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PROCEEDINGS OF THE FIFTH ANNUAL 
NEA-SEABED WORKING GROUP MEETING 

BRISTOL, ENGLAND 
MARCH 3-5, 1980 

PART I: SUMMARY OF NATIONAL POLICIES AND POSITIONS 

Introductory Remarks 

D. Glenn Boyer, Chairman 
Seabed Working Group Meeting 
Bristol, England, March 3, 1980 

To Dr. Frank Feates and Dr. Keith Johnson: 

On behalf of 'the participants I wish to express our thanks to our 

United Kingdom hosts; to Dr. Frank Feates; and to the Department of the . 

Environment staff, Dr. Allan Duncan, Mr. C. M. Basford, and the others, 

who have spent so much time and effort to make the detailed arrangements 

for this, the Fifth Annual Seabed Working Group Meeting, thank you. 

My welcome to,those of you who are participating in the seabed work- 

shops fo= the first time, either as designated representatives or as ob- 

servers. I trust you will take the opportunity to participate fully and 

contribute'to the informality of the discussions. And, of course, welcome 

to those of you who have added measurably to the results of these work- 

shops over the years. 

We welcome the Netherlands representatives who have officially joined 

the NEA/Seabed Working Group since our last meeting, and we are looking 

forward to their full participation. 

It is nice to have Dr. F. Gera, of the NEA/OECD, and Dr. Rip Anderson 

of Sandia Labs, who act as secretariat and task group coordinator to the 

group, respectively, to provide the coordination and exchan~e of informa- 

tion with other members of the group and with the NEA Radioactive Waste 

Management Committee. 



I wish to acknowledge for the record the letter to me dated April 17, 

1979, from Dr. Wallauscheck, Head, Radiation Protection and Waste Manage- 

ment Division, confirming the recommendations of the NEA Radioactive Waste 

Management Committee (RwMC) that the Seabed working Group be part of the 

NEA program as a "restricted group," formed by a limited number of coun- 

tries having an active program of research and development in the field of 

seabed disposal of radioactive waste and coordinating work at a national 

level in the frame of the group. One of the consequences of the NEA 

restricted group status is that the Seabed Working Group programs are to 

be agreed to among the participants as a whole, rather than by the NEA- 

RWMC, recognizing the needs of the Group to sponsor task groups and 

specialists1 meerings organized on an ad hoc basis to deal with specific 

technical problems and to select a scientific secretary from the Group. 

It is a pleasure to cont.inue the Seabed Working Group affiliation 

under the auspices of the NEA/OECD and I am looking forward to a long 

period of continued cooperation. 

The role and objectives of the group as outlined at the Second Annual 

Seabed Working Group Meeting at Washington, DC, in March 1977, are being 

met, Thcy arc: 

To provide a forum for discussion, assessment of 
progress and planning of future efforts 

To coordinate cooperative research vessel cruises and 
experiments 

To share facilities and test equipment 

To exchange informatioil. 

To maintain cognizance of international policy issues. ;. . 



Based on previous Seabed Working Group and task group meetings, this 

year's meetings have these major objectives: 

To coordinate a total system approach to assure data are 
being acquired that can be used as parameters in 
predictive models of seabed disposal concepts 

To continue the multinational coordination of research 
and development in the specific task group areas 

To review the status and significant changes in national 
seabed disposal programs. 

By the end of the workshop it is anticipated we will have a basis 

for: 

A summary report to NEA-RWMC on the SWG activities 

Identification of specific areas of continued task'group 
coordination. 

An update of specific task group members. 

Identification of continued methods for multinational 
participation. 

Thank you. We will now proceed to the national reports on our 

agenda. 



CANADA 

Participation in marine geological programs related to the environ- , 

mental feasibility of disposing of wastes in the deep sea began in 1978. 

Initial activities were limited to information exchange and participation 

in a US cruise to monitor thc effect of test mining of manganese nodules 

in the Pacific Ocean. In 1979 a more direct involvement in research was 

initiated by geoscientists located at the Atlantic Geoscience Centre, 

Bedford Institute of Oceanography, by proposing a research project to be 

funded by the Department of Energy, Mines, and Resources through the Geo- 

logical Survey of Canada. This project has now been approved with field 

and laboratory investigations already in progress and with related or 

associated projects due to begin in 1980. 

In this report, a detailed outline of the deep-sea geological program 

is presented as well as preliminary progress reports on a site investiga- 

tion in the northern Nares Abyssal Plain conducted in January 1980. Plans 

for further deep-sea site investigations are also presented. 

Program Outline 

Environmental Gesloe? ul: Lhe Beeij Ocean 

The specific project designed to study the environmental geology of 

the deep-ocean basins was initiated through the Atlantic Geoscience 

Centre, a division of the Geological Survey of Canada.. The general 

objectives of this project are: 

To investigate the capacity of the deep-ocean sediments 
to maintain normal processes and environmental quality 
under conditions of stress imposed by waste disposal 
practices and resource exploration and exploitation 



To participate in the Seabed Working Group of NEA in 
order to maintain awareness of progress in feasibility 
studies for disposal of high-level nuclear waste in the 
seabed. 

Under these general objectives, four specific research tasks were identi- 

fied for investigation. 

Task I - Seabed Characteristics and Surficial Geology in Deep Ocean 
Plains -- Investigations of potential waste disposal areas will be con- 
ducted in selected abyssal. deeps wlth relatively slodoth flat surfaces and 

with accumulated s,ediments being deposited in consistent layers having an 

accumulated thickness of at least 200 m. Selected sites for detailed 
3 2 investigation will be over areas of lo2 to 10 km in water depths ranging 

from 3 to 6 km. The resolution of the survey should be sufficient to 

recognize slopes of lo and anomalous relief features as small as 100 m 

horizontal distance. Surficial and near-surface geological surveys will 

identify sedimentary facies and shallow stratigraphy and will be based 

mainly on acoustic methods. Ultimately, technological developments may 

allow vertical resolution of layered sediments as thin as 2 m, with sub- 

surface penetration depths of 200 m. Geochronology and paleoecology of 

the uppermost (-20 m) stratigraphic layers of sediment will be used to 

accurately date sediments and to identify any changes in the oceanic 

environment of deposition. Over a 5-yr period, scientific and technologi- 

cal developments will be required to meet the objectives of this task: 

Bathymetric surveys will require refinements in narrow beam sounding 

systems presently available. Shallow seismic systems will be modified 

initially using a hydrophone array and tuned air gun system to give 

optimum stratigraphic resolution of 2 m y  with depth penetration to 200 m 

using a frequency envelope of 100 to 500 Hz and an air gun short pulse of 

20 ms. Future development of a deep-towed high-precision shallow seismic 

and side scan system is under consideration. Accurate dating of marine 

sediments will be attempted using 210~b for most recent sediments and 

thorium/protactinium methods for older sediments. Stratigraphic and 

paleoceanographic conditions will be interpreted by analyses of fish 

skeletal remains and microfossils. 



Task I1 - Physical Properties of Deep-sea Sediments -- From a 

combination of remote sensing surveys, in-situ measurements and bottom 

sampling of deep-sea sediment geotechnical properties, permeability, and 

cohesive nature will be evaluated. Geotechnical properties will, at 

first, be approximated by using conventional methods of box coring and 

piston coring, with subsequent engineering testing being carried out on 

board ship or in land-based laboratories. Subsequently, certain measures 

such as shear strength, compressibility, and pore pressure may be carried 

out using in-situ probes, possibly in combination with heat flow probes 

and pore water sampling probes. Conventional heat flow probes will be 

used for direct measurement of thermal gradient and thermal conductivity 

with adaptation for determining fluid migration within the uppermost uncon- 

solidated sediments. Acoustic signal processing from shallow seismic 

systems or deep tow systems. offer some potential for indirectly deter- 

mining some physical properties of surficial and near-surface sediments. 

Developments in this technological field are presently underway for shelf- 

depth systems by Huntec Canada Limited. 

Task I11 - Geochemical Properties of Deep-Sea Sediments -- Evaluation 
of the chemical capacity of deep-sea sediments to form an effective 

barrier to the migration of fission products and transuranic nuclides will 

depend on the phase equilibrium between sediment pore water and the 

particulate solidc, and on the a d v e c ~ i v e  and diffusive mechanisms of 

migration within the sedimentary column. The essential research in this 

area will be focused on determining the chemical nature of pore waters, 

the chemical state of the contained elements, and the crystal chemical 

characteristics of the marine clays. Models of chemical diffusion based 

on natural environmental analyses will be tested by experimentation with 

laboratory tcct mate~ials u n d k i  cvrlditions which simulate deep sea . . 
' ,.:_ . . 

environments. . .. . . 

Initially pore water extractions and analyses will .be carried out 

under controlled temperatl.1re ariil'.nitrogcn atmospheres E~.oLI~ sa~~lples ob- . . .  

tained by conventional box and piston coring. In the latter stages of the 

project, it is hoped that satisfac'tory in-situ harpoon samplers will be . . 



available for collecting pore water samples. Similarly, in-situ electro- 

chemical probes for the measurement of pH, pS, and pE are planned for use 

in the latter stages of the project. Modifications of existing multiprobe 

and water sampling systems will be used for measurement of near-bottom 

water qualities such as conductivity, temperature, turbidity, and sampling 

for laboratory analyses of trace metals, nutrients, and suspended parti- 

culate matter. 

Task IV - Sediment Dynamics of the Deep Ocean -- Movement of 
surficial sediments under the influence of strvrig bottom currents will be 

evaluated in selected sites by both short- and long-term measurements of 

bottom currents and sediment dynamics. Initially, seabed sediment 

stability will be evaluated by using conventional bottom photography in 

combination with sampling devices or'alone as a bottom survey system. 

Extended development of an existing shelf sediment dynamics monitoring 

system is planned which will measure bottom conditions, including time- 

lapse photography, current metering, and turbidity. Conventional near- 

bottom current meter arrays will also be deployed for long-term monitoring 

in selected areas. 

Proiect Partici~ants 

E. Buckley, Geochemistry and Sedimentology--Project Leader 
E. Cranston, Geochemistry 
Vilks, Paleoecology, Paleoceanography 
A. Rashid, Organic Geochemistry 
Winters, Geochemistry 
Blasco, Geophysics, Seismics 
Heffler, Engineering, Geophysics 
Judge, Geophysics, Heat Flow 
Smith, Geochronology 



Project Schedule and Estimated ~esources* 

1979-80 Item $ K Cost 

Field Hudson cruise to shelf and slope East 
(Jul-Aug Newfoundland and Labrador to test sampling and 
1979) shipboard analyses system 40.0 

Field Dawson cruise to northern Nares Abyssal Plain, 
January 1980 (in conjunction with LADLE experiment) 35.0 

Task I 
(geology 

Task I1 
(geo- 
chemistry) 

Field 

Task I 
(geology) 

Task I1 
(physical) 

Task I11 
(geo- 
chemistry) 

Task IV 
(dynamics) 

Bathymetry - conventional sounding and air gun 
survey, using 10 to 40 in.3 air gun 

Geochemical sampling - box coring. Collection 
and analysis of pore water and sediments for major 
and trace, constituents; evaluation of sed,iment 
(near surface) redox conditions 71.0 

Total 146 .O 

Hudson cruise to Sohm Abyssal Plain, June 1980 178.0 

Bathymetry - conventional 12 kHz sounder 

Stratigraphy - air gun model 600B, tuned array 

- 210~b dating of surficiat sedi- 
ments from box core 

- paleoecology study of box core 
samples 

Heat flow probe - on loan from Earth Physics 
Branch 

Geotechnical properties measured on box core 
samples on board ship and in lab 

Box coring and piston coring. Collection and 
analysis of pore water and sediments for major 
and trace constituents; multiprobe (CTD,. 
turbidity, water sampling) 162 .O 

Bottom photography of survey area, using 
existing BIO cameras 1 .O 

Total 354.0 

*Financial estimates exist only for 1981-82 and beyond. For 1979-80 and 
1980-81, the costs are actual or approved budgets. 



Item 

This period used to complete analyses of existing 
samples and to develop methods and technology for 
last 2 yr of project 

Task I Stratigraphy-development/rental of tuned air gun 
(geology) array and deep tow system 

Task I1 . Development of heat flow/thennal conductivity 
system for the deep ocean (Earth Physics 'Branch) 

Development of geotechnical equipment for in-situ 
anal ysrs 

Task I11 Development of in-situ pore water sampler with 
(geo- electrochemical probes 
chemistry) 50.0 

Task IV Development of deep ocean sediment dynamics 
(dynamics) monitoring. Development of deep side scan 

Total 

Field Cruise to North Atlantic 

Task I Bathymetry - narrow beam transducer 
(e~nl ngy) 

Stratigraphy - .tuned air gun array 

- deep r o w  seismic survey 

- Th/Pa dating 

- paleoecology and paleontology 

Task I1 In-situ heat flow/thermal conductivity 
(physics) measurements 

In-situ and laboratory geotechnical measure- 
ment s 

Acoustic analyses of sediments 

Task I11 Giant piston coring (loan from Woods Hole/ 
(geo- URI). Collection and analysis of pore water 
chemistry) and sediments for major and trace constituents 

In-situ pore water collection with electro- 
chemical analyses (pH, p S ,  pE probes) 

D.iffusion experiments by injecting sediment 
core subsamples with tracers 

1 G 



Item $ K Cost 

Deep sediment dynamics survey (photography, 
dynamics) of currents, turbidity 1.5 .O 

Deep side scan survey 15.0 

Task IV 

Current meter array 
I 

5.0 
Total 656.0 

1983-84 

. Field Cruise to North Atlantic 

Task I 
(geology 

Bathymetry - narrow beam transducer 

Stratigraphy - multichannel seismic system 
or deep tow seismic system 

- dating 

- paleontology 

Task I1 
(physics) 

In-situ heat flow multiprobe system-to 
measure thermal properties and retrieve 
pore waters, 

In-situ geotechnical probe 

Giant piston coring Task I11 
chemistry) 

Collection and analysis 
of pore water and sediment 

In-sitv pore water collection with electro- 
chemical analyses 

Diffusion experiments by injecting sediment 
core subsamples with radioactive tracers 

Task IV 
(dynamics) 

Long-term sediment dynamics monitoring 
development 

Deep side scan 

Current meter array (long-term) 
Total 

Project Total 



Associated Projects 

Feasibility Studies of Disposal of High-Level Nuclear Waste in the 

Deep Sea -- As part of the Canadian Geological Disposal of Radioactive 
Waste Program, Atomic Energy of Canada Limited provides funds to certain 

agencies to carry out research on various aspects of the problems'of con- 

tainment of waste. This corporation also assists in the coordination of 

research and dissemination of information. In association with the Geo- 

logical Survey of Canada project described above, a proposed research task 

has been submitted which places particular emphasis on the chemical, 

geochemical and mineralogical aspects of the problem of determining the 

effectiveness ,of natural marine sediments as a barrier to movement of 

radioactive wastes. The objectives of this research would be: 

To quantitatively estimate the distribution constants 
for several trace elements between natural pore waters 
and deep sea sediments 

'Yo estimate diffusion r a t e s  for several calriurls aiid 
anions which can be attributed to chemical potential and 
thermal fluxes 

To evaluate crystal chemical characteristics of clay 
minerals found at ~clectcd dccp oca oitco, with ~pcciol 
emphasis on their adsorption and chemical exchange 
properties and thermal stability 

To evaiuate changes in sediment properties with age and 
depositional environment. 

Project Participants 

D. E. Buckley Geochemistry, Sedimentology (Principal 
Investigator) 

R. E. Cranston Geochemistry 
G. ViIkp Pa l  eoerolngy, P R ~  ~nce~nngraphy 

Funding 

1980-81: $29 500 (estimated). Confirmation of funding expected 
by April 1, 1980. 



The Fundamental Chemical Dynamics Implicit in the Seabed Disposal 

Program -- This program is to determine the effect of high temperatures 
and pressures on the mobility of anions and cations normally associated 

with clay minerals'in deep marine sediments. 

This project, to be undertaken at Dalhousie University, Halifax, Nova 

Scotia, is supported by a research agreement with the Federal Department 

of Energy, Mines, and Resources. The intended research will study the 

effects of high temperature and pressure on the reactions between sea 

water and marine red clays, over the temperature range 25"  to 500°C and at 

pressures to 500 atm. Both oxidizing and reducing.environments will be 

examined. At the higher temperatures, sea water acts as an ac'id, and its 

composition changes radically as a result of precipitation of magnesium 

oxysulfate and of anhydrite. These precipitations should affect the 

physical state as well as the ion exchange properties of the clays. 

Project Participants 

R. C. Cooks Chemical Oceanography (principal 
Investigator) 

P. J .  Wangerskey Chemical Oceanography 
D. J. Plasse Chenical Oceanography 

Funding - 
$16 000 (confirmed) 
$26 000 (estimated) 

Progress in 1979 

Only preliminary investigations were undertaken during the past year 

to sstdblish mechods of sampling the sea bottom, processing these samples 

on board ship for immediate geochemical measurements, and establishing 

laboratory methods for detecting and quantitatively measuring trace ele- 

ments in the pore water samples and associated sediments. Taking 

advantage of a cruise by the CSS Hudson to the shelf and slope off eastern 

Newfoundland and Labrador, the following list summarizes the activities 



and r e s u l t s  which a r e  d i s c u s s e d  i n  more d e t a i l  i n  t h e  Rock and S e d i n e n t s  

T a s k  Group r e p o r t :  

Box and p i s t o n  c o r e  s amples  were  r e c o v e r e d  from s h e l f  
and s l o p e  d e p t h s ,  t o  t h e  3 .2  km d e p t h .  

a E l e c t r o c h e m i c a l  m e a s u r e s  u n d e r  c o l d  N 2  a t m o s p h e r e s  
c l e a r l y  i d e n t i f i e d  o x i d i z i n g  and r e d u c i n g  c o n d i t i o n ' s  i n  
s e v e r a l  d i f f c r c n t  c n v i r o n m e n t c  o f  deposition. 

Pure W H L E L  E X L L  U C L ~ V L I S  W ~ L ~ I  S Q L I ~ ~ C ~ I - S  y i e l d e d  
s u f f i c i e n t  s a m p l e s  t o  a l l o w  a n a l y t i c a l  d e t e r m i n a t i o n  o f  
e i g h t  t r a c e  e l e m e n t s  and s i x  m a j o r  e l e m e n t s .  

( a )  O f f s h o r e  s l o p e  s e d i m e n t s  ( u p p e r  50 cm) c o n t a i n  
l e s s  o r g a n i c  c a r s o n  a s  compared w i t h  s h e l f  
s e d i m e n t s ,  and s l o p e  s e d i m e n t s  apDcar  t o  be  n o r e  
o x i d i z e d  a s  compared w i t h  s h e l f  o r  r e s t r i c t e d  b a y  
s e d i m e n t s .  

( b )  Po re  w a t e r  from t h e  s l o p e  s e d i m e n t s  c o n t a i n e d  
s i g n i f i c a n t l y  more d i s s o l v e d  C r  a s  compared w i t h  
s h e l f  s e d i m e n t  p o r e  w a t e r .  

( 6 )  The t r a c e  e l e m e n t s  FP, Wn, Z n ,  a n d  C n  were q n t e  
c o n c e n t r a t e d  i n  p o r e  w a t e r  from s h e l f  s e d i m e n t s  
compared w i t h  t h e  more o x i d i z e d  s lope  s e d i q e n t s .  

N o r t h e r n  Nares  A b y s s a l  P l a i n  - -- D u r i n g  J a n u a r y  and F e b r u a r y  1980,  t h e  

CSS Day-son p a r t i c i p a t e d  i n  a g e o p h y s i c a l  e x p e r i n e n t  a l o n g  w i t h  t h e  - P i s -  

c o v e 2  i.n t h e  Nares  A b y s s a l  P l a i n  r e s i o n .  T h i s  e x p e r i ~ e n t ,  c a l l e d  t h e  - .---. 
Lesser A n t i l l e s  Deep L i t h o s p h e r i c  Expe r imen t  (LADLE), was d e s i g n e d  t o  

o b t a i n  s e i s m i c  r e f l e c t i o n  3nd r e f r a c t i o n  d a t a  a l o n g  2 1500 kin l i n e  e x t e n d -  

i n g  f rom 20°11 'N  t o  30°24 'N  l a t i t u d e  a l o n g  h1°30'W l o n g i t u d e  ( s e e  t r a c k  

p l o t ,  F i g u r e  1-11. A t  v a r i o u s  t i m e s  d u r i n g  t h i s  g e o p h y s i c a l  e x ~ e r i m e n t ,  

b o t t o m  s e d i m e n t  s a m p l e s  were  o b t a i n e d  u s i n g  a  box c o r e r ,  some s h a l l o w  

s e i s m i c  r e f l e c t i o n  d a t a ,  and a s m a l l  a i r  gun ' a s  a sound s o u r c e .  6a.thy- 

m e t r i c  d a t a  were  o b t a i n e d  w i t h  a  c o n v e n t i o n a l  12-KHz hul l -mounted  s o u n d e r .  



Figure 1-1 Dawson 80-001 Cruise Track 



Because o f  t h e  deep-sea c o r e  f a i l u r e  a f t e r  o n l y  two box c o r e s  had 

been o b t a i n e d ,  t h e  bottom sampl ing program had t o  be abandoned. Some 

s h a l l o w  s e i s m i c  r e f l e c t i o n  d a t a  were o b t a i n e d  from t h e  v i c i n i t y  of  t h e  two 

box c o r e  s t a t i o n s  and a r e  reproduced w i t h  t h i s  r e p o r t .  

"he two box c o r e s  were o b t a i n e d  a t :  

Both samples were of  v e r y  f i n e - g r a i n e d  red c l a y s .  There  appeared t o  

be l i t t l e  o r  no e v i d e n c e  o f  macroben th ic  organisms i n h a b i t i n g  t h i s  a r e a .  

Both box c o r e  samples were subsampled f o r  immediate e x t r a c t i o n  o f  pore  

w a t e r s  and f o r  measurement o f  pH, pE, and pS. There  was no ev idence  of  

r e d u c i n g  c o n d i t i o n s  w i t h i n  t h e  sed iments  nor  of  a d i s c o n t i n u i t y  i n  e l e c -  

t r o c h e m i c a l  measures  t o  a  d e p t h  of  4 0  cm. A t  t h e  t ime o f  w r i t i n g  of  t h i s  

r e p o r t ,  v o s t  o f  t h e s e  samples  were j u s t  r e a c h i n g  t h e  l a b o r a t o r i e s  f o r  

d e t a i l e d  geochrono log ica . l ,  geochemica l ,  and p a l e o e c o l o g i c a l  a n a l y s e s .  

A t  each o f  t h e  c o r i n g  s i t e s ,  t h e  s h o r t  s e i s m i c  su rveys  show some of  

t h e  g e n e r a l  c h a r a c t e r i s t i c s  of  t h e  s e a  f l o o r  ( s e e  Tab le  1-11. Although 

t h e  t a b l e  c l a r i t y  o f  t h e  g r a p h i c  r e c o r d s  i s  hampered by s i d e  e c h o e s ,  i t  i s  

p o s s i b l e  t o  d e t e r m i n e  major  c h a r a c t e r i s t i c s  about  t h e  bottom topography 

and s u b s u r f a c e  sed iments  down t o  about  300 m i  

Both t h e  topography and sediment  t h i c k n e s s  a r e  s l i g h t l y  d i f f e r e n t  a t  

t h e  two l o c a l i t i e s .  Along t h e  s h i p ' s  t r a c k  of  A r e a  :! ( ~ i g u r e  1-21, 787 

of t h e  bot tom i s  f l a t  w i t h  a  few smal l  h i l l s  ( F i ~ u r e  1-31. The h i l l s  pro- 

t r u d e  t o  a  maximum h e i g h t  of  7 0  v over  t h e  s u r r o u n d i n g  a r e a  over  a d i s -  

t a n c e  of  0 . 5  km ( c l o s e  t o  a  g r a d i e n t  of 1 1 % ) .  Area 1 i s  f a r  more uneven,  

w i t h  o n l y  26% o f  f l a t  s e a  f l o o r  a l o n g  t h e  s h i p ' s  t r a c k  ( ~ i e u r e s  1-4 and 

1-51. Here t h e  d e p t h  d i f f e r e n c e  between t h e  h i l l s  and t h e  f l a t  a r e a s  i s  a t  

maximum 320 m w i t h  s l o p e s  t h a t  g rade  a t  l e a s t  18%.  



Table 1-1 

Activities and Committed Funds Toward Deep Sea Research 
To Investigate Radioactive Waste Disposal in the Seabed 

Funds 
Year Area Activity ( $  K )  

1978 Pacific Ocean 
Latitude 10°N, 
longitude 150°W 
Domes Cruise 

East Newfound land 
Continental Slope, 
Labrador Continental 
Shelf, Lake ~elville 

CSS Dawson 
1 - latitude 20°N, 

longitude 6 1 " ~  
2 - latitude 23ON, 

lnngitude 61°W 

CSS Hudson 
Latitude 33ON, 
longitude 56"W 
Distal Sohm Abyssal Plain 

Box coring with bottom 
navigation, geotechnical, 
and paleontological clay 
analysis 

Box coring, piston coring to 
test sampling, and shipboard 
analyses system 

40 

Box coring and 40 in. 3 

seismic survey. Pore water 
analysis for trace and 
major elements; Foraminifera 

106 

Box coring and piston 
coring, 10-40 air 
gun survey, heat probe, 
bottom photography, 
suspended sediment, and 
CTD profiles; Foraminifera 3.54 



F i g u r e  1-2 C r u i s e  T rack  o f  Area 2 









So far, only two seismically distinct units are recognized in both 

areas: the unconsolidated muds and the uneven basement surface below. The 

unconsolidated sediment that forms the flat areas contains several inter- 

nal reflectors that are lost where the sea floor is uneven. In both areas 

the records show sediments on top of the hills, with a few questionable 

exceptions in Area 2 where the bedrock may crop out. 

In Area 2 the sediment is at least 130 m thick on the average, but 

the few hilltops are covered with only 50 m of sediment. An elongated one 

where the sediment is at least 170 m thick canebe traced along a northwest- 

trending depression in the bedrock. 

In Area 1 the average sediment thickness is 83 m with a recorded maxi- 

mum of at least 20 m. Here also, most of the hilltops are covered with 50- 

to 60-m-thick sediment (~igure 1-51. The records suggest that the zone of 

thinner sediment may have a north-south trending linearity. 

Sohm Abyssal Plain -- In May-June 1980, a second deep sea cruise will 
take place in the CSS Hudson to investigate the area around 33.00' N 

56.0' W. The cruise will include a detailed bathymetric and shallow 

seismic survey over a selected site of approximately - .  12 x 15 km. The 

shallow selsmlc reflection system will consisr of a cuned air gull array L u  

provide optimum resolution for this type of system in an expected average 

water depth of more than 5 km. A network of bottom transponders will be 

used to position the sampling devices as well as the survey data. 

2 Sampling will include box core (0.5 m 1, gravity, and piston cores 

(6-cm and 1U-cm diameter), as well as bottom water columfi samples for sus- 

pended particulate matter and trace elements. In-situ measurements of 

heat flow and.therma1 conductivity are also planned. 

Core samples will be subsampled on board the ship under culd uit~ogen 

atmospheres and analyzed for pH, pS, and pE. Pore waters will also be 

squeezed from the sediment samples under high pressure~cold nitrogen; and 

chemical subsamples will be obtained for trace metal analyses, nutrients, 

and some major elements. 



COMMISSION OF THE EIlROPEAN COMMUNITIES 

For the past two years, the Commission of the European Communities 

(CEC) has been represented as an observer at the NEA International Seabed 

Working Group and has taken an active part in the task group developing an 

overall systems analysis model of the option. It is expected that this 

participation will continue; participation within the Sediment and Rock 

Task Group has also started this year. 

Within the new 1980-1984 "indirect action" Nuclear Waste Management 

and Radiation Protection program, there are projects considering certain 

aspects of the seabed. In the "direct action" Nuclear Regulatory Com- 

mission (NRC) program, which is awaiting official approval, is a proposal 

for the study and development of consequence analysis for the seabed. An 

experimental program at present studying the migration of transuranics 

through subsoils has shown the importance of understanding thermodynamic, 

kinetic, and oxidation state properties and their interaction with environ- 

mental factors. These aspects are also of prime importance for the seabed 

option. 

Thus, methods are being developed to study and characteiixe physico- 

chemical species of transuranics. The importance of such methods has been 

recognized and has resulted in a jointly sponsored CECIIAEA technical meet- 

ing on behavior of transuranics in the aquatic environment, sediment-water 

exchanges, and techniques for speciation. The meeting is specifically 

aimed at-giving a statc-of-the-art view for basie methods in transuranics. 

These may be summarized as: 

Chemical. methods for characterization of species, 
thermodynamic and complex behavior; 

Techniques for distinguishing metal fractions nn bottom 
and suspended sediments;. and 

Methods for studying bioavailability. 



It is believed that the development of these methods within these 

areas of research are basic to studies on the long-term behavior of 

transuranics in the environment, both for fresh water and seawater, and 

may also be of use for the experimental study of tile seabed disposal 

opt ions. 

Details of the direct-indirect action programs of the CEC have not as 

yet been defined. The final details will take info accuuuL i o p ~ l t  from 

national programs through tilt! coi~sultntivc managcm~nt. committees within 

the European community. 



FEDERAL REPUBLIC OF GERMANY 

The aim of the waste management program of the Federal Republic of 

Germany is still to store high-level active waste in the salt formations 

of that country. The storage of low- and medium-level active waste into 

old salt mines has been stopped for political and legal reasons, but the 

government hopes that it can be continued in the future. 

Because of restraining political conditions, the attitude of the re- 

sponsible administrators in relation to the seabed disposal program as 

well as to the ~ ~ A / D u m ~ i n ~  Program has changed. Positive, though in- 

formal, signals from these authorities gave rise at the end of last year 

to the submission of a research proposal to the appropriate Ministry. A 

part of this program will probably be funded in 1980. 

Two institutes intend to work together in implementing this proposal: 

the Isotope Laboratory of the Federal Center for Fisheries Research 

(~erner Feldt, Principal ~nvesti~ator), and the.Institute for Hydrobio- 

logy and Fisheries Science of the University of Hamburg (Hjalmar Theil 

and ~ietrich Schnack, Principal Inves,tigators). Apart from this, the 

government's Isotope Laboratory of the Federal Center fnr Fisheries Re- 

search, on its own responsibility, has continued its investigation of the 

NEAIDumping sites. The first research program, which started in 1966, 

will be continued through 1980. 

It is the aim of this investigatory program to obtain information 

about the vertical biological transport. In the course of this investi- 

gation the Laboratory has measured 

Primary production 

Radionuclide distribution in the biomass 

Stable element distribution in the biomass 

Concentrations of radionuclides and stable isotopes in 
the sediment . 



On the next cruise these investigations will be extended to include 

an understanding of the dependence of radionuclide concentrations in 

benthic organisms as a function of geographical position. The 228~a and 

1 3 7 ~ s  concentrations in seawater will be measured for different depths, 

in order to get an idea about the physical oceanographic transport of 

radionuclides. 

At this time the funding for this' program is nearly 1 mi/l.ion DM per 

year. 



FRANCE 

In the French radioactive waste disposal program, the first priority 

has been to assess continental geological formations. For this reason 

the financial effort for the seabed program in 1979 was modest--about 

2 500 000 F. Current policy is to proceed with a constant effort in the 

seabed program in order to have some alternate solution to continental 

disposal. In 1980, the Commissariat A L'Energie Atomique,(CEA) contri- 

bution will be supplemented by an equivalent contribution through Centre 

National Pour L'Exploitation Des ~cdans (CNEXO). The total budget of the 

French radioactive waste seabed disposal program in 1980 will therefore be 

about 7 000 000 F. This is a very significant increase in comparison to 

last year. 

In France, the disposal of nuclear waste into the seabed.sediments is 

considered geological disposal; therefore, the French are mainly inter- 

ested in sedimentary layers with a thickness of several hundred meters. 

In 1979, the French work was focussed mainly on the following areas: 

1. The Resolution ~ruise'(1.F'~). In the Cape Verde region, two 

areas, CV1 and CV2, were investigated; very good results were 

obtained by.mic.roflexichoc seismic reflection techniques 

identifying subseabed geologic structures. About 1200 km of 

seismic profile records were obtained; these records show in 

detail the complexity of some regions. The sedimen~ thickness 

was found to be 600 to 2000 m. This study also confirms the 

capability of the microflexichoc technique to provide a quick and 

cheap method of investigating subseabed geologic structures. 

2. The CNEXO Studies. The CNEXO group has completed both theo- 

retical and field studies on certain large areas of the North 

Atlantic. From these studies several interesting areas have heen 

selected for further study. CV1 and CV2 are two of the areas 

where s~udies will continue. In additiun, physical oceanography 



l i t e r a t u r e  s t u d i e s  have been completed on the  c h a r a c t e r i s t i c s  o f  

t h e  bottom boundary l a y e r  f o r  CV1 and CV2. Another s tudy ,  

developed i n  a manner s i m i l a r  t o  t he  framework of t h e  TOURBILLON 

program, i s  add re s s ing  t h e  ben th i c  boundary l a y e r .  A mooring 

con ta in ing  5 c u r r e n t  meters  spaced between 10 and 800 m from t h e  

bottom has  been deployed and w i l l  be recovered i n  1980. The deep 

b e n t h i c  e c o l o g i c a l  r e sea rch  i s  underway i n  t he  fol lowing a r e a s :  

Assessment o f  t h e  quaflr ic ies  u1 beuLhic biomaoo a t  
c e r t a i n  s i t e s  

Assessment of  t h e  importance o f  b i o t u r b a t i o n  i n  the  
t r a n s p o r t  o f  n u c l e a r  waste 

Completion of  p r e l imina ry  development of  a f r e e  . 

v e h i c l e  f o r  measuring the  oxygen consumption of t he  
sediment- f  auna 

Completion o f  t h e  c o n s t r u c t i o n  of  a p a r t i c l e  t r a p  
f o r  measuring t h e  downward f l u x  of  o rgan ic s .  

A b i o l o g i c a l  t r a n s f e r  model i s  under,development a t  t h e  Labora to r i e  

d e  Radioecologie  o f  t h e  CEA and with t h e  System Analysis  Task Group. The 

L a b o r a t o r i e  de  ~ a d i o e c o l o g i e  Marine de l a  Hague (CEA) 11a5 fbcussed i . L l r  

a c t i v i t y  on t h e  behavior  o t  radionucf  ides i n  Llle b e n t h i c  boundary l 3 y ~ r .  

S t u d i e s  i nc lude  chemical s p e c i a t i o n s ,  s o r p t i o n  onto  t h e  sediments ,  and 

b i o l o g i c a l  a v a i l a b i l i t y  f o r  9 9 ~ c ,  2 3 9 ~ u ,  and 241Am, which seem the  more. 

s i g n i f i c a n t  i so topes  f o r  long term d i s p o s a l .  Sediments and organisms a r e  

taken  from t h e  c o a s t a l  waters  o f  France. Experiments a r e  planned t o  

compare r e s u l t s  f o r  deep and s u r f a c e  sediments and organisms. 

A more complete rev iew of t he  studies '  i s  presen ted  i n  t he  Task Group 

r e p o r t s .  No s i g n i f i c a n t  work was performed i n  France i n  1979 on c a n i s t e r s  

and waste  forms. 

For 1980, France w i l l  i n v e s t i g a t e  s i t e s  C V 1  and CV2, us ing  the  CNEXO 

s h i p s  Charcot amd S u r o i t  (September t o  December). This program w i l l  



include bathimetry and sediment sampling (Kullenberg coring and large sur- 

face coring), a study of the characteristics of the water below 3 km, an 

examination of Antarctic bottom waters and the thickness of the mixed deep 

layer, and studies of the gradients in the benthic boundary layer. 

Other studies include current meter moorings near the bottom (up to 

500 m from the bottom), nephelometric profiles, and temperature profiles. 

Two stations will be setup in each of the CV1 and CV2 areas. 



JAPAN 

I n  1978,  J a p a n ' s  Nuclear  S a f e t y  Research A s s o c i a t i o n  e s t a b l i s h e d  a  

Seabed Working Group under t h e  E x p e r t  Committee on D i s p o s a l  o f  High-Level 

R a d i o a c t i v e  Waste, and t h e  Group s t a r t e d  t o  c o l l e c t  t h e  fundamental  i n -  

f o r m a t i o n  concern ing  t h e  f e a s i b i l i t y  o f  f u t u r e  h i g h - l e v e l  r a d i o a c t i v e  

was te  d i s p o s a l .  I n  f i s c a l  y e a r  1978,  i n f o r m a t i o n  on t h e  f o l l o w i n g  i t e m s  

was c o l l e c t e d  and compi led:  

Research a r t i c l e s  f o r  ocean bed geo logy :  topography ,  
s e d i m e n t s ,  g e o l o g i c a l  s t r u c t u r e s ,  e t c ,  i n  t h e  
n o r t h w e s t e r n  P a c i f i c  Ocean 

Research a r t i c l e s  f o r  o c e a n o g r a p h i c a l  s t r u c t u r e :  
p h y s i c a l  and chemical  c h a r a c t e r i s t i c s  o f  mar ine  w a t e r ,  
movement of  mar ine  
w a t e r ,  and seabed boundary l a y e r s  

Research a r t i c l e s  f o r  mar ine  b i o l o g y :  f i s h e r y  and o t h e r  
mar ine  r e s o u r c e s ,  and r a d i o a c t i v i t y  i n  t h e  mar ine  
o r g a n i c s .  

The a c t u a l  work i n c l u d e d  t h e  c o l l e c t i o n  and r e g u l a t i o n  o f  e x i s t i n g  

knowledge,  d a t a ,  and i n f o r m a t i o n  a v a i l a b l e  i n  Japan and o t h e r  c o u n t r i e s .  

The o r g a n i z a t i o n a l  c h a r t  o f  t h e  Exper t  Committee on D i s p o s a l  of  High- 

Leve l  R a d i o a c t i v e  Wastes o f  NSRA and t h e  membership of  t h e  Seabed Working 

Group o f  t h e  Committee i c  shown.below. 

Ocean Geology Group 

IIir.uslii  Hocra,  c h i e f  S c i e n t , i s t  , Marine Technology Dep.artment , 
Japan  Marine Sc ience  and Technology c e n t e r  

~ a z u o  Kobayasht,  P r o f e s s o r ,  Ocean Research I n s t i t u , t e ,  . ': 

U n i v e r s i t y  o f  Tokyv 

Hideo Kngami, p i s i s c a n t  P r o f e s s o r ,  Ocean ~ c s e s r c ! ~  T n s t i ~ u t e ,  
U n i v e r s i t y  o f  Tokyo 



Saburo Aoki,  A s s i s t a n t  P r o f e s s o r ,  N a t u r a l  S c i e n c e  L a b o r a t o r y ,  
Tokyo U n i v e r s i ~ y  

T o s h i r o  Tamano, Managing D i r e c t o r ,  Japan  Petroleum Co., L t d .  

Ocean P h y s i c s  Group 

Hideo Sudo, C h i e f ,  t h e  Second Resea rch  L a b o r a t o r y  ( P h y s i c a l  
Oceanography L a b o r a t o r y ) ,  Marine R a d i o a c t i v i t y  D i v i s i o n ,  
Toka i  Reg iona l  F i s h e r i e s  Resea rch  L a b o r a t o r y ,  F i s h e r y  
Agency 

H i . d ~ o  ~ i t a n i ,  D i r e c t o r ,  J a p a n  Oceanographic  Data  C e n t e r ,  
Hydrographic  D e p p t t m ~ n ' l -  ,, Mari t i.me Safety Agcncy ' 

~ i d e a k i  Kt.lnishi, P r o f e s s o r ,  L a b o r a t v r y  of P h y s i c a l  Oceanography, 
Geophys ica l  I n s t i t u t e ,  F a c u l t y  o f  S c i e n c e ,  Kyoto U n i v e r s i t y  
Sumio Hor ibe ,  P r o f e s s o r ,  Ocean Research I n s t i t u t e ,  U n i v e r s i t y  
o f  Tokyo 

Ocean Bio logy  Group 

Ryushi  I ch ikawa ,  Dean, D i v i s i o n  o f  E n v i r o n m e n ~ a l  H e a l t h ,  
N a t i o n a l  I n s t i t u t e  o f  R a d i o l o g i c a l  S c i e n c e s  

Yukio Nose, P r o f e s s o r ,  Department of F i s h e r i e s ,  F a c u l t y  o f  
A g r i c u l t u r e ,  u n i v e r s i t y  o f  fokyo 

Masuoki ~ o r i k o s h i ,  P r o f e s s o r ,  Ocean Research I n s t i t u t e ,  
U n i v e r s i t y  o f  Tokyo 

T a k a h i s a  Nemoto, A s s i s t a n t  PYofessor, Ocea11 Reseaich Institute, 
U n i v e r s i t y  o f  Tokyo 

K e i j i  Nasu, Chief  S c i e n t i s t ,  F a r  Seas  F i s h e r i e s  Research 
. L a b o r a t o r y ,  Research P l a n n i n g  and L i a i s o n  O f f i c e  

Ryonosuke Ki tamor i ,  Ac t ing  D i r e c t o r ,  Second T e c h n i c a l  
L a b o r a t o r y ,  Shin-Nihonkishokaiyo Co.,  L t d .  
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I n v e s t i g a t i v r i  ul: t h e  Occon Bed C ~ n l n e i c a l  Data 
i n  t h e  N o r t h e r n  P a c i f i c  Ocean 

The Genera l  B a t h y m e t r i c  C h a r t  o f  Oceans (GEBCO) i s  t h e  a c c e p t e d  sub- 

m a r i n e  t o p o g r a p h i c  map a l l  o v e r  t h e  wor ld .  S i n c e  t h e  f i r s t  map was i s s u e d  

a t  t h e  s e v e n t h  mee t ing  o f  t h e  I n t e r n a t i o n a l  Geographic S o c i e t y  i n  1877,  

f o u r  e d i t i o n s  have been made. The Hydrographic Department o f  Japan  pro- 

duced t h e  b a t h y m e t r i c  c h a r t  o f  t h e  w e s t e r n  r e g i o n s  o f  t h e  Nor the rn  P a c i f i c  

Ocean and t h e  United S t a t e s  produce$ t h e  b a t h y m e t r i c  c h a r t  o f  t h e  e a s t e r n  

r e g i o n s .  The GEBCO s h e e t s  a r e  p r i n t e d  i n  c o l o r  i n  M e r c a t o ~  p r o j e c t i o n  on 

a  s c a l e  o f  1 :10  000 000. I n  thk  f o u r t h  printing, the  o r i g i n a l  data o f  

b a t h y m e t r i c  v a l u e s . o n  each t r a c k  a r e  a l s o  r e p o r t e d  on t h e  p l o t t i r l g  s h e e t s  

i n  a  s c a l e  o f  1 :10 000 000. On t h e  p l o t t i n g  s h e e t s  produced by t h e  

Hydrograph ic  Department o f  J a p a n ,  t h e  b a t h y m e t r i c  v a l u e s  a r e  shown i n  b l a c k  

w i t h  a n  a c c u r a c y  o f  1 m on each  t r a c k ,  and t h e  c o n t o u r  l i n e s  a r e  drawn i n  

b l u e  e v e r y  500 m, Near t h e  J a p a n e s e  I s l a n d s  t h e  t r a c k s  a r e  numerous, b u t  

t h e y  d e c r e a s e  w i t h  d i s t a n c e  from J a p a n ;  n e a r  t h e  A l e u t i a n  I s l a n d s  t h e r e  a r e  

o n l y  a few. Although t h e  d a t a  a r e  n o t  s o  numerous Cn some a r e a s ,  t h e  p l o t -  

t i n g  s h e e t s  a r e  fundar i~e l l t a l ly  v c r y  vall.r~l11 P f o r  t h e  i n v e s t i g a t i o n  o f  sub- 

m a r i n e  topograplly.  I n  a d d i t i o n  t o  t h e  p l o t t i n g  s h e e t s ,  t h e  Hydrographic  

Department o f  Japan  prvduced t h e  submarine  ~ u ~ o g r a ~ h i c  maps t o r  PhP seas 

a r n ~ l n d  J a p a n .  These m u l t i c o l o r e d  maps a r e  drawn wi th  Merca to r  p r o j e c t i o n ,  

and have m u l t i p l e  p r i n t i n g s .  Although t h e  maps a r e  v e r y  n l c e ,  itl many 

a r e a s  u p d a t e s  shou ld  be made by u s i n g  rhe dqLa ICam ncw b s t h l p e t r i c  

s u r v e y s  . 

On t h e  submarine  t o p o g r a p h i c  map o f  t h e  n o r t h e r n  P a c i f i - c  Ocean (F ig -  

u r e  1-61, i t  can bcen s e e n  t h a t  t h e  most prominent  f e a t u r e s  a r e  t h e  s e a -  

mounts i n  t h e  w e s t e r n  r e g i o n s  ( f rom 155'  west  l o n g i t u d e  t o  t h e  c o n t i n e n t ) .  

These seamounts a r e  f a i r l y  r e g u l a r .  Most o f  them a r e  v o l c a n i c  i s l a n d s ,  and 

a r e  a r r a n g e d  i n  t h r e e  l i n e s :  from t h e  Line I s l a n d s  t o  t h e  Gambie I s l a n d s  

v i a  Gambie I s l a n d s  and Tuamotu I s l a n d ,  from T i ~ b u a i  I s l a n d s  t o  t h e  Marsha l l -  

G i l b e r t  I s l a n d s  v i a  Cook and Samoa I s l a n d ,  and from t h e  Hawaiian I s l a n d s  t o  

t h e  Emperor Seamounts. A l l  t h r e e  v o l c a n i c  l i n e s  t r e n d  WNW-ESE i n  t h e  

e a s t e r n  p 2 r t s  and v a r y  NNW-SSE n e a r  t h e i r  midd le  p o i n t s .  These 



characteristic features can be explained by the Hot Spot Hypothesis, to be 

discussed later. 

