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RADIOLOGICAL ASPECTS OF SEA BED DUMPING IN THE DEEP OCEANS - 
W. L. TEMPLETON* 

Ecological Sciences Department, Pacific Northwest Laboratory 
Battelle Memorial Institute, Richland, Washington 99352 
U.S.A. 

INTRODUCTION 

In order to control coastal discharges or ocean dumping of any kind of. 

material, it is necessary to determine a release rate. This can only come 

from a knowledge of the composition and chemical form of the source materials, 

the distribution and bioavailability of these materials in the ocean ecosystem, 

the degree and rates of bioaccumulation and the actual or potential use of the 

ocean resources. With this informatton release rates within acceptable limits 

for man and the ecosystem can then be determined. Today, probably the only 

situations which apply this approach are the controlled disposal of radio- 

active wastes. 

In this paper I discuss a recent radiological assessment of the dumping 

of packaged radioactive wastes on the seabed and describe some environmental 

aspects of the United States Department of Energy program examining the feasi- 

bility of the emplacement of contained radioactive wastes .within the deep ocean 

sediments. 

* Chairman of the International Atomic Energy Agency Consultants Meeting 
which developed the Radiological Basis of the IAEA Review Definition and 
Recommendations Concerning High-Level Radioactive Waste Unsuitable for 
Dumping at Sea [5 ] .  



PRESENT PRACTICE 

I n  t he  1950 's  and 1960 's  many c o u n t r i e s  used the  oceans f o r  dumping o f  

packaged l ow- leve l  r a d i o a c t i v e  wastes. I n  1972 the  Un i ted  States o f  America 

banned t h e  t ranspo r t ,  f o r  dumping o f  h i g h - l e v e l  r a d i o a c t i v e  wastes. Al though 

t h e  dumping o f  medium and low- leve l  r a d i o a c t i v e  wastes are al lowed by  law, 

s ince  t h a t  date no pe rm i t s  have been issued f o r  dumping o f  t h i s  t ype  o f  

m a t e r i a l .  

A t  t h e  same t i m ~  t.hprp were i n t e n s i v e  e f f o r t s  i n t c r n a t i o n a l l y  t o  reach 

agreement on ocean dumping o f  a l l  p o l l u t a n t s .  The outcome was t h e  C n n v ~ n t i n n  

on the  Prevent ion  o f  Marine P o l l u t i o n  by Dumping Wastes and Other Mat te r  i n  

t h e  Oceans ( t h e  London Dumping Convention o f  1972) [I]. The I n t e r n a t i o n a l  

Atomic Energy Agency (IAEA) was charged w i t h  t he  task o f  d e f i n i n g  r a d i o a c t i v e  

wastes u n s u i t a b l e  f o r  dumping a t  sea and p r o v i d i n g  recommel?dations t o  ensure 

t h a t  any dumping o f  r a d i o a c t i v e  m a t e r i a l  i n t o  t he  oceans i nvo l ves  no unaccept- 

a b l e  degree o f  hazard t o  humans and t h e i r  environment. I n  1974 the  I A E A  made 

a  p r o v i s i o n a l  d e f i n i t i o n  along w i t h  a  recommended bas is  f o r  i s s u i n g  spec ia l  

pe rm i t s  [2].  

The P r o v l s l o n a l  D e t i n i t i o n  and Kecommendations o f  1974 s t a t e d  t h a t  h igh -  

l e v e l  r a d i o a c t i v e  wastes o r  o ther  h i g h - l e v e l  r a d i o a c t i v e  ma t te r  unsu i t ab le  f o r  

dumpinq means any m a t e r i  a1 w i t h  a conr .~n t . ra t  i o n  i n  c u r i e s  'per un i t - g ross  mass 

( i n  tonnes) exceeding : 

( a )  10 C i / t  f o r  a - a c t i v e  waste f o r  h a l f  l i f e  g rea te r  than 50 years. 

( I n  the  case o f  2 2 6 ~ a ,  no t  more than 100 C i / y r  may be dumped a t  

any one s i t e ) ;  

( b )  1 0 3 c i / t  f o r  B /Y -ac t i ve  waste (exc lud ing  t r i t i u m )  bu t  t he  l i m i t  f o r  
2  p l u s  1 3 7 ~ s  i s 1 0  C i / t ;  and 

6 ( c )  10 C i / t  f o r  t r i t i u m .  

The d e f i n i t i o n  i s  based on an assumed upper l i m i t  t o  t he  dumping r a t e  o f  

100,000 tonnes per  year  a t  any one s i t e  and averaged over a  gross mass no t  

exceeding 100 tonnes . 



Since 1967 European dumping ope ra t i ons  have been organized and conducted 

by t he  Nuclear  Energy Agency o f  t he  Organ i za t i on  f o r  Economic Cooperat ion and 
. 

