alternative resources as
solar and wind power. . . . more jobs, skilled and unskilled, would be generated
by these methods than by concentrating on nuclear power as the chief energy
source after oil and gas."
Finally, therefore, after the critical study of all relevant factors, the committee came up with the conclusion which was condensed in the following
''abstract" of the report:
"Contrary to widespread belief, nuclear power is no longer a cheap energy
source. In fact, when the still unknown costs of radioactive waste and spent
nuclear fuel management, decommissioning and perpetual care are finally included in the rate base, nuclear power may prove to be much more expensive
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than conventional energy sources such as coal, and may well not be economically
competitive with safe, renewable resource energy alternatives such as solar power.
Nuclear power is the only energy technology which has a major capitalization
cost at the outset of the fuel cycle and at the end of the fuel cycle. As the cost
of nuclear energy continues to climb, and as a solution to the problems of radioactive waste management continues to elude government and industry, states,
such as California, are rejecting the increased use of nuclear power and favoring
the greater use of renewable energy technologies."
Considering all these factors therefore, it seems that nuclear power could
not simply be cheaper than oil power especially when the country involved is
an LDC. In fact, the incompatibility of nuclear power with an LDC economy is
quite obvious.
INAPPROPRIATE TECHNOLOGY FOR A DEVELOPING COUNTRY
The vital irrelevance of nuclear power for LDC is due to several related
factors. One factor, as discussed above, is that nuclear power is simply uneconomic. As a highly capital intensive technology, it would exert tremendous
burden on the balance of payments of an LDC. The second factor is that, by
adopting nuclear power, which is a very hard energy path, a developing country
"hinders rather than helps the development of its people". "The electrical energy
from a reactor is very poorly suited to the needs of a developing country. It does
nothing for the poorest farmers and villagers. It cannot be used for plowing, sowing or harvesting, or for transport. It is only appropriate for lighting, pumping
and providing motive power in industry. These things can be done more cheaply
with other means" (Friends of the Earth, 1976).
Another factor why it is inappropriate for countries with high unemployment level is that by attracting capital away from more labor intensive uses, it
worsens the overall unemployment situation. If the capital outlay invested in a
nuclear power plant would be directed to soft energy paths (such as biogas
generators) or the more basic economic development projects for the countryside,
it would have more substantial and beneficial impacts. It would generate more
employment, encourage and optimize the use of local resources, help conserve
natural resources and above all, meet the needs of the neediest first. In contrast,
the electricity generated by nuclear plants will benefit more, not the rural folks
who need help, but the urban rich, the multinational corporations and the suppliers of electrical appliances.
Furthermore, by adopting a foreign and highly sophisticated technology,
it makes an LDC "highly dependent on the rich countries for the supply of
skilled professionals, marginal equipment and spare parts, and expensive technical advice. This dependence is sometimes called "technological colonialism"
which works against the self-reliance goal of the New Society.
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ENERGY ALTERNATIVES FOR THE PHILIPPINES
In painting the irrelevance and incompatability of nuclear power with a
developing economy, we must be prepared to propose alternatives. It is claimed
we need nuclear power to help satisfy our projected energy requirements in the
years ahead which is expected by 1980-1985 to be 3 times that of 1976 and further doubling during 1990-1995. In the first place, we doubt the accuracy of
these projections. It is possible that our legitimate needs are much less than these
values. Nevertheless, the fact is, nuclear is only one of the alternatives. If we
could not avoid having hard energy paths, why choose the hardest which is nuclear and its associated environmental hazards? We have seen that, economy-wise,
oil fired plants are still competitive and we have already the experience and the
technology for this. If we really need electricity for our rural people and there is
no indigenous resource available, fossil thermal plants compatible with our agribased economy are available in smaller units that can be dispersed.
However, looking at our indigenous energy resources - hydro, geothermal,
coal and solar (and wind) and agricultural wastes, we seem to have enough for
our legitimate needs now and in the future. A project called PREPF (Population,
Resources, Environment and Philippine Future) which was jointly undertaken
by DAP, the UP Population Institution, and the UP School of Economics, had
come up with a thorough analysis of the energy demand and supply situation in
the Philippines and have recommended, and I quote, "as regards potential energy
sources, the proposal to build three nuclear power plants to meet future power
requirements should be re-evaluated (emphasis ours) in the light of the large outlay of money which would have to be incurred and the (environmental) dangers
involved. Since the country's hydro resources have a total energy potential of
8300 MW, their proper harnessing will suffice to meet future requirements."
This recommendation, besides resolving the energy question in a very
rational manner, incidentally has a ring of ecological wisdom in it. For we know
that among the critical problems of this country are drying watersheds. A
vigorous hydroelectric development program certainly and necessarily will promote the maintenance and rehabilitation of our critical watersheds which is
a vital factor in maintaining ecological balance, preventing destructive floods,
ensuring adequate water supply and the continued productivity of our lowlands.
Moreover, an estimate of our geothermal energy potential showed a capacity
of 200,000 MW which if we could tap only even 5% will be enough to cover all
our energy requirements by the year 2000. Already being developed are some
1595 MW by 1987 with the first 55 MW unit inaugurated 2 weeks ago in Tiwi.
So, if we still count the solar energy potential which is even much greater,
energy prospects for this country cannot be but bright. The one basic problem
in the vigorous development of these indigenous resources is lack of capital.
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SUMMARY AND CONCLUSION
In recapitulation, we have seen how nuclear power presents itself as a poor
and irrelevant option for a developing country. By being a highly capital intensive technology, it is incompatible with an LDC's economy which has low capital
reserves and certainly could make better use of such in developing indigenous
energy resources and in economic development projects which will be more
beneficial to the greater number of its people who live in the countryside. Economic wise, it was observed that despite the vaunted claim of cheaper fuel costs
of nuclear power plant, it cannot be expected to deliver cheaper energy than an
equivalent oil-fired plant because of the very high capital cost involved and the
very high "front-end loading" of dollar costs it entails if transferred to an LDC
plus the expected low capacity factor occasioned by low technology base and
lack of experience in these countries, all of which would tend to increase the
annualized power generation costs of nuclear power. This conclusion is further
bolstered if we are to add the still unknown costs of radioactive waste management and storage, decommissioning and the perpetual care of radioactive debris
for thousands of generations to come.
Moreover, by having nuclear power and its attendant economic and environmental ills, an LDC may be having what Weinberg (1972) described as a
Faustian compact with society" or "Faustian Bargain", that is, obtaining questionable short-lived "gratification" at the expense of definite long-term and large
scale societal dislocation.
Finally, in assessing local energy needs and resources, it appeared that
nuclear power could be dispensed with for we have enough options and resources
such as hydro, solar and geothermal energy resources waiting to be tapped, the
development -of which is wholesomely compatible with the needs and problems
of our country.
And so, it seems irrational that while the U.S.A., the richest nation in the
world, is shying away from nuclear power as an energy source for economic
reasons, a poor and developing country such as ours is opting for it. Since it will
prolong the reign of foreign colonialism in our country, it is not consistent with
the goals of the New Society and certainly not in the best interest of the country.
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NOTES
1973 Feasibility Study for a Nuclear Power Plant in Luzon (Phil.) p. 4-1
4. SITE CONSIDERATIONS
Possible sites for nuclear power stations were reviewed first of all in 1) 1964-65
in connection with the first nuclear feasibility study 2) then again in 1971-72 in
connection with the current study.
The two sites recommended by the IAEA siting mission 3) for consideration
in the current feasibility study were:
1.
2.

Bagac (Bataan)
San Juan (Batangas)

None of the above studies collected more than the preliminary site information
necessary to be able to list the sites in a rough order of preference. Much basic
data such as detailed geological, topographical and seismic information specific
to the sites and necessary for realistic preliminary plant designs was not available
at the start of the current study. Some of these information have been collected
and developed in the course of the study and could be incorporated, in the
design work. In other cases, particularly for geological and seismic aspects, broad
assumptions, which may later prove inaccurate, had to be made. The collection of
all necessary site data is now being actively planned by the Philippine AEC.
1)

Pre-investment study on Power In Luzon - Data on possible sites for a Nuclear
Power Plant on the Luzon Grid, Philippine AEC, January 1965.

2)

Feasibility Study for Nuclear Power Plant in Luzon - Survey of Possible Sites for
a Nuclear Power Reactor in Luzon, Site Selection Subcommittee, January 1972.

3)

Report of the IAEA Siting Mission, 1-17 Much 1972.

Excerpts from INITIAL SITE EXAMINATION REVIEW
by the US Nuclear Regulatory Commission Staff on portions of the Preliminary Site
Investigation Report for the Philippine Nuclear Power Plant.

Geology «nd Seismology
Geological Information
Although some discussion of the volcanic hazards has been presented in
the Preliminary Site Investigation Report, the subject has not been thoroughly
addressed. This shortcoming is acknowledged in the report and additional studies
are being performed.
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Inactive Volcanoes
Even though Mt. Natib has no record of historic activity, it is likely that
Mt. Natib, with the information currently provided in the report would, under
current NRC practice, be considered active, there is insufficient sampling and
dating of volcanic ejecta from Mt. Natib (especially on the north, east and west
flanks) to place any confidence in the time of latest activity. In the event Mt.
Natib were classified active, all volcanic hazards should be considered possible
at the site.

Surface Faulting
Faulting would appear to be difficult to detect in the geologic terrain. Surface exposures, as indicated in Fig. 2.6.6. - 27. Outcrap Map within 5 Km Radius
of Napot Pt. Site, appear to be confined with the exception of the lahar (Mudflow) to the coastal area.. Considering the paucity of exposures within 5 km of
the site, it is difficult to envision what type of field investigations were conducted in the case of Linear Features, 4,10 and 11.
Apparently additional studies are being conducted at the site as well as
off-shore. These investigations should be particularly thorough considering the
prevalence of Holocene faulting in the Philippines.

Accident Analysis Evaluation
It appears that the turbine is in a non-peninsular orientation. NRC would
request additional analysis to show that a turbine missile would not damage
structure or systems critical for nuclear safety.
Enclosure of Memo of:

Wm. P. Gammil, Assistant Director for Site Technology, Division of Site Safety and Environmental
Analysis

to:

F. J. Miraglia, Technical Assistant to the Director,
Division of Site Safety and Environmental Analysis

date:

March IS, 1977
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PROSPECTS AND PROBLEMS OF NUCLEAR POWER IN THE PHILIPPINES
L.D. IBE, G.R. ALETA
Philippine Atomic Energy Commission
IAEA-CN^36/364 pp. 555-558

PROBLEMS OF NUCLEAR POWER DEVELOPMENT
Nuclear power today is faced with several interrelated technical, economic
and social problems, the solutions of some of which may call for international
co-operation and understanding. The problem areas that the Philippine Government considers critical for the continuing utilization of nuclear power in the
country are the following:
1)
2)
3)
4)
5)
6)

Financing requirements of nuclear plant projects
Continuing availability of nuclear fuel
Reprocessing of spent fuel
Nuclear waste disposal
Public acceptance of nuclear power
Development of local capability

AVAILABILITY OF NUCLEAR FUEL
The uranium reserves expected to be mined in the country are insufficient
to support the operation over the technical lifetime of the nuclear power plants
currently programmed for construction within this century. A foreign supply
of uranium fuel and enrichment services must be assured. There are indications
that nuclear fuel is following the path made by fuel oil in that its availability
is being controlled by the uranium producer countries and the international
market prices for the material are rapidly rising.
Now, no reactor vendor seems willing to supply the lifetime fuel requirements of the reactor it sells. It is expected that procurement of uranium from
abroad in the proper quantity and at a reasonable price will become extremely
difficult.
Fuel enrichment services are becoming expensive as well as politically controlled by the supplier governments. There is a need for international agreement
on this front part of the nuclear fuel cycle to ensure continuing availability of
the fuel and enrichment services at reasonable costs.
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SPENT FUEL REPROCESSING
The back end of the fuel cycle is another area of international concern.
With the present concern in nuclear proliferation, fuel-importing countries like
the Philippines will either have to wait for decisions of the technology-supplier
countries on the closing of the back and of the fuel cycle or start adopting the
'throw-away' approach. The Philippines, as well as other developing countries
with modest nuclear power programmes, would find it uneconomic to establish
national reprocessing plants and would opt for the establishment of such plants
on a regional basis.
DISPOSAL OF NUCLEAR WASTES
The country being situated in a volcanic belt, we cannot ensure long-term
stability of its geological structures. There is no known stable salt rock formation
in any of the islands. For this reason, our hopes for long-term storage and ultimate disposal of nuclear wastes will be on the establishment of an international
waste burial site.

NUCLEAR POWER COSTS

1.

from the Committee on Government Operations,
95th US Congress, 2nd Session
April 26,1978

ABSTRACT

Contrary to widespread belief, nuclear power is no longer a cheap energy
source. In fact, when the still unknown costs of radioactive waste and spent
nuclear fuel management, decommissioning and perpetual care are finally included in the rate base, nuclear power may prove to be much more expensive
than conventional energy sources such as coal, and may well not be economically
competitive with safe, renewable resource energy alternatives such as solar power.
Nuclear power is the only energy technology which has a major capitalization
cost at the outset of the fuel cycle and at the end of the fuel cycle. As the cost
of radioactive waste management continues to elude, government and industry,
states such as California are rejecting the increase use of nuclear power and
favoring the greater use of renewable energy technologies.
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ALTERNATIVES TO NUCLEAR ENERGY
ERNESTO N.TERRADO*
INTRODUCTION
The nuclear power "controversy" has been well discussed in other forums
and this paper does not intend to add to the fuel on either side. In the context
of the Greeks of the Philippines, it has become clear that our substantial energy
requirements in the coming years must be met by a mix of energy sources, both
indigenous and exogenous, renewable and depletable, clean and not-so-clean.
Nuclear energy will probably be one of these. But so will all other energy sources
such as coal, geothermal and even solar energy. All of these energy sources have
advantages and disadvantages inherent in the forms and quantities that they are
available.
In a few decades or so, petroleum may cease to be the dominant fuel source
for the world, not because other energy sources have become more convenient
or fashionable but simply because the oil wells are not bottomless and other
energy sources have to be developed as quickly as we could. In other words,
there is really no choice.
As alternatives to petroleum, several possibilities have been proposed. One
of them is nuclear energy. What are the other alternatives and how relevant are
they to the Philippines case? This is the subject which we shall attempt to discuss.

ALTERNATIVE FUELS AND TECHNOLOGIES
Coal, geothermal heat, solar energy and hydrogen appear to be the major
present and future fuel alternatives to petroleum and nuclear fuels. Hydrogen
does not occur freely in nature but could be chemically obtained from the
planet's abundant water resources, if the proper extraction techniques are developed. Coal and hydrogen could be burned directly to yield that energy. Geothermal sources (steam or hot water) could be used as heat sources in themselves
or as direct motive power for engines.
Solar energy is in a class all by itself: direct solar radiation, wind energy,
ocean waves, hydro power and "biomass" (wood, agricultural wastes, animal
*Chkf,N6ncoawNitiottl Reiourcei Division, Ministry ofiuucai&>n
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manure, etc.) are but various forms of solar energy. Except for the use of direct
sunlight in such tasks as salt production or the direct combustion of wood and
plant residues, most solar energy forms have to pass collection, concentration
or conversion devices before they become usable.
The tapping, conversion and practical utilization of the above-named
fuels require various conversion technologies. Some of these technologies have
been in use for a long time (coal furnaces, steam engines), others are relatively
recent (geothermal plants, solar water heaters). Many are envisioned for- the
future and have yet to be proved feasible (power-station-sized fuel cells, solar
thermal conversion power plants).
A distinction between energy source and conversion technology is important. Fuel cells, for example, have been often publicized as a new energy
source. In fact, it is merely a conversion device, transforming the chemical
energy of a fuel such as hydrogen or methanol directly to electricity. The perfection of fuel cells is not going to add to the world's fuel supplies. A similar
case is that of the MHD or magnetohydrodynamic generator. MHD generates
electricity directly by forcing a hot stream of gases, produced by coal-combustion, through a magnetic field. An electric current is produced which is then
removed via properly placed electrodes in the system. Because there are no
moving parts as in a standard turbo generator, higher efficiencies are obtained
(about 50% against 3040% for conventional fossil-fired power plants).
Speaking of coal, this is a fossil-fuel which will probably be still available in large quantities in many parts of the world long after the oil has run out.
As an alternative to oil, however, it has two serious limitations: its solid form
which is unsuitable for important applications such as tranportation and the
relatively greater air pollution it causes when burned directly. The technologies of coal liquefaction and coal gasification, if developed, would produce
synthetic liquid fuels or clean gas from solid coal.
Hydrogen has been enthusiastically hailed as the "fuel of the future" for
two major reasons. Firstly, it is the most abundant element in the universe.
Secondly, it is a pollution-free fuel; the product of its complete combustion is
water. Commercial hydrogen is presently petroleum-sourced. However, it can
also be produced from the high-temperature reaction of coal with water or from
the electrolytic decomposition of the water molecule. Another method is called
"thermo-chemical decomposition" which uses heat and chemicals at a reaction
temperature of about 1500°F.
All of the above methods are energy-intensive and the key is to use excess
heat or electricity from power plants at low-demand periods. If ever developed,
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fusion power plants would be a prime energy source for hydrogen production.
Recently, "biophotolysis" or the production of hydrogen from algae and sunlight has been experimentally demonstrated but the practical prospects appear
quite remote at this time.
Direct solar energy is intriguing because while there is so much of it, the
energy density is so small that ingenious collection and concentration technologies must be devised. Over 99% of all energy flows to the earth's surface at
any given time is due to solar radiation. A square meter of area exposed to the
sun at a good site would receive about 1 kilowatt of solar energy.
For large-scale electricity production from direct solar energy, there are
three promising technologies. These are Solar Thermal Electric Conversion,
(STC), Photovoltaic Electric Power System (PEPS) and Ocean Thermal Energy
Conversion (OTEC).
STC would continuously focus sunlight on a boiler perched on a tower by
means of hundreds of mirrors (heliostats) precisely controlled by computers.
Steam at about 1000°F would be generated which would then drive conventional power plant equipment. McDonnel-Douglas, one of several private companies in the U.S. engaged in STC development, estimates that some 500 hectares of land would be needed for a 100 MW installation.
Photovoltaic or solar cells convert sunlight directly to electricity. Simply
explained, the process occurs when light photons knock off electrons from the
lattice-work of atoms in a semi-conductor material. Some of these displaced
electrons could be drawn off as electric current. Since there are no boilers, turbines, generators, etc., between collection and electricity production, the photovoltaic process is splendidly simple and holds much promise as a large-scale
electricity source for the future. Using presently available silicon cells, 10MW of
electricity could be generated from a hectare-sized array.
The OTEC concept, in effect, makes use of the ocean as a gigantic natural
collector and storage medium for solar energy. In a proposed design by Lockheed for a 160 MW plant, a 600 ft long power plant would float mostly submerged
in an offshore site where a significant temperature difference exists between the
surface and underwater. The warmer surface water circulate through a heat exchanger to evaporate a low-boiling point fluid such as ammonia which then
expands through a turbine to generate electricity. For recycling, the spent vapor
is condensed by pumping cold water from the deep into another heat exchanger.
Some of the plant's output would be consumed internally, mainly for pumping.
The net energy generated could be transmitted to shore by cables or used to
generate hydrogen electrolytically. The hydrogen could then be transported to
shore via a pipeline or in pressurized containers.
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The indirect forms of solar energy have also a vast potential. In the U.S.,
megawatt-level wind generators are being planned to shoulder part of that nation's
future electricity requirements. Meanwhile, biomass or organic matter may be
converted to a variety of solid, liquid and gaseous fuels.
Of increasing worldwide interest is the production and use of alcohol
(ethanol and methanol) from renewable plant biomass (sugar cane, cassava, etc.).
While this is essentially an old technology, the prospects for large-scale substitution of gasoline in cars have acquired a new significance in the wake of the oil
crunch and the subsequent balooning of oil import figures for many countries
hard-pressed for foreign currency. Brazil has launched a bold program in this
field and is targeting the displacement of 20% of all motor gasoline in that
country by the 1980's. This is equivalent to a staggering 4.5 billion liters of
gasoline saved by using a fuel obtainable from an indigenous resource that could
be replenished regularly as long as the sun is there.
Solar radiation also gives rise to the hydrologjc cycle. Hydro-electric power
is th is indirect solar energy. It is estimated that less than 10% of the world's
total water power is developed at present. Undoubtedly, additional hydro power
installations would make a valuable contribution to the world's future energy
requirements. There are, however, obvious physical limits to the building of
hydro dams. Potentials are very site-specific.
The same observation may be made regarding geothermal and tidal energy
which, of course, are not solar in origin. Geothermal energy emanates from the
hot core of the earth. It is presently extracted from the steam and hot water in
deep sedimentary basins at volcanic sites. For the future, extracting heat from
underground hot dry rocks by pumping water from the surface has been proposed as a new way to extend considerably the available geothermal resource.
Tidal energy arises from the gravitational interaction of the earth-moonsun system. It is harnessed by filling and emptying an estuary that can be closed
by a dam. The only full scale tidal-electric plant was built in Ranee, France in
1966 with a capacity of 240 megawatts. The tidal difference at the Ranee
estuary is reportedly about 13 m. There are few places in the world with such an
ideal tidal head. Tidal energy, therefore, is not considered as a globally significant future contribution.
The harnessing of ocean waves has also been considered by many scientists.
Normal wave heights are only six to eight feet so that wave-power devices which
can somehow amplify the wave heights are needed. Except for the UK, where
wave power research has been given high priority, there seems to be less world-
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wide interest in this potential energy source than the others already mentioned.
Consequently, little data is available to evaluate the merits of development work
in this area for countries with generous coastlines.

ENVIRONMENTAL LIMITS
There are certain major environmental considerations which affect the
choice of energy sources and technologies, and which put a limit to the rate of
energy usage of a future world.
In the case of nuclear energy, what to do with the long-term accumulation
of radioactive wastes, many components of which need thousands of years to
decay to stable elements, is a question that still has not been answered satisfactorily.
In the case of fossil-fuels and, to a lesser degree, geothermal energy, carbon
dioxide emission and accumulation in the atmosphere may cause, at some future
time, an increase in the temperature of the earth's surface by virtue of the
"greenhouse effect". It has been expressed that a rise in the average temperature
by only 3°C would have disastrous consequences: possible melting of the polar
ice cap, flooding of coastal cities and disturbance of global weather patterns.
In just the past 100 years, man has dumped over 360 billion tons of carbon dioxide in the atmosphere. If the present rate continues, over a trillion tons of CO2
will have been sent to the air by the turn of the century. Can we reasonably
assume that such an atmospheric concentration would still be "safe"?
A related problem is the accumulation of heat on the earth's surface as a
result of the release and usage of energy from fossil and nuclear fuels. By the
laws of thermodynamics, all forms of energy, whether useful or wasted, ultimately
ends up as heat. The burning of fossil fuels, the operation of nuclear power
reactors and the release of energy by fusing hydrogen atoms - all of these effectively add heat to the earth. This effect is irreversible and cannot be averted by
any future technology. Both the overall heating of the earth as well as the uneven global heat distribution could cause disastrous climatological changes.
According to a recent study by the Hudson Institute, the use of nuclear
energy, whether by fission or fusion, by a world population of about 20 billion
in the year 2100, could cause the above-described thermal pollution limits to
be reached. To be sure, these predictions are fraught with uncertainties. The
savants, however, appear to disagree only on when the limits would be reached
and not on whether such limits really exist.
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PHILIPPINE OPTIONS
How do the above considerations affect Philippine energy choices?
As we shift from a global to a local view point, we find that some of the
major global considerations need not be too limiting for the Philippine case.
One reason for this is because world distribution of energy use is highly skewed.
With the developing countries of the Third World, which happen to have the
majority of the planet's inhabitants, we share only about a third of the total
energy consumption of the entire world. The much larger balance is used by the
United States and a few other industrialized nations.
Thus in terms of global environmental constaints, a small nation such as
the Philippines would probably not be a major factor in accelerating the world's
attainment of carbon dioxide and thermal waste limits, as far as the foreseeable
future is concerned. This is not to say, however, that immediate localized pollution effects are also to be ignored in energy planning. This should certainly be
one of the criteria in choosing the most suitable alternative energy technologies.
The greatest considerations in selecting alternative energy options would
be related to resources availability — both energy and financial and technology
status.
For the immediate and medium term, coal and geothermal energy are
expected to play very significant roles in the country's energy plan. One important reason is resources availability. The latest estimates indicate that the
country's coal resources could be as much as 1.4 billion metric tons. From an
average annual coal production of only 50,000 metric tons prior to 1973, the
country is on its way to producing 5.4 million metric tons by 1987^ So far, the
coal produced is planned to be used for direct burning in power plants and
cement plants.
Gasification of coal would extend its application to other areas. The technology for producing low Btu gas (less than 300 Btu per cubic foot) from coal
is not a complicated process and could be economical if the gas is intended to
be used near or at its point of production. Producing high-Btu gas (500-1000
Btu per cubic foot) requires a more complicated and expensive process (e.g.
Lurgi, Koppers-Totzek). Large pilot plants have been built in the U.S., such as
the Hygas plant of the Institute of Gas Technology. More prototype plants are
being built with funding from the U.S. Department of Energy. For a capacity
of 80 million of a day, the cost per plant is estimated to be $200-5400 million.
Local adoption of coal liquefaction methods appears to be e/en more remote. A variety of difficult technical problems associated with the use of high
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temperatures and pressures in the various processes are still being solved. The
capital investment for a commercial-sized plapt is very high: about $ 1 billion for
a production rate of 50,000 barrels of synthetic crude oil per day.
For geothermal energy, 25 volcanic centers with known surface manifestations that have been identified all over the country are estimated to have a total
energy-generating potential equivalent to 2.5 x 10" million barrels of oil. Megawatt level geothermal power plants have recently been made operational in
Tongonan, Leyte and Tiwi, Albay.
In terms of solar energy, there is no question that, as one of the countries
in the sunbelt of the planet, we get a good share of sunlight, averaging some
2000 hours a year and with intensity (insohtion) of about 400 calories per
square centimeters per day. This is not as great as in the arid areas of, say, the
Middle East, but better than in many parts of Europe or Japan where solar
applications are nevertheless fast becoming commercial.
If an area approximately the size of Metro Manila is made into a Solar
Thermal Electric Conversion plant, its output would be sufficient to supply
the entiie country's present electric demand. However, this technology is still
in the process of development and between 10-20 years of work will probably
have to be done before commercialization can occur. The U.S. and the Soviet
Union lead in this field. A 10 MW STC plant is going up in Barstow, California
in the early 1980's and would cost about $ 100 million.
Silicon solar cells are available in the market but, except for very low power
applications, are too expensive. The cost is between $14,000 - $30,000 per
kilowatt. Current research in the U.S., Europe and Japan aims to lower the cost
of about $500 per kw by the later 1980's by using new semiconductor materials
and by new mass manufacturing methods.
OTEC plants, meanwhile, are considered to be within the capacity of present technology. TRW and Lockheed think that a 100-160 MW plant could be
built for about $130-$415 M. On a per kilowatt basis, the cost is thus 'twice
that of a conventional nuclear power plant. Clearly, much research and development work is still needed to simplify the systems and pare down the cost.
The Philippines can certainly benefit from the successful development of
the above high technology systems. The question is whether we should invest
local research money and put Filipino brains to work in these fields. The answer
is obviously negative for we are in no position to compete with work abroad and
little chance of making significant breakthroughs.
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While the developed nations have no monopoly on scientific talents, they
surely have an overwhelming edge in experience, technical facilities and financial
resources. For instance, private industry in such countries has well-organized
research arms that can be effectively tapped to implement government programs.
Reviewing the investment requirements for demonstration photovoltaic, STC
and OTEC plants and considering the sophisticated industrial base that must
fabricate the components for such plants, it is evident that the meager research
resources of a developing country like the Philippines are better used for other
purposes.
The strategy then is to keep abreast, informationally, of developments in
these capital-intensive research areas and actually participate only in less expensive development work on sub-systems.
Whatever the popular impression may be, objective assessments indicate
that large-scale solar power systems will not likely be a significant component of
our national energy mix before the year 2000.
Turning, however, to the non-electric, smaller-scale applications of solar
energy, we find a number of technologies which can be utilized feasibly now or
at least after only a short period of adaptive research and development.
Solar water heating, using flat-plate (non-focusing) collectors, is a technology that has been proved economical in domestic applications, after decades
of use in Japan, Israel and some parts of the U.S. Its application in industrial
and commercial establishments, where the potential for displacing conventional
fuels is many times that for the domestic sector, is slowly taking hold. What
appears to be needed to promote its widespread use is the establishment of practical demonstration systems to show that this option is available and economical.
Another urban-oriented technology (indirect solar) that can contribute
significantly to conventional fuel displacement is the use of ethanol in gasolinealcohol blends (alcogas). A 14% alcogas blend if used in all motor cars in the
country today would save close to 3 million barrels of gasoline yearly. Engine
modification requirement is minimal. The production of anhydrous or waterfree alcohol (which is the type needed) from molasses, cane juice or cassava are
proven technologies. For various reasons, the cost of producing a barrel of
alcohol appears to be presently greater than for gasoline (presently $13/barrel).
Projected oil price increases plus foreign exchange considerations, however, point
to the wisdom of carrying out a progressive alcogas program.
Undoubtedly, the most relevant venue for present-day solar energy applications is the rural areas of the country where localized, indigenous and re-
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newable energy resources abound. The use of biogas, windmills, solar driers,
solar stills, marsh gas and pyrolytic fuels (charcoal, pyroligneous oil, producer
gas) produced from agricultural biomass are but a few of the many possiblities.
These possibilities are technically workable and the conversion devices relatively
simple to make. Very little foreign technology is needed; most of the plans and
designs are freely available in the literature.
The Schumacher dictum of "small is beautiful" was coined in support of
proliferating small-scale, low-to intermediate level technologies which, though
lacking in Western sophistication, are quite appropriate to the needs of rural
dwellers. In terms of non conventional energy devices and techniques, the above
mentioned ones are certainly appropriate technologies.
The problem of the rural poor are many and variegated and no single grand
solution exists. It has been expressed, however, that one of the best approaches
is increasing the energy availability to this deprived sector of the population.
This particular approach has a multiplier effect in terms of public health, food
production, income generation and others. For example, the construction of a
biogas plant not only generates cooking fuels for the household; the sludge can
be used as fertilizer to increase garden yields. Similarly, a solar drier which, in
its simplest form is merely an enclosure with blackened interiors covered with
transparent plastic, not only decreases crop wastage due to non-uniform direct
sun drying; it also keeps out insects which may carry diseases.
In this special area of rural energy applications, the "non-Btu", peoplecentered benefits sometimes outweigh the economic and energy-magnitude
aspects. The cost-benefit of a non conventional'energy device is perhaps improperly computed if one puts too much weight on its energy output.
Thus,an apparent dilemma of the policy maker is whether national resources are better spent on large-scale urban-based energy projects with correspondingly large and definite Btu outputs; or whether those should be focused on
small-scale, rural oriented installations which produce unquantifiable benefits
to the more numerous and poorer members of the population. The answer is
not simple. We are inclined, however, to favor the grassroots approach. In many
cases, the time it takes for benefits of large energy projects to "trickle down" to
the majority of the populace may be too long and, for some, may be too late.
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OPEN FORUM
QUESTION:

The danger of nuclear wastes contaminating the environment
seems to be infinitely small but the life-span of these radioactive wastes are almost infinitely long. If you multiply two by
an infinite number, the product is indeterminate. The same is
true with nuclear wastes. Their safety and disposal are still indeterminate.

CABALFIN:

As discussed by Dr. Aleta, we have to view these concepts in
terms of acceptable risks. We cannot deal in terms of absolutes.
In this case, we just really have to accept the fact that for any
human endeavor, including the nuclear power program, we have
to leave some of these things as risks. One of these is the problem of waste disposal. The problem is not yet closed. It is still
open. In terms of recent technology, the research result has
shown that what may be indeterminate in long-term cases could
be made concrete in terms of solidification techniques.

QUESTION:

Is not the record of safety rather pre-mature? The nuclear industry is still young. It is possible that the facts are slow in
manifesting themselves like cancer. Could we still rely on this
record?

ALETA:

It is true that the nuclear power industry is still very young. But,
if you'll think of all industries now, a lot of efforts have been
spent in reactor safety than in other technological industries.
In fact, the accidents mentioned by Dr. del Callar can be very
useful in bringing inputs, including the safety of reactors, if
anything can go wrong because of reactor designs. The accidents which happened in research reactors, as I have stated
earlier, are not nuclear related. The public safety measures I
mentioned earlier refer only to accidents in. commercial reactors which are of the same kind as that being put up in Bataan.
I did not mean that there had been no accidents in nuclear reactors of industrial safety type, like pipe or steam generator blowups. But these do not necessarily involve accidents with radio
active materials which are the object of reactor safety — to
minimize exposure to these accidents. But, these accidents also
happened in other nuclear plants. Human error is a big factor.
Researches are also being conducted to incorporate human factor
into the improvement of the reactor safety design. So, it is still
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pre-mature to say that the good public safety record would
still remain a good public safety record in the future. But the
present public safety record stands for comparison with the
public safety records of other industries.
QUESTION:

Are we getting the proper upgrading in the specifications insofar as safety standards are concerned?

ALETA:

Westinghouse has already consummated the agreement for the
construction of our nuclear reactor in Bataan. It is also customary that when an agency has contracted to build, something
there is always a cut-off period, by which all specifications
during that time will be the ones to be pinpointed in the reactor. Presumably, our reactor was contracted for at about 1976.
At that time, the standards and specifications available were
of the 1974 versions. If we will have to update them, we will
incurr additional expenses, as far as the reactor is concerned.
These things may be clarified in terms of safety and economics.
However, we are trying our best to make the plant conform
to modern standards and practices, just like reactors in the
U.S.

QUESTION:

How much control would you make over the operation of
Westinghouse in terms of granting permits?

ALETA:

We have a requirement that even if there are still some pending
issues, like the safety issues, they may be allowed to go on with
the construction. However, they will not be allowed to operate
the plant unless all the issues shall have been resolved. The
applicant is therefore taking the risk in proceeding with the
construction of the plant in spite of the pending issues. If the
issues will be against their favor, they will be allowed to put
additional features to meet the requirements.

QUESTION:

Do you have any idea of the cost of the waste management
techniques you discussed?

CABALFIN:

If you are referring to local estimates, then, we cannot give you
an updated estimate. If you want to get the estimates based on
American studies, we cannot give you outright the information
you need. But based on the IT75 estimates, roughly, we get at
about 15-20% of the total nuclear cost operation.
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QUESTION:

What are the plans for the processing of the radioactive wastes?
Where will they be stored or disposed of for safety purposes?

CABALFIN:

This is a question of policy. At the moment, the PNTTI will not
reprocess the elements and therefore the problem is one of disposal. It is required that the plant will have to cement all their
liquid and solid radioactive wastes. The estimate is about 200
tons of load of radioactive wastes. We do not expect any high
level of wastes at the PNTTI without reprocessing them first.
With regards to the normal radioactive wastes, we are still
making a study as to the exact locations where they will be
eventually disposed of to prevent them from endangering the
environment.

QUESTION:

On September 20, 1977, Bulletin Today carried a news item as
follows: "Westinghouse is currently defending a 2.5 billion
dollar lawsuit filed by ten (10) public utility firms against
it. This came about when the price of uranium was sold at a
price of $40 per pound two years ago. Westinghouse cancelled
contracts to supply eighty (80) million pounds of uranium for
8-12 dollars per pound." Can you trust Westinghouse now with
this kind of a deal?

MAKASIAR:

What I can say is that when the decision to go nuclear was made
in 1974, the decision may be considered wise then. Now, at
present, it might no longer be, economically.

QUESTION:

From the stand-point of engineering economics, is it possible
to neglect all expenditures or cost incurred in the nuclear
plant and to consider them as backout cost so that there will
be no additional cost to save the NPC from future cost?

MAKASIAR:

I think that should be weighed against the future cost and the
economy, both right now and future possibilities. This should
be measured in terms of dangers to people and the benefits
derived, say, wasting an amount of money against the possible
impact of life. I think it would be more beneficial than to backout from it then converting it into something which can be useful to us.
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CLOSING REMARKS
MELITON U ORDILLAS, JR.*
I would like to close this symposium by commenting that the Philippines
has actually very limited petroleum resources. We must therefore look at the
alternative sources of energy. As our Assistant Minister of Energy has said, it
is true that the cost-picture of these alternative sources of energy at present is
really very biased. However, we have already in our midst the problem of energy
shortage. This problem will be permanent. Therefore, we must have to fill that
shortage call with something. Right now, we are already approaching the time
when it no longer matters how expensive energy is but whether it is available or
not.
I heard from somebody that there is really a need for us to make a resolution to the effect that the government should accelerate efforts towards
the development of these alternative sources of energy. Our Division of Engineering and Industrial Research has agreed to make that resolution and submit
it to the authorities concerned.
Allow me to express my heartfelt thanks to the officers and members of
the NRCP, to the members of the seminar committee, for the excellent organization; to our speakers for their profound and timely papers; to our audience for
their spirited participation; and, not to be forgotten, to the NRCP Staff,for their
tireless assistance in all functions.

•Chairman, Division of Engineering and Industrial Research, NRCP, Bicutan, Tagig,
Metro Manila
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Hon. Geronimo Z. Velasco, Minister of Energy, delivering his Keynote
Address during the Symposium on Nuclear Energy at PTCC on January
26,1979

Hon. Geronimo Z. Velasco receiving his "Plaque of Appreciation" from
Chairman Domingo C. Salita, with Dr. Ordillas and Dr. Garcia on the side
watching
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