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EPA NOTICE

This report has been written as a pert of the activities of the
Agency's Science Advisory Roard. a puhlic advisory group providing I
extramural scientific information to the Administrator and other offi-
cials of the Environmental Protectlon Agency. The Board is structured
to provide a balanced expert assessment of scientific uatters related
to problems facing the Agency. The contents do not necessarily repre-
sent the views and policies of the Environmental Protection Agency.
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SECTinN II

EXECUTIVE SUWMARY

The High-Level Radioactive Waste Disposal Subcommittee (HLRW) of
the Executive Committee of the Science Advisory Board (SAS) has com-
pleted an extensive review of the scientific and technical basis for
EPA's proposed rule for the disposal of high level radioactive wastes,
the highlights of Feich are presented in this summary.

Technologies now exist for thp disposal of such wastes, and stan-
dards adopted for them should strike an appropriate balance between
conservatism and practicality. Overall, the Subcommittee is confident
that. consistent with the intent of this standard-setting program, the
job of disposing of high-level radioactive waste can be achieved with
reasonable assurance for the well-being of present and future genera-
tions.

The Subcommittee supports the general form of the proposed Stan-
dards, including (a) the use of a societal objective as an upper bound
of acceptable health (cancer and genetic) effects, (b) the focus on
performance standards in terms of release limits rather than individual
exposures, (c) the reference level of the initial 10,000 year time
frame applicable to both the societal objective and the release limits,
(d) the use of a probahilistic approach, and (e) the use of qualitative
assurance requirements, as modified by the Suhcomnittee, but issued as
Federal Radiation Protection Guidance to other Federal agencies in lieu
of inclusion in the proposed rule.

The Subcommittee, while accepting the general form of the proposed
standards, recommends several changes in the standards and improvements
in the supporting methodology. The principal recommendations are high-
lighted in the following summation. A more comprehensive and detailed
presentation of these and other major recommendations can be found in
Section IV, Major Findings and Recommendations.

A. The Standard

1. The Subcommittee recommends that the release limits specified
in iable 2 of the proposed standards he increased by a factor of
ten, thereby causing a related ten fold relaxation of the proposed
societal objective (population risk of cancer).*

* Two members of-the Subcommittee, Dr. Lash and Dr. Giletti,
dissent from this view. They believe that the Office of
Radiation Programs' more stringent standard is justified
and can be met by sufficient numbers of proposed disposal
sites.
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The Subcommittee notes that the proposed release limits are direct-
ly related to the societal objective of not exceeding 1,000 deaths in
10,000 years, and thus, compliance with this recommendation carries
with it. a related ten fold increase in the societal objective. The
relaxation of the release limits is, in the Subcommittee's opinion,
justified for the following reasons. First, the proposed release limits
in Table 2, and therefore the proposed societal objective, are consider-
ahly more stringent than those standards generally required or adopted
in today's society (see for Instance Table A on page 12 of this report).
Second, in addition to the fact that some of the cancer deaths which
might result from these releases are calculated using conservative
assumptions that probably overestimate the number, some of these deaths
would have resulted at least in part from the unmined ore from which
the wastes were subsequently'generated, and thus are substitutional
rather than additional in nature. Third, the Subcommittee believes
that the compounding of conservatism by EPA in the choice of probabili-
ties and specific model parameters used throughout the analysis is not
warranted.

EPA should also clarify the analytical framework that forms the
basis for the limits in Table 2 of the proposed standards. The Sub-
committee believes that such clarification will help to establish
clearly the relationship between the release limits and the societal
objective, and will facilitate future amendments to the standard as
knowledge increases regarding radiation health effects or radionuclide
mrigration In the biosphere.

Note: In Section IV, §704odels) and #13(Geochemical Data), the
Subcommittee has recommended that EPA make certain specific changes
and corrections to their predictive models. Some of these changes
will result in changes to the release limits for individual radionu-
clides given in Table 2 of the proposed standards, and will he separate
from the ten-fold change in the release limits recommended above. The
Subcommittee believes that the changes in the release limits, resulting
from the changes to thp predictive models, are independent of and would
not lead to additional rodification to the proposed societal objective
beyond the ten fold increase discussed above.

B. tUncertainty and the Standard

-1. We recommend that tho probabilistic release criteria in the
draft standarl he modified to read n of repository perfor-
mance shall demonstrate that there Is less than a 50% chance of
exceeding the-Table 2 limits, modified as is-appropriate. Events
whose median frequency is less than one in one-thousand in 10,000
years need not be considered."

2. We recommend that use of a quantitative probabilistic condi-
tion on the modified Table 2 release limits be made dependent on
EPA's ability to provide convincing evidence that such a condition
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is practical to meet And will not lead to serious impediments. le-
gal or otherwise, to the licensing of high-level-waste geologic re-
positories. If such evidence cannot be provided, we recommend that
EPA adopt qualitative criteria. such as those suggested by the NRC.

The Subcommittee believes that thp nodiflel probabilistic 'criteria
will make the proposed standards more practical to apply without undue,
time-consuming disagreements. Further risk studies need to be performed
and subjected to systematic, critical evaluation in order to establish
a more acceptable probabilistic basis for the standard.

C. The Time Frame - lfofO years and Beyond

1. We recommend that EPA retain the 10,O0O-year time period as
the basis for determining the adequacy of repository performance.
We believe that use of formal numerical criteria limited to this
approximate time period is a scientifically acceptable reculatory
approach.

2. We recommend that the process of selection of sites for dis-
posal systems also take into account potential releases of radio-
activity somewhat beyond 10,000 years. Particular attention should
be focused on potential relases of long-lived alpha- emitting
radionuclides and their decay products.

Although the selection of a time frame is in large part arbitrary,
we endorse EPA's choice of lonoo years. Modeling and risk assessments
for the time periods involved in radioactive waste disposal require ex-
tension of such developing techniques well beyond usual extrapnlations;
however, the extension for 10,000 years can be made with reasonable
confidence. Also, the period of 10,000 years is likely to be free of
major geologic changes, such as volcanism or renewed glaciation, and
with proper site selection the risk from such changes can be made neg-
ligihle. Potential radionuclide releases will not stop with 10,000
years, however, but may continue in amounts equal to or exceeding those
estimated for the initial period.

The degree of confidence with which impacts can be modeled much
further in the future is much less certain. We do not recommend de-
tailed modeling calculations regarding post-lO,000 year releases, but
estimates should he made, and should be considered as factors in dis-
posal site selection.

D. Population vs. Individual Risk

1. We recommend that EPA retain the use of a population risk cr1-
terion as the measure of performance for the proposed standards.

We find that an approach employing individual dose limits, i.e..
cnnsidering somp 'waximally exposed individual" or alternatively some
"average exposed individual" would. in practice, make the standard
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difficult to meet with high assurance for very long times, and that use
of a population risk approach is more practical. In our view, however,
it is important that for the first several hundred years residents of
the region surrounding a repository have very great assurance that.±bey
will suffer no, or negligible, ill effects from the repository. For
longer periods, we believe that EPA should rely on the existence of con-
tinuing requirements similar to its current drinking water standards to
protect groups of individuals.

E. Coordination of Policies and Standards

1. We recommend that EPA initiate action within the Federal Gov-
ernment for the establishment of an interagency council to coor-
dinate the development of high-level radioactive waste disposal
policy, standards,.and regulatory practices and to serve as a
forum for exchange of scientific and technological information.

Several Federal agencies are involved in the process of establish-
ing radiation protection policies, standards and operational require-
ments governing the disposal of high-level radioactive wastes, including
EPA, NRC, DOE and DOD, together with states, appropriate entities of
Congress and the Judiciary. Overlapping and independent authorities
and responsibilities exist under present laws. Conflicting terminology
and standards exist, e.g., the definitions of high-level and other ra-
dioactive wastes. Coordination of Federal policies and practices is
essential to the U.S. high-level radioactive waste disposal program.
Success of the program will depend on extensive interaction and agree-
ment among the appropriate Federal agencies. While the lead in coor-
dination could be appropriate for the NRC or DDE, the Subcommittee
feels that the obligation for achieving mutual interaction more appro-
priately belongs to the EPA under its authority to issue environmental
standards and Federal Radiation Protection Guidance.

F. Research Needs - A Matter of Priority

1. We recommend that EPA support , or encourage other agencies to
support, continuing research in technical areas where major uncer-
tainties still exist, particularly in the biological effects of
radiation, the geochemical transport of radionuclides, and the
characterization of rock-mass deformation.

The Subcommittee strongly endorses support of research aimed at
diminishing or clarifying as many of these uncertainties as can be
attacked with some hope of resolution. The research, although expen-
sive, could bring about a substantial reduction in the overall cost of
the disposal system.

G. Responses to Original Subcommittee Charge

At the time of the Subcommittee's formation, it was directed, by
the Executive Committee of the Science Advisory Board, to address six

5



a �?

(6) principal issues. Although a brief response to each charge is
presented here, the charges are broad in scope and the Subcommittee's
review of them generated a number of more explicit and specific issues
which are addressed in detail in the body of this report.

1. The scientific and technical rationale behind the choice of a
10,000 year time period as the basis for assessment of disposal
facility performance.

This issue has been addressed in C above.

2. The technical basis for the selection of the proposed perform-
ance requirements. including risk-assessment methodology, uncer-
tainties in the data and in the analytical methods, and the esti-
mation of premature deaths.

These aspects of the analysis form the basis for the proposed stan-
dards and were areas most carefully and critically evaluated by the
Subcommittee. Although the Subcommittee makes a number of recommenda-
tions regarding risk assessment, pathway and health modeling and the
need for improved documentation, we believe that Office of Radiation
Programs, EPA, has handled these subjects well and, furthermore, has
been positively responsive to the recommendations of the Subcommittee.
We think, however, that EPA has made overly conservative choices and
decisions throughout the development of the technical bases supporting
the standards, leading to overestimation of the long-term effect of
disposal, and hence that the proposed standards are too restrictive and
compliance may be difficult to verify.

3. The scientific appropriateness of concentrating on disposal in
geologic media.

This part of the charge needed no consideration by the Subcommit-
tee, since disposal in geologic media is mandated for at least the
first two sites by the Nuclear Waste Policy Act of 1982 (PL 97-425),
enacted after the charge was prepared. No member of the Subcommittee,
however, disagrees with this initial approach.

4. The validity of the conclusion that, under the proposed rule,
the risks to future generations will be no greater than the risks
from equivalent amounts of naturally occurring uranium ore bodies.

In reviewing this conclusion, we found, and EPA acknowledged,
that the comparison is uncertain because of the extreme variability of
uranium ore bodies. The Subcommittee thinks that the conclusion is
valid in a very general way, if suitably qualified, but feels that it
is unwise and not scientifically defensible to use the unmined ore as
the only reference for comparison. We recommend that the comparison be
extended to include the radioactivity of natural waters and the ambient
radiation in the natural environment.
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5. The adequacy of the economic analysis.

The Subcommittee considers there are significant shortcomings in
the economic analyses supporting the proposed standards. Since the man-
gement, storage, and disposal of high-level waste is a multi-billion
dollar venture, we believe that the shortcomings are important and
should be remedied. It is noteworthy that, even though the savings
associated with individual choices may seem relatively insignificant,
the absolute costs are so large that even small percentage savings are
worthwhile. The high absolute costs appear to be relatively independ-
ent of the proposed standard, and simply reflect the decision to use
deep mined geologic disposal sites with multiple barriers. Thus, ap-
preciable savings are not likely to be realized in terms of basic cost
by relaxation of the standards. However, the cost of demonstrating
compliance may be very high., and cost reductions that may be achieved
by sophisticated compliance demonstrations could be substantial.

We recognize the need for cost/benefit analyses, using the best
available data, but we note that a precise economic analysis will not be
possible or meaningful until it is performed upon an actual repository
at a specific site.

6. The ability of the analytical methodstmodels used in the anal-
ysis to predict potential releases from the disposal 1facilty and
their resultant effects on human health. Included would be an
evaluation of the model's ability to deal with uncertainty and the
confidence, in a statistical sense. that the model predictions are
adequate to support selection of projected performance requirements.

In general, EPA's analytical methodology and modeling used through-
out the development of the generic repository's performance, including
releases and subsequent cancer deaths,. are deemed to be conservative.
The Subcommittee makes several suggestions for specific improvements
and updating. We emphasize that modeling. including the evaluation of
uncertainty and confidence therein, is an emerging and developing tech-
nique. Adding to the uncertainties implicit in a techique that is still
under development are the multitude of poorly known factors associated
with the extrapolation in time to 10,000 years and beyond, and the prob-
lem of securing public acceptance of the standard. We believe, never-
theless, that the EPA's effort, modified as recommended by this report,
will fulfill the intent of the Nuclear Waste Policy Act of 1982.
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SECTION III

INTRODUCTION

Background

Fissioning of nuclear fuel in nuclear reactors -creates a small
quantity of highly radioactive materials, which is retained in the
spent fuel elements when they are removed from the reactor. If the
fuel is then reprocessed to recover unfissioned uranium and plutonium,
the concentrated radioactivity goes into acidic liquid wastes that will
later be converted into solid forms. These liquid or solid wastes from
reprocessing spent nuclear fuel, or the spent fuel elements themselves
if they will be disposed of without reprocessing, are called Thigh-
level wastes."

Although high-level radioactive wastes are produced in quantities
that are small relative to other chemical wastes, their proper manage-
ment and disposal are important because of the inherent hazards of the
large amount of radioactivity they contain. Under authorities estab-
lished by the Atomic Energy Act and transferred to the U.S. Environ-
mental Protection Agency by Reorganization Plan No. 3 of 1970, and re-
iterated by the Nuclear Waste Policy Act of 1982 (PL 97-425), EPA is
proposing generally applicable environmental standards for the manage-
ment and disposal of spent reactor fuel, high-level wastes derived
from reprocessing spent fuel, and wastes containing chiefly long-lived
radionuclides of elements heavier than uranium (transuranic (TRU)
wastes). The proposed rule is appended to this report (Appendix B).

The objectives of the proposed standards are to limit the risks to
both present and future generations and to adequately protect the
public from harm caused by management and disposal activities related
to these radioactive wastes. Separate standards were developed for
those activities related to waste management and storage operations
preparatory to disposal (Subpart A) and for the long-term performance
of disposal systems (Subpart B).

Science Advisory Board Review

The Science Advisory Board (SAB) was asked, in January 1982, to
review the scientific and technical basis of EPA's proposed rule. A
Subcommittee of the Executive Committee, chaired by Dr. Herman E.
Collier, Jr., was formed to accomplish this review. Because the
release of the proposed standards was delayed until December 19, 1982,
the Subcommittee began its review on January 18, 1983. At that time,
EPA requested that the Subcommittee concentrate its review on Subpart
B of the -proposed standard and identified six issues, listed in the
previous section, for the Subcommittee's consideration.

The Subcommittee organized itself for the review into seven (7)
Subgroups, which are listed below (Chairmen are listed first):
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A. Risk Assessment (mr. Okrent, nr. Budnitz, Mr. Culler,
Dr. Parker).

B. Environmental Pathways (Dr. Kaye, Dr. Boecker, Dr. Lash,
Dr. Parker).

C. Geochemistry (Dr. Giletti, Mr. Culler, Dr. Davis,
Dr. Krauskopf).

n. Biological Effects (Dr. Neel, Dr. Roecker, Dr. Kaye).

E. Assurance Requirements (Dr. Lash, Dr. Budnitz,
Dr. Krauskopf, Or. Okrent).

F. Engineering and Economics (Dr. Parker, Dr. Budnitz,
Mr. Culler, nr. Davis, Dr. Fairhurst).

G. Subpart A Requirements (Dr. Krauskopf, Dr. Fairhurst,
Dr. Giletti, Dr. Kaye, Dr. Lash).

The Subcommittee, in the course of its review, held nine (9) meet-
ings and many nther informal subgroup meetings. At the Subcommittee
meetings (for which minutes and verbatim transcripts are available in
the offices of the Science Advisory Board) there was extensive comment
by the Office of Radiation Programs, EPA, representatives of DOE, NRC
and their contractors, and others. Only a few comments came from the
general public, although the meetings were open and advertised in the
Federal Register. At its final meetings, the Subcommittee formally
adopted Tisimiajor findings and recommendations, which were based pri-
marily on the Subgroup reports. Deliberations focused on using the
Subcommittee's collective wisdom, but votes were taken on each of the
recommendations as worded in this report. These recommendations repre-
sent majority views, therefore, and do not necessarily reflect the views
of all members.
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SECTION IV

MAJOR FINDINGS ANn RECOMMENDATIONS

The findings and recommendations which follow are grouped under 17
major topics. The discussion of each topic includes one or more under
lined recommendations, and for several topics underlined findings and
endorsements are included also. Rrief explanatory paragraphs and ref-
erences to relevant Subgroup reports follow the underlined material.

A. Uncertainty and the Standard

1. We recommend that EPA adopt a standard whith provides adequate
protction with regard to societal effects; which can be met tech-
nical y for at least some known technological approaches; on which
it will be practical for NRC to make a favorable finding with rea-
sonable assurance; and which does not needlessly Induce or lend
itself to long controversy and delay in arriving at a decision in
the regulatory framework and in the courts.

2. We believe that repository designers will find it quite dif-
ficult and perhaps excessively expensive to demonstrate with rea-
sonable or high assurance that the levels of protection sought by
EPA in the draft standard have been met.

3. We find that the release limit" approach for expressing the
level of protection required of a repository Is a satisfactory
way of fulfilling EPA's standard-setting mandate, and should be
retained by EPA.

4. We recommend that the release limits In Table 2 of the pro-
posed standard be increased by a factor of 10 which will result
in a corresponding relaxat on of the societal objective o iia
lation risk of cancer) by a factor of 10.

5. We recommend that the probabilistic release criteria in the
draft standard be modified to read "analysis of repository per-
formance shall demonstrate that there is less than a 50. chance of
exceeding the Table 2 release limits, modified as is appropriate.
Events whose median frequency is less than one in one-thousand in
10,000 years need not be considered."

6. We recommend that use of a Quantitative probabilistic condi-
tion on the modified Tahle 2 release limits be made dependent on
EPA's ability to provide convincing evidence that such a condition
is practical to meet and will not lead to serious impediments,
legal or otherwise, to the licensing of high-level-waste geologic
repositories. If such evidence cannot be provided, we recommend
that EPA adopt qualitative criteria, suCh as those suggested by
the NRC.

