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1. 

SUMMARY 

This report outlines the requirements of the London Convention for 
dumping radioactive waste at sea and considers their scientific basis more 
fully. It is intended primarily as an appraisal and aid to understanding 
of the two documents (IAEA 210, and IAEA 211) published by the International 
Atomic Energy Agency relating to the oceanographic and radiobiological 
basis of their definitions of high level waste and recommendations relating 
to its dumping at sea, which were required for London Convention purposes. 
The adequacy and conservatism in these recommendations are considered, 
and the report also compares the predictions of the model on which the 
recommendations are based with some limited but relevant observations on 
radiation doses resulting from natural causes (radium in the sea), and 
from fallout from nuclear bomb tests. 

It is concluded that if dumping is carried out within the limits 
and according to the recommendations required by the IAEA, then it is 
extremely unlikely that this could lead to significant human hazard, either 
now or in the future. Some of the reasons for this conclusion are 
summarised in the final chapter (pp % - 3 9 ) . 

KEYWORDS: 

WASTE DISPOSAL; RADIOACTIVE WASTES; RADIOACTIVITY; RADIOBIOLOCiY; 

OCEAN FLOORS; (LOW-LEVEL RADIOACTIVE WASTES): FOOD CHAINS; TRANSPORTATION 

MODELS; RECOMMENDATIONS; RADIATION DOSAGE; NATURAL RADIOACTIVITY; 
DISPOSAL; FALLOUT. 
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INTRODUCTION 

In 1972 a "convention on the prevention of marine pollution by dumping 

of wastes and other matter" was adopted in London, and was subsequently 

signed by some 47 countries (as of June 30, 1981) including UK, USSR, USA, 

Japan and New Zealand, but not Australia*. The requirements of this 

convention came into force in August 1975 for those initially signing. 

This convention seeks to control pollution of the marine environment 

by prohibiting the dumping at sea of certain noxious chemicals and of 

"high-level radioactive wates or other high-level radioactive matter, 

defined on public health, biological or other grounds, by the competent 

international body in this field, at present the International Atomic 

Energy Agency, as unsuitable for dumping at sea". Radioactive waste NOT 

so defined may be considered for dumping at sea under the provisions of 

annex II. This requires a special permit, taking account of the recomm

endations of the competent international body in this field, at present 

the International Atomic Energy Agency (IAEA). The IAEA thus has two 

obligations under the Convention and has met these by providing to the 

Inter-Governmental Maritime Consultative Organization (IMCO) (which acts 

as secretariat to the London Convention) two documents. The first was 

published in January 1975 as INF CIRC/205/Add 1, and gave provisional 

definitions and recommendations as required by the Convention. Three 

years of review led to the publication of revised definitions and recomm

endations which were transmitted to IMCO as INF CIRC/205/Add 1/Rev 1, in 

August 1978. This document is reproduced as appendix I. Its scientific 

basis is the major subject of this report which is intended as an appraisal 

and aid to understanding of tv/o additional documents also issued by IAEA 

*These countries are: Afghanistan, Argentina, the Belorussia SSR, Canada, 
Cape Verde, Chile, Cuba, Denmark, the Dominion Republic, Finland, France, 
the German Democratic Republic, the Federal Republic of Germany, 
Guatemala, Honduras, Haiti, Hungary, Iceland, Japan, Jordan, Kenya, the Libyan 
Arab Jamahiriya, Mexico, Moncao, Morocco, The Netherlands, New Zealand, Nigeria, 
Norway, Panama, Papua New Guinea, The Philippines, Poland, Portugal, S Africa, 
Spain, Sweden, Switzerland, Tunisia, the Ukrainian SSR, the United Aram 
Emirates, the USSR, tha United Kingdom, the United States, Yugoslavia, Zaire 
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in 1978. These are IAEA-210: The Oceanographic Basis of the IAEA Revised 
Definition and Recommendations Concerning High-Level Waste Unsuitable for 
Dumping at Sea (to be referred to as 210), and IAEA-211: The Radiolobical 
Basis of the IAEA Revised Definition and Recommendations Concerning High-
Level Waste Unsuitable for Dumping at Sea (to be referred to as 211), 
both of which are reports of advisory groups which met in 1977. Some 
comments on the adequacy, degree of conservatism, and limitations of the 
recommendations in these documents will also be given in the context of 
present political concern with dumping nuclear waste at sea. 
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HISTORICAL BACKGROUND 

A concise account of the history of ocean disposal of packaged low 

level waste is given by Hoi combe* , who notes that USA have dumped some 

94,000 Ci in this way before 1970 but none since, and that European 

nations (mainly UK) continue to dump in the NE Atlantic up to a total 
(2) of approximately 700,000 Ci. Nishiwaki summarises the developments 

which led to the adoption of the London Convention in 1972 and describes 

its recommendations. There is little point in repeating this history, 

but the role of the Nuclear Energy Agency (NEA) of the 0ECD should be 

noted. This agency began to develop international operational controls 

for ocean dumping in the 1960s and undertook supervisory responsibilities 

for its member countries between 1967 and 1976. The London Convention, 

operating since 1975, does not require international surveillance 

(although the IAEA considers international observers of loading and 

dumping desirable), since it empowers the governments of individual 

countries to authorise (i.e., grant permits), and supervise dumping 

themselves, within its rules. Nevertheless, most 0ECD countries favoured 

continuance of the NEA work after the advent of the Convention, and some 

of them did not sign the Convention. Consequently, a "multilateral 
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consultation and surveillance mechanism for sea dumping of radioactive 

waste" was set up by the OECD council in 1977. In June 1981, 19 countries* 

participated in this multilateral mechanism including Canada, UK, USA and 

several European countries, but not Australia or New Zealand (which is not 

a member of NEA). Japan joined in July 1981, presumably with a view to 

later dumping in the Pacific under London Convention rules. The NEA provides 

several useful services related to the London Convention in addition to 

international surveillance of dumping operations, including assessment of 

site suitability (e.g., the 1980 report on the continued suitability of 
(3) the NE Atlantic site ' ) , establishment and up-dating of guidelines and 

operational procedures, consultation schemes, etc. "International 

surveillance" does not necessarily mean monitoring of dumpsites, and there 

is no specific requirement for this in the London Convention rules 

(INF CIRC 205), but some surveys have been made with limited results. 

*These are: Belgium, Canada, Denmark, Finland, France, Greece, Iceland, 
Ireland, Italy, Luxembourg, The Netherlands, Norway, Portugal, Spain, 
Sweden, Switzerland, -Turkey, the United Kingdom and the United States. 
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OUTLINE OF IAEA DEFINITION AND REQUIREMENTS 

The fol lowing notes introduce some features of the document INF CIRC 205/ 

Add 1/Rev 1 which are important to th is report . No attempt is made to be 

comprehensive as the document is reproduced in f u l l i n appendix I . 

(a) High level waste which may NOT be dumped i s defined for three classes 

of radionuclides (a emit ters, short- l ived 3/Y emit ters, and longer- l ived 

3/y) dumped at a single s i te in such a way as to l i m i t both the ac t i v i t y 

averaged over 1000 tonnes or less, and hence the a c t i v i t y per canister 

( e . g . , 100 curies per tonne for 6/y emitters with ha l f - l i ves of at leas.. 

0.5 years), and the total ac t i v i t y ( e . g . , 10 curies per year for the same 
5 

c lass) . I t is assumed that the mass dumping rate would not exceed 10 

tonnes per year so the two l im i t s are se l f consistent. Both the tota l and 

and average ac t i v i t y per container l im i t s are far below those of high level 

nuclear waste or spent fuel rods from nuclear power reactors, but a 

considerable f rac t icn of "low leve l " waste from the nuclear power industry 

is not excluded, and some has in fact been dumped i n the NE At lan t ic . 

(b) The recommended basis for granting special permits for material not 

excluded as above includes the fol lowing requirements: 

i ) An environmental assessment by the requesting national author i ty . 

This might be along the l ines of the IAEA assessment which was required 

for the de f in i t ion o f high level waste, but i s a separate requirement 

to give reasonable assurance that the Convention requirements can 

be met. 

i i ) Compliance with IAEA radiation protection requirements, based 

on ICRP dose l im i ta t ions . This includes a r isk-benef i t analysis in 

comparison with a l ternat ive procedures (such as dumping on land), the 

usual requirement to keep radiation doses to the public 
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"as low as is reasonably achievable, economic and social factors being 

taken into account", and the requirement that resultant radiation 

doses to individuals should not exceed 1CRP recommended limits, now 

or in the future. This last requirement is also an important 

criterion adopted by the IAEA when defining high level waste for 

dumping purposes, and the reasoning and calculations relating to it 

are outlined in this report. 

iii) Specification of upper limits to the activity from all sources 

(other than natural) which may be dumped in an ocean basin. For 

£/y emitters these are tenfold higher than defined as high level 

waste, because these limits relate to an entire ocean basin (typically 
17 3 10 m ) rather than a single dump site. For long-lived a emitters 

the limits are the same, because activity leaked from any one dump 

site could spread over the whole basin in the course of thousands 

of years. No special permit should allow these limits to be 

approached. In practice, the quantities dumped annually by European 

countries (mainly UK) in the NE Atlantic in 1978 to 1980 have averaged 

about 1% of the high level waste definition for a single site in 

terms of total activity, and about 10% of the definition expressed 

as curies per tonne for g/y. 

iv) Packaging methods should minimise subsequent release "to the 

extent reasonably achievable". This means "considering" (and in 

practice, using) a relatively insoluble matrix such as concrete, 

bitumen, etc., but no quantitative requirements for minimum leakage 

rate are specified. Minimum requirements for density and strength 

of package are prescribed to ensure that packages descend, intact, 

to the sea bed, and that any inr.er container remains there. Waste 

must be either solid, solidified, or absorbed on a solid substrate. 
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No credi t i i given for package containment af ter dumping i n the IAEA 

assessment ( i . e . , i t is assumed they w i l l soon leak). Monitoring surveys 

on past dump s i t e s * 1 , 4 ' have demonstrated signs of implosion in some early 

containers (hence the present requirement named above), and evidence of 

par t ia l release of a c t i v i t y (mainly by leaching) has been found from some 

containers af ter some tens of years. I t has been the policy of USA since 

1973 to regard ocean disposal as a system of containment rather than 

waste d i l u t i o n , and ocean dumping of USA nuclear wastes has not been 

practised since 1970* ' . 

v) Risks to ecosystems (marine l i f e ) must be considered. 

v i ) Quantities and nature of radioactive waste for dumping must be 

measured or estimated. Approved records of these and other matters must 

be kept and reported to IMCO. An escorting o f f i cer is appointed by the 

country dumping the waste (and issuing the permit) to supervise the 

procedure. His duties include ensuring (a) that the permit 's conditions 

are met (which implies ensurance that quantit ies are wi th in the permit 

l i m i t s ) , and (b) that the containers are within radiat ion and contamination 

l im i t s (mainly to protect dumping personnel from radiat ion) . These measures 

are reasonable but the i r ef f icacy is not wholly capable of ready inde

pendent ve r i f i ca t i on . The presence of high level y emitt ing waste in a 

sealed container could be detected easi ly without opening the container 

(and would create an unacceptable radiat ion hazard), but excessive 
239 quantit ies of a emitters such as Pu could be measured only by sampling 

the inner contents of the container, and even then with considerable d i f f i 

cu l ty in a matrix of concrete, 

v i i ) Dump si tes must be between lat i tudes 50°N and 50°S at depths 

exceeding 4000 metres (changed from 2000 metres in the provisional require

ments). They must be clear of continental margins, under-seas cables, 

potential sea-bed resources for mining or f i sh ing , and have areas less 
4 

than 10 square kilonsetres. 
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BASIS OF THE IAEA DEFINITION AND RECOMMENDATIONS 

The basic principles involved in setting limits for nuclear waste dis

posal are the same as those in other areas of radiation protection and have been 

established by the ICRP (International Commission on Radiological Protection). 

One approach would be to ban all nuclear waste in the sea, but this can scarcely be 

justified because the oceans contain enormous quantities of natural radio

activity (e.g., about 10 9 curies of uranium and 10 of 4 0 K ) , and man is 

constantly exposed to a tiny dose of radiation stemming indirectly from 

this, as well as to much larger doses from other types of natural background 

radiation. Instead, the ICRP requires that practices giving rise to 

radiation exposure be justified, that doses be kept as low as reasonably 

achievable, and that in no case should doses to individuals exceed specified 

limits. The last criterion involves consideration of critical pathways to 

individuals or critical groups of people (e.g., those eating fish from a 

certain locality), and estimation of how much radioactivity might reach 

these individuals in unusual circumstances, rather than what is likely to 

happen on average. The dose limits recommended for such critical groups 

(most exposed individuals) are500 mrem per year over the whole booy, 

or doses to individual organs of the body which are estimated to cause 

equivalent radiation hazards. 500 mrem 

is about five times the average dose received annually from natural back

ground radiation. One can estimate "maximum permissible" concentrations 

of various radionuclides in sea water which would give rise to the equiva

lent of a whole body dose of 500 mrem by various routes, e.g., by eating 

contaminated fish caught in such water. So the problem consists essentially 

of (a) identifying critical pathways from ocean to man, and (b) estimating 

the release rate of various radionuclides from waste containers (assumed 

to leak) which would give rise to maximum permissible concentrations in 

sea water appropriate to these pathways, and thence to the dose limits 



10. 

set by the ICRP. At f i r s t s ight the suggested dose l i m i t might appear 

rather large, but one should keep in mind f i r s t l y , that th is l i m i t i n g dose 

is estimated to arise as a remote poss ib i l i t y fo r individuals on pessimistic 

assumptions (which w i l l appear la ter ) so that i t exceeds the average or 

l i ke ly dose actually received by a large factor , and, secondly, that 

natural background radiat ion levels i n some areas exceed more than 10 times 

the world average, apparently without adverse e f fec ts . 

An important point concerns the time scale over which nuclear wastes 

might be dumped. Since th is cannot be foreseen for the fu ture, the IAEA 

experts based their estimates of permissible annual l im i ts on the assump

t ion that dumping would continue for some 40,000 years, a time which is 
239 comparable with the h a l f - l i f e of the long-l ived a emit ter , Pu. This 

means that in the course of many thousands of years of dumping the 

concentration of such long-l ived radionuclides in sea water would approach 

a nearly constant level which is that assumed i n set t ing l i m i t s . Clearly 

th is is a conservative and somewhat unreal ist ic assumption since fuel 

ava i lab i l i t y would l i m i t production of radionuclides derived from uranium 

in power producing f iss ion reactors to some centuries at most, in which 

time only a small f ract ion of this l im i t i ng concentration would be 

attained. Nevertheless, i t is a sensible approach because i t allows time 

with a considerable margin of safety for monitoring, assessment, and 

revision of l imi ts or other control procedures, i f th is should prove 

necessary. 
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Pathways to Man 
The obvious importance of fish as a pathway from ocean to man has 

been minimised by requiring a minimum depth for dump sites of 4000 metres. 
Most conventional fishing is at depths up to 500 metres on continental 
shelves, though some long line fishing as presently practiced could extend 
this depth to 2000 metres. The oceanographic experts therefore rejected 
fishing near a dump site as a significant means of direct transfer to 
man since it would be extremely difficult and unlikely to offer worthwhile 
rewards. Instead, they considered three routes which could transfer 
leaking radioactive material from the dump site to existing or likely 
future fishing sites. These are: 

(a) Long-term physical dispersion by processes such as diffusion and 
artvection, i.e., mass movement of water, typically by horizontal ocean 
currents. 
(b) Transfer along a biological food chain from one marine species to 
another. 
(c) Deep-water upwelling processes 

These pathways are summarised in Fin. ). (reproduced from 
210). Routes (a) and (c) were considered by means 
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Figure 1: Pathways by which waste dumped in the deep ocean might be transferred to man. 
Unbroken arrows show known pathways and broken arrows pathways that possibly exist. 
Figures in parentheses are annual, global, order of magnitude estimates, in tonnes?, of 
the potential harvest if taken DIRECTLY by man. 
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of an oceanographic model discussed below. Route (b) involved consideration 

of potential developments in f i sher ies , notably for plankton ( including 

Antarctic k r i l l ) ; seaweeds (harvested for extract ion of chemicals, animal 

fodder, manure, consumption by man, e t c . ) ; myctophids ( lantern f ishes, 

which feed mainly on shallow water zooplankton but have been observed at 

2-3000 metre depths); red crab (one species inhabits the At lant ic coast 

a t depths of 300-3000 metres), and cephalopods (squids, octopuses). On 

present knowledge, the oceanographic experts considered cephalopods as 

providing the most important potential biological transfer chain from 

dumped waste to man since these animals can migrate ve r t i ca l l y over more 

than 2500 metres, have been observed a t depths from 15 to 5000 metres, o f fe r 

a high potential catch for d i rect consumption by man, and are also consumed 

by sperm whales and numerous f i sh such as tuna, cod, haddock and pol lock, 

which in turn, are eaten by man. 

In addit ion to food chain pathways which are largely concerned with 

f i sh or seaweed, the experts also considered contamination of beach sedi

ments leading to external i r r ad ia t i on , immersion doses received during 

swimming, inhalation of wind blown sediments, drinking of desalinated 

sa l t water and handling of contaminated manganese nodules. 

