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crisis has adversely affected the economies of

=g, especially those which have no known

resources of fossil fuels, In Sri Lanka the major indigenous

source of commercial eunergy, hydro-power, is limited. It will

be necessary to depend on alternative sources of energy for
meeting the growing demand for electricity. Against this back-
ground the Cabinet of Ministers tool a dec¢ision on 23 July, 1980,
to start a "programme that would lead to the production of

electricity using a nucleay reactor e

The place Of Nu rgy for electrical power generation has

he focus of much opposition and controversy in the developed

tries. The Cabinei decision to start a nuclear programme

generated a similar controversy and there was public discussion

regarding the benefits and the dangers of nuclear power.

to the Hon. Minister of Industries and Scientific Affairs,
suggested that the controversy oOu nuclear power would be a
suitable matter for examination Ly the National Science Council.
The Hon. Minister, directed the Council to examine and report on

the proposal to use nuclear power for the gemeration of electrical

power .

the Council discussed the Hon. Minister's directive, at its meetings
of 31 October and 14 November, 198C, and appointed a Committee of
six - of these two were members of the Council and one was
subseguently appointed to the Council - to examine and report on

the subject.

The Committes consisted of the following :-

Dr. J.A. Gunawardens - Professor of Electrical Engineering,
{Chairman} University of Peradeniya
pr. G.A. Dissanaike - Professor of Physics, University of

Peradeniya



ii

Dr. J.K.P. Ariyaratne - pProfessor of Chemistry, University

of Kelaniya

Mr. Lyn de Alwis - Director, Department of Wild Life

Conservation

Dy. P.L.T. Fernando - Physicist, Cancer Imstitute,
Maharagama
Dr. R.8. Jayatilake - Consultant Oncologist, Cancer

Institute, Maharagama

The Committee made a detailed study ol the subject. Its report
wae hoaded over to the Council on 16 April, 1982. The report was
tapled at the meeting of the Council 23 April, 1982. The Councilk
accepted the report, and regquested that copies be handed over to
the Hon. Minister of Industries and Scientific Affairs to be

forwarded to His Excellency The President.
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Chairman Secretary-Generzl

25 April, 1982



iii

MEMBERS OF THE COMMITTEE OF INQUIRY

J.A. Gunawardena ‘

B.Sc. Eng. (Ceylon), M.S.E.E. (Purdue) A Vo
Pn.D. (Cantab) C.Eng., M.I.E.E. | Chairman
Professor of Electrical Engineering

University of Peradeniya

"Member, National Science Council

J.XK.P. Ariyaratne

ez T E 1 N

B.Sc. (Ceylon) Ph.D.(Cantab) e 27
Professor of Chemistry
University of Kelaniya
Member, National Science Council
Lyn de Alwis L -

N
B.Sc. (Ceylon) e T e

Director, Department of Wild life Conservation
Director, Zoological Gardens, Dehiwela

Member, National Science Council

G.A. Dissanaike K/ 1 .
X &‘Bv »-) K‘LLJWL

B.Sc. (Ceylon), Ph.D. (Cantab) T S A
Professor of Physics

University of Peradeniya

P.L.T. Fernando p r
B.Sc. (Ceylon) Ph.D.(Leeds) .‘g@)

Physicist

Cancer Institute, Maharagama

R.S. Jayatilake

M.B.B.S. (Ceylon), D.M.R.T. (Lond.),F.R.C.R.(Gt.Brit.)

Consultant Oncologist

Cancer Institute, Maharagama (/////

Secretary to the Committee
M.A.T. de Silva
Assistant Secretary General

National Science Council



iy

TABLE OF CONTENTS

Foreword ' ' o N
Members of the Committee of Inquiry ces 1ii
Preface : ce vi

CHAPTER 1 -

Introduction ' ce 1
CHAPTER 2

Feasibility of Nuclear Power for the National Grid e 6
CHAPTER 3

Economic Aspects of Nuclear Power ce 16
' CHAPTER 4

Radiation Hazards to Health v 29
CHAPTER 5

Radiation Hazards to the Environment “a. 42
CHAPTER 6

Safety and Regulatory Aspects in a Nuclear Programme .o 55
CHAPTER 7

Conclusions ' e 73
CHAPTER 8

Recommendations . - 76
APPENDIX |

A Brief Introduction to Radioactivity, Nuclear Fission,

Fission Products and Nuclear Reactors ce 78
APPENDIX 2
Glossary of Technical Terms . “e 88
APPENDIX 3

Operating experience of Nuclear Power Stations in IAEA

Member States v 95




APPENDIX 4(a)

Press Notice

APPENDIX 4(b)

Persons who responded to the Newspaper announcement

APPENDIX 4(c¢)

List of others invited to give oral evidence

REFERENCES

101

‘102

103

104



vi

PREFACE

The National Science Council at its meeting on 14 November, 1980,
appointed a Committee to examine and report on the controversy
regarding the use of nuclear energy for electric power

generation in Sri Lanka, taking into account,

-

(a§ the biological and environmental hazards associated with
nuclear power reactors, and counter-measures against such

hazards,
(b)  the demand for electric power and energy in Sri Lanka,

(c) ways and means of neeting the energy and power requirements.

Following the appointment of the Committee of Inquiry, the National
Science Council issued a press notice calling for public
representation on the subject. The press notice appeared in all
three languages in the national newspapers qf 15 and 16 November,
1980. The English version of this notice is given in Appendix

4 (a).

Twenty one persons responded to the press notice with written
submissions and sixteen persons were invited to present oral

evidence (see Appendix 4(b) and 4(c) for lists of names).

The Committee met on 45 occasions between 28 November, 1980 and

16 April, 1982.

The report is in eight chapters; all subsidiary material is
given as Appendices. The conclusions and recommendations of the

Committee are listed in Chapters 7 and 8.
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CHAPTER 1

INTRODUCTION

For the vast majority oi’our people, struggling against the bonds

.of poverty, the need to-increase agricultural and industrial

productioh is desperate. This in turn makes the need for more energy
very urgent, a fact that has not been fully recognised in the
past, The steep increases in the prices of petroleum products in
the seventies and the power cuts of 1980 and 1981 have made even

the affluent minority aware of the need for alternative sources .

: Qf energy. Conservation of fuel and electricity, although comm-~

endable, cannot provide a solution in a context where the per

capita consumption of energy is small.

Energy from fuel and elégtricity is a substitute for and a
supplement to the work done by humans and draught animals. The
fundamental laws of natﬁre that govern the processes of energy
transfer in material systems are well understood. Science has
every reason to believe that these laws are inviolable. A direcf
consequence of these laws is that, at low levels of consumption,
material well being cannot improve without an increase in the
consumption of energy. This is a lesson that we can learn from
history. The devélqped countries, extravagant users of energy, can
reduce-their éonsumptidn beenergy while maintaining their stan-
dard of living. However, the quality of life of the poor nations
cannot be improved Without an increase in their consumption of

energy.

Measures to control and discourage the use of energy have

been suggested in this country. The control of energy

consumption will not produce endless queues, as it did in tae case
of rice and infant foods, for energy is rarely sold over a counter.
This makes proposals to control the consumption of energy appear

attractive at first sight. But without energy, productien will
suffer. and the effect on the—ecohomy will be disastrous.

Much publicity has been given to research work on the feasibility
of harnessing alternative sources of energy such as bio-gas,

solar radiation, wind and ocean thermal energy. Although some
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useful results have been obtained, or are likely to be obtained

in the future, none ©of these sources will provide significant

o quantities of energy to the national grid during this century.
rOur own research programmes into alternative: sources of energy

are poorly funded and suffer from lack . of scientific staff.

Even 1f these constralnts were to be removed, worthwhile
results would take a long time to come. The national economy
cannot afford to wait indefinitely'forfthese results. It is
therefore imperative that this country makes adequate plans to
meet all its*energy requirements in the foreseeable future.

Such plans‘shonld'be based on well established technologies.

We no longer delude ourselves with the belief fhat this country
has enormous resources of hydro energy. There are only taree
other sources of energy, based on proven technology, that
could supply the national electricity grid. These are coal,

oil and nuclear. It is ‘genearlly accepted that, of these three,

oil ‘would become prohibitively expensive in the future.

However, this does not mean that-coal and nuclear energy would

. become preferable’to’oil for,-as‘the price of petroleum rises,

the prices of coal and nuclear fuel, and the capital cost of
power plantsvwillvalso rise, Therefore it is necessary to
conduct detailed studies of the economic, f1nanc1a1
technological and 1nternat10na1 pOlltiCd] implications before
choosing betweéen these three alternatives. Such detailed studies

are beyond the scope of the work of this committee, but we have

made certain observations regarding this aspect in Chapters 2 and 3.

0il burning power stations of various types have been employed

in Sri Lanka for many years. Up to now there have been no large

coal burning power stations,.HoWever; this technology is not very
different from’that»of power stetions that burn‘oil to raise steam.
The boiler of a coal burnlng plant would be d1fferent from that of
an 011 burning one. Further, special facilities for transporting

and stock-piling of coal would be required.

The generafor, turbine, and part of the steam circuit of a
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nuclear plant are similar to those of a coal or oil burning plant.
However, the primary mechanism of energy release is vastly

different in a nuclear reactor.

’

In a coal or oil furnace, energy is released by the familiar
process of burning. In a nuclear reactor, enefgy is released in
the form of intense radiation which gets converted to heat. The
temperatures thus produced are far higher than those in a furnace.
The radigtion emitted is lethal and is contained by various
bérriers. Any leakage of radiation or radioactive material can
have disastrous consequences on the plant, the workers in the
plant and living things in the neighbourhood, (see chapters 4
and 5). It is this inherent danger in nuclear power plants that

has made nuclear power a subject of such public controversy.

The civil nuclear industry is said to have a good safety record.
The probability of a nuclear accident with serious consequences
is low. However, serious accidents‘have occurred and can be
expected to occur in the future‘(see chapter 6). Therefore,
before we can decide to obtain a nuclear power reactor, we must

study, apart from economic and technical considerations

1. the effects of possiblé accidents (chapters 4 and 5), and

2. our ability to mitigate their consequences (see chapter 6).

Until such investiggtions are madg, it is not possible to make
a firm decision as to whether a nuclear reactor is desirable
and if so where it could be located. Fig. 1.1 sets out
diagramatically the time sequence of activities in a programme

that could lead to the commissioning of a nuclear power plant.

In this report we.have kept two main considerations in mind. On
the one hand, the quality of life of our people cannot be
improved‘without adequate supplies of energy; The survival of
democrgcy in this.country and perhaps our survival as an

independent nation depends critically on our supplies of energy.
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On the other hand, if we were to choose nuclear energy, in the
event of a major nuclear accident, a significant part of our

" small country could become uninhabitable. This report is

only the first step in a programme of action that may take a
decade‘before we obtain a definitive answer to the question

"should Sri Lanka go nuclear"?.
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FEASIBILITY OF NUCLEAR POWER FOR THE NATIONAL GRID

A nuclear power plant (NPP) is one of the costliest investments
that a small country like Sri Lanka could make. It is reasona-
ble to presumé that such an investment would‘be made only_if
feasibflity studies show that,at the tiﬁe of commissioning, it
would be the most economical methbd of obtaining electrical
energy for the national grid. A NPP can be economic if it can be
made to supply power to the grid at nearly full capacity during
most of the operating life of the plant. These conditions\can
be met only if the power demand from the grid is large in
comparison with the power output of the NPP. Hence, one of the
first steps in studying the feasibility of a NPP is to determine
the power output of plants that are likely to be available.
Thereafter, by predicting the growth of demand for power and
energy from the national grid, it would be possible to estimate
the earliest date at which a NPP may be incorporated in the
grid.

Generation Capacity of Commercial Nuclear Power Plants

The capital cost per MW of generating capécity of a power piant
depends on the overall capacity of the plant.'For a given type
of plant, up to some maximum technically feasible cabacity, the
larger the plant the lower will be the capital cost per MW. In
the case of an electrical generating plént driven by steam’ |
turbines, the upper limit of capacity is more than 1000 MW

(1 G¥). This holds true regardless of whether the primary source
of energy to the plant is o0il, coal or nuclear, Since the
largest generator'now connected to our grid has a capacity of
only 50 MW, we may conclude that a unit of 1 GW capacity would
be far too large during the 1990fs or even in the early part of
the next century}'Therefore it is necessary to ascertain the ,‘
smallest capacity of nuclear plant that is likely to be commer-
cially available for operatioh iﬁ the 1990's. It would be then

be possible to estimate the earliest date on which a nuclear

power plant can be connected to- our national grid.



Tabie 2,1:showsfhe numbers of nuclear bower reactors of different
capacities classified in 1980 by the International Atomic Energy
Agency (IAEA), as being under construction within its member

states(”- This table includes reactors that are expected to be
operational as late as 1987

Net Electrical : Number of Reactors

Capacity MW (e)

0 - 99 1
100 - 199 0
200 - 299 6
300 - 399 0
400 - 499 20
500 - 599 7
600 - 699 17
700 - = 799 ’ 4
800 - 899 27
900 - 999 41
1000 - 1099 21
1100 - 1199 33
1200 - 1299 40

Table 2.1~ Nuclear Power Reactors of different capacities
under construction in member states of the IAEA
in 1980.

The smallest of the reactors 1nc}uded in Table 2.1 Wus a net
electrical capacity of only 36 MW (e) and is therefore not of
any interest in our study, Of the 6 reactors in the category
200—299 MW(e), one is of the fast breeder type and will not
be available commercially. ?he other five are all in India.
Thus if we wish to obtain a reactor of capacity less than

400 MW(e) the only supplier would be Indiai However, India
does not atvpresent export nuclear reactors and is not likely

to do so in the next decade.
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In the range 400-499 MW (e), there are 20 reactors under cons-
truction, All 20 are in the socialist countries and based on
Soviet tschnology Thus in this range of generating capacity,

there would be only one supplier viz, the U.S.S.R.

The seven reactors in the range 500-599 MW are in Canada. There-
fore, i{n this range there would be one supplier, viz. Canada or

‘,polqibly ohe more, viz, the U. S. S R. Beyond a capacity of 600 MW,

therg would be several suppliers

Table 3.1 does not necessarily show'an accurate picture in respect
of reactaors that may be commissioned invthe 1990's, the decade of
interest to this study. Tablez.zshews the number of nuclear power
reactoys in the planning stage in ﬁember states of the IAEA in
1980 oa, Thia table includes reeetpfs that are due to come into

commerciasl operstion as late as 1994.

Net Electrical N Number of Reactors
Capacity MW
200 - 299 1
300 - 399 ' 1
400 - 499 | 16
50O - 599 | 0
600 - 699 ' 13
700 - 799 ’ 1
800 - 899 5
900 - 999 13
1000 - 1099 29
1100 - 1199 - 10
1200 - 1299 : - 26
1300 - 1399 1
1600 | 1

Table 2.2—>Nuc1ear Power Reactors of different capacities in
- the planning stage in 1980 in member countries of:
the IAEA. ' '
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Table 2.2 has features that are similar to those of Table 2.1.
The two smallest reactors of 250 MW and 350 mw respectively are
both of the fast breeder type and will not be available commer-
cially There are no reactors classified as being in the plann-
ing stage in India. The 16 reactors in the range 400-499 Mw are
all based on Soviet technology There are no reactors with
capacities in the 500-599 MW (e) range in this table, evidently
becadse there are no reactors in the planning stage in Canada.
Where the capacity exceeds 600 MW (e) there are several many-

facturers.

Small Reactors Designed for Developing Countries

The data given above show that no commercial nuclear power

plants of capacity less than 400 MW-(e) would be atailable for
commissioning in the 1990's. However, some manufacturers are
reported to have under developﬁent, small power reactors
designed specifically for sale to countries that expect to
start using nuclear power. The follow1ng development progra-
mmes for small reactors have come to the attention of this

committee

1. A conglomerate of U.S. and British companies operating
under the name Rolls Royce Ltd. have announced plans to
Mmanufacture a plant with a capacity of 200 MW (e) for
sale to developing countries 03.
2. A German firm, Interatom, plans to produce a 60 MW (e)
J reactor 03.
3. A German firm Kraftwerk-Union is developing a 200 MW (e)
7'reactor 04,
4. Japan is reported to be developing a 200 MW(e) p1anf05
initlally for domestic use and later for export.
5. A French firm, Alsthom-Atlantique is developing a 300 MW (e)
. plant. 03,
6. Alethom—Atlantique has a demonstration plant 93 o¢

125 MW (e),
7. National Nuclear Corporation Ltd. of Great Britain intends

to export 300 MW (e) reactors based on the plant at
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Oldbury which has been in operation since 1967, The plant at
Oldbury consists of two reactors each of whiéh was origina-
11y designed to generate 300 MW (e). Owing to technical
problems these plants were derated to 208 MW (e) each.
Negotiations are_currently in progress for the export of
a 300 MW (e) unit to Bangladésh.

8. Ato?ic Energy of Canada Ltd. is prepared to sell reactors
of the CANDU type of 300 MW (e) capacity. The design would
take about six months and would be based on the larger CANDU
reactors that have been operating in Canada since 1971.
India has had a reactor of 206 MW (e) capacity based on
CANDU technology operating since 1973.

The first five types of reactors mentioned in the previous sec-
tion are all in the development stagé. The sixth is a demons-
tration plant in the country of origin. The last two, the Old-
bury and the CANDU types, have bééﬁ in’operation in their
countries of origin and have been considered suitable for

operation in developing countries.

Nuclear Generation Capacity Suitable for Sri Lanka

The foregoing shows that if we comsider the possibility of comm-
issioning a reactor of 600 MW (e) we would have a wide choice
of reactor type and suppliers. For smaller capacities, the

alternatives available would be restricted. However, at 300 MW (e)

we would have at least two alternatives available.

We must also recall that the cost per unit of installed
capacity increases as the capacity of the plant decreases.
Therefore, although the possibility of obtaining a reactor of

200 MW (e) or even 100 MW (e) capacity cannot be entirely ruled
out, it is unlikely that such small plants would be economical
in Sri Lanké.»The»fact that India has a continuing programme for
nuclear power plants in the 200-250 MW (e) range does not go
counter to this reasoning. This is because,unlike Sri Lanka,
India has her own nuclear design and construction capability,
built up through a far-sighted national technological effort

extending over the past thirty years.
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Therefore, in the following discussion we shall consider two

generation capacities}

1. 300 MW (e), because this would be the lowest capacity that

is likely to be available in the next decade.

2. 600 MW (e), because this would be more economical.

-

Reliability of Supply

In any Jlarge electrical power system,reliability of supply is of
paramount importance. However, in the past, in Sri Lanka,
neither the supplier nor the consumer of electrical energy has
paid sufficient attention to reliability. The economic consequen-
ces of loss of supply have not been‘realised or properly evalua-
ted in this country. But as industrialisation proceeds the need
for reliable supply of electricity will become imperative.
Indeed, the pioposal to obtain a nuclear reactor is itself a

result of this need.

The largest unit of generating plant in a power system has an
important bearing on the reliability of the system. All genera-
ting equipment needs regular maintenance and they need to be
laid off at periodic intervals for this purpose. Also, in the
event of the sudden outage of any generator, the system should
not undergo unacceptable overloading. For these reasons, it is
the normal practice to ensure that the capacity of the largest
plant is not more than 10 to 12% of the total system capacity.
Thus, to commission a nuclear plant of 300 MW (e), the

national grid should have a total installed capacity of 2500 to

3000 MW,

The figure of 10 to 12% of installed capacity given above is
merely a rule of thumb applicable where effective repair and
maintenance facilities are available. A lower percentage may
be desirable for Sri Lanka because of the following special

factors.

Fig. 2.1 shows the variation of the system demand during a
working day, a Saturday and a Sunday in 1980. Note that the

night time.peak demand is about 50% more than the average
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Triday 25 September 1981
c—==e= Saturday 26 September 1981

+—s—e— Sunday 27 September 1981

1.00 6.00 12.00 - 6.00 12.00

a.m a.,m noon p.m midnight

Fig. 2.1 Power demand from the Ceylon Electricity Board
grid during three days in 1981. (From data provided by
Dr. P.N, Fernando, Ceylon Electricity Board).
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demand during the working daylight hours. The night time peak is
caused by the lighting load. In 1976 only 8% of the households in
Sri Lanka used electricity for lighting. There can be no serious
doubt that the other 92% that use kerosene for lighting will use
electricity at the first available opportunity. Therefore

when the daytime induétrialbload grows and the benefits of
industri&lization spreads, there will be an increase in the night-
time demand as well due to the use of electricity by these new
congsumers. Thus the peaky nature of the demand curve will persist
for many decades to come. Under these conditions the capacity of
the generating equipment operating in the daytime would be much
less than the total installed capacity. Thus, if the largest plant
had a capacity of say 10% of the total insta;led capacity..it
would in fact amduntvto about 15%.of system capacity in the day-
time. A sudden outage of the largest plant in the daytime may

then cause an unacceptable loss of generating capacity, preci-

sely at the time that the industrial load most needs a reliable
supply.

.18 Eveh up to the end of this century, the major part of our elect-
rical generating plant will use hydro-power. Most of the reser-
voirs would have been designed to operéte the turbines at a low
load factor, i.e., for 6 to 8 hours per day. On the other hand

a nuclear power plant would provide base load bower,that is,
nearly constant power output throughout. If the nuclear plant
were to provide say 10% of the power, it would in fact provide

a much greater percentage of the total energy taken by the grid
over a period of say one year. Therefore, when the nuclear plant
is shut down for maintenance, it may not be possible to meet the
shortfall in enérgy using the hydro-resources. Also, even if the
necessary water were available in the reservoirs, it may not be
possible to use the hydro-plant, to meet such an emergency,
because many of the reservoirs would have been designed to
provide water for bbth power and irrigation. These difficulties
would naturally be multiplied in the event of any shutdowns which
have not been anticipated during the planning stage of the nuclear

plant.



2.19

2.20

2.22

_14_

It is well known *that the repair of machinery in this country is

subject to far greater delays than in a devéloped country.

‘This would be partiéularly true in the case of the highly

sophisticated equipment of a.nuclear power plant. This factor too
aggravates the difficulties outlined above in connection with

shut downs of the nuclear plant. .

The distribution of electric power over our national grid is
subject-to frequent intefruption. These are often caused by
lightning. When part of the distribution system fails, the
demﬁnd from the grid décreases and.thé output from the
generators must be lowered. This is very undesirable in the case

of a nuclear power plant.

Earliest Pogsible Date of Commissioning

At the beginning of 1982 the total effective generating capacity
of the CeyloniElectricity~Board'grid was 523 MW. Thus,to install
a NPP of 300 MW(e) the installed capacity would have to

increase almost six—fold. The time that would be taken for such
a large increase cannot be estimated accurately. However, we can
state with a high degree of confidence that the installed
capacity of the national grid will continue to increase in the
foreseable future. The Committee has therefore obtained the
latest available forecasts 6f'the Ceylon Electricity Board as
the basis for planning a scheduie of activities that could
culminate in the installation of a nuclear power plant, if such

a plant were to be considered desirable.

In October 1981 the Ceylon'Electricity Board completed a detailed
study of the future requirements of power and energy for the
national grid 06. The results of the study were made available to
this Committee in November 1981, Table 2.3 shows the growth in

the maximum power demand as forecast in this study, up to the year
1995 when it reaches the figure of 1744 MW. From this table it is
clear that the maximum demand will not reach 3000 MW even by the

year 2000. Thus, on grounds of reliability and operational



flexibility, it would not be possible to commission a NPP of
L]

300 MW(e) before the year 2000 or a NPP of 600 MW(e) before

the 'year 2008.

YEAR MAX. LOAD(MW)
1984 ’ 657
1985 744
1986 ' 808
1987 883
1988 961
1989 1046
1990 1139
1991 1242
1992 ' 1352
1993 1472
1994 . 1602
1995 © 1744
Table 2.3 : Predicted maximum power demand on the national

grid (courtesy Ceylon Electricity Board).
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CHAPTER 3

ECONOMIC ASPECTS OF NUCLEAR POWER

For several decades, proponents of nuclear energy have claimed
that it would bevcheaper than that obtained from’tossil fuels.
On the other hand opponents of nuclear energy have been very
vocifero&s in claiming that nuclear energy is dangerous,
unreliable and more expensive than the alternatives. Chépters

4 and 5 of this report discuss the hazards of nuclear reactors.
In this chapter we discuss briefly the cost of nuclear energy in
comparison with established alternafive sources of energy and
the related questions of reliability of nuclear power plants

and the long term availability of nuclear fuel.

Nuciear Energy Versus Hydro-Energy

In any major enterprise the conventional method of comparing the
costs and benefits of alternatives is to apply the technique of
Discounted Cash Flow Analysis. This method emphasizes benefits
obtained in the short term while it.attenuates thg benefits
obtained in the long term; While the conclusions obtained from
Discounted Cash Flow Analysis may be valid in the case of
business enterprises in which profit is the prime motive, in the
case of major projects for national development, other criteria
may have to be employed. The civil engineering work which
comprises the major part of the expenditure in a hydro-energi
scheme has an almost indefinite life time and benefits continue
to be reaped over a very long period. For instance if the
conclusions of Discounted Cash Flow Analysis were used as the
sole criterion, the Parakrama Samudra may never have been

constructed.

On the basis of discounted cash flow, it may be possible to show
that nuclear energy can be cheaper than energy available from
some of the proposed hydro-schemes. However, where we are
concerned with the 1ong term interest of this nation, such

comparisons cannot be accepted at face value. Apart from the
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long term returns, once a hydro-power plant is constructed, the
energy obtained is independent of any foreign supplier. We shall
show in allater section of this chapter that this would not be

true of nuclear energy. Since independence, successive

~ governments” have expressed a firm commitment towards the

' development of all possible hydro-resources. We consider the

wisdom of this policy to be beyond question and shall

not discuss it any further.

However, as stated in the introduction,'we must recognize the
fact that our hydro-resources are limited. Therefore it is
necessary that we find other sources of energy and such

sources should not be subject to the vagaries of the weather.

Nuclear Energy Versus 0il

At present the major sources of energy in the industrialised
countries is petroleum.FIn Sri Lanka, although the main source
of energy is firewood, oil makes a very important contribution
to total energy requiremehts, However, the petroleum products
supply energy mostly for the transport sector. The contribution

to electrical energy from petroleum is relatively small.

There is a widely held belief that as the cost of petroleum
increaseé, electrical energy from this source will become more
expensive than nuclear éhergy. This belief is erroneous for

the following reasons :-

At the most basic scientific level, all energy is the same.
Therefore when the price of the major source of energy in the
world, petroleum, rises the price of energy rises whether it be
obtained from petroleum or other sources. In the case of
nuclear energy, the largest component of the cost arises from
the capital investment on the plant. The cost of an NPP would
be very strongly dependent on the price of energy which in

turn depends on the price of petroleum.
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Part of the cost of nuclear energy arises from the cost of
uranium. Here again, the cost of mining and processing of
uranium and in turn the market price of uranium would be

dependent on the price of petroleun.

There is thuick'or easy answer to the question 'Will

nuclear energy be cheaper than that obtained from petroleum?’.
The answer would depend on a number of factors: the geographical
location of the country, the size of the power plant, the
componeht of local expenditure on conStruction, ability to
operate the planf steadily, the price of petfoleum, the price
of uranium, ability to maintain the plant and ability to

manufacture the fuel assemblies.

Even the fact that world resources of petroleum are 1imifed,
does not lead to a quick answer to this question, because,
world resources of uranium too are limited. Further, as in
the case of petroleum,'Suppliers of uranium too could form

into a cartel.

Nuclear Energy Versus Coal

Deposits of coal exist in many countries. The energy that would
be available from known reserves of éoal in the world is far
greater than that fromvuranium, if the uranium is consumed in
thermal reactors only. Unless breeder reactors and the
associated fuel reprocessing facilities are installed in the
countries with large scale nuclear energy prograﬁmes during

the next decade or so, the world's uranium‘supplies could get
exhausted early in the 21st century. On the other hand, reserves
81 coal, exploitable using well established technology, would be

sufficient for several centuries.

As in the case of oil, it is possible that coal exporting
countries would form into a cartel when the use of coal expands.
However, the formation of a cartel for coal is much less likely
than fér 0il or uranium, because the world has vast resources of

coal and there would be many exporting countries.
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Coal burning power plants are not entirely free of hazards to
health and the environment. The burning of coal releases noxious
gases such as sulphur dioxide to the atmosphere. Unless carefully

controlled these could present & gerious hazard.

- Further, coal-burning plants release. small quantities of

radionuclides to the atmosphere. Proponents of nuclear energy
claim that the danger from radionuclides so emitted is greater
than from those emitted by an equivalent NPP under normal operating
;onditions. In an ipitial draft report released in August 1979,

the U.S. Environmental Protection Agency (EPA) concluded that coal-
tired generating plants were. up to 80 times riskier than nuclear
powered plants in terms of radionuclides emitted during normal
6peration, However, a report on a later study by EPA, available in
its preliminary draft stage, efféctively reverses this conclusion.
This study is titled, "Technical Support for the Evaluation and
Control of Emissions of Radioactive Material to the Ambient Air".
In concludes that nuclear plants can be up to 50 times riskier

than coal plant307. Whatever the final conclusion of such studies
may be, the fact remains that (see Chaptef 4), in the event of an
accident, a large amount of radio-active material may be released
to the envifonment by a NPP, whereas no such release of radio-

nuclides is possible in the case of a coal-fired plant.

Long Term Planning for Generation Expansion

The process of planning to meet our fupure requirements of
electrical power and energy is such a complex task that it is not
possible to decide for or against any primary source of energy on
the basis of qualitative reasoning. Only a detailéd study of the
many possibilities could give a useful plan for the growth of the
power system. Such a study06 has been completed by the Ceylon
Electricity Board in October 1981. The results,made available

to thié Committee in November 1981, show that during the period
1984 to 1995, the following types of generating piant will have to

be introduced into the grid:
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(a) Long term storage hydro,
(b) Short term storage hydro,
(¢) Coal fired steam,

(d) Large diesel.

The CEB étudy has not been concerned with plans for generation
expansion beyond 1995. Indeed, even if plans were to be ma&e now
they would be speculative in nature. The CEB repoft has not dealt
with the economics of nuclear energy. We have as yet no
quantitative data regarding the economics of nuclear energy in
Sri Lanka, Hence it is necessary to study information available

from other countries,

The fact that most of the developed countries have nuclear energy
programmes shows that under certain conditions, this source of
energy could be the most economical. Tables 3.1 and 3.2 show the
results of studies made by'the Central Electricity Generating
Board (CEGB) of‘BritainOS. Table 3.1 is a comparison of the costs
and other performance data between nuclear, coal-fired and
oil-fired power stations commissioned by the CEGB between 1965
and 1977. Tabie 3.2 is a coﬁparison of the performance of the
Hinkley Point-B nuclear power plant commissioned in the late
seventies and the first half of the Drax coal-fired power plant
commissioned about the same time. An examination of these tables
shows clearly that in Britain, during the periods covered by the
tables, nuclear energy has been cheaper than that obtained from

coal or oil.

Figure 3.1 shows a comparison of the cost of generation of
electrical energy from the coal-fired Lambton plant and the
Pickering NPP, both operatedzby Ontario-Hydro of Canadaog. Here
again it is clear that nuclear energy is cheaper than energy from
coal. The above are from developed countries which pioneered

independent, large scale nuclear energy programmes.

In the case of a developing country, the cost of nuclear energy

could be higher because all the technology would have to be



1980-81 19§0-80

Nuclear Cosl-~ Oil- Nuclear Coal- Oile-
(Magnox) fired fired (Magnox) fired fired
p/xW h -~ p/kX h  p/kW b p/kN b p/kW h  p/kW h
Capital charges and pfoviqton :
for decommigsioning : 0.41 0,08 0.20 0.34 0.09 0.14
Interest during comstruction 0.07 0.02 0.03 0.08 0.02 0.02
Inclusive fuel costs 0.74 1.54 2.15 0.60 1,29 1.61
Other costs of operation 0.39 0.19 0.22 0.26 0.14 0.14
Research . : 0.03 0.01 0.01 0.03 0.01 0.01
Training . 0.01 0.01 0.01 0.01 0.01 0.01
Gengration cost 1.85 1.85 2.62 1.30 1;56 1.93
per cent per cent per cent per cent per cent per cent
Load factor on design output 47 63 29 53 60 43
Load factor on declared net
capability . 64 87 29 71 63 43
Availability on declared net :
capability . 64 72 84 71 68 71

Table 3.1 : Coﬁparativé”generatiqh'éosts;”ldad‘factbrs and availabilities
for nuclear (Magnox) , coal~-fired and oil-fired power stations
commissioned between 1965 and 1977,

1980-81 1979-80
—_ ;
Hinkley Drax Hinkley Drax
Point B First ha;f Point B First half
p/k¥ h p/k¥W h p/%W h p/K¥ b
Capital charges and provision
for decommissioning 0.35 0.13 0.37 0.12
Interest during conatruction 0.15 0.05 ’ 0.18 0.04
Inclusive fuel costs 0.70 1.45 0.55 1.25
Other costs of operation 0.18 ’ 0.22 0.16 + 0.09
Research . 0.08 0.01 0.07 0.01
Training 0 01 0.01 0.02 0.01
Generation cost - 1.45 1.87 1.35 1.52
per cent per cent per cent per cent
Load factor on design output s1 66 ' " 43 73
Load factor on declared net
capability 63 66 : 67 73
Availability on declared net .
capability ' 83 87 87 74

Table 3.2 : Comparative generation costs, load factors and availabilities
for Hinkley Point B (AGR) and Drax first half (coal-fired)
power stations. '
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Fig. 3.1 Comparison of cost of generation of electrical energy

from the Picke‘r'ing NPP and the coal fired Lambton plant

(courtesy- Ontario-Hydro of Canada).
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imported{ Table 3.3 shows the results of a study conducted in the

Phillipineslo that conclude that nuclear energy would be the most

expensive out of the available slternatives.

We have presented in this section, oniy a small part of the

literature- regarding conflicting claims made by proponents and

0ppdnents of nuclear energy. Although a great deal of published

material on the question is available, it is not possible to

come to a definite conclusion as to whether nuclear energy

- would be‘cheaper than the alternatives in the case of Sri Lanka.

Operational Reliability of Nuclear Power Plants

An examination of the performance of NPPs in developing as well

as developed countries shows that NPPg are in general less

reliable than power plants that burn coal or oil.

For example an examination of Tables 3.1 and 3.2 brings out the

following factorsbin respect of power plants in Britain,

1.

for oil-fired power plants the declared net capability is
the same as the design output,

for coal-fired planfs the declared net capability is equal
to or a little less than the design output,

for NPPs the declared net capability is‘considerably less
than the designioutput,

For NPPs,the figurés for availabilty as a percentage of
design outpul would be much lower than for oil or coal fived

stalions.

