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entitled "Technical Assistance to the Environmental Protection
Agency on 40 CFR Part 191", prepared by the U.S. Department of
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this report contains preliminary results on the tasks requested

by EPA; as additional results are available, they will also be
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Corinne Macaluso of my staff at (202) 586-2837.
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Department of Energy
Washington, DC 20585

MAY 121332

Ms. Margo T. Oge, Director

Office of Radiation Programs (ANR-458)
U. S. Environmental Protectlon Agency
401 M Street, SW

Wwashington, DC 20460

Dear Ms. Oge:

We are enclosing preliminary results on the tasks requested by
EPA on January 7, 1992, to provide technical assistance related
to the repromulgation of EPA's standard for disposal of high-
level and transuranic radiocactive waste, 40 CFR Part 191. This
information is provided to you as part of the process of EPA's
staff working with us as the evaluations proceed.

This effort was init{ated in March and, as expected, some of the
tasks could not be completed for this transmittal. The
information for each task represents approximately six weeks of
effort. 1In order to support the early May deadline requested by
EPA, it is necessary to provide this preliminary information as

Oseveral important analyses have not been completed. We believe
these preliminary results should prove useful in moving forward
the discussions between EPA and DOE.

Please review the enclosed material and provide your comments for
our consideration while we continue to work on the tasks. As
additional results are available, the information will be
provided to EPA. The Department of Energy point of contact is

Edward Regnier, Chief, Waste Management Unit. He can be reached
at (202) 586-5027.

Sincerely,

Gl

Raymond P. Berube
Deputy Assistant Secretary
for Environment

Enclosure
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CHAPTER 1
INTRODUCTION Vi

Over the past several years, the U.S. Environmental Protection Ageney (EPA) has been working
on a revision to its environmental standard for management and disposal of spent nuclear tuel.
high-level and transuranic radivactive wastes (40 CFR Part 191) in response o the 1987 remand
by the U.S. Court of Appeals. In a December 20, 1971, management meeting between the U.S,
Department of Energy (DOE) and the EPA, the DOE volunieered to provide technical assistance
to the EPA in developing supporting technical justification for revising sections of 40 CFR Pan
191, InaJanuary 7. 1992 letter from M. Oge (EPA)Y 1o R Berube (DOE), the EPA accepted the
offer und requested technical assistance in several specific areas. Those arcas were: human
intrusion, the three-bucket approach, mulimuode release limits, collective dose. TRU waste
equivalence unit, uncertainty propagation, and Carbon-14.  The DOFE envisioned that this
technical assistance would consist of 4 six-muonth effort of comprehensive techmeal analyses and
computer modeling exercises that could provide the techmceal foundation for any proposed
revision,  However, due to time constraints resulting from the EPA 400 CFR Parnt 191
repromulgation schedule, the technical studies were compressed to o program having a duration
of only approximitely six weeks.

In order w0 guide its contractors in performing the technical studies, the DOE developed task
assignments containing statements of work for each arca. These task assignments and responsible
organizations are:

*  Task I: Human Intrusion
Responsible Organization: Sandia National Laboratory

Develop the specifies of an approach that separates human antrusion trom the
complementary cumulative distribution functuon (CCDEFryand considersaitin a qualitative
fashion. Information developed from this task can be found i Chaprer 3 of this
document.

*  Task 2: Three-Bucket Approach
Responsible Organization: Sandia National Laboratory

Analyze the NRC's suggested “three-bucket approach™ tand EPA™s modificaton ot
NRC's approach). evaluate its usefulness in alleviating problems with the probabilistie
analysis, and determine the implementability of the approach.  Intoanation developed
from this task can be found in Chapter 4 of this document.

» Task 3: Mulimode Relcase Limits
Responsible Organization: Sandia National Laboratory

Develap the concept of & multi-column release limit table to cover the possible release
maodes for generic repositones, including methods tor computing imits for cach mode
and methods for implementation.  Information developed trom this task can be found
in Chapter 5 of this document.
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¢ Task 4: Collective Dose VJORK‘NG E.\ﬂ” :

Responsible Organization: Sandia National Laboratory

Evaluate the feasibility and develop the concept of a collective dose option to the
release limits approach, including the implementability of such an option. Information
developed from this task can be found in Chapter 6 of this document.

* Task 5/6: TRU Waste Equivalence Unit
Responsible Organization: Sandia National Laboratory

Develop a fundamental criteria for disposal of TRU waste and a waste unit that is
equivalent to HLW, based on a comparable acceptable collective risk. (This task was
originally started as two tasks and later combined because of similanities in scope.)
Information developed from this task can be found in Chapter 7 of this document.
(Information not available at this time). '

* Task 7: Uncertainty Propagation
Responsible Organization: CRWMS M&O (TESS)

Conduct the necessary analyses and evaluations to provide a defensible estimate of the
uncertainty in repository performance predictions as a function of time, for periods
between 1.000 and 100,000 years. Information developed {rom this task can be found
in Chapter 8 of this document.

» Task 8: Carbon-14
Responsible Organization: CRWMS TMSS (SAIC)

Develop further information concerning Carbon-14 releases from unsaturated media,
including costs of compliance with the present standard, and develop an alternative
requirement for regulating such releases. Information developed from this task can be
found in Chapter 9 of this document.

For each of these tasks. information was developed to support a possible revision of the standard,
with the goal that the overall level of public protection be similar to that provided by the 19KS
standard. Four types of material were developed for each task and are presented in this
document:

1. Suttement of the Problem

2. Recommended Approach

3. Supplementary Information

4. Technical Support Dacumentation

The Statement of the Problem identifies the concern about the standard that is being addressed
in the sections that follow. The Recommended Approach provides example regulatory language
to illustrate how the proposed revision might be incorporated into the standard. The
Supplementary Information provides a general discussion of the technical and regulatory
justification for the proposed revision in a format that is similar to the information that would
be requircd in the Federal Register supplementary information text for the repromulgated
standard. The Technical Support Documentation provides the details of the technical analysis

WP.158 12 SHim2
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that support the pruposed revision; this type of information would be necded for the Background
Information Document (BID) that the EPA would prepare as part of the repromulgation process

Since the DOE intends that the recommendations in this document be considered as a whele, the
suggested revisions o the standand resulting from each task have been consohdated, and are
presented in Chapter 2.

The information provided tor cach individual task within this document represents approvimately
six weeks of concentrated effort on the pant of the DOE and its vanous contractars. As discussed
carlier, the original scope of these studies provided for approximately six months of technical
analysis and computer modeling. However. in order o support the early May deadline requested
by the EPA. it was necessary to provide preliminary or incomplete information, because several
important analyses have not been completed.  The Recommended Approach, Supplementary
Information. and Technical Support Documentation for Task §/6 (TRU Waste Equivadence Unmio)
will be completed by June 19920 The technical analyses being conducted in support of Task 2
(Three-Bucket Approach) and Task 7 (Uncertainty Propagation) are scheduled tor completion in
August 1992, These analyses are described in Chapters <4 and ¥ of this documient When this
material becomes available. 1t will be provided to the EPA.
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2.1 OVERVIEW

Chapters 3 through 0 of this document contain recommended changes to EPA’s environmental

radiation protection standards for the management and disposal of spent nuclear fuel. high-level,
and transuranic wastes (40 CFR Parnt 191). Each chapter presents and discusses i separate sct
of changes in order 10 dexcribe cach recommendation clearly and o allow the EPA to choie
from the recommendations those that it wishes to incorporate in the revised standards. The DOL
intends, however, fur the recommendations be considered as a whole.  In formulatng cach
recommendation, the DOE has considered its effect on the other recommendations. Furthermore,
the intentions of the DOE can be understood fully only if the recommendations are thought ot
as consttuting a single overall recommendation. The recommendations contained v cach ot the
chapters that follow are summanzed below:

«  Chapter 3 describes a formulation of the containment requirements that chimmates some
ditficultics with the inclusion of human-imtiated events and  processes in the
demonstraton of compliance. The recommendation allows tor such processes and
events to be separated from the CCDF and weated qualitatively. The DOE intends that
this formulaton be a part of cach option for demonstrating compliance with the
containment requirements.  These options, three in all, are discussed in e 3 below

»  Chapter 4 describes the DOE objections to the proposed “three-bucket approach”™ t
demuonstraung compliance with the containment requirements. The DOE recommends
that this approach not be incorporated into the next revision of the standard

*  Chapters § and 6 describe additional options for the containment requirements. These
options are: (a) a multimode opuon that includes limits for all release modes to be
considered in the containment requirements (land, well, aver, and ocean), and (b 4
collective duse option that would apply to population doses resulting from the same tour
release modes. The DOE recommends that both of these options appear in the standard
in addition to the current requirement. after it has been modified according o the
recommendation for human intrusion in item | above. The DOE recommends that the
standard allow the DOE to choose any cne of these three opuions for the demonsiration
of compliance. Furthermore, the DOE recommends that the standard also allow the
DOE 10 choose the use of a combination of two of these options in generaung the
CCDF: the DOE may elect to use a combination of the original (hut reworded) release
Jimit option and the collective dose option (described in Chapter 6), or a combination
of the multimode release limit option (descnbed in Chapter §) and the collecuve dose
option.

In addition, it is recommended that none of these options (or combination of options)
be used to regulate gaseous radionuclide releases. In order o be consistent with other
EPA regulations that address similar releases from othes facthities, these gaseous releases
should be regulated as part of the individuai protection requrements in 40 CER Pan
191, as discussed in item 6 below,
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Implementation "61“(!13 multimode relense limit or collective dose options discussed in
Chapters § and 6 may result in the need to obtain more information regarding site
characteristics. However, even though this may be viewed as a disadvantage. these
options have the advantage of allowing site-specific considerations to be taken into
»>count while at the same time retaining the generic nature of the standard. It is also e
imponant to note that cach of the three resulting options for the containment
requirements has its advantages and disadvantages. For that reason, the revised standard
should not require the use of any one of the options by itself. Table 2-1 provides a
comparison of the vanous containment options being recommended, as well as an
example evaluauon of the effects of just using one of the options (e.g.. collectuve dose).

e Chapter 7 (not available at this ume) descnbes the DOE recommendation of a new
cquivalence unit for TRU waste, which can be used as the fundamental criterion for
disposal of TRU waste. This is based upon the same acceptable level of risk that was
used for spent fuel and HLW, and upon the same concept of a reference-size repository.
The DOE intends that this recommendation be a pant of all options for demonstrating
compliance.

= Chapter K discusses the propagation of uncertainty as it relates o demonstration of
comphiance for different time periods.  These discussions support the DOE
recommendation that the time period for individual and groundwater protection be
limited to 1000 years after disposal, as it was in the 1985 standard.  Furthermore, the
discussions in Chapter 8 suppont the recommendation that assessments of cumulative
radionuclide releases or collective doses should not be required for time periods greater
than 10,000 years or. in the case of individual doses, time peninds greater than 1,000
vears.

»  Chapter 9 describes the DOE recommendation for dealing with releases of radionuclides
in gascous form, with special focus on Carbon-14. In order to be consistent with the
manner in which the EPA regulates similar releases trom other facilities, the DOE
recommends that gascous releases from a repository be govermmed by the limits
established in 40 CFR Part 191 for individual protection, with some modifications. This
recommendation was  developed in conjunction with the recommendations  for
containment individual protection, and groundwater protection. The DOE intends that
this recommendation be considered in conjunction with any revision of the requirements
thut povern those three topics,

Each of the chapters discussed above contains a recommended approach that suggests how the
EPA standard could be revised, consistent with the DOE intentions embodied in the
recommendations.  As mentioned above, the DOE intends that these recommendations be
considered as a whole, since they are interretated. To assist the EPA in this, the rest of this
chapter presents a consolidation of all the recommended changes.  For the most pan, the
recommended changes refer to the 1985 standard. However, there are several instances where
reference is made to some provisions being considered by the EPA that are contained in Draft
Federal Register Notice, dated 2/3/92.
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Table 2-1. Comparison of Present Single Generic Rclcmscwglé ﬁxél‘ﬂln‘:ﬁm E_R

Alternative
Present Multimode Collective Dose | Collective Dose-
Single Generic Standard Option (with
Generic Release (without release limit
Release Limits release limit option)
Limits option)
Characteristic
Uniform Biosphere Yes Yes Only if standard | Only if standard
biosphere biosphere
specified specified
Uses Appropriate Release No Yes Yes Yes
Modes
Uniform Asscssment of All No Yes Yes Yes
Repasitaories and Pathways
All Repository Components No Yes Yes Yes
in Evaluations
Inaccuracies Due to Generic | Major Minor None None
Denvations
Cormrections for Repository No Yes Yes Yes
Locations
Traceable to Fundamental No Yes Yes Yes
Criteria
Site Specific No. but risk | No, with No No
uniform nearly
uniform risk
Additional Site No Moderate Extensive None to
Characterization Extensive
Compatible with 191 Format | Yes Yes Yes Yes
Philosophy Change No No Extensive Maoderate
PA Change No Moderate Extensive None to
Extensive
Status Complete Minor Minor Minor
derivations derivations derivations
WP.158 23 SIm




2.2 RECOMMENDED CHANGES I"VOP;'!"'S .
by N

The changes recommended below reflect an outline for Subpart B of 40 CFR’Part 191 that is

similar to the 1985 standard, with some modification of the appendices. Other outline changes

being considered. as reflected in the Draft Federal Register Notice (2/3/92), are not addressed

here. To assist the reader in understanding the recommended changes, the modified outline is

shown below:

-~
. SILIES

Subpart B - Environmental Standards for Disposal

191.11 Applicability

191.12 Definitions.

191.13 Conwinment requirements.

191.14 Assurance requirements.

191.15 Individual protection requirements.

191.16 Groundwater protection requirements.

191.17 Altemative provisions for disposal.

191.18 Effective date.

Appendix A Table for Subpant B

Appendix B Altemmative Tables for Subpant B
Appendix C Calculation of Annual Committed Effective Dose
Appendix D Guidance for Implementation of Subpart B

The following new definitions should be added to Section 191.12, Definitions:

“Point of compliance™ means the location, for a given release mode. where radionuclides
enter the biosphere. At this location, cumulative releases over 10,000 years are calculated
for comparison to the multimode release limits table.