Development. Dur ing  t h e  p e r i o d  1967-1977 a  t o t a l  o f  about 51,600 tonnes o f  

packaged s o l  i d  wastes, c o n t a i n i n g  about 5,900 c u r i e s  o f  a - a c t i v e  m a t e r i a l  ; 

about 190,000 c u r i e s  o f  B / Y e m i t t e r s ;  and about 183,000 c u r i e s  o f  t r i t i u m  have 

been dumped i n  the  no r theas t  A t l a n t i c  Ocean C3I. The accumulated amounts ex- 

pressed as f r a c t i o n s  o f  t h e  l i m i t i n g  dumping r a t e s  i m p l i e d  i n  t h e  P r o v i s i o n a l  

D e f i n i t i o n  are:  

( a )  0.1% f o r  a - a c t i v e  m a t e r i a l s ;  

( b )  0.1% B/Y-act ive m a t e r i a l s ;  and 

and o n l y  t w i c e  approached 10% o f  t h e  upper l i m i t  f o r  mass dumping r a t e .  

BASIS OF THE REVISED IAEA DEFINITION AND RECOMMENDATIONS C31 
\ 

The p r o v i s i o n a l  d e f i n i t i o n  and recommendations were a c t i v e l y  reviewed'  by 

t h e  IAEA du r i ng  1976-1978. Three ma jo r  aspects were re i i ewed :  t h e  oceano- 

g raph i c  bas i s  C41, t he  r a d i o l o g i c a l  b a s i s  [5], and t h e  i m p l i c a t i o n s  f o r  t h e  

Def i n  i t i on and Recommendations . 

Assessment o f  p e r m i s s i b l e  dumping r a t e s  o f  r a d i o n u c l i d e s  t o  t h e  oceans 

must i n c l u d e  t h e  c a l c u l a t i o n  o f  t h e  c o n c e n t r a t i o n  th roughout  oceanic  bas ins  

r e s u l t i n g  f rom l o c a l i z e d  sources. However, our  understanding o f  t he  processes 

o c c u r r i n g  i n  t h e  deep oceans i s  i n s u f f i c i e n t  t o  p e r m i t  t h e  c o n s t r u c t i o n  o f  a  

s i n g l e  comprehensive model o f  the  movement o f  r ad ionuc l i des .  The o r i g i n a l  

oceanographic model used f o r  t h e  p r o v i s i o n a l  d e f i n i t i o n  was i n a p p l i c a b l e  f o r  

l o n g - l i v e d  i so topes  i n  f . i n i t e  s i zed  bas'ins. , I t  was cons idered t h a t  t h e  model 

by Shepherd which i nc l udes  161  advec t ion  i n  a  f i n i t e  ocean meets some of t h e  

o b j e c t i o n s  r a i s e d  about t he  o r i g i n a l  model used and a l l ows  es t ima tes  t o  be 

made o f  t he  e n t i r e  concen t ra t i on  f i e l d ,  a l though i t  o n l y  approximates t h e  



actual oceanographic processes resulting in the dispersion of radioactive 
, 

nut 1 ides . 
The Shepherd model ' calculates the equi 1 ibrium concentration which would 

be reached from a continuous release of activity.maintained indefinitely into 

the water near the ocean bottom (>4,00Om). Themodel ocean is of finite size 

and has a horizontal (but no vertical) circulation and three dimensional dif- 

fusion. Obviously this is an idealization but is adequate for defining large- 

scale long-term concentrations. However, since little is known about the 

circulation of the deep ocean water poor vertical mixing cannot be dssumed Tor 
the isolation of radionuclides, and even if this were qn, slow vertical mixing 

could be short-circuited by direct biological transport. It was concluded 

then [4I that one should not assume any isolation of the surface waters w h ~ n  
estimating the dose to man, and that one should calculate not only the 

long-term average concentration in the bottom water for the apprnpriafe part 
of the ocean basin but also the appropriate maximum concentrations arising 

I 

from short term events. 

The model only considers the large-scale average distribution of various 

oceanographic parameters and does not describe short-term processes, either on 

the large or small scale such as deep vertical upwelling, effects of large- 

scale topographic features, or strong convective currents. Since deep vertical 

upwelling, that is a direct transfer of deep bottom water to the surface, is 
r1o.t expllc'itly 1n the model hasic due to our sparse understanding o f  the rates 
of vertical diffusion and advection, one cannot assume that disposal of wastes 

in deep waters provides any isolation from the surface waters when an assess- 

ment of the dose to critical groups is being made. 

Radiological Assessment [ 5 1  

(a) Oceanogra,phi,r:..pspect.s 

With the oceanographic model as a basis, calculations of the concentra- 

tions of radionuclides in water for the dose assessment included both (1) the 

long-term concentration in the water for the appropriate p a r t  uf the ocean 



basin and (2) the appropriate maximum concentrations arising from short-term 

events. In 'both cases these are bottom water concentrations which imply that 

these levels would be acceptable to surface waters and therefore make it un- 

necessary to distinguish between hypothetical consumption of deep-sea organisms 

and more realistic consumption of upper-layer organisms. 

