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FOREWORD

Contracting Parties to the Convention on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter, London (1972) commonly
referred to as the London Dumping Convention (LDC), are required to
promulgate national legislation to enforce the provisions of the LDC in
areas within their jurisdiction. In matters relating to sea dumping of
radioactive waste, the International Atomic Energy Agency (IAEA) is
designated by the LDC as the competent international authority. In
accordance with its mandate, the IAEA has periodically formulated a
definition of high level radioactive waste unsuitable for disposal at sea
(the "black list" specified in Annex I to the Convention) and of waste
requiring a special permit for dumping, including low level wastes (the
"grey list" specified in Annex II). The IAEA has also provided
recommendations regarding the waste and site characteristics and disposal
methods for dumping low level radioactive wastes when issuing a special
permit for dumping [Definition and Recommendations for the Convention on
the Prevention of Marine Pollution by Dumping of Wastes and Other Matter
1972, 1986 Edition, Safety Series No. 78, 1986] as well as guidance on the
nature and content of the environmental assessment of dumping activities
[Environmental Assessment Methodologies for Sea Dumping of Radioactive
Wastes, Safety Series No. 65, 19843.

Some countries dumped low level wastes at sea until a non-binding
moratorium on sea dumping was proposed by the LDC in 1983 pending a review
of the scientific and technical aspects of the safety of sea dumping of
radioactive wastes. The review was presented in 1985 [IMO/LDC/PRAD.1/2,
1985]. The results of the review led to an extension of the voluntary
moratorium while the wider political, legal, economic and social aspects
of the sea dumping of radioactive wastes were considered. The LDC
subsequently established an Intergovernmental Panel of Experts on
Radioactive Waste Disposal at Sea (IGPRAD) to undertake the study of the
wider political, legal, economic and social aspects of sea dumping of
low level radioactive wastes. At its first meeting IGPRAD discussed the
issue of comparative land based options and the costs and risks associated
with these options. IGPRAD recommended [IMO/LDC/IGPRAD 1/6, 1987] and the
LDC subsequently requested that the IAEA "evaluate the comparative



assessments of the disposal on land and dumping at sea options for the
management of low level radioactive wastes submitted by Contracting
Parties. Such an evaluation should, inter alia, examine the extent to
which they follow relevant international guidance on this topic
(particularly IAEA Safety Series No. 65 and taking due account of the
explicit requirement to consider the distribution of potential risks in
space and time) and identify similarities and differences which exist
between the approaches adopted, the nature and results of the component
assessments and the criteria for drawing conclusions".

This report responds to the request of the Contracting Parties to
the Convention on the Prevention of Marine Pollution by Dumping of Waste
and Other Matter.

EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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I. INTRODUCTION

This document evaluates reports presenting comparative assessments
of land and sea disposal options for low and intermediate level
radioactive waste. It was performed following a request by the LOG to the
IAEA, as described in the Foreword to this report.

In this evaluation, IAEA Safety Series No. 65 "Environmental
Assessment Methodologies for Sea Dumping of Radioactive Wastes", was used
as the main reference in reviewing the comparative assessments made to
date. IAEA Safety Series Mo. 65 gives guidance on the performance of
comparative assessments of the different options, and provides a list and
scheme of factors to be considered.

The following studies were transmitted by the Contracting Parties
and considered in this review:

1. Studie naar de mogelijkheden voor de verwijdering van uit
Wederland afkomstig laag - en middelactief vast afval anders
dan door störten in de Atlantische Oceaan. (Study of the
possibilities for the disposal of low and intermediate
radioactive waste arising in the Netherlands by means other
than dumping into the Atlantic Ocean). CHVRA - The
Netherlands/March 1983. (Hereinafter referred to as The
Netherlands/CHVRA report)

2. Disposal of decommissioned, defueled naval submarine reactor
plants. Navy-USA/May 1984. (Hereinafter referred to as the
USA/NAVY report)

3. Assessment of best practicable environmental options (BPEOs)
for management of low and intermediate level solid
radioactive wastes. DOE-UK/March 1986. (Hereinafter referred
to as the UK/BPEO report)

4. Comparative environmental and safety assessment of four
generic disposal options for the Surrey low level radioactive
wastes. BEAK Ct Ltd/AECL-Canada/April 1986. (Hereinafter
referred to as the Canadian/Surrey report)



5. Long term management of the existing radioactive wastes and
residues at the Niagara Falls storage site. DOE-USA/April
1986.(Hereinafter referred to as the USA/DOE report)

Numerous other assessments exist for the disposal of low or
intermediate level radioactive waste by land and sea-based methods. Some
of these reports are based on a specific site, or sites, while others are
based on one, or more, generic types of sites. The reports also vary
considerably in the extent to which they consider the wider political,
social, legal and economic aspects of disposal. This larger number of
reports was not considered in this effort on the basis that the evaluation
would be most effective if directed at those studies which specifically
compared ocean disposal with land based disposal in a consistent manner.



II. APPROACH

Evaluation of the selected comparative assessments was performed by
means of a multistep process including:

Identification of the factors which should be included in a
comparative assessment.
Evaluation of the extent to which the selected documents
considered the identified factors.

- Comparison of the individual reviews to identify similarities
and differences which exist between the approaches adopted,
the results of the component assessments, and the criteria
for drawing conclusions.

The factors for evaluation were based principally on those
described in Table II and Figure 3 of the IAEA Safety Series Mo. 65;
additional suggestions were made by the Consultants. The combined list of
evaluation factors is shown in Table 1. These may be conveniently grouped
into six categories: Financial, Technical, Social and Political, General
Environmental, Radiological, and Methodological, where:

Financial Factors take account of all aspects of cost, and
include the cost of financing additional research, the cost
of the disposal process itself, and the post-disposal costs
of monitoring and maintenance.
Technical Factors focus on the geologic and engineering
aspects of the disposal operation.
Social and Political Factors address social, legal and
political issues.

- General Environmental Factors include health and
environmental impacts excluding radiological factors.
Radiological Factors encompass individual doses and
collective dose commitments delivered over time and space to
humans and the collective dose to ecosystems.
Methodological Factors include descriptive issues (e.g., type
of waste and activity levels) and analytical issues (e.g.,
pathway analysis model verfication and validation) which may
vary among the different reports.



TABLE I. REPOKT EVALUATION FACTORS1

1. Financial Factors

1.1 Funding Limitations: Does the report identify specific
financial constraints associated with the examined options?

1.2 Cost: Are all major activities (e.g., operation, handling,
transport, disposal and monitoring) included in the cost
estimates?

2. Technical Factors

2.1 Site Suitability: Are specific criteria (e.g., those of the
IAEA) used for identifying sites for analysis?

2.2 Monitoring: Does the report describe the type, scope and
duration of monitoring needed? Are such monitoring protocols
available?

2.3 Accessibility: Are the sites accessible for retrieval
operations or to intruders?

2.4 Retrievability: Can the waste be retrieved?
2.5 Feasibility: Are new process options needed for implementing

this alternative?

3. Social and Political Factors

3.1 National Interest: Are the levels of control by local,
regional, or national authorities examined? Have the
consequences for the Nation been considered?

