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PREFACE

The work presented in this report consists of an analysis of alternatives
for management of wastes generated by the Formerly Utilized Sites Remedial
Action Program (FUSRAP) of the U.S. Department of Energy. It consists of an
analysis based on a preliminary assessment of the potential radiological
impacts to the maximally exposed individual, and a revised analysis based on a
revised assessment of these impacts. The original analysis was submitted as a
manuscript in August 1982 for the Proceedings of the 1982 International
Decommissioning Symposium and published in these proceedings in October 1982.
Following submission of the manuscript, the radiological analysis was
extended, revised, and issued in final form in March 1983.

The analysis of alternatives based on the original assessment of
potential radiological impacts is presented in Sections 1 through 6 of this
document. The text is the same as the published version (proceedings of
symposium) except for minor editorial corrections and updating of references.
The new findings are summarized in a Supplement and presented as Sections SI
through S6 of this document. The conclusions stated in the original
manuscript remain valid.
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ABSTRACT

Alternatives for disposal or stabilization of the wastes generated by the
U.S. Department of Energy's Formerly Utilized Sites Remedial Action Program
(FUSRAP) are identified and compared, with emphasis on the long-term aspects.
These wastes consist of soil material and rubble containing trace amounts of
radionuclides. A detailed pathway analysis for the dose to the maximally
exposed individual is carried out using an adaptation of the natural analogue
method. Comparisons of the different alternatives, based on the results of
the pathway analysis and qualitative cost considerations, indicate that, if
the hazard is such that the wastes must be removed and disposed of rather than
stabilized in place, disposal by immediate dispersal is preferable to contain-
ment, and containment followed by slow planned dispersal is preferable to
containment without dispersal.



1. INTRODUCTION

This report is based on an analysis for a problem that was solved—and
reappeared. A new solution is being proposed and implemented. The history of
thr problem prompts one to ask: Will the same problem reappear again?
Perspectives for dealing with this question, which have ramifications
extending beyond the original problem, are presented herein.

The problem has its origins in programs conducted by the Manhattan Engineer
District (MED) of the U.S. Army Corps of Engineers and its successor, the
U.S. Atomic Energy Commission (AEC). These programs involved research, develop-
ment, processing, and production of uranium and thorium by private contractors
at different sites, some of which were privately or institutionally owned,
during and shortly following World War II. Many of the sites became contami-
nated with radionuclides, mostly of natural origin, at low concentrations.

When the contracts for the MED/AEC activities were terminated, the sites
involved were generally decontaminated according to health and safety criteria
and guidelines applicable at that time, and released for unrestricted use.
The problem reappeared because radiological criteria and guidelines for
returning sites to unrestricted use became more stringent as a consequence of
new insights provided by research on effc^s of low-level radiation.

The new solution is embodied in the Formerly Utilized Sites Remedial
Action Program (FUSRAP), initiated by the AEC in 1974 and now being planned
and implemented by the U.S. Department of Energy (DOE). The program objective
is to decontaminate selected sites to permit their unrestricted use or to
stabilize and/or otherwise control residual radioactivity at the sites to meet
current criteria for the protection of public health and safety. Thirty-five
sites have been identified to date as possibly requiring some form of remedial
action (Figure 1.1) (U.S. Dep. Energy 1982a). Twenty-two of the sites have
been formally designated as requiring such action.

The remedial action involves several steps: identification of the sites,
decontamination and/or control of the contamination, disposal and/or stabili-
zation of the radioactive residues, compliance with legal and regulatory
requirements, and certification of the sites for appropriate future use. The
focus of this paper is the long-term aspects of disposal and/or stabilization
of the radioactive residues, which consist mainly of soil material and rubble
containing trace amounts of radionuclides.

Unexpected future developments were the nemesis of the original cleanup
effort. Given the cloudiness of our crystal balls for peering into the future,
these developments remain the primary hazard for renewed efforts to find a
"permanent" solution. The unexpected cannot be extrapolated from the past;
that is why it is unexpected. But we are capable of a limited amount of fore-
sight, and we can minimize, even if we cannot eliminate, upsetting unexpected
developments by examining the long-term consequences to the best of our ability.
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1
2

3
4

5

6
7
8
9

10
11

Xellex Research Facility
Middlesex Sampling Plant

and vicinity properties
Shpack landfill
Niagara Falls Storage

Site vicinity properties
St. Louis Airport Storage
Site (Vicinity Properties)

Middlesex landfill
Linde Air Products
Bayo Canyon
E.I. Du Pont de Nemours
& Company

University of California
Acid/Pueblo Canyon

Jersey City, NJ
Middlesex, NJ

Norton, MA
Lewiston, NY

St. Louis, MO

Middlesex, NJ
Tonawanda, NY
Los Alamos, NM
Deepwater, NJ

Berkeley, CA
Los Alamos, NM

12

13
14
15
ie

17
IB
19

20
21
22

Albany Metallurgical
Research Center

Chupadera Mesa
University of Chicago
Mallinckrodt, Inc.
St. Louis Airport

Storage Site
Clecon Metals, Inc.
Gardinier, Inc.
Palos Park Forest

Preserve
Conserv, Inc.
Seneca Army Depot
Guterl-Simonds Steel

Division

Albany, OR

White Sands, NM
Chicago, IL
St. Louis, MO
St. Louis, MO

Cleveland, OH
Tampa, FL
Chicago, IL

Nichols, FL
Romulus, NY
Lockport, NY

23
24
25
26
27
28
29
30
31
32
33
34
35

Seaway Industrial Park
Ashland Oil Company
Pasadena Chemical Company
W.R. Grace & Company
Harshaw Chemical Company
Iowa State University
National Guard Armory
01 in Chemical Corporation
Universal Cyclops
Ventron Corporation
Watertown Arsenal
Ashland Oil Company No. 2
Staten Island

Tonawanda, NY
Tonawanda, NY
Pasadena, TX
Curtis Bay, MO
Cleveland, OH
Ames, IA
Chicago, IL
Joliet, IL
Aliquippa, PA
Beverly, MA
Cambridge, MA
Tonawanda, NY
Port Richmond, NY

Figure 1.1. Location of Sites That Require or May Require Remedial Action.
Source: U.S. Department of Energy (1982a).
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The long-term consequences are also a matter of regulatory concern. A
key provision of the National Environmental Policy Act (NEPA) is to "... fulfill
the responsibilities of each generation as trustee for succeeding generations"
(P.L 91-190, Sec. 101(b)(l)). The Council on Environmental Quality requires
an environmental impact statement to address "... the relationship between
short-term uses of man's environment and the maintenance and enhancement of
long-term productivity, and any irreversible or irretrievable commitments of
resources which would be involved ..." (40 CFR 1502.16).

A definition of long-term is not provided; in the absence of qualifica-
tion, one must infer that no limits were intended. In a recent NRC/DOE/EPA
agreement on human intrusion standards regarding high-level-waste repositories,
the proposed language is "... that the federal government is to be committed
to maintain passive, permanent controls for as long as civilization exists" •
(Anon. 1982), which suggests that long-term extends to the end of civilization.
The uncertainties in predictions of the consequences of different waste-
disposal alternatives would be fairly large by that time, but such difficulties
do not eliminate the problem or the need to gain and apply as much foresight
as we are able.

The essence of the problem is to identify suitable alternatives for
disposal/stabilization of FUSRAP wastes. Alternatives available range from no
action (which would require a finding that there were no significant public
health or safety hazards) through development of elaborate regional disposal
sHes. The initial task is, clearly, to establish the magnitude of the public
health and safety hazards. The outcome of this initial task does not lead to
an unequivocal identification of the level of action needed. An objective
analysis of the radiological hazards of FUSRAP wastes indicates that they are
quite low, less than other hazards that the public accepts as the price of the
amenities of modern living (U.S. Dep. Energy 1983). Current regulations do
not, however, permit the hazards to be disregarded as being insignificant.

The selection of a preferred disposal alternative is further complicated
by the fact that if a hazard exists, it will exist for a long time. Thus, any
solution to the problem of disposal of FUSRAP wastes (and similar waste forms)
must address the following two characteristics: the radiological hazards are
very low and the hazard duration is very long. It is important to consider
these characteristics in tandem. Emphasis on the very low radiological hazards
without due consideration of the long duration, or on the long duration without
due consideration of the very low radiological hazards, can lead to a distorted
view of the issues that must be taken into account in selecting waste-disposal
options.

The problem of selecting a waste-disposal alternative is a problem in
benefit/cost/risk analysis. A thorough analysis would cover economic and
social benefits, economic costs, public health and safety risks, and other
environmental impacts. Analysis of the long-term tradeoffs presents inter-
esting and difficult problems that are not normally encountered in benefit/
cost/risk studies. Such comprehensive study, although clearly needed, is
beyond the scope of this work, which is limited to an identification of the
reasonable alternatives, a preliminary analysis of a few of the major environ-
mental impacts and issues that should be considered in selecting an alterna-
tive, and a preliminary comparative assessment of the alternatives with respect
to the dominant issues.



2. ISSUES

The prior and underlying issue on which all other issues are contingent
is the existence, magnitude, and duration of the radiological impacts from the
residual radioactivity at FUSRAP sites. The general source terms for the
radiological impacts are summarized in Table 2.1. The total volume of contami-
nated material is estimated to be about 440,000 m3, of which about 90% is from
uranium ore handling and processing operations. The principal hazard at most
sites is from Ra-226 and its short-lived decay products; the duration of the
hazard is determined primarily by the parent radionuclide U-238 or its decay
product Th-230. Radiological surveys indicate that typical average radio-
nuclide concentrations lie in the ranges of 20-200 pCi/g U-238 and 50-500 pCi/g
Th-230 and Ra-226, with localized hot spots that exceed these averages by a
factor of 10 to 100. The contaminated regions range, typically, from 0.4 to
4 ha in area and from 0.1 to 3 m in depth, with a few sites where the contami-
nation is limited to buildings (Argonne Natl. Lab. 1982).

The magnitude and duration of the radiological hazard of FUSRAP wastes
can be placed in perspective by comparison with other waste forms. The
average concentration of all radionuclides in FUSRAP wastes is smaller than in
mill tailings by a factor of about 5, and the total volume of FUSRAP wastes
(estimated as of June 1982) is smaller than the total volume of mill tailings
(as of 1979) by a factor of about 200 (U.S. Nucl. Reg. Comm. 1980; Argonne
Natl. Lab. 1982). The average total concentration of all radionuclides in
FUSRAP wastes is smaller than the initial concentration in commercial low-level
radioactive wastes (LLW) by a factor ranging from about 103 to over 109. The
total volume of FUSRAP wastes is larger than the annual volume of LLW generated
in the United States (as of 1979) by a factor of about 5 (U.S. Dep. Energy
1980; Argonne Natl. Lab. 1982).

The hazard duration for FUSRAP wastes and mill tailings is comparable.
The principal radionuclides in mill tailings are Th-230 and its decay products;
however, the concentration of residual U-238 in mill tailings is comparable
to, and often greater than, the concentration of U-238 in FUSRAP wastes. Most
of the radioactivity in commercial LLW decays within 500 years or less; pro-
posed regulations governing the near-surface disposal of radioactive wastes
impose restrictions with the intent that "... at the end of the 500 year
period, remaining radioactivity will be at a level that does not pose an
unacceptable hazard to an intruder or to public health and safety" (proposed
10 CFR 61.7(b)(5)). It should be noted, however, that the concentration of
U-238 in industrial wastes from nuclear fuel fabrication plants, which are
disposed in commercial near-surface disposal sites, is about 2000 pCi/g com-
pared with 20-200 pCi/g for FUSRAP wastes (U.S. Dep. Energy 1980; Argonne
Natl. Lab. 1982).

Once the existence of a radiological public health and safety hazard-
however small--has been established or perceived to exist by a significant

2-1
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Table 2.1. FUSRAP Waste Classification

Source of
Contamination Primary Contamination

Half-Life of
Parent

Radionuclide

Uranium ore handling
and sampling

Uranium ore processing:
Product
Residue (tailings)

Uranium salt/metal
processing

Thorium processing

Nuclear weapons and/or
disposal sites

Miscellaneous

Uranium-238 and decay products 4.5 x 109 years

Uranium-238 and decay products
Thorium-230 and decay products

Uranium-238 and decay products

Thorium-232 and decay products

Fission products and possibly
transuranics

Tritium and uranium-238 decay
products

4.5 x 109 years

77,000 years

4.5 x 109 years

1.4 x 1O10 years

Variable

Variable

Source: Argonne National Laboratory (1982).

number of people, other issues arise and must be addressed. A survey of the
issues and concerns related to LLW disposal that have appeared in the litera-
ture indicates that the major issues, other than radiological, are socioeco-
nomic (primarily economic costs, public attitudes and perceptions, and land
use), institutional (primarily regulatory), engineering and management, and
questions regarding risk and uncertainty (Robinson and Gilbert 1982). Some of
these issues can be expected to remain for as long as the hazard persists,
e.g., costs (of any long-term surveillance, monitoring, and maintenance),
public attitudes and perceptions, land use and land values, and regulatory
matters. Preliminary generic assessments of the most important impacts, other
than costs, have been made in order to determine what might be done to take
into account the long-term aspects. As one might expect, there is very little
that can be done because the uncertainties in impact predictions, other than
the rate of hazard diminishment by radioactive decay, become so large beyond
the short-term that one can only list the credible possibilities and estimate
bounds. It appears that the best that one can do in addressing the long-term
aspects of waste disposal is to assess the long-term radiological impacts and
also the continuing costs for surveillance, monitoring, and maintenance. For
the purposes of this study, short-term is defined to be the time to completion
of disposal activities or site closure (about 10 to 30 years); long-term is
defined to be from the end of short-term to the end of civilization.



3. ALTERNATIVES

The generic alternatives presented here are for waste disposal/stabiliza-
tion and are intended to be final actions. Disposal/stabilization, however,
does not preclude the possibility that future action could be required.

A systematic multilevel classification scheme that groups the alternatives
into categories in a logical manner is presented in Table 3.1. The first-level
alternatives (no action, onsite containment, offsite containment, and offsite
immediate dispersal) are chosen to correspond to the sequence of steps involved
in the decision-making process for FUSRAP. The no-action alternative would be
adopted as a permanent option only if the public health and safety hazard from
radioactive contamination were found to be acceptable.

The second-level classification for the containment categories is based
on consideration of the duration of the radiological hazard of FUSRAP wastes
(thousands to billions of years). Containment without dispersal until the
hazard disappears by radioactive decay is, therefore, possible only if near-
perpetual surveillance, with monitoring and corrective action as necessary, is
assumed. In view of the considerable potential total cost, the commitment and
burden placed on future generations, and the large uncertainty as to whether a
commitment to maintain the integrity of a disposal site can be carried out,
the concept of containment with a planned future dispersal rate (i.e., a rate
such that the environmental concentrations of radionuclides from the wastes do
not exceed acceptable levels) is introduced. A distinction is made between
future planned dispersal with and without monitoring, due to future costs.
Offsite containment opens up a wider range of possiblities for third-level
alternatives than does onsite containment.

Sites at accessible locations will be subject to at least minimal surveil-
lance throughout the long-term; it is, therefore, reasonable to assume that
monitoring and corrective action would occur if the need arose. The corrective
action would depend on whether the intent was to prevent dispersal or keep the
rate of dispersal below some acceptable level; this intent could change with
time. Thus, accessible sites have been placed in second-level categories of
containment with monitored, planned future dispersal or containment without
future dispersal.

The short-term distinction between containment without future dispersal
and containment with monitored, planned future dispersal is not large for
those alternatives that can be placed in either category (i.e., above-surface
containment, near-surface containment, and intermediate-depth containment).
They relate primarily to planning and designing of the containment structure.
In the former case, design features that facilitated future maintenance would
be emphasized. In the latter case, the rate of migration would be taken into
account and the design would be chosen so that this rate would not exceed a
design level. The design level would be a compromise between: (1) the need
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Table 3.1. Disposal/St?bilization Alternatives*
for FUSRAP Wastes

No action

Onsite containment
Containment without future dispersal

Above-surface containment
Near-surface containment

Containment with monitored, planned future dispersal
Institutional controls only
In-situ stabilization
Above-surface containment
Near-surface containment

Offsite containment
Containment without future dispersal

Above-surface containment
Near-surface containment
Intermediate-depth containment

Containment with monitored, planned future dispersal
Above-surface containment
Construction use
Near™surface containment
Intermediate-depth containment

Containment with unmonitored, planned future dispersal
Containerized ocean disposal
Disposal in deep geologic structures

Offsite immediate dispersal
Ocean dispersal
Land dispersal

*No action - site released for unrestricted use.
Institutional controls only - actions limited to control of

access and use by regulatory means with no physical action.
In-situ stabilization - stabilization of wastes in place.
Above-surface containment - abovegrade emplacement of wastes in

an engineered structure.
Near-surface containment - land disposal in or within the upper

15-20 m of the earth's surface.
Intermediate-depth containment - land disposal within 20-100 m

of the earth's surface.
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to keep the release rate low enough to ensure that the radionuclide concentra-
tions in the environment did not exceed acceptable limits and (2) the desir-
ability of having a release rate that was high enough to disperse the radio-
nuclides in a controlled manner before the containment barriers became
degraded to the point that uncontrolled release might occur.

The long-term distinction between the two cor < 'nment categories is
greater. Surveillance and monitoring would be nee '->'• for both categories.
Periodic corrective action, with a resultant cumulative expense that could
become quite high, would be inevitable for containment without future dis-
persal. A properly designed and constructed disposal facility for containment
with monitored future planned dispersal might not require any corrective
action, so that the cumulative future cost could be much less.

Monitoring may not be feasible for alternatives such as containerized
ocean disposal and disposal in deep geologic structures. These alternatives
are placed in the second-level category—containment with unmonitored planned
future dispersal. They are, in general, distinguished by disposal locations
that are far removed from human accessibility, so that monitoring would be
unnecessary. Any radionuclides that might migrate from the source to an
exposure point would be diluted to below background contributions from other
natural sources before reaching a location where human exposure might occur.

The third-level classification for containment categories deals with
finer distinctions between the second-level classification and approaches the
point of identifying specific alternatives, although even at this level the
list must be regarded as a set of categories rather than specific alternatives.
(Specific alternatives for most categories in Table 3.1 are discussed in the
literature [Macbeth et al. 1978, 1979; U.S. Nucl. Reg. Comm. 1981; U.S. Dep.
Energy 1982b].) Some third-level containment alternatives, such as institu-
tional controls only and in-situ stabilization, do not provide barriers with
sufficient integrity to be suitable for permanent maintenance. These alterna-
tives, therefore, are included only in the second-level category of containment
with planned future dispersal.

The immediate-dispersal alternatives (ocean dispersal and land dispersal)
do not require near-perpetual caretaker activites because radionuclides are
dispersed immediately to near-background concentrations.

In analyzing disposal alternatives for FUSRAP wastes, it is necessary to
be cognizant of the compatibility of waste form with disposal alternative.
FUSRAP wastes are basically soil material and rubble containing trace amounts
of radionuclides. These wastes are in a bulk form which would make dispersal
very feasible. Should the containment alternatives be chosen, either with or
without planned future dispersal, some form of waste modification may be
appropriate. Waste modification can include anything from use of a standard
waste-disposal container to immobilization through fusion processes. Waste-
form modification would be a practical means of adjusting the rate of future
dispersal to ensure that the levels of radioactivity do not exceed a specified
value.



4. RADIOLOGICAL IMPACTS

Two categories of radiological impacts can occur: occupational and
general public. Occupational doses are short-term concerns that are no dif-
ferent from, and expected to be less than, occupational doses for currently
operating near-surface disposal-sites; they will not be considered here. The
items of concarn are the individual and collective radiation doses to the
general public in the long-term, especially the dose to the "maximally exposed
individual". Annual short-term doses to the public, whether individual or
collective, will generally be less than the corresponding long-term doses.

The potential radiological impacts depend on the condition of the dis-
posal site, on the restrictions maintained for use of the site, and on the
patterns of human activity associated with use of the site. All estimates of
future radiological impacts are contingent on a "scenario" that defines these
conditions. A number of scenarios were considered, including those used in
previous studies (U.S. Nucl. Reg. Comm. 1981). An Intruder-Agriculture (IA)
scenario was selected for the analysis for the maximally exposed individual.

In the IA scenario a family, unaware of the presence of the wastes, makes
use of the site for a family farm. Specifications for the scenario include:
thu FUSRAP wastes are unprotected by any soil or other cover; the house,
farmyard, family garden, pasturage for a milk cow and animals used for meat,
and a farm pond used for livestock water and to raise fish for family consump-
tion are all located in the contaminated area; and the family obtains its
drinking water from a well at the edge of the contaminated area on the down-
gradient side. The scenario also assumes that a small child will ingest soil
from th° contaminated area.

The IA scenario is improbable, but not incredible, except for those few
sites in which the contamination is entirely in an existing structure and
there is no ground contamination. It satisfies two key requirements: no
credible scenario that would lead to a larger individual dose was found, and a
defensible basis for asserting that the IA scenario would not occur could not
be found. It is applicable both to the no-action alternative and, in the
long-term if records of site use for waste disposal are lost, to all near-
surface stabilization/disposal alternatives. It provides a base case that can
be used as a starting point for a comparative analysis of the impacts of
waste-disposal alternatives.

The nine major pathways shown in Figure 4.1 were identified, and the
source-to-dose (D/S) conversion factors for each pathway were calculated for
radionuclides of the U-238 series. A calculation by means of standard methods
in common use was done first; the results of this calculation were then cor-
rected for cumulative errors from the many different models, data, and assump-
tions involved in a detailed environmental pathway analysis by means of an
adaptation of the natural analogue method introduced by Cohen and Smith (1982).
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Source Source-to-Exposure Analysis Pathway Exposure
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Onsite Ground Radiation - ground —
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Onsite Air Contamination

• Soil Particles

• Radon

Exposure
from

External
Radiation

Exposure
from

Inhalation

Plant Crops

I
plant

Livestock Milk

- J Fish

Onsite Biotic Contamination

soil

Onsite Water Contamination water

Exposure
from
Food,
Water
and
Soil

Ingestion

Exposure-to-Dose Analysis

•£.£<=

n o 2

ti-l's*
5^1

Figure 4.1. Major Pathways to the Maximally Exposed Individual.
Source: Gilbert et al. (1983).

Application of the natural analogue method is the crucial part of the
analysis and involves two steps. One step is a calculation, using the same
methods, of D/S factors for an average individual for a hypothetical FUSRAP
site in which the contaminated area extends over a sufficiently large area to
obtain source terms and dispersion mechanisms that are the same as for
naturally occurring radionuciides. The other step is a calculation of average
D/S factors for naturally occurring radionuclides using data on average soil
concentrations, radionuclide intake by?ingestion, and resulting internal body
burdens. The ratios of the D/S factor^ obtained from the second step to those
obtained from the first step provide correction factors that can be applied to
the calculated D/S factors for a maximally exposed individual at a representa-
tive FUSRAP site in order to obtain more realistic values. The D/S factors
obtained in this manner for Ra-226 and decay products, based on a preliminary
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assessment (unpublished)* of the radiological impacts from FUSRAP wastes, are
tabulated in Table 4.1. (See Table S2.1, Section S2, for D/S factors based on
the final assessment.)

The indoor working level (WL) for radon inhalation, based on modeling and
available data for working levels in various buildings, is estimated to be
0.0009 WL/(pCi/g) relative to the concentration of Ra-226 in the FUSRAP wastes.**

If the D/S factors in Table 4.1 are applied to the current DOE radiation
protection standards for the maximum permissible individual doses in uncon-
trolled areas (which are 500 and 1500 mrem/yr for the whole body and bone,
respectively) in order to obtain generic soil concentration limits for Ra-226,
one obtains 18 and 9 pCi/g, respectively. If the E/S factor for radon is
applied to the currently proposed EPA standard for buildings of 0.03 WL
(40 CFR 192), a limit of 33 pCi/g is obtained. It should be emphasized that
these are generic limits based on a generic analysis that has been "calibrated"
by means of natural analogue data and calculations.

The dose to the maximally exposed individual is the measure used in risk
assessment for the high-consequence, low-probability events; it is the quantity
of primary regulatory concern and reflects the risk most likely to arouss
public concern. The probability is difficult to determine and is not needed
for comparative assessments of alternatives because it is the same for all
alternatives for which the IA scenario is applicable. It is quite low because
the probability that the IA scenario will be realized is small and the number
of individuals involved in the scenario is small. The measure used for risk
assessment of the average events (which are dominated by low-consequence,
high-probability events) is the population dose.

The population dose has been estimated for the no-action case for an
assumed population of 2 x 1Q6 individuals living within 80 km of the site.
The annual bone dose in the long-term is estimated to be about 20 person-rem/yr
for the entire population. In order to place this dose in perspective, it
should be compared to the corresponding bone dose of about 3 x 10= person-rem/yr
from natural background radiation. Thus, if no action were taken and there
were no protective cover, the population dose from FUSRAP wastes would be
about ten thousand times smaller than the natural-background population dose.

The radiological hazard from most FUSRAP wastes, those for which the
primary contaminant is U-238 and its decay products, will not diminish appre-
ciably by radioactive decay for billions of years. This does not, however,
imply that the hazard is a permanent one. It can be eliminated by dispersal
of the radionuclides until incremental concentrations in the environment are
negligible compared to the natural background. The most likely mechanisms by
which this may occur are erosion and leaching.

Erosion is likely to occur, primarily by water action. Water erosion
rates can vary widely depending on the rainfall, slope, vegetative cover, and

*The preliminary assessment was based on an early draft (July 1982) of a
pathway analysis by Gilbert et al. (1983).

x*The value of 0.0009 WL/(pCi/g) is based on a preliminary assessment (see
preceding footnote). The revised estimate is 0.0016 WL/(pCi/g).
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Table 4.1. Source-to-Dose (D/S) Conversion Factors for
Ra-226 and Decay Products for the Maximally Exposed

Individual at a Representative FUSRAP Site*

Dose (mrem/yr) to
Maximally Exposed Individual

per pCi/g of Ra-226
in the Wastes**

Pathway

External Radiation

Ground

Air:

Dust

Radon

Internal Radiation

Inhalation:

Dust

Radon

Ingestion:

Water

Plant

Meat

Milk

Fish

Soil

TOTAL

Whole Body

10

1 x 10-6

0.08

0.004

4

9

0.06

0.2

0.4

4

28

Bone

10

2 x 10-6

0.09

0.05

0.1

35

80

0.6

1.4

4

39

170

*For exposed homogeneous wastes, i.e., in the absence
of protective cover but without "hot spots".

**The D/S factors in this table are based on an early
draft (unpublished) of an assessment of the radio-
logical impacts from FUSRAP wastes (Gilbert et al.
1983). In the revised assessment, the whole-body
dose is 21 mrem/yr rather than 28 mrem/yr, and the
bone dose is 87 mrem/yr rather than 170 mrem/yr
(see Table S2.1, Section S2).
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other factors; a typical rate for climax vegetation on a 5% slope in the East
is about 0.05 mm/yr (Knight 1982). This rate would disperse all wastes at a
representative FUSRAP site in 30,000 years. Other conditions, such as row-
crop agriculture and a greater slope, or formation of gullys, could decrease
the time by as much as a factor of 100 or more. Soil or clay cover would
increase the time by a factor proportional to the cover thickness.

Leaching will lead to an exponential decrease of the radionuclide con-
centrations in the wastes. Leaching rates may vary over several orders of
magnitude; there is very Ir'.tle data for them, and the mechanisms are poorly
understood. Estimates of time for the radionuclide concentrations in the
wastes to decrease by a factor of one-half by leaching alone vary from some-
what less than 1,000 years to more than 100,000 years (Gilbert et al. 1983).

For a carefully planned site, dispersion by natural mechanisms could
eventually eliminate the hazard while maintaining the incremental increase in
offsite radionuclide concentrations to values that were comparable to or less
than the prevailing background levels. In a poorly planned site, the disper-
sion might lead only to transport of the radionuclides offsite without adequate
dilution.

A key issue for comparing alternatives is the reduction in the radio-
logical hazards for waste-disposal alternatives in which the waste is covered
and the cover is maintained (or erosion does not occur). If the cover is
sufficient to prevent crop roots from reaching the contaminated material, it
will effectively eliminate the contributions from most of the pathways by
reducing them to background levels. The dose contributions from external
ground radiation; radon emanation; plant uptake; meat, milk, and fish contami-
nation; and soil ingestion will all be reduced to background levels. The only
remaining pathway of any significance is the water ingestion pathway.

A small leach rate and a large radionuclide migration rate in the under-
lying aquifer are the favorable conditions for reducing the D/S factor for the
water pathway. This reduction can be accomplished by reducing the ratio of
the retarded permeability of the cover to the retarded permeability of the
aquifer. (The retarded permeability is the hydraulic conductivity divided by
the product of the retardation factor and effective porosity.) A reduction of
many orders of magnitude can be achieved if this ratio can be made small—and
kept small by proper maintenance of the cover. (A clay liner can also be
used, but must be designed with care because a liner that is less permeable
than the cover can lead to a "bathtub effect" in which the clay-lined disposal
trench fills with water and overflows, thereby increasing the leach rate.) It
should be noted, however, that a failure of the cover that affected the water
pathway (e.g., by cracks or animal burrows that permit water to reach the
waste and increase the leach rate) is much less likely to be detected and
corrected than a failure that would affect the other pathways (e.g., by
erosion that reduced the cover thickness to the point where roots could reach
the waste).

The dispersal alternatives, if properly carried out to dilute the con-
tamination to near-background levels, would reduce the the maximally exposed
individual dose to an incremental value that was less than the average natural
background dose. Land dispersal would increase the incremental population
dose (by a factor of about 3), but it would still be insignificant compared to
background.



5. COMPARISON OF ALTERNATIVES

The radiological impacts, costs, and requirements for future actions
following disposal of the FUSRAP wastes for the various alternatives are given
in Table 5.1. Since detailed analyses of these alternatives have not yet been
performed, this comparison is by necessity qualitative. For purposes of
comparison, the baseline alternative is taken to be near-surface, offsite
containment without future dispersal. The only radiological impacts (doses)
considered are those incurred in the long-term by the maximally exposed indi-
vidual. The population doses will all be insignificant compared to background
(see Section 4). The costs are divided into short-term costs required to
implement the alternative and long-term costs associated with future surveil-
lance, monitoring, and maintenance to ensure the integrity of the disposal
site.

The large uncertainties are taken into account differently for radio-
logical impacts and cost estimates in order to obtain conservative estimates.
For radiological impacts, it is assumed that institutional controls can fail
and that the IA scenario is applicable at any time after 1000 years. For
costs it is assumed that institutional controls do not fail, so that surveil-
lance, monitoring, and maintenance continue throughout the long-term or until
the radionuclides are dispersed. If, therefore, the maximum radiological
impacts were realized, the maximum costs would not be, and vice versa.

The results of Table 5.1 can be summarized as follows:

• Near-surface containment without dispersal would be one of the
more expensive alternatives due to the requirement of an active
surveillance, monitoring, and maintenance program, and would
not result in a cost-commensurate radiation dose reduction.

• The immediate-dispersal options are preferable to the contain-
ment options in terms of lower costs and radiological impacts
to the maximally exposed individual.

It should be noted that if it were possible to ensure the integrity of
the engineered barriers for the containment options ad infinitum, these options
woula have the lowest radiological impact but would be very expensive.

5-1
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Table 5.1. Comparison of FUSRAP Waste-Disposal Alternatives

Alternative

Long-Term
Radiological

Impacts*

Future
Commitment
Required**

Costs

Termt
Long-
Termtt Total

No Action

OnsHe Containment

Without Future Dispersal:

Above-surface containment

Near-surface containment

With Monitored Future Planned Dispersal:

Institutional controls only

In-situ stabilization

Above-surface containment

Near-surface containment

Offsite Containment

Without Future Dispersal:

Above-surface containment

Near-surface containmentTtt

Intermediate-depth containment

With Monitored Future Planned Dispersal:

Above-surface containment

Construction use

Near-surface containment

Intermediate-depth containment

With Unmonitored Future Planned Dispersal:

Containerized ocean disposal

Deep geologic disposal

Offsite Immediate Dispersal

Ocean Dispersal

Land Dispersal

Same None Lower None Lower

Same
Same

Same

Same

Same

Same

SMM
SMM

SMM

SMM

SMM

SMM

Lower
Lower

Lower

Lower

Lower

Lower

Same
Same

Lower

Lower

Lower

.ower

Lower
Lower

Lower

Lower

Lower

Lower

Same
-

Same

Same

Same

Same

Same

Lower

Lower

Lower

Lower

SMM
SMM

SMM

SMM

SMM

SMM

SMM

None

None

None

None

Higher
-

Higher

Higher

Lower

Same

Higher

Higher

Higher

Higher

Higher

Same
-

Higher

Lower

Lower

Lower

Lower

None

None

None

None

Higher
-

Higher

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Comparisons represent assessments of impacts (doses to maximally exposed individual) that
could occur at any time over a period extending from breakdown of institutional controls until
the wastes are completely dispersed by natural means. A "same" entry means "unable to differ-
entiate within the limits of uncertainty."

**
SMM = Surveillance, monitoring, and maintenance.

^Short-term is a period following disposal that extends to completion of disposal activities or
to site closure (10 to 30 years).

^Long-term extends from the end of short-term until the wastes are completely dispersed to con-
centrations well below background or until the end of civilization. Long-term costs are sur-
veillance, monitoring, and maintenance costs.

'"Alternative on which comparisons are based.
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BY THE FORMERLY UTILIZED SITES
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ABSTRACT

This Supplement presents refinements of work that was reported at the
1982 International Decommissioning Symposium. The new material consists of
revisions in the estimates of the predicted potential dose to the maximally
exposed individual and a more detailed comparative assessment of the radio-
logical impacts of alternatives for management of wastes generated by the
U.S. Department of Energy's Formerly Utilized Sites Remedial Action Program
(FUSRAP).



SI. INTRODUCTION

Preliminary results of an analysis of alternatives for management of
FUSRAP wastes were presented in a manuscript submitted in August 1982 for the
Proceedings of the 1982 International Decommissioning Symposium held in Seattle,
Washington, on October 10-14, 1982 (Gilbert et al. 1982). This analysis has
been extended and revised. The original manuscript is presented as Sections 1
through 6 of this document. The new findings are summarized in this Supplement
as Sections SI through S5. The conclusions stated in the original manuscript
remain valid.

The changes presented in this Supplement are in the estimates of the
radiological impacts from the radioactive residues in the soil materials at
sites that have been identified for the Formerly Utilized Sites Remedial
Action Program (FUSRAP) of the U.S. Department of Energy. The radiological
impact assessments in the manuscript submitted in August 1982 were based on a
draft version (unpublished), prepared in July 1982, of an analysis of the
potential individual radiation doses from FUSRAP wastes. The radiological
impact assessments in the supplement are based on the final version that was
completed in March 1983 (Gilbert et al. 1983).
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S2. RADIOLOGICAL IMPACTS

The revised estimates of the radiological impacts are based on the D/S
conversion factors reproduced in Table S2.1. These factors are the ratio of
the radiation dose rate (D) in mrem/yr for the maximally exposed individual to
the concentration (S) in pCi/g of a radionuclide present in the soil material
of a typical FUSRAP site. The size of a typical contaminated region (waste
field) is assumed to be 140 m x 140 m in area and 1.5-m deep. The D/S factors
correspond to the no-action alternative for a site with a waste field of this
size exposed at the ground surface. The estimates are based on the IA scenario
described in Section 4. Table S2.1 supersedes and replaces Table 4.1 of this
document.

The source-to-dose conversion factors may be used to determine guidelines
for the limiting concentrations of radionuclides in the soil. These guide-
lines are defined in such a manner that if a soil guideline is not exceeded,
a specified exposure or dose limit is not likely to be exceeded. Listed in
Table S2.2 are the soil guidelines that, would apply to a model FUSRAP site
under the no-action alternative for (a) current EPA building-cleanup regula-
tions for indoor exposure to radon and (b) current DOE regulations for dose
limits in uncontrolled areas.

The half-lives of the principal radionuclides are 4.5 x 109 years (U-238),
77,000 years (Th-230), and 1,600 years (Ra-226). If all three principal
radionuclides are present in the wastes in secular equilibrium, the rate of
decrease in the concentration of all radionuclides will be controlled by the
rate of decrease in the concentration of U-238, which is completely negligible
insofar as any future reduction in the radiological hazards by radioactive
decay is concerned. If the U-238 and U-234 are not present, then the concen-
tration of Th-230 (and all of its decay products if they are, initially, in
secular equilibrium with Th-230) will decrease to 91%, 41%, and 0.01% of its
initial value in 10,000, 100,000, and 1,000,000 years, respectively. If
Ra-226 is present without U-238 or Th-230, it will decrease to 65% and 1.3% of
its initial value in 1,000 and 10,000 years, respectively. At most FUSRAP
sites, Ra-226 is in near-secular equilibrium with Th-230 and thus the decrease
in concentration of Ra-226 by radioactive decay is controlled by the rate of
decay of Th-230.

If a radionuclide is present without decay products, then the time for
its decay products to reach a given fraction of the activity concentration of
the parent by ingrowth is equal to the time for the longest-lived decay product
to be reduced by the complementary fraction by radioactive decay. Thus, if
U-238 and U-234 are present without decay products,* the concentration of

*The times will be much longer for U-238 alone because the rate of ingrowth
will then be controlled by U-234, which has a half-life of 244,000 years.
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Table S2.1. Mean Estimates of the Source-to-Dose (D/S) Conversion
Factors for the Maximally Exposed Individual at a Model

FUSRAP Site for the Principal Radionuuclides
in the U-238 Decay Series

Radionuclide
and Organ

U-238t1:

Whole body

Bone

Whole lung

Th-230f2:

Whole body

Bone

Ra-226t3:

Whole body

Bone

Whole lung

Bronchial epitheliumt4

D/S
External
Radiation

0.1
0.1
0.08

•vO

•v-0

10
11
9
-

in (mrem/yr)/(pCi/a)

Internal
Radiation

2.4
20
0.7

0.3
5

11
76
28
120

Total

2.5
20
0.8

0.3
5

21
87
37
120

t1 The total D/S factor for U-238 is the annual external dose from
U-238, Th-234, Pa-234m, and U-234 plus the annual 50-year dose
commitment from inhalation and ingestion of U-238 and U-234 per
pCi/g of U-238 in the wastes for the maximally exposed individ-
ual at a model FUSRAP site.

t2 The total D/S factor for Th-230 is the annual 50-year dose
commitment from inhalation and ingestion of Th-230 per pCi/g
of Th-230 in the wastes for the maximally exposed individual
at a model FUSRAP site. The contributions from ingrowth of
Ra-226 and its decay products are not included.

t3 The total D/S factor for Ra-226 is the annual external dose
plus tne 50-year dose commitment from inhalation and ingestion
of Ra-226 and all of its radioactive decay products (Rn-222,
Po-212, Pb-214, Bi-214, Po-214, Pb-210, Bi-210, and Po-210)
per pCi/g of Ra-226 in the wastes for the maximally exposed
individual at a model FUSRAP site.

t4 The dose to the bronchial epithelium is primarily from inhala-
tion of airborne decay products of Rn-222. The ratio of the
exposure, expressed as the radon working level (WL), to the
concentration of Ra-226 in the wastes is estimated to be
WL/S = 0.0016 WL/(pCi/g) indoors.
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Table S2.2. Three Radiation Protection Standards and Generic Soil
Guidelines for FUSRAP Sites for the No-Action Alternative!1

Radiation Corresponding Generic
Protection Standard Radionuclide Soil Guidelines (pCi/g)t2

0.03 WL radon decay product
exposure!3 Ra-226 19

1500 mrem/yr bone dosef4 U-238 75
Th-230 300t5

Ra-226 17

500 mrem/yr whole-body doset4 U-238 200
Th-230 1700t5

Ra-226 24

t1 If the radionuclide concentration in the soil at a model FUSRAP site
does not exceed a generic soil guideline, then the exposure or dose is
unlikely to exceed the exposure or dose from which the guideline is
derived. The model site is chosen to represent a typical FUSRAP site.

t2 Calculated from radiation protection standards using the D/S factors
from Table S2.1.

t3 U.S. Environmental Protection Agency standard: 40 CFR 192, Health and
Environmental Standards for Inactive Uranium Mill Tailings (includes
background).

t4 U.S. Department of Energy standard: Requirements for Radiation
Protection, DOE Order 5480.1A, Chapter XI, August 1981 (above
background).

t5 This guideline applies only for the near term, before any significant
ingrowth of Ra-226 has occurred. The risk from Th-230 will be deter-
mined by the concentration of its decay products (Ra-226 and subsequent
decay products) for time periods greater than about 100 years. The soil
guidelines for Th-230 in the long term are the same as the soil guide-
lines for Ra-226.

Th-230 (and all of its decay products) will attain 9%, 59%, and 99.99% of the
concentration of U-234 in 10,000, 100,000, and 1,000,000 years, respectively;
and if Th-230 is present alone, the concentration of Ra-226 and all of its
decay products will reach 35% and 98.7% of the concentration of Th-230 in
1,000 and 10,000 years, respectively.

If measures to prevent erosion or provide for controlled dispersal are
not implemented, uranium ore and ore-processing residues at FUSRAP sites—
which constitute the major part of FUSRAP wastes—will remain hazardous until
they are dispersed by erosion or removed by leaching and dispersed. The time
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for complete dispersal by erosion to occur at a typical FUSRAP site is esti-
mated to be about 30,000 years for a site with a 5% slope and climax growth
(Knight 1982; Gilbert et al. 1983). This wculd decrease to about 4,000 years
if the ground cover were permanent pasture and could be as short as about
500 years if the land were used for row-crop agriculture. The above ranges
are based on sheet4 or rill erosion; the times could be much shorter if gully
erosion occurred. These conclusions apply to U-238 decay series radionuclidei
for which the diffusion model is the most realistic description of the leachii
process. For man-made radionuclides that are present at a few sites and for
which the ion-exchange model is more realistic, some will be eliminated by
radioactive decay in a few hundred years (e.g., H-3, Sr-90, and Cs-137);
others may be removed by leaching.

The estimated time for dispersal by leaching into the groundwater depend!
on the leaching mechanism. If the leaching mechanism is by ion exchange of
radionuclides adsorbed on the surface of soil particles, which is the mecha-
nism by which radionuclides migrate through an aquifer, the D/S factors in
1,000 years would be reduced to about 10% of the initial value for U-238 and
to about 20% of the initial value for Ra-226. The reduction for Th-230 would
be negligible. In 10,000 years, the reduction would still be negligible for
Th-230 whereas the D/S factors for U-238 and Ra-226 would be reduced to less
than 1% of their initial values (except for the water pathway, for which the
D/S factor does not reach a maximum value and start to decrease until after
the radionuclides have been leached from the waste field).

If the leaching is by a diffusion process, with diffusion coefficients
comparable to those obtained from laboratory measurements on ore-contaminated
soils, the leach rates would be slower by a factor of 10-4 or less, and the
reduction in the D/S factors from leaching would be negligible in a period of
10,000 years.

The leaching rate at FUSRAP sites contaminated by ore or ore-processing
residues is expected to be closer to the rate predicted by the diffusion model
than to the rate predicted by the ion-exchange model, but somewhat faster
because laboratory measurements do not take into account the effect of some o1
the biological, chemical, and physical processes that occur under field condi-
tions but not under laboratory conditions.

The three critical factors that enter into all comparative assessments o1
FUSRAP waste management alternatives are: the effectiveness of institutional
controls; the thickness of clean material placed over the wastes; and the
permeability of the cover material. Other factors are of major importance
only insofar as they affect these three factors.

Institutional controls are important for precluding the occurrence of
intruder scenarios. Inadvertent intrusion would not occur as long as the
controls remained in effect. Compared to the no-action alternative, this
would reduce exposure to the radionuclides by one to two orders of magnitude
by eliminating or greatly reducing all pathway contributions except the drink-
ing water pathway for a near-site well. The dose to a transient inadvertent
intruder (e.g., a person who intrudes out of curiosity or for recreational
activities such as hunting) would be lower than the dose to a permanent
intruder by two orders of magnitude or more. The results presented in
Tables S2.1 and S2.2 are based on a permanent intruder scenario.
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The dominant contributions from exposed FUSRAP wastes are from the plant
pathway (ingestion of plant food raised in a garden planted in the waste •
field) and the radon inhalation pathway (airborne radon decay products inside
a residence located in a contaminated area containing radium). The dose from
the plant pathway would be substantially reduced (by a factor of 10 or more)
by a cover layer of 2 m of clean soil; the dose from the radon pathway would
be similarly reduced by a layer of 2 m of clean soil below the floor (which
would be 1 to 2 m below grade level if there were a basement). The contribu-
tion from the water pathway (which will, under typical conditions, be much
smaller than the plant and radon pathway contributions) would also be reduced
by a comparable amount if the cover were clay with a very low hydraulic conduc-
tivity. These reductions would, however, continue to be realized only if the
cover were maintained to prevent erosion. In order to prevent contamination
of the groundwater, it would also be necessary to prevent root penetration and
animal burrowing that would otherwise allow water to infiltrate into the wastes.

Under the planned dispersal alternatives, it would be necessary to maintain
the site for more than 10,000 years if leaching were the dispersal mechanism
utilized and the contamination were from ore or ore-processing residues. The
time could be shorter for man-made radionuclides for which leaching from soil
material occurs primarily by ion exchange. If dispersal were by erosion, it
would be necessary to control and monitor the dispersal until all radionuclides
were dispersed. The problems of ensuring that the rate of dispersal did not
exceed acceptable limits during the dispersal period would be complex and
difficult (and are beyond the scope of this study), but should be considered
in the context of the problems of maintaining the integrity of the containment
for the duration of the hazard.

For a quantitative comparative assessment, more detailed specification of
the alternatives would be needed with regard to the nature of the controls,
cover thickness and permeability, and measures to maintain the controls and
cover or to control dispersal. However, a ranking of some categories of waste
management alternatives with respect to the long-term radiological impacts may
be made on the basis of qualitative considerations. This ranking, given in
Table S2.3, is based on the considerations given in the following text.