Since it is difficult to foresee the time scale over which releases of 

radioactive waste may continue, the calculations have assumed that releases 

continue for 40,000 years which is approximately the mean lifetime of 239~u. 

The release rates limits derived are therefore such that concentrations in the 

marine environment of long-lived radionuclides will increase very slowly over 

several thousand years towards 'their 1 imiting values. This is clearly very 

conservative; however, it does allow waste dumping operations to be reduced or 

stopped at any time without exceeding the limiting values. For example, if 

the dunlping of 239~u is continued at the calculated release rate limit, the 

concentrations of 23g~.u in the ocean will slowly build up approaching the .c 

International Commission on Radiological Protection derived concentration 

after 40,000 years. If the practice'ceases after 4,000 years then only 10% of 

the International Commission on Radiological Protection derived limit will 

have been reached. For shorter periods of time the oceanographic model 

suggests the release rate limits might be controlled by short-term processes 

of advection and upwelling. In order that unrealistic release limits for very 

short-lived radionuclides are not estimated it was assumed that the 

containment time on the sea-bed was ten years and that three years decay 

occurred between the release point and consumption exposure. 

Because of a lack of information on the role of sediments in reducing 

water concentrations, the calculations ignored sorption on sediments. This 

obviously overest irnates water concentrations, and means that release rate 

limits for pathways that do not involve sediments would be conservative. 

However, for the radiological assessments of the dose to man or organisms the 

concentration on the sediment was calculated with the assumption that it is in 

equilibrium with the. bottom wafer already calculated. This clearly over- 

estimates the concentration on sediments if there is significant partitioning 



between water and sediment, s ince i t  ignores the reduction i n  overall  
concentration a r i s ing  from the  sorpt ive  capacity of the  sediments themselves. 

( b )  Assessment of Pathways 

The assessment quantif ied the parameters involved i n  a number of repre- 

sen ta t ive  pathways by which man might become exposed t o  rad ioac t iv i ty  a f t e r  

i t s  re lease  on the ocean bottom. The pathways chosen include some of which 

are known to e x i s t  and some which may be important in the fu ture  (Table 1) .  
For a l l  the poss ible  pathways which were ident i f ied  the  conservative approach 

was Ldkerl. For example, a pathway in the  fu ture  may include systematic f ishing 

a t  a depth of 4,000 meters, while the deepest presently known i s  2,000 meters. 

we have no deta i led information on the concentration f ac to r s  f o r  cephalopods 

O r  deep-living f i s h ,  and f o r  the present calcula t ion i t  was assumed tha t  these 

would be s u f f i c i e n t l y  s imilar  t o  those f o r  surface organisms. 

Table 1. Pathways, Modes of Exposure, Intake/Occupancy Rates 

Pathway 

F i s h  consumption 

Crustacea consumption 

Mollusc consumption 

Seaweed-consumption 

Plankton consumption 

Desal i nzlted water cons~~mptinn 

Sea s a l t  consumption 

Suspension of sediments 

Evaporation from seawater 

Swimming 

Exposure from shore sediments 

Intake/Occupancy 

Mode of Exposure Rate 

Ingestion 600 g/day 

Ingest ion 100 glday 

Ingestion 100 g/day 

Ingest ion 300 g/day 

Ingestion 30 g/day 

Ingestion 2000 g/dily 

Ingest ion 3 g/day 

Inhalation Continuous 

Inhalation Continuous 

External i r rad ia t ion  300 h/yr 

External i r rad ia t ion  1000 h/yr 

Exposure from fishermen's gear External i r rad ia t ion  300 h/yr 



The pathways se lec ted  are gene ra l i zed  r e p r e s e n t a t i v e s  and t h e  consumption 

parameters se lec ted  a re  s u f f i c i e n t l y  genera l  t o  i n c l u d e  c r i t i c a l  groups i n  a l l  

areas of t h e  wor ld .  Where i n d i v i d u a l s  a re  l i k e l y  t o  be members o f  o n l y  a  

s i n g l e  c r i t i c a l  group, t he  pathways.were eva lua ted  independent ly .  Where t hey  

migh t  be members o f  more than  one c r i t i c a l  group, e.g., shore f ishermen and 

beach dwe l le rs ,  t h e  l i m i t s  have been reduced accord ing ly .  

F i v e  i n d i v i d u a l  pathways i n v o l v i n g  consumption o f  sea food  were cons id -  

ered. These are n o t  in tended t o  r ep resen t  any p a r t i c u l a r  spec ies b u t  a re  

examples o f  genera l  pathways. Consumption r a t e s  were assumed t o  be s u f f i -  

c i e n t l y  la rge ,  i n  a  g l o b a l  con tex t ,  t h a t  f o r  each pathway i t  would be u n l i k e l y  

t h a t  members o f  one c r i t i c a l  consumption group would a l s o  be members o f  another 

c r i t i c a l  consumption group. 

Four pathways l ead ing  t o  exposure o f  beach dwe l l e r s  were cons idered.  

Since some i n d i v i d u a l s  would be l i k e l y  t o  be exposed t o  a l l  pathways t h e  

de r i ved  l i m i t s  were reduced acco rd ing l y .  Three misce l laneous  pathways were 

a1 so cons idered and were combined f o r  convenience. 

The IAEA R a d i o l o g i c a l  Assessment conducted t h e . c a l c u l a t i o n s  f o r  t he  pa th -  

ways f o r  r a d i o n u c l i d e s  which were f e l t  l i k e l y  t o  occur  i n  wastes l i a b l e  t o  be + 

dumped i n t o  t h e  ocean. The l i s t  i nc l uded  f i s s i o n  products ,  a c t i n i d e s ,  a c t i v a -  

t i o n  p roduc ts  and n a t u r a l  r ad ionuc l i des .  

The uptake, accumulat ion and depura t ion  o f  r a d i o n u c l  i des  by  aqua t i c  

organisms i s  a  dynamic process, depending upon many v a r i a b l e s ,  such as t h e  

phys iochemica l  s t a t e  o f  the  r a d i o n u c l i d e  i n  seawater, on the  sediments and i n  

t h e  organisms themselves. Some o f  t h e  impor tan t  b i o l o g i c a l  variables which 

may i n f l u e n c e  t he  d i s t r i b u t i o n  o f  t r a c e  elements, s t a b l e  analogs and r a d i o -  

nuc l  i des  i nc l ude :  (1) d i f f e r e n c e s  i n  t h e  adso rp t i ve  capaci  t,y and s e l e c t i v i t y  

of e x t e r n a l  su r faces  o f  marine organisms f o r  m u l t i v a l e n t  elements, ( 2 )  d i f f e r -  

ences i n  adso rp t i ve  c a p a c i t y  o f  mar ine organisms f o r  t h e  same element i n  d i f -  

f e ren t  o x i d a t i o n  s ta tes ,  ( 3 )  v a r i a t i o n s  i n  t he  r a t e s  a t  which t r a c e  elements 

are i nco rpo ra ted  th rough l i m i t i n g  membranes o f  mar ine organisms, ( 4 )  d i f t e r -  

ences i n  the a b i l i t i e s  o f  i n d i v i d u a l  organisms o r  spec ies t o  i n c o r p o r a t e  t r a c e  



elements from the soluble, colloidal or particulate form in sea water, 

(5) retention and excretion rates for given elements by different organisms, 

(6) differences in the efficiency of conversion of organic and trace element 

components in food transferred between trophic levels of given food webs, 

(7) variations in patterns of accumulation of elements by pelagic and benthic 

arganisms comprising the primary producers, (8) variations in feeding habits 

with respect to particle size selection, (9) differences in patterns of 

distribution of dominant species of pelagic and benthic marine organisms, 

(10) variability in the structures of dominant f ood  webs and the dlstrlbutlon 
patterns of the stable elements within the webs, (11) differences in t~rrnover 
rates of biomass and associated trace elements in different food webs, (12) the 

effects of population structures ~f localized henthir, assemblages upon the 

chemical and physical states of the sediments, and (13) variations in the 

rates of deposition and incor~oration of organic det,ritus and w a s t e  products 

into the sediments and the local effects of this material upon the chemical 

state of the sediments. 

However, our understanding of how these variables effect the degree of 

accumulation and retention is not well understood for the majority of the 

radionuclides under consideration. Therefore, the concept of a concentration 

ratio, i.e., concentration per unit mass of organism tn that concentration in 
an equivalent mass of seawater has proven useful, particu'lar ly i n  equi 1 ibrium 

situations or one where concentrations change slowly compared with the turn- 

over rate of radionuclides in the organisms comprising the pathway. It 

ignores, of course, many of the. above variables and assumes that the radio- 

nuclide in the ecosystem partitions between all segments of system in the same 

way as the stable analog. Some of the data in Table 2 are derived from direct 

measurement of the radionuclide in the marine environment, however, in most 
cases this is without benefit of information on the physiochemical state in 

the water or sediments. Additionally, the quoted values are mean values 

despite our knowledge that many distribution of radionuclides within popula- 

tions of the same species are not normal but lognormal. 



TABLE 2. Concen t ra t ion  Fac to rs  used f o r  R a d i o l o g i c a l  Assessment 

Element Fi,sh Crustacea Mo l luscs  Seaweed P lank ton  Desal 'N Seasa l t  Sediment Evapora t ion  

H 1.CE 00 1.OE 00 1.OE 00 1.OE 00 1.OE 00 1.OE 00 1.OE 00 1.OE 00 1.OE 00 



T9BLE 2. (Contd r 

Element 

S B 

TE 

I 

CS 

C E. 

PM 

SM 

E U 

AU 

PB 

PO 

R A 

AC 

TH 

PA 

U 

NP 

PU . 

AM 

CM 

C F 

F i sh  

1.OE 03 

1..OE 03 

1.OE 01 

5.OE 01 

(1.OE 01) 

1.OE 02 

(1.OE 02) 

1.OE 02 

1 i O E  02 

3.OE 02 

2.OE 03 

1.OE 02 

3.OE 01 

1.OE 03 

1.OE 01 

1 .OE-01 

(1.OE 01) 

1.OE 01 

1.OE 01 

(1.OE 01) 

(1.OE 01) 

Crustacea 

3.OE 02 

1.OE 03 

1 .OE 02 

3.OE 01 

1.OE 03 

1.OE 03 

(1.OE 033 

1.OE 03 

1.OE 03 

1.OE 02 

2.OE 04 

1.OE 02 

1.OE 03 

1.OE 03 

1.OE 01 

1.OE 01 

(1.OE 02) 

1.OE 02 

2.OE 02 

(2.OE 02) 

(2.OE 02) 

Mol iuscs Plankton 

1.OE 03 

1.OE 03 

1.OE 03 

1.OE 02 

1.OE 03 

1.OE 03 

(3.OE 03) 

1.OE 04 

1.OE 04 

1.OE 04 

1.OE 04 

1.OE 02 

1.OE 04 

1.OE 04 

l.OE 03 

5.OE 00 

(2.OE 03) 

(2.OE 03) 

(2.OE 03) 

(2.OE 03) 

(2.OE 03) 

Desal ' N  

(1.OE-04) 

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .CE-04) 

( 1  .CE-04) 

( 1  .CE-04) 

(l.0E-04 ) 

( 1  .OE-04) 

(1. E - 0 4 )  

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .OF-04) 

( 1  .Of-04) 

( 1  .Of-04) 

(1.0:-04) 

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .OE-04) 

( 1  .OE-04) 

Sediment 

1.OE 04 

1.OE 04 

1.OE 02 

5.OE 02 

1.OE 04 

1.. OE 04 

(1 .OE 04) 

1.OE 04 

1.OE 04 

1.OE 04 

1.OE 04 

5.OE 02 

1.OE 04 

5.OE 06 

5 1 0 ~  03 

5.OE 02 

(5.OE 04) 

5.OE 04 

5.OE 04 

(5.OE 04) 

(5.OE 04) 

Evaporat ion 

(1.OE-02) 

Concentra'ion Factc-s i n  parentheses are est imates. 



( c )  Release Rate L i m i t s  

The ou tpu t  f rom these  c a l c u l a t i o n s  f o r  bo th  s i n g l e  s i t e  and a  f i n i t e  

ocean volume p rov ides  t h e  c r i t i c a l  pathway f o r  each r a d i o n u c l i d e  and i s  t h a t  

g i v i n g  r i s e  t o  t he  lowest  r e l ease  r a t e  l i m i t .  When pathways have been com- 

b ined  under one c r i t i c a l  group; i .e., beach dwe l le rs ,  t he  c r i t i c a l  pathway i s  

t h a t  which i n d i v i d u a l l y  would have t h e  lowest  l i m i t .  As an example o f  t he  
17 3 ou tpu t  f o r  a  f i n i t e  ocean volume (10 m  ) t h e  r e l e a s e  r a t e  l i m i t s  f o r  t h e  

f o r t y  most r e s t r i c t i v e  r a d i o n u c l i d e s  are g i v e n  i n  Tab,le 3. 

To meet t he  p resen t  d e f i n i t i o n  under t h e  London Convention t h e  r a d i o -  

nuc l i des  were i n i t i a l l y  grouped accord ing t o  p r a c t i c a l  c o n s i d e r a t i o n s  and 

c a l c u l a t e d  r e l e a s e  r a t e  l i m i t s  (Tab le  4 ) .  I n  some cases r a d i o n u c l i d e s  do n o t  

appear i n  t he  group t o  which i t  would seem t h a t  t h e y  belong. Th i s  i s  because 

of known f a c t o r s  no t  inc luded  i n  t he  c a l c u l a t i o n s  o r  p r a c t i c a l  cons ide ra t i ons  

such as t h e  v e r y  low p r e d i c t e d  q u a n t i t i e s  t h a t  w i l l  occur.  The c a l c u l a t e d  , 

r e l e a s e  r a t e  l i m i t s  f o r  these groups a re  g i v e n  i n  o rders  o f  magnitude. based on 

t h e  more r e s t r i c t i v e  members o f  t h e  group. 

For a d m i n i s t r a t i v e  convenience and a n a l y t i c a l  s i m p l i c i t y ,  Groups A  and B '  
were combined t o  g i v e  t h r e e  groupings accord ing t o  t h e  b a s i c  p r o p e r t i e s  o f  

decay t ype  and h a l f - l i f e ,  as  f o l l o w s :  

Release Rate L i m i t s  ( C i / y r )  

Group 17 3 S i n g l e  S i t e  F i n i t e  Ocean Volume ' ( . lo m  ) 

a-emi t t e r s ,  b u t  l i m i t e d  t o  10 4  l o 5  l o 5  

C i  l y r  f o r  2 2 f i ~ d  and supported 
21Op 

0 

B/Y-emi t ters  w i t h  h a l f - l i v e s  o f  

a t  l e a s t  0.5 yr  (exc lud ing  

t r i t i u m )  and B /Y  e m i t t e r s  o f  

unknown h a l f - l i v e s  

T r i t i u m  and B/Y e m i t t e r s  w i t h  

h a l f - l i v e s  o f  less  than  

0.5 years 



TABLE 3. Release Rate L i m i t s  i n  Ascendi'ng Order f o r  a 
F i n i t e  Ocean Volume o f  1017m3 

L i m i t  L i m i t .  
Nuc I i d s  C r i t i c a l  Group Cur ies/Year Nuc l i de  C r i t i c a l  Group 

Thor iun-229 Beach dwe 1 l e r s  3.7 x l o 5  - N i c k e l  -59 F i s h  e a t e r s  

Iodine-12-3 Seaweed ea te rs  3.9 x l o '  Z i  r c o n i  um-93 Beach dwe l l e r s  

Rad i um-226 F i s h  ea te r s  3.9 x 10 curium-243 Seaweed ea te rs  

4.4 x l o 6  Plutonium-238 Seaweed ea te rs  Thorium-232 F i s h  ea te r s  

Thor ium-230 F i s h  c a t e r s  6.8 x l o 6  Uranium-235 Seaweed e a t e r s  

Neptun ium-237 Seaweed ea te rs  7 -6  x 10 6:a) curium-244 Seaweed ea te rs  

Tin-126 Beach dwe 1 1 e r s  7 .8  x l o 6  Uran ium-234 Seaweed ea te rs  

Technetium-99 Seaweed ea te rs  7.8 x 10' Ura,?i um-233 Seaweed ea te rs  

S u r i  um-245 Seaweed ea te rs  9.1 x l o 6  Selenium-79 Seaweed ea te rs  

P lu ton  ium-242 Seaweed ea te rs  1.2 x 10: Europi  um-154 Beach dwe l l e r s  

' l u t on  ium-239 Seaweed ea te rs  1.3 x 10' Cobal t - 60  Beach dwe 1 1 e r s  - 
Americium-243 Seaweej ea te r s  1.5 x 10' Europi  um-152 Beach dwel l e r s  - 
Cur i um-246 Seaweed eater:; 2.10 x 10' - Cesi um-135 F i s h  ea te r s  

Lead-219 Plankton ea te r s  2.3' x 10' \Nickel-63 F i s h  ea te r s  

Plutonium-240 Seaweed eater; 2.3 x 10 i(a) Pal  l adium-107 Seaweed ea te rs  

Cal i f o r ~ i u m - 2 5 1  Seaweed ea te rs  4.0 x 10 7 ( a )  ~ a l  i foknium-252 Seaweed ea te rs  

Carbon-14 F i s h  ea te r s  6.5 x 10 S t r o n t  ium-90 Seaweed ea te rs  7 

Americium-241 Seaweed ea te rs  1.4 x l o 8  4n t  imony-1.25 Beach dwe l l e r s  

Uranium-233 Seaweed ea te rs  1.2 x 10 8 Si lver -110 Mol lusc ea te r s  

Smericium-242 Seaweed eaters  2.2 x lo8:  Zes ium-137 F i s h  ea te r s  

( a )  ~ n d i c a t e s  t h a t  an e s t  i na ted  concent ra t  i o n  f a c t o r  was used i n  t qe  mos: s i g n i f i c a n t  pathway. 



TABLE 4. Radionuclide Composition of Groups 

Group A Group B 

Technetium-99 Carbon-14 

Tin-126 Lead-210 

Iodi'ne-129 Polonium-210 

Rad i um-226 Thorium-229 

Thorium-230 

Thor ium-232 

Uranium-233 

Uranium-234 

Uranium-235 

Uranium-238 

Group C 

Sod ium-22 

Chlorine-36 

Mang anese-54 

Iron-55 

Cobal t-60 

Nickel-59 . 

Nickel -63 

Zinc-65 

Selenium-79 

Stront i um-90 

Zirconium-93 

Niobium-93m 

Ruthenium-106 

Pal 1 ad i um-107 
Si lver-llOm 

Ant imony-125 

Cesium-134 

Cesi um-135 

Cesium-137 

Cerium-144 . 