Oceanographic Model 

Material leaking slowly from a container on the sea bed at depths 

below 4000 m would i n i t i a l l y form a plume of high concentration as i t 

t ravel led downstream', carried by horizontal currents. I t would then 

spread by horizontal c i rcu la t ion and di f fus ion to give a more uniform 

concentration near the ocean bottom. Much slower transport processes 

largely due to di f fusion rather thin vert ical c i rcu la t ion would then 

spread this material ve r t i ca l l y , leading, u l t imate ly , in the case of very 

long-l ived radionuclides with ha l f - l i ves much greater than mixing times, 
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to a nearly uniform concentration throughout the ent i re ocean basin which 

is determined by the balance between input (or leakage) ra te , and radio

active decay. Frequently (but not always) a barr ier to ver t ica l migration 

occurs about 1000 m below the surface owing to the formation of a pycnocline, 

or layer in which water density changes rapidly with depth. Horizontal 

mixing times are usually considered to be less than 100 years for most 

ocean basins, whereas ver t ica l mixing times are considered to be in the 

range of a few hundred to a thousand years. Present knowledge is not 

su f f i c i en t to describe these processes comprehensively and accurately, but 

a useful mathematical treatment based on a s impl i f ied model has been 
(5) developed by Shepherd* , which is adequate for approximate purposes. This 

model was used by the IAEA experts. I ts major purpose is to calculate 

equi l ibr ium concentrations of ac t i v i t y at the bottom (up to a few hundred 

metres from the sea bed) and surface of an ocean basin of given volume 

which would arise from a continuous release maintained indef in i te ly in to 

the water near the sea bed.. This is a long-term dispersion calculat ion 

and does not take account of short-term events which may a f fec t the 

s i tuat ion l oca l l y . 

Shepherd expresses his calculated concentrations as specif ic concen-
3 

trat ions (S), defined as the resultant concentration of a c t i v i t y (Ci/m )* 

per uni t rate of release (Ci/sec). He compares these wi th S , the 1 ong-

term average speci f ic concentration of a well mixed ocean, which for a 

radionuclide with decay constant X (or h a l f - l i f e , t, = 0.7/x) is given by 

s 0 = i/vx, 

for an ocean basin of volume V. To understand this, suppose A Ci/sec are 
3 released to an ocean of volume V m . Then, at equilibrium, when decay 

* Activities will be expressed in curies, abbreviated as Ci. One Ci = 
3.7 x 10 disintegrations per sec, or 3.7 x 10 Becquerels. 
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rate equals input ra te , a l im i t i ng number N Ci o f a c t i v i t y w i l l be b u i l t 

up in the ocean where A = NX. The resul t ing well mixed average concen

t ra t ion w i l l then be N/V Ci/ai , so that 

s0 = (N/V)/A = i/vx = yo.7 v. 

The results of calculations based on Shepherd's method are shown in 
Fig. 2. It is important to recall that these are based on horizontal 
(but not vertical) circulation combined with diffusion and radioactive 
decay, without allowing for barrier effects such as the pycnocline. His 
conclusions depend on the values assigned to parameters such as vertical 
mixing times and cycle times which are related to diffusion constants and 
circulation velocities. These quantities are not well known and may vary 
considerably throughout the volume considered, but it is a most useful 
consequence of the model that its important conclusions are not critically 
dependent on these values. To illustrate this it is necessary to show a 
number of curves in Fig. 2 obtained with different values of mixing times; 
and this makes the figure appear complicated. In fact only three such 
curves (A, B and H) are used to any great extent in subsequent calcul
ations, as will be mentioned later. Consider first the curves D (bottom 
concentration) and F (surface) for an assumed vertical mixing time of 
400 years. Surface concentrations are much lower than those at the bottom, 
particularly for short-lived radionuclides which decay before they reach 
the surface. This difference between surface and bottom is greater for 
curves C and E, based on 4000-yr mixing time, so that if one is concerned 
with surface concentrations then knowledge of mixing times and other para
meters is indeed important. However, for reasons given later the emphasis 
for present purposes is on bottom concentrations. It is seen that these 
do not vary greatly with mixing times and that they do not greatly exceed 



16. 

IE(-*> 

TEC-51 

IEC-6) 

IE(- 7) 

IE(-a) 

IE(-9) 

"£(») 

IE{ It) 

IE(-W) 

IEI-U) 

™* " ' 1 3 » 30 BO 300 WOO 3000 10000 30MO 

HALF-LIFE (YEARS) 

LEGEND 

A Short term processes (strong advection. deep convectiva mixing) 
aflecting single Sites 

6 Shepherd one dimensional modH, bottom concentration. 5000 yews 
vertical mining time 

C Snepherd three-dimensional model, bottom conctntrat.on. 4000 years 
vertical mixing lime 

0 Shepherd threfrjimerwionsl model, bottom eoncemrat.-jn. 400 years 
vertical mixing time 

£ Shepherd Ihret-dimenS'oniil model, surface concentration, 4000 years 
vertical mixing time 

f Shepherd three dimensional morjel, surface concentration. 400 years 
vertical mixing time 

G Webb Money model, surface concentration (atjsed in NRPB HI4) 

H Well-mixed average ISg • ^ r l of vrhole nnrth A;latttiC 

Estimates of concentrations of radioactivity in water, per unit rate of release, by various 
methoas 

1 1 
SPECIFIC C O N C C N I R A I K W 

i i i i i ( 

(Ci/m> per Ci/sl • 
• . 

/ 

A 
- • « — • — • — • * " — — j - ^ — - ^ ~ ^ V * - ••— - 3E(-W-

^^$3^/ 
^ — / • / 3EHM-

"^S'S / 
^•y^y^ /y / 
*s\s 

' / / 
*s\s * j . — / ^ - -7 

/r\S 'S^1 ~ ^^ J r 1 3E(-17)-

/ 
/ / 

/ / / 3£U»)-
/ / 

/ / 
/ / / 3Et-«)-

/ / 
G/F/ E/ 
/ / / 3EC-20)-

/ / 

/ / 
/ / 
/ / 
/ / 

/ 3EI-21)-
/ / 
/ / 
/ / , • (1 1 1 1 1 1 

Figure 2 



17. 

the long-term average concentration of a well mixed ocean ( l i n e H). High 

concentrations i n any one zone must of course be balanced by low concen

trat ions elsewhere i n order to give an average equal to the well mixed 

average. 

For present purposes we require a conservative (maximum) estimate of 

bottom concentrations, and curve C is one such estimate. However, the 

IAEA author i t ies chose instead to use the more conservative l i ne B. This 

l ine is based on a somewhat s impl i f ied calculat ion, using a one-dimensional 

model to express ver t ica l variations of concentration i n an ocean basin 
17 3 

of f i n i t e volume (taken to be 10 m for the whole of the north A t l an t i c ) . 

This approximates f a i r l y well to curve C, and i t predicts steady state 

bottom concentrations which do not exceed 10 times the well mixed average 

for nuclides of ha l f - l i ves exceeding 30 years. These are of major 

importance since leakage is unl ikely to be very s ign i f i can t much before 

th is time, although i t is assumed to be in the calculat ions. The reader 

should consult 210 and Shepherd's r e p o r t * ' for more detai ls on th is 

extremely important subject. 

When using these estimates i t is extremely important to consider 

the i r intended purpose. For the estimation of co l lec t ive doses*or the 

average dose l i ke l y to be received by large populations, one is concerned 

with concentrations at major f ish ing s i tes . These are l i ke l y to be surface 

concentrations (given by curves F or E), which approximate to the well 

mixed average (H) for long-l ived radionculides dumped over a prolonged 

period. 

•Collective doses are measured in man-rems, i . e . , the product of average 
dose and the number of people receiving th is dose. 
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For purposes of recommending dumping limits one is concerned with 

doses which might be received by individuals or critical groups. This 

is a very different conceptwhich requires a conservative approach to take 

account of uncertainties. On the other hand, it can easily be taken to 

highly improbable extremes. When considering limits for an ocean basin, 

the IAEA authorities took the view that since the origin of future 

pathways is not established and could conceivably be at great depths 

whilst, at the same time, effects such as deep vertical upwelling might, 

at times, transfer bottom water to the surface where fishing occurs, it 

would therefore be a reasonably conservative procedure to base dose 

estimates on bottom concentrations, even for rood chains originating in 

the surface. This means using curve B (or its extension to line H for 

very long-lived nuclides) rather than E or F. For nuclides of 30 year 

half-life this results in concentration estimates which exceed those for 

surface concentrations by 100-fold or more, and which exceed the well 

mixed average by about 10-fold. For longer-lived nuclides these factors 

become smaller. One could regard these as "safety" or "uncertainty" 

factors. They become very large for short-lived nuclides, but these are 

of less significance. 

Release limits for a single dumping site 

When estimating release limits for a single site the authorities 

proposed a more conservative approach, based on the possibility that short-

term processes (not included in Shepherd's model) might lead to higher 

concentrations at a particular locality, when averaged over a year. This 

latter proviso is important because the dose limits recommended by the 

ICRP are estimated on an annual basis. The IAEA authorities gave two 

illustrations of how such effects might occur, and to what extent. 
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The first concerns the possibility that deep water circulation 

processes including mesoscale eddies (movements of localised zones of water 

at higher than average speeds) might cause the plume of high activity 

downstream from a leaking dump site to wander to heights below the pyno-

cline, where deep water fishing is practiced (presently limited to 2000 m 

depth). The plume would have to rise a considerable distance to do this, 

since it would have to reach areas where the total ocean depth is consid

erably less than the 4000 m at the dump site. This appears most unlikely, 

but on this basis the authorities use some rather speculative numbers to 
-fi 3 estimate that the resulting specific concentration could be 10" Ci/m per 

Ci/sec. 

The second concerns deep convective mixing - a process which has been 

known to cause nearly uniform mixing of a zone of water some tens of kilo

metres wide to depths as low as 2 km, apparently destroying the pycnocline 

in the process. Such processes have occurred intermittently in the winter 

in the NW Mediterranean and the Labrador sea (but have not been observed 

at 4000 km depths). If this chanced to occur over a dump site, located in 

a poorly ventilated basin so that bottom concentrations were unusually 

high, then it is shown that this, also, might conceivably lead to specific 
-6 3 

concentrations averaged over a year of 10" Ci/m per Ci/sec - a number 

which corresponds by chance with the former estimate. For these reasons 

the authorities recommended basing single dump site l imits on this assumed 

specific concentration (l ine A in the f igure).* This has the effect of 
137 *As an i l lus t ra t ion, suppose Cs were released continuously at the annual 

l imi t considered appropriate for a single dump site (10 7 Ci /yr) . I t may be 
calculated from the model that i ts bottom concentration would rise to 
3 x 1 0 - 1 1 C i /1 , whilst itsnpeak surface concentration averaged over a year 
(curve A) could be 2 x 10" 1 7 Ci /1 . 7The latter concentration is about what 
would result i f one year's dump (10' Ci) were immediately leaked and mixed 
into the water above the dump site (area limited to 10 kmz by IAEA 
recommendations, and height 4000 m). 
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introducing a further "safety" factor in excess of that considered above 

in line B, which is about 30 for radionuclides of 1 year half-life, 8 for 

30 year half-lives, and practically 1 for 1000 year half-lives. For 

longer half-lives, lines B or H become more limiting because dumping is 

assumed to be continued long enough to build up equilibrium concentrations 

which exceed those at line A. 

It will be noticed that this emphasis on individual or critical groups, 

and hence on local concentrations near the dump site, leads to the remark

able conclusion that the most hazardous situation is one in which average 

surface concentrations are lowest; clearly the individual hazard would be 

reduced by uniform mixing. On the other hand, when considering collective 

or average doses the reverse conclusion applies. 

Radiological basis 

Given the specific concentrations in Fig. 2, one can calculate annual 

doses received by individuals or critically exposed groups of people by 

various pathways. The most important of those considered by the IAEA 

experts is the consumption of seafood (fish, Crustacea, molluscs, or sea

weed) living in surface waters contaminated by activity assumed to reach 

such waters at "bottom" or higher concentrations as described above. 

Metabolic and radiobiological data for numerous radionuclide have been 

compiled and assessed by the ICRP, ' from vhich the IAEA have estimated 

values of maximum permissible annual intake (MPAI) for each radionuclide. ' 

These intakes (by ingestion or inhalation) are estimated to deliver 

radiation doses to various organs of the body which correspond with the 

annual dose limits recommended by the ICRP. These values have been revised 

somewhat in the light of later knowledge and comprehensive summaries 

of the data, methods of calculation, and recommended values of MPAI 

derived from these have been published by the ICRP in 1977^ 2 7^ and 1979-8?! 2 8^ 
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This information was not available to the authors of 211 who based their 

estimates on the earlier IAEA publication, but the changes are generally 

small and do not significantly alter the resulting conclusions. 

Ingestion from seafood depends on the consumption rate (g/day) 

and the activity per gram in the seafood, which in turn is determined ^y a 

so-called "concentration factor" for each nuclide. This is the ratio of 

its concentration in the edible flesh of the seafood (Ci/g) to that in the 

seawater (Ci/ml) in which it was harvested or caught. These factors vary 

considerably and the IAEA experts have listed values which they consider 

appropriate to each of the radionuclides considered, or rather, to the 

chemical elements of which they are isotopes. Calculated release rate 

limits (equivalent to dumping rate limits because no credit is given for 

containment) are then estimated from the relation 

L = release rate limit = 10 9 AF/KGQ Ci/>r ..-(1) 

where A = MPAI (uCi/yr), as listed in ICRP publications, K is the specific 

activity in sea water per unit release rate of each radionuclide expressed 

in units of pCi/1 per Ci/day (so that K = 1.16 x 10 S, where S is in the 

units shown in Fig. 2, i.e., Ci/m per Ci/sec), G is the concentration 

factor in the seafood for the radionuclide, Q is the consumption rate of 

the seafood in grams per day, and F is a decay factor which allows for 

radioactive decay of radionuclides in the transit time of three years which 
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is assumed to elapse before any radioactivity reaches the fishing site. 

Seme examples of the calculation will be given to illustrate the method: 
226 

Ra - This extremely toxic a emitting isotope of radium is readily 
absorbed and retained in the human body, and so has a very low value of A 

for ingestion from contaminated food, namely, 0.01 uCi per year. Its half-

life is 1600 yr, so the relevant value of S from Fig. 2 is 2 x 10~ 6 Ci/m3 

per Ci/sec as taken from curve B for bottom concentration. If one considers 

individuals who eat fish at 600 g/day (= Q), supposing that all these fish 
22fi come from water contaminated with Ra at the concentration which could 

17 3 result from waste released annually in an ocean basin of volume 10 m , and 

that these fish concentrate radium in their edible flesh at 100 times the 

concentration in the surrounding water (i.e., G = 100), then the release 

rate, L, which leads to this maximum permissible annual intake (A) is 

obtained from equation (1) as 1 x 10 Ci/yr. Since this waste is assumed 
22fi to bo released at this rate for many times the long half-life of Ra 

(i.e., for thousands of years), both bottom and surface concentrations are 

fairly close to the well mixed average (H),aid the limit for the basin as a 

whole is more restrictive than that for short-term events from a particular 

dump site (line A). There is negligible decay in three years, so F = 1. 
239 

Pu - This important and long-l ived a emitter ( h a l f - l i f e 24,000 y r , S = 
1 x 10" ) i s somewhat more toxic than Ra once absorbed in the human 

body, but i t is not appreciably absorbed by ingest ion. I t s MPAI is 

3.6 pCi by ingestion, though only 4 x 10" uCi by inhala t ion. I t is less con

centrated in f i sh (G = 10) than in molluscs or seaweed (G = 1000), so the 

c r i t i c a l pathway is consumption in seaweed, at a rate of possibly 300 g 
5 

per day amongst some indiv iduals. Hence, L is calculated to be 10 

Ci/yr assuming dumping persists for tens of thousands of years. The ca l 

culated l i m i t would become about 15-fold higher i f dumping were rest r ic ted 

to a thousand years or less, since the appropriate value of S would then 
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be set by short-term processes (line A, S = 10 ) rather than B or H. 

210 
Pb - This B emitter has a h a l f - l i f e of 22 y r , and is commonly used as 

210 a support fo r one of i t s a emitt ing decay products, Po. I t is toxic 

(MPAI = 0.1 yCi by ingestion) and concentrates i n seaweed for which 6 = 

1000 and Q = 300 g/day. For th is h a l f - l i f e S - 10" 6 from l i ne A, and S = 

10" from curve B in F ig . 2. Hence, one calculates the very r e s t r i c t i v e 
4 R 

values L = 2 x 10 Ci /yr for release at a single s i t e , and L = 2 x 10 Ci /yr 
fo r to ta l releases to an ocean basin. 

137 
Cs - This is a major B and y emitting fission product likely to be 

included in waste, with half-life 30 yr. fit is readily absorbed into human 

tissue and subsequently slowly released, so that MPAI = 19 uCi. It is 

moderately concentrated in fish (G = 50, Q = 600) and leads to values of L which are 
7 ft 

4 x 10 Ci/yr for release at a single site, and 3 x 10 Ci/yr for the basin 
as a whole. 
90 
_ S r - This is another major B and y emitt ing f iss ion product of h a l f - l i f e 
27 yr, which is retained in human bone af ter ingestion. I t s low MPAI 

(0.32 yCi) is pa r t i a l l y of fset by small concentration (G = 10 in seaweed 

or Crustacea, 1 in f i s h ) , so that L becomes 1 x 10 (single s i t e ) and 

7 x 10 Ci /yr for the ocean basin, based on consumption of seaweed at Q = 300g/day. 
3? P - This short- l ived B emitter has a h a l f - l i f e of 14 days. This is so 

small compared with any reasonable estimate of t rans i t time to the surface 

(even i f the container leaks immediately af ter dumping) that calculated 

release l im i t s become very large. I f one assumes a t rans i t time of 3 years 
23 28 

then F is 10 and estimated values of L exceed 10 C i /y r . 

Ca - T U i i s B/Y emitter has a h a l f - l i f e of 0.44 y r , an average MPAI (7 uCi ) , 

and is more concentrated in Crustacea (G = 10) than in other sea food. 

For people consuming Crustacea at 100 g/day one estimates L is approximately 

10 Ci/yr for a single s i te af ter allowing for 100-fold decay (F = 100) 

in 3 years of t ransi t time. For the whole basin the appropriate value of K 
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for bottom concentration is about 40 times smaller and the release limit 
12 is correspondingly greater (4 x 10 Ci/yr). 

Alternative pathways. An important pathway concerns tritium 

( H), which may be produced in quantity from future fusion plants, and 

could be ingested as tritiated water obtained by de-salination of sea water. 