"Release mode™ means onc of four potential ways to be considered in the containment
requirements in which radionuclides are transported from the lithosphere to the biosphere,
resulting in exposure to humans. The release modes are: land (contaminated solids
deposited on the land surface, such as volcanic materials): well (contaminated groundwater
pumped to the land surface); river (all fresh surface waters): and ocean.

"Biosphere” means the zone of the Earth extending from (and including) the surface into
the surrounding atmosphere.

Section 191,13, Containment requirements, should be revised to read as follows:
191.13 Containment requirements.

The Department may invoke cither subsection (a) or (b) of this section.

(a) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation, based upon performance assessments, that the cumulative releases of solid and
liquid radionuclides to the accessible environment (for Table 1 in Appendix A). or the
cumulative releases of solid and liquid radionuclides, considering all applicable release
modes, to the biosphere (for Tables 2 and 3 in Appendix B) for 10,000 years after disposal
from all significant natural processes and events that may affect the disposal system shall:
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(1) Have a likelihood of less than one chance in 10 of exceeding the quantities calculated
according to Table 1 (Appendix A) or Tables 2 and 3 (Appendix B): and

(2) Have a likelihood of less than one chance in 1,000 of exceeding ten times the
quantities calculated according tu Table 1 (Appendix A) or Tables 2 and 3 (Appendix B).
The Depantment shall select the release limits method to be used in evaluating compliance.

(b) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation, based upon performance assessments, that the collective (population) effective
dose, calculated using the weighting factors in Appendix C, caused by releases of solid and
liquid radionuclides to the accessible environment for 10.000 years after disposal from all
significant natural processes and events that may affect the disposal system shall:

(1) Have a likelihood of less than one chance in 10 of exceeding 2.5 million person-rem
(25,000 person-sievens); and

(2.)Have a likelihood of less than one chance in 1,000 of exceeding 25 million person-rem
(250.000 person-sievens).

Dosc limits ~re based upon a repository containing the equivalent of 100,000 MTHM of
spent nuclear fuel and high-level waste or XX MCi of transuranic waste,

(¢) Potential radionuclide releases to the accessible environment that are due to human
actions shall be treated separately from relcases due to natural events and processes: the
treatment of releases shall be qualitative, including discussions of mitigating measw *s. and
shall be based on unspeculative assumptions about future states of human civilizations.
That is. the discussions should assume that drilling and mining methods, reasons for
intrusion, and societal structures remain the same as they are currently.

(d) {the paragraph designated (b) in the 1985 standard} Performance assessments need
not provide complete assurance that the requirements of 191.13(a) or (b) will be mzt. . .that
compliance with 191.13(a) or (b) will be achieved.

The "three-bucket approach” alternative for the conwinment requirements, as proposed in Sections
191.12(x) and (y) of the draft Federal Register notice (2/3/92), should not be included in the
revised standard.

Section 191.15, Individual protection requirements, should be revised to read as follows:
191.15 Individual protection requirements.

a) Disposal systems for radioactive waste shall be designed to pruvide a reasonable
expectation that, for 1.000 years after disposal, undisturbed performance of the disposal
system shall not cause the annual committed effective dose received through all potential
pathways from the disposal system to any member of the public in the accessibie
environment to exceed 25 millirems (250 microsevents). The annual committed effective
dose for gases released through the atmospheric pathway shall not exceed 10 millirems.

The time period for assessments of individual and groundwater protection should be retained at
1,000 years after disposal (as in Sections 191.15 and 191.16 of the 1985 standard), rather than
10.000 years (as proposed in Sections 191.14 and 191.23 of the Draft Federal Register Notice
(2/3/92)). ‘

The revised standard should not include requirements for projection of potential releases,

callective doses, or individual doses out to 100,000 years after dispuosal, as proposed in Sections
191.12(c) and 191.14(b) of the draft Federal Register notice (2/3/92).
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Appendix A should remain the same as in the 1985 standard. “’C T 1 o ‘. 3

4

A new Appendix B, similar to Appendix A, should be created as follows:

Appendix B - Alternative Multimode Tables for Subpart B 0

TABLE 2 - CUMULATIVE RELEASE LIMITS FOR 10,0000 YEARS FOR
MULTIPLE RELEASE MODES (CURIES)
{See Table 2 at end of chapter}

TABLE 3 - CUMULATIVE RELEASE LIMITS FOR 100 YEARS FOR
MULTIPLE RELEASE MODES (BEQUEREL)
{Sce Table 3 at end of chapter)

Application of Tables 2 and 3

Note 1: {same as in Appendix A)
Note 2: {same as in Appendix A}
Note 3: [same as in Appendix A}
Note 4: {same as in Appendix A)
Note 5: {same as in Appendix A}

Note 6: Use of Site Adjustment Factors. The Agency assumed. in deriving the relcase
limits for the river and well releases in Tables 2 and 3. that the entire drainage system of
all rivers (for nver releases) and all aquifers (for well releases) are contaminated by the
released radionuclides. Site Adjustment Factors (SAFs) should be used with Tables 2 and
3 to account for specific site locations. The following are examples of how SAFs might
be developed for the surface flow system and other geologic and hydrologic components
of a geologic disposal system.

Example I--River Releases: For the river column, the .clease limits are calculated
assuming that the entire drainage of all rivers is contaminated. For an actual site, only the
downstream section of the tributary that is fed by groundwater passing through the
repository is contaminated. To correct for this, a Site Adjustment Factor for the river
release mode (SAF;) is used as a multiplier to adjust the risk factors. The Reciprocal Site
Adjustment Factor (RSAF;), with which the release limits are multiplied, is calculated as
follows:

n

Z (Legny *Fen) * }:1 (Lyepy *Fyn)
£

RSAF, = A3
E (Leesy *Fen)
1=1

This approximation represent. the sums of the products of all tributary lengths and fiow '
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rates divided by the equivalent sums of contaminated tiBdtarits. -“L" is the length of the
river segments and “F" is the volumetric flow rate of that segment. The subscripts "C" and
"U" refer to contaminated and uncontaminated segments, respectively. The release limits
in Tables 2 and 3 arc then multiplied by this ratio to provide a site-specific release limit

for the river release mode.

Example 2--Well Releases: The derivation of the release limits for the well release mode
using world average parameters assumes all groundwater from the recharge arca to the
locations where it enters surface waters is contaminated.  For an actual site, wells up-
gradient of the repository do not produce contaminated water. In addition, duning the
10,000-year regulation period. the contaminated plume may not reach the discharge
location, thus some uncontaminated water may also be withdrawn down-gradient from the
repository.

A method for approximating the ratio of contaminated to total available water can be
applied by dating the water at the repository (A)). at the point it is expected that the
radionuclides will reach in 10,000 years (A;). and at the location where groundwatet
discharges to a niver (A,). With these ages, the Site Adjustment Factor for the well release
mode (SAF,) may then be calculated and used as a multiplier to adjust the nsk factors,
Calculation of the Reciprocal Site Adjustment Factor (RSAF,,) is done by dividing the age
of the water at the river by the difference in the ages of the water at the repository and at
the farthest point of migration in 10,000 years, or:

A
RSAF, = —_—
Z;, - A

*

However, if it is found that the contaminated plume will reach a Aver within 10,000 years
the formula becomes:

Ay
A, - A

.

RSAF, =

Release limits in Tables 2 and 3 are then multiplied by one of these ratios (the RSAFs)
to provide a site specific release limit for the well release mode. The use of SAFs and the
parameters to be considered in calculating SAFs shall be determined by the Department.

Note 7: Points of Compliance. In calculating cumulative releases over 10,000 years, the
points of compliance are as follows:

Release Mode Point_of Compliance

Land Location where radioactive material
is brought directly tw the land
surface.
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Release Mode “-,nRL“NP Pf,i‘za Point of Compliance

Well Any wellhead outside the controlled
area from which groundwater
containing radionuclides is withdrawn
for purposes such as imigation or
supplying drinking water.

River Location(s) of existing discharge of
groundwater containing radionuclides
to a river.

Qcean Location where a nver-water or

groundwater containing radionuclides
discharges to an ocean.

Note 8: Uses of Release Limits to Determine Compliance with 191.13. Once release limits
for a particular disposal system have been determined in accordance with notes | through
7. these release limits shall be vsed to determine compliance with the requirements of
191.13 as follows. In cases where a mixture of radionuclides is projected to be relcased
to the accessible environment. the limiting values shall be determined as follows: For each
radionuclide in the mixture, determine the ratio between the cumulative release quantity
projected over 10,000 years and the limit for that radionuclide for each applicable release
mode as determined from Tables 2 or 3 and Notes | through 7. The sum of such ratios for
all the radionuclides in the mixture may not exceed one with regard to 191.13(a)(1) and
may not exceed ten with regard to 191.13(a)(2).

For cxample, if all release modes (L.W.R, and O referring to land, well, river, and ocean
release modes) are used in the example, if radionuclides a and b are projected to be released
in amounts Q, and Q,, and if the applicable release limits are RL, and Rl,. then the
cumulative releases over 10.000 years shall be limited so that the following relationship
exists:

Qu/RL, + Q/RLy, + ... +Qu/RLy, + Qup)/RLy, +
Qu/RLy, + Qu/RLy, + ... +Qu/RLg, + QqpRLy, +
Qo~/RLau, <l

A new Appendix C, Calculation of Annval Committed Effective Dose, should be created. This
Appendix could contain the information that was in Appendix B of the Draft Federal Register
Notice (2/3/92). However, the information in that Appendix, which is based on ICRP 60, has
yet to be fully accepted by the United States. Consideration should be given to returning to the
information contained in Appendix A of Working Draft 3 (4/25/91) until ICRP 60 has been
accepted.

The existing Appendix B from the 1985 standard should be renamed Appendix D. The following
should be inserted between the second and third sentences of the first paragraph:
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Quantitative evaluations for these predictions comparc prcdicw{ﬁc’lc. ses with either Table
I of Appendix A or Tables 2 and 3 of Appendix B. If the multimode release limits in
Tables 2 and 3 of Appendix B arc used. the presence or absence of the four possible release
modes (land. well, river, and ocean) to be considercd in the containment requirements must

B be determined. The fifth release mode, for atmospheric releases, is considered under the
individual protection requirements. Site Adjustment Factors for the well and river release
modes. to be determined by the Department. may be calculated to account for differences
between the actual site-specific availability of water and the vriginal assumption that the
entire drainage system is available and contaminated.

The following paragraph in the renamed Appendix D should be revised to read as tollows:

Compliance with Section 191.13. The Agency assumes that. whenever practical, the
Depanment. . .compliance with 191.13(a) or (b) into a "complimentary cumulative
distribution function” that. . for cach disposal system considersd.  Section 191,13
contains options for comparing results of performance assessments with release limits and
dose limits. The complementary cumulative distribution function may represent both
summed release fractions and summed dose fractions. It is appropriate to apply dose
standards to specific events or processes for which the release limits are inappropriate.
The predicted doses for each event may then be normalized relative to the dose limits set
by the Agency in the same manner as predicted releases. The dose fraction then replaces
the summed release fraction for that event in the complementary cumulative distribution
function. The Agency assumes that. . .this single distribution meets the requirements of
191.13(a) or (b).

@ The following paragraph should be added to the renamed Appendix D:

Future States. Uncentainties involving things that are unknowable about the future can
only be dealt with by making assumptions and recognizing that these may. or may not,
correspond to a future reality. The Agency believes that speculation conceming cerntain
future conditions should not be the focus of the compliance determination process.
Therefore. it would be appropriate for assessments made under Part 191 to contain the
assumption that many conditinns remain the same as today's. Conditions in this category
include population distributions (i.e., current population distributions should be assumed).
level of knowledge and technical capability, human physinlogy and nutritional needs, the
state of medical knowledge, societal structure and behavior, pattemns of water use, and
pathways through the accessible envircnment. The Agency would not find it appropriate
to include in this category the geologic, hydrologic, and climatic conditions whose future
states may be estimated by cxamining the geologic record. Although the Agency would
not find it appropriute to assume that world populations wili remain unchanged, it would
be inappropriate to assume future world populations that cannot reasonably be sustained
by current abilities to produce, distribute, and consume food. For this rcason, future
world populations in excess of 10 billion people need not be assumed in evaluations
under paragraph 191.13.
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The following paragraphs in the renamed Appendix D should be revised to read as follows:

WP.158

Consideration of Inadvertent Human Intrusion into Geologic Repositories. The most
speculative potential disruptions of a mined geologic repository are those associated with
inadvertent human intrusion. Some types of intrusion would have virtually no effect on
a repository’s containment of waste. On the other hand, it is possible through speculation
to conceive of intrusions (involving widespread societal loss of knowledge regarding
radioactive wastes) that could result in major disruptions that no reasonable repository
selection or design precautions could alleviate.

