
INTERNATIONAL CONFERENCE
ON NUCLEAR POWER AND ITS FUEL CYCLE

SALZBURG, AUSTRIA • 2-13 MAY 1977

IAEA-CN-36/28

AN ASSESSMENT METHODOLOGY OF ENVIRONMENTAL RISKS ASSOCIATED WITH
RADIOACTIVE WASTE MANAGEMENT

S. M. Goldberg

S. E. Logan

M. C. Brebano

U.S. Environmental Protection Agency
Washington, D.C. 20460

University of New Mexico
Albuquerque, New Mexico

University of New Mexico
Albuquerque, New Mexico



INTRODUCTION

One of major environmental concerns associated with the projected
increase in nuclear power generations is the handling and disposal
of high-level radioactive waste. This waste comprises power plant
residual material and non-fuel cycle by-product material which contain
significant quantities of radionuclides having very long half-lives.
These radionuclides are classified as both high-intensity fuel
reprocessing waste contaminated with transuranics and low-intensity
transuranics. The high-level waste must be placed in long-term
repositories to prevent its entry into the environment for several
thousands of generations. Further, management of high-level radioactive
waste must be accomplished in a fashion which assures minimum public
health hazard from the detrimental effects of radioactive contamination.*

i

As part of trie newly expanded Federal waste management program/
several potential alternative methods are being developed for the /
long-term management of high-level radioactive waste (1,2,3). These
include a variety of engineering controls (such as solidified matrices
and containers), a series of hydrogeological and geochemlcal processes
which would provide environmental barrier control, and a detailed
terminal storage program to implement disposal facilities at a minimum
of two sites, both in deep geological formations (4). As part of this
National terminal storage program, the United States is currently
studying a number of geologic strata and formations, which include
bedded salt in western and mid-western states, dome salt in gulf coast
states, shales, and granites and other crystalline rocks (4). The Los
Medanos area in southeastern New Mexico is currently under study for
possible installation cf a Waste Isolation Pilot Plant in bedded salt
for ERDA transuranic waste (4).

•

Risk assessment has been suggested as a useful tool, for the
quantification of potential undesirable events to occur in the waste
management sequence, to incorporate into a decisionmaking framework (5).
Risk estimates, the first stage in a risk assessment sequence, have
been made previously in the nuclear energy field to account for the
risk from accidents in light-water-cooled reactors (5). These types
of estimates will be needed for the back end of the light water fuel
cycle also in order to determine the likelihood of perturbing events at
a treatment, storage, or disposal facility and the consequential
magnitude of that perturbation.

EPA has identified the following environmental risks at a long-
term disposal site, which are associated with accidental releases
in the waste management sequence: (i) events beyond man's control which
are initiated by natural causes, (ii) man-related operational failures
and (iii) defects in technical programs (7). The scope of this paper's

See footnote on page 6.



presentation will include mainly events in category //1, i.e., an
assessment of the probability of various geological, meteorological, and
hydrogical events, which are potential mechanisms for release of
radioactive material to the environment, and the associated consequences
of radionuclide migration resulting from these potential events.

PURPOSE OF MODEL

In this regard, the U.S. Environmental Protection Agency (EPA)
in collaboration with the University of New Mexico is developing
a detailed assessment methodology to perform parametric risk cal-
culations for a variety of geologic disposal concepts, fixation
processes, and reprocessing operations (7). During this past year,
the assessment methodology has been utilized initially for a specific
demographic and geographic site and a specific geologic concept, i.e.,
bedded salt in the Los Medanos area of Southeast New Mexico.

Recently, EPA has had to accelerate its waste management program
in order to establish during calendar year 1978 environmental radiation
protection standards for the storage and ultimate disposal of high-
level waste (8). Environmental risks, which are quantified in this
systematic assessment model, will be utilized in helping to develop
the technical bases for numerical standards in high-level radioactive
waste (9).

Furthermore, generic and site-specific Environmental Impact
Statements (EIS) are planned to be prepared by ERDA and NRC to
assess both the total waste program as well as the numerous specific
engineering control concepts and geological formations for terminal
storage of high-level waste (2,4). Implementation of the assessment
model is tentatively projected for the following portions of an
EIS statement: (i) to assist in identifying possible accidents;
(ii) to evaluate the potential environmental impacts of man-related
and natural faults at storage and disposal sites; and (iii) to assess
the potential release mechanisms and pathways to man.

MODEL DESCRIPTION

The radioactive waste management model (Figure 1) utilizes several
parallel paths, each representing a phase in the waste management
sequence: residuals treatment (interim surface storage, solidification,
etc.), waste transport, repository operations, and terminal storage.
Implementation of this model is by the computer code entitled AMRAW
(Assessment Method for RAadioactive Waste), which runs calculations
separately for each branch of the model and accumulates economic
charges for all four phases. The current effort has concentrated
on the terminal storage (disposal) branch, at which phase the risks



predominately involve accidents of low probability but with potentially
large consequences in terms of health impact and environmental contam-
ination. At this time, this model has not factored in other long-
term risks, of higher probability than geological events but significantly
lower consequence, resulting from an insidious failure of a disposal
method, which can lead to chronic radiation exposure (9).

The inventory at risk at a Federal Repository has been taken
to be the total accumulation of reprocessed high-level radioactive
waste from U.S. electric power generation through the year 2002,
utilizing a low-moderate nuclear power growth model (10). While
present plans by ERDA at the Los Medanos site involve only pilot
plant studies using R and D waste (contaminated to a great degree
with transuranic material), this model does provide e valuable
insight into a typical full-scale repository for all commercial
radioactive high-level waste. It is expected that several repositories
will eventually come into use, dividing this waste load.

The source term for the AMRAlJ code and the follow-on environ-
mental models are the quantities of the significant radionuclides
in a high-level waste batch, which will be transported to a Federal
Repository. To select significant radionuclides, the University
of New Mexico has developed a screening technique, which has been
based on the total and relative ingestion and inhalation hazard for
the hazardous lifetime of waste at terminal storage site(s), from about
ten to one million years. These nuclides include:
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The concentration of these radionuclides was obtained utilizing the
ORIGEN code (10) and up-to-date fuel and power conditions (10,11).
The waste form itself was assumed to be borosilicate glass with
25% waste calcine content (12), and the accumulation of this waste was
for an assumed thirty year lifetime period (12).

The source terms are applied to a fault tree technique, which
takes into account: (i) the probability of release by each of
numerous release mechanisms (such as diapirism, tectonic processes,
fractures of underlying rock, and groundwater transport resulting from
offset faulting that could interconnect aquifers); and (ii) the fraction
of the waste repository inventory released by each such occurrence
during a specific increment of time. Each path through the fault
trees, which leads to potential release, represents a potential
disruptive process at a given time; a cut set is formed when two
or more disruptive events are required to permit radionuclide releases
(Figure 2).

Released radioactive material is dispersed potentially to four
basic environmental input receptors—air, ground surface, surface
water, and ground water (Figure 3)—into a region assumed to extend
a radial distance of about 150 km from a repository. Concentrations are
accumulated in each of the four environmental receptors, but adjusted
during each time increment for transfers between receptors, radiodecay
and buildup, and environmental removal processes (which, for the latter
adjustment, a conservative environmental half-life of 30,000 years has
been used in lieu of data to support shorter times). Transfer co-
efficients for environmental transport and radiation dose or dose
commitment are obtained by applying results from other available codes
(13-18), such as the Duguid-Reeves models (13) (ground water transport);
AQUAMOD, AIRDOS and TERMOD (14) (environmental receptor codes);
and INREM and EXREM (15,16)(radiation dose codes).

The assessment model further provides a capability of separating
the pathways and resulting dose commitments for potential local dose
(to specific local population groups) and nonspecific dose (from
agricultural products which are largely exported and any worldwide
dose commitment nuclides such as C-14). The dose commitments are
translated into potential health effects, utilizing the Report of the
Advisory Committee on the Biological Effects of Ionizing Radiation,
as the Tiost accepted source of health effects from long-term exposure
to radiation, and assumed demographic data for the Los Medanos area
(17).

Finally, an economic analysis is included in the assessment
methodology to attribute the potential total damages of both health-
related and resource impacts, in monetary units, to elements initially



in the waste inventory, as a method to account for the long-term
risk associated with waste. A scheme of flexible social discount
factors is implemented to estimate the present value of externalized
economic costs on future generations, for a period extending 1 x n;0b
years.

RESULTS

The probabilistic method used in the analysis assigns a far
greater magnitude, at least by a factor of 105, to geologic events
which result in an initial release to the ground and surface water
than events, such as volcanogenic transport, which result in major
initial releases to the air receptor portion of the model.

This assessment methodology does indicate that a major barrier
to the release of radionuclides, for the case of ground and surface
transport into the geosphere and the neighboring biosphere, is the low
Teachable form of the borosilicate glass as well as the accompanying
slow dissolution rate of the bedded salt in the Los Medanos area.
The cumulative amount of the radioactive species leached is based
upon a diffusion transport model (18), which utilizes a concentration-
dependent dissolution rate, and a ground transport model (13) through
saturated-unsaturated media; the released radionuclides are treated
as being in contact with the soil moisture moving in an unsaturated
flow predominately in the vertical direction until the flow reaches
the zone of saturation, where the moisture content has reached
effective porosity and flow is mainly lateral. Preliminary results
have shown only Tc-99, 1-129 and C-I4 exhibit appreciable transport
but with values less than 1 x 10~22 pCi/cm^. All other nuclides
are sorbed or disappear by decay.

Further, results of the potential total economic damages for the
full-scale repository at the Los Medanos site show fission products and
activation products, in the initial repository inventory, comprising
less than 1% of the undiscounted total long-term c5sts, as compared
with the substantial contribution from the actinies, initially
transported to the repository, for the period exfsnding 10^ years.
However, as the discount rate is increased, the Attribution of these
damages are shifted to the shorter half-life corr|onents, particularly
the fission products Cs-137 and Sr-90. I



CONCLUSION*

Application of this technology assessment model is planned by EPA
for the following uses: (1) to compare and assess possible and proposed
future storage and/or disposal concepts and methods for high-level
waste; (2) to help develop the technical bases and guidelines for
establishing environmental policy relative to the control of commercial
alpha wastes and high-level wastes; (3) to apply information from the
model to EPA1s continuing effort of developing the generic ability to
evaluate the environmental acceptability of presently operating and
proposed fuel cycle facilities that produce, treat, store, and dispose
of transuranic and high-level waste; and (4) to assist EPA in developing
criteria and standards relating to transuranic and high-level waste
management activities.

Implementation of this model is possible for a whole range
of both radioactive as well as non-radioactive hazardous materials
which require perpetual care. By the very nature of the parametric
aspect of the model's predictions, cositrol technology changes or
improvements in any of the treatment or processing operations, either
at the waste generated-facility or the waste disposal site, could be
analyzed for the relative impacts of hazardous waste products.
These feedback effects could be used to identify options for trans-
forming wastes into less hazardous forms, if the technology is either
feasible or practical.

This work assumes that the evaluation of the acceptability of
reprocessing and plutonium recycle underway in the U.S., as
a result of the President's October 28 policy statement, is
positive. Similar environmental risk assessments, not covered
here, will be necessary for alternatives to spent fuel
reprocessing.
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