Promethium-147 
Samarium-151 

Europium-152 

Europium-154 

Europ ium-155 

Group D 
He 1 i um-3 

Phosphorus-32 

Sulfur-35 

Calcium-45 

Chromium-51 

Iron-59 

Cobalt-58 . 

Bromine-82 

Strontium-89 

Yttr ium-90 

Yttrium-91 

Zirconium-95 

Niobium-95 

Ruthenium-103 
Ant imony-124 

Tel lurium-125m 

Iodine-131 

Bar ium-140 

Cerium-141 

Gold-198 

Radium-225 

Actinium-225 

Tt~ur. iuln-234 

Protactinium-233 

Neptunium-239 



The single-site release rate is more restrictive,for short-lived radio- 

nuclides, and partitioning of wastes between sites can increase the overall 

limit for the basin as a whole. For long-lived radionuclides, the long-term 

finite ocean basin release rate is more restrictive and partitioning of wastes 

between sites does not affect the limit for the basin as a whole. However, 

the input of all radionuclides into the basin from all sources, including 

those from other than dumping of radioactive wastes, must be included in any 

definitive assessment of a release rate limit. 

In all cases the release rate limits derived correspond direct.ly, give0 

the pathways and parameters used, to the ICRP dose limlts for individual 

members of the public. The philosophy underlying this procedure and the use 

of critical groups is described in publications of ICRP. The annual limit for 

the effective dose equivalent in individual members of the public applies to 
the average of this quantity in the "critical group"; namely, the group repre- 

senting the most exposed individuals. If the critical groups are hypothetical 

and maximizing assumptions are made in their selection, the ICRP maintains the 

value of 500 mrem for the annual limit. If, however, real critical groups are 

identified and realistic models are used to assess the annual effective dose 

equivalent, the ICRP recommends a limit of 100 mrem in a year for exposures of 

continuous natures expected year after year. It should be stressed that ICRP 
dose limits provide a lower boundary of an unacceptable range of values. 

Valucs abovc the ICRP limits are to be avoided while values up to the limit 

are not automatically permi tted, however the values permitted must be justi - 
fied by assessing the net benefits, considering radiological consequences and 

alternative procedures. It is anticipated that optimization procedures would 

usually result in radiation doses lower than the limits t81. On the other 

hand the ICRP dose limits are not threshold values above which undesirable 

effects begin to appear, but represent dose values corresponding to individual 

risks approaching unacceptable levels. The maximum permissible annual intakes 

corresponding to those .dose limits were taken from the IAEA Basic Safety 
Standards [ 91. Where ingestion is involved following their transport through 



t he  water t he  va lues f o r  s o l u b l e  forms have been used. Where t h e  pathway 

i n v o l v e s  i n h a l a t i o n  t h e  most r e s t r i c t i v e  va lues have been used. 

I n  the  p r o v i s i o n a l  D e f i n i t i o n  and Recommendations of 1974, two e x p l i c i t  
2 s a f e t y  f a c t o r s  o f  10 were a p p l i e d  t o  a l l o w  f o r  more than  one dumping s i t e  

and t o  a l l o w  f o r  parameters l e s s  f a v o r a b l e  than  those  assumed i n  t h e  assess- 

ment. I n  the  proposed r e v i s e d  D e f i n i t i o n  and Recommendations exp l  i c i t  account 

has been taken  t o  account f o r  m u l t i p l e  s i t e s  i n  a  f i n i t e  ocean volume and pos- 

s i b l e  extreme events  i n  ocean areas. It i s  n o t  a p p r o p r i t e  then t o  app l y  addi -  

t i o n a l  s a f e t y  f a c t o r s  f o r  the.same reasons t o  t h e  p resen t  assessment. The 

numer ica l  va lues  depend on t he  p a r t i c u l a r  r a d i o n u c l i d e  and s e t  o f  c i rcumstances 

and can n e i t h e r  be determined p r e c i s e l y  nor  be guaranteed; however, i t  i s  con- 

s idered  t h a t  t he  r e l e a s e  r a t e s  g i ven  are t h e  bes t  p o s s i b l e  es t imates  which can 

be made f o r  them a t  t h e  p resen t  t ime.  , , 

An assessment o f  t h e  p o t e n t i a l  e f f e c t s  on t h e  b i o t a  o f  t h e  mar ine eco- 

system was conducted and i t  was concluded t h a t  r a d i a t i o n  doses a r i s i n g  a$ a  
. , 

r e s u l t  o f  r e l eases  w i t h i n  the  l i m i t s  o f  t he  D e f i n i t i o n  are no t  expected t o  - 

lead t o  s i g n i f i c a n t  adverse e f f e c t s  t o  popu la t i ons  as a  whole. 