This radionuclide has a half-life of 12 yr and its MPAI is 2600 yCi, so 

that if one considers individuals taking all their daily water needs of 

2000 g from de-salinated sea water contaminated with tritium (with G = 1), 
11 12 

one obtains L = 10 Ci/yr for a single site and 10 Ci/yr for an entire 

basin. The corresponding limits based on fish consumption are about 4 times higher. 

Several pathways involve exposure of fishermen and other individuals 

who dwell on beaches. These people could inhale wind blown particles of ' -

sediment left on beaches from contaminated sea water, or of sea salt 

carried into the atmosphere, but both of these routes give radiation doses 

which are insignificant compared with sea food consumption because the 

quantify inhaled is so small (typically a few micrograms per day). This 
239 conclusion even applies to Pu, despite its very much greater hazard by 

inhalation than by ingestion, and its high concentration in sediment. 

fieach dwellers may also be exposed to external irradiation from y 

emitting radionuclides absorbed on sedime'es deposited on beaches, and 

to a much lesser extent by swimming in the sea. The authors of report 

211 regard this external expc.ure as the major hazard from some radionuclides 

(such as 2 2 9 T h , 1 2 6 S n , 6 0 C o , 1 5 4 E u , 1 5 2 E u and 9 3 Z r ) which are strongly 

absorbed on sediments, and they estimate release limits for these 

nuclides which are lower (though comparable) than for the fish consump

tion pathway. Neither the physical basis for this conclusion nor the 

calculation based on it are adequately explained in the text, 
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and the equation given (without derivation) on p.15 of 211 for estimating 

release rate limits by this pathway gives values which exceed those 

quoted in the conclusions by a thousand-fold or more. Correspondence 

with one of the authors of 211 has enabled me to understand the basis 

of the method employed. This is illustrated with the following example: 

Consider a release of 10 Ci/yr of Co, a major constituent of 

low level nuclear waste. From line A in Fig. 2 this is estimated to 

give a concentration of 10 6 x 10" 6 (line A)/3 x 10 7 (sec/yr) = 3 x 10~ 8 

3 Ci/m of ocean water at "fishing" depths by the plume effect, or at the 

surface (averaged over a year), by the Labrador sea effect. Now 

suppose that this water also carries with it a quantity of suspended 

sediment on which the Co is absorbed under equilibrium conditions 

(rate of absorption = rate of desorption). Thus from "concentration" 

or "distribution" factors quoted in the text of 211, the activity of 

Co per cubic metre of sediment is 2 x 10 times that per cubic metre 

of water (G = 10 ml/g; assumed density of sediment = 2 g/ml), and is 
-4 3 therefore 6 x 10 Ci per m of sediment in the case we consider. Now 

suppose that this sediment is somehow deposited on beaches, building 

up to a layer of thickness exceeding the mean range in sediment of the 

Y rays emitted by Co. One can then estimate the resulting Y-ray dose 

rate to individuals standing on this beach. For approximate purposes 

we can do this by regarding the thick layer of sediment as equivalent 

to a thin layer on-the surface at an activity per square metre which 
(31) can be estimated. We then use a relation given in the literature* ' 

-3 2 
Dose rate = 4.5 x 10 rad/sec per 1.0 Ci-MeV/m 

= 13.5 x 10 4 rad/yr per 1.0 Ci-MeV/m2 

to estimate the dose rate at 1 metre height above this surface. Co 

Y-rays have mean energy 1.2 MeV. Their mean range in water (Range = 
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1/l inear absorption coef f ic ient) is about 1/0.06 or 17 cm, and about 9 cm in 

sediment of density 2. We may therefore regard a thick layer of contaminated 

sediment as equivalent to a th in layer on the surface, containing as much 
2 

activity per square metre as was contained in a layer of area 1 m and 
height equal to half the mean range i.e., half of 9 cm or 0.045 m. The 

4 resulting dose rate in the case we consider is then 13.5 x 10 x 1.2 x 
-4 6 x 10 x 0.045 =4.4 rad/yr. The IAEA authors consider that beach 

dwellers might spend 1000 of the 8760 hours in a year on such beaches, so 

that they would receive about 4.4/8.76 or 0.5 rads per year in consequence. 

This is the maximum permissible annual dose to the whole body, so the 

release rate limit is estimated to be 10 Ci/yr. The number quoted in the 

211 tables is 0.86 x 10 Ci/yr. A correction for decay in 3 years is also 

required, but for approximate purposes the agreement is gocd enough to 

illustrate the method. In comparison, the limit calculated from the 

seaweed consumption pathway is 12 x 10 Ci/yr. 

The conservatism and artificial nature of this approach are obvious. 

Firstly, neither the "plume" effect or the "Labrador sea" effect could 

transport water to a surface near a beach. The authors of 211 apparently 

accept this argument, ar.d reject their calculated single site limits for 
60 154 152 Co, Eu and Eu for this reason. Secondly, the sediment on which 

leaking activity is absorbed is that on the ocean floor - which is well 

known to retain thorium isotopes very effectively - and it is difficult to 

see how this could be- transported to the surface in significant quantity. 
229 The authors reject their conclusions on Th for this reason. Thirdly, 

one cannot envisage any feasible mechanism for suspended sediment to build 

up on large areas of beaches to the depths suggested - nor would people 

accept or inhabit such beaches if it did. Instead, sediment deposited 

from a tide would be largely washed away with the next one. Fourthly, 
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in order to build up activity on the beach to the extent required by this 

model, it would be necessary for a sizeable fraction of the activity released 

on the sea floor to be spread over a beach of the area of the dump site. 

For examDle, a continued release of Co at 10 Ci/yr would produce an 

equilibrium activity of 10 x (tV0.7) or 7 x 10 Ci. To contaminate the 

sediment in a 0.09 m thick layer on a beach of area 10 km or 10 m to 
-4 3 6 

a concentration of 6 x 10 Ci/m would require 0.54 x 10 Ci, or about a 

twelfth of the total Co activity released to the ocean basin. For these 

reasons we may ignore the "beach dweller" pathway in comparison with those 

based on seafood consumption in recommending dumping rate limits, 

particularly since the limits estimated on the above artificial basis are 

not more than some 10 times more restrictive than those based on seafood. 

It seems evident that the authors of 211 have themselves reached the same 

conclusions, since t'ney reject their limits calculated by the beach 

dweller pathway in every important case. 

We therefore conclude that with the single exception of tritium in 

desalinated sea water, alternative pathways are of considerably lesser 

significance than those based on seafood consumption. 
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Recommended limits 

Calculations of the type illustrated above were carried out for some 

80 radionuclides of possible significance in waste. These were classified 

into groups for the purposes of recommending limits, with the conclusions 

shown in the following table: 

Recommended release rate limits (curies per year) 

Single site Finite ocean volume 
(10 1 7 m 3 ) 

10 4 10 4 

5 ^ 
lor 10" 

Group A - Ra and very long-l ived 
B/ct emitters (based on ^ b R a ) 

Group B— Most a emitters S transuranics 
plus 1 4 C and '^10Pb (based on "9pu) 

90 137 Group C - Sr, Cs and most 7 R 

p/Y emitters (based on y u s r ) 10 Mr 

Group D - t r i t i um and sivort-l ived 
£/y emitters (based on t r i t i um) 1 0 1 1 1 0 1 2 

These recommendations proposed by the authors of 210 
and 211 are practically identical with those finally 
published in INF CIRC/205/Add l./Rev. 1 (see appendix). They differ only 

14 in two minor respects. Firstly, the long-lived 6 emitter C has been 

removed from the more restrictive category of a emitters and placed with 

Sr, C< etc., because the limit calculated for this radionuclide 

(6 x 10 Ci/yr) is regarded as being based on a too conservative estimate 

of its concentration factor (G = 10 ), and being unrealistically restrictive 

in view of its natural occurrence and small resultant dose. Secondly, 

"short-lived" 3/y emitters are defined as those with half-lives less than 
45 0.5 yr. The calculated limit for Ca illustrates this point, having a 
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half-life of 0.44 yr, and estimated limits close to those for tritium. 

There is little practical value in recommending higher limits for very short-
32 lived nuclides such as P since very high activities would present a 

health hazard in or around the container, and these could always be stored 

for a year or two to decay to the recommended permissible limits before 

dumpi ng. 

The IAEA reports (210 and 211) should be consulted for fur ther de ta i l s . 

For convenience, the conclusions and recommendations of both reports are 

included i n this report as appendix I I . 
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COMPARISON OF PREDICTIONS BASED ON THE MODEL WITH DATA 
AVAILABLE FROM NATURAL RADIOACTIVITY AND FALLOUT 
2 2 6 R a 

Uranium occurs naturally in oceans at a nearly uniform concentration 
of 3 ug/1, equivalent to 1 pCi/1 of its major isotope, U. ' An ocean 

17 3 8 
basin of 10 m thus contains about 10 Ci of this very long-lived 

Q 

nuclide ( h a l f - l i f e 4.5 x 10 y r ) , and by successive decay this produces 

Th ( h a l f - l i f e 8 x 10 y r ) which, l i ke a l l thorium isotopes, is largely 

retained in ocean sediments. This in turn decays to Ra ( h a l f - l i f e 

1600 yr ) which is produced a t 4 x 10 Ci/yr in these sediments and thus 

approximates to a release s imi lar in kind to that from a dump s i t e , but a t 

four times the l im i t i ng release or dumping rate estimated from the model. 
22fi The difference is that natural Ra is released from the whole ocean f l o o r , 

whereas waste canisters would leak over a l imi ted area. This may not 

greatly af fect the comparison over thousands of years because this allows 

time for d i f fus ion to near uniform concentration over an ocean basin. As 

a f i r s t check on the model one can use the well mixed average l ine H in 
ooc. 

Fig. 2 to calculate the concentration of Ra which this release would 
produce in the ocean basin if it were all dispersed there, and the answer 

238 is 1 pCi/1 - as it ought to be, since this is the concentration of the ' U 
from which it came. In fact it is known that radium diffuses from sedi
ments to give ocean concentrations averaging about a tenth of this value, 

to) 

i.e., 90% remains in the sediments/ ' Secondly, from the radiological 
model, we estimate that this release rate could give an annual dose equiva
lent to four times the limit recommended by the ICRP for individuals, who 
are assumed to eat 600 g of sea fish per day. For bone seeking elements 
like radium this is 4 x 3 = 12 rem to the bone, or 1200 mrads when expressed 
in the units more commonly used to report doses.* In fact the average 
A dose of 1 rad causes absorption of 100 ergs of radiation energy per gram 

of absorber. 1 rem of any type of ionising radiation has the same biological 
effect as 1 rad of y radiation. a rays are 10 times more damaging, so 
1 rad of a rays - 10 rem. 
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dose actually received from radium in human d ie t i s estimated to be less 

than 1 mrad to the bone, of which less than a f i f t h comes from meat, eggs 
(9) and f ish combined, ' and therefore much less than 0.2 mrad from f i s h . 

From average f i sh consumption rates mentioned la te r we might guess that 

some individuals could exceed this average dose by 50- fo ld , so that a 
22fi dose somewhere in the region of 10 mrads or less at t r ibutable to Ra in 

the sea is actual ly received by some indiv iduals, as compared wi th 1200 mrad 

estimated from the model and assumed in sett ing dumping rate l i m i t s . 

9 0 S r 

Of the 17 x 10 Ci of Sr now deposited on land or sea from f a l l o u t 

result ing from nuclear weapon tes ts , about a quarter has fa l len on the 

At lant ic area at a rate of very approximately 10 Ci/yr during the 1960s. ' 

This has led to a dose commitment to bone marrow of about 5 mrem per year,* 

of which considerably less than 5% afrid probably less than 0.2%* ' is derived 

from sea food. This conclusion derives from the facts that (a) although 
90 more Sr f a l l s on the ocean than on the land, i t is much less concentrated 

in f ish than i t i s along food chains on land (via plants, cows, mi lk, e t c . ) , 

and (b) that Sr uptake i s largely determined by Ca uptake, wh i ls t the r a t i o 
90 Sr/Ca is much lower in marine f ish than i t is i n land animals owing to 

the high calcium content of sea water. Thus for very approximate order of 

magnitude purposes, we estimate that 10 Ci/yr of Sr deposited on the 

surface of an ocean basin leads to a dose commitment via sea food of less than 

0.1 mrem/yr. In comparison, the oceanographic and radiobiological models 
o 

above estimate that 10 Ci/yr deposited near the sea bed could give 

500 mrem/yr to individuals consuming sea weed at 300 g/day (or 5 mrem/yr 

for 10 6 Ci/yr).* 
Foster, Ophel and Preston * ' estimate 5 mrem per year to bone lining 
cells. UNSCEAR^ 1 2) gives the total fallout dose commitment to bone marrow 
(62 mrad) as roughly equal to that to bone lining cells (85 mrad). Bone 
marrow has been used as the basis because the dose limit for bone marrow 
by the ICRP (500 mrem) is the same as that to the whole body. Less res
trictive limits (3 rem/yr) apply to bone. 
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1 3 7 C s 

137 Deposits of Cs from fallout are generally about 1.6 times those of 
90 2 
Sr when expressed in Ci/m and these have led to human dose commitments 

by ingestion (in the Northern Hemisphere) of 26 mrad to the whole body, as 
90 (13) compared with 62 mrad to the bone marrow for Sr. x ' Concentration factors 

90 for Sr (and for most radionuclides) are lowest for species at the higher 

trophic levels of food chains/ ' but Cs appears to be an exception. 

Thus its concentration factor for pelagic fish such as sardine!la aurita 
(15) is about twice that for prawns on which they prey. ' Nevertheless, the 

137 marine contribution to human intake of Cs is small, and is estimated to 

be considerably less than 10%. ' An argument similar to that for ' Sr 
6 137 leads to the very approximate conclusion that 10 Ci/yr of Cs deposited 

on the surface of an ocean basin leads to an average whole body dose of 

less than 10% of 0.5 mrem/yr, i.e., less than 0.05 mrem/yr. In comparison 

the model predicts that 2 x 10 Ci/yr deposited on the sea bed at a dump 

site could give 500 mrem/yr to individuals consuming 600 g of fish per day. 

It is difficult to estimate individual or critical group doses from 

these average data since comparative measurements are not available on 

people whose food comes mainly from the sea. A very approximate estimate 
137 90 based on Cs and Sr concentrations in commercial fish in England in 

1967, assuming consumption at a maximum rate for fishermen of 800 g/day, 

indicates that resultant doses could be as high as 0.36 mrem/yr to the 
137 whole body for Cs and 30 mrem/yr to parts of the skeletal bone for 

Sr. ' This is very indirect, involving estimated biological parameters, 

and suggests that individual doses could exceed the average mentioned 
137 90 

above by about 70 for Cs and 3000 for Sr. Probably a better estimate 
comes from comparison of fish consumption rates amongst critical groups and 

the average over the country. If we take a representative value for this 



33. 

(ID* average as 12 g/day from the data given by Foster et al. ' , then the 

corresponding ratio of maximum to average is 50. On this basis we conclude 

that maximum human doses attributable to fallout on the sea surface for 

a few years are comparable with those estimated by the short-term advection 
137 model to arise from dumping on the sea floor at similar rates for Cs, and 

90 somewhat lower for Sr. Obviously the hazard from surface deposition 

greatly exceeds that from a dump site since it favours high surface con

centrations, so even these very uncertain estimates indicate that the 

model is highly conservative. 

Collective doses 

Estimates of these were not required or attempted by the IAEA experts 

for the purposes of setting maximum limits for dumping. They would, however, 

for"i a pajor part of environmental assessments for a proposed dumping 

scheme s>uch as that recently proposed by the Japanese in the Pacific. 

We could regard the data on natural Ra, mentioned above, as more 

relevant to average doses than those to individuals or critical groups. On 

this basis we may compare the observed average annual dose to human bone 
ooc 

of less than 0.2 mrad (attributable to Ra from the sea) with that 
??fi estimated from the model, using curves E, F, or H. Because Ra has a 

long half-life the results are much the same and become 1200/50 or 24 mrad 

from the reasoning given above. Whichever way we look at the data it 

appears to indicate that the model is highly conservative. A partial 

reason in this case may be that radium in sediments does not contribute 

to human hazard, while the model assumes it does (i.e., it regards all the 

radium released as contributing to the dose received). 

These values are 260 g/day in Oceania, 100 in Norway and Portugal, 60 
in Japan, 30 in UK and Finland, 15 in USA and 5 g/day in India. 
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RADIOACTIVITY IN THE OCEAN 

A National Academy of Sciences publication l i s t s some 60 radionuclides 

which occur natural ly in the sea at concentrations which are mostly less 

than 1 pCi /1 . ' The most toxic of these, both to marine l i f e and man, are 

the a emitt ing nuclides U and i t s decay products including Ra, and 
210 

Po, which have been mentioned above. These nuclides accumulate in some organs 
of marine life to give annual doses to marine organisms which are reportedly as hi 

as 100 rem in some cases, greatly in excess of average background doses to 

m a n . * 1 6 , 1 7 * Of the remainder, 4 0 K (at 340 pCi/1) and 8 7 R b (32 pCi/1) are 

by far the most prevalent, K alone amounting to more than 10 Ci in the 

oceans as a whole. However, these (J emitting nuclides give rise to fairly 

snvjll dose rates in the sea and to marine life within it, typically 
(181 

20 mrad/yr,v ' which is less than that received on land from natural back
ground radiation including cosmic radiation which is absorbed by the upper 
layers of the ocean and acts as a shield to the layers below. Further, 
the potassium which enters the human body in foodstuffs is under close 
homeostatic control, so the composition of human diet (including K in 
sea food) has little effect on the dose received from internal K. ' 

The sea also contains radionuclides resulting from fallout. Apart 
from short-lived radionuclides released near explosion sites, the quantities 
and concentrations of these fallout nuclides are presently much lower 

137 90 
than those of natural radionuclides. For example, the Cs and Sr con
centrations in the surface layers of the Atlantic and Pacific oceans were 
typically in the range 0.01 to 0.1 pCi/1 in 1967. ' These nuclides 
could enter human food chains as noted above, but at these concentrations 
their hazard is not significant. 
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RADIATION HAZARDS TO MARINE LIFE 
The guiding principle in this area has generally been that ecosystems 

are unlikely to be damaged if the dose to man is controlled in the usual 
way. The IAEA experts give several arguments to support this view. 
Firstly, if radiation doses are high enough to kill organisms (near a dump 
site), the fraction of the whole so affected will be very small and the 
species will recover. Secondly, lower trophic levels are in general less 
radiosensitive than upper ones. Thirdly, as stated in an IAEA technical 

(32) report; ' since aquatic systems have high reproductive capacity and high 
natural genetic variability, they are unlikely to suffer significant 
harmful genetic effects at the dose rates which are estimated to arise as 
a result of limiting human dose rates. These estimates were less than 
150 rads per year from 3 emitters in sediments (or beaches), 4 rads/yr 
from T emitters in similar sediments, 15 rads/yr from y emitters in v/ater, 
and a dose rates up to 30 rads/yr to plankton in beach sediments. The 
high a ray dose rates recently reported in some marine organisms appear 
to lend some support to these views. This topic was reviewed in a publi-

fIP ?11 cation of the National Academy of Sciences in 1971.v ' ' 
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IS THE MODEL REALISTIC AND CONSERVATIVE? 