Neither the Agency nor any other regulatory budy has identified a reliable. detensible
basis for predicting future human behavior and for estimating the probabilities of possible
human actions. Therefore, the Agency does not require a quantitative treatment of human
actions that affect the repository. Nevertheless, the implementing agency should consider
these actions qualitatively in making its determination that there is reasonable expectation
of compliance with the standard. These considerations, though fundamentally qualitative.
especially in their treatment ot probabilities, may refer to calculations that estimate the
conscquences of human actions. The Agency believes that the most productive
consideration of inadvenent intrusion concerns those realistic possibilities that may be
uscfully mitigated by repository design, site selection, or use of passive controls (although
passive institutional controls should not be assumed to completely rule out the possibility
of intrusion). In making their qualitative evaluations, the implementing agencics can
assume that passive institutional controls or the intruders’ own exploratory procedures are
~“equate for the intruders to soon detect, or be wamed of, the incompatibility of the area
with their activities.

Frequency and Severiry of Inadvertent Human Intrusion into Geologic Repositories by
Exploratory Drilling. In the qualitative discussions supplied in compliance with
paragraph 191.13(c). the implementing agencies need not assume intrusion scenanos more
severe than inadvenient and intermittent intrusion by explorutory drilling for resources.
The implementing agency need not assume any drilling for the resources that are provided
by the disposal system itself. The implementing agencies should consider qualitatively
the cffects of each particular disposal system’s site, design, and passive institutional
controls in mitigating the potential effects of such inadvertent exploratory drilling.
Descriptions of the likelihood of such inadvertent and intermittent drilling over 10,000
years need not assume that more than 30 boreholes per square kilometer of repository
arca will be drilled in that time at geologic repositories in proximity to sedimentary rock
formations or that more than 3 borcholes per square kilometer will be drilled in that time
at repositories in other geologic formations. Furthermore, when the discussions treat the
consequences of inadverient and intermittent dnlling, the implementiag agency need not
assume that those consequences are more severe than (1) direct release to the land
surface. . .the permeability of a carefully sealed borchole.
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HUMAN INTRUSION
3.1 STATEMENT OF THE PROBLEM

The 1985 standard provides a requirement that human-initiated processes and events be included
in the calculations that examine compliance with the numencal, probabilistic containment
requirements.  This provision creates difficulties that arise because the probabilistic standard
forces a demonstration of compliance to estimate the probabilities and the consequences of
human-initiated phenomena that may occur during the next 10000 years. There is nu rehable
basis for estimating human behavior over so long a period. Consequently, assumptions about the
human activities that may occur at a repository site and about their probabilities are difficult o
defend. because they lack a firm technical foundation.  An analysis of comphance may well be
so heavily dominated by such assumptions that it fails to reveal the adequacy. or inadequacy. of
the isolation characteristics offered by a repository site. To find a site inadequate solely on the
basis of unfounded assumptions about furtre human activities would defeat a major intention
behind the containment requirements. The requirements should not disqualify a site unless the
charactenistics of the site are inadequate, and speculation about future human activity should
therefore not be the focus of the compliance determination priwess.

On the other hand. the human-initiated events and processes should not be ignored in that
process. They clearly should be part of an evaluation of the adequacy of a proposed repository
system. The problem, then, is to construct and propose a treatment of such phenomena that
guarantees their consideration in determining compliance but does not skew the prowess toward
rejection of adequate sites on the basis of indefensible assumpuons.
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The following material suggests a way that section 191.13 of the 1985 version of 40 CFR Pan
191 might be written to avoid the problems with putting human intrusion into the quantitauive.
probabilistic comparison with limits. The same material. perhaps with minor changes. may be
used if the standard also allows for altemmative approaches to the uemonstration of compliance

191.13 Containmeat requirements.

a) Disposal systems for spent nuclear fuel or high-level or transuranic radioactive
wastes shall be designed to provide a reasonable expectation. based on performance
assessments, that the cumulative releases of radionuclides to the accessible
environment for 10.000 years after disposal from all significant natural processes and
events that may affect the disposal system shall:

1. Have a likelthood of less than one chance in 10 of exceeding the quantities
calculated according to Table 1 (Appendix A): and

[

Have a likelihood of less than one chance in 1.000 of exceeding ten times the
quantities calculated according to Table 1 (Appendix A).

b) Potential radionuclide releases to the accessible environment that are due to human
actions shall be treated separately from releases due to natural events and processes:
the treatment of releases shall be qualitative, including discussions of miatigating
measures, and shall be based on unspeculative assumptions about future states of
human civilizations. That is, the discussions should assume that drilling and mining
methods, reasons for intrusion, and societal structures remain the same as they are
currently.

¢) ({the paragraph designated (b) in the 1985 version, unchanged) Performance
assessments need not provide complete assurance that the requirements of 191.13(a)
will ..

If the EPA includes in its next version of the standard some altematives to ths onginal section
191.13, (e.g.. the "four-column™ approach ar either of the two optional containment requirem~ ..o
suggested in the draft Federal Register notice dated 2/3/92), similar changes should be made.
That is, 191.13(a) should be slightly revised (as it is above) to limit it to natural processes and
events, and the new subsection 191.13(b) should be inserted, keeping the old subsection 191.13(b)
as the new 191.13(c).

The following paragraph is be added to Appendix B of the 1985 version:

Future States. Uncenainties involving things that are unknowable about the future can
only be dealt with by making assumptions and recognizing that these may, or may not,
correspond to a future reality. The Agency believes that speculation concerning certain
future conditions should not be the focus of the compliance determination process.
Therefore, it would be appropriate for assessments made under Part 191 to contain the
assumption that many conditions remain the same as today's. Conditions in this category
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include population distributions (i.c., current population distnbutid §\ buid b i\kﬁmc(ﬁ
level of knowledge and technical capability, human physiology and nutritional nceds. the
state of medical knowledge, societal structure and behavior, patterns of water use, and
pathways through the accessible environment. The Agency would not find it appropriate
to include in this category the geologic, hydrologic, and climatic conditions whose future
states may be estimated by examining the geologic record. Although the Agency would
not find it appropriate to assume that world populations will remain unchanged. it would
be inappropriate to assume future world populations that c. a0t reasonably be sustained
by current abilities to produce, distribute, and consume food. For this reason. future
world populations in excess of 10 bxllmn people need not be assumed in evaluations
under paragraph 191.13.

The above changes in paragraph 191.13 will require a change to the reference to 191,13 that
appears in Appendix B of the 1985 version in the paragraph called "Compliance with Section
191.13." Two other references to 191,13 will not need to be changed. The revised paragraph
will read as follows:

The Agency assumes that . . . compliance with 191.13(a) into a ‘compl.mentary

" cumulative distribution function”™ that indicates . . . a disposal system can be considered
to be in compliance with 191.13 if this single distribution function meets the requirements
of 191.13(a).

Some sentences will need to be inserted into the par~graph in Appendix B called “"Consideration
of Inadvertent Human Intrusion . . ." This paragraph will then read as follows:

Consideration of Inadvertent Human Intrusion into Geologic Repositories. The most
speculative potential disruptions of a mined geologic repasitory are those associated with
inadvertent human intrusion. Some types of intrusion would have virtally no effect on
a repository’s containment of waste. On the other hand, it is possible through speculation
to conceive of intrusions (involving widespread societal loss of knowledge regarding
radioactive wastes) that could result in major disruptions that no reasonable repository
selection or design precautions could alleviate.

Neither the Agency nor any other regulatory body has identified a reliable, defensible
basis for predicting future human behavior and for estimating the probabilities of passible
human uctions. Therefore, the Agency does not require a quantitative treatment of human
actions that affect the repository. Nevertheless, the implementing agency should consider
these actions qualitatively in making its determination that there is reasonable expectation
of compliance with the standard. These considerations, though fundamentally qualitative,
especially in their treatment of probabilities, may refer to calculations that estimate the
consequences of human actions. The Agency believes that the most productive
consideration of inadvertent intrusion concems those realistic possibilities that may be
usefully mitigated by repository design, site selection, or use of passive controls (although
passive institutional controls should not be assumed to completely rule out the possibility
of intrusion). In making their qualilative evaluations, the implementing agencies can
assume that passive institutional controls er the intruders’ own exploratory procedures are
adequate for the intruders to soon detect, or be wamed of, the incompatibility of the area
with their activities.
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The pnrngrnph in Appendix B labeled "Frequency and Severity of Inadvertent Human Intrusion
...." i5 to be modified as follows (with the original wording continuing from the ellipsis at the
end of this suggested wording): T |

WP.158

Frequency and Severity of Inadvertent Human Intrusion into Geologic Repositories by
Exploratory Drilling.  In the qualitative discussions supplied in compliance with
paragraph 191.13(b). the implementing agencies need not assume intrusion scenanos more
severe than inadvertent and intermittent intrusion by exploratory drilling for resorces.
The implementing agency need not assume any drilling for the resources that are provided
by the disposal system itself. The implementing agencies should consider qualitatively
the etfects of each particular dispusal system’s site, design, and passive institutional
controls in mitigating the potential effects of such inadvertent exploratory drilling.
Descriptions of the likelihood of such inadvertent and intermittent drilling over 10,000
years need not assume that more than 30 boreholes per square kilometer of repository
area will be dnlled in that time at geologic repositories in proximity to sedimentary rock
formations or that more than 3 borchales per square kilometer will be drilled in that *ime
at repositories in other geologic formations. Furthermore, when the discussions treat the
consequences of inadvertent and intermittent drilling, the implementing agency need not
assume that those consequences are more severe than: (1) direct release o the land
surface . . .
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is reasonable when written in the form on the preceding pages. This material could probably
appear in the EPA’s supplementary information just after its explanations of the probabilistic
standard that is promulgated in paragraph 191.13(a).

WP.158

In developing the probabilistic standard, the Agency recognized that there is
fundamental difference between estimating the probabilities of future natural phenomena
and estimating the probabilities of future human activities. Reasonable estimates of
natural phenomena can often be based on evidence provided by the geologic rocord.
Most of the nawral phenomena that might be expected to atfect a repository (e.g., fault
movement, erosion, or diapinsm) can be studied in records that extend back for milliona
of vears.  An extrapolation of that information through the next {0,000 years can be a
reasonable basis for estimating the probabilities that those phenomena will oceur,
Although there will seldom be unanimous agreement among experis about the precise
values of those probabilities. their reasonableness can be examined by reference to the
geologic record. Believing that probabilities can be derived and defended in this way. the
Agency deemns appropriate the probabilistic standard required for natural phenomena in
paragraph 191.13a).

On the other hand. there 1s no similarly reliable basis for estimating what human beings
are likely to do in the next few thousand years, or even in the next few hundred years.
The records of human activity are not nearly so long as the geologic record, and
10.000-year extrapolations would, for that reason alone, be less reliable than
extrapolations from the geologic record. More imponant, the past few hundred years--the
past few decades, in particular--have seen an enormous increase in the rates at which
human societies and their associated technical abilities have changed. With such rapid
changes in so shont a time. extrapolation to 10.000 years would necessarily consist of
speculation about whether these rates will contnue.  Neither the Agency nor other
regulatory bodies have identified a reliable basis for such speculation. which the Agency
cnnsequently believes should not be the focus of the compliance determination process.

For these reasons, the Agency has not required a quantitative treatment of human actions
that may affect a repository. Nevertheless, the Agency believes that an implementing
agency should carefully consider the effects of human actions in secking reasonable
expectation of compliance. Paragraph 191.13(b) therefore requires a qualitative discussion
of human actions.  This requirement avoids the problems of estimating probabilities
quantitatively by not requiring compliance with a quantitative, probabilistic limit like that
in paragraph 191.13(a) and by not requiring speculation about future conditions.  The
requircment does not rule out the use of calculations in support of the qualitative
discussions; modeling of the consequences of future human acuons may, for example,
produce useful insights into the future behavior of a repository system.  Further
information about the Agency's intentions is fumished in Appendix B. which explains
what the Agency waould consider appropriate treatment of future states of nature and of
human civilization.
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3.4 TECHNICAL SUPPORT DOCUMENTATION vl Qiliiilis

The following material is supporting information that could be cited as reasons for the DOE
suggestions for the abave revision. It could be part of a technical support document for the rule.

Many comments on 40 CFR Part 191 have pointed out the difficulties that arise when human
activities are included with natural phenomena in the complimentary cumulative distribution
function (CCDF) that the Agency recommended in 1985 for examining compliance with
paragraph 191.13(a). The difficulties also arise in altemative compliance methods that have been
suggested for incorporation into the standard--i.e.. the suggestions known as the "four-column®
alternative, the collective-dose alternative, and the "three-bucket” altemative.  Summarized
broadly. these difficulties arise from the basic difficulty of guessing what future human socieuties
will be able to do or will want to do. For example, to include the drilling of exploratory
boreholes inte a forgotten repository would require estimates of the consequences of the drilling
and of the probability of its occurrence. Estimating the consequences would require speculation
about how drilling would be done in the future: given the rapid advances in drilling methods in
the past hundred vears. it would be extremely difficult to guess how drilling will be done
thousands of years from now. Estimating the probability of drilling would be even more
speculative: given that only 200 vears ago deep drilling was a rure occurrence, it is hard to guess
how often people will want o dnll thousands of years from now.

Because there 1s no way to rigorously defend estimates of cither the consequences or the
probabilities of future human actions, the CCDF could easily be dominated by assumptions about
these esumates. And there would be little possibility that the estimates could be limited
"reasonable” values, because there appears to be no defensible basis for deciding what will be
"reasonable” in future socicties.

