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SEABI'D DISPOSAL PHOGKAM ANNUAL RE I'OUT 

This is the fourth annual report d e s c r i b m q the proqress ,imi evaluating the 
i of tin.- ;U\ibed Disposal I'roijram (SDP) , which was bcoun Li• Jum- 197 3. The 
i;: w s initiated Ly Sar.di.i Uibuj-.it or ics to explore the utility of stable, 

«;, and relatively unyroJuci ;vc deep ocean floor areas as possible ro-
si i. !-; for ••.;«::;-level nuclear wastes (MLK'j. 

A ciilie.il problem in the development of mu'lcar power is disposal ol I he 
Lilly dan^crou:; Waste:; resulting i rum the u:;o of nuclear fuels. hli i 1 e the 

. arise lion M-VL-I.,] seetoi.s ol" the nuclear luol cycle and a m in a number 
r.:;, :;,!•. i.i | iv •_:.. Seas.ed ij; spuria : IT.J',U:!I W.IS limited to cons iderat ion ul 
..il <-: liliV : .-'.:i. •_.-..• I -. •, n.ci ss i mj o: spent fuel fre:r. the li.iliL water re.,ctor 
:•;•.-! c-yr-:... Tiie s : -;n i ! : L\I:K.-I> ol tin- source < >:" [il.W to the research act i v i t u.-s 
pi'j'ii.iti has decreased a:; :;ludu-S have progressed, and, with the current 

• ul ji-y w i tii n spcet to t he reprocessinq of spent nuclear fuel , considerat ions 

potential]., different burdens that would be placed on repository media and 
IVJ r-'niiiieiit i>y tiie djs|usal oi spent fuel elements have been incorporated into 
'.•:[.!:.. Co:,i,e :i:ent ly, uie term "li:i-." n: tin's report and its appendices refers 
t'... i-vsi,itii..| f rori an-, one :J1" nany currently icalizablc rc;-rwcs:; i in; scenario 

.Since 70 percent of the earth's surface is covered by the oceans, it is 
able that tlii:: vast area should ho considered in the search for an HLW d i s -
j'.edi'iin. A number ->i >jeolo'iic;i] media are beiny considered tur disposal, 
•, her:, salt, clay, shale, crystalline rocks, and basalt fomr.tions on the 

ay I'irTiOii'jns in the sea floors that ore the current focus of this pronran. 

KLfL'iit improvements in our understanding of ulobal geological and climato-
lo']ical patterns, including the description o£ plate tectonics, which arc due in 
'•art trj recent advances in <jceanorjraphic research techniques, a. i vc some confidence 
t .i;t iicj'uod disposal nay IJO uoth feasible and xuCe. Seme parts of tiie seafloor 
:...i;e properties that appear to be desirable for a disposal rcair.c. The most 
iei.-^ically stable areas of the earth arc under the oceans in tiie centers of the 
• jreat oceanic plates; t;ic floors of the major basins are the places most remote 
from nan's normal activities; parts of these floors are severely resource limited; 
and processes in deeper parts of the oceans are slow, tjcr.Lle, predictable, and 
dopositienal, as distinct from continental processes, which tend to be eras tonal. 
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It must ho understood/ however, that our total knowledge of conditions on thc-
ocoan f.'.oor may not be at the same level as our knowledge of the continents. 

On tho basis of this reasoning, as outlined in References 1, 2, 3, and A, 
together with present knowledge of the mia-plate/mid-gyre (MPG) and continental 
trai ling-edge regions of the oceans, the SDP has been working to prov.de the 
information needed to assess the viability of seabed disposal and to develop any 
new engineeriny capabilities required. The objectives of the- program are to 
integrate the efforts of several groups cf investigators in care'ul examination 
of tliu oceans and tho geologic formations beneath them, with the goo3s of 
assessing the feasibility of using some portion of these formations for radio
active waste disposal and possibly developing a safe disposal system. 

As the SDl' has developed during the past 4 1/2 years, two programmat:c 
elements have- evolved. The first consists of the developing and conducting of a 
research and engineering program winch will yield an assessment of the technical 
and environmental feasibility of the concept and may offer a demonstrated alter
nate disposal option to the land-based possibilities currently being studied. A 
second program element is the development and maintenance of a capability for 
assessing any otiwn di sposal scliomo proposed or developed by other nations. 

Although Lhc seabed disposal of HI,W has bee.-: considered an alternative to 
ether more extensively studied concepts in the U..S., it is a more main-line pro
ject in tho international arena. Since the seabed may be a viable option lor 
ultimate waste disposal and since there are many international implications of 
SUCH a system, bas.s for cooperation and exchange of information haK developed 
with other countries, such .is .KiH,m, IVan;:.-, .mil the United Kingdom. 1L is antic 
p.itcff that through mutual involvement a mure cimph.-Le ..nil timely .isnessmenl of 
concept feasibility c m be made. 

At present, attention in '.he KD11 is focused on the unconsolidated deep-sea 
sediments as a candidate medium For cor. ta lnir.t-n I. of radionuclides fri;n solidified 
radioactive I1LW. [;eep-sca clays that form a large |iortion of marine sediments 
have a number of properties that make them attractive; 

1. They are extremely fine-grained (most particles are less than one microi 
in diameter) and consequently have a low permeability, which causes 
the rate ci water nigration (natural or induced! to be very low; 

2. They have very largo surface areas per unit volume of sediment, an 
important attribute when combined with the ability of the clays to 
extract (sorb) cations from solutions; 

3. Their strength is relatively low, thus potentially facilitating sub
surface emplacement of wast^ containers; and 

4. They are in a plastic state, do not fracture if disturbed, and tend 
to flow or "heal" if disrupted. 
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SECTION 2 

PROGRAM DEVELOPMENT 

In 1973 a group of scientists and engineers was assembled Lo identify the 
best geological forrr.atio.i far the ultimate disposal Of 1ILW. It seemed sensible \.v 
search for the least valuable piece of real estate on the planet, preferably a 
rug ion where tranquility and stability arc maximized and whore no earthquakes, 
volcanoes, erosive cvunts, glaciers, or hum.ins wnuld be likely to disturb <i 
repository during the tin:e needed fur radioactive waste materials to decay to 

logical productivity ami eornpot 11 ion Tor uses ami resources wen Id be low. The 
centers and trailing edges of the tectonic plates were determined to be areas 
where studies should be concentrated. Such areas that wore overlaid by the center 
of large surface yyres (great c i reulat inq ocean currents where climatoloy i ca1 
1 luct aati'jr.s are minimized inu biological productivity is low) were especially 

Initial program adiviLies were dual; the collection of relevant historical 
inlormatien and the development oi wnporlant new occanogrnphic data. To keep the 
rug ii J ti.de of 'tie data development at a v a:iageabie level, initial studies were 
i.::iLi_eu to tix- central North Pacific MP:; area. This d ni not imply cemmi tmen l to 
timt urea as the only one d^^erving of study; the region was chosen because it was 
a convenient, generic si to-type study area with the required MPG characteristics. 

(.•ecanograpnic data acquired during the past decade suggest that the ocean 
!ioor is continually ucing created and destroyed by the dynamic processes of plate 
tectonics. Knowledge about the direction and speed of the motion of those litho-
sphoric plates has developed sufficiently for us to know that they collide in 
regions of mountain building or of scisniically active deep-sea trenches. These 
boundaries can be areas where the edges of the crustal plates are destroyed by 
l,u i .-Aj thrust under or over other plates. 

Placement of IILW into the deep-sea trenches at the leading edges of the 
yuboeean plates was ro)ected. The trendies are unpredictable and unstable, and 
::;a-,cr;ul from tror.ch bortoms lias been tr.rust up onto I he continents in the past, 
[i: addition, thr: trenches are near continents and therefore mankind, and they 
often lie beneath biologically productive waters. 

During 1974 and 1975, efforts and funds were primarily directed at assess
ment of the water column ;tho ir.ass of water extending from the surface to the 

imj the benthic boundary layer, seemed to be the first logical barrier to the 
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transport of radionuclides that seemed worthy of investigation because of its 
relative accessibility and the fact that investigative tools and techniques 
already existed. However, oiolcgical samples, surface sediiacnt samples, water 
sanples, photographs of ncar-bcttcn fauna, and current-meter data a!l showed that 
the energy relations and transformations oE the biological, physical, and chemical 
processes of the water column, including the boundary layer, 'were noro dynamic than 
expected. Therefore, placement oC HI A* on_ the r.oafloor surface was rejected ' because 
the wasto container would be effectively placed tUrectly in the biosphere. Since it 
is difficult to conceive of a practical manmadc waste-Eorrn/canister system that would 
survive without releasing nuclides for hundreds of thousands of year-., it must be 
assumed that radioactive material would eventually enter the ecosystc.i from such place
ment, Therefore, the water column should no-: he considered a primary narrier in the 
containment F.ystem. It will have to be noro conplotely understood, howwer, when 
transportation, safety, ant! environmental impact have to be considered ir relation to 
a sub-seafIt or waste repository. 

As a result of the above cone lusion, wni It program emphasis remained on the 
Worth pacific K?G area, program focus was charged in mid-1975 froir. studies of the 
water column to detailed deseri ptions and Studies of the sediments, their proper
ties and 'chemistry, and the response of the .'jcdi.T.cnt column to chemical and thermal 
3-Jtputs. This emphasis continued through 1971,. 

Ii early 1976, the Energy Research <ird tJevciapment Aoministrut ion li:RDA) , 
now a part of the Department oT Energy ('JOK) , defined a secrnd program clement: 
the de.'elopment and maintf ur.ee of a data base, methodology, and capability for 
assessing technical feasibility and environmental penalties of ocean disposal 
systems proposed by other nations. Tlr.s element of the program, while not. 
diminish inf. emphasis on tjie sediment col J M , precipi tated renewed I M C T U S I in 
tescarcn activities relative no the •-•iter coiuin arc an expansion of bent/.ic 
aoundary layer studios. Basic unduistanding of processes, responses, and func
tioning o~ the dynamic physical and biological systems of these portions of the 
environment is necessary if we are to assess the environmental impact of radio
active materials placed on or beneath the floor of the ocean. 

Emphasis on evaluating the barrier properties of seafloor sediments con
tinued through 1977. While the major pottion of prograra funds and effort was 
applied to thi? area, activities relative to the overall technical feasibility 
study, environmental impacts, and international and legal/political considerations 
continued at a pace coranensurate with current SDF priorities. 

International Seabed Disposal ProgtJIT. 
The SDP has international implications because of its potential contribution 

to solving the worldwide waste management problem and also because of the sensi
tivities and restrictions established by international treaties with regard to acts 
which might pollute the world's oceans. These implications are addressed in the 
SDP by participation in joint international programs, by input to conferences, b/ 
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discussions of international policies affecting the seas, and by close liaison 
with international organizations such as the Nuclear Energy Agency {NEA) and the 
International Atomic Energy Agency (IAEA), which deal with both the ocean and 
nuclear wastes. More specifically, an international Seabed Working Group iSKG) 
has been organized under the Radioactive Waste Management Committee (RWMC) of 
the NEA (see Appendix A, Volume fl) . 

Pragran Contributors 
To achieve program objectives and to carry out the program plan, a multi-

d:sci/;hnary team of scientists and engineers was assembled early in the program. 
While a basic core of individuals has remained as team members ever since, the 
makeup of the total group varies as emphases change and as the need arises for 
particular specialists and consultants. In Tabic I is a list of individuals who 
:ia\c made important contributions, through either technical activities cr critical 
cu;;-jr.cr.L, to scientific '-;orii or to program planning during 1977. 

The objectives of the SDP as outlined in the first-year report remain un
changed. To provide a basis from which to view the critical scientific decision 
points in tne overall prouram plan, a Barrier System Logic and Decision Diagram 
WJI developed an<i is described in Reference 2. 

Reports on the past year's work from many of the team members are given in 
Volume- II; sitjnificant results from their scientific endeavors are summarized in 
this volume. in addition, a number of professional papers and presentations have 
Le'_-;i derived wholly cr partly from SDP studies and are reproduced as authored by 
various participants. 

A significant group of presentations to the nuclear community by program 
participants occurred at a special session of papers invited on "Methods for 
Sc-afj';d Disposal of Nuclear Waste" held in the 1977 annual meeting of the American 
Nuclear Society. Abstracts of those presentations are given in Appendix B. 



TABLE I 

List of Contributors - 1977 

D, . R. . A n d e r s o n * SLA 

A. , B a l d w i n URI 

S. . R. . a a m f o r c j UK J 

V . T. Bov/cn MHO! 

D. G. . S o y u r * DOl i /KCT 

J . W. B r a i t h w a i t e SLA 

B . R. B u r n e t t SFO 

D. J . C a l n a n UF<I 

P. V. C h a v e z SLA 

J . D a m u t h I.DGO 

P , n. Dawson SLA 

0 . A . DtJC-BU H a r v a r d 

A . .s. D i f t a ! J I 0 

1". s . Boy l u S £ 0 

A . <;. K r t s c o J i WHO i 

. 1 . c . D u n n SLA 

K. L m b i y l.'JCD 

C. tS. K f j « . t t i R yr*i 

K. I . . i : n c-k s o n SLA 

T . [ • : . C w j r t AIM./OW 

0. i i . H a m i l t o n DOE/BEK 

b. i ; . Jlay-OK LD«0 

T . L . l l a y w a r d S I O 

ft. H e u t h * U f l l 

I ! . a. l i e s s l e r S I O 

J . K. H o t H e r m a n URI 

c. C. ULckox. SLA 

c. D . i l o i l i s t e r * w n o r 

c. I - I n g r a m S I O 

c. 1 1 . K a r n e s SLA 

K. L a Ln<? URI 

I I . H . L i v i n g s t o n WHO I 

». I f . M c D u t f KJO 

J . A . McCowan S I O 

u. (•'. HcVey SI.A 

I . , O . O l s o n AI 'L /UW 

A . P f d c r s o n AJ'L/UW 

K. A . t ' r i n c o UHJ 

1 ' . i t . Hhi i ic-K WHO! 

W, )•. : ; chunn ' i , , ) r . SLA 

I-1. Spc 

iv, 0 . SurnJot-r*/ 

l>. M. T a l b c r t ' 

A. II. 1'roadway 

B. Tucholfcc 

R. VanDoxtel 

*. S. wishner 

A. A. Vayanos* 

SLA 

LOCO 

SIO 

SIO 

SIO 

•Current member of the Seabed Disposal Program executive planning Group 
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plwiteiUed and w i l l demons t r a c e Lite capob i l-i M r-s of tin: c o n c e p t Llir'ui.ili :;i.-mi-i <m: i n<-
ompltT.cment o£ w a s t o c o n t a i n e r s , 
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Individual components of the program are coordinated into a total-system 
engineering effort designed to deal with the waste from the time it leaves the 
reprocessing or repackaging facility until safely emplaced at the repository. 
Major elements of the total program arc system development, conceptual design 
of the handling and emplacement facilities, environmental impact analysis, and 
construction of facilities. Included in system development are site select-ion 
[characterization and criteria developtfcit), waste confinement, emplacement, 
transportation, risk and safety analyses, and economic and sociopolitical analyses. 
No program funding was applied to the areas of transportation, risk and safety 
analyses, or economic analyses during 1977. Initiation of activities on some tasks 
in these areas is planned for 1978. 

Program philosophy was spelled out: in early documentation ar.c has remained 
unchanged. This philosophy is to treat the disposal question as a mu)tiple-barrif-
assessment problem. A formalism based on a sot of sequential barriers to the ro-
1(ase of radioactive waste has been adopted to compare rates of decay of waste-
constituents against the rates of migration of the nuclides toward man. This 
multiple-barrier concept encompasses Lhe waste form, the waste canis1, -r, the sub-
soafloor emplacement medium, any controlled modification of the medium, the henthic 
boundary layer, and the water column. 

The major task of the program at this tii.ie is 10 determine whether or not 
any submarine geologic formation can contain radioactive waste long enough for it 
to r.ecay to innocuous levels. Attention is focused on the waste form and canister 
for short-term containment and on the sediments for long-term containment. 

The basis from which to view the critical scientific decision points or the 
containment problem is the 3arrier System Logic and Decision Diagram. This diagram, 
discussed in Reference 2, prescribes the program needed to address the containment 
problem from generic site-type selection, through all necessary scientific and 
engineering investigations, to a disposal pilot project. The diagram is centered 
around a number of models v.hich are in various stages of development. 

Since the required time of waste isolation is much longer than is attainable 
in any manmade experiment, the attributes of each component of the barrier system 
must be adequately known so that a credible prediction of barrier-system effective
ness can be made. This effectiveness will be evaluated by che use of suitably 
substantial models which will be used to characterize subsystems and to enable 
parametric studies and sensitivity analyses to be conducted. Details of the sub
system models are given in the appendices indicated: 

• Ion transport through porous media (Appendix C), 
• Thermal interaction (conduction and convection) between waste canister 

and sediment (Appendix K), 
• Lfng-fcerm sediment deformation and buoyance resulting from heating 

(Appendix M ) , 
• Sediment column response to dynamic loading associated with canister em

placement (Appendix H), 
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• Sediment column response to quasi-st^'.*^ emplacement {/.ppendix M) , 
• Patns ano. rates of bioloqicp'. mobilization and transfer of radioactive ions 

from sediment to water column and within the water column (Aui.ier.dix DJ , and 
• Predictive environmental model of the sediments fcr the next one million 

years (Appendix F). 

While program research activities through 1976 continued to be focused 0:1 
study areas i.i the central North Pacific, during 1977 rfidies wore initiated to 
find a cjen^ric study area in the Atlantic in a region of pelagic sedimentation. 
This activity furtners development of the international aspects of the program ami 
is necessary to allow a sound system analysis of thi' disposal concept. The yoals 
of this extension of the program are 

• To identify generic sito-lype study areas ir. the Atlantic, 
• To ascertain that existing methodologies tor assessing the Feasibility cf 

the disposal concept are applicable in the Atlantic, 
• To compare the lateral and vertical coherence of Atlantic pelagic sediments 

with those being studied in the Pacific, 
• To determine small-scale deposit-' -rial patlerns and predictability of 

sedimentation in Atlantic areas, and 
• To compare the sorptive and ce^ ethnical properties of Atlantic pelanic 

sediments with those of the Paci;i;. 

FNVIROr-iMrHTAL PHEDICTABILITV AND CHARACTERIZATION' 
The development of an adequate understanding of the natural system and its 

response to such perlurbations as pertn \n to the feasibility of nuclear waste dis-
posal continued to be a major area of program effort in 1977, An immediate objec
tive is an understanding of the complex interactions between wastes and sediments. 
To accomplish this objective, descriptions of the so'i:ments, their physical and 
chemical properties, and responses of the sediment eclunin to mechanical, chemical, 
thermal, and radiation perturbations are needed. One aspect of this effort is an 
investigation of ambient background conditions to establish initial conditions 
and to furnish the basis for an understanding of natural processes caused by per
turbation" other than waste disposal. The result oF this work will be the 
development of a pred ictivc envi rotimcntal model nf the sodiments for the nex t one 
mi 1 lion years. 

This model will then be coupled with the results a: other invesuujations into 
the interactions which devciop when the environment is perturbed by the presence 
of waste canisters, mobile .vaste ions, heat, and radiation to enable a technical 
assessment of the disposal concept to be made. To establish tlmt a region has 
undergone no perturbations for millions to tons of millions of years before the 
present Imybp) requ ires the careful analysis of a cont inuous scd inencary record, 
commencing with the present. 
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\:tr I;M IOUK, .v.-n ! hmnjh tin- i i n c - i r a r " . ! .ICL-U>THI !.u ion i a t i - s va ry i.y ,i f a c m r 
of iwo w i t h i n trie af" . i !sci- r ' :- ;un- i l . Th>- l«!i<|-tprtr. s t a b i I i t ' / i f tl'.e 
i M l ' . T i . s : ;u i ( .p.st T; I. i;a r i i n> r i ; a i -.:r t i u . u c u r n n l . , iMther th-itj . i d v o c t i v e 
hot t on f lev., wlii^li l i k e l y h.iB Viirici! o v r r -si-tilou!.. t i n e , r x ' T l t h e r ircatoist 
ni t I'.icncr <.y> t it>.- ilt>:iost! IOIT of f i v.e s r i h u i r n t s {Appendix EJ . 

The- MPfi-I and l-'SH.-il s t u d y a r e a s , which a r c 70f> km a p a r t , show ,T . i r r a t 
s i m i l a r i t y in d e p o s i t i n n n l f e a t u r e s ; t h i s s u q q e a t s t h a t s e d i m e n t a t i o n 
b e n e a t h t h e c e n t r a l Nor th p a c i f i c rjyro has been c o n t i n u o u s and p r e d i c t a b l e 
f o r m i l l i o n s of y e a r s (Appendix E ) . 

Most of t h e m i n e r a t o q i c v a r i a t i o n s in CI'C-3 can bo a c c o u n t e d for by a com
b i n a t i o n of NtJW p l a t e mot ion (from a p o s i t i o n a t a b o u t 5" M t o i t s p r e s e n t 
l o c a t i o n a t 30" Nt t h r o u g h r e g i o n s hav ing d i f f e r i n g sed inenE ( i rovenance , by 

IS 



DEPTH in V32-U6 and GPC-3 (m) 

Uniform d^posi t innal patterns in the KPG-I .irw 
revealed by correlat ion plots of macnetic reversal 
boundaries in GPC-J and V-32 cores. Even though 
core-to-ccrc accuTjIation ra tes vary by factors of 
up to 2, the cores respond v i r tua l ly Identically 
to tho marked increase in sedimentation rate trom 
less than h m per .nil lion years during the Tertiary 
to several m per million years for the younqest 
sediments. 



fince it has be-on dotnonst r.i l̂'i within rc.irinn.it, I c doubt from the limited nui.ib.-r 
of cores and preliminary acoustic data available that an area appears s ii table as a 
possible repository site, it is then necessary to determine whether a sufficieni.ly 
larqe area has continuous properties an:l uniform sediment characteristics. A method 
is needed to reasonably verify the validity of interpolation "continuity" fron one 
;ore site to the next. 

The first attempt Jt determininq the lateral continuity of an MPC study area 
was initiated several years ago and was completed in 1977. Progress is reported 
in Reference 3. Further analysis of data from MPG-I during the p2st year reveals 
the £ollo-- . >g: 

* No data show large-scale faulting {tens of metres in vertical throwt in any 
areas covered with acoustically penetrable sediments (Appendix F). 



AGE (MY) 

10 20 30 10 50 60 70 

0.2} n/m (3) 

Atjc V I T S U S dnj.-th :)loc Tor Gl 'C- i . Open bars are a:|e est imates 
based on l e h t h y o l i t h aascmi)la<|os (Appendix GI . So l i d bar u 
the aqo est imate der ived from a p la te -mot ion model, and n 
p a l c o l a t i tudr; ca l cu l a ted from p j I con ic 1 i na t ion data [Appendix F} . 
So l i d l i n e and open c i r c l e s arc from maqnotic s t r a t i q r a p h y ; 
dashed l i n o s are throe models for the sedimentat ion r a t e h i s t o r y 
of CPC-Z (Appendix F ) . 



Tho reqion between 158" VJ and lri'J" W and between 3U" K and 31" 30' '.S 
(•6000 square mlos) is relatively uniform acoustical 1/, with the profiles 
Hliowinq an ovon blanket of "10 to 50 metres of sediment containing one con
tinuous sub-bottom reflector at about a 10- to 12-motre depth. This spears 
tu be the raoHt homoqencous portion of the Mpn-I region (Appendix F). 

Acoustic profiles taken cast of \W arc much more variable, with more 
ti ̂ continuous reflectors, rougher topography, and passible basement outcrops 
[•resent [Api-ondix F) . 
Further cone] usior.s concerning lateral ceherer.ee will have to jwiiii CJOSLT-
spaced track coverage from surf.ice ships and detailed near-bottom acoustic 
surveys augmented by a number of long piston cores for rinal demonstration 
of site homoqeneity (Appendix F). 

Character ; ii.it ion of Sed irtvn i. IVopi-rticfi -- L'li.irjctcr i zat icn or Kniiment prop
erties :>t the MPG study are;is continued in 1977. KKtorsivp initial analyses of 
the :;i>C-J c..re recovered from MPG-I urc reported i n Efcferer.ee 3. A summary of the 

frur.bull field. 
SUM photoqraphs of samples from GPC-3 reveal the characteristic clay-floc 
fabric (honeycomb structure) of ultra-fine-grained abyssal clays (Fiquros 3 
through 6). ".'his material has very hiqh porosity and very low permeability 
(Appendix H). 
SEM photoqraphs of 1iqhter-colorcd clays of GPC-3 show a variety of sediment 
characteristics (Figures 7 through 91. This variety can qenerally be attrib
uted to the post-depasitional alteration (diaqenesis) of volcanic ash layer 
or to authiqenic precipitation of zeolite crystals or amorphous silica in 
the form of cristobalite (Appendix F). 

http://ceherer.ee
http://ii.it
http://Efcferer.ee


£00 

x IOOO x 5000 

280 cm {Upper); quartz-illite-rich clay containing wind-blown 
continental debris (left) probably derived from glacial deposi 
of Asia and North Ancrica. Age =1.2 nybp. 
280 en (Middle)j quartz-il lite-rich clay contaii 
continental debris [loft). Aye =1.9 mybp. 
690 cm (Lower); clays of the "Transition Zone," a region where 
the illitc mineralogy changes to primarily authigenic smectite-
fcrromanganese oxyhydroxide-rich sediment. Note typical honey
comb structure of clay fabric; this structure is the primary 
cause for the high porosity and luw permeability. Age =4 mybp. 
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Information on the physical properties of sediments provides part of the data 
base necessary for Long-term prediction of the behavior of potential repository 
sites. A combination of spot sampling by coring (or drilling} and sub-bottom 
acoustic profiling techniques is used in these studies. To date, investigations 
hove been directed at deep-sea clays genetically rather than in a sitc-spccif:c 
manner. The two study areas of the central North Pacific (MPG-i and MPG-!i] were 
selected for initial studies, but the development oE a way to characterize the 
areas is of first importance, an the theory that the information will be applicable 
to any potential site once feasibility of the disposal concept has been established. 

Ceotechnical property studies on samples recovered from the study areas have 
been concerned with (1) permeability characteristics, (2) compiessibility chaije-
teristics, (3) shear strength, and (4) index properties (void ratio, water content, 
grain-size distribution, plasticity, a"d specific gravity). Typical profiles of 
geotethnical properties at the study areas have been extensively reported. ' ' ' 
h summary of lithology, water content, shear Hurength, and acoustic properties of 
GPC-3 is shown in Figure 10 and discussed in Appendix H. ft summary of significant, 
results from geotechnical investigations conducted during the past year follows. 

• Data from consolidation tests on MPG-E samples show the present in-siu over
burden stress to be tho maximum preconsolidation stress. This indicutef 
that the area has not undergone any dramatic changes in topography due- to 
removal of overburden and that there is essentially no water nitration di:*' 
to compaction [Appendix II) . 

• This stress information, coupled with sedimentation rates established by 
other studies, yields a picture of a stable stress environment over the past 
tens of millions of years (Appendix it) . 

• Tho phenomenon of apparent overconsolidation in the upper few netres has been 
observed in a wide variety of deep-sea sediments and is attributed to nigh 
interparticle bonding stresses which overshadow overburden stresses 
(Appendix H>. 

• Tr.e water content/density proEile shows a dramatic increase in porosity 
(decrease in density) beginning at about 6 metres in Mf'G-i {from an average 
water content of 110 percent in the upper 6 metres to 230 percent at LI 
metres). This is due to a mineralogy change from illite in surficial scdi-
ments to smectite in deeper layers, which is finer grained and more active 
with respect to cation exchange capacity (Appendix II). 

• Permeability of smectites at in-situ porosities is estimated to be of the 
order of 3 x 1»~ cro/s. Illites are estimated to hove a permeability of tne 
order of 3 x 10 cro/s (Appendix H). 

NUCLIDE MIORATION — CONTAINMENT MODE 
An essential element in evaluating the feasibility of a disposal system is 

an understanding of the interactions between the waste and the environment. If 
tnere were no effects or modifications of the environment, there would be no threat 
to the biological system or to man. There is no \^ay to separate the effnets of the 
environment on the waste from those of the waste on the environment in this highly 
complex system, interlaced as it is with many feedback pathways. 
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worn pa I [!.!.• wir:, in ITIVM r. innn-r.t li.-.iL-'d l;y r.id i^.aei i•/i ty For n.-U'-s:-.. 

of I wic, Sit iiav.- th.- d i -s i r . i l . l - iJ5. <-;um)t:cil str- iuMh and Ui.-rm.il c-

1,1-npi-ri i i ' r i , j.-.t! (3) hav- low t-n:-* •>•:•'. i s i i nm l .-• .^sampt: mt, nf r , i ' -

1 inui-i'it mat. r r i.tls (Aupcndix h . 

L i terature curvcys have l»'c-n tror.djcl.oii a.-id data i-nnpi led mi i-nrn." 

information for mo^t a l i ny Byth.-ns i •• :so( Lr::!.- nml scaw.nt.fr: a! • 

copper, LMoini.m, nod n ickt-1 -hn*."i . i l l iv.-s: mMd, low-st r-n.U :; s: • • 

sfamlr-ss S M ' - ' I S [Append I * 1). 

Corrssic^ rosi.nr.Bf-- of a wid<- r.tn.i«.' of s l ley systoiaP is b-'-.n' S!L:<: 

deti-ririr-f i h r influence' of ;":) t- itpi-raruro, (2i ;>rinc compos i :. ,<v-. 

chercistry), (i) dissolved oxygen cor.ci'n: rat. inn F 14) external pros; 

15) coat inns, (f>) ii-eldinii and sensitization of the base serai, (V 

treatne: f : , [51 stress, ar.d ('J) radiation damage and radiolysis pi 

I Appendix '.}. 
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Siriiarly, st-ar.dan! samples obtained fron core f-pc-2 have been subjected to 
elenient.il analysis by emission spectroscopy. Elements identified in this analysis 
include fia, Cr, Sr, A), Ca, ?.r, Ni, Ti, Cu, Bo, V, Pe, Mn, Mn, Si, Nn, Li, K, and 
PJ: (.-.pper.clix .7) -

:jroblf^ =ire being pursued v.'ith the highest priority in the program. The maj.^c 
emphasis of these studies is the evaluation of equilibrium sorption distribution 
coefficients as functions of temperature, pressure, pH, nuclide concentration, 
competition concc.'-ration, and sediment type. 

http://elenient.il
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Uowiiuoic v . i r l . i l ion;: I N K a i - nni r,.:,-!.,-. ( i i ' j ' i c - I I I 1J 
f.-if'ly i'»r .i J UNCI omol.ir :;-.)ui Kin !;<,••. n-.-jnd MJflO PI I / 

:;«-tJim<>n!!: I n « i f t o I'I m m f h- .-or--. 11,.- de. *->•.=;! s. 

, i l 

..t 1 mi I I imnl.ir 
adcqu.il e f.-.i" i he 

!-'/K.I.-]ii.il u r . i l l y .Icwnu-cr.-, w i l n v.i I ; nl .1 l-.'i y. /d If. 
-0 .7 H.Mr the :^.p '.,;:.• i<, !<-;;;: !.-*...:- -<:.s; . . u->- l '.- *o 

. " • v iT - i i h l r . I I s:; ;i'it.i-w>ril.y th. i i I.,, .m , ! . M i sy.;lriu whet. • the ,n'i i ' . ' i l , ^ 
<-r ..J i s o l v e d and :,nrhed ions .ir< i n<l. •;,. ..id. -v\ nt concent r a t i o n , d 1<M K / d 

of d.sorpa iun vKf.- iTineti ls, v.Iuv, : ;o iu : ;n - ; :-:>ix--.i :<il *o:v; .1! K ::. the m o - . . -
TU1.IT r.ir».[c, t in- d !o..: K A: !<-.: C v.i]-...„ arc .>:. : I',.!. : c i ] I •/ ! i:d i st i )i:|u : shaU. 
from - [ (Aw^-miix Kj . 

[n pa rnL l c l w i t h tin-- above- i rives t i-t-it rem, J c L - i m i n a l i m i of the rfon.lirni . i : , . 
o r p t i o n of £u in 0.7M NnCl so lu t i on : ; w i t h i fKppct to a s u i t e of nil icc-tiuK am: 
c j reous oozes has bnt'i) underway: 
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LOG KP ( IHH) LOG K P QJJM) DLOG KP/DLOG C 

1 1.5 2 3,5 H 1,5 -1.0 -0,8 -0.6 

vyj : I i lj.'i.um sor|/:ion distribution coefficients f->r the- .̂ uitc of w.i tc i;id ionucl ides . 
Tin sc djt.i arc needed so that critical i>n:j i nc-er i :m piir.inir'.rrs in the nn;ie!s can be 
evaluated for anticipated conditions. This work in bt-iiKj pursued usirnj a sample 
of "typical" smectite clay from GPC-2. Initial experiments Ivivo been conducted at 
4° c; and 11° C as well as ambient laboratory pressure. Same of the jjrel iminary 
results arc as follow: 
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Thermal studies duriivj the past vp.ir included analytical model incj ,-.ci. i v i L i i-s 
laboratory experiment;;, and first stops in the development of a field experiment. 
The analytical work was divided into three maior efforts: (1) thermal conduction 
models, U) thermally induced convection (closed-form models), and (3) tVicrra.il 
convection (numerical models!-

• It hss beet: shown that it is possible lo dccor.plo the momenlum .iral energy 
conservation relationships and obtain the resulting tcmpcraf-irc fieid for 
the r-enoric clay sediments hcimj investigated. Decacse of extrerr.cly low 
interstitial water velocity, thermal conduction models should be valid as 
long as instability mechanisms do not snort-circuit the scdinor.t barrier 
(Appendix KJ. 
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Clnsoci-form ir.odoJs For saturated porous modi a now exist For (1) the coiwcc-
Livf ricl<i surroundin« a point or a splier ic,i 1 licit source in .in unbounded 
n'.-dium, 12) a boundary point source below a S M i - mf i nito medium, and (3) a 
•:.n'iu: source iioiow a constar.t-trn-porat-rt- inter"ace (Appendix *K; . 

of a water molecule wil l be no more than J5 cm in 1000 years (Appendix K). 

By means of numerical models, some work has been done in evaluatinq the 
pressure increase that would resul t from a localized heat source in the 
sediments. Calculations Eor a 2~kW heater with a longti'-to-diamoter r i t i o 
o£ 4 and buried at a depth of 6 n resuLted in a maximum pressure increase 
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n..'.ir t in : ; ICJU.T of U.l .it:'. >L '. • i..yr-;, /,* V, days, '.:.<-
•i.-r. j i a i , .;:.'! , i ! ;0fi ' i . . y . , f , HJ.t „ t ; i , . f-,r '.<:*f,.jr ,:..,.. 
hf.i'l ov*>r thn- r,-r. I x i r i . i i 'N-pt!- ir» 0. ' , - . t r </pr>ortdi x n -

J,-itj'.r.it'»rv t!,..n[,,,i Wr>r< ' ! • , ] . . , - , ]'»7 7 ,M:. i * r' r. - J y 1if.H<-'i 

^•^ij^Ji^^^i^^^-^>s: f'^ :>ii_iii^ r;r: y'/iyui r»'i: 

I T , Tin* processes of t in- w.t 
!><•(•<>.-<• t in- : . r c b l w s of t -.m 

OT pr imary i n t e r e s t w i U i i u t tic emit oat nf the nuclide- mlu-'-i t ion p rob l t 
Jr. asscssn-.r-.it Of the cons<-i*u<.-pii,-<:i uf <i mi;;h.ij; dur i t in emplacement and che- cm 
qinjnccs o£ lear;a<:c fro:n hx>or oic'iKiccmci!!;. V e r t i c a l and hor i sc r . ta l t ranspor t 
n a t e r i a l Uircfcqh the water KOIUJB*-. muse IK.- undots tood. The .-nob: 1 i a a t i o n , jaw 
z a t i o n , and t r anspo r t o f ir.ator : i J s by t r u b m t a , c i i - r c n t s , sediments, ar.d cl-
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.•\.ii!.i!: j,o(is li.i'Jf Ijf.'Ti trailed front near the sediment/water interface to as >-,igh 
tis "ifj m in the wat'-r c-itumn. Preliminary indications arc- that the mean s,ize 
nf t rai-ijcti individuals memasos dirrctly with heiqht above the sediment 

This evidence for a seni-pelagic n;odc of life for anphipods lends importance 
to -.wo potcnrial ways of transporting radionuclides off the bottom: (1) 
ciKcrntion by amphipods of metabolic waste products into tho water colurm and 
(2) the possibility that hiohly mobile amnhipads could combine bottom foraging 
wiJn swimming up into the water column to feed and be eaten themselves by 
wider-ranging organisms (Appendix pJ> . 
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representative.- of m id -M a te /m id -gym mg IONK . While; mr.phiprjd:; n.ive- n-i'. 1. 
trapped fo r the_-se s tud ies in other mi ' l -^r /ro r c j i o n s , the- ub ig i j i t y of .IHLJJ! 
pods is lihown by successful t r . . ; .p ing i-*" f o r t s on aby:;sal \Au\i.r, .i:,n i r ' - i :e : 

/•jT.E.hij-O-3:; f r w the KPC-I stj-Jy -im..i r-.iv. • , - -;. : : ' J W : ; K ! - , : Jy j ..-.-.-. --••: :.•-•,:• 
v70<;-.7. d ' - p l l i K a:;d j v l u r f . ' - j t o •.;.'• I . i l . - , f . , ( . • , r / Is. .J J I'-•• -.",:.•: i< J •.:. f v . ' v i : , , 

i r a n s f ' T r.sti'B of food or r.nj lumi!.' I i dei: m.iy In- rn-jn- rap id than j-i . •••'ions I y 
s u g g e s t s (/e.^-ivl ,X PI -

'.'atehe.s •>! two M . - n i f i c u i t :-;p. •<• i •••: m .ii.yr:::np<-! .L : n; . i n i r i i l : ; wi- in.id.- in t li- .-
c e n t r a l a;i>] eastern North J \ i c : f i " unir..; ., :». wly •fvt-]o:. i-; l ! : • - i - - . - . I: :c :. • n : i 
no t , ba i l ed t r j p , and hriok syst'-ni. The C J ™ H | " 11 11 .-in abysiMohei, i M i i: r - . i l - i . n l 
v/r.s caught at doiiHis ranning from 51] to T'".!) pi above the hot. Ion (iHCK) in 
0700 nil and represents the- f i r s t capture of t h i n Kpecii-K in m 1.K.11. T . 
SCtT/cmi: r.q axpriLpo-ds were- trapped .;()<:• n al;ov.- t in- abyssal f l c - . r in I h< MPO I 
study area. The- presence o f i Lt i icr oT tli.-sc animals in midwater, along w i t h 
gu t -con ten t analyse:; , sugtiests an n c t : v f iwo-v' jy exchange ;;f fo:i;l energy 
between abyssopclaqic and bonth ic communities (Appendix I'). 

Studies of t l io species and s p a t i a l s t r u c t u r e s of xoopiankton in t i n ' upper 
5(10 ra of the c e n t r a l North [ ' a c i t i c qyrr- show s t rong t rends in both s.truc,-i.ur(-s. 
The observed constancy in the prepare inns o f the s j icc ics and t h e i r v e r t i c a l 
pa t te rns over long per iods of t imc (seasons, years , and decades) suggest s a 
s t r o n g l y regu la ted system. Some of the spec i OR should be good candidates 
f o r s tud ies of p o l l u t a n t concen t ra t ion fac to rs and t r a n s f e r ra tes (Appendix Q)• 
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repo r t s covor imi two f i e l d o [ )e r . i t i on 5 undertaken du r im j 1077 i r 

I steps to develop .1 plan for •> major f i e l d expor iment to add ret 
,ind Lr.irii-.fer- or rad ionuc l i des in the lH' i : thie re i i ion and i " the 

Laisc-ri !:-. 1077. H u ; , is .in Jr . - i ; i tn biMlrjLj ic. i l oxper i menl ( I Slit-:) 
not. been d. vel oped . A 1.1 e1 im i rmry meet in. | , lie Ui t o discusr, I i i. 

[.!• ,.!].] otj j i-ci iveK of the J SHI-:, i H repor ted in Appendix S. 

1.1-o.ir.im, of e | ( 1 

cji.-e.ui, t h e i r r.it. 
i-y.i: o; the :n-tl IITI 

ind red i : ; t 
;! y . 2 ' ' ' '[ 

.r-.b.n ;.•:. < 

paUv.,'.,y; and r.iLOi: 
-t r a t i o n i n lo (he 
inniob i 1 i v i li.| them. 

i nu l L i es 
ly d e l i v e 

In l i l y of Llir- .iKf.oci.it K. I IK one.! formed (Appendix T] . 

. ;••.•<; ioti. i l c o n d i t i o n * may lead to r e t e n t i o n of \'n, and poss ib ly other M i e l i d e s , 
... i hK i - r ' t L ' layers or lnrouijr.o;:t the water co . jmn , desp i t e i t s <ie:ic:a: 
••-•i.•»•.••/ t o issor-i i t . w n ! i p . i r t i e I - 5 [Appendix T) . 

KMPI.ACKMrHT 

Knowledge of the deformat ions of seabed sediments not on ly dur ing emplacement 
of waste c a n i s t e r s but a lso f o r ;i;.ies lone; a l t e r emplacement is needed fo r eva lua 
t i o n of bach cnplacenent techniques and l o n u - t c r n waste i s o l a t i o n . The c a v i t y 
formed dur inq emplacement must c lose and form a cont inuous sediment b a r r i e r , both 

http://biMlrjLjic.il
http://iKf.oci.it
http://ioti.il


SAMfi.THf. AMU iNfiTtltiHilMTATION i»:yKI.«PHTKT 
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SECTION 4 

INTERNATIONAL AND LEGAL/POLITICAL ASPECTS 

The radioactive waste disposal, prograras of most countries are focused on 
investigation of land-based geologic formations as possible waste containment media. 
However, over the past few years, several countries have initiated programs to in
vestigate the possibilities of using the geologic formations in the sub-seafloor 
for the disposal of HLW. Aside from the various technical advantages and dis
advantages involved, use of the international seabed for radioactive waste dis
posal raises a multitude of social, economic, political, legal, institutional, 
and ethical issues. 

The technical aspects of seabed HLW disposal are being addressed on an 
international level via a scries of international workshops. The results of the 
first of these workshops are discussed in References 3 and C. 

An international Seabed Working Group was created at the meeting of the 
Second International Workshop on Seabed Disposal of Radioactive Waste held March 1 
to 3, 1977, in Washington DC. At the end of 1977, membership included representa
tives from France, Japan, the United Kingdom, and the U.S. The goals of the SWG are 

1. To provide a forum for discussion, exchange of inforrootion, assessment 
of progress, and planning of future efforts, 

2. To encourage and coordinate cooperative research vessel cruises and 
experiments, 

3. To share important facilities and test equipment, and 
4. To maintain cognisance of international policy issues. 

To facilitate accomplishment of these goals, the SWG is divided into seven Task 
Groups and an Executive Committee. The Task Groups are made up of individuals 
from participating countries and are organized to address the specific areas of 
system analysis, physical oceanography, waste form development, canister develop
ment, biology, sediment and rock, and site selection. 

A report to the NEA Radioactive Waste Manao^-.^nt Committee on the second 
international workshop is given in Appendix A. Late in 1977, arrangements were 
being made for a third international workshop to be held in February 1978. 

Early reactions to seabed disposal range from assertions that any country 
should be permitted to use the deep seabed for waste disposal to the conviction that 
under no circumstances should use of the international seabed for radioactive waste 
disposal be permitted. Detailed preliminary study of the concept reveals a complex 
and evolving picture. Since almost everyone reacts negatively at first to use of 



the sub-seafloor for HIM disposal and almost everyone confuses the distinct con
cepts of disposal ^n the oceans, on the seabed, and ijj the seabed, it is not 
yet clear what the legal and political future of the concept is to be. Imple
mentation of HLW disposal in the deep seabed is far enough off that many aspects 
of the social, legal, and political situations could change significantly in any 
direction- However, it seems reasonable to do legal and political research now 
in order to identify important problems and guide development in the interim. 

As part of the Seabed Disposal Prcqram, research continued in 1977 in looking 
at (1) national and international legal issues, and (2) national and international 
political issues. Results of these activities are discussed in Appendix V. Some 
results and conclusions follow: 

• At this tiiae, national and international policies are clearly inadequate 
to implement a rational sub-seabed disposal program for radioactive waste. 
Research or. nuclear waste disposal possibilities is for enough advanced 
to justify at least a serious attempt at the delineation of policy priori
ties and decision criteria. Even in the U.S., however, few policymakers 
comprehend the waste disposal problem in general, let alone possess a 
balanced understanding oE each disposal possibility [Appendix V). 

» Governments must politically evaluate sub-seabed disposal in the context of 
all available possibilities for managing nuclear wastes. Countries will 
offer real support only if sub-seabed disposal is considered necessary for 
national wastes, industries, or other clear interests (Appendix V). 

• Assuming technical feasibility, it is still too early to determine the polit
ical feasibility of burying HLVi within the deep seabed. Although early 
foreign and international political responses will influence U.S. policy, 
the most iv^-ortant initial decisior-s oust corae from the U.S. Whe* her or 
noz American support of sub-seabed disposal will influence other nations 
will depend upon future law-of-tne-sea, general nuclear policy, and nuclear 
nonproliferation efforts. Pending the development of national and inter
national policy on whether, where, and how long spent nuclear fuel will be 
stored and/or reprocessed, it is possible to state only that sub-seabed dis
posal does not seem to be ruled out—for now—on political grounds 
{Appendix V). 

• Undoubtedly, this is an area of scientific and technological development 
where the final decision, as well as many of the interim ones, must be based 
upon policy considerations. At a minimum, careful and comprehensive polit
ical management is required; prevention, through policy and law, could also 
prove necessary. If decisions are made, by default or otherwise, to keep 
the sub-seabed option open, early consultations with a large number or 
governments and agencies will be essential. If Such consultation is neglec
ted, the result may be a sub-seabed disposal option that is technically 
acceptable but politically unworkable. The political response itself will 
be largely determined by the extent to which appropriate institutional 
arrangements are available as development progresses (Appendix V ) . 



Aa !an<a as countries continue serious research and development on the sub-
seabed disposal concept, a significant component of their efforts must be 
devoted to research on the associated social, economic, political, iccial, 
institutional, and ethical considerations (Appendix V). 
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SKCTIUN 5 
STATUS 

During the first year of this program, generic ocean areas were identified 
for cons iteration Foe seabed disposal concDpts, and initial investigations were 
undertaken to evaluate early ..houghts by program participants. From this first 
year cane results and conclusions, based upon evaluation of collected historical 
data, preliminary analytical zaIculaLions, and initial new data derived from fitld 
work, Llitif the water column (the mass of water extending from the seabed to the 
surf.ico should not i>c considered .TS a primary barrier or as an emplacement medium 
for 11I.W. 

program emphasis durum the second year shifted from the water column to th' 
character i/.at ion oi nid-plaie, mid-gyre scdiim'nts, Uic:- natural processes, arid 
processes that are altered or imposed by the presence of radioactive wastes. 
Further analysis ol available data, including supplemented historical data and 
new laboratory and I ield information, reinforced the initial impression that the 
water column w.is uii::u i t.ab-11 for consideralion as a disposal medium. Peer reviews 
•:-f the program four..! thai conclusion to be technically sound. 

Many results from the second year of research proved to bo the beginnings of 
complex investiqatinns that must be completed to allow realistic assessment of 
ocean-bottom sediments as a disposal medium and a primary barrier to the migration 
of radionuclides. During l'J7fi, emphasis was divided between continuing to collect 
data with which to characterise the mid-nlate/mid-qyre sediment cover, initial 
laboratory investigations into the ion-exchange capabilities of the clay sediments, 
and analytical anil modeling efforts to define the ncor-wastc thermal environment. 
The acquisition of a long, lnrtjo-d iameter core from the MPG-I study area of the 
central North Pacific provided samples of a major portion of the sediment column 
for gcotechnical, chemical, and microbiological laboratory analyses, gave a first
hand look at the geologic history of the region, and provided an opportunity to 
correlate remotely acquired geophysical data with the realities of the geologic 
structure. Analysis of part of these data indicates long-term stability of the 
region and has produced no surprises or anomalies that would preclude use of the 
sediment column as a disposal medium. Initial laboratory work with samples ot 
abyssal red clays and selected ions that might be expected to result from dissolu
tion of waste has shown a high affinity of the clays for the ions, suggesting 
very favorahlc ion-exchange properties for the deep-sea sediments. 



Tic 1977 a c t i v i t i e s of the program included 
1. Development of a number of analytical models as part of the overall 

system-analysis effort; 
2. Continuation of an extensive laboratory program to evaluate sediment 

sorption with respect to si nqlu-specic ions and competition provided 
by waste constitucr.ts; 

"j. Continued charactLTizatinn of sediment properties to establish initial 
conditions and develop a lonq-term predictive environment model of the 
sediments; 

fl. Evaluation of interstitial pore—water movement induced by a heat source; 
rj. Manning for a major thermal-properties field experiment to obtain 

quantitative information on thermal processes and material properties; 
(>. A demonstration of the capability of models and some sloping calculation 

in an initi -1 i nves t iga tiun of the potential buoyance problem; 
7. Continuation of corrosion studies tc evaluate candidate canister 

mater iais; 
H. Further development of bioJogica] information necessary to assess the 

consequences of $n accident and to evaluate the environmental impact of 
seabed emplacement; 

'}. Development of sampling techniques and specialized instrumentation to 
provide the capability to obtain requisite samples and needed measure
ments: and 

10. Development of an international program e>nd participation in the inter
national Seabed Working Group. 

The attention of the program has beer, focused on the waste form and canister 
for short-tern containment and on the sediments ;or long-term containment. Data 
thus far suggest that the normally slow diffusion of waste elements through the 
highly impermeable deep-sea clay is further reduced many times by the sorptive 
properties of the clay. Similarly, the law permeability of the clay strongly 
inhibits thermally driven convection of pore water. These preliminary results 
from the sorption and thermal studies encourage optimism, but further extensive 
validation is required. 

At the conclusion of the fourth year of the program, it can again be stated 
that no technological or environmental reasons have been identified that would 
preclude the possibility of successful disposal of HLW or spent fuel m stable, 
sedimentary formations beneath the abyssal floors of the deep oceans. 
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