The outstanding message in the two IAEA reports is that the authors 

are acutely aware of uncertainties in their estimates, of their inability 

to quantify some of the possible pathways, and to predict future ones. 

An example is the emphasis in the oceanographic model given to cephalopods 

as a possible means of transporting radioactivity to man from extreme 

depths by various pathways. The radiobiological experts take little 

account of this as they lack data on concentration factors for these 

animals and therefore treat them like other fish. It is known that octopus 

heart has a very !iigh concentration factor for Co, ' but this is not a 

major food item. Another concerns the fate of the considerable (probably 

major) fraction of leaking waste which would be incorporated into 

sediments on the sea floor. Much is said about sediments in both reports, 

particularly on how to treat their hazards conservatively by supposing all 

leaked activity goes into them. The major pathway envisaged for such 

sediments is that they become re-suspended as particulate matter by 

bioturbation and might then be transported to surface water by various 

means. In practice, when applying the model, it turns out that their 

greatest hazard is attributed to external irradiation to beach dwellers 

resulting from their ultimate deposition on beaches, and this is small com

pared with seafood consumption. One feels that there might be other path

ways involving ingestion of contaminated sediment by various marine organisms, 

and their subsequent transport to man by predators such as rattail fish 

which, like octopus, appear to be capable of considerable vertical 
4.- (33) migration/ ' 

(331 Professor W.J. Davis has suggested several such pathwaysv ' including 

one based on the heat generated from waste containers, which he considers 

might encourage formation of fish colonies nearby which would feed on con-
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(23) taminated sediment. ' The IAEA authorities recommend limiting the total 

activity per container to an average of less than 100 Ci/tonne for long-

lived g/y emitters - though they do not see any reason to limit concen

tration of activity (Ci/g) within the container. On this basis, Professor 

Davis's suggestion aopears unrealistic since an average canister might 

contain 50 Ci at most and generate less than about 0.2 watts - its heating 

effects would be insignificant pven close to the container. The limits for 

short-lived emitters are 10 times higher which could, in principle, allow 

something like 2 kilowatts per container - but practical considerations 

including radiation hazards to dumping personnel would never allow this 

to be approached. At the present time perhaps the major argument against 

such suggestions is that fishing is not practiced or envisaged at dumping 

depths. The experts have tried to foresee future practices - including, 

e.g., plankton harvesting at depth - but could not identify any that 

appeared significant. 

Nevertheless, such possibilities may exist, and the IAEA experts have 

attempted to allow for these by taking a conservative view of the pathways 

they have identified. The most important is consumption of seafood caught 

in surface waters, based on assumptions which include the following: 

(a) Containers leak immediately at an annual rate equal to the dumping 

rate; 

(b) leaking radioactive substances reach fishing sites three years or more 

after dumping; 

(c) dumping continues for 40,000 years at annual rates up to the limits 

specifieo; 

(d) concentrations of activity in sea water, which are estimated to arise 

at the ocean bottom without allowances for losses to sediments are assumed 

to occur in surface waters where fishing is practiced; 



38. 

(e) when sett ing l im i t s for a single dumping s i te rather than a complete 

ocean basin, a more conservative estimate of a c t i v i t y concentrations in 

f ishing sites is employed, based on estimated local short-term concen

trat ions which exceed those estimated in (d ) ; 

( f ) result ing radiat ion doses to man are based on the premise that a l l 

of an indiv idual 's seafood comes from surface water contaminated with radio

active substances at bottom (or higher) concentrations mentioned above, 

and that he consumes this seafood at maximum possible annual rates (600 g 

per day of f i s h , continued dai ly for the year, or 300 g per day of seaweed). 

Assumptions (d) and (e) deal with a s i tuat ion which is not that 

envisaged in the sediment-food chain pathways mentioned above, but i t i s 

scarcely possible that the la t te r could lead to radiat ion doses exceeding 

those calculated on the above assumptions. 

Most of these assumptions are unl ikely to be real ised or even 

approached in pract ice, as shown for example by past experience indicat ing 

canister leakage times of about 10 years, and strong retention of certain 

fiO 

radionuclides such as Co. On the other hand, i t i s possible that con

centration factors used i n assessing doses might have been under-estimated 

in some cases. The authors have estimated "inherent safety factors" 

somewhat akin to "degrees of conservatism" which they consider might apply 

to their estimates of permissible release rate l i m i t s . For important 
239 individual radionuclides these cover ranges of 2 to 1500 for Pu, 0.1 to 

3000 for 1 3 7 C s , 0.1 to 30,000 for 9 0 S r , 0.1 to 1000 for 3 H , and 0.6 to 60 

for Ra. Values less than one are at t r ibuted to possible under

estimation of consumption rates (which is d i f f i c u l t to understand unless 

th is includes concentration factors) and to possible under-estimation of 

ac t i v i t y concentrations in sea water. Over-estimations of hazard (large 



39. 

factors) are attributed mainly to transport within the water column, 
i.e., over-estimation of activity concentrations at fishing sites. The 
authors also indicate the degree of conservatism which arises in some cases 
from their grouping of radionuclides as outlined above, and these factors 
range from 0.1 to 3000. The very approximate comparisons given above with 

226 137 90 
natural releases of Ra, and with Cs and Sr from fallout suggest a 
considerable degree of conservatism, perhaps supporting the higher values 
in these ranges. 

The model described above is not the only one which has been used to 
assess the hazards of ocean dumping. The provisional limits initially 
recommended by the IAEA were based on a different one* in which the 
emphasis was on estimates of surface concentrations with large safety 

q 

factors (up to 10 ) to cover uncertainties. The details of these calcul
ations are not available, but it is a quite remarkable fact that they led 
to very similar conclusions. 

Does this conservatism in a known area compensate for uncertainties 
in the future? We cannot know for certain, but in view of the way these 
authorities have gone about their task it seems very likely that it does. 
One might reasonably conclude that if dumping is carried out within the 
limits and according to the recommendations given in the appendix, then 
it is extremely unlikely that it could lead to significant human hazard, 
either now or in the future. & 

(24) 
by Webb and Grimwood 
This employed Webb and Morley's oceanographic model, ' recently revised 
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GENERAL Distr. 

INFORMATION CIRCULAR Original: ENGLISH 

CONVENTION ON THE PREVENTION OF MARINE POLLUTION BY 
DUMPING OF WASTES AND OTHER MATTER 

The Definition Required by Annex I, paragraph 6 
to the Convention, and the Recommendations 

Required by Annex II, section D 

1. The Provisional Definition and Recommendations Concerning Radioactive Wastes and 
Other Radioactive Matter Referred to in Annexes I and II to the Convention on the Prevention 
of Marine Pollution by Dumping of Wastes and Other Matter[l] had been the object of a 
review and revision process carried out by the International Atomic Energy Agency during 
1975-197K, with the help of several consultants' meetings and advisory groups and taking 
into account the comments expressed by the Contracting Parties to the Convention at their 
First and Second Consultative Meetings, held in London in September 1976 and 
September 1977 respectively. As a result of this work, the Revised Definition and 
Recommendations were submitted to the Board of Governors by the Director General in 
June 1978. . . . 

2. On 9 June 1978 the Board of Governors authorized the Director General: 

(a) To transmit the Revised Definition and Recommendations Concerning 
Radioactive Wastes and Other Radioactive Matter Referred to in Annexes I 
and II to the Convention, to the Inter-Governmental Maritime Consultative 
Organization (IMCO) which performs secretariat duties in relation to the 
Convention; and 

(b) To request IMCO: 

(i) To provide the Third Consultative Meeting of the Contracting Parties 
to the Convention, to be held in London in October 1978, with the said 
Definition and Recommendations for the purpose of implementing the 
Convention; and 

(ii) To inform the Meeting that such Definition and Recommendations, 
which should not be construed as encouraging in any way the dumping 
at sea of radioactive wastes and other radioactive matter, will be 
subject to review and revision by the Agency, as and when appropriate, 
in the light of technological developments and increased scientific 
knowledge. 

3. The texts of the Revised Definition and Recommendations and of the Annex thereto for 
the purposes of the Convention are reproduced herein for the information of all Members. 

[1] The texts of the Convention and of the Provisional Definition and Recommendations 
have been reproduced in documents INFC1RC/205 and INFClRC/205/Add. 1 respectively. 
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CONVENTION ON THE PREVENTION OF MARINE POLLUTION 
BY DUMPING OF WASTES AND OTHER MATTER 

The IAEA Revised Definition and Recommendations of 1978 
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DEFINITION AND RECOMMENDATIONS 

The Definition and Recommendations set forth in this Document should not be 
interpreted as precluding the adoption of more restrictive requirements by any Party to the 
Convention or appropriate national authorities, pursuant to Articles IV.3 and VI.3 of the 
Convention. Nothing in this Document shall be construed as encouraging the dumping at 
sea of radioactive waste or other radioactive matter. 

A. DEFINITION 

A. 1. Definition of High-Level Radioactive Wastes or Other High-Level Radioactive 
Matter Unsuitable for Dumping at Sea[l] 

A. 1 .1 . For the purposes of Annex I to the Convention, high-level radioactive wastes or 
other high-level radioactive matter unsuitable for dumping at sea means any waste or other 
matter with an activity per unit gross mass (in tonnes) exceeding: 

-1 226 210 
(a) 1 Ci/t for a-emitters but limited to 10 Ci/t for Ra and supported Po; 

2 
(b) 10 Ci/t for ph -emitters with half-lives of at least 0.5 years (excluding 

tritium) and fi/y -emitters of unknown half-lives; and 
i? 

(c) 10 Ci/t for tritium and fl/y-emitters with half-l ives of l e ss than 0.5 years . 

The ahove activity concentrations shall be averaged over a gross mass not exceeding 
1000 tonnes. 

A. 1.2. The Dei'inition must not be taken to imply that material falling outside the 
Definition is thereby deemed to be suitable for dumping. 

A. 1 .3 . Materials of activity concentrations l ess than those in the above Definition shall 
not bî  dumped except in accordance with the provisions of the Convention, in particular 
Annexes II and III thereto, and the Recommendations set out in this Document, in par-
ticular Section B . 1 . 2 . 

[1] The Definition is based on: 

(1) An assumed upper limit to the mass dumping rate of 100 000 t per year at a 
single dumping site; and 

(2) Calculated upper limits to activity release rates from all sources (other than 
natural sources) of 

0 

(a) 10 Ci/yr for a-emitters (but limited to 10 Ci /yr for Ra and 
supported 2 i P p 0 ) ; 

(b) 10 Ci/yr for 0/7 -emitters with half-lives of at least 0.5 years (excluding 
tritium) and 0/y -emitters of unknown half-lives; and 

(c) 10 Ci/yr for tritium and 0/7-emitters with half- l ives of l e s s than 
0.5 years 

at a single dumping site and also in the case of a-emitters when released to 
an ocean basin of not l ess than 1 0 1 7 m^. 

- 3 -
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B . THE RECOMMENDED BASIS FOR ISSUING SPECIAL PERMITS FOR RADIO
ACTIVE MATERIALS USTED IN ANNEX II TO THE CONVENTION 

B. 1. Environmental Evaluation of Specific Dumping Applications 

B . 1 .1 . The appropriate national authorit ies shall not grant a special pe rmi t for dumping 
of radioactive waste unless a detailed environmental and ecological a s s e s s m e n t gives a 
reasonabl? a s su rance that such dumping can be accomplished in accordance with the 
objectives and provis ions of the Convention and the Recommendations set out in this 
Document. 

B . 1 . 2 . When granting a special pe rmi t , the appropriate national authori t ies shall , to the 
extent pract icable , ensure that the proposed dumping operation complies with the radiat ion 
protection requi rements set forth in the IAEA Basic Safety Standards for Radiation 
Protect ion (2). These requi rements a r e based upon the System of dose l imitation of the 
International Commission on Radiological Protection (ICRP) which r equ i r e s that: 

(1) The operat ions should be justified by assess ing their net benefits , taking 
into consideration the radiation consequences and the possibi l i t ies of 
al ternat ive p rocedures ; 

(2) The radiation protection aspects of the operation should be optimized, 
keeping the resul t ing collective doses (including the i r occupational and 
public components) a s low as i s reasonably achievable, economic and 
social factors being taken into account; and 

(3) The doses to individua 1 members of the public should not r each the appro
pr ia te dose l imi t s , now or in the future. In est imating the doses , account must 
be taken of other pract ices which might expose the same c r i t i ca l population 
groups . 

In part icular , the upper l imits to activity re lease ra tes from all sources (other than natura l 
sources) when re leased into an ocean basin with a volume of not l e s s than 10* ' m^ shall not 
exceed: 

5 4 2?fi 
(a) 10 C i /yea r for o -emi t te rs but only 10 C i / y e a r for Ra and supported 

2 1 0 P o ; 

'b) 10 C i /yea r for p/y - emi t t e r s with half-lives of at least 0 .5 yea r s (excluding 
t r i t ium and p/y - emi t t e r s of unknown half-l ives; 

12 
(c) 10 C i /yea r for tr i t ium and 0/j - emi t t e r s with half-l ives of l e ss than 

0,5 y e a r s . 

No special permit should be issued which would cause these l imits to be approached, 

B . 1 . 3 . It is essent ia l that a general policy of continued isolation and containment of 
radioactive waste after descent to the sea-bed should be pursued through the use of suitable 
packaging to minimize to the extent reasonably achievable the radioactivity which might 
ultimately be re leased , thereby preventing unnecessary contamination of the mar ine 
environment. 

[2] INTERNATIONAL ATOMIC ENERGY AGENCY Safety Ser ies No, 9: "Basic Safety 
Standards for Radiation Protection", 1967 Edition, Vienna, 1967, STI /PUB/147 . 
(This publication is under joint revision by the IAEA, the World Health Organization 
and the Nuclear Energy Agency of the Organisation for Economic Co-operat ion and 
Development,) 

- 4 -
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- B . l . 4 . The environmental a ssessment shall include, in addition to the factors specified 
in Annex III to the Convention, consideration of: 

(1) The justification for the proposed dumping operation when weighed against 
land-based a l ternat ives , including the respective population dose commit
ments ; 

(2) The total alpha, beta and gamma act ivi t ies and the activity of any individual 
nuclide of special significance for the assessment ; 

(3) Those factors likely to affect significantly the movement of radioact ive 
ma te r i a l s from the dumping site to the human environment, including the 
nature of the sea-bed and the physical p rocesses of mixing and t ranspor t 
in the sea at the dumping s i te ; 

(4) Dose commitments to individual m e m b e r s of the public and to the population 
via c r i t i ca l and other appropriate pathways; 

(5) The r i sk to mar ine ecosystems resul t ing from the r e l ea se of radioactivi ty 
from dumped packages; 

(6) The degree to which it is pract ical to attempt to reduce dose commitments , 
e i ther for normal dumping or in case of accidents, by techniques such as 
having the radioactive mater ia l in a re la t ively insoluble form or within a 
relat ively insoluble mat r ix , by designing the containment to re ta in for a 
period of t ime radioactive mater ia l when it i s on the sea-bed , o r by select ing 
an a rea with charac te r i s t i c s that will facilitate the retention of the rad io
active mater ia l in the vicinity of the dumping s i te ; 

(7) Operational methods to be used, including ar rangements for dealing with 
accidents and emergencies and methods of verifying the i r co r r ec t execution, 

* * B . 1 . 5 . The TAFA is of the opinion that it i s neces sa ry that the repoi is to be submitted, 
purst'afit to Art ic le VI.4 of the Convention, to the Inter-Governmental Mar i t ime Consultative 
Organization (IMCO) include this environmental a s se s smen t in relation to an individual 
application for a specia l permit for dumping. 

B, 2. Monitoring and Assessment 

B. 2 , 1 . In the context of dumping ca r r ied out in accordance with the Convention, the 
following requi rements shall be met: 

(1) Determination by measurement o r est imation of the nature and quantit ies 
of radioactive waste o r other radioactive mater ia l to be dumped; and 

(2) Monitoring, to the extent feasible and meaningful, of the condition of the seas 
with respec t to dumped radioactive wastes in the vicinity of the dumping s i te , 
taking into full account the relevant guidance as provided for in the IAEA 
Safety Ser ies No. 5 [3] and the ICRP Publication 7 [4]. 

[3] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Ser ies No, 5, "Radioactive 
Waste Disposal into the Sea", Vienna, 1961, STl /PUB/14 . 

[4] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, "Pr inc ip les of 
Environmental Monitoring related to the Handling of Radioactive Mate r i a l s " , A Report 
by Committee 4, ICRP Publication 7, 1965. 