A specific example of this possibility appears in a dewiled preliminary performance assessment
recently completed for the potential site at Yucca Mountain, Nevada (Refevence 3-1). That study
examined the effect of varying the number of borehules that it assumed would penctrate the
repository during the next 10.000 years. At the larger numbers of borcholes, the effects of
natural release mechanisms (e.g., groundwater flow) were obscured by the effects of dnlling.
There was, of course. no basis other than assumption for choosing one number of borcholes vver
another--i.c.. for deciding which CCDF is best representative of the site’s future performance.
{Although the EPA has provided suggestions that guide assumptions about numbers of boreholes.
licensing activities are not bound o follow those suggestions, which appear in the guidelines that
accompanied the 1985 version of the standard.) When CCDFs that include guesses about
numbers of future boreholes are introduced into licensing activities, the licensing process may
find iwself focused on speculation about those numbers rather than on substantive issues of
repository performance.

In other words, a CCDF dominated by guesses about future human behavior may obscure the
more defensible estimates of the ability of a repository sysiem to isolate waste through it natural
characteristics and its engineered feutures. These characteristics and features are barriers on
which geologic disposal relies. and it is important that the performance measure embodied in the
standard reveal their effectiveness. The CCDF can do so if the obscuring effects of estimates
about human actions are removed from it
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This line of reasoning suggests only that human actions should not be part of the guantitative,
probabilistic standard. An implementing agency may wish to consider human activities when it
seeks reasonable expectation that a repository system will isolate waste effectively. To meet this
desire, a qualitative discussion of human activities can furnish useful information. It may be
possible to supplement the discussion with a quantitative study of consequences estimated by
modeling present-day human activities and assuming that they occur at the repository. Such a
study of consequences would reflect the Agency’s belief that an appropriate trcatment of future
human activities would assume that many societal and technological conditions are the same as
today’s. Funduamentally qualitative discussions that refer to consequence caleulations of this Kind
can be a valuable addition to material that supports a finding of reasonable expectation but avoids
the misleading features of overly quantitative and probabilistic treatments.

Waste disposal programs outside the United States have also recognized difficulties like those
explained here. European nations have not come to consensus on an appropriate way to handle
human intrusion in their analyses of waste isolation. They do. however, recognize that “"such
low-probability. high-consequence scenarios would be difficult o treat within the normal
regulatory guidelines and might. therefore, need separate consideration . . . These issues will be
treated within the NEA Working Group on Assessment of Future Human Actions . . ." (Reference
3-2)). Because these nations do not currently plan to use a probabilistic standard like the EPA
standard, the difficulties they perceive are somewhat different from those involved with including
human intrusion in 1 CCDF. But they clearly intend to pay special attention to the problems of
including human intrusion along with natural disruptions. even in nonprobabilistic assessments.
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CHAPTER 4

THREE-BUCKET APPROACH FERE By

4.1 STATEMENT OF THE PROBLEM

Agencies affected by 40 CFR Part 191 have experimented with the complementary cumulative
distribution function (CCDF) that the 1985 rule suggests for demonstrating compliance with the
contaiinment requirements. The NRC came forward with an alternative approach in 1991 and
offered it up for discussion in informal forums. The approach came to be known as the "three-
bucket approach” because it attempts to divide into three categories the phenomena that might
affect waste isolation. The EPA has informally circulated a somewhat modified version in the
Draft Federal Register Notice (2/3/92). The DOE has begun to examine both statements of the
approach, and has noticed that it may present some problems if it is put ino pracuce.
Accordingly, the DOE cannot recommend the adoption of this approach until it has conducted
further investigations to clanfy and perhaps sulve the potential problems.

The problem. then, is to state the difficulties that the DOE sees in the “three-bucket approach”
and o seek solutions to them through further study.
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4.2 RECOMMENDED APPROACH

The DOE finds that the "three-bucket approach.” as it has been stated up to now, is lcc'hnically
incomplete and should not be included in the EPA standard. The DOE intends to investigate the
approach, determining whether it can be better defined, whether it is fundamentally sound. ®

whether it can be reasonably implemented, and whether it offers protection of the environment
that is consistent with the original standard.
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4.3 SUPPLEMENTARY INFORMATION
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This material is not “supplementary information” in the sense that it is normally used in the
rulemaking process. Instead, it simply explains the DOE reasoning--i.c.. why the DOE feels
more study is needed before the proposal can be cither recommended or rejected. The matenal
in this section may be useful to the EPA if its next proposal for 40 CFR Part 191 is accompanied
by supplementary information that explains the EPA position on the “three-bucket approach.”
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Before the menit of the "three-bucket approach” can be evaluated. a number of questions about
it must be answered:

* How to determine unambiguously the bucket into which each sequence of events and
processes falls. An imponant feature of the approach is that the phenomena are placed
into different categories. or "buckets,” that govern the compliance criteria that apply to
them. To give just one example of the ambiguity involved in the definitions of these
buckets, some interpretations of the approach would place into the first bucket only
natural phenomena that fall within the NRC definition of “anticipated.” Anaother
interpretation would place into the first bucket all phenomena with a probability greater
than (. 1. making no distinction between natural and human-induced phenomena.

* The meanings of certain terms used in the statements of the approach (e.g.. “sequences,”
“anticipated,” “sufficiently credible 10 warrant consideration,” “scenarin”). These terms
arc used in defining the buckets, and there is considerable confusion about their meanings.
Any assessment of the ment of the proposal must rest on a firm understanding of what
the EPA intends by the terms.

The logical consistency of comparing incomplete CCDFs to limits originallv established
for a complete CCDF. The approach suggests that only phenomena that meet cenain
(ambiguously defined) criteria would be examined by inclusion in a CCDF. But this
incomplete CCDF would be compared with limits originally derived by the EPA for a
more comprehensive set of phenomena. Whether this apparent discrepancy would have
any significant effects on the credibility of the standard has not been carefully examined.

* The uncertainty in knowing how much more restrictive the "three-bucket approach” is,
when compared with the original standard. The approach is intended 10 be approximately
as restrictive as the original, conservative standard. Nevertheless, until some experience
in using it has been gained, it is difficult to determine its degree of conservatism.

o Whether the dcrerminar-‘._nns of probabilities must be more accurate, or less accurate, than
those required for showing compliance with the original standard. The approach is
intended to reduce the necessity for deriving accurate probabilities of future phenomena.
If. however, the (currently ambiguous) assignment into buckets depends strongly on
probabilities, it may become nccessary to estimate at least some probabilities more
accurately than the original standard requires.

WP.15%8 4-3 MARTUM



o Whether the probability limits for the buckets take parameter variahilities into account.
When any particular sequence of phenomena is modeled. the estimates of consequences
usually cover a range that encompasses the natural variations in the propertics of natural
materials and the uncentainties in the measurmments of those properties. Each part of this
range of consequences has a different probability associated with it.  This range of
probabilities may. for some phenomena, extend past the boundary between buckets. What
the approach would suggest for handling such a sitvation 1s unclear.

Funthermore. although the approach appears on first reading to require only a refonmatting ot
caleulations intended for comparison with the 1985 standard, it may not be fully compatible with
existing methods for denving CCDFs. (Al of these difficulties are discussed. in somewhat more
technical detail, in the accompanying material that could appear in a technical support document.)

Further detailed investipation of the three-bucket approach is needed before the DOE can decide
whether 1t is an improvement over the 1985 containment requirements. Furthermore. the DOE
cannot determine whether the approach is implementable until the above questions have been
answered. A detailed investigation carried out by the DOE can. in principle. probably suggest
resolutions for most of the ambiguitics and determine the implementability of the approach. If
the investigation shows that the approach is not an improvement or is not implemeniable, the
investigation may suggest a modified "three-bucket approach” that the DOE can recommend o
the EPA. The investigation will, however. take several months to perform. The studies that are
necessary will involve, at a minimum, a reformatting of the recent total-system performance
assessment to make it fit inte the three-bucket framewaork, and they may require that additional
total-system analyses be done. In order to study critical pans of the “three-bucket approach”, it
may also be necessary to modify some of the calculational models so that caleulations with them
will emphasize those critical pans. :
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4.4 TECHNICAL SUPPORT DOCUMENTATION e

This material is taken almost verbatim from a paper by Bob Klett. "Containment Requirements
for Radioactive Waste Disposal.” which was presented at the second EPRI workshop on the EPA
disposal cntena, February 4-6, 1992,

The three-category. or “three-bucket.” approach was suggested by the staff of the NRC as an
alternative to the present containment requirements. The main purpose of this proposed change
is to climinate the need to develop precise numerical probability estimates for very unhkelh
processes and events. Another reason given for using this approach is that it provides u way ot
separating human intrusion from anticipated or natural events and evaluating them with
deterministic requirements. The NRC and the EPA use different wording to describe this
approach.

The propused requirements for the three categories are defined as tollows and are illustrated in
Figure 4-1 (for comparson, Figure 4-2 shows the requirements in the present containment
standard):

«  Cumulative nommalized releases (as represented in a CCDF) o the accessible
environment. of only anticipated processes and eveunts, shall not have a probabiliny
of greater than 0.1 of exceeding the release limit defined by Note 6 and Table | ot
Appendix A of the EPA suandard. "Anticipated” is defined by the NRC as naturad
cvents that are likely to occur during the period of regulation.

*  The normalized release from any unanticipated. credible single process, event, or
sequence of processes and events {any process, event, or sequence of processes arid
events that, as defined by the EPA. have probabilitics of occurrence less than 0.1 and
greater than 0.0001), shall not exceed 10 times the release hmit detined by Note 6
and Table 1 of Appendix A of the EPA standard. "Unanticipated” is defined by the
NRC as describing natural events that are unlikely to occur dunng the pertod of
regulation and human intrusion events.

»  Noncredible processes and events with probabilities of occurrence in 10,000 vears
less than 0.0001 are not regulated and would not be included in performance
assessments.

The requirements have been stated several ways. In particular, the NRC wording expresses the
boundaries between the three catcgones somewhat differenty from the EPA wordine
Funthemmore, there are at least three interpretations of category membership and how this opti--n
would be implemented. In addition, there are ambiguities in all versions that need clarification.

The following is a brief description of the three interpretations and their corresponding methods
of implemzntation.
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I. Category membership in this interpretation is based on’ the "&vent or process
description and a qualitative probability estimate of the event. Category | would
consist of natural events that are "anticipated” to occur during the period of intended
performance. Category 2 would consist of "unanticipated” natural events and human
actions,  All noncredible events would be in category 3. Human intrusions that have
a high probability of occurrence do not seem to be covered by this definition. The
implementation procedures for cither interpretation 2 or 3 could be used with this
definition,

_td

Category membership would be based solely on probabilities. and category 2 would
control the membership. Any single event or sequence of events with a probability
of occurrence between 0.0001 and 0.1 would be in category 2. and individual
releases could not exceed 10 times the release limits. Events with probabilities less
than 0.0001 would be in category 3 and would not be regulated.  In the present
standards. all credible events are included in the CCDF that is 1o be compared with
the numerical containment requirements shown in Figure 4-2. In this second
interpretation of the three categories. no part of a CCDF consisting of events with
probabilities between (1.1 and 1 (those not in categories 2 and 3) could be in the
exclusion region shown in Figure 4-1. This would be an incomplete CCDF with the
upper probability value less than 1 and conceivably less than the fower level of the
exclusion region,

1. Category membership in this third interpretation would be based on probabilities and
consequences of the events, and categonies [ and 3 would control the membership.
Category 1 would require a CCDF of all events with normalized releases less than
I to have a maximum probability of at least 0.9. This also would be an incomplete
CCDF. but the upper value would have 1o be at least as high as the lower value ot
the exclusion region. This interpretation is inconsistent with the wording in the
EPA’s Working Draft #3 of 40 CFR Part 191. In category 2 the projected releises
from individual events with probabilitics of occurrence hetween 0.0001 and 0.1
cannot exceed 10 times the release limits. Some events could be regulated by both
categories | and 2. Events with probabilities less than 0.0001 waould be in category
3 and would not be regulated.

There are some ambiguities and inconsistencies that apply to all three of these interpretations.
The probabilities used to define category membership and to generate the category | CCDF could
be the mean, median, or upper bound of the estimates. The interpretation of “events and
sequence of events” could determine their category membership and have a significant effect on
compliance. Whenever probabilities of individual events or sequences of events are used, there
is the opportunity to subdivide them to decrease probabilities and make compliance casier.
Events also could be grouped together to increase probabilities and possibly exclude o safe
repository.
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This approach has some problems that must be resolved befort ¥ "G il rcpl.uc the’ present
containment requirements. The system CCDF in category | would be incomplete, and the upper
level of probability would always be less than 1. Morecver, the upper level of this incomplete
system CCDF also would be different for each repository, making the requirement inconsistent.
One partial solution would be to normalize the incomplete system CCDF so that it would be e
complete for anticipated events. The requirement would still be inconsistent and it would not
be traceable to the fundamental standard that applies to the entire disposal system. not just to
some events. If, to overcome this difficulty, all events were included in the category 1 CCDF
to make it complete, the need for precise probability estimates would be the same as the present
approach.

The goal of eliminating the need for precise probability estimates for unanticipated processes and
events is only partially fulfilled. Probability estimates of unanticipated events in the middle of
the category 2 probability range could be off by as much as 1.5 orders of magnitude without
affecting the assessment. As the actual probabilities of the events approach cither of the category
2 boundaries, however. the accuracy requirements on the probability estimates increase. It the
estimates are not very precise in the (.1 and 0.0001 probability ranges, the event could be placed
in the wrong category, resulting in an erroneous evaluation, As an example, an event just above
the lower probability limit would have to comply with the same requirements as an event with
a probability of (J.t, but an event just below the iower limit would not even be regulated.