7. We find that an approach to the EPA standard employing "in-
dividual lose limits" (considering snme "maximally exposed ndi-
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vitlual." or alternatively some 'average exposed individual") would
in practice make the standard difficult to meet with high assurance
for very long times for any repository concept currently under
active consideration. However, we recommend that for the first 500
years, the EPA standard embody an extremely low likelihood that
increases in radioactivity approaching the limits allowed EPA
drinking water standards will occur in potable well water drawn from
any well adjacent to the site of the repository. For longer time
periods, we recommend that EPA rely on the assumption that standards
similar to the present drinking water standards will exist to protect
groups of individuals.

The available risk studies for postulated repositories are subject
to very large uncertainties. Nevertheless, it appears that for most
repository technologies and site types currently under active consider-
ation by DOE there is a reasonable likelihood that the levels of pro-
tection sought by EPA in its proposed standards can be met. However,
demonstration of this accomplishment with high assurance may prove to
be difficult.

As shown in the accompanying Table A, the proposed standards lead
to levels of protection much more stringent than those generally re-
quired or adopted In today's society; in addition, the proposed
standards are far more stringent than those imposed on chemical wastes.
The number of cancer deaths which might result from these releases are
calculated using conservative assumptions that probably overestimate the
number. This overestimation is compounded by conservative choices for
probabilities and specific model parameters throughout the analyis.
Furthermore, at least some of the cancer deaths would have resulted
anyway from the radioactivity in the unmined ore from which the waste
was subsequently derived. Thus, we conclude that a ten-fold increase
in the release limits, which will result in a corresponding ten-fold
increase in the societal objective (not more than 1,000 calculated
cancer deaths in 10,000 years) would still provide adequate protection,
and that the risks would still be extremely low. The relaxation of
the release limits is recommended with the proviso that, based on the
studies available to it up to the time be built and operated with rea-
sonable assurance that the EPA standard has been met. This proviso
should be subject to the constraint that the criteria for disposal of
high-level waste remain substantially more stringent as to societal
risks than are currently accepted by EPA for hazardous chemical wastes
or uranium mill tailings.

There was disagreement in the Subcommittee on Recommendations b),
d), and e). A majority believes that highly conservative estimates have
been made in the models for release of nuclides from the repository to
the accessible environment. Dr. Lash and Dr. Giletti believe that more
realistic models, based on site-specific cases, will demonstrate that
sufficient sites can be found for which it can be demonstrated with high
confidence that the proposed release limit standards can be met. They
feel that no increase in either the release limits or the implied poten-
tial premature cancer deaths limits is warranted.
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TABLE A

NUMBER OF POSSIBLE CANCER CASES DUE TO IONIZING RADIATIONI

ORIGIN

High-level Rad. Waste Disposal3

Uranium Mill Tailings4

- Unprotectedt
- Protected (covered, etc.)

NO. OF
CASES PER yR.2

NO. OF CASES
PER 10.000 YR.2

up to 0.1 up to 1,OO-0

3
0.03

30,000*
300*

Indoor Air Pollution
- Residential Exposure5

- ResidentiAl Weather-
ization (added cases)5
(Nero Estimate)

- Residential Weather-
ization (added cases)6

Background Radiation7

1 ,000
to

20,000

250
to

5,000

10,000
to

20,000

3,000
to

4,000

10,000,000
to

200,000,000*

2,500,000
to

50,000,000*

100,000,000
to

200,000,000*

30,000,000
to

40,000,000

[Cancer Deaths (U.S.)8 (all causes) 430,000]

Notes: ] These numbers are all calculated on the same basis using a linear
non-threshold dose response model, as noted on pp. A-7-3 and A-7-4
of this report. The linear non-threshold model involves a high
degree of speculation, and the resulting values have little merit
as absolute indicators of the numbers of biological effects that
may occur. It has been used here to provide a framework within
which relative risks from various radiation exposure situations
can be compared.

2 Assuming constant UJ.S. population and culture - numbers with (*)
are extrapolated from annual values.

3 EPA proposed rule 40 CFR Part 191 (December 1982) number per
100,000 KTiY high-level radioactive waste repository.

4 NRC (October 1980). 'Uranium Hill Licensing Requirements: Final
Rules,' Federal Register, 45, No. 194, 65521-65538. Radon inhala-
tion exposures.
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TABLE A (Continued)

5 Nero, A.V. "Indoor Radiation Exposures From 222Rn and Its
Daughters: A View of the Issue," Health Physics, 45, No.2,
(August 1983), 277-288.

f EPA Report EPA 520/4-78-013 (revised printing, July 1979)

7 NAS/NRC, The Effects on Populations of Exposure to Low Level of
Ionizing Radiation (November 1972) - (1972 REIR Report).

8 American Cancer Society, Cancer Facts and Figures - 1982, 1981.

t Does not Include health effects from water pathways.
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As noted in Table A, large uncertainties must he anticipated in
risk estimates covering 10,000 years. The NRC, as well as several re-
sponsible scientific reviewers, have questioned the workability of the
quantitative probabilistic portion of the proposed EPA release standard.
The proposed revisions to the EPA standard may make it more practical to
apply without undue, time-consuming disagreement. EPA needs to perform
more risk studies, and have these studies subject to sufficient, syste-
matic critical evaluation in order to choose an acceptable probabilistic
basis for its standard. Although we strongly affirm the validity of
EPA's probabilistic approach, If EPA cannot have high confidence in the
adequacy and workability of a quantitative, probabilistic standard, we
recommend use of qualitative criteria, such as recommended by NRC.

We support the use of a population risk criterion. We believe it
is impractical to provide absolute protection to every individual for
all postulated events or for very long periods. On the other hand, in
our view it is important that for the first several hundred years resi-
dents of the region Immediately outside the accessible environment have
very great assurance that they will suffer no, or negligible, ill ef-
fects from the repository. For longer periods, we believe that EPA
should rely on the existence of standards similar to its current drink-
ing water standards to protect groups of individuals.

(See Risk Assessment Subgroup report, Appendix A-l; Recommendations
9 and 10, Environmental Pathways Subgroup report, Appendix A-2;
Finding 1, Engineering/ Economics Subgroup report. Appendix A-6
and Recommendation 5, Biological Effects Subgroup report, Appendix
A-7.)

B. The 10,000-Year Time Period

1. We recommend that EPA retain the 100DO-year time period as
the basis for determining the adequacy of repository performance.
We believe that use of formal numerical criteria limited to this
approximate time period is a scientifically acceptable approach.

2. We recommend that the process of selection of sites for dis-
posal systems also take into account potential releases of radio-
activity somewhat beyond 10,000 years. Particular attention
should be focused on potential releases of long-lived al pha-emitt-
1ng radionuclides and their decay products.

For certain long-lived radionuclides likely to be placed in repos-
itories (and their decay products), the impact of release on the access-
ible environment is likely to be greater in the period beyond 10,000
years than in the period prior to 1n,000 years. Nevertheless, espe-
cially considering the uncertainties, we believe that the overall
performance is likely to he adequately understood by using analytical
models that extend 10 millennia into the future. The degree of con-
fidence with which impacts can be rodeled much further in the future
is poor. Thus we find that assurance of adequate repository performance
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can be best attained by concentrating analytical and repository design
effort at achieving satisfactory performance through the first 10,000
years. There will be no abrupt change, however, in release effects at
the end of 10,000 years, and assurance Is needed, particularly in-the
selection of repository sites, that effects in the more distant future
will not be greatly increased. Therefore, estimates of releases and
release effects beyond 10,000 years should be made as part of the pro-
cess of site selection. The intent of recommendation B.Z. is not to
require an elaborate quantitative modeling study of releases beyond
10,000 years, but only to point out one of the important considerations
that should guide the choice of repository sites from among those nomi-
nated by DOE in accordance with the Nuclear Waste Policy Act.

(See Recommendations B-2, C-l, C-2, Risk Assessment Subgroup re-
port, Appendix A-l; Recommendation 7, Assurance Requirements
Subgroup report, Appendix A-4; and Recommendation 2, Geochemistry
Subgroup report, Appendix A-S.)

C. Unmined Uranium Ore Reference

1. We recommend that EPA downplay the comparison of repository
releases with unmined uranium ore bodies by expanding the compar-
ison to Include the radioactivity of natural waters and ambient
radiation in the natural environment.

2. We recommend that EPA emphasize more strongly that somatic
and genetic effects resulting from repository releases that meet
Ups proposed standard are at least In part substitutional
effects, rather thin additive to those expected from the unmined
ore.

EPA has estimated that the potential releases of radioactivity from
repositories for high-level and TRU wastes will be less than releases
from the undisturhed uranium ore from which the waste was derived.
Qualitatively, ore-body and repository risks may be compared in a very
general way. However, the Subcommittee concludes that the natural var-
iability among ore bodies and the large uncertainties in the data de-
rived from them preclude an accurate comparison of a generic repository
with a hypothetical ore body. Furthermore, a broader appreciation of
the performance standard will be gained if the comparison is extended
to Include the radioactivity of natural waters together with other
natural and man made sources of ambient radiation.

Despite the uncertainties in quantitative comparisons with unmined
ore, the somatic and genetic effects that may be produced by releases
from a repository are at least in part equivalent to effects that would
have been produced by the ore had it never been mined. Thus radiation
from high-level waste in a high-level repository should not be consid-
ered entirely as an addition to natural environmental radiation, but in
part as a substitution for radiation that would have reached the bio-
sphere anyway.

15



(See Table 1 and Recommendation D-1, Risk Assessment Subgroup
Report, Appendix A-i.)

D. Biological Effects

1. We recommend that EPA, in their calculations, drop the ambig-
uous terminology "health effects" when specific reference to soma-
tic (cancer) and/or genetic effects can be made.

2. We accept EPA's use of the linear non-threshold model for
estimating health risks.

3. We recommend that EPA consider the genetic effects to all
future generations, rather than 1imiting them to the first gener-
ation.

4. We recommend that EPA consider using the concept of effective
dose equivalent in setting a dose limit in Subpart A of the proposed
standard.

The term 'health effects" is often used when actually referring to
cancer mortality. While cancer-related effects may predominate over
genetic related effects, it is Important to recognize that both may
occur, and more specific language is therefore needed.

Although other models for estimating health risk are available and
despite uncertainties about the validity of the linear non-threshold
model in particular, this model is generally accepted for radiation pro-
tection purposes by professionals as the conservative model of choice.

Somatic effects have been appropriately calculated on a genera-
tion-by-generation basis. Genetic effects differ, however, in that
they cumulate as a result of transferral from one generation to another.
Even though genetic effects are commonly less numerous and less serious
than somatic, it is possible for the accumulated harm from genetic ef-
fects in any generation to be as great as that from somatic effects
over the passage of 10,000 years. To make an accurate comparison with
somatic effects, it is necessary to compute genetic effects over all
generations within a given time period.

In Subpart A of 4OCFRl91, EPA specifies dose limits of 25 mrem/yr
to whole body, 75 nrem/yr to the thyroid, or 25 mrem/yr to any other
organ. These limits are the same as those in 40CFR19D, and they are
based essentially on the critical organ approach to radiation protec-
tion. In Subpart B, however, the radionuclide release limits are de-
rived using a sum of dose equivalents to different body organs weighted
by the stochastic risk factors for each organ. This is the same ap-
proach as the effective dose equivalent described in reports of the
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International Commission on Radiation Protection (ICRP 26 and 30).
Thus, the two approaches to calculating doses in Subparts A and B are
clearly not consistent.

(See Recommendation 1, Environmental Pathways Subgroup report,
Appendix A-2; Recommendation 3, Subpart A Subgroup report, Appendix
A-3; and Recommendations 1, 2, 4, and 6, Biological Effects Sub-
group report, Appendix A-7.)

E. Assurance Requirements

1. We recommend that the assurance requirements, as amended by
this report, be suhmitted as a Federal Radiation Protection Guid-
ance document in support of the EPA rule package.

2. We recommend that EPA delete the assurance requirement for
prompt disposal of high-level and transuranic wastes.

3. We recommend that use nf the concept of Has small (low) as
reasonably achievable" (ALARA) be limited to the consideration of
,the geologic characteristics Of sites nominated In accordance with
the Nuclear Waste Policy Act.

4. We recommend that the assurance requirement for use of mul-
tiple barriers he revised to give more emphasis to the system as
a whole. rather than to the performance of each barrier acting
alone. Sarriers should he designed so that they complement each
other and help to compensate for unexpected failures.

5. We recommend that EPA limit the time period during which re-
pository designers may take credit in their analyses for reliance
upon active institutional controls to a Period of no more than 10
years and that suitable surveillance be required during that peri-
od. Surveillance techniques should not compromise the integrity
of the repository. The definition of active institutional controls
should be changed so that guarding, maintaining, and taking appro-
priate remedial actions are all required.

6. We recommend that EPA not preclude consideration of a poten-
tial repository site because natural resources are at or near the
site, but rather should note that the presence of such reseurces
is a highly unfavorable factor which should be included in the
site evaluation.

7. We recommend that assurance requirement () on retrievability
of waste be deleted.

The question of the appropriateness of EPA's specifying assurance
requirements gave rise to considerable division of opinion among Suhcom-
mittee members. In particular, it was noted that these requirements

17



* an

pertain to implementation of the standard and not to standard-setting,
and thus may be outside EPA's and the Subcommittee's domain. Others
considered that the requirements were highly supportive of the standard
and enhanced public acceptance of the standard and subsequent regula-
tions. Several members believe that the assurance requirements, if in-
cluded in the standard itself, would encourage litigation or other de-
lays by intervenors. We understand that submission of these require-
ments as Federal Radiation Protection Guidance will convey theirimnpor-
tance to the standard, avoiding the possible conflicts noted.

There is a requirement in the Nuclear Waste Policy Act for DOE to
assess the advantages of long-term storage. Temporary storage for 20-30
years is accepted practice to allow spent fuel to 'cool down." It may
also be advantageous for ease of computation, lesser disturbance of the
geologic environment, etc., to extend the cooling period. The prompt
disposal requirermnt in the proposed standards appears inconsistent
with these consideratinns, and should be reexamined accordingly.

The ALARA concept can be interpreted in twn ways, one philosophical
anti the other applied. Philosophically it is a 'motherhood and apple
pie" statement which prescribes the 'ise of common sense in deciding al-
ternatives in the development of the repository. As applied, ALARA
could become the rationale for spending additional money and time in
the building of the repository, and could also be a basis for protracted
litigation. We believe that the release limits set forth in the Stan-
dard are already so low that any design calculated to satisfy them will
adequately protect the environment, and an added ALARA requirement is
unnecessary. Such a requirement might serve a useful purpose, however,
as one basis for choosing a repository site from a number of possible
candidates.

The present wording of assurance requirement (c) that 'each barrier
shall separately be designed to provide substantial isolation* has the
implication that any one barrier acting alone should enable the reposi-
tory to comply with the proposed standard. We think that it is more
important that the system of barriers as a whole be designed to compen-
sate for the unexpected weakness or failure of one or two members.

We would limit the period for which the repository designer should
be allowed to take credit for active institutional controls to no more
than 100 years. A monitoring system designed to test predictions of
system behavior during the time of active institutional controls, how-
ever, would help to reassure the public and, in the unlikely event of
appreciable adverse developments, would permit remedial measures to be
taken promptly. Surveillance should consist of relatively simple mon-
itoring techniques to avoid initiating or enhancing release pathways
from the repository. The presence of mineral resources at a site is a
highly unfavorable characteristic, but it should not automatically pre-
clude use of the site. EPA should require DOE to analyze carefully the
possible consequences of nearby mineral resources, weighing them against
other site characteristics which may he strongly favorable.
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(See Assurance Requirement Subgroup report, Appendix A-4)

F. Accessible Environment

1. We recommend that EPA extend the definition of "accessible
environment" to include major sources of potable groundwater that
are beyond the controlled area, as defined by NRC in -OCFR60 (Tech
n;icl Criteria for Disposal of Hi h-evel adi oact ie- aste, and
are more than two (Z) kilometers In a horizontal direction from
the original location of the radioactive wastes in a disposal
system.

This consideration is to note the specific importance of potable
groundwater as a much needed resource, particularly In the western
areas of the country. Protecting this resource, as reflected by this
position, indicates that we feel the importance of potable groundwater
supplies will not diminish in the future and may become even more im-
portant.

G. Models

1. We find that in their analyses of releases to the accessible
environment, EPA has frequently made modeling assumptions and pa-
rameter estimates which are conservative. These values were com-
bined in the models, leading to computed releases to the accessi-
ble environment that are probably overestimF d. While perhaps
less conservative, this bias was also carriet through in the en-
environmental pathways analyses.

2. We recommend that EPA define clearly all models used in their
analyses, if not already so documented, and ensure that state-of-
the-art information is used.

3. We recommend that EPA, in their environmental pathways model-
in .'re-evaluate the assumed fraction of activity transported to
the land surface via irrigation and make provision in the models
for recycling activity leached from soils ard returned to the
rivers.

4. We recommend that the environmental pathways models be modif-
led to incorporate the time dependence of resuspended activity in
soils and of external ground-surface exposure.

5. We recommend that EPA improve the evaluation of uncertainties
inherent in all aspects of the analyses, including movement to the
the accessible environment, the modeling of exposures through var-
ious environmental pathways, and conversion of doses to somatic
and genetic effects.
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We endorse EPA's use of conservative parameter estimates when re-
liable data are not available and mean or median-values when good data
are available. we also endorse the use of conservative modeling as-
sumptions. EPA should document carefully each conservative estimate or
assumption, however, and where possible, express parameter values as
single values together with the uncertainty associated with those
values.

The computations of environmental dose commitment used in support
of the proposed standards were made several years ago with dosimetric
apprraches and computer models available at that time. Some improve-
ments have been made in dosimetry parameters and calculational methods
in the Intervening years. The current EIS and other documents support-
ing the proposed standards contain health risk factors for different
body organs, expressed as the risk of cancer (or genetic effects for
gonad irradiation) per rem of absorbed dose equivalent. This list is
an accurate reflection of the current knowledge regarding the relative
risks of absorption of radiation by different tissues. However, the
numerical values are not directly traceable to any particular set of
risk factors as presented in reports hy advisory bodies such as the HAS
Committee on Riological Effects of Ionizing Radiation (REIR) or the
ICRP. We recommend that all health risk factors be referenced to ap-
propriate advisory bodies and their respective reports.

In their environmental pathways modeling, EPA has assumed that 5n%
of surface waters are used for irrigation. Several sources indicate
that the actual percentage is much lower. In their resuspension model,
EPA assumes that resuspension occurs from the entire root zone. Resus-
pension actually occurs, however, only from the top soil layer. The
appropriate time dependence of resuspension depends on whether the soil
is assumed to be undisturbed or frequently plowed.