* F o r m e r l y B. 1, 2 in the previous Document, 

** Former ly B. 1 .3 , ibidem. 
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B. 3. Environmental Evaluation of Total Dumping 

B . 3 . 1 . In addition to the environmental a s ses smen t in relat ion to an individual application 
for a special pe rmi t for dumping, the appropria te national authori t ies shal l take the following 
factors into account in determining whether each proposed dumping operat ion i s acceptable: 

(1) Per iodic reviews of the total dumping which has been ca r r i ed out under 
pe rmi t s issued by them; 

(2) Dumping which has been reported pursuant to the Convention a s having been 
c a r r i e d out by other States; and 

(3) Prospect ive dumping which may reasonably be expected. 

This evaluation will be facilitated through the establishment of regional a g r e e m e n t s and 
other appropriate forms of international co-operat ion. 

C. THE RECOMMENDED DETAILED BASIS FOR OPERATIONAL CONTROL O F 
DUMPING OF WASTE 

C. 1. (iejier al_ Requirements Governing Operational Control of Dumping of Waste 

C . l . 1 . The dumping of liquid or unpackaged radioactive waste into surface and shallow 
waters .should not be authorized until such t ime as the IAEA formulates appropr ia te r ecom-
niend.ition-s governing such dumping. The direct dumping of unpackaged liquid radioact ive 
waste into Tie deep sea shall be prohibited since such waste would not be sufficiently dense 
or immiscible with sea-water to descend to and remain on the sea-bed . The dumping of 
packaged liquid radioactive waste into the deep sea is specifically excluded pursuant to 
Section C ' , 3 .2 .2 . Solid radioactive wastes where the radioactivity i s in t r ins ica l ly con
tained in a relat ively insoluble matr ix and which can be shown not to d i spe r se before 
reaching the sea-bed, do not require packaging and can be dumped in the deep sea under the 
same requirements as for packaged solid was te . 

C,1 . 2 . In o rder to make an assessment, for the Definition of ma te r i a l which is unsuitable 
for dumping, a model was developed based on a calculated upper l imit to radioact ivi ty-
re lease ra tes from all sources . F o r operational control these calculated values were 
expressed as activity per uni t -gross mass in tonnes based upon an assumed dumping ra le of 
100 000 tonnes pe r year at any s i t e . This assumed rate of dumping should not be in te r 
preted as implying that such a ra te will be reached or as encouraging such a r a t e . It would 
be prudent for the appropriate national authorit ies to authorize dumping at the lowest ra te 
which is reasonably pract icable, having regard to the development of applicat ions of nuclear 
energy. 

C. 1.3. The dumping operation must be subject to s t r ic t control , A number of factors 
have to be taken into consideration. They concern, in par t icu lar , the conditioning and 
packaging of the waste in order to ensure safe t ransport and handling, and minimizat ion 
of the r ' sk of accidental recovery of containers after disposal . This is covered by opera 
tional measu res dealing with the choice of a suitable dumping s i te , the design and cons t ruc
tion of waste conta iners , the choice of an appropriate ship able to dispose of the waste at 
the given clumping s i te , provisions for radiation protection of the crew, and an adequate 
supervision of the dumping operations by competent escort ing officers . All these opera
tional requi rements shall , therefore, be included in the special pe rmi t s issued by the 
appropriate national authorities in accordance with the Convention. 

- 6 -
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C. 2 . Requirements for Selection of a Dumping Site 

C. 2 . 1 . In addition to the factors specified in Annex III to the Convention, the following 
requirements shall be met by the appropriate national authorities in the selection of a site 
for the dumping of packaged waste: 

(1) The chance of recovering the waste by processes such as trawling shall be 
minimized; 

(2) Dumping shall be restricted to those arras of the oceans between latitudes 
50 N and 50 S. The area shall have an average water depth greater than 
4000 metres . Recognizing that variations in sea-bed topography do exist, 
this restriction should not be interpreted to exclude those s i tes within 
which there are localized areas with water depths of 3600 metres; 

(3) Sites should be located clear of continental margins and open sea islands, 
and not in marginal or inland s e a s . Nor should they be situated in known 
areas of natural phenomena, for example volcanic activity, that would make 
the site unsuitable for dumping; 

(4) The area must be free from known undersea cables currently in use; 

(5) Areas shall be avoided that have potential sea-bed resources which may be 
exploited either directly by mining or by the harvest of marine products, or 
indirectly ( e . g . spawning) as feeding grounds for marine organisms important 
to man; 

(6) The number of dumping s i tes shall be strictly limited; and 

(7) The area must be suitable for the convenient conduct of the dumping operation 
and so far as possible shall be chosen to avoid the risk of collision with other 
traffic during manoeuvring and undue navigational difficulties. The area 
chosen should preferably be one covered by electronic navigational aids. 

C . 2 . 2 , The dumping site shall be defined by precise co-ordinates. In order to ensure a 
reasonable operational flexibility, it should have an area as small as practicable, but no 
larger than 10* square kilometres. 

C. 3 . Special Requirements for Packages for Dumping 

C . 3 . 1 . General 

C . 3 . 1 . 1 . In addition to the provisions of Article IV of the Convention, the following require
ments for conditioning, handling, transport and immersion shall be met . 

C. 3 . 2 . Conditioning of Waste 

C . 3 . 2 . 1 . Waste in the package shall be either solid, solidified or absorbed in a solid 
substrate. 

C. 3 . 2 , 2 , Waste in liquid form shall be excluded, because its r i se to the surface cannot be 
precluded. Small quantities of liquids such as tritiated water may, however, be absorbed 
In a material of good absorption capacity. Containers of such absorbed liquids shall be 
mounted within a second enclosure of an appropriate design. 
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C . 3 . 3 . Handling and Transpor t 

C . 3 . 3 . 1 . The relevant provisions of the IAEA Transpor t Regulations (5) shall be complied 
with, together with any applicable national and international t r anspor t regulat ions for 
dangerous goods. In par t icular , the packages shall be designed to ensu re adequate con
tainment of the waste during handling and t ranspor t until the end of the dumping opera t ions . 

C . 3 . 4 . Immersion 

C . 3 . 4 . 1 . The packages shall be designed to ensure that the contents a re retained within 
them during descent to the sea-bed. To achieve this , the following requ i rements shall be 
met: 

(1) The package shall have an overal l specific gravity of not l e s s than 1.2 to 
ensure sinking to the sea-bed to a depth g rea te r than 4000 m e t r e s ; 

(2) The design shall be such that any inner container will remain on the sea-bed; 

• (3) The container shall be made sufficiently s t rong or pliable to remain intact 
and retain i ts contents under the p r e s s u r e encountered during descent to the 
pea-bed, o r be equipped with a p r e s s u r e equalization system which re l ieves 
the s t r e s s on the container; and 

. (4) Buoyant mater ia l shal l be excluded unless it i s t rea ted or packaged so as 
either to preclude the re turn of such mate r ia l to surface wa te r s or to ensure 
that, on its re turn , it will not constitute a radiation hazard nor interfere 
materially with fishing, navigation o r other legit imate uses of the sea . 

C. 4. Approval of the Ship and i t s Equipment , • .. ; 

C . 4 . 1 . (."Vrtain special requirements a r e necessary for ships engaged in the dumping of 
packaged rndioactive was tes . These requi rements are set out below: 

(1) The ship shall be capable of safely carrying the approved (G) consignment 
to the designated dumping s i te ; 

(2) The ship shall be provided with the appropriate navigational and communica
tion equipment suitable for use in the par t icular dumping a rea which shall be 
operable during the dumping operat ions; 

(3) An adequate supply of dunnage and equipment shall be provided to ensure that 
the containers can be suitably stov/ed; 

(4) The ship shall be provided with suitable handling gear , including gear to 
recover any debr is which does not sink, which shall be functional during • 
dumping operations; 

(5) Provisions for decontaminating the holds.and bi lges shal l be available; and-

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety S e r i e s No. G, "Regulations for . 
the Safe Transport 'of Radioactive Mate r i a l s ' - l!)73 Revised Edition' 1 , Vienna, 1(973, 
STI/PUB/323; and INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Scr ies No. 37, 
"Advisory Material for the Application of the IAEA Transpor t Regulations", Vienna, r 

• 1-973-,:'STI/PUB/324'. !'--'-'- •••"•'•'•'•'• :' ' ' '"'""' ' . 

[fi] Throughout;Sections:.C.4, db and C;6 the term 'approved' ineans approved by the 
appropriate national authori t ies within the .meaning of the Convention, 
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(6) The ship shall be available for inspection by the appropria te national 
authori t ies before an approved dumping operation i s ca r r i ed out and thereaf te r 
a s n e c e s s a r y . 

C . 5 . Escort ing Officers 

C . 5 . 1 . General 

C . 5 . 1 . 1 . The dumping operation shall be supervised by approved escor t ing officers 
represen t ing the national authori t ies granting the dumping p e r m i t s . The i r duties and r e s 
ponsibi l i t ies , powers and qualifications are separate ly specified in Sections C. 5 . 2 . 1 , 
C . 5 . 3 . 1 and C . 5 . 4 . 1 below. 

C . 5 . 2 . Duties and Responsibi l i t ies 

C . 5 . 2 . 1 . The escor t ing officer shall have the following duties and responsibi l i t ies : 

(1) He must ensure that the holder of the special permi t complies with the 
requi rements and conditions specified therein; 

(2) In the execution of his duties he shall pay special attention to the following 
i t ems : 

(a) He must ensure that he is provided with a certified copy of the special 
permit v.ith respect to each dumping operat ion. He must ensure that 
he is provided in advance with sufficient information about all con
ta iners and their contents to enable him to act appropriately in an 
emergency; 

(b) Before loading, he must be satisfied that all containers a r e : 

(i) of an approved type and on visual inspection appear sound and not 
to be leaking; 

(ii) cor rec t ly identified and marked with the g ros s weight to show a 
specific gravity not less than 1.2; and 

(iii) within the radiation and contamination l imits laid down by the 
appropriate national authori t ies; 

(c) The escort ing officer must ensure that the m a s t e r of the ship is provided 
with a loading sheet snowing weights and volumes to be dumped; 

(d) In conjunction with the m a s t e r , the escort ing officer shall ensure that the 
cargo is safely stowed. The consignment must be stowed and segregated 
to ensure that the levels; of radiation measured at living qua r t e r s and 
regular ly occupied working spaces do not expose the crew to doses 
exceeding those specified by the appropriate national author i t ies ; 

(e) He i s responsible for the radiological safety and the individual dosimetry 
of all personnel engaged in the operation. F o r this purpose, he shall 
ensure that the re is an adequate supply of personal dos ime te r s , protect ive 
clothing, monitoring and decontaminating equipment. He shall ensure 
that the crew is monitored and provided with protect ive clothing whenever 
necessary ; 

(f) The daily ra te of dumping and the dumping hours must be approved by 
the escor t ing officer. Before dumping commences , the escor t ing officer 
must obtain from the mas te r an assurance that the ship is at the approved 
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dumping s i te and make ar rangements for hourly fixes of the ship ' s 
position during dumping. He must also witness the dumping of all con
ta iners to satisfy himself that the drums and the i r contents sink; 

(g) He must ensure that monitoring for radioactive contamination occur r ing 
on the ship is ca r r i ed out and a r range for decontamination of the affected 
a r e a s a s necessa ry . Subject to his ult imate responsibi l i ty for the safety 
of the ship, the mas t e r must comply with any direct ions given by the 
escort ing officer in this connection; and 

(h) When the dumping operation i s completed and after completion of any 
necessary decontamination, the escort ing officer must provide the m a s t e r 
with a Clearance Certificate of an approved type. He must also p r epa re , 
for the appropriate national authorit ies, a Cert if icate of Disposal con 
firming that the recorded cargo has been dumped at the designated s i te , 
with detai ls of how the ship 's position was fixed. This shall be accom
panied by a certified copy of the ship 's log for the duration of the voyage, 
including detai ls of hourly fixes of the sh ip ' s position during the dumping 
period. 

C . 5 . 3 . Powers 

C. 5 . 3 . 1 , Without prejudice to the m a s t e r ' s overall responsibil i ty for the safety and control 
of the ship and the crew: 

(1) The escort ing officer must be empowered to refuse the loading or dumping of 
any container which, in his opinion, does not conform with the s tandards of 
packaging or have the documentation required by the special pe rmi t ; 

(2) He must be empowered to stop the dumping operation at any t ime if, in his 
judgement, the requi rements for the operation cannot be met o r the safety of 
the operation cannot be guaranteed; 

(3) He must be empowered to p resc r ibe , through the ship ' s officers or por t 
officials, any protective measu res which in his opinion a r e neces sa ry for the 
radiological safety of the personnel engaged in the operation; and 

(4) Subject to the requirements of the appropriate national author i t ies , he must 
be empowered to requi re that the ship or any par t of it may not be used for 
other cargoes except in accordance with the t e rms of a Contamination 
Clearance Cert i f icate . 

C 5 . 4 . Qualification 

C. 5 , 4 , 1 , To fulfil these responsibi l i t ies and to exercise these powers , the escor t ing 
officer: 

(1) must be adequately trained in the basic principles of radiation protection 
and must know how to use monitoring equipment and in terpre t the readings; 

(2) must be fully conversant with the design and construction of a l l approved 
types of container and, if possible, should have prac t ica l experience of the 
problems involved in handling them; 

(3) should have supervisory and organizing exper ience . 
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C . 6 . Record Keeping 

C. 6 . 1 . Approved r eco rds of the nature and quantities of all m a t t e r s permit ted to be 
dumped, and the location, t ime and method of dumping shall be kept and repor ted to IMCO 
and to other pa r t i es as appropria te , in accordance with Article VI. 1(c) and 4 of the 
Convention. 

C . 7 . International Co-operation and Observation 

C. 7 . 1 . Dumping should pre feral ' y be ca r r i ed out within the framework of regional co 
operation agreements as provided for by Article VIII of the Convention. 

C . 7 . 2 . International co-operation in the selection of dumping s i t es should be encouraged. 

C. 7. 3. In o rde r to further the objectives and provisions of the Convention, the IAEA i s 
of i. e opinion that the Pa r t i e s to the Convention, IMCO, and the appropria te national 
authoi ' t i e s should provide for international or mul t i la tera l observation of loading and 
disposal at sea of radioactive waste or other radioactive mat te r to satisfy themse lves that 
these operations a r e car r ied out in accordance with the Convention and with the Definition 
and Recommendations set out in this Document. 
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A N N E X 

I. INTRODUCTION 
1.1 . The London Dumping Convention of 1972 
1. 1. 1. The Convention on the Prevention of Marine Pollution by Dumping of Wastes and 
Other Matter[ l ] was adopted by an Intergovernmental Conference which met in London 
from 30 October to 13 November 1972, at the invitation of the Government of the 
United Kingdom of Great Bri tain and Northern Ireland. The Convention was opened for 
signature by any State at London. Mexico City, Moscow and Washington from 
29 December 1972 until 31 December 1973 and thereaf ter for accession by any State. 
After the entry into force of the Convention on 30 August 1975, a meeting of the 
Contracting P a r t i e s to decide on organizational ma t t e r s , held in London from 
17 to 19 December 1975, designated the Inter-Governmental Mari t ime Consultative 
Organization (IMCO) as the Organization responsible for Secre tar ia t duties in relation to 
the Convention. The Convention provides for control of "any deliberate disposal at sea of 
wastes or other mat te r from ves se l s , a i rcraf t , platforms or other man-made s t ruc tu re s 
at sea" and any del iberate disposal of such vesse l s , a ircraf t , etc. themselves . The 
prevention of mar ine pollution emanating from the normal operat ions of v e s s e l s , a i rc raf t , 
e tc . or directly ar is ing from the exploration and exploitation of sea-bed minera l r e s o u r c e s 
is excluded from the scope of the Convention (Article III. 1). 

1.1.2. With respec t to radioactive ma te r i a l s , the Convention en t rus t s the IAEA with 
specific responsibil i t ies in the following provisions pursuant to Art ic le IV: 

(1) In Annex I on mater ia l s prohibited from dumping, item 6 s t a t e s : 

"High-level radioactive wastes or other high-level radioactive mat te r , 
defined on public health, biological or other grounds, by the competent 
international body in this field, at present the International Atomic 
Energy Agency, as unsuitable for dumping at sea" ; 

(2) In Annex II on ma te r i a l s requiring special ca re in dumping p rocedures , 
i tem D s ta tes : 

"Radioactive wastes or other radioactive mat ter not included in Annex I. 
In the issue of pe rmi t s for the dumping of this mat ter , the Contracting 
P a r t i e s should take full account of the recommendat ions of the competent 
international body in this field, at present the International Atomic Energy 
Agency". 

1 .1 .3 . Art icle IV. 1 of the Convention makes a distinction between ma te r i a l s that may 
be dumped after the issue of a general permit and those that may be dumped only after 
the issue of a special permi t . Annex II puts "radioact ive wastes or other radioact ive 
mat te r" into the c lass requir ing special permi t s without, however, defining such rad io
active wastes or mat te r . 

1. 1.4. Art icle IV. 3 of the Convention provides that no provision thereof i s to be 
interpreted as preventing a Contracting Par ty from prohibiting, in so far as that Par ty is 
concerned, the dumping of wastes or other mat te r not l isted in Annex I. Fu r the r , the 
content of the Annexes to the Convention will be kept under review by consultative 
meetings of the Contracting P a r t i e s , which will be convened not l e s s frequently than once 
every two yea r s , o r by special meetings which may be convened at any t ime on the 

[ l j Reproduced in IAEA Document INFCIRC/205. 
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request of two th i rds of the P a r t i e s , pursuant to Art ic le XIV. 3(a), 4(a) and 4(b) of the 
Convention. Amendments to the Annexes, which will be based on scientific and technical 
considerat ions, a re subject to a simplified procedure as compared with amendments to 
the basic provisions of the Convention (Article XV. 2). 

1. 1.5. Fu r the r , Art icle IV. 2 of the Convention provides that al l the factors specified 
in Annex III thereto should be given careful consideration p r io r to the i ssue of any permi t , 
including pr io r studies of the charac ter i s t ics of the dumping s i tes as set forth in 
Sections B and C of that Annex. 

