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Abstract 
The Subseabed Disposal Program follows the policies and criteria of the 
National Waste Terminal Storage program for the development of land-
based repositories, except where the technical differences between land 
and ocean geologic disposal make different approaches or criteria 
necessary, This is the first of a series of documents describing the 
procedures and criteria for the Subseabed Disposal Program. 
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Program Criteria for Subseabed 
Disposal of Radioactive Waste: 
Research Strategies and Review 
Processes 

Introduction 
The Subseabed Disposal Program (SDP) was es

tablished in l*?74 to investigate the feasibility of 
burying high-level radioactive wastes (HLW) be
neath the sea floor The SDP is administered by I he 
Albuquerque Operations Office of the Department of 
Knergy (DOK)aspart of the National Waste Terminal 
Storage (NVVTS) Program, and is coordinated 
through Sandia National Laboratories, Albuquerque. 
New Mexico. The work of the SDP is not to be 
confused with dumping schemes for any material, 
radio.ictive or not. that use the ocean waters for 
dilution or place material on the sea floor where it is 
evpiised to the ocean waters. Subseabed disposal is 
the engineered emplacement of solidified and pack
aged waste within geologically stable sediments of 
the deep ocean. The primary objective of the SDP is to 
assess the technical, environmental , and engineering 
feasibility of disposing of high-level *waste or repack
aged spent reactor fuel in the sea floor. 

The SDP follows the policies and criteria of the 
NWTS program for the development of land-based 
repositories, except where the technical differences 
between land and ocean geologic disposal make dif
ferent approaches or criteria necessary. This is the 
first of a series of documents describing the proce
dures and criteria specific to the SDP. The second 
document in the series will describe subseabed site 
evaluation procedures. Future documents are expect
ed to include the formal statement of any SDP policy 
or procedures and, should subseabed disposal prove 
feasible, repository, waste package, transportation, 
and emplacement performance criteria for subseabed 
disposal. The SDP policy and procedure documents 
will supplement the NWTS program criteria for 
mined geologic disposal of nuclear waste (NWTS 33, 

to be issued in parts 1), while the SDP criteria docu
ments will parallel the parts of the NWTS 33 that 
specify criteria. The future of the subseabed concept 
depends on ongoing research; thus future documents 
will be issued at appropriate times. 

Background 
On March 13, 1978, the President appointed an 

Interagency Review Group (IRC) to study nuclear 
waste disposal and to formulate recommendations to 
the Adminstration. The report of the 1RG concluded 
that: "Near-term program activities should be predi
cated on the tentative assumption made for interim 
planning purposes that the first disposal facilities for 
HLW will be mined repositories." 1 The major effort ol 
the NWTS program is directed research and develop
ment on a variety of projects required to develop 
waste disposal methods in land-based geological me
dia. The IRC also recommended that nearei-term 
alternative approaches, including subseabed disposal 
in stable deep ocean sediments, "should be given 
funding support so that they may be adequately 
evaluated as potential competitors." Another report, 
Alternative Waste Dtyi'+til Concept*: An interim Tech 
iiitrit A**e+itneitt (ONWI-65),3 identifies the subseabed 
concept as the most attractive alternative to mined 
repositories. 

A second impetus comes from the waste manage
ment programs of other nations, a number of which 
are considering subseabed disposal. The SDP pro
vides a basis for the US to participate in the interna
tional assessment of subseabed disposal of radioac
tive wastes through the International Seabed 
Working Group and to cooperate with other nations ' 
research efforts when appropriate. 
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Criteria for NWTS Programs 
The fundamental principles to be followed in the 

fin.iJ disposal of HLW were set forth in the IRG 
Report and the President's message to Congress on 
February 12. 1980: "Our primary objective is to isolate' 
existing <ind future radioactive waste from military 
and civilian activities from the biosphere and pose no 
significant threat to public health and safety. The 
responsibility for resolving military and civilian 
waste management problems shall not be deferred to 
future generations." 

The DOll is the principal federal agency responsi
ble tor the development of technology leading to the 
construction and operation of radioactive waste re
positories The Nuclear Regulatory Commission 
(\RC I is responsible for licensing repositories for 
radioactive waste from the commercial nuclear in-
dusir\ the \U<* will issui regulations to assure that 
the repoMtorv will be able to protect public health 
and s.ifeu taking into consideration all impacts on 
the environment The Environmental Protection 
Agencv (I I'Ai will formulate protection standards 
w h u h will define the minimum performance re-
qiiin-meiits ot the repository for areas external to it. 

1 he iiii.il standards from HPA and operating crite
ria irn.n \ K ( .ire not vet available to be applied to 
Mih-eahed disposal Until these agencies have estab
lished such standards and criteria, the SDP will pro
ceed with the assumption that the standards and 
criteria Mr suhseabed disposal of high-level waste or 
-pt-ni reactor Juel will be no less rigorous than for 
land-based mined eposifones. 

I'luis Mr ihi- "resent the SDP will direct i'- re
search under t lv following assumptions about stan
dard-

1 I He V\ asu- packages will be required to con
tain radionuclides completely, using more 
than one harrier, for the first few hundred 
w a r s After that time, containers are assumed 
not to be reliable, and the properties of the 
geological media must be a suitable barrier to 
the release of nuclides. 

2 The models constructed to calculate the repos
itory performance will need to encompass a 
minimum iif 10,fi00 years. 

^ Reirievability shall be considered. 
Vhe policies of the NWTS program, as stated in 

\'V\TS31( 1). ['loxitiitiObicitnrs: Functional ami Sj/.ffruis 
I'ntiirttuwit' Criteria.1 will be applied to the SDP ex
cept where the technical differences between land 
and subseabed concepts prevent their application. 

Site Evaluation 
The site(s) selected for subseabed disposal of ra

dioactive wastes must be judged on two general 
criteria. First, the site must satisfy the physical and 
geological requirements to contain radiuactive wastes 
for the specified periods of time Second, the sites 
must minimize the probability of human intrusion 
into the repository. Specific site evaluation criteria to 
assure these goals will be presented in a subsequent 
document. 

Research Strategy 
This section outlines the research planned or un

derway to evaluate the capabilities of the deep sea 
sediments to contain packaged HLW or spent reactor 
tuel 

A reference disposal svstem has been established 
tor purposes of assessment and programmatic plan
ning, even though that system mav have to be altered 
as additional information becomes available The ref
erence svstem was chosen on the basis oi snnplicm . 
feasibility of emplacement technology, and estimated 
COM It would place appropriately contained treated 
wastes or spent reactor fuel into clavev sediments 
.nv.iv from the edges o\ oceanic tectonic plates I M 
avoid volcanic and seismic activity] and JW.IV trom 
the edges of major circular surface currents (to avoid 
subsurface agitation and resource exploitation associ
ated with these currents). Theabvssal-hill areas of the 
ocean bottom covered bv this definition are designat
ed mid-plate/mid-gyre (MPC.) areas 

Several emplacement methods appear feasible, 
though none have been developed in detail We are 
considering penetrators. winch-controlled injectors 
or drilling to emplace wastes at a substantial Uepth 
from about 30 to a few hundred meters, beneath the 
sediment surface. 

Program Plan 
A complete description of the research activities 

ot the SDP may be found in (SAND 81 -0007,1 and ID 
S/tNi'tf/vif f)is/»iisnf Program Plan, Volume /. Overx'iav. 
and IWnwii- //. }'Y SI TWec/ ami tubUtok Work Plan* * 
The primary objective of the SDP is to assess the 
technical, environmental , and engineering feasibil-
itv of disposing of high-level waste or repackaged 
spent reactor fuel in the sea floor. In order to assure 
that this goal is accomplished in a stepwise and 
efficient manner, the program is divided into four 
phases: 
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Phase 1: Estimation of technical and environ
mental plausibility on the basis of his
torical data. This was completed in 
1976. 

Phase 2: Determination of technical and envi
ronmental feasibility from newly ac
quired oceanographic and effects data. 
The goals of this phase, which should 
be completed in 1988, include 
a. Development of a model contain

ing all parts of the system that ad
dress technical and environmental 
feasibility (Figure 1). 

b. Collection of properties for the 
model and the in-situ verification 
of these properties will begin. 

c. Completion of a technical and envi
ronmental feasibility document to 
estimate impacts on both man and 
the environment, using the total 
system model and the acquired 
properties. 

Phase 3: Determination of engineering feasibil
ity. The goals of this phase, which 
should be completed in 1998, include 
a. Verification of the system model 

and the properties through appro
priate laboratory a n d / o r field test
ing, 

b Initiation of long-term (15-vr) 
in situ experiments using real 

waste and appropriately designed 
containers to help validate the sys
tem models. 

c. Identification and characterization 
of several sites in the Atlantic and 
Pacific oceans. Within the oceanic 
regime. Urge areas will be mapped 
in detail and a three-dimensional 
unders tanding of sedimentary geo
logic formations developed. At the 
end of this phase several acceptable 
sites should have been identified in 
each ocean. 

Demonstration of disposal capability. 
The goals of tnis phase, which should 
be completed about the year 2010, in
clude 
A Completion of conceptual design 

and detailed designs for the total 
system, 

b Building and testing of dock and 
ship systems after the license or 
permit has been received. 

c Development of a land transporta
tion network after receipt of the 
license and completion of the de
tailed designs 

d. Development of a long-term moni
toring network. 

""in 
I 

Figure 1. Systems Model Diagram 



Program Structure 
The program has been divided into five major 

areas of activity, which have been further divided 
inlu tasks .ind subtasks for the purposes of organiza
tion, planning, and reporting. The numbering of the 
abbreviated program outline, below, reflects the enu
meration of corresponding tasks in the NWTS Master 
Work Breakdown Structure. As noted previously, not 
.ill ni the NWTS structure is applicable to SDP. 

1.0 Systems 
Use all available information to build the neces-

•-.irv models, predict the degree of risk expected from 
.ill phases of the SDP. and perform optimization and 
economic analysis 

2.0 Waste Package 
IVlermine the nioM appropriate waste form and 

i.mister tor subseabed disposal 

3.0 Site 
Identity areas in the oceans thai satisfy the site 

selection criteria, select one or more sites from each 
area, and survty them. Initially, because of limited 
luuds unlv areas in the North Atlantic and North 
I'acihc are being assessed. This area of activity also 
nuhivies, (<w studies ot the physical and biulogical 
environment of the proposed sites, (b) identification 
ol natural barriers I hat could be interposed between 
huned wastes and mankind, evaluation of wavs in 
which these barriers might be breached, and devel
opment ot methods of preventing or counteracting 
such breachment, (c) development of the necessary 
technology to move suitably packaged wastes or 
spent Kiel Irom (he originating plant to the dock 
tacilitv and thence by ship to the disposal area, and 
(lit development of technical understanding of the 
benefits-of the various emplacement methods (i.e., 
penetrator, injector, and drill), and make cost esti
mates and demonstrate the emplacement concept. 

5.0 Regulatory and Institutional 
Compliance 

Maintain an ongoing evaluation of legal and insti
tutional structures in the US and other countries 
relating to sub.seabed disposal in order to survey 
sociopolitical attitudes; furnish information by 
which nnv natiun can form institutional structures 
for the proper use and control of subseabed disposal; 
insure that data needed to support legal, social, 
and institutional discussions are collected to assist 
decision making; and prepare a Technical and 

Environmental Feasibility Report and an Environ
mental Impact Statement. 

8.0 Program Management 
Oversee the activities of the SDP and facilitate the 

interfacing of those activities with the NTWS Pro
gram, institutions, and the public; provide quality 
assurance and special support where necessary. 

Barrier Assessment 
Since the processes within some of the more 

promising oceanographic geologic formations are 
very slow, and since the decay times of some of the 
radionuclides are very long, it was apparent that the 
most efficient and possibly the only method of assess
ing the feasibility of oceanographic geologic disposal 
would be* through the development and use of pre
dictive models and computer codes. Mode is and 
codes alone, however, are ineffective if not supported 
by sound research and field data. The approach being 
taken by the Subseabed Disposal Program to give 
credence to the predictions made by the codes and 
models is shown in Figure 2. The first step is to 
incorporate the best existing science expressed in 
mathematical terms in a set of models and codes 
which will describe a function or process occurring 
in subseabed disposal. Second, it will be necessarv to 
acquire, from the historical literature or through 
laboratory measurements, properties necessary to use 
the codes and models correctly. Third, complete sen
sitivity studies must be made of each section of the 
model, while properties that critically affect the out
puts must be identified. Fourth, verifiable predic
tions must be made based on the models, codes, and 
property estimates. Fifth, complete lab or field ex
periments must be performed which can be used to 
validate the models, codes, and properties. If the 
predictions from o section of the modd agree with 
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the field experiments, then that section will be cou
pled with other sections (shown in Figure 1) to yield 
an overall systems-predictive model. If the predic
tions and validation experiments do not agree, then 
the model will be refined and the property data 
improved. 

Review Processes and Public 
Acceptance 

Any waste disposal option will have to be socially 
acceptable. This requires that the option be demon
strably safe, to the satisfaction of reviewers and the 
public, and not violate current standards for safety or 
tor environmental protection. The following proce
dures .ire meant to provide such assurance for the 
subseabed disposal option. 

Periodic Review of the Program 
The program incorporates a number of technical 

and peer reviews. Major reviews are go/no-go deci
sion points and occur at the end of the technical and 
environmental feasibility, the engineering feasibil
ity, and the demonstration of disposal capabilities 
phases. At the end of each major phase, in addition to 
major internal (participant) reviews, an outside re
view of the program and of the individual tasks will 
be made by an eminent group assembled by the 
National Academy of Science or a comparable organi
zation These reviewers will be asked for two things: 
identification of any problem areas which have been 
overlooked by the Subseabed Program; and second, 
and more important, an independent assessment of 
the validity and acceptability of the Subseabed Dis
posal Program at that phase of its development. 

In addition to these major reviews, a yearly publi
cation of each year's data is distributed. At an annual 
meeting all SDP principal investigators review the 
past year's research. When t»reas of research have 
been completed, the program strongly encourages 
the investigators to publish their data and results in 
the open literature, where it can be reviewed bv the 
public and the scientific community at large. 

International Cooperation 
An International Subseabed Working Group h^s 

been established under the Nuclear Energy Agency 
of the Organization for Economic Cooperation and 
Development. In addition to exchanging information 
on specific research topics of interest, this group 
review*, on a yearly basis, the research by the coun
tries involved in the assessment of geologic disposal 
beneath the oceans. This review has as one of its goals 

the identification of any uncertainties which might 
make the concept unacceptable. The number of coun
tries in the working group has grown to lOasof 1981. 
Reports of these meetings are published annually. 5"" 

University Participation 
At the very beginning of the program it was clear 

that a major part of the oceanographic research 
should be carried out in US universities and oceano
graphic institutions. Top scientists in each of the 
required fields of oceanography have been recruited 
to work with Sandia National Laboratories research
ers, scientists from other government laboratories, 
and industry as a subseabed research team. All of the 
senior researchers are involved in the p lanning and 
execution of the program, even though in some cases 
their research expertise will not be needed for several 
years. For such scientists, a maintenance-level budget 
serves to keep the specific expertise of these scientists 
available to the program. Conversely, as far as possi
ble, university scientists whose research has been 
identified as critical in the first phases of the program 
are funded to a maximum of 30(/J of their total annual 
research support. This approach produces two bene
fits: first, since a maximum of only 30'/! of an individ
ual's support comes from the SDP, he is more likely to 
remain independent and to identify possible prob
lem areas which might disqualify the concept; sec
ond, if the scientist and the research task are chosen 
based on their previously demonstrated scientific 
interests and stature, the other 70'2 of the scientist's 
research, funded by other programs or agencies, will 
also benefit the SDP. From these interactions, as well 
as bv direct and continuous exchange between gov
ernment agencies (e.g., EPA, NRC, DOE, National 
Science Foundation, US Navy, and National Oceano
graphic and Atmospheric Administration), much ad
ditional information is available for use by the SDP. 
A technical steering group to help with the lon
g-range planning, development of strategy, and ex
pansion of the management methods for the Sub-
seabed Disposal Program has been chosen from the 
participating scientists. 

Quality Assurance 
The SDP has a Quality Assurance Program to 

assure that calibrations of instruments, quality of 
materials, and documentation are in order. 

NEPA Compliance 
The National Environmental Policy Act (NEPA) 

requires all major federal programs which may 
significantly affect the environment to prepare an 
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Environmental Impact Statement (EIS) to be used as 
input for decisions. The SDP will comply with the 
NIKPA process .is an integral part of the program. 

Licensing 
All commercial nuclear waste repositories must be 

licensed facilities The SDP will comply with the 
NRC licensing procedure. 

Coast Guard Regulations 
Any ships or other water transport will be subject 

to current safety and operational standards imposed 
bv the Coast Guard or other relevant agency. 

International Law 
Al present there is no national or international 

law that specifically addresses the burial of radioac
tive waste in the sea floor. The SOP will evaluate the 
political, legal, and institutional concerns and make 
intnrm.ition ,ivailable so the national and interna
tional regulations can be developed lo provide for 
subseabed disposal of radioactive waste if the concept 
i*> proved feasible and desirable. 

Preliminary Engineering 
Considerations 

Near-Term Technology 
The SDP does not depend on extraordinary ad

vances in marine technology to implement a waste 
disposal scheme. The remote areas of the ocean being 
considered for waste disposal sites and their lack of 
iinv resource value have precluded the operation of 
any commercial-scale industrial, mining, or construc
tion activities and associated technology. There is, 
however, a wide array ot' technology available from 
oceanographic research upon which to base the engi
neering needs of the program. The most notable of 
these is the drilling of the deep sea sediments by the 
Deep Sea Drilling Project, which has (by the end of 

1980) drilled 891 holes at 590 sites through up to 
1,741 m of sediment in its 10 vears of operation. The 
technology associated with the project includes not 
only routine drilling in oceanic depths but also (he 
precise positioning of the ship and hole re-entrv 
techniques. Many other technologies are available 
for use in the deep ocean (e.g., submersibles, deep 
towed photography and side scan sonar systems, and 
moored environmental monitoring) that have never 
been used on a commercial scale simply because there 
has been no call to do so. Commercial marine opera
tions in shallower waters and perhaps future com
mercial manganese nodule mining in the deep sea 
should provide technology to seabed disposal engi
neering. 

Retrievability 
Before any non-P.&D canisters are placed in the 

sedimentary geologic formations.* thermal and nu-
hanical response tests will be completed that will 
exceed the time necessary lor the sediment column to 
reach its maximum temperature and begin cooling. 
These tests, which require about 15 years, are equiva
lent to approximately the first 1,000 years after em
placement in a land-based repository. Since the 
worst-case conditions of a repository can be tested m 
real time, retrtevabilitv of mm-R&D canisters is not 
considered of primary importance, and is not includ
ed as A significant technical activity in Phase II o| the 
SDP. 

If retrievability is later deemed necessary to cor
rect improper placement of canisters or other acci
dental conditions, most of the technology to overcore 
the canisters and retrieve them is now available from 
the Deep Sea Drilling Project, though it may be more 
efficient to design other systems for this purpose The 
retrievability of canisters will be considered in detail 
in the engineering feasibility phase (Phase 111) of the 
SDP. 

'All R&D canisters will be designed to be retrievable at thu 
completion of experiments. 
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