Another problem is the nonuniformity of category 2. As can be seen in Figure 3-1, the proposed
requirement is 1.000 times as restrictive for events with probabilities of 0.0001 as for events with
prababilities of 0.1. This nonuniformity could be eliminated by using the line of constant risk
in Figure 4-1 as the category 2 limit. The accuracy requirements for probability estimates would
then be uniform for the entire category.

In addition, the "three-bucket approach” may not achieve its potential advantage of separating
human intrusion from other phenomena. There is no assurance that human intrusion will be in
category 2 if the category definition is based on probabilities. For some repositories, the only
credible releases in 10,000 years would be from human intrusion, or human intrusion would be
the dominant release mechanism with a probability greater than (.1. Human intrusion would
definitely be in category } for these repositories.

To use this approach. compliance evaluation, which is the final step of the analysis, would be
carried out differently from the current DOE expectations for the process. The credible events
would be divided into two categories, a CCDF of the anticipated events would be generated and
comparcd to the category | limits, and the unanticipated events would be compared
cvent-by-event to the category 2 limit. The definition of noncredible individual events for
category 3 is thc value currently being used in performance assessments.  If, however, the
definition of "sequences” includes parameter variations, the division of credible events into
categorics may not be pessible until Monte Carlo sampling has determined detailed probabilities.
If such a determination is necessary, computer routines for making CCDFs will have 10 be
revised, and the difficulty of implementing the approach would have to be tested before the
feasibility of the approach can be said to be fully understood.
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The NRC staff has claimed that the "three-bucket approach” may simplify licensing or permitting
of repositorics, but the concept and some definitions need clarification, and some modifications
are needed to reduce inconsistencies and nonuniformities. 1t is not clear that categories | and
2 can be shown to fulfill the total-system risk requirements of the fundamental criterion.
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MULTIMODE RELEASE LIMITS e

S§.1 STATEMENT OF THE PROBLEM

In some instances, the release requirements of Table 1 in 40 CFR Part 191 may result in an
inappropriate or overly conservative evaluation of repository sites because they do not adeguately
account for significant features of a site. The 1985 version of 40 CFR Part 191 contained only
une release limit table (Table 1) for all release modes. The table was based only on simultancous
releases to all the world’s rivers and oceans. The three other basic release modes--atmospheric,
land surface. and withdrawal-well, which are the only expected release modes for sites presently
under consideration--were not taken into account.  Because a single release limit table cannot
represent all release modes and release locations, cumulative releases would have been evaluated
at the boundary of the repository instead of at locations of releuse.
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5.2 RECOMMENDED APPROACH AP EEEN

A multimode release limit option is proposed in addidon to the existing Table | limit in
Appendix A of the standard. This additional option would include limits for all release modes
to be considered in the containment requirements (land, well, river, and ocean). The atmuspheric
release mode is addressed in the individual pretection requirements (as explained in Chapter 9.
which discusses Carbun-14). and the human intrusion component is addresz=d in Chapter 3.
which discusses the consideration of human intrusion. In incomporating the proposed new table,
a number of corresponding changes to the wording of the rule are needed. These changes ure
described below,

A number of new terms have been introduced. As used here, these terms are defined as follows:

Point of compliance - the location, for a given release maode, where radionuclides enter the
biosphere. At this location, cumulative releases over 10,000 years are calculated for
companson to the mulimode release limits table.

Release mode - one of four potential ways to be considered in the containment requircments
in which radionuclides are transported from the lithosphere to the biosphere, resulting in
expocure to humans. The release modes are: land (contaminated solids deposited on the
land surface. such as volcanic matenals); well (contaminated groundwater pumped to the
land surface): nver (all fresh surface waters): and ocean.

Biosphere - the zone of the Earth extending from (and including) the surface into the
surrounding atmosphere.

Subsection 191.13(a) needs to be changed o accommodate the vption of multimode release
limits. The proposed wording is as follows:

a) Disposal systems for spent nuclear fuel or high-level or transuranic radioactive wastes
shall be designed to provide a reasonable expectation. based upon perfonmance
assessments, that the cumulative releases of radionuclides to the accessible environment
(for Table 1 in Appendix A), or the cumulative releases of radionuclides, considering
all applicable release modes. to the biosphere (for Tables 2 and 3 in Appendix B) for
10.000 years afwer disposal from all significant processes and events that may affect the
disposal system shali:

I. Have a likelihood of less than ane chance tn H) ol exceeding the quantities
calculated according to Table | (Appendix A) or Tables 2 and 3 (Appendix B): and

L

Have a likelihood of less than one chance in 1.000 of exceeding ten times the
quantities calculated according to Table 1 (Appendix A) or Tables 2 and 3
(Appendix B).

The Department shall select the release limits methad to be used in evaluating compliance.

Appendix A remains the same as in the 1985 version of 40 CFR Part 191.
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A new Appendix B would be created. It would be the same as A‘]‘gﬁgrgxdxgxhl\{tx(.‘qﬂ anﬂfcsc
changes: replacement of Table | with Tables 2 and 3, the addition of two notes, and r'mnor
changes to the original Note 6 from Table 1. (The crcation of a new Appendix C will be

discussed in Chapter 6.)

Tables 2 and 3 provide release limits for the four potential refease modes to be considered in the
containment requirements cxpressed in cures and terabequerels, respectively.  The proposed
tables are included at the end of this section.

New information would have to be added as Note 6 to Tables 2 and 3 of Appendix B. The
wording for the new Note 6 would be:

The Agency assumed, in deriving the release limits for the river and well releases in Tables
2 and 3, that the entin: drainage system of all rivers (for river releases) and all aquifers (for
well releases) are contaminated by the released radionuclides.  Site Adjustment Factors
(SAFs) may be used with Tables 2 and 3 to account for specific site locations.  The
following are examples of how SAFs might be developed for the surface flow system and
otirer geologic and hydrologic components of a geologic disposal system.

Example 1--River Releases: For the river column, the release limits are calculiated
assuming that the entire drainage of all Avers is contaminated. For an actual site. only the
downstream section of the tributary that is fed by groundwater passing through the
repository is contaminated. To correct for this, a Site Adjustment Factor for the river
release mode (SAF,) is used as a multiplier to adjust the risk factors. The Reciprocal Site
Adjustment Factor (RSAF). with which the release limits are multiplied. is calculated as

follows:
n n
3 Ly *Fen) * Y Ly *Fug)
RSAF, = 222 At
n
Y Loy *Fen)
RS}

This approximation represents the sums of the products of all tributary lengths and flow
rates divided by the cquivalent sums of contaminated tributaries. "L." is the length of the
river segments and "F" is the volumetric flow rate of that segment. The subscripts "C" and
"U" refer to contaminated and uncontaminated segments, respectively. The release limits
in Tables 2 and 3 arc then multiplied by this ratio to provide a site-specific release limit
for the river release mode.

Example 2--Well Releases: The derivation of the release limits for the well release mode
using world average parameters assumes all groundwater from the recharge area to the
locations where it enters surface waters is contaminated.  For an actual site, wells up-
gradient of the repository do not produce contaminated water. In addition, during the
10,000-year regulation period, the contaminated plume may not reach the discharge
location, thus some uncontaminated water may also be withdrawn down-gradient from the
repository.
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A method for approximating the ratio of contaminated to total available water can be
determined by dating the water at the repository (A,), at the point it is expected that the
radionuclides will reach in 10,000 years (A,). and at the location where groundwater
discharges to a river (A,). With these ages. the Site Adjustment Factor for the well release
mode (SAF,,) may then be calculated and used as a multiplier to adjust the rsk factors.
Calculation of the Reciprocal Site Adjustment Factor (RSAF,) is done by dividing the age
of the water at the river by the difference in the ages of the water at the repository and at
the farthest point of migration in 10,000 years, or:

RSAF’.. = X:éj—;i: VJG;‘. 1':#4’\ ;i");'n ---‘-

#
)
- v b

-

However, if it is found that the contaminated plume will reach a river within 10.000 years,
the formula becomes:

Ay
RSAF,, = ———
A, - A

Release limits in Tables 2 and 3 are then multiplied by one of these ratios (the RSAFs)
to provide a site-specific release Iimit for the well release mode.

The use of SAFs and the parameters to be considered in calculating SAFs shall be
determined by the Department.

A second new note, describing the concept of points of compliance for the multimode release @
limits in the containment requirements will also need to be added to Tables 2 and 3 of the new
Appendix B. The note would read as follows:

In calculating cumulative releases over 10,000 years, the points of compliance are as

follows:

Release Mode Point of Compliance

Land Location where radioactive matenal is brought
directly to the land surface.

Well Any wellhead outside the controlled area from
which groundwater containing radionuclides is
withdrawn for purposes such as imigation or
supplying drinking water.

River Location(s) of existing discharge of groundwater
containing radionuclides to a niver.

Ocean Location where a nver-water or groundwater

containing radionuclides discharges to an ocean,
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The existing Note 6 from Appendix A, Table | should be revised and used as Note 8 for Tables
2 and 3 of the new Appendix B. Two changes will be necessary.

* The third and fourth sentences should be rephrased as follows:

For each radionuclide in the mixture, determine the ratio between the cumulative release
quantity projected aver 10,000 years and the limit for that radionuclide for each applicable
release mode as determined from Tables 2 or 3 and Notes 1 through 7.

¢ The last paragraph, the example, should be reworded as follows:

For example, if all release modes (L,W.R, and O referring to land, well, river, and ocean
release modes) are used in the example, if radionuclides a and b are projected to be
released in amounts Q, and Q,. and if the applicable release limits are RL, and RL,. then
the cumulative releases over 10,000 years shall be limited so that the following
relationship exists:

Q/RL, + Qu/RL, + .. +Qu/RLy, + Quy/RLyy + ... ¢
Qr/RLy, + Qu/RLgy + ... +Qu,/RL;, + QpuRLg, + .. . +
Q()IIIRL“B <I'

The existing Appendix B, from the 1985 standard would be renamed Appendix D.  The

introductory paragraph of this Appendix discusses cvaluating long-term predictions of

, compliance, focusing on compliance with 191.13. Because of the other proposed changes

® outlined above, this introductory paragraph should acknowledge two additional steps in 191.13
compliance. The following sentences should be inserted between sentences 2 and 3:

Quantitative evaluations for these predictions compare predicted releases with either Table
1 of Appendix A or Tables 2 and 3 of Appendix B. If the multimode release limits in
Tables 2 and 3 of Appendix B are used, the presence or absence of the four possible release
modes (land, well, river, and ocean) to be considered in the containment requirements must
be determined. The fifth release mode, for atmospheric releases, is considered under the
individual protection requircments. Site Adjustment Factors for the well and niver release
modes, to be determined by the Department, may be calculated to account for differences
between the actual site-specific availability of water and the original assumption that the
entire drainage system is available and contaminated.
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Cumulative Release Limits for 10,000 years (TBq per 100,000 MTHM) for
Multiple Release Modes

TABLE 3
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Release Lamat (TBq per 100,000 MTHM)
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5.3 SUPPLEMENTARY INFORMATION UJ{;’;‘,{K”‘U “‘ l!’ i

The following material explains why the rule is reasonable when written in the form on the
preceding pages. This material could be used by the EPA as supplementary information for the
proposed rule.

The 1985 release limits contained in 40 CFR Part 191, Secdon 191,13, which were stated
in terms of the allowable release from a repository containing OO0 metric tons of heavy
metal, were developed by estimating how many curies of each radionuclide would cause
10 premature deaths over 10,000 years if released to the environment.  For these
calculations, the Agency used very general models of environmental transport. based upon
a simultaneous release to all the world's rivers and oceans. The resulting release limits
table (Appendix A, Table | of the 1985 version), provided a singic cumuiative release imat
per radionuclide that was to be evaluated at the boundary of the controlled area.

Several commenters have suggested that release limits based solely upon a simultancous
release to the world’s rivers and oceans, the crieria upon which the Agency based the YRS
version of Section 191.13. may not be approprate for all relcases at all sites. As a result.
the Agency has further evaluated the appropriateness of the single generic derived version
of the release limits. While the Agency continues to believe that cumulative release limits
per radionuclide are an appropriate way in which to regulate the disposal of radioactive
waste. several changes have been implemented in order to accommodate any site-specific
circumstances which may differ from the assumed circumstances vnderlying the Table |
release limits. The Agency further feels that today's proposal gives the Department greater
flexibility in complying with the standard, while at the same time it provides at lea** the
same level of protection to human health and the environment as did the 1985 star card.

Given below is a brief description of the relevant changes in the present version from the
1985 version. with a more detailed explanation to follow:

* Table | in Appendix A is retained as an option for determining the releases w the
accessible environment.

¢ New multimode release tables (Tables 2 and 3 in Appendix B) for the containment
requirements are included as an option for determining releases to the biosphere. Each
table consists of four release modes (land, wells, nvers and oceans), each with specific
release limits, that can be used to aceount for site-specific features.

¢ The multimode release limits (Tables 2 and 3 in Appendix B) are bused upon a
repository containing 107 (100,000) MTHM rather than 10" MTHM.

* Compliance with the release limits from the multimode tables is evaluated at the point
of release to the biosphere for the particular release mode rather than at the boundary
of the controlled area.