1. 2. Purpose of this Annex 

1.2. 1. This Annex provides background mater ia l pertinent to the specific r e s p o n s i 
bil i t ies entrusted to the IAEA under the Convention, namely to define "high-level r ad io 
active wastes o r other high-level radioactive mat ter . . . . unsuitable for dumping at 
s ea" and to ensure that any dumping of radioactive mat te r into the sea involves no 
unacceptable degree of hazard to man and his environment. It provides information on 
the way the IAEA ar r ived at the revised Definition and outlines the thinking behind the 
Recommendations which are set out r a the r formally and without elaboration in the 
Definition and Recommendations. 

II. BACKGROUND INFORMATION 

2 . 1 . Radiation Protection Principles to be applied to Waste Management 

2. 1. 1. The rapid development and increasing use of nuclear energy for peaceful 
purposes ii.i-l the expanding application of radioisotopes in var ious fields of science, 
medicine 'ind techtiology are unavoidably associated with the production of growing 
amounts of radioactive wastes . The basic principle to be applied in the management of 
radin;i. ti••.• wastes is to protect man and other sensitive e lements of the biosphere from 
undue fxp '^ure to ionizing radiation emanating from these wastes . 

2 . 1 . 2 . Iti selecting an appropriate waste management system it should be verified that 
natural r esources are protected and that any reduction of amenit ies is acceptably low. 
Mar is dependent upon the land and the sea, and both must be protected. 

2. 1. 3. A balance has to be achieved between the need to find suitable s torage or 
disposal methods, the radiation protection of workers and member s of the public, and 
the overall cost involved. The justification for dumping radioactive wastes must be 
viewed in this light. 

2. 1.4. The most recent applicable recommendations by the International Commission 
on Radiological Protect ion (ICRP) should be used as a guide in this a rea . 

2. 2. Sources of Radioactivity in the Sea 

2. 2. 1. Radioactive wastes may enter the sea through one of the following major 
routes , by: 

(1) Direct dumping of the wastes into the seas and oceans; 

(2) Discharge to r ive r sys tems; 

(3) Discharge to tidal es tuar ies ; 

(4) Discharge to coastal waters ; 

(5) Discharge from nuclear-powered ship3; and 

(6) Deposition from the atmosphere. 
- 13 -
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2. 2. 2. Some solid was tes have been dumped in packaged form in the depths of the sea . 
This form of disposal has been limited to ma te r i a l s with low radioactivity content. F o r 
example, during the 1967-1977 period a total of about 51 GOO tonnes of packaged solid 
radioactive waste, containing about 5900 cur ies of a -emi t t e r s , about 190 000 cu r i e s of 
P/Tr-emitters and, additionally, about 183 000 cu r i e s of tr i t ium has been dumped in the 
nor th-eas t Atlantic Ocean. The annual amounts dumped during that period, expressed as 
fractions of the limiting re lease r a t e s implied in the Definition, never exceeded 

1% for a - e m i t t e r s 

1% for p / 7 - e m i t t e r s with half- l ives of at least 0. 5 yea r s (excluding tr i t ium) 

-4 10 % for t r i t ium 

and only twice approached 10% of the assumed upper limit to the m a s s dumping ra te . 

2. 2. 3. Unlike many of the s t r e s s e s present ly confronting man, radiation and r ad io 
activity have always been a part of man ' s environment. Studies by the United Nations 
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) show that the 
present doses to humans of naturally occurr ing radiation lie generally in the range 
of 100 m r e m / y r to 300 m r e m / y r with doses in a few a reas exceeding 1000 m r e m / y r . 
The main contributions to this exposure a re radioactive mater ia l s in the e a r t h ' s c rus t , 
cosmic radiation and natural radioactivity in the human body (mainly K). 

2. 2.4. The marine environment contains a wide range of natural radionuclides, 
mainly K, Kb, member s of the uranium and thorium s e r i e s , and * C and H. The 
total activity in all of the sea (mainly T<L) amounts to ra ther more than 300 Ci /km o r 
nearly 501) 000 MC'i in total. Radium alone accounts for more than 1000 MCi. The doses 
to marine organ isms a r e usually of the o rde r of 10 m r a d / y r to 100 m r a d / y r . 

2. 2. f. Though the total naturally occurr ing radioactive content of the sea is very 
largo, ihi.- does not provide a sure basis for determining what quantities of radioactivity 
may be added in local a r e a s without leading to unacceptable additional exposures to man 
o r the marine environment. Though such additions may be relatively smal l in quantity, 
the hazards associated with localized r e l e a s e s of wastes must be a s se s sed and con
siderable ca re exercised, as contemplated by the Convention, in disposing of any r ad io 
active wastes into the mar ine environment. 

2. 2. 6. Man has been dealing with radioact ive mater ia l s in artificially concentrated 
or artificially produced forms for near ly three qua r t e r s of a century and has been 
generating e lec t r ica l power from nuclear fission for over a decade. Man has a lso 
re leased radioactive mater ia l as the resul t of severa l s e r i e s of nuclear explosions. 

2. 2. 7. These operat ions have all resul ted in some radionuclides being re leased into 
the environment, including the sea. Apart from short- l ived radionuclides close to the 
scene of nuclear explosions, the quantities r e l ea sed to the sea so far amount to some 
hundreds of megacur ies from explosions and a few megncuries from nuclear operat ions. 
To date, civilian nuclear power p rog rammes have accounted for only a smal l fraction of 
these lat ter r e l ea se s . These quantities amount to l ess than one thousandth (10 ) of the 
natural activity in the sea. This fraction gives an indication of the re la t ive magnitudes, 
but no such simple comparison of activit ies can indicate the relat ive biological im
portance of the different radionuclides. They have very widely ranging toxici t ies, and 
their significance in a given environment depends not only on this fact but also on their 
distribution and on the uses made of that environment. 
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2. 3. Basis of the Definition (High-Level Radioactive Wastes o r Other High-Level 
Radioactive Matter Unsuitable for Dumping at Sea) 

2. 3. 1. The Definition[2] identifies mater ia l , the radioactive content of which i s at such 
a level that the Pa r t i e s to the Convention would wisli to prevent any par t ic ipat ing State 
from issuing a special permit even after a detailed appraisa l of the safety of the proposed 
operation, and even for the sec tor of the marine environment furthest removed from man, 
i. e. the deep sea with depth g rea te r than 4000 m e t r e s . The Definition a l so cove r s those 
wastes which have relatively high concentrations of radioactivity and have been generally 
recognized by the appropriate national authori t ies as being unsuitable for dumping, for 
example the "f i rs t cycle was tes" from nuclear reprocess ing , i r rad ia ted fuel and i r r a d i 
ated fuel cladding. The Definition must not be so permiss ive that r egu la r and repeated 
operations somewhat below the defined levels would endanger man o r his environment, 
even though each individual operation had been conducted with appropr ia te c a r e . The 
Definition has , therefore, been based on the concept of the l imiting capacity of the deep 
oceans to receive radioactive waste, which capacity is based on the annual input of r ad io 
activity which will resul t in individual dose commitments via the c r i t i ca l pathways equal 
to the dose l imits for individual m e m b e r s of the public recommended by the ICRP. * 

2. 3. 2. The limiting capacity of the oceans to receive radioactive waste has been 
extensively reviewed by a se r ies of Consultants' Meetings and Advisory Group Meetings 
convened by the IAEA during 1976-1978. 

2. 3. 2. 1. The IAEA convened two Consultants ' Meetings to review the Oceanographic 
Bas is of the Provisional Definition and Recommendations: one at the Woods Hole 
Otean.>e>,>f,(i'i -Inst i tut ion, Woods Hole, Massachuset ts , USA, in December 1976, and 
the orl...•;• at the F i she r i e s I aboratory, Lowestoft, United Kingdom, in F e b r u a r y 1977. 
A WorLi'if; Paper prepared by the two Consultants ' Meetings was used as a bas i s for 
discussions at an Advisory Group Meeting, which was held at IAEA Headquar te r s , Vienna, 
in M-it'-h 1 177, to review the oer-anographic bas is . The meeting was attended by 
25 experts f '-om 12 countries; ,-uid 4 international organizations. 

2. 3. ?.. 2. In keeping with the recommendations of the Advisory Group on the 
Ocean... graphic Basis , the IAEA convened in June 1977 a Consultants ' Meeting to review 
the radiological bas i s , at IMCO Headquar ters , London. The consultants considered 
the conclusions and recommendations of the Advisory Group on the Oceanographic B a s i s 
as the p r imary guidelines and also took into account the comments expressed at the 
F i r s t Consultative Meeting of the Contracting P a r t i e s to the London Dumping 
Conventional , which was held at IMCO Headquar ters , London, from 
20 to 24 September 1976. 

2. 3. 2. 3. The conclusions of these meetings, which were laid down in two repor t s [4] , [5), 
were farther reviewed by an Advisory Group Meeting, held in Vienna in March 1978, This 
meeting was attended by 42 exper ts from 24 countries and 3 international organiza t ions . 

(2] The IAEA Provisional Definition and Recommendations have been reproduced in 
document INFCIRC/.205/Add. 1. 

[3] See Report of the F i r s t Consultative Meeting, IMCO, LDC/ I /16 , paragraph 49. 

[ 1] Report of the Advisory Group Meeting to Review the Oceanographic Bas i s of 
the Provisional Definition and Recommendations for the Convention on the 
Prevention of Marine Pollution by Dumping of Wastes and Other Mat ter , 
Technical document 1AEA-210 (1978). 

[5] Report of the Consultants ' Meeting to Review the Radiological B a s i s of the 
Provis ional Definition and Recommendations for .he Convention on the 
Prevention of Marine Pollution by Dumping of Wastes and Other Matter , 
Technical document IAEA-211 (1978). 

* Following sentence in the previous Document has been deleted. 
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A summary of the conclusions concerning the oceanographic bas is , the radiological 
a s ses smen t , and the implications for the Definition and Recommendations required by 
the London Dumping Convention is given below. 

2. 3. 3. The present knowledge of oceanic p roces se s i s insufficient for the construction 
of a single comprehensive model to descr ibe the movement of radionuclides re leased on 
the ocean bottom through the mar ine environment. Limiting calculations have thus been 
made separate ly for the long- and shor t - t e rm t r anspor t s of radionuclides in the ocean. 
These calculations have been made assuming a continuous re lease of radionucl ides from 
the deep ocean over periods a s long as 40 000 y e a r s which is commensura te with the 
half-life of 2 3 9 P u . 

2. 3. 3. 1. The physical p roces se s which could t ranspor t mater ia l in the short t e rm from 
the deep sea to where interact ions would occur with man ' s food chain on the t ime scale 
of months to y e a r s a re not well understood. On the basis of two calculations which have 
been made for different possible mechanisms, it is recommended however that, for the 
continuous r e l ease of 1 C i / y r from a single deep-sea dumping site, the water concen
tration at the place of interaction with man's food chain be taken to be 10 C i / m 3 and 
that si te specific calculations only be used if they resul t in l a rger concentrat ions. 

2. 3. 3. 2. For those radionuclides whose half-lives a r e longer than the mixing t ime of a 
finite ocean basin, for example l*u, the well-mixed average concentration, including 
decay, provides a more reliable es t imate of the water concentration than that given 
above for s h o r t - t e r m processes . F o r these long-lived radionuclides, this finite basin 
concentration is grea ter than that specified above for the sho r t - t e rm p r o c e s s e s and 
de termines both the permiss ib le re lease rate from a single si te and from all s i tes in an 
ocean ba:.Li>. 

2. 3. 3. 3. At intermediate time sca les , especially for those radionuclides with half-
lives s imi lar to such time sca les , oceanographic modelling of the t ranspor t of rad io-
nuclic'-s in perhaps the most difficult. For these t ime scales it has been considered 
reas.)iiaM».. however, for re leases from a single si te to use the concentrat ions given 
above for shor t - t e rm p rocesses since it is unlikely intermediate t ime scale p r o c e s s e s 
could lead to l a rge r concentrations. 

2. 3. 3. 1. For the estimation of the total permiss ib le re lease ra te in a finite ocean basin 
from all s i tes a model by Shepherd (1976)|G] has been recommended for all t ime sca les . 
This model gives the cor rec t long-term finite basin well-mixed average concentration 
and is taken to have some validity at intermediate and short time s r a l e s . The isolation 
of man and his food chain from bottom water cannot be guaranteed due to biological 
pathways short circuiting the physical t ransport of radioactivity. Bottom water concen
t ra t ions must therefore be limited to levels which will be acceptable in surface wate rs . 
For the hazard assessment the water concentration used in all cases is the bottom 
water concentration calculated from the Shepherd model using a ver t ical diffusion 
coefficient of 1 c r n 2 / y r . 

2. 3. 3. 5. In genera l , the long-term la rge-sca le p rocesses lead to a r e l e a s e r a t e l imit 
from all s i tes in a basin, whereas shor t - t e rm smal l - sca le p rocesses lead to a limit which 
applies to a s ingle-s i te only. The single-si te re lease rate i s more r e s t r i c t ive for s h o r t 
lived radionuclides and in this case partitioning of wastes between s i tes can increase the 
overall limit for the basin as a whole. For long-lived radionuclides, the long-term basin 
re lease ra te is more res t r i c t ive and partitioning of wastes between s i tes does not affect the 
limit for the basin as a whole. Indeed, in this case , it is c lear that the input of r ad io 
nuclides into the basin from all sources , including those from other than the dumping of 
radioactive was tes , must be included in any as ses smen t of the r e l ea se ra te l imit . 

|fi| Shepherd, J. G. (1976), "A simple model for the dispersion of radioactive 
wastes dumped on the deep sea bed", Ministry of Agricul ture, Food and 
F i she r i e s , UK, F i she r i e s Research Technical Report, No. 29. 

- 16 -



INFCIRC/205/Add. l / R e v . 1 

2. 3. 3 .6. Part i t ion of radionuclides between water and sediment wil l r e su l t in reduced 
concentrations in a par t icu lar medium. In the hazard a s ses smen t no allowance was made 
for the removal of radionuclides to one pathway when considering the other . 

2. 3. 3 .7 . Since es t imates made of the t ransfer through the water column from a dump site 
were principally based on knowledge of p rocesses in the l a r g e - s c a l e anticyclonic oceanic 
gyres , they a re not applicable to marginal seas or to the poleward side of the major oceanic 
gyres where deep convection or regions of low stability may r e s u l t in m o r e intense 
exchanges. 

2. 3. 3.8. Keeping in mind both our present level of understanding of oceanic p roce s se s and 
the attempt at generali ty in the oceanographic bas is , it is concluded that, for the continuous 
r e l ea se of radionuclides in the deep ocean, the initial concentration at the source is 
unlikely to be important in determining the hazard to man; for long-lived radionucl ides , 
calculated re lease r a t e s must be interpreted as those arising from all sources in an ocean 
basin, whether these sources a r i s e from dumping operations or other act ivi t ies ; and, 
finally, that future knowledge could resu l t in es t imates of r e lease r a t e s being revised e i ther 
upward or downward. 

2. 3.4. In the radiological a s sessment , r e lease ra te l imits were derived for 
individu il nuclides using the oeeanographic basis as described in 2. 3. 3 and postulating 
a niiruhi••• of representat ive pathways by which man might become exposed to radiation 
after 11••.•:i.s«* of radionuclides on the sea bed, resul t ing from dumping operat ions . 

2. 3. 4. 1 Pathways leading to exposure of man were selected to include some which a r e 
known to -'xist ami some which may become important in the future. While the: selected 
p;>tk\.:i >; •••.-.' K'MKfalizcd representa t ions they a r e thought to provide reasonable es t imates 
( the MI i\it;uirp r a t e s of t ransfer of radioactivity to man by a variety of mechanisms . It 
v. is intended that the parameters; selected for the pathways should be sufficiently general 
to cover population groups which could become cr i t ical in var ious a reas in the world. 
It i.s not necessar i ly the case that unforeseen pathways will involve significant changes; 
it is probable that they will ho covered in the essent ia ls of one of the selected pathways. 
The assessment evaluated each pathway independently; however, where it appeared 
likely that members of one cri t ical group could also become m e m b e r s of another 
cri t ical group the calculat ' l imits have been reduced accordingly. Twelve pathways 
were selffcted, ii e of whic involve the consumption of sea food. The la t t e r pathways 
a r e not intended to r ep re sen . par t icular species but examples of general f ishery resource 
pathways. The consumption r a t e s used in this a s sessment a r e not actual ra tes but reflect 
assumed maximum r a t e s . In four pathways the exposure of beach dwellers was con
sidered. Since cr i t ical groups of this type are likely to be exposed to all four pathways, 
a combined limit was calculated. Three additional pathways covering miscel laneous 
pract ices such as bathing, the use of desalinated sea-water a s drinking water and the use 
of sea salt for domestic needs were considered and combined. 

2. 3 .4 ,2 . The re lease ra te limits derived for the var ious pathways were based on the 
ICRP dose limits for individual member s of the public. The philosophy underlying the 
procedure and the use of cr i t ical groups is presented in ICItP publications. It should be 
s t ressed that ICRP dose l imits provide a lower boundary of an unacceptable range of 
values. Values above the ICRP limits a re specifically to be avoided while values up to 
the limit a rc not automatically permit ted. The ICRP limits should be considered as 
const ra in ts for optimization p rocedures , which usually would resu l t in radiat ion doses 
much lower than the dose l imits . On the other hand, the dose l imi t s a r e not thresholds 
above which undesirable effects begin to appear, but represent dose values corresponding 
to individual r i sks approaching unacceptable levels . 
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2. 3. 4. 3. The maximum permiss ib le annual intakes (MPAI) cvrresponding to the dose 
l imits were taken from the IAEA Bas ic Safety Standards for Radiation Protect ion[7] , 
Pathways that included the ingestion of radionuclides which were t ranspor ted through s ea -
water were based on MPAIs for soluble forms of the par t icular radionuclide. In the case 
of inhalation, the most res t r ic t ive MPAIs have been used. The concentration factors 
used for each radionuclide in this a s sessment were obtained from a number of publ i 
cations. Where factors were not available for cer tain elements or the potential 
pathways could not be specifically identified, for example, deep ocean living cephalopods, 
comparable va lues based on s imi la r chemical elements or species with s i m i l a r behaviour 
were assumed. 