If the alternatives are ranked with respect to the long-term radiological
impacts to the maximally exposed individual, the no-action alternative would
have the greatest impact and has, therefore, been given the lowest ranking.
Institutional controls are ranked next lowest. In ranking in-situ stabili-
zation above institutional controls, it is assumed that institutional controls
are also imposed. It is also assumed that in-situ stabilization allows for
planned, slow dispersal. Comparable institutional controls are postulated for
containment with planned dispersal. Containment with planned dispersal is
ranked above in-situ stabilization on the assumption that the cover thickness
will be greater and that some gain should be realized in the design and (for
offsite containment) selection of the site.

The differences in the generic estimates for the long-term radiological
impacts to the maximally exposed individual for the remaining containment
alternatives are less than the uncertainties. All containment alternatives
that involve more elaborate measures than in-situ stabilization have, therefore,
been grouped together and given the same ranking. The long-term radiological
impacts for containment without dispersal include the occupational exposure
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Table S2.3. Ranking of Several Categories of Alternatives for
Managing FUSRAP Wastes with Respect to Long-Term Radio-

logical Impacts to the Maximally Exposed Individual

Ranking Waste Management Alternative*

1 Immediate dispersal

2 Containment (with or without planned slow dispersal)

, 3 In-situ stabilization**

4 Institutional controls only

5 No action

*Alternatives are ordered according to long-term radiological
impacts to the maximally exposed individual from the smallest
radiological impact (immediate dispersal) to the largest radio-
logical impact (no action). Short-term radiological impacts
are not included.

^Institutional controls and planned, slow dispersal are assumed
for in-situ stabilization.

associated with maintenance activities; this exposure would offset any public
exposure from containment with planned dispersal, and may even result in a
greater exposure. The long-term dose to the maximally exposed individual for
the immediate dispersal alternative would be an extremely small fraction of
the natural background dose. Immediate dispersal has, therefore, been given
the highest ranking. The radiological impacts for ocean dispersal are expected
to be less than for land dispersal.

The scale for the rankings is not uniform. The largest difference is
between no action and institutional controls only; this difference is con-
sidered to be significant. The difference between the long-term impacts for
the containment and immediate dispersal alternatives is not considered to be
significant.

Only the long-term potential dose rates for the maximally exposed indivi-
dual have been taken into account in determining the rankings (Table S2.3).
The short-term potential dose rates will be primarily from the occupational
dose. There will be essentially no occupational doses for no action and
minimal doses for institutional controls only, and these doses will be less
for onsite containment (which includes in-situ stabilization) than for offsite
containment. Occupational doses are expected to be comparable for the con-
tainment and ocean-dispersal alternatives, and greatest for immediate dispersal
onland. Thus, ranking on the basis of occupational dose alone would be the
reverse of that given in Table S2.3 for the long-term dose to the maximally
exposed individual.
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The population dose is determined by wind and water dispersal of the
radionuclides. Preliminary estimates indicate that the population dose within
80 km of the site would be about 0.01% of the background dose for exposed
waste. The differences in population doses for the different alternatives
would result primarily from the time at which they occur; in the long term,
they are expected to be the same for the different alternatives within the
range of uncertainty with which they may be estimated.



S3. COST COMPARISONS

The waste management alternatives defined and discussed in the original
version of this study (Sections 1 through 6 of this report—originally pre-
sented by Gilbert et al. 1982) have been regrouped into categories in order to
simplify the cost comparison. This simplified cost comparison is presented in
Table S3.1 (Tables S2.3 and S3.1 supersede Table 5.1 of this report). The
highest-cost alternative—containment without future dispersal (see Section 5 ) —
is used as the baseline case. The comparative cost estimates are based on
very general considerations.

The short-term costs will obviously be less if the wastes are not removed
to another location. The cost difference between containment without dispersal
and containment with planned, monitored dispersal is evident only in the long
term; in the short term, the costs are the same. Planned, unmonitored dispersal
would be used for disposal in deep geologic repositories or containerized
ocean disposal, which are obviously more costly. Immediate dispersal would
also involve additional facilities and equipment that can be expected to be
comparable in cost to containment in the short term.

The long-term costs are determined by the duration and extent of the
required surveillance, monitoring, and maintenance. There is no commitment to
these future actions for the no-action alternative; for planned, unmonitored
dispersal; or for immediate dispersal—the only costs for these alternatives
would be short-term costs. The duration of the commitment would be limited
for containment with planned, monitored dispersal; the commitment would end
when natural dispersal processes had reduced the concentration of the radio-
nuclides in the waste field to acceptable levels for no further action.
Furthermore, if the planning and design were adequate, the future commitment
might require nothing more than occasional surveillance for obvious changes
such as gully erosion or permanent intruder action. Monitoring would be
undertaken only if the surveillance indicated the need, and maintenance only
if the monitoring revealed that the rate of dispersal was sufficiently above
the planned level to constitute a public health hazard. Containment without
future dispersal would inevitably require future maintenance as well as a
commitment to surveillance and monitoring and, therefore, would be the most
costly alternative.
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Table S3.1. Cost Comparison of Alternatives
for Management of FUSRAP Wastes

Waste Management Alternative

No Action

Onsite Limited Action**

Onsite Containment
Without dispersal
Planned, monitored dispersal

Offsite Containment
Without dispersal
Planned, monitored dispersal
Planned, unmonitored dispersal

Immediate Dispersal

Future
Commitment*

None

S

SMM
S

SMM
S
None

None

Short-
Term

None

Lower

Lower
Lower

Costs
Long-
Term

None

Lower

Same
Lower

Baseline Case-
Same Lower
Higher None

Same None

Total

None

Lower

Lower
Lower

Lower
Lower

Lower

*S = Surveillance, with possible monitoring and maintenance;
SMM = Surveillance, monitoring and maintenance.

**Institutional controls only or in-situ stabilization.



S4. CONCLUSIONS

On the basis of the preceding considerations and the comparisons in
Tables S2.3 and S3.1, the conclusions may be restated as follows.

• Containment without dispersal appears to be the least attractive
alternative because active surveillance, monitoring, and main-
tenance would be required until the "end of civilization" and
the radiological impacts would not be significantly less than
for other alternatives.

• Immediate dispersal may be preferable to offsite containment
because it results in a comparable or lower radiation dose to
the maximally exposed individual in the long term and no
surveillance, monitoring, or maintenance is needed.

• Onsite containment with institutional controls only or in-situ
stabilization are the most attractive alternatives for many
FUSRAP sites because they are the least costly and can provide
adequate protection of public health and safety if the radio-
nuclide concentrations in the FUSRAP wastes are not excep-
tionally high.

These conclusions are based solely on a comparison of the radiological
impacts and costs. They do not take into account land-use agreements, legal
necessities, or public attitudes and perceptions—all of which must be weighed
in the selection of an appropriate alternative for management of FUSRAP wastes.
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