Substantial uncertainties exist in the estimates of doses delivered
to populations from specific curie releases of radionuclides from repos-
itories. Nowhere, however, does EPA present the overall level of uncer-
tainty in its calculations, nor does EPA compare the level of uncertain-
ty in the pathways analyses to uncertainties in the analyses of radio-
nuclide movement. through the geosphere to the accessible environment
or to the uncertainties in the conversions of doses to cancer and gene-
tic effects in humans. An overall assessment of uncertainty in the
effects of specific curie releases might be useful for evaluating the
suitability of the proposed assurance requirements and in determining
the values chosen for release limits to the accessible environment.

(See Environmental Pathways Subgroup report Appendix A-2; General
Statements in the Geochemistry Subgroup Report, Appendix A-5)

H. Dilutlon/Isolatlon

1. We recommend that dilution not be an acceptable practice to
avoid the regulations for disposal of material as high-level waste,
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but that it be considered as a reasonable means of converting mi-
nute quantities of hi gh-level or TRLU waste into material that can
be disposed of under lOCFR61 (Licensing Requirements for Land Dis-
posal of Radioactive Wastes).

Ye endorse the intent of the EPA standard to localize and isolate
high-level waste in contrast to dilution and dispersion. Although sup-
portive of isolation as noted, we are not inclined to prohibit dilution
of minute amounts of waste such as those produced in research and med-
ical practice so as to make them acceptable for shallow land burial.

(See Recommendation 1, Subpart A Subgroup report, Appendix A-3).

I. Engineering and Cost Considerations

1. We recommend that EPA perform an economic analysis (benefit/
cost analyses; differential costs and benefits for widely differ-
ent levels of protection: and costs for alternate means of dispos-
al) in addition to the cost analysis already presented. In making
this analysis EPA should use more current cost models and data now
available.

2. We recommend that EPA examine carefully the possibilities for
cost savings in the waste disposal program. Though the uncertain-
-ties in the cost estimates are great, the absolute amounts in-
volved are so large that even small percentage savings could repre-
sent substantial amounts of money.

3. We recommend that EPA consider discounted, as well as non-
discounted, costs for the operational period. This will help to
disclose the significance of sequencing and delays on site selec-
tion and engineering designs of repositories.

4. For a generic,-deterministic study the aggregated, simple
model used by EPA is adequate for a cost analysis. However, the
cost for actual repositories at specific sites could diverge sub-
stantially from these generic costs.

Given the data available at that time (early 19R2), the cost anal-
ysis (see draft Regulatory Impact Analysis, EPA 520/1-82-024) is rea-
sonably comprehensive and adequate, and uses data valid in early 1982.
New data, however, are now available, e.g., Waddell et al., Engel and
White, Clark and Cole, and the Defense Waste Management Plan.

An economic analysis, as recommended, could help to identify the
opportunities for optimizing waste management strategies, to indicate
the real costs of delays, and to suggest possible cost savings etc.,
especially if discounted cost procedures are included.

Discounted cost procedures recognize that expenditures incurred
early in repository development are of greater significance than the
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same amounts expended later. The relative importance of the various
cost components in waste isolation could be changed drastically by the
use of discounted dollars.

Finally, given the intrinsically high degree of safety of any ac-
ceptable repository, its high cost, and the uncertainties of the cost
estimates, the relationship between such costs and the level of safety
achieved can be shown to a limited extent only.

J. Pose Limits

1. We recommend that EPA analyze the practicality of implement-
ing the suaoested dose limits (under Subpart A) at facilities that
that include operations of both the uranium fuel cycle and the man-
agement and storage of high-level wastes.

While EDA has demonstrated that the suggested limits, or even low-
er limits, should be attainable in normal management and storage opera-
tions, it is not clear that they are realistic at combined facilities
which also include operations pertaining to the uranium fuel cycle.
For such combined facilities, some deviation from the suggested limits
could be allowed without endangering public health and safety.

(See Recommendation 4, Subpart A Subgroup report, Appendix A-3.)

K. Factors in Site Selection

1. No site type should he precluded on the basis of site
characteristics alone. Consideration of all factors. includino
engineered barriers, transportation, availability of utilities
and labor, etc., may lead to different choices amongst accept-
able sites and isolation technologies than those dictated by
site characteristics alone.

The constraints on exploration for, and selection of, geological
repository sites and the associated long-term containment performance
requirements have no counterparts in geological engineering experience.
The distance of a repository from radioactive waste production and stor-
age sites, possible engineered barriers, and soclo-economic factors are
considerations. Evaluation of all such factors may lead to a preference
for sites, among those shown to be satisfactory, which might possibly be
ranked below other sites on the basis of geological criteria alone.

(See Recomrmndation 4, Engineering/Economics Subgroup Report,
Appendix A-6.)

L. Limit Standard to Mined Geologic Repositories

1. We recommend that the applicability of Subpart R of the pro-
posed standards be explicitly restricted by EPA to disposal in
mined geologic repositories.
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The present wording implies that the standard is intended to cover
all methods of disposal except disposal directly into ocean sediments.
To avoid any implication that other methods of disposal were evaluated,
and therefore to avoid foreclosing other possibilities, the standard
should be limited to disposal in mined geologic media.

(See Recommendation 1, Assurance Requirements Subgroup report,
Appendix A-4)

M. Geochemical Data

1. We recommend that EPA, in their generic analyses, utilize
different sets of geochemical parameters for high-ionic-strength
environments (such as salt) and for the much lower-ionic-strength
waters expected in many other lithologles.

2. We recommend that EPA reassess the values it chose for solu-
bility and retardation factors forM, Sn, Sr. CGs, &c n gor-At .7ndan N

3. We recommend that EPA encourage research leading to better
values for solubilities and retardation factors for the nuclides
listed in Table 2 of 40CFR91Q, plus 1-129, Cm-247. Pb-210, Fr-93,
and Sb-136.

The retardation by sorption of radionuclides dissolved in migrat-
ing groundwater is much lower in brines associated with salt reposi-
tories than in water associated with many other geologic formations.
and two sets of geochemical parameters are needed for these two differ-
ent ground-water environments.

Values used for the solubilities and retardation factors for se-
veral radionuclides need reassessing in the light of recent data. Re-
tardation factors for Sr and Cs are particularly sensitive to varia-
tions in ionic strength, and two different values should be used for
each. The solubilities for Tc and tp change enormously with slight
changes in redox potential, and the possibility of much greater re-
leases of these nuclides under slightly oxidizing conditions should be
noted. Solubilities of Am compounds are especially uncertain and es-
pecially sensitive to changes in pH, and-these uncertainties should be
recognized.

To establish release requirements that are both safe and attain-
able, EPA must have sufficiently good date to make realistic estimates
of the rate of transport of all Important radionuclides through the
various repository lithologies and possible aquifers. Available data
are less than satisfactory for some radionuclides, and research is
needed to narrow the uncertainties.

(See Recommendations 1, 3, and 4, Geochemistry Subgroup Report,
Appendix A-5).

N. High-Level Radioactive and Transuranic Wastes Definitions
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1. We recommend that EPA's definition of hich-level radioactive
wastes be consistent with that set forth in the Nuclear Waste Pol-
icy Act (NWPA) and coordinated with the definition used by the
Nuclear RegulatoryCommission (NRC).

2. We recommend that EPA check the definition of TRU waste to
ensure consistency, both within EPA and among EPA, DOE and NRC.

The following is proposed for EPA's consideration.
'High-level radioactive wastes" means "(1) spent nuclear fuel if

disposed of without reprocessing; (2) the highly radioactive material
resulting from the reprocessing of spent nuclear fuel, including liquid
waste produced directly in reprocessing and any solid material derived
from such liquid waste that contains fission products in sufficient
concentrations (sufficient concentrations, as a general guideline, means
concentrations greater than those identified in Table 1 of the proposed
standard, but some flexibility is permissible in using these limits for
particular kinds of waste and particular disposal systems); (3) other
highly radioactive material that the NRC, consistent with existing law,
determines by rule requires permanent isolation. High-level waste may
not be converted to low-level waste by dilution, except for very small
amounts such as those prnduced in research or in medical practice.

Given the several and varied factors which currently way be used
to characterize TRU wastes and the complexity associated with resolving
this situation, we are not prepared to recommend a definition but urge
EPA to make its definition consistent with that of other agencies and
the intent of the NWPA.

(See Recommendations 1 and 2, Subpart A Subgroup report, Appendix
A-3.)

0. Defense Wastes

1. We recommend that a suitable equivalency to the 1THM concept
(such as one based on number of fissions) be established for de-
fense wastes, and for some kinds of commerical wastes.

The proposed rule does not adequately address these wastes, and
leaves vague the responsibilities for setting the standards for their
disposal.

P. EPA's Role as Coordinator

1. We recommend that EPA initiate action within the Federal gov-
ernment for the establishment of an interagency council to coor-
dinate the development of HLRW diso olicy, standards, and
regulatory practices and to serve as a forum for exchange of sci-
entific and technological information.
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Several Federal agencies are involved in the process of establish-
ing radiation protection policies, standards and operational require-
ments governing the disposal of high-level radioactive wastes, including
EPA, NRC, DOE and nOD, together with the states involved and appropriate
entities of Congress and the Judiciary. Overlapping and independent
authorities and responsibilities exist under present laws. Conflicting
terminology and standards exist, e.g., the definitions of high-level
and other radioactive wastes. The Subcommittee recommends that EPA
take the initiative within the Federal government to take the lead in
establishing an interagency program for the coordination of radiation
protection policy and standards development relative to the disposal of
high-level and other radioactive wastes. Coordination of Federal pol-
icies and practices is essential to the U.S. high-level radioactive
.wastes disposal program, and the Subcommittee finds success of this
program highly unlikely without extensive interaction and agreement
among the appropriate Federal agencies. While either the NRC or DOE
could appropriately take the lead in this coordination, the Subcommit-
tee believes that the role more appropriately belongs to the EPA under
its authority to issue environmental standards and Federal Radiation
Protection Guidance.

0. Needed Research

1. We recommend that EPA support and/or encourage other agencies
to support research in technical areas where major uncertainties
still exist, particularly in the biological effects of radiation
and the controls on geochemical transport of radionuclides.

A substantial body of research supports EPA's proposed standards,
as well as the recommendations of this Subcommittee, but major uncer-
tainties still exist in some of the basic data. The uncertainties have
led EPA and the Subcommittee to adopt generally conservative positions,
which may translate into undue costs. The Subcommittee strongly en-
dorses support of research aimed at diminishing or clarifying as many
of these uncertainties as can be attacked with some hope of resolution.
The research, although expensive, could bring about a substantial re-
duction in the overall cost of the disposal system.

Three areas in which research is particularly needed, and in which
new technologies might make it particularly fruitful, are the biologi-
cal effects of radiation, the determination of better values for the
solubilities and retardation factors which control the movement of ra-
dionuclides in various kinds of repository environments, and the long-
term behavior of the repository host rock.

With respect to somatic and genetic effects at the very low dose
levels involved in possible population exposures, it is necessary to
extrapolate tho dose-response model over several orders of magnitude
beyond our current knowledge. A concerted effort should be made,
using data from human s'ihJects, laboratory animals and cellular systems
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as appropriate, to provide a substantial improvement in the date base.

Such research would probably involve a cost which would be a small

fraction of the total expenditures under discussion.

Given the strong dependence on the geological barriers, it becomes

critical that transport estimates for the various repository lithologies

and possible aquifers be thoroughly assessed. This assessment should

include those potentially real conditions (especially for pH and oxida-

tion potential) that extend beyond the ranges assumed in the generic

models. Specifically, data are needed for solubilities and retardation

factors for most of the nuclides listed in Table 2 of the proposed stan-

dard plus additional data on retardation factors 
for fluid interactions

with a variety of appropriate and well-characterized solid media.

Post information on rock-deformation behavior used 
in the predic-

tion of repository performance is based on data obtained from small-

scale, short-term laboratory studies on intact rock specimens. Use of

this data for calculation of the full-scale, long-term 
behavior of rock

masses involves important simplifying assumptions of numerical and

closely-interrelated physical modeling. Tests of both the large scale

laboratory and in situ testing variety are needed 
to improve the reli-

ability of assessment of actual repository performance.

-Although much of the needed research cited cannot 
he completed in

the short term, the Subcommittee believes that, to the extent it is

possible, the results might lead to a later reconsideration of some of

EPA's calculations, estimates, and subsequent decisions.
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INTRODUJCTION

1. Perspectives on Risk

It can be of value to gain a perspective on the level of risk due
to geologic disposal of high level waste per the proposed EPA standard.
One hasis for gaining perspective on the level of safety sought by EPA
in its proposed standard for the geologic disposal of high level waste
is to examine a few other related aspects of societal risk.

1.1 Hazardous Chemical Waste

The Congressional Office of Technology Assessment has recently re-
leased a study entitled "Technologies and Management Strategies for
Hazardous Waste Control" (March 1983). Hirschhorn and Gough sumnarized
the review in a recent symposium at MIT and gave a strong indictment of
current EPA practices. From this review and other sources (for example
R. Cohen, 1981), it seems that hazardous chemical wastes pose a threat
roughly on the same order as that from high-level radioactive wastes
from all of our reactors and in part would remain hazardous for extreme-
ly long times. However, a hazardous chemical waste site, if it were
controlled per EPA's latest standards, would have an impervious liner
which might be good for 20 to 30 years, and would be designed for the
100 year flood. The owner could 'walk away* from the site after about
25 years. Hence, it is reasonable to expect that such waste might be
contained, 20 to 100 years on the average, if disposed of in an EPA-
approved site. After that time, if not before, one could expect that
the waste might move into the accessible environment.

1.2 tlranium Pill Ta lings

NRC estimates imply that the uranium mill tailings, if left uncov-
ered, but not dispersed, would result in about 3 premature deaths per
year averaged over the very long term, due only to radon released to
the atmosphere and inhaled. Current NRC approaches would reduce esti-
mated fatalities by a factor of about 100. EPA has proposed the use of
modified RCRA standards involving (I) impermeable-liners, (ii) a com-
plex monitoring and remedial action compliance program, (iii) no degra-
dation of the nearest aquifer below the tailings, (iv) design for sta-
bilization for 1,000years, and (v) a radon release standard which re-
quires cover thick enough to minimize human intrusion and misuse of the
tailings.

The NRC staff opposes most of the EPA propospi standards as unwork-
able or unnecessarily stringent.

The EPA proposed standard for uranium mill tailings appears to be
far more stringent than those for hazardous chemical wastes but far
less stringent than that proposed for geologic disposal of high-level
radioactive wastes, at least with regard to water pathways.



I

1.3 Indoor Air Pollution--Radon

EPA dofs not have any standards governing indoor air pollution,
including radon. Kasperson quotes a nationwide estimate of 1.600 an-
nunl premature cancer deaths from radon exposure in buildings. Hurwitz
notes that the National Commission on Radiation Protection (NCRP) has
proposed to rectify the present absence of residential radiological
standards by adopting a limit of two working level months per year for
public exposure to radon progeny. The risk from lifetime exposure to
this limit is estimated by the NCRP to be IR,200 deaths per million (or
1.8 in a 100). Nero has summirized much of this problem, and his risk
estimates are compared with those for uranium mill tailings and with
the proposed EPA standard for high-level radioactive waste in Table A
(all for 10,000 years assuming the current U. S. population is static).

1.4- Intergenerational Risks

In general, we would prefer to avoid, whenever possible, the trans-
fer to future generations of risks from current activities. Thus, given
a hypothetical choice between two disposal schemes which pose the sare
costs and short-term risks, we would choose the scheme which had the
lesser long-term risk. In practice, however, the choices are far less
clear-cut, and selecting among alternatives involves balancing many
different attributes.

With regard to intergenerational effects, there are few, if any,
other major societal activities which could continue if forced to meet
a standard of requiring such small risks to generations as far into the
future. Such a criterion is not met for most, if any, Industries, in-
cluding the mining of resources. The intergenerational aspect is not
met for the generation of electricity from fossil or alternative fuels.
It clearly is not met by our chemical industry.

Should it be? Should there be no increase in risk to future gen-
erations at the cost of deprivation, even premature death, today? Need
there not be a balance among benefits and costs, including costs to the
existing population?

If an extra cost of S2 billion is imposed on contemporary society
by unnecessarily stringent standards for disposal of high level wastes,
this resource will not be available (a) to help prevent premature
deaths today, perhaps 20,000 (@ SlO0,000/life saved) or (b) to help
continue development of society perhaps to the point of cures for many
forms of cancer, as well as to the point of energy substitutes for the
currently usable forms.

Hence, spending an extra S2 billion for unduly and unnecessarily
stringent high-level radioactive waste disposal may impose greater risks
both today and in the future. And it is by no means clear that society
values a premature death deferred 10,000 years from now nearly as much
as one deferred in the next 100 years,
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TABLE A

NUMBER OF POSSIBLE CANCER CASES DUE TO IONIZING RADIATION 1

ORIGIN

High-level Rad. Waste Disposal3

Uranium Mill Tailings4

- Unprotectedt
* Protected (covered, etc.)

NO. OF
CASES PER YR.2

NO. OF CASES
PER 10,000 YR.2

up to 0.1 up to 1,000

3
0.03

30,000*
300*

Indoor Air Pollution
- Residential Exposure5

- Residential Weather-
ization (added cases)5

(Nero Estimate)

-Residential Weather-
ization (added cases)6

Background Radiation7

1,000
to

20,000

250
to

5,000

10,0oo
to

20,noo

3,000
to

4,000

10,000,000
to

200,000.000*

2,500,000
to

50,000,000*

100,000,000
to

200,000,000*

30,000,000
to

40,000.000

[Cancer Deaths (IJ.S.)8 (all causes) 430,0001

Notes: 1 These numbers are all calculated on the same basis using a linear
non-threshold dose response model, as noted on pp. A-7-3 and A-7-4
of this report. The linear non-threshold model involves a high
degree of speculation, and the resulting values have little merit
as absolute indicators of the numbers of biological effects that
may occur. It has been used here to provide a framework within
which relative risks from various radiation exposure situations
can be compared.

2 Assuming constant U.S. population and culture - numbers with (*)
are extrapolated from annual values.

3 EPA proposed rule 40 CFR Part 191 (December 1982) number per
100,000 MTSM high-level radioactive waste repository.

4 NRC (October 1980). 'Uranium Mill Licensing Requirements: Final
Rules,' Federal Register, 45, No. 194, 65521-65538. Radon inhala-
tion exposures.
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TABLE A (Continued)

5 Nero, A.V. "Indoor Radiation Exposures From 22
2Rn and Its

Daughters: A View of the Issue," Health Physics, 45, No.2,
(August 1983), 277-288.

6 EPA Report EPA 520/4-78-013 (revised printing, July 1979)

7 NAS!NRC, The Effects on Populations of Exposure to Low Level of
Ionizing Radiation (November 1972) - (1972 REIR Report).

8 American Cancer Society, Cancer Facts and Figures - 1982, 1981.

t Does not include health effects from water pathways.
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1.5 Time Scope for Risk Analysis

The EPA proposed rule is intended to apply for 10,000 years fol-
lowing disposal. This period was selected by EPA because it was con-
sidered sufficiently long for some radioactive release to reach the
accessible environment, yet short enough to permit reasonable predic-
tions of waste behavior.

Some have argued for longer time frames on the scientific grounds
that the risks are more important (possibly larger) after 10,000 years
than during the first 10,000. This is usually based on the assumption
that the future society, instead of testing its water for radioactivity
as is required today, will be completely ignorant of its presence. It
appears to the subgroup that unless society reverts to a caveman stage,
in which case other hazards will he far more significant, it is more
reasonable to assume that any society using this water after 10,000
years will be advanced technologically at least as far as we are today,
and testing of water and cleanup, if necessary, would take place.

1.6 The Role of Benefits

The proposed standards appear to impose more stringent require-
ments for light water reactor (LWR) fuel in which 6T of its original
uranium has been burned out than for LWR fuel in which only 3X has been
fissioned. Yet society would have received twice as much benefit (in
the form of electricity) from the higher burnup fuel, per ton of uran-
ium mined. Is this sensible?

'Many societal decisions relate the accepted or acceptable risk to
the associated benefit. Thus, EPA itself has different risk acceptance
levels for various pesticides and toxic substances, allowing greater
risk where greater benefit is involved. Similarly, in the practice of
medicine, some diagnostic tests involving a probing of arteries near
the heart may involve a risk of severe consequences of the order of 1
in 500, but the tests are nevertheless recommended when the potential
benefit warrants such a risk. On the other hand, much smaller risks
per person must be associated with vaccination for influenza.

2. Probabilistic Methodology

The EPA staff, with the assistance of A.A. Little, have developed
a useful methodology for evaluating the consequences of postulated re-
lease, as well as a rough way of estimating the frequency (or probabil-
ity) of such releases. The EPA staff appear to believe that they have
martp very conservative assumptions in many areas and still calculate
that their generic repository can meet the proposed standard, including
its probahilistic requirements.

However, several strong disagreements have been expressed with the
acceptability of the probabilistic portion of the proposed standards.
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a) Koplik, Kaplan and Ross, in their recent paper in Reviews of
Modern Physics, question any attempt to quantify prohabilit-
ies. Ross repeats this objection in his comments on the pro-
posed rule.

h) The NRC staff strongly question the workability of quantita-
tive prr9ailistic requirements for the defined releases.
The NRC states, in part, "Numerical estimates of the proba-
bilities or frequencies of some future events may not be
meaningful. The NRC considers that identification and eval-
uation of such events and processes will require considerable
judgment and therefore will not be amenable to quantification
by statistical analyses without the inclusion of very broad
ranges of uncertainty. These uncertainty ranges will make it
difficult, if not impossible, to combine the probabilities of
such events with enough precision to make a meaningful con-
tribution to a licensing proceeding.'

c) Representatives of Sandia National Laboratory have shown that
some scenarios may vinlate the release limits proposed in the
standard. These violations are mainly due to the large uncer-
tainties in the parameters affecting groundwater flow and ra-
dionuclide transport, and large uncertainties in estimating
the probability of the scenarios of Interest. During discus-
sions with the Risk Assessment Subgroup, Sandia's staff indi-
cated that relaxing the release and probability limits will
facilitate a finding of reasonable assurance In meeting the
standard.

d) There appears to be much disagreement among workers in the
field as to whether intrusion is a relatively likely event
or a highly unlikely event.

The EPA staff, with the aid of. the Sandia National Laboratories,
Arthur D. Little Corp., and others, are having a series of additional
studies performed to provide insight into whether it Is practical to
meet the proposed standard.

Based on the information available to the Subgroup on Risk Method-
ology, the Subgroup has insufficient basis for agreeing with the EPA
staff that the proposed release criterion with its probabilistic corol-
lary can be demonstrated to have been met with reasonable assurance,
and that this could be argued definitively in a legal setting.

Usually, meeting a probabilistic criterion with a considerable or
high confidence means that the real value of risk is significantly less.
Hence, it is to be anticipated that when the NRC requires adequate as-
surance that the EPA standard has been met, the likely health effects
will be substantially less than those used as a guideline in the pro-
posed standards.
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Findings and Recommendations

A. Numerical Limits--Levels of Protections.

Finding A-1 For most repository technologies and site types cur-
rently under active consideration by OnE, there appears to be a reason-
able likelihood that the levels of protection sought by EPA in Its draft
standard can be wet, in fact. However, very large uncertainties exist
in our knowledge of the probabilities of many postulated release sce-
narios, and iany input parameters are poorly known; hence, we believe
that repository designers will find It quite difficult and possibly ex-
cessively expensive to demonstrate with reasonable or high assurance
that the levels of protection sought by EPA in the draft standard have
been wet.

Recommendation #A-l We recommend that EPA, in developing its
standard, be guided by the requirement that the standard should provide
adequate protection with regard to societal effects; that it can be met
technically for at least some known technological approaches; that it
will permit N1C to make a favorable finding with reasonable assurance;
and that it does not needlessly induce or lend itself to long contro-
versy and delay in arriving at a decision in the regulatory framework
and in court.

Recommendation 0A-2
1. The probabilistic release criteria in the draft standard should

be modified to read "Analysis of repository performance shall demon-
strate that there shall he less than 50% chance of exceeding the Table
2 limits, modified as'is appropriate, on curies released to the acces-
sihle environment in 10,000 years. Events whose median frequency is
less than 10-3 in the first- 10,000 years need not be considered."

2. The Subgroup also recommends that the release limits in Table
2 he modified by a factor(s) such that, based on the studies available
to it up to the time of setting the standard, EPA has high confidence
that it will be practical for high-level waste repositories to be built
and operated with reasonable assurance that the EPA standard has been
met. The EPA position should be subject to the constraints (1) that
the facility/waste package/siting costs are not unduly large (i.e., that
the disposal process remains practical and cost effective), and (2) that
the criteria for disposal of high-level waste remain substantially more
stringent as to societal risks than is currently accepted by EPA for
hazardous chemical wastes or exists from uranium mill tailings.

3. The Subgroup recommends that, if EPA cannot provide convincing
evidence that a quantitative probabilistic condition on its modified
Table 2 release limits is practical to meet, regardless of that defini-
tion of accessible onvirnnment is finally adopted, and if there is not
considerable assurance that such a probabilistic condition will not
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lead to serious impediments (legal or otherwise) to the licensing of
high-level waste geologic repositories, EPA should adopt qualitative
criteria, such as those suggested by the NRC.

8. EPA's Method for Expressing the Desired Level of Protection

Finding 48-1 tie find that the method chosen by EPA for expressing
the level of protection required of a repository, Involving a demons-
tration by the designer that certain radionuclide 'release limits" have
not been exceeded, is a satisfactory approach to fulfilling EPA's stan-
Oard-setting mandate. The "release limit" approach has the attractive
feature that a repository designer can work toward release-limit design
objectives in an engineering sense, modifying his design to achieve
these objectives. At the same time, the release limits are close enough
to the desire-d endpoint of environmental protection (limit to human
doses) that they bear a reasonable relationship to this end-point; but
the designer Is not burdened with demonstrating that the specific end-
point, doses, are themselves not exceeded.

Fidg~na OBi2 we find that an approach to the EPA standard employ-
ing "1ndividual dose limits" considering "maximally exposed individual,"
or alternatively some 'average exposed individual, would in practice
be very difficult to meet with high assurance for very long times for
any repository concept currently under active consideration, if one as-
sumes no monitoring for radioactivity or cleanup. This Is partly be-
cause, for the far distant future, there cannot be much 'assurance'
that a single individual might not, either foolishly, or ignorantly, or
even deliberately, compromise the repository's integrity to the extent
of making himself or some few other individuals vulnerable to large ra-
dioactive exposures.

Recommendation #B-I, Based on Findings B-I and 9-2 We recommend
that EPA retain the "release limit" approach as its basic mechanism
within 40CFRI91 for asstiring adequate environmental protection from
deep geologic radioactive waste disposal.

Reconmendation 0B-2
We recommend that for the first SOn years the EPA standard should

embody an extremely low likelihood that increases in radioactivity con-
centration approaching the limits allowed by the EPA drinking water
standards will be found in potable well water drawn from a well adja-
cent to the site of the repository. In this way, the next 20 to 25
generations would be afforded an extremely low risk. For longer tire
periods, we recommend that EPA rely on the assumption that standards
similar to today's drinking water standards will exist to protect groups
of individuals, and that the proposed EPA societal criterion (modified
according to our other recommendations) be retained as the basis for
affording adequate protection in general.

Background The proposed EPA standard addresses only societal
doses, averaged over a suitably large population. In general, it
is expected that the risk to any individual will be extremely small for
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all technologies and site types under active consideration. However,
there are exceptions: for certain site types under certain unusual
conditions, one can postulate physically feasible scenarios in which a
limited number of individuals might use water drawn from an aquifer
which has low flow rates and relatively greater concentration of radio-
active materials than the typical aquifer; such aquifers located in the
"accessible environment' as defined, present a possible route whereby
quite large doses could be delivered to individuals. These doses would
occur long into the future (thousands of years).

In principle, these scenarios cannot be ruled out for at least
some of the site types and technologies now under active consideration;
whether the standard should be cast in a form that rules them out is
the issue discussed here! There are other considerations: for examples
if one assumes that the present EPA drinking water standards will apply
in this distant future, then the large doses would be prevented by tests
required at that time, except for those few individuals whose water did
not require testing under regulations then in force.

The intrusion issue is another that gives difficulty if a standard
incorporating individual dose limits were promulgated by EPA: acciden-
tal or even purposeful intrusion could contaminate the intruder himself
quite heavily, and might contaminate other innocent individuals, es-
pecially if one assumes that no radioactivity measurements are made.

It is important to reiterate our conclusion that acceptance of the
present EPA-proposed approach does imply possibly high doses for some
individuals using water in the "accessible environment," in some rare
scenarios for some technologies and sOtA types now under active consid-
eration.

C. Time Frame Considered

Finding SC-1 We find that in constructing and applying analytical
models of repository performance, there is a significantly greater dif-
ficulty in modeling the period beyond about 10,000 years than in model-
ing the period up to about 10,000 years. This is because in the earlier
period there is greater assurance that certain important geological pro-
cesses (glaciation, tectonic changes, vulcanism, etc.) will not differ
much from the present situation, while beyond about 10,000 years the
degree of assurance falls off significantly.

Finding OC-2 We find that for certain long-lived radionuclides
likely to re planed in repositories (or daughters of these), the im-
pact on the accessible environment is likely to he greater in the
period after about 10,000 years than before. Also, some natural phe-
nomena such as glaciation could become significantly more likely if a
tine period of 50,000 years rather than 10,000 years is considered.
However, we find that the degree of confidence with which impacts can

A-1-1 0



be no1eled further in the future is poor. We conclude that assurance
of adequate repository performance can be attained best by concentrat-
ing analytical effort and repository design effort on achieving satis-
factory performance through the first 10,000 years.

Finding #C-3 We find that models are able to give some useful in-
sights concerning differences among sites further in the future than
the first 10,000 years, especially then the models are exercised par-
ametrically to explore sensitivity to various parameters or postulated
scenarios. These insights would be qualitative or semi-quantitative,
even though the results of the models appear on their face to he quan-
titative.

Recommendation #C-1, Rased on Findings C-+, C-2. C-3
We recommend that EPA retain the 10,000-year tire period it has select-
ed as the basis for determining the adequacy of repository performance.
We believe that the use of formal numerical criteria limited to this
approximate time period is an acceptable regulatory approach.

Recommendation SC-2, Based on Findincs C-1. C-2, C-3
We recommend that EPA adopt as part of its Federal Radiation Protection
Guidance the advice that *the selection of sites for high-level waste
disposal systems shall take into consideration potential releases of ra-
dioactivity into the accessible environment for times somewhat longer
than 10,000 years, say 50,000 years.' The guidance should state that
the purpose of the analysis is to provide assurance within the large
uncertainty band inherent in such analyses that disposal systems are
expected to continue to release radioactivity slowly without an abrupt,
very large degradatinn in performance from that required in the first
10,000 years. Such an evaluation would be only one attribute to be in-
cluded in the overall Judgment among sites; however, as stated in
recommendation C-1, the licensing of a repository should be based only
on meeting the EPA standard for the first 10,000 years.

Background Several contributors to the comment record have indi-
catel that a cut-off at 10,000 years does not necessarily assure ade-
quate protection. Considerations of about 100,000 years, or even I
million years, are suggested; and the WISP report suggests considering
all future times.

It is apparent that some radionuclides, such as progeny of the
heavy elements, have impacts beyond 10,000 years that might be impor-
tant. However, it is also apparent that modeling these impacts becomes
increasingly difficult and uncertain in that time period. The subgroup
questions that health effects farther In time should be given great
weight compared to those during the first 10,000 years.

The solution we offer is that consideration be given to a later
time period, in the form of estimates of impacts to 50,000 years, as
one input among several that goes into the process of site selection.
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There are other issues involved in consideration of time periods
so far into the future. For example, the form that society will take
defies definition...even 1,000 years from now. It could be that the
somatic impacts of concern are mostly curable 'by then. Methods for
cleaning up radioactively contaminated water already exist.

In any event, there is no other aspect of hazard regulation that
considers Impacts even as far as 10,000 years into the future.

D. Ore Rodles Impacts

Finding ID-I The EPA-sponsored analysis of the radiological im-
pacts of ore bodies bearing uranium, which was used as a point of com-
parison with the calculated risks of future repositories, contains
conservetisms and large uncertainties. An improved analysis eight
clarify some of these conservatisms and narrow some of the uncertain-
ties, but large uncertainties would remain simply because the range of
natural ore body properties is so large.

Finding #D-2 The comparison between repository future impacts
and the impacts of comparable ore bodies has a simplistic appeal. The
notion that the long-term impact of repositories would be no greater
than that of undisturbed ore has an attraction of undeniable value.
However, we find that the comparison is subject to widespread misunder-
standing and is not made for any other materials so far as we know.

Recommendation AD-1, Based on Findings #D-1 and I-2 We recomrend
that the EPA final standard down-play the ore body comparison.

Backqround There is a widespread misunderstanding that the EPA
chose the level of protection to achieve an impact less than that of
the undisturbed ore bodies; this is not true. There is also such a
broad variation among ore bodies in nature that no such thing as a
utypical" ore body exists, insofar as Its impacts are concerned.

Also, we have not uncovered any other materials disposed of in the
earth for which this comparison is made: imagine comparing the impact
of undisturbed Iron ore with the impact of disposing of used automo-
biles by burial! More complicated is the Impact of organic chemicals
compared to the impact of the undisturbed petroleum deep underground
...Here the chemical transformations of advanced technologies are more
analogous to the fissioning of uranium to produce quite different ra-
dioactive materials.

For these reasons, we believe that the ore body analogy should be
down-played by EPA.

E. Stringency Of Release Limits
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Finding OE-1 We find that, on the basis of comparison with pre-
sent control practices over other man-made and natural risks to which
the general public are exposed, the societal objectives and release
limits presently proposed by EPA have been derived with excessive con-

servatism with respect to radiation protection for high-level radioac-
tive waste disposal repositories.

Recommendation #E-1 The Subgroup recommends that the proposed
societal risk objective (limit of 1,000 estimated premature cancer
deaths in 10,000 years) be relaxed by at least a factor of 10. and
that the proposed release standards should be relaxed accordingly.
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Recommendation 1

The EPA should consider using the concept of effective dose equiv-
alent in setting a dose limit in Subpart A of 40 CFR 191.

Background for Recommendation 1

In Subpart A of 40 CFR 191, the EPA specifies dose limits of 25
mrem/yr to whole body, 75 mrem/yr to the thyroid, or 25 mrem/yr to any
other organ. These limits are the same as those In 60 CFR 190, and
they are based essentially on the critical organ approach to radiation
protection. In Subpart B, however, the radionuclide release limits are
derived using a sum of dose equivalents to different body organs
weighted by the stochastic risk factors for each organ. This is the
same approach as the effective dose equivalent by the International
Commission on Radiation Protection in their reports (ICRP 26 and 30).
Thus, the two approaches to calculating doses in Subpart A and B are
clearly not consistent.

There are two basic problems with the dose limitation approach
used in Subpart A: (1) the ICRP no longer calculates a whole body dose
as the total energy absorbed in all body tissues divided by the 70 kg
mass of the body; (2) the various dose limits to different tissues do
not yield the same number of health effects. With regard to the first,
the ICRP now recognizes that it is specific body tissues and not 'whole
body" which are at risk. With regard to the second, the problem of dif-
ferent risks leads'to predicted health effects which differ by a factor
of 25 between whole body and thyroid and more than a factor of 10 be-
tween different organs at risk, excluding whole body. Thus, the dose
limits are not clearly related to risk.

Recommendation 2

The EPA should consider ways to ensure that the models and associ-
ated input parameters used for the environmental pathway and health
risk calculations are clearly defined, reproducible, and based upon
the best information currently available.

Background for Recommendation 2

The computations of environmental dose commitment used in support
of the proposed standards were made several years ago with dosimetric
approaches and computer models available at. that time. Some improve-
ments in these areas have been made in the intervening years. Incorp-
oration of these improvements, where applicable, would Increase the
technical basis for the proposed standards. Several changes that fall
into this category are changes in the quality factor for alpha parti-
cles from 10 to 20, elimination of the use of a factor for nonuniform-
ity of dose in bone, and consideration of different values for &I ab-
sorption based on the ingestion of radionuclides incorporated into
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foodstuffs. One way to accomplish an updating of methodology would be
to use the RADqISK computer code that reflects the latest ICRP views
on Internal dostmetry models. Regardless of what models are used, the
results are much more convincing if they can be reproduced by others.
This requires that all applicable input parameters that are used he
clearly tabulated to ensure the same factors are used by all Interested
parties. In the material currently available, a number of these pare-
meters are embedded in computer programs and are difficult to verify.

Having made the calculations with the best available information,
it is Important to use the results of the calculations consistently
when deriving release limits such as those listed In Table 2 of 40 CFR
191. The value listed for Y9Tc calculated in a manner similar to other
radionuclides is approximately 35,000 instead of the 10,000 listed.
This reduction appears to -have been made arbitrarily. Likewise, the
basis for the value for 'any other alpha-emitting radionuclide' and
"any other radionuclide which does not emit alpha particles" is not
clear and should he carefully described since these values apply to a
large number of individual radionuclides.