The t e c h n i c a l  b a s i s  f o r  t he  p resen t  r a d i o l o g i c a l  assessment i s  on r e l e a s e  

r a t e  l i m i t s  and n o t  on dumping r a t e s .  However, t o  meet t h e  p resen t  r e q u i r e -  

ments o f  the  London Convent ion i t  i s  necessary t o ,  express t h e  D e f i n i t i o n  i n  

terms o f  a  concen t ra t i on  f o r  a  s i n g l e  s i t e  and an assumed upper l i m i t  on mass 

dumping r a t e  a t  a  s i n g l e  s i t e  o f  100,000 t o n n e s / ~ e a r  w i t h  t h e  added p r o v i s o  o f  
17 3 r e l e a s e  ra te .  l i m i t s  f o r  a  f i n i t e  ocean volume o f  10 m  [3]. Th is  r e s u l t s  

i n  c o n c e n t r a t i o n  l i m i t s  o f :  

( a )  1 C i / t  f o r  o - e m i t t e r s  b u t  l i m i t e d  t o  10" Ci / tonnes f o r  2 2 6 ~ a  

and supported 210~o;  

2 ( b )  10 Ci / tonnes f o r  B/Y-emi t ters  w i t h  h a l f - l i v e s  o f  a t  l e a s t  0.5 

years  (exc lud ing  t r i t i u m )  and m i x t u r e s  o f  B/Y-emi t t e r s  o f  unknown 

h a l f - l i v e s ;  

6  ( c )  10 Ci/ tonnes f o r  t r i ' t i u m  and B /y -emi t te rs  w i t h  h a l f - l i v e s  l e s s  

than 0.5 years.  



DEEP SEABED EMPLACEMENT 

Since the potential hazards to man and the ecosystem are largely deter- 

mined by the rates of release of radioactivity to the ocean, the present 

assessment provides the radiological basis for considering the deep oceans as 

an alternative ultimate repository for high-level radioactive wastes. If the 
release rates to the deep ocean waters can be controlled within these limits 

by suitable containment then there are no radioactive wastes that are intrinsi- 

cally unsuitable for dumping or sub-seabed emplacement in the deep ocean. 

One concept is being explored by the U.S. Department of Energy [lo]. It 

is proposed that sub-seabed geologic formations may be able to contain these 

high-level wastes in isolation long enough for them to decay to inconsequential 

levels. The concept is based upon the premise that a set of sequential bar- 

riers could balance the rate of decay against the rate of migration to man and 

his ecosystem. These barriers would be the waste form itself, the containment 

canister, and the geological medium in which the material is placed. The 

major task is the selection and definition of the geological formations. 

These must have tectonic and climatic stability, predictable uniformity over a 

large area and have a low probabi1it.y of future resource develnpment. At.  

present the abyssal hill areas appear to be the most promising. These areas 

are generally covered with 50 to 100 meters of red clay. .Where they also 

vccur below the centers of wind-driven surface current gyres they appear to be 

geologically stable and biologically relatively unproductive. The seabed 

sediments are considered to be the primary long-term barrier and existing 
6 transport models would suggest containment in the sediments for 10 to 10 11 

years depending upon physical and chemical characteristics of the sediments. 

An additional potential barrier is the deep ocean water. The major efforts in 

this stud,y are an examination of the physical, ch~rniral and mechanical proper- 

ties of these ocean sedimcntr,, ;~??essrncnt o f  the problenls o r  t ~ e a l  dit;t;~ipstlon 

arid the impact upon these properties, deep ocean oceanographic studies and the 

characterization of deep ocean biological comrn~~nities. The current assessment 



of t he  eng inee r i ng  and env i ronmenta l  f e a s i b i l i t y  i s  t h a t  no th i ng  has y e t  been 

d iscovered  t h a t  d i s c r e d i t s  t h e  concept. However, i t  w i l l  be necessary t o  

i n t e n s i f y  t h e  es tab l i shment  o f  many oceanographic and e c o l o g i c a l  parameters i n  

o rder  t o  develop d e f i n i t i v e  r a d i o l o g i c a l  assessments on a s i t e  by  s i t e  bas i s .  

Whi le t he  Revised D e f i n i t i o n  and Recommendations o f  t h e  I A E A  r e s t r i c t  t h e  

dumping o f  r a d i o a c t i v e  wastes t h a t  exceed s p e c i f i e d  concentrat ion/mass 1 i m i  t s ,  

t he  acceptance of the  concept of app l y i ng  re l ease  r a t e  l i m i t s  as developed by  

t h e  I A E A  p rov ides  a r a t i o n a l  b a s i s  f o r  f u r t h e r  cons ide r i ng  t h e  emplacement o f  

r a d i o a c t i v e  wastes i n  t he  seabed as an a t t r a c t i v e  and acceptable a1 t e r n a t i v e  

t o  t e r r e s t r i a l  g e o l o g i c a l  r e p o s i t o r i e s .  

Th is  work was supported by the  Un i t ed  S ta tes  Department o f  Energy under 

Curl l r - d ~  1 EY -76 -C-06-1830. 
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