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ABSTRACT 
Projections of energy demands for the year 2000 show that nuclear 
power will likely be one of our energy sources. But the benefits 
of nuclear power must be balanced against the drawbacks of its by-"' 
product: high-level wastes. While it may become possible to 
completely destroy or eliminate these wastes, it is at least equally 
possible that we may have to dispose of them on earth in such a way 
as to assure their isolation from man for periods of the order of a 
Trillion yoars. ^ 

Undersea regions in the middle of tectonic plates and in the 
approximate center of major current gyres offer some conceptual 
promise for waste disposal because of their geologic stability and 
comparatively low organic productivity. The advantages of this 
concept and the types of detailed information needed for its 
accurate assessment are discussed. The technical feasibility of 
permanent disposal beneath the deep sea floor cannot be accurately 
assessed with present knowledge, and there is a need for a thorough 
^tudy of the types and rates of processes that affect this part of 
the earth's surface. Basic oceanographic research aimed at under
standing these processes is yielding answers that apply to this 
societal need. 
INTRODUCTION 
The general requirements for a nuclear waste depository are outlined 
in Ref. 1 and are not repeated here. However, we must base a 
discussion of the ocean floors on some criteria by which areas 
suitable for waste disposal may be selected. The basic criteria 
are: 
1. The area must be stable. 
2. It must be isolated from man's activities 
3. Disposal must not interfere with established or lî f,ly resources 

from the sea. 
4. Disposal is assumed to be permanent. 
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We do not attempt to isolate all the small areas adaptable to these 
demands, but limit ourselves to areas that occur extensively across 
the world, or that are generically typical. In addition, we deal 
only with wastes containing long-lived transuranic elementsy thus eliminating from our consideration areas that might be useful for i 
disposal of shorter-lived wastes. 
The logistical and engineering requirements for ocean disposal are 
summarized in Refs. la and 2. These requirements are relevant j 
because it will be through their application that we will be able in : 
part to determine the accessibility of each potential disposal area j 
and the kind of information needed for an assessment of its utility. ! 
In general, engineering requirements for sub-sea floor disposal will • 
include systems for transportation of wastes, for their emplacement 
in the ocean floor, and for their containment once emplaced. While S 
most of the technology fcr these requirements is either available or ' 
within the reach of present know-how, some development will be needed, 
along with reasonable proof of the concepts. 
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The criteria of stability and isolation imply a large number of 
individual factors, but some broad definitions are: 

Stability 
Absence of natural cataclysmic events - ,» 
Predictability of processes for necessary times (£ 10 yr) 

Isolation ^ . 
•. 

. Distance from human habitation 
-Low rates of all natural processes 
Longevity of the disposal system 

Within the ocean areas there are cataclysmic events that could 
adversely affect any disposal system. Some are indigenous to the 
ocean environment; others are characteristic of the earth at large. 
They include earthquakes, volcanism, turbidity currents, slumping ! 
and liquefaction of sediments, erosion by rapid currents, intrusion ! 
by molten igneous rock, and intrusion by man. Ther«e are some ocean 
areas that, on the basis of oceanographic data, appear relatively 
untouched by these events. 
THE CCEAN ENVIRONMENT 
The oceans and their floors as they exist today are geologically 
youngi the oldest oceanic rocks recovered from the deep ocean floor 
are only 155 million years old. Yet the continents are of the order 
of 3 to 4 billion years in age, and exposed outcrops of ancient 
oceanic sediments now on land, seen by us as old mountain ranges, 
are tens to hundreds of millions of years in age. 
In the past decade a revolution has taken place in the concept of 
sea-floor evolution. This concept, once called continental drift, 
has been reborn as "plate tectonics." The concept says that the 
globe is made up of a number of solid-rock plates composed of oceanic 
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or oceanic-plus-continental crust (Pig. 1). These plates move in 
predictable directions and speeds, and collide in seismically active 
regions. Plate boundaries are either areas of crustal destruction, 
where the edges of plates are being thrust under (subducted) or over 
other plates, or they are areas of construction where, if the earth's 
diameter is to remain constant, new crust must be made at a rate 
equal to the destruction rate. This growth takes place at the center,1 

or rift valley, of the mid-oceanic ridg^ (MOR), which is a globe-
circling volcanically active welt about 40,000 km in length. At 
this "spreading center", new molten basalt is constantly being 
injected. 
It is within the .framework of crustal unrest that we describe the 
principal features of the ocean environment, highlighting the 
characteristics that may apply to the problem of long-term or 
"ultimate" waste disposal. We do not attempt to discuss the complex 
biological communities in the ocean provinces, but merely call 
attention to the overall biological productivity of surficial waters 
(Fig. 2) as an important indicator of mid-water and bottom biological 
activity. 
The ocean floors are divided into three principal physiographic 
provinces, each occupying about a third of the world*s ocean area 
(Fig. 3): 

Continental margins (continental shelf, inland seas, marginal 
plateaus, continental slope, continental rises) 

t 
* J 

Ocean basin floor (abyssal plains, abyssal hills, oceanic rises, 
deep sea trenches) 
Mid-oceanic ridge (ridge flank and crest, rift valley and 
mountains, fracture zones) 

It is helpful to remember that, with some obvious exceptions, 
geological processes on the continents are primarily erosional 
whereas in the oceans they are principally depositional. 

F 

The Continental Margins 
The continental margin is one of the most dynamic ocean environments, 
with wide seasonal water-temperature changes, variable chemical and I 
biological processes, and complex and unpredictable geological 
structures. Here lie most of the remaining unexploited pools of 
hydrocarbons, as well as most of the world's great fishing grounds. 
Sediment accumulation is rapid, and this, combined with relatively 
steep slopes, provides optimum conditions for sediment failure 
(slumping, turbidity currents, etc.). These dynamic elements 
sufficiently demonstrate that the continental margins do not answer 
our criteria of isolation and stability. 

The Ocean Basin Floor 
This province, occupying another third of the ocean area, is the 
deepest (5-11 km) of the three provinces and includes the flat 
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Fig. 1. Schematic diagram of the dynamic ocean regimes, 
(Reprinted from Ref. 2 with permission.) 
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Pie . 2. Distribution of primary production in the World Ocean. 
(Reprinted from Ref. 2 with permission.) 
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Pig . 3 The Major Ocean Provinces . (Reprinted from Ref. 2 with 
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abyssal plains, the gently rolling abyssal hills, and the deepest 
parts of the oceans, the deep-sea trenches. 

m 

The abyssal plains (gradients <1:1000) contain numerous deposits of 
coarse continental debris swept here by periodic rapid (hundreds of 
cm/sec) underwater avalanches or turbidity currents. 
The abyssal hills, which occasionally form broad low swells—mid-ocean 
rises—lie seaward of the abyssal plains and are thought to be old 
ocean crust originally formed as extrusions of pillow basalt from the 
MOR spreading center. As the crust spread away from the MOR it 
cooled and sank, reaching a depth below the water surface of 5 kn in 
about 50 million years. These vast abyssal-hill provinces (e.g., 
most of the North Pacific) are generally covered with 50 to 100 m of 
brown clay. The abyssal hills and rises that occur in the middle of 
sub-ocean plates are seismically passive. Where th.ey also occur 
below the centers of wind-driven surface-current gyres, they are 
typically quite stable and relatively unproductive biologically. 
Bottom currents are generally weak and variable. From the viewpoint 
of stability, these enormous (108km2) regions of the mid-plate/mid-
gyre abyssal hills are unparalleled. 
The dynamic deep-sea trenches often form the landward boundaries of 
abyssal hills near the collision zones of the sub-sea plates, 
especially in the Pacific and Indian oceans'. Here the ocean crust is 
presumably being overridden by lighter crustal- rock, with attendant 

* crustal destruction, at rates of 2 - 6 cm per year. Many high-
intensity earthquakes occur in or near these trenches, triggering I 

; massive submarine slides and accompanied by extensive volcanism. j 
The arcuate circum-Pacific trenches are some of the most dynamic 
regions on the planet. 

The Mid-Oceanic Ridge 
This sea-floor spreading center that runs around the globe is the 
"constructive" plate-boundary (Fig. 3). In the center of this 
symmetrically expanding ridge lies the hot, seismically active rift 
valley where new crust is continually being extruded. The temperature! 
of the central portion of this rift valley may approximate that of I 
molten basalt (1200°C), yet water circulation dissipates the heat so j 
quickly that no rise in water temperature can be measured at the sea 
surface directly above this tremendous (20,000 km2) heat source. 
Sediment in this shallowest and houngest part of the ocean is 
generally too thin to be detected except as a current-winnowed veneer 
of carbonate shell debris seen in bottom photographs (Ref. 3). 

Summary 
These three provinces comprise the ocean environment that we have 
examined with a view toward selecting sites for the detailed studies 
described below. The best of them, from a purely oceanographic/ 
geologic viewpoint, seem to be the i.iid-plate/mid-gyre regions 
(Table I). 
To keep our task at a manageable level, we limited our studies to the 
North Pacific, but this does not constitute a commitment to that area J 



TABLE I 
Summary of the Ocean Provinces.* 

, f 

Physiographic 
Provinces 

of the Oceans 

Mid-Oceanic Ridge 

Fracture Zones Flanks Crest Rift Valley 

ENVIRONMENT 

Water depth (km) 

Local relief (ro) 

Regional slope (deg) 

Bottom temp (°C) 

Texture of bottom sediment 

Sediment thickness above igneous rock (km) 

A to 6 

1ODO's 

10'£ 

<3 

pebbles to sand 

0 to 2 

3 to 6 0.5 to 2 1.5 to 3 

100's 1000'e 100D'.-i 

2 to 5 10's < 5 

2 t o 4 3 to 5 5 to 15 

sand silt, clay 

1 to 2 

boulders to sand 

Oto \ 

DYNAMIC PROCESSES 

Rate of sediment accumulation (cm/1000 yr) 

Currents 
(Non-tidal currents (cm/sec) 

*No. cf nc^r*bottom measurements 

Oto 10 

10 to 20 

<10 

Erosion or deposition 

Earthquake frequency 

Biological activity 

Frequency ol sediment failure 
V 

Volcanic activity 

lou- to high 

low 

moderate 

moderate 

2 to 4 

3 to 5 

<1C 

D 

very low 

moderate 

low 

low 

Oto & 

10 to 50 

<:io 

moderate 

moderate 

high 

CHARACTERISTICS CEBMANE TO SUB-SEA FLOOR DfSPOSAL 

Geologic stability (predictability) 

Areal extent (km* x 1(f) 

Accessibility by man 

Present Value of 
Natural Resources, 
x 10* $ per Annum 

Biologic 

Sand, gravel 

Mineral 

Hydrocarbon 

low moderate low 

120 

low low high 

l x 101 

boi-ldQrs to sand 

Oto 1 

10 to 20 

CIO 

I very high 

low 

very low 

very high 

very low 

moderate 

^Reprinted from Ref• 2 with permission. 



TABLE I (cont inued) 

Sen mounts 
Islands 

:an Basin Floor" 

Trenches 
Abyssal Hills 
(Mid- Plate) 

Abyssal 
Plains 

Continental Margin 

DeHas/Kan s Rise Slope Shelf 

Olo 3 

1000*8 

10's 

2 to 20 

gravel and sand 

Oto J 

7 to 11 

10 to 100 

2 to 20 

I to 3 

sand, silt, clay 

1 to 5 

5 to 6 

10 to 100 

<1 

<2 

Clay 

4 to 6 

< 5 

<A 
<2 

clay, c^avcl 

{ to 2 

0.1 to 5 

10 to 103 

J to 5 

3 to 5 

sand, silt, clay 

5 to 10 

3 to 5 

5 to 10 

< 1 

1 to 3 

silt, clay 

5 to 10 

0.2 to 3 

100's 

4 to 10 

3 to 5 

silt, clay 

2 to 10 

0.1 to 0.5 

5 to 10 

<1 

2 to 20 

gravel and sand 

2 to2C 

< 0 t o 5 

5 to 20 

lU'fc 

modcralc 

very l:lgh 

moderate 

high 

I to 10 

2 to 10 

< 5 

very high 

moderate 

high 

high 

<1 

2 to 10 

< 1 0 

very low 

very low 

very low 

very low 

2 to 5 

< 5 

JO's 

very low 

low 

10 to 500 

5 to 30 

10's 

5 to 50 

5 to 30 

100's 

< 0 t o 3 

5 to 20 

100's 

<Oto 50 

10 to 50 

I 
lOGO's 

D/E 

low 

very low 

high 

very blglj 

low 

very high to low, depending on position 
oJ plate boundary 

moderate 

moderate 

low 

high 

very high 

low 

very high 

tow 

low 

very low very low Meh moderalc very low 

10 6 130 10 to 20 5 to 10 

very high very low 
* 

very low very low moderate 

moderate 

20 

low 

very low | very low 

50 

moderate I very high 

l x 10' 9 x 10* 

3 x |0* 

]K |0* 



as the only possible waste-disposal area. In fact, we are now 
assembling data from the western Worth Atlantic. The North Pacific 
v/as merely the most convenient area to study, and nay prove to be a 
"type area" of mid-plate/mid-gyre characteristics. 
A catalog of the state of our knowledge and some results from our 
progressing study of the North Pacific mid-plate type region are now 
available (Ref. 4), and some preliminary conclusions are being drawn. 
For example it now appears that emplacement of high-level \;astes in 
the water column or even at the water/sediment interface may prove 
ill-advised, but further information about processes at this bsnthic 
boundary layer is required to substantiate this tentative conclusion. 
ASPECTS OP THE SEABED DISPOSAL PROGRAM 
The oceans are dynamic systems. Processes are slowly changing the 
surface and sub-surface of the ocean floors, and single events occur 
which quickly (over 10* - 10* years) alter vast sea-floor areas. The 
problem of assessing disposal of radioactive wastes beneath the sea 
floor is one of matching the rates of these processes against the 
decay rates of radionuclides. The time needed for complete decay, 
including traces of transuranics, is of the order of a million years. 
We have compared existing data from the major ocean provinces with an 
eye toward slow processes, freedom from cataclysmic events, and 
stability over the time scales of interest. It has become apparent 
that the most stable places in the oceans, and perhaps on the entire 
planet, are the mid-plate/mid-gyre regions of the ma.1or ocean •ba?:L:i? . 
The quest5on facing us r.ow ir> vhether v:c cin devise a system tna.z will, 
make use of this great stability for the permanent containment of 
radioactive materials. 
To place reasonable limits on the present discussion, we assume that 
waste material will be solidified, encapsulated, and emplaced well 
below the sea floor. The system to be considered, then, includes 
the encapsulated wastes, the surrounding geologic medium, the over
lying water column, and the biological community in and beneath it. 
Tne system includes all the natural processes that occur there, plus 
new processes that may result from the introduction of radioactive 
wastes. 
We have found it useful to list possible barriers to a release of 
radioactivity. We define a release as where toxic material can reach 
man or when administrative controls must be placed upon an area to 
prevent exposure. The barriers are: 
Generic 

Distance from habitation 
Water depth 
Constant conditions (temporally and geographically) 
Geologic stability and predictability (lack of cataclysmic events) 
Sparse biology or potential biologic transport 
Large liquid dispersal medium (as last resort) 

4 



Stepwise 
Solid, unleachable waste form 
Noncorrodable cask 
Accretion of chert or manganese oxide on cask 
Possible solidification of melted medium into a secondary container 
Impervious medium (basalt or sediments) 
Slow advection of water through sediments 
Ion exchange or concentration In sediments 
Special chemistry or biological activity at sediment surface 

4 

Slow currents (tidal only; very small throughput) 
The "generic" category merely describes the setting — the conditions 
to which the engineer can design the system. -The "stepwise" barriers 
are possible effective preventions for dispersal of radioactive I 
material. For example, several solids with very low solubilities £.nd ! 
leaching rates (<10~5 g/cm2 per day) have been made from simulated 
high-level radioactive wastes, and there are several cask materials 
(e.g., nickel, zirconium, titanium) that might have considerable 
lifetimes in contact with either water or the solid materials of the 
rock and sediments. 
Several natural accretionary processes occur In or on the sediment; 
these and the melting of the reck itself by heat from the wastes 1 
could provide added projection by the formation on the canister 
surface of an additional barrier to movement of the radionuclides. 
Both the basaltic crust of the ocean floor and the overlying 
sedimentary layers may be relatively impervious to the movement of ] 
water or materials through them. Water movement upward through the j 
sediments is slow, at rates comparable to those of sediment deposition1 

above it, and the sediments may also retard the movement of some 
elements by ion-exchange processes. A number of considerations 
attest to some unknown but interesting processes at or near the 
sediment/water interface that might Immobilize some isotopes. 
The final barrier is of course the water column itself. Time scale? 
of thousands or 10*s of thousands of years for transport of a particle, 
of water across the Pacific basin by the slow bottom currents may net 
be impossible. 
In snort, the rate at which any one of the barriers might be breached 
could be sufficiently slow as to assure isolation. It is these rate.3, 
taken together- that will be assessed In relation to each important 
isotope in the radioactive wastes. 
In summary, a program has been Initiated in the U.S. to provide 
essential information about natural oceanic conditions and processes, 
plus the effects of an undersea disposal operation. This program, 
described below, will provide data necessary for assessment of the 
efficacy of containing radioisotopes within the seabed. 



Program Objectives 
While a number of intermediate objectives must be met before we have 
the scientific information needed to design and assess the ultimate 
seabed disposal system, overall program goals may be stated in 
approximately the order in which they need to be accomplished: 
1. To define the system including natural processes, processes 

imposed by emplacement, engineering and operational requirements, 
and costs. 

w 

2. To determine feasibility of seabed disposal from firm technical 
information." 

3. 

U. 

5- To prove that capability by a combination of tests and thorough 
understanding. 

Our program is at this time designed to meet or begin to meet the 
first three of these objectives. 

• 

PROGRAM OUTLINE 
The program necessary ro determine the efficacy of the conceptual 
barriers and to develop the needed technology for both the study and 
emplacement of wastes may be described in three broad categories: 

+ 

— Ocean Regime Characterization: mainly oceanographic investi
gations aimed at defining the natural environment' and 
assessing the natural conditions and materials, plus the rates 
of natural processes, that will interact with the wastes. 

— Effects Investigations: studies directed at an understanding 
of the interactions of wastes with natural materials and 
processes, including system modeling and efficacy assessment 
as well as characterization of the wastes themselves. 

— Engineering Development; The development of technology needed 
for carrying out the above studies, as well as for 
transportation, handling, and emplacement operations. 

Outlined below 
categories: 

are the major programmatic elements within these three 

Regime Characterization 
Basalt: composition and structure 
Sea-floor sediments: thickness, geographic distribution, physical 
properties (e.g., permeabilityt composition, texture), chemical 

To determine the safety (i.e., the absence of releases or other 
effects on mankind) of any proposed system. 
To develop the total capability to carry out seabed disposal 
based on the findings of the above program (if feasible and safe). 

-L 
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properties (e.g., reactions such as adsorption), history over 106 

years, and engineering characteristics. 
Benthic boundary layer (100 m above to 1 m belov; the bottom): 
solution/sediment interaction; gradients of physical and chemical 
properties; deposition; consolidation, and stability of seabed; 
velocity variations, turbulence, and stability; biological metabolism j 
at the sediment/water interface; and organism/sediment relationships. 
Water-column dynamics (above 100 m off bottom): currents (mean flo* 
and tidal); adveetion; diffusion; and internal structures (e.g., 
eddies, Internal waves, etc.). 
Biological community: structure and extent; species mobility; rates 
of processes; and biological transport of nuclides.^ 
Effects Investigations 
Waste characteristics (largely specification): "size" of packare 
(thermal, etc.); leachability; canister morphology; chemical composi
tion; and radiation output. 
Chemical effects (at pressure and temperature, and with radiation): 
accretion (of Mn0 2, chert, etc.); corrosion; leaching; and material compatibility. 
Thermal effects: chemical rates; rock melting (convection, high-
temperature chemistry, etc.); local "drying" due to heat source; zr.i 
convection uf v.*?tcr driven by net. 
Biological effects: degradation of emplaced waste and canister; 
enhanced productivity; microbiological activity on or* due to cask; 
and mechanical disturbance by microfauna. 
System modeling. 
Safety and efficacy analysis: environmental impact; release rat^s cr 
probabilities; and economic analysis. 
Engineering Development 
Transportation: on land; transfer facility; transport vessel; 
platform; manipulative capability at depth for site preparation or 
protective reaction. 
Emplacement 
Medium; packaging; site preparation; emplacement technology; hole 
closure; monitoring after emplacement. 
The skills required to carry out these program elements are found in 
diverse sectors including government laboratories, educational 
institutions, private research establishments, and industry. An 
interdisciplinary and interinstitutional team has been assembled 
(Refs. 4 and 5) and is gathering data both to define important 
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parameters and to aid in orienting program goals. The team's 
activities are coordinated by a national laboratory (Sandla 
Laboratoriesj Albuquerque, New Mexico).. 
The investigative"team provides not only individual areas of 
expertise, but also acts as a committee for periodic program review 
and planning. These reviews take the form of workshops in which 
team members deal mainly with short-term goals and directions, but 
also shift program emphasis as suggested by new data or ideas. 
RESEARCH RESULTS 
Two classes of effort occupied the first year of the program: the 
collection of relevant historical data about the first test area 
(the central North Pacific), and the development of important new 
data. 
Historical data were collected in the following disciplines and have 
been partly analyzed: physical oceanography, water-column biology, 
bathymetry, geology/geophysics, geotechnical or engineering properties 
of the sediments, chemical properties of manganese nodules, and 
physical and chemical properties of the basalt. 
Among, new types of data derived were the following: 
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Benthic biological survey 
Bottom-current measurements (5 days to 9 months) 
Isotope- concentrations in water and sediment a 
Engineering properties of the upper meters of sea-floor material 
Detailed bathymetry and sub-bottom structure 
Photographic survey of nodules and large organisms 
Pelagic near-surface biology 
•Physical oceanography; water mass characterization 
Manganese nodule geochemistry 

The Water Column 
Preliminary reasoning based on global deep circulation patterns and 
isotope aging of deep water suggests that transport of material 
through the water column (from the abyss to the surface layer) may 
be very slow, perhaps of the order of 1000 years. Small-scale move
ments in the deep water column are not known well but appear to be 
relatively rapid under certain circumstances. Questions about the 
water column, therefore, are primarily two: how fast is the general 
circulation, and how fast would isotopes disperse as a result of 
mixing? 
Analysis of early results from short-term current meters in the 
central North Pacific indicates that, over periods of days, the mean 
current flow is as much as 3 km per day (3*2 cm/sec), and generally 
is toward the south. However, longer-term records (9 months) in the 

t 
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water column within the benthic 
instrument for doing this is 

same area indicate a mean velocity of <2 cm/sec, which is below the 
reading threshold of the meters. 
Data from current meters provide, a progressive vector diagram (PVD) 
of deep circulation at one position. If we assume that the water 
moves as a slab, the PVD also Indicates the distance and direction a 
particle of water travels. Our records, taken over a 9-month period, 
show a net movement of z 200 km in the central North Pacific, with 
indications of a cyclic phenomenon at longer times. A second way of 
getting this type of information is to tag a mass of.water and track 
it across the deep ocean. For this purpose we have designed a long-
lived isopycnal (constant-density) float, which is being tested. 
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Cther mechanisms for nixing and transport of material through the 
water column include small and medium-scale water movements, 
biological processes, and thermally driven transport. We have 
tentatively concluded that the prospect of understanding these 
mechanisms in detail in the next several decades is poor. 
Short-term mixing phenomena may be measured and understood in terms 
of ordinary diffusion laws. Before such understanding can be reached, 
and as a requisite to calculation of thermally driven vertical 
transport, the microstructure of the 
boundary layer must be measured. An 
being developed. Simple modeling of a thermal plume above an isotope 
heat source indicates a very localized plume that is unlikely to 
provide significant transport. Upward transport by biological 
activities may occur, though the vertical distance to be traveled is 
large relative tc movements of the major planktonic communities. 
Still, seasonal variations- have been observed at the depth at which 
major organisms occur, and some abyssal bottom-dwelling creatures 
have been found in waters as shallow as 800 meters. In addition, 
some mobile creatures such as fish observed with baited cameras 
would have no food input for larval stages on the bottom, so these 
larvae may have to migrate to surface waters for the first stage of 
their development. 
Finally, edible fish — one resource of significance to man — occur 
in the very surface waters. While productivity per unit area is small 
the total catch is large because of the large r.rea of the North 
Pacific. The crop taken in 1969-71 averaged about $7 million per year 

The Biological Community 
Our studies are directed at assessing the.role played by the 
biological community in natural and imposed processes, such as trans
port or fixation of radionuclides, or the enhancement of processes 
such as corrosion. 

• 

The bulk of the biological mass is in the upper few hundreds of meters 
of the water column, with a much smaller biomass on the bottom. The 
waters between are relatively devoid of all but migratory organisms. 
In the upper few hundred meters of the central North Pacific gyre, 
the standing crop of organisms is a factor of 2 - 4 lower than in 
areas of richer nutrients. On the bottom, the standing crop is 
between 100 and 1000 times lower than the crop on the continental 
shelves. 



i 

F • 

The inventory of the benthlc (bottom) community has begun, with first 
emphasis on the macrofauna — those retained on a 297-micron screen. 
Deposit feeding is the dominant life-style for all species in this 
size range, and early indications are that there may be some degree 
of aggregation geographically on a relatively small scale (<1 meter). 

• 

Megafauna are measured by camera surveys and the use of baited 
cameras for the mobile species. Our single camera survey from 
February 1974 shows a considerable variety of megafauna (sponges, 
echinoderms, and lophophorates)-
Some studies of the smaller benthic fauna of the central North 
Pacific were carried out this year, with preliminary but important 
results (Ref. 4). These and the meiofaunal species (less than 300 
microns) show strong aggregations, suggesting microenvironmental 
differences on the bottom ;hat persist for significant periods of 
time. Some tentative microfaunal measurements indicate that micro
biological activity is limited to the uppermost layers of the 
sediments (Ref. 4). 
Future work must include the development of improved sampling 
techniques and of an-situ experiments to test rates of biological j 
processes and perhaps mobility of species. Determination of the rates, 
of microbial .activity must rate fairly high in the priorities. 

The Sediment Column 
In general, the sediments under the mid-platc/nid-gyre regions, and i 
the HorthPacific in particular, are thin (about 100 meters) oxidized 
clay overlying the basement basaltic rock. This rock can be 
considered as layered also, with a top stratum of pillow basalt and 
strata of sedimentary material between the pillows, extending down
ward more than 1 km. Below this level more slowly cooled and 
differentiated material forms large masses of coarsely crystalline 
rock that is probably fairly homogeneous although fractured during 
contraction. 
The overlying mud, laid down slowly over tens of millions of ye^ J , 
has properties that make it conceptually interesting as an emplacement 
medium or as a barrier above an emplacement medium. These properties 
include: 

r 

- Strength varying with depth from soft potter's clay to rock 
hardness (shale) 

- Water content decreasing with depth to near dryness 
- High bearing strength (for oceanic sediments) 
- Silicious rather than calcareous 
- High ion-exchange capabilities (at least for some elements) 
- Slow upward water migration (perhaps slower than sedimentation) 
- Plastic (will heal if disturbed) 

I 

First studies to measure some cbaracterictics of the sediment column 
in a few North Pacific samples have generally confirmed these 

i 



characteristics, and have led both to greater understanding of the 
physical properties and to more clearly defined needs for further 
investigations, 
A strong sub-bottom acoustic (3-5 kHz) reflector may be traced through
out most of the North Pacific study area about 20 meters belov; the 
sediment surface, and a second weaker reflector a few meters below 
that. The upper sediment layer appears from x-ray diffraction 
analyses to be primarily illitic clays with uniform texture and grain : 
size through the top 20-30 centimeters. The material is mostly clay i 
(50% to 802 <h microns) with only traces of grains of sand sizes, has : 

a bulk density of about 1.5» and exhibits a dry specific gravity of 
about 2.3. Water content of the sediments in the top 20 centimeters 
is high, typical o€ marine surficial clays, and indicative of a very j 
plastic material. The mechanical strength of the material is also j 
high, with shear strengths of about 50 gm/cm2, invariant with depth 
down to 20 centimeters. 
Only one benthic resource is known in the centers of the major gyres: " 
the ubiquitous manganese nodule. In our study area these nodules 
cover 10 to 50£ of the sediment surface and have a range of sizes and 
shapes. A few from this area have been chemically analyzed and show ! 
a range of transition metal contents from 0.55 to 1.63.* (Ref. 6). j 
The values are below those of economically attractive deposits. 

The Basalt 
•M I 

Beneath the thin sediment cover in the abyssal-hill provinces jies 
the basaltic crust, formed many millions of years ago at the mid- j 
ocean spreading centers and since cooled and subsided. What is known • 
of this material and the structure of the top few thousand meters or j 
the crust comes from seismic evidence, direct observation, and 
dredged samples from fracture zones near the mid-oceanic ridges. ' ! 
Only recently has the Deep Sea Drilling Program obtained cores from 
even a few hundred meters of the basalt. 
Our team members have begun thorough examination of seismic evidence 
and of the petrology and mineralogy of available samples. 
The properties of igneous rocks with regard to emplacement of an 
intense heat source (i.e., about 1 kW/ft3) are being studied elsewhere; 
(Ref. 7). These will give clues to alterations of rock structure and 
chemistry that might be expected in any igneous rock regime. 

Chemistry 
In the final analysis, the most effective barriers against transport 
of radioisotopes may prove to be chemical in nature; conversely, 
some of the most important mechanisms for the breakdown of barriers 
are clearly chemical. These include cask corrosion^ leaching of 
waste material, interactions between waste material and surroundings, 
and adsorption (e.g., ion exchange) of isotopes onto the sediment. In 

*This is a sum JJNi - &Co - l/2£ Cu that must be greater than 1.85 to 
be considered presently attractive economically as an ore. 
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fact, fixation of the elements by biological systems can be 
considered a chemical mechanism. 
Other ERDA programs are addressing two important aspects of related 
phenomena: chemical properties of waste material, and the chemical 
interactions of waste material with a hard-rock matrix. 
We are studying corrosion phenomena in two ways: with laboratory 
studies both at ambient and at simulated ocean-bottom conditions, 
and with in-situ experiments developed in the North Pacific in 
conjunction with the placement of current meters. First ambient 
tests of several metals show that there are no. noticeable surprises 
in the electrochemistry of either sea water or of interstitial water 
in the upper sediments. A matrix of materials with several kinds of 
itfelds, bondings, and joints has been deployed-both in the water 
column and at the sediment/water interface. 