2. 3 . 4 . 4 . In the selection of radionuclides for the assessment , consideration was given 
to those that were expected to occur in wastes likely to be dumped at sea, including 
fission products , activation products and actinides with half-l ives of more than a 
few days. The selection included some radionuclides which would not normal ly a r i s e in 
wastes from the nuclear fuel cycle but which might a r i se from other sou rces . 

2. 3 . 4 . 5. It should be noted that since the objective of the radiological a s se s smen t was 
to derive r e l ea se rate l imits , and since these by definition a r e re la ted direct ly to the 
ICRP dose l imi t s , a s sessment of collective doses or collective dose commitments was 
not done. This a s sessment would be appropriate for the optimization p rocedures 
recommended by ICRP[3] and is a requirement when granting a special pe rmi t for 
dumping of radioactive waste (see B. 1.2 of the Recommendations). 

2. 3 .4 . P. The permiss ib le damage to the marine ecosys tems due to dumping operat ions 
was f;onsi'iei -ed and it waa concluded that the radiation doses a r i s ing as a r e su l t of 
r e leases v.ifiin tl-,t l imi ts of the Definition a r e not expected to lead to significant adverse 
eff«:ct.s to populations as a whole. 

2 3. 5 He lease r a t e l imits were derived for individual radionuclides. F o r the sake 
of adrnir.istrntivc! convenience and analytical simplicity the radionuclides were grouped 
into three categories according to the basic proper t ies of decay type and half-l ife. The 
groupings and the appropriate re lease ra te l imits a re : 

Group 

a -emi t t e r s , but limited to 10 C i / y r for 
2 2 6 R a and supported 2 1 0 P o 

Release Rate L imi t s (Ci /year) 

Single-site 

10 

Fini te Ocean Volume 
( 1 0 1 7 m 3 ) 

(J/7-emittcrs with half-l ives of at least 
0. 5 yea r s (excluding tri t ium) and 
p"/?-emitters of unknown half-lives 

Tri t ium, and 0 /7 -emi t t e r s with half-
lives less than 0. 5 y e a r s 

10 

10 11 

10 

10 12 

[7] INTERNATIONAL ATOMIC ENERGY AGENCY Safely Ser ies No. 9: "Bas ic 
Safety Standards for Radiation Protect ion", 1967 Edition, Vienna, 1967, 
STI/PUB/147. (This publication is under joint revision by the IAEA, 
the World Health Organization and the Nuclear Energy Agency of the 
Organisation for Economic Co-operation and Development.) 

[8] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION. 
Publication 26: Recommendations of the International Commission on Radio
logical Protect ion, Pergamon P r e s s 1977. 
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The r e l ease ra te l imi t s r ep resen t the limit of the most res t r ic t ive radionuclide in the 
par t icular group with two exceptions. It was concluded, however, that these exceptions 
could be included in thei r natural place in the grouping, e i ther because the calculations 
a re considered quite conservative because of unreal is t ic assumptions o r because the 
relative amounts compared to other radionuclides of importance a r e known to be smal l . [5] 

2. 3. 6. In the Provis ional Definition and Recommendations two explicit safety factors 
of 10 were applied to the calculated r e l ease r a t e l imi ts to allow for: 

(a) The possible presence of more than one dumping s i te ; and 

(b) The fact that certain a r ea s of the ocean may have cha rac t e r i s t i c s l e s s 
favourable than those assumed in the a s sessmen t . 

2. 3. 6. 1. In the present a s ses smen t explicit account has been taken of the possibility of 
mult iple-s i tes by prepar ing es t imates both for s ing le-s i tes and for a finite ocean 
volume. [4] The oceanographic basis has also been constructed to take account of 
possible extreme events in ocean a r e a s so that the model i s insensi t ive to detailed 
parameter values in any par t icular ocean a rea . It is therefore not appropria te to apply 
safety factors for the same reasons to the present a s sessment . 

2, 3. 6. 2. A review of the way in which the a s se s smen t was made r evea l s that where 
specifii dnta were not available conservative assumptions were used in the calculations and 
this could result in a substantial safety factor[5). Its numerical value depends on the 
part icular radionuclide and set of c i rcumstances and can nei ther be determined prec i se ly 
nor be 7;>uiv=intei;d. Certain important considerat ions, such as exposure of the c r i t i ca l 
grouu ft'oiii mo te than one pathway or radionuclide and the possible existence of unforeseen 
pat!iv<Ti\s ii «vti the deep o-inn to man, were taken into account. T h e r e was an at tempt at 
all staged to make the resu l t s of the a s sessment a s general as poss ib le . Therefore , the 
rek-r.'-e t t'vs inven above were adopted without modification a s being the best possible 
es t imates vhirh fan be made for them at the presen t t ime, 

2. 3. V. To meet the objectives of the Convention it i s necessa ry to express the 
Definition in t e r m s of a concentration (radioactivity pe r unit mass ) . The revised 
definition has therefore been based on the re lease ra te l imits for a s ingle-s i te and an 
assumed upper l imit on mass dumping rate at a s ingle-s i te of 100 000 tonnes /year . This 
leads directly to the concentration l imits given below: 

« o o c 
(a) 1 Ci / t for o - emi t t e r s but limited to 10 Ci / t for Ra and 210 supported Po; 

2 
(b) 10 Ci / t for p /T-emi t te r s with half- l ives of at least 0. 5 yea r s 

(excluding tr i t ium) and mixtures of 0 /7 -emi t t e r s of unknown 
half- l ives; 

c 
(c) 10 Ci / t for trit ium and 0 /7-emi t te r s with half- l ives l e s s 

than 0. 5 yea r s . 

2. 3. 8. The assumption of 100 000 tonnes/year .s a rb i t r a ry and the radiological 
hazards would not be mater ia l ly al tered if the concentration figures were to be revised 
upward (or downward) provided the re lease ra te l imi ts a rc observed. 

2. 3. 9. The necess i ty to limit r e l e a se s to finite ocean bas ins (i. e. effectively to l imit 
the number of s i tes per ocean basin) has been met by an addition to paragraph B. 1, 2 
of the Recommendations which imposes the re lease ra te l imits for a finite ocean volume 
of 10 nV , The Definition and Recommendations have therefore been constructed so 
that the s ingle-si te r e l ease ra te l imits a re incorporated via the combination of initial 
concentration of radioactivity and the m a s s dumping ra te . The finite ocean volume 
re lease rate l imits a re incorporated as par t of the Recommendations. 
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*2. 3. 10. In p rac t ice , it i s expected that a r e a s selected for dumping will be specially 
chosen as having favourable charac te r i s t i c s . This fact, together with the way in which 
the assessment was made, ensures that man and his environment should be protected 
if wastes of higher total activity than this a r e prohibited from dumping. Moreover , 
other wastes sh; 11 only be disposed of at sea in accordance with specia l p e r m i t s issued 
by the appropriate national authori t ies after ensur ing that the proposed dumping 
operations comply with the radiation protection requ i rements a s in paragraph B. 1. 2 
and after proper a s ses smen t of the possible environmental impact. 

**2. 3. 11. The use of these concentration l imits would cause the annual l imi t s stated 
above to be approached only if the r a t e of dumping at any one si te approached 
100 000 tonnes pe r year and if all th is mater ia l had an activity concentration c lose to the 
concentration l imi ts . The assumed annual dumping ra t e at each si te will be reviewed 
by IMCO and by the IAEA. The appropria teness of the Definition in the light of actual 
dumping r a t e s will be kept under review by the IAEA. 

2. 3.12. F o r operat ional purposes it is necessa ry to average the l imiting values over 
a substantial m a s s of waste. It is recommended that the limiting concentration in the 
Definition be taken to be the average over a m a s s not exceeding 1000 tonnes. Express ing 
the Definition as an activity pe r unit g ross m a s s averaged over a smal l fraction of the 
assumed annual dumping rate should resul t in keeping the total activity dumped annually 
below the calculated annual r e l ea se ra te l imi ts . 

2. 3 .13 . The Definition must not be taken to imply that mate r ia l in which the concen
tration of radioactivity i s below that specified in the Definition is thereby deemed to be 
suitable for dumping. No radioactive mater ia l may be dumped except in accordance 
wit'i the provisions of the Convention, in par t icular Annexes II and III there to , and with 
the Recommendations set out in this Document. 

2. 3. 14. It should be noted that no mater ia l i s totally devoid of radioact ivi ty. However, 
it is cVarly not the intention of the Convention that every mate r ia l should be t rea ted a s 
a potential radioactive pollutant and the competent authorit ies of the Contracting P a r t i e s 
will wish to define some "de min imis" level of specific activity below which a ma te r i a l 
will not be regarded as "radioact ive" for the purposes of the Convention. No such 
numbers are suggested at this time and some flexibility of interpretat ion is therefore 
left to the appropriate national authori t ies . Although not derived for the purpose of 
dumping, some guidance may be found in the levels set forth for exemption of r ad io 
active mate r ia l s from regulatory control in var ious international and national s tandards 
a n r i regulations; such levels are generally within an o rde r of magnitude of 1 0 " ' C i / t . 

2, 4, Environmental Evaluation of Specific Dumping Applications 

2. 4. 1. The appropriate national authorit ies may grant a special pe rmi t for dumping 
of radioactive waste only after a detailed environmental and ecological a s se s smen t 
gives A reasonable assurance that such dumping can be accomplished in accordance with 
the objectives and provisions of the Convention. 

2. 4. 2. At the levels of radioactive mate r i a l s which may be dumped under the t e r m s of 
the Definition, the present s tate of knowledge, cautiously in terpre ted , should provide a 
satisfactory bas is for environmental a s ses smen t s . There is a substant ial body of 
relevant scientific l i t e ra tu re , including publications of the IAEA (e. g. the Safety Ser ies , 
the Technical Reports Ser ies and the .Symposium Proceedings) , 1CRP and UNSCEAR. 
In carrying out these environmental a s ses smen t s it should not be neces sa ry for the 
appropriate national authorit ies to require that detailed field and experimental s tudies be 

Paragraph 2, 3, 6 in the previous Document. 

Paragraph 2, 3 .10, ibidem. Paragraphs 2, 3. R and 2. 3, 9 in the previous 
Document were no longer appropriate and have been deleted. 
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undertaken in every case. Dumping s i tes provide an opportunity for studying the inter
actions of radionuclides with deep sea sediments and organisms. The IAEA recommends 
that these studies be carried out where appropriate and practical to obtain knowledge for 
future practices and needs. 

2. 5. Monitoring and Assessment 

2. 5. 1. Article VI. 1(c) and (d) of the Convention requires that the appropriate national 
authorities: 

(1) Keep records of the nature and quantities of all matter permitted to be 
dumped and the location, time and method of dumping; and 

(2) Monitor individually, or in collaboration with other parties and 
competent international organizations, the condition of the seas for the 
purposes of the Convention. 

2. S. 2. As detailed in the relevant guidance provided by the IAEA publications 
(particularly IAEA Safety Series No. 5)[9] and ICRP Publication 7[10j, the general 
objectives of environmental monitoring programmes are as follows: 

(1) The assessment of actual or potential exposure of man and other sensitive 
elements of the biosphere, or estimation of upper limits of such ex 
posure; these assessments or estimations may be needed in relation to 
regulatory functions; 

(2) Scientific investigations; 

(3) Improved public understanding; 

(4) Conservation of ocean resources. 

In the context of dumping carried out in accordance with the Convention and the Recom
mendations set out in the Document, it i s unlikely that exposure assessment objectives 
could be entirely fulfilled by direct environmental monitoring. The use of other l e s s 
direct methods (e. g. modelling calculations) could provide more precise estimates. 
However, environmental monitoring combined with research can provide information 
testing the validity of present assumptions and help to provide a sound scientific basis 
for the conservation of ocean resources and for future monitoring operations and an 
improved technical basis for evaluating future practices. These studies should be 
carried out. 

2, 6. Environmental Evaluation of Total Dumping 

2. 6. 1. In addition to evaluating individual applications for permits for dumping, the 
appropriate national authorities should make periodic reviews of the total dumping which 
has been carried out under permits issued by them. They should also consider the 
dumping which has been carried out by other States. Further, they should consider 
prospective dumping which may reasonably be expected. It is desirable that a comparable 
international review also be carried out. Such reviews, after considering the past and 

[9) INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Series No. 5: 
"Radioactive Waste Disposal into the Sea", Vienna, 1961, STI/PUB/14. 

110) INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION: 
"Principles of Environmental Monitoring related to the Handling of 
Radioactive Materials", a Report by Committee 4 , ICRP Publication 7, 
19G5. 
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prospect ive quantit ies dumped, their locations, the significant operat ing experience a s 
repor ted by escor t ing officers and the findings of pertinent oceanographic and ecological 
r e s e a r c h , could lead the IAEA to update the Recommendations set out in the Document. 

2. 6. 2. In addition to these reviews the Contracting P a r t i e s to the Convention a re 
required by Art icle VI. 4 to r epor t in detai l to IMCO the special pe rmi t s i ssued and the 
nature and quantities of all mat te r permit ted to be dumped, together with the location, 
t ime and method of dumping. National r eco rds a r e expected to contain a l l the infor
mation necessa ry for such report ing as well as for the es tabl ishment of an international 
r eg i s te r . The environmental a s ses smen t i s considered a n e c e s s a r y par t of th i s infor
mation. 

2. 7. General Pr inciples Governing Operational Control of Dumping of Wastfe 

2. 7. 1. Provis ions to be considered in establishing c r i t e r i a for the i ssue of pe r mi t s 
for dumping a r e set out in Annex 1*1 to the Convention. The general pr inciples for control 
of dumping of radioactive waste a r e provided for in the IAEA's Safety Se r i e s No. 5(8}. At 
present , dumping almost always takes place in the deep sea in packages with the waste 
e i ther solid, solidified o r absorbed in a solid subs t ra te . The dumping of radioactive 
waste into surface and shallow waters from v e s s e l s , aircraft , p la t forms, etc . may also 
be envisaged under the Convention; this could involve higher exposure to man than 
dumping into the deep sea. However, such dumping is expected to be r a r e in p rac t ice 
and, pending the development of data concerning the nature, extent and potential effects 
of such operat ions, the IAEA has not yet formulated any specific recommendat ions for 
the operational conduct of such disposal. In the opinion of the IAEA, solid or packaged 
radioactive wastes should not be dumped into shallow wate r s because of the r i sk of 
accident:*! recovery of the mater ia l . The Recommendations a r e , therefore , l imited to 
deep si-a dumping. * 

2. 7. 2. In addition to the movement of the radioactivity through ecosys t ems , other 
facto-s h a v to be taken into consideration in a s sess ing the acceptability of a proposed 
dumping <.<;.>-.•> atioii. They concern, in par t icular , the conditioning of the waste in o r d e r 
to ensure :-;,fi- t ransport and handling and the r isk of an accidental recovery of packaged 
waste after dumping. This is covered by operational m e a s u r e s dealing with the design 
and construction of waste containers , the required forms of solid was tes (see p a r a 
graph 2. 9. 4. 4), the choice of a suitable dumping s i te , the choice of an appropr ia te ship 
able to dispose of the waste in the given dumping s i te , provisions for radiat ion p r o 
tection of the crew and an adequate supervision of the dumping operat ions by competent 
escor t ing officers. All these operational measu re s should, therefore, be included in 
the special permi t s issued by the appropriate national authori t ies in accordance with the 
Convention. 

2. 8, Fac to r s Affecting the Choice of a Dumping Site 

2. 8. 1. In the selection of mar ine a r e a s to be utilized as dumping s i t es for packaged 
wastes , consideration must be given pr imar i ly to the factors affecting the safety of man 
and his environment and secondly to economic considerat ions. 

2. 8. 2. In general , the first step in an evaluation will involve the selection from a 
number of possible s i tes of those apparently most suited for safe disposal of packaged or 
solid wastes. Among the factors which must be considered in such a s i te selection a r e : 

(1) The probability of accidental rec^. very of packaged o r solid waste by 
man. A si te would not be suitable for packaged or solid waste disposal 
unless it were highly improbable that accidental recovery would occur; 
the selection of shallow waters for dumping is therefore considered 
to be unacceptable; 

Following sentence in the previous Document has been deleted. 
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(2) The possible utilization of the sea-bed site by man directly in the 
harvest of marine products, or indirectly in the use made of the area 
by organisms which are harvested by man for food in adjacent areas; 

(3) The nature of bottom sediments with respect to the uptake of the 
activity from the water and impact damage to packages; 

(4) Transport by deep-sea currents from the dumping site with particular 
concern for the shoreward-directed flow; 

(5) Rate of turbulent diffusion in the waters in the vicinity of the dumping site; 

(6) Rate of exchange of waters of the particular marine sub-division con
taining the dumping site with other sub-divisions of the marine 
environment. 

2. 8. 3. It i s evident that dumping s i tes must be selected in areas not used for bottom 
trawling or other types of bottom fishing and which are unsuited for future utilization. 
Areas crossed by sub-marine cables in current use are likewise undesirable. In 
general, dumping s i tes located in the deep sea should be in areas where there is a low 
rate of exchange of the deep waters with the surface layers and with the waters of any 
adjacent continental shelf. Thus, sub-marine canyons located on the edge of the conti
nental shelf are generally l ess suited for dumping sites than the deep waters in the true 
ocean basins, since the dc-ep waters of the canyons more readily exchange with the 
waters o the continental shelf. As regions of deep convection exist to the poleward 
side of tiie mnjor oceanic gyres, these requirements are best satisfied by the selection 
of sites i:; v/nter having depths of 4000 m or more situated between latitudes 50°N and 
50°S. Sue.; should be located clear of continental margins and open sea islands and 
not in marginal or inland seas . Nor should they be situated in known areas of natural 
pheiv.jiniT.n, for example volcanic activity, that would make such a site unsuitable for 
dumping. 