« Site Adjustment Factors (SAFs) are provided for use with the multimode relcase
limits. The Department may use SAFs for the niver and well release modes. The
department would determine the parameters to be used in accounting for specific site
locanons.
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The multimode release limits contained in today's version of Appendix B (Tables 2 and
3) are based upon a 10° (100,000) MTHM repository rather than a 10° (1.000) MTP_IM
repository. This modification reflects no quantitative change in the level of protection.
It simply presents the information in a manner more clearly related to the fundamental
criterion (1,000 deaths per 10.000 years per reference repository, whether HLW or TRU
waste), and the individual protection dose standards which are based upon a 10* (100.000)
MTHM repository.  For consistency and scaling efficiency, 10° (100.000) MTHM for
HLW and XX MCi for TRU will now be used as the reference repositories for the

multimode release method.
Four Column Relcase Limits Tables

After receiving comment that a single generic derived release limit based upon a
simultancous release to all of the world’s rivers and oceans as a radionuclide escapes the
controlled area may not be appropriate for all repositories. the Agency has reevaluated the
basis of the rule. The Agency feels that more is known now about release modes and
pathways than when the 1985 version of the standard was promulgated. Advances in the
understanding of geologic disposal systems should be incorporated into the present
version of the rule. As a result, the Agency has retained the single generic derived
relcase limit table and added an option of mulimode release limits consisting of four
column tables addressing land, well, river (including all fresh surface water), and ocean
release modes. A fifth release mode, for atmospheric releases. is considered in the
individual protection requirements.

The Agency feels that today’s version of the multimode release limit tables applies
uniformly to all repositories and pathways while allowing all major components of a
disposal system to be included in a risk assessment. In setting the multimode release
limits for today's rule. the Agency has used the same methodology described in the
Background Information Document (BID) for the 1985 version. That is, for cach
radionuclide, the maximum number of fatalities allowed by the fundamental criterion
(1000) was divided by the fatal cancers per curie for each release mode. The summed
normaliicd 1elease limit for each scenario or event would include the release fractions for
each radionuclide for each release mode.

The derivations from the 198< version of the standard have not been updated and
extended. The derivation fur the land and river release modes in the 1985 version were
basically complete. The well release mode limits consist of a minor medification to the
river release mode, and the ocean release mode limits have been completely recalculated.
For a thorough treatment on exactly how the release limits were derived, the BID should
be consulted.

Implementation of Multimode Release Limits
While both the BID and the standard address the implementation of the multimode release
limits approach, the Agency feels that it should be addressed here also. It should be

stressed that the level of protection provided to human health and the environment. for
both present and future populations, has remained the same for today's version of the
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standard as that contained in the 1985 version. The only Sgmifichnt change in the -4
containment requirements is the optional method that the Agency is allowing the
Depantment 1o use in determining compliance with the containment requirements.  The
Agency believes that in some instances this option may more realistically reflect the
actual processes and events that will take place between the repository and the potential
release points and therefore may more realistically reflect the potential risks posed by any
such repository.

Multimode Well Release Limits Not Applicable within the Controlled Area

The Agency feels that itis necessary to make one puint particularly clear with regard to
the implementation of the multimode well release limits. That is. these relcase limits do
not apply within the controlled area. This view was upheld by the First Circuit Coun
(Natural Resources Defense Council v. ULS.E.P.A., 824 F.2d 1258 (1st Cir. 1987)). As
the Court stated in upholding the Agency’s decision not o apply the groundwater
protection standards within the controlled area:

"... the EPA’s choice to sacrifice the purity of water at repository sites as
part of the control strategy was impliedly sanctioned by Congress when.
subsequent to passage of the SDWA [Safe Drinking Water Act]. it enacted
the Nuclear Waste Policy Act.”

Thus. the concept that a certain amount of area directly surrounding the repository is
devoted to the disposal of radioactive waste is clearly accepted. Application of the
multimode release limits for wells will therefore begin at the boundary of the controlied
area.

The multimode release limits method, in addition to expanding the release limits to a four
column table. also allows the Department to evaluate potenual releases at the points of
release to the biosphere for each release mode rather than at the boundary of the
controlled area for all potential releases. This approach is consistent with the 198§
approach in that the Agency has modeled the effects of a releuse of each radionuclide via
cach of the four release modes for the containment requirements and based the release
limits upon this modeling.

In serting the current multimode release limits, the Agency has assessed the impacts upon
human health and the environment once a radionuclide escapes through one of the four
release modes for the containment requirements. This modeling from the release points
to humans ensures uniformity of the biosphere for all appiications of multimode relcase
limits in the containment requirements. In contrast, the Agency has decided in providing
multimode release limits that it would be more appropriate for the Department to assess
the movement of radionuclides from the repository to the points of relecase. This decision
is = result of comments received and further evaluation of potential repository locations.

While the Agency believes that the use of generic models to assess the impacts of
radionuclides once they are released into the environment via one of the four release
modes is an appropriate method to regulate the release of radionuclides, it is also the
Agency’s belief that the Department may most appropriatcly assess thc movement of
radionuclides from the repository to the points of release. This belief is based upon the O
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fact that the Department will be in a better position 'for lnitcn){s&ﬁhc- pecific
attenuation factors and their impact upon the movement of radionuclides through the
lithosphere to the points of release. Attenuation factors depend on: groundwater velucity.
retardation factor, dispersivity. distance of the actual release from the repository in the
direction of groundwater flow. duration of regulation, radionuclide half life, time of
release from the repository. and rate of release.  All components of the disposal system
should be evaluated when determining compliance with the multimode release limits
unless it can be shown that their effects are negligible.

Site Adjustment Factors

In determining compliance with the multimode river and well release limits, the Agency
allows the Department to use site adjustment factors (SAFs). This is necessary because,
in deriving the release limits for the river and well release modes, the Agency assumed
the entire drainage system of all rivers (for the rver release mode) and all aquifers (for
the well release mode) would be contaminated by the released radionuclides. Thus, in
order to obtain a more realistic depiction of the potential releases from specific sites, the
Agency allows SAFs to be used when determining the release limits for actual sites.

As stated carlier, there 1s no need for adjustment factors in computing compliance with
the release limits for the land and ocean release modes. The Department determines the
factors to be used in determining SAFs for a specific repository. In applying the
multimode release limits to specific sites, the Department should recognize that it will be
necessary to allocate radionuclides that reach an aquifer to either the well or river relcase
modes. Surface (river) and groundwater (well) usages vary for different regions in the
United States. Thus, the Department will be responsible for determining the appropriate
allocations for the specific region in which the site is located.

The effect of multimode release tables on the release CCDF is to change the magnitude
of the nomalized release (R) for each scenario or event relative to the single release
method in the 1985 version of 40 CFR Part 191. The probabilities of the individual
scenarios or events that make up the CCDF are unchanged.

The Agency believes that today’s rule satisfies comments received concemning the
appropriateness of using only a single generic derived relcase limit applied at the
boundary of the controlled area. The option of multimode release limits refines the
release limit approach used in the 1985 version of 40 CFR Pant 191, Section 191.13. The
use of multimode release limits accounts for all release modes to be considered in the
containment requirements in assessing the performance of a disposal system. The
Depanment is responsible for determining release modes and release locations for all
pathways for each repository. Because the Agency has computed all transport and
biological effects from the release location to humans for all four release modes, the
biosphere and effects are uniform for all applications of the containment requirements.
Multimode release limits are not site specific and can therefore be applied to future
repositories.
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The following material is supporting information that could be cited as reasons for the
suggestions in the proposed revision. It could be pant of a technical support ducument tor the
rule.

Background

The 1985 version of 40 CFR Part 191 (Reference 5-1) contained a single denved release linut
for all relzase modes that was baszd on simultaneous release to all the world’s rivers and oceans.
Cumulative releases would have been evaluated at the boundary of a repository. The EPA based
the decision to use this approach on their determinations that releases to surface water through
groundwater are usually the most imponant release mode for mined repusitories and that the
health effects per curie released are usually the highest fur this release mode (Reference 5-2)

In reexamining 40 CFR Part 191, the EPA has received substantial comment addressing release
limits based on a single release mode. Characterization of disposal sites currently under
consideration indicates that release modes for these proposed repositories are gaseous. land
surface, and withdrawal wells. Therefore, it is appropriate to add the option of multimode release
limits that. except for gaseous releases, may be used to evaluate these additional release modes
in compliance evaluations for the containment requirements. Gasecous releases. although included
in this discussion for completeness, are considered in the individual protection requirements of
the regulation. The option of multimode release livagits satisfies any deficiencies that may have
existed in the 1985 version by providing the ability to account for all applicable release modes
in assessing the performance of a disposal system. The use of multimode release limits applies
the standard at actual release locations (Figure 5-1), so risk attenuation between the boundary and
the release locations is considered in the risk assessment. In additon, the methodology for
multimode release limits allows corrections for repository locations.
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Figure 5-1.  Schematic of a Radioactive Waste Disposal System Showing Possible Release
Modes and Risk Attenuation Factors Outside the Repository.

(Gaseous releases are considered in the individual protection requirements.  In
some instances, homan intrusion may not be considered in evaluations of the land
release mode. as explained in Chapter 3.)

Description of Multimode Generic Release Limits

Tables 2 and 3 are proposed for Appendix B of 40 CFR Part to supply generic release limits tha
arc set at the locations of release to the biosphere for cach applicable release mode, which is just
one step in the derivation prior to where they were set in the 1985 versinrn of 40 CFR Part 191,
The following sections describe multimode release limits, methods used 1n developing the four.
column table of release limits, as well as methods for combining releases from all applicable
modes into a single summed normalized release limit, corrections for repository locations and
geologic risk attenuation, und suggestiens for performance assessments. These mulumode release
limits contain some generalizations that may not apply to specific repositories, but the
gencralizations are limited to the processes between the release locations and humans.
Multimode standards apply uniformly to all repositories and all release modes considered in the
containment requirements.  All major components in the disposal system are included in risk

assessments.

EPA generic analyses from the release Jocations to humans ensure uniform maodeling of the
biosphere for all applications (dashed lines in Figure 5-2). The four-column release table
proposed for 40 CFR Part 191 covers all applicable release modes for repositories.  The
appropriate release mode is selected for each pathway, and all disposal system components are
included in the performance assessment.  This is similar to the approach used fur the 1985
version of 40 CFR Part 191, and most of the derivations of risk factors were completed for that
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version of the standard (References 5-2 and 5-3). Differences are that risk factors for well
releases have been calculated, and risk factors for ocean releases have been recalculated.
Release limits are still calculated by dividing the fundamental criterion (1,000 deaths per 10,000
years per reference repository) by the risk factor for each radionuclide.

Ralease
Locations

o ORI PAPTR

&
AN

I T Population
-7 at Risk

Performance Assessment

¢ Define Approprinte |
Ralease Modes and - Ralease Limit
Pathways | Derivation
e Computs Attenustion EPA
To Release Points Raleass
LUmis

Figure 5-2. Multimode Release Limits in the Risk Assessment Process. (Atmospheric releases
are considered in the individual protection requirements.)

Derivation and Implementation of Multimode Release Limits

The following sections summarize the factors considered in the derivation of the four-column
tables of release limits in the present version of 40 CFR Part 191. Factors considered in analyses
for the river and land release modes are from the Background Information Document (BID) for
the 1985 version of 40 CFR Pant 191. Factors considered in analyses for the ocean release mode
arc from a recent study. Data for the well release mode are new and arc presented in this
chapter.

The derivation of the single generic table for release limits in the 1985 version of 40 CFR Pan
191 assumed that all the fresh water that is used comes from the world's rivers. The new
multimode release tables separate fresh water into surface water and groundwater. Surface water
comes from lakes and rivers, but these sources are combined into a river release mode to be

"This technical support document assumes that analyses will be completed using a program such as MARINRAD
(Reference 54) and a detailed model with a shelf compartment. Other references in this document to ocean releases
make the same assumption. If this study is completed, values obtained from the evaluation should be substituted
in Tables 5-3 through 5-6 of this Technical Support Document and in Tables 2 and 3 in Appendix B of 40 CFR Pan

191.
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consistent with earlier nottion. The USGS publishes estimaies of water séurces and uses at 5-
year intervals. Table 5-1 gives the 1985 percentages of water used for irrigation, livestock. and
human drinking water that came from groundwater and surface water. Values are given for the
United States and for regions with disposal sites currently under consideration. This table (or
an updated version of it) is used to allocate water use to the well and niver release modes. The
values in Table 5-1 represent the percentages of each rudionuclide that reach an aquifer by any
means that would be available for well withdrawal or discharge o a river. It does not mean that
all or any « f these radionuclides will reach any points of release before they decay or during the
10.000 years of regulation. The DOE selects the percentages appropriate for each repository
region.

Table 5-1. Fresh Water Sources in 1985 (Reference 5-5)

Percentage
Region Groundwater Surface Water
Rio Grande Region 28 72
Great Basin 19 81
United States 36 64

River Release Mode

World-average parameters were used to compute risk factors included in the 1985 version of the
standards (Reference 5-3). This approach is compatible with fundamental criteria for collective
risk and can be used with multimode derivations. The pathways to humans for the river release
mode include ingestion of drinking water, freshwater fish, food crops. milk. and beef: inhalaton
of resuspended material; and external exposure to ground contamination and air submersion,
"River” includes all sources of fresh surface water. Derivations for the river maode have not been
updated with more recent data. Occan releases. which were included in the 1985 version of the
table, have been removed from the river release mode and are now considered separately.