In the northern Pacific Ocean is a line of seamounts extending from 

the Hawaiian Islands to the Emperor Seamounts, and the northern parts of 

the Line Islands line and the Marshall-Gilbert Islands line. 

The area between the Emperor Seamounts and the Kurile-Japan Trench in 

the Northwest Pacific Basin is relatively flat-bottomed, and is approxi- 

mately 6 km deep. In the middle of the northwest Pacific Basin is the 

northwest Pacific Rise, also called Shatsky Rise. North of the Shatsky 

Rise, at a depth of 5 to 6 km, are many large and small fracture zones and 

deep sea channels. 

West of the Shatsky Rise in the northwestern Pacific Ocean is a topo- 

graphically flat area approximately 6 km deep. Although the northwestern 

Pacific Rise in the middle part of this basin has some topographical irre- 

gularities due to fault movements and other tectonic movements, the other 

parts have no topographical indication of large-scale tectonic movements 

except the Hokkaido Fracture Zone. The track charts of bathymetric surveys 

in these areas are sparse, however; thus it is possible that some smaller 

topographical irregularities were not identified. 

Japanese studies of the sediments using data from the Deep Sea 

Drilling Project show that an important characteristic feature in wide 

areas of the northwestern Pacific Ocean is the lack of a sedimentary layer. 

This lack spans a time between 10 to 20 my and 80 my. It is postulated 

that the cause may be the absence of any depostional currents, such as 

turbidity currents. On the other hand, the lack could be explained by 

abyssal currents which could erode the sediments or limit deposition. 

The results of acoustic seismic exploration show that the crustal 

structure in the northwestern Pacific Ocean has a thicker second layer 

and many regional irrcgularitico comparcd to thc cogtcrn Pacific Occan. 





The information on earthquake occurances in the northwestern Pacific 

Ocean is also insufficient, as seen from the fact that only a few midplate 

earthquakes have been reported. The known earthquakes in the northwestern 

Pacific Ocean are of magnitudes smaller than 5.5, and always occur in 

regions of great topographical variety. Thus sites for waste disposal in 

the seafloor of the Pacific should be selected from the regions of less 

topographical variety. Earthquakes in the more stable areas should also be 

measured over long periods of time, because the earthquakes of magnitudes 

smaller than 5 cannot always be detected or their epicenters determined by 

the existing seismographic observatory stations. 

The gravity anomalies and the heat flow in the northwestern Pacific 

Basin have little variation and cannot be used to indicate any local 

tectonic movements. The geomagnetic anomalies give much better indica- 

tions of the existence of fracture zones and other of submarine geologic 

features. The magnetic quiet zone discovered in the northwestern Pacific 

Ocean is due only to large slow changes in the earth's magnetic field. 

It will be explored in more detail during the coming years. 

Investigation of the Structure of the North Pacific Ocean 

The characteristics of the deep water in the northwestern Pacific 

Ocean are the simple vertical structure and the lack of horizontal vari- 

ation. The vertical structure can be described as follows: Below the main 

thermocline layer, i.e., in depths greater than approximately 2 km, the 

water temperature decreases gradually with depth to a minimum temperature 

(about l.S°C) at a depth of 4 to 4.5 km, then increases slowly with in-- 

creasing depth thereafter. This slight rise of temperature in deeper 

waters is due to the adiabatic warming effect. The potential temperature 

obtained by subtracting this effect shows a decrease of temperature with 

depth. In the trenches and the Shikoku Basin the temperature remains 

almost constant with depth. 



The s a l i n i t y  reaches  a minimum value  a t  a depth l e s s  than  1 km, then  

i n c r e a s e s  wi th  inc reas ing  depth .  In  t h e  shal lower waters  t h e  inc rease  i s  

more r a p i d  than  i n  t h e  deeper  u n t i l  a depth of about 6 km i s  reached. 

The concen t r a t ion  o f  d i s so lved  oxygen reaches  i t s  minimum value  a t  a 

d e p t h  of  l e s s  than  1 .5  km and then  r i s e s  with inc reas ing  depth.  The con- 

c e n t r a t i o n  of  d i s so lved  oxygen a l s o  shows l a r g e  l o c a l  v a r i a t i o n s .  

A d i s c u s s i o n  of  t h e  major water  mnvempnt f n l l  nws: 

The A n t a r c t i c  Bottom Water flows from t h e  southern  ocean i n t o  t h e  

North P a c i f i c .  Likewise t h e  North A t l a n t i c  Deep Water flows i n t o  t h e  

sou the rn  P a c i f i c  Ocean. These waters  flow nor th  and westward i n  t h e  

sou the rn  ocean and spread northward i n  t h e  western South P a c i f i c .  The 

North P a c i f i c  Bottom Water e n t e r s  t h e  North P a c i f i c  a t  around 15ON 170°E 

and d i v i d e s  i n t o  e a s t e r n  and wes tern  flow. The former e n t e r s  t h e  Northeast 

P a c i f i c  Basin between t h e  Nor theas t  Seamounts and t h e  Line 1.slands. The 

l a t t e r  e n t e r s  t h e  Northwest P a c i f i c  Basin between t h e  Marshal l  I s l a n d s  and 

t h e  Mid-Pacific Mountains. 

The wcstcrn  flow i s  f u r t h e r  d iv ided  i n t o  t h r e e  s t reams:  t h e  f i r s t  

e n t e r s  t h e  P h i l l i p i n e  Basin n e a r  l l O N ,  140°E. The o t h e r  two spread along 

bo th  s i d e s  of  t h e  Northwest P a c i f i c  Rise.  The bottom water  sometimes 

reaches  35ON on t h e  Northwest P a c i f i c  Rise.  From t h e  p rope r t i eg  o f  the  

deep water ,  i t  i s  p o s s i b l e  t o  p r e d i c t  t h a t  t h e  bottom water  spreads e a s t  

o f  t h e  Northwest P a c i f i c  Rise and s p o r a d i c a l l y  e n t e r s  t h e  Izu-Ogasawara 

Trench., The warmer water  cover ing  t h e  t r e n c h  i s  then  forced t o  move 

eastward . 

Except on the  s t e e p e r  s l o p e s  of s ea  r i s e s ,  seamounts, and marginal  

a r e a s  of s ea  basins, t h e  flow o f  deep water and bottom water  g e n e r a l l y  has  

a ve ry  low average v e l o c i t y .  The water movement above about 4 km, however, 

may be g r e a t l y  inf luenced  by t h e  c u r r e n t s  and phys ica l  f e a t u r e s  of t h e  

upper wa te r s .  Recent hydrographic obse rva t ions  show i n d i r e c t  evidence of a 



northward deep flow east of the Northwest Pacific Seamounts (the Emperor 

Seamounts). It is likely that the deep water circulates clockwise along 

margins of basins and counterclockwise around seamounts. In these cases it 

is possible that the upwelling occurs along the slopes of seamounts and sea 

rises. 

Initial current measurements in several areas under investigation have 

shown that the currents vary greatly and the mean velocity is very weak. 

In order to acquire a statistical data base, measurements should be con- 

tinued for a long time (at least 1 yr). 

In addition, observations in the benthic boundary layer and numerical 

modelling of ocean circulation and mixing processes are also required. 

Biological Studies and Radioactivity Data 
in the Northwestern Pacific Ocean 

The benthic community would be the first to come in contact with 

radionuclides from waste disposal. Very little information is available 

concerning the abyssal benthos in comparison with the shallow water 

organisms. The biomass of the sea bottom deeper than 3 km has never been 

evaluated by Japanese researchers. 

It is known that the surfaces of the deep sea sediments are influenced 

by bioturbation, and this fact may have some relation to the absorption and 

transfer of radioactive materials. Some radioactive materials may be taken 

up by some detritus feeders, such as the sea cucumber. 

By means of deep sea cameras, data concerning the number of species 

and the behaviors of these benthic organisms can be obtained. At present 

some data are available concerning the distribution and feeding behavior 

of animal plankton and micronekton. Areas of very high primary produc- 

tivity and others of relatively low productivity have been found. The 

present lcnowledge of vertical distribution of pri:sary productivity is still 



insufficient; however, ~t can be stated with some confidence that the food- 

chain relations in the northern seas are relatively simple compared to 

those in the temperate zone, because of the larger variety of species. From 

the viewpoint of fishery resources, the northwestern Pacific Ocean is very 

important. Thirty-seven percent of the production of the world fishery 

industry comes from this area. 

Some data are available for the important radioactive nuclides such as 

9 0 ~ r ,  1 3 7 ~ e ,  3 ~ ,  and 239~u, produced from nuclear t e s t s .  Most of the in- 

formation, however, is for sea water, and only a limited amount of data has 

been obtained for the benthos and the sediments of the deep ocean, 





NETHERLANDS 

The Netherlands have at present made only modest advances in the 

large-scale application of nuclear energy. To date only two nuclear power 

plants (producing a total of about 500 Mew) are in operation. There are . 

no approved plans for an increase in the number of these plants in the 

near future. However, the Netherlands also has a potential nuclear waste 

problem, especially as regards high-level waste. For instance, under 

contracts valid to January 1, 1980, part of the spent fuel was sent for 

reprocessing to the French facilities at La Hague. The resulting high- 

level waste was retained. In future, the resulting high level waste may 

be returned to the Netherlands. 

Disposal Philosophies 

Since the early seventies, the Dutch authorities have been looking 

for sites that may be considered safe repositories for long-life high- 

level waste. 

Salt pillars are present in the northern part of the Netherlands. A 

number of the shallower and larger ones onshore have been selected for 

detailed studies as to their shape, internal structures, lithological com- 

position, and vertical movement, if any. SO far, exploratory drilling in 

these salt pillars has been postponed, mainly because of opposition by the 

local population and authorities. A few salt pillars on the Dutch conti- 

nental shelf have also been studied in the past years by means of avail- 

able seismic records. Additional problems, in comparison to investi- 

gations of onshore sites, include the building of an artificial island, 

the danger of flooding of the salt mine that must be.excavated, an$ nearby 

natural gas occurrences. Site-specific studies are planned for the near 

future. 

Meanwhile, the search for other alternative sites for disposal of 

high-level nuclear wastes is continuing. In 1978, the Marine Geophysical 



Department o f  t h e  Vening Meinesz Labora to r ium of  t h e  U n i v e r s i t y  o f  U t r e c h t  

was c o n t a c t e d  by p a r t i c i p a n t s  i n  t h e  S i t e  Assessment Task Group, b e c a u s e  

t h i s  d e p a r t m e n t  happened t o  p o s s e s s  a f a i r l y  d e t a i l e d  knowledge o f  a r e a s  

o f  p o t e n t i a l  i n t e r e s t  f o r  t h e  aims of  t h e  Seabed Working Group, i . e . ,  

l a r g e  a r e a s  i n  t h e  c e n t r a l  A t l a n t i c  Ocean ( s e e  F i g u r e  1-81. 

F i g u r e  1-8 Track Char t  o f  t h e  V e n i n ~  Meinesz Laboratoriurn 
i n  t h e  Grea t  Meteor Bank Area.  Boxes i n d i c a t e  
t h e  a r e a s  Meteor-West and Meteor-East .  

The Dutch Oceanbed D i s p o s a l  Program: S t r a t e g y  and T imetab le  

The r e s u l t i n g  c o n t a c t s  between t h e  Vening Meinesz Labora to r ium,  t h e  

S i t e  Assessment Task Group, and Dutch a u t h o r i t i e s  i.n cha rge  o f  t h e  n u c l e a r  

w a s t e  problem l e d  a few months ago t o  a d e c i s i o n  by t h e  Dutch government 

t o  j o i n  t h e  Seabed Working Group and t o  p a r t i c i p a t e , a c t i v e l y  i n  some o f  

i t s  t a s k  z r o u p s .  The G e o l o g i c a l  Survey o f  t h e  N e t h e r l a n d s ,  a s  p a r t  o f  t h e  

M i n i s t r y  o f  Economic A f f a i r s ,  was i n s t r u c t e d  t o  c o o r d i n a t e  tk,c Dutch 

a c t i v i t i e s  i n  t h e  SWG and i t s  Task Groups. The Dutch a c t i v i t i e s  i.n t h e  

5 0 



SWG program are being discussed in the national commission for research on 

the pos'sible burial of high-level nuclear waste in strata below the ocean 

floor. This commission is only considering the option of nuclear waste 

disposal under the ocean floor, at either shallow or greater depths. The 

present Dutch policy is based on the position that a geological medium 

should act as a first barrier for radionuclides migrating from the waste 

canister site. The Netherlands plans to. participate only in those task 

groups in which, given the experience already present, a Dutch effort 

could contribute to the final result of the investigations. 

Because of the experience of the Vening Meinesz Laboratorium (VML) in 

the geophysical reconnaissance of large areas of the central North 

Atlantic Ocean, it was an obvious choice to contribute to the program of 

the Site Assessment Task Group. The VML has already made available to 

other participants in the Task Group geophysical data from the King's 

Trough area, the area west of the Great Meteor Seamounts, and Site 2 in 

the Cape Verde Basin. Moreover, a plan has been made in cooperation with 

other Task Group members to study areas west and east of the Great Meteor 

Seamounts in more detail to find suitable sedimentary basins for possible 

shallow burial of nuclear waste. The sites that will be considered should 

preferably have a size of lo x lo, a sediment thickness of a few hundreds 

of meters, and a sediment fill that contains volcanic particles and sandy 

or silty turbiditic deposits. This plan has been approved by the appro- 

priate Dutch authorities, i.e., the Ministry of Economic Affairs, which 

will sponsor these activities. The program will be carried out by the 

Geological Survey of The ~etheklands, i.e., by the Department of Marine 

Geology, with the assistance and advice of the Marine Geophysical Depart- 

ment of the Vening Meinesz Laboratorium, under the joint responsibility of 

Dr. R. T. Schuttenhelm (Geological Survey) and Dr. B. J. Collette (VML). 

. . 
.,. Two cruises are scheduled for 1980 and 1982 to the area of the Great . ,  ' , 

Meteor Seamounts, with HNLMS Tydeman. .The geophysical and geological data 

obtained will be processed, evaluated, and reported by the end of 1983. 

Some 3.5 mi.l.l.ion Dutch guilders, the equivalent of 1.8 million US dollars, 

wili be spent in four years to cover additional costs of the participating 

organizations, such as ship time, equipment, and additional manpower. .It 



h a s  been d e c i d e d  t o  a c t i v e l y  f o l l o w  t h e  p r o g r e s s  o f  t h e  System A n a l y s i s  

Task Group, a s  t h i s  Task Group seems t o  be  t h e  forum f o r  r i s k  a n a l y s i s  and 

f o r  t h e  f i n a l  e v a l u a t i o n  o f  t h e  r e s u l t s  o f  t h e  a c t i v i t i e s  o f  a l l  o t h e r  

Task Groups.  D r .  F. van Dorp o f  t h e  A s s o c i a t i o n  Euratom ITAT.,, one of  t h e  

i n s t i t u t i o n s  i n  t h e  N e t h e r l a n d s  wi th  e x p e r i e n c e  i n  t h e  f i e l d  o f  r i s k  a n a l -  

y s i s  and model s t u d i e s ,  h a s  been a p p o i n t e d  a s  t h e  o f f i c i a l  Ne the r lands  

r e p r e s e n t a t i v e  i n  t h e  System A n a l y s i s  Task Group. 

A t  t h e  moment t h e r e  i s  a d i s c u s s i o n  about  poss ib l e  f u t u r e  Dutch par-  

t i c i p a t i o n  i n  t h e  P h y s i c a l  Oceanography and Biology Task Groups by t h e  

N e t h e r l a n d s  I n s t i t u t e  f o r  Sea  Resea rch  (NIOZ) and t h e  Royal Dutch Mete- 

o r o l o g i c a l  I n s t i t u t e  (KNMI). R e p r e s e n t a t i v e s  o f  bo th  o r g a n i z a t i o n s  

h a v e  been  asked  t o  p r e s e n t  j o i n t  r e s e a r c h  p r o p o s a l s .  A l i m i t e d  i n t e r -  

d i s c i p l i n a r y  e f f o r t  may be  c e n t e r e d  around s t u d i e s  o f  t h e  b e n t h i c  boundary 

l a y e r .  I n  a  l a t e r  s t a g e  of  t h e  SWG program, a  Dutch p a r t i c i p a t i o n  i n  t h e  

Sediment and Rock Task Group w i l l  be c o n s i d e r e d  i n  accordance  w i t h  

s p e c i f i c  Dutch knowledge i n  t h e  f i e l d  of  s o i l  mechanics .  There  a r e  no 

p l a n s  a t  p r e s e n t  t o  j o i n  t h e  Waste Form and Can i . s t e r  Tegk  Groups .  



SWITZERLAND 

Switzerland has a disposal program underway that uses geological for- 

mations as natural barriers to assess safe disposal from the high-level 

wastes from its four nuclear power stations. For these wastes,, a multi- 

barrier philosophy has been adopted to prevent future contamination of 

man's biosphere: the vitrified waste will be kept in containers of stain- 

less steel, lead, and titanium that will be stored in a host rock most 

suitable for this purpose. Four different kinds of rocks are under con- 

sideration for a potential repository: 

a Salt 

a Clay and shales 

a Crystalline rocks .(granite, gneiss) 

Within the next few years, crystalline rocks will be examined more 

closely by drilling a number of exploratory boreholes and by participating 

in an international crystalline rock research program at the Stripa Mine, 

Sweden. 

The ocean option for disposal of high-level wastes has not yet been 

considered in detail, but the delegation of Swiss observers to the Seabed 

Working Group meeting this year signals a growing interest in this inter- 

national disposal program. Conditions for possible cooperat io* and its 

implications on the management of the Swiss disposal program will be dis- 

cussed in the near future with the Secretary of the Working Group. A 

promising entry point is the relatively high number of scientists in this 

country, working on relevant problems close to the topics of the Seabed 

program. However, it must be taken into account that Switzerland has no 

direct access to th-e'sea--a unique situation among the participants of the 

International Seabed,Working.Group. 



UNITED KINGDOM 

System Analysis 

The Department of the Environment has initiated a systems study of 

radioactive waste management, including sea disposal. The immediate 

objectives are: 

To describe the basic technical system for disposal of 
all. UK wastes and establish the principles for its 
optimization. 

e .  To identify the roles and responsibilities of the 
technical system and its management. 

To construct a program leading to establishment of'the 
necessary range of disposal facilities and the packaging 
specifications appropriate to them. 

Work has been proceeding on the development of the detailed models 

for the various elements of the entire systems model. This includes 

preliminary work on models for the behavior of the canisters and waste 

form under disposal conditions, the interactions wi'th sediments of 

released radionuclides, transport through the benthic boundary layer, 

and p h y s i c a l  and biological processes in the water column. 

Much of the work in these particular areas has been carried out 

within the framework of other research programs, for example, on waste 

form and biology, but the systems modelling,work is attempting to bring 

all the aspects together under'a unified framework.   here has been little 
published this year, but it is,expected that at least preliminary results 

will be available, 
. , 



Waste Form 

The work on waste form has continued over the .last year. Borosil- 

icate glass is still the preferred form for solidification of high-level 

waste, and studies of its properties are being concentrated on the two 

reference compositions for vitrifying Magnox waste. .Some work has been 

carried out to select a composition suitable for vitrifying the iron-rich 

waste from PFK fuel reprocesslng at Dounreay. The properties studied 

include leach rate, thermal and electrical conductivity, and viscosity, 

as well as radiation stability. 

A small program on the small-scale preparation and characterization 

of the crystalline waste-form SYNROC has been started with a goal of deter- 

mining its suitability for solidifying UK wastes: There are no plans to 

expand this work into the difficult field of large-scale manufacture of 

wastes. 

Canisters 

NO work on corrosion of canister materials under appropriate condi- 

tions for sea disposal has been carried out in the last year. Current 

effort is directed toward studying the p r n p ~ r t i ~ s  o f  canister and ovcrpaclc 

materials in geologic environments. 

During this coming year we will carry out a review to identify ma- 

terials which have properties suitable for the maintenance of canister 

integrity over 1060 years and to identify the elements of an appropriate 

research program. The research program will consider the water composi- 

tion, temperature and pressure, the behavior of concrete cladding, effects 

of crevices, galvanic coupling and heat transfer on the metal contai.nrnent, 

possible effects of radiation on the corrosion process, and radiolysis on 

the environment at the'metal surface. 
. . 

. . 



Site Selection 

The report by the Institute of Oceanographic Sciences (10s) on Site 

Selection Guidelines was completed for the Department of the Environment 

(DOE) in September 1979. Suggested guidelines for disposal on and under 

the seabed were included, together with an assessment of potential study 

areas in the North Atlantic. Some progress has been made on the study of 

the distribution of glacial erratics and other boulders, by.condncting an 

analysis of pebble material recovered from dredge hauls below 1000 m. 

Under the Sediment Stability project, eight cores were collected from the 

King's Trough 'flanks area (41"-43"N, 21"-23OW) in September, and these 

will be studied in the coming year. 

The proposed program for 1980-81 will include an evaluation of the 

distal abyssal plains of the Eastern North At1an.ti.c for potential study 

areas; sediment stability studies in selected areas; study of the cores: 

continuation of the Glacial Erratics program; a start on Seismic Hazard 

Evaluation; and cooperative planning of cruises and analysis of results of 

l J K ,  French, and Dutch expeditions in the eastern Atlantic. 

An exploratory survey of a possible s i t e  i.n the Ki.ngls Trough ere3 is 

planned for October 1980. This cruise will incl.ude current measurements 

as well as collection of water samples, sediment cores, and abyssal fish. 

In addition, the 1981 UK shiptime will include the Discovery cruise 1 1 3  in 

February-March 1982. 

Sediment and R.ocks 

Research into the nature of deep ocean sediments in a number o f  a r c a s  

of the North Atlantic has begun. The objectives of this work ere: 

To improve our knowledge of  the sedi.mentarv rerimes in 
the areas studied: sedimentation rates, erosion, 
quaternary h i a t u s e s ,  r ed i  str i h1.1t i v e  processes sf fectin.~, 
the present day sc?di.ment surface, and th: importance of 
glacial erratics in the 11iphe.r latitudes studies 



To measure vertical pore-water movement within the 
sediment layer 

To study the chemistry of the pore-water and solid 
phases of the sediment in order to predict the rates of 
movement of radioactive species through the sediment 
barrier and to improve our understanding of the 
stability of the redox and pH environment. 

A few days were spent coring oyer 40-million-year (my)-old crust to 

the south of King's Trough, an area which had been only sparsely sampled 

before. The newly developed 2-kHz profiling system, using high- 

resolution, shallow-penetration sediment profiling equipment, was tested. 

Mathematical modelling of the temperature field around a hot canister 

buried in ocean sediments has be.en concluded. Reports on this work will 

be available 'later at this meeting. 

Research continues on the adsorption by sediments of radioactive dis- 

charges, concentrating on the transuranic elements. This work is largely 

concerned with the continental shelf around the British Isles. 

Physical Oceanography 

Work has continued on the Northeast Atlantic Dynamics Study (NEADS) 

described in the 1979 Seabed Working Group report. Additional moorings 

were emplaced during the year and others were recovered. The analysis of 

data from the measurements is continuing, with an eventual aim of in- 

cluding some form of spatially varying diffusion coefficient in a model of 

diffusion and advection in the North Atlantic. 

During 1980 further current moorings will be based on the MEADS posi- 

tions. Slope processes will also be investigated, in particular the .. 

plumes of sediment-rich water at the 1500 to 2500 m depth. 



Biology 

There  a r e  t h r e e  p r i n c i p a l  g o a l s  o f  t h e  b i o l o g i c a l  r e s e a r c h  program. 

These may b r i e f l y  be summarized a s  f o l l o w s :  

To l e a r n  more of  t h e  b e h a v i o r  o f  t h o s e  r a d i o n u c l i d e s  
t h a t  c o n s t i t u t e  t h e  r a d i o a c t i v e  w a s t e ,  
e m p h a s i s  on 2 3 7 ~ p ,  9 9 ~ c ,  12gI 22GRa, 
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2 4 1 ~ r n ,  p a r t i c u l a r l y  w i t h  r e g a r d  t o  t h e i r  b i o l o g i c a l  
a v a i l a b i l i t y  from d i f f e r e n t  sources--sea  w a t e r  and 
sediment--and t h e i r  t r a n s f e r  from one t r o p h i c  l e v e l  t o  
a n o t h e r  

To i d e n t i f y  t h o s e  food c h a i n s  i n  t h e  d e e p , s e a ,  t h e  
m i g r a t i o n s  o f  t h e  b i o t a  t h a t  cou ld  c o n s t i t u t e  a  means by 
which t h e s e  r a d i o n u c l i d e s  may be t r a n s f e r r e d  t o  man, and 
t h e  magnitude of  any r a d i o n u c l i d e  t r a n s f e r  

To a s s e s s . t h e  p robab le  r a d i o l o g i c a l  impact o f  r a d i o a c -  
t i v e  was tes  on t h e  deep-sea fauna .  

The f i r s t  two g o a l s  may be met by t a k i n g  two d i f f e r e n t  b u t  comple- 

mentary  approaches .  S t u d i e s  a r e  b e i n g  made on t h e  b e h a v i o r  o f  many o f  t h e  

more i m p o r t a n t  r a d i o n u c l i d e s  i n  t h e  I r i s h  Sea .  T h i s  a r e a  i s  un ique  be- 

c a u s e  o f  t h e  p resence  o f  9 9 ~ c  and 2 3 7 ~ p  , and because  t h e  c o n c e n t r a t i o n s  of  

t r ansuran ium n u c l i d e s  g e n e r a l l y  a r e  s u f f i c i e n t l y  h igh  t o  a l l o w  t h e i r  

d i s t r i b u t i o n s  i n  mar ine  organisms t o  be  s t u d i e d  i n  some d e t a i l .  A number 

o f  l o b o r n t o r y  o t u d i e o  a r c  0130 b c i n g  modc, uo ing  such i s o t o p c a  a s  2 3 7 ~ u  

and 9 5 ~ c ,  and a  wide range of  b i o l o g i c a l  m a t e r i a l s .  

Research on t h e  p o t e n t i a l  b i o l o g i c a l  pathways back t o ' m a n  i s  b e i n g  

under taken  by s e q u e n t i a l  sampl ing i n  deep w a t e r .  o f f  t h e  sou thwes t  c o a s t  of  

t h e  UK. I n  comparison t o  t h e  midwater zone,  t h e  deep-sea  ben thos  h a s  been 

bu t  l i t t l e  s t u d i e d .  P a r t i c u l a r  emphasis w i l l  be p laced  on t h e  q u a n t i -  
, -:. 

t a t i v e  a s p e c t s . .  Deep-water f i s h  a r e  a l s o  b e i n g  s t u d i e d  i n  d e t a i l .  Po- : . .  

t e n t  i a l  deep-water commercial f i s h e r i e s  w i l l  .a l 'so be h e l d  under  c o n s t a n t  

r ev iew by MAFF. 

One of  t h e  p r i n c i p a l  d i f f i c u l t i e s  i s  t h a t  of  e x t r a p o l a t i n g  d a t a  

o b t a i n e d  i n  t h e  I r i s h  Sea t o  t h e  c o n d i t i o n s  of  t h e  deep ocean .  I n  o r d e r  

t o  b r i d g e  t h i s  gap,  a n a l y s e s  a r e  b e i n g  made of  n a t u r a l l y  o c c u r r i n g  



elements in both coastal water and deep-sea samples. Elements with a 

presumed similar behavior will be studied in detail; for example, U and 

Th as homologues of the two principal oxidation states of Pu, Nd as a 

homologue of Am, and so on. Such analyses will be made on Irish Sea 

samples--together with analyses of the transuranium nuclides, etc--and 

on those samples obtained by a number of institutes from the deep sea. 

From the sampling mentioned above, matching sets of data will be obtained 

on the basic quantitative biological information, and on the capacity of 

these species to accumulate different elements from different sources. 

In support of the third goal, the initial work has been to quantify 

the existing radiation regime in the deep sea. For many organisms, one of 

the principal sources is that of internally accumulated alpha-emitting 

nuclides, particularly 'lOpo. A number of coastal water organisms have 

been analysed, and other species inhabiting depths down to about 1200 m 

have been analysed for comparison. These comparisons will be extended to 

organisms at greater depths. A great deal of data on the composition of 

deep-water sediments is already available, and has been used to calculate 

existing external dose regimes. These natural background dose rates will 

be compared with estimates of the likely dose regimes arising from either 

on-the-bed or in-the-bed emplacement of high-level waste. 



UNITED STATES 

This past year has been pivotal for the US Subseabed Disposal Pro- 

gram. The US government's waste management strategies are continuing to 

evolve and major initiatives are under considera.tion. 

The Interagency Review Group ( I R G )  on Nuclear Waste Management sub- 

mitted its final report to the President in March 1979. The IRG report 

delineates major objectives, strategies, policies, and options, for na- 

tional waste management. It has been used by the Department of Energy 

as a basis for planning. 

On February 12, 1980, the President announced to Congress a national 

comprehensive waste management program. This program is consistent with ' 

the broad concensus that evolved from the IRG report. Following are the 

key elements of the President's program for high-level radioactive waste 

disposal: 

A State Planning Council is created to work with 
federal, state, and local government to implement 
decisions on waste management and disposal. 

Mined repositories in geological formations will be the 
first approach for radioactive waste disposal in the. US. 

Technical conocrvatism will ' be  used toward siting a d  

opening repositories. 

A broad range of geologic media. will be explored during 
the site selection process in order to have available 
several potential sites. 

The site for the first full-scale repository should be 
selected by about 1985 and operational by the mid- 
1990's. 

Storage of spent fuel will continue t u  be the responsi- 
bility of the utilities. 

Legislation will be pressed to acquire limited away-from- 
reactor f a c i . l . i t i ~ s  fnr hnth 11s and for'eign spent fuel 

. . . .  . . 
storage. 



Emplacement in ocean sediments and in very deep ho1.e~ 
will continue to be assessed as longer range options to 
mined repositories. 

The assessment of isolation of radioactive waste in geologic for- 

mations beneath the seabed has been incorporated into the Department of 

~nergy's National Waste T.ermina1 Storage (NWTS) Program. The overall goal 

of the NWTS Program are to identify and develop technologies which provide 

a high degree of assurance that existing and future radioactive wastes can 

be isolated from the biosphere i.n a safe, ~n~rirnnmentally a c c e p t a b l e  man- 

ner, and to provide necessary facilities to achieve such isolation. 

The major thrust of the DOE NWTS program continues to be toward the 

isolation of waste within stable geologic formations, within the contig- 

uous United States, at depths reachable by conventional mining methods. 

The geological formations of primary interest are rock salts, basalts, 

shales, and volcanic tuffs. Subseabed emplacement in red clay sediments 

will continue to be studied. The systematic assessment o f  subseabed 

geologic formations by Sandia Laboratories and its contractors has iden- 

tified vast areas of deep ocean sediments which are considered some of the 

more stable formations on earth. 

The Subseabed Disposal Program is continuing to investigate the feasi- 

bility of disposal within these sediments. The near-term objectives are 

(1) to assess the technical and enviromental feasibility of ,the concept  o f  

engineered emplacement of appropriately solidified and packaged high-level 

wastes within the stable deep sea sediments, and (2) to develop and main- 

r a i n  rhe capability to assess and cooperate with other.nationsr ocean 

disposal programs. . . 

The W T S  program encompasses the work breakdown structures and strat- 

egies to investigate and develop the technologies for selection, design, 

construction, and operation of Federal repositdries. The NWTS Program 

is composed of four subprograms, each investigating isolation systems 
. . 

centered on different host media and specific related technologies: 



1 .  The Office of Nuclear Waste Isolation (oNWI) Program 
thus far has concentrated on systems associated with 
rock salt formations, with some work on granite and 
shale. The investigation into granite and shale 
formations is being expanded. 

2. The Basalt Waste Isolation Program (BWIP) is 
investigating the basalt formations found within DOE's 
Hanford Reservation. 

3 .  The Nevada Nuclear Waste Storage Investigation Program 
(NNWSI) 
is investigating potential systems involving primarily 
granite, shale, and tuffs at DOE's Nevada Test Site. 
It is currently focusing on volcanic tuffs. 

4 .  The Subseabed Disposal Program (sDP) is investigating 
the deep ocean clay sediments (Figure 1-91. 

t 
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Figure 1-9 NWTS Program Management 



The primary goal of the composite NWTS program is to identify specific 

candidate locations that might be qualified as repository sites. The 

acceptance of these sites and associated systems will be gaged through com- 

parison with criteria, guidelines, and regulations currently being for- 

mulated by the US Nuclear Regulatory Commission (NRC) and the US Environ- 

mental Protection Agency. In the case of subseabed disposal, consistency 

with appropriate international regulatory bodies and international 

treaties will also be required. In the meantime, DOE is providing 

direction for the W S  program efforts by establishing general performancc 

criteria1 for the waste isolation system and general. f~~nctional criteria 

for the site, repository, and waste parkage components of the system. 

A multiyear Subseabed Program plan2 was issued in January 1980. It 

outlines in some detail the current and planned activities. It is - 

governed by the awareness that, even though our understanding of subocean 

sedimentary geologic formations indicates that they are repository 

candidates, much additional specific research and development is needed 

before the feasibility of the concept can be considered as having been 

demonstrated. Copies of the Subseabed Program Plan are available for each 

of the SWG Task Group Leaders and Executive Committee members, and your 

sauuueuts wuulJ Le welcurned. 

The Subseabed Disposal Program (SDP) was originally divided into four 

phases: 

Phase 1: Estimation of technical and environmental 
feasibility on the basis of historical data. 
Completion date: 1976. 

" .  

Phase 2: Determination of technical and environmental 
feasibility from newly acquired oceanographic 
and effects data. Estimated completion date: 
1985-1987. 

Phase 3: Determination of engineering feasibility and 
legal and political. acceptability. Estimated 
completion date: 1993-1995. 

Phase.4: Subseabed.disposa1 capability developed. 
~stimated completion date: 2000-2910. 



To date, the plan has been to complete each phase sequentially; this 

allows optimal use of the limited funds. This assumes that institutional, 

licensing, and political issues are resolved in parallel with resolution 

of technical i s s u e s .  

The main tasks to be accomplished before completion of Phases 2, 3, 

and 4 are listed below: 

Phase 2: Technical and Environmental Feasibility 

Make operational all units of a predictive system 
model. 

Bracket (but not verify) all material and pathway 
properties. 

Complete verification tests on certain subsets 
of the  system. 

Identify and initially+characterize at least one 
study area in each of the northern Atlantic and 
Pacific oceans. 

Issue a ~echnical'and Environmental Feasibility 
document. 

Phase 3: Engineering Feasibility 

Develop and verify all subsets of the system 
predictive model. 

Verify all materials and pathway properties. 

Initiate long-term (10-15 yr) in-situ experiments. 

Complete conceptual system design. 

'Complete and-review engineering Feasibility document. 
. . 

Identify and characterize several ~tudy areas in the . 
Atlantic and Pacific oceans. 

. ,Establish national and international lega1,and 
political positions. 

Write and review draft. Envi.rnnmenta1 Impact 
Statement and submit license application. 



Phase 4: Demonstration of Disposal Capability 

Complete detailed engineering designs. 

Obtain necessary licenses or permits. 

Build and test required dock and ship systems. 

Develop and make operational land transportation 
networks. 

Develop long-term monitoring networks systems. 

The estimated costs for Phase 2 programs are shown in Figure 1-10. 

Fiscal Year Millions of Dollars 

1979 (Actual) 3 . 6  

1980 (Current) 

1981 (Requested) 

1982 (Planned) 

1983 

1984 

Figure 1-10 Subseabed Disposal Program: 
5-Year Planning Budget 

The multibarrier concept, conceived in 1974, assumes a continuously 

wet environment in which packaged radionuclides are placed. The purposes 

of the barriers are (1) to contain the wastes for sufficient periods so 

that the rate of decay of waste constituents is higher than the rate of 

nuclide migration, and ( 2 )  to keep man away from the wastes. The seabed 

sediments, together with any modifications to them, are considered very 

important until the geologic formation has returned to essentially ambi- 

ent temperatures (-300 yr). The water column will disperse and d i l ~ l t p  any 

nuclides released into it, and act as a barrier to man to discourage easy 

access to the wastes. 



The major task is to determine whether any submarine geologic forma- 

tion can contain radioactive waste long enough for the radionuclides to 

decay to acceptable levels. Attention is focused on the waste form and 

the canister for containment during the period of heat generation and on 

the sediments for long-term containment. 

A reference system has been established . . .  for reasons of discussion and 

programmatic planning, even though that system may have to be altered as 

additional information is acquired. The reference system was chosen on 

the basis of simplicity, completeness of e.nplacement technology, and 

estimated cost. 

The reference subseabed geological disposal system is the placement 

of appropriately treated waste or spent reactor fuel in a specially 

designed container which will be placed into clayey sediments away from 

the edges of oceanic tectonic plates (to avoid volcanic and seismic 

activity), and away from the edges of major circular surface currents (to 

avoid subsurface agitation caused by these currents). These are the 

abyssal hill areas of the ocean bottom, and we use the abbreviation MPG 

(mid-plate/gyre) to designate them. 

Although several emplacement methods appear feasible, none has been 

developed in detail. For study purposes, our reference method is con- 

ceptualized as the use of either penetrators or winch-controlled injec- 

tors to emplace wastes at a substantial depth beneath the sediment 

surface. Other concepts include trenching and drilling. Selection of 

sites suitable for such emplacement is conceived as an iterative process 

involving interaction between historical data collection, increasingly 

detailed local observation, and laboratory studies of the sediments. By 

the use of near-bottom geophysical techniques, a detailed survey will be 

made of the disposal area in all relevant aspects; the survey vessel will 

be charged with identifying specific emplacement sites and marking them 

for sediment sampling, as well as for the later convenience of the 

disposal ship. The latter will be a specially designed vessel that will 

carry the wastes from a special port facility to the disposal site, and 
, 

will emplace the waste canisters (also specially designed and fabricated) 

in the sediments. After emplacement, a monitor ship will confirm the 
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location, attitude, and condition of indi-vidual disposal containers. By a 

combination of bottom-emplaced telemetering equipment and periodic 

resurveys by the monitor ship or its equivalent, surveillance .of each 

disposal locale will be maintained as long as is decided necessary to 

protect or reassure the public. 

The research approach for the SDP (Figure 1-11) is (1) to develop the 

best predictive mathematical models for each scientific unit, using prin- 

ciples of physics, chemistry, mechanics, etc; ( 2 )  to extract from the 

existing literature and through laboratory measurements maximum and min- 

imum estimates of needed input parameters (henceforth called properties); 

( 3 )  to make response predictions using the best combinations of properties 

available at that time; ( 4 )  to compare these predictions with laboratory 

and field verification experiments; and ( 5 )  if the predictions and veri- 

fication experiments agree, to use that model unit for sensitivity studies 

and for coupling with other units to prepare a predictive system model. 

If predictions and verification experiments do not agree, the model and 

the properties will be improved and again verified with appropriate 

1aLvraLury and field r e s t s .  From the results of this process, risks and 

environmental impacts can be assessed. 

H Y  P O T H E S  l S  G' v 
M A T H E M A T I C A L  

M O D E L  

P R E D I C T I O N  

YES , USE 

$ M O D E L  
V E R l  f l C A T l O N  

r e  1 -  Research Approach 

The subseabed disposal concept differs appreciably from other dis- 

posal concepts by virtue of the relatively straightforward way in whir.h 

predictive models can be verified. The reasons for this are as follows: 
b 



1. In-situ tests to increase our understanding of near- 

field responses and to verify predictive models for the 

most critical period can be run in real-time (no 

accelerations or extrapolations needed) for the 

following reasons: 

a. Canisters will be spaced horizontally on 100 to 300 
m centers so that there will be minimal thermal or 
radiative interactions between canisters. 

b. The maximum temperature at the canister- 
walllsediment interface will occur in the first 2 
yr of the test. Long-term tests will then allow 
real-time studies of ear-ficld responses to be 
completed, not only for the heat-up period but for 
the initial cooling phase as well. 

Long-term(l0 to 15 yr) thermal experiments will allow 

testing of both near field and far field equilibrium in 

real-time to assess the possible failure mechanism 

(breachment of the geologic formation) ceusad by 

thermal heating and initial cooling.  he thermal. 
pulse from a canister emplaced 50 meters deep in the 

sediments will take =10 yr to reach the sediment-water 

interface, where it will then be lost in the infinite 

heat sink of the -1°C ocean waters.) 

3. Since there are no canister-to-canister interactions 

and the geologic setting, compared to land geology, is 

very simple, studies and experiments using individual 

canisters and accepted scaling laws can yield a 

detailed understanding of the thermal and mechanical 

responses of the canister. and sediments during the many 

hundreds of years envisioned for the total thermal 

heating and cooling cycle; 

There is always a need for a note of caution for those with enthu- ' 

siasm' for the subseabed disposal concept. There are many technical and 

institutional issues yet to be resolved. ~rnon'~ them are: implantation 

systems; port and transport facilities; inst~tutional management 
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procedures; national and international institutional, legal, and regu- 

latory requirements; and time to acquire sufficient data to assure 

technical feasibility of the concept. 

The Master Program Work Breakdown Structure (WBS) is the framework 

for task and subtask descriptions established for the MJTS high-level 

nuclear waste subseabed disposal assessment program. This structure has 

been adopted for the purposes of organization, planning, and reporting the 

elements identified in the program outline and is also cross-referenced to 

the duties of the Technical Program Coordinators and Principal Investi- 

gators, as well as other NWTS programs. The two-level elements of the WBS 

are shown in Figure 1-12. 

The Subseabed Disposal Program Plan is designed ro include all func- 

tions necessary to make a complete assessment of the subseabed disposal 

concept. It must be understood, however, that not all of the tasks identi- 

fied are being funded through the SDP, but are being coordinated by both 

the SDP and ONWI management and supported by the NWTS program. Specific 

tasks and funding methods for the current fiscal year are identified in 

the programmatic work descriptions in Volume I1 of the Subseabed Program 

Plan. Retrievability is not included as a significant technical activity 

in the present program. If retrievability is deemed necessary, deep sea 

technology exists upon which to build the capability to over-core the 

canisters and retrieve them, together with some of the surrounding 

sediments. 

An integral part of the Subseabed Disposal Program is the inter- 

national cooperative research and development, as well as annual peer re- 

view of programs and tasks coordinated through the Seabed Working Group. 

We expect to-continue the United States participation in the NEAIOECD 

Seabed Working Group and are looking forward to the sharing of ideas and 

suggestions which result. 
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PART 11: TASK GROUP REPORTS 

EXECUTIVE COMMITTEE 

/ 

Participants 

D. Glen Boyer (USA), Chairman 
G. Vilks (Canada) 
A. Barbreau (France) 
R. Ichikawa (Japan) 
F. S. Feats (UK) 
B. J. Collette (Netherlands), Advisor 
D. R. Anderson (USA), Task Group Coordinator & Scientific Secretariat 
F. Gera (NEA), Secretariat 

Observers 

C. N. Murray (CEC) 
W. Feldt (Germany) 
M. Sturm (Switzerland) 

Introduction 

The objectives of the Seabed Working Group Executive Committee 

meeting were (1) to review the national trends and policies regarding 

seabed disposal of radioactive wastes, the structure of the SWG end its 

Task Groups, and the objectives of the SWG over the next three years, and 

( 2 )  to recommend the date and location for the next meeting of the SWG. 

Discussion and Recommcndntioas 

The representative from each country summarized the national trends 

and policies regarding seabed disposal of radioactive waste. In general 

the seabed disposal concept is be'ing considered as a poss.ible alternative 

to land-based disposal. m e  amount of ef'fort each country is putting into 

the assessment of seabed disposal is small in comparison to the total 

efforts being made to identify acceptable geological formations on land. 
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However, as special interest groups and individuals continue to express 

social and technical concerns about exploration and research leading to 

land disposal, each national representative indicated a strong need to 

continue to evaluate the technical and environmenfal feasibility of the 

seabed disposal concept. 

The Committee concluded that the following roles and objectives of 

the SWG and its Task Groups are being met: 

To provide a forum for discussion, assessment of 
progress and planning of future efforts; 

To coordinate research vessel cruises and experiments; 

To share facilities and test equipment; 

To exhange information; and 

To maintain cognizance of international policy 'issues. 

The structure of the SWC and its Task Group was ~ F ? I ~ ~ . P W P ~ :  

The SWG charter, as submitted to NEA fo116wifig the 
Fourth Annual SWG Meeting (Albuquerque, March 19791, 
continues to be acceptable to NEA and to the SWG 
members. 

The SWG report is prepared by the SWG Task Group 
Coordinator. For report identification purposes it will 
continue to be.issued with a Sandia National Labora- 
tories report number. The title page will identify the 
work as the OECD/NEA Seabed Working Group Report to the 
NEA Radioactive Waste Management Committee. The 
disclaimer clause will state that the work is being 
funded by the individual SWG member countries. 

New members of the SWG will be encouraged to join 
through NEA. Member countries must have a funded 
program to assess the seabed disposal concept and be 
approved by their governments and sanctioned by their 
national representatives to the NEA Radioactive Waste 
Management Committee. 

Lead correspondents for each Task Group are selected by 
the members of the specific Task Group. It is expectef 
that the lead correspondent will change from time to 
time. For example, G. de Marsily (France) was selected 
as the Lead Correspondent of the System,Analysis Task 
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Group to replace G. Webb (UK), and D. Rancon (France) 
was selected as the Lead Correspondent of the Sediment - .  
and Rock. Task Group. to...replace Ji:Lewis '(uK), with.T. ' .. 

Francis (UK) as. Acting Lead Correspondent. during. the , .  ,: . .  . . 
Fifth Arinuai SWG ~eeting. ' 

. .  . .  , ... . . . . '  > .  , .  - '  . * .  

The national representative to the SWG Executive.Com- ' ,  . . . . . 
mittee will designate the national members of each of the 
Task Groups. Any other individuals from SWG member 
countries .attending ,Task Group meetings will, be called . ,  . :  
I' ' 

. . 
I' 

,. .. . . . . . . ,  . . . . .  . 

A nonmember country may be invited by the SWG to attend 
as an "observer", with the concurrence of that country's 
national. representative to the NEB-RmC. " .  

, ' .  . . . . , . . . 

Task Group.Lead correspondents :a're responsible for the : 

effective' exchange of .informat.i'on and =obperat ion within ' 
their own Task Groups, preparation'.of'th'e Task ~foup: 
reports, and identification of intra-Task Group needs. 

. . . 8 
. . .  

The SWG Task Group Coordinator ('D- R. Anderson, USA) is 
responsible for overall coordination and data exchange 
between   ask Groups "within the framework' of the SWG and 
for keeping the .SWG. informed. . 

The Executive Committee decided to combine the Canister 
and Waste Form Task Groups. An Engineering Studies Task 
Group was established to .begin the' coordination of 
conceptl~al' design and engineering studies of sehbed 
disposal emplacement, and* to identi.fy objectives arid . '  
criteria for laboratory .and field test ~ex~er~ments: 

Each Executive Committee, member is .to designate a' member ' 

to the ~ngineering Studie.s Task Group as soon as 
possible, and infom"the SWG Chairman, with copi.es.to NEA 
(Gera) and the Task Group Coordinator (Anderson). The' ' 
Task Group Coordinator will take the lead in organizing 
the first Engineering Tksk Group meeting prior to the 
next SWG meeting. 

Consideration was given to establishing a Legal and . . 
1nstitutional.Task Group. It was concluded that the SWG 
would at this r i m e  continue to keep the exchanges. on a .g. . . 
scientific ielel. In addit ion, there exists ano,ther NEA . . 
group.which is assessing. legal and institutional issues 
of waste management. The subject will be reviewed again . 

at the next SWG meeting. ' ' 

Retrievability was briefly addressed, and the Executive Committee con- 

cluded.that the various concepts being considered by the individual 



countries were addressing radioactive waste seabed "disposal" rather than 
I I storage." Therefore, retrievability as such was not a design objective. 

However, options for canister recovery on accident or from improper 

emplacement will need to be assessed. 

An outline of objectives for the SWG over the next three years was 

discussed and established as follows: 

Exchange data on the North Paci£ic and North Atlantic 
study areas resulting from the planned national and 
cooperative research vessel cruises, e.g., Japan/USA to 
the North Pacific and Netherlands, and France,, Canada, 
UK, and Germany to thc North Atlantic. 

Compare properties of sediments resulting from laboratory 
and field tests, e.g., thermal, physical, and chemical. 

Complete sensitivity analysis of parameters assumed for 
the System Analysis models and revise the model 
assumptions based on newly acquired laboratory and field 
dar a.  

Define specific problem areas and objectives, such as 
reconsolidatiorl of disturbed bottom sedimeut resulting 
from emplantation, and devise laboratory and field 
experiments to verify model assumptions. 

Initiate engineering studies of seabed disposal concepts 
and develop field test objectives and conditions in the 
laboratory and the field to demonstrare che engineering 
assumptions. 

Begin to scope and consider emplacement of long-term 
field tests, i.e., 10 yr or more. 

The next meeting date was set for February 2-5, 1981, i.n France. A .  

Barbreau (Francel'and F. Gera (NEA) will determine the location. This date 

must remain firm to avoid conflicts with scheduled research vessel cruises 

and other commitments by the SWG members, participants, and observers. 



SYSTEM ANALYSIS TASK GROUP 

G. de Marsily (~rance), Lead Correspondent 
D. M. Talbert (USA) 
F. van Dorp (Netherlands) 
G. Vilks (Canada) 
G. A. M. Webb (UK) 

Observers 

M. D. Hill (UK) 
C. N. Murray (CEC) 
,J. G. Shepherd (UK) 
F. E. Taylor (UK) 

Introduction 

The System Analysis Task Group held an interim mid-year meeting in 

Fontainebleau, France, October 15-19, 1979. The report of this meeting 

(Attachment A )  contained a number of recommendations on inter-Task Group 

meetings and on the structure of the annual Seabed Working Group meeting. 

The report was sent to members of the Executive Group and lead corre- 

spondents of other Task Groups. The S ~ T U C ~ I I ~ P  o f  the Bristol seabed 

Working Group meeting was largely based on the recommendations of this 

interim report. The most important task at this meeting was seen once 

again as encouraging and taking part in the joint meetings between other 

task groups. The program for the next year was also clarified, leading to 

the adoption of an overall model of the system and the production of a 

paper for the symposium mentioned in the "Future Work" section of this 

report. 

Discussions With Other Task Groups 

Members of the SATG attended a number of meetings with other task 

groups, mainly in the context of obtaining comment on the Base Case 



Scenario and the 'models presented in Tables A-1 and A-2 of the interim 

report (Attachment A). In particular, we met witli the Waste Forms/ 

Canisters Groups, the Waste Forms/Canister/~ediment and Rock Groups, and 

the Sediment and Rock/Physical Oceanography/Biology Groups. Some mekbers 

attended meetings with the Site Selection, Biology and Physical Ocean,- 

ography Groups. As a result of these discussions, we received written 

suggestions for the modelling and the parameters of the models from the 

Waste Form and Physical Oceanography Task Groups, reproduced in their 

report of the Bristol meeting. 

We also revised our Base Case Scenario and included the ranges o f .  

parameters shown in Table 11-1. 

The Biology Task Group proposed several models of biological transport 

pathways to man (see their report to the Bristol Meeting) and agreed to 

provide the SATG with numbers for these models within two months. 

. . 

Future Work 

The objectlves of the SATG, as set out in the report of the March 1978 

meetlng In Albuquerque, included,the preparation of a complete model of the 
. . 

system, incorporating appropriate models for the system elements, and the 

use of this model (via sensitivity analysis) to 5dentify.the more important 

research areas. During discussions, it became clear t h a t  t h i s  objective. . 

should be .accomplished rapidly, since many.Task Groups.need information ;. . . 
from this approach. The SATG therefore agreed to work toward this during 

the coming year. It was apparent that. a compl.ete. set of simple.models 

would beedeveloped by the UK.during thisyear.and that different models for 

'some system elements are already available and will be used in the USA and 

France. The SATG would use these models in appropriate combinations with 

the aim of producing initial results by the next meeting of the Seabed 

Working Group. . . 



Table 11-1 

Base case scenario Parameters and Values 

Range for Initial . 
System ~lement Base Case 'values Sen~itivity'Anal~sis' 

* .  . . . . 
. . . .  . 

Waste Form/Canister 

Power generation 

Reactor type 
I 

LWR 

Burnup . 33. 000 MWd t-I. 

Reprocessing 

Waste form 

Purex process 
360 days ex-reactor . .. 
0.5% Pu and U lost 
toHLWstre,am , 

All Tc assumed to, be in . 
waste, I assumed to be 
in similar was-te form 

Borosilicate giass.. 
10% by weight fission 
product oxides . 

Volume glass per canister 
3 0.2 mg 

Interim storage 50 yr . 10-100 yr 

Canister dimensions 3 m long x 0.3 m diameter 

2.5 m long x 0.5 m diameter 

Mean canister life 500 yr after emplacement 100-10' yr . 

Number of canisters 

Radionuclide release Temperature dependent . . .: . . . . : , .  . , . . 

rate leach rate model . ,  , . . , 

(see Waste Form Management 
Task Group section -of this 
report) 



Table 11-1 (cont) 

Range for Initial 
System Element Base Case Values Sensitivity Analysis 

Disposal Medium 

Uniform isotropic fine 
grained sediment 

Porosity 9 5 %  by volume 50-90% 

Permeability 10'~ ci11s - 1 10-~-10-' cms-' 

Molecular diffusio con- 
-9 2 -? stant 1 x 10 m s 

Bulk density 1.4 'gcm-3 

Thermal conductivity 
0.78 W m-' O K - ~  

Solids heat cap city 
2.3 x kJ m-3 'K-~ 

pH 7.2-8.2 (undisturbed) 

Burial depth 30 m 10-100 m 

Total sediment 
thickness 

Canister spacing 100 m centers, 10-100 m 

Benthic Boundary 
Layer 

I 

Thickness 

Transfer function 

* 
Parameters and their ranges are not independent in the case of the 

disposal medium. 



Table 11-1 (cont) 

Svstem Element 

* 
Water Column 

Ocean structure 

- 

Diffusion 

Advection , 

Range for initial 
Base Case Values Sensitivity Analysis 

Uniform horizontally 

Vertically 2 layers 
(surface down to 1 km 
uniformly mixed) 

Overall depth 5 km 

Volume 1017 m3 

Fickian 
Vertical eddy diffusion 

2 -1 coefficient 10 cm s 

Horizontal eddy diffusion 
6 2 -1 coefficient 3 x 10 cm s 8 2 -1 105 - 10 cm s 

Vertical velocity zero 
Horizontal velocity 5 cms-I 1 - 10 cms-' 

Biological Transport (see Attachment C) 

Dose to Man 

nasimetry TCRP Puhl.i.cations 26 and .30 

Pathways and IAEA Technical Report 
intake assumptions 211 and Attachment C 

Calculation aim Maximum future 
annual effective dose 
equivalents to individuals 
and annual collective 
effective dose equivalents 
(as  a function of tiinel 

Dose to Fauna 

No decision on parameters 

*see also Table I1 3 and Fig. 11-12 in the Physical Oceanography 
sect-ion of this report. 
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It was agreed that an interim meeting would again be needed and that 

it would take place at NRPB in the UK on September 22-26, 1980. Some 

representatives of other Task Groups would be invited to part-of t h e  

interim meeting. The report of this interim meeting will be sent,to lead 

correspondents of other Task Groups for comment and transmission. . . 

The SATG discussed the provisional abstract of a paper which had been 

submitted to the IAEA/NEA Symposium on Radioactive Waste ~ i s ~ o s a l  in the 

Marine Environment, Vienna, October 6-10, 1980. It was agreed that the 

authorship of this paper should reflect contributions to the work of the 

SATG,, especially at the last interim meeting and the present meeting, and 

should include members and observers as appropriate. The list of authors 

was revised to de Marsily, Hill, Murray, Talbert, van Dorp, and Webb. 



ATTACHMENT A 

Systems Analysis Task Group 
Report on Interim ~eeting at Fontainbleau, France 

October 15-19, 1979 

Task G r o u ~  Members 

G. A. M. Webb (UK) Lead Correspondent 
G. de Marsily (France) 
D. M. Talbert (USA) 
N. Murray (CEC) 

In Attendance 

M. D. Hill (UKI* * 
F. Van Dorp (~etherlanis) 
M. DIAllessandro ($lJC) 
M. Sibuet (France$* 
Y. Belot (France) 

Apologies for Absence Received From 

* 
H. Kasukawa (Japan) * 
H. Tammemagi (Canada) 

Introduction 

Thc purpose of the second interim meeting was to address the items 

listed under the "Future Work" in the report of the Systems Analysis Task 

Group (SATG) prepared at the ~nternat iortal Seabed Working Group (SWG) 

meeting in Albuquerque, March 1979. The items considered were the de- 

velopment of base-case scenarios, identification of type models for each 

element of the system analysis model, and a probabilistic/deterministic 

model for singular events. 

Some time was devoted to a discussion of the status of relevant 

i~lodelling work in the national . programs . as reported by SATG members. 

* 
a x 7. '- Invited to attend the entire Task Group Meeting.. 
Members of Biological Task Group invited to attend one day of the 

Task Group Meeting. 
- .  



The SATG members decided to prepare a paper for the IAEAINEA 

International Symposium on Disposal of Radionuclides in the Marine 

Environment, Vienna, Austria, October 6-10, 1980 (Attachment B). 

This paper makes recommendations on the interactions between other 

Task Groups. These interactions are considered useful in addressing 

particular problems, and they should be scheduled for the next Inter- 

national SWG meeting in March 1980. 

It was decided that, in principle, the lead correspondent should 

change from time to time so that the original objective of the Task Groups 

to act as informal discussion groups should not be lost in a too-formalized 

structure. The SATG unanimously decided that G. de Marsily should replace 

G. Webb as lead correspondent from the meeting in March 1980. 

Parameters 

The development of base case situations for the overall systems 
. 

analysis model was identified as an important task during the meeting of 

the SATG at the 1979,Albuquerque SWG meeting. To this end the SATG has 

chosen a set of parameters to define an initial base case scenario. These 

parameters are presented simply as a list at this time and are given in 

Table A-1. 

It is the intention of the SATG to use the chosen set of parameters 

together with the generic models described in the Generic Models section to 

proceed with the development of our overall system model and to stimulate 

the development of more suitable subsystem models by the other task groups. 

The incompleteness of the table of parameters and somewhat arbitrary 

nature of the assumed values is recognized by the SATG. It is anticipated 

that a significant refinement of the set of parameters will occur as the 



scenario is applied; necessary additions and adjustment will be made during 

the initial stages of use. The members of the group also wish to encourage 

other members of the SWG to criticize and suggest improvements to the 

parameter list. 

Table A-1 

Base Case Scenario Parameters and Values 

Parameters 

Waste Form/Canister 

Power generation 

Reactor type 

Burnup 

Reprocessing 

Waste form 

Interim storage 

Canister dimenions 

Canister life 

Radionuclide release 

Disposal Medium 

Medium 

- Values 

LWR 

33 000 MWd t-l 

90 days ex-reactor 

Purex process 
99.5% Pu and U . - 
Iodine assume to be included 
in waste form 

. . 

Borosilicate glass 
20% by weight waste loading 

Density 2.5 gcm'J 

Volume 0.2 m 3 

3 m long x 0.3 m diameter 

- 100 yr after emplacement 

Uniform rate over 1000 yr 

Uniform isotropic 
red clay 

Porosity 75% by volume 



Table A-1 (cont) 

Parameters 

~edium (cont 1. 

Burial depth 

Total sediment 
thickness 

Canister spacing 

Layer 

Thickness 

Transfer funcf i6b 

Water Column 

Ocean structure 

Values 

Permeability 9 x m day-' 

Molecular diffusion constant 
I. x ~ o - ~ m ~ s - l  

Dulk d e n s i t y  1.4 g ~ i i ~ - 3  

Thermal eenduelrivity 
0.78 W m-' OR-' 

Solids heat capacity 
2.3 x lo3 k~ m-3 OK-' 

30 m 

60 m 

1UU m centers 

a Horizontal uniform 

Vcrticolly 2 laycrs, 
surface down to 1 km 

Overall depth 5 km 

Volume 1017 m3 



Table A-1 (cont) 

Parameters 

Diffusion 

Advec t ion 

Biological Transport 

No decision on parameters 

Dose to Man 

Dosimetry 

Pathways and 
intake assumptions 

Calculation aim 

Values 

Fickian 
Vertical eddy diffison 

2 -1 coefficient 10 cm s 

Horizontal eddy di fusio d 2 - T  coefficient 3 x 10 cm s 

Vertical velocity zero - 1 
Horizontal velocity 5 cms 

ICRP Publications 26 and 30 

IAEA Technical Report 211 

Maximum future annual effective 
dose equivalents to individuals 

D O ~ C .  to Fauna 

No decision on parameters 

Generic Models 

In order to proceed with the development of an oyerall system model 

the SATG has rqviewed the generic models currently available. These .are 

described in ~ a b i e  A-2.' 



Table A-2 

Generic Models for System Elements 

Exam les of Models 
System ~lement* Generic Model Type gvailable 

Waste form/canis.ter Waste form: 

Di f fiis i o n  Many models available 1.. 5 

Cnnstant l ~ a r h  r a t e  

per unit surf ace 
area 

Constant release 
rate 

Canister: delay time Mean delay time and 
model arbitrary distribution 

around mean can be assumed 

Ncar waste 
environment 
(defined as the 
volume of 
disposal medium 
v i  thin t h e  

maximum 100°C 
isotherm) 

Dis,posal 
medium 
transport 

Ciil~al~l.t! uf  y r e d i c  t ion   SWIFT^ 
of radionuclide TRISOPAR' 
migration under the . 

influence of coupled 
heat and water. flow 

Molecular diffusion, Many m o d e l s  avai l.ahl e1s6-8 
sorption and radio- 
active decay ( in- 
cluding chain decay) 

Benthic boundary None identified None available. Flux of 
layer transport radionuclides from dis- 

pocnl m c d i t ~ m  n r , n i i m r r l  
equal to flux entering 
water column 

Physical oceano- 
graphic transport Diffusion, advection "Shepherd modeltt9 

* - 
See previous report of Systems Analysis Task Group. 



Table A-2 (cont) 

System Element Generic Model Type ,Available 
- .  . . 

Biological None identified Upward flux of biomass 
oceanographic assumed equal to down- 
transport ward flux (concentrations 

of radionuclides in 
organisms derived from 
existing data on shallow 
water systems) 

Dose/effects 
on man 

Dose/ef fects 
on fauna 

Emplacement 
method 

Exposure pathways: Ref 10 
IAEA publications 

Dosimetry: models Refs 11; 12 
currently recom- 
mended by ICRP 

None identified 

Model under development 
.at Sandia Labs 

References for Table A-2 

'M. D. Hill and P. D. Grimwood, Preliminary Assessment of the Radio- 
logical Protection Aspects of Disposal of High-Level Waste in Geologic 
Formations, Report NRPB-R69 (1978). 

2 ~ .  Laude, .Le Verre Comme Premiere Barriere Pour le Stockage a Long 
Terme des Dechets de Haute Activite. Proc. NEA/CEC Worksho~ on Risk Anal- 
ysis and Geologic Modelling in R.elation to the Disposal of Radioactive 
Wastes Into Geological Formations, Ispra, May 23-27, 1977. 

3F. Girardi, G. Bertozzi, and M. D'allessandra, Long-Term Risk 
Assessment of Radioactive Waste Disposal in Geological Formations, CEC 
Report EUR-5902 (1978). 



References for Table A-2 (cont) 

4~~~ (Karnbranslesakerhet) Project, Handling of Spent Nuclear Fuel and 
Final Storage of Vitrified High-Level Reprocessing Waste, Stockholm (1977). 

5~~~ Project, Handling and Final Storage of Unreprocessed Spent 
Nuclear Fuel, Stockholm (1978). 

6~ntera Enironmental Consultants, Inc. , Development of Radioactive 
Waste Migration Model, Document prepared for Sandia Laboratories (1977). 

7 ~ .  Goblet, E. Ledoux, and G. de Marsily, Etudes des Modalites de 
Transfert des ~roduits ~adioactifs dans L'Environment, Ecole   at ion ale 
Su~erieure des Mines de Paris Report L H M / R C / ~ ~ / ~  (1978). 

8 ~ .  Bo. , Column, Numerical Solution of Migration Equations Involving 
Various Physico-Chemical Processes, Riso National Laboratory Report (1978). 

'5. G. Shepherd, A Simple Model for the Dispersion of Radioactive 
Wastes Dum~ed on the Dee~-Sea Bed. MAFF Fisheries Research Technical Report 

'OIAEA, The Radiological Basis of the IAEA Revised Definition and 
Recommendations Concerning High-Level Radioactive Waste Unsuitable for 
DumDine at Sea. IAEA-211 (1978). 

~ ~ I C R P  Publication 26 (1977). 

121c~p Publication 30 (1979). 

Singular Events and Probability Analysis 

The SATG recognized at the 1978 SWG meeting the need to consider 

singular events, their probability of occurrence, and their consequences. 

A number of singular events were identified. These-were grouped 

according to the affected parameter of the overall system model. These 

parameters are listed below: 

e Sediment thickness:' Many events could lead 
to changes in sediment thickness. 

Canister delay time: Many events could occur to 
decrease this. 



Release rate: Thermal, physicochemical reactions 
with sediment could cause changes in the release 
rate. 

Properties of sediment: Unforeseen interactions 
between waste and sediment could cause changes 
in some of these parameters. 

It is proposed that possible events leading to alterations in these pa- 

rameters be defined by categories. On the basis of experience in assess- 

ing the reliability of geological waste disposal in continental formations, 

processes such as faulting, magmatic occurrences, and erosion, have been 

identified as possibly being amenable to probability analysis. A study 

will thus be made to identify those categories suitable for probabilistic 

assessment in the case of disposal in deep-ocean formations. 

Proposed Paper for the International Atomic Energy A ~ ~ ~ C Y / N E A  Symposium 
on Radioactive Waste Disposal in the Marine Environment, Vienna, 
October 6-10, 1980 

The SATG decided to submit a Task Group paper to the IAEAINEA sym- 

posium (Attachment B). The proposed paper will outline the concept of 

deep-ocean disposal and the application of systems analysis. The system 

model developed within the framework of the International Seabed Working ... . 

Group to consider the necessary inputs and outputs between different system 

elements compartments will be presented. An example of the model develop- 

ment in national programs will be given and areas which require more de- 

tailed study indicated. 

Recommendations to the Seabed Working Group Executive 

Emerging from their discussidns with each of- the other Task Groups at :.;- ' 

the Meeting in Albuquerque in March 1979, the SATG concluded that more time . . 
.' . 

' _ .>::. 

should be allowed for exchanges between Task Groups of future meetings. 
. . 

All the groups recognized the need for such exchanges. "The SATG discussed .: ' . , ' ? '  



this matter further and recommended that time be set aside at the Inter- 

national Seabed Working Group meeting in March 1980 for the following 

specific intergroup meetings: 

Waste Form/Canister Grou~s - to discuss the Base Case 
Scenario assumptions. 

CanisterISediment and Rock Groups - to discuss the near waste 
environment with particular emphasis on the input - output 
requirements 4 and 5 as shown in the overall system analysis 
model in the report of March 1979 Seabed Working Croup 
meeting . 
Sediment and Rock/Physical Oceanography/~iology Groups - to 
discuss the benthic boundary layer transport mechanisms and 
responsibility for further progress in this area. 

It appears to the SATG that the discussions within the individual task 

groups would be focused more clearly if the SATG had an opportunity, early 

in the March 1980 Seabed Working Group meeting, to present the conclusions 

of their interim meeting on the base case scenario, generic models tor sys- 

tem elements, and probabilistic analysis. The SATG recommends that this . 

presentation should form the introduction to an early round table dis- 

cussion. 



ATTACHMENT B 

Systems Analysis  Approach t o  t h e  Disposal  o f  H igh .Ac t iv i t y  * 
Waste i n  Deep Ocean Sediments 

G .  de  Mars i ly ,  M .  D. ~ i l i ,  C .  N. Murray, D. M .  T a l b e r t ,  F .  van Dorp, and 
G .  A. M. Webb 

ABSTRAC'J 

Among t h e  d i f f e r e n t  op t ions  be ing  studied f o r  t h e  f i n a l  d i s p o s a l  of 

h igh- leve l  s o l i d i f i e d  waste ,  i n c r e a s i n g  a t t e n t i o n  i s  being paid t o  t h e  

emplacement of  g l a s s e s  con ta in ing  t h e  r a d i o a c t i v e  elements  i n  deep .oceanic  

sediments .  Such a  concept has  an advantage i n  t h a t  a r e a s  under inves t i - '  

g a t i o n  such a s  mid-plate/mid-gyre r eg ions  of t h e  oceans appear  r e l a t i v e l y  

unproduct ive b i o l o g i c a l l y  and r e l a t i v e l y  devoid of ca tac lysmic  e v e n t s ;  

n a t u r a l  p rocesses  t h e r e  a r e  q u i t e  slow. Thus because of t h e  s t a b i l i t y  

and p r e d i c t a b i l i t y  of  t h e  environment,  a  s e t  o f  b a r r i e r s  a g a i n s t  t h e  d i s -  

pers ion  of  t h e  r ad io i so topes  can be de f ined .  

Task groups s e t  up i n  t h e  framework of  t h e  I n t e r n a t i o n a l  Seabed Work- 

ing  Group a r e  s tudying  a l l  a s p e c t s  o f  t h i s  op t ion  and have been c a r r y i n g  

out  conceptual  des ign ,  l a b o r a t o r y ,  and i n - s i t u  work s i n c e  1976. I n  o rde r  

t h a t  t h e  va r ious  component e lements  be i n v e s t i g a t e d  w i t h i n  an i n t e g r a t e d  

framework, the  coacepl: uf systems ana ly ' s i s  ha s  been app l i ed  t o  t h i s  op t ion .  

I n  t h e  p re sen t  a r t i c l e  t h e  System Analys i s  Task Group r e p o r t s  t h e  develop- 

ment of an o v e r a l l  system model f o r  t h e  assessment of p o s s i b l e  consequences 

of  t h e  emplacement of  high-l .evel waste i n  deep oceanic  sediments .  

System a n a l y s i s  provides  an overview of  t h e  e n t i r e  problem s t r u c t u r e  

and of t h e  i n t e r a c t i o n s  between va r ious  problem elements .  A major respon- 

s i b i l i t y  of t he  System Analysis  Task Group i s  t o  ensure  t h a t  o t h e r  t a s k  

* 
Subtnit t ed  t o  the  IAEA/NEA Symposium on Radioac t ive  Waste Disposal  i n  

t h e  Marine Environment, Vienna, October 6-10, 1980. 



groups have identified all assessment requirements and are producing 

necessary parameters t'o feed into the complete system. This will be done 

by an iterative process in which a preliminary analysis and a sensitivity 

analysis are used to identify the parameters and data of most importance. 

These studies will form the basis by which the Seabed Working Group can 

direct overall progras of the task groups. The other task groups should 

then focus on these parameters and data so that improved results can be 

fed back into the overall systems model. The process will be repeated 

until the predictions of the system model achieve the required precision 

and confidence. 

The major.requirement for the development of a systems analysis model 

needed as a first step for a complete study, is that the problem be sepa- 

rated into identified elements and that the interfaces between the elements 

be clearly defined. The model that has been initially evolved is a deter- 

ministic one, and describes the problem elements involved in arriving at 

the estimates of effects on man. Estimates of the effects on faunal spe- 

cies will also be needed for subsequent decisions on the overall feasi- 

bility of the system. The system elements identified at present are the 

following: 

Waste definition - the quant,ity and composition of waste 
to be disposed of. 

. . 

Site se,lection - the.generic or specific site information 
required as input to system elements. 

Waste form and,canister - the initial physical and 
chemical form of the waste. 

a Near waste environment - the region considered to reach 
to the limit of mineralogical alterations caused by 
radiatio* a6d temperature fields.of the waste; 

I . I  I . '  ' ... 
Disposal medium - the geological medium surrounding the 

. . . . 
canisters. 



Benthic boundary layer - the interaction of chemical, 
biological, and physical processes on the movement of 
radiological and chemical activity across the sediment- 
water interface. 

Physical oceanographic model - the physical (water) 
transport mechanism of dissolved species and suspended 
sedimentary particles on a regionallglobal scale. 

Biological oceanographic model - the biological transport 
mechanisms, including uptake and loss pathways, 
recycling, and transfer between different trophic levels 
within the water column. 

Doses and effects on faunal species - the estimates of 
the radiation dose to faunal species both in the disposal 
site and throughout the oceanic region are required. 
Assessment of the impact of these doses on faunal species 
should be attempted for comparison with their impact upon 
man. 

Doses and effects on man - the calculating of individual 
and collective doses through all exposure pathways. The 
generic and somatic effects of these doses are determined 
using an agreed dose-response. relationship. 

The model developed by the Systems Analysis Task Group will be de- 

scribed in detail and the necessary inputs and outputs between elements are 
- 

given. 

In order that the initial iteration of the model can be undertaken it 

i3 important that base case situations are developed. The use of chosen 

set of parameters, together with the generic models describing the system 

elements, should stimulate the development of more suitable subsystem 

models. An example of the model developments in national programs is given 

and areas which require more detailed study indicated. 

Parallel to the base case systems analysis model there is a clearly 

defined need to consider singular events, their probability of occurrence 

and the consequences; these are briefly discussed. 



Attachment C 

Biological Transport 

Table C-1 

Inventory of the Longer Lived Radionuclides in High Level Waste 
Approximately 50 Years After Reprocessing 

Radioactive . Activity in Waste 
Radionuclide Half-Life (yr) (Bq) 

Fission products: 



Table C-1 (conf) 

Radionuclide 

Heavy Isotypes: 

Opb 

2 2 6 ~ a  

228Ra 

2 3 7Ac 

228% 

22gTh 

2 3 0 ~ h  

2 3 2 ~ h  , 

. 23lPa 
2 3 2u 

233u 

234u 

235,j 

23GU 

.Radioactive 
Half-Life (yr) 

Activity in Waste 
( ~ q )  



Table C-1 (cont) 

Radionuclide 

Heavy Isotyes (cont) 

242mh 

2 4 3 h  

243cm 

2 4 4 ~ m  

245cm 

Radioactive . Activity in Waste 
Half-Life (yr) (Bq 

1 

NOTES: 1. 1 Bq = 2.703 x 10-ll.ci. 

2. Activities are given for 1 t fuel. 

3. Fuel required to generate lo3 GW(~)Y = 3.35 x lo4 t. 



10' 

Time A£ ter Reprocessing (yr) 

Figure C - 1  Heat Output of Waste From 1 t LWR Fuel 



Table C-2 

Commited Effective Dose Equivalents per Unit Intake by Ingestion 

Nuc 1 ide 

210~b 

2 ~ b  

2 1 oBi 

210~o 

223~a 

224~a 

225~a 

226~a 

8 ~ a  

225~c 

227~c 

' 7 ~ i 1  

225~h 

229~h 

230m 

231~h 

Effective Dose Equivalent 
per Unit Act ivit Ingested 

(Sv Bq-') Nuc 1 ide 

240~u 

241PU 

242~u 

241h 

242mh 

2421\, 

243~m 

242cm 

243cm 

244~m 

Effective Dose Equivalent 
per Unit Ac.t ivit Ingest€ 

(Sv Ba-'1 



Table C-2 ( c o n t )  

Nuc 1 i d e  

E f f e c t i v e  Dose Equivalent  
per  Unit  A c t i v i t  Inges ted  

(SV Bg-'1 Nuc 1 ide  

E f f e c t i v e  Dose Equivalent  
per  Unit A c f i v i t  Ingested 

(SV Bq-'1 



Table C-3 

Nuclide 

Mean Y Energies per Disintegration 

Mean 7 Energy ( M ~ v )  
Per 

Disintegration 

2 10-3 

Nuclide 

24-lpu 
\ 

242PU 

2 4 1 ~ m  

242mh 

2 4 2 ~ m  

2 4 3 h  

2 4 2 ~ m  

Mean Y Energy (MI 

Disintegrat io, 



Table C-3 (cont) 

Nuc 1 ide 

Mean 'Y Energy ( M ~ v )  Mean y Energy (M 
Per 

Disintegration Nuc 1 ide 
Per 

Disintegratio 

The values assumed for consumption rate for each pathway are shown in 

Table C - 4 .  

Table C-4 

Seafood Consumption Rates 

Consumption Rate 
Pathway ( g/day > 

Fish 600 

Crustacea , 100 

Molluscs 100 

Seaweed 300 

plankton 3 0 



The f i s h  pathway i n c l u d e s  a l l  mobi le  f i s h  s p e c i e s ,  whether  p e l a g i c  o r  ' 

b e n t h i c ,  s i n c e  t h e  wa te r  c o n c e n t r a t i o n s  produced by t h e  oceanograph ic  b a s i s  

a r e  s p e c i f i c a l l y  i n t e n d e d  t o  cover  a l l  t h e s e  p o s s i b i l i t i e s .  The concen t ra -  

t i o n  f a c t o r s  used a r e  f o r  f i s h  f l e s h  and t h e  consumption r a t e  chosen  i s  

i n t e n d e d  t o  accommodate c r i t i c a l  groups  i n  a l l  a r e a s .  We have a t  p r e s e n t  

no d e t a i l e d  i n f o r m a t i o n  on t h e  c o n c e n t r a t i o n  f a c t o r  f o r  cephalopods  o r  deep- 

l i v i n g  f i s h ' a n d  f o r  t h e  p r e s e n t ' a s s u m e d  t h a t  t h e y  a r e  s u f f i c i e n t l y  s i m i l a r  

t o  t h o s e  f o r  s u r f a c e  f i s h  f o r  i n c l u s i o n  i n  t h i s  pathway. 

The c r u s t a c e a  pathway i s  i n t e n d e d  t o  embrace many s i m i l a r  o rgan i sms ,  

i n c l u d i n g  b r i l l .  The m o l l u s c s  pathway i s  r e p r e s e n t a t i v e  o f  s e s s i l e  f i l t e r -  . 

f e e d e r s  and i s  c h a r a c t e r i z e d  by r e l a t i v e l y  h i g h  c o n c e n t r a t i o n  f a c t o r s . '  

Consumption o f  seaweed i s  a n  e s t a b l i s h e d  pathway, and t h e  h i g h  consump- 

t i o n  r a t e  i s  i n t e n d e d  t o  cover  c r i t i c a l  groups  f o r  whom t h i s  i s  a  s t a p l e  

food .  

The l a r g e r  macroplankton a r e  covered  i n  o t h e r  pathways. The plank ton  

pathway i s  c h a r a c t e r i z e d  by c o n c e n t r a t i o n  f a c t o r s  a p p r o p r i a t e  t o  micro- 

zoop lank ton ,  and consumption r a t e s  a r e  based on t h i s  a s  a processed food o r  

a d d i t i v e  r a t h e r  t h a n  a  s t a p l e  d i e t .  

P a L l ~ w a y s  I u v o l v i n g  Expo3urc o f  Bcclch Dwellers 

Two of  t h e s e  pathways i n v o l v e  e x t e r n a l  exposure  and two i n h a l a t i o n  o f  

r a d i o n u c l i d e s  i n  d i f f e r e n t  forms.  The r e l e a s e  r a t e ' l i m i t  based on e x t e r n a l  

exposure  i s  g i v e n  by: 

where 

Di i s  t h e  a p p r o p r i a t e  dose  l i m i t  ( r e m / y r )  



E .  i s  t h e  mean energy per  disintegration ( a l p h a ,  b e t a  ' o r  gamma, a s  a p p r o p r i a t e )  (MeV) 

Ti i s  t h e  occupancy time ( h r / y r )  

Fi i s  a  modifying f a c t o r  whose purpose i s  descr ibed  belo;. 

Th i s  formula i s  based on t h e  dose- ra te  a t  t h e  s u r f a c e  of  an i n f i n i t e  

ha l f - space  contaminated uni formly ,  without  a t t e n u a t i o n .  The modifying 

f a c t o r  F may be used t o  t a k e  account of o t h e r  c i rcumstances ,  and i s  0.1 f o r  

i r r a d i a t i o n  of  t h e  hands of  fishermen handl ing  n e t s ,  s l n c e  t h e  source i n  

t h i s  c a s e  i s  no t  an i n f i n i t e  ha l f - space .  The occupancy times assumed f o r  

e x t e r n a l  gamma i r r a d i a t i o n  of beach o r  shore  u s e r s  and for handl ing f i s h i n g  

n e t s  o r  o t h e r  gear  a r e  shown i n  Table  C-5. 

Table C-5 

Beach Dwellers Occupancy Times 

flr.r.1ipanr.y Time 
P R ~ I I W F I Y  h r / y r  

Beach 1000. 

Hand 1 ing  300 

Sediment Cont inuous 

Evaporat ion Continuous 

The l i m i t i n g  r e l e a s e  r a t e s  t o r  i n h a l a t i o n  paehways may be  calculaLed 

us ing  t h e  same formula t ion  a s  f o r  i n g e s t i o n  pathways under seafood ,  bu t  

wi th  t h e  a p p r o p r i a t e  va lue  of  A .  and Qi a s  t h e  q u a n t i t y  o'f contaminated 
3 

m a t e r i a l  inha led  r a t h e r  t han  inges t ed .  The concen t r a t i on  f a c t o r  i s  a l s o  

used d i f f e r e n t l y  depending on t h e  s p e c i f i c  pathway. 

The 'sediment pathway al lows f o r  i n h a l a t i o n  of  contaminated sediment 

whichphas been turned i n t o  a  suspended ae roso l  by some process .  I n  t h i s  

ca se  t h e  i n t a k e  i s  assumed t o  be 2 pg/day,  corresponding t o  an assumed 



r e s p i r a b l e  dus t  burden i n t h e  atmosphere of  10 pg/m3, o f  which 1% i s  of  sea-  

sediment o r i g i n .  Occupancy i s  assumed t o  be cont inuous .  The concen t r a t i on  

f a c t o r s  a r e  f o r  concen t r a t i on  i n  t h e  sediment,  and a r e  given i n  pCi/g ~. per 

pCi/ml . 

. The evapora t ion  pathway covers  i n h a l a t i o n  of  r ad ionuc l ides  which reach  

t h e  atmosphere d i r e c t l y  from t h e  s e a  water .  The i n t a k e  i n  t h i s  ca se  i s  

assumed t o  be 200 g/day,  and occupancy i s  assumed t o  be cont inuous.  For 

tritium t h e  concen t r a t i on  f a c t o r  i s  taken a s  u n i t y ,  s o  t h e  c a l c u l a t i o n  

corresponds t o  t h e  i n h a l a t i o n  of  200 g/day of evaporated o r  suspended water  

con ta in ing  t r i t i u m .  For o t h e r  r ad ionuc l ides  t h e  pathway can b e t t e r  be , 

thought of a s  r ep re sen t ing  t h e  i n h a l a t i o n  of  s e a  s a l t  i n  t h e  atmosphere. A 

3  t y p i c a l  f i g u r e  f o r  t h i s  concen t r a t i on  i n  a i r  i s  3  pg/m , s o  t o  g ive  an 

i n h a l a t i o n  f i g u r e  of  60 pg/day and take  account of  t h e  3% s a l t  con ten t  of 

seawater ,  a  nominal concen t r a t i on  f a c t o r  of  pCi/g per  pCi/ml i s  used 

f o r  most r ad ionuc l ides .  There has  been a  sugges t ion  t h a t  enrichment by up 
3  t o  a  f a c t o r  of 19 may occur  i n  a  t h i n  l a y e r  on t h e  s e a  s u r f a c e  f o r  t r a c e  

e lements ;  t hus  f o r  t r a c e  elements  and t h e i r  analogues a  nominal concentra-  

t i o n  f a c t o r  of lo-' i s  t aken .  

Since a l l  of t h e s e  pathways could apply t o  t he  same c r i t i c a l  group 

they  have been summed t o  d e r i v e  an o v e r a l l  r e l e a s e  r a t e  l i m i t  f o r  beach 

dwe l l e r s .  

Miscel laneous Pathways 

C e r t a i n  o the r  pathways have been sugges ted .  These a r e  mod i f i ca t i ons  

of  pathways involv ing  e i t h e r  i n t a k e  o r  e x t e r n a l  exposure and a r e  t h e r e f o r e  

formally c a l c u l a t e d  us ing  t h e  a p p r o p r i a t e  formulae given i n  t h e  previous 

s e c t  i ons .  

Consumption of  s a l t  ob ta ined  by evapora t ion  from s e a  water  ha s  been 

assessed  us ing  t h e  consumption r a t e  i n  Table  C-6. The concen t r a t i on  f a c t o r  

i n  t h i s  pathway i s  t aken  a s  u n i t y  f o r  t r i t i u m  s i n c e  t r i t i a t e d  water  would 



be evapora ted  dur ing  t h e  s a l t ,  e x t r a c t i o n .  For a l l  o t h e r  r ad ionuc l ides  i t  

i s  t aken  a s  30 pCi/g per  pCi/ml t o  a l low f o r  t h e  3% s a l t  conten t  of s e a  

wa te r .  

Desa l ina ted  water  may form the  only water source  f o r  some groups of  

people ,  g i v i n g  t h e  consumpt ion . r a t e  i n  Table C-6. The concen t r a t i on  f a c t o r  

i n  t h i s  c a s e  i s  taken  a s  u n i t y  f o r  tritium and pCi/g per  p C i / m l  fo r  

a l l  o t h e r  r a d i o n u c l i d e s ,  h a a d  nn a t  l o a o t  a  two s t age  d e ~ a l - ~ n a c i o n  p l an t  

and a  decontaminat ion f a c t o r .  per  s t a g e  o f  a t  l e a s t .  

Swimming i n . t h e  s e a  may a l s o  lead  t o  e x t e r n a l  exposure.  The ca lcu-  

l a t i o n  of  r e l e a s e  r a t e  l i m i t  i s  based on the  occupancy b i m e  shown i n  

Table  C-6 and a  modifying f a c t o r . o f  .2 t o  a l low f o r  t o t a l  immersion r a t h e r  

t han  an i n f i n i t e  ha l f -p l ane .  .The dose l i m i t  used was 0.5 remlyr .  

Tablc C-6 

MiscelLaneous Pathways 

In t ake /  
Pathway Occupancy Time 

Desa l ina t ion  2000 g/day 

S a l t  Consumption 2 g lday  

Swimming 300 h r / y r  

For convenience of c a l c u l a t i o n  and p r e s e n t a t i o n  a l l  t h r e e  miscel-  

laneous pathways have been combined, even though t h e  same people a r e  

u n l i k e l y  t o  comprise t h e  c r i t i c a l  group f o r  a l l  t h r e e  pathways. The 

c o n c e n t r a t i o n  f a c t o r s  f o r  r a d i o l o g i c a l  assessment i n  t h e  primary pathways 

a r e  g iven  i n  Table C-7. 



Table C-7 

Concent ra t  ion Fac to r s  Uscd fo r  Radio logica l  Assessment 

Element F ish  Crus t acez  Molluscs Seaweed Plankton Desal 'n Sea S a l t  

H I.0E 00 1 . O E  00 1 .  OE 00 l .0E 00 I . OE 00 I . 0E 00 1 . O E  n0 

C  5-OE 04  4.OE 04 5.0E 04 4.0E 0 1  3.0E 07 (1.0E-04) 3.OE 01 

Sediment 

1 .0E 00 

( I  . OE-02 

0 . 0 E  02 )  

( 1 . 0 ~  02 )  

( I . 0 E  0 2 )  ' 

(1.0E 0 2 )  

(5.0E 02)  

(1.0E 04 )  

1 . OE 04 

1 . OE 04 

1 . 0E 04 

I .  0E 04 

I .  OE 04 

I . OE 04 

(1.0E 0 2 )  

5.OE 02 

1.0E 04 

1 . OE 04 

l . O E  04 

I . 0E 24 

I . DE 04 

(1.0E 04 )  

I.0E 04 

I .  0E 04 

Evapora t ion  

l . 0E  00 

(1 .OE-05) 

(1 .OE-05) 

(1  .CtE-05) 

(1  .oE-05) 

( I .  OE-'05) 

( 1  .OE-02) 

(1.0E-02) 

( I  .OE-02) 

( 1  .0<-02)  

(1  .OE-02) 

( I  . 0 ~ - 0 2 )  

(1.0E-02) ' 

( 1  .OE-05) 

( I  . n ~ - 0 5 )  

(1 .0E-05) 

(1 . 0 ~ - 0 2 )  

( I  . 0 ~ - n P )  

( 1 . W  021 

(1.0E-02) 

( I  .OE-02) 

(1  .OE-02) 

( 1  .OE-02) 

(1.0E-02) 

Concen t r a t i on  f a c t o r ;  i n  pa r en t t i e s t s  a r e  based on educated  g ~ ~ e s s w o r k  on ly .  



Table C-7 (cont) 

Element Fish Crustacea Molluscs Seaxeed Plankton Desal'n Sediment Evaporation 

Concentration factor3 in parentheses are based o n  educated guesswork only. 
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I n t r o d u c t i o n  

O b j e c t i v e s  

The o b j e c t i v e s  o f  t h e  S i t e  Assessment Task Group a r e  ( 1 )  t o  i d e n t i f y  

from h i s t o r i c a l  d a t a  a  number o f  s t u d y  s i t e s  (on t h e  o r d e r  o f  1 0 )  t h a t  

might s a t i s f y  t h e  s i t e  s u i t a b i l i t y  c r i t e r i a  t o  f i e l d - v e r i f y  t h e  l a t e r a l  

and v e r t i c a l  u n i f o r m i t y  o f  t h e  sed imenta ry  f o r m a t i o n s ,  and ( 2 )  t o  o b t a i n  

c o r e  samples f o r  measurement o f  l a b o r a t o r y  p r o p e r t i e s .  T h i s  e f f o r t  i s  

b e i n g  made i n  an  i t e r a t i v e  f a s h i o n  by a l l  p a r t i c i p a t i n g  d e l e g a t e s  i n  a n  

open s c i e n t i f i c - e x c h a n g e  forum. 

a S i t e  i d e n t i f i c a t i o n  i s  b e i n g  msde s o l e l y  f o r  t h e  purpose  
o f  - subseabed j .nse r t ion  o f  HLW o r  s p e n t  f u e l .  

\ 

The s i t e  s e l e c t i o n  g u i d e l i n e s  p u b l i s h e d  i n  t h e  1979 SWG 
r e p o r t  (and f u r t h ~ . r  r e f i n e d  i.n p a r t s  o f  t h e  IOS Repor t  
91 ,  1979,  by R .  S e a r l e )  a r e  be ing  fo l lowed .  



sufficient time exists (more than 5 yr) for a thorough 
site evaluation process, including appropriate in-situ 
measurements. 

Before candidate sites are seriously considered, core 
samples must be obtained to at least the depth of waste 
burial. 

Cruise planning and participation will be done jointly 
with all interested members of the SWG. 

Canister recovery is not considered by the site selection 
task force. 

Discussion 

Distal Abyssal Plains (DAP)* - Eastern Atlantic 

Since the last SWG annual meeting, the Site Assessment Task Group has 

agreed to include and assess the geologic formations of the DAP as another 

generic sediment type that could be used to isolate high-level waste (HLW) 

or spent fuel .(SF). These sediments are generally clay to silty clay with 

some thin (millimeters to centimeters) silt beds deposited by turbidity 
** . . .. . 

currents. The sand layers of the proximal Abyssal Plains are still be- 

lieved to be more permeable than desired. The DAP are extensive in the 

Atlantic, whereas thick smooth blankets of pelagic sediments are not. 

Thus, we conclude that at ,least a representative DAP be surveyed and 

sampled, and a report on the findings be presented at the next annual 

meeting of the SWG. Historical data compilation north of 30°N is nearly ' 

completed (Searle). Special attention will be paid to the problem of 

glaciomarine erratics during this cruise. Some ship time i~~deman- 

Collette) 

9c 
The portion of the Abyssal Plains most distant from the conti- 

nental slope where the smaller particles of erosional debris are 
deposited in a layered conformation. 

** 
The portion of the Abyssal Plains near the continental slope 

\ 
where the larger ~art.icles of the erosional debris are deposited in 
layered, Lense-type formations. 



w i l l  be a l l o c a t e d  f o r  g e o p h y s i c a l  and e o l o g i c a l  s u r v e y i n g  i n  1980 on a  

smal l  p o r t i o n  o f  t h e  Madeira Abyssal  P l a i n  e a s t  o f  Grea t  Meteor Seamount. 

S p e c i a l  a t t e n t i o n  w i l l  be pa id  t o  t h e  problem o f  g l a c i d  mar ine  e n a t i c s .  

* His t .o r i ca1  d a t a  f o r  t h e  DAP s o u t h  o f  33"N ( F i g u r e s  11-1 through 

11-4, Canada s e c t i o n )  h a s  been compiled (Le Suave,  C o l l e t t e ,  ~ o l l i s t e r ) ,  

and an IFP c r u i s e  u s i n g  t h e  R e s o l u t i o n  h a s  been completed.  The d a t a  by 

Wannesson f o r  t h i s  a r e a  show t h a t  a  s m a l l  20 x 20 krn a r e a  n e a r  t h e  s o u t h e r n  

p o r t i o n  of  Cape Verde ( C V ~  F i g u r e  11-3) a p p e a r s  p romis ing  a s  a  s i t e  f o r  

deep was te  emplacement. A more complete  G&G s u r v e y ,  w i t h  b i o l o g i c  sampl ing 

and c u r r e n t  me te r  deployment ,  i s  p lanned f o r  1980 (Charcot-Le Suave) .  

D i s t a l  Abyssal  P l a i n s  - Western A t l a n t i c  
/ 

H i s t o r i c a l  d a t a  h a s  been complied f o r  t h e  w e s t e r n  A t l a n t i c  ( L a i n e , '  

Tucho lke) ,  and a  Canadian c r u i s e  on t h e  Hudson i n  1980 w i l l  c o n c e n t r a t e  on 

t h e  s o u t h e r n  Sohm Abyssal  P l a i n  (Buck ley ,  V i l k s ,  ~ a i n e ) .  Data t a k e n  by t h e  

Canadian s h i p  Dawson i n  t h e  n o r t h e r n  Nares Abyssal  P l a i n  h a s  been 

( V i l k s  and Buck ley) ,  and t h e  r e s u l t s  d i s t r i b u t e d .  C e r t a i n  a r e a s  (-23.6"N, 

61.5"W) appear  promis ing a s  a s i t e  f o r  s h a l l o w  (-50 m) was te  emplacement; 

however,  d e t a i l e d  c o r e  a n a l y s i s ,  h a s  n o t  been completed.  

Western Cape Verde P l a t e a u  .-..-,. . - .- - .... , E a s t e r n  -- North A t l a n t i c  . 
-.- .. 

New d a t a  from t h e  IFP/CEA ( R e s o l u t i o n )  c r u i s e  r e v e a l e d  a n  a r e a  west  o f  

t h e  Cape Verdes ( ~ ~ 2 1  o f  about  50 x 50 km t h a t  i s  more o r  l e s s  e v e n l y  

bedded w i t h  about  250 m e t e r s  o f  c a l c a r e o u s  ooze.  Eas t -west  s e i s m i c  l i n e s  

show ev idence  o f  f a u l t i n g .  The Charco t  (Le Suave) ,  equipped w i t h  narrow 

beam swath mapping c a p a b i l i t i e s ,  w i l l  v i s i t  t h i s  a r e a  i n  1980 t o  f u r t h e r  

d e l i n e a t e  t h e  most a t t r a c t i v e  a r e a s  and t o  produce v e r y  d e t a i l e d  

ha thymet ry .  . 

Western North P a c i f i c  

. A  30 day US-Japan GKG c r u i s e  on Vema ( ~ a ~ e s )  i s  planned f o r  t h e  

summer o f  1980 i n  th8e Western P a c i f i c ,  west  and s o u t h  o f  t h e  Sha t sky  



P l a t e a u .  Three a r e a s  with the b e s t  h i s t o r i c a l  d a t a  w i l l  be v i s i t e d  

w i th  s p e c i a l  emphasis placed on co'ring .and 3 . 5  kHz a c o u s t i c  p r o f i l i n g .  

Grea t  Meteor Seamount - Archipe lag ic  Apron - Eas t e rn  A t l a n t i c  

A reconnaisance  G&G survey  w i l l  be conducted i n  l a t e  1980 on t h e  

d i s t a 1 , A r c h i p e l a g i c  Apron, west of  t h e  Great Meteor Seamounts (Tydeman- 

C o l l e t t e )  . The p r i n c i p a i  concern h e r e  i s  t h e  sediment t e x t u r e  (perme- 

r a B i l i r y )  - on ?'his v e r y  smooth apron t h a t  s l opes  g e n t l y  away from t h i s  

Sea~uuuuL 'Cllaiu. 

Research Vesse l  P lans  f o r  198011981 

~ ~ d e m a n   etherla lands), 20 days on s t a t i o n  October-to-December 1980, 
v i c i n i t y  o f  Grea,t Meteor Seamount Geology and Geophysics. No space 
a v a i l a b l e .  

Charcot (F rance ) ,  8 days on S t a t i o n  September-October, v i c i n i t y  Cape 
Verdes Geology and Geophysics ( ~ e  Snave).  10 spaces  a v a i l a b l e .  

S u r o i t  ( F r a n c e ) ,  30 days on s t a t i o n ,  V i c i n i t y  Cape Verdes,  Phys ica l  
Oceano~ra-phy -and Biology.  

"Hudson (Canada) ,  12 days i n  May 1980 on s t a t i o n ,  V i c i n i t y  Sohm Abyssal 
P l a i n ,  Geo1o.g~ and Geophysics.  No space a v a i l a b l e .  

Vema ( U S A  and Japan ) ,  20 days on s t a t i o n ,  June - J l~ ly  1980, v i c i n i t y  West - 
Cen t r a l  P a c i f i c ,  Geology, and Geophysics. No space a v a i l a b l e .  

Discovery (UK), 40 days on s t a t i o n  1981, v i c i n i t y  p a s t e =  A t l a n t i c ,  
, Geology and Geophysics. Some space a v a i l a b l e .  

Recommendations 

To Sediment and Rocks S u b z r o u ~  . 

Obtain Kd's f o r  an ions  and c a t i o n s  i n  ox id i z ing  and reducing 
c o n d i t i o n s  such t h a t  s i t e  s e l e c t i o n  e f f o r t s  can be f u r t h e r  
red ined  as  t o  d e s i r a b l e  sediment t ypes .  

To Execut ive  committee 

There w i l l  be a requirement  from t h e  S i t e  Assessment Task 
Group t h a t  a deep (50 t o  100 ' s  of meters )  sampling 
technology be  a v a i l a b l e ,  e . g . ,  Hydraulic P i s t o n  Core 
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(HPC) and t h e  Long Coring F a c i l i t y  (LC)?), w i t h i n  t h e  n e x t  
few y e a r s  t o  a c q u i r e  sediment  samples .  These samples  
w i l l  be used t o  v e r i f y  ~ e r t i c a . ~  coherence  and d e t e r m i n e  
sediment p r o p e r t i e s  t o ,  and below,  t h e  proposed c a n i s t e r  
p o s i t i o n .  We recommend t h a t  t h i s  r equ i rement  be made ' 

wide ly  known. 

We recommend t h a t  t h e r e  b e  semi-annual mee t ings  o f  t h e  
S i t e  Assessment Task Group and t h a t  t h e  n e x t  mee t ing  
f o l l o w  t h e  1980 s e a s o n .  We propose  J a n u a r y  6-7, 1981 
B r e s t  , France .  

There  w i l l  be a  need f o r  near-bottom h i g h  r e s o l u t i o n  s i d e -  
scan  and sub-bottom s o n a r  sys tems f o r  l a t e r a l  coherence  
and s u r f a c e  microphysiography ( e . g . ,  i c e - r a f t e d  b o u l d e r s )  
d e t e r m i n a t i o n s .  We recommend t h a t  t h i s  r equ i rement  b e  
made widely  known. 

Genera l  Recommendations 

An a d d i t i o n a l  g e n e r i c  s i t i n g  c r i t e r i a  b e  i n c l u d e d .  A 
s i t e  should  be  n o t  o n l y  a s  f l a t  a s  p o s s i b l e ,  b u t  a l s o  
w e l l  removed from s t e e p  s l o p e s  ( o n  t h e  o r d e r  o f  d e g r e e s ) .  

For  s i t i n g  c o n s i d e r a t i o n s ,  we w i l l  n o t  concern  o u r s e l v e s  
w i t h  n e a r  f i e l d  e f f e c t s ,  d e f i n e d  a s  t h a t  p o r t i o n  o f  t h e  
g e o l o g i c  fo rmat ion  i n s i d e  t h e  100°C i s o t h e r m .  

S i t i n g  c o n s i d e r a t i o n s  w i l l  n o t  c o n s i d e r  t h e  4 km ( o r  any 
o t h e r )  i s o b a t h  a s - a n  e x c l u s i o n a r y  c r i t e r i o n .  

N o r t h e a s t  A t l a n t i c  D i s t a l  Abyssal  P l a i n s  - A*Compilation 
o f  Geophysical  and G e o l o g i c a l  Data 

I n t r o d u c t i o n  

A m e e t i n g  o f  t h e  E a s t  A t l a n t i c  P lann ing  Group o f  t h e  SWG S i t e  Se lec -  . 

tinn Task Force  a t  IOS i n  September 1979 i d e n t i f i e d  a  need f o r  f u r t h e r  . _  
, .< 

s t u d i e s  o f  d i s t a l '  a b y s s a l  p l a i n  environme'nts i n  t h e  N o r t h e a s t  A t l a n t i c .  
, .. . . . 

. , 

A t  t h a t  m e e t i n g ,  i t  was agreed t h a t  t h e  French s h i p s  R e s o l u t i o n ' a n d  . . . ,  

-.- , . 
 his s t u d y  was f inanced  by t h c  UK Department of t h e  Environment, 



J e a n  Charco t  would s t u d y  one such  Area (CVl) ,  24'55'-25'55'N, 24'55'- 

25"55'W, i n  November 1979 and September 1980.  It was a l s o  agreed t h a t  t h e  

Dutch s h i p  Tydeman would s t u d y  a  d i s t a l  a b y s s a l ' p l a i n s  a r e a  e a s t  o f  Grea t  

Meteor  Seamount ( G t .  Meteor E a s , t ) .  

It was a l s o  a g r e e d  a t  t h a t . m e e t i n g  t h a t  a  c o m p i l a t i o n  should  b e  

made o f  e x i s t i n g  d a t a  w i t h i n  t h e  d i s t a l  a h y s s a l  plains province, This  

r e p o r t  p r e s e n t s  p a r t  o f  t h a t  c o m p i l a t i o n ;  the rest i s  being prepared  hj7 

R .  Le Suave,  o f  C e n t r e  Oceanologique d e  B r e t a g n e ,  B r e s t .  

Da ta  

T h i s  s t u d y  c o v e r s  t h e  N o r t h e a s t  A t l a n t i c  d i s t a l  a b y s s a l  p l a i n s  from 

30°N t o  45ON. The r e g i o n  from 30°N t o  t h e  e q u a t o r  i s  b e i n g  s t u d i e d  by Le 

Suave;  however,  we have looked a t  one a r e a  s o u t h  o f  30°N whe.re we have d a t a  

which may b e  u n a v a i l a b l e  t o  him. 

S e i s m i c  R e f l e c t  i o n  P r o f i l e s  -- We have  compiled a l l  t h e  s e i s m i c  

r e f l e c t i o n  p r o f i l i n g  d a t a  c u r r e n t l y  a v a i l a b l e  t o  u s  i n  t h e  U K .  These 

c o n s i s t  o f :  

A 1 , l  10s d a t a  

Lamont Dohcr ty  Geol .sgica1 O b s s ~ v a t u ~ y  daLa t u  1970 

A l l  Glomar C h a l l e n g e r  d a t a  

A l l  d a t a  from t h e  Vening Meinesz Labora to r ium 

I n  t h e  s h o r t  t ime  ( 2  mo) a v a i l a b l e  f o r  t h i s  s t u d y  we have n o t  been a b l e  t o  

c o n s u l t  t h e  Woods Hole Oceanographic  T n s t i - t u t i o n ,  C e n t r e  Oceanologique de  

B r e t a g n e ,  o r  post-1970 LDGO d a t a  s e t s .  However, we have p l a n s  t o  a c q u i r e  

t h o s e  d a t a  i n  t h e  f u t u r e  i f  i t  a p p e a r s  t h e y  can  add s i g n i f i c a n t l y  t o  t h i s  

r e c o n n a i s s a n c e  s t u d y .  



Three  t y p e s  o f  i n t e r p r e t a t i o n  were made: 

1. Traclcc wcrc a n n o t a t e d  a c c o r d i n g  t o  sediment  morphology 
and r e f l e c t  i o n  

2. The l i m i t  o f  t h e  a b y s s a l  p l a i n  was d e t e r m i n e d ,  on t h e  
b a s i s  o f  seabed morphology and a c o u s t i c  c h a r a c t e r  
s e d i m e r ~ t  s  

3 .  I sopachs  were drawn. 

A l l  o f  t h e s e  i n t e r p r e t a t i o n s  were made on 1:l 000 000 s c a l e  working s h e e t s ;  

i n  a d d i t i o n ,  ( 2 )  and ( 3 )  have been compiled a t  1 : 2  400 000.  
- -- 

Sediment Samples -- A l l  a v a i l a b l e  sediment  sample p o s i t i o n s  have been 

compi led ,  and a l l  a v a i l a b l e  c o r e  d e s c r i p t i o n s  u t i l i z e d .  Most o f  t h e  u s e f u l  

d a t a  i n  t h e  r e g i o n  a r e  from RRS. Discovery ,  p r o j e c t  NAVADO, and Glomar 

C h a l l e n g e r  c o r e s .  P o s i t i o n s  o f  c o r e s  and b r i e f  c o r e  d e s c r i p t i o n s  have been 

compiled a t  1:l 000 000; c o r e  p o s i t i o n s  and some p r e l i m i n a r y  c o n t o u r i n g  of  

sediment  p r o p e r t i e s '  a r e  a v a i l a b l e  a t  1 : 2  400 000.  

Bottom Photographs  -- P o s i t i o n s  o f  known bot tom pho tographs  have been 

compiled a t  1 : l  000 000 ,  b u t  t o  d a t e  we have o n l y  been a b l e  t o  s t u d y  t h e  

Discovery o n e s .  

S e l e c t i o n  o f  F u r t h e r  Study Areas f o r  High-Level R a d i o a c t i v e  Waste D i s p o s a l  

Areas South o f  t h e  Azores -- 

1. G t  Meteor E a s t  ( 3 1 ° 0 0 ' - 3 2 0 0 0 ' ~ ,  24'30'-25"3O1W) 

R .  J .  C o l l e t t e  ( N e t h e r l a n d s )  h a s  sugges ted  t h i s  a r e a  fior h i s  1980 

Tydeman c r u i s e .  Compi la t ions  show t h a t  t h e  edge o f  t h e  a b y s s a l  p l a i n  j u s t  

p a s s e s  through t h e  n o r t h w e s t  c o r n e r  o f  t h e  a r e a ,  w i t h  two s m a l l  i s o l a t e d  

o u t c r o p s  i n  t h e  n o r t h .  Sediments t h i c k e r  t h a n  0 . 4  s  two-way t ime  o c c u r  

o v e r  most of  t h e  a r e a ,  w i t h  a  maximum t h i c k n e s s  o f  1 . 4  s  i n  t h e  s o u t h e a s t .  

One c o r e  h a s  been d e s c r i b e d  i n  t h i s  r e g i o n :  NAVADO H6 (3Cn53'N, 

2,3"08'W). Th i s  was 1 . 7  m l o n g ,  and r e v e a l e d  p a l e  brown c l a y  and sand w i t h  



some p e b b l e s .  T h i s  s u g g e s t s  f a i r l y  s t r o n g  t u r b i d i t y  c u r r e n t  a c t i v i t y ;  

however ,  t h e  c o r e  i s  some 200 km s o u t h e a s t  o f  t h e  c e n t r e  o f  t h e  proposed 

s t u d y  a r e a .  
, 

It i s  concluded t h a t  t h i s  would b e  a  s u i t a b l e  a r e a  f o r  f u r t h e r  

s t u d i e s .  E a r l y  p r i o r i t i e s  a r e  o b t a i n i n g  c o r e s  i n  t h e  a r e a ,  and a d d i t i o n a l  

r e f l e c t i o n  l i n e s  p e r p e n d i c u l a r  t o  t h e  basement g r a i n .  

7. 'Madr.apf a r e a  (78°4fl '-7904fl 'N, 7 4 ° n n ' - 7 h o f l n ~ )  

T h i s  a r e a  was s t u d i e d  i n  d e r a i l  w i t h  echo-sounder and c o r e s  by 

Be lde rson  and Laughton ( 1 9 6 5 ) .  They showed t h a t  t h e  edge o f  t h e  Madeira 

a b y s s a l  p l a i n  p a s s e s  t h r o u g h ,  o r  j u s t  n o r t h w e s t ,  o f  t h e  a r e a .  However, 

t h e r e  a r e  many o u t c r o p p i n g  a b y s s a l  h i l l s ,  and no l a r g e  expanse  o f  un- 

d i s t u r b e d  sed iment .  A l l  s i x  a b y s s a l  p l a i n  c o r e s  i n  t h e  west  o f  t h e  a r e a  

showed t u r b i d i t e s  ( w i t h  s a n d y ,  b u t  n o t  p e b b l y ,  l a y e r s )  i n  t h e  upper  2 . 5  m .  

Only one a b y s s a l  p l a i n  c o r e ,  from t h e  e a s t  of  t h e  a r e a ,  c o n t a i n e d  no t u r -  

b i d i t e .  That  c o r e  c o n t a i n e d  1 . 2  m o f  brown-pink c l a y .  Twenty-nine photo- 

g r a p h s  from one a r e a  on t h e  a b y s s a l  p l a i n  show a  f l a t  s e a f l o o r  w i t h  numer- 

ous  b i o g e n i c  mounds, bu t  no s i g n  of  c u r r e n t  a c t i v i t y .  Th i s  a r e a  does  n o t  

a p p e a r  t o  be s u i t a b l e  f o r  f u r t h e r  s t u d y .  

I f  a n o t h e r  a r e a  i n  t h i s  g e n e r a l  r e g i o n  i s  r e q u i r e d ,  we would s u g g e s t  

t h e  a r e a  28"-2g0N, 27"-29"W. 

Areas  North  of  t h e  Azores -- The p r i n c i p a l  a b y s s a l  p l a i n . n o r t h  o f  t h e  

Azores i s  t h e  I b e r i a n  a b y s s a l  p l a i n .  Although t h e r e  a r e  o t h e r  i s o l a t e d  

a r e a s  o f  ponded sedimenes ,  mose a r e  roo s m a l l  and roo n e a r  t h e  c o n t i n e n t a l  

m a r g i n ,  t h e  c o a s t ,  o r  s e i s m i c a l l y  a c t i v e  a r e a s ,  t o  b e  o f  i n t e r e s t  f o r  was te  

d i s p o s a l .  The s o u t h e r n  margin  o f  t h e  I b e r i a n  a b y s s a l  p l a i n  i s  n e a r  

3 9 ' 3 ~ ' ~ ;  i t s  w e s t e r n  margin  i s  n e a r  1 5 " ~  from 39' t o  41°N, and n e a r  16"W 

n o r t h  o f  t h e r e .  So f a r ,  o n l y  v e r y  l i m i t e d  d a t a  i s  a v a i l a b l e  n o r t h  o f  42"N. 

Wi th in  t h i s  r e g i o n ,  o n l y  one a r e a  looks  promis ing f o r  f u r t h e r  s t u d i e s .  



3. ' I b e r i a  I '  ( 4 0 ' 4 0 ' - 4 1 ° 4 0 ' ~ ,  13°30'-14030'W) 

The edge o f  t h e  a b y s s a l  p l a i n  p a s s e s  th rough  t h e  w e s t e r n  edge o f  t h i s  

a r e a ,  and one i s o l a t e d  o u t c r o p  o c c u r s  i n  i t s  c e n t r e .  Mean sediment  t h i c k -  

n e s s  i s  about  0 . 8  t o  1 . 0  s ,  deepen ing  t o  o v e r  1 , 4  s  i n  t h e  n o r t h e a s t .  

T h i s  r e g i o n  r e c e i v e d  a r e l a t i v e l y  d e t a i l e d  s e d i m e n t o l o g i c a l  s t u d y  by 

Davies  (1967) u s i n g  Discovery I1 c o r e s .  A l i n e  o f  12  c o r e s  between 

40°29'N, 13O13'W and 41°12'N, 12'52'W ( immedia te ly  t o  t h e  e a s t  o f  t h i s  

s t u d y  a r e a )  showed abundant t u r b i d i t e s ,  some w i t h  t r u n c a t e d  beds  i n d i c a t -  

i n g  e r o s i o n .  A s i n g l e  c o r e  t o  t h e  west  o f  t h i s  l i n e ,  a t  41°01'N, 13O57'W 

( n e a r  t h e  c e n t r e  o f  t h e  s t u d y  a r e a )  showed 2 .7  m o f  c l a y  and s i l t s ,  prob- 

a b l y  r e p r e s e n t i n g  t h e  d i s t a l  p o r t i o n s  o f  t h e  t u r b i d i t e s  s e e n  i n  t h e  l i n e  

o f  12 c o r e s .  Sediment i n p u t  was i n f e r r e d  t o  be from t h e  Navarre  and o t h e r  

canyons t o  t h e  I b e r i a n  c o n t i n e n t a l  margin  t o  t h e  e a s t .  Four o u t  o f  f i v e  

c o r e s  a t  t h e  wes te rn  margin  o f  t h e  a b y s s a l  p l a i n  n e a r  41°30'N, 14"-15"W 

i n d i c a t e d  q u i e t  d e p o s i t i o n  w i t h  no t u r b i d i t e s ,  b u t  t h e  f i f t h  showed 10 

d i s t i n c t  t u r b i d i t e  l a y e r s  (Keen,  1961) .  F i n a l l y ,  a  s e t  o f  s i x  c o r e s  

between 41°50'N-42020'N and 14°00'-14030'W showed a  s e r i e s  o f  t u r b i d i t e s  

c o n t a i n i n g  c o a r s e  s a n d s .  These a r e  d i s t i n c t  from t h e  t u r b i d i t e s  s e e n  i n  

t h e  f i r s t  l i n e  o f  12 c o r e s ,  and may have been d e r i v e d  from a n  independen t  

s o u r c e ,  p o s s i b l y  t h e  Biscay a b y s s a l  p l a i n  v i a  Theta  Gap. 

Many t e n s  o f  s e a - f l o o r  photographs  i n  t h i s  r e g i o n  show i n t e n s e  b io -  

l o g i c a l  a c t i v i t y ,  b u t  no s i g n s  o f  c u r r e n t  a c t i v i t y  on t h e  a b y s s a l  p l a i n .  . . 

We conc lude  t h a t  t h i s  a r e a  i s  wor thy o f  f u r t h e r  s t u d y .  Research p r i -  

o r i t i e s  i n c l u d e  c a r e f u l l y  c o n t r o l l e d  s e i s m i c  r e f l e c t i o n  p r o f i l i n g  and 

c o r i n g  t o  s t u d y  t h e  ~ r e c i s e  sed imenta ry  environment  and t o  r e c o v e r  m a t e r i a l  

f o r  chemical  and p h y s i c a l  p r o p e r t i e s  s t u d i e s .  

Other  Areas  -- It  i s  p o s s i b l e  t h a t  o t h e r  s t u d y  a r e a s  might  be found 

n o r t h  o f  42"N, b u t  a t  p r e s e n t  o u r  d a t a  a r e  t o o  l i m i t e d  t o  make an a c c u r a t e  

a p p r a i s a l .  



F u r t h e r  In fo rmat  i o n  

The f o l l o w i n g  r e f e r e n c e s  may be  c o n s u l t e d  f o r  f u r t h e r  i n f o r m a t i o n  on 

t h e  N o r t h e a s t  A t l a n t i c  DAP: 

T. A.  D a v i e s ,  1967.  Recent Sed imenta t ion  i n  t h e  N o r t h e a s t  A t l a n t i c .  
Ph.D. T h e s i s ,  U n i v e r s i t y  o f  Cambridge. 

M .  J .  Keen, 1961. Ph.D T h e s i s ,  U n i v e r s i t y  o f  Cambridge 

R .  H.    elders on & A .  S. Laughton,  1965.  la or re let ion of Some 
A t l a n t i c  T u r b i d i t e s , "  Sedimentology,  - 7 ,  103-116. 

sed iment  S t a b i l i t y  S t u d i e s  a t  I n s t i t u t e  o f  Oceanographic S c i e n c e s  

T h i s  newly-commissioned HLRW d i s p o s a l  p r o j e c t  i s  aimed a t  s t u d y i n g  t h e  

s t a b i l i t y  of  sediment  sequences  i n  t h e  N o r t h e a s t  A t l a n t i c .  The IOS h a s  

r e c r u i t e d  a  m i c r o p a l e o n t o l o g i s t ,  D r .  P h i l i p  Weaver. New c o r i n g  equipment 

( a  D r i s c o l l  p i s t o n  c o r e r )  h a s  been purchased ,  and a sys tem has  been t e s t e d  

f o r  s h i p b o a r d  d e s c r i p t i o n ,  pho tography ,  and sampl ing o f  co red  m a t e r i a l s  

a l o n g  w i t h  mic roscope  a n a l y s i s  and measurements o f  carbonate  c o n t e n t .  

E i g h t  g r a v i t y  c o r e s  were r e c o v e r e d  from t h e  K i n g ' s  Trough s t u d y  a r e a  

d u r i n g  t h e  c o u r s e  o f  t h e  RRS S h a c k l e t o n  c r u i s e  8 /79  sh able 11-21. T n i t i a l  

f i n d i n g s  a r e  t h a t  t h e  s e d i m e n t s  a r e  h i g h  c a r b o n a t e  p e l a g i c  oozes  wi,th 

i n t e r s p e r s e d  v o l c a n i c  a s h  l a y e r s .  

RRS Discovery c r u i s e  106 h a s  been plannkd t o  u n d e r t a k e  r e c o n n a i s s a d c e  

c o r i n g  and s e i ' s m i ~ ' ~ r o f i l i n ~  s t u d i e s  i n  t h e  s t u d y  a r e a  west  o f  G t .  Meteor 

Seamount. U n f o r t u n a t e l i  no work on t h e  s t u d y  a r e a  cbuld '  be completed a s  a  

r e s u l t  o f  s a i l i n g  d e l a y s  and bad w e a t h e r .  However, s i g n i f i c a n t  p r o g r e s s  

was made on t h i s  c r u i s e  i n  development and t e s t i n g  o f  t h e  2-kHz h igh-  

r e s o l u t i o n  s e i s m i c  p r o f i l e r ,  and i t  i s  now f e l t  t h a t  t h i s  t o o l  w i l l  even- 

t u a l l y  b e -  s u f  i i c i e n t  f o r  o u r  needs  i n  t h i s  p r o j e c t .  



C o n t a c t s  a r e  b e i n g  made w i t h  u n i v e r s i t y  g roups  w i t h  r e s e a r c h  i n t e r e s t s  

i n  paleomagnet ic  and oxygen i s o t o p e  r e s e a r c h  t o  p r o v i d e  background s t r a t i -  

g raphy  f o r  t h i s  p r o j e c t .  

Tab le  11-2 

% 
Summary o f  Seismic.  Data 

Area 2  Area 1 

L a t i t u d e s  N 

Long i tudes  W 

2  Area su rveyed  (km ) 

L i n e  s p a c i n g  (km)  -15 and -7 ' -9 and -3.5 

L ine  l e n g t h  (km) 8  0  198 

Average d e p t h  (m) 5734 . . , . .  5377 

Range d e p t h  (m) 5690-5730 5440-5790 

Area f l a t  ( % )  7  8  26 

Average sed imen t 
t h i c k n e s s  (m) 

Range sediment  
t h i c k n e s s  (m) 

A t  l e a s t  130 8  3  

% 
The a r e a s  were surveyed w i t h  40 i n s 3  b o l t  a i r  gun and 12 kHz sounder  w i t h  

t r a n s d u c e r  c o r e  a n g l e  o f  30".  

P r e l i m i n a r y  R e s u l t s  ~ f  t h e  IFP-CEA 
Cape Verde Se i smic  Survey 

The Cape Verde s e i s m i c  s u r v e y ,  made by I F P  under  c o n t r a c t  from CEA, 

was c a r r i e d  o u t  w i t h  R / V  R e s o l u t i o n  i n  t h e  e a s t  c e n t r a l  A t l a n t i c  from 

November 24 t o  December 11, 1979. Eleven hundred e i g h t y - s i x  km o f  24-fold 

s e i s m i c  p r o f i l e s ,  p l u s  magne t i c s  and a  few 3 . 5  IcHn, wcrc rccordcd  o v c r  two 

s i t e s ,  C V 1  and CV2, some 400 n a u t i c a l  m i l e s  a p a r t .  



L o c a t i o n  o f  t h e  s u r v e y  was d i s c u s s e d  d u r i n g  a  s i t e  s e l e c t i o n  t a s k  

f o r c e  m e e t i n g  l a s t  September i n  POS, based on a n  1FP p r o p o s a l .  Each s i t e ,  

e x t e n d i n g  o v e r  a n  a r e a  o f  a p p r o x i m a t e l y  one s q u a r e  d e g r e e  was f i r s t  s u r -  

veyed on a  50 x  50 km g r i d  b a s i s ,  w i t h  a n  a d d i t i o n a l  15 x  15 km g r i d  i n  

s e l e c t e d  a r e a s .  

A g e n e r a l  NNE-SSW l i n e  o r i e n t a t i o n  was chosen i n  o r d e r  t o  b e s t  f i t  

w i t h  e x p e c t e d  s t r u c t u r a l  t r e n d s  i n  t h a t  p a r t  o f  t h e  A t l a n t i c .  Because o f  

rough s e a  c o n d i t i o n s ,  (waves u p  t o  25 f t  h i g h )  t h e  s t a y  on s i t e  C V 1  was 

s l ~ u r  Le~ied a l i t t l e .  

S i t e  C V 1  

S i t e  C V 1  i s  l o c a t e d  450 n a u t i c a l  m i l e s  sou thwes t  from t h e  Canary 

I s l a n d s  on t h e  d i s t a l  p a r t  o f  t h e  Cape Verde-Madeira a b y s s a l  p l a i n ,  i n  Lhe 

v i c i n i t y  o f  DSDP h o l e  138.  The s u r v e y  a t  t h i s  s i t e  was t o  i n v e s t i g a t e  t h e  

g e n e r a l  f e a s i b i l i t y  o f  a  d i s t a l  a b y s s a l  p l a i n  environment  f o r  was te  s t o r - .  

a g e .  The main r e s u l t s  may be  summarized a s  f o l l o w s :  

Topography o f , t h e  s e a  bot tom was e x t r e m e l y  smooth, w i t h  
a n  a v e r a g e  s l o p e  o f  abou t  1 /1000 towards  t h e  s o u t h w e s t ,  
p x c e p t  i.n t h e  w e s r e r n  and norLl~weste i -a  par t  of the s u r v c y ,  
where t h e  f l a t  bbcrom was p i e r c e d  by Laseiiient h i g h s  con- 
s i d e r e d  t h e  e a s t e r n m o s t  t o p o g r a p h ~ c  expres~ iCl l i  bf the 
abyssa l  h i l l s .  

I n  c o n t r a s t ,  t opography  o f  t h e  o c e a n i c  basement i s  v e r y  
r o u g h ,  wi th  r e l i e f s  up t o  2 km and s l o p e s  o v e r  20'. T h i s  
f e a t u r e  i s  a i r e a d y  well-known, e s p e c i a l l y  ill t h i s  p a r t  o f  
t h e  A t l a n t i c .  

The sed imenta ry  s e r i e s  t h i c k e n s  r e g i o n a l l y  toward t h e  
s o u t h e a s t  from 600 m a t  DSDP 138 t o  n e a r l y  2 km, t h u s  
b u r y i n g  more and more o f  t h e  o c e a n i c  bascment i n  t h a t  
d i r e c t i o n .  The t h i c k e n i n g  i s  m o s t l y  due t o  t h e  lower p a r t  
o f  t h c  s e r i e s  which f i l l s  basement d e p r e s s i o n s .  The 
upper  p a r t  t h i c k e n s  much more p r o g r e s s i v e l y ,  on a  r e g i o n a l  
b a s i s .  

The s e i s m i c  a s p e c t  o f  t h e  sed imenta ry  s e r i e s  s u g g e s t s  t h a t  
i t  r e s u l t s  from p r o g r e s s i v e  b u r i a l  o f  o c e a n i c  basement 
h i g h s  wi th  f u r t h e r  d r a p i n g  by d i f f e r e n t i a l  compact ion.  
S e d i m e n t a t i o n  was n o t  c o n t i n u o u s  d u r i n g  t h e  whole geo- 
l o g i c a l  r e c o r d ,  a s  o u t l i n e d  by some o v e r l a p  s t r a t a  t e rmi -  
n a t i o n  on o l d e r  s e r i e s .  These i n t e r n a l  d i s c o n t i n u i t i e s  
t e n d  t o  d i s a p p e a r  toward t h e  t h i c k e s t  d e p o s i t  a r e a .  

1 2 2  



Seismic  f a c i e s  of  t h e  s e r i e s  shows many s u b p a r a l l e l ,  
moderate-  t o  h igh-ampl i tude r e f l e c t o r s ,  b u t  t h i s  does  n o t  
imply n e c e s s a r i l y  s t r o n g  l i t h o l o g i c  v a r i a t i o n  w i t h i n  t h e  
s e r i e s .  

S t r a t i g r a p h i c  c o r r e l a t i o n  w i t h  DSDP h o l e  138,  made from 
v e l o c i t y  a n a l y s i s  o f  t h e  m u l t i c h a n n e l  s e i s m i c s ,  c o n f i r m s  
t h a t  t h i s  h o l e  bottomed a t  437 m i n  a  Cenomanian b a s a l t  
s i l l  and t h a t  t r u e .  o c e a n i c  basement cou ld  be found t h e r e  a t  
a  d e p t h  o f  about  600 t o  650 m below s e a  bottom. From known 
s e d i m e n t a t i o n . r a t e s ,  t h i s  would g i v e  a  fundamental  
Cre taceous  age  f o r  t h i s  basement ,  i n  accordance  w i t h  mag- 
n e t i c  anomal ies  d i s t r i b u t i o n .  Due t o  p i e r c i n g  basement 
h i g h s  e a s t  and s o u t h  from DSDP 183 ,  t r u e  s t r a t i g r a p h i c  
c o r r e l a t i o n  i s  r e s t r i c t e d  t o  a  smal l  a r e a .  However, t h r e e  
main h o r i z o n s  were recogn ized  o v e r  t h e  e n t i r e  a r e a ,  a s  
b a s e s  o f  Neogene t u r b i d i t e s  and two in t ra -Upper  Cre taceous  
h o r i z o n s  ( t h e  p a u c i t y  ,of c o r e s  i n  DSDP 138 a l l o w s  no b e t t e r  
s t r a t i g r a p h i c  a c c u r a c y ) .  

The two lower h o r i z o n s  a r e  l o c a l l y  a s s o c i a t e d  w i t h  e ro -  
s i o n a l  e v e n t s ,  r e s t r i c t e d  t o  t h e  w e s t e r n  p a r t  o f  t h e  s u r v e y  
a r e a ,  c l o s e  t o  t h e  a b y s s a l  h i l l s  p r o v i n c e .  These e v e n t s  
a r e  i n t e r p r e t e d  a s  s t r o n g  c o n t o u r  c u r r e n t s  d u r i n g  e a r l y  
Cre taceous  t i m e s .  No o t h e r  major  d i s t u r b a n c e  i s  t o  be 
s e e n ,  e s p e c i a l l y  i n  t h e  a r e a s  o f  t h i c k  d e p o s i t s  where t h e  
whole s e r i e s  a p p e a r s  conformable .  

From a  s t r u c t u r a l  s t a n d p o i n t ,  s p a c i n g  o f  t h e  l i n e s  i s  t o o  
wide f o r  a  p r e c i s e  p i c t u r e  o f  t h e  s t r u c t u r a l  t r e n d s  o f  t h i s  
a r e a .  The p resence  o f  f r a c t u r e  zones  canno t  be  conf i rmed .  

I n  c o n c l u s i o n ,  t h i s  s i t e  looks  f a v o r a b l e  b o t h  from sed imenta ry  and 

s t r u c t u r a l  p o i n t s  o f  view when t h e  sed imenta ry  t h i c k n e s s  exceeds  10 Ian, 

i . e . ,  f a r  enough from basement o u t c r o p s  o f  t h e  a b y s s a l  h i l l s .  We have a  

comple te  s e r i e s  o f  mos t ly  c l a y e y  sed iments  from DSDP c o r e s  down t o  t h e  

Cenomanian. I n  t h e  Neogene s t r a t a s  h i g h - p e n e t r a t i o n  c o r e s  shou ld  conf i rm 

tile predominance o f  t h i n ,  low p e r m e a b i l i t y  s e d i m e n t s .  

~ i t ' e  CV2 

S i t e  CV2 i s  l o c a t e d  on t h e  West Cape Verde p l a t e a u ,  300 n a u t i c a l  m i l e s  

n o r t h w e s t  o f  t h e  Cape Verde a r c h i p e l a g o .  P r e v i o u s  s e i s m i c  l i n e s  r e v e a l e d  a  

t h i n  sed imenta ry  h l a n k e t  of pelag ' ic  a c p e c t  i n  a r e l a t i v e l y  h i g h  p o s i t i o n  

compared t o  t h e  s u r r o u n d i n g  Cape Verde and S i e r r a  Leone a b y s s a l  p l a i n s .  The 

R e s o l u t i o n  s e i s m i c  s u r v e y  on t h i s  s i t e  b rough t  us t h e  f o l l o w i n g  r e s u l t s :  

1 2  3'.  



There  i s  a  s t r i k i n g  s t r u c t u r a l  a n i s o t r o p h y  between n o r t h -  
s o u t h  l i n e s  w i t h  smooth topography and s t r u c t u r e ,  and e a s t -  
west  l i n e s  w i t h  a  much more complex and d i s t u r b e d  s t r u c -  
t u r e .  We h a v e  found a  s t r u c t u r a l  p a t t e r n  o f  s u b p a r a l l e l  
r i d g e s  e x t e n d i n g  n o r t h e a s t w a r d s  w i t h  a  r e l i e f  o f  about  a  
hundred m e t e r s .  

The s e d i m e n t a r y  s e r i e s  h a s  a  r a t h e r  c o n s t a n t  t h i c k n e s s  o f  
about  200 m and seems t o  have molded basement topography.  

Sediments  a r e  m o s t l y  s e i s m i c a l y  t r a n s p a r e n t  e x c e p t  f o r  ew6 
u b i q u i t o u s  r e f l e c t o r s  i n  t h e  midd le  o f  t h e  s e r i e s  and some 
o t h e r s  o f  v e r y  r e s t r i c t e d  e x t e n t  a t  t h e  base .  The l i t h o -  
l o g y  o f  t h i s  s e r i e s  i s  known from n e i t h e r  d r i l l - h o l e s  n o r  
h i g h - p e n e t r a t i o n  c o r i n g ,  b u t  i t s  s e i s m i c  f a c i e s  s u g g e s t s  a  
p e l a g i c  c h a r a c t e r ,  p robab ly  c l a y e y .  The two above- 
ment ioned r e f l e c t o r s  a r e  i n t e r p r e t e d  a s  c h e r t s ,  v o l c a n i c  
a s h e s ,  o r  due o n l y  t o  minor  changes  i n  compact ion o r  l i t h o -  
l o g y .  From t h e  p u b l i s h e d  magne t i c  anomaly maps, the  age of 
t h i s  s e r i e s  e x t e n d s  from p r e s e n t  t o  Aptien-Barremian,  which 
i m p l i e s  a  v e r y  s low r a t e  o f  s e d i m e n t a t i o n .  It r e s t s  on a 
v o l c a n i c  basement o f  a  much smoother topgraphy  t h a n  t h a t  o f  
s i t e  C V 1 ,  showing some i n t e r n a l  r e f l e c t i o n s . .  

A m i g r a t i o n  p r o c e s s i n g  o f  t h e  s e i s m i c  p r o f i l e s  shows t h a t  
t h e  basement topgraphy  i s  a s s o c i a t e d  w i t h  normal f a u l t s  and 
v o l c a n i c  mount6 6il r i d g e s .  or! r h i s  sire, s p a c i n g  of  the 
l i n e s  does  n o t  a l l o w  a  p r e c i s e  c o o r e l a t i o n  o f  t h e s e  
f e a t u r e s .  The Charco t  seabeam s u r v e y  would b e  h e l p f u l  
t h e r e ,  t o o .  

+ As the series s f  moulding baocmcnt topography g i v o c  no 
c l e a r  e v i d e n c e  o f  f a u l t i n g ,  i t  seems t h a t  no major  r e c e n t  
t e c t o n i c  movement h a s  o c c u r r e d  i n  t h i s  a r e a . '  However, 
sed iments  o v e r l y i n g  f a u l t  zones seem o f t e n  a f f e c t e d  by 
slump phenomena. 

No f r a c t u r e  zone i s  obv ious  i n  t h i s  a r e a  from o u r  l i n e s .  
We t h e r e f o r e  conc lude  t h a t  t h e  sed imenta ry  f a c i e s  i.n t h i s  
a r e a ,  though n o t  conf i rmed by d r i l l i n g  o r  c o r i n g ,  m o s t l y  
p e l a g i c  c l a y s ,  a  f a c o r a b l e  medium f o r  was te  s t o r a g e .  De- 
f o r m a t i o n  o f  t h e  s t r a t a ,  though m o s t l y  o f  d e p o s i t i o n a l  
o r i g i n ,  i s  r e l a t i v e l y  i n t e n s e .  It i s  n o t  u n l i k e l y  t h a t  
o t h e r  a r e a s  o f  t h e  West Cape Verde p l a t e a u ,  a  v e r y  s m a l l  
p a r t  o f  which was su rveyed  d u r i n g  t h i s  c r u i s e ,  cou ld  show o 
much s i m p l e r  and smoother s t r u c t u r e .  



Canadian Deep Sea Program 

The Canadian Deep Sea Program i s  e n t i r e l y  devoted t o  t h e  problem of 

s i t e  assessment.  The r epor t  of t h i s  program can be found i n  Sec t ion  I,  t h e  

n a t i o n a l  r e p o r t s ,  under CANADA. 



CANISTER TASK GROUP 

N.  J .  Magnani (USA), Lead Correspondent  
G .  P. Marsh (UK) 

Observers  

R .  D. Shaw (UK) 
G. P. Rothwel l  (UK) 
J. P. Menzies (UK) 
J .  E .  A n t i l l  (UK) 

I n t r o d u c t i o n  

The C a n i s t e r  Task Group c o n t i n u e s  t o  b e l i e v e  t h a t  a  c o r r o s i o n -  

r e s i s t a n t  c a n i s t e r  can be  a  v a l u a b l e  p a r t  of .  a  m u l t i b a r r i e r  seabed  

program. T h i s  t y p e  o f  c a n i s t e r  would p r o t e c t  t h e  was te  form from t h e  

hydro the rmal  environment  and would reduce  and d e l a y  t h e  l e v e l  o f  r a d i o  

n u c l i d e  r e l e a s e .  The o b j e c t i v e  o f  bo th  t h e  US and UK c a n i s t . e r  programs i s  

t o  d e v e l o p  m a t e r i a l s  which w i l l  s u r v i v e  on t h e  seabed f o r  500 t o  1 0 0 0 ' y r .  

C u r r e n t  r e s u l t s  s u g g e s t  t h a t  t h i s  o b j e c t i v e  can b e  ach ieved  i n  a  c o s t  

e f f e c t i v e  cnanner. 

Before  t h e  members o f  t h e  C a n i s t e r  Task Group can under take  a com- 

p l e t e  e v a l u a t i o n  o f  m a t e r i a l s  t h e r e  i s  a  c o n t i n u e d  requ i rement  f o r  a  more 

q u a n t i t a t i v e  d e f i n i t i o n  of  t h e  seabed l subseabed  d i s p o s a l  environment .  The 

i n f o r m a t i o n  r e q u i r e d  c o v e r s  t h e  f o l l o w i n g :  

Temperature  - maximum and p r o f i l e  w i t h  t ime  

- 
Chemist ry  - c o n c e n t r a t i o n s  o f  B r - ,  I-, F-, NO3, S-, 

HC03, SO4, heavy m e t a l s  

- pH 

- o x i d a t i o n  p o t e n t i a l  



- how t h e  chemis t ry  may change with time 

,, "-'- .--.------.--- ... - how t h e  chemistry may change with temperature 

Biology - i n f luence  on environment chemistry 

- t r a n s f e r  of m a t e r i a l s  inc luding  co r ros ion  products  

It i s  reques ted  t h a t  t h e  Task Coordinator r eques t  t h i s  information 

from t h e  o t h e r  Task Groups. 

Progress  Report 

Combined r e s u l t s  from the  US program have shown t h a t  Ti  a l l o y s  such 

a s  TI-50A (nominally pure T I ) ,  Ti-0.2%Pd, and T I  Code-12 (Ti-0.8% Ni-0.3% 

Mo) might surv ive  f o r  t h e  d e s i r e d  500 t o  1000 yr  1,i.fetime. To d a t e  t he  

program has  not  i d e n t i f i e d  any v i a b l e  f a i l u r e  mechanisms which would lead 

t o  e a r l i e r  f a i l u r e .  However, f u r t h e r  s tudy i s  necessary  t o  v e r i f y  a long- 

l i v e d  c a n i s t e r .  Work i n  hnth the  UK and US h a s  s l~uwn t h a t  r a d i a t i o n  w i l l  

have an important e f f e c t  on t h e  c o r r s ~ i v e  na tu re  01 L l ~ a  d i sposa l  environ- 

ment. The UK work involved i n - s i t u  e l e c t r o c l ~ e m i c a l  measurements yfhich 

showed conc lus ive ly  t h a t  t h e  redox p o t e n t i a l  o f  s o l u t i o n s  c o n t a i n i n g  

sodium c h l o r i d e  i s  modif ied by r a d i a t i o n .  This  has  important imp l i ca t ions  

f o r  c o r r o s i o n  behavior .  The Can i s t e r  Task Group f e e l s  t h a t  t h i s  i s  

perhaps Ll~e mosr important  unknown fac ing  the  c a n i s t e r  program and thaL 

cont inued  work i s  need on determining the  e f f e c t  of r a d i a t i o n  on the  

c o r r o s i v e  na tu re  of t he  environment. 

The need f o r  very  s e n s i t i v e  co r ros ion  monitor ing techniques was rec-  

ognized once aga in .  'Shis and t h e  r a d i a t i o n - e f f e c t  work a r e  a r e a s  where 

i n t e r n a t i o n a l  coopera t ion  w i l l  bc e s p e c i a l l y  beneficial t n  a l l  p a r t i c -  

i p a n t  s . 



WASTE FORM TASK GRCUP 

J.  Krumhansl (USA), Lead Correspondent  
J .  A .  C .  Marples (UR) 
P. E. P o t t i e r  ( F r a n c e )  

~ n t r o d u c  t i o n  

Three main t o p i c s  were reviewed d u r i n g  t h e  c o u r s e  o f  Waste Form Task 

Group d i s c u s s i o n s :  ( 1 )  t h e  v a r i o u s  n a t i o n a l  programs b e i n g  c a r r i e d  o u t  i n  

t h e  p a r t i c i p a n t  c o u n t r i e s ,  ( 2 )  t h e  s t r a w  van  pa ramete r s  sugges ted  by t h e  

System Ana lys i s  Task Group, and ( 3 )  t h e  p o s s i b i l i t y  o f  implement;-ng a  

j o i n t  exper imenta l  program i n  t h e  upcoming y e a r .  

It was g e n e r a l l y  found t h a t  t h e  n a t i o n a l  programs d i f f e r e d  from those  

summarized a t  l e n g t h  i n  l a s t  y e a r ' s  Waste Form Task Group r e p o r t .  The pa- 

r a m e t e r s  t e n t a t i v e l y  sugges ted  by t h e  System A n a l y s i s  Task Group r e c e i v e d  

c o n s i d e r a b l e  d i s c u s s i o r l .  Rather  t h a n  p r o v i d i n g  a  s i n g l e  " t y p i c a l "  v a l u e  

f o r  some p a r a m e t e r s ,  i t  was dec ided  i n  a  number o f  c a s e s  t o  l i s t  t h e  v a l u e  

a n t i c i p a t e d  by each c o u n t r y .  It was i n t e n d e d  t h a t  t h i s  would p r o v i d e  t h e  

sys tem a n a l y s i s  group no t  o n l y  w i t h  a " t y p i c a l "  v a l u e  f o r  t h e  pa ramete r  

b u t  w i t h  an i d e a  o f  o v e r  what r ange  t h e  d i f f e r e n t  pa ramete r s  might r eason-  

a h l y  h e  var i -ed .  As r e g a r d s  a  j o i n t  e x p e r i m e n t a l  program, i t  i s  a n t i c -  

i p a t e d  t h a t  i n i t i a l l y  t h i s  would be  l a r g e l y  a  UK-France e f f o r t ,  s i n c e  t h e  

US Subseabed Program h a s  a t  t h i s  t ime  no funds s p e c i f i c a l l y  d e s i g n a t e d  f o r  

e i t h e r  waste  form development o r  a s s e s s m e n t .  

P r o g r e s s  Repor t s  

F rance  

The French programs r e l a t e d  t o  waste  form were p r e s e n t e d  i n  d e t a i l  i n  

t h e  p roceed ings  o f  t h e  f o u r t h  SWG meet ing  SAND^^-1156). Research and de- 

velopment s t u d i e s  a r e  i n  p r o g r e s s  a s  f o l l o ~ ~ ! s :  



T e c h n i c a l  permanent a s s i s t a n c e  f o r  t h e  A.V.M. p l a n t  

Development o f  improved s o l i d i f i c a t i o n  m a t r i c e s  f o r  
decann ing  and d i s s o l u t i o n  r e s i d u e s  and f o r  i n c i n e r a t i o n  
a s h e s  from b e a r i n g  w a s t e s  

T e c h n o l o g i c a l  s t u d i e s  f o r  p r e t r e a t m e n t ,  p r i o r  embedment, 
o r  v i t r i f i c a t i o n  (compac t ion ,  i n c i n e r a t i o n ,  c a l c i n a t i o n )  

P r e p a r a t i o n  and d e f i n i t i o n  o f  f u t u r e  v i t r i f i c a t i o n  p l a n t s  
w i t h  i n c r e a s e d  c a p a c i t i e s ,  e a s i e r  maintenance i n  a c t i v e  
o p e r a t i o n ,  and l o n g e r  l i f e  f o r  t h e  equipment 

Definition and a p p l i c a t i o n  o f  c r i t e r i a  f o r  t h e  s e l e c t i o n  
and q u a l i f i c a t i o n  o f  h i g h - l e v e l  s o l i d i f i e d  w a s t e s ,  i n c l u d -  
i n g  p l a s s e s  

T e s t i n g  of  t h e  d i f f e r e n t  pa ramete r s  used a.s a b a s i s  f o r  
t h c  f i n a l  d i s p o s a l  s a f e t y  e v a l u a t i o n :  long-terin l e a c h i n g  
( h i g h  p r e s s u r e ,  e l e v a t e d  t e m p e r a t u r e ,  d e v i t r i f i c a t i o n ,  
i r r a d i a t i o n  s t a b i l i t y ,  r e c o i l  d e g r a d a t i o n  and i t s  e f f e c t  
on.  l o n g - t e r n  l e a c h i n g  r e s i s t a n c e ,  e t c .  

A new method t o  s i m u l a t e  t h e  r e c o i l  d e g r a d a t i o n  w i t h  t h e  u s e  o f  heavy 

i o n  beams i s  under s t u d y .  A 1 1  the programs are n o t  s p e c i f i c a l l y  d e d i c a t e d  

t o  t h e  Seabed Disposa l  waste  form e v a l u a t i o n ,  b u t  a  l a r g e  p a r t  o f  t h e i r  r e -  

s u l t s  may b e  c o n v e n i e n t l y  used f o r  t h a t  o b j e c t i v e .  

No r e p o r t  s i n c e  SAND79-1156. 

No work underway. 

. . Wa'ste Pa ramete r s  a n d  Values  

Time T i l l  D i s p o s a l  

F rance  



G l a s s  Comvosit ion 

1. I o d i n e  i s  removed a lmost  comple te ly .  

2. A p o r t i o n  o f  t h e  Tc may o r  may n o t  be l o s t  d u r i n g  r e p r o c e s s i n g .  

3 .  As an upper l i m i t  about  0 .2% of  t h e  Pu i s  i n c l u d e d  i n  t h e  was te .  
For magnux f u e l  one h a s  s u b s t a n t i a l l y ' b e t t e r  r e c o v e r y ,  s o  t h a t  
o n l y  about  0.02% o f  t h e  Pu and 0.005% o f  t h e  o r i g i n a l  uranium 
ends up i n  t h e  g l a s s  was te .  , 

4 .  Reprocess ing of  f u e l  r e s u l t s  i n  a  second c a t e g o r y  o f  was tes  - 
f i n e s ,  h u l l s ,  e t c ,  t h a t  may c o n t a i n  a s  much o r  more a c t i v i t y  a s  
t h e  b o r o s i l i c a t e  g l a s s .  

5 .  Loading o f  f i s s i o n  product  o x i d e s  i n  t h e  g l a s s  waste  form. . 

France  UK - USA (Subseabed)  

9-12% 10% 18% 

C a n i s t e r  Dimensions 

V a r i a b l e ,  b u t  t h e  0 . 3  x 3  m long c a n i s t e r  sugges ted  i s  a lower l i m i t  

on t h e  c a n i s t e r  volume. From a European p o i n t  o f  view a  r e f e r e n c e  can- 

i s t e r  0 . 5  m i n  d i a m e t e r  and 2 . 5  m long would be more a c c u r a t e .  

C a n i s t e r  L i f e  Fo l lowing  Emplacement 

F rance  UK USA 

500+ y r  500+ y r  500-1000 y r  

Maximum T e m ~ e r a t u r e  Fol lowing Emplacement 

USA (subseabed)  



Proposed Re lease  Rate  Model 

The p h i l o s o p h y  o f  t h e  proposed model i s  t o  p rov ide  an  upper l i m i t  on 

t h e  r e l e a s e  r a t e ,  b e c a u s e  a  t r u l y  a c c u r a t e  model i s  n o t  go ing  t o  be  a v a i l -  

a b l e  i n  t h e  f o r e s e e a b l e  f u t u r e .  The model assumes t h e  waste  h a s  been d i -  

v i d e d  . (b roken)  i n t o  an  assembly o f  s p h e r e s  hav ing  a  t o t a l  volume e q u a l  t o  

t h a t  o f  t h e  i n i t i i l  c a n i s t e r  and between 5 and 10 t i m e s  t h e  s u r f a c e  a r e a  

o f  a  r i g h t  c y l i n d r i c a l  c a n i s t e r  o f  was te .  

The model a l s o  i s  based  on the assumption that the g l a s s  d i s s o l v e s  

c o n g r u e n t l y  and t h a t  once  i n  s o l u t i o n  t h e  m a t e r i a l  i s  t r a n s l a t e d  immedi- 

a t e l y  a c r o s s  t h e  c a n i s t e r  sed iment  i n t e r f a c e .  

D i s s o l u t i o n  r a t e s  ( g ~ c m . ~  d a y )  a r e  a  f u n c t i o n  o f  t e m p e r a t u r e  o n l y .  

H y p o t h e t i c a l  s p h e r e  r a d i u s  = 

a  = t h e  f a c t o r  o f - i n c r e a s e  i n  sur . fncc  a r e a  o v e r ,  
t h a t  o f  t h e  c y l i n d e r  

R = r a d i u s  o f  i n i t i a l  c y l i n d r i c a l  c a n i s t e r  

H = h e i g h t  o i  i n i t i a l  c y l i n d r i c a l .  c a n i s t e r  

2 .  The f u n c t i o n a l  r e l a t i o n  w i l l  be o f  t h e  ' f o l l o w i n g  form: 
Long ( b u l k  d i s s o l u t i o n  r a t e )  = l o g  ( r a t e )  = [A/B("K)]  + B 

., , 

3 .  To g e t  t h e  r e l e a s e  o f  a  p a r t i c u l a r  r a d i o n u c l i d e ,  i ,  m u l t i p l y  
t h e  b u l k  l e a c h  r a t e  by t h e  p e r c e n t a g e  o f  i i n  t h e  sample a t  
t h e  t ime o f  l e a c h i n g ,  i . e . ,  r e l e a s e  r a t e : o f  i = ( a r e a )  ( b u l k  
l e a c h  r a t e  a t  a t i n ~ e ,  t). 

t 

( I n i t i a l  w t % ' o f  i )  (112)  h a l f  l i f e  o f  i 



R e p r e s e n t a t i v e  Leach Rate  Data (g/cm2 day)  f o r  t h e  model. 

Glass  
No. o O  100" 

20g1 5  x 5  x l o g  r a t e  = -2.04 x l o 3  + 1.26 
6  ( O K >  

3  
18g1 5 x 2  x l o g  r a t e  = -2.65 x 10 + 3.40 

~ ( O K ,  

76-682 5 x 2  x log  r z t e  = 010.23 x l o 3  + 2.76 
. . 

6 (  PK) 

L i m i t a t i o n s  o f  t h e  Model 

The e f f e c t s  on s o l u t i o n  c h e m i s t r y  t h a t  may be  i n t r o d u c e d  
by c a n i s t e r  c o r r o s i o n ,  sediment wa te r  i n t e r a c t i o n s ,  and 
s a t u r a t i o n  e f f e c t s  caused by c o r r o s i o n  o f  t h e  a d j a c e n t  
g l a s s  m a t e r i a l s  a r e  n o t  i n c l u d e d .  

D e v i t r i f i c a t i o n  and h y d r a t i o n  o f  t h e  b u l k  m a t e r i a l  a t  
low t e m p e r a t u r e s  i s  i g n o r e d .  

The i o n i c  s p e c i f i c a t i o n  o f  t h e  l i b e r a t e d  m a t e r i a l s  i s  
no t  known. 

8 The model assumes uniform s o l u t i o n  of  t h e  g l a s s .  

1981 Goals 

Update pa ramete r s  used i n  model (second l i m i t a t i o n  above) 

Add new p h y s i c a l  p r o c e s s e s  t o  t h e  r e l e a s e  model a s  q u a n t i -  
t a t i v e  p r e d i c t i v e  d a t a  becomes a v a i l a b l e  

P l a n  and implement exper iments  t o  d e a l  w i t h  t h e  e f f e c t s  o f :  

( 1 )  Glass  a l t e r a t i o n  i n  t h e  l o c a l i z e d  environment 
a d j a c e n t  t o  a  f l aw i n  t h e  c a n i s t e r  ( a  pinhdle . )  

( 2 )  Leach r a t e s  from a g l a s s  s u r f a c e  where access  

. . . . 
o f  water i .~  r e s t r i c t e d  by t h e  p resence  o f  ( low 

.. . per l r i eak~i l iL ,~)  s e d i m e n t  ' o r  a p i n h o l e  i n  t h e  
. . c a n i s t e r .  

. . 



F u r t h e r  ln fo rmat  i o n  

F u r t h e r  i n f o r m a t i o n  on t h e  development o f  c o r r o s i o n - r e s i s t a n t  can- 

i s t e r s  can  be  found i n  t h e  f o l l o w i n g  r e f e r e n c e s :  

1. K .  A .  Boul t ,  e t  a l . ,  The Leaching o f  ~ a d i o a c t i v e  Waste S t o r a g e  
C l a s s e s ,  AEKE Keport  K-9188; anh- i n  ~ ; g y a m i c s  id Nuclear  Wasce 
Management, CONF-790420, May 1979, C i n c i n n a t i .  

2 .  J .  H .  Wests ik  and R .  P .  Turcome, _Hydrothermal R e a c t i o n s  o f  Nuclear  
Waste S o l i d s :  A P r e l i m i n a r v  Studv.  PNL 2759. S e ~ t e m b e r  1978. 
(Leach t e s t s  done o v e r  s h o r t  t ime spans  i n  b r i n e . )  



SEDIMENT AND ROCK TASK GROUP 

T. J .  G .  F r a n c i s  ( u K ) ,  Lead Correspondent  
D. Rancon ( F r a n c e ) ,  Lead Correspondent  Des igna te  
R .  Cranston ( ~ a n a d a )  
G .  Ross Heath (USA) 

Observers  

M .  Sturm ( S w i t z e r l a n d )  
J .  B .  Lewis (UK) 
D. Kinsey (UK) 
R. B .  Whitmarsh (UK) 
A.  Avogadro (CEC) 
D.  B .  Smith (UK) 
H .  R ichards  (uK) 

I n t r o d u c t i o n  

D r .  F r a n c i s  h a s  r e p l a c e d  D r .  Lewis a s  t h e  UK member and h a s  assumed 

t h e  job o f  Lead c o r r e s p o n d e n t .  Dr. Rancon i s  t h e  Lead Correspondent  Des- 

i g n a t e .  The Task Group reviewed p r o g r e s s ,  d i s c u s s e d  f u t u r e  p l a n s  and i n  

p a r t i c u l a r  a t t empted  t o  i d e n t i f y  a r e a s  where more work i s  needed.  Discus- 

s i o n s  were h e l d  wi th  members o f  t h e  Waste Form, C a n i s t e r ,  P h y s i c a l  Oceano- 

.graphy,  Biology,  and S i t e  Assessment Task Groups. 

P r o g r e s s  Repor t s  

USA - 

Summary -- D r .  Heath d e s c r i b e d  t h e  i o n  t r a n s p o r t  (IONMIG) computer pro- 

gram, which i s  t h e  f i r s t  comprehensive numer ica l  model f o r  t h e  m i g r a t i o n  o f  

i o n s  away from a.  c a n i s t e r  p laced  i n  sed iment .  From t h e  o u t p u t  o f  t h e  com- 

p l e t e d  ~litrrmal models ,  che sed imenta ry  p r o p e r t i e s  and l abora to ry -measured  



Kd values (themselves functions of temperature and concentration), the pro- 

gram calculates the concentration field of radionuclides around the can- 

ister as a function of time (see Attachment A). 

The In-Situ Heat Transfer Experiment (ISHTE), planned for deptoyment 

in the North Pacific in 1982-3, will provide a field verification of the 

thermal transport assumptions and models. C. M. Percival, Sandia National 

Laboratories (SNL), coordinates ISHTE. 
.. ' 

The Long Coring Facility (LCF) will provide the SWG with the capa-. 

bility of acquiring 50 m undisturbed sediment in late 1981. This wj.11 be 

useable on about a dozen different US oceanographic ships. 

Ion Migration--Model Development -- D. McVey, A. Russo, and C. Hickox 
(SNL) are working on the development of IONMIG, a two-dimensional, axi- 

symmetric computer code which solves the transport equation and includes 

convection, axial and transverse d i , spe r s ion . ,  molecular diffusion, concen- 

tration dependent ,sorption, and radioactive dec.ay. , Thi  r: P g l ~ a t i o n  u s ~ s  a 

finite difference solution (see Attachment A). . . 

E. Nutall, University of New Mexico (UNM), is working on the. devel- 

opment of analytical solutions to diffusion/sorption transport. 'These. 

solutions should provide rapid nondimensional sensitivity analysis, and : 

allow checking of IONMIG for simple cases. 

Ion Migration--Sorption Studies -- K. Erickson (SNL) is measuring £is- 
sion products and actimide Kd's, and will complete batch and one-dimensional 

column diffusion studies using profiling detectors on subsurface oxidized 

' North Pacific cl.ays. 

S. ~rikd, A. ' Friedman, and F. Schreiner, Argonne National Laboratories 

(ANL), will complete experiments with actinides, and stability studies of 

Pu oxidation states using North Pacific oxidized and reduced clays. 



R. Heath, Oregon State University (OSU), will complete batch and 

column Kd 'experiments using a broad range of types of deep-sea sediments 

(all oxidized), and Eu as the sorbent. These studies will also include con- 

centration and temperature. 

Ion Migration--Sediment Properties -- A. Silva, University of Rhode. 
Island (URI), is measuring permeability of red clays as a function of 

\ temperature; D. McVey and C. Hickox (SNL) are acquiring thermal prqperties 

of red clays; C. M. Percival (SNL), T. .Ewart, University of Wisconsin (UW), 

A.Silva, et al. are designing and developing (ISHTE). This experiment is 

designed to validate laboratory material property data and predictions of 

thermal computer models, as well as develop the capability to carry out. 

sophisticated sea floor experiments . 

Emplacement--Model Development -- P. Dawson, Cornell University (cu), 
and J. Lipkin and W. Brown (SNL) are developing finite difference and 

finite element computer codes covering one- and two- component deformation 

behavior of clay-water systems and are acquiring the necessary material 

properties. 

Emplacement--Sediment Properties -- A. Silva (URI) is measuring some 
of the necessary geotechnical properties. J. Lipkin (SNL) is acquiring 

high P-T thermal properties. To better understand the creep of sediments, 

D. Talbert (SNL) is developing penetrometers for acquiring in-situ material 

properties. 

Near Field Geochemistry -- W. Siefried, University of Minnesota. ( U M ) ,  

and J. Krumhansl (SNL) are carrying out hydrothermal experiments w,ith 

oxidized North Pacific clays and seawater to assess the effect of heating 

on eH and pH, dissolved species, and clay minerology. 

Long Coring Facility -- C. Karnes (SNL) is developing an understanding 

of the dynamics of coring to aid in the development of the 50-m core. A. 

Silva and A. Driscoll (URI) are designing the facility (winch, cable, corer 

design, core-head instrumentation). 
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F r a n c e  

D r .  Rancon d e s c r i b e d  t h e  work b e i n g  done on c o n t i n e n t a l  r o c k s  and 

s e d i m e n t s .  Exper iments  t o  q u a n t i f y  t h e  m o b i l i t y  o f  a c t i n i d e s  i n  r o c k s  have  

b e e n  s t a r t e d ,  u s i n g  ground w a t e r  t aken  from g r a n i t e  f o r m a t i o n s  i n  columns 

c o n t a i n i n g  q u a r t z  and q u a r t z  p l u s  2% c l a y .  Mobile forms o f  Pu have been 

found which a r e  though t  t o  b e  i n  c o l l o i d a l  form. The q u a n t i t y  o f  mobi le  Pu 

d e c r e a s e d  w i t h  t ime  t o  0.1% a f t e r  6 mo. No o c e a n i c  sediment  has y e t  h&n 

s t u d i e d .  The exper iments  b e g i n n i n g  t h i s  y e a r  u s i n g  c o n t i n e n t a l  w a t e r  w i l l  

be  d u p l i c a t e d  wi th  s e a  w a t e r  i f  n e c e s s a r y .  

Canada 

D r .  Crans ton  d e s c r i b e d  work on box c o r e s  o b t a i n e d  i n  t h e  w e s t e r n  North 

A t l a n t i c  i n  1980 by t h e  Dawson. The development and improvement o f  methods 

f o r  t h e  sampl ing  and a n a l y z i n g  o f  pore  w a t e r s  i s  under  way. 

United Kingdom 

Work h a s  r e c e n t l y  begun a t  t h e  I n s t i t u t e  o f  0ceanographi .c  Scipnr.ps on 

a  r a n g e  o f  p r o j e c t s  r e l a t e d  t o  t h e  p h y s i c a i  and chemic'al p r o p e r t i e s  o f  

o c e a n  s e d i m e n t s .  S t a f f  h a s  been r e c r u i t e d  f o r  t h i s  p r o j e c t .  

A r e p o r t  on t h e  b a s i c  c ~ n s t i t u t i v e  r e 1 a t i o n s h i . p ~  for t h p  ~ l a s t o -  

p l a s t i c i t y  o f  c l a y s  h a s  been  completed by Davis  and B a n e r j e e  and w i l l  be  

i s s u e d  soon by  UKAEA H a r w e l l .  

D r .  P e n t r e a t h  o f  t h e  F i s h e r i e s  Rad iob ip logy  L a b o r a t o r y  a t  Lowestof t  i s  

d e t e r m i n i n g  Kd v a l u e s  f o r  Pu, Am, Cu, Np, and Tc i s o t o p e s  i n  muds and c l o y s  

sampled from t h e  v i c i n i t y  o f  t h e  o u t f a l l  o f  t h e  Windscale  p i p e l i n e  i n t o  t h e  

l r i s h  Sea .  The e f f e c t  o f  t h e  changing s p e c i a t i o n  o f  i s o t o p e s  on t h e i r  r e -  

m o b i l i z a t i o n  i s  a l s o  b e i n g  s t u d i e d .  

D r .  Avogadro d e s c r i b e d  t h e  CEC's work on t h e  l e a c h i n g  o f  a c t i n i d e s  

from b o r o s i l i c a t e  g l a s s  and p a s s i n g  o f  t h e  s o l u t i o n  th rough  a  column o f  
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sandy c l a y .  The w a t e r  v e l o c i t y  through t h e  column was 20 m/yr.  The 

exper iments  l a s t e d  s e v e r a l  months.  The pH and o x i d a t i o n  p o t e n t i a l  were 

c a r e f u l y  c o n t r o l l e d .  Mobile s p e c i e s  o f  a c t i n i d e s  were found.  P r e l i m i n a r y  

a n a l y s e s  i n d i c a t e  t h a t  they  a r e  moving a s  c a r b o n a t e  complexes.  

D i s c u s s i o n  

The f o l l o w i n g  a r e a s  need s p e c i a l  a t t e n t i o n :  

Measurement o f  Kd v a l u e s  f o r  a  wide range  o f  r a d i o n u c l i d e s  i n  c l a y s  

s u g g e s t  t h a t  f a c t o r s  o f  s a f e t y  a r e  v e r y  h i g h - - w i t h . t h e  e x c e p t i o n  o f  t h e  

a n i o n s  o f  t echne t ium and i o d i n e .  However, i f  complexes o r  c o l l o i d s  o f  ac- 

t i n i d e s  a r e  i n v o l v e d ,  t h e  l a r g e  Kd v a l u e s  from b a t c h  exper iments  might  b e  

g i v i n g  a  f a l s e  p i c t u r e  o f  r a d i o n u c l i d e  m o b i l i t y .  Column d i f f u s i o n  e x p e r i -  

ments should  g i v e  o p e r a t i o n a l l y  c o r r e c t  K d ' s ,  however. 

The e f f e c t  o f  r a d i a t i o n  on w a t e r  and sediment  i s  known, b u t  n o t  t h e  

combined e f f e c t s  o f  t e m p e r a t u r e ,  r a d i a t i o n ,  and p r e s s u r e .  R a d i o l y s i s  ex- 

p e r i m e n t s  under  r e a l i s t i c  c o n d i t i o n s  shou ld  be  c a r r i e d  o u t .  I n  p a r t i c u l a r ,  

t h e  i n f l u e n c e  o f  r a d i a t i o n  on t h e  i n t e r a c t i o n  o f  t h e  c a n i s t e r  w i t h  i t s  en- 

v i ronment  needs  t o  be  s t u d i e d .  R a d i a t i o n  w i l l  a f f e c t  t h e  c o r r o s i o n  o f  t h e  

c a n i s t e r  through i t s  e f f e c t  on t h e  c h e m i s t r y  o f  t h e  s e d i m e n t l p o r e  wa te r  s y s -  

tem. The c o r r o s i o n  r e s i s t a n c e  o f  t h e  c a n i s t e r  might  be  enhanced by u s e  o f  

a  s u i t a b l e  overpack .  

N a t u r a l  pore  wa te r  movement i n  t h e  sed iments  shou ld  b e  b e t t e r  under- 

s t o o d .  Flow r a t e s  i n f e r r e d  from n o n l i n e a r  . t empera tu re -g rad ien t  measure- 

ments appear  t o  be  up t o  t h r e e  o r d e r s  o f  magni tude l a r g e r  t h a n  t h o s e  

i n d i c a t e d  by chemica l  g t a d i e n t s .  De te rmina t ion  o f  pofe  wa te r  p r e s s u r e  
.. I 

. g r a d i e n t s  i n - s i t u ,  o r  o f  t h e  i s o t o p i c  c o n t e n t  o f  t h e  w a t e r  i t s e l f ,  might  
. ,, throw f r e s h  l i g h t  on t h i s  problem. . . 

. . 
whi le  t h e  LCF might p r o v i d e  an a d e q u a t e  sampl ing c a p a b i l i t y  f o r  .. . 

P a c i f i c  r ed  c l a y  s i t e s ,  A t l a n t i c  s i t e s  may r e q u i r e  deeper  sampl ing .  A t  

p r e s e n t  o n l y  t h e  ~ y d r a u l i c  P i s t o n  C o r e r  (HPC) developed.  by t h e  Deep S e a '  
. 



D r i l l i n g  P r o j e c t  f o r  t h e  Glomar C h a l l e n g e r  c a n  do so  w i t h  adequa te  , q u a l i t y .  

T h i s  p r o j e c t  i s  l ' i k e l y  t o  c e a s e  o p e r a t i o n  i n  1981. With some development 

t h e  HPC c o u l d  be  adap ted  t o  a.lmost any deep  d r i l l  p l a t f o r m .  An i n t e r - .  

n a t i o n a l l y  funded program t o  .sample a  number o f  A t l a n t i c  s i t e s  shou ld  b e  

c o n s i d e r e d  f o r  1983 o r  1984,  making u s e  o f  a  c h a r t e r e d  d r i l l  s h i p  wi th  

expanded HPC c a p a b i l i t y .  Such a  c r u i s e  would a l s o  p rov ide  t h e  o p p o r t u n i t y  

f o r  i n - s i t u  downhole measurements i n  u n d i s t u r b e d  m a t e r i a l .  I n - s i t u  mea- 

s u r e m e n t s  o f  p h y s i c a l  p r o p e r t i e s  a r e  n e c e s s a r y  t o  g i v e  u s  c o n f i d e n c e  i n  t h e  

p r o p e r t i e s  measured i n  t h e  l a b o r a t o r y .  

F i n a l L y ,  s o  work seems t o  b e  planned f o r  a n a l y s i s  o f  t h e  s o r p t i o n  

p r o p e r t i e s  o f  r e d u c i n g  s e d i m e n t s  such a s  w i l l  be  found benea th  t h e  t o p  few 

m e t e r s  o f  t h e  A t l a n t i c  Ocean f l o o r .  The most impor tan t  n u c l i d e s  t o  be  

s t u d i e d  a r e  Pu,  Np, Am, Tc,  and I. 

A.  Rancon comments t h a t  "The c h o i c e  o f  t h e  rad io -e lements  t o  be 

s t u d i e d  i s  a n  i m p o r t a n t  p o i n t  o f  c o n c e n t r a t i o n ;  t h e  number o f  e l ements  

s h o u l d  n o t  be  t o o  l a r g e  c o n s i d e r i n g  t h e  d i f f i c u l t i e s  and t h e  c o s t  o f  each  

o p e r a t i o n .  

1'Np, Pu and Am a r e  n e c e s s a r y ;  t h e  c a s e  o f  Tc shou ld  a l s o  be  discu 'ssed 

(and  a l s o  Cm). It may n o t  b e  i m p o r t a n t  t o  u n d e r t a k e  exper iments  on t h e  12gI 

r e t e n t i o n .  

. .. 

"Let  u s  c o n s i d e r  t h e  f o l l o w i n g  examples :  

9 . 3  
. The t o t a l  volume o f  oceans  and s e a s  = 1 . 4 ~ 1 0  km 

T h e  t o t a l  q u a n t i t y  o f  potass ium (380 g/rn3) = 5 . 3 ~ 1 0 ~ '  g  
. . 

The t o t a l  o f , 4 0 ~  ( 1 . 2 x 1 0 - ~  o f  K) = 6.4x1016 g  
=.4 .3x1011 C i .  

4 0 ~  i s  t h e  main f a c t o r  o f  t h e  n a t u r a l  r a d i o a c t i v i t y  o f  t h e  s e a  w a t e r s .  , 

"A 1200 mW r e a c t o r  produces  on an a v e r a g e  o f  10 ~ g  1291 p e r  y e a r  sr 

1 . 7  Ci.  ,, per  y e a r ,  



"1000 r e a c t o r s  ( ! )  would produce 1700 C i  p e r  y e a r .  

A s  t h e  t o t a l i t y  o f  t h i s  e s t i m a t e d  world p r o d u c t i o n  o f  lZ91 would b e  

d i r e c t l y  d i s c h a r g e d  i n t o  t h e  ocean,  t h e  i n c r e a s e  o f  t h e  t o t a l  r a d i o a c t i v e  

background would be about  4 .  C i  p e r  y e a r ;  c o n s i d e r i n g  t h e  v a r i o u s  

b a r r i e r s  between t h e  waste  and t h e  s e a f l o o r ,  t h e  c o n t a m i n a t i o n  by 1 2qI 

a p p e a r s  n e g l i g i b l e . "  

I. 

F u r t h e r  i n f o r m a t i o n  on s t u d i e s  r e l a t e d  t o  t h e  Sediment and Rock Task 

Group 's  work may be found i n  t h e  "Assoc ia ted  P r o j e c t s "  s e c t i o n  o f  t h e  

Canadian r e p o r t ,  P a r t  I ,  p.  18 .  
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ABSTRACT 
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INTRODUCTION 

A s  p a r t  of  a  s tudy  t o  de termine  t h e  f e a s i b i l i t y  o f  r a d i o a c t i v e  waste d i s -  

p o s a l  i n  seabed sediment,  a  r a d i o n u c l i d e  migra t ion  code,  I O N M I G ,  i s  being deve l -  

oped. This  code i s  a  two-dimensional p l a n a r  o r  axisymmetric  code which s o l v e s  

the  t r a n s p o r t  equa t ion  i n c l u d i n g  convect ion ,  a x i a l  and t r a n s v e r s e  d i s p e r s i o n ,  

molecular  d i f f u s i o n ,  concen t ra t ion  dependent a d s o r p t i o n  and r a d i o a c t i v e  decay.  

Assumptions used i n  i t s  formula t ion  a r e  t h a t  t h e  presence  of  t h e  r a d i o n u c l i d e s  

does n o t  change t h e  f l u i d  p r o p e r t i e s  o r  t h e  behavior  of  o t h e r  n u c l i d e s  and t h a t  

a b s o r b t i v e  p rocesses  a r e  r e v e r s i b l e  and d e s c r i b a b l e  i n  t e r m s  o f  an e m p i r i c a l l y  

determined e q u i l i b r i u m  c o n s t a n t  .  ear-field d e t a i l s  a r e  n o t  t r e a t e d  and s p e c i e s  

a r e  i n j e c t e d  a s  volumetr ic  source  terms.  A b r i e f  d e s c r i p t i o n  of t h e  code i s  

given i n  t h e  CODE DESCRIPTION s e c t i o n  of  t h i s  r e p o r t .  

I O N M I G  d i f f e r s  from ano the r  Sandia n u c l i d e  migra t ion  code,   SWIFT,^ which 

was developed wl th  I n t e r a  Corpora t ion  t o  analyze  t r a n s p o r t  through hydro log ic  

fo rmat ions ,  i n  t h a t  i t  i s  much. s imple r  t o  use (SWIFT i n p u t  %requirements  a r e  

about  30 t i m e s  g r e a t e r  than I O N P I I G '  s )  . I O N M I G  can use c o n c e n t r a t i o n  dependent  

adsorp t ion  c o e f f i c i e n t s  and i s  p a r t  of a  modular s o l u t i d n  system ( I O N M I G  i n t e r -  

f a c e s  wi th  t h e  i n c o m p r e s s i b l e ' f l u i d  thermo code,  MARIAH, and t h e  p l o t  code,  

SEAPLT) . 
The purpose o f  t h i s  r e p o r t  i s  t o  d e s c r i b e  some p re l iminary  r e s u l t s  on 

s e v e r a l  s p e c i e s  which a r e  r e p r e s e n t a t i v e  of  t h e  e lements  o f  concern i n  a  waste  

c a n i s t e r  inven to ry .  These a r e  1 3 7 ~ s ,  "TC, , and 3 9 ~ u . .  1 2 g I  



CODE DESCRIPTION 

Theory 

The e q u a t i o n s  d e s c r i b i n g  t h e  miqra t ion  o f  contaminant  ions in a porous 

s a t u r a t e d  bed a r e  o f  t h e  form: 

where 

3 
Ci = t h e  i o n  s p e c i e s  c o n c e n t r a t i o n  Ocg/m ) 

E = t h e  p o r o s i t y  of  t h e  medium 

Ki = t h e  s p e c i e s  e q u i l i b r i u m  c o e f f i c i e n t  f o r  s p e c i e s  i = 

1 - t i  (1 + - 
6 

K ) where K d  i s  t h e  equi l i .br ium d i s t r i b u t i o n  ' so i l  di 

coe f f  i c i e r i t  

Xik = t h e  r a d i o a c t i v e  decay r a t e  from s p e c i e s  i t o  s p e c i e s  k 

Si = a  source  t e r m  f o r  con t inuous  o r  s t e p  fun,c t ion  a d d i t i o n  o f  i o n s  
a . ,  > 

corresponding t o  t h e  l e a c h  r a t e  
-b 

v  = t h e  total ion v e l o c i t y  w h i c h  i s  a s s i ~ m ~ i i  t n  he of  the farm: 

v  = convec t ive  v e l o c i t y  i n  t h e  y - d i r e c t i o n  

Dx*Y 
= d i f . fus ion  d i s p e r s i o n  c o e f f i c i e n t  i n  t h e  x , y - d i r e c t i o n  

O L *  'T = l ong i ' t ud ina l  and t r a n s v e r s e  d i s p e r s i o n  c o e f f i c i e n t s  

Do = molecular  d i f f u s i o n  coef f i c i e i l t  

( 6 )  



The e q u i l i b r i u m  d i s t r i b u t i o n  c o e f f i c i e n t ,  Kd ,  i s  a  f u n c t i o n  o f  s p e c i e s  concen- 

t r a t i o n  and assumed t o  be of t h e  form: 

Equation (1) i s  w r i t t e n  i n  f i n i t e  d i f f e r e n c e  form according t o  I?acCormackls 

method1 a s  fo l lows f o r  t h e  i t h  s p e c i e s .  

S t e p  1: 

S t e p  2: 

where a l l  aN a r e  e v a l u a t e d  a t  space  i n d i c e s  Il , m  and t i m e  n;  and where ,  



0 C a r t e ~ i j l n  Coord ina t co  
r - 

1 P o l a r  C o o r d i n a t e s  

and ,  

S t a b l e  i n t e g r a t i o n  o f  t h e  f i n i t e  d i f f e r e n c e  form of  Equa t ion  (1) r e q u i r e s  

t h a t  t h e  Courant-Friedrich-Lewy c o n d i t i o n  be  m e t .  I n  te rms  o f  t h e  p r e v i o u s l y  

d e f i n e d  c o e f f i c i e n t s  t h i s  means, 

S i n c e  a 9  i s  a  f u n c t i o n  o f  t h e  e q u i l i b r i u m  d i s t r i b u t i o n  c o e f f i c i e n t ,  K d ,  which 

may b e  d i f f e r e n t  f o r  e a c h  s p e c i e s ,  e f f i c i e n t .  j n - t e c ~ r a t i o n  r e q u i r e s  a  d i f f e r e n t  

t i m e  s t e p  f o r  e a c h  s p e c i e s .  Th i s  i s  accompl ished  by s e l e c & n g  a  g l o b a l  t ime 

s t e p  b a s e d  on decay  r a t e  and o u t p u t  d a t a  c o n s i d e r a t i o n s ,  and an  i n t e g r a t i o n  

t i m e  s t e p  t o r  e a c h  s p e c i e s  which i s  an i n t e g e r  s u b d i v i s i o n  o f .  t h e  g1,obal t ime 

s t e p  and s a t i s f i e s  Equa t ion  ( 3 ) .  

Decay c h a i n  species which a r e  s h o r t  l i v e d  compared t o  t h e  o t h e r  c h a i n  mem- 
. . 

b e r s  may b e  o m i t t e d  by mere ly  bypass ing  them i n  the definitibh of t h e  decay 

c h a i n  m a t r i x ,  A i k l  which i s  t h e  a r r a y  o f  2ecay c o n s t a n t s  f o r  t r a n s i t i o n  from 

t h e  i t h  t o  t h e  k t h  s p e c i e s .  I f ' s u c h  e l emen t s  a r e  i n c l u d e d  i n  t h e ' c h a i n ,  t h e  

code w i l l  a r t i f i c i a l l y  r educe  t h e i r  decay c o n s t a n t  ( i n c r e a s e  t h e i r .  h a l f  l i f e )  

(8) 



t o  a  l e v e l  i n  which they w i l l  d i s a p p e a r  i n  s e v e r a l  g l o b a l  t i m e  s t e p s .  This  

pe rmi t s  t h e  i n c l u s i o n  of t r a n s i t i o n  s p e c i e s  i n  t h e  cha in  w i t h o u t  going t o  ex-  

c e s s i v e l y  smal l  t ime s t e p s ,  b u t  of course ,  t h e  i n s t a n t a n e o u s  c o n c e n t r a t i o n s  o f  

such s h o r t  l i v e d  s p e c i e s  w i l l  be g r e a t l y  overes t ima ted  and should  n o t  be con- 

s i d e r e d  a s  p a r t  o f  t h e  useab le  o u t p u t  of t h e  code. Any e lement  f o r  which 

X A t  > 3 i s  t r e a t e d  a s  such a  t r a n s i t i o n  s p e c i e s .  

I n  o r d e r  t o  r e t a i n  t h e  f l e x i b i l i t y  of  use  provided by t h e  o p t i o n s  of  a x i -  

symmetric geometry and v a r i a b l e  mesh c a l c u l a t i o n s ,  conse rva t ion  d i f f e r e n c i n g ,  

which becomes r a t h e r  unwieldy f o r  those  o p t i o n s ,  was n o t  used.  I t  is p o s s i b l e ,  

t h e r e f o r e ,  t h a t  d i s c r e t i z a t i o n  and t r u n c a t i o n  e r r o r s  may i n t r o d u c e  some source  

e r r o r  i n t o  t h e  c a l c u l a t i o n s .  To p a r t i a l l y  c o r r e c t  f o r .  t h a t  p o s s i b i l i t y ,  a  

s e p a r a t e  and more a c c u r a t e  time i n t e g r a t i o n  o f  t h e  g l o b a l  q u a n t i t i e s  i s  pe r -  
. . 

formed and compared wi th  t h e  mesh p o i n t  summations. An o p t i o n  t o  c o r r e c t  t h e  

mesh p o i n t  v a l u e s  a t  each time s t e p  i s  inc luded  i n  t h e  code. 

Geometry and Boundary Condi t ions  

The computa t ional  domain i s  a  r e c t a n g u l a r  r e g i o n ,  w i t h  boundary c o n d i t i o n s  

a s  i n d i c a t e d  i n  Figure  1, which r e p r e s e n t s  a  c r o s s  s e c t i o n  o f .  an axisymmetkic 

r eg ion  wi th  x  a s  t h e  r a d i a l  c o o r d i n a t e .  The c o n c e n t r a t i o n s  and sources  a r e  
. . . , 

i n i t i a l l y  s p e c i f i e d  and t h e  code computes subsequent  d i s t r i b u t i o n s .  I f  an ex- 

t e r n a l  convect ive  v e l o c i t y  f i e l d  i s  n o t  provided,  an i n t e r n a l l y  genera ted  con- 

s e r v a t i v e  convect ive  c e l l  f i e l d  i s  assumed wi th  i t s  peak v e l o c i t y  s p e c i f i e d  a s  

i n p u t  d a t a  (peak may be ze ro )  . 
. . 

The r e c t a n g u l a r  r eg ion  shown i n  F igure  2 r e p r e s e n t s  a  c r o s s  s e c t i o n  o f  t h e  

axisymmetric  computa t ional  domain, a s  i n  Figure  1, wi th  t h e  dimensions used i n  

t h e  c a l c u l a t i o n s  and t h e  c a n i s t e r  l o c a t i o n  i n d i c a t e d .  The s t r e a m l i n e s  shown i n  

F igure  2 a r e  t h o s e  c a l c u l a t e d  wi th  t h e  f i n i t e  e lement  code,  MARIAH, a t  100 y e a r s  

a f t e r  b u r i a l .  The c a n i s t e r  i s  assumed t o  be 3  m long and 0 .3  m i n  d iamete r  and 

. t o  c o n t a i n  10 yea r  o l d  r e a c t o r  waste .  I t  i s  b u r i e d  wi th  i t s  c e n t e r  30 metres  

below t h e  ocean-sediment i n t e r f a c e .  



FIGURE 1. Geometry and Boundary C o n d i t i o n s  Assumed i n  I O N M I G .  
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FI GURE 2. GEOMETRY AND STREAMLI NES I N THE SEDI MENT COMPUTATI ONAL REG1 ON. 



I n p u t  Pa ramete r s  

The h e a t  g e n e r a t e d  by t h e  c a n i s t e r  i s  assumed t o  be 1 , 5  kW a t  b u r i a l  a n d  

t o  be  decay ing  accord ing  t o  a  schedu le  g iven i n  t h e  ORIGEN code.3 The temper- 

a t u r e  h i ' s t o r y  n e a r  ' t he  c a n i s t e r  s u r f a c e  i s  shown i n  Fi.gure 3.  I n  a  few hundred 

y e a r s ,  t h e  tempera ture  i s  w i t h i n  a few degrees  o f  t h e  ambient ( 1 . 5 O ~ )  . The 

same is '  t r u e  f o r  a l l  p o i n t s  i n  t h e  r e g i o n .  

FI GURE 3. TEMPERATURE HI STORY ADJACENT TO A WASTE CAN I STER 
30 METRES BELOW THE SED I MENT SURFACE. 



The v e l o c i t y  v a r i a t i o n ' w i t h  t i m e  a t  i t s  maximum p o i n t  a d j a d e n t  t o  t h e  

c a n i s t e r  i s  shown i n .  F igure  4 .  I t  i s  seen t h a t  t h i s  v e l o c i t y  i s  ve ry  s m a l l ,  

and a f t e r  100 y e a r s ,  convec t ive  t r a n s p o r t  i s  neg l ig ib le ' compared  t o  molecular  
. - 

d i f f u s i o n .  

0 10 20 30 40 50 60 70 80 90 100 

T I  ME (YEARS) 

FIGURE 4. FLOW VELOCITY ADJACENT TO A WASTE CAN1 STER - - 

.30 METRES BELOW THE SEDl MENT SURFACE. 



For  a l l  e l ements ,  e x c e p t  i o d i n e ,  i t  i s  assumed t h a t  t h e  molecular  d i f f u -  

2 7 
s i o n  c o e f f i c i e n t  i s  0.01 m / y e a r  (3.0 E - 10 m " / s ) ,  l o n g i t u d i n a l  d i s p e r s i v i t y  

* 
f a c t o r  i s  6 . 1  m,  t h e  t r a n s v e r s e  d i s p e r s i v i t y  f a c t o r  i s  0.61 m ,  t h e  p o r o s i t y  of 

t h e  sediment  i s  uniform and e q u a l  t o  0.75.  For i o d i n e ,  t h e  molecular  d i f  f u s i o r  

L 
c o e f f i c i e n t  i s  0.018 m / y e a r .  Values f o r  t h e  e q u i l i b r i u m  p a r t i t i o n  c o e f f i c i e n t  

K d ,  w e r e  o b t a i n e d  by f i t t i n g  a  l i m i t e d  amount of l a b o r a t o r y  d a t a ,  and were 

approximated a s  fo l lows  : 

Plutonium: - loo + 0 . 0 1  Kd - 1 + 3E8C 

I o d i n e  and Technetium: 

3  where C i s  t h e  f l u i d  i o n i c  c o n c e n t r a t i o n  i n  kg/m3 ( K d  v a l u e s  a r e  i n  m /kg; t o  

o b t a i n  ml/g m u l t i p l y  by 1 0 0 0 ) .  Valence s t a t e s  of  C s  and Pu a r e  assumed t o  be 

+ 1  and + 4 ,  r e s p e c t i v e l y .  

The f l u i d  p r o p e r t i e s  used by t h e  code MARIAH t o  c a l c u l a t e  t h e  , c o n v e c t i v e  

v e l o c i t i e s  va ry  wi th  tempera ture  and p l o t s  o f  t h e s e  q u a n t i t i e s  a r e  shown i n  

F i g u r e  5 .  A nominal f l u i d  d e n s i t y  of 1000 kg/m3 was used. Addi t iona l  sediment 

p r o p e r t y  v a l u e s  used i n  t h e  MARIAH c a l c u l a t i o n s  a r e :  

D e l i ~ i  Ly - 2990  k y / ~ r ~ 3  

S p c c i f i c  Heat = 880 J / ~ ~ O C  

Thermal Conduc t iv i ty  = 1.92 exp (-6,376 E-6 T )  w / ~ O C  

Porosity = U . 8  

H o r i z o n t a l  P e r m c a b i l i t y  = 5 x 10 -16 2 m 

V e r t i c a l  p e r m e a b i l i t y  = 5 x 10 --1'/ m2 

* 
This  c o n s e r v a t i v e  o v e r e s t i m a t e  o f  d i s p e r s i v i t y  f a c t o r  i s  used because good 
d a t a  i s  n o t  c u r r e n t l y  a v a i l a b l e ,  and t h e  low v e l o c i t i e s  c a l c u l a t e d  make 
d i s p e r s i o n  ve ry  smal l  compared t o  molecular  d i f f u s i o n  s o  t h a t  e r r o r s  i n  t h i s  
f a c t o r  do n o t  a f  f e c t ,  t h e  r e s u l t s .  



TEMPERATURE ( OC) 

FI GURE 5. VARIATION OF FLU1 D PROPERTIES WITH TEMPERATURE AT 600 BARS. 
. . . . .  



The r e l e a s e  i n  each case  i s  assumed t o  be of t h e  'whole canister inven to ry  at 

z e r o  t i n e .  A t  t h e  bedrock and t h e  o o t e r  pe r iphery  o f  t h e  compufat ional  domain, 

a  z e r o  f l u x  c o n d i t i o n  i s  assumed s o  t h a t  a l l  n u c l i d e s  r e l e a s e d  from t h e  can i s -  

ter  (which do n o t  decay)  w i l l  " even tua l ly  d i f f u s e  t o  t h e  s u r f  ace .  

Although t h e  r e s u l t s  of on ly  f o u r  n u c l i d e  migra t ion  c a l c u l a t i o n s  a r e  d i s -  

cussed ,  i n  o r d e r  t o  o b t a i n '  t h o s e  r e s u l t s  p a r e n t  and daugh te r  n u c l i d e s  were 

cons ide red  s imul taneous ly .  T a b l e  1 l i s t s  a l l  t h e  n u c l i d e s  a s s o c i a t e d  wi th  each 

c a l c u l a t i o n  and t h e i r  ass,urned c a n i s t e r  inven to ry  value  a t  zero  t ime.  

TABLE 1 

INITPAL CANISTER INVENTORIES OF 
ISOTOPES USED IN THE CALC.ULATIONS 

Radionucl ide  Mass i n  C a n i s t e r  (kg) 

243* 0.121 



C a l c u l a t i o n s  f o r  137.~s w e r e  run o u t  t o  3500 y e a r s  t o  v e r i f y  t h a t  l i t t l e  

motion took p l a c e  p r i o r  t o  decay. S ince  t h e  h a l f - l i f e  of 1 3 7 ~ s  i s  on ly  30 

y e a r s ,  i n  a  few hundred y e a r s  v i r t u a l l y  a l l  t h e  13'cs has  decayed t o  1 3 7 ~ a  i n  

p l a c e ,  and none reaches  t h e  s u r f a c e .  The same behav io r  i s  expected  of o t h e r  

s h o r t - l i v e d  s p e c i e s  wi th  moderate va lues  of Kd such as  ' O S ~ .  

For long- l ived  i s o t o p e s  having a  h igh K d ,  such a s  many forms of 2 3 9 ~ u ,  t h e  

s i t u a t i o n  i s  s i m i l a r  e x c e p t  over  much longer  time s c a l e s .  F igure  6  shows t h e  

d i s t r i b u t i o n  of  2 3 9 ~ u  over  an axisymmetric  symmetry p lane  c o n t a i n i n g  t h e  b u r i e d  

c a n i s t e r  a f t e r  100,000 y e a r s .  Although 4 . 1  h a l f  - l i v e s  of 2 3 9 ~ ~  have e l a p s e d ,  

t h e  remaining plutonium i s  a  l i t t l e  less than o n e - t h i r d  of t h e  o r i g i n a l  inven-  

t o r y  because of  t h e  decay o f  243Am t o  2 3 g ~ p  and then t o  2 3 9 ~ u .  I n  t h i s :  ca lcu -  

l a t i o n ,  t h e  Am and Np w e r e  assumed t o  have t h e  same Kd a s  t h e  plutonium. Data 

c u r r e n t l y  a v a i l a b l e  i n d i c a t d  t h i s  i s  a  r easonab le  assumption f o r  Am b u t  may be 

non-conservative f o r  t h e  s h o r t - l i v e d  Np. The -migra t ion  r a t e  of  plutonium i s  s o  ' 

-20 s l o "  ( a  few metres p e r  100,000 y e a r s )  t h a t  even a f t e r  l o 6  y e a r s ,  l e s s  than 10 

p e r c e n t  of t h e  d e p l e t e d  inven to ry  has  c rossed  t h e  s u r f a c e .  A t  t h a t  t ime,  l e s s  

than grams of  2 3 9 ~ ~  remains.  

For a n i o n i c  n u c l i d e s  having a  l o n g  h a l f - l i f e  and a  very s m a l l  K d ,  such a s  

1 2 9 ~  and "TC, t h e  behavior  i s  q u i t e  d i f f e r e n t .  Without t h e  r e t a r d i n g  a c t i o n  

of  a d s o r p t i o n ,  t h e s e  subs tances  d i f f u s e  through t h e  sediment i n  a  r e l a t i v e l y  

s h o r t  t i m e  (5000 y e a r s  o r  l e s s ) .  F igure  7  shows t h e  r e l e a s e  r a t e  o f  r ad ioac -  

t i v i t y  a s s o c i a t e d  w i t h  t h e  decay o f  12'1 a s  a  f u n c t i o n  of t ime.  The r e l e a s e  

r a t e  r eaches  a  peak o f  1 .01  pCi/year a t  about  8,000 y e a r s  and then d e c l i n e s  t o  

approximately o n e - f i f t h  o f  t h a t  va lue  i n  100,000 y e a r s .  12'1 has  a  low s p e c i -  

f i c  a c t i v i t y ,  decaying t o  '19xe by b e t a  decay w i t h  a  h a l f - l i f e  o f  15.9 m i l l i o n  

y e a r s .  



100,000 y e a r s  

Concent rat  i o n  

-10 
2 3 9 ~ ~  Pcak = 5 . 6 7 8  x 10 kg/m 3 

FIGURE 6 .  Plutonium C o n c e n t r a t i o n  i n  the Sediment  a t  1 0 0 , 0 0 0  Years. 



Time (Thousands of  Years) 

F I G U X E  7 .  Helease Rate of from t h e  Sediment Sur face  Covering a 
S ing le  C a n i s t e r  a t  30 m Depth. 



F i g u r e  8 shows a  s i m i l a r  r e l e a s e  r a t e  p r o f i l e  f o r  "TC. The peak va lue  of  

'180 pCi/year i s  much h i g h e r  t h a n  t h a t  f o r  because bo th  t h e  i n i t i a l  c a n i s t e r  

i n v e n t o r y  and t h e  s p e c i f i c  a c t i v i t y  o f  "TC, which b e t a  decays t o  "RU wi th  a  

h a l f - l i f e  o f  213,000 y e a r s ,  a r e  h i g h e r .  

The s i g n i f i c a n c e  o f  such r e l e a s e  r a t e s  i n  t e r m s  o f  human o r  e c o l o g i c a l  

h a z a r d s  can o n l y  be determined by a  comprehensive a n a l y s i s  of  t h e  wa te r  column 

t r a n s p o r t  mechanisms and marine b i o  system c o n c e n t r a t i o n  mechanisms. Some per-  

s p e c t i v e  on t h e  p r e d i c t e d  r e l e a s e  r a t e s  can be  o b t a i n e d ,  however, by a compari- 

son w i t h  o t h e r  o c e a n i c  r a d i o a c t i v e  s o u r c e s .  A s i n q l e  s to rm i n  t h e  mid-si xties 

cou ld  wash o u t  more than l o b  U C i  of b e t a  a c t i v i t y  from r e s i d u a l  a tmospher ic  

9  0   source^.^ T o t a l  o c e a n i c  a tmospher ic  d e p o s i t i o n  o f  Sr a lone  i.n 197R r ~ r r e d a d  

8 x  10'' P C ~ . '  Such r a t e s  a r e  very  much h i g h e r  than  t h e  wors t  c a l c u l a t e d  p r e -  

d i c t i o n s  (even f o r  thousands  of  c a n i s t e r s ) .  I n  a d d i t i o n  t o  a tmospher ic  depo- 

s i t i o n ,  n a t u r a l  r a d i o a c t i v e  subs tances  a r e  c o n s t a n t l y  d i f f u s i n g  from t h e  p e l a g i c  

c l a y  sediment .  For t h e  axisymrnetric c a s e  f o r  which t h e  I O N M I G  c a l c u l a t i o n s  were 

made, t h e  p e r  c a n i s t e r  a r e a  i s  based on a  c a n i s t e r  spac ing  of  120 m.  This  r e -  

s u l L s  i r i  an average  peu c a n x s t e r  r e l e a s e  of 8.9 x  1 0 " ~  ~ ~ i / y e a r - m 2  f o r  12'1 and 

1 . 6  x  U ~ i / ~ e a r - m ~  f o r  "TC. These f l u x e s  compare t o  n a t u r a l  radium and 

radon f l u x e s  u f  3.5-8.8 x p ~ i / . ~ e a r - m '  f o r  2 2 6 ~ a  and 0.26-0.88 pCi/year-m 2 

f o r  222R, . 6 ' 7  Based on t h i s  comparison, one may hypo thes ize  t h a t  t h e  immediate 

expasure  e f  tects of t h e  r e l e a s e d  12'1 and 3 3 ~ c  on  b e n t h i c  organisms would be 

n e g l i g i b l e  i n  a s  much a s  they  evolved i n  a  much more i n t e n s e  f i e l d .  Confirma- 

t i o n  o f  t h i s  hypo thes i s  a w a i t s  complet ion o f  ongoing r e s e a r c h  and experimenta-  

t l o n  on b i ' o l o g i c a l  c o n c e n t r a t i o n ,  wa te r  column t r a n s p o r t  mechanisms, and devel -  

opment o f  pathways-to-man models. 
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CONCLUSIONS 

The development o f  a  computer code t o  be used a s  a  too ' l  i n  a s s e s s i n g  t h e  

t r a n s p o r t  o f  waste  n u c l i d e s  through ocean sediment i s  proceeding s a t i s f a c t o r i l y .  

P r e l i m i n a r y  c a l c u l a t i o n s  o f  t h e  migra t ion  of C s ,  Pu, I ,  and Tc from a  p o i n t  30 

metres below t h e  sediment s u r f a c e  have been made. Elements wi th  s h o r t  h a l f -  

l i v e s  ( less t h a n  500 y e a r s )  such a s  1 3 7 ~ s  decay t o  n e g l i g i b l e  va lues  b e f o r e  

r e a c h i n g  t h e  s u r f a c e .  A c t i n i d e s  many of  which have l a r g e  va lues  Kd (above 

10,000 gm/ml) move ve ry  s lowly and a l s o  do n o t  reach t h e  s u r f a c e  u n t i l  beyond 

1,000,000 y e a r s .  Long-lived f i s s i o n  p roduc t s  w i t h  low adsorp t ion  c o e f f i c i e n t s ,  

such a s  12'1 and "TC, a r e  t h e  most d i f f i c u l t  t o  c o n t a i n .  For . t h o s e  n u c l i d e s ,  

i t  must be shown t h a t  t h e  low r e l e a s e  r a t e  and low s p e c i f i c  a c t i v i t y  reduce the  

h a z a r d s  from them t o  an a c c e p t a b l e  l e v e l ,  o r  a d d i t i o n a l  engineered  b a r r i e r s  

rn~lst. be p r o v i d e d .  
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I n t r o d u c t i o n  

The t a s k  g roup  began by c o n s i d e r i n g  p r o g r e s s  r e p o r t s  and p l a n s  f o r  

work d u r i n g  t h e  nex t  12 months f o r  each c o u n t r y .  

P r o g r e s s  Repor t s  and P l a n s  . . 

France  . . 

I n  France  d u r i n g  1979 work h a s  been c a r r i e d  o u t  i n  t h r e e  d i f f e r e n t  

a r e a s :  

, ~ i b l i u ~ r . a p l i i c a l  s t u d y  

Measurements a t  s e a  

P l a n s  f o r  f u t u r e  c r u i s e s  

A b i b l i o g r a p h i c a l  s t u d y  d e a l i n g  w i t h  deep -p rocesses  i n  t h e  ocean 

l i n k e d  wi th  t h e  bottom boundary l a y e r  h a s  been s t a r t e d .  An i n v e n t o r y  o f  

e x i s t i n g  d a t a  and measur ing t e c h n i q u e s  i s  i n  p r o c e s s .  
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During t h e  Anglo-French exper iment  TOURBILLON, which took p l a c e  i n  

September-October .1979,  v a r i o u s  measurements were made. A deep  mooring 

w i t h  5  c u r r e n t  m e t e r s  i n  t h e  bot tom 700 m was a l s o  dep loyed ,  and should  be  

r e c o v e r e d  i n  June 1980. S e v e r a l  CTD c a s t s  t o  t h e  bottom have a l s o  been 

made i n  o r d e r  t o  o b t a i n  p r e l i m i n a r y  i n f o r m a t i o n  on t h e  e x i s t e n c e  o f  a  

bo t tom t h e r m o c l i n e .  

Based main ly  on geological c n n s i d e r a t i o n s ,  two &mall  a r c a s  (60  x GO 

n a u t i c a l  m i l e s )  l o c a t e d  i n  t h e  Capp Verde b a s i n  havo bccn o e l e t t t d  a d  w i l l  

b e  s t u d i e d  d u r i n g  a  m u l t i d i s c i p l i n a r y  c r u i s e  ( end  o f  1980) .  They a r e  cen- 

t e r e d  on 25ON, 25OW ( C v l )  and 18"N, 30°W ( C V ~ ) .  

The main o b j e c t i v e s  i n  p h y s i c a l  oceanography a r e :  

o  The d e t e r m i n a t i o n  o f  t h e  mean deep  c i r c u l a t i o n  and 
i t s  low f r e q u e n c y  v a r i a b i l i t y .  One mooring w i l l  be  
deployed i n  e a c h  a r e a  f o r  a  p e r i o d  o f  6  t o  9  mo. 

o  Thc d e a c r i p t i o t ~  o.f 1.1 y ~ . l r u l u g i c a l  c o a d i r i o n s  i n  t h e  
d e e p  l a y e r s .  Nine CTD p r o f i l e s  w i l l  be  made i n  each 
area. 

Tf t h e  r a t e  o f  t e c h n i c a l  development p e r m i t s ,  lorig L e ~ m  measuremenes 

o f  t h e  t e m p e r a t u r e  p r o f i l e  s h o u l d  be  o b t a i n e d  i n  t h e  bnttnm 100 m by  means 

o f  a  t h e r m i s t o r  c h a i n .  

V e r t i c a l  p r o f i l e s  o f  suspended m a t t e r  w i l l  b e  developed w i t h  a  nephe- 

l o m e t e r ,  which w i l l  b e  l i n k e d  t o  a  CDT/02 p robe .  

C u r r e n t  Measurement -- The c u r r e n t  measurements a t  t h e  proposed low 

l e v e l  r a d i o a c t i v e  w a s t e  dumping s i t e  (SITE B :  30°N, 167OE) were s t a r t e d  i n  

September ,  1978 ,  and s i n c e  t h e n ,  t h e  r e c o v e r y . a n d  deployment o p e r a t i o n s  

were c a r r i e d  on t h r e e  t imes  a t  S t a t i o n  TA, TB, TC, TD, TF and TG ( ~ i g -  . 

u r e  11-1, Tab le  11-3). Aanderra  Model 5 ( R C M ~ )  c u r r e n t  m e t e r s  and A M F .  . 

a c o u s t i c  r s l e a s e / p i n g e r s ,  Model 255,  were used i n  a l l  o p e r a t i o r i s . '  



T a b l e  11-3 

D e s c r i p t i o n  o f  t h e  Mooring S t a t i o n s  

Water Duration , 
Mooring Depth i n  
S t a t i o n  L o c a t  i o n  (m) Nominal Depth o f  C u r r e n t  Meter  (m) Deployed Recovered Days 

F i r s t  S e t t i n g  (Hakuho Maru KH-78-4; Hakuho Maru KH-79-1) 

Second S e t t i n g  (Hakuho Maru KH-79-1; Hakr!ho Maru KH-79-3) 

TA93 2g059 .3 'N ,  145'45.3 'E 5850 4000 5000 5450 5650 5 7 5 0 ~  5800 20-111-79 23-VII-79 126 

TB93 3 0 ° 0 8 . 3 ' N ,  145"45 .01E 5930 5815 5765 20-111-79 24-VII-79 12 7 

TC93 3O045.1'N; 145"48 .01E 6040 4000 5000 20-111-79 24-VII-79 12 7 

T h i r d  S e t t i n g  (Hakuho.. Maru KH-79-3; K e i t e n  Maru KE-79-10) 

TA9 7 3Oo00.4 'N,  145"46.7 'E 5830 4000 5000 5220 5 4 2 0 ~  5630 5780 26-VII-79 31-X -79 9 8 
. . 

TC97 30°48 .  1 'N,  145"46 .6 'E  5950 4000 5 0 0 0 ~  24-VII-79 31-X -79 100 

TF97 2 g 0 5 9 . 5 ' N ,  144"59 .8 'E  5930 5000 5420 5820 27-~11:-79 30-X -79 96 

F o u r t h  S e t t i n g  ( K e i t e n  Maru ~ ~ - 7 9 - 1 0 , T )  . . 

TA9A 30°02 .9 'N ,  145'43.11E 5800 4000 5000 5200 5400 5600 5750 31-X -79 

TC9B 3 0 ° 4 9 . 5 ' N ,  145"45 .a1E 6000 4000 5000 1-XI -79 

*Data were n o t  c o m p l e t e l y  o b t a i n e d  b e c a u s e  o f  a b a t t e r y  t r o u b l e .  
**The p r e s s u r e  c a s e  was c r u s h e d  soon a f t e r  t h e  d e p l o y m e n t .  

t C u r r e n t  speed  d a t a  were n o t  o b t a i n e d .  
fRecovery  i s  s c h e d u l e d  f o r  May. 1980 d u r i n g  t h e  Hakuho Maru C r u i s e  KH-80-2. 
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F i g u r e  11-1 S t a t i o n  Map Near S i t e  B . 

The sampl ing i n t e r v a l  f o r  c u r r e n t  speed and d i r e c t i o n  measurement was 

30 U L ~ L I  . - ' -  U L  1 tir. The d a i l y  a v e r a g e  v e l o c i t y  o f  t h e  c u r r e n t  a t  d e p t h s  o f  4  . 

and 5 km i s  shown i n  F i g u r e  11-2. The l o n g e s t  r e c o r d  was o b t a i n e d  a t  a  
' 

d e p t h  o f  5  km a t  S t a t i o n  TA (391  d a y s ) .  The most s t r i k i n g  f e a t u r e  was t h a t  

t h e  d i r e c t i o n  o f  curren. t  was a lmost  always southward,  arld t h e  maximum speed 

was more t h a n  10 cm s-I a t  5-km d e p t h ;  The r e s u l t s  o b t a i n e d  s o  f a r  show 

t h a t  t h e  c u r r e n t  v e l o c i t y  d e c r e a s e d  w i t h  d e c r e a s i n g  d e p t h .  The f requency  

o f  t h e  v e l o c i t y  change was between s e v e r a l  t e n s  o f  days  and one hundred 

d a y s .  
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Figure 11-2 Variation of Current Velocit'y at 4- and 5-km Depth 

Eddy Diffusion and Vertical Profile of Temperature Near Bottom -- 222~n 
concentrations 300 m from the bottom to the bottom were measured on board 

with a'Kn-scintillation counter at stations near the proposed low-level 

radioactive waste dumping site in the western Pacific. Also, detailed near 

bottom temperature profiles were obtained at these stations wi,th a NBIS 

MARK I11 CTD sy'sten~. 

Figure 11-1 shows the stations at which 222~n (AL 6, 7, 8, 9, 10, and 

11) and CTD (S 8, 9, 10, 11, 12, 13, 14, 15, 16,.17, 18, and 19) profiles 

were obtained. The application of a simple diffusion model to the vertical 

distribution of 222~n gave eddy diffusion coefficients of the order of 10 

to 102 cm2s-l, with a relatively large standard deviation  able 1.1-4). CTD 
: observations in the same area showed that the potential temperature in the 

bottom water was not uniform.. For example, at station AL 8 ( ~  111, S 14 and 

A1 11(S 17), the potential temperature dropped by O.OlO.C near sea floor 

(F'igurc 11-31. An abrupt temperature change could be observed at other 

stations. These 2 2 2 ~ n  and temperature data suggest that there is a bound-. 

ary layer(s) separating the bottom water. into two (or many) layers, in which, 

rapid vertical mixing occurs. The bottom topography may play an. important 



r o l e  i n  t h e  mixing o f  bot tom w a t e r .  The t e m p e r a t u r e  change n e a r  t h e  bottom 

i s  c l e a r l y  obse rved  i n  t h e  w e s t e r n  p a r t  o f  t h e  a r e a  shown i n  F i g u r e  11-1. 

Tab le  11-4 

Eddy Di f . fus ion  C o e f f i c i e n t  by t h e  
Simple D i f f u s i o n  Model 

S t a t  i o n  P o s i t i o n  K (cm 2 s - 1 )  

14c,  " ~ r ,  and I 3 ' c s  a n a l  y s ~ s  nf  i -ntermediato and dccp wotc r s  in t h i s  

a r e a  a r e  now underway. F u r t h e r  2 2 2 ~ n  d i s t r i b ~ ~ t . i n n  sti.1rli.e.s and CTD obse r -  

v a t i o n s  w i l l  b e  c a r r i e d  o u t  between 147OE and 157"E; 30°N and i n  t h e  n o r t h -  . 

w e s t e r n  P a c i f i c  from Apr i l - June  1980. On t h i s  c r u i s e  (R/V Hakuho Maru), 

two s c i e n t i s t s  from WHO1 (Dr .  Bowen's Lab) w i l l  c o l l e c t  sediment  and sea-  

w a t e r  samples  f o r  Pu a n a l y s i s .  

N e t h e r l a n d s  

I n i t h e  N e t h e r l a n d s ,  no approved p h y s i c a l  oceanograph ic  r e s e a r c h  p l a n s  

ex is^ i n  r e l a t i o n  co seabed d i s p o s a l .  As f a r  a s  p h y s i c a l  oceanography i s  

c o n c e r n e d ,  p o s s i b l e  r e s e a r c h  would c o n c e n t r a t e  on t h e  p h y s i c s  o f  t h e  ben- 

t h i c .  boundary l a y e r ,  i n c l u d i n g  o b s e r v a t i o n s  o f  currer l ts  ( e . g .  t h r e e  moor- 

i n g s  i n - t h e  bottom 500 t o  1000 m y  a t  1 0 ' t o  50 km s p a c i n g )  and deep  CTD 

c a s t s . '  The a d d i t i o n  o f  a  t h e r m i s t o r - c h a i n  t o  one o r  two o f  t h e ' m o o r i n g s  

would seem t o  be  v a l u a b l e  f o r  l o n g e r  term ( u p  t o . 6  months) ' o b s e r v a t i o n s .  
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Figure 11-3 Vertical Profiles of 2 2 2 ~ n  and Potential Temperature 



S w i t z e r l a n d  - - 
F o r  t h e  f i r s t  t i m e ,  S w i t z e r l a n d  was . p r e s e n t  a s  a n  o b s e r v e r  a t  t h e  

Seabed D i s p o s a l  Group Meeting.  The aim o f  t h i s ' . p a r t i c i p a t i o n  i s  main ly  

t o  e v a l u a t e  a  f u r t h e r  Swiss  c o n t r i b u t i o n  t o  t h e  program, t a k i n g  i n t o  ac- 

c o u n t  t h a t  t h i s  c o u n t r y  h a s  v e r y  l i m i t e d  oceanograph ic  a c t i v i t i e s  ( s i n c e  

S w i t z e r l a n d  h a s  no d i r e c t  a c c e s s  t o  t h e  s e a ) .  It a ,ppears ,  n e v e r t h e l e s s ,  

t h a t  some j o i n t  r e s e a r c h  cou ld  b e  done,  pe rhaps  r e l a t e d  t o  t h e  b e n t h i c  

boundary  l a y e r s ,  u s i n g  s p e c i f i c  competence a v a i J a b l e  i n  t h i s  c o u n t r y .  T h i s  

p o s s i b i l i t y  w i l l  b e  e v a l u a t e d  a s  sobn as  p o o o i b l e  b a s e J . u l l  t h e  r e s i ~ l t s  o f  

~11e presenr m e e t i n g .  

Uni ted  Kingdom 
. . 

P r o g r e s s  Over t h e  L a s t  12 Months: F ie ldwork  -- During a  c r u i s e  i n  

J u n e  1979,  RV C i r o l a n a  . . . . .=- r e c o v e r e d  the. upper  bot tom c 'urrcnt  rnetec uiuuring ar. . . 

NEADS-6 (See  Appendix ,1979 , r e p o r t  f o r  p o s i t i o n s  and background t o  NEADS 

s t a t i o n s )  and r e p l a c e d  i t  w i t h  a  f u l l - d e p t h  mooring ( c u r r e n t l y  t h e r e  a r e  

2 y r  o f  MAFF d a t a  from NEADS 6)-. A f u r t h e r  seven  upper  bottom m o o r i . n ~ s  

were l a i d  between t h e  European Continent.al.  S lope and t h e  ElEA dun lps i t e '  ac 

46"N 17"W (NEADS 5 )  i n  t h e  a r r a y  shown i n  t h e  1979 SWG Repor t  ( p .  6 5 ) .  A t  

NEADS 5  t h e r e  are t h r e e  i n s t r u m e n t s  w i t h i n  750 m o f  t h e  s e a f l o o r  t o  compen- 

s a t e  f o r  p r e v i o u s  f a i l u r e s  o f  bot tom,  m e t e r s  a t  t h i s  p o s i t j . o n .  

On t h e  same c r u i s e  f i v e  01 t h e  seven  moorings  l a i d  NNE o f  t h e  Azores 

a l o n g  41°N i n  J u l y  1978 ( s e e  p. 65 ,  1979 SWG Repor t )  were r e c o v e r e d ,  n de- 

t a i l e d  hydrochemical  s u r v e y  o f  t h e  w a t e r  column a t  t h e  NEA dumpsi te  was c a r -  

r i e d  o u t  w i t h  p a r t i c u l a r  emphasis  on c o n d i t i o n s  i n  t h e  bottom 1 km. Three  

s u c c e s s f u l  deployments  o f  amphipod t r a p s  were msdc. 

I n  September-October MAFF Lowes to f t  worked w i t h  t h r e e  o t h e r  European 

l a b o r a t o r i e s  (COB, MNHN, and La Spez ia )  i n  t h e  d e t a i l e d  s t u d y  O F  a n  eddy 

which l a y  w i t h i n  100 m i l e s  o f  t h e  NEA dumps i t e .  F i g u r e  11-4 shows e a r l y  

v e r s i o n s  o f  some of  t h e  r e s u l t s .  Only t h e  MAFF p a r t i c i p a t i o n  was i n  d i r e c t  

s u p p o r t  o f  t h e  deep s e a  dumping  program'(^^^^). The o t h e r  t h r e e  l a b o r a -  

t o r i e s  looked a t  t h e  p u r e l y  s c i e n t i f i c  problem o f  a  mesosca le  eddy and i t s  

r e l a t i o n  t o  t h e  mean c i r c u l a t i o n .  However, w i t h i n  t h i s ' t i m e ' s c a l e ,  t h e  COB 



a l s o  took t h e  o p p o r t u n i t y  t o  add one deep  mooring and c a r r y  o u t  s e v e r a l  . 

deep c a s t s  i n  o r d e r  t o  o b t a i n  s p e c i f i c  r e s u l t s  f o r  t h e  DSDP. Th i s  work was 

funded by CEA. It i s  expec ted  t h a t  our  French c o l l e a g u e s  w i l l  be r e p o r t ' i n g  

on t h e  r e s u l t s  o f  t h i s  e x e r c i s e .  i n  g r e a t e r  d e t a i l .  

A n a l y s i s  and P r e s e n t a t i o n  o f  Moored C u r r e n t  Meter ba ta .  --.The two de- 

ployments a t  t h e  NEADS-6 s i t e  have provided e n e r g e t i c ,  h i g h l y  c o h e r e n t  

r e c o r d s  i n  t h e  bottom k i l o m e t e r s  o f  t h e  w a t e r  column, wi th  dominant p e r i o d s  
. . '  

between 1 week and 1 month and w i t h  l i t t l e  s i g n  o f  s e a s o n a l  o r  annua l  

changes  i n  t h e  k i n e t i c  energy s p e c t r a .  These r e s u l t s  a r e  i n  keep ing  w i t h  

P h i l a n d e r ' s  t h e o r y  o f  a tmospher ic  f o r c i n g  t o  t h e  seabed b e n e a t h ' t h e '  . 

m i d l a t i t u d e  "s torm b e l t  ." 

Continued a n a l y s i s  o f  t h e  1978 d a t a  from t h e  C h a r l i e  Gibbs F r a c t u r e  

Zone shows r e l a t i v e  r a t e s  o f  change o f  eddy k i n e t i c  e n e r g y  ( K ~ ) ,  with  

d e p t h s  s i m i l a r  t o  t h o s e  r e p o r t e d  by Schmitz and Hogg from t h e  n o r t h e r n  

t r e n c h  330 Ian d i s t a n t  when t h e  t o t a l  eddy k i ' n e t i c  e n e r g y  i s  p a r t i t i o n e d  

i n t o  f o u r  component f requency bands .  RE f o r  t h e  lowes t  f r equency  bands 

i n c r e a s e s  s h a r p l y  .upward, whi le  t h e  h i g h e s t  f r e q u e n c i e s  a r e  bot tom ' 

i n t e n s i f i e d . '  ' 

P r e l i m i n a r y  a n a l y s i s  o f  r e s u l t s  from t h e  41°N a r r a y  i n d i c a t e s  a  v e r y  

s low southward d r i f t  west o f  25"W and a  p redominan t ly  n o r t h e r l y  d r i f t  e a s t  

o f  t h a t  l o n g i t u d e ,  w i t h  weak eddy k i n e t i c  e n e r g i e s  o f  0.2-1.8 cm2s-2. 

A p r e v i o u s  th ree -d imens iona l  p l o t  o f  eddy k i n e t i c  ene rgy  pe r  u n i t  mass 

h a s  now been expanded i n t o  f o u r  A t l a n t i c  c h a r t s  c o v e r i n g  t h e  dep th  l a y e r s  O 

t o  800 m y  800 t o  1800 m y  1800 t o  3800 m y  and 3800 t o  4300 m y  i n c o r p o r a t i n g  

s t a t i s t i c s  from some 170 moorings o f  9-months-plus d u r a t i o n  from a l l  a v a i l -  

a b l e  s o u r c e s .  Up t o  70 f u r t h e r  r e c o r d s  a r e  i n  p r o s p e c t  from c u r r e n t  moor- 

i n g s .  The e v e n t u a l  long-term aim i s  t h e  i n c l u s i o n  i n  North A t l a n t i c  

d i f f ~ i s i n n - a r l v e c t  inn mndel s o f  some fom o f  s p a t i a l l y - v a r y i n g  d i f f u s i o n  co- 

e f f i c i e n t  t h a t  h a s  been d e r i v e d  from t h e s e  c h a r t s .  Copies  o f  t h e  i n d i v i d -  

u a l  c h a r t s  i n  t h e i r  p r e s e n t  form a r e  a v a i l a b l e  on r e q u e s t  from D r .  R .  R .  

Dickson a t  Lowes to f t .  
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Figure I[-4a TOURBILLON Ci ro lana  Gr id  C .  
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S e l e c t e d  t r a j e c t o r i e s  
22 Sept  - 15 Oct 1979. 

b .  F l o a t s .  



Model l ing -- The  owes st oft L a b o r a t o r y  now h a s  two models r e l a t e d  t o  

t h e  d i s p o s a l  o f  r a d i o a c t i v e  'waste:  a  th ree -d imens iona l  g e n e r a l  c i r c u l a t i o n  

model o f  t h e  A t l a n t i c  Ocean based on Bryan ' s  work, and a two d imens iona l  

m e r i d i o n a l  c i r c u l a t i o n  model o f  t h e  w e s t e r n  A t l a n t i c  r e c e n t l y  developed by 

Shepherd.  

The three-dimension'al  model,  which h a s  10  d e p t h  l e v e l s  and a  2' x  2" 

h o r i z o n t a l  g r i d ,  i s  r u n  a s  a  d i a g n o s t i c  c a l c u l a t ? o n ,  i . e . ,  i t  i s  spun up 

from re'st w i t h  a  p r e s c r i b e d  f i x e d  d e n s i t y  f i e l d ,  w i n d - s t r e s s  and r e a l i s t i c  

bottom topography.  As t h e r e  a r e  open boundar ies  i n  t h i s  model,  v a r i o u s  

a r e a s  have been t r i e d .  The r e g i o n  c u r r e n t l y  b e i n g  examined i s  2O0S-66"N, 

O0-80°W. The model h a s  been r u n ' w i t h  an homogeneous d e n s i t y  f i e l d ;  t h e  , 

r e s u l t s  a g r e e  wi th  t h o s e  publishes by Hol land and Hirschman ( 1 9 7 2 ) .  

The two-dimensional  model works i n  i s o p y c n a l  c o o r d i n a t e s  and i s  c u r -  

r e n t l y  concerned w i t h  t h e  r e g i o n  below t h e  t h e r m o c l i n e  between t h e  American 

c o n t i n e n t  and mid-At lan t i c  r i d g e  from 5O0S-60°N; The f low f i e l d  i s  d e t e r -  

mined by t h e  requ i rement  t h a t  t h e  t e m p e r a t u r e  and s a l i n i t y  f i e l d s  shou ld  

match t h e  observed (GEOSECS) d a t a .  Using t h e  b e s t - f i t  f low f i e l d  o t h e r  

n a t u r a l l y  o c c u r r i n g  ( n o n c o n s e r v a t i v e )  t r a c e r s  a r e  b e i n g  s t u d i e d  t o  d i s c o v e r  

more about  t h e i r  p r o d u c t i o n  and consumption r a t e s  i n  t h e  deep  ocean .  

P lano  f o r  t h e  Next .I2 Months -- The main components o f  MAFF 

T..owestoft ' s 1980 f i e , l d  program a r e  : 

1. Recovery o f  t h e  10 c u r r e n t  me te r  moorings deployed a s  
p a r t  o f  t h e  Anglo-French e x e r c i s e  o f  1979-80. (See  
1979 SWG Repor t ,  p .  64-65); 

2 .  Redeployment o f , a  f u l l - d e p t h  mooring a t  NEADS 6 ,  and 
deployment o f  e i g h t  year- long moorings  a c r o s s  t h e  Cont i -  
n e n t a l  S'lope on t h e  s p u r  between W h i t t a r d  and Shamrock 
Canyons ( F i g u r e  11-51 ; 

3 .  An i n i t i a l  su rvey  v i a  CTD and nephelometer  o f  s l o p e  
p r o c e s s e s  between t h e  t a i l  o f  t h e  Rocka l l  P l a t e a u  
a n d  t h e  Bay o f  Biscay region ( ~ i g u r e  11-51; and 

4 .  An e x p l o r a t o r y  s u r v e y  o f  a  p o s s i b l e  dumping s i t e  
s o u t h  o f  t h e  R i n g ' s  Troi~gh a t  41.'-43ON, 2O0-23"W, 
( F i g u r e  11-5).  
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NOTE: ~ h c  preskilt AFEX' C / M  ar ray ,  King's ~ r b u ~ h  area,  
for  survey - October 1980. 

- u 
/4  

I 

- 

; : I 
# J 
I b 

I 

J K L  
I 

) ;' 
n A 

\ L J ( ~ .  1 d / 403\! 
I 
b 

. 

2U - \ \  

/- 
_- 

l o3 \ \  

~ i ~ u r e  11-5 MAFF N E P H I C I D  G r i d ,  J u n e  1980 

/ 

8 

\ L-bik-f 
f 

1 

- 



There  a r e  two r e s e a r c h  v e s s e l  c r u i s e s  p lanned :  one i n  J u n e - ( i t e m s  1- 

3 )  and t h e  second i n  October  ( i t e m  4 ) .  The June  czluise i 's  p r i m a r i l y ' d e -  
. . 

s i g n e d  around an e x t e n s i v e  CTD and nephelometer  g r i d  w e s t , o f  t h e  Cont in-  

e n t a l  S lope  ( F i g u r e  11-5), wi th  s p e c i a l  emphasis on t h e  n o r t h e r n  p a r t  o f  
. , 

t h e  g r i d  where nephe l  plumes a t  1.5- t o  '2.5-km 'depth  g i v e  ev idence  o f  s l o p e  
. . 

e r o s i o n  and o f f s h o r e  d i s p e r s i o n  o f ' s u s p e n d e d  sed iment .  I n  t h i s  n o r t h e r n  
. . 

a r e a  t h e  g r i d  w i l l  ex tend  westward t o  t h e '  North A t l a n t i c  C u r r e n t  f r o n t  west  

o f  20°W, and some 3 0 0 - l i t r e  samples  f o r  226/228Ra a n a l y s i s  w i l l  b e  t a k e n  

a l o n g  t h e  plume. P a r t i c l e  s i z e  d i s t r i b u t i o n s  above , '  b k l o b ,  'and i n  t h e  

plume w i l l  be  de te rmined  v i a  a  H I A C  sys tem.  D r .  Ki lho Park  o f  t h e  Ocean 

Dumping and ~ o n . i t o r i n ~  ~ i v i s i b n  o f  NOS/NOAA, and h i s  c o l l e a g u e s ,  Drs .  R. 

Newman and J. B i s a g n i , ' w i l l  b r i n g  thei ' r  DOMES nephelometer  on t h e  c r u i s e .  

Amphipods w i l l  66 c o l l e c t e d  a t  a  number o f  p o i n t s  a l o n g  t h e  s u r v e y  g r i d  and 

t h e  l i n e  o f  ,Con t inen ta l  Slope moorings w i l l  b e  l ' a id  a s  p a r t  o f  t h e  o v e r a l l  

s c h e d u l e .  

The October  c r u i s e  w i l l  complete  a  p r e l i m i n a r y  s u r v e y  o f  t h e  a r e a  41"- 

43ON, 20"-23"W, which h a s  been dLs igna ted  by t h e  SWG s i t e  s e l e c t i o n  t a s k  

f o r c e  a s  a  p o s s i b l e  s i t e  f o r  f u r t h e r  s t u d y .  There  a r e  a  number o f  c u r r e n t  

me te r  moorings around t h i s  a r e a  (MAW moorings J ,  K ,  L o f  t h e  41°N a r r a y ,  

NEADS 4 ,  NEADS 3 . 5 1 ,  t o g e t h e r  wi th  sediment  c o r e s  ( 1 0 s )  and XBT s e c t i o n s  

(MAFF/IOS). A number p f  year- long "upper bottom" c u r r e n t  me te r  moorings  

w i l l  be deployed i n  1980 t o g e t h e r  w i t h  a t  l e a s t  one f u l l  d e p t h  mooring.  A 

g r i d  o f  STD s t a t i o n s  w i l l  be  t a k e n ,  a n d ' w a t e r  samples w i l l  b e  c o l l e c t e d  f o r  

on-board a n a l y s i s  f o r  a  number of  p a r a m e t e r s ,  . i n c l u d i n g  oxygen, n i t r a t e ,  

and s i l i c a t e .  Some sediment  c o r e s  w i l l . b e  t a k e n  v i a  a  boomerang c o r e r  t o  

t h e  n o r t h e a s t  o f  t h e  a r e a  t o  supplement t h o s e  a ' l r eady  c o l l e c t e d  by 1 0 s .  

I s a a c s - t y p e  a h y s s a l  f i s h  traps w i l l  be deployed and r e c o v e r e d .  Both T4 and 

T7 p robes  w i l l  be deployed on passage .  The r o u t e  t o . b e  fo l lowed w i l l  t a k e  

i n  t h e  Shamrock Canyon r e g i o n  v i s i t e d  by t h e  June  c r u i s e . .  . . . . .*? 

Model l ing.  
, . 

The t h r e e  d imens iona l  model w i l l  be  run wi th  a f i x e d  

observed t e m p e r a t u r e  and s a l i n i t y  s t r u c t u r e  and obse rved  

wind s t r e s s  i n  o r d e r  t o  p r o v i d e  a  ' r easonab ly  r e a l i s t i c ,  

s e l f - c o n s i s t e n t  v e l o c i t y  f i e l d .  Once any n e c e s s a r y  



adjustments  have been made, t h i s  v e l o c i t y  f i e l d  w i l l  be 

he ld  f ixed  and t h e  temperature and s a l i n i t y  equat ions  

allowed t o  r e p r e s e n t ,  with s u i t a b l e  mod i f i ca t ion ,  var ious  

t r a c e r s  both conse rva t ive  and nonconservat ive and radio-  

a c t i v e  and nonrad ioac t ive .  I n i t i a l l y  t he  temperature and 

s a l i n i t y  f i e l d s  w i l l  themselves be used a s  a  cons is tency  

check. The d i s p e r s i o n  o f  "po l lu t an t s "  from p n i n t  sources 

w i l l  a l s o  be s tud ied .  

The two-dimensiona,l model w i  11 he used t o  otudy t h e  

n a t u r a l l y  occurr ing  t r a c e r s  i n  t he  Western A t l a n t i c .  It i s  

hoped t h a t  over  t he  long term abso lu t e  flows i n  t he  water 

masses.  i n  the  model can' be determined once Carbon-14 d a t a  

has  been included.  A s i m i l a r  model may be developed f o r  

t h e  e a s t e r n  A t l a n t i c  and poss ib ly  l a t e r  f o r  t he  o the r  

oceans.  

T n s t i t ~ ~ t r  nf  Oceanographic Eciences. 

In  recenr  months, t h e  I n s t i t u t e  of Oceanographic 

Sciences has begun an i n t e r d i s c i p l i n a r y  program on behal f  

of  the UK Department o f  t h ~  Environment conccrncd wit11 suu~tr 

of t h e  environmental ques t ions  r e l a t e d  t o  t he  d i sposa l  of 

h igh  l e v e l  r a d i o a c t i v e  waste i n t o  o r  u n d e r , t h e  s e a ,  The 

s c i e n t i f i c  background from which the  program i s  developed 

i s  descr ibed  i n  IOS Report No. 7 7 ,  "Oceanography Related t o  

Deep Sea Waste Disposal ."  

This  r e p o r t  proposed phys ica l  oceanographic work i n  

two major a r e a s .  F i r s t ,  we recognized t h a t  f o r  both sea-  

d i s p o s a l  op t ions  a  d e s c r i p t i o n  (and models) of  t he  dynamics 

of t h e  ocean immediately ad j acen t  t o  t he  bottom was r e -  

q u i t e d .  Some i l l u m i n a t i n g  experiments have r e c e n t l y  been 

performed by US s c i e n t i s t s ,  but f o r  much more experimental  

work i n  a v a r i e t y  of l o c a l i t i e s .  Second, we proposed tha. t ,  



a s  t h e  r o l e  o f  t h e . o c e a n  i n  t h i s  problem i s  t o  a c t  a s  a  

d i s p e r s a n t ,  i t  i s  n c c c s s a r y  t o  o b t a i n  d a t a  i n  t h e  dccp  

ocean on t h e  e f f i c i e n c y  o f  t h e  d i f f u s i o n  p r o c e s s .  

Of t h e s e  two components t h e  f i r s t  h a s  commenced i n  t h e  

l a s t  few months and' t h e  second i s  s t i l l  under  d i s c u s s i o n .  

The p r o j e c t s  a r e  o u t l i n e d  b r i e f l y  i n  t h e  f o l l o w i n g  t e x t .  

Dynamics o f  t h e  Ben th ic  Boundary Layer .  The o b j e c t i v e  

i s  t o  examine,  by measurement n e a r  t h e  s e a  f l o o r ,  t h e  pro- 

c e s s e s  which c o n t r o l  t h e  s t r u c t u r e  and s p a t i a l  and tem- 

p o r a l  v a r i a b i l i t y  o f  t h e  b e n t h i c  boundary l a y e r .  T h i s  w i l l  

p rov ide  i n f o r m a t i o n  which w i l l  e n a b l e  models t o  b e  d e v i s e d  

o f  t h e  r e s p o n s e  o f  t h e  l a y e r  and i t s  d i f f u s i v e  c h a r a c t e r -  

i s t i c s  t o  t h e  v a r i a b l e  f o r c i n g  o f  low-frequency m o t i o n s ,  

i n c l u d i n g  t h e  t i d e s  and mesosca le  e d d i e s ,  i n  r e g i o n s  o f  

d i f f e r i n g  topography o r  pa ramete r  regimes d e f i n e d  by t h e  

comparison mode l l ing  program. 

Measurements w i l l  be  made o f  t h e  t e m p e r a t u r e s ,  cu r -  

r e n t s ,  and t u r b i d i t y  o f  t h e  lower 200 m o f  t h e  w a t e r  c o l -  

umn. Two new i n s t r u m e n t s  w i l l  be c o n s t r u c t e d  and d e -  

p loyed.  One i s  in tended  t o  measure t e m p e r a t u r e s  and 

c u r r e n t s  w i t h i n  t h e  lower  2  m o f  t h e  wa te r  column and 

t h e r e b y  a s s e s s  t h e  s t r e s s  on t h e  s e a  bed ,  a  q u a n t i t y  ' 

fundamental  t o  d i f f u s i o n  and sediment  s t a b i l i t y .  The 

i n s t r u m e n t  w i l l  c a r r y  a  camera which may b e  used t o  

i d e n t i f y  t h e  n a t u r e  o f  t h e  sea bed and d e t e c t  any s i g n s  

o f  sediment '  movement. The second i n s t r u m e n t  w i l l  be  a  
. . 

v e r t i c a l  a r r a y  o f  t h e r m i s t o r s  t o  measure t h e - t e m p e r -  

a t u r e s  a t  s e v e r a l  l e v e l s  up t o  about  200 in from t h e  s e a  

bed ,  Th i s  a r r a y  w i l l  a l s o  c a r r y  i n s t r u m e n t s '  t o  measure t h e  

t u r b i d i t y  and be  used t o  o b t a i n  i n f o r m a t i o n  about  t h e  

n a t u r e  and e f f e c t i v e n e s s  o f  mixing p r o c e s s e s  w h i c h ' a c t  

th rough  t h e  d e p t h  o f  t h e  b e n t h i c  boundary l a y e r .  I n  t h e  

1 8 1  



e a r l y  s t a g e s  t h e  i n s t r u m e n t s  w i l l  b e  c a p a b l e  o f  r e c o r d i n g  

f o r  a  few days  o n l y .  A t h i r d  development w i l l  be. t o  a d a p t  

and improve t h e  e x i s t i n g , I O S  f l o a t  t r a c k i n g  system f o r  t h e  

purpose  o f  measur ing  ( ~ a g r a n g i a n )  c u r r e n t s ,  c u r r e n t  s h e a r ,  

and d i s p e r s i o n .  

Wi th in  t h e  f i r s t  3 y r  o f  t h e  p r o j e c t ,  i t . i s  i n t e n d e d  

 hat t h e  i n s t r u m e n t s  w i l l  be deployed a t  s e a  i n  an  a b y s s a l '  

p l a i n  a r e a  and t h e  f i r s t  a s sessment  of  t h e i r  measurements 

w i l l  be 111dJe. 

S e v e r a l  o f  t h e  i n s t r u m e n t s  w i l l  be .needed  t o  p r o v i d e  

infol-mat i o n  on t h e  h o r i z o n t a l  coherence  . o f  s t r u c t u r e s ,  and 

t h e i r  d a t a  r e c o r d i n g  c a p a c i t y  w i l l  b e  ex tended .  Tn t h e  

l i g h t  o f  growing knowledge o f  t h e  boundary l a y e r  s t r u c t u r e ,  

i t  may be n e c e s s a r y  t o  conduc t  c o n d i t i o n a l  sampl ing e x p e r i -  

ments  o f  long d u r a t i o n  i n  which o n l y  d a t a  measured d u r i n g  

p e r i o d s  o f  ext reme c u r r e n t s  w i l l  be  r e t a i n e d .  

3 .  . . 

The o b j e c t i v e  o f  t h e  numer ica l  and t h e o r e t i c a l  work i s  

t o  complement t h e  e x p e r i m e n t a l  s t u d i e s  o f  t h e  d i s p e r s i o n  o f  

r a d i o a c t i v e  m a t e r i a l  from t h e  sed iment ,  th rough  t h e  b e n t h i c  

boundary l a y e r ,  and i n t o  t h e . m a i n  w a t e r  column. The models 

w i l l  be  des igned  t o  r e p r o d u c e  known p h y s i c a l  p r o c e s s e s  f o r  

compar ison w i t h s , t h e  e x p e r i m e n t a l  r e s u l . t s ,  t o  i . r l en t i fy  

r e g i o n s  r e q u i r i n g  f u r t h e r  e x p e r i m e n t a l  work, and , t o  e x t r a -  

p o l a t e  t o  s c a l e s  i n  which e x p e r i m e n t a l  o b s e r v a t i o n s  a r e  

i m p r a c t i c a l .  

l n i t i ~ l l y ,  we i n t e n d  t o  c o n c e n t r a t e  on a  model o f  t h e  

b e n t h i c  boundary l a y e r  o v e r  an  a b y s s a l .  p l a n e .  Th i s  f i r s t  

model w i l l  i n c l u d e  t h e  e f f e c t s  o f  l a r g e - s c a l e  oceanograph ic  

e d d i e s ,  d e n s i t y  d i f f e r e n c e s  w i t h i n  t h e  o c e a n ,  t i d e s ,  and 

a l s o  t h e  t u r b u l e n c e  produced by c u r r e n t s  a t  t h e  ocean 

f l o o r .  C o n s i d e r a t i o n  shou ld  a l s o  be  g i v e n  t o  t h e . e f f e c t s  

o f  i n t e r n a l  waves and o f  s m a l l ,  a b y s s a l  h i l l s .  The work 
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. . .. . 
w i l l  t a k e  account  o f  t h a t  c a r r i e d  ou? by m e t e o r o l o g i s t s  o n '  

. . . . .  . 
t h e  a tmospher ic  boundary l a y e r .  ' .  

The model w i l l  be des igned  t o  i d e n t i f y  which p r o c e s s k s  
.. . . 

a r e  most impor tan t  i n  t h e  obse rved  changes  i n  th ick i i6ss  o f  
. . . .  . :< 

t h e  mixed l a y e r  and i n  the: i n i t i a l '  d i s p e r s a l  o f  r a d i o a c t i v e  . 
. - 

8 . .  

m a t e r i a l .  F u r t h e r  work w i l l - . d e p e n d  on how t h e  models and 
t .  

e x p e r i m e n t a l  work a f f e c t  o u r  ' i deas '  on 'where v e r t i c a l  mixing 

o c c u r s .  I f  mixing on c o n t i n e n t a l  s l o p e s  o r  a b y s s a l  h i l l s  
. . , .  . . . 

fo l lowed by i s o p y c n a l  mix'ing ' i s  found t o  b e  most important ' ,  

a t t e m p t s  w i l l  be  made t o  model th ' i s  
. . 

There  h a s  been 'good p r o g r e s s  on t h e  c o n s t r u c t i o n  o f  

t h e  i n s t r u m e n t  f o r  e s t i m a t i n g  bot tom s h e a r  s t r e s s  and tem- 

p e r a t u r e  f l u c t u a t i o n s  n e a r  t h e  s e a  f l o o r  (BENCAT-benthic p 

c u r r e n t  and t e m p e r a t u r e  r e c o r d e r ) .  1t ' h a s  'been '  t e s t e d  - - - 
s u c c e s s f u l l y  under '  f r e e - f a l l  c o n d i t i o n s  i n  a  t g s t  t a n k ,  

and i n  t h e  comi:ng months p r e s s u r e  t e s t s  on cur ren t . ' and  

t e m p e r a t u r e  sens0r.s  w i l l  be completed.  ~ f t e r  a  sha l low 

wate r  t r i a l  i n  t h e  summer an open s e a  t r i a l  w i l l  be 

schedu led  i n  Oc tober ,  foll'owed by a  deep  wa te r  deployment 

i n  January .  The 200-m t h e r m i s t o r  a r r a y  i s  i n  t h e  e n g i -  

n e e r i n g  d e s i g n  s t a g e ;  t h e  most s i g n i i i c a n t  new develop-  

ment f o r  t h e  I O S  f l o a t  t r a c k i n g  sys tem w i l l  p e r m i t ,  th rough  

echo-sounding f rom' the  f l o a t ,  measurement o f  t h e  h e i g h t  o f  

t h e  f l o a t  from t h e .  bottom t o  an  a c c u r a c y  o f  1 h, which' i s  

f e l t  t o  be n e c e s s a r y  f o r  u s e f u l  e x p l o i t a t i o n  o f  t h e  f l o a t  

d a t a ,  Worlc on t h e  bouridhrp l a y e r  m o d e l l i n g  w i l l  commence 

d u r i n g  t h e  summer. . ' ' ' 

D i s p e r s i o n  i n  Deep Water .  The d i s p e r s i v e  p r o p e r t i e s  

o f  t h e  deep wa te r  of  t h e  e a s t e r n  North A t l a n t i c  w i l l  b e  

s t u d i e d  above the ,  b e n t h i c  boundary l a y e r  by t r a c k i n g  So f a r  

f l o a t s  o v e r  d i s t a n c e J s . o f  t h e  o r d e r  o f  LOO0 km, u s i n g  moored 

l i s t e n i n g  s t a t i o n s .  E x i s t i n g  models o f  d i s p e r s i o n  o f  d i s -  

s o l v e d  waste  depend h e a v i l y  on e d d y - d i f f u s i o n  c o e f f i c i e n t s  



d e r i v e d  from l a r g e - s c a l e  d i s t r i b u t i o n  o f  p r o p e r t i e s .  It i s  

d o u b t f u l  t o  what e x t e n t  t h i s  approach i s  v a l i d .  

C u r r e n t  measurements have shown t h a t ,  away from c e r -  

t a i n  s t r o n g  q u a s i - s t e a d y  c u r r e n t s ,  much o f  t h e  k i n e t i c  

e n e r g y  i s  i n  e d d i e s  h a v i n g  dimensions  on t h e  o r d e r  o f  

100 km and more ,  and t i m e  s c a l e s  on t h e  o r d e r  o f  weeks t o  

months .  In  t h e  e a s t e r n  North  A t l a n t i c ,  what i s  known about  

t h e  s t a t i s t i c s  o f  t h e s e  e d d i e s  h a s  h ~ e n  l e a r n e d  l a r g e l y  

from o b s e r v a t i o n s  w i t h  moored c u r r e n t  meters a t  a faw o p c -  

c i f i c  l o c a t i o n s .  Very few o b s e r v a t i o n s  of t h e  s e p a r a t i o n  

o f  p a i r s  of  f l o a t s  have been  made, and t h e n  o n l y  f o r  s h o r t  

p e r i o d s  o f  t i m e .  These a r e  more r e l e v a n t  t o  t h e  p r e s e n t  

problem t h a n  t h e  s i n g l e - p o i n t  o b s e r v a t i o n s  w i t h  wide ly  

spaced  c u r r e n t  m e t e r  moor ings .  Moreover, t h e  d e s c r i p t i o n  

o f  t h e  l a r g e r  s c a l e  (mean) c i r c u l a t i o n  t h a t  can  b e  made 

from i n f o r m a t i o n  from f l o a t s  i s  complementary t o  t h a t  g i v e n  

by t h e  c u r r e n t  m e t e r s .  They h i g h l i g h t  r e g i o n s  ul: iu lense  

currenrs, and t h e l r  s t a t i s t i c s  o v e r  many t r a j e c t o r i e s  

c l o s e l y  r e l a t e  t o  t h e  p r o b a b i l i t y  i n f o r m a t i o n  we wish t o  

a c q u i r e  on d i s p e r s i o n  o f  p a r c e l s  o f  w a t e r  i n  t h e  b a s i n .  

T h i s  p r o p o s a l  i s  still.$ under d i s c u s s i o n .  I f  funded ,  

t h i s  l o n g  range  f l o a t  t r a c k i n g  w i l l  n a t u r a l l y  be l i n k e d  t o  

t h e  b e n t h i c  work a n d ,  w h e r e . . p o s s i b l e ,  t o  t h e  S o f a r  f l o a t  

program b e i n g  o p e r a t e d  i n  the North A t l a n t i c  by t h e  Wouds 

Hole Oceanographic  I n s t i t u t i o n  (WHOI) and t h e  U n i v e r s i t y  o f  

ahode I s l a n d .  Amember o f  IOS s t a f f  i s  p r e s e n t l y  a t  WHO1 

g a i n i n g  e x p e r i e n c e  i n  t h e  d e s i g n  and c o n s t r u c t i o n  o f  S o f a r  . 

f l o a t s  and l i s t e n i n g  s t a t i o n s .  

A 6-month deep  a r r a y  exper iment  i s  p lanned n e a r  Needs 

S i t e  1 (33"N, 2Z0W), t o  o b s e r v e  t h e  coherence  s c a l e s  o f  

p r o c e s s e s  w i t h i n  t h e  boundary l a y e r  i n  a n  a b y s s a l  p l a n e  

r e g i o n .  This exper iment  w i l l  a l s o  a t t e m p t  t o  o b s e r v e  

c o n n e c t i o n s  between, t h e  boundary l a y e r  and e x t e r n a l  f l o w s .  
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Seven moorings w i t h  ro to r -vane  c u r r e n t  m e t e r s  w i l l  b e  

deployed wi th  i n s t r u m e n t s  a t  h e i g h t  10  m above bot tom and 

h o r i z o n t a l  s p a c i n g s  between 5 and 50 km;. t h r e e  o f  t h e  

moorings w i l l  have i n s t r u m e n t s  a t  700 m above t h e  bottom t o  

o b s e r v e  t h e  e x t e r n a l  f low.  A c e n t r a l  mooring w i l l  be  

d e n s e l y  ins t rumented  a t  10  t o  15 m . s p a c i n g  i n  t h e  v e r t i c a l .  

The a r r a y  w i l l  b e  deployed i n  November 1980 and recovered  

i n  A p r i l  1981. 

Uni ted  S t a t e s  

The Uni ted  S t a t e s  a c t i v i t y  i n  p h y s i c a l  oceanography c o n s i s t s  p r e s e n t l y  

o f  program development ,  a  mode l l ing  p r o j e c t  i n i t i a l l y  r e l a t e d  t o  t h e  bottom 

boundary l a y e r  be ing  i n i t i a t e d  by M. M a r i e t t a ,  and p r e p a r a t i o n  f o r  moored 

c u r r e n t  measurements t o  be c a r r i e d  o u t  d u r i n g  s i t e  e x p l o r a t i o n  c r u i s e s  a l s o  

c o o r d i n a t e d  through t h a t  l a b o r a t o r y .  

A s i g n i f i c a n t  s t e p  i n  program development was t a k e n  d u r i n g  t h e  p a s t  

y e a r  i n  terms o f  a  workshop on P h y s i c a l  Oceanography Research Required f o r  

Seabed D i s p o s a l  o f  High-Level Nuclear  wastes*  which was h e l d  under  De- 

par tment  o f  Energy s p o n s o r h i p  a t  Big Sky, Montana, from J a n u a r y  14-16, 

1980.  Th i s  was a  s y s t e m a t i c  and s u b s t a n t i a l  s t e p  i n  p l a n n i n g  c o n s i d e r e d  

n e c e s s a r y  t o  improve t h e  o v e r a l l  s t r u c t u r e  and t o  d e v e l o p  t h e  many-faceted 

d e t a l l s  of  t h e  Kesearch P lan  presented by t h e  US L u  L l l r  F u u r t h  I n t e r  

n a t i o n a l  Fleeting and p u b l i s h e d  a s  p a r t  o f  t h e  P h y s i c a l  Oceanography Task 

Group report. The a p p l i c a t i o n  o f  p h y s i c a l  oceanograph ic  s c i e n c e  t o  t h e  

h i g h - l e v e l  d i s p o s a l  problem h a s  nove l  and d i f f i c u l t  a s p e c t s .  Because o f  

t h e  g l o b a l ,  long-term c h a r a c t e r  o f  t h e  problem and because  of t h e  i m -  

p o r t a n c e  t o  s o c i e t y  o f  t h e  r e s u l t s ,  a lmos t  a l l  a s p e c t s  o f  t h e  s c i e n c e  

invo lved  i s  t o  q u a n t i f y  answers t o  q u e s t i o n s  which i n  p a r t  canno t  be  

answered i n  terms o f  e x i s t i n g  knowledge. 
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The workshop, which i n v o l v e d  28 h i g h l y  q u a l i f i e d  e x p e r t  p a r t i c i p a n t s ,  

was o r g a n i z e d  around e i g h t  p h y s i c a l  t o p i c s  p r e s e l e c t e d  t o  f o c u s  t h e  s c i -  

e n t i f i c  f i e l d  on t h e  a p p l i c a t i o n  a r e a .  These i n c l u d e d  ( 1 )  BBL, ( 2 )  mix- 

i n g  and s m a l l  s c a l e  t u r b u l e n c e ,  ( 3 )  mesosca le  p r o c e s s e s ,  ( 4 )  c i r c u l a t i o n  

m o d e l s ,  ( 5 )  d e s c r i p t i v e  oceanography,  ( 6 )  i s l a n d s  and c o a s t s ,  ( 7 )  e x p e r i -  

m e n t a l  work and f l o a t s ,  ( 8 )  ocean  and sediment  c h e m i s t r y .  I n  each c a s e ,  

~ 1 1 e  r e l e v a n c e  o f  t h e  t o p i c  t o  t h e  a p p l i c a t i o n  was a s s e s s e d ,  and r e q u i r e d  

r e s e a r c h  e f f o r t s  i d e n t i f i e d ,  p r i o r i t i z e d ,  t h e  l e n g t h  o f  t ime  r e q u i r e d  t o  

c a r r y  them o u t  e s t i m a t e d ,  and t h e  d e g r e e  o f  f e a s i b i l i t y  judged.  Tn add i -  

rion, t h e  i n t e r f a c e s  w i t h  c h e m i s t r y  and b i o l o g y  were d i s c u s s e d ,  o v e r l a p  

w i t h  o t h e r  a p p l i c a b l e  r e s e a r c h  i p c l u d i n g  chemical  dumping and low-level  

w a s t e  d i s p o s a l  n o t e d ,  and on-going o r  f u t u r e  r s s ~ . a r c h  programs r e l e v a n t  b u t  

d e d i c a t e d  p r i m a r i l y  t o  o t h e r  purposes  ( e . g . ,  c l i m a t e )  i d e n t i f i e d .  The f ind-  

i n g s ,  which a r e  p r e s e n t l y  b e i n g  ana lyzed  and s y n t h e s i z e d ,  w i l l  b e  i s s u e d  a s  

a S a n d i a  r e p o r t  d u r i n g  t h e  coming y e a r  and w i l l  be  made a v a i l a b l e  t o  t h e  

p h y s i c a l  Oceanography Task Group f o r  t h e i r  i n f o r m a t i o n .  The re-port  shou ld  

s e r v e  a s  t h e  b a s i s  f o r  t h e  i n i t i a t i o n  o f  a n  expanded US r e s e a r c h  program. 

G e n e r a l  D i o c u s s i o n  

The Task Group had a  wide-ranging d i s c u s s i o n  on v a r i o u s  a s p e c t s  o f  

m o d e l i n g ,  p a r a m e t e r i z a t i o n ,  and mixing p r o c e s s e s  o u t  of  which a  number o f  

p o i n t s  a r o s e  which i t  t h o u g h t  worth  b r i n g i n g  t o  t h e  a t t e n t i o n  o f  t h e  o t h e r  

Task Groups o f  t h e  Seabed Working Group. 

Mode l l ing  and P a r a m e t e r i z a t i o n  . s -- The p h y s i c a l  f i e l d s  i n  t h e  ocean a r e  

known t o  v a r y  e n e r g e t i c a l l y  nver  a wide rangc o f  timc. aad  space  s c a l e s .  

N o n l i n e a r  dynamics and thermodynamics a r e  known t o  c o n t r i b u t e  t o  t h e  i n t e r -  

a c t i o n s  among s c a l e s  and p h y s i c a l  i n f l u e n c e s  from one s c a l e  r ange  t o  an- 

o t h e r ,  e . g . ,  t u r b u l e n t  t r a n s p o r t s  and l a r g e - s c a l e  a d v e c t i o n  o f  mesosca le  

v o r t i c e s .  Thus,  a l t h o u g h  i n f o r m a t i o n  may b e  r e q u i r e d  o v e r  one s c a l e  r a n g e ,  

p h y s i c a l  p r o c e s s e s  a t  q u i t e  a n o t h e r  r ange  may be  o f  c r u c i a l  impor tance .  Un- 

f o r t u n a t e l y ,  t h e  ocean i s  a  complex p h y s i c a l  sys tem.  and many fundamental. 

p r o c e s s e s  remain t o  be i d e n t i f i e d ,  d e s c r i b e d ,  u n d e r s t o o d ,  o r  even d i s -  

c o v e r e d .  For example,  t h e  problem o f  m o d e l l i n g  t h e  e v o l u t i o n  o f  concen- 

t r a t i o n  f i e l d s  over  thousands  o f  y e a r s  may r e q u i r e  a d e q i ~ a t e  m o d e l l i n g  o f  
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small-scale cross-isopycnal mixing motions and/or mesoscale motions which 

stir, interleave, and tear off blobs of the source material long before 

true mixing occurs. 

Because of the inherent complexity of the multiscale system and also 

because of the present state of the science of physical oceanography, a 

realistic model of the circulation of the,ocean does not exist. There 

does, however, exist a variety of special purpose models constructed for 

studies of particular processes, regions, or scale ranges. In some cases, 

the models are intended simply as abstract idealizations. In other cases, 

the model fields are intended to represent analogs of real oceanic fields. 

In the latter case, it is necessary for the modeler to specify the space- 

time averaging procedure to be performed on observational data when he 

attempts model verification. Relevant processes which are smaller and 

faster than those explicitly resolved within, or which occur in a region 

external to, a special purpose model require parameterization. Such pa- 

rameterization~ themselves require verification. Because of the great 

number of physical processes which are probably involved in circulation 

modelling, and because of the long time scales of interest, the Physical 

Oceanography Task Group has identified parameterization as a reseach area 

to be particularly encouraged; for example, the attempt to reproduce with- 

out eddy-scale resolution mean fields obtained previously in EGCM's and 

compare these with coarse grid models is a serious research task, requiring 

considerable commitment. 

The Mark I elementary circulation model formulated for use by the Sys- 

tem ~ n a l ~ s i s  Task Group (described below) is an abstract special purpose 

model intended for idealized representation of physical transport pro- 

cesses, Tt: is regarded as suitable for preliminary system studies over a 

*wide range of parameters in order to develop experience with processes and 

in the interpretation of results of coupled components. It is an un- 

realistic circulation model and the model fields are not intended as real 

ocean analogs. 

The use of the prototype Mark I physical model as a component in the 

System Analysis Task Group model will allow prototype sensitivity studies 
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to be carried out in simplified, idealized circumstances. This is not the 

same as the sensitivity of the real system of interest, because one learns 

only the sensitivity to the variations of the parameters appearing explic- 

itly in the prototype model, and not to changes in the structure and com- 

plexity of the model itself. 

Further relevant modelling is being carried out and developed in the 

various national research programs. It is form this set of special purpose 

process and clrculatlon models that relevant processes and parameterization 

will be drawn for future models for' the Systems Analysis Task Group. 

Mark I Elementarv Model of Phvsical Trans~ort Processes -- 

Purpose. 

A simple model of physical transport processes,with- 

in the water column is required as part o'f the overall sys 

terns model, the first goal of which is sensitivity anal- ' 

ysis. For this specific purpose only, we propose the sim- 

plest possible transport model in which one can represent 

in idealized form certain processes which we believe to be 

relevant (Figure 11-61. The intention is to provide a 

basis f o r  ehe study of the dependence of the results of the 

whole system model, to the variation of parameters over the 

full range of possibilities. 

We have deliberately constructed the crudest and most 

elementary model so that it cannot be confused with a re- 

alistic model of ocean circulation or transport.. It is 

probably unsuitable for any other purpose, and should not 

be used for a proper hazard assessment. Other models of 

physical transport are being developed and will become 

available for t,hat purpose in due course, and may then be 

incorporated in the overall systems model. 



-, Mixing/Exchange - Advective Transport 

Upstream 

- 
Upper Ocean + 

Central 

or or 

Downstream 

Deep Ocean 

Downstream - - - Base 1: T!vl';A I-. 
Sediments 
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Description. 

The processes included are 

Horizontal motion (advection) 
Horizontal mixing 
Vertical mixing 
Vertical'motion (upwelling and down$elling) 
~nteraction with sediments 

L 

These are represented with R l>(rx M C I ~ U I .  contain?ng six 

boxes, three regresent.in,y d eep  wator hclow the n w i u  uceanic 

thermociine and three representing shallow water above 1i.r 
. . 

(Figure 11-61. Three boxes at each level are required to 

distinguish advection from mixing. 

The releas'e.of radionuclides from sediments is treated 

as an input to one of the deep boxes. Interchange between 

sediments and water is included in each deep box. ,.-. 

Aclvrrt:ive proceooca arc spec.i..Cied as tjaeer mass trans- 

ports between h n x ~ s .  Water lcaving the duvlstream box is - 
returned immediately to the upstream box. Vertical trans- 

port up or down through the thermocline must be added to nr  
' 

subtracted from horizontal tranVsport in order to conserve 

water. 

Mixing processes are specified as transfer coeffi- 

cients, having the dimensions of a water transport, defined 

R = KA/X 

where K is the eddy diffusion coefficient, A is the,interL 

facial area, and X the typical base dimension. Advective 

exchanges are unidirectional, whereas "diffusive" ex- 

changes are bidirectional. 

With this model, the magnitude of advective processes 

may be varied at will. The situation in which surface 

1 9.0 



circulation is in the same direction as the deep circula- 

tion should be considered, as well as that in which it is 

in the opposite direction. 

The range of parameter values which should be stud- 

ied should cover the full range of'possible model 

applications--not only those applicale to a particular 

ocean basin. Suggested parameter ranges and values are 

set out in Table 11-5 which may need extension, and' a 

nondimensional formulation might be prefera.ble. Certain 

special cases should also be considered, namely: 

complete vertical mixing between'upper and lower 
boxes (the upper layer is absent, corresponding to 
the outcropping of the thermocline at the surface 
of that region. 

Localized intense vertical transport and exchange 
(by,making one pair of boxes small in volume). 

Table 11-5 

Parameter Values and Ranges 

Parameters Exchange Time 

Volume of each deep box 

Volume of each shallow box 

Thickness of deep boxes 

Thickness of shallow boxes 

k . e p  water transport 

Shallow water transport 

Horizontal eddy diffusion 

Vertical eddy diffusion 

Vertical water transport 

30 yr to w 

3 yr t o w  

30 yr t o w  

30 yr tow 

30 yr t,o 9 

Typical Parameter 
Values 

3E16 m3 



Stirring and Mixing. 

With the advent of better resolution measurement 

systems in recent years, it has become evident that the 

ocean does not mix uniformly in space and time. Recent 

results have shown that blobs of water, on the order of 

hundreds of meters in depth and tens of km in diameter, can 

retain their water mass characteristics over long distance 

and time s c a l e s ,  and m a y  retain icolntcd biological popu- 

lations. This is a very r e a l  and important ndvancc in our 

physical oceanographic understanding. The frequency of 

occurrence and persistence of these blobs is not known, but 

it is already known that they may contain self-contained 

planktonic .populations, and it may be that these persistent 

blobs of water would a l s o  attract a predatory species 

higher in the food chain. We have thought of this problem 

in ~hysical oceanography in terms of the difference hetween 

uniform mixing vo stirring, wher~e blubs or ribbons of water 

retain their characteristics. 

The Physical Oceanography Task Group wants to call 

particular attention to this phenomenon. The ocean appears 

to mix differently from previously studied fluid systems. 

We have to consider the importance of this difference in 

mixing and stirring to the radiological assessment in 

physical oceanography model terms, and would request that 

the Biology Task Ctntlp also consider thio phenomenon and 

inform the Physical Oceanography Task Group of their views 

on the biological consequences. It may be that the appro- 

priate space and time scales for averaging will ulti- 

mately be determined by such biological aspects, rather 

than by physical processes. 

From physical considerations, the existence of these 

phenomena and their investigation lead us to think in terms 



of probability distributions of concentrations, rather than 

average concentrations such as those obtained from simple 

diffusion models. 

Source terms -- The task group also disc~~ssed the source functions 
which should be introduced into the physical model. These comprise four 

possible types ranging from a long slow continuous release from the sedi- 

ments, through the small accident situation (a single broken canister), to 

the big accident situation (a sunken ship and numbers of containers on the 

seabed), and finally to a situation where serious mistakes may have been 

made in the sediment assessment calculations. All of these situations 

really reduce to basic forms within the two extremes of a long continued . 

release and a short-term pulse. Discussion covered the possible chemical, 

thermal, and biological effects of these sources in the water column: for 

the long releases there should be no significant nonlinear chemical o r *  

thermal effects. In the pulse-release case, it was still felt that the 

chemical effects would probably be linear perturbations to the system, but 

that there ought to be a simple but mire detailed calculation to consider 

the localized heating effects. The accident situation produces new hab- 

itats (changed bottom topography and temperature regime) for benthic fauna, 

and serious consideration by the Physical oceanography and other task 

groups should be given to these effects. 

Long Term Changes -- As a general ~oint to be borne in mind when 
planning or undertaking research cruises, it should be remembered that it 

is now 20 yr since the last comprehensive coverage was made of a wide range 

of oceanographic parameters in many areas of the deep ocean-(The Inter- 

national ~ e o ~ h ~ s i c a l  Year). A reasonable distribution of deep-sea ocean- 

ographic measurements of similar parameters using modern equipment would be 

a very useful set of comparability data. 

Advice and Communication -- The Physical Oceanography Task Group 
finally considered what further advice it should give to other task groups 



( p a r t i c u l a r l y  t h e  sys tem A n a l y s i s )  and how t o  improve communication b o t h  

w i t h i n  t h e  P h y s i c a l  Oceanography Task Group and between Task Groups.  It was 

a g r e e d  : 

The sys tem a n a l y s i s  i n t e r i m  r e p o r t  would be  r e -  
c i r c u l a t e d  t o  members and t h a t  a n  a t t e m p t  would be  
made t o  u p d a t e  t h e  b a s e  c a s e  s c e n a r i o  pa ramete r  
r a n g e s .  

A l i s t  of  s e l e c t e d  r e f e r e n c e s  t o  p e r t i n e n t  p a p e r s  
( i n c l u d i n g  i n t e r n a l  r e p o r t s  n o t  y e t  i n  t h e  pub- 
l i s h e d  j o u r n a l s )  on t h e  BBL and on o c e a n i c  c i r c u -  
l a t i o n  models be  p r e p a r e d ,  and o f f e r e d  t o  t h e  Sys- 
tems A n a l y s i s  Task Group f o r  gene ' r a l  r e f e r e n c e .  

To recommend t o  t h e  E x e c u t i v e  Committee t h a t  a  
s i m i l a r  l i s t  o f  s e l e c t e d  r e f e r e n c e s  be p repared  by 
t h e  o t h e r  Task Groups and c i r c u l a t e d  t o  a l l  t a s k  
g r o u p s .  

8 That  c r u i s e  p l a n s ,  i n c l u d i n g  a  b r i e f  o u t l i n e  o f  t h e  
aims o f  t h e  c r u i s e .  be s ~ i h m i t t ~ a  each ycar by t a i l l  
member, f o r  c i r c u l a t i o n  hy the l e a d  c b r r c s p s n d t n t  
t o  a l l  members o f  t h e  P h y s i c a l  Oceanography Task 
Group. 

Tha t  p r o g r e s s  r e p o r t s  be  s u b m i t t e d  more o f t e n  t h a n  
a n n u a l l y  w i t h i n  t h e  P h y s i c a l  Oceanography T a s k  
Group a l t h o u g h  i t  was c o n s i d e r e d  t h a t  an  i n t e r -  
s e s s i o n a l  m e e t i n g  would n o t  be a p p r o p r i a t e  b e f o r e  
t h e  n e x t  mee t ing  o f  t h e  SWG. 
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Introduction 

The fifth meeting of the Biology Task Group was held in Bristol, 

England. The meeting was the first one thus far in which six radio- 

ecologists and deep-sea biologists were assembled. 

During the workshop the following was achieved: 

Data, concepts, and national research plans related to 
aspects of radioactive waste in the marine environment 
were exchanged or updated by the SWG nations. 

The Task Group agreed to assist the System Analysis Task 
Group in finding a simple radioactive transport model to 
be used by the System Analysis Croup as part of their 
overall systems model. The Biology Task Group will also 
prepare estimates of the needed parameters for.the 
mathematical model. 

In addition to reviewing the research themes. proposed in 
past Diology Task Group meetings, new topics were 
identified and in some cases plans' for implementation 
developed. 



The following sections address each of the above items in detail. 

Information Exchanged 

The Biology Task Group met and provided updated plans on how research 

into biological.and radioecological research should proceed. The data ex- 

changed formed a basis for comparison with and evaluation of the recom- 

mendations of the Biology Task Group in previous years. Models nf the 

deep-sea ecosystem are being prepared by several nations. and prnperties 

(primary production, biomass vs depth into the sea,  and henthic community 

respiration) are being determined as well as estimated from the liter- 

ature. A breakdown of last year's accomplishments by country follows: 

Canada 

At the Marine Ecology Laboratory of Bedford Institute, experiments to 

measure the vertical transport of particular organic matter by gravita- 

tional settling and by the migration of planktonic crustaceans hae becn 

completed. Traps were suspended for variable time intervals at fixed 

depths in the ocean to intercept suspended particulate matter and plank- 

tonic organisms. Estimates of material flux from these studies were com- 

pared with in-situ measures of gas and nutrient exchange across the sedi- 

mentlwater interface to quantify t h e  f r a r t i . on  of t h e  depocited organic 

matter which decomposes in sedjments and is released, Up until, 1 3 7 c ) j  

these studies were carried out in coastal areas o f f  Nnva S c n t i a .  S i m i l a r  

experiments are planned for the continental shelf and slope off Nova 

Scotia in 1980. 

France 

since the Fourth Annual International Seabed Working Group Meeting, 

the following major programs were conducted by the abyssal biological team 
* 

at ~entre.Oc&anologique de Bretagne (COB) in France: 

- -- 
4 
See also the Rapport Scientifi.~., 1979, of the C.O.B. 
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Estimation of Benthic Biomass for Meio-, Macro-, and Megafauna -- Dur- 
ing the 1ast.cruises (Walvis 79 and Biogas VII 1979), intensive sampling. 

in a small area was completed using acoustical navigation in order to ob- 

tain estimates of the length of time required to get statistical data us- 

ing towed cameras and trawl tracks on the sea floor. Comparisons of the 

biomass of the macrofauna with the organic matter in the sediments in di£- 

ferent abyssal basis has shown that the CaC03 in the sediments has a major 

influence on the amount of' organic 'matt'er present. This research program 

will continue during the subseabed cruises scheduled for 1980 in Cape 

Verde basin. In addition, some of these animals will undergo trace 

element analysis to determine concentration factors. 

Bioturbation Studies -- The relation between the density of epifauna 

and bioturbation of the sediments was determined at two depths: 2 km and 

4.5 km, in the Bay of Biscay. Detailed results will be forthcoming in a 

report from COB. 

In-situ Respiration -- A technical analysis ,qf the in-situ respira- 

tory measurement is now in progress. 

Sediment Traps -- The first set of sediment traps has been con- 

structed at COB, and the first moo'ring will be made in the Bay of Biscay 

in 1980. 

Modelling -- A rough sketch of a global model for biological transfer 
of radionuclides was prepared during meetings with the System Analysis 

Task Group and with the radioecologists of the CEA of La Hague. Important 

points for the model include: 

The quantity of radionuclides ascending to the photic 
zone cannot be greatertthan the quantity of organic 
material produced in the benthic level (taking into 
account the concentration factor). That is, if we 
assume that the benthic biomass remains a constaat, 
then energy available to move the radionuclides cannot . 

be greater than the quantity entering the benthic bio- 
mass minus chti quautity of energy l o ~ t  by respiratinn 
and by burial within sediment. The sedimentation rate 



may be estimated by the use of a sediment trap, and the 
energy lost by respiration may be estimated by in-situ 
measurement. 

Radiological studies are. .continuing in ~rance,"address- 
ing the behavior 0.f technetium and plutonium in sedi- 
ments and their transport to benthic organisms. The 
sediment and biota were taken from coastal waters, since 
some of the questi.ons concerning deep-sea disposal are 
similar to those related to coastal water releases,. The 
tleliaviur of technetium in sediments d'epends on 'their 
organic content and on the bacterial activity. Dis- 
tribtirio* coetticients as high as l n 3  mg wets  sbcarvcd 
for some types of sediments. The concentration factors 
for technetium in polychaetes and molluscs were 
obtained. 

The effects of chemical speciation of plutonium on snrp- 
on the sediments was studied. Concentration 

factors were measured for benthic species placed in 
contaminated sediments in order to examine the transfer 
of radionuclides between biota and sediments. One of 
the main programs for next year will be to in-itiate 
similar studies for americium. 

Fcdcrol Repub1 i I: uL Germany 
. . 

A cruise on the Anton..Dohg was  mad^ to the old and ncw NEA low level 

wasLe (LLW) dumping areas in the Atlantic Ocean. Samples of plankton, 

nekton, and benthos were taken. Results of radiochemical analyses were 

presented. Fission and activation prod~~cts were found in all samples. 

  he measured concentration fact~rs compared favorably to ehnsr ~ s , ~ ~ ~ J  wiLh 

stable element analyses. Another cruise to the LLW dump s i t e  i s  pl-anned 

for this year. 

Japan 

During 1979,'the taxonomy, biomass, and distribution of the deep- 

'sea benthic fauna was investigated in the Northwest. Pacific basin. Mnny 

samples were taken and a photographic survey of deep-sea fauna was made. 

Neutron activation analysis of stable elements was done on cephalopods and 

mesoplagic fishes to determine the concentration factors for Co, Zn, Mn, 

aud  Cs. Concentration of 6 0 ~ o  was measured in the liver of cephalopods. 



Most of the work for the radioecological and oceanographic charac- 

terization of several Pacific,Ocean sites which may be suitable for LLW 

dumping has been completed. The information was .presented and will be : 

published in the Third Seminar on Marine Radioecology, NEA~OECD (1979). 

Among the papers of interest is "A Preliminary Assessment of Biological . , .  

Transport of Radionuclides Dumped at Sea Bottom" by Doi et al., which ' 

estimates the rate of radionuclide movement in the deep ocean. In the 

same volume there is a paper by Nakahara et al. which describes the con- 

centration factors for mesopelagic organisms. Ueda, Nakahara, Ishii, 

Suzuki and Suzuki have also published a paper entitled "Amounts of Trace 

\ Elements in Marine Cephalopods" in the Journal of Radiation Research, 20 

(19791, 338-342. 

United Kingdom 

. During the last year the United Kingdom has completed studies in ra- 

dioecology and in oceanography. In addition,.there is an extensive and 

continuing radiobiology program at the Ministry of Agriculture, Fisheries, 

and Food (MAFF). Much of this work is with radionuclides in the environ- 

ment as a consequence of the discharges from the Windscale Nuclear'Re- 

processing facility. These studies are very relevant to HLW, since the 

nuclides being discharged are some of the ones .that are in HLW and spent 

fuel. 

A range of biological organisms--echinoderms, molluscs, crustacea, 

fish, algae--from the Irish Sea are being analyzed for Pu, Am, Cm, Np, and 

Tc in order to estimate their relative biological availabilities in rela- 

tion to rate of discharge and their partitioning in the nonbiological com- 

ponents of the environment. Laboratory experiments are being made us,ing 

9 5 ~ c  and 237~u to evaluate the importance of different routes of intake 

in the accumulation of these two elements by fish and cxustacea; for 

example, their availability from contaminated sediments. Experiments with 

241~m bnd 2 3 7 ~ p  arc for 1981. 



A limited number of analyses are being made to determine the concen- 

trations of U and Th (to compare with Pu) and Nd (to compare with Am) in 

Irish Sea species--principally echinoderms, crustacea, and fish. If suf- 

ficient deep-sea materials are obtained from NERC institute cruises, com- 

parative analyses will be made. Deep sea materials will also be analyzed 

for 210~o in order to calculate absorbed dose rates received at depths 

greater than 1 km. Preliminary calculations are also being made on the 

expected absorbed dose rates in the ~ririnity of dinpooal waste  c o n ~ a i ~ l e r u .  

Finally, the exploitation potential of deep-sea fisheries will br, lrcpt 

under review by MAFF. MAFF issues detailed Aquatic Environment Monitoring 

Reports on radioactivity and other reports on fisheries. 

The oceanographic effort of the Institute of Oceanographic Sciences 

(10s) was described in two parts: the benthic and the midwater programs. 

It was noted that IOS has issued an unpublished manuscript, Report No. 77, 

entitled "Oceanography Related to Deep Sea Waste Disposal." 

The benthic program at TOS i , s  concentrated on the larger macrufauna 

and megafauna. Although we ultimately expect to work on "potential" dump 

sites, our efforts are currently based entirely on the Porcupine Sea Bight 

to the southwest of Ireland. The intent of the benthic program is 

8 To prepare general descriptions of the benthic com- 
munities within the Porcupine Sea Bight and on the 
adjacent abyssal plains. 

a To improve the quantitative sampling gears for this 
part of the benthic community. 

a To complete the investigation of temporal changes in 
the benthic community for evidence of seasonal or longer- 
term phenomena. 

8 To initiate the investigation of small-scale distribu- 
tion patterns of epibenthic animals based on simulta- 
neous photography and sampling. 

a To complete the study of the presence and significance 
of mobile, near-bottom scavengers. 



To complete in collaboration with the IOS midwater pro- 
gram, the investigation of the relationship between the 
benthic and midwater communities, particularly for 
evidence of biological transport mechanisms between the 
two. 

We have sampled in the Sea Bight on four separate occasions since 

November 1977. In July and November 1980 we intend to sample the area 

twice on separate cruises. Two short cruises are also planned for 1981. 

In the midwater program, total water column sampling has been carried 

out at .two ~ositions: 49"40'~, 17"W and 20°N, 21°W. The material has been 

partially worked up.to provide biomass (displacement volume) profiles of 

total micronekton and plankton, and to identify the important groups that 

make up these communities to depths up to 4 km. 

Near-bottom sampling (to within about 10 to 15 m of the seabed) has 

been carried out in the Porcupine Sea Bight down to depths of 4 km. 

Marked increase in biomass (i.e., by a factor of about 3) occurs within 

100 m of the seabed clown to depths of about 1.6 km. Midwater organisms 

rather than a special bentho-pelagic fauna form the communities to depths 

of 2.5 km, but deeper there is evidence of novel specialized fauna. 

Future field work (autumn 1980 and summer 1981 ~iology/Physical 

Oceanngraphy cruises) is planned for an area south of the Azores (in the 

region of 30°N 35"W) to investigate the distribution profiles of organisms 

across the boundary of the 18OC Sargasso Sea water, and the distribution 

of organisms with mesoscale eddies that we believe are spawned from this 

boundary. Biological sampling will be concentrated ,in the surface 1 km. 

United States 

The research in the biological portion of the US Subseabed Disposal 

Program was in the following areas this past year. Details are in the 

publications referenced at the end of this section. 



Study of the Population Biology of Deep-Sea Amphipods -- This anal- 
ysis included the determination of the relative age structure of the 

populations, their species composition, vertical distribution of the spe- 

cies, and gut content analyses. Some of the results are in the 1978 An- 

nual Report.of.the Subseabed Disposal Program.' Additional samples were 

collected during a 30-day cruise in 1979 to the.cent.ra1 North Pacific 

Ocean. Also;. more tagging of amphipods.by using vital dyes was conducted 

and attempts were made to recover tagged animals, 

,Determination of the Metabolism of.Deep-Sea Communities -- The free 
vehicle grab respirometer (FVGR) was deployed into the central North 

Pacific Ocean during the above-mentioned cruise and several measurements 

of benthic community respiration and of nutrient exchange rates across the 

sediment-water interface were conducted. The FVGR was also used to add 

nonradioactive cesium to the benthic community at 5.8 km. Samples were 

taken after allowing the cesium to interact with the community for several 

days. The samples will be bombarded with neutrons and analyzed for Cs 

uptake. 

Determination of the Presence of Large and Mobile Deep-Midwater - -- 
Animals -- Trapping of deep-midwater animals was again done by using the 
tree-vehicle midwater trap system in the central North Pacific Ocean. 

This approach reveals the presence of mobile large animals in deep mid- 

wntcr. 

A giant conical net with a diameter of 100 m was made, and several 

short cruises have been conducted to test its deployment and recovery and 

to evaluate its behavior in water. This net will be deployed to the sea 

floor in a closed state and will open as it rises through the water col- 

umn. It should thus sample a column nf  the ocean 100 m in diameter. We 

imagine that.net avoidance will not be a diffi.culty with a net having such 

a large diameter, and thus large midwater animals should be caught. 



Microbiology of Deep Water and Sediments -- Isolation of deep-sea 
bacteria from water and sediment samples is continuing. The occurrence of 

sediment bacteria that divide as rapidly as those associated with animals 

is being confirmed. Studies on the radiation biology of deep-sea bacteria 

has been initiated with the determination of the radiation sensitivity of 

one of the isolates. 

Methods for the determination of the standing stock of microorganisms 

were further developed. We have acquired an image analysis instrument to' 

quantitate microscopic methods and to allow for the expeditious develop- 

ment of ahtoradiographic and flourescent labelling techniques. 

Development of a Nuclide Migration Model -- A multi-compartment model 
is being developed that includes both biological and physical oceano- 

graphic considerations. A workshop was convened to address the physical 

oceanographic aspects of the model. Plans for this year include a work- 

shop to address the needs of the biological aspects of radionuclide trans- 

port. The computer model is being tested as it is being developed with 

data from shallow water ecosystems where deep-sea data is unavailable. 

Biological Publications of the US SDP 

1. Subseabed Disposal Program Annual ReporC, January-December 1978. 
Volume 11: Principal Investigator Progress Reports, SAND79-1618, 
printed October, 1979. Available from NTIS, US Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161. 

2. Biological Studies of the US Subseabed Disposal Program, Subseabed 
Biology Team. Presented at Third Seminar on Marine Radioecology, 
s p u u s o ~ . e d  by the NEA/IECD, Tokyo; Japan, October, 1979. 

3 .  R. R. '~essler and P. A. Jumars .(1973), "Thc Relation o'f Benthic 
Communities to Radioactive Waste Disposal i.n the Deqp Sea," Arnbio 
Special Report, ~ 0 . ~ 6 ,  93-96. 
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'I. K .  L.. Smith, Jr. , e t  a1 , ( 1  9 7 3 ) ,  "Free Vehicle Capture of 
Abyssopelagic Animals.'' Deep Sea Research, Vol. 26A, 57-64. 



Biological Publications (cont) 

5. Smith, K. L. Jr., G. A. White, and M. B. Laver (1979). "oxygen 
Uptake and Nutrient Exchange of Sediments Measured In-Situ Using A 
Free Vehicle Grab Respirometer," Deep Sea Research, Vol. 26A, 
337-346.. 

6. A. A. Yayanos, A. S. Dietz, and R. Van Boxtel (19791, "Isolation of a 
Deep-Sea Barophilic Bacterium and Some of Its Grown Characteristics," 
Science, 205, 808-810. 

Mudel ling -, 

Two types of dose assessment models need to be developed: the col- 

lective effective dose equivalent commitment model to be used for the pur- 

pose of optimization, and the discrete pathways model to critical groups 

to be used to ensure that dose limits are not exceeded. 

Models for Optimization -- For the purposes of optimization modelling 

we are concerned with the mass transfer of radionuclides from the disposed 

waste, via biological pathways. The difficulty in making such an assess- 

ment is our almost total lack of knowledge of biological transfer pro- 

cesses from' depths of 4000 to 6000 m up to near the surface. Recognizing 

our ignorance of this biological "gap," it is suggested that in the first 

iusla~lcr, for rhe piirposes ot "plugging the hole" in the system analysis 

model, the following preliminary outline be considered: 

Optimization Model A: Assumptions 

1. At the sedimentlwater interface there is an inmediate 
transfer of radionuclides into the bottom water layer, 
plus a contamination of the surface sediment. 

2. Physical processes alone transfer the radionuclides 
into the. near surface. 

3. Within the surface water .(lo00 to 2000 m depth), bio- 
logical accumulation occurs, resulting in a transfer of 
radionuclides back to man via four different pathways: 

mid-ocdanic organisms (principal 1.y fish) 
coastal water fish 
coastal water invertebrates (principally 
crustacea and molluscs) 
edible marine plants (principally algae). 



4 .  It will be necessary to estimate the annual consumption 
rates of these four pathways separately. 

5 .  Using the concentrations (e.g., fCi 1-l) for individual 
radionuclides, and using concentration factor values 
derived from coastal water studies, the annual transfer 
of radionuclides along the four separate pathways could 
be estimated. It is expected that in general those 
radionuclides which strongly adsorb to materials will 
dominate along the last three pathways listed, but that 
they will be substantially less ic~portant along the 
first two. 

6. The immediate needs for this model are concentration 
factor data for some nuclides, e.g., 232~p. 

Additions to Model A 

Although no direct biological pathways of significance from the ocean 

floor to'the top 2 km are known, it is possible to postulate hypothetical 

pathways. It is therefore suggested that some of these be numerically 

evaluated, using the "worst case" radionuclides (e.g., those known to have. 

the highest concentration factors, and half-lives relevant to different 

time scales) in order to see if such additional routes to the surface sub- 

stantially alter the predictions arising from ~ o d e l ' ~  alone. The. pathways 

suggested are: 

Floating lipids. Taking available estimates. for 
biomass as 4- to 5-krn d e p t h ,  assllrne t h a t  102 of 
this per year is converted into fat globules which 
float to the ocean surface. This pathway may only 
involve nuclides likely to be fat soluble. 

a Floating eggs. ~ssube that 50% of the biomass per 
year is converted into gametes'which float to the 
o c e a n  s~lrface; As an example, concentrations of , 

nuclides in gonads of echinoderms likely to arise 
as a result of the surrounding water levels of 
radionuclides could be used, based on coastal water,' 
data. 

Assume that 10% of the bicnass per year moves ' 

directly into tile surface 2 km, arid' s.tays there. . . 



Assume t h a t  L O X  o f  t h e  biomass p e r  y e a r  i s  t r a n s -  
f e r r e d  t o  t h e  t o p  2 km by b e i n g  t r a n s f e r r e d  th rough  
food c h a i n s  up t h e  c o n t i n e n t a l  s l o p e  and o n t o  t h e  
c o n t i n e n t a l  s h e l f ,  a l l o w i n g  f o r  changes  i n  biomass 
a t  1-km i n t e r v a l s .  

Models f o r  E s t i m a t i n g  Doses t o  C r i t i c a l  Groups -- The d i f f i c u l t i e s  

e n v i s a g e d  i n  e s t i m a t i n g  mass t r a n s f e r  a l s o  a p p l y  t o  e s t i m a t i n g  d o c -  .,CS t o  

c r i t i c a l  g r o u p s ,  i n  p a r t i c u l a r  t h e  " b i o l o g i c a l  gap" between 2 and 6 km. 

So once  a g a i n  a number o f  pathways have t o  be  h y p o t h e s i z e d  and t h e  ap- 

p r o p r i a t e  s c e n a r i o s  deve loped .  

\ 

S c e n a r i o  B1. It i s  assumed t h a t  f i l t e r  f e e d i n g  l i n k s  e x i s t  

a t  1000 i n t e r v a l s .  A t  each  l i n k  a  n u c l i d e  would be  i n -  

g e s t e d  and absorbed  from t h e  s u r r o u n d i n g  w a t e r .  T r a n s f e r  

c o e f f i c i e n t s  c o u l d  be  e s t i m a t e d  from what i s  known o f  t h e  

a b s o r p t i o n  of d i f f e r e n t  n u c l i d e s  by,  f o r  example,  f i s h ;  t h e  

s i z e  r a t i o  of  p r e d a t o r  o v e r  p rey ;  t h e  f e e d i n g  r a t e s ;  and 

c o n v e r s i o n  f a c t o r s  f o r  some n u c l i d e s .  

S c e n a r i o  B2. It i s  assumed t h a t  a l l  o f  t h e  b e n t h i c  biomass 

c o n s i s t s  o f  c r u s t a c e a  which r e l e a s e  f a t  g l o b u l e s  which 

f l o a t  t o  t h e  s u r f a c e ,  a r e  t a k e n  up by k r i l l ,  and t h e n  t r a n s -  

f e r r e d  d i r e c t l y  t o  man. 

Scena r io  B 3 .  Lt i s  assumed t h a t  c e r t a i n  m i g r a t o r y  speci .es ,  

such  a s  e e l s ,  l a y  t h e i r  eggs  i n  deep  w a t e r ,  t h e  l a r v a e  move 

from s u r f a c e  o c e a n i c  w n t c r s  t o  c o a s t a l  w a t e r s ,  and a r e  t h e n  

e a t e n  by man. S i m i l a r  a s sumpt ions  cou ld  be made f o r  o t h e r  

s p e c i e s ,  such a s  salmon, which feed  i n  open ocean wa te r  oa 

organ i sms  which had m i g r a t e d  d i r e c t l y  from t h e  bot tom i n t o  

s u r f a c e  w a t e r s .  

S c e n a r i o  B 4 .  I t  i s  assumed t h a t  some o f  t h e  deep w a t e r  , 

f i s h  which a r e  caugh t  commerical ' ly,  such a s  Aphanopos, f eed  

d i r e c t l y  on organisms w i t h  c o n c e n t r a t i o n s  eq1.1j.valent t o  

t h o s e  expec ted  on t h e  ocean f l o o r .  
2 U b  



Periodic Events and Long Term Processes -- Are there 
any known long term or cyclical processes which could 

affect the transport of radionuclides in a quantity 

significantly greater than that predicted by models 

based on the structure of the present ocean? The US 

CLIMAP program* and Climate: Past, Present and 
A* 

Future, H. H. Lamb may be good sources for 

evaluating the long term effects of fishery changes, 

ice ages, etc. 

An In-Situ Irradiation Experiment -- Some think that 

deep sea ecosystems are composed of diverse species, 

complex and fragile. These qualities could lead to 

substantial and unpredictable kinds of damage. Al- 

though such damage may perhaps be localized and of no 

consequence to man, it may be important to demonstrate 

the localized nature of such effects. The easiest and 

safest way to determine the effects of radiation on 

the benthic community may be to place a 6 0 ~ o  source on 

the sea floor and design a sampling program. Experi- 

ments such as the installation of wood panels spaced 

at distances from the source could determine the 

patLera of colonization of the wood as a function o€, 

distance from the source (60~o). Food other than wood 

could also be used. 

Speculation also occurred on the possible auto- 

catalytic nature of a localized lethal source u 1  

radiation. That is, i f  an organism died at a source 

of gamma rays, would then others come to scavenge and 

J- 

"~n~erl~a~iu~lal Decade of Oeean Exploration, Progress 
Report Vol 7, April 1977-1978. Superintendant'of 
TS Government Printing Office, Washington, 
Dr *-x: 20402. 
London: Metheun Inc. 2 Vols 1972, 1977. 



thus meet a similar fate? Could a pile of dead or- 

ganisms accumulate or would other factors keep this 

from happening? Additional thought and a long-range 

experimental plan is necessary to answer these ques- 

tions. It may be very timely to begin such an 

experiment. 

The short half-life (5.75 yr) of 6 Q ~ o  would vire;ally 

assure that the experiment itself would have time- and 

space-limited effects on the environment that would 

make an in-situ experiment a oafc oil+. 



APPENDIX A 

Letter Report to NEA 



Department of Energy 
Washington, D.C. 20545 

D r .  E ,  Wallauschek,  Head 
R a d i a t i o n  P r o t e c t i o n  and Waste Management D i v i s i o n  
Nuclear  Energy Agency 
38 Boulevard Suchet  
75016 P a r i s ,  France  

Dear D r .  Wallaus chek : 

Enclosed i s  a summary r e p o r t  t o  t h e  NEA Rad ioac t ive  Waste Management 
Committee (RbWC) on t h e  F i f t h  Annual Workshop of  t h e  OECD/NEA Seabed 
Working Group h e l d  on March 3-6, 19.80, i n  B r i s t o l ,  England. 

The Seabed Working Group (SWG) members from Canada, F rance ,  J a p a n ,  
Ne the r lands ,  t h e  United Kingdom, and t h e  Uni ted  S t a t e s  p a r t i c i p a t e d .  
Observers  from t h e  F e d e r a l  Republ ic  of Germany and S w i t z e r l a n d  p a r t i c i p a t e d  
w i t h  concurrence  .of t h e i r  r e s p e c t i v e  RWIC members. Observers  from t h e  
Commission of European Communities a l s o  p a r t i c i p a t e d .  

s p e c i f i c  a r e a s  of c o o p e r a t i o n  were r e p o r t e d  by t h e  SWG Task Groups and 
f u t u r e  j o i n t  a c t i v i t i e s  were p lanned.  

A d e t a i l e d  r e p o r t  of t h e  meet ing w i l l  be p r e p a r e d  by t h e  SIJG Techn ica l  
S e c r e t a r i a t  and submi t t ed  t o  OECD/NEA and t h e  RWIIC. 

Ycurs s i n c e r e l y ,  

m-*~ 
D .  Glenn Boyer, Chairman 
Seabed Working Group 
D i v i s i o n  of Waste I s o l a t i o n  

Enclosure  

c c  : J. Coady, Canada 
Y .  S o u s s e l i e r ,  France  
H.  I snikawa,  Japan 
B .  Verkerk,  Xe the r lands  
R. D. B. Johnson, U . K .  
A. F. Pe rge ,  U.S. 
K. Randl, Germany 
C'., N i e d e r e r ,  Swi tze r l and  
F. Gera, YEA 
Xembers and At tendees  



REPORT TO THE NEA RADIOACTIVE WASTE MANAGEMENT COMMITTEE (NEAIRIJMC) 

The NEA Seabed Working Group (SWG), i t s  s e c r e t a r i a t ,  and i t s  Task Groups met 
i n  B r i s t o l ,  England, on March 3-6, 1980. The SWG members from Canada, France, 
Japan, Nether lands,  t h e  United Kingdom, and t h e  United S t a t e s  p a r t i c i p a t e d .  
Observers from t h e  Fede ra l  Republic of Germany and Swi tzer land  p a r t i c i p a t e d  
wi th  t h e  concurrence of  t h e i r  r e s p e c t i v e  NEA/RWMC members, Observers from 
CEC, I s p r a  were a l s o  p re sen t ,  

The o b j e c t i v e s  and r o l e  of t h e  SWG and i t s  Task Groups a s  e s t a b l i s h e d  a t  the  
2nd Annual SWG Meeting (Washington, D.C.,  March 1977) a r e  be ing  m e t ;  i . e . ,  

- t o  provide  a  forum f o r  d i s c u s s i o n ,  assessment of p rog re s s  and 
p lanning  of f u t u r e  e f f o r t s ;  

- t o  coo rd ina t e  r e sea rch  v e s s e l  c r u i s e s  and experiments;  
- t o  s h a r e  f a c i l i t i e s  and t e s t  equipment; 
- t o  exchange informat ion ;  and, 
- t o  main ta in  cognizance of  i n t e r n a t i o n a l  p o l i c y  iGsues.  

The s p e c i f i c  o b j e c t i v e s  of  t h e  F i f t h  SWG Meeting were:  

- t o  coo rd ina t e  a  t o t a l  systems approach t o  a s s u r e  d a t a  a r e  
being acqui red  t h a t  can be  used a s  parameters  i n  p r e d i c t i v e  
models of seabed d i s p o s a l  concepts ;  

- t o  cont inue  t he  m u l t i n a t i o n a l  coo rd ina t ion  of r e sea rch  and 
development w i t h i n  t he  s p e c i f i c  t a s k  groups;  and, 

- t o  review t h e  s t a t u s  and s i g n i f i c a n t  changes i n  n a t i o n a l  
seabed d i s p o s a l  programs. 

The composition of t h e  SWG (Execut ive Committee) and i t s  v a r i o u s  Task Groups 
i s  shown i n  Figure 1. The Task Group members from each count ry  a r e  des igna ted  
by t h e  c o u n t r i e s '  Execut ive Member of t h e  SFJG. The Task Group members 
des igna t e  one from t h e i r  group t o  a c t  a s  Task Group l e a d  correspondent .  It 
i s  expected t h e  l e a d  correspondent  w i l l  change from t i m e  t o  t ime. The Task 
Group member i s  r e spons ib l e  f o r  coo rd ina t ing  exchange of d a t a  i n  h i s  a r e a  of 
e x p e r t i s e  w i t h i n  h i s  own country.  The Task Group l e a d  correspondent  a c t s  a s  
a group l e a d e r ,  and coo rd ina t e s  exchange between Task Groups and w i t h i n  t he  
s p e c i f i c  Task Group. 

A SWG Task Group coo rd ina to r  (D. R. Anderson) i s  r e s p o n s i b l e  f o r  o v e r a l l  
coo rd ina t ion  and d a t a  exchange n i t h i n  t h e  framework of t h e  SWG. 

Summaries of  t h e  i n d i v i d u a l   a ask Croup meet ings and rep0rt .s  on s p e c i f i c  a r e a s  
of coopera t ion ,  p l a n s ,  and a c t i v i t i e s  a r e  at ' tached a s  Annex 1. 

The Seabed Working.Group Execut ive Committee met t o  d i s c u s s  t h e  i t e m s  on 
t h e  Agenda shown a s  Annex 11. 

The p a r t i c i p a n t s  inc luded:  

G. Vifks, Canada 
A. Barbreau, France 

' . R. ~ c h a k a w a ,  Japan . 

E ,  C o l l c t t c ,  Nether lands (Advisor) 
F. S. F e a t e s ,  U.K. 



D. G. Boyer, U.S. (Chairman) 
F. Gera, NEA ( S e c r e t a r i a t )  
D. R. Anderson, SWG Task. Group Coordinator and 

S c i c n t i I i c  Sec re t a ry  
N .  Murray, CEC (Observer) 
W. F e l d t ,  FRG (Observer) 
M. Sturm, Swi tzer land  (Observer) 

1. The r e p r e s e n t a t i v e  from each country summarized t h e  n a t i o n a l  t r e n d s  and 
p o l i c i e s  regard ing  seabed d i s p o s a l  of r a d i o a c t i v e  waste .  I n  gene ra l  t h e  
seabed d i s p o s a l  concept i s  be ing  considered a s  a  p o s s i b l e  a l t e r n a t i v e  t o  
l a n d  based d i sposa l .  The amount of e f f o r t  each country i s  p u t t i n g  i n t o  t h e  
assessment  of seabed d i s p n s a l  i s   mall i n  c o m p a r i s u ~ ~  Lu the r o t a 1  e f t o r t s  
be ing  made t o  i d e n t i f y  accep tab le  geological f o s a ~ a t i o a s  on land.  However, 
a s  s p e c i a l  i n t e r e s t  groups and i n d i v i d u a l s  cul~Llnue ro  express  s o c i a l  and 
Cechaical  concerns abuut exp lo ra t ion  and research  I.eading t o  land  d i s p o s a l ,  
each n a t i o n a l  r e p r e s e n t a t i v e  i n d i c a t e d  a  s t r o n g  need t o  cont inue t o  
e v a l u a t e  t h e  t e c h n i c a l  and environmental f e a s i b i l i ' t y  of the  seabed d i s p o s a l  
concept . 

2. The s t r u c t u r e  of t h e  SWG and i t s  Task Groups were reviewed. 

a. The SWG c h a r t e r ,  a s  submit ted t o  NEA fo l lowing  t h e  4 t h  SWG 
Meeting (Albuquerque, March 1979),  cont inues  t o  be accep tab le  
t o  NEA and t o  t h e  SWG members. 

b .  The SWG r e p o r t  w t J - l  be  prepared by t h e  SWG Technical  S e c r e t a r i a t .  
For  r e p o r t  i d e n t i f i c a t i o n  piirpnses i t  w i l l  cont inue L u  IJM issued 
wi th  a Sandia T,al-)n-rxtnrry r e p o r t  number. T l ~ r .  I-LLle page w l l l  
i d e n t i f y  t h e  work a s  t h e  NEA/OECD Seabed Working Group Report t o  
t h e  NEA Radioact ive Waste Management Committee. The d isc la imer  
c l a u s e  w i l l  s t a t e  t h e  work i s  being funded by t h e  i n d i v i d u a l  SWG 
member coun t r i e s .  

c .  New members t o  t h e  SWG w i l l  be  encouraged t o  j o i n  through NEA. 
Member c o u n t r i e s  must have a  funded program t o  a s s e s s  t h e  seabed 
d i s p o s a l  concept and be approved by t h e  government and sanc t ioned  
by t h e  n a t i o n a l  r e p r e s e n t a t i v e  o f  t he  NEA Radioact ive Waste 
Management Committee. 

d .  Lead corsespundents  f o r  each Task. Grniip 155.11 ba c c l c c t c d  by the 
members of t h e  s p e c i f i c  t a s k  group. It i s  expected that t h e  l cad  
correspondent  w i l l  change from t ime t o  time. For example, Messr. 
de Marsi ly  (France) was s e l e c t e d  a s  t h e  l e a d  correspondent of the  
Systems Analysis  Task Group t o ' r e p l a c e  Geoff Webb (U.K.), and 
Messr. Rancon (France) was s e l e c t e d  a s  t h e ' l e a d  correspondent  
of t h e  Sediment and Rock Task Group t o  r e p l a c e  John Lewis 
( U . K . )  , with T. F ranc i s  ( U . K . )  a c t i n g  dur ing  t h e  5 t h  SWG 
Meeting. 

The n a t i o n a l  r e p r e s e n t a t i v e  t o  t h e  SWG (Executive Committee) 
w i l l  d e s igna te  t he  n a t i o n a l  members t o  each of tile Task Groups. 
I f  more t h a n  one i n d i v i d u a l  from a SWG member count ry  a t t e n d s ,  
f o r  c l a r i f i c a t i o n ,  he w i l l  be c a l l e d  a  " p a r t i c i p a n t . "  



Non-member coun t r i e s  may be i n v i t e d  t o  p a r t i c i p a t e  a s  "Observers" 
i f  i n v i t e d  by t h e  SWG, and wi th  t h e  concurrence of t h e  coun t ry ' s  
n a t i o n a l  r e p r e s e n t a t i v e  t o  t h e  NEA-RWMC. 

e.' Task group l e a d  correspondents  a r e  r e spons ib l e .  t o  e f f e c t i v e l y  
exchange information and cooperat ion wi th in  t h e i r  own t a s k  group 
members and t o  i d e n t i f y  and i n i t i a t e  i n t r a - t a s k  group needs 
and exchanges. 

The Task Group Coordinator (D. R. Anderson, U.S.) i s  r e spons ib l e  
t o  e f f e c t i v e l y  coord ina te  exchange of information '  and coord ina t ion  
between Task Groups and t o  keep the  SWG informed. 

f .  The s t r u c t u r e  of the  Task Groups were reviewed. It was decided t o  
combine i n t o  one Task Group t h e  "Canis te r  and Waste Form Task 
Groups. " An "Engineering S tud ie s  Task Group" was e s t a b l i s h e d  t o  
begin t h e  coord ina t ion  of conceptual  design and engineer ing  s t u d i e s  
of seabed d i s p o s a l  emplacement, and t o  i d e n t i f y  o b j e c t i v e s  and 
c r i t e r i a  f o r  l abo ra to ry  and f i e l d  t e s t  experiments.  

Each SWG (Executive Committee) member i s  t o  des igna te  a member t o  
t he  "Engineering Studies  Task Group" a s  soon a s  p o s s i b l e ,  and inform 
t h e  SWG Chairman, wi th  copies  t o  NEA (Gera) and t h e  T-ask Group 
Coordinator (Anderson). The Task Group Coordinator  w i l l  t ake  t h e  
l e a d  i n  organiz ing  the  f i r s t  Engineering Task Group meeting p r i o r  
t o  t h e  next  SWG meeting. 

Considerat ion was given t o  e s t a b l i s h i n g  a " ~ e g a l  and I n s t i t u t i o n a l  
Task Group." It was concluded t h e  SWG a t  t h i s  t ime would cont inue 
t o  keep t h e  exchanges on a s c i e n t i f i c  l e v e l .  Tn a d d i t i o n ,  t h e r e  
e x i s t s  another  NEA group which i s  a s s e s s i n g  l e g a l  and i n s t i t u t i o n a l  
i s s u e s  of waste  management. The s u b j e c t  w i l l  be reviewed aga in  a t  
t h e  next  SWG meeting. 

3 .  R e t r i e v a b i l i t y  was addressed b r i e f l y  and i t  was concluded t h a t  t he  va r ious  
concepts be ing  considered by t h e  i n d i v i d u a l  c o u n t r i e s  were address ing  
r a d i o a c t i v e  waste seabed "d isposa l t t  a s  opposed t o  "storage." Therefore ,  
r e t r i e v a b i l i t y  a s  such was n o t  a design o b j e c t i v e .  However, recovery from 
improper empl.ar.~.m~.nt wil.1. need tn  h e  a s se s sed ,  and t h e  c a p a b i l i t y  f o r  
c o r r e c t i v e  a c t i o n s  a v a i l a b l e .  

4 .  An o u t l i n e  of o b j e c t i v e s  f o r  t h e  SWG over  t h e  n e x t  t h r e e  yea r s  was d iscussed  
and e s t a b l i s h e d  a s  fo l lows:  

a .  Exchange d a t a  on t h e  North P a c i f i c  and North A t l a n t i c  s tudy  a r e a s  
r e s u l t i n g  from the  planned n a t i o n a l  and coopera t ive  research  v e s s e l  
c r u i s e s ;  i ; e .  

o J a p a r ~ / ~ . S .  t o  North P a c i f i c  . 
o Nether lands ,  France, Canada, U . K . ,  and Federa l  Republic 

of Germany t o  North A t l a n t i c  

b. Compare p r o p e r t i e s  of sediments r e s u l t i n g  from l a b o r a t o r y  and f i e l d  
t e s t s ;  i . e .  

o Thermal, Phys i ca l ,  and Chemical 



c. Complete s e n s i t i v i t y  a n a l y s i s  of paramete.1:~ assumed f o r  t h e  
systems ana lyses  models and r e v i s e  t h e  model assumption based 
on newly acqu i r ed  l a b o r a t o r y  and f i e l d  da ta .  

d. Define s p e c i f i c  problem a r e a s  and o b j e c t i v e s  such a s  r econso l ida t ion  
of d i s t u r b e d  bottom sediment r e s u l t i n g  from emplantati.on, and de f ine  
l a b o r a t o r y  and f i e l d  experiments t o  v e r i f y  model assumptions. 

e. I n i t i a t e  eng inee r ing  s t u d i e s  of seabed d i s p o s a l  concepts  and 
develop f i e l d  t e s t  o b j e c t i v e s  and cond i t i ons  i n  t he  l a b o r a t o r y  
and t h e  f i e l d  t o  demonstrate  t h e  engineer ing  assumptions. 

f. Begin t o  scope and cons ide r  emplacement of long-term f i e l d  t e s t s ,  
i.e., 30 y e a r s  o r  more. 

5. The n e x t  meeting d a t e  was set f o r  Pehrnary 2-5, 1981,  i n  France. 
Messr. Barbreau (CEA) an.d D r .  Gera (NEA) w i l l  determine t h e  l o c a t i o n .  
Th i s  d a t e  must remain f i r m  t o  avoid c o n f l i c t s  w i th  scheduled research  
v e s s e l  c r u i s e s  and o t h e r  commitments by t h e  SWG members, p a r t i c i p a n t s ,  
and obocrvers .  
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SWG TASK GROUP WORKSHOP SUMMARIES -- 
ANNEX I 

S i t e  C r i t e r i a  Task Group 

1. It i s  proposed t h a t  on t h e  o r d e r  of t e n  s tudy  a r e a s  be i d e n t i f i e d  from 
h i s t o r i c a l  d a t a  and t h a t  f i e l d  and l a b o r a t o r y  t e s t s  be  c a r r i e d  o u t  i n  an 
i t e r a t i v e  f a s h i o n  i n  an open s c i e n c e  forum t o  o b t a i n  p r o p e r t i e s  r e l a t e d  
t o  n u c l e a r  was te  i s o l a t i o n .  

2.  S i t e  s e l e c t i o ~ l  c r i t e r i a  were r e v i s e d  t o  d e l e t e  t h e  requirement t h a t  t h e  
d i s p o s a l  depth be  g r e a t e r  than 4000 meters ,  t o  i nc lude  some a r e a s  on the  
deep a b y s s a l  p l a i n s  and t o  s t i p u l a t e  t h a t . t h c  a r e a  be  as f l a t  as p o s s i b l e .  

3 .  Data from the  R / v  Reso lu t ion  c r u i s e  t o  t h e  e a s t e r n  n o r t h  A t l a n t i c  was 
reviewed and p l a n s  p re sen t ed  f o r  t h e  B/V Churcot and R / V  Tydcman c r u i s e  
t o  t h e  r eg ion  i n  t h e  upcoming year .  

4 .  A s  a consequence of t h e  R/V Resolu t ion  c r u i s e  and h i s t o r i c a l  d a t a  a  
20x20 km a r e a  n e a r  t h e  snuthern  p o r t i o n  of t l ~ e  Cape Verde appcnrs  
p ~ u a ~ l s i n g  f o r  deep p e n e t r a t i o n  and more geophys ica l  (G&G) surveying.  

5.  Data t aken  by t h e  R/V Dawson i n  t h e  wes te rn  A t l a n t i c  was reviewed and 
t h e  R/V Hudson cruise i.n t h e  upcoming y e a r  w a s  d i scussed .  

6. A j o i n t  t h i r t y  day U.S.-Japanese c r u i s e  i s  planned f o r  t h e  summer of  1980. 

System Analysis  Task Group 

1. Comments were s o l i c i t e d  and obta ined  from a l l  t a s k  groups regard ing  
parameters  sugges ted  i n  t h e  base  case s c e n a r i o  Chat was set IurL11 In rhe 
Systems Analys i s  Task Group I n t e r i m  Report ,  and a  r e v i s e d  se t  of parameters  
were t abu la t ed .  

2. Programat ic  a c t i v i t i e s  f o r  t h e  next  y e a r  were c l a r i f i e d  and t h i s  l e d  t o  
adop t ion  of an o v e r a l l  model of t h e  seabed d i s p o s a l  system. 

3 .  A s  a  consequence of j o i n t  meetings w i t h  o t h e r  t a s k  groups,  models were 
sugges t ed  p e r t a i n i n g  t o  t h e  r a t e  of r ad ionuc l ide  release from t h e  was te  
form, the l i I c  of a c a n i s t e r ,  b i o l o g i c a l  t r a n s p o r t ,  and pathways hack t o  
man. 

4. The goa l  was set t o  have t h e  f i r s t  s e r i e s  of c a l c u l a t i o n s  o£ t h e  o v e r a l l  
system study.comp1-eted w i t h i n  a  year .  

/ 

5 .  The need f o r  feedback t o  t h e  va r ious  o t h e r  t a s k  groups a t  t he  e a r l i e s t  
p o s s i b l e  d a t e  i s  no ted .  

6 .  An i n t e r i m  t a s k  group meeting was t e n t a t i v e l y  scheduled f o r  September 22- 
26, 1980 and is  t o  be h e l d  a t  t h e  Na t iona l  Radia t ion  P ro t ec t i on   bard i n  
the U.K. 



Can i s t e r  Task Group 

1. The Can i s t e r  Task Group b e l i e v e s  t h a t  a  c o r r o s i o n - r e s i s t a n t  c a n i s t e r  
can be a  va luab le  p a r t  of t h e  m u l t i b a r r i e r  concept by v i r t u e  of i t s  
a b i l i t y  t o  p r o t e c t  t h e  s o l i d i f i e d  waste  from t h e  enhanced degrada t ion  
t h a t  i s  c h a r a c t e r i s t i c  of a  hydrothermal environment. 

2 .  The u l t i m a t e  o b j e c t i v e  of bo th  t he  U.S. and U.K. programs are t o  
q u a l i f y  m a t e r i a l s  ' to  l a s t  i n  t h e  seabed environment f o r  500 t o  1000 
yea r s .  

3 .  It  should be p o s s i b l e  t o  c o n s t r u c t  c a n i s t e r s  w i t h . a . 5 0 0  t o  1000 year  
l i f e t i m e  i n  a  c o s t  e f f e c t i v e  manner. 

4 .  A v a r i e t y  of chemical and b i o l o g i c  e f f e c t s  were i d e n t i f i e d  whose 
v a r i a b i l i t y  w i t h  t i m e  could i n f l u e n c e  t h e  co r ros ion  r a t e s  of p o t e n t i a l  
c a n i s t e r  ma te r i a l s .  

5. Work i n  both t h e  U.S. and U.K. confirms t h a t  r a d i a t i o n  i s  an important  
f a c t o r  i n  a s s e s s i n g  t h e  co r ros ive  c h a r a c t e r i s t i c s  of t h e  d i s p o s a l  
environment. This  i s  one a r e a  of s tudy  where i n t e r n a t i o n a l  coopera t ion  
w i l l  be  e s p e c i a l l y  b e n e f i c i a l  t o  a l l  p a r t i c i p a n t s .  

6 .  The development of s e n s i t i v e  co r ros ion  monitor ing techniques  i s  once 
aga in  i d e n t i f i e d  a s  an a r e a  where i n t e r n a t i o n a l  coopera t ion  would 
f a c i l i t a t e  progress.  

Waste Form Task Group 

1. A review of t h e  systems a n a l y s i s  t a s k  group recommendations was conducted 
and r e v i s e d  va lues  f o r  s e l e c t e d  parameters  suggested.  

2. A temperature  dependent r ad ionuc l ide  r e l e a s e  model was sugges ted  t h a t  
i s  in tended  t o  provide  an upper l i m i t  r a t h e r  than an a b s o l u t e  va lue  f o r  
t h e  a c t u a l  r e l e a s e  of va r ious  r ad ionuc l ides .  

3.  B o r o s i l i c a t e  g l a s s  was reaf f i rmed a s  t h e  r e f e r e n c e  waste  form t o  be 
s t u d i e d  and guidance r ega rd ing  i t s  Pu, U, and f i s s i o n  product  con ten t  
was given . 

4 .  It  was aga in  reemphasized t h a t  a t  l e a s t  h a l f  of t h e  a lpha  a c t i v i t y  lost 
t o  t h e  eivironment  may be i n  waste forms o t h e r '  than b o r o s i l i c a t e  g l a s s ,  
e. g. , h u l l s ,  f i n e s .  from rep roces s ing ,  e t  c .  

5. Note'was made of  t h e  f a c t  t h a t  t h e  v a s t  m a j o r i t y  of t h e  c a n i s t e r s  may . . ... 
be expected t o  l a s t  f o r  s u f , f i c i e n t  t ime t h a t  t h e  waste  w i l l  be a t  a lmost  , , 

ambient temperatures  by t h e  time of  c a n i s t e r  breachment. 



6 .  R e s p o n s i b i l i t i e s  were ass igned  f o r  planning and i r n p l ~ m ~ n t i , n g  experimental 
a c t i v i t i e s  t o  a s s e s s :  

a. g l a s s  a l t e r a t i o n  i n  t h e  l o c a l i z e d  environment ad jacent  t o  a  
f l aw  i n  t h e  c a n i s t e r ,  and 

b. l e a c h  r a t e  from a g l a s s  s u r f a c e  where access  of water  i s  r e s t r i c t e d  
by t h e  presence  of a  low permeabi l i ty  covering of sediment.  

7. The v a r i o u s  n a t i o n a l  programs were found t o  no t  have changed s i g n i f i c a n t l y  
from those  summarized i n  1 a s t . y e a r ' s  Waste Form Task Group r e p o r t .  

Sediment and Rock Task -. " .- Group 

1. It w a s  no ted ,  except  f o r  subs tances  which form c o l l o i d a l  p a r t i c l e s  o r  
an ions  i n  s o l u t i o n  t h a t  t h e  s o r p t i v e ' p r o p e r t i e s  of marine c l ays  sugges ts  
t h a t  very  h igh  s a f e t y  f a c t o r s  e x i s t .  

2. The e f f e c t  of r a d i a t i o n  on t h e  sediment,  p a r t i c u l a r l y  i n  t h e  nea r  f i e l d ,  
i s  no ted  a s  be ing  an important  unknown. 

3.  The d iscrepancy  between n a t u r a l  pore water  motion a s  deduced from geo- 
chemical and geothermal g rad ien t  computations needs t o  be resolved.  

4. A f a c i l i t y  f o r  sampling a t  depths  g r e a t e r  than w i l l  be p o s s i b l e  us ing  
t h e  Long co r ing  f a c i l i t y  may be r equ i r ed  t o  t r c a t  s i t e s  i n  t he  ALlantic 
i n  an a p p r o p r i a t e  manner. A c r u i s e ,  perhaps i n  1984 o r  1985 , equipped 
w i t h  a  h y d r a u l i c  p i s t o n  c o r e  would be  a  reg ion  where. international 
coopera t ion  could be f r u i t f u l .  

5. The v a r i o u s  n a t i o n a l  programs dea l ing  wi th  t h e  moile3-trig of i o n  migra t ion ,  
s o r p t i v e  p r o p e r t i e s  of sediments ,  phys i ca l  p r o p e r t i e s  of sediments,  methods 
of emplacement, sediment mechanical response and n e a r  f i e l d  se.di..ment 
seawater  i n t e r a c t i o n s  were reviewed and d a t a  exchanged. 

6. The d e a r t h  of h i s t o r i c a l .  d a t a  and a n t i c i p n t c d  work p e r t a i n i n g  to  the 
s o r p t i v e  p r o p e r t i e s  of reducing sediments was noted and the  recommendation 
i s  made t h a t  t h i s  de f i c i ency  be co r r ec t ed  a t  l e a s t  a s  f a r  a s  Pu, Np, Am, 
I and Tc a r e  concerned. 

Biology Task Group .-.-. 

1. Informat ion  was exchanged among t h e  va r ious  p a r t i c i p a n t s  regard ing  d a t a  
ob ta ined  i n  t h e  v a r i o u s  n a t i o n a l  programs. Topics r ece iv ing  p a r t i c u l a r  
d i s c u s s i o n  were: primary biomass product ion ,  v e r t i c a l  t r a n s p o r t  of 
p a r t i c u l a t e  o rgan ic  ma t t e r ,  t h e  migra t ion  of p l ank ton ic  c rus t aceans ,  t h e  
r a t e s  of gas  and n u t r i e n t  exchange ac ros s  t he  sediment s u r f a c e ,  t h e  
development of navaga t iona l  and sampling technologies ,  modeling of 
b i o l o g i c  t r a n s f e r ,  and b i o l o g i c  concen t r a t ion  f a c t o r s .  



2 .  It was agreed t h a t  t h e  Systems Analysis  Task Group would be  a ided  
i n  cons t ruc t ing  s i m p l i f i e d  r ad ionuc l ide  t r a n s p o r t  models. P a r t i c u l a r  
t o p i c s  t o  be  addressed were t h e  e f f e c t i v e  dose equ iva l en t  and t h e  
problem of d i r e c t  pathways t o  mankind. 

3.  It was noted t h a t  t h e  upcoming CEC/IAEA t e c h n i c a l  meeting "Behavior of  
Transuran ics  i n  t h e  Aquatic Environment and Sediment-Water Exchange 
Techniques f o r  Spec ia t ion"  might p rovide  in format ion  f o r  one i n  t h e  
exper imenta l  s t udy  of  t he  seabed d i s p o s a l  op t ion .  

4 .  Inqu i ry  was made i n t o  whether any long-term o r  c y c l i c a l  p roces se s  could 
a f f e c t  t h e  t r a n s p o r t  of r ad ionuc l ides  beyond t h a t  which would be  
p r e d i c t e d  on t h e  b a s i s  of t h e  s t r u c t u r e  of t h e  p re sen t  ocean, 

5, The p o s s i b i l i t y  of  doing an i n  s i t u  i r r a d i a t i o n  experiment was explored .  

Phys i ca l  Oceanography Task Group 

1. A s p e c i a l  i d e a l i z e d  model w i l l  be cons t ruc t ed  of t h e  p h y s i c a l  t r a n s p o r t  
p rocesses  i n  t h e  ocean f o r  use i n  a s s e s s i n g  t h e  r e l a t i v e  importance of 
va r ious  coupled parameters  and a  range of parameters  were supp l i ed ,  and 
were t o  be  updated a s  t h e  yea r  progresses .  

2 .  The va r ious  s c a l e s  of d e s c r e t e  water  masses i n  t h e  ocean were d i scussed  
a long  wi th  t h e i r  imp l i ca t i ons  t o  ocean ic  mixing and b i o l o g i c  r a d i o n u c l i d e  
uptake. 

3.  Ongoing coopera t ive  f i e l d  a c t i v i t i e s  i nc lude :  

a.  p l a c i n g  of  a d d i t i o n a l  NEADS moorings and a n a l y s i s  of d a t a  from 
moorings recovered t h i s  y e a r ,  

b.  a  j o i n t  Japanese-American e f f o r t  i n  t h e  P a c i f i c  t o  look a t  nea r  
bottom mixing p roces se s  and t r a n s p o r t  a c r o s s  t h e  sediment-water 
i n t c r f a c c ,  and 

c .  cont inued work on t h e  j o i n t  Anglo-French f i e l d  program t o  s tudy  
mesoscale edd ie s  i n  t h e  n o r t h e a s t e r n  A t l a n t i c .  

4 ,  Resu l t s  f o r  t h e  l a s t  y e a r  of t h e  p h y s i c a l  oceanography p r o g r a m  p r e s e n t l y  
underway i n  t h e  A t l a n t i c  (FR, UK, US) and t h e  P a c i f i c  (US, Japan)  were 
reviewed. 

5. A l is t  of s e l e c t e d  r e f e r ences  p e r t a i n i n g  t o  t h e  b e n t h i c  boundary l a y e r  
and oceanic  c i r c u l a t i o n  w i l l  be prepared  and o f f e r e d  t o  t h e  systems 
a n a l y s i s  t a s k  group. 

6 .  I C  i s  recommended t h a t  each of  t h e  t a s k  groups prepare  a s e l e c t e d  bi .bl io-  
graphy of r e l e v a n t  r e f e r e n c e s  f o r  use  by t h e  systems a n a l y s i s  t a s k  group.  



7. It i s  recommended t h a t  c r u i s e  g l a n s ,  in r l l ld ing  a b r i c f  o u t l l a t :  uT Ll~r 
aims o t  t h e  c r u i s e  .be submit ted each y e a r  by each member and t h a t  t h e  
l e a d  cor respondent  c i r c u l a t e  t h e s e  t o  each t a s k  group member. 

8. It was sugges ted  t h a t  p rog re s s  r e p o r t s  be submit ted annual ly  w i t h i n  t h e  
P h y s i c a l  Oceanography Task Group. 

#' 



Annex 11 

SEABED WORKING GROUP - EXECUTIVE MEETING 

March 4 ,  1980 

I t ems  f o r  Discuss j .on:  

1) N a t i o n a l  T rends  and P o l i c i e s  R e g a r d i n g  s e a b e d  D i s p o s a l  o f  R a d i o a c t i v e  
Was te s .  

2 )  S t r u c t u r e  o f  t h e  SWG. and Task Groups 

a )  Review t h e  SIJG C h a r t e r  
b) SWG R e p o r t s  t o  NEAIRIOIC 
c )  Mechanism f o r  Adding New Members 
d )  De . s igna t ion  .of Task  Group Lead C o r r e s p o ~ l d e n c e  
e )  F u n c t i o n  cf  Task Groups 
f )  S t r u c t u r e  o f  Task Groups 

3) R e t r i e v a b i l i t y  

4 )  SWG Object ives  f g r  t h e  Next T h r e e  Years 

5 )  Time and P l a c e  f o r  Next X e e t i n g  
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