3.2 International Interest: Will there be compliance with
international treaties, protocols etc.?

3.3 Institutional Control: Must institutional control be
maintained at the site? If so, can it be achieved?

3.4 Availability: Will limits imposed by political or other
considerations constrain the site selection process?

3.5 Acceptability: Will the selected option be socially and
politically acceptable?

3.6 Employment: Are changes in type, quantity and location of the
workforce considered?

3.7 Transport: Are the social implications of transport of
radioactive waste through population centres considered?

3.8 LeRacy: Are the long-term commitments, impacts and losses of
resources considered?

All factors listed are derived from IAEA Safety Series No. 65, unless
otherwise noted by this subscript.
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4. General Environmental Factors

4.1 Ecosystems: Are the losses from damage to specific ecosystems
that are not caused by radiation considered?

4.2 Resources : What significant natural resources would be
affected (e.g., land, minerals etc.)?

4.3 Conventional Safety: Does the report examine conventional
accidents and their impacts on workers and the general public?

4.4 Pollutants: Does the report quantify the fate and effects of
non- radioactive pollutants?

5. Radiological Factors

5.1 Public; Does the report estimate individual and collective
dose commitments from normal operations, including
transportation and disposal, and from accidental releases? Is
a critical group identified and are the spatial and temporal
aspects of the collective dose commitments considered?

5.2 Workers : Does the report estimate individual and collective
dose commitments from normal and accidental releases?

5.3 Ecosystems: Does the report examine radiation-related effects
on local ecosystems?

6. Methodological Factors

6.1 Verification: Have models used for calculational purposes
been independently verified?

6.2 Uncertainty: Are uncertainties surrounding quantified
estimates (e.g., cost, dose commitment) considered?

6.3 Steps : What steps are examined? Are major steps missing?
6.4 Events : Are man-induced and naturally occuring episodic

events considered?
6.5 Validation : Have model outputs been compared with field or

other appropriate data?
6.6 Waste Type : What types of wastes are involved?
6.7 Radionuclide Inventory : What specific radionuclides are

present? What is the overall activity level of the waste?
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Annotated comments on the selected Evaluation Factors are given in Table 1.

The second step in the evaluation consisted of comparing the
content of each report with the selected factors. In this context, the
comparisons were based on information contained within the selected
studies. Subsequently, for each report and for each evaluation factor, a
brief synopsis was prepared. These are given in Sections III to VII,
together with a brief description of each report.

To draw together information included in each review, the final
step was to identify similarities and différencies in the different
approaches used in the reports. These findings are discussed in Section
VIII.

It should be noted that in preparing these evalutions, the
Consultants made no judgements about the technical accuracy of the
documents. Instead, they only determined the degree to which each of the
factors was treated. As expected the reports differ significantly in
their content because of their differing objectives and the different
stages of the assessment process at which they were undertaken. Thus, lack
of analysis of particular factors by any report should not be construed to
mean that the report is technically deficient.
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III. THE NETHERLANDS/CHVRA REPORT

Title: Study of the possibilities for the disposal of
low and intermediate radioactive waste arising
in the Netherlands by means other than dumping
into the Atlantic Ocean.

Author: Committee Reconsideration Disposal of
Radioactive Waste.

Date of Publication: March 1983

1I1.1 Report Description

The aim of the study was to give advice on the question of whether
an alternative could be developed for the disposal of low and intermediate
level radioactive waste into the Atlantic Ocean, with maintenance of at
least the same safeguards with respect to public health, environment and
occupational health.

The study had to deal with the quantities of radioactive waste
arising annually, which would be suitable for ocean disposal (after
packaging).

The study was carried out by a committee, consisting of
representatives of different organizations (general science, radiological
science, nuclear energy research, nuclear medical science, environmental
organizations, etc.).

Three types of waste were taken into account:

- radioactive waste from hospitals
radioactive waste from research and industry

- radioactive waste from operation and maintenance of nuclear
power plants

13



For each type of waste a separate table is given with a typical
analysis of the radionuclides in the waste, and for each radionuclide:

half life
- kind of decay

total annual activity
- remaining activity after 150 years

accumulated activity after 150 years
- annual volume before treatment
- annual volume after treatment

A description is given of the system for the collection and the
treatment of the waste.

The following options have been taken into consideration:

- storage on the surface of the earth
- storage/disposal beneath the surface of the earth (shallow)
- disposal into land based deep geological formations
- disposal into deep geological formations on the Continental

Shelf
- disposal into the deep sub seabed
- disposal by incineration
- disposal into the Atlantic Ocean (used as a reference)

The first six waste management options were compared with the ocean
disposal option, using the following criteria:

- public health
- environment
- occupational health
- technical feasibility
- economical feasibility
- administrative feasibility

In the comparative study no absolute standards or criteria have
been used; for each criterion a comparison has been made between ocean
disposal and the options considered. The results of the comparison are
shown in the Table II.
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TABLE II. WEIGHTING IN SUMMARY OF THE OPTIONS CONSIDERED AGAINST DUMPING INTO THE ATLANTIC OCEAN

Diffusion into
the environment

Risks for Public
and Occupational
Health

Risks for the
Environment

Post-disposal
Control

Technical and
Economic Feasibility

Administrative and
Physical Planning
Feasibility

Storage on the
surface of the + 0
earth
Storage beneath
the surface of
the earth + 0
(shallow)
Disposal into
Land-based
deep geological -H- +
formations

Disposal into
deep geological
formations on ++ +
the Continental
Shelf
Disposal into
the deep Sub- ++ +
seabed
Disposal by
Incineration

•H- - much more favourable than dumping into the ocean
+ - more favourable than " " " "
0 - comparable with " « « H
- - less favourable than " " " "

-- - much less favourable than " " " "



The study concluded that for the Netherlands situation at least
four of the alternative disposal options should be useful for the disposal
of (a part of) the waste as an alternative to sea disposal. These are:

storage in engineered facilities on the surface of the earth
storage in engineered facilities beneath the surface of the
earth (shallow)

- disposal into land based deep geological formations
- incineration

Separation of the different types of waste was found to be
desirable (alpha/beta, short/long lived, etc.).

Waste containing radionuclides with a half-life of less than 15
years may be in principle disposed of by storage in solid constructions on
or just below the surface of the earth. After decay the waste may be
disposed of as non-radioactive waste.

Waste containing radionuclides with a half-life of more than 15
years may also be put into interim-storage, in this case for a period of
15 to 150 years.

Radioactive waste from nuclear power plants and some wastes from
research and industry which include alpha-emitters and also radium 226 and
cesium 137 from hospitals are in principle considered for disposal into
land based deep geological formations.

Incineration is considered to be suitable for tritium and carbon 14
bearing wastes.

For reasons of safety, surveyability, security, monitoring and
economics it would be desirable to have all facilities (surface-storage,
deep geological disposal, incineration, etc.) at one single location.

A great handicap, with respect to the administrative aspect, will
be the uncertainty about the societal feasibility when searching for a
suitable location. In the opinion of the committee it is not to be
predicted whether an option which is administratively and technically
feasible would also be acceptable to society.
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III.2 Report Evaluation

As already mentioned in the description of the report, the report
is a general comparative study. Essentially, the different disposal
options were only compared with the ocean dumping option. Although all
factors mentioned in Table I were dealt with more or less, the study did
not have the character of an environmental assessment of different
disposal options. As a consequence, there was no quantitative modelling
on the distribution of potential risk in space and time, etc.

Due to the general character of the study, the CHVRA report is
readable for a broad spectrum of people.

The review considers the extent to which the factors described in
Table I have been considered in the report.

1. Financial Factors

Funding limitations have not been mentioned. As far as total
costs are concerned, rough estimates but no detailed
calculations were made. It was suggested that the costs of
the land based options should be compared with the cost of
ocean disposal.

2. Technical Factors

As far as site suitability is concerned, reference was made
to the IAEA and NBA studies in the case of ocean disposal.
In the case of shallow and deep land based options a
qualitative description was given of the geological and
hydrological constraints.

3. Social and Political Factors

The question of whether the disposal of the wastes is of
national interest is still under discussion: a minority of
the Committee rejected nuclear power and in consequence
rejected the arising of nuclear power waste. Their views
were presented in the CHVRA report.
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Acceptability is a problem. In the opinion of the Committee
it cannot be predicted whether an administratively and
technically feasible disposal option also may be realized
when the current views of society are taken into account.

4. General Environmental Factors

These factors were not dealt with in detail, the report was
mainly restricted to the radiological factors.

The item "resources" was mentioned in the report in the
context of economic, social and political considerations.

5. Radiological Factors

The subject was dealt with only qualitatively. In the case
of ecosystems it is assumed that when the radiation doses to
humans are kept below the internationally agreed levels then
damage to ecosystems will be unlikely.

6. Methodological Factors

Most of these factors were only mentioned, but for the types
of waste and for the radionuclide inventory detailed
quantitative information is given.
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IV. THE USA/NAVY REPORT

Title: Final Environmental Impact Statement on the
Disposal of Decommissioned, Defueled Naval
Submarine Reactor Plants

Author: US Department of the Navy

Date of Publication: May 1984

IV.1 Report Description

This report describes and evaluates two methods for the disposal of
decommissioned, defueled submarine reactor plants: land burial at
existing Federal facility sites and deep sea disposal.

A total of 16 radionuclides with an activity level of approximately
2,300 TBq (62,000 curies) is present in each submarine reactor core. The
predominant radionuclide is cobalt-60.

Pathway analyses were prepared for each disposal option. These
were based on IAEA recommended pathways for ocean disposal assessments and
Nuclear Regulatory Commission (WRC) recommended pathways for land
disposal. The ocean transport model used for these analyses was validated
against actual field data and another established pathway model; similar
validation efforts for the land model are not presented.

Deterministic pathway models were run for each option to produce
"best" and "worst" case estimates of public and occupational exposure
(individual average, population, and individual maximum exposed) to
routine and accidentally released radioactive materials. Similarly,
quantitative estimates of the costs of the different alternatives were
prepared.

Detailed discussions are given on such issues as monitoring,
retrievability and feasibility. Brief comments are given on such issues
as international interest, resources, conventional safety, and
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ecosytems. Other topics including Sociopolitical/Transport and Legacy are
not mentioned.

Even though the Navy analysis found that there were less costs and
risks for the ocean option than the land option, it was concluded that
largely as a result of the highly uncertain regulatory status of ocean
disposal, land burial at existing Federal sites would be the preferred
alternative.

IV.2 Report Evaluation

The review considers the extent to which the factors described in
Table I have been considered in the report.

1 • Financial Factors

1.1 Funding Limitations: In view of the changing political and
regulatory views associated with national acceptance of the
ocean disposal option, the Wavy concluded that the allocation
of additional funds to pursue the ocean disposal option was
not warranted.

1.2 Cost: Cost estimates were prepared for the two disposal
options. Few details are given as to the actual components
included in these costs. For each submarine the cost for the
land option was shown to be approximately $6 million more
than the ocean option.

2. Technical Factors

2.1 Site Suitability: The ocean site selected for analysis
complies with the criteria suggested by the IAEA. The land
site (Hanford Reservation) is located where low level wastes
are currently being disposed of. Among its important
characteristics are minimal rainfall, no ground-water flow
and distance from the public.

2.2 Monitoring: At the ocean site, the Navy's ability to
adequately monitor release of radionuclides from submarines
has been demonstrated for monitoring programmes conducted for
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the THRESHER and SCORPIAN sites. Monitoring programmes
already exist at the land burial sites under consideration.

2.3 Ac ces s i b i l i t y : The land site is much more accessible for
placement, monitoring, retrieval, and possibly,
intruder-related activities than the ocean site.

2.4 Retrievability: On land, any or all of the buried reactor
components could be retrieved if necessary following removal
of the surrounding earth using methods similar to those used
to emplace the components. In the ocean, retrievability and
inspectability would be feasible with current technology or
with reasonable extensions of proven technology.

2.5 Feasibility: Both options are feasible. Special procedures
must be used during the disposal of the reactors to prevent
uncontrolled radiation exposure to the general public and to
workers participating in disposal operations. Preparation of
the reactor compartment for transportation to the disposal
site and land burial would use techniques already proven and
equipment already available.

3 • Social and Political Factors

3.1 national Interest; If the Navy decided to pursue the ocean or
land disposal options, they could not immediately implement
either since additional administrative requirements would
still need to be met.

3.2 International Interest: Disposal under the ocean option would
require compliance with IAEA site selection criteria, and
other international laws and treaties including the LOG. In
this context, other nations would need to be informed of the
proposed activity in accordance with international
requirements.

3.3 Institutional Control: The land disposal options would be
consistent with current practice and institutional controls
available at Hanford. There would be no direct institutional
control over the ocean disposal site.
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3.4 Availability: For the land option, the reactor components
would be buried at the Federally owned Hanford site which is
already being used for the disposal of low level radioactive
waste. Specific locations for possible ocean disposal sites
were not selected; a generic site was proposed for analysis
purposes.

3.5 Acceptability: Even though the Navy analysis showed that
there were less costs and risks for the ocean option than the
land option, the Navy concluded that the funds required to
qualify and gain acceptance of the ocean option and the costs
of continuing to maintain disused submarines in storage until
the ocean option would be allowed would serve to narrow the
cost differential between the two options. Thus, the Navy
concluded the perferred alternative to be land burial.

3.6 Employment: There would be no significant increase in the
size of the workforce at the land disposal site since the
work would be similar to burial operations which are
currently conducted at the disposal sites.

3.7 Transport: Mot considered.

3.8 Legacy: Not considered.

4. General Environmental Factors

4.1 Ecosystems: At the ocean disposal site, the text states that
none of the animals are used by man or form part of a food
chain known to lead to man. In the ocean disposal option, it
might be expected that the distribution of life in the
localized area would be altered by sea life seeking shelter
near the hull. In land disposal it is not likely that there
will be any effect on animals.

4.2 Resources: In the ocean option, submarines would be scuttled
at surface and would freefall to the sea bottom where their
debris would become distributed over a significant area.
Permanent disposal by land burial (approximately 0.02 square
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miles) will require considerably less space than ocean
disposal (approximately 100 square miles).

4.3 Conventional Safety: Preparations for either land or sea
disposal would cause some amounts of noise and smoke or fumes
from cutting or welding operations at shipyards. These
effects would be indistinquishable from other work at
shipyards. Mortality and morbidity estimates for these
activities were not estimated.

4.4 Won-radiologie Pollutants: Non-radioactive solid materials
(e.g. chromium, nickel, cadmium, and lead) are present in a
decommissioned reactor. Because these materials are in solid
form, the document concludes that they would not be hazardous
to the environment.

5. Radiologie Factors

5-1 Public: The report presents estimates of public average
individual, population, and maximum-exposed individual dose
from such activities as reactor transport to the site,
routine release and accidental release. The largest
predicted dose is 90 man-rem/year (0.9 man Sv/year) from
disposal at sea. The largest predicted exposure to the
maximally exposed invidual is 3 mrem/year (0.3 pSv/year)
from an accident-related release for both disposal options.

5.2 Occupational: The report presents estimates of occupational
average individual, population, and exposure to the
maximum-exposed individual for shipyard workers and movement
of the reactor to and at the disposal site. The largest
exposures are expected at the shipyard; for both disposal
options, 17 man-rein occupational exposure is predicted.
Exposures from movement to and at the disposal site are
predicted to be larger for land than for the ocean option.

5.3 Ecosystems: Direct radiation levels at the ocean disposal
site, even within the reactor compartment itself, would be
negligible even at the earliest years following disposal.

23



6. Methodological Factors

6.1 Verification: The text does not mention if computer codes
implemented for this effort were verified. It does note,
however, that IAEA and NEC suggested exposure pathways for
land and ocean options were used.

6.2 Uncertainty: Analyses presented are based on deterministic
models. Uncertainty estimates were developed by producing
"best" and "worst" cases estimates.

6.3 Steps: Reactor extraction from the hull, transport,
disposal, and post closure.

6-^ Events: A worst case accident resulting in immediate and
delayed effects were hypothesised for the land option. In
addition, non-radiologic accidents were considered including
fire/explosion in a shipyard, stability of the removed
reactor compartment, barge transport, and land transport.
The most serious accident involving the premature sinking and
non-retrievabil:lty of a submarine in waters close to areas
that attract human activités was examined for the ocean
option. In addition accidents involving non-radioactive
hazards were evaluated and included fire/explosion in a
shipyard, and a towing related accident.

6.5 Model Validation: Results of the physical transport model
were compared with the observed behavior of radon--222 near
the deep ocean bottom and with results from a previously
developed model.

6.6 Type of Waste: Decommissioned submarine reactor. Radioactive
materials created by neutron irradiation of the iron and
alloying elements in the metals components of the reactor
during operation of the ship.

6.7 Radionuclide Inventory: A total of 16 radionuclides with an
activity level of approximately 2,300 TBq (62,000 curies) is
present in the reactor core. The predominant radionuclide
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present is cobalt-60. Other identified nuclides include
nickel-63, iron-55, cobalt-58, chromium-51, manganese-54,
nickel-59, iron-59, zirconium-95, carbon-14, sulphur-35,
scandium-46, hafnium-181, niobium-94, molybdenum-93 and
technetium-99.
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V. THE UK/BPEO REPORT

Title: Assessment of best practicable environmental
options (BPEOs) for management of low and
intermediate level solid radioactive wastes

Author: Radioactive Waste (Professional) Division of
the Department of the Environment

Publisher: Her Majesty's Stationery Office

Date of Publication: March 1986

V.I Report Description

The report presents an assessment of the BPEOs for the management
of low level (LLW) and intermediate level (ILW) solid radioactive wastes
in response to a report of an independent group on the safety of sea
disposal. The concept of a BPEO was introduced in the UK in 1976 and
implies that waste management decisions should take account of
occupational and environmental risks, costs and social implications. This
is also in line with recommendations by IAFIA on how comparisons between
land and sea disposal options should be performed.

The report identified over 70 different types of LLW and ILW
arising from reactor operations, reprocessing and decommissioning and
performed the assessment for all these types, although the results are
presented for a total of 11 representative types. Six different options
were then considered : sea disposal, shallow burial, storage followed by
disposal in concrete lined trenches, storage followed by disposal in a
deep mined cavity, storage followed by disposal in offshore boreholes, and
long term storage prior to disposal. The cost, radiological impact on the
work force and the radiological impact on the public (both in terms of
individual risk and collective dose) were then calculated for the storage,
transport and disposal components of each option. A multi-attribute
decision analysis procedure was used to compare the options. This was
done in two stages: firstly for each waste stream on its own and then for
all the wastes together.
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In order to obtain a preferred option for each type of waste it was
necessary to apply judgements on the relative importance of the different
factors (cost, dose). This was achieved by applying four sets of
weighting factors chosen to cover a range of perceived views in society.
A number of other considerations, including the potential social impact,
were also discussed in the report but no attempt was made to quantify and
combine these impacts in the multi-attribute analysis.

Nevertheless all the information was used in formulating the
conclusions which were broadly as follows:

a) Several practical and safe options exist for each waste type.
b) Long term storage is least attractive on cost and

radiological grounds.
c) The optimum UK strategy involves early use of all disposal

options.
d) The BPEO for LLW and some short lived TLW is near surface

disposal in trenches for all sets of weighting factors.
e) ILW which is above the limits acceptable for shallow disposal

or sea disposal will require deep disposal. Early disposal
is preferred but no preference for an inland or offshore site
was established. This would require site specific studies.

f) Sea disposal would be the BPEO for 15% of the ILW, comprising
Magnox ion-exchange resins, low level plutonium contaminated
wastes, some decommissioning wastes, tritiated wastes from
research, industry and medicine and the 1983 consignment of
waste for sea disposal (without the high carbon-14
contributions).

V.2 Report Evaluation

The review considers the extent to which the factors described in
Table 1 have been considered in the report.

1. Financial Factors

1.1 Funding Limitations: This has not been considered.
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1.2 Costs: The financial cost of each management option has been
calculated by considering the costs of conditioned waste
storage, the cost of transport and the cost of disposal. For
the base case the costs were a] 1 expressed in 1985 pounds
with no discounting. The effect of including a discount rate
of 3% or 5% per year was also considered as a sensitivity
analysis.

2. Technical Factors

2.1 Site Suitability: The suitability of the existing sites for
two of the options considered, sea disposal at the North East
Atlantic
dumpsite and shallow land burial in a trench at Drigg, were
mentioned in the report. For the remaining four options
(engineered trench, deep geologic disposal, offshore borehole
and long term storage prior to disposal) the report considers
generic sites.

2.2 Monitoring: The report explicitly considers monitoring and
gives the time periods over which monitoring is assumed to
continue. The report also considers the implications of
alternative practicable systems of waste management in terms
of the commitment to monitoring and research programmes. The
cost of this monitoring is also discussed but is not included
in the cost estimate.

2.3 Accessibility: The accessibility of the waste is considered
with respect to the ease of monitoring and remedial action
against the increased possibility of intrusion.

2-4 Retrievability: Retrievability is discussed in terms of
reversibility and this is related to societal views,
accessibility and disposal facility design, with particular
reference to the different philosophies of storage and
disposal.

2.5 Feasibility: The technical feasibility of the six options is
considered in the report in terms of whether the option uses
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proven technology, whether the technology is conceptually
proven but not demonstrated, or whether it is still being
assessed.

3. Social and Political Factors

3.1 National Interest: The study mentions the background to the
report in terms of the UK government's principles for
assessment of disposal facilities. It also goes on to
calculate the radiological impact of the six disposal options
to the UK population through migration and dispersion of the
radionuclides and employs four sets of weighting factors
which reflect different views on this impact and on the
radiological impact to other population groups in the world.

3.2 Interinational.____Injterest: The study calculates the
radiological impact of the six disposal options on the
world's population through migration and dispersion of
radionuclides. The report also considers the international
implications of the sea disposal option in terms of the
commitment to international agreements (the LDC) and
international research and monitoring programmes. The report
also mentions the possibility of an indirect impact on
fisheries where the fish comes from a region that is
perceived to be affected by sea disposal, although it is
noted that there is no evidence for such an effect.

3.3 Institutional Control: The report considers the restrictions
on site use and gives the durations that are assumed to apply
for the six different storage and disposal options. The
costs of institutional control and the impact on the local
community are also mentioned. Once the restrictions on the
use of the site are lifted at the end of the institutional
control period the report assumes that the site is treated as
any other site and considers the possibility of human
intrusion.

3.4 Availability: The report considers the legal and
institutional requirements to assure availability of the
site. These are dependent on a variety of national and
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international agreements and authorizations. The report
points out that sea disposal differs from land disposal
alternatives in that its availability depends more on
international acceptability and that this may favour land
options which maintain a greater national autonomy.

3.5 Acceptability: The acceptability of the different options is
considered in the report by the use of four sets of weighting
factors designed to represent a broad spectrum of views
within society. These weighting factors are applied to the
various costs and radiological impacts of the six different
options to give a measure of the overall impact of that
option as viewed by that sector of society.

3.6 Employment: The employment opportunities offered by each
storage or disposal option are mentioned in the report but
not considered further as they are site specific and would
not discriminate between the options at the generic stage.

3.7 T£an,§Lp_P.r_t..: The report only mentions one aspect of transport
other than that associated with doses and costs and that is
the existence of a suitable ship for sea disposal and the use
of standard road and rail transport meeting the appropriate
IAEA requirements for type A or B containers.

3.8 Legacy: The legacy of each particular option has been
considered in the report by reference to a number of items.
Firstly, the report considers the need for restrictions on
the use of land disposal sites for a number of years.
Secondly it calculates the radiological impact of each option
on different population groups and over different time
periods and uses weighting factors to reflect the different
perceptions of this legacy in society. Thirdly the report
considers the implications of each option in terms of future
monitoring and research activities.

Ecosystems: The general environmental impact on ecosystems
has not been considered in this report.

30



4.2 Resources; The report menhions the indirect effect that sea
disposal might have on fisheries (see 3.2) and refers to the
MRA Dumpsite Suitability Review with respect to the
suitability of the site. One of the criteria used by the NBA
to assess the suitability of the site was the absence of
known mineral resources, e.g. manganese nodules, and hence it
is not necessary to assess this in detail in the report. For
land disposal sites it was assumed that after the period of
site -use restrictions ended the entire site would be
available for unrestricted access and hence there would be no
loss of natural resources.

4.3 Conventional,. .. Safety : The conventional risks of transport,
excavation and operational activities were not considered in
the report. Only the radiological risks were evaluated.

4.4 Mon-Radio logical _ Cpljlutants: The environmental impact of
non- radioactive pollutants (e.g., lead) was not considered
in the study.

Radiological Factors

5.1 Eybljjc: The individual dose and risk to members of the
public has been considered for a number of different steps.
For doses and risks associated with storage and transport the
report refers to previous assessments that have shown that
the results are very small and insensitive to the option
under consideration. Hence they do not discriminate between
the options and were not considered further. The post
disposal individual doses and risks were calculated for each
of the options and the maximum risk was used to discriminate
between the options. These doses and risks were calculated
for both the slow radionuclide dispersion in ground waters
and ocean waters and the more rapid but less likely
dispersion associated with human intrusion into the site.

The collective or population dose to the public was also
considered in the report. In the case of storage the dose
from normal operations was dismissed as negligible compared
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with the collective dose from disposal and not considered
further. However, the dose from accidents was included. In
addition, the collective doses for both transport and
disposal were calculated in detail for each option. The post
disposal doses were also presented in three time intervals;
up to 1000 years, from 1000 to 10,000 years, and beyond
10,000 years, and for three population groups, local,
regional and global.

5.2 Workers: Occupational doses have been calculated for storage
(handling and monitoring), transport and disposal. The
report only considers the collective dose to the work force
since individual dose levels are controlled by national
regulations. Accidents during storage have been included.

5.3 Ecosystems: Doses to ecosystems have not been considered in
this report.

6. Methodological Factors

6.1 Verification: The report does not discuss verification of
the models used in the study. However, it does mention that
the sea disposal assessment is consistent with that carried
out in the WKA Review. The report draws on a number of
research documents which contain the names of the models used
for the radiological assessment and statements on the model
verification studies.

6.2 Uncertainty: The report takes a deterministic approach to
uncertainty when calculating the radiological impact. This
is achieved by performing two calculations for each option,
one using pesimistic assumptions and one using more realistic
assumptions, and hence obtaining a range of results for each
option. Sensitivity studies were also performed on the
calculations of radiological impact, on the effect of
different discount rates and on the effects of changes in the
assumptions used, e.g., different projected quantities of
wastes, removal of sea disposal as an option and different
dates of availability of storage and disposal options.
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6.3 Steps Included: The report considers the following steps in
the waste management system: storage, transport and disposal.

6.4 Events: The report considers the normal operation of stores,
transport and disposal. It also considers accidents that
occur during storage, the normal evolution of the repository
and disruptive events such as human intrusion. The research
documents also include a preliminary evaluation of a low
probability post disposal event such as an earthquake which
alters the groundwater velocity. However, this information
is not used in the main report.

6-5 Validation: The report does not consider validation of the
models and data.

6.6 Types of Waste: The report considers a total of seventy
types of waste, mainly reactor operating wastes, reprocessing
wastes and decommissioning wastes. The characteristics and
origin of the wastes are discussed in the report.

6.7 Radionuclide Inventory: The radionuclide content was
determined for each of the wastes, focussing on the inventory
of the same 14 radionuclides and their daughters. These
nuc]ides were selected on the basis of their importance in
storage, transport and disposal and to cover a range of half
lives and chemical categories. Checks were made that the
omission of other nuclides did not affect the comparison
between the options.
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VI. THE CANADIAN/SURREY REPORT

Title: Comparative Environmental and Safety Assessment
of Four Generic Disposal Options for the Surrey
Low Level Radioactive Wastes

Author: BEAK Consultants Limited

Publisher: The Low Level Radioactive Waste Management
Office Atomic Energy of Canada Limited

Date of Publication: April 1986

VI.1 Report Description

This report provides a comparative evaluation of four options for
disposing of a particular inventory of processing slag and contaminated
soils, containing thorium and various stable elements. The specific
objectives were to determine, on a generic basis not associated with any
specific sites, whether any or all of the four options provided acceptable
protection to human health and the environment, and whether there were
significant differences in risk among them.

The wastes arose originally from the processing of ore
concentrates, containing a variety of rare earth and thorium minerals, for
their niobium content. They have been accepted as an historic waste for
which the federal government, through the Low Level Radioactive Waste
Management Office of Atomic Energy of Canada Limited, is responsible for
storage and disposal. The total inventory of slag and associated
contaminated soils is about 4000 m , containing about 11 GBq (0.3 Ci) of
thorium-232. Barium is the major chemical contaminant. The project is a
singular case of disposal of this inventory, as the waste is no longer
being produced, nor is the method of disposal considered as precedent
setting for other wastes.

In terms of the assessment described in the IAEA Safety Series No.
65 this study corresponds most closely to the preliminary assessments of
systems discussed in paragraph 2.2.2. Economic and social factors were
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specifically excluded. They will be included in the process leading to
identification of specific sites for further assessment, with social
factors likely to be a major influence in determining candidate sites. As
well, prior to the current study it had been decided that disposal options
resulting in disturbance of a pristine environment would not be
considered. That is, disposal of these wastes would be limited to
options where the disposal project will give rise only to minor
incremental impact relative to that from a larger scale activity
(non-nuclear related) with which it is to be combined or associated.

The following four options, each representing disposal with some
other larger volume of material, were identified for consideration:

ocean disposal at a site already in use for disposal of
dredge spoils
co-disposal with other wastes at a municipal landfill

- co-disposal with mine tailings
disposal within a major earth works project

The study used simple deterministic models. Some of the transfer
coefficients and input parameters (or at least their range) are well
established from observed data. Where a good basis for the parameters was
not available, the report indicates that conservative assumptions were
used.

Conclusions of the study were that

- during the transport and waste emplacement stages of
disposal, the conventional risk from a traffic accident
represented 93 to 99% of the total risk. The conventional
risk from an industrial accident during material handling
activities represented 1 to 4% of the total and the risk due
to radiation exposures represented the remaining less than 1%
to 3%.

subsequent to disposal, the maximum annual doses to an
individual in the critical group were estimated to be in the
range of 0.00005 mSv to 0.09 mSv. Within this range, the
lowest doses were associated with ocean disposal, the highest
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with an earth works project for the land based options,
maximum annual doses to an individual under an extreme
intrusion scenario could range from 3.6 mSv to 19 mSv.
Intrusion was not considered to be a significant factor for
ocean disposal.

- although only discussed qualitatively, collective doses were
considered to be lowest for ocean disposal.

The next stage in the disposal process will be to apply social
factors to identify potentially acceptable sites for further assessment of
all social, technical and economic factors on a site specific basis.
Although this initial study concludes that co-disposal with dredge spoils
at an ocean site appears to offer certain technical advantages, this
option is currently removed from further consideration for political and
social reasons.

VI.2 Report Evaluation

The review considers the extent to which the factors described in
Table I have been considered in the report.

1. Financial Factors

1.1 Funding limitations: Not considered.

1.2 Cost: Not considered.

2. Technical Factors

2.1 Site Suitability: Representative numbers were used for
generic sites.

2.2 Monitoring: Mentioned in connection with those options where
it will be provided automatically by other site uses.

2.3 Accessibility: Discussed in the context of likelihood of
future intrusion.

2.4 Retrieviability: Not considered.

36



2.5 Feasibility: Descriptions of options are based on standard
technologies and equipment.

3. Social and Political Factors

3.1 National Interest: This is discussed briefly in the context
of how the waste composition compares to the criteria for
substances requiring licencing, in the Atomic Control Board
Regulations.

3.2 International Interest: Mot considered.

3.3 Institutional Control: Institutional control is assumed
present for land based disposal options, with quantitative
assessment made of risks arising from loss of institutional
control. Qualitative assessments are made of some of the
factors, such as potability of water and depth of cover
materials, associated with the likelihood of intrusion and
need for institutional controls.

3.4 Availability: Not considered.

3.5 Acceptability: Not considered.

3.6 Employment: Quantitatively assessed indirectly in developing
estimates of worker exposures.

3.7 Transport : Quantitative assessment of transportation risks
resulting from radiation exposures and from conventional
traffic accidents.

3.8 Legacy: Not considered.

4. General Environmental Factors

4.1 Ecosystems: Wot considered.

4.2 Resources; Not considered.
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4.3 Conventional Safety: Quantitative assessment of risks from
conventional accidents during transport and waste emplacement.

4.4 Mon-radiological Pollutants : Quantitative assessment of
impacts from trace stable elements released from the wastes.
Important contaminants were identified by batch testing of
wastes.

Radiological Factors

5.1 Public

Individual average and collective doses were calculated for
normal conditions and specified accident conditions during
waste transportation.

Maximum individual dose following disposal was calculated for
the critical group. Variations in time and space were not
assessed.

Qualitative discussion of collective dose following disposal.

Maximum individual dose calculated for an extreme intrusion
scenario following disposal.

5-2 Wpjrkers: Individual average and collective doses were
calculated for normal conditions and specified accident
conditions during transportation and waste emplacement.

5.3 Ecosystems: Not considered.

6. Methodological Factors

6.1 Verification: Although not stated in the report, an
independent check was made by hand (the report uses simple
models) for one radionuclide through all pathways.
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6.2 Uncertainty: Assessment uses a deterministic model, with
conservative assumptions stated to have been used where a
good basis for the parameters was not available. A
qualitative discussion is included of the sensitivity of the
results to changes in values for major parameters.

6.3 Steps: Transportation, waste emplacement, post-disposal.

6.4 Events: Normal, intrusion.

6-5 Model Validation: Model validation was not addressed
explicitly. Some transfer parameters (or at least their
ranges) are stated to be well established from observed data,
with conservative assumptions stated to have been used where
a good basis for the parameters was not available.

36.6 Type of Waste: Waste is described as 4000 m of processing
slag and soil, contaminated with thorium and stable elements
with barium as the major chemical contaminant. A summary is
provided of the tests, reported 3n detail in a referenced
report performed, to characterize the waste and determine the
source term.

6- 7 Radi_Qnuc 1 ide Inventory : Determined quantitatively by
laboratory analyses of typical waste samples.
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VII. THE USA/DOE REPORT

Title: Final Environmental Impact Statement: Long-Term
Management of the Existing Radioactive Wastes
arid Residues at the Niagara Falls Storage Site

Author: US Department of Energy

Date of Publication: April 1986

VII.1 Report Description

The material considered in this report consists of residues and
wastes from the processing of uranium ore. The residues of the processing
are 11,000 m in volume and contain 32 TBq (870 Ci) of radium-226 and 1
TBq (30 Ci) of uranium-234, 235 and 238. It has been assumed that the
radium-226, which was measured, is in equilibrium with its parent
thorium-230, which was not measured. The wastes, basically contaminated
soil, are 180,000 m in volume and contain 288 GBq (7.8 Ci) of
radium-226 and less than 37 GBq (ICi) of uranium-234, 235 and 238. The
present state of the materials is considered to be "interim" and this
report addresses the various options for long-term management of the
residues and wastes.

Several options were considered; these were

1. No action - leave residues and wastes in condition of interim
storage. The materials are already in a containment area
with a subsurface clay cutoff wall with the residues in a
concrete structure at the bottom of the pile of wastes. The
wastes are covered by a multilayered 1.4 m cap of clay and
soil. Control of the whole 77 ha site would be in perpetuity.

2a. Remove the temporary cap and replace with a long-term,
multi-layer cap 3.1 m deep. A smaller 16 ha area would then
be owned and controlled in perpetuity. This is DOE1 s
preferred option.
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2b. Remove the residues and process them to reduce the rate of
migration of contaminated materials. Then place the
materials as in option 2a.

3a. Remove the wastes and residues and ship to the Hanford,
Washington, waste management site for long-term management.
This would involve 16,000 truck loads of material.

3b. Remove the wastes and residues and ship to the Oak Ridge,
Tennessee, waste management site for long-term management.

4a. Remove the residues and ship to Hanford for long-term
management. The wastes would be managed at Niagara Falls.

4b. Remove the residues and ship to Hanford for long-term
management. Dispose of wastes in the ocean in bulk.

4c. As in 4a, but store residues at Oak Ridge.

4d. As in 4b, but store residues at Oak Ridge.

Most of the radiological effects are projected to arise from the
release of radon-222 and from external exposure during transportation.
The radiological effects, however, are smaller than projected impacts from
industrial and transportation-related accidents.

Among the options, the larger collective doses to the public are
calculated for the ocean disposal options. This results from the
transportation of the wastes through the New York/New Jersey metropolitan
area to reach the harbour. The dose from the possible contamination of
seafood is not considered, except in a bounding case of a dose to an
individual.

The primary model used to calculate the radiological effects was
the Uranium Dispersion and Dosimetry (UDAD) Code, which was not described
in this report.

The conclusion of the report was that Option 2a was preferred.
This would involve minor disturbance of the residues and wastes, and it
would avoid most of the transportation-related problems.
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VII.2 Report Evaluation

The review considers the extent to which the factors described in
Table I have been considered in the report.

1. Financial Factors

1.1 Funding Limitations: This was discussed within the context of
the difficulty of assuring a long-term (1000 y) maintenance
and monitoring programme.

1.2 Cost: The cost of each option was calculated. This included
the cost of any processing required, transportation,
disposal, and monitoring. Total costs were given for the
"active" period (about 10 years) and the annual costs for
perpetual care, if appropriate.

2. Technical Factors

2.1 Site Suitability; The suitability of all proposed sites was
discussed. Hanford and Oak Ridge are existing waste
management sites, and the proposed ocean site (site 106) was
a designated ocean waste disposal site, where a variety of
industrial and municipal wastes were then being dumped in
bulk. The ocean site was managed by the U.S. Environmental
Protection Agency, and a permit would be required.

2.2 Monitoring: The report includes a discussion of monitoring
that would be done. This includes physical monitoring of the
covering and of groundwater. The cost of monitoring and some
presumed remedial actions were included in the cost estimates.

2.3 Accessibility: The accessibility of the site was discussed,
both in terms of accessibility for the disposal operation and
in terms of intrusion. Dose to an intruder was calculated
for the case where control is lost and the residues are
freely available.
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2.4 Retrievability: Retrievability was discussed. The preferred
option of leaving the residues in a lined concrete building
does offer complete retrievability. Any of the wastes
disposed of in the ocean could not be retrieved.

2.5 Feasibility: All options considered were technically feasible
and would use existing facilities. Other feasibility aspects
concerning legal and regulatory issues were discussed. The
influence of public perception on feasibility was also
discussed.

3. Social and Political Factors

3.1 National Interest: This was not discussed.

3.2 International Interest; This was discussed only in connection
with the options concerning ocean disposal and then only in
terms of international agreements concerning waste disposal.

3.3 Institutional Control: The report considers the issue of
institutional control for all of the land based disposal
options. Plans are made for "perpetual control".

3.4 Availability: All sites are now existing waste-management
sites. The only uncertainties relate to permission to use
the ocean-dumping site, and possible public perception issues
regarding transportation and storage.

3.5 Acceptability: The acceptability of the options is not
discussed. All are presumably considered acceptable.

3.6 Employment: The impacts on employment were considered, but
are believed to be minor.

3.7 Transport: Transport was considered, and because of the large
amount of material to be moved could be an important issue
concerning public perception. Thus, traffic patterns were
analyzed. Also, the risk of injury and death from accidents
were calculated and is the major impact for some options.
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The radiation doses that would result from the transport of
wastes were also considered, both for normal cases and in the
case of accidents and spillage. Such radiation doses were
considered the major source of exposure for the ocean
disposal options.

3.8 Legacy: The report considers the legacy of the long-term
storage of the residues, which will not decay appreciably for
many thousands of years. Thus, a legacy beyond the life of
the facility will remain. This was discussed in terms of
possible problems if control is lost, but generally the
report does not attempt projections beyond 1000 years.

4. General Environmental Factors

4.1 Ecosystem: Impacts on land based ecosystems are considered,
but rapid recovery is projected. The impacts of 'in-bulk*
ocean dumping are modeled mainly from the standpoint of
turbidity and the toxicity of the contained trace elements.

4.2 Resources : The required commitment of resources is discussed
in terms of land use, costs and the commitments to radiation
dose and other injuries. The possible impact on cultural and
historic resources is also considered.

4.3 Conventional Safety: The report considers conventional safety
issues in substantial detail. Occupational injuries and
deaths are projected, as are transportation related injuries
and deaths. For several options, these are the major
projected impacts.

4.4 Non-radiological pollutants: The impacts from non-radiological
pollutants were considered, and specific calculations were
made for groundwater contamination and for possible impacts
on ocean biota.
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6-5 Model Validation: This aspect was not considered in the
report.

6.6 Type of Waste: The type of waste (residue and contaminated
soil from uranium ore processing) is discussed extensively in
terms of physical and chemical characteristics.

6.7 Radionuclide Inventory: Results are presented in the report
for the measurements of radionuclides in the residues and
wastes. The acutal inventory amounts have been given above.
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VIII. COMPARISON OF THE DIFFERENT APPROACHES

This section identifies the similarities and differences which
exist between the approaches adopted, the nature and results of the
component assessments and the criteria for drawing conclusions.

In order to make this task easier, Table III was prepared to
summarise the extent to which the different evaluation factors were
included in the five reports. Rows in this table correspond to the
evaluation factors, while columns correspond to the reviewed reports. For
each element in this matrix, a summary identifier was applied based on the
information presented in sections III to VII: 0 for omitted; M for simply
mentioned;QL for included as a qualitative discussion; and QT for included
in a quantitative discussion.

The different approaches were then considered in terms of the six
main categories in turn and the following observations were made.

1 ) Financial Factorjs
All reports recognise that cost is an important factor in a
comparison even if it was not explicitly included.

2) Technical Factors
All reports considered site suitability and other technical
aspects including feasibility of the considered options.

All reports considered the needs for long-term monitoring and
maintenance for most of the options considered.

All reports contained a discussion of the problem of possible
accessibility of the wastes to intruders at some future time.

3) Social and Political Factors
Many of the reports remark that although a particular option
may be the preferred option on cost and radiological exposure
grounds, the social and political aspects mean that the
option will not be pursued.
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TABLE III, SUMMARY COMPARISON OF THE REPORTS

1.

2.

3.

4.

5.

6.

Financial Cost
Funding limitations
Cost

Technical Factors
Site suitability
Monitoring
Accessibility
Retrieviability
Feasibility

Social and Political Factors
National interest
International interest
Institutional control
Availability
Acceptability
Employment
Transport
Legacy

General Environmental Factors
Ecosystems
Resources
Conventional safety
Non radiological pollutants
(includes health)

Radiological Factors
Public:

individual
collective

Workers :
individual
collective

Ecosystems
MethodoloRJcal Factors

Verification
Uncertainty
Steps included
Events
Model validation
Type of waste
fiadionuclide inventory

THE NETHE-
RLANDS
CHVRA

0
M/QL

M/QL
M/QL
M
M
QL

M
M
M/QL
M
QL
0
M
M

M
M
M
0/M

QL
QL

QL
QL
QL

M
M
M
M
M
QT
QT

USA/
NAVY

M
QL

QL
QL
M
M
QL

M
H
M
QL
QL
M
0
0

QL
QL
QL
QL

QT
QT

QT
QT
QL

QL
QT
QL
QL
QT
QT
QT

UK/
BPEO

0
QT

M
QL
QL
QL
QL

QT
QT
QL
QL
QT
M
M
QA

o
M
0
0

QT
QT

M
QT
0

QL
QT
QT
QT
M
QT
QT

CANADIAN
SURREY

0
0

QL
M
QL
0
QL

H
0
QT
0
0
QT
QT
0

0
0
QT
QT

QT
QL

QT
QT
0

QT
QL
QT
0
QL
QT
QT

USA/
DOE

M
QT

QL
QT
QT
M
QL

0
M
QL
QL
M
QL
QL
QL

QL
QL
QT
QT

QT
QT

QT
QT
0

0
M
M
QL
0
QT
QT

Code:
0 : Not Mentioned ~ Omitted
M : Mentioned
QL : Qualitative
QT : Quantitative
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All reports recognise the existence of social and political
factors but differ in the degree to which they are assessed.

Mo report has presented a method of incorporating social and
other factors in a structured way into the decision process.
This is a difficult area which is under research at present.

4) General Environmental Factors
Mon-radiological environment impacts are addressed in most of
the reports but they are recognized as being difficult to
quantify.

5) Radiological Factors
The reports have all focussed on the radiological impact on
man and generally this has been dealt with quantitatively,
though the level of detail depends on the purpose of the
report.

All reports consider peak individual doses to public.

All reports consider occupational doses.

All reports consider the radiological aspects of human
intrusion.

Collective doses for all options are not addressed by all
reports, although IAEA Safety Series Mo. 65 and 1CRP
Publication No. 46 recommend that this be done for comparing
disposal options.

6) Methodological Factors
All the reports consider at least half of the factors in the
table. The extent to which accidents and unusual events are
considered differs amongst the reports.

Health, environmental, social, political and economic factors
are presented in varying levels of detail. Formal decision
aiding approaches to integrate these data into a coherent
structure, however, are mostly ignored.
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Model results are often presented at face value. Results of
model verification and validation exercises are not always
discussed.

The reports examine different waste types and package
alternatives. Therefore it is not possible to directly
compare results among the different reports.

There are a number of differences in the approaches adopted
and this reflects to a large degree the different purposes of
the reports. Some reports, such as the UK BPEO report,
represent almost the final stage in a comparison exercise
whereas others, such as the Canadian Surrey report, are only
the first stage in an ongoing assessment programme.
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IX. SUMMARY AND CONCLUSIONS

This report has identified a list of factors that could be included
in a comparison between disposal at sea or on land. These factors are
drawn predominantly from IAEA Safety Series No. 65, but a few extra
factors were also considered to be relevant by the group.

Using this list as a guideline, the consultants evaluated the
extent to which five different reports on the comparison of land and sea
disposal options have taken account of these factors. The five reports
were ones that had been transmitted to the LDC by Contracting Parties.
The evaluation was performed for each report in turn in a structured
manner. The factors were first aggregated into six categories, then the
approach of each report to addressing the factors in each category was
assessed in terms of whether it was omitted, simply mentioned, discussed
qualitatively, or discussed quantitatively. Similarities and differences
in the approaches adopted in the different reports were then identified
and these were used to formulate a number of general conclusions. These
conclusions are:

1) The factors identified in the IAEA Safety Series Mo. 65 are
relevant to comparisons of land and sea disposal and that
they form a good basis for the evaluation.

2) There are a number of differences in the approaches adopted
and this reflects the different purposes and scopes of the
reports. Thus, those reports which represent essentially the
final stage in a comparative exercise are much more
quantitative in their approach than those which represent an
earlier stage. Similarly the number of factors addressed is
influenced by the type of report. Some reports may not
consider all factors since these will be covered in later
comparison reports.

3) The reports all address the radiological impact on man of the
different disposal options they consider. The level of
detail again depends on the purpose of the report but in
general this has been treated in a quantitative manner.
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4) All the reports address one or more factors from each
category, even if it is only to state that this will be
addressed in a future publication. This shows that there is
international agreement that the choice of disposal option
should be based on many different types of factors, not just
on radiological impact alone. This was recommended in IAEA
Safety Series No. 65 and in ICRP Publication No. 26 and the
evaluation performed here shows that this approach has been
taken into account in all five documents considered.

5) The technical accuracy of the results contained in the
reviewed reports was not examined. The reports were prepared
for different purposes, examined different waste types and
package alternatives, assumed different boundaries, and used
different models. Consequently, it is premature to reach
consensus conclusions about the relative hazards of disposing
of low level waste on land or in the ocean. To produce such
conclusions would require either detailed technical review
and validation of the existing reports, or development of new
estimates based on the principles outlined in IAEA Safety
Series Mo. 65.

Finally, it is not the purpose of this report to state whether one
document is better than another or whether one report forms a good
blueprint for future assessments. This would require a different type of
review and is outside the scope of this document. Indeed since the
purposes of the five reports were originally so different it would not be
possible to produce such a ranking and any attempts in that direction
would be very misleading.

52



REFERENCES

ATOMIC ENERGY OF CAMADA LIMITED, 1986. Comparative Environmental and
Safety Assessment of Four Generic Disposal Options for the Surrey Low
Level Radioactive Wastes. BEAK Consultants Limited, 105 pp. + annexes.

COMMITTEE ON THE RECONSIDERATION OF DISPOSAL OF RADIOACTIVE WASTE,
1981. Studie naar de mogelijkheden voor de verwijdering van uit Nederland
afkomstig laag - en middelactief vast afval anders dan door störten in de
Atlantische Oceaan. Commissie Heroverweging Verwijdering radioactief
Afval, 98 pp.

INTERNATIONAL ATOMIC ENERGY AGENCY, 1984. Environmental Assessment
Methodologies for Sea Dumping of Radioactive Wastes. IAEA, Vienna. IAEA
Safety Series No. 65, 42 pp.

INTERNATIONAL ATOMIC ENERGY AGENCY, 1986. Definition and Recommendations
for the Convention on the Prevention of Marine Pollution by Dumping of
Wastes and other Matter, 1972. IAEA, Vienna 1986 edition. IAEA Safety
Series No. 78, 73 pp.

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1977. Recommendations
of the International Commission on Radiological Protection (ICRP), ICRP
Publication No. 26, Annals of the ICRP, Vol 1,3 Pergamon Press, Oxford, 63
pp.

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, 1985. Radiation
Protection Principles for the Disposal of Solid Radioactive Waste, ICRP
Publication No. 46, Pergamon Press, Oxford.

INTERNATIONAL MARITIME ORGANIZATION, 1985. Expanded Panel on the Review
of Scientific and Technical Considerations Relevant to the Proposal for
the Amendment of the Annexes to the London Dumping Convention Related to
the Dumping of Radioactive Wastes. Report of the Panel of Experts,
LDC/PRAD.1/2, IMO London, 151 pp.

INTERNATIONAL MARITIME ORGANIZATION, 1987. Report of the Intergovernmental
Panel of Experts on Radioactive Waste Disposal at Sea, LDC/IGPRAD 1/6, IMO
London, 26 pp.

53



UK DEPARTMENT OF THE ENVIRONMENT, 1986. Assessment of Best Practicable
Environmental Options (BPEOs) for Management of Low and Intermediate Level
Solid Radioactive Wastes. Radioactive Waste (Professional) Division of
the Department of the Environment, Her Majesty's Stationery Office, 80 pp.

US DEPARTMENT OF THE NAVY, 1984. Final Environmental Impact Assessment on
the Disposal of Decommissioned, Defueled Naval Submarine Reactor Plants.
3 volumes, United States Department of the Navy.

US DEPARTMENT OF ENERGY, 1986. Long-Term Management of the Existing
Radioactive Wastes and Residues at the Niagara Falls Storage Site. US
Department of Energy, Washington, D.C. DOE/EiS-0109F, 212 pp. + annexes.

54



5 .

5.1 Public: collective and individual (critical group) doses were
calculated for three time periods:

Action (0--10 years), maintenance and monitoring (10-200
years), and long-term (200-1000 years) under the two
conditions of loss of monitoring, maintenance, and corrective
actions and loss of all controls. The radiation doses from
all aspects of the proposed options were considered, except
that collective dose from seafood contamination was not
considered.

5.2 Workers.' Collective and individual doses were calculated for
all aspects of the operations.

5.3 Ecosystem: Radiological effects on ecosystems were not
mentioned in the report.

Methodological Factors

6.1 Verification: This report does not discuss verification of
the models used. The primary model is published separately
and has been used in other assessments.

6.2 Uncertainty: All calculations presented appear to have been
done deterministically with very little consideration of
uncertainty.

6.3 Step_s_: All steps of the operations have been included in the
report. The only missing radiological dose calculation is
for collective dose from seafood contamination from
ocean- based disposal. This was assumed to be negligible.

6.4 Events: The report considers the possible events of erosion,
flooding, severe erosion events, drought, and seismic
activity. Some quantitative predictive results are provided
for erosion, but most of the treatment is qualitative. The
long-term monitoring and maintenance program is designed to
remedy such problems during the first 1000 years.
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