The derivation of the risk factors for the river release mode, using world-average parameters.
assumes that the entire drainage system of all nvers is contaminated with the released
radionuclides regardless of the repository location (Reference 5-2).  Site Adjustment Factors
(SAF,) may be used to correct for actual repository locations and may be selected by the DOE.
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As an example, Figure 5-3 shows that, in reality, only the downstream scction of the tributary
that is fed by groundwater passing the repository is contaminated. The ratio of the actual
available contaminated water to the total available water in the drainage system is approximated
by dividing the sum of the products of contaminated tributary lengths and flow rates by
equivalent sums of all uibutaries:

; BINRIIN nanen
E (LCU) ‘Fc(,‘;) f’JC R \i )
SR = z (5-1)
21 (Leesy *Fony) * }_‘i (Lyesy *Fuip)
i £

Uncontaminated

Groundwats: Flow

Comaminatsd - -~ Groundwater Flow

Ocean

Figure 5-3. Genenc River Basin for the River Release Mode

SAF, is the site adjustment factor used to correct the risk factors for the river release mode. “L"
is the length of the river segments and "F" is the volumetric flow rate of that segment. The
subscripts "C" and "U" refer to contaminated and uncontaminated segments, respectively. The
risk factors for the river relcase mode are adjusted by multiplying by the SAF,. If the adjustment
is applied to the release limits rather than to the risk factors, the Reciprocal Site Adjustment
Factor (RSAF,) is used as the multiplier to adjust the rclease limits. This definition of water
availability is compatible with the derivation in the 1985 version of 40 CFR Part 191,

Attenuation factors (AFs) for radionuclide transport in aquifers depend on flow rates, diffusion,
dispersion, retardation, decay rates of thc nuclides. the duration of regulation, and the
performance of all preceding repository components (Reference 5-6). Determining AFs for the
river release mode would extend the present assessments beyond the controlled area.
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Pathways for the well release mode are the same as those for the river mode except for fish
consumption. The radionuclide concentrations in groundwater used to compute risk factors for
the well mode are based on world averages. the same as the river mode, so that the standards are
consistent. The total volumetric flow rates for both modes are computed by dividing the volumes
of each part of the hydrosphere by their exchange activities. This information is available in a
UNESCO report for all the major hydrosphere divisions (Reference 5-7) and is summanrized in
Table 5-2.

Table 5-2. World Hydrosphere Activities (Reference 5-7)

Part of Volume Exchange Yolumetric
Hydrosphere (km’) Activity (yrs) Flow (km*/vr)
Rivers 1.2x 10° 032 3.8 x 10¢
Lakes 2.3 x 10° 10 23x 100
Active Groundwater 4,0 x 10° 330 1.2x 10
Total Groundwater 6.0 x 107 5000 1.2 x 10
World Oceans 1.4 x 10° 3000 1.6 x 10°

The derivation of the river risk factors in the 1985 version of 40 CFR Pan 191 used a volumetnic
flow rate of 3 x 10* km'yr. This flow rate is a good average of the lake and river divisions,
which comprise surface water sources. The flow rates for groundwater are a factor of 2.5 lower,
or the radionuchide concentrations in groundwater are a factor of 2.5 higher. Because the risk
factors in the EPA denivations (Reference 5-3) are linear functions of concentration, the risk
factors for the two modes scale with concentration.  The ratio of release limits for the well
release mode to those for the river mode range from 0.400 for Zr-93 to 0.803 for Cs-137. This
variation is caused by fish consumption in the river mode.

The denvation of the limits for the well release mode using world average parameters assumes
all groundwater from the recharge area to the locations where it enters surface waters is
contaminated. Site Adjustment Factors (SAFy) may be used in the same manner as for the river
release mode. As an cxample, Figure 5-4 shows that, in reality. wells vpgradient of the
repository do not produce contaminatew water. In addition, during the 10,000-year regulatory
period, the contaminated plume may not reach the discharge location, and some uncontaminated
water also would be withdrawn downgradient from the repository. The ratio of contaminated to
total available water can be approximated by dating the water at the repository (A,), at the point
that the radionuclides are expected to reach in 10,000 years (A,), and at the location where
groundwater is discharged to a river (A,), as shown in Figure 5-4. The site adjustment factor
(SAF,,) can then be approximated by dividing the difference in the ages of the water at the
farthest point of projected radionuclide migration in 10,000 years (A,) and at the repesitory (A))
by the age of the water at the point of discharge to the fiver (A,):
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However, if the contaminated plume is projected to reach a river within 10,000 years, the SAFy

is approximated by the following formula:
Ay-4,

3

SAF, = (5-3)

The risk factors are multiplied by these ratios. If the correction is applied directly to the release
limits rather than to the risk factors, the release limits are multiplied by the Reciprocal Site
Adjustment Factor (RSAF).

Computations of attenuation factors are similar to those for the river release mode. Over a
10.000-year period, withdrawal wells could be located anywhere in the contaminated plume
outside the controlied area. Therefore, to assume uniform withdrawa! in the plume for the entire
time is reasonable. The well AFs are then based on a statistical sampling of distances to wells
instead of being based on a single distance, as the river mode AFs are.

Ocean Release Mode

Ocean risk factors in References 5-2 and 5-3 were compared with those computed with the
MARINRAD (Reference 5-4) computer program and deep ocean and shelf models for the
Subscabed Disposal Project (References 5-8 and 5-9). The comparison showed that the ocean
risk factors used to derive the release limits in the 1985 version of 40 CFR Pant 191 were up to
a factor of 100 too low (Reference 5-10). This difference was confirmed by a preliminary study
of ocean risk factors that were defined in a lener from R.D. Klett (SNL) to D. Ensminger
(TASC) conceming the "Ocean Model for Release Limit Derivation,” dated October 22, 1991,
The preliminary study was conducted by TASC and explained in a letter from S. Oston (TASC)
to R. Williams (EPRI) about "Ocean Pathway Modeling,"” dated December 10, 1991. [Note: A
thorough study of the ocean mode should be conducted with MARINRAD.]
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Figure 5-4. Generic Groundwater Diagram for the Well Release Mode

No correction factors for repository location are required for the ocean mode. With the
conservative assumptions of no risk attenuation in the rivers and the return of all irfigation water
to the rivers, the same geologic AFs are used for the river and ocean release modes for cach
repository.

Land Release Mode

Changing the method of computing risk factors for the land mode is not necessary, and the risk
factors have not been updated with more recent data. No corrections for repository location and
no computations of risk attenuation are required for the land release mode.

Atmospheric Release Mode

This release mode is onc of the five gencral modes of release and is included wwrz2 for
completeness. However it is proposed that releases from this mode should be considered in the
individual protection requirements. The column for atmospheric releases in the tables for
multimode release limits are retained here only for completeness.

Risk Factors

This section presents the derivation results in terms of risk factors, the premature fatal cancers
induced over 10,000 years for each curie of the various radionuclides that may be released to the
biosphere. These risk factors were used to develop the radionuclide release limits proposed for
Tables 2 and 3 of Appendix B of 40 CFR Part 191, Risk factors in cancers per TBq are shown
herc in Table 5-3, and risk factors in cancers per curic arc shown in Table 5-4.

WP.158 5-19 sm?



Development of Release Limits for 40 CFR Part 191 ARNISD DADEDD
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The analyses described in this chapter were used to develop radionuclide release limits for the
multimode mcthod that comespond to the level of protection chosen for the containment
requirements of the final rule (Section 191.13). The 1985 BID describes the procedure used to
determine release limits from the risk factors. The maximum number of fatalities allowed by the
fundamental criterion were divided by the fatal cancers per curie for each release mode and cach
radionuclide. The release limits in SI units are shown here in Table 5-5. and the release limits
in curies and associated units are shown in Table 5-6.

Summed Normalized Releases

Note 8 for Tables 2 and 3 proposed for Appendix B of 40 CFR Part 191 indicates how release
limits are used in determining compliance with the containment requirements (Section 191.13).
In most instances. a mixture of radionuclides is projected to be released to the biosphere. The
summed normalized release limit for each scenario or event includes the release fractions for each
nuclide for each release mode:

QL/RL, + Qu/RLy, + . o+ Qu/RLy, + QuyRLyy, +. . 4
QR.I'/R‘LR.: + QR!JRLRI' +. ..+ QOJ/RI‘OJ + QO,!/RLOL +. . 4+ (5°4)
Qu./RLy, < 1.(5-4)

Q is the computed 10* year release of a radionuclide for each release mode at the release location,
and RL is the rclease limit for that nuclide and release mode. The subscripts L, W, R, and O
refer to the land, well, river, and ocean release modes, respectively. and the subscripts a. b, . .
., n refer to the individual radionuclides listed in the tables. The effect of multimode release
tables on the release CCDF is to change the magnitude of the normalized release (R) for cach
scenario or event relative to the single release method in the 1985 version of 40 CFR Pant 191,
as illustrated in Figure 5-5. The probabilities of the individual scenarios or events that make up
the CCDF are unchanged.
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Table 5-3.
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Fatal Cancers per TBq Reieased 10 the BIOSphere over 1uans seas as
Multiple Release Modes

' o B¢
Cancers per TBq
Nuclide River* Well* Ocean' Land' Atmasphere
C-14 TRD! TRD TRD TR 1.57k(xr
N:-59 1.24E-03 J0IEN3 TRD 183108 NA*
S1-90 6.0RE-0] 1.51E+00 6.62E .04 1.2E-03 NA
7093 4.08E03 1.02E-02 1.06E-03 6. 10804 NA
Tc.99 O R6E-03 2AHE-02 4. 29058 }.53k.06 NA
Sn-126 2B4EL00 6 95E +00 2R9E+00 373E.02 NA
1-129 2.18E+00 S 43E+00 7.32E-00 1.07E.01 6 T2E o0
Cs-135 2.09E-01 4.69F-01 1.73E-03 1.55E-02 NA
Cs-137 2.R9E 0} LAOE-M 1.3E02 SOLE- NA
Sm-151 2.583F-0d 6.14k-04 THD 1.RIE-D6 NA
Ph.210 3A9E+00 7.03F .00 THD 4 10E-0 NA
Ra-226 4 40K +0N 1 NSE+0) ™D 1.82ED1 NA
Ra.228 6.51E0] 1.821:400 THD 4240 NA
Ac-227 1 .ROE.+00 4. 4E+00 4. 13E«%) LISEM NA
Th-229 942E-0 2 30E +X) 4.64F +(X) 5.13E-01 NA
Th-230 1 45E.01 16001 TRD 1.04E 01 NA
Th-232 9 IRE+(0) 2.29E.01 TRD 1.02E+01 NA
Pa-23) 4.00E+00 9R7E+00 1.60E +(X) 6.37E-01 NA
U.233 SRIENL 1.44E+00 2.50E-02 203E02 NA
U2\ 5.29E-01 1.31E+00 TRD 1.77E-02 NA
U.235 5 R6E-01 145E«00 2.26E02 2.27E-02 NA
U-234 SOE-M 1.24E+00 THD 1.67E-02 NA
U.238 5.56FE-01 §.IRE+ON THD 1.R6E.02 NA
Np-217 205E+00 1.27E.00 3.R9E-01] 127E-03 NA
Pu-238 1.I4E«N 2.R2E X TRD K£37E.13 NA
Pu-239 1.34E+00) 1A2E+00 1.55E+00 1 6RE-0) NA
Pu-240 1 ALE+0X) 1L2IE 00 1.55F«00 1 41E.01 NA
Pu-241 S.R6E-02 1 45E-0] 0.00E+00 H.ISE-05 NA
Pu-242 1.29E+00 1.20E+X) TRD 171E-0) NA
Am-24] 1.46E400 3.2RE+00 5.48E+00 2.84E-02 NA
Am-243 1 S4E+00 3 49E+0N 5.37E+00 6 6202 NA
Cm- 2458 2.73E+00) 6.58E.+00 ROTE+) 2.1RE-0! NA
m.244 1L 35F + (V) 1 2SF ) THBD 4 SHE.0D NA.