The conversion of environmental dose commitments to expected
health effects Involves the use of a risk value for each organ consid-
ered. Several different compilations of health risk estimates of this
type have been made during the last decade. The strongest approach
that could be made in these analyses wntuld be to use a consistent set
as proposed by the ICRP, UNSCEAR, or BF.IR 111. If for some reason this
is not feasible, exceptions to values from a generally recognized re-
port should be documented and explained. The origin of the values cur-
rently being used is not specified.

Recommendation 3

The EPA should consider using up-to-date dosi mtry data to calcu-
late organ doses for external exposure to v3Zr and lCbSn on a contami-
nated ground surface.

Rackground for Recommendtiton 3

Out-of-date dosimetry factors from the 1967 report. RNL-4101, are
considered inappropriate for the EPA's calculations of organ doses for
external exposure to NsZr and 1 2 6Sn nn a contaminated ground surface.
The main difficulty with the data in ORNL-4101 is that only the dose
rate in air above ground surface is given, not the-dose to any body or-
gans. For 9 3Zr in particular, which produces only X rays of energy
less than 20 keV from decay of the 9 3mNb daughter, the data in Health
PhVSiCS (Vol. 38, p. 543, 1980) show that the use of the dose in air y
thre PA overestimates the dose to any body organs by at least 2-3 or-
ders of magnitude. Thus, the EPA has greatly overestimated the health
risk from external exposure to 93Zr in surface soil. For £C6Sn, on the
other hand, the external dose rate in air obtained from ORNL-4101 is
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not significantly different from the dose rate factors for different
body organs found in the Health Physics paper, but the cplculations
should still be based on up-to-date dosimetry data for I2cSn and the
daughter products 12 6nSb and 126Sb.

Recommendation 4

The EPA should consider a re-evaluation of the assumed fraction of
activity in rivers which is transported to the land surface via irriga-
tion.

Packground for Recommendation 4

The average flow in streams in the contiguous United States is
1,200 billion gallons per day (BGD) [The Nation's Water Resources:
1975-2000 Vol. 1, Summary, U. S. Water Resources Council (WRC), ec.
1978, p lJ. Fresh water withdrawals from streams and ground water for
irrigation in 1975 wpre 160 BGD (WRC, p. 37) so that on the average in
the contiguous United States only a maximum of 13% of stream flow was
used for irrigation. For example, California has a total stream flow
of 47 BGD and is the single largest user of irrigation water, 35 Bun.
The total ground water use is 19 BGD. Therefore, if all the ground wa-
ter (19 billion gallons) were used for irrigation, then irrigation
would require 34% (35-19/47) of stream flow or if all irrigation water
were stream flow then it would require 74% (35/47) of stream flow.

The percentage of cropland irrigated can also be deduced from the
WRC report. There are 45 million acres of irrigated cropland out of a
total of 422 million acres in crops. The total land surface in the
contiguous United States is 3,022,261 square miles, or almost 2 billion
acres (Statistical Abstracts of the United States - 1974, U. S. Bureau
of the Census, p. 5.). Therefore, the approximate total percentage of
land surface in crops is 22%, and in irrigated crops is 2%.

Recommendation 5

The EPA should consider the recycling of activity removed from
soils to rivers, particularly if the fraction of activity in rivers
which is removed by irrigation is assumed to be relatively large.

Background for Recommendation 5

In the EPA models, activity removed from the soil root zone, as
determined by the soil leaching coefficient, is assumed to be no longer
available for human exposures. This assumption could lead to an under-
estimate of the total residence time of activity in soils for radio-
yclides with relatively large soil leaching coefficients, e.g., for
9Tc. It is easy to estimate the effects of this recycling of activity
on the total residence time of radionuclides in the soil compartment.
For example, about 85% of the water in soils which is not removed by
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evaporation or evapotranspiration is- returned directly to rivers; the
remaining 15% goes to groundwater which EPA apparently treats as an in-
accessible compartment. Then, for rapid removal and recycling of ra-
dionuclides in soils and rivers, it is easy to show that the fraction
of the activity released to a river which is eventually deposited on
the surface is given by

f fRr1/(1 - 0.85fR)3.
where fR is -the fraction of the river flow which is assumed to be
transported to the land surface via irrigation. If fR a 0.5 as in the
EPA ana'ysis, recycl no would increase all exposures from activity in
soil by a factor that could be as large as 2, depending on the value
chosen '-r t'e soil leaching coefficient. If fR a 0.1 were chosen in-
stead, then the increase due to recycling would only be about 10% or
less.

Recommendation 6

The EPA should consider re-evaluation of the terrestrial food-
chain pathways for isotopes of Cs, Ra, U, Pu, and Am in light of the
comparison with a natural analog nodel.

Background for Recommendation 6

The comparison with a natural analog model for transfer of ele-
ments from soil to man suggests Athat the EPA terrestrial food-chain
pathways models may overestimate exposures for long-lived isotopes of
Cs, Ra, tl, Pu, and Am by about a factor of 5. The EPA should consider
whether such an adjustment for these pathways and elements would be
desirable. A re-evaluation of the terrestrial food-chain pathways
could involvE, for example, a comparison of the EPA data base with re-
cent data publis'ed by Yook Ng and coworkers at Lawrence Livermore
National Laboratory, in order to determine if key parameters may have
been overestimated.

The natural analog model on which this recommendation is based as-
sumes that an upper limit for the probability of movement of radionuc-
lides from soil to man via terrestrial food chains can be estimated
from the known concentration of stebleelement analogs in soil and the
known total intake rate of the analogs by man. This approach is most
appropriate for long-lived radionuclides which should achieve equili-
hrium with their natural analogs before radioactive decay occurs. It
provides a simple, one-parameter description of the transfer of ele-
ments from soil to man, which can be used to evaluate the multi-para-
meter EPA food-chain model. Average soil concentrations of elements
can be obtainpd, for example, from the compilation of Vinogradov (The
Geochemistry of Rare and Dispersed Chemical Elements in Soils, ConsuTl-
tants Bureau, Inc., New York (1959)], and the average intake rates hy
man are available in ICRP Publication 23.
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Recommendation 7

The SPA should consider re-evaluation of the environmental trans-
port of 1 I using information on the known cycling of stable iodine in
the environnent.

Backoround for Recommendation 7

Calculation of long-term dose from 1291 should be based on the
known cycling of stable Iodine In the environment. This would probab-
ly give somewhat higher exposures per unit release for the soil-to-man
pathways than those given by the EPA models.. Specifically, the soil
leaching coefficient for iodine given in Table S-A of the EPA Environ-
mental Pathways report by Smith (EPA (520/5-80-002) is known to be
about two orders of magnitude too high, i.e., the mean residence time
of Iodine in soil assumed by the EPA is about two orders of magnitude
too low and, thus, leads to an underprediction of exposures via the
soil to man pathways [see Environ. Int. 5, 15, (1981)).

Recommendation 8

The EPA should consider use of appropriate models for the time-
dependence of resuspended activity in soil and external exposure from
contaminated soil.

Background for Recommendation S

The EPA should consider modification of the resuspension model to
take into accouAt that resuspension occurs only from the top soil layer,
not from the entire root zone. The appropriate time dependence of re-
suspension depends on whether the soil is assumed to be undisturbed or
frequently plowed. A model for undisturbed soil has been given by
Bennett (p. 367 in Transuranic Nuclides In the Environment, IAEA
(1976)3. In either case, a more suitable model would probably reduce
predicted exposures to resuspended plutonium by ahout a factor of S.
Thus, the EPA model is probably quite conservative. Calculations of
external exposures from, contaminated soil should either be based on a
published model for undisturbed soil Appendix VI of the Reactor Safety
Study, WASH-1400 (1975)) or take into account the shielding provided
by soil if uniform mixing in the 15 cm root zone is assumed [D. C.
Kocher and A. L. Sjoreen, Pose-Rate Conversion Factors for External
Exposure to Photon Emitters in Soil, submitted to Health Physics].
Either of these models would provide external doses which are Igif-
icently less then those estimated by the EPA, i.e., the EPA calcula-
tions are probably conservative.

qeconmendation 9

The EPA should consider addressing more fully the levels of uncer-
tainty in the environmental pathways analyses.
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AackQroujnd for Recommendation 9

The analyses of environmental pathways explicitly recognize that
there are substantial uncertainties in the estimates of doses delivered
to populations from specified curie releases of radionuclides from re-
positories. Nowhere, however, does EPA try to assess the overall level
of uncertainty in its calculations, nor does EPA attempt to compare the
level of uncertainty in the pathways analyses to uncertainties in the
analyses of radlionuclide movement through the geosphere to the acces-
sihle environment or in the conversions' of doses to cancer and genetic
mutations in humans. An overall assessment of uncertainty in the ef-
fects of specified curie releases might be useful for evaluating the
suitability of the proposed assurance requirements and in determining
the appropriateness of the values chosen for release limits to the ac-
cessible environment.

The uncertainties in parametric values in the environmental path-
ways analysis could be placed into four categories, as follows:

1. Use of average values instead of situation-specific ones
(e.g.,.proportion of river water used for irrigation);

2. Variations in results from different studies and experiments
(e.g., surface resuspension of radionuclides);

3. Lack of knowledge about the behavior of radionuclides in the
environment over very long periods of time (e.g., the resi-
dent time of radionuclides in the "available environment");
and

4. Lack of knowledge about human behavior and systems in the far
future (e.g., farming techniques and diets may be substantial-
ly different).

The EDA analysis usually does not evaluate the type and extent of
uncertainty associated with its choices of parameters. Moreover, EPA
does not appear to have used a' consistent philosophy of dealing with
uncertainty. In some cases, assumptions are knowingly made that are
'elieved to lead to high estimates of population dose. For instance,
the drinking water pathway analysis conservatively assumed that neither
sedi-entation in the hypothetically contaminated river nor filtration
in the water supply would remove radionuclides discharged into the riv-
er. Depending on the specific characteristics of the river and water
supply system, the EPA approach overestimates the population dose from
this pathway by a factor of ten or more.

On the other hand, some parametric-choices are "best guessesu that
may be either too high or too low. For instance, the value used for
absorption of neptunium-237 through the human gut is EPA's best esti-
mate based on current knowledge, although the uncertainty may be an
order of magnitude.

A-2-7



.I

Recommendation 10

The EPA should consider presenting a discussion that would put in
perspective the level of risk of 1,000 health effects in 10,000 years.

Background for Recommendation 10

The baseline EPA health standard is 1,000 excess deaths in 10,000
years. This then is 0.1 death per year from a 70,000 MT repository.
Assuming that we will have five repositories, this is equivalent to in-
croasing the annual death rate in the U.S. of 2,000.000 from all causes,
or 430,000 deaths from cancer, by less than 0.5 deaths.

Further assume that radiation dose from cosmic rays is increased 1
millirem per year for each additional 100 feet in elevation. The EPA
standard would be reached if each of us were 1 foot closer to the sky,
assuming that the risk to the population from genetic and somatic ef-
fects of radiation is 200 excess deaths per million persons exposed to
one rad and that the 11. S. population is 230 million. It is also eqtui-
valent to each of us spending one-half minute in Denver. With 50,0nO
deaths from automobile accidents each year, the EPA standards are equi-
valent to the automobile deaths that occur in a five-minute period. On
jet passenger planes the dose is approximately one millirem per 1,000o
miles; therefore, flying 100,000 miles is equivalent to the" annual
deaths from one repository or each of its flying 11400 of a second. One
could make an infinite number of comparisons with the EPA standards and
see that they are not only impossible to detect, they are also so low
that they must truly he considered de minimis.
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-ecommendation 1

The EPA should consider changing the definition of high-level ra-
floactive waste to the following:

"High-level radioactive waste" means (1) spent nuclear fuel if dis-
posed of without reprocessing; (2) the highly radioactive material re-
sulting from the reprocessing of spent nuclear fuel, including liquid
waste produced directly in reprocessing and any solid material derived
from such liquid waste that contains fission products in sufficient
concentrations; sufficient concentrations, as a general guideline, mean
concentrations greater than those identified in Tahle 1, but some flex-
ibility is permissible in using these limits for particular kinds of
waste and particular disposal systems; (3) other highly radioactive ma-
terial that the NRC, consistent with existing law, determines by rule
requires permanent Isolation. High-level waste may not be converted to
low-level waste by dilution, except for very small amounts such as
those produced in research or in medical practice.

Backaround for Recommendation 1

The subgroup prefers this definition because (1) it is consistent
,with the definition in NWPA, (2) it does not mandate deep geologic dis-
posal of low-level solids that may be derived from high-level liquid
waste, (3) it provides a definition of "sufficient concentrations" that
is specific and consistent with NRC's definition of low-level waste
(1OCFR61), yet is somewhat flexible, And (4) it prohibits modifying
high-level waste by dilution, except for very small quantities.

S

The working group has two additional recommendations related to
this definition: (1) that concentrations be given as curies per unit
volume (rather than unit mass) to correspond to NRC usage in IOCFR61,
anI (2) that a note be Added to Table 1:. These limits are intended as
guidelines only, and may be somewhat modified if, in the judgment of

^, this is warranted for particular situations.

The Subcommittee notes that EPA's proposed definition may preclude
alternative satisfactory disposal techniques (such as greater confine-
ment disposal) for "intermediate" wastes and wastes needing shorter
isolation times.

Recommendation 2

The EPA should check the definition of TRU waste to ensure consis-
tency, both within EPA publications and between EPA publications and
those of DOE and NRC.

Background for Recommendation 2

The working group notes that the definition in paragraph 191.02(c)
specifies alpha-emitting transuranic isotopes with half-lives greater
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tian one year, while the definition -in the Supplementary Information
(page 58197, middle column) includes only isotopes with half-lives
greater than 20 years. The working group notes also that another pos-
sible definition of TRU wastes could be based on the calculated amount
of alpha-emitting transuranic Isotopes that would be contained in TRU
waste after a specified period, say 100 years. For TRU wastes contain-
ing appreciable amounts of fission products, still another definition
could be based on heat output averaged over a single waste package.
Further, the working group notes that other isotopes besides transuran-
ic isotopes, notably Ra-226, are significant alpha emitters and might
well be included in the definition.

The working group takes no stand on these possible variations in
the definition of TPU wastes, hut urges EPA to make sure that its def-
inition and those of other agencies are consistent.

Recommendation 3

In setting a dose limit (paragraph 191.n3(a)), the EPA should con-
sider using the concept of dose equivalent.

Rackground for Recommendation 3

(1) As noted by the Subgroup on Environmental Pathways, the con-
cept of effective dose equivalent is a more accurate and more up-to-
date basis for setting dose limits than the critical-organ approach
used by EPA. The subgroup recognizes, however, that using this concept
would destroy the parallelism between dose limits proposed in 40CFR190
and those in Subpart A of 40CFR191. Ideally the limits in both 190 and
11 should be based on effective dose equivalent, and the subgroup
thinks this change should be made eventually. As to whether the change
is desirable in the immediate future, the opinion of the subgroup is
divided.

The EPA should present an analysis to show the range of the dif-
ferences in dose limits calculated by the critical-organ and dose-equiv-
alent approaches, noting that the calculation in 40CFR 190 is several
years old and was based on an approach which is no longer in general
use and, in fact, was not used in Subpart B.

Recommendation 4

The EPA should analyze the practicality of implementing the sug-
gested dose limits at facilities that include operations of both the
uranium fuel cycle and the management and storage of high-level wastes.

Background for Recommendation 4
The suggested dose limits are well below limits based on Federal

Padiation Council Guidance. While EPA has demonstrated that the sug-
gestel limits, or even lower limits, should be attainable in normal
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management and storage operations, it is not clear that they are real-
istic at combined facilities which include operations pertaining to
the uranium fuel cycle. For such facilities, some deviation from the
suggested limits could be allowed without endangering public health
and safety. If analysis shows that some flexibility in the limits is
necessary for normal operations at such combined facilities, the sub-
group suggests that minor deviations should be permitted without the
necessity of requesting variances for unusual operations as described
in Section 191.04.

Recommendation 5

EPA should revise paragraph 191.02(e) as follows:
"Management and storage" means any activity, operation, or process,

except for transportation, conducted to prepare spent nuclear fuel,
high-level radioactive wastes, or transuranic wastes for disposal, the
interim storage of anv of these materials after their preparation for
disposal has been initiated, or activities Associated with the disposal
of these materials.

This suggested rewording will clarify the distinction between the
categories of radioactive waste to be included under 40CFR190 and
4OrFRlql, and will establish a time for bringing defense waste under
the licensing authority of NRC.

Ouestion 1

The proposed 40CFR191 gives no consideration to possible accidental
releases of radioactive materials to the environment during management
and storage operations. Would the doses that result from such releases
be included in normal operations requirements? What action would be
expected of the operator and the implementing agency in evaluating com-
pliance with the proposed standard?

The subgroup has no recommendation to make at this point, but it
is concerned about accidental releases and wonders-if they should be
given some attention in the proposed regulation.
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'NTRDICTION

Section 191.14 of the proposed rule ("Assurance Requirements")
specifies seven requirements for the disposal of high-level and tran-
suranic (TRU) wastes. These seven Assurance Requirements supplement
the quantitative "Containment Requirements" in Section 191.13. The
EDA sees these qualitative requirements as necessary in order to assure
compliance with the numerical release limits n Section 191.13, which
apply for the first 10,000 years following closure of a repository.
In reviewing the proposed Assurance Requirements we have judged them
by EPA's criterion of essentiality.

The Subgroup notes that the Assurance Requirements could serve
the additional functions of helping to provide protection of the
environment beyond 10,000 years, and helping to provide protection for
the maximally-exposed individual. We have regarded these two additional
objectives as important considerations in judging whether the proposed
Assurance Requirements help to provide confidence in the safety of
waste disposal systems commensurate with their likely economic and
regulatory costs.

The Assurance Requirements are qualitative; they do not themselves
specify numerical limits or objectives. The applicant (OOE), however,
may lind that calculations are necessary or are the most useful approach
to show compliance with sore of the Assurance Requirements.

In any event, the Subgroup encourages a quantitative approach
whenever it may help in the evaluation of a proposed waste disposal
system.

To evaluate the proposed Assurance Requirements we have relied
principally on (l) the Supplementary Information in the public notice
of the proposed standard (47 Federal Register 5820058201, December 29,
1982), (2) the Draft Environmental Impact Statement for 40CFRl91: En-
vironmental Standards for Management and Disposal of Spent Nuclear Fuel,
Hiah-Level and Transuranic Radioactive Waste, ERA 520/1-82-025, December
1952 (esp. pp. 120127), and (3) the graft Regulatory Impact Analysis
for 40CFR 191: Emvironnmental Standards for Management and Disposal of
Spent Nuclear Fuel, High-Level And Transuranic Radioactive Wastes,
EPA 520/l-82-025, December 1982 (esp. pp 61-65). The Subgroup also has
benefited from informal briefings by cognizant EPA staff.

The Subgroup reached general agreement on seven of the nine re-
commendations that follow this Introduction, although not all members
subscribe to details of the wording. For Recommendations Seven and
Nine we have described alternative wording in order to indicate ex-
plicitly the range of views within the Subgroup. A Summary of the
Subgroup's recommendations begins on page A-4-20.
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On one other aspect of the Assurance Requirements opinions also
were sharply divided: the question as to whether Assurance Requirements
should be a part of EPA's standard or left for NRC to promulgate. All
members of the Subgroup recognized that such requirements are essential
somewhere in the regulatory structure, hut some (Ors. Rudnitz, Krauskopf
and Okrent) thought they would be hetter incorporated in an NRC rule.

If EPA wishes to retain the qualitative assurance requirements, the
majority of the Subgroup recommends that they be made part of the Fe-
deral Radiation Protection Guidance, rather than part of the standard,
if such a step would not lead to protracted legal or interagency dis-
agreements. If such delays are unavoidable, then the majority of the
subgroup believes EPA should do no more than place the assurance re-
quirements in the Preamble to 40CFRl91.

Recommendation 1

The EPA should consider stating that the Assurance Requirements
pertain only to mined, geologic repositories.

Rackground for Recommendation 1

EPA's technical background studies and draft environmental impact
statement assess only mined geologic repositories in detail. Alterna-
tives, such as rock melting, deep hole, deep ocean sediments and space
disposal, are not considered quantitatively, In part because the safety
of these technologies has not been demonstrated adequately. More re-
search would be necessary before any of these alternatives could be se-
lected for disposal of highly radioactive wastes.

The Department of Energy, moreover, has formally selected deep
mined geologic repositories as the technology to be used for permanent
isolation of high-level radioactive wastes. The Congress has confirmed
this approach, at least for the first two repositories, in the Nuclear
Waste Policy Act of 1982.

Some of the proposed Assutance Requirements, however, seem to im-
ply a purpose to eliminate alternatives to mined geologic repositories.
Any conclusions tending generically to eliminate alternatives, whether
explicitly stated or implied, should he guarded against. Such conclu-
sions are unsupported by up-to-date quantitative analysis and, in any
event, they seem premature and unnecessary. DOE is supporting research
and development on alternatives to deep mined geologic repositories,
even though there is no immediate prospect that their use will be re-
commended. EPA's proposed Assurance Requirements could have the unfor-
tunate effect of supporting elimination of such R&D. Instead of taking
a position on them now, EPA should keep in touch with DOE's R&D efforts
and determine at a later time whether standards applicable to alterna-
tive technologies should he adopted.
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Under this recommendation, Assurance Requirement (g) would no

longer be interpreted to foreclose alternative technologies, such as

rock melting or deep hole emplacement. Indeed, if EPA continues to

hold the position that wastes in any mined geologic repository could

be "removed," then this requirement could simply be deleted. The Sub-

group finds Assurance Requirement (g) unnecessary and not likely to

provide significant additional protection.

Recommendation 2

The EPA should consider eliminating proposed Assurance Requirement

(a), which specifies "prompt" disposAl of high-level and TRIJ waste.

Background for Pecommendation 2

The principal purpose of this proposed requirement for "prompt"

disposal is to foreclose the possiblity of indefinite storage as an 
al-

ternative to geologic disposal. There is a broad technical consensus

that perpetual near-surface storage of long-lived radioactive wastes 
is

inadvisable and potentially dangerous. The EPA, however, apparently

has not conducted studies to determine whether 'monitored retrievable

storage" is an environmentally unacceptable option for relatively long

periods of time (e. g., 100 years), or what would constitute prompt dis-

posal. Without analytical studies and more information this proposed

requirement is not adequately defined and supported.

additionally, the Subgroup observes that the Nuclear Waste Policy

Act addresses this issue in two ways. First, the Act sets forth a

specific schedule for establishment of repositories in the near future.

Second, the Act requires DOE to assess in detail the viability of the

long-term storage option. The Congress, therefore, seems to have pre-

empted the Agency on this matter. The Subgroup, therefore, finds As-

surance Requirement (a) unnecessary and unlikely to provide significant

additional protection at this time.

Recommendation 3-

The EPA should consider requiring nOE only to analyze and consider

as-an unfavorable characteristic the potential near-and far-term radio-

logical consequences of natural resources at or near a proposed site,

rather than mandating that the mere presence of natural resources auto-

matically precludes development of a site. Analysis may show that the

overall safety of the repository would not be jeopardized by the presence

of the resources.

We suggest EPA consider the following substitute language for As-

surance Requirement (f):

A-4-4



"Places where there has been mining for

resources, or where there is reasonable

expectation of exploration for scarce or

easily accessible resources in the future,

or where there is a significant concentra-

tion of any material which is not widely

available from other sources shall be deemed

unfavorable for location of disposal systems.

Such places shall be disqualified as sites

for disposal systems unless analysis can

demonstrate that favorable characteristics
more than compensate for the effects of

these unfavorable conditions."

Background for Recommendation 3

The presence of significant natural resources at or near a re-

pository site is a highly unfavorable characteristic because it would

increase the likelihood of inadvertent human intrusion into the vicinity

of a repository. Such intrusion could release radioactivity directly.

or it could circumvent enough barriers that natural processes would

later release radioactivity to the general environment. This possibi-

lity should be fully assessed at each potential site. Additionally,

there should he consideration of the possible economic loss if the

resources were not recovered because of fear that the Integrity of the

repository might be jeopardized.

Sites should not 'be dropped, however, simply because natural re-

souces are present, provided that other characteristics of the site

are favorable. It may he possible by suitable engineering techniques

to recover the resources without disturbing a nearby repository or to

mitigate the effects of potential human intrusion. The site and engi-

neered barriers should be seen as a system, and a single weakness In a

system should not automatically foreclose use of it, if the remaining

characteristics are highly favorable and can compensate for the weak-

ness.

Abundant potable groundwater could he a particularly attractive

resource in dry areas of the West. Two members of the Subgroup (Ors.

Krauskopf and Lash) therefore believe that 'potable groundwater" should

be identified explicitly as a resource to he considered in comparing

the advantages and disadvantage of potential respository sites.

The Subgroup finds that a strong assurance requirement on natural

resources adds significantly to confidence in the long-term integrity

of waste disposal systems. A slightly modified Assurance Requirement

(f) should he retained.
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RecommRendation 4

The EPA should consider limiting reliance upon active institutional
controls to a period of no more than 100 years, and requiring monitoring
during this period after closure of a repository. For this purpose As-
surance Requirement (d) could be rephrased as follows:

"In the analysis of disposal systems, designers
may not take credit for active institutional
controls to isolate the wastes for more than
100 years; and during the period of active
controls disposal sites shall be monitored."

Also, the definition of "active institutional controls' should be
changed so that guarding and maintaining the repository, as well as
controlling releases are all required rather than serving as alternative
actions. The definition might be rephrased as follows:

"'Active institutional controls' means: (1)
Guarding a disposal site, and (2) performing
maintenance operations and remedial actions
at a disposal site, and (3) controlling and
cleaning up releases from a disposal site."

Sackground for Recommendation 4

No releases of radioactivity are expected in the first century
following closure of a repository. If that expectation is borne out,
there will probably be little societal interest in continuing active
controls. Regulations for periods longer than 100 years seem meaning-
less, because people at the end of that period probably will have
little concern with enforcing ancient rules. They should have the op-
tion of deciding for themselves whether further active control is
needed.

Two members of the Subgroup (Mrs. Rudnitz-eand nkrent) believe
that there is little basis for selecting I00 years instead of 300 years
as the appropriate time period of control. They would therefore find
leaving the period of control at "a few hundred years," as proposed by
EPA, acceptable. The Subgroup as a whole agrees that monitoring should
not he reqjired beyond 100 years In any event.

During the initial 100-year period, or at least near its heginning,
much attention will be focused on uncertainties in predictions about
future performance of the disposal system. A monitoring or surveillance
system designed to test predictions of zero release of radioactivity
during the time of active institutional controls would help to reassure
the public, and in the unlikely event of appreciable adverse develop-
ments would permit remedial measures to be undertaken promptly.
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'we are not recommending specific monitoring systems, because we
wish to allow great latitude in determining what measurements would be
useful. The Subgroup is concerned, though, that great care must he
taken in designing and implementing any monitoring system that could
inadvertently circumvent harriers to the release of radioactivity.
Penetrations into the repository area in particular should be cautiously
approached, if they are deemed appropriate at all.

The Subgroup believes that a relatively simple monitoring or
surveillance effort after closure of a repository would be worth the
small economic cost of such a program. The added public confidence
gained from the monitoring, program should help improve the public
acceptability of otherwise safe disposal system.

Recommendation 5

EPA should consider retaining proposed Assurance Requirement (e),
but in the document supporting the standard ERA should provide the im-
plementing agencies with more information about the nature of "the most
permanent markers and records practicable."

'PA also should consider modifying the definition of such controls
as follows:

"'Passive institutional controls' means: (1)
Permanent markers placed at a disposal site,
(2) public records and archives, (3) Federal
Government ownership and control of land use
and (4) other methods of preserving knowledge
about the location, design and contents of a
disposal system."

Backaround for Recommendation 5

Passive institutional controls conceivably could provide effective
warnings of the potential dangers posed by the wastes far into the
future. The Subgroup strongly agrees that such controls should be put
in place.

There should be reasonable limits, however, on the level of ex-
penditures for passive controls, and there should be a general assess-
ment of the value of different categories of controls. At one extreme
DOE might propose using substantial quantities of highly corrosion-
resistant and strong metal alloys, or very massive quantities of more
ordinary concrete and steel. Expenditures of large sums of money that
such construction projects would entail may not be justified. On the
other hand, relatively small markers of degradable materials seem in-
adequate. More analysis and guidance from EPA is desirable. The en-
vironmental impact statement and the regulatory impact analysis would
be appropriate documents for this analysis.
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Recorrendation 6

The EPA should consider relaxing the requirement for engineered
barriers in a disposal system for TRU waste that does not contain sub-
stantial quantities of radionuclides that will decay to insignificant
levels within several hundred years.

Background for Recommendation 6

Some (e.g., contact-handled) TRU wastes do not generate significant
heat and may not contain significant amounts of relatively short-lived
radionuclides. The potential hazard posed by such wastes does not de-
crease over the first 1,000 years or longer following disposal. The
public safety for a disposal system containing such wastes is provided
by the geologic barriers alone, because long-term (i.e. greater than
1 000 years) reliance cannot he placed on engineered harriers as pre-
sently conceived in the U.S. disposal system. -In other words, the
engineered barriers probably would not significantly improve the public
safety of a disposal system containing only contact-handled TRU wastes.

The situation is less clear in the case of at least some remote-
handled TRU wastes. EPA may want to assess whether engineered barriers
are always necessary to ensure protection from the short-lived radionu-
clides that may he present in this kind of TRU waste.

Recommendation 7

The EPA should consider requiring DOE in its selection of disposal
sites to consider possible releases of radioactivity beyond the Initial
10,000 year period. The Subgroup, however, could not agree on specific
wording for this new Assurance Requirement. Two alternatives (the
first favored by Drs. Krauskopf and Lash and the second by Ors. Rudnitz
and Okrent) are offered below for EPA's consideration:

(1) "Selection of sites for disposal systems
shall take into account potential releases of
radioactivity beyond 10,000 years. Particular
attention should be focused on potential releases
of long-lived alpha-emitting radionuclides and
their decay products."

(2) "Selection of sites for disposal systems
shall take into consideration potential
releases of radioactivity into the accessible
environment for times somewhat longer than
10,000 years, say 50,000 years. The purpose
of this analysis is to provide assurance
within the large uncertainty band inherent in



such analyses, that disposal systems do not
display large degradation in performance from
that required in the first 10,000 years. Such
an evaluation would not be part of a
quantitative requirement but should be in the
overall selection among sites."

Backoround for Recommendation 7

In the Subgroup's view, one purpose of the Assurance Requirements
ought to be to provide confidence that the environment is protected
beyond 10,000 years. But, in the current draft of the proposed rule,
this purpose is not stated in the form of a requirement. The Subgroup
suggests that the objective should be explicit.

The Subgroup considered whether quantitative release limits should
apply beyond the initial 10,000 year period. There was clear agreement
that current analytic methods are too Inaccurate to make reliable
quantitative predictions of levels of radionuclide releases and their
effects on human health for much more than 10,000 years. The Subgroup,
therefore, does not recommend that EPA consider modifying the proposed
Assurance Requirement to require DOE to show that release beyond 10,000
years meets a numerical standard similar to the Containment Require-
ments. Rather, the purpose of the proposed analysis is to assure that
repository sites are selected so that disposal systems at worst slowly
release radioactivity without large decreases in system performance
beyond 1n,000 years following closure of a repository. Two members of
the Subgroup (Drs. Krauskopf and Okrent) believe that the 10,000 year
requirement In the proposed EPA standard is already far longer than is
required in the regulation of any other hazardous waste and that it is
a sufficiently long period from a public health -or soclo-political
point of view. We, therefore, favor no additional formal requirements
in the standard beyond the 10,000 year period, recognizing that consi-
derable protection for longer periods would nevertheless be provided
automatically by the proposed standards.

Recommendation 8

EPA should consider modifying proposed Assurance Requirement (c)
and the background text so that there is greater emphasis on the whole
disposal system in comparison to individual barriers. For this purpose
Assurance Requirement (c) could he rephrased as follows:

"Disposal systems for high-level wastes shall
use several different types of barriers to
Isolate the wastes from the accessible environment.
Both engineered and natural barriers shall be
Included. The barriers shall be designed so
that they complement each other and help to
compensate for unexpected failures."
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Additionally, the Supplementary Information preceding the .proposed
standard should be modified to exclude descriptions of the purpose of
this Assurance Requirement as *taking full advantage of the protection
each [of the barriers] has to offer." Rather, the objective of multiple
harriers should be discussed as providing compensation for unpredicted
failures.

Rackground for Recommendation 8

The Subgroup believes that the multi-barrier approach helps con-
pensate for predictive uncertainties and adds significant certainty
that radionuclides in the waste would never seriously threaten public
health. The emphasis, however should not be on the ability of every
barrier to provide maximum protection by itself alone. Indeed, emphasis
on maximizing the effectiveness of individual barriers might result in
suboptinization of the overall system.

The Subgroup believes that an Assurance Requirement for multiple
barriers is essential. The Supplementary Information preceding the
final standard should make clear, however, that each barrier does not,
indeed in some cases should not be individually optimized.

Recommendation 9

The Subgroup could not agree on a single recommendation concerning
Assurance Requirement (b), which calls for releases to be 'as small as
reasonably achievable." Three members (nrs. Rudnitz, Krauskopf and
Okrent) believe that the proposed standard is already so low that
trying fo reduce possible releases even further is certainly unnecessary
and in any event probably unworkable. The other member (Dr. Lash) does
not concur and he would rather retain the requirement as proposed by
EPA.

Background for Recommendation 9

There should be no man-caused radiation exposures unless there is
a compensating benefit. This principle is widely endorsed, and it is
meaningfully implemented in situations other than high-level waste
disposal. The Subgroup uniformly supports this objective of radiation
protection in these other situations. Its use in the case of high-level
and TRU radioactive waste disposal, however, is significantly different
from traditional applications. First, the predicted level of residual
risk (a maximum of 1,000 cancer deaths in 10,000 years) for a high-level
or TRU disposal system is already small. Second, Assurance and Proce-
dural Requirements (e.g., the requirement for multiple barriers) should
reduce this residual risk even further. Thus, there is concern by some
menbers of the Subgroup that an "as low as reasonably achievable" (ALARA)
type requirement would result in excessively restrictive regulation.
In part, this concern about overly restrictive requirements stems from
Uncertainty about how an "ALARA" type principle would be applied to
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w3ste disposal systems. Would it pertain to site selection? Would it
be Invoked for every design parameter and consideration or only for
major engineering components of disposal systems?

One member (Dr. Lash) believes that an ALARA principle should be
applied particularly during the site selection process. The Nuclear
waste Policy Act requires DOE to consider more sites than it will
characterize in detail, and to characterize more sites that will be
needed for disposal initially. In their winnowing process, DOE should
he required to consider possible long-term radiological effects.

Given the very high degree of safety provided by the proposed stan-
dard, the Subgroup unanimously agrees that any OAL&RA" type principle
should not be used to-increase safety levels for every single aspect of
waste disposal system to the maximum extent technologically achievable.
The range of opinions within the Subgroup about how, if at all, to apply
an "ALARA" like principle is broad, however. If the Subgroup is divided
over how to apply this important principle, others probably are as well.
We all feel, therefore, that EPA, if it wishes to retain Assurance
Requirement (b), should provide more information and clarity about the
scope and method for applying an 'ALARA" type principle to high-level
and TR' waste disposal systems. The purpose of this further analysis
would be to show that the proposed requirement would be workable. This
information could be included in revised versions of the environmental
impact statement and the regulatory impact analysts.

A-4-ll



SUMMARY OF RECOMMENDATIONS
ON EACH ASSURANCE REOUIREMENT PROPOSED BY EPA

EPA'S PROPOSED ASSURANCE
REQUIREMENT

SUBGROUP'S SUGGESTED
CHANGE

(a) Waste shall be disposed
of promptly once disposal
systems are available and the
wastes have been suitably
conditioned for disposal

Delete.

(b) Disposal systems shal l be
selected and designed to keep
releases to the accessible
environment as small as reason-
ably achievable, taking into
account technical, social and
economic considerations.

(c) Disposal systems shall
use several different types of
barriers to isolate the wastes
from the accessible environ-
ment. Both engineered and
natural barriers shall be
included. Each such harrier
shall separately be designed
to provide substantial
isolation.

(d) Disposal systems shall
not rely upon active institu-
tional controls to isolate the
wastes beyond a reasonable
period of time (e. g., a few
hundred years) after disposal
of the wastes.

(e) Disposal systems shall be
identified Vy the most
permanent markers and records
practicable to indicate the
dangers of the waste and their
location.

Three members (Drs. Rudnitz,
Krauskopf and Okrent) would
prefer to delete this require-
ment, but the other member
(Dr. Lash) would prefer to
retain It.

Reword as follows:
"Disposal systems for high-level
waste shall use several different
types of harriers to Isolate the
the wastes from the accessible
environment. Roth engineered
and natural barriers shall be
included. The barriers shall
be designed so that they com-
plement each other and help
to compensate for unexpected
failures."

Restrict reliance on active
institutional controls to a
period of no more than 100
years and. require a monitoring
program for that period, but
no longer.

This requirement should be
retained, but EPA should
provide further guidance for
implementation.
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EPA PROPOSED ASSURANCE
REQUIREMENT

SUMMARY (cont.)

SUBGROUP'S SUGGESTED
CHANGE

if) lisposal systems shall not
be located where there has been
mining for resources or where
there is a reasonable expecta-
tion of exploration for scarce
3r easily accessible resources
in the future. Furthemore
disposal systems shall not be
located where there is a sig-
nificant concentration of any
material which is not widely
available from other sources.

'g) Disposal systems shall he
selected so that removal of
most of the waste is not pre-
cluded for a reasonahle period
of time after disposal.

None.

Reword as follows:
"Places where there has been
mining for resources, or where
there is reasonable expectation
of exploration for scarce or
easily accessible resources in
the future, or where there is
a signficant concentration of
any material which Is not widely
available from other sources
shall he deemed unfavorable for
location of disposal systems.
Such places shall be disquali-
fied as sites for disposal
systems unless analysis can
demonstrate that favorable
characteristics more than
compensate for the effects of
these unfavorable conditions."

Delete.

There should be a requirement
that nOE in its site selection
process consider potential
releases beyond 10,000 years,
although the Subgroup could
not agree on the detailed
wording for this new Assurance
Requirement.
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GENERAL STATEMENTS

1. Although the EPA models of generic repositories include the
concept of multiple barriers for containment of HLW, the principal re-
liance for isolation of HLW from the biosphere is placed on the slow-
ness of transport through the host geologic medium. To ensure that
transport is slow enough so that EPA standards of radionuclide release
are met, accurate values of several parameters are needed. The generic
repository models that EPA uses, however, Involve wide ranges in values
for some of the critical parameters such as permeability, solubility,
and retardation factors. The large ranges are due partly to uncertain-
ty in experimental data and partly to EPA's effort to encompass all
possible lithologies and settings in its generic models.

With site-specific models, the range of possible parameter values
for any given lithology and site could be sharply reduced. At a spe-
cific site some of the EPA assumptions for the generic model may not
hold, and values of some parameters may lie outside the range suggested
for the model. For example, solubilities of some elements (notably Tc,
Np, U, Pu) are strongly dependent on pH and Eh, and at a particular
site mighr fall outside the range of conservative assumptions built in-
to the EPA model. Also, retardation factors vary markedly with ionic
strength. For cesitim, as an example, the retardation factor in brine
is at least 100 times less than in groundwater of low ionic strength;
thus the EPA-chosen value of 1 is reasonably conservative for brines
but ultraconservative for other groundwaters. Site specific models
would accommodate such differences.

2. Generic repositories in the EPA models all assume'that an aq-
uifer exists above, and sometimes also below, the repository, and that
such aquifers are saturated with water. In some settings, however, no
aquifer exists, or the sedimentary rocks above the repository have low
permeability even though they may be saturated. Since isolation and
containment are the goals, absence of an aquifer is desirable. Fur-
thermore, at some repository sites the water table is very far below
the earth's surface, so that a repository could be placed well above
the water table. Such localities have the advantage that little or no
water would flow through or near the repository as long as the present
hydrologic regime persists. As the principal mode of transport of nu-
clides from a repository is by dissolution and transport in water, the
advantage of these relatively dry sites is obvious. Thus the generic
models used in the calculations of repository performance may be ex-
cluding a kind of repository setting that is superior to these examined.

3. For a period of several centuries after a repgsitory is
charged, the principal sources of radiation will be Sr and 137Cs.
The modeling assumes that these nuclides will be completely contained
for 500 or 1000 years. It should be stressed, however, that any short-
circuit of groundwater transport to the biosphere in this early period
could cause hazardous releases of strontium and cesium. Siting and
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design of a repository should take into account the enormous amount of
radioactive material entering the environment that would result if such
unanticipated releases occur.

4. All the models used to predict repository performance are
based on solubility and retardation-factor data. The models assume the
absence of complexing or chelating agents, although such agents, If pre-
sent, could enhance the transport of radionuclides and cause the release
of significantly larger amounts of radioactivity than are predicted by
the models. The presence of possible complexing agents will be deter-
mined largely by the nature of rocks and groundwaters at the repository
site. The chelating agents will probably derive from organic materials
introduced during construction, charging, and sealing of the repository.
Clearly, the site must be selected and the repository constructed so as
to minimize the amounts of such agents.

5. Predictions that geologists and geochemists are asked to make
about the future become less reliable as the time period is extended.
The reliability of predictions depends somewhat on the kind of waste to
be placed in a repository. For reprocessed waste from which uranium
and other actinide elements have been largely extracted, the necessary
predictions are important chiefly for the first 1000 years, and can be
made with considerable confidence. Untreated spent fuel, on the other
hand, remains hazardous for tens or hundreds of thousands of years, and
predictions for such times are much less dependable.

6. As part of its justification for using 10,000 years as a
limit for considering radioactive releases from a repository, EPA notes
that by this time the radioactivity'of the HLW would have diminished to
an amount comparable to that of an unmined uranium ore body. Theoret-
ically the comparison has a good scientific basis, but practically it
is questionable because ore deposits are so extremely variable in size,
shape, and grade, and their limits and history are so hard to specify.
The difficulties are Illustrated by EPA's document 520/3-80-009, in
which calculated releases from a model ore body are orders of magnitude
lower than releases "measured" at actual ore bodies. The comparison is
useful In a rouqh qualitative sense, hut a better standard for judging
the risk from radioactive releases at the end of 10,000 years would be
comparison with the radioactivity of natural waters or the ambient ra-
diation in the general environment.

Recommendation 1

EPA should consider two sets of geochenical parameters for predict-
ing the performance. of a repository, one set for high ionic strength
environments such as salt, and one for the much lower ionic strength
waters that may be expected in other lithologies.
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Background for Recommendation 1

The retardation process for ions dissolved in a migrating ground-
water Involves the adsorption of the ions onto mineral surfaces. If
the ion must compete for an adsorption site with large numbers of Na
or other ions, it will have a lower probability of being adsorbed. Its
rttardatiqn factor will then be lower. This would be the case for
1'Cs or 9OSr in a brine solution. EPA has chosen retardation factors
of 1 for both Cs and Sr. We suggest that 1000 and 200, respectively,
would be better numbers, and still be conservative for most litholo-
gies. We would take a value of ten, however, for brines. The EPA value
of 1 is acceptably conservative for brines, but is overly conservative
for most other lithologies.

Recommendation 2

An addition to section 291.13, Containment Requirements, is recom-
mended. The following would be added to the end of this section:

The choice of sites for these disposal systems shall take into
consideration the effects of foreseeable events on releases of radio-
active materials beyond the 10,000 year period.

Background for Recommendation 2

The hazard from releases of radioactive material does not decrease
sharply at 10,000 years, but will probably continue for periods up to a
few million years. A different set of radionuclides becomes important
after 10,000 years, particularly those supported by decay of uranium
(and other actinires) carried in grotindwiter. Especially prominent a-
mong among these nuclides are 726Ra and 2 0Pb. Transport of these ele-
ments and their uranium parent is governed by different media charac-
teristics and different solubility and retardation factors from those
important during the first ten millennia. For example, slightly oxi-
dizing conditions wnoud favor transport of uranium, hence the growth of
abundant Y'6 Ra and 2 IPb at a distance from the repository, so that the
solubility and retardation of these two nuclides become critical to
predictions of radioactive releases to the biosphere. Selection of a
geologic site and medium for a repository, although still based primar-
ily on predictions for the first 10,000 years, should be influenced
also by consideration of the probable behavior of uranium and its
progeny.

A second reason for concern beyond 10,000 years is the increasing
possibility of geologic disturbance to a repository as time grows long-
er. One sort of geologic event that might affect the repository is re-
newed glaciation, unlikely during the the first 10,000 years, but very
probable shortly thereafter. Overlying ice would probably not directly
damage a repository, but the advance and retreat of ice sheets could
cause drastic changes in the hydrologic regime nearby. Even at a con-
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siderable distance from the actual glacier, the integrity of a reposi-
tory could be influenced by the changes in climate, especially preci-
pitation, that would accompany glaciation. Among the geologic factors
to he used in siting a repository, consideration should be given to the
possibility of glaciation and climate change after 10,000 years.

Recommendation 3

EPA should reassess the values it chose regarding solubility and
retardation factors for Am, Sn, Sr, Cs, Tc, and Np.

Background for Recommendation 3

The solubility-of Am increases linearly and markedly with decreas-
ing pH. This would imply very high solubilities at pH's less than 6.
On the other hand, there is an, as yet, unidentified Am compound that
appears to lower the solubility very strongly in some environments at
low pH's. Until this compound can be identified and its role assessed
in a repository, there is considerable uncertainty in the rate of mi-
grat1on of Am. nwing to this large uncertainty, the EPA estimates for
Am may not be conservative.

It is possible that the solubility of Sn is on the order of 0.001
ppm, rather than 1 ppm.

Both Tc and Np solubilities are taken as 0.001 ppm. If the repos-
itory conditions, or the aquifer conditions, are not distinctly reduc-
ing (Eh less than 0.0 volt), however, solubilities rise markedly. Fur-
ther, the Tc forms an anion, so that the retardation %factor will still
he very low as listed by EPA. The results could he a serious underes-
timate for the Tc release.

For nuclides in non-brine settings, retardation factors used by
EPA for Cs, Sr, and Sn may be unrealistically conservative (too small)
by one or two orders of magnitude.

Recommendation 4

EPA should acquire good values for solubilities and retardation
factors for all the nuclides specifically listed in Table 2 of 40CFR191.
The data should he for a range of potential natural conditions, Includ-
ing pH, Eh, temperatures, and different lithologies, where these ranges
extend sufficiently beyond the idealized conditions used in the generic
models.

8ackground for Recommendation 4

The EPA effort to estahlish release requirements that are both
safe and attainable requires that it have sufficiently good data to
make realistic repository performance estimates. Given the strong de-
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pendence on the geological and geochemical barriers, it becomes criti-
cal that the transport estimates for the various repository lithologies
and aquifers be assessed accurately enough.

The behavior of the nuclides in Table 2 under a variety of pH
and Eh conditions is of considerable importance. We point out the
strong dependence of solubility on pH or Eh for a number of elements
in Reconnendation 3. We also note the dependence of retardation factors
on the ionic strength of the solution. Modest- departures from pH 6-8
or from slightly reducing conditions (EPA generic model assumptions)
can make significant differences in solubilities and, therefore, poten-
tial releases. Recent observations, that dissolved oxygen has been
found in groundwater 300 meters below the saturation zone, point up
the need for data when conditions are not slightly reducing.

The data on retardation factors, with some notable exceptions, are
based on the interaction of solutions with very few types of solid
media, and these are often poorly characterized or inappropriate 11th-
ologies. Data from properly designed experiments are few, which leads
to uncertainties in how realistic are the repository performance pre-
dictions of the generic model, and what degree of conservatism should
be introduced in setting standards.
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Qeconmendation I

To the extent possible and with the data available, EPA should
perform an economic analysis (benefit/cost analyses; differential
costs and benefits for different levels of protection; and costs for
alternate means of disposal). In making this analysis, EPA should use
the most current cost models and data now available.

Backcround for Recommendation 1

Given the data available at the time it was made (early 1982), the
analysis is reasonably comprehensive and adequate. It should, however,
be made clear in the report that it is valid as of early 1982, since
many new data are now available, e.g., ONI-3, PNL-4513, PNL-3949 and
the nefense Waste Management Plan.

For a generic, deterministic study the aggregated, simple model
used by EPA is adequate for a cost analyses. However, the cost for ac-
tuial repositories at specific-sites could diverge substantially from
these generic costs.

The final costs will not be known until the repository is actually
excavated because of the geologic variability certain to be encountered
underground. In addition, until the final choice of waste form, pack-
age, overpack and backfill Is made, the costs will not be defined.

With respect to the EPA cost analysis:

i) We consider it misleading to include costs for storage of
spent fuel prior to reprocessing and for transporting the spent
fuel to the reprocessing site as a part of the costs for waste
management. These costs are associated more directly with energy
production than with waste management.

ii) Insufficient distinction is made between management costs
that are fixed independent of the volume of waste and those that
vary with the throughput and level of protection.

iii) Other disposal strategies, such as extended (i.e., 50 to 100
years) temporary storage of spent fuel or use of extended (over
1,000 years) engineering controls, could result in important
changes in costs and benefits, but information available on such
strategies is lacking. EPA cost analyses did not consider these
questions.

Recommendation 2

Though the uncertainties in the cost estimates are great, the ab-
solute amounts involved are so high that even small percentage savings
represent substantial amounts of money. We recommend that EPA careful-

A-6-2



ly examine the possibilities for cost savings in the waste management
program.

Background for Recommendation 2

*The absolute magnitude of costs involved in the high-level radio-
active waste management program are high--many billions of dollars for
each repository--and an inevitable consequence of the selection of the
deep mined geological option with multiple barriers and associated site
selection constraints. The uncertainties in the estimates of waste
management costs are also high, typically hundreds of millions of dol-
lars, due mainly to the absence of any comparable prior experience with
such a program.

It is important to examine carefully how the proposed EPA stan-
dards, and possible modifications, might reduce these large costs even
if only by seeminqly small percentages, since the absolute number of
dollars saved is likely to be large.

Recommendation 3

To disclose the significance of sequencing and delays on site se-
lection and engineering designs of repositories, calculations should
consider discounted as well as non-discounted costs for the operational
period.

Background for Recommendation 3

Failure to discount costs neglects the major factor of time in the
sequence of operations leading to repository emplacement. Discounted
cost procedures recognize that expenditures incurred early in reposi-
tory development are of greater significance than the same amounts ex-
pended later. The relative importance of the various cost components
in waste isolation could be changed drastically by the use of discount-
ed dollars. For example, storage prior to emplacement in the reposi-
tory is the largest single cost in the analysis. It is also an early
cost. Hence, a rock type that permits early emplacement would reduce
storage costs and, on a discounted basis, could dramatically modify the
relative cost of storage compared to other components. Costs for re-
search and development (R&D) needed, in part, to demonstrate compliance
are also substantial and also come early in the disposal cycle. Again
on a discounted basis, R&D costs could become a major factor.

Recommendation 4

We recommend that no type of site should be precluded on the basis
of site characteristics alone. Consideration of all factors including
engineered barriers, transportation, availability of utilities and la-
bor, etc. may lead to a different choice of sites and isolation tech-
nologies than those dictated by site characteristics alone.
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lackgrnund for Recommendation 4

The constraints on exploration for geological repository sites and
the associated long-term containment performance requirements have no
counterparts in geological engineering experience. The distance of a
repository from radioactive waste production and storage sites is also
an important consideration. Consideration of all such factors, includ-
ing engineering barriers, may lead to preference for sites, all satis-
factory, which might possibly be ranked below others when considering
geological criteria alone.

Findina 1

Although the actual radionuclide releases from a geologic repos-
itory are likely to be less than the proposed EPA release limits, dem-
onstration of compliance with such low release limits will be diffi~iut
and for some repository location could result in delays and increased
costs associated with such demonstration.

Increasing the proposed limits should not reduce the actual level
of protection provided to the public, but could facilitate demonstra-
tion of compliance (see also Recommendation 1, Section IV).

Rackground for Finding 1

The level of protection of public health to be achieved in the dis-
posal of high-level radioactive waste, following the technologies and
site types now under active consideration and incorporating the stan-
dards and good engineering practices envisaged under EPA, NRC, and DOE
requirements, will undoubtedly be high. Assuming that the technologies
and media to be used in actual future repositories are chosen from those
now under active consideration, the Subgroup believes that, in most
cases, the technologies and sites can probably meet the EPA's proposed
standard with some margin.

In the range of release limits being considered, the technologies
to be used and the major portion of the associated costs are largely
independent of the prescribed release limits. However, at the release
limits currently envisaged by EPA, the intrinsic variability of geolog-
ical parameters makes it difficult to demonstrate compliance with rea-
sonable confidence, and will inevitably lead to delays in the compli-
ance demonstration process. Since such demonstration is required at
an early stage in the repository development process, these costs as-
siime added importance,'especially on a discounted cost basis.

However any drastic increase in the stringency of the currently
proposed regulatory requirements could Increase costs dramatically
(more expensive waste forms and containers), hut with essentially no
real increase in the level of safety achieved. Recent estimates in the
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Swedish KBS plan show that placing heavy reliance on engineered bar-
riers will cost approximately three times as much per MTHM as the cur-
rent U. S. plan. In fact, such stringencies might lead to disposal
situations that would appreciably increase the levels of occupational
risks and cost (e.g., in increased handling, transporation, underground
emplacement, and administration) without associated public health bene-
fit.

Fineing 2

While there are a number of generic cost studies available, there
does not appear to have been a definitive study of the R&D costs asso-
ciated with meeting the performance criteria, or how these would differ
for the various rock types, or for different performance criteria.

However, our confidence in the S11-40/Kg-HM estimates used by EPA
is increased by the independent analyses of ONI (Office of National
Waste Terminal Storage Integration, DOE) which estimated R&D costs for
two repositories to total S5x109 . Since, as noted earlier, the costs,
R&D included, have components that are fixed and others that vary with
throughput, the unit costs in the Regulatory Impact Analysis are not
constant values. If it is assumed as an approximation that they are
constant, the R&D costs for two repositories would range between
S1.4-5.6x109.

fA
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Recommendation 1

When discussing the long-term biological effects produced by the
internal or external irradiation of human organs by radionuclides that
escape from the repository, EPA should avoid using a term like 'health
effects" but should refer to the specific category of effects being
considered, cancer andfor genetic effects.

Background for Recommendation 1

In the draft EIS and other documents prepared in support of the
proposed standard, the term "health effects" is often used when the
authors were actually referring to cancer mortality. It is recognized
that the analyses have indicated that cancerrelated effects may predom-
inate over genetic-related effects, but this should be emphasized by
more precise terminology. In this way, it will be clear what has or
has not been included in the final calculations.

Recommendation 2

EPA should continue using the linear, non-threshold dose response
model to estimate the possible health effects associated with radioac-
tivity that escapes from the repository.