Appendix 3 tabulates information regarding the performance of

NPPs as published by the IAEA

11

The data show that NPPs tend to have considerable periods during

which they are shut-down. Shut-down periods are long and frequent

for the follwing reasons:

1.

Even small accidents often require that the plant be closed

down.

Periods of shut down tend to be long sometimes months or years

due to the risks associated with radio-activity.



Capital Cost Fuel Cost Index Cost of

Qeneration i

0i] fired 750 6.0 ‘ 2760
goal - 1000 4.0 2340
Geothermal 1000 4.0 2340
Hydro Run of river 950 Nil 950
Hydro Reservoir 2000 Nil 2000
Nuclear (at 600 MW) 2800 2.0 3470

a/ This index is explained in para below.

b/ Includes an element of cost_for'waste disposal.

Assumptions
| i. Capital cost'given are order of magnitude figures
obtained from an analysis of projects in Philippines
to be compieted in the 1980-85 period. Their load

factor capabilities vary widely;

$35/barrel
$70/tonne of

ii. Final cost are based on o0il

coal
calorific value

4500 Kcal kg

freothermal Max imum, as

contracted

If a power plant pyoduces 5000 KWh of energy per year, the
difference in cost of total energy generated would be $50 per one
cent of difference in fuel cost. If the capital charges are say,
15 per cent per year, this would mean roughly that a capital cost
difference of $335 would be equivalent to ¢1 difference in fuel
cost. Based on this one can build up a crude index (of capital

and fuel cost). These are given in table above.

4
Table‘3.3 Comparative costs of different modes of power generation

in the Phillipines.
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3. Extensive and costly investigations are necessary after
shut-down in order to be assured that re-start does not

entail any risks.

In a deveioping country such as Sri Lanka, shut-down periods of
an NPP hay be expected to be considerably longer than in a
developed country, where the expertise and facilities for
diagnosis, repair and safety assurance would be readily

available,

The low load factor that would result from frequent or long
periods of shut down would make NPPs commercially unattractive
in comparison to plants that burn coal or oil. This could also

make power from the national grid less reliable.

The greatest advantage of a centralised grid supply should be
its reliability. Unfortunately, reliability of power supply has

received scant attention in Sri Lanka. Frequent power failures

‘have always been taken for granted. In the recent past, regular

power cuts during drought periods have become a fact of life.

In order to clarify the concept of a reli gble power supply it is
necessary to look at an example from a developed country. The
Uﬁitéd Kingdom is a good example of a country with a highly
reiiabiewcentral grid; We quote from "The Economics of the
Reliabiiity of Supply" (A comparison of standards adopted in
various countries). Institution of Electrical Engineers

' . o 12
Confercnce Publication No. .MI .

'”The planning standard which was settled arbitrarily some
12 years ago and has not since been changed, is that in
three winters in 100, some‘consumers will have to be
disconnected because of shortage of generating plant
capacity. It is practicable to shed about 74% of the
demand by reducing voltage and frequency before disconnecting
consumers, and it is accordingly accepted that some such
reduction will be necessary in 24 winters in 100. There is
‘thus a 24% risk of failure to meet the demand in full and
a 3% risk oflfailure to meet 92%% of thé demand. With the

present load duration pattern this corresponds to 160 hours
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(in 100 years) of failure to meet the load in full of which

100 hours involve disconnection'.

In summary, the above reliability criteribn adopted in Britain
corresponds to discqnnections of supply from some consumers for
about 6 minutes per year and the possibility of low voltage and
frequency to some consumers for about 100 minutes per year ! Any
national;grid should aim at such a high standard of reliability.
Such a high standard of reliability requires that the technical
facilities and know how for coping with all possible breakdowns
be available withih the country, in respect of all installations
in the power system. In Sri Lanka where advanced technology is
lacking, the introduction of a NPP could make the supply of power

from the grid even less reliable than it is now.

Long Term Availability of Nuclear Fuel and Heavy Water

The fission of a kilogram of uranium-235 can in principle release
about 3,000,000 times as much energy as the combustion of a
kilogram of conventibnél fossil fuel. This dramatic comparison has
led to the popular but erroneous belief that nuclear reactors

can supply the world with unlimited quantities of energy. The real

situation is very different from the popular belief.

Almost all of the commercial nuclear energy produced in the world
comes from what ére known as 'thermal' reactors, that is of the
LWR, HWR or GCR*types. These reactors burn uranium-235, which is
present in small qﬁantities in the naturally occuring ore. If the
spent fuel rods of tﬁermal reactors werc to be all disposed of,

the world could run out of uranium résources in a few decades.

Some of the advanced countries have developed 'reprocessing’
facilities where the fissile material from the spent fuel rods

are extracted and reuséﬂ as fuel;:Even if reprocessing were to be
extensively used, world demand for uranium could outstrip production
by about 2000 A.D.13. It is necessary to state here that
reprocessing plants are so costly that they are beyond the reach of

all but the largest economies.

*LWR - Light Water Reactor. HWR - Heavy Water Reactor,
GCR - Gas Cooled Reactor
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The introduction of the Fast Breeder Reactor (FBR) could, in
principle, reduce the demand for uranium. Again, the real situation
is significantly different. Several éoﬁntriesvare developing FBRs.
However, even the most advanced of the FBRs, at Dounraey in England
is’ still classed as a fprototype'. Much further work therefore
remains to be done, Further, FBRs must ihitially be fuelled from
reprocessed tissile material generated in thermal reactors. The
word 'Fas%' in 'Fast Breedef Reactor' refers to the speed of the
neutrons emitted and not to the rate of regeneration of fissile
material. Indeed a FBR can take over 30 years to produce sufficient
fuel to load another similar reactor. Thus the introduction of

FBRs requires that the use of thermal reactors continues to expand,
causing continuing depletion of uranium fesources. However, given
international co-operation, it is possible to conceive of reactor
strategies that would make it possibie for nuclear power
generation to continue to expand for several centuries. Further,

in addition to the technical difficulties, there are major pblitical
barriers to be ovércome. For instance, improvements in reprocessing
technology, essential for the introduction of FBRs, could also make
it possible for reprocessed material to be used for the manufacture
of weapons. Becaﬁsé of such international politicai implication, if
Sri Lanka were to dépend on impdrted nuclear fuel, her future in
respect of eneréy would be no less unéertain than if she were to

continue to depend on imported oil.

A comprehensive study of the availability and projected demand for
uranium, thorium and heavy water was undertaken by the International

Nuclear Fuel Cycle Evaluation (INFCE). We quote from its findings13

"Comparisons of uranium supply and demand as illustrated .....
indicatebthe need for additional sources of production before
the end of the century as well as the importance of fuel-
efficient reactor strategies. The bulk of the required new
production will have to be supported by new discoveries.
Estimated lifetime uranium requirements for reactors
projected to be put in piace up to 2000 exceed current
estimates of RAR*fbr most of the projections. Indeed, by

2000 the highest estimated lifetime requirements approach

* RAR : Reasonably assured resources
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current estimates of RAR plus EAR* . Since not even all of
the RAR can be made available by that time, the need‘fof
continued exploratiop'and‘development activity is apparent.
Based on global resource comparisons alone, if nuclear
capacity deployment strategiés based on substantial and/or
e#&ly post 2000 deployment offimprOVed thermal reactors and
fast breeder reactors would be required to provide assurved

nuclear electricity supply".

We have earlier shown that for purely operational reasons, it
would not be possible to supply power from a nuclear reactor, to
the grid, before the year 2000. Thus on the basis of the findings
of INFCE there is a distinct possibility that just at the time
that‘Sri Lanka can use a nuclear power reactor, the world may be

faced with a shortfall in supplies of nuclear fuel.

It is necessary to keep in mind the fact that on several occasions,
suppliers of uranium héve abrogated or suspended contracts owing
to disagreementé regarding the policies of the recipient countries.
The most recept example of such action was the refusal of the

United Stateslto supply enriched uranium to India.

All these factors make it clear that there is no basis for
Sri Lanka to expect to achieve self-sufficiency in energy through

nuclear technology

* EAR : Fstimated additional resources
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CHAPTER 4

RADIATION HAZARDS TO HEALTH

The main danger to health and the environment posed by a nuclear

power plant results from the'unavoidablé production of large

amounts of radioactive materials, primarily fission products. A
nuclear reactor with an electrical output of 500 MW produces as
much fission products in one day as did the atom bomb dropped on

Hiroshima14

Nuclear .reactors are designed to contain these fission products
within their shiélds even under severely adverse conditions such
as cyclones and earthquakes. However, even under normal operating
conditions it is not technically feasible to completely eliminate
the release of radioactive substances to the environment. From
time to time, gaseous effluents containing radioactive materials
are released to the atmosphere. The waste water and secondary
cooling circuits too may transfer some radioactivity to the

environment.

During the course of avnuclear reactor accident, much larger
quantities of radioactive material may be released to the environ-
ment. Before discussing the effect of such releases it is relevant
to consider briefly the nature and effects of natural and man-made
sources of radiation to which people have been exposed. Since many
of the terms used in this report may be unfgmiliar to the reader,
we give a glbssary of terms in Appéndix 2 . A brief introduction
to radioactivity, nuclear fission, fission products and nuclear

reactors is given in Appendix 1.

Early History of the Effects of Radiation

Scientific work with radiation commenced after the discovery of
x-rays by Roentgen and of radioactivity by Becquerel in 1895. Soon
afterwards, cases of injury caused by radiation were reported. As
early as 1896 it was noted that external exbosure to x-rays could
produce erythema (abnormal redness of the skin), oedema (swelling
due to accumulation of fluids) and epilation (abnormal loss of

hair). Becquerel and Mme. Curie suffered such effecfs after
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handling radioactive materials. The ability of radiation to induce

cancer was observed soon afterwards and by 1911 about one hundred

cases of tumours induced by x-rays were reported. Fifty of these

were radiologists. It was estimated that by 1922 a hundred radio-
logists had died as a result of cancer induced by radiation.
Sometime later the incidence of leukaemia was found to be

significantly higher among radiologists than among other physicians.

1t was also observed that there was a high incidence of lung cancer

‘among miners working in sites containing high concentrations of

uranium. We know today that they were victims of internal exposure
to radiation caused by inhaling radon gas, a decay product of
uranium. Much publicity was given to the cases of internal exposure
among women workers who painted numerals on the dials of watches
with paint containing radioactive radium, and who were in the habit
of tapering their brushes with their lips. About fifty of these

women died of various forms of cancer.

Such deaths and serious injuries, through the use of x-rays and
radioactive materials, were the result of ignorance, at that time,
of the deleterious effects of radiation on man. But through such
incidents much knowledge was obtained. It was soon recognized
that the utilization and handling of radiation must necessarily
be governed by strictly enforced measures of control and safety.
Standards of radiation exposufe have been devcloped and a set of
units of radiation exposure defined. Radiation intensities, or
doses, and their effects can be expressed quantitatively in terms

of these units.

Radiation Doses and Standards

The biological effect of radiation is dependent on the amount of
energy deposited by the radiation in living tissue. The energy
deposited per unit mass of tissue is the absorbed dose. The unit
of absorbed dose is the rad, which is equal to 0.01 Joule per

kilogram or 100 ergs per gram.
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Radioactive substances emit three types of radiation, viz. alpha
particles which are absorbed within a millimetre of tissue, beta
particles which are absorbed within approximétely one centimetre
of tissue,and gamma rays which can penetrate several centimetres
of tissue. The properties of x-rays are much iike those of gamma
rays.for the same absdrbed dose, the biological damage caused by
alpha particles is much greater than that caused by beta particles
and very much greater than those caused by gamma rays or X-rays.
Hence the quantity dose équivaéent is introduced to take account
of the differences in the biological effects of different types
of radiations. The uhit of radiation dose equivalent is the rem.
Gamma rays, x-rays and beta particles of high energy produce
nearly equivalent effécts. Therefore for all these radiations an
absorbed dose of 1 rad gives a dose equivalent of 1 rem. One
thousandth of a rem is referred to as a millirem. A more recent

unit of dose equivalent is the sievert (Sv) equél to 100 rem.

The International Commission on Radiological Protection (ICRP)l5
has set standards of pérmissible exposure to radiation, or dose
equivalent limits. The Commission distinguishes two classes of
individuals: radiation workers and the general public. For the
radiation worker, who is subject to'occupational exposure, the
maximum permissible dose equivalent (MPD) for the whole body is

5 rem in any one year. This is approximately equivalent to a dose
of 100 millirem pcr weck or 2.5 millirem per hour in a A0-hour
working week. For an individual member of the general public the
MPD is 500 millirem per year, i.e. one tenth of the MPD for a

radiation worker.

The above two MPD values take into account the risk to which an
individdal méy be subjected. But when considering a population,
the possibility of genetic damage, which can place future genera-
tions in jeopardy, arises. Therefore, in the United States, for
instance, for the population as a whole, the maximum permissible
accumulated dose to an age of 30 years has been placed at 5 reml6.

This is equivalent to an average annual dose of approximately

170 millirem.



4.11

4.12

4.13

- 32 -

The MPD levels do not represent a threshold below which there is
safety and above which there is hazard. The concept of a threshold
below which»radiation does no harm has‘been discarded by scientists.
There is ample evidence to show that radiation at all levels is
harmful, although in some instances such as in the treatment of
cancer, the beneficial effects (to the patient) may outweigh the
harmful effects (to the patient as well as the workers). The choice
of MPD levels therefore represent a balance between the risks as
against the benefits of the use of radiation and of nuclear power.
It is generally recoghized that, notwithstanding the MPD levels,

exposure to radiation should be kept as low as possible.

Natural Background Radiation

From the beginings of time life has evolved in the midst of nuclear
radiation. Mankind is continuously exposed to radiation from cosmic
rays from outer space, from naturally occuring radioisotopes, and
from the radioactivity released to the atmosphere from nuclear
weapons tests. The average annual external dose from cosmic rays at
sea level varies from about 30 millirem to about 80 millirem depen-
ding on the latitude. The annual dose from background radioactivity
on the earth'svsurface varies from region to region, from 60 to 200
millirem; However, in soﬁe parts of Brazil, India and Sri Lanka, for
instance, there are extensive deposits of thorium-bearing monazite
sands, and people have lived over generations near such places
while being exposed to doses in the region of 2000 to 3000 milli-

rem per year.

Biological Effects of High and Moderate Doses

Apart from the experience of the early\workers, who used x-rays

and radioactive materials, evidence regarding the harmful effects
of high levels of nuclear radiation has been obtained by studying
the survivors from Hiroshima and Nagasski, the victims of accidents
in nuclear installations, and patients exposed to radiation for
therapeutic purposes. A great deal of evidence has been obtained

from experiments on animals.
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A dose of 500 rem delivered over the whole body will kill about

half of the exposed population and the survivors will suffer from

_very serious maladies. The reproductive organs, blood forming

organs such as bone marrow and the spleen, and the intestines are
sensitive to lower levels of radiation and suffer from serious
adverse effects. The skin and irradiated organs tend to develop
cancer, sometimes after latent periods of 30 to 40 years. With
doses of about 50 rem, anorexia, nausea, vomiting and diarrhoea
occur within 2 or 3 hours, and death may result unless treatment
is instituted immediately. With doses of about 25 rems, changes
in the blood count occur in é few hours, and also genetic damage

is caused in the chromosomes of lymphocytes.

A high incidence of leukaemia has been observed among patients
treated with fadiation for ankylosing spondylitis, a non-
mélignant condifion affecting the spine. The population affected by
the atomic bombs of Hiroshima and Nagasaki showed a high incidence
of malignancy. Thus exposure to moderate or low levels of radiation

over prolonged periods causes cancer.

Ingestion of Radiation Materials

In paras 4.9 to 4.15, we have considered the effects of radiation
incident on the body from external sources. ln the case of radio-
active materials released to the environment it is also necessary
to consider the more insidious hazard caused by ingestion,

inhalation and adsorption by the skin.

In respect of a radioactive source external to the body, it is
the gamma rays that must be considered in reckoning the harmful
effects, for the gamma rays have high penetrating power, while
the alpha and beta particles get absorbed even by thin layers

of protective materials. However, in the case of radionuclides
withip the body, the effects due to the alpha and beta particles

become even more serious.

It is very difficult to control the ingestion of radionuclides

by plants and animals. The paths through which the human body
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ingests radionuclides are very complex. It is known that plants
and animals tend to concentrate certain chemical elements at
specific sites within their systems. Radionuclides are also
similarly ingested and concentrated, (See Chapter 5., paras 5.26
to 5.30).

Once a radionuclide is ingested it can remain within the body,
emittingqharmful radiation over varying periods of time, which

in some cases may last for the entire life of the victim. The
damage caused by such radiation can be measured by observing
biological effects, such as changes in thyroid function following
ingestion of radioactive iodine-131, and changes in the blood
count due to marrow depression caused by ingestion of bone
seeking radio-istopes, strontium-90 and caesium-137. The long
term result of these would be the appearance of malignancy and

other somatic effects. Unfortunately, sometimes these effects

become perceptible only after it is too late.

It is necessary to recognise that when radionuclides are released
to the environment, there exist two distinct mechanisms through
which radiation affects the population adversely. We indicate
again these mechanisms, and give examples arising out of two

nuclear reactor accidents:

1. While the radioactive pollutant is present in the environment,
any person in the vicinity is exposed to radiation from that
environment. For instance, after the aécident at the nuclecar
power plant at Three Mile Island in 1979, radionuclides wefe
released to the atmosphere.

We quote from the document NUREG-055817 of the U.S. Nuclear
Regulatory Commission: V
"The collective dose to the total population within a
50-mile radius of the plant has been estimated to be
3300 person—rem.This is an average of four separate
estimates that are 1600, 2800, 3300 and 5300 person-
rem. The range of the collective dose values is due to

different methods of extrapolating from the limited
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number of dosimeter measurements. An estimate provided by the
Department of Energy (2000 pegson—rem) also falls within

thig range. The average dqse to an individual in this
population is 1.5 millirem (usiné the 3300 person-rem average

value)".

It is to be noted that the value of 1.5 millirem is an average
dose to any individual in a population of about two million in
a region of radius 50 miles. HoweQer, the dose received by a
particular individual who wés present on Hill Island (1.1 miles
NNW) has been estimated at 37 millirem. The figure of 37
millirem is described as being "the most probable estimate of
dose", while the highest estimate is about 180 millirem for the
dose received by that individual. Arising out of this accident,
the projected number of excess fatal cancers in respect of the

population of about two million is 0.7, (vide Kemeny Reportls).

2. Some radionuclides enter the bodies of human beings, animals
and plants in the polluted area, through ingestion,
inhalation and absorption by the skin. The bodies would then
be subjected to radiation from within, even after the radio-
active pollutant in the envirionment has been dispersed by
natural phenomena such as wind and rain. The following
examples illustrate the possible danger from such internal

radiation.

After thc accident al the nuclear fuel reprocessing plant
at Windscale in England in 1972, it was found that milk |
produced in the surrounding area was contaminated with
radio-active iodine—131. It was therefore necessary to give
pfophylactic doses of iodine to the people in the area, so
as to reduce their intake of radio-active iodine from the

milk.

It is reported19 that about four months after the accident
at Three Mile Island, infant morfality in the state of
Pensylvanié increased. A few months later the mortality

figures dropped down to normal. The increase in infant
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mortality was most marked in Harrisburg, a town close to
Three Mile Islahd The incidence of hypothyroidism among
,infants 1 born in the area increased markedly. Df, Ernest
Sternglass, professor of radiation physics at the University
of Pittsbufgh, Schoo; of Medicine, believes that these

effectszo

were the result of ingestion of radionuclides
released during the accident. It is necessary to mention
here that the conclusions of Dr. Sternglass have been

contested21

Biological Effects of Low Levels of Radiation

It is difficult to stgdy and determine with any degree of certainty
the effects of radiation at levels close to the natural background
of 100 to 200 millirem per year. There is no area on earth which

is free of béckground radiation and there is no species of plant

or animal which is free of the effects of radiation. This makes

it very difficult to conduct éontrolled experiments. The little
information that is available has been obtained by extrapolation

of the effects of higher levels of radiation. In respect of low
levels of radiafion, both somatic andlgenetic effects must be

considered.

Somatic Effects

Two of the most authoritative and comprehensive reviews of the
effects of radiation on man arve those prepared by the UN Scientific
Commitiee on Lhe Effecls of Alomlc Radialion (UNbLPAR) and the

US National Academy of Sciences Committee on the Blologlcal Effects
of Ionising Radiation (BEIR). The BEIR III Report (1980)

reflects disagreements between members of the committee in
attempting to answer two major questions: (1) Will somatic effects
actually occur in a general population exposed to tens or a few
hundreds of millirem per year of radiation in addition to the
natural background of about 100 millirem per year already being
received? (2) Will the effects occur in an occupational population
exposed to about 0.5 to 5 rem per year in addition to the natural
background and medical exposure? The Table 4.1 gives estimates of
the somatic effects of low level radiations as represented by

4
different reportis, in respect of the general population2
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Cancer deaths per million per rem

BEIR IIT (1980) 67-226
BEIR I (1972) 115-621
UNSCEAR (1977) v 100
ICRP - (1977) 125
Table 4.1 : Somatic Effects of Ionising Radiationm. Projected

number of deaths caused by cancer per million of

‘ 24
population per rem of radiation

Genetic Effects

With the experience of over four decades of radiation mutagenesis
work, a solid body of knowledge on the genetic effects of ionizing
radiation has been accumulated. In the absence of human data on
radiation induced, transmitted genetic effects, estimates continue

to be based on laboratory animal data.

There are considerable uncertainties in extrapolating from animals
to man. There is informgtion on the nature of basic lesions and
expérimental data on various aspects of radiation mutagenesis.
Some limited information is available on the hereditary patterns

of atom bomb survivors and American radiologists,

The number of mutations induced after irradiation (in animal
populations) isvproportional to dose. The concept that all genetic
damage is cumulative and irreversible is no longer accepted.
Experiments on mice show that x-ray induced mutations

are not a sihple linear function of dose, but are dependant on
dose rate. There is greater recovery at low dose rates than

at high intense‘exposures. Such detrimental radiation mutations

have been clearly demonstrated in animal studies.
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Radiation induced mutations fall into two catogories: chromosome
aberrations and point (gene) mutations. On the basis of studies
in large populations, the for@er'seems to predominate in the
firgt generation, the latter, which are more common defects,

skip the first generation.

Following exposure to radiation, the visible mutations in the
off—springqtend to be similar to spontaneous mutations, but have
an increased incidence over the latter. There are two ways in
which genetic effects are measured: (1) In the doiibling dose
method; radiation induced mutation rates, derived from experiments
‘on mice, are compared with spontaneous mutation rates, derived
from surveys of the natural incidence of genetic disorders in man,
Thus the dose of radiation reduired to double’the spontaneous

rate in man can be calculated.vThe BEIR ITI estimate of the
doubling dose is 50-250 rem; this can be compared with BEIR I
estimate of 20-200 rem énd the UNSCEAR estimate of 100 rem.

(2) In the direci method, data on radiation induced mutation rates
for genes or chromosomes in mice is applied, with suitable correc-—
tions, to estimate directly the number of gene or chromosome
mutations that will occur in man as a result of a given dose of
radiation. The BEIR III esfimate on the basis of this method is
that one rem of parental exposure before conception will result in
S5 to 65 additional genetic disorders per million live births in

the first generalion.

The estimates arrived by the two differeni methods are claimed (o
be in reasobable agreement. The doubling dose method is applicable
to effects seen at equilibrium, after long continued exposure of
the population. The direct method is applicable to single genera-
tion effects. Results of such estimates are summarised in

Table 4.2.
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Genetic disorders for 106 live births
per rem of parental expoéure received

before conception

1st generation Equilibrium after

after exposure many generation of

exposures
BEIR III  (1980) 5-65 60-1 100
BEIR I (1972) 12-200 60-1 500
UNSCEAR (1977) 63 185
ICRP (1977) 50 200 2

Table 4.2 : Genetic effects of ionising radiation. Number of
genetic disorder per million live births per rem

of parental exposure received before conception24.

The danger of possible genetic effects, after exposure of a
population to ionizing radiation, creates a social stigma. This
is well documented and still seen with respect to the hibakusiio -
"the bombed oneé"i(as they are called in Japan) who have survived
the nuclear bombing of Hiroshima and Nagasaki. Even those that

do not show signs of ill c¢ifcets from the bombing are victims of
the prejudice of their own countrymen who fear the genetic damage
suffered by the hibakusha, and do not wish to marry them or their
descendents. Hibakusha, who have moved from the bombed sites,
keep their background secret, especially wheh they have children

of marriageable age.

Uncertainity regarding the effects of low levels of radiation

The following two quotations illustrate the wide differences in
conclusions that can be made in respect of low level radiation

comparable to the natural background:
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Report of the Royal Commission on Environmental Pollutionzs,

September, 1976 p.22, para 62 :-

"The naturally-occurring incidence of genetic diséase is
’such that it affects some 6 per .cent of all babies, so
that a population of a million people with an annual

birth rate of 12 per 1,000 would in any event generate
somek720 cases each year. The additional incidence from
radiation doses equal to the legal 1limit would most likely
be far less than the normal stafistical variations in this
number and would therefore be imperceptible. Moreover such
an average radiation dose would be a significant fraction
of the natural level, and we would expect that it would
have been prevented from reaching such a limit long before
in order to keep the numbers of somatic effects at a low
figure. Wé are therefore satisfied that in these circum-

stances, genetic effects should be of little concern".

NRC Translation 520, - Radioecological Assessment of The
Wyhl Nuclear Power Plant, - Dept. of Environmental
Protection of the Universityvof Heidelberg, Germany, 6900
Heidelberg, Im Neuenheimer Feld 360. May 1978, Révised

July, 1979 - p. 119°5.

"A comprehensive study by the National Academy of Science
in America, which was commissioned by HEW (BEIR report,
1976), contains estimates of the risk for cancer, leukemia
and hereditary diseases from chronic low doses of radiation.
On the basis of the data in this report, we have determined
the following results of an additional fadiation dose of

60 mrem/year in West Germany (the legally permitted dose):

(a) an additional 40 to 700 cases per year of serious
dominant hereditary disease in the first generation,

(b) a fivefold increase in the number of cases of here-
ditary disease after a few more generations, and

(c) an additional 500 - 1400 cancer deaths per year.

In a risk assessment performed for the AEC, Gofman, J.W.et.

al. (1971) estimate even higher values (2000 to 12,000

> o e v

v s
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cancer cases per year at 60 mrem additional radiation

exposure for West Germany)".
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RADIATION HAZARDS TO THE ENVIRONMENT

’

In chapter 4 of this report we have dealt with the effects of
radiatibn on the environment in as mﬁch as it relates to Man.
In this chapter we wish to discuss ecological changes which '

atfeét other forms of life, both animal and plant.

-

Ecology is defined as the study of the inter-relations between
1iving.organisﬁs and their environment, It has many branches

such as Terrestrial Ecolbgy which deals with organisms living on
iaﬁd, and Marine Ecology which studies life in the sea. With the
growth of Nuclear technblogy and its effects on the ecosystem a
new bfanch emerged ~ Rédiation Ecology, which is concerned with
radioactive substances, radiation and the environment 27,There are
two rather distinct phasés of radiation ecology or radioecology.
On the one hand, there are the effects of radiation on individuals,
populatipns; communities and ecosystems. The other concerns the
fate of radioactive substances released to the environment and

the manner by which the ecological éommunities and populations

"control the distribution of radioactivity.

Radioecology as a science has made rapid and spectacular advances
in a relatively short space of time. This has enabled scientists
not only to monitor the effects of radiation on animals and plants,

but also, by recourse to experiments, predict such effects.

For instance, it is now possible to classify radionuclides accor-
ding to their ecological impdrtance. Those with short half-lives
are apparently of‘no intéresf while at the other end of the scale
are radionuclides prqduced by 1ission of urénium and certain ofher
elements which are extremely dangerous to living tissue; One of
fhe greateSt dangers of the latter is that théy readiiy enter the
biogeochemical cycles (and thence the food chains) and many of
them, notably strontium and caesium, become concentrated in such

food chains.
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Radioecologists have also identified a phenomenon known as
comparative radiosensitivity or the degree of tolerance of
radiation doses. For example, it is known that a dose of 200
rads will kill some insect embryo in the cleavage stage and that

100,000 rads will destroy all adult insects in a given population.

We are here concerned more with radiation effects on the fauna
and flora in the vicinity of a Nuclear Reactor. But it is not
possiblé to'isoiafé:fauné.and flora from the rest of the natural
environment (or the ecosystem) with which they are in dynamic
equilibrium, what is popularly known as the "baiance of nature".
It is therefore relevant to briefly discusé some of the more
important aspects of the ecosystem in order to show how radiation

could upset or destroy this equilibrium.

The Concept of the Ecosystem

The ecosystem is the basic functional unit in ecology since it
includes both organisms (biotic communities) and the abiotic
(non-living) environment,each influencing the properties of the

other énd both necessary for maintenance of life on the earth.

Within this system there are clearly identifiable paths through
which interaction takes place. These are cyclic in nature. We

need examine only two major transfers or cycles here.

First, the /ncrgy (el by which energy from the sun is used by
plants to produce organic substances which can be consumed as
food by other organisms (herbivores) which, when they die,
recycle the energy via micrq—pfganisms and detritus féeders. In
common parlance fhis‘is a food chain. But this simple food chain
can have numerous subsidiary cycles as when the herbivores are

eaten by carnivores. The food chain then becomes magnified into

-a food web. Man too belongs to this web being a consumer of both

plants and énimals.

The other noteworthy cycle is the Biogeochemical or Nutrient

Cycle by which the chemical elements, including all the essential
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elements of protoplasm, tend to circulate in the biosphere in

characteristic paths from environment to organism and back again.

., Among these elements are oxygen, carbon (as carbon dioxide)

and nitrogen which circulate in the air, and the sedimentary
elements such as carbon, calcium, phosphorous and potassium

contained in the earth's crust.

Whilst the food web had been fairly well understood, the nutrient
cycle actually became the subject of extensive study only as
pollutiqn increased with industrialization and with the use of
agro-chemicals. One significant contribution made by these studies
on pollution was the recognition of a phenomenon known as food
chain concentration or, moré popularly, biological magnification
If is a process by which some substénces become concentrated
instead of dispersed, with each link in the chain. This was
strikingly demonstrated in the case of DDT which was used for
insect control in doses which were not lethal to fish and other
animals. But the experts who advocated the use of DDT failed

to reckon with ecological processes and the fact that DDT
residues remain toxic for long periods. Instead of being washed
out to sea, as some predicted, the poisonous residues absorbed
on detritus wefe transferred to detritus feeders and small

fishes where they accumulated in the body fat. When these fishes
were eaten by predators such as birds the concentrated DDT was

transferred to them in doses large enough to cause death. We

will see later on how radio-active substances too are similarly

concentrated by organisms.

From the foregoing it would be clear how damage to or the removal
of a link in the food chain, or the infiltration by certain
chemicals of the nutrient cycle, can and does effect the whole

environment.

Radionuclides of Ecological Importance

Two properties of a radionuclide'are of ecological interest and

importance, namely its half-life and its penetrating power.



5.15

5.16

- 45 -

Generally speaking, very short-lived radionuclides are unimportant,

for they may disintegrate in a few minutes or hours.

Radionuclides disintegrate émitting three types of radiation, alpha
and beta particles, and gamma radiation, (see chapter 4, para 4.8).
The gamma rays are the most penetrating, the beta particles much
less so,;while the alpha particles are readily stopped in a few
centimetres of air. In respect of any one type of radiation, the
penetrating power increases with increasing energy of the
radiation. Thus, the greater thé energy of radiation, the greater
the potential danger to biological material. Radionuclides

emitting radiation of energy between 0.1 and 5 MeV are ecologically

important,

Radionuclides may be considered in three major groups as follows
(a) naturally occuring radionuclides,
(b) metabolically important radionuclides,
(c) radionuclides produced by fission of uranium and certain

.other elements,

Of these, group (c) contains the nuclides which are potentially
the most dangerous because they are produced in appreciable
quantities in both nuclear explosions as well as nuclear reactors
which produce e1ectric1ty They readily enter the b10geochem1ca1
cycle, e,g, strontium and caesium, and become concentrated in

the food chain, Besidcs when they dlsintchatc Lhey produce
daughter products which may emit radiation and which may be more

dangerous than the "parent".

Table 5.1 lists the radionuclides of ecological importance,
giving their occurrence, half—lives, the types of radiation and

their comparative energy 27,
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Group A. Naturally occurring isotopes which contribute to background

Carbon-14 (See Group B.)

radiation
-Nuclide Half - Life Radiations Emitted
*Uranium-235 (235U) 7 x 108 yrs, Alpha3 Gamma 0
Uranium~238 (238U)’ 4.5 x 109 yrs. Alpha3
Radium-226 (226Ra) 1620 yrs. Alpha’ Gamma
Thorium-232 (232Th) 1.4 x 1010yrs. Alpha®
Potassium-40 (40K) 1.3 x 109 yrs. Beta2 Gamma 0

Croup B. Nuclides of elements which are essential constituents of
organisms, and therefore important as tracers in community
metabolism studies, also because of the radiation they emit

Nuclide Half - Life Radiations Emitted
Calcium-45 (%5¢C). 160 days  Betal
Carbon-14 (14c) 5568 yrs. Beta®
Cobalt-60 (6000) 5.27 yrs. Beta1 Gamma2
Copper-64 (64cu) 12.8 hrs.  Beta® GammaZ2
Iodine—131'(1311) 8 days Betal Gamma !
Iron-59 (59Fe) 15 days i Bctul (}ummu2
Hydrogen-3 (Tritium) (3H) 12.4  yrs. Beta’
Manganese=54 (54Mn) 300 days Beta2 Gamma2
Phosphorus-32 (32p) 14.5 days  BetaZ
Potassium-42 (42K) 12.4 hrs. Beta® Gamma?
Sodium-22 (22Na) 2.6 yrs. Betal- Gamma2
Sodium-24 (2%4Na) 15.1  hrs. BetaZ Gamma2
Sulfur-35 (3°s) 87.1 days  Beta®
Zinc-65 (55zn) 250 days  Betal Gamma2

Also bariun-140 (1%%Ba), bromine-82 (32Br), molybdenum-99 (%%Mo) and
other trace elements.

Table 5.1

Radionuclides of Ecological Importance

(contd. over leaf)



- 47 -

Group C. Nuclides important in fission

environment through fallout or

products entering the
waste disposal.

NUCLIDE.

Th§ strontium éroup
Strontium-90 (QOSr)and
daughter yttrium-90 (QOY)
Strontium-89 (898r)

The éesium group

Cesium-137 (137Cs) and

_ daughter barium-137(137p,)
Cesium-134 (134c;s)

The cerium group

Cerium-144 (144Ce) and

daughter praseodymium-144(144pr)

Cerium-141 (141ce)

The ruthenium group
Ruthenium-106 (196Ry) ang
daughter rhodium-106 (1%6gp)
Ruthenium-103 (103gy)
Zirconium-95 (952r) and
daughter niobium-95 (95nb)
Barium-140 (140Ba) and daughter
lanthanum-140 (140f,)
Neodymium-147 (147Nd) and
daughter pfomethium—147 (147Pm)
Yttrium-91 (?1y)
Plutonium-239 (239py)
Iodine-131 (see Group B)

Uranium (see Group A)

HALF-LIFE g?g;g‘ EMITTED
28. yrs. Beta1 Gamma
2. days Beta?
53 days Beta2
33 yrs. Beta2 Gamma
min. Beta Gammal
yrs. Beta1 Gamma2
285 days Beta1 Gamma®
17 min. Betaz Gamma2
33 days Betal Gammal
1 yr. Beta®
30 sec. BetaSd Gamma?
40 days Betal Gamma_1
65 days Betal Gammal
35 days BetaO Gamma1
12. days Betal Gamma1
40 hrs. Beta? GammaZ2
11. days Beta1 Gammal
2. yrs. Betal Gamma
61 days Beta2 Gamma1
2.4x_104 yrs. Alpha Gamm_a1

(Table 5.1 (contd.)

* 0Very low energy, less than 0.2 Mev, 1relatively low energy,
0.2 Mev, 2high energy, 1-3 Mev, 3very high energy, over 3Mev.
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Comparative Radiosensitivity

.17 From the early work done with X-raysg,scientists had observed that
organisms differed widely in their tolerance of radiation doses,
The quantum of theidose, too, mattered. Large single doses delivered
at short intervals (minutes or hours) are known as acute doses,
while clwomic doses were identified as sublethal radiation spread
over a long protracted period like an ehtire life cycle. Eventually
these experiments and observations indicated that organisms
exhibited what is known to radioecologists to-day as comparative

radio sensitivity.

.18 Among the results of scientific experiments concerning radiosen-
sitivity, the following are of ecological importance and show how

quickly the balance of nature can be upset.

(a) acute doses of X-ray or gamma radiation (up to 100,000 rads)

can destroy all individuals of a insect population;

(b) mammals are the most sensitive, and micro organisms

the most resistant to radiation;

(c) seed plants and lower vertebrates fall between insects and

mammals in radio sensitivity;

(d) rapidly dividing cells are most sensitive, i.e. any growing
or developing organ of any living thing is seriously

affected by radiation.

(e) in higher plants, sensitivity is proportional to the size
of the nucleus of the cell, or more accurately, to the
chromosome volume or DNA component. Plants with large
nuclei, e.g. pine, were killed by a dose less than 1000

rads.

(f) mammals are very sensitive because the rapidly dividing

blood-making tissue in the bone narrow is especially

vulnerable,

.19 From these findings it is possible to say that if an ecosystem
receives a higher level of radiation than to which it is naturally.

accustomed, serious changes may take place, including the
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elimination of whole species. Then, as we saw earlier, there
will be a dislocation of the links in the different 'cycles".
One ot the quickest manifestations could be in the energy cycle,
such as the disturbance of the predator-prey equilibrium-which
in turn canvthrbw up gn‘.eruption of pest‘species.

-

"Radiation Effects on Ecosystems

It is clear that man is affected by rndiation directly as an
individual and indirectly as part of an ecosystenm. Whereas
scientists had made extensive studies on human health hazards, there
there was very little understanding of the effects of radiation

on the environments as as a whole. This gap in knowledge is being

rapidly bridged by recourse to scientific experiment.

We mention below some of the methods being used.

1. Very strong gamma sources,such as cobalt-60 and caesium-137, of
10,000 curies or more, have been placed in fields and forests
at the Brookhaven National Laboratory on Long Island (Woodwell
1962, 1965), in a tropical rain forest in Puerto Rico (Odum &

Pigeon 1970) and in a desert in Nevada (French 1965).

2. The effects of unshielded reactors (which emit both neutrons

and gamma radiation) have been studied in Georgia (Plant 1965).

3. A portable gamma source has been used to study short-term
effects on a wide variety of biological communities at the
Savannah River Ecology Laboratory in South Carolina- (Mc

Cormich & Golley 1966, Mc Cormich 1969) 27

4, A lake bed community subjected to low-level chronic radiation
from atomic waste has been under study at the Oak Ridge labora-

tory for many years.

If we consider the results of the experiments at the oak-pine

forest at Brookhaven they could be summarized as in Fig, 5,1.27,
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The - experiment shows that a chronic fadiation gradient.resulted,
varying from 1000 rads at 10 metres from the source to the natural
background value at 140 metrés.‘AlthOugh the experiment was

carried out in a temperate climate‘ahd thé flora studied were pines,
oaks, etc,; the scientific deduétions are valid for all living

organisms’,and their systems.

The reduction in species diversity by the death ot certain components
of the above forest and an unusual outbreak of leaf aphids that
resulted are indicativé of the imbalance that was caused by
irradiation. If a similar experiment were to be conducted in a
tropical climate where both species diversity and biomass are
greater it is reasonable to eXpect a far more significant disruption

of ecosystems.

The Fate of Radionuclides in the Environment

Besides the natural or background radiation from cosmic and other
sources to which, ot course,’all organisms are adapted, there are
man-made sources which release radionuclides into the environment,

Two sucih sources are nuclear reactors and atomic explosions.

For the purposes of this report we need consider only the problems

caused by radiation from nuclear reactors.

When radionuclides are released into the environment, they quite
oftén become dispersed and diluted, but they may also become
concentrated,in living organisms and during food-chain Lrnnsfprs'py
a variety of means, which'we have previously referred to collec-
tively under the general heading of "biological magnification”

(see para 5.11 ). Radioactive substances may also accumulate in
water, soils, sediments, or air, if the input exceeds the rate of
natural radioactive decay. This means that apparently harmless
amouhts of radioactivity may very well accumulate in the

environment and produce subsequent lethal effects.

The ratio of the concentration of a radionuclide in an organism to
that in the environment is called the concentration factor. A

radioactive isotope behaves chemically essentially the same as the



5.27

5.28

8

- 51 ~

nonradioactive isotope of the same element. Therefore, the observed
concentration by the organism is not the result of the radioactivity,
but merely demonstrates, in a measurable manner, the difference
between the concentration of the relevant chemical element in the

environment and in the organism.

Some of the earliest data on the concentration of radionuclides in
both aquatic and terrestrial food chains were obtained by
radioecologists at the AEC Hanford plant on the Columbia river

in eastern Washington state (see Foster and Rostenbach, 1954;
Hanson and Kornberg, 1956; Davis and Foster, 1958)27. Here, trace
amounts of induced radionuclides ( P, etc. ) and fission prouducts
(QOSr, 137 C 1311, etc.) are released into the river, into waste
holding ponds, and into the air. The concentration of cnemical
phosphorus in the Columbia River is very low, only about 0.00003 mg
per gm water (ie. 0.003 ppm), whereas its concentration in egg
yolks of ducks and geese (that obtain their food from the river) is
about 6 mg per gm. Thus, a gram of egg yolk contains two million
times more nhosphorus»than a gram of water in the river. We would
not expect to find a concentration factor ior radioactive phosphorus

quite this high since, while it was moving through the food chain

‘to the eggs, it would have decayed and reduced in amount.

Ocassionally a concentration factor as high as 1,500,000 was
recorded, but the average was about 200,000, (Hanson and Kornberg,
1956)27; Some other concentration factors reported are as follows:
250 for caesium-137 in muscle and 500 for strontium—QO in bone of
waterbirds, das compared with concentration of these radio-nuclides
in the water of-wasterponds in which these birds were feeding.

The concentration of radioactive iodine in the thyroids of jack
rabbits was 500 times that in the desert vegetation, which in

turn had concentrated the nuclide released into the air in stack

gases from thefatomic plant.

While radioactinity does not affect the uptake of the isotope by
living systems, it does have detrimental effects on active tissues
once it is absorbed. The point is that allowance must be made for
such ecological concentration of radionuclides in establishing

"maximum permissible levels" of their release into the environment.
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Radionuclides that are specifically concentrated in certain tissues
(such as iodine’in the thyroid or strontium in the bone), and/or
those with long effective half-lives, are obviously the ones to be

concerned about.

There are two other aspects of radioactivity which affect the
environment. One is the radioactive dust which falls after nuclear

explosions and the other is the disposal of radio-active wastes.

The question of radioactive fallout from nuclear explosions is not

relevant to this report.

Waste disposal from a nuclear power plant is a serious problem.
Radioactive waste may be dealt with by dispersal or by éontainment.
In the first case, low-level waste is so diluted that the dispersal
does not introduce appreciable risks to man and the environment. In
the second case, the containment of high level waste must survive
or endure until the radioactivity of the waste has decayed
sufficiently so that all pbssible risks are avoided. Medium and
high level wastes are usually held in stores on the site where

they are produced. Such containment of high level waste, for
example of burnt, unreprocessed nuclear fuel, may have to be ensured
for thousands of years. If the burnt nuclear fﬁel is reprocessed,

the resulting high level waste must be contained for over 500 years.

Waste heat from a NPP can cause serious thermal pollution. A NPP
produces more waste heat than a conventional thermal power plant
of equivalent electrical output. The pollution from this source

can be minimised by directing the waste heat to the sea.

It is clear from the foregoing that the Environment is a complex,
interdependent and inter-related, yet fragile, system whose natural
processes are 6n1y now being understood.‘Still less is our under-
standing of the effects of Man's interference with it, especially
with the introduction of noxious substances. The science of
Ecology is no more than a century old and that of Radioecology

goes back only a couple of decades.
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It is incumbent on those responsible to commence investigations

on the effects of radionuclides on the environment by means of

experiments under controlled conditions well in advnace of the

establishment of a nuclear power plant. These experimehts

should be done in the special situation in our countfy‘for,

in ecology, we cannot generalize from fesults obtained elsewhere.

The following extract from the report of The Windscale Inquiry

by Hon. Mr. Justice Parker 28 confirms this view
"In certgin areas the benefit of world-wide research accrues to
the United Kingdom Authorities. For example, work on the k
effects of a particular radionuclide, when ingested or inhaled
by man, is of general application. In other areas the necessary
research for the protection of the public can'only be done in
the United Kingdom and is, to a large extent, only applicable
to the United Kingdom. What happens to diséharges to the Irish
Sea from Windscale is a simple example. The radionuclides will
be dispersed in the sea but they musf then be followed. It

‘mustrbe ascertained, for example, to what extent they are

fdken up by various kinds of fish, which may be eaten or
turned into fertilisers, or by seaweed, which may also be
incorporated into foodstuffs or fertilisers, whether they are
redeposited on land,and. if so, where, or whether they get or
can get back to man in the form of sea spray. But such matters
are only the beginning of the research operation. Next it must
be ascertained how much of the radioactivity in the fish or
seaweed or deposited on the shore getg back. Lo tho most exposed

members of the public”.
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CHAPTER 6

SAFETY AND REGULATORY ASPECTS IN A NUCLEAR PROGRAMME

Government Responsible for Control and Safety

The ultimate responsibility for the protection of the people in
any country rests with the national government. This responsi-
bility becomes a vital concern when the country seeks to install

and operate a nuclear power plant.

The unique feature of nuclear power plants, as distinct from all
other power generating facilities, is the presence of considerable
amounts of radioactive fiesion products. Thus, the major problem

in the design, construction and operation of a nuclear installation
is to ensute that these fission products remain safely confined at
all times and under all possible circumstances, - during the
installing and operation of the nuclear reactor, during re-fueling,
in the procedures of disposing spent fuel and during and after

decommissioning of the plant.

Many learned articles on the subject portray that the calculated
risks to the society from nuclear power are very low compared with
risks from other activities essential to a modern 5001ety They
claim that the nuclear safety record of the nuclear power industry
has been quite good. But in all countries that may claim such a
good record, there has been strict discipline in all nuclear
operations, enforced by a competent governmental regulatory body
which is backed by a Code of Regulations that have the force and

effect of law,

It is not within the purpose and function of this Report to spell
out details of the provisions aod requirements of such a national
code ofvregulations that must govern all nuclear procedures, oOr of

the functions and composition of a national regulatory body.

The International Atomic Energy'Agency, under its Nuclear Safety
Programme has published Codes of Practice and accompanying Safety
Guides. The following is a list of the Codes of Practice

published by 1978.
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1. Governmental erganization for the regulation of nuclear power
(50-C-G) .

2. Safety in nuclear power plant siting (50-C-8).

3. Des1gn for safety of nuclear power plants (50 ~-C-D).

4, Safety in nuclear power plant operation, 1nc1ud1ng commissioning
and de- comm1ss1on1ng (50-C-0).

5. Quality gssurance for safety in nuclear power plants (50-C-QA).

Licensing Process

The necessary government control and authority are exercised through
the issue of licences. The licensing process should be considered as
an ongoing process, with five major stages: siting, construcfion,
commissioning, operation and decommissioning of a nuclear power

plant.

Licensing procedures vary from country to country. Generally,
before any group oOr organization can build a nuclear power plant at
a particular site, they must apply to the government regulatory body
for a construction permit, submitting comprehensive data on the
proposed‘site, a description of the proposed nuclear plant with
special reference to safety features, a study of hypothetical
accident situations and their consequences, a preliminary plan for
the organizetion of personnel at the plant and for the conduct of
operatlons, and plans for coping with emergencies, including plans
for the evacuation of people from the nelghbourhood It would then
be the duty of the regulatory body to study the applicant’s
submissions, ensure that tLhe proposnls conform Lo all the require-
ments of the Code of Regulations, and be satisfied that the nuclear
power plant can be constructed without undue risk to the health and
safety of the public. In the United States, for inStance, two other
stages are necessary: the application and documentation must be
~reviewed and‘assessed by an independent Advisory Committee on
Reactor Safeguards, and then be subject to the proceedings of a
publlc hearlng in the vicinity of the proposed site so that any
person whose jnterests are affected by the issuance of the permit

may intervene and be a party to the proceedings.

Once the app11cant has obtained his construction permit, he can
proceed to bu11d the nuclear installation. However, before the

nuclear plant_can be commlssloned and operated the applicant must
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apply for the relevant licence or licences to the same national
authority; Much. of the procedures then may be a repeat of whatiwas
done earlier for the consideration.and issue of the construction

permit.

-9 Thereafter, the regulatory body continues to ensure that the
nuclear‘facility conforms to the Regulations throughout'the
operatiﬁk life of the plant and even after it has been decommissio-

ned, until all risks from radiation have been eliminated{

t,.The Reg atory Body

.10 The complete proceedlngs for issuing the necessary licenses for
- the construction and operation of a nuclear power plant must
necessarily take both time and effort on the part of the'regulatory
'body aud of the licensee. It should be clear that the government
regulatory’body must be an lndependeut entity, with its personnel
-qualified, knowledgeable and experienced in nuclear power plant
design,vconstruction and operation, also capable of evaluating the
envlronmental impact of the ooerating nuclear plant, and of ascer-
:tainiug the radiological comsequences of reactor accidents. This
‘regulatory function should not be carried out by any foreign
agency, national or international. It must be the responsibility
of a national regulatory body, staffed by persons whose ultimate

loyalty is to the country concerned.

.11 We quote‘from the Code of Practice 50-C-G, Government organization
for the regulation of nuclear power plants, published by the

International Atomic’Energy Agency, Viennazg,

- In Sectlon 4.2.1 it states :

"The regulatory body shall not rely solely on the applicants,
licensees or their contractors for performlng the assessments
required by the regulatory programme. Accordingly, the
regulatory body should have a full time staff capable of
performing these assessments or of evaluating the adequacy of
assessments performed for the regulatory body by its

: consultants"
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In Section 4.3.2 it states
"It is essential that the regulatory body possess sufficient
staff competence to evaluate independently the quality of the
work being performed for it. The use of consultants shall not
'relieve the regulatory body of its responsibilities for

making decisions or recommendations"

6.12 | ‘We

6.13

We' also ‘quéte from the proceedings of the Vienna Symposium of
March 1978 held by the International Atomic Energy Agency on the
problems associated with the export of nuclear power plantsso.
"The basis for almost allvregulatory activities in the field
of Nuclear Power generation is a detailed and thorough
knowledge of the technical aspects of the many areas in
which the regulatory'body will be involved. In other words,
the regulatory body must have at least the same level of

technical expertise as the utility being regulated and

preferably more" (Jacobs and Chung, p.52).

"A great majority of the problems occuring at exported nuclear

power plants could be eliminated by a strong, independent

nat10na1 regulatory agency. Governments and developing natiomns
mxst establlsh a well trained, well staffed, and well

_organized regulatory agency at the earliest stage of the

TR

natlonaiwnuclear plant programme... This independent national
regulatory agency should be the cornerstone of the nuclear
progtamme. It's duties should include the establishment'of

+the national nuclear energy policy, a survey of utility
preparedness. for nuc!eur power, an cvaluation of proposed sites,
a survey of domestic induSLry for parLicipation in the nuclear
programme, assistance to the utility in bid evaluation, the
establlshment of quality assurance requirements for the utility

2ik ERLR A AR

éand domestlc 1ndustry, etc. The costs of the agency would be

Eal i

1ma1 compared to the benefits of an organized nuclear

FARATE

‘industry" (Fltz p-63).

We aéinot believe that Sri Lanka today has the necessary qualified
and experienced personnel to constitute such a regulatory body
that could carry out the functions and duties indicated above, and

take responsibility for making decisions and recommendations in all
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matters of design, siting, construction, commissioning and
operation of a nuclear power plant. Before Sri Lanka can
instituté a competent national regulatory body, it is essentialj
that adequate numbers of regulatory engineers and scientists be
trained. A programme for such training and work experi-
ence should be initiated as eafly as possible.

Regulatory Problems in Developing Countries

It is of-interest to summarize some of the difficulties and
problems of regulatory activities as discussed at the TAEA

Vienna Symposium of 197830_

1. Developing countries are usually not in possession of a large,
diversified industrial technology.

2. Developing nations fail to show adequate concern for safety
when cqngidering_the introduction of nucleaf energy. Despite
the fact that‘each country may have a core of highly educated
‘nuclear engineers and scientists, the government, the utility,
and the industry do not fully understand the safety and radio-
logichl aspects of nuclear power.

3. In some developing countries, rigorous quality assurance
programmes, involving design, manufacturing, installation,
testing and operation are unknown; formal procedures for
manufacturing, quality control, testing and training are non-
existent.

4. The first plants are usually bought on a turnkey basis with
the assumption that the contractor will handle all the special
nuclear related tasks. In fact, this assumption holds only
for the plant construction and start up. The responsibility
of regulation, licensing and operational surveillance remains
with the national regulatory body.

5. Since safety and radiological aspects of nuclear power are not
fully appreciated or understood, regulatory agency budgets are
exfremely limited both in foreign and local currencies. The
costs 01 imported large machinery, piping, special equipment,
and their installation, are covered by foreign loans, A
lérge sum of local currency is allocated for the domestic

industry, performing standard construction services like
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civil/structural work, heating/ventilating/plumbing installa-
tion, etc. To minimize associated exbenditures, go&ernments
keep regulatory agency budgets at very low levels despite the
ambitious and expanding nuclear power programmes.

Due to budget and other limitationms, regulatory agencies are

- short of competent personnel both in number and technical skill.

Lacking propergovernmental recognition, regulatory bodies are

" often placed in the governmental hierarchy as any other depart-

ment, without having independent authority for ensuring the
health and safety of the public.

“For some developing countries, comprehensive national policy,
laws, standards and criteria regulating the nuclear planf
industry are either non-existent or incomplete. Usually, turnkey
plants ére built with compliance to the exporting country's
regulations in effect on a mutually agreed cut-off date. The
full adoption of these regulations, however, may not be
economical and practical for developing countries.

The role and representation of regulatory agencies in contract
negotiations is véry limited. Nuclear power plant investments
are major financial ventures for developing nations; therefore,
contract items are judged primarily from financial aspects.
Safety considerations are often of secondary importance. Due
to the position of the regulatory bodies in the governmental
structure, their safety oriented requirements could be over-
ruled for the sake of\financial benefits.

Cooperation between utilities and regulatory agencies is not
always satisfactory and the intcrfuco is not well understood.
In many instances, utility engincers arc better trained in
nuclear plant operations than the regulatory personnel.
Therefore, utilities often fail to involve regulatory agencies
in safety matters.

During the design and licensing phase, the review of the very
limited number of design documents submitted is belated or non-
éxistént. Deadlines for review and comment are missed. Compre-
hensive design review plans are not prepared. Review of safety
analysis reports is not thorough enough.

During construction, .preoperational tests and startup, the

various inspections, quality assurance and safety audits,
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witnessing of tests, and recording and evaluation of test
results are not satisfactorily performed. Because of budget
restfictions, the technical skill, the time allocation and
the number of inspectors are far from adequate.
13, . Prior to plant operation, the reguliatory agencies are not
well prepared to conduct practical examinations for reactor
operators. Budget limitation prohibits regulatory agency
engineérs from attending training courses given by nuclear
steam supply system vendors.
14. During plant operation, the regulatory agencies are not pro-
perly organized to handle violations of limiting conditions
of operation, to cope with radiation emergencies, and to con-
duct quality assurance, health physics and operational safety
audits. The regulatory agencies might not possess the full
authprity necessary to shut down plant operations because

safety limits have been exceeded.

Radiation Safety and Monitoring Services

An efficient and reliable radiation safety and monitoring system
is absolutely essential in connection with any occupation invol-
ving the héndling and use of sources of ionizing radiations. Such
occupational activities range from routine radiography and
radiotheraphy to the use of high-intensity radiation sources,
research reactors and power reactors. Even in respect of radiation
dose levels that are considered low, an effective radiation
monitéring service covering all users in the country is essential

and obligatory.

In Sri Lanka a Radiation Protection Service (RPS) was set up in
1961, primarily to: provide a film badge monitoring service to
radiation workers at the Cancér Institute at Maharagama, the
General Hospital atCoiombo and the Chest Hospital at Welisara.
The RPS was expected to so develop eventuélly as to cover all
radiation workers in the country. It was intended that the RPS
have its headduarters at the Cancer Institute because of the
availability of physicists and radio-therapists at the Institute,
the extensive use of radiation for therapeutic purposes and the

availability of laboratory facilities there.
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However, at the present time, the number of radiation workers
has increased to about 500 throughout the country, and the
available resources of the RPS staff, laboratory space, equip-
ment and materials, scientific literature, transport and main-
tenance facilities are woefully inadequate to meet present
commitments. In particular, we learn that the RPS staff is
limited tb‘just one individual, a physicist. A much bigger
specialised staff is necessary to maintain an adequate film
badge monitoring service, to conduct regular monitoring
surveys of the cobalt-60 and x-ray units throughout the country,
and to deal with emergency situations involving radiation

hazards.

Further,the physicist of the RPS reports that the radiation
monitoring equipment is inadequate and the supply of film badge
material not continuous, and as such the RPS is not able to
perform its functions and obligations effectively. In fact, he
reports that there has been no radiation film badge service

from February 1980 to April 1981. This is a very serious matter
in respect of the personal health histories of radiation workers
in the country. Under the Atomic Energy Regulations of 197531_
every =mployer is expected to maintain a continuous record of
each radiation worker in respect of radiation dosage receivedf
As discussed in Chapter 4, paragraph 4.9, the radiation dose rate
received must be less than that corresponding to the Maximum
Permissible Dose (MPD) in one year. The RPS would be expected to
inform a radiation worker if the radiation dose received in any
one week is excessive. In this contexl, a break of over one year
in the personal monitoring system in the country, and a conse-
quent break in the radiation history record of an occupational
worker, is both discreditable and unpardonable. Unless the RPS
is so provided with the necessary manpower, facilities and
materials, there can be no assurance that radiation workers are
not being exposed to unduly high doses of radiation. Indeed,
considering the fact that there is no regular surveying of

x-ray and other irradiating facilities in the country, it is
likely that many workers have received excessive doses of

radiation, with consequent health hazard.
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The lapses in the supply of essential equipment and materials
for the RPS is evidently the result of the RPS having to
follow standard pfocuring procedures adopted by government
institutions. It is well known that such government proce-
dures give rise to ipterminable‘delays, worsened by the
seeming apathy and indifference of the public officials
concérnéd. This poor state of affairs in respect of the RPS
must be corrected immediately. A good RPS covering all occu-
pational workers is an absolute necessity in this country.
(This necessity is there whether Sri Lanka decides for or

against obtaining a nuclear power reactor).

An effective radiation safety and monitoring service cannot
be maintained unless the RPS, or an equivalent body, func-
tions as an independent entity, unhindered and unembarrassed

by the usual bureaucratic tardiness.

31 have been in force

Although the Atomic Energy Regulations
since 1975, there appears to be no proper mechanism to enforce
these regulations and to prevent the unauthorized and un-
controlled use of irradiation units. It is believed that a
number of x-ray units, used for medical purpose in the private
sector are being operated by unauthorised personnel. X-ray
sources are also being used for industrial purposes and such
use of ionizing radiation will increase as the country
develops industrially. An effective mechanism for the enforce-
ment of the Atomic Energy Regulations is therefore a vital
necessity. This mechanism musf include a well-equipped and
qualified inspectorate thatvmakes regular surveys of all
irradiating'facilities in the country, and an authoritative
and mandatory body that is knowledgeable and experienced in

radiation safety and health physics.

This discussion so far has not considered safety aspects

relating to nuclear power. If Sri Lanka intends to install a
nuclear power plant for the generatiqh of electrical energy,
the problem of radiation safety, health physics and personal

monitoring becomes colossal (in comparison). Within the
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nuclear power plant complex there must be a radiation safety
and monitoring system that is specific and specialised; this
should form an inherént part of the operational organization
" of the power plant. Such systéms are Well developed in
present-day nuclear power plant design and operation. It
would be the responsibility of the operating organizatioh to
stricfly maintain such safety and monitoring services within
the complex. The governmental regulatory body and its
inspectorate would have to ensure that all operations
within the nuclear facility would conform to the existing

regulations and codes of practice.

Nuclear Accident Analysis, Safeguards and Emergency Measures

6.23 Nuclear Power Plants, containing enormous quantities of radio-
active fission prbducts, carry the potential for major accid-
ents affecting a great number of people. The probability of

- accidents is however claimed to be very low. The térm "Risk"
is commonly used to describe the consequences of a specified
event per unit time. For instance, if in a country of 100
million people there are, in each year, 15 million motor car
accidents, of which one in three hundred end in a fatality,
the risk to the society is 50,000 deaths per year. On the
other hand, there may be another event or accident that may
occur only once a year, but results in 50,000 deaths. The
societal risk is still the same. However, the public attitude
to a given risk depends not only on the size of the risk,
but also on the magnitude of the consequences of the event.
The public tends to view the second type of accident with
greater trepidation because its consequences are sudden and
unexpected. Estimates of risk of serious illness or death,
due to nuclear accidents, give values that are several thousand
times smaller than those due to motor car accidents, yet it is
easy to understand the public aversion to the use of nuclear
power, because of the possibility of disastrous consequences

following a single nuclear accident.

6.24 In the history of commercial nuclear energy, the number of
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accidents reported have been low. It is not possible therefore
to evaluate the risk of nucléar accidents as directly as, say,
that of road accidents, where the data available is extensive
and is in fact being continously provided. Risks due to
nuclear accidents have to be analysed in terms of hypothetical
estimates, to make up for lack of data from experience. The

caldglation of risk is usually a three-step process

i. determination of the probabilities of the varioué
_radioactive releases from an accident at the power plant,
ii. the evaluation of the consequence to the public of such
releases to the environment, and
iii. the assessment of the overall risk by combining the

release probabilities and their consequences.

A nuclear power plant (NPP) is designéd with many safety
features. The failure of a single component, by itself, cannot
lead to a major release of radio-activity. Such a component
failure sets into operation a sequence of safety systems that
are intended to mitigate the effects of the failure. Yet,

each failure or initiating event leads to several outcomes or
sequences, each with its own probability of radioactive release.
It‘is usual to make up a suitable model to identify and analyse
such accident sequences. The whole subject of nuclear accident
analysis is a vast one that is outside the scope of this

report.

The use of multiple, successive barriers to the escape of
radioactivity is basic to NPP design. To take into account
abnormal occurrences, such as equipment failure, human error,
or natural phenomena, the U.S. Atomic Energy Commission (now
succeeded by the Nuclear Regulatory Commission) for example,

has a safety philosophy recognizing three levels of safety: 32

i. "Design for maximum safety in normal operation and
maximum tolerance for system malfunction. Use design
features inherently favourable to safe operation;
emphasize quality, redundancy, inspectability, and
testability prior to acceptance for sustained commercial
operation and over the plant lifetime'". This first level

of safety seeks to prevent accidents by virtue of careful
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design and construction, and proper surveillance of the

plant.

ji. "Assume accidents will occur in spite of care in design,
construction and operation. Provide safety systems to
protecf operators and the public and to prevent or
minimize damage when such incidents occur'. The object
hefevis to protect the operating personnel and the

public from the consequences of such accidents.

iii. "Provide additional safety systems as appropriate, based
on the evaluation of the effects of hypothetical acci-
dents, where some protective systems are assumed to fail
simultaneously with the accident they are intended to
control”. This third level adds a margin of safety in the

event of extremely unlikely or unforeseen events.

An applicant for a reactor licence must analyse a set of
postulated hypothetical accidents, and show that the nuclear
facility can be operated without undue risk to the health and

safety of the public.

A comprehensive study of the risks of accidents in U.S.
commercial nuclear power reactors was made by a task force
headed by Dr. N.C. Rasmussen. The findings were published in
1974 by the U.S. Atomic Energy Commission under the title:
"Reactor Safety Study - An Assessment of Accident Risks in
U S. Commercial Nuclear Power Plants'". USAEC Report WASH -
1400, or Nureg -75/014 33 .The spectrum of possible accidents
is divided into nine classes, in increasing order of severity.
Class 1 includes trivial accidents where the accompanying
release of radioactivity is not significant.Class 9 would
have grave consequences, and involve a broad range of events
which, while more serious than those of Class 8, are so

improbable that they can generally be ignored in analyzing

both the safety and the environmental aspects of the facility.

In respect of each type of accident, the consequences of the

accident must be analyzed and the necessary corrections or
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safeguards set out to mitigate the consequences. The oper-
ating personnel of a nuclear power plant are required to be
fully alert to possible failures or accidents, and be
knowledgeable of the emergency measures to be taken imme-
diately. Linked with such corrective operations, there must

be continuous environmental and personnel monitoring of

‘radiéactivity. Also there should be a planned programme of

emergency measures relating to the’public in the neigh-
bourhood of the NPP, even to the complete or partial eva-

cuation of the population at short notice.

It must be recognised that the analyses of hypothetical
accidents, even though carefully carried out, may not be
complete. Further, as the number of nuclear power plants
within a country inérease, there will be a corresponding
increase in the probability of a nuclear accident in the
country. We quote form ALO-62, 'Improving the Safety of LWR

Power Plants, - Final Report, 1980:34

"The history of the U.S. nuclear power programme has shown
that, in many cases, the accidents which occur are not the
ones which have been analysed in the licensing process".

(page 2-5).

“Nuclear events may have low probability but can have

very major consequences. It is possible that the effects
of a major reactor accident may be so large as to prove
unacceptable to the public and the policy makers. With a
score of reactors in operation, the probability that a
single large, but by no means the largest, accident will
occur within a few decades is not negligible. If the
decision is made to continue to increase the United
States nuclear commitment, the policy makers and the
public must understand their own personal risk related to

that decision". (Page 1-13).

*
"The ATWS event is potentially one of the most severe

reactor accidents that could occur. It involves not only

*ATWS - Anticipated transient without scram
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the decay heat but full power heat as well and can lead to
severe breaches of containment. The ATWS contreversy (now
ten years old) has centred around how likely the event is

. to occur. Howe?er, there is value in assuming it would
occur and then working to mitigate the effects, or working
to reduce the probability of occurrence. The NRC staff

estimated the chances of a severe ATWS accident at four-

in-seven between now and the year 2010. This has been refined

to a slightly lower probability (about four-in-ten chance),

but is still far from an incredible event". (Page 2-20).

It is appropriate here to discuss briefly the events and
consequences of the Three Mile Island (TMI) accident of March
1979. Three Mile Island lies about 10 miles South-East of
Harrisburg, Pennsylvania, U.S.A., and is the site of a two-
unit nuclear power station, of 800 MW and 900 MW respectively.
The original accident was initiated by mechanical malfunctions
in the TMI-2 unit and may have by itself been considered

Class 1, but due to a combination of human errors in responding
to it, it developed into a very serious accident, considered as
Class 9 type according to the staff of the U.S. Nuclear
Regulatory Commission. This means that it has exceeded the
accidents analyzed in the licensing process and would have been

classed as incredible prior to its occurrence, (ALO-62 p.2-21)

We consider it relevant to include extracts from the Final
Report of the U.S. President's Commission of the TMI accident18
headed by Dr. John G. Kemeny. The Commission said that in the
evidence they received they have noted a preoccupation with

regulations: but regulations alone could not assure safety..,

"While scientists and engineers have worried for decades
about the safety of nuclear equipment, we find that the
approach to nuclear safety had a major flaw... Some
potentially dangerous scenarios, such as the break of a
huge pipe that carries the water cooling the nuclear
reactor, were studied extensively and diligently, and were

used as a basis for the design of plants. A pre-occupation

34
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developed with such large-break accidents as did the attitude
that if they could be controlled, we need not worry about the
analysis of 'less important' accidents. Large-break accidents
require extremely fast feaction, which therefore must be
automatically performed by the equipment. Lesser accidents
may develop much more slowly and their control may be
depen&ent on the appropriate actions of human beings. This was
the tragedy of Three Mile Island, where the equipment failures
in the-accident were significantly less dramatic than those
that had been thoroughly analysed, but where the results con-
fused those who managed the accident. A potentially insignifi-
cant incident grew into the TMI accident, with severe damage
to the reactor. Since such combinations of minor equipment
failures are likely to occur much more often than the huge
accidents, they deserve extensive and thorough study. In
addition, they require operators and supervisors who have a
thorough understanding of the functioning of the plant and who

can respond to combinations of small equipment failures'.

The Commission stated that many factors contributed to the in-

-appropriate operator action at TMI, such as the deficiencies in

the training of operators, lack of clarity of the operating
procedures, failure of organizations to learn the proper lessons
from previous accidents, and deficiencies in the design of the
control room. These shortcomings were attributable to the utility,
to the suppliers of equipment, and to the federal commission that

regulated nuclcear power.

Among the main recommendations made by the Kemeny Commission that
are relevant to this discussion are: 1. The nuclear industry must
dramatically change its attitudes towards safety regulations.
Merely meeting the requirements of a government regulation does
not guarantee safety. The industry must also set and police
standards of excellence to ensure the effective management and
safe operation of nuclear power plants. 2. Training of operating
personnel should be emphasized, particularly in the understanding
of the fundamentals of nuclear power plants and the possible
health effects of nuclear powér, and to the proper responding to

emergencies. 3. The Commission recommended the establishment of
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petter coordinated research on radiation effects, and a programme
for educating health professionals and emergency response
persohnel in the vicinity of nuclear power plants. 4. Emergency
plans must detail clearly and consistently the actions that public
officials mu§t take in the event of off-site radiation doses
‘resulting from the release of radioactivity. 5. There should be
adequate preparation for a systematic public information programme,
so that at the time of a radiation-related emergency they can
provide timely and accurate information to the news media and the

public in a form that is understandable.

In the introductory part of the Kemeny Report on the TMI accident,

the Commission states

"The accident was initiated by mechanical malfunctions and made
much worse by a combination of human errors in responding to
it ..... During the next four days, the extent and gravity of
the accident was unclear to the managers of the plant, to
federal and state officials, and to the general public. What
is clear is that it's impact, nationally and internationally,

has raised serious concerns about the safety of nuclear power".

High Technology and Discipline

It would be clear from the discussions in this chapter that the
stringent requirements connected with the safety and regulatory
aspects of a nuclear power programme must be met in full, and
that the nuclear industry must set and police standards of
excellence to ensure the effective management and safe operation

of nuclear power plants.

Several knowledgeable people have expressed the view, at informal
discussions and as evidence before this Committee, that Sri Lanka,
in common with other developing countries, cannot cope with or
sustain the high technology of a nuclear power programme,
requiring safety, reliability and optimum efficiency. They
believe that a lack of concern for maintaining proper procedures

and ensuring standards, is now deeply rooted in our society and
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would be difficult to eradicate. Although this Committee does
not subscribe to the belief that Sri Lankans are inherently
incapable of handling high technology, we do note that there
have been, and there are today; major technical shortcomings
and a lack of discipline in almost all large scale
techﬁological enterprises in this country. Such lapses have
led to great loss of profits, much inconvenience to the
publie, and even to injury and death. We cannot over
emphasize the fact that, in the case of a nuclear power
programme,such shortcomings or lapses can result in a major

national catastrophe.

It is therefore of vital importance that the national
organization that is to be entrusted with the management
and operation of a nuclear power plant should have shown a
record of sustained ability to operaté a high technological

system safely, reliably and efficiently.

Nuclear Power Plants from Overseas

In respect of countries 1ike Sri Lanka, where the potential
for a self~developing and self-sustaining nuclear industry
is absent, there would naturally be overtures oOr offers

from foreign vendors of nuclear power plants, offering
seemingly attractive conditions for supplying(complete
nuclear plants, togcther with personnel for the construction
of the building‘and installations and for the commissioning
and opefation of the plants. To the layman, in legislative
and executive positions, the proposal for installing a
nuclear power reactor to meet the shortage of electrical
power in the 1990's may sound attractive. Perhaps, to some,
a nuclear power reactor would seemingly be a complex device
that can be purchased, as it were, over the counter, and
need only be switched on to provide the necessary additional

power.
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Prerequisites to a Nuclear Power Programme

Without considering here the economics or the feasibility and
reliability criteria for a nuclear power plant in Sri Lanka,
put examining only the control and safety aspects, we believe
that Sri Lanka 1is not yet in a position to consider offers of
foreign nuclear power plants, or to make firm decisions about

a nuclear power programme. Sri Lanka must first satisfy certain

prerequisités or preconditions

(a) assemble in this country a sufficient number of trained
and experienced engineers and scientists who can serve
in a national regulatory body that can make responsible

decisions about nuclear power,

(b) enact nuclear legislation, embodying a satisfactory code

of regulations,

(c) adopt a system of safety requirements, criteria, guides

and standards,

(d) Set up and develop a scientific and technological
'infrastructure'to support the relevant technologies of a

nuclear power programme,

(e) develop reliable communications systems and means of

transport,

(f) institute training programmes for power plant operators,

technicians and skilled workers, and

(g) develop institutes and laboratories for specialised
testing and quality control, for analyses of materials and
calibrations of instruments, and for other ancillary

services.
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CHAPTPER 7

CONCLUSIONS. - g

It is necessary that Sri Lanka's long term plans to meet. her

energy requirements be based on well establlshed technologles

Apart from hydro energy, the only well establlshed systems are
thpse that depend on the use of 011, coal or nuclear fuel

(Chapter 2).

In the forseeable future, the demand for energy from the
national grid will exceed the energy available from'all hydro
resources. Further, in order to obtain a reliable power supply,
energy from hydro resources will have to be supplemented with

that from other sources (Chapter 2).

The smallest commercial nuclear power plant based on a

proven model and available for purchase by Sri Lanka has a net

electrical output of 300 MW (Chapter 2).

At the beginning of 1982 the total effective generating

_capacity on the national grid was 523 MW, On grounds of

operational flexibility and reliability, the total installed
capacity must exceed 3000 MW before a nuclear power plant

of 300 MW(e) can be incorporated in the grid. From the latest
available forecasts of the Ceylon Electricify Board, the total
installed capacity of the grid would not exceed 3000 MW before
the year 2000 (Chapter 2).

Nucleay power plants in thc 100 - 200 MW(e) range are being
deveioped by somé manufacturers, specifically for sale Lo
developing countries. At presenf no such plant has gone
beyond the demonstration stage. Sﬁch plants may be available
for pﬁrchase in a few years, but it is doubtful whether
sufficient operating experience would have been gathered
before the year 1990, for Sri Lanka to be able to make a
firm decision to purchase one. Thus allowing for Iead time, it
would not be possible to commission oné in Sri Lanka till

about the year 2000 (Chapter 2).
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Most models of nuclear power plants are less reliable than

coal-burning or oil-burning plants. This difference would be

‘.magnified in Sri Lanka because of unfamiliarity with nuclear

* technology. Even though a nuclear power plant could be

economical in a developed country, it could be uneconomical

in Sri Lankg’for a number of reasons. Apart from the very

ihigh costs of imported technology, shut down periods may occur

more frequently and be of longer duration than in a developed

country (Chapter 3).

It is possible that by the beginning of the next century, the

world demand for uranium would outstrip production (Chapter 3).

At present, there is no evidence that uranium ore occurs in
Sri Lanka in quality and quantity usable in a nuclear power
plant. Thus, invthe event of a nuclear power plant being
installed in Sri Lanka, the fuel would have to be imported.
Some of the maintenance and regulatory services too would

have to be obtained from abroad. Hence, a nuclear power

plant wotld not make Sri Lanka independent of foreign

sources for her energy (Chapter 3).

A nuclear power reactor presents hazards to man and the
environment, not only in the event of an accident but even
under normal operating conditions. Since these hazards would
be greater, and the counter measures likely to be less
effective, in Sri Lanka than . in a developed country, decisions
regarding the acquisition of a nuclear reactor must be made

with extreme caution (Chapters 4, 5 and 6).

There is scientific evidence that radiation hazards to the
nétural environment are greater in tropical climates than in
temperate ones. Littlé or no scientific studies have been
conducted on the effect of radiation on the environment in
Sri Lanka. It would be dangerous to extrapolate data from

other countries in order to estimate risks to man and the
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environment and to plan counter measures in this country

(Chapter 5),

In almost all large-scale technological enterprises in
Sri‘Lanka there are technical deficiencies and a lack of
discipline, Such lapses iead to financial losSes,
inconvenience to the public and often, injury and death.
In the case of a nuclear'ﬁower programme such shortcomings
and lack of discipline can reéult in a major national
catastrophe. It would be dangerous to entrust a nuclear
power plant to an organisation that does not possess a

record of sustained efficiency and discipline (Chapter 6).

The scientific and technological infrastructure and the

communication and transport systems in Sri Lanka are totally
inadequate to meet the stringent requirements of operating

a nucleér power plant (Chapter 6).

Existing radiation protection services and nuclear

regulatory mechanisms in Sri Lanka are inadequate (Chapter 6).

On presently available information, it is not possible to
bredict whether, in Sri Lanka by 2000 A.D., energy from a
nuclear power plant of 300 MW or less would be cheaper than
that from an cquivalent plant burning coal or oil. It is

therefore necessary to continue studies on this question as

‘more information becomes available (Chapter 3).
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CHAPTER 8

RECOMMENDATIONS

A decision to embark on a programme for nuclear power generation
must be taken only on the techni¢a1 advice of experts in the
fields of energy. economics, nuclear technoiogy, health and the

environment.

Any subsequent decision to acquire a nuclear power plant should
be made only on the advice of Sri Lankan experts permanently

resident in the country.

Any commitment towards acquiring a nuclear power plant should
be made only after detailed technical studies have established

that -

a. the national grid can accommodate the output of a nuclear
power plantvwithout loss of reliability and operational
flexibility, and |

b. the energy from such a plant would be more economical than

that from any alternative sources.

Technical studies on the economics of energy from different
sources must be undertaken by a responsible national body.
Such studies should, among other aspects, assess the economic

consequences of disruptions to the power supply.

The fesults of all necessary technical studies should be made

available by the year 1990.

In order to ensure that sufficient expertise 1s available to conduct
these studies, a programme of education,training and experience-should

be instituted immediately.It is also necessary to familiarise

senior decision makers (engineers, scientists, administrators and

legislators) with relevant aspects of nuclear technology.

Preliminary investigations on the safety, health and environmental
aspects of a nuclear power programme in the particular context of
Sri Lanka should be commenced. Such investigations would require

expertise in seismology, meteorology, geology, hydrology, ecology

and health physies.
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An effective, well-staffed and ‘well- funded nuclear regulatory
agency should be establlshed This agency should be respons1b1e

for a11 the regulatory funct1ons connected with activities

involving nuclear radiatlon The staff of this agency should be so

trained that in the event of a dec1sion being made  to commence a

nuclear power programme, the agency could be expanded to

. ondertake all the necessary additional regulatory activities.

Adequate incentives should be offered to trained personnel

at all levels so that their services may be retained.

Trainiqg programmes should be wide in scope and designed to
provide job satlsfact1on after the period of tra1n1ng For
example, nuclear power plant operators, should also be trained,
say, in steam technology so that they can perform a useful

service even if a nuclear energy programme is not instituted.

Teaching programmes at both undergraduate and post-graduate

levels in all areas connected with nuclear energy should be

expanded and suitably funded.
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APPENDIX 1

A BRIEF INTRODVCTION TO RADIOACTIVITY, NUCLEAR FISSION,

FISSION PRODUCTS AND NUCLEAR REACTORS

Natural Radioactivity

Shd;tly after Roentgen's announcement of the discovery of

a penetrating radiation, called x-rays, Becquerel in 1896
found a similar type of radiation emitted by compounds of
uraﬁium. His startling discovery stimulated a train of
research in France and elsewhere, and Pierre and Marie
Curie soon discovered several other elements, thaf emitted
such radiations. These elements fermed radioactive elements
included thorium, polonium and radium. The radiations
emitted were later found to consist of (a) élpha particles:
positively-charged, energetic particles, that lose energy
rapidly in matter and could be stopped by a very thin foil
of aluminium; (b) beta particles: negatively-charged,
energetic particles, that lose energy less rapidly and are
therefore more penetrating, requiring a much thicker sheet
of aluminium to stop them; and (c) gamma radiation: uncharged
and highly penetrating rays that could pass through several

centimetres of lead.

Radioactive decay of an element results in the transformation
of the elemcnt into another, chemically different.
Uranium—238 for 1nstance; gives out an alpha particle to form
thorium-234 and this 'daughter' product can be separated out
chemically. Thorium-234 decays giving out a beta particle and
forms another radioactive element, protactinium-234,and so on
down the line of successive transformations, until a stable

end-product, lead, is reached.

A given rédioactive element decays at a characteristic rate,

and the number of atoms decaying is proportional to .the
nﬁmber of atoms present at the time. The time interval over
which a radioactive element decays to half its quantity is
called the half-life of the element. For example, suppose
we start with 100 grams of a radioactive element of half-

life 10 years. After 10 years we would be left with 50 granms,
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after 20 years 25 grams, and so on.

Al.4 Different radioactive elements have different half-lives,

. which are not affected by external conditions. Naturally
occuring uranium-238, for instance, has a half-life of four
and a héif billion years. However, its daughter products
have much smaller half-lives, some even as low as a few
minutes or seconds. Uranium-235, used as fuel in nuclear

reactors, has a half-life approximately 800 million years.

Al.5 Early research workers, like Madam Curie, who handled large
quantities of radioactive substances, were (in ignorance)
ekposing themselves to high doses of radiation, that caused
harmful effects to the tissues, leading to severe burns,
and in certain cases, to cancerous growths that became

manifest much later in time.

Nuclear Figsion

Al.6 The term 'nuclear fission' is used to describe the break-up
of an atomic nucleus into two fragmepts of comparable mass.
An atomic nucleus may be considered analogous to a liquid
drop, and the mechanism of nuclear fission may be understood
in terms of the behaviour of a liquid drop, originally
spherical, that is subject to a deforming force. A drop, as

at A. that

A B o ¥ D

OO O COo 00

undergoes deformation and is eloﬁgated into an ellipsoid, as
at B, will normally be set into oscillation and eventually
return to its original form. But if the deforming force is
sufficiently large, the drop acquires a dumbbell shape, as
at C, and then rapidly passes to stages D and E as the drop

breaks into two droplets.
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Similarly, a heavy nucleus,like uranium-235,can capture a slow

neutron to form uranium-236 and thus acquire a significant

energy of excitation. As a result, the nucleus will be

subjeét to a strong deformation, and pass from stage B to
stage C and thus break up into two fission fragments. The
excess energy of the excited nucleus is shared by the
fragments, which fly apart with considerable kinetic energy.
The excited nucleus can break . in two in more than 40
differeht wayé, yielding over 80 primary fission products.
At each fission, a few neutrons are also released. These
neutrons can now be captured by other uranium-235 nuclei

to produce further fissions and more neutrons, and so on.

In this way, a chain reaction of fission processes will

‘result. If there is sufficient uranium-235 present and there

are no controls, the chain reaction would expand out
unrestricted, until all the uranium fuel is consumed, thus
producing an enormous amount of energy in a very short time.

An explosion of great magnitude would result, as happens in

an atom bomb, like the one dropped in 1945 on Hiroshima.

If, however, the chain reaction is controlled, the energy
released too is under control. This regulated release of
energy takes place in a device called a nuclear reactor. In

a nuclear power reactor, the energy is released in the form

~of heat. This heat is used to raise stcecam, which drives a

turbine and a generator in the conventional manner, 1o

produce electrical energy.

Natural uranium contains about 0.7% uranium-235. The rest

is uranium-238. Some reactors use natural uranium as a fuel.
Others use uranium which has been processed so that there
is a highér fraction of uranium-235. This is referred’to as
enriched uranium. With either kind of fuel the energy is
derived from the fission of the uranium-235 nuclei. The
neutrons feleasedbin the fission transform some of the

uranium-238 to plutonium-239. This plutonium may then be
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used as a nuclear fuel, In a breeder reactor this process
produces plutonium in greater measure than the uranium-235
burned. Thus in effect the amount of fuel created may be

greater than that burnt.

The Nuclear Reactor

As indicated in the section on nuclear fission &

a rapidly'multiplying sequénce of fissions, calléd a chain
reaction, can occur in a lump of material like uranium-235. A
chain reaction can be described quantitatively in terms of

the multiplication factor, which is simply defined as the

~number of neutrons, emitted in each fission, that are able to

induce further fission. If we assume that the multiplication
factor is two, and that the time elapsed between the emission
of a neutron and its subsequent absorption is 10-8 seconds

(10 billionth of a second), a.chain réaction starting with a
single fission will release twenty billion joules of energy in
less than one millionth of a second. Thus, an uncontrolled
chain reaction can produce an explosion of gigantic magnitude.
Howéver, when the chain reaction is so controlled as to
ensiure that exactly one neutron per fission causes further
fission (a multiplication factor of exactly one), the reaction
pProceeds steadily (see Figure A1.1), and the system become a
controlled source of power. Such a device in which the fission

chain reaction is controlled is called a nuclear reactor.

A number of basic problems must be overcome for a nuclear reactor
to be a suitable source of power. The fuel for the reactor may
be natural uranium (containing 0.7% of uranium-235 and 99.39% of
uranium-238), or enriched uranium, which contains a greater
content of uranium-235. Suppose thaf natural uranium is used.
Uranium-238 absorbs fast neutrons readily, but fission does

not occur and as a result the neutrons are wasted. However,
uranium-238 has little abiiity to capture slow neutrons, while
uranium-235 absorbs slow neutrons readily to cause fission.

The neutrons emitted in fission are fast, and accordingly

must be slowed down as soon as possible, both to prevent them
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Figﬁre (Al1.1).A fission chain reaction

(a) wkere each fission causes two further fissions, so that the
reaction builds up very rapidly to produce an explosion,

(b) where each fission causes exactly one further fission, so that the

reaction is controlled and proceeds at a steady rate.
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‘being absorbed by uranium-238 and to enable them to be captured

by uranium-235 in order to produce further fission. This slowing

down of fission neutrons is done in a medium called moderator,

'where the fast neutrons undergo elastic collisions with the

‘atoms of the moderator. The lighter the atoms of the moderator,

the more rapid the slowing down. Hence, light materials like
hydrogen Ein the formiof water), deuterium (as heavy water), and
graphite are used as moderators. However, the nuclei of hydrogen
have a much greater tendency to ple up neutrons than the nuclei
of degterlum have. Thus, when natural uranium is used and the
content of uranium-235 is very small, heavy water is much superior
to ordinary water as a moderator. When enriched uranium is used

as fuel, ordinary or light water may be satisfactory as a

moderator.

‘The chain_reaction is controlled and not allowed to go too fast

by the use of control rods, made of materials that are very good

absorbers of neutrons, like boron and cadmium. The control rods

are 1nserted into the core of the reactor, and by careful

» JadJustment of the lengths inserted, the multiplication factor

of the system may be controlled. Withdrawal of the rods increases
the multiplication factor and insertion decreases it. Thus the
reactor can be started up,shut.down, or its power output changed,
by the appropriate movement of the rods. In this way the rate

of energ§ output of the nuclear reactor may be controlled. In an
emergency, when the reactor begins 1o go teo fast and out of
control, a set of contrul rods, or shut-off rods, drop in
automatically so that the chain reaction stops entirely. The

reactor is then said to be '"scrammed".

The energy liberated in the reactor appears as heat, which is
extracted by circulating a liquid or a gaseous coolant. The

coolant is made to circulate through the channels in the

moderator or fuel tubes. The hot coolant can then be used as the

heat source for a conventional steam turbine. The various
components, the fuel, the moderator, the control rods and the

coolant, are all located within the reactor vessel. The reactor



vessel, and all other components of the nuclear steam supply
system that contain radioactive fission products, are
surrounded by adequate fadiation shielding for the protection
,of the personnel operating the reactor. The entire reactor

installation is enclosed in a containment structure.

A schematic diagram of'a typical heavy water reactor is shown
in thequgureAl.l.Inthié reactor, the coolant (heavy water)
is pressurized to prevent boiling, and passes through
pressure tubes containing the fuel (matural uranium) without
coming into contact with the moderator-(also‘heavy water) .
Such a reactor is called a pressurized heavy watér reactor

(PHWR) . There are maﬁy such 1in Canada, designated 'CANDU types.

Light water reactors like the pressurized water reactor (PWR)
and the boiling water reactor (BWR), are both well established,
with over 80 power reactors in the United States (alone).

These light water reactors use enriched uranium as fuel, and
ordinary or light water as moderator and coolant. Other examples

include the light-water, graphite-moderated reactor (LWGR).

-Gas cooled reactors (GCR), using natural uranium as fuel, carbon
dioxide as the coolant and graphite as the moderator, became

the starting point of the nuclear industry in Great Britain and
in France. British reactors at Calder Hall and at Oldbury are
early examples. Later, advanced gas reactors (AGR) were
developed using enriched uranium instead of natufal uranium,

for example the Windscale and the Hionkley Point-B in Britain.
Other modifications of gas cooled reactors are the high-
temperature gas—-cooled graphite moderated reactor (HTGR) and

the heavy-water moderated gas-cooled reactor (HWGCR).

It is recognised that because of limited resources of uranium-
235 the nuclear power industry must develop the breeder reactor,
where more than one fissile atom is produced for every fissile
atom consumed. Such breeder reactors are remarkable in that,

in addition to providing power, they actually produce more
fissile material than they consume. Since the bulk of the
fissions are induéed by fast neutrons, they are usually called

fast breeder reactors (FBR) .
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Figure (A1,2) Schematic diagram of a pressurized heavy water
‘reactor (PHWR) and the steam supply system.
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Fission Products and their Radigactivity‘

Al.14 The fission fragments, or fission products, congist of nuclei
having an excess of neutrons above that required for stability.
These therefore are unstable, emitting beta partlcles to get to a
a more stable nuclear configuration. On the average, each primary
fission product is followed by three stages of beta particlé decay
pefore a stable nucleus is formed. We have noted earlier that
there are about 80 different primary fission products. Hence
there would be over 200 different radioactive species among the

- fission products after a short time. In addition to the beta
particles, the fission broducts also emit the highly penetrating
gamma rays. As such, a nuclear reactor, where fission takes
place with great intensity, must be provided with heavy shielding

arrangements.

Al1.15 Because of the large number of different radioactive species,

' (of widely different half-lives) comprising the fissibn products,
the rate of decay of the mixture of fission products (in reactor
that is being operated) cannot be computed easily. But it has
been found that the rate 6f emission of beta particles and of
gamma rays (per single fission event) can be expressed empiri-
cally as a simple function of time. Thus, by summing up for
all fissions during the entire operation of the reactor, it is
possible to get an expression for the rate of release of energy
(decay heat power) due to the beta particles and gamma rays
produced in the nuclear reactor at a given time, before or after
shut down. For instance, for a nuclear power reactor operated
for a period of 1000 days, the heat power due to the decay of
the fission products at a time 10 seconds after shutdown can

"be as large as 5% of the operating power of the reactor. At the
end of 90 days after shutdbwn, the heat power would reduce to
0.1%, at the end of 3000 days to about 0.05% of the reactor
power. In terms of radio-activity, a 1000 MW (e) reactor that
has been working for 1000 days will, when shut down, release
after 90 days as much as 220 megacuries of beta activiéy and

about 110 megacuries of gamma activity; these activities would
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be reduced to about half value 200 days later.

‘We realise then that the spent fuel of a nuclear power reactor

gives out appreciable radioactivity even several yéars. after
shu%dbwn,‘and must therefore be set aside and heavily‘shieldéd
fof a considérable time before attempts can be made to further
treat the ?uel material. Thus,. years after shutdown, the
radioactivity of the fuel rods can present a serious hazard

to personnel handling them, during the decommissioning of a

nuclear plaﬁt, during the treatment of spent fuel or during

_the disposal of radioactive waste.
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APPENDIX 2

GLOSSARY OF TECHNICAL TERMS

Alpha Particle:

Availability:

Beta Particle:

Breeder Reactor:

Capacity factor:

A positively-charged particle, identical with the
helium nucleus,which is emitted in the radioactive
decay of the heaviest atomic nuclei, for example
uranium and radium. It has four times the mass and

twice the charge of the hydrogen atom.

Referring to a power plant, the percentage of time

a power plant is usable for generating electricity.

A fast moving electron, either negatively or
positively charged, emitted during certain types of

radioactive decay.

A nuclear reactor which makes fissionable fuel,
such as plutonium-239, more rapidly than it uses
its own fuel. (More strictly, the term applies

only when the fuel made is the same as that used).

The amount of electricity a power plant actually
produces compared with the amount it would have
produced if it had been operating at full power

for the same period of time.

Chain Reaction (Nuclear)

Commissioning:

When o l'issilv nueleus like uranium=235 captures
a neutron and breaks  up into two lLission
fragments, several neutrons are also released;
these in turn cause fission in other fissile
nuclei which release yet more neutrons to cause
further fission, and so on. Such a rapidly
multiplying sequence of fissions is called a

chain reaction.

The process during which nuclear plant components
and systems, that have been already constructed,
are made operational and then tested to be in
accordance with design requirements and to have
met the performance criteria. This includes both

nuclear & non-nuclear tests.
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Decay heat: The heat generated in the reactor, not by fission
but by the radioactive decay of the fission

- products. The longer the fuel element remains in
‘the reactor core, the greater the amount of
fission products and the greater the decay heat
generated. Decay heat cannot be "turned off" by
inserting control rods, but must be controlled

by the circulation of adequate coolant.

Decommissioning: The process by which a Nuclear Power Plant is

finally taken out of operation.

Deuterium: The isotope of hydrogen twice as heavy, often

called heavy hydrogen.

Dose: Referring to radiation, gives the energy'deposited
or absorbed per unit mass of biological material
and is a measure of the biological effect of the

radiation. The unit is the rad.

Dose equivalent: The equivalent dose, taking into account the
| relative biological effectiveness of the type of
radiation. The unit is the rem, which is given
by the absorved dose of one rad in respect of gamma
rays, x-rays or fast moving beta particles.
Heavier particles will cause greater biological
effects, and one rad would give a dose cquivalent

much greater than one rem.

Dose equivalent limit:
Limit of permissible exposure to radiation, also
called the maximum permissible dose equivalent

(MPD), (see chapter 4, paras 4,9 and 4.10)

Enriched Fuel: Fuel (used in a nuclear reactor) that has a greater
content of a fissionable isotope (e.g. Uranium-235)

than found in the natural form of the element.



Fertile:

Fissile:

Fission:

Fuel (Nuclear):

Fuel Element:

Gamma Radiation:

Half Life:

Heat Exchanger:
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Capable of being transferred into fissile material,

as for example ﬁranium - 238 and thorium -232 that

' can absorb neutrons to give plutonium =239 and

uranium -233 respectively.

Capable of undergoing fission. Examples ére the
isotopes uranium =233, uranium -235 and
plutonium -239. (The word fissionable is used

for fissile in America).

The splitting of a heavy nucleus into two or more
approximately equal fragments (the fission products),
accompanied by the emission of neutrons and the
release of energy. Fission can be induced by
particles or by gamma-rays, or can occur
quntaneously. Fission induced by neutrons is .

the most important technologically, because it

makes a chain reaction possible.

The material, containing fissile nuclei, used as
fuel for the production of energy in a nuclear

reactor.

Generally, the smallest unit containing nuclear
fuel which is loaded into a reactor. A fuel
element usually consists of the fuel, in the form
of rods or plates, enclosed in a protective can,
the can preventing the escape of fission product

atoms and the oxidation of the fuel.

Electromanetic radiation, similar to X-rays,

emitted by radioactive nuclei.

The time taken for the activity of a radioactive
substance to decay to half its original value,

that is for half the.afoms present to disintegrate.
Half lives may vary from less than a millionth of

a second to millions of years.

A device in which heat is transfered from one
fluid to another (e.g. from gas to water) without

allowing the two fluids to come into contact.



Heavy Water:

Isotopes:

Licence:

Moderator:
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Water in which at least oue of the atoms of
hydrogen is deuterium. It is present in natural
water, including sea water‘in'about 1l part in
5000, | |

Atoms whose muclei contain the same number of

protons but different numbers of neutrons.

Written authorization iésued.to the Licensee by
the national Regulatory Body to perform specified
activities related to Siting, Construction,
Commissioning, Oﬁeration and DecomhiSsioning of

a Nuclear Power Plant.

The material in a reactor used to reduce the
energy, and hence- speed, of fast neutrons, as far
as possible without capturing them. Slow neutrons
are ﬁuch more likely to cause fission in a
uranium -235 nucleus than to be captured in a
uranium-238 nucleus, sothat by using a moderator a
nuclear reactor can be made to work with fuel

containing only a small proportion of uranium -235.

Multiplication Factor:

Mutation:

MWe:

Neutron:

In a nuclear reactor, the ratio of the number of
neutrons 'in any one generation to the number in the
inmwdiutoly,pro(vdiug seneration.  For a chain
reaction that is controlled and proceeding at a

steady rate, the multiplication factor is unity.

A change in the hereditary material (chromosomes
or genes) of a living cell due to the effects of

radiation.

One megawatt (one million watts) of electrical

energy.

Eleméntary particle having about the same mass as
the proton but without electrical charge; a

constituent‘of the nucleus.
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Nuclear Power Plant: A thermal neutron reactor (or reactors)

Plutonium: |

Quality Assurance:

Rad:

Radioactive:

Radioactivity:

Radioisotope:
Reactor, Nuclear:

Regulatory Body:

together with all structures, systems and
components necessary for safety and for the

production of power, thermal or electrical.

The element of atomic number 94. The isotope
plutonium-239, produced by neutron irradiation

of uranium-238, is an important fissile material.

Planned and systematic actions necessary to
provide adequate confidence that an item,
material or facility will perform satisfactorily,

in service.

Unit of radiation dose absorbed in a material.
One rad is equal to 0.0l Joule per kilogram or

100 ergs per gram of the material.

This word covers electromagnetic waves
(especially X-rays and gamma-rays) and also
streams of fast-moving charged particles
(electrons, protons, etc.) and of neutrons of
all speeds.

Possessing or pertaining to radioactivity.

The property possessed by nuclei of some atoms of
disintegrating (or decaying) spontaneously, ‘
emitting alpha or beta particles and gamma

radiation.

An isotope that is radioactive. Also called

a radionuclide.

A structure in which a fission chain reaction

can be maintained and controlled.

A national authority or a system of authorities
appointed by a country, assisted by technical
and oﬁher advisory bodies, and having the legal
authority for conducting licensing procedures,
for issuing licences and thereby for regulating

nuclear power plant Sitting, Construction,
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Comm1881on1ng, Operatlon and Decomm1381on1ng,

or other spec1f1c activities.

Regulatory Inspectlon. _

An examination, observation, measurement or
test undertaken by or on behalf of the
Regulatory Body during any stége'of the
licensing process to ensure conformance of
materials, components, systems and structures;
also inspection of operational activities,

processes,procedures and personnel competence.

Rem: (Roentgen equivalent man). Unit of dose
equivalent.. The dose equivalent (in rems) is
the product of the radiétion dose (in rads) and
the quality factor for the type of radiation.
The quality factor is 1 for x-rays, gamma rays
and energetic beta rays; it is much greater

than 1 for neutrons and alpha particles.

Safety: Protection of all persons from undue radiation

hazard.
Scram: - - Rapid shut down of the nuclear reactor (by the

rapid insertion of control rods or shut-off
rods) to terminate the chain reaction; this

may be done méhually or automatically.

Siting: The process of selecting a suitable site for a
Nuclear Power Plant. This includes the
approﬁriate assessment and definition of
design bases taking into account external
events (natural or man-made). - The evaluation
of the suitability of a site covers such
important aspects as the physical characteristics

~of the site,including the seismology, meteorology,
geology, hydrology & ecology of the area, the
population density in the locality, and the

design characteristics, mode of operation and



- 94 -

special engineering safeguards of the nuclear

power reactor to be used.

Thorium: The element of atomic number 90; a heavy
| metal. Thorium—-232 is a fertile material since
. it can be transformed by neutron absorption into

the fissile uraniume233;

Uranium: ‘_ The element of atomic number 92; a heavy metal.
Uranium-235 is the only naturally-occuring
fissilé isotope; Uranium-238 is a fertile
isotope; uranium-233 is a fissile isotope that

is produced by neutron irradiation of thorium-232.
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PRESS NOTICE

National Science ' Council

Committee of inquiry on the use of atomlc energy

for generation of power

The National Science Council has appointed a Committee to inquire
into all matters related to the proposal to use atomic energy for

the generation of electric power in Sri Lanka.

- Any members of the public who wish to make representations, or
who are in possession of any information, whether published or
otherwise, on the subject, are kindly requested to get in touch
with the Secretary-General of the National Science Council as

soon as possible, and in any case not later than 10 December, 1980.

It would be moSt helpful if such persons would communicate in
writing, giving a concise account of the information they possess
or of the views they'wish to express. Such communications will be
passed on to the Committée which would, if if wishes to have
further clarification, request the persons concerned to appear

before it.

Secretary General

National Science Council of Sri Lanka

47/5, Maitland Place,
Colombo 7.
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Persons who responded to the waspaper announcement

1, J. Diandas, F.CA, Galle Face Terrace, Colombo 3.
2. E. Carlo Fernando (Consultant CEB) Katuwapitiya-Road, Negombo.

3. ‘G.B. A, Fernando, Assistant Director, Ministry of Planning & Economic

Affairs, Colombo 1.

4. Dr. P.N. Fernando, Chief Engineer (Hydropower Development) CEB,
Colombo 2,

5. P.G. Joseph, BSc(Eng)., Chief Engineer, Plywood Corporation,

Kosgama,
6. K.T.R. Luxhman, Kandewela Estate, Ratmalana.

7. Mr. David Newby BSc(Eng). CEng., MI Mech. E (Formerly of the UK

Atomic Energy Autbority and also of IAEA). Navajeevanam, Paranthan.

8. Anura Palamathusura Malalpola, Yatiyantota.

9, Clifford Perera, Kirula Road , Colombo 5.

10. M. Nimal Perera, General Accident Department, Insurance Corporation
Colombo 1.

11, S.P, Prematilake, RRI., Agalawatta.

12. Vinoth Ramachandra, BSc(Eng) PhD , DI C, Sulaiman Terrace, Colombo 5.
13. J.P. Ranasinghe, Gallingawa Estate, Kuruwita.

14, Dr. R anil Senanayake, 41 Gregory's Road, Colombo 7.

15, K.V. Subramaniam,Dawalasinharama Mawatha, Colombo 15.

16. P. Suraweera, Chief Engineer Distribution Maintenance, CEB , Colcmbo 2.
17. S. Thamodharam, Ponnu Sirna Road, Tellippalai.

18. Veromal Weerasinghe, Dangolla Road, Kandy.

19. V.D. Wickramaarachchi, Akurugoda, Kamburupitiya.

20. Dr. T.W. Wickramanayake, Faculty of Medicine, R uhunu University
College, General Hospital Galle,

21, S. Wickramasooriya, Electrical Engineer. CEB., Colombo 1,
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APPENDI 4 (c)

List of others invited to give oral evidence

1.  Mr. K.J. Cooke, Atomic Energy of Canada Ltd.,
2, Mr. E.H,Dharmasena, Physicist Government Cancer Hospital Maharagama.

‘3.' Dr. G.Dharmawardena, Chairman, Atomic Energy Autbority, Colombo 7.

4. Prof. P.C,B. Fernando, University of Sri Jayewardenapura, Nugegoda.
5. - Mr. J,0. Joss, Project Manager, Nuclear Power Company of Britain.
6, Prof. S. Karunaratne, University of Moratuwa, Moratuwa.

7. Mr. J,H. Lanerolle, Secretary Ministry of Power & Energy, Colombo 2.
8. Prof. K.K.Y.W, Perera, Chairman, CEB , Colombo 2.

9, Mr. R .D. Vaughan, General Manager of the British National Nuclear
Corporation Ltd.,
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