• • 

The chemistry of fallout nuclides and particularly the chemistry that 
affects their dispersion around the earth has been studied for over 
a decade (Ref. 8). An understanding is developing of the downward 
transport of nuclides through the water column, and data exist for 
various parts of the globe regarding concentrations of the important 
nuclides in the sediments and at various depths in the water column. 

m 
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The main effort in our program has been to extend these measurements 
and understanding to the central North Pacific, and this extension -} 
has led to some surprises. Water samples and two cores show a higher ; 
concentration of fallout elements at all water depths th?.n anticipated 
and surprising differences in distributions in the cores. 

Sampling and Instrumentation Developments 
r 

Part of our effort has been directed toward the development of needed 
capabilities in four areas: measurement of water-column dynamics 
(large-scale and micro-scale), measurement of sediment structures 
(large-scale), measurement of sediment properties (laboratory and 
in-situ), and manipulation of equipment and experiments on the bottom 
in deep water. 
Ongoing measurements of deep circulation involve the use of stationary! 
Savonius-rotor current meters that provide a record of vector currents, 
versus time at one point. The development of a neutrally buoyant 
(isopycnal) float has been undertaken to allow the tagging of a 
portion of deep water and the tracking of. that portion over extended 
time. 
High-resolution measurements of the physical and chemical 
characteristics of near-bottom water are required for thermal 
analyses of buoyant plumes, for estimation of diffusion times in that 
turbulent layer, and for assessment of the special chemistry of the 
benthie boundary layer. To this end, development of a deep 
conductivity/temperature/depth instrument package has begun. This is 
a free-fall instrument, so designed to avoid the problems of a long 
tether and the accompanying motions induced by wave action. 
Resolution should be approximately 2 x 10"1* °C, 2 x 10"1* nvmho/cm, and 
3.5 centimeters in depth. 



To allow observation of the structure and depth of the sediment 
column, a prototype 3.5-kHz instrument has been tested and has 
provided information not previously available about subsurface 
reflectors in the sediment column. For further resolution and the 
measurement of thin sediment layers, development has begun of a 
reflection/refraction experiment using an array of on-bottom 
transponders and the low-frequency source (Ref. 9)• 
History of local sedimentation and circulation, and physical and 
chemical properties of sedi.nents at depth must be obtained from 
samples brought to the surface. The successful Woods Hole Giant 
Corer (Ref. 10) has been redesigned for greater penetration and ease 
of handling. This piston coring device should provide large-diameter 
(11 cm) cores to a depth of over 30 meters. Undisturbed samples of 
surficial sedir.ents provide important information about the 
biological community and the chemical properties of this surface 
layer. These will be provided by a newly designed box corer. 
The use of any coring device is expensive and laborious at best, and 
it is desirable either to have a more rapid and less costly method of 
obtaining information over a wide geographical area, and/or a method j 
of providing preliminary information about the mechanical properties 
of the sediments before the corer is lowered. Penetrometers* show 
promise of providing this type of information, and two types of 
telemetering systems have been designed. 
Finally,'a need has been identified for manipulative capability on the. 
bottom- in deep water. A model for a conceptual design of a deer-w?-ter-; 
on-bottom work vehicle compatible with use on either the RV Knorr- or- , 
the RV Melville has been constructed, the essential requirements have ; 
been outlined, the main design parameters have been identified, and j 
participants in the study are optimistic that such a vehicle is 
feasible. 

^ 

SUMMARY 
The ongoing study of the possibility for disposal of radioactive 
wastes into the seabed in the stable deep mid-plate/mid-gyre regions 
has identified major areas of study and major questions to be 
answered in assessing the feasibility and safety of such disposal. 
While no insurmountable technical difficulty has been identified to 
date, the range of studies required to provide the necessary 
information is great. 
The program described herein is the interdisciplinary, inter-
institutional approach devised by our study group to address the 
significant questions and to provide the answers regarding feasibility 
and safety of seabed disposal. | 

*Rocket-shaped and rocket-powered vehicles that can be driven into 
soil, rock, or ice. They carry-telemetering equipment that can 
transmit throughout the penetration event and after the vehicle 
comes to rest. 
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