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SYNOPSIS

South Africa's first nuclear power station, Koeberg A, is

to be built by ESCOM at Duynefontein, 28 km north of Cape

Town, and the experience gained at the National Nuclear Re=

search Centre, Pelindaba, has been used by the AEB as basis

for a pre-operational investigation. The capacity of the

environment to accept airborne radioactive effluent safely

depends on various local factors such as dispersion condi=

tions, the ecology, the habits of the local population and

the accumulation, through critical pathways, of pertinent

radionuclides. Long-term average dilution factors at \/ary=

ing distances from a 100 m stack have been calculated by

ESCOM from mesometeorological data collected by the CSIR.

On the basis of available data, permissible release rates

are derived for radioisotopes of the noble gases (critical

pathway : external cloud exposure) , 1 3 1I (not inhalation
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but the pathway : atmosphere - deposition - pasture - cow -

milk - human), Cs (not uptake through milk but exposure

from accumulated ground deposition), Ru, Sb and Ce

(ground deposition) and tritium (inhalation). Although

final confirmation of these values can only be obtained af=

ter operation, such a pre-operational survey - including

the nuclear techniques for tracing airborne releases through

the biosphere - may serve as an example to conventional in=

dustry.

OPSOMMING

Suid-Afrika se eerste kernkragstasie, Koeberg A, sal deur

EVKOM op Duynefontein, 28 kilometer noord van Kaapstad, ge=

bou word. Die RAK het die ondervinding wat by die Nasionale

Kernnavorsingsentrum, Pelindaba, opgedoen is as grondslag

vir voorbedryfsondersoeke gebruik. Die vermoe van die omge=

wing om luggedrae radioaktiewe afval veilig op te neem, hang

van verskeie plaaslike faktore af soos verspreidingstoestan=

de, die ekologie, die gewoontes van die plaaslike bewoners

en die versameling van ter saaklike radionukliede deur mid=

del van kritieke paaie. EVKOM het gemiddelde verdunnings=

faktore vir die lang termyn op wisselende afstande vanaf 'n

skoorsteen met 'n hoogte van 100 m uit mesometeorologiese

gegewens bereken wat deur die WNNR versamel is. Met die be=

skikbare gegewens as grondslag, is vrylatingstempo's vir ra=

dioisotope van die edelgasse afgelei (kritieke pad : eksterne

wolkblootstelling), I (nie inaseming nie, maar die pad :

atmosfeer - neerslag - weiding - koei - melk - mens), Cs

(nie inname deur melk nie, maar uitwendige blootstelling

weens versamelde neerslag op grond), Ru, Sb en Ce

(grondneerslag) en tritium (inaseming). Hoewel hierdie waar=

des eers na bedryf finaal bevestig kan word, kan so 'n voor=

bedryfsopname - met inbegrip van die kerntegnieke om lugge=

drae vrylatings deur die biosfeer op te spoor - as voorbeeld

vir die gewone nywerheid dien.
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INTRODUCTION

Nuclear power is making a major contribution to the increa=

sing demand for energy,, and nuclear reactors are being es=

tablished for the generation of base-load electricity. Al=

though additional technological and sociological problems

are posed by the various interactions of the resulting ra=

dioactive pollutants with the biosphere, they are limited

during normal operation to substantially smaller hazards

than the pollution framvconventional coal-fired plants .

In South Africa the Electricity Supply Commission (ESCOM)

has decided to build the first nuclear power station on the

coastal site Duynefontein, 28 km north of Cape Town, which

may eventually accommodate six units (Fig. 1) . The first

reactor, Koeberg A, of up to 1 000 MW, will be on power in

1982, with the second unit coming into service one or two
2

years later .

As early as 1969, ESCOM formed several working groups to

examine the suitability of the site and to advise on the

likely impact of the station on its surroundings. The Iso=

topes and Radiation Division of the Atomic Energy Board (AEB)

has been primarily responsible for determining the capacity

of the Duynefontein environment for the safe discharge of

radioactive effluent. Such investigations have already pro=

vided reasonable estimates of the capacity of the marine en=

vironment for 19 selected radionuclides ' ' '

In this paper, further consideration will concentrate on the

airborne radioactive releases from a nuclear installation

and their impact on the Duynefontein environment. A similar

investigation had been carried out for the National Nuclear

Research Centre, Pelindaba .



RADIOACTIVE WASTE PRODUCTS

The operation of a nuclear reactor leads to a large invento=

ry and wide variety of radioactive products. Under normal

operating conditions, however, the radioactivity is efficient=

ly contained and only a minute fraction of these products is

released to the environment. It is consequently very diffi=

cult to predict the nature and composition of the specific

radionuclides - fission, contamination and corrosion products

- present in the effluent.

Radioactivity is the property of unstable atomic nuclei to .

disintegrate, with the emission of characteristic nuclear

radiation. Such radioactive decay takes place with a charac=

teristic half-life and cannot be influenced by heat, chemical

reactions, etc. The radiation is usually energetic and pe=

netrating, and can therefore cause biological damage, espe=

cially if the radionuclide is taken up internally by the or=

ganism concerned. Such metabolism is, however, not influen=

ced by the nature of the radioactivity, but is dependent only

on the normal biochemical properties of the element of which

the nuclide is a radioisotope.

As the radiation only decreases as a result of radioactive

decay, radioactive wastes can be treated only by dilution to

acceptable concentrations, or by concentration (e.g. chemical

processing, evaporation) and subsequent storage. As in the

case of conventional effluents, solid and liquid wastes can,

in principle - but with due regard to the costs! - be accu=

mulated and analysed before treatment so as to present the

minimum insult to the environment, or even be stored perma=

nently. Gaseous pollutants can, in general, be retained or

removed only to a much smaller extent and, consequently, are

continuously released to the atmosphere. Recent developments

have, however, led to an appreciable reduction of the radio=

active release levels by means of adsorption and gas lique=

faction, with subsequent radioactive decay in storage tanks

- so-called "zero-release systems".
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RADIATION DOSE LIMITS

The norms for radiation protection are well established by

the International Commission on Radiological Protection (ICRR

and it may safely be stated that more is known about the ef=

fects of ionising radiation on the human being than of any

other toxic agent. Although these Dose Limits to the various

human organs represent the fundamental ICRP recommendations,

derived working limits, e.g. maximum permissible concentra=

tions in air and water for each radionuclide, may be obtained.

The exposure of an individual is a function not only of the

levels of radiation and radioactivity in his environment, but

also of his use of that environment . Thus, in most situa=

tions in which radioactive materials are introduced to man's

environment, there will be numerous and complex pathways by

which each of the released nuclides may ultimately cause ra=

diation exposure to man. However, a comprehensive and de=

tailed study of all such pathways will not be needed, as a

study of each situation will indicate that certain nuclides

and exposure pathways are dominant. These nuclides and path=

ways are designated "critical".

The ICRP has recommended Dose Limits for individual members

of the public (Table 1), but with the proviso that any unne=

cessary exposure be avoided, and that all doses be kept as

low as is readily achievable, economic and social conside=
Q

rations being taken into account . Consequently the AEB Li=

censing Branch has established acceptable risk ratios, re=

suiting in a maximum annual whole-body exposure of 25 milli=
Q

rem for the Duynefontein site (c.f. ICRP 0,5 rem per year).

Subsequently, radiation exposure limits for members of the

public due to the operation of the first two reactors at

Duynefontein were specified in ESCOM's outline enquiry. The

limit for whole-body exposure for the two-unit station is

10 mrem/a with correspondingly higher dose limits for speci=

fied organs (Table 1).
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TABLE 1

Dose limits for individual members of the public

Organ ICRP ESCOM

Whole-body, gonads

red bone marrow

Skin, bone

Thyroid - adult

- child (up to 16 yr)

Hands and forearms,

feet and ankles

Other single organs

500 mrem/a

3000 mrem/a

3000 mrem/a

1500 mrem/a

7500 mrem/a

1500 mrem/a

10 mrem/a

60 mrem/a

60 mrem/a

30 mrem/a

150 mrem/a

30 mrem/a

These dose limits set by ESCOM were used in this investiga=

tions.

ATMOSPHERIC DISPERSION

The incidence of the various wind and atmospheric stability

conditions prevailing at Duynefontein had been reported to

ESCOM by the Air Pollution Research Group of the CSIR, and

particular examples of wind movement during stable atmosphe=

ric conditions were discussed in detail. These mesometeoro=

logical data were analysed in terms of percentage occurrence

of five dispersion categories in each of 16 wind directions.

Atmospheric dispersion was calculated by means of the stan=

dard Sutton equation, using Singer and Smith parameters. Sub=

sequently, ESCOM's program "DRAFT" was run to determine long=

term average concentrations at varying distances from a 100 m

stack, for each of the 16 sectors. From these data the dilu=

tion factors were obtained for the nearest site border in

each of 16 sectors, sector 1 being the sector influenced by

winds blowing from the north (Table 2). These figures indi=

cate that the least favourable condition is to be expected in

sector 16 i.e. winds from the NNW, and that this dispersion
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(1,0 x 10~7 Ci/m3 per Ci/sec released*) wi l l be the limiting fac=

tor as regards continuous atmospheric releases.

TABLE 2

Dilution factors for Duynefontein sectors

««<*- Direcffon S'SS. Dilution Factor

Ci/m per Ci/sec1-7
8

9

10

11

12

13

14

15

16

N-SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

2

2

2

3

3

2

2

2

1

ocean

400 m

400 m

700 m

500 m

400 m

500 m

250 m

450 m

900 m

—
5,4 x 10~8

6,0 x 10~8

3,7 x 10~8

2,0 x 10"8

2,3 x 10"8

4,8 x 10"8

4,8 x 10"8

4,0 x 10"8

1,0 x 10"7

*Ci = curie

CRITICAL NUCLIDES AND PATHWAYS

The Duynefontein terrain is level and low-lying, partly co=

vered with shifting dune sand, and is poorly vegetated with

low shrubs and drought-resistant plants. It has a long sea

frontage of 4,4 km, and the closest boundary will be 1,90 km

from the centre of the first reactor. At present the sur=

rounding population is not dense and has been limited within

an 8 km radius. Very little agricultural activity is found

within 15 km due to the poor quality of the soil; occasional

grazing by sheep and cattle is the most significant. Inten=

sive wheat and dairy farming is practised at greater distan=

ces.

The intake of 3 1I and 137Cs through milk may therefore pre=

sent critical pathways. Furthermore, the long-lived radio=
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nuclides Ru, Sb, Cs and Ce may accumulate on the

surface, where their penetrating gamma radiations can give

rise to external exposure. External exposure may also re=

suit from gaseous releases, almost entirely due to isotopes

of the noble gases argon, krypton and xenon.

The following radionuclides were therefore considered : noble

gases (radioisotopes of Ar, Kr and Xe), 1 3 1 I , 1 3 7Cs, 1 0 6Ru,
175 144

Sb, Ce, and tritium.

NOBLE GASES

As noble gases are not metabolised, the hazard presented by

their radioisotopes is mainly from external gamma exposure to

the radioactive cloud, and may be derived (ref. 10, p. 81).

Dose rate (rem/sec) = 0,25.X.B

where X = noble gas concentration in Ci/m , and

E = average gamma energy in MeV.

Furthermore X = Q.D

where Q = release rate in Ci/sec, and

D = dilution in sec/m (or Ci/m per Ci/sec).

If the permissible dose rate is 10 mrem/a (Table 1), and

E = 1 MeV for an equilibrium mixture of gaseous fission pro=

ducts, then the permissible release rate for a dilution fac=

tor of 1,0 x 10~7 Ci/m3 per Ci/sec is

Q = 4 x 105 Ci/a

IODINE-131

Studies of environmental radioactivity, conducted at Pelindaba

since 1964, have proved that for 1 3 1I (half-life = 8d) the

food chain air-pasture-cow-milk-human is a more critical

path than inhalation or surface exposure, for continuous re=

leases of airborne radioactivity . The most critical route

is by ingestion of milk and subsequent exposure of a child's

thyroid.
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According to Eryant (see ref. 7) 400 pCi/J, milk will result

in a dose rate of 1,5 rem/a to the infant thyroid. With a per-

missible dose rate of 30 mrem/a (Table 1), the maximum I

concentration in milk is 8 pCi/Jl.

131
Studies of fallout I in milk and air at Cape Town proved

that 1 pCi/m air resulted in 1 000 pCi/K. milk . Consequent=
131

ly the permissible release rate for "I from the Duynefontein

stack is

CESIUM-137

It has been shown that for Cs (30a) the path through milk

(whole-body exposure) is more critical than through inhala=

tion , but the exposure from surface contamination must also

be considered.

According to Bryant (see ref. 7) 30 000 pCi/Ji. milk will re=

suit in a whole-body dose rate of 0,5 rem/a. With a permis=

sible dose rate of 10 mrem/a (Table 1) the maximum Cs con=

centration is 600 pCi/d milk.

Studies of fallout Cs in milk and air at Cape Town proved

that 1 pCi/m3 air resulted in 1 700 pCi/X. milk7. This results

in a permissible release rate of

137p C i / s e c = 1 U c ± 137 C s / a

1 700 l,0xl0~'

However, due to the long half-life of Cs, deposition of

airborne material may result in a buildup of activity on the

ground surface, and the penetrating gamma radiation could lead

to external exposure. The exposure rate one metre above an
13*7

infinite flat surface has been calculated for Cs and other

nuclides, viz. Ru, Sb and 1 4 4Ce with similar charac=

teristics, by means of the computer program PELSHIE (Table

3).
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TABLE 3

External exposure rates from radioactive fallout

Nuclide External Exposure (f)

1 3 7Cs 9,9 tjR/h per yCi/m2 =86,7 mR/a per yCi/m2

1 0 6Ru 3,6 = 31,5 "

1 2 5Sb 7,7 " " = 67,5 "

1 4 4Ce 0,66 • " = 5,78 •

The resulting exposure levels are determined by the annual

incremental deposition and the weathering of the deposit, as

well as by its radioactive decay. Depending on the half-

life, an equilibrium level will be reached when new deposi=

tion is cancelled by weathering and decay.

The weathering effect has been measured in Britain over se=

veral years for ' Cs deposited on a number of types of soil .

An empirical relationship was found consisting of two expo=

nential functions describing a fast and a more gradual pene=

tration

W = 0,63 exp (-0,693/0,612) t + 0,37 exp (-0,693/92,6) t

where t is the time of weathering (a),

Radioactive decay with a half-life T, is given by

R = exp (-0,693^)

The exposure rate from an annual incremental deposition, A,

is then given by

D = f .A.EW(t).R(t)

where f is the dose-deposition factor (Table 3).
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For a permissible dose rate of 10 mrem/a (Table 1) and a pos=

tulated reactor life of 30 years (ref. 10, p. 87),

A =
29

f. Z .W(t) . exp (-0,693-3
t=0 T

The results for Cs as well as the other nuclides are given

in Table 4.

TABLE 4

Annual deposition leading to an exposure rate of 10 mrem/a

Nuclide

1 3 7Cs

1 0 6Ru

1 2 5Sb

1 4 4Ce

Annual Deposition

2
0,014 yCi/m .a

0,213

0,0721

1,28

The relationship between air concentration and deposition

was determined from fallout measurements in Cape Town. The

annual deposition can be described as the product of the air

concentration and the so-called deposition velocity. Measure1

ments of Cs in air and deposited fallout collected at

Cape Town during 1970-73, are presented in Table 5, and the

deposition velocity is calculated.
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TABLE 5

Deposition veloci ty of fa l lout

Year Air Concentration Annual Deposition Deposition Velocity

_2
0,8 x 10 m/sec

1,1

0,7

0,8

The mean value for the deposition velocity as derived in

Table 5, is 8,5 x 10~ m/sec. Consequently, the permissible

release rate of Cs at Duynefontein is

1970

1971

1972

1973

0,0020

0,0023

0,0020

0,0007

pCi/m3

II

•1

II

0

0

0

0

,48

,78

,42

,16

2
nCi/km .a•i

•I

•i

x 1 x 1 uci/sec = 16,0 Ci 137Cs/a
3,15 x 10 8,5 x 10 1,0 x 10

137
The value for external exposure due to Cs deposition is

therefore more limiting than through milk.

RUTHENIUM-106, ANTIMONY-125 AND CERIUM-144

The radionuclides 106Ru (370 d ) , 125Sb (2,7 a) and 144Ce (280 d)

may also accumulate on the ground due to their long half-lives,

and may lead lead to external exposure because of their pe=

netrating gamma rays. This is comparable to Cs, but they

do not concentrate in milk. The permissible release rates

can therefore be derived from Table 4 as follows.

( a ) °'213 x - ,x =• uCi/sec = 250 Ci 106Ru/a
3,15 x 10' 8,5 x 10"J 1,0 x 10~'

(b) 0'0721 1 1 uCi/sec = 85 Ci 125Sb/a
3,15 x 107 8,5 x 10"J 1,0 x 10
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(c)
 1'28 • x - =• x - =• pCi/sec = 1 500 Ci 1 4 4Cs/a
3,15 x 107 8,5 x llT1 1,0 x 10"'

TRITIUM

Tritium ( H,12 a) is released to the environment as tri=

tiated water, or it is soon oxidised to that form. As HTO

it is the most hazardous form for environmental H because

it is metabolised like ordinary water. The maximum per=

missible concentration in air as derived by the ICRP for

continuous occupational exposure (i.e. 5 000 mrem/a is

2 x 10~6 Ci/cm3. For the ESCOM limit of 10 mrem/a (Table 1),
— 9 3

the permissible concentration is 4 x 10 Ci/m , which

leads to a permissible release rate of

4 x 10 "9 x s- Ci/sec = 1,3 x 106 Ci 3H/a
1,0 xlO '

CONCLUSION

Table 6 summarises the permissible continuous release

rates from a 100 m stack, derived on the basis of the a=

vailable mesometeorological data and which should not ex=

ceed the dose limits set by ESCOM (Table 1).

TABLE 6

Permissible release rates

Radionucli.de Annual Discharge

Noble gases

Iodine-131

Cesium-137

Ruthenium-106

Antimony-125

Cerium-144

Tritium

Int. Conf. on Air Poll.

4

2 , 5

16

250

85

1 500

1 ,3

x 105

x 106

Ci/a
II

II

II

II
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II



14

These figures are based on the best available data which

have been substatiated by experimental observations of ra=

dioactive fallout in South Africa. However, the atmos=

pheric dispersion values are based on mesometeorological

instrumentation measurements only, and it is planned to de=

termine the actual dispersion parameters for this complex

land/sea interface with the methodology developed at

Pelindaba and already applied to Richards Bay. Final con=

firmation can only be obtained after Koeberg is in opera=

tion.

A pre-operational survey such as the present one may serve

as example for the establishment of conventional industry.

Furthermore, nuclear techniques for tracing airborne re=

leases through the biosphere have been shown to hold great

promise for conventional air-pollution studies.
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FIGURE 1. Geographic location of the Duynefontein site.