Sources:

*Reference 5-2 ‘Prehimsnary incomplete analysis by TASC using MARINRAD Not Apphcable

® This report *To be determined 'Relerence S- 1 using (104 canver per So
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Table 5-4. Fatal Cancers per Curie Released to the Biosphere
Over 10,000 years for Multiple Release Modes

YBRIONG PAF:

Cancers per cune
Nuchde River* Well® Ocean l.and* Atmiosphete
C-14 TR TRD THD TRD SRIEO
Ni.su 4 61E0S 11BN TRD 6.79E.07 NA®
S1.90 2.28E-02 S.60E-02 2. 45E-08 1.76E-05 NA
719} 1 S1E0 ITIE 194E-08 2.26E-05 NA
Tc-99 IASE-(M ROIENY 1.59E 06 S.65F-0R NA
Sn-126 1L.OSE-0 2587E-M 1.O7E0) 1.IREM NA
1.129 K O7E.02 201EM 2 TME4M 196F 01 249k 01’
Cx-135 77300 1.74E02 6.9E08 S.75E-04 NA
CSN 1LO7E-M 1.k 4 Q2EM 2.19E.08 NA
Sm-15i 9 IREDHA 2.27E.08 TBD 6 T1EOR NA
Ph-210 1.18F 01 261E-0) TRD 1.52F 4M NA
Ra-226 1.63E01 IR7EN) TRD S62E-01 NA
Ka-228 241E02 S 62E02 THD LATENS NA
Ac-227 6.67E-02 1.61E41 1.53E-0} 124k NA
Th-22y 1 49E-02 8 SIE-02 1.72E-0} 1 90E.-N2 NA
Th-230 S.3RE0) 1.33E+00 THD 1 R4k -0 NA
Th.232 140E-M 8 47E0) THD YI6R0) NA
Pa.211 1 4RED) 3.66E01 S94E 02 236E02 NA
U.233 2.15E02 S.3EM 9 25E-04 7.51E-04 NA
U.24 1.96E 02 4 R6E02 THD 684k NA
U.235 2.17E-02 SARE02 R A6k A0 Ra2E-04 NA
U-236 }.RSE 02 4.59E02 TRD 6 1RE M NA
U-23R 2 06E02 S.1IED2 TRD 6 DOFE NA
Np-237 T95E-02 1.21E-0) 1 4ED2 1.21IE 0 NA
Pu-23R 4.2 02 1 OSE. TRD 1 I0E4M NA
Pu 2 497 02 1.21E.0) SNE0 AT NA
Pu.240 4 Rap 02 1 20k D) S k.02 §.22E-N NA
Pu.241 217L-m S I6E NN THD 2 SOE-Dk NA
Pu-242 4 79E-02 IRELE THD h.34k-N) MA
Am-241 5.42E-02 1.22E-01 ZCIED) 1 OSE-0 NA
Ain-243 5.72E-42 1.29E-01 1 99E01 245E.0} NA
Cm-245 1.10E-0) 2.44E-0) 2 Y9E-0] RORE-N3 NA
-9 4 Q0F .02 20F.-0 S41: 01
ﬁéﬁié 1.00F 02 1 20E 0] JTBD 354 0 NA

* Reference §-2  * Prelimsnary incumplete analysis by TASC using MARINRALD * Nntapplicable
* This report * To be determined "Reeonce $211 usmg 004 cancers per Sv 0
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Table 5-5. Cumulative Release Limits for 10,000 years (1B per 1uvay

for Multiple Release Modes
(This table should be used only with RSAFs)

A¥2 A B Bivey

VIR M s,
Nl 70 1 .,.].‘
Release Limit (THq per 100,000 MTHM)
Nuclhide River’ Well" (Ocean’ Land' Atmosphere
C.14 THD TRD TRD TRD AE+02"
Ni-49 RE 08 AE+08 TRD N NA*
Se-00 JEO00 .02 2E+O6 1E+06 NA
/191 2E 08 11« (15 GE 08 2E+06 NA
Tec-W 1E+08 4E (4 2E+07 TE+0R NA
Sn-1246 4E.02 1E+02 K02 IE+04 NA
1129 Skan2 2K +02 15408 QK403 1E. 0
Cs-135 SF.03 2E+03 6F405 6E +M NA
Cs-117 IE«M IE-+03 RE 2E+Df NA
Sm-151 AE <06 2E+06 TRD &F +0R NA
Ph-210 k.02 1E+02 THD 2E.05 NA
Ra-226 2E«2 1E+12 THD TE M NA
Ra-22% 2E+03 TE+02 THD 2E406 NA
Ac-227 6F 02 2E-02 2E+02 IE 08 NA
Th-229 103 JE«02 2E+02 2F 403 NA
Th-2)0 TE+01 IF -l TR 1F+002 NA
Th-212 1E.02 4E 401 THD TE+12 NA
Pa-231 IE.02 1E.02 6E+02 2E.03 NA
Uu.211 2E.03 7E.02 4E 0 SE .+ NA
U.2M 2E+00 8K .+N2 THD 6E o {11 NA
U.235 2k .03 TE+02 4E 04 4E «(M NA
U-214 2.0 RE .02 TRD 6E M NA
U.21% 201 TR02 THD SE 0 NA
Np-217 b N k.02 kN EL08 NA
Pu- 238 Ok« 41402 THD 11408 NA
Pu-239 TE.02 Y02 6E+02 6E+0) NA
Pu-240 RF 12 k02 61402 TIE«M NA
Pu-241 2E M TE+0) THD 1E+07 NA
Pu.242 AE+02 JE+02 THD 6E+01 NA
Am-241 TE+02 IF+02 2402 4E 04 NA
Am-243 6E+02 IE+02 2E+02 2E+04 NA
Cm-245 4E+02 2E+02 1E+02 SE+0} NA
4h p) TUN F.00 THY 1t s 034 NA_
Eﬁ%;xcc 5.2 “This Report "Preluminary meomplete analysis by 1TASC using MARINRAD
‘To be determined "Not apphcable ‘Reference 5-11 using 0.04 cancers per sv
WP.15% 23 NABYLN
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Table 5-

f. Cumulative Release Limits for 10.000 years (curies per 100,000 MTHM) for
Multiple Release Modes
(This table should be used only with RSATs)

WORZ ™" ~aprp

Release Limit (curies per 100,000 MTHAD

Nuchide River* Weif* Ocean’ {and* Atmasphere
C.14 TRIY THD ™D ™mh k.00
Ni-59 k.07 9E4+06 TRD 1E«00 NA
Se-20 4k 2L+ 4E.07 07 NA
710 e IE«DG 1E.07 LT NA
Te-99 1E+06 {E+D6 6+ 08 2E.10 NA
S8-126 JE<04 4E+0Y NE.01 TE+08 NA
129 1£-04 SEo0? 4E+06 JE+0F g0V
Cs- 118 1E«0% 6E+04 2E+07 2E+06 NA
Cs- 13?7 L. 04 FE+D4 2E+00 SEL07 NA
Sme 13} 108 9F .07 THD HEeID NA
210 RE-0 4E.M TRD TE+06 NA
Ra-226 6F+03 IE-0? TRD 2E«08 NA
Ra-228 4E-04 2E+04 THD 6E.0 NA
Ac-227 1E+04 6E+03 1E-0 &E+D6 NA
Th-229 JE+ 0 TE-04 6E.01 SEo04 NA
Th-230 2k RE.02 ™D e NA
Th-232 .0 1E.00 TBD AE-0 NA
Pa-231 TE-0V IE.? 2+ 04 4E04 NA
u2Mm SE-04 2E404 1E+06 1E+06 NA
1234 SE«04 2F+04 THD 2E+06 NA
1.238 SE+04 2E.04 1B+ D4 1E+06 NA
U.236 SE+04 2E+04 TBD 2E+06 NA
1218 SE-D SE. TRD 1E«06 NA
Np-2W? 1F.«04 SR TE+04 REOn NA
23R b4 X ¢} 1E. (4 ™mh 06 NA
M-234 2E+04 RE.0N 2Ee01 k408 NA
M-240 2k~ RE+01 2E+04 214058 NA
Pu-24) SE+DS 2B+ 0% THD AL 0R NA
Pu-242 2E~04 RE+M TRD p{ERIN NA
Am-241 2R+ RE.03 k.01 1E«06 NA
Am-243 2L+04 REL 03 Sk 01 4L.08 NA
Cm-25 [Es0M AE-0 303 1E+ 08 NA
Cm-246 25‘15 KE-M ThD 1+ 0¢ NA

l'Fcleum:c s.2 *This Report Macliminary incomplete analysis by 1AS using MARINKATI

*To be deermiped *Not applicable Reference 5-11 using 0.04 cancers per v

WP.158 5-24 51112



CCOF
Qreater nR
In 10,000 years
AP b e 14 4
eheowind AV /L e [
0 f
0 ' Ry
Summed Normalized Releases '

Change in R; caused by
muitimodie release imits

Figure 5-5. Effects of Multimode Release Limits on the Release CCDF

Performance Assessments with Multimode Release Limits

Figure 5-2 illustrates the function of performance assessments (PA) using multimode release
limits. Some releases from disruptive geologic events (e.g. volcanos) would be through the upper
surface of the controlled volume as shown in Figure 5-1. For these pathways, the PA segment
of the risk assessment evaluates releases against land release limits.

For radionuclide transport through an aquifer, the groundwater that is not withdrawn by wells
would eventually reach rivers, lakes, and oceans. Computations of releases to wells, rivers, and
oceans may require additional attenuation factor analyses (Reference 5-6) by PA, and some site
characterization past the controlled volume may be required. Site characterization and analyses
only have to extend far enough to show compliance. The remainder of the disposal system could
be considered an additonal, but unquantified, margin of safety. Because the standards do not
specify average fractions of fresh water usage obwined from ground and surface water, regional
values are defined by the DOE and incorporated into assessments. The river and well release
limits are adjusted by PA to account for the location of cach repository relative to the recharge
location and closest river or ocean.

WP.158 5-2§ S



- .

Hone=se -

I
P . B
R

Summary
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R
The inclusion of mulimode release limits as an option in the containment requirements refines
the release limit approach used in the [985 version of 40 CFR Part 191, The use of multimode
release limits accounts for the applicable release modes in assessing the performance of &
disposal system for the containment requirements.  The DOE would be able o select release
modes and release Jocations for all pathways for each repository. PA will include all pre-release
disposal system components in the assessments. from the repository to the release locations
Because all ransport and biological effects from the release location w humans for all four
release modes have been calculated. the biosphere and effects are uniform for all applications.
These derivations were conducted with generic models and data. so the multimode release limits
still contain some generalizations that may affect risk assessments. Multimode release limiis are
not site-specific and can therefore be applied to future repositories. This approach is compatible
with the 40 CFR Part 191 format. The derivations for the river and land release modes were
performed for the 1985 version of 40 CFR Part 191 and are complete. The limits for the ocean
release mode should be recalculated. and the derivation for the well release mode is @
modification of the limits for the river release mode. The roles of the DOE in PA have been
expanded to include release made selection, corrections to account for repasitory locations, and
passible analyses of attenuation factors outside the controlled area.  Site characterization and
analyses only have to extend far enough to show compliance.

H

WP.158& 5.26 sHm?



5-1.

5-4.

5-5.

5-6.

WP.158

REFERENCES iy . ' .-

Bobee Lo

Federal Register, Environmental Protection Agency, 40 CFR Pant 191, "Environmental
Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes: Final Rule.” Vol. 50, No. 182, September 19, 1985.

"Background Information Document - Final Rule for High-Level and Transuranic
Radioactive Wastes," EPA 520/1-85-023, August 1985.

J. M. Smith, T. W. Fowler, and A. S. Goldin, "Environmental Pathway Models for
Estimating Population Health Effects from Disposal of High-Level Radivactive Waste in
Geologic Repositories; Final Report,” EPA 520/5-85-026, August 19KS.

D. A. Ensminger, C. M. Koplik, and J. Y. Nalbandian, "User's Guide to MARINRAD [V:
Muodel for Assessing the Consequences of Release of Radioactive Material into the
Oceans,” SANDRB7-7067, September 1987.

W. B. Solley. C. F. Merk, and R. R. Pierce. “Estimated Uses of Water in the United
States in 1985." USGS Circular 1004, 1988.

R. D. Klett, "Waste Disposal Performance Asscssment Using Attenuation Factors,”
SANDR4-2624, March 1988.

M. 1. Lvovitch, "World Water Balance (General Report),” Proceedings of the World
Water Balance Symposium, Volume 2, July 1970, Unesco, Paris, 1972.

M. F. Kaplan, in "1985 Subseabed Disposal Project Annual Report: Systems, October
1984 through September 19K5." R. D. Klett, Ed., SANDR6G-(244, May 1986.

G. de Marsilly, et al., "Feasibility of Disposal of High-Level Radioactive Waste into the
Seabed: Volume 2, Radiological Assessment,” Nuclear Energy Agency. Paris, 198S.

R. D. Klett, "Pruposed Extensions of United States Fundamental and Derived Standards
for High-Level and Transuranic Radioactive Waste Disposal,” SAND91-0211, July 1991,

G. M. Smith and I. F. White, "A Revised Global-Circulation Model for lodine-129."
National Radiological Protecuon Board®, Chilton, Didcot, Oxon, June 1983,

Clean Air Act, 42 U.S.C.A., Scction 7401 et seq. (1983 & Supp. 1991).

United States Environmental Protection Agency. "National Emission Stndards for
Hazardous Air Pollutants,” 40 CFR Part 61, Subpart L.

5-27 Sme



WORKiNG PAPER

CHAPTER 6



CHAPTER 6

-

COLLECTIVE DOSE WORIINS IRy

6.1 STATEMENT OF THE PROBLEM

In some instances the release limits of Table 1 in 40 CFR Part 191 may result in an inappropriate
or averly conservative evaluation of repository sites because they do not adequately account for
significant features of a site.  Release limits are derived standards used only to tacilitate
regulation. A higher level criterion of dose limits could be used without jeopardizing safety. A
dose option similar to that provided in the Draft Federal Register Notice of 40 CFR Pan 191
(2/3/92) would allow the Depantment to show compliance with collective dose limits that are
cquivalent to the fundamental celerion, i.c., equivalent to 1,000 health effects over 10,000 vears
per 100,000 metric tons of heavy metal.
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Incorpuration of the collective dose option requires only minor wording changes to language
developed in EPA's Draft Federal Register Notice (2/3/92). Issues to be considered in using this
option are discussed in Chapter 2. Gascous releases are considered in the individual protection
requirements. as discussed in Chapter 9. Human intrusion is discussed in Chapter 3. A standard
biosphere, as described in the "Future States” section 1o be added 10 Appendix D (Guidance for
Implementation of Subpart B), should be specified.

The following material suggests a way that the standard might be rewritten to incorporate the
collective dosc aption.  Most of the text for subsection (b) is taken from the Draft Federal
Register Notice (2/3/92) but is provided here for clarity. Section 191.13 would be rewritten as
follows:

191.13  Containment Requirements
The Department may invoke either subsection (a) or (b) of this section.
(a) Disposal systems for spent fuel ...

(b) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation, based upon performance assessments. that the collective (population) effective
dose, calculated using the weighting factors in Appendix C. cuaused by releases of
radionuclides to the accessible environment for 10,000 years afier disposