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UAL REPORY

SEABED DISPQOSAL PROGRAM A

This 1% the fourth anpual report describing the progress and vvaluating the
5 0f tne Seabed Misposal Program (Sbp), which was begun in June 19730 The

plore tite utility of stalle,

was intilated Ly Sandia Laburatorics to o

wnaform, and relatively unproduct:ve decp ocean floor arcas as possible r

Poirten g Se=level nuclear wastes (HLW) .

A cratieal problem in the de

o is disposal ot the

clopment of nuclear pow

sttt gally dangerous wastes resulting trom the use of nuclear fuels. While the

«ctors of the puclear tuel eyele and are in a number

sles arise from several

Stagbed Dispesdl Program owas limited te consideration of

o Lie Linhit water reactor

rovessing of spent fucl

activit

vl thie source of HLW to the rescar

wdies bave progressed, and, with the cureent

Lite progran hasn doeere

¢ spent nuclear fucl, considerations

. opolicy Wit respect to the reprocessing o
media and

that would be placed on repository

otentiall, drfterent burden

b Lhe
Liws environment by the disposal o! spent fucel clements have been incorporated into

Conpeguent by, :this report and its appendicas rofors

resuit from any many currently realizable reprocessing scunarios,

sent locl,

. Lo unreprutessed

sSinee 70 percent of the varth's surface is covered by the oceans, it is

t arca should be considered in the search for an HLW dis-

teasonoble that this vas
posal medime A onember ot geologiczl media are being considered tuor dispnsal,

el e, sait, clay, shale, crystalline rocks, and basalt formations on the

rilar formations cxist bencath the oceans and :t is

masses. 8

vontinental lar

farmations the seafleors that are the current focus of this proaram.

kecent improvements in our understanding of global gealogieal and climato-
ogicael patturns, including the description of plate tectonics, which are due in

1
Rurt to recent advances in cceancgraphic rescarch Lechniques, yive some confidence

s b uoth feasible a safe. Some parts of the scafloor

s
sicaued disposal ma

roperties that appear to be des:rable for a disposal regime.  The mest

+ stable areas of thce carth are under the oceans in the centers of the

1call

tie [loors of the major basins are the places most cemote

great oceanic plates
from fan's normal activities; parts of these floors are severcely reosource limite

and proresses in deeper parts of the oceans are slow, gentle, predictable, and

depositicnal, as distinet from continental processes, which tend to be crosional,
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It must he understood, however, that our total knowledge of conditiovns on the
occan floor may not be at the same level as our knowledye of the continents,

On the basis of Lhis reasoning, as cutlined in References 1, 2, 3, and 4,
toycther with present knowledge of the min-plate/mid-gyre (MPG} and concinental
trailing-edge regions of the oceans, the SDP has been working to prov.de the
infnrmation necded to assess the viability of scaked disposal and te develop any
new cngincering capabilities required. The objectives of the program arc Lo
Lntegrate the efforts of several groups cf investigators in careful cxamination

of the oecars and the geolegic formations bencath them, with the goals of

assessing the feasibility of using some portion of these forrations for radio-
active waste disposal and possibly developing a safe disposal system.

As the SDP has devel xd during the past 4 1/2 years, two programma

clements nave cvolved. The first consists of the developing and conducting of a

resvarch and engincering program weich will vield an assessment of the technjcal
ard cnvironmental feasibility of the concepl and may offer a demonstrated alter-
tudied. A

nate disposal uption to the land-hbased pessibilitics currently being
sccond program clement is the development and mointenance of o capability for
assessing any ocean disposal scheme proposed Gr developed hy other nations.

al of NIW hos L considered an atternative to

Althouyh tke scabed dasp
cther more extenstvely studiced concepts in the U.S., it is a more main-line pro-
ject in the international arcena.  Since the scabed may be a viable option for
uitimate waste disposal and since there are many international implications of

such a system, hasis for coopuration and exchange of 1nformation has developed

*, and the United Kingd It is antici-

with other countries, such as Jupan, Fron

pated that through mutnat involvement o wmore complete and Limely oasse

concepl feasibility can be made.

AL prusent, attention in the SDP is focuscd on the unconsolidated deep-sea
from solidified

radionuel ide

sediments as a candidate medium For cortainment
radicactave LW. Deep-sca clays that form a large portion of marinc sedinents
have a number of praperties that make them attractive:

L. They are extremely fine-grained (most particles are less than one micron
in diameter) and consequently have a low permeability, which causes
the rate ol water rigration (natural or induced) to be very low:

2. They have very large surface areas per unit velume of sediment, an
important attribute when combined with the ability of the clays to
extract {sorb) cations from solutions:

3. Their strength i1s relatively low, thus potentially facilitating sub-
surface cmplacemcnt of waste 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 DEVELOPY,

In 1973 a yroup of scientists and cngineers was assembled to identify the
cd sensible Lo

Lest geological formatioa for the ult:imate disposal of LILW. [Tt sce
search for the least valuable piece of real estate on the planet, preferably a
reglon where tranquility and stability are maximized and where no carthguakes,
voleanoes, erusive events, glaciers, or humans would be likely to disturb a
repository during the time needed for radjoactive waste materials to decay to
1nnocucus levels. [t also scemed desirable to put the waste in arcas where bio-
logical productivity and competition Tor uses and resources would be low.  The

cutiters and trailing edqges of the tectonic plates were determined Lo be areas

where studies should be concentrated.  Such arcas thot were overlaid by the centers

of large surface yyres (great crrcuolating ocean currents where ¢limatological
[iuctuations arc ranurized ang biolugical preductivity is low) were uspecrally

atlrective,

Initial program activilies were doal:  the collection of relevant historical
intormation and the developnent of smporlant new oceanographic datu. To keep the

mati tude uf 'ne data development U a ranageable levei, inttzal studies were

k commitment to

area. ‘Fhis did not imp

orth pacifie

l.omited to the central y
Lhat area as the anly one deserving of study; the reogion was chosen because it was

a convenient guneric site-type study arca wibth the required MPG characteristics.

ecanagrapie datd vred during e past decade suggest that the ocean

fivor Is continually ncing created arné destroyed Ly the dynamic processes of plate

tectonics.  Knowledge about the direction and speed of the motion of these litho-

spheric plates has developed sufficiently for us to know that they collide in
redqions of pountain building or aof seismically active deep-sea trenches. These

Loundaries can Le aress where the cdges of the crustal plates are destroyed by

Loy thrust under or wver other plates.

Placenent of HiLW into the deep-sca trenches at the leading edges of the
subovean plates was rejected.]  The trenches are unpredictable and unstable, and

Lortoms has been tnrgst up onto the continents in the past.

aterzal from tren

tu addition, the trenches are near continents and therefore mankind, and they

often lie bencath bioloyically productive waters.,

buring 1974 and 1975, efforls and funds were primarily directed at assess-—

1t of the water column {the mass of water extending from the surface to the

sediment surface, and rolated dynawics. The water column, includ-

eaflioorj,
inyg the benthic boundary layer, secmed to be the first logical barrier to the
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transport of radionuclides that sepemed worthy of investiyation because of its
relative accessibility and the fact that investigative tcsls and techriques

already existed. However, piolcgical samples, surface sedimeat sapples, water
samples, photoyraphs of ncar-hotton fauna, and currentemetcer data all showed that

the enezrgy relations and transfiormations of the biolegical, physical, ard chemical
processes of the water column, including the boundary layer, were more dynamic than
expected. Thercfore, placement of HLW on the seafioor surface was rejectedz'J because
the wasto container would be effectively placed cdirectly in the hinsphere. Sinee jt
is Jifficult to conceive of a practicel manmade waste-form/canister system that would
» it must be

survive without releaxing nuclides for huncéreds of thousands of ye
assumed that radicactive material would eventually enter the ecosys:ten Srom such place-
ment, Therefore, the water column should nox ke considered a primary narrier in the
containment fystem. It will have to Le more compleately understood, howewer, when
transportacion, safety, aag envircnpental ispact have to be considered in relation to

a sub-seaflvor waste repository.

As a result of the above contlusion, wnilc program emphasis renained on the
North Pacifir MPG area, proyram focus wog charyed in mid=1975 from studies of the
water colgmn tao detailed descciptions and studies of the scdiments, their proper-
cies ané 'chemistry, and the response of the sodiment column te chemical and thermal

sutputs. Th:is emphasis continued through 1974,

pment fuaministration (LRDAY,

11 early 1976, the Encryy Rescarch and Dew
now a part of the Bepartment of Energy (DOB), dofined a second program olomeont:
the desclopment and maints wnce of a deta Lase, methodology, and capability for
assessiny technical feasipility and cvnvironmentiul penalties of occan disposal
hile not

systems wroposcd by other nations. This element of the proyram,

diminis ¢, emphasis on the sediment column, wrecipltated roacwend anterest in

to the water oiunn and an expension of Lenthic

vescar activities relatiy

boundary layer studies. 8asic undurstanding of processes, responses, and

func-
tioning of the dynamic physical and biological systens of these portions of the
environment 18 nocessary if we are to assess the cnvironmental (nwact of rudio-
active materials placed on or benearh the floor of the ocean.

Emphasis on c¢valuating the barrier properties of seafloor sediments con-
tinued through 1977. ®hile the major portion of program furds and cffort was
applied to this arca, octivities rolotive to the overall technacal feasibility
study, envirenmentzsl impacts, end international and legal/politicval considerations

continued at a pace commensurate with current SOP priorities.

Intecnational Seabed Disposal! Progiim

The SDP has international implications because of its potential contributicn
to solving the worldwide waste management problem and also because of the sensi-
tivities and restrictions established by international treaties with rogard to acts
which might pollute the world's oceans. These implications are addressed in the
SCP b, participation in joint internutioral programs., by input to conferences, by
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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
Irternational Atomic Energy Agency (IAEA), which deal with both the ocean and
nuclear wastes. More specifically, an international Seabed wWorking Group {SWG)
nas been organized under the Radioactive Waste Management Committée (RWMC) of
the NEA {see Appendiz A, Volume II).

Program Caontributors

To achieve program objectives and to carry out the program plan, a multi~-
disciplarary team of scientists and engineers was assembled early in the program.
While a basic core of individuals has remained as tcam members ever since, the
makeup of the total group varies as emphases change and as the need arises for
particular specialists and consultants. In Table T is a list of individuals who
nave made importanc contributions, through citrer technical activities or cratical

te scientific work or to program planning during 1977.

The objectives of the SDP as outlined in the first-year rvzpurc'z remain un-
changed. To prouvide a basis from which to view the critical scientific decision
peints in tne overall proyram ylan, a Barrier System Logic and Decision Diagram

was developed and 1s described in Reference 2.

Keports on the past year's work from many of the team members are given in
volume II; significant cesults from their scientific endeavors are summarized in
this volume. In addition, a number of professional papers and presentatisns have
v derived whally or partly from SDP studies and are reproduced as auvthored by

various participants.

A significant group of presentations to the nuclear community by program
participants occurred at a special session of papers invited on "Mothods for
sScabed Disposal of Nuclear Waste” held in the 1977 anpual meeting of the American
racts of these presentations are given in Appendix B.

slear Socicty.

1
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TROGRAM RESEARCH ARD SCIENTIFIC Fistmi
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Program atteastion remains focuswoid on the unconsolidoted, fan

Drments as a potestial medium for cattasament of solidified, cocapnatatet,

radigactive UK, During 1976 and 1927, cmpliasis was divided botween data callee-

mitial laboratary au-

tion ‘o define and characterize geperic MR sediment
vestigations into the ion oxchange capabilitics of clay sediments, s oonalytical
I caviromment.  Wlete Che T

Lhe near-wast e toer

and mdeling cfforts te def

i}

dewent o,

researen effort of the e e nterid o gene o Lype rodd o clay

ofher activitios relative to the averall techneat Teasibility study, sach as

envire

st} tepact coninderations, interpat paal cong otatian, and Gociopol et goal

1977,

vens e ations, conlinued gt

sty and con-

oo e ot s emlaeant r

This svetion isoa e

“OREH aTU prescati! e winee

chiseann fyam the o rzet res of the et
G, rvivonmental paict-
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zation, nuctide migrat vm eontainment mode), nuel ide migea=

Wl eharact or

alnlity

: el -

ttrure et ot

i

ap b
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ot
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1. Taoaune the enviconmental and GoShnical feasihility of tsolating

WA oy spent fuel in geologie fonmat ions bneath Che veean i

P remote, predictable, cbmmatofomicab s and qeoloatently wtable,

SOUPCes:

L oregion

biclogical by anae

el

aredant disposat programs

Fo develop and maratain a Sapaba ity to anness
der

farree Bhase | fconciuding on PRI}, magar shart<terss obioclIves are to e re

cloped by othor nations.

ish whether the deeop sodipents in isolated regions of the oscean fios~

data o

A

aee an effective barpicr o dispersal of radienuchides from suitably om
@ante. 1T nothing is found during Phase [ that would eliminate the coneept from
turther constderation, Phase [0 (1984-1990) will assess

handling ard crvlacement of HIM or spent faed into the closed geodogte units

the empineer I aspects of

Lenearh the ccearn flpor.  Provided Phase 11 18 successiully completed and nothing

im-

5 ddentsfied which would ol ininate the concept, Phase 110 (199119495 will i»

plvmented and will demonstrate the capabilities of the concept throwth

Mmi-raut yne

emplacement of waste containers.
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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
rcprocessing or repackaqging facility until safely emplaced at the repository.

Major elements of the total program are system development, conceptual design

of the handling and cmplacement facilities, environmental impact analysis, and
construction of facilities. Included in system development are site selection
(characterization and criteria development), waste confinement, cmplacement,
transportation, risk and safety analyses, and economic and sociopolitical analyses.
No program funding was applied to thc 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 1in cariy documentation and has remained
unchangcd.l This philosophy is to treat the disposal guestion as a multiple-barrie
assessment problem. A formalism based on a set of sequential barriers to the re-
lrase of radicactive waste has been adopted to compare rates of decay of waste
cunstituents against the rates of migration of the nuclides toward man. This
multipie-barrier concegtS encompasses Lhe waste form, the waste canis* 'r, the sub-
scafloor amplacement medium, any controlled modification of the medium, the benthic

boundary layer, and the water ¢olumn.

The major task of the program at this tine is to determine whether or nat
any submarine geologic formation can contain radioactive waste long enaugh for it
ta decay 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 of the
containment problem is the Barrier System Logic and Decision Diagram. This diagram,
discussed in Refereuce 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 cenlered
around a number of models which are in va.ious stages of devclopment.

Since the required time of waste isalation 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 cffective~
ness can be made. This effectiveness will be evaluated by the use of suitably
substantial models which will be used to characterize subsystems and ta onable
parametric studies and sensitivity analyses to bc conducted. Details of the sub~
system models are given in the appendices indicated:

* lon transport through porous media (Appendix C}.
e Thermal interaction (conduction and convection) between waste canister

and sediment (Appendix K),

* Leag-term sediment deformation and buoyance resulting from heating

{Appendix M),

* Sediment column response to dynamic loading associated with canister em-

placement (Appendix M),



* Sediment column response to quasi~st”’.c emplacement (/ppendix M),

« Paths and rates of biologica® mobilization and transfer of radiocactive ions
from sediment to water column and within the water column (Apvendix DI, and

ictive cnvironmental model of the sediments fcr the next one mill:on

s Pru
years (Appendix F).

Wkile program research activities through 1976 continued to be focused on
study areas i.a the central Nortn Pacific, during 1977 stidies were initiated to
find a generic study area in the Atlantic in a region af pelagic sedimentation.
This activity furtners development of the international aspects of the program and
ic necessary to allow a sound system analysis of the disposal concept. The goals

of this extension of the program are

« To identify generic site-type study areas in the Atlantic,

* Tc ascertain that existing methodologies for assessing the frasibilaty of
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 detcrmine small-scale deposit' -nal patterns and predictability of
sedimentation in Atlantic areas, and

s To compare the sorptive and cor cchnical properties of Atlantic pelaaic

sediments with those of the Paciiiw

ENVIRONMINTAL PREDICTABILITY AND CHARACTERIZATION

The development of an adequate urderstanding of the natural system and its
response to such perlurbations s pertain 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 undersitanding of the complex interactions between wase2?s and sediments.
o acconplish this obicctive, descriptions of the sed:ments, the:r physical ang
chemical properties, and responses of the scediment cclumn to mechanical, chemical,
thermal, and radiation perturbations are needed, One aspect of this effort is an
1nvestigation of ambicnt background conditions to establish jnitial conditions

and to furrish the basis for an understanding of natural processes caused by por-

turbation: other than waste disposal. The resalt of this work wiil be the

development of a predictive enviroumental model of the sedimonts for the noxt one

millien years.

e results of other investigations into

This modcl witl then be coupled with

the interactions which deveiop when the environment is perturbed by the presence

of wastc canisters, mobile waste ions, heat, and radiation to enable a technical
asscssment of the disposal concopt to be made. To establish thuat a region has

undergenc ne porturbations For millions to tens of millions of years before the
prosent (mybp) requires the careful analys:is af a continuous scedimentary record,

commencing with the present.

15
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ob smectite 10om below Thee sedypene Larface. This cquant ity of bulk

lay fr

sampde, unobtaitoble doader uinel err unstatasen, bt Lreven moest uscl dloan oa Soaree

sdard” sarpdes for metailurgieal and chemocal iny

Ciations, omplacomer

Studies, Lhermal propert sen geo cpnty theer Yalsrate

rel,  aed e studen re-
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== bata frear GPC- 2 sedument sange

Cnararter tzat ion nf Solieeent o Pravie

Heen extensively analyzed and aategrated with orher sbhort o 1i 0 coro data

obturned Ly the progcun and other avatlableo date 1rom e centead orth Puerfie

ruations and conclusions whieh arc summarized hore

to yiekl a number of ol

and derailed tn the gpqendices ang roferencoes

e Stedies of Uhe magnetic properties of sabwents (rom GPC-3 and from VEMA

Crursee 32 eorvs n the MPG-T siudy area show consistent core-to-care

warpinaons, cven thowsh the integqrated gedwnularion yates vary sy a factor

uf twe within the arca (sce Craare (1. Toe long-term stakilies af tpe

ERat smertial or trder cereent., rather than adeoctive
Likely

pptiuence on the sdenosition of fire sedaments lhppondix Eb.

patterss

fpr

bottom flcw, whic

varied over geolouic time, exert the groacos

e The MPG-1 and HPC-i1 study areas, which arce 700 km apart, show a sgreat
similarity in depositional features; this sugqests that scdimentation
benvath the contral North Pacific gyre has been continuous and prudictable

for millions of years (Appendix E).
s Most of the mineratogic variations in CFC-3 can be accounted for by a com-

bination of NNW plate motion (frem a position at about 5° N to its present
location at 10° N} through regions having differing sediment provenance, by



temparal unu Spatial variatiens :uowisd and current

variations in aeollan transpart of terraidgenous and volcanie delris

(Appemdices B oand F) .

lase 24 milltorn rE MPC has been bol the calcium

carbonate campensatlion depth, 1.o., below ot feast 4606 m ot water, with

sabiny character

the as

PELIND Lhat present Lemprratare

obtaince over that porrod (Appendix F).

ALL available data suane that the rate of sedoment accumulat jon tor 70

il ten fag oo continaons and generod [y

very show, 1.,
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veer, rates o

the carly Pl

et

Py ome

Hosonation ot Jash teen s crror bars ol the ovder

tes, thus Limabang the o yesolution tor any observed

RS

raar b

SR BTN toenan Ll the

fata pratal this zone correlates with o basin-wide sub-=botlon acoustac

retlectar at abeat Lo m 62 mybio . This abrupt change may be related to

no indica-
L1t

sobaatun ot monderong gon, althoush

sh=tveth sy ratinraphy show

e

a )G vals a1 tnes zone
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Pigure b, Uniform depositional patterns in the MPG-1 arca
revealed by correlat:on plots of magnetic reversal
boundaries in GPC-3 and ¥Y-32 cores. Even though
core-to-core accuralation rates vary by factors of
up to 2, the corcs vospond virtuaily identically
to the marked increase in sedimentation cate from
less than % m per nillion years during the Tertiary
to several m per miilion years for the youngest
sediments.
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& Stratiyraphic data from GPC-3 alse sugqest tre nresence of shortc seotiong

or hiatus dbL abouz 35 wybp and 45 mybi; how

ser, €

Slas:ue

and othur profiles, c¢.q., geotechnical (sce Appendixz H), sudgege
depesition (Appendix F .

Gt cuntinusus

s filacial stages have had po deleterious ef fect on the MPG-t chvoaoone:t

(Appendin F).

« berrital remanent magn

tzation resuits from GPC-2 provide a detuiled chiranol-

ey that is consistent waith wchthyelithic stratigraph:,  Tak

tustcther, the
mugnetic and blastratigraphic data indicate that sedimentation has boeen con-

tinuous at the site of GPC=3 for the past 70 nillion years {(seo igure Z).

Thu scdamentakion rate b, Y from less

iner

than 0.3 m per million years

at the base of the core to &% m per milbien years at the scafleoor

thp)ondix

Gnee it has been demonstrated within reasonable doubt from the limited nutber
of cores and preliminary acoustic data availahle that an area appears siitahle as o
possible repository site, it is then necessary to determine whether a sufficiently
large area has continuous properties and uniform sediment characteristics. & method
is needed to reasonably verify the validity of irterpolating "continuity” from one
ore site to the next.

Extensivie progress has Leen mace in the last decade in perfecting the tech-

nigue of continunus Sca-bottom acoustic profiling, capitalizing on tue czeellent

propaga’ iun characteristics of conpressional waves ooy

F

ater and the

HESPS

vatcer-saturated sedimenks.  This tee Leoalle

1tion of the acaustse

©

charactor of the sediments in any water depth, from the aurface ol rne sabed
the top of the basement rock, which may be as much as 5 to 10 km below the ocean

floor.

Acoustic peofiles from mid-plate re

ons characturistically

(1

©ar nore

sul=botrom reflecting horizons; seme lice within v

renctration rasnge of paston

cures. Ta demonstrate that any study site has been affected by the same proovss

in space and time, cores are taken through the refloctors to identify the roflec-

ting horizons, and then the reflectors are traced acoust ally across the hasin

us1ng spot cores to validate the corretations and to establish similarity sn the

sedimentary sequen

Development of this method of basi

ide extrapoiatiun using

tong corvus which contain undisturbed environmental records for | million to 10

@illion years is crat:cal to verification of ap cxtensive area as a repository s

The first attempt at determining the lateral continuity of an MPG study area
was initiated several years ago and was completed in 1977. Progress is reported
in Reference 1. Further analysis of data from MPG-1 during the past year reveals
the follo: ©ig:

* No data show large-scale faulting {tens of metres in vertical throw! in any
areas cavered with acoustically penetrable sediments (Appendix F).
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palecolatitude caleulated from paieoinclination data (Appendix Fj.
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dashed lines are threc models for the sedimentation rate history
of GPC-3 (Appendix F}.
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+ The region between 1587 W and 159 W and between 30° N and 31% 30 N
¢ 6026 syuare mrles) is relatively uniform acoustically, with thce profiies
showing an even blanket of 30 to 50 metres of sediment contairing one con-
tinuous sub-bottom reflector at about a 10~ to l2-metre depth. This appears
to be the most homogencous portion of the MPG-I region (Appendix F).

Acoustic profiles taken cast of 158° arc much more variable, with more

aphy, and passible ba t outcrous

discontinuacus reflectars, rougher t

present (Appendix F) .

ons enncerning latrral onhorence will have to await closer-

Farther conelu
spaced track coveraqe from surface ships and Jotailed near-bottom acoustic
surveys augmented by a number of long piston cores for rinal demenstration
of site homugeneity (Appendix Fi.

Characterization of Scdiment Properties -- Characterizaticn of sediment prop-

erties of the MPG study arcas continued in 1977, fal analivses of

OPC-3 core recovered from MPG-1 wre reported an Reference 3. A summary of the

the

ar from eonlinuing analyses of

results oblained curing the past

core cata from the study arcas follows:
* Studies bave bequn to cevaluate the geochemical and sedimentological paramoters
which control the sorptive capacity of the sediment. The goal of these

studies is to predict sorptive propertics [rom simpler geochemical parameters.

This information, combined with knuwlcddge of Che accumulation rates af sedi-

lements, will allow comparison of Mpo-1 scdiments, as

ment components and

reflected in GPC-2, with other s._udy areas (Appendix E).

~ Long-term trends of geochemical variations in GPC-1 have been cstablished.
Samples wore analyzed Cor Mg, Al, Ca, Mn, Fe, Ni, Cu, and %n. The pattern of
frapnsition-metal enrichment corresponds roughly to the increase in sorptive
capacity of the GPC-3 sediments for Eu {(Appendix B).

e« Phe First scanning clectron microscope (SEM) photographs of CPC-3 werc

jures 1 througl 9). ‘Fhe fineness of the decper

made during the past year (I3

clays can br visunalized by notiny that the particles in 6 grams of smectite
{two pennics weigh 6 grams) have o combincd surfeice area equai to that of a
faoLbell ficld.

e BLM photographs aof samples from GPC-3 reveal the characteristic clay-flee

-

fabric (honeycomb structurc) of ultra-fine-grained abyssal clays (Fiqures

through 6). 'This material has very high poresity and very low permeability
(Appeadix HY .

» SEM photoyraphs of lighter-colored clays of GPC-3 show a varicty of sediment
through 9). This variety can gencrally be attrib-

character:stics (Figures
uted to tho post-depositional altevation (diagenesis) of volcanic ash layer
or to authigenic precipitation of zeolite crystals or amorphous silica in

the form of cristobalite (Appendix F).


http://ceherer.ee
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Figure 3.

x 5000

280 cm (Upper); quartz-illite-rich clay containing wind-blown
continental debris (left) probably derived from glacial deposits
af Asia and Xorth America. Age 1.2 mybp.

280 cm (Midile): aquartz-illite-rich clay containing wind-blown
continental debris (left). Age =1.8 mybp.

690 cm (Lower); clays of the “Transition Zane,” a region vhere
the illite minecralogy changes to primarily authigenic smectite-
forromanganese oxyhydroxide-rich sediment. Note typical honey-
comb> structure of clay fabric; this structure is the primary

cause for the high porosity and lew 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 potcatial repositery
sites. A combination of spot sampling by coring (or drilling} and sub-bottom
acoustic profiling techniques is used in these studies. To date, investigations
have heen directed at droep-sca clays generically rather than in a site-specif:c
manner., The two study arcas of the central North Pacific (MPG-I and MPG-{1) were
selected for initial studies, but the development of a way to characterize the
arcas is of first importance, an the theory that the information will be applicable
to any potestial site once feasibility of the disposal concept has been established.

Geotechnical property studies on samples recovered from the study arcas have
been concerned with (1) permeabilitky characteristies, (2) compiessibility charac~
teristics, (3) shear strength, and (4) index properties (void ratio, water content,

vity). Typical profiles of
PRI

grain-size distribution, plasticity, ard specific gra
geotechnical propertics at the study areas have been extensively reporte
i sumwary of lithology, water content, shear scrength, and acoustic propertics of
GPC-3 js shown in Figure 10 and discussed in Appendiz M. A summary of significan
results from geotechnical investigations corducted during the past yecar fullows.

« Data from consolidation tests on MPG-I samples show the present ita~s1ty over-
burden stress to be the maximum preconsalidation stress. This indicatoes
that the area has not undergone any dramatic changes in topography duc to
reoval of overburden and that there is essentially no wator migrat:on due
to compaction {Appendix H).

e fThis stress information, coupled with scdimentation rates ostablishad by
other studies, yields a picture of a staple stress cnvironment over the past
tens of millions of years (Appendix H).

« The phenomenon of apparent overconsolidation in the upper few metrus has boen
obseorved in a wide variety of decp-sea scdiments and is attributed to high
interparticle bonding stresses which overshadow overburden stresses
(Appendix H).

» Tre water content/density profile shows a dramatic increase in porosity
{decrecase in density) beginning at about 6 metres in MPG-I {fram an averadgc
water contont of 110 percent in the upper & metres to 230 percent at L1
metres). This is due to a mineralogy change from illite in surficial sedi-

ments to smectite in deeper layers, which is finer grained and morc active

with rospect to cation exchange capacity (Appendix #).
« pcrmeability of smectites at in-situ porosities is estimated to be of the
nrder of 3 x 1077 em/s. TIllites are cstimated to have a permeability of tne

3

order af 3 x 107 ° cr/s (Appendix H).

NUCLIDE MIGRATION ==~ CONTAINMENT MODE

An essential element in evaluating the feasibility of a disposal system is
an undecstanding of the interactions betweern the waste and the environment. If
tnere were no effects or modifications of the environment, therc would be no threat

to the biological system or to man. There i no way to separatc the effercts 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.



62

Figure

0.

Cruise Mo.

11-44

Corn

arc-a;

bt

10*

19,47

M,

Lona,

157°

49.4"

w



ses of o BLERAINH

Lsiner corpaneen and beaching PR B B LA E E N Dovlrrat

Colen e wante g Dreem tnegr s - E rdege eep feertn

tule 1 the rates of Sovement of the maite Uhresrgn the duisponal mea s

cochansms an leoehing Of Lhe waste matorial, whien will generate ops

eliorit ton of wWalte aann onto the Mmoo materosl, o Fegatig, or Srar et b

stupeen By tnalaical LU,

Sytem ewedunment and Anelyse o' cardier anoc

AL odanmasied an

G mars crners e s with The threo Larrpicrs that |

geeabrct and thee seraipdie peex Tly the skt frarg, 12 baes gapioler, anti .1 Lo

clareent s surroutedancg the canat ter, pennlte of by

Ll e Fgmnar pet e

S temsnadle cancoiter Far oo crttecfiom oAl pharacts v zat

raan., thi

ar

e whe ©2i g

Mare el 4 le

AR witin 4o o

cortaatalily St CanIater withe e RN T SIS T I

antd C3b the e Pt i st

t

feoreal Sntngral o the oo

WA, and the L TR S PN ST cxEpe ot bafers

whe ther a cantiter 2l b nnelal only ot o LT Cnntaiienr ur i s a1 Lt ies

real af uriea wante

aqon

Begause R e Sareeaion ta

W ankdm, o Larae g b

AT LAl e o Beim e Faare ST ine nr conben, et reay FiEEbe 1 i band o on

Paryesion stad e vl BUmICE S0ttt e s g

Jarat re

UEte HG€ s b

I

ereePat e eidoan

Tt 1o b nreratuy At act sl bare dowasae T wate
" tarnry.
o A study hos beews rdriatea e naey for con 0t

Raterials to L unes fae cessrraet e Wt Caniste, 2

Mgl

montarion.  CHee saal of tiis sty oropebnt iy

compatible wirs o enviranment ated by radinaetivity For necessaey longths

af time, 123 have the desiratde mechansoal seponath and thermal emcductjvity
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Pimitud materiats {Aupendix i,

*  Literature surveys bave been condacted and data cnmpiled on eerresing

Hot Lrine and soawate

information for mo-t alloy syetoms : aluminum,

sl and

covper, titanium, and aickel-hasod alloys: mitd, low-stronati

staininss sreels (Appendix 1.

response of a wide cange of 2lley SyRIoms s beine st

the influsace nf (1) temperasure, (2) brine compmsitian fnc'itior

vatratisn, (3) external wro

chemistry), {3) dissalved oxygen ¢o

{3) coatinas, {(6) wolding and sersitizat:on of the base meval, (V) Fean

trcatn . (B) stress, and (91 radiation damaue and radiclysis

tappendiz 13,
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conchod 300w H have pecn dereryined for 3 range

» Temperature effcecis on
from 15° C ra 270 C, Scawater gH varied ‘ror 8.1 to 3.3 over this ranae

iy i Do
rates at 200" € bave hoen vetermined for five olioys.
mmsyear ter 1018 stecl to 0.GlZ2 mm/year far 3046

+ 3hori~tert corrosic,

Aates ranged from S.is

o
riess stecl and 0.£28 mmiyear for ncond? 600 {hupendix 1.

Ciamival Characterization of the central North Pacitic clays has progressed.

viroumentsl Predictability and Characterization,” under "Charac-

terisar oo af Seurment Properties,® stwlbs are u WAy Lo investiqate the Corre-

ars

guoenemical scrit:on results. Samples from GPC~1 ware

BRI alonic Jgbsorption spoeftrometey, and downcore prefiies ©f the varias-
stablished., These preofiles were

i, T'ee N1, C

and Zn were s

»oAl, Ua, ’

te the vervieal profiles establaished for the sorptive propertics

s:riiarly, standard samples obtained from core GPC-2 have been subjected to
clemental analysis by emission spectroscopy. FElements identified in this analysis

incluce Ba, Cr, S$r, Al, Ca, Zr, ¥i, Ti, Cu, Be, V, Fe, Ma, Mn, S5i, Na, Li, X, and

(fppendixn J).

trig wor«s is te cstabli:sh o stundard set of material charac-

stior and

s which i3 anwltcable to similar Rediments and Lo which the so

Cinn LOOPETLics Of eac

sediment can be relarad. By establishing correlations

‘nomaterial wracterization data and sorption data, it is antlicipated that

dvicr ol srher sediments can be predicted from the more easily deter-

chUmiCal properties and chat onty a minimun amcunt of werify:ra sorgtive

ated v Lo collegued A Zices T oand g},

ation of radionuelides from a point of emplacement in subeseafloor
ng the barrier

The miy

from bEoth diffusion and advection. In exami

sodinents
it is desiral to decouple the effects of diffusicn

vostion for tial analyses, though it must be kept in mind that

0 will vitimately have to be considered as interact:ing. The adverticor vroblom
cd iw ronjunction with thermal studies.

s discusscd in “System Development and Analysis,” medels are reguired

GTatie

rates of nuclidaes ifrom

odels with

» predictions can be made of the

az 1 roward the szhere.  To develep the necessa

a Loint of omr
which to address the ion transport probilem, the dominant mechanisms for nuclide
sorption and migration must bp adequstely understood and their mathematical descrip-

tiovs farmulated, solved, and verified experiwentally.

Cxtengive studies to investigate the total nuclide sorption and migration
wrobler are being pursued with the highest oriority in the program. The majoc
emphasis of these studies is the evaluation of equilibrium sorption distribucicn
cocfficients as functions of temperature, prussure, pH, nuclide concentration,

congetition concew+tration., and sediment type.

k3 Y
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radionuclides.

eiquiliboum sorpzion distribution coefficients for the suite of wa te
These duza are necded so thot critical
evasuated for anticipated conditions.
of "“typical" smectite clay from GPC-2.

4° ¢ and 11°
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engineerimg
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Distribution coefficients were evaluated for Cs, kb, Sr, Ra, kg, and €A at

.
concentrations from 1077 to 3 x 10™% molar and.were generally found to he of
the order of 100 ml/g. Coefficients for s and Da were also evaluated at
nuclide concentrations from 3 x 1077 to 107% molar and found to be of the
order of 107 mlsq (appendix J).

* Cocfficients for Cs appear zo he little affected by nlt in the ranae of 2.7

to A4 for all concentraticns studied, [lowever, co=fficients for Da at plt
2.6 and concertrations of L6 ° molar and less were of the order of 3 z 16°
»1/¢ (Appendiz 1) .

* ¥ork with selutions nontainine beth C5 and Ba indicates that thre sorption of

either species may not he affected by rthe presence of the other whan the con-

: -1 - -
centration of each is bhetween It ° and 3 2 10 molar or when the conarntra-

tion of each is less than 1 z 107/ molar (Appendiz J).

Confficients cvaluated for fe, Pm, 64, and Fu ranged fFram 10 te 10° ml/a as
~11

concentrations varied from in°° to 19 molar (Appendisx J; .

Coefficients for I, Cu, and fil anpear ko Le little alfected vl oin the

- - °
range of 6 to 8 for concentrations of 10 2 to 1070 molar. However,

£ arder af 20 nl/a gt o

o 0f 2.7 far a

coefficients for Iy wer:

: . -6 :
concentration of 2 2 10 nolar {(Apmendiz G) .
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Thermal studies during the past vear ineluded analytical modeling

laboratory esperiments, and first steps in the development of a ficld experiment.
The analytical work was divided into three major cfforts: (1) thermal conduction
nodels, (2) thermally induved convection (closcd-form models), and (3) thermal
convection (numarical medcls).

e 1 has been shcwnl that it is possible to deconple the momontum and epergy

serat

conservation relationships and obtain the resulting temper

the ceneric clay sediments heing investigated. Because of extres
medels shculd ke vatid as

interstitial water velocity, thermal conductio
long as instabiljvy mechanisms do not short-circuit the scdiment barrier

{Appendix K}.
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aovanr ol sedis nown.

quuen in Beroranen 5 oand appondix K.
Closed-form models for saturated porous media now exist for (1) the convec-
tive [ield surrounding a peint or a spherical heat source in an unbounded

medium, (Z) a boundary point source below e semi-infinite medium, and (3)
point sourse hajow a constant-terperatire interface (Apperndix ®!.

model

point source and a 1/t relationship
for radioauiive decay, it 1s esti

cated that the maximum verticol displacement
of 2 water molecule will be no morc than 35 cm in 1000 years (Appendix K).

Dy means of numerical models, some work has been done in evaluating the
pressure increase that would result from a localized heat source in the
sediments. Calculations for a 2-kW heater with a lengtr-to-diameter ratio
of 4 and buried at a depth of 6 m resulted in a maximum pressure increase
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* Thia cvidence for a seni-pelagic mode of life for amphipods lends impertance

to 1wo potenrial wa of transporting radionuclides off the botton (1

excrntion by amphipods of metabolic waste products into the water column and
(2) the possibility that nighly mobile amphipods could combine bottom foraging

2

- swimming up into the water column to feed and be eaten themselves by

widpr-ranging organisms (Appendix N).
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Cruise reports covering two ficld operations undertaken during 1977 in
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SECTION 4
INTERNATIONAL AND LEGAL/POLITICAL ASPECTS

The radicactive waste disposal. programs of most countries are focused an
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 secabed for radiocactive waste dis-
posal raises a multitude of social, economic, political, legal, institutional,

and ethical issues.

The technical aspects of scabed HLW disposal are being addressed on an
international level via a series of international workshops. The results of the
first of these workshops are discussed in References 3 and 6.

An inrernational 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 rcpresecnta-
tives from France, Japan, the United Kingdom, and the U.S. The goals of the SWG are

1. T¢ provide a forum for discussion, exchange of information, assessment

of progress, and planning of future efforts,

2. 7o encourage and ccordinate cooperative research vessel cruises and
experiments,

3. To share important facilities and test eguipment, and

4. To maintain cognizance 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 countrias and are organized to address the specific areas of
system analysis, physical oceanegraphy, waste form development, canister develop-

ment, biology, sediment and rock, and site selection.

A report to the NEA Radiocactive Waste Manacoment 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 radiocactive 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-seaflocr for HLW disposal and almost everyone confuses the distinct con-
cepts of disposal in the oceans, on the seabed, and in 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 ©ff that many aspects
of the social, legal, and political situations could change significantly in any
direction. However, it seems reasonable to da legal and political research now
in order to identify important problems and guide development in the interim.

As part of the Scabe@ Disposal Program, research continued in 1977 in looking
at (1) national and international legal issues, and (2) pational and interrational
policical issues. Results Of these activities are disvussed in Appendix V. Some
results and conclusions follow:

+ at this time, national and international policies are clearly inddequate
to implement a rational sub-seabed disposal program for radiocactive waste.
Research on nuclear waste disposal possibilities is far enouch advanced
to justify at least a serious attempt at the delineation of policy priori-
ties and decision criteria. Even in the U.$., however, few policymakers
comprehend the waste disposal problem in general, let alane possess a
balanced understanding of each disposal possibility (Appendix V).

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

s Assuming technical feasibility, it is still tco early to determine the polit-
ical feasibility of burying HLW within the deep seabed. Although early
foreign and international political responses will influence U.S. policy,
the most iugortant initial decisions must come from the U.S. Whether or
Aot American suppor:t of sub-seabed disposal will ianfluence other nations
will depend upon future ipw-of-~thewfea, general nuclear policy, and nuclear
nonbroliferation efforts, Pending the development of natijonal and intex-
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 sgem to be ruled out--for now--on political grounds
{Appendix V).

« Undoubtedly, this is an area of scientific andé technological development
where the final decisicn, as well as many of the interim ones, mast he based
upon policy consjderations. At a minimum, careful and comprehensive polit-
ical management is required; prevention, through pclicy and law, could also
prove necessary. If decisions are made, by default or otherwise, to keep
the sub-seabed option open, early consulcations with a large number of
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 respoase itself will
be largely determined by the extent to which appropriate institutional
arrangements are avallable as development progresses (Appendix Vi.
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A3 lony as countries continuc serious research and development on the sube
scabed disposal concept, a significant component of their efforts must be
devored to rvescarch on the associated social, economic, political, leqgal,
institutional, and ethical considerations (Appendix V).



SECTIDN 5

5TATUS

During the first year of this program, gencric gcean areas were identified
for consideration for scabed disposal concepts, and initial investigations were
vndertaker to cvaluate carly .houghts by progrom participants. From this First

r came results and conclusions, based upon evaluation of collected historical

data, preliminary analytical calculations, and initial new data derived from ficld
work, that tho water column (the mass of water extending from the scabed to the
surface) should rot be considered as a primary barricer or as an emplacement medium

ior UILW.

Program emphasis during the sccond year shifted from the water column to ke
natural processecs, and

chiiracterizabion of nid-plate, mid-gyyre sedinents,

procosses that are altered or imposed by the presence of radiocactive wastes,

Further analysis of available data, including supplemented historical data and
new laboratory and ficld information, reinforced the initial impression that the

ble for consideration as a disposal medium. Peer reviews

water column was unsuit

of the program found that conclusion to be technically sound.

Many results from the second year of research proved to be the beginnings of

stigatinng that must be completed to allow realistic assessment of

cumplex inve
occan-hottom sediments as a disposal medium und a primary barrier to the migration
of radionuelides. During 1976, emphasis was divided between continuing to collect
data with which to characterize the mid-plate/mid-gyre sediment cover, initial
aboratory invostigations into the ion-cxchange capabilities of the clay sediments,
tical and modeling efforts to define the near-waste thermal environment.

and analy
The acquisition of a long, large-diameter core from the MPG-I study area of the
central Morth Pacific provided samples of a major portion of the sediment column
for qeotechnical, chemical, and microbiological laboratory analyses, gave a first-
truned lgok at the geoloyic history of the region, and provided an opportunity to
corrclate remotely acquired geophysical data with the realities of the geolagic
structure. Apalysis of part of these data indicates long-term stability of the
reqgion and has producced na surprises or anomalies that would preclude use of the
scdiment column as a disposal medium. 1Initial laboratory work with samples of
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 favorable ion-cxchange properties for the deep-sea sediments.
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The 1977 activities of the progyram included

1. nDnevelopment of a number of anatytical models as part of the overall
system-analysis effort;

2. Continuation of an extensive lahoratory program to evaluate sediment
sorption with respect to singlu-specic ions and vompetition provided
hy waste constituents;

3. Continucd character:zation of sedimert properties to estaklish initial
cond:tions and develop a long-term predictive environment medel of the
scdiments;

4. Evaluation of iutcrstitial pare-water movement induced by a heat saurce;

Planning for a major thrrinal-properties field experiment to abtuin

quantitative information on thermal processes and material properties;

6. & demonstration of the capubility of medels apd some suoping calculations
in an ipiti-l investigation of the potential buoyance problem;

7. Continuaticn of corros:on studies tc evaluate candidate canister
materials;

8. Further development of bislogical information necessary to assess the

consequences of an accident and ta cvaluate the environmental impact of

seabed cmplacement ;s
9. Dbevelopment of sampling techniques and specialized instrumentation to
provide the capability tc obiain requisite samples and neecded measure-
ments: and
0. Dbevelopment af an international program and participation in the inter-

national Scabed Working Group.

The attention of the program nas been focuscd on the waste form and canister

for short~term conta:ament and on the sediments for long-term containment. Data
thus far suygest that the normally slow diffusion of waste elements through the
highly impcrmeable deep-seca clay is further reduced many times by the sorptive
properties of the clay. Similarly, the low permcability 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 ycar of the program, it can again be stated
that no technological or environmental reasons have been identified that would
preclude the possibility of successiul disposal of HLW or spent fuel in stable,

sedimentary formations beneath the abyssal floors of the deep oceans.
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