Background for Recommendation 2

The linear, non-threshold dose response model has been used by a
number of scientific bodies that have reviewed the available data on
the relationship between dose and the occurrence of long-term somatic
and genetic effects. Reports based on the linear, non-threshold dose
response model include the REIR 1972 report, UNSCEAR 1977 report, and
part of the BEIR 1980 report and the radiation protection systems rec-
ommended by the NCRP and ICRP for occupational situations. In the
case of the majority BEIR 1980 report, a linear non-threshold model
was used for high LET radiation; for low LET radiation, a linear model
was selected for upper bound estimates of risk, and a linear-quadratic
model for best estimate determinations. The true risk was postulated
to range from the values of estimates from the dose-response model to,
perhaps, zero. The BEIR 1980 report indicated also that no judgment
was being made on the shape of the dose-response curve below 100 mrem,
as supporting data were not available.

What are the consequences of choosing a linear, non-threshold dose
response model for assessing the long-term somatic and genetic effects
of radioactivity that escapes from a repository? On the positive side,
this particular dose response function facilitates the calculation of
population effects. Since the risk of long-term somatic or genetic ef-
fects per unit dose is currently thought to be constant regardless of
the level of dose received, the risk to an irradiated population can be
determined from the average population dose without knowledge of the
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distribution of dose within the population. Since all increments of
dose received are accorded the same risk per rem, the use of a linear,
non-threshold dose response model is generally considered to be a con-
servative practice that will not underestimate the possible conse-
.uences. In the present case, which involves the multiplication of
nicrodoses by megapeople, it is very possible that such a calculation
will actually overestimate the resulting effects by a large amount.
There seems to be no realistic alternative at the present time to the
linear model.

These calculations require the extrapolation of a dose response
relationship many orders of magnitude from the dose region in which
actual effects were noted to the very low doses projected in the cur-
rent waste disposal analyses. When dose response functions of differ-
ent shapes are used for this purpose, greatly differing risk values
are obtained. There are no effects data available for these very low
doses, and it is unlikely that epidemiological data will ever be avail-
able to assess the appropriateness of different dose response models in
the very low dose region. Thus, the use of any dose response model for
the present purpose involves a high degree of speculation, and the val-
ues obtained have very little merit as absolute indicators of the num-
ber of biological effects that may occur. They do serve a useful pur-
pose, however, by providing a relative yardstick by which different re-
pository designs and sites can be compared and evaluated.

Recommendation 3

EPA should adopt a set of health risk factors that are clearly
traceable to some recognized set of health risk factors, and they
should clearly document the reason for any exceptions.

Backaround for Recommendation 3

The current Environmental Impact Statement (EIS) and other docu-
ments supporting the proposed standard contain a health risk factor for
different body organs expressed as the risk of cancer (or genetic ef-
fects for gonad irradiation) per rem of absorbed dose equivalent. This
list is an accurate reflection of the current knowledge as to which tis-
sues are more important in this regard. However, the numerical values
are not directly traceable to any particular set of risk factors as pre-
sented by advisory bodies such as the BEIR 1972, BEIR 1980, or ICRP
1979 reports. It is recognized that as new data become available,
there may be changes in the values given in a list such as this. How-
ever, for the present purposes, it seems that the credibility of the
calculation would be enhanced by using a set of risk estimates derived
by one or several of these recognized advisory bodies.

Recommendation 4

When considering the genetic effects in future generations, the
effects to all generations should be computed, not just those to the
first generation.
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Background for Recommendation 4

Inasmuch as the somatic effects are calculated generation-by-gen-
eration, symmetry requires the same for the genetic. However, the ge-
netic differ from the somatic in that they are cumulative. Otherwise
stated, since the cancers are eliminated by the death of the affected
persons, they will not accumlate, but since a mutation will produce an
allele which may be transmitted from generation to generation, genetic
effects will cumulate, up to some "equilibrium' figure. The rate of
accumulation and the final equilibrium value depend on the average
handicap imposed by the mutant gene. Even though per generation the
genetic effects are less than the somatic, by the end of 10,000 years
the genetic level per generation could be as great as the somatic.
The relationship between mutation (m), selective disadvantage (s), and
frequency (f) is given by the very simple relationship

f = M/s
If the mutations induced by radiation confer an average selective dis-
advantage of 0.5, then at equilibrium (largely achieved in 10 genera-
tions), the traits will be twice the mutation rate in frequency. If,
however, medical care alleviates the average impact of these mutations,
to where the average selective disadvantage is only 0.1, or even 0.01,
then the equilibrium frequencies become 10 or 100 times the mutation
rate, respectively.

Recommendation 5

When stating the health risk numbers, a best value with possible
uncertainty of a range of possible values should be given instead of
single values, as is done now.

Background for Recommendation 5

There are two main areas of uncertainty in these risk estimates.
The first relates to uncertainty in the relationship between dose and
response in the region for which data exist (relatively high doses ob-
tained at relatively high dose rates). The second relates to the dose
response projection model used to extrapolate to very low doses result-
ing from very low dose rates. The uncertainty associated with the
former can and should be addressed in the table of listed risk factors.
The latter case may involve a very large range of errors associated
with an extrapolation into a region where it is not known whether the
chosen dose response function is applicable. Trying to assess uncer-
tainty in this region would be very subjective and unproductive for the
purpose of these calculations. However, the report should indicate
that an extrapolation two orders of magnitude beyond well-studied dose
effects is involved, and, in the case of genetic effects, from a mouse
model which may not be appropriate in all respects.
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Recommendation 6

The EPA should emphasize more strongly than at present that the

health effects being calculated result from radiation exposure which,

as the situation is now understood, would have resulted at least in
part from the unmined ore itself, i.e., natural weathering of ore and
transport of uranium and daughter products via erosion, groundwater,
surface water, wind, etc.. In this case, these phenomena result in

substitutional rather than additive health effects.

Rackground for Recommendation 6

EPA has made this statement in EPA 520/3-80-000 and in the Federal
Register 47:858203 (29 necember 1982); we are concerned that this in-

ference not be lost sight of or buried in the final document.
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40 CFR. Part. 191 (Proposedt)

Environmental Standards for the Management and Disposal of Spent

Nuclear Fuel, High-Level and Transuranic Radioactive Wastes.
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APPENDIX C

REFERENCES

Following is a listing of the documents considered by the High-
Level Radioactive Waste Subcommittee in the course of its review of
EPA's proposed standards for the disposal of high-level radioactive
wastes. The list is divided into three parts. The first includes
those EPA documents which were used as references, the second other
documents used as references, and the third, documents which were pro-
vided but not used as references. The list does not include numerous
minor documents handed out at Subcommittee meetings which are a part
of the minutes of those meetings.

is. EPA Documents Used as References

Alternative Disposal Concepts for High-Level and Transuranic
Radioactive Waste Disposal, U.S. EPA, ORP/CSD-79-1, May 1979.

A Review of Radiation Exposure Estimates from Normal Opera-
tions in the Management and Disposal of High-Level Radioactive
Wastes and Spent Fuel, EPA 520/3-80-008, August 1980.

Draft Environmental Impact Statement for 40 CFR 191, EPA
520/1-82-025, December 1982.

Draft Regulatory Impact Analysis for 40 CFR 191: Environmen-
tal Standards for Management and Disposal of Spent Nuclear
Fuel, High-level and Transuranic Radioactive Wastes, EPA
520/1-82-024, December 1982.

Economic Impacts of 40 CFR 191: Environmental Standards and
Federal Radiation Guidance for Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes, EPA 520/4-80-014, December 1980.

Environmental Pathway Models for Estimating Population Health
Effects from Disposal of High Level Radioactive Waste in
Geologic Repositories (Draft), EPA 520/5-80-002, December 1982.

Environmental Standards for the Management and Disposal of
Spent Nuclear Fuel, High-Level and Transuranic Wastes (Pro-
posed), 40 CFR 191, December 1982.

Maxdose-EPA: A Computerized Method for Estimating Individual
Doses from a High-Level Radioactive Waste Repository, EPA
520/4-81-006, April 1981.
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Population Risks from Disposal of High-Level Radioactive
Wastes in Geologic Repositories (Draft), EPA 520/3-80-006,
December 1982.

Population Risks from Uranium Ore Bodies, EPA 520/3-80-000,
October 1980.

Potential Individual foses from Disposal of High-Level Radio-
active Wastes in Geologic Repositories (Draft), EPA 520/1-82-
026, January 1983.

Radiation Expnsure From Solidification Processes for High-
Level Radioactive Liquid Wastes, EPA 520/3-80-007, May 1980.

Technical Support of Standards for High-Level Radioactive Waste
Management, Volume A--Source Term Characterization, EPA 520/4-
79-007, July 1977.

Technical Support of Standards for High-Level Radioactive Waste
Management. Volume B--Engineering Controls, EPA 520/4-79-007,
August 1q77.

Technical Support of Standards for High-Level Radioactive Waste
Management, Volume C--Migration Pathways, EPA 520/4-79-007,
July 1977.

Technical Support of Standards for High-Level Radioactive Waste
Management, Volume D--Release Mechanisms, EPA 520/4-79-007,
March 1980.

Technical Support of Standards for High-Level Radioactive Waste
Management, Volume E--Addendum to Volumes C and 0, EPA 520/4-79
-007, March 1982.

2. Other Documents Used as References

A Dynamic Model of the Global Iodine Cycle and Estimation of
Dose to the World Population from Releases of Iodine 129 to
the Environment, Environment International 5, 15, 1981.

Clark, L. L. and Cole, R. M., An Analysis of the Cost of Mined
Geologic Repositories in Alternative Media, Rattelle Pacific
Northwest Laboratory, PNL 3949, UC-70, February 1982.

Cohen, B. L., Long-Term Consequences of the Linear No-Thres-
hold Dose-Response Relationship for Chemical Carginogens,
Journal of Risk Analysis, Vol. 1, No. 4, December 1981.
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National Research Council (November 1972), The Effects on
Populations of Exposure to Low Levels of Ionizing Radiation,
a report by the Advisory Committee on the Biological Effects
of Ionizing Radiations.

Nero, A. V., Indoor Radiation Exposures from 222Rn and its
Daughters: A View of the Issue, Health Physics, 45, No. 2,
August 1983.

Ng, Y. C., Colsher, C. S. and Thompson, S. E., Soil-to-Plant
Concentration Factors for Radiological Assessments, NUREG/ICR-
2975, UCI-19463, November 1982.

Nuclear Waste Policy Act of 1982, Public Law 97-425,
January 1983.

Oak Ridge National Laboratory (1980), A Combined Methodology
for Estimating Dose Rates and Health Effects from Radioactive
Pollutants, ORNL/TM-7105, December 1980.

Ortiz, N. and Cranwell, R., Risk Assessment Methodology for
High-Level Waste; Assessing Compliance with the EPA Draft
Standard, Including Uncertainties, SAND 82-0596, Sandia
National Laboratory, June 1982.

Ostor, S., and Giuffre, M., Review of 40 CFR 191: Assessment
of Technical Issues and Evaluation of Alternatives, The Ana-
lytic Sciences Corporation, TR-3336-5, June 1983.

Ral, 0., Stricker, R. G., Moore, 0. A., and Serne, R. J., In-
fluence of an Americium Solid Phase on Americium Concentrations
in Solutions, Geochimica et Cosmochimica Acta, Vol. 45, pp.
2257-2265, November 1Q81.

Recommendations of the International Commission on Radiologi-
cal Protection, ICRP Publication 26, 1977.

Sandia National Laboratory, Technical Assistance for Regulatory
Development: Review and Evaluation of the Draft EPA Standard
40 CFR 191 for Disposal of High-Level Waste, Volume 1-Executive
Summary, NUREG/CR-3235, SAND 82-1557, April 1983.

Sandia National Laboratory, Technical Assistance for Regulatory
Development: Review and Evaluation of the Draft EPA Standard
40 CFR iQ1 for Disposal of High-Level Waste, Volumes 2, 3,
4--Sinplified Analyses of a Hypothetical Repository in Basalt,
Tuff and Sedded Salt Formations, respectively, NUREG/CR-3235,
SAND 82-1557, April 1983.
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Sandia National Laboratory, Technical Assistance for Regula-
tory Development: Review and Evaluation of the Draft EPA
Standard 40 CFR 191 for Disposal of High-Level Waste, Volume
5-Health Effects Associated with Unit Radionuclide Releases
to the Environment, and Volume 6--Calculation of Health Effects
per Curie Release for Comparison with the EPA Standard, NUREG/
CR-3235, SAND 82-1557, April 1983.

Sources and Effects of Ionizing Radiation, United Nations Sci-
entific Committee on Effects of Atomic Radiation, 1977.

IJ.S. Nuclear Regulatory Commission (1975), Reactor Safety Study:
An Assessment of Accident Risks in U.S. Commerical Nuclear
Power Plants, Appendix VI (Calculation of Reactor Accident
Consequences), WASH-1400, 1975.

U.S. Nuclear Regulatory Commission (198?), Disposal of High-
Level Radioactive Waste in Geologic Repositories - Technical
Criteria, 10 CFR 60 (Final Rule).

U.S. Nuclear Regulatory Commission (1982), Risk Methodology for
Geologic Disposal of Radioactive Waste-Final Report, NUREG/CR-
2452, SAND 81-2573, Sandia National Laboratory, December 1982.

U.S. Nuclear Regulatory Commission (1982), Risk Methodology for
Geologic Disposal of Radioactive Waste-Scenario Selection Pro-
cedure, NUREG/CR-1667, SAND 80-1429, Saudia National Labora-
tory, Deerember 1982.

IJ.S. Nuclear Regulatory Commission (1981), Proceedings of a
Sym posium on Uncertainties Associated with the Regulation of
the Genlogic Disposal of High-Level Radioactive Waste, Gatlin-
burg, Tennessee, March 9-13, 1981, NUREG/CP-0022, 1981.

U.S. Water Resources Council (December 1978), v. The Nation's
Water Resources: 1975-2000, Volume 1, Summary, December 1978.

Waddell, J., Dippold, '., and McSweeney, T., Projected Costs
for Mined geologic Repositories for Disposal of Commercial Nu-
clear Wastes, Office of NWTS Integration, ONI-3, December 1982.

Ward, D. S., Reeves, M., Duda, L. E., and Dillon, R. T., Veri-
fication and Validation of the Sandia Waste-Isolation Flow and
Transport Model (SWIFT), Sandia Laboratories, May 1983.

Wick, 0. J., and Cloninger, M. O., Comparison of Potential Ra-
diological Consequences from a Spent-Fuel Repository and Natu-
ral Deposits, Pacific Northwest Laboratory, Battelle, PNL-3540/
UC-70, September 1980.
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3. Documents Provided But Not Used as References

Cheung, H., Edwards, L., Harvey, T., and Revelli, M.,
Postclosure Risks of Alternative SRP Nuclear Waste Forms
in Geologic Repositories, Lawrence Livermore National
Laboratories, May 1982.

U.S. Environmental Protection Agency (1981), Proposed
Federal Radiation Protection Guidance for Occupational
Exposure, EPA 520/4-81-003, January 1981.

II.S. Environmental Protection Agency (1980), State of
Geological Knowledge Regarding Potential Transport of
High-Level Radioactive Waste from Deep Continental
Repositories--Report of an Ad-Hoc Panel of Earth
Scientists, EPA 520/4-78-004, 1978.

U.S. Environmental Protection Agency (1979), Assessment
of Waste Management of Volatile Radionuclides,
ORP/CSP 79-2, U.S. EPA, May 1979.
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January 30, 1984

Dr. Herman Collier
President
Moravian College
Main and Elizabeth Avenues
Bethlehem, PA 18018

Dear Herman:

I have reviewed the revised draft of the Executive Summary of the report

of the High-Level Radioactive Waste Disposal Subcommittee of the Executive Com-

mittee of the EPA Science Advisory Board. Although I am in general agreement

with the findings and recommendations of the Subcommittee, I am concerned that

the manner in which they are presented may diminish the potential for their

being accepted.

The specific issue of concern relates to the evolving concepts of risk

assessment and risk management. At the time your Subcommittee started its review,

the distinction between risk assessment and risk management.was not drawn as

sharply as it is now. In addition, the Subcommittee was provided review material

which blended risk assessment and risk management issue. That this was the case

is evidenced by the fact that you were presented with a proposed standard for

review. This blending of risk assessment and risk management has been extended

Into your subcommittee's Executive Summary which concerns me as I will detail

below.

Although the Summary highlights a number of important findings and recommen-

dations, it is my impression that two findings stand out as being of major im-

portance. The first finding is that conservative assumtplons have been used to

link releases and health risks resulting in an over-estimation of health risks by

an order of magnitude or so for a given level of release. This Is an Important

matter of scientific judgement and within the context of recent usage of the term

is a "risk assessment" matter. The bottom line conclusion that may be drawn

from this "risk assessment" finding is that the release limits in Table 2 of the
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proposed standard should be increased by a factor of 10 for most radionuclides if

the societal risk objective is held constant. This conclusion deserves a state-

ment on its own.

A second finding is that the proposed societal objective of not exceeding

1000 deaths in 10,000 years is considerably more stringent than those generally

required or adopted in today's society. The conclusion as to stringency compared

to other sources of risk is a matter of scientific judgement as I will discuss

later. However, the recommendation to relax the societal objective is a matter of

risk management. Unfortunately, the summary weaves all of what I have discussed

above into a single recommendation.

Certainly the Subcommittee members, as informed members of the public, should

feel free to offer their opinion that the "risk management" judgement of not exceed-

ing 1000 deaths in 10,000 years is too conservative. However, in offering comments

in this aspect bf the standard, their comments should carry no more or no less

weight than that of any other member of society. By bringing together in one recom-

mendation a risk assessment issue (relaxation of the release limits) and a risk

management issue (relaxation of the societal objective), they raise the possibility

that their scientific judgement will not be heeded.

Having noted the need to separate, to the extent it is feasible, risk assess-

ment and risk management issues, I should hasten to add that I do believe it is
appropriate for scientists with information on comparative risks to call this

information to the attention of decision makers who must ultimately make risk

manacement decisions, i.e., set standards. In this regard, I am pleased that the

Subcommittee has included in their report comparative information on several

sources of risk. Recognizing the degree to which Society controls or accepts other

risks and considering a background rate of about 400,000 cancer deaths per year,

it is difficult to even comprehend a societal objective of 0.1 deaths per year (or

1000 deaths in 10,000 years). As a scientist/citizen, it is this comparative

risk information that leads me to the opinion that the societal objective can

D-2



nr. Herman collier
inuary 30, 1984

eace 3

probably be relaxed, and perhaps very substantially, dependent upon the cost of

achieving It as well as other social and policital factors.

I would be pleased to meet with Mr. William Ruckelshaus, other EPA officials,

you, your subcommittee or other members of the Science Advisory Board if the posi-

tion I have stated needs further elaboration.

Sincerely,

Roger 0. McClellan, D.V.M.
Director

ROM: r

xc: Dr. Norton Nelson
Dr. Terry Yosie
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