2. 8. 4. The importance of the sea and sea bed for resource development in the future 
can hardly be seen in accurate perspective today. They ar? likely however to be used on 
an increasing srale to obtain the mineral and food resources needed by mankind. Before 
selecting a dumping site studies should therefore be carried out to a s s e s s possible future 
resource development in the area concerned. The conduct of such studies could well be 
co-ordinated by an appropriate international organization. It would a lso seem desirable 
to agree internationally to approved dumping s i tes . Concern about the future exploi
tation of the sea would also make it prudent to keep the total number of dumping s i tes as 
limited as practicable. 

2. 9. Special Requirements for Packages for Dumping 

2 . 9 . 1 . General 

2. 9. 1. 1. It i s essential that packages of radioactive matter permitted to be dumped under 
the provisions of the Convention meet certain minimal requirements to ensure that the 
packages may be handled and transported safely and that upon immersion the waste 
materials reach the sea bed without being released. 

2. 9. 1. 2. When dealing with radioactive waste of the levels that may be permitted to be 
dumped the protection of man and the marine environment does not depend upon the long* 
term integrity of the packaging. However, packages so designed that their contents are 
retained during descent to the sea bed will generally remain intact for a period of time 
after they have reached the bottom. The packages will, however, eventually release 
some or all of their radioactive contents. When considering whether to issue a special 
permit for a specific site the appropriate national authorities should ensure that the con
centration of radioactivity in the vicinity of the package docs not present any 
unacceptable risk to man or the marine ecosystem. 
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2. 9 . 1 . 3. To meet essent ial packaging requi rements the considerat ions se t forth in p a r a 
graphs 2. 9. 2 to 2. 9. 8. 2 below apply. 

2. 9. 2. Conditioning 

2. 9. 2. 1. The radioactive waste within the packages should be in a form which, even in 
the case of containers which may be damaged or corroded, will a s far as possible prevent 
a re lease and subsequent spreading of the radioactive mate r i a l ; this i s par t i cu la r ly 
important to ensure safe handling and t ranspor t . Therefore , it i s e s sen t i a l that the 
radioactive waste permitted to be dumped be in a form ei ther solid, solidified or absorbed 
on a solid. The waste may be incorporated into a solid packaged mat r ix such as cement, 
concrete o r bitumen, forming a single block (monolithic design of the package) or 
packaged separately and assembled in a concrete vessel or a metal drum (multistage 
design of the overall package). Liquid was tes should be excluded. However, smal l 
quantities of liquids such as t r i t ia ted water may be absorbed on a m a t e r i a l of good 
absorption capacity and then dumped as packages containing solid subs t ra te . 

2. 9. 3. Transport 

2. 9. 3. 1. The t ranspor t of radioactive waste should be in accordance with the IAEA 
Transpor t Regulations!! 1) and any other applicable international and national t r anspor t 
regulat ions, in par t icular when the radioact ive waste has other hazardous cha rac te r i s t i c s 
such as explosiveness, inflammability, pyrophoricity, chemical toxicity and cor ros iveness . 
The IAEA Transport Regulations include provisions for special a r r angemen t s when the 
package design o r shipment conditions do not comply in all r e spec t s with the standard 
requi rements . This system of special a r rangements i s the one most l ikely to be used 
for dealing with the t ranspor t of waste for dumping. 

2. 9. 4. Packaging Materials 

2. ft. •'.'. 1. It can be expected that packages containing radioactive waste will be made of 
dense material and that they will be made strong enough for safe handling. F o r the 
purpose of (Jumping it may be desirable to have the additional quality of some res i s tance 
to attack by sea-water . 

2. 9. 4 . 2 . Steel drums a r e frequently used for forming concrete conta iners and both the 
concrete and the steel can be regarded as protect ive. It i s des i rable that concrete used 
in packaging be of good quality and of low porosity if it is intended to r e s i s t breakage on 
impact with the sea bed and to withstand the destructive action of s ea -wa te r . It should 
not be regarded merely as weighting mate r ia l . When concrete alone is used the thickness 
of the concrete between the waste and the outer surface should be sufficient to prevent 
rupture of the package on impact if this is required . Other suitable ma te r i a l can be used 
to provide the needed weight. 

2. 9. 4. 3. Baled radioactive waste which is not provided with a containment system should 
not I,;, dumped. 

2. 9. 4 .4 . Some forms of waste mate r ia l a r e such that radioactivity i s in t r ins ical ly well 
contained within the waste form itself (e. g. a metal matr ix in which induced activity i s 
fixed). When it can be shown that wastes in such forms will reach the ocean bed intact 
without dispersion of their radionuclide contents they should be considered to conform to 
thr? requirements for the dumping of packaged solid radioactive waste. 

f 11 j INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Ser ies No, 6: 
"Regulations for the Safe Transpor t of Radioactive Mater ia l s - 1973 Revised 
Edition", Vienna, 1973, STI /PUB/323; and INTERNATIONAL ATOMIC ENERGY 
AGENCY Safety Ser ies No, 37: "Advisory Material for the Application of the 
IAEA Transpor t Regulations", Vienna, 1973, STI/PUB/324. 
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2. 9. 5. Specific Gravity 

2. 9. 5. 1. All packaged solid radioactive waste disposed of into the sea must be suf
ficiently dense to sink immediately. This condition should not be difficult to meet since 
the specific gravity of sea-water at sea level does not exceed about 1. 03. However, 
precautions must be taken to see that the contents of a broken package will not r ise to 
the surface. It i s expected that light materials, such as cloth and paper, would be 
incorporated into concrete within the outer protective containment system, and the 
overall specific gravity of all packages disposed of in deep waters would not be l e s s 
than 1. 2. Packages and their contents should be sufficiently dense to ensure that they 
are not readily moved along the sea bed by currents. Should inner containers be 
incorporated into the principal container the design must be such that they will remain 
on the sea bed. 

2. 9. 6. Voids 

2. 9. 6 . 1 . If a package containing voids or compressible materials i s dumped in deep 
water it will collapse due to the hydrostatic pressure unless there i s provision for 
equalizing the pressure between interior and exterior, or the container i s made suf
ficiently strong or pliable to retain its contents under the pressure encountered during 
descent to the sea bed. 

2. 9. 7. Strength against Impact 

2. 9. 7. I. Packaged wastes will suffer impact at the surface of the sea and again when 
they hit the bottom. Designers should take this into account. 

2. 9. !'.. Contents 

2. 9. 8. 1. Material in the package should comply with the relevant criteria and conditions 
set forth in the Annexes to tlic Convention. 

2. 9. ft. ". The package should exclude buoyant material unless it i s treated or packaged so 
as tillu-r to preclude the return of such material to surface waters or to ensure that, on 
its return, it will not constitute a radiation hazard nor interfere materially with fishing, 
navigation or other legitimate uses of the sea. Among the materials which might thus be 
disponed of polyethylene is one of the few which are permanently buoyant and which thus 
present a special risk of return to the surface, especially when used in the form of 
closed bottJes. The presence of polyethylene in containers for dumping would be 
acceptable only in the following cases: 

(a) When thin polyethylene sheeting i s used to protect the inside surface of 
the containers against corrosion; 

(b) When the material i s processed, for example by shredding, granulating, 
or cutting into small fragments; and 

(c) Where it can be guaranteed that the specific gravity of an inner poly
ethylene container and its contents is not less than 1. 2, provided the 
contents have been solidified by an acceptable method (e. g. with cement). 

2 .10 , International Cooperation and Observation 

2. 10. 1. The IAEA welcomes the undertaking provided for by Article VIII of the 
Convention with respect to the conclusion of regional agreements for the prevention of 
pollution, especially by dumping. This seems particularly necessary in considering 
environmental monitoring and the need for the appropriate national authorities to be 
aware of the sites used and the quantities disposed of in the dumping carried out by other 
States, as discussed in paragraph 2. 6.1 above. 
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2 .10. 2. International co-operation in the selection of dumping s i tes and international 
observation of dumping operations have been suggested. International or multilateral 
observation is considered desirable to establish to the satisfaction of all parties concerned 
that dumping involving radioactive materials i s carried out in accordance with the 
requirements of the Convention and the Definition and Recommendations of the IAEA. For 
instance, such observation is provided for under the Multilateral Consultation and 
Surveillance Mechanism for Sea Dumping of Radioactive Waste, established within the 
framework of the Organisation for Economic Co-operation and Development on 22 July 1977. 

* 
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OF REPORT 210 

t t 

i 
We summarize here our main conclusions and recommendations. 

(1) The oceanographic basis of the provisional definition and 
recommendations is not satisfactory, and should be replaced. 

(2) The Provisional Definition and Recommendations could be 
improved and should be reviewed. 

(3) We consider that our understanding of the deep oceans is 
insufficient to permit the construction of a single comprehensive model of the 
movement of radionuclides. Such a model would require much information that 
is not available and could lend a spurious appearance of accuracy to 
estimates that are not in fact reliable. 

(4) The initial concentration of radioactivity in wastes 
dumped in the deep ocean is unlikely to be important in determining the 
hazards to man. However, the total activity in a canister may be of 
consequence to organisms within the immediate vicinity of the canister. 

(5) The quantities of radioactivity released into the marine 
environment from all radioactive waste dumped in the deep ocean should 
be utrictly limited in accordance with the recommendations below as well 
as other IAEA recommendations. 

(6) Rates of release of radioactivity to the oceans can be 
reduced by suitable containment and packaging of wastes. When it has been 
established that wastes can be contained for a given length of time, an 
allowance for decay in situ, relative to that time, may be considered. 

(7) Bnplacement of waste canisters into certain seafloor 
sediments may provide additional containment, and should be further 
investigated. 

(8) The release of radionuclides to the ocean should be limited 
from the outset at rates not exceeding those which could be continued for 
periods comparable with the half-life of plutonium 239» 

(9) The assessment of radiation doses to man and of possible 
damage to the ecosystem should be carried out. It should use the basis 
we have provided and take account of the physical and biological pathways 
that we have identified in Section 4» 

(10) Release rate limits for a wide range of radionuclides should 
be calculated for various identifiable ocean basins containing potential 
disposal sites. 



(11) He recommend that the calculat ions of the re lease rate 
l imi t s should be undertaken by a suitably constituted group of consultants . 

(12) Both (a) the long-term average concentration i n the bottom 
water for the appropriate part of the ocean basin (see 4 .3 .2 ) 

and (b) the appropriate maximum concentration a r i s i n g from 
short-term events (see 4*3*4 t o 4*3.6) should be used in ca lculat ing 
release rate l i m i t s for a l l exposure pathways regardless of the depth 
at which they ac tua l ly or ig inate . 

(13) The long-term, large-scale processes lead to a re lease 
rate limit which applies to the tota l release from a l l s i t e s in a basin 
whereas the short-term small -scale processes lead to a l imit which applies 
to the re leases from individual s i t e s . 

(14) The s i n g l e - s i t e release rate l imit i s more r e s t r i c t i v e for 
short- l ived radionuclides BO that part i t ioning of waste between s i t e s would 
for such waste increase the overall l imit for the basin as a whole. 

(15) The basin release rate l imit i s more r e s t r i c i t i v e for long-
l ived radionuclides so that in t h i s case the part i t ioning of wastes between 
s i t e s in a basin would not e f fec t the l imit for the basin as a whole. 

(16) The poss ib le role of sediments in reducing water phase 
concentrations should not be included in these calculations u n t i l more 
re l iable information on the i r behaviour i s avai lable . 

(17) Nevertheless the concentrations on sediments used as a 
bas is for radiological assessments should be calculated on the assumption 
that a l l a c t i v i t y released i s absorbed on the sediments, unt i l more re l iab le 
information i s ava i lab le . 

(18) The release rate l imi t s arc upper l imi t s on the rates of 
release of radionuclides to the ocean environment. Actual rates of release 
should be controlled as far below these l e v e l s as i s reasonable achievable 
and in no circumstances should the l imi t s calculated be approached rapidly. 

(19) The hydrography, geophysics, geochemistry and biology of 
possible disposal s i t e s should be studied as careful ly as poss ib le , t o 
provide re l i ab l e information for assessment as to the ir s u i t a b i l i t y . 

(20) Estimates of the transfer of radionuclides from the depths 
of the in t er ior of the large-sca le oceanic gyres i n the major oceanic basins 
presented in t h i s document are based on present knowledge of the processes 
in these regions. In general, these estimates are inapplicable t o regions 
of deep convection, such as ex i s t to the poleward s ide of the major oceanic 
gyres, end to the marginal s eas . 



Dumping should only be carried out where water depths are 
greater than 4000 m at latitudes less than about 5O 0. Deep sea disposal 
sites should not be located near continental margins, in marginal and in
land seas, nor should they be situated in areas where natural phenomena or 
other disturbances would make them unsuitable as disposal sites. 

(21) The conclusions are based on the information available 
n w. New information will become available, and certain areas of research 
should be explored. The assessment carried out here and the conclusions 
reached should be reviewed as and when this seems necessary, or at intervals 
of 3 - 5 years. 

(22) Much research is needed to improve our knowledge of the 
physics, chemistry and biology of the deep oceans. The Agency may wish to 
consider how research relevant to its responsibilities may best be encouraged. 

(23) The environmental concentrations arising from any radio-
activitiy released should be investigated by appropriate scientific programmes. 

(24) When making radiation safety assessments of dumping operations, 
the total input of radioactivity in the oceans should be taken into account. 

(25) Future knowledge is likely to result in estimate* of release 
rate limits being revised either upward or downward. The present conclusions 
and recommendations should not be used to justify a programme of dumping 
of radioactive wastes which cannot be modified or stopped* 
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. . 1. The IAAA Provisional Definition and Recoanendatiorui under the London 

Dumping Convention should be revised in accordance with the recommendations 

below. 

2. The initial concentrations of radioactivity in wastes dumped into the 

deep oceans are unlikely to be important in determining the subsequent hazards 

to man, although the total radioactivity in a canister may need to be limited 

for operational reasons. 

3* The hazards to man and the ecosystem are largely determined by the rates 

of release of radioactivity to the oceans and it is these which should be 

controlled. We have not been able to establish on radiological grounds any 

upper limit to the initial concentration of radioactivity in wastes destined 

for deep ocean disposal. 

. 4* We conclude therefore that there are no high level wastes that are intrin

sically unsuitable for dumping at sea but that quantities dumped should be 

strictly controlled on the basis of release rate limits. 

5. The rates of release of radioactivity to the oceans can be reduced by 

suitable containment and packaging of wastes. When it has been established 

that wastes can be contained for a given length of time, an allowance for decay 

in situ, relative to that time may be considered. Emplacement of waste canisters 

into certain seafloor sediments may provide additional containment, and should 

be further investigated [RAG03 6 and 7]. 

6. Since neither the basis for the oceanographic calculations nor the radio

logical assessment are sufficiently detailed to permit distinction between ocean 

, areas or basins we were constrained to a more generalized approach. We have 
17 5 ' therefore arrived at estimates for a nominal ocean volum of 10 nr which are 

. intended to be of general application. We derived estimates of release rate 

limits for both single sites and this nominal ocean volume. 



7* We recommend that the quantities of radioactivity released from a single 

eite in any one year shall not exceed the values given in the single site 
17 5 column subject to the quantities released in any nominal ocean voluseof 10 nr 

not exceeding the values given for the finite ocean volume column of the table. 

Recommended Release Rate Limits 

[Curies per Year] 

Single Si te Finite Ocean Volume 

do 1? »*) 

Group A Ra £ ' and 
very long lived S/JL 
emitters 
[based on Ra ] 

10* 10* 

Most»(. emitters and 
transuranics plu3 l^C and 

2 1 0 F b 
[based on P u 2 5 9 ] 

1()5 10? 

Group C S r 9 0 , C s 1 5 7 and 
most fi/$ emitters 
[based on S r 9 ^] 

10 7 1 0 8 

Croup D Tritium 
and short-lived 
/2/fl eaiitters 

[based on Tritium] 

1 0 1 1 1 0 1 2 

Complete analysis for 1sotopic composition is not therefore essential 

but if such analyses are available the detailed individual release rates given 

in Appendices 5 and 6 should be used* Thrj BIUD of all the individual release 

rates divided by their appropriate limits Is the fraction o.? the total c&paolt/ 

utilized* and should not exceed unity* 



8. We consider that the radiation doses to marine organisms arising as a 

result of releases within these limits would not lead to significant adverse 

effects to populations as a whole, 

9. The estimated release rate limits are upper linits. Actual rates of 

release should be controlled aa far below these levels as is reasonably 

achievable in accordance with the recommendations of for example 

ICRP Publ. 22. 

10. Ve agree with recommendation 20 of the Advisory Group (RAGOD) that 

dumping should only be carried out where water depths are greater than 

4000m at latitudes less than about 50°. Ve understand that this should not 

be interpreted to exclude those sites where there are localised, areas with 

depths slightly less than 4000IA. Seep sea disposal sites should not be 

located near continental margins, in marginal and inland seas, nor should̂  

they be situated in areas where natural phenomena or other disturbances 

would make them unsuitable as disposal sites. 

11. Ve concur with the conclusions and recommendations on future research 

[RAG0B 21, 22, 25] and the need for periodic review of these asBosBraents. 

12. When evaluating releases of radioactivity into the deep ocean other 

inputs of radioactivity to the oceans should be taken into account, although 

we think it unlikely that these would h».ve a consequential impact on our 

estimates. 
m 

13. future knowledge is -likely to result in estimates of release rate limits 

being revised either upward or downward. The present conclusions and 

recommendations should not be used to justify a programme of dumping of 

radioactive wastes which cannot be modified or stopped [RACOB, 25]. 

We consider that even if drastic modification* were required after deep ocean 

dumping, had been carried out for several decades, the present calculations; 

here include nufficient conservation that no unacceptable consequences would 

have arisen and that neceosary changes cou]d be carried out ovor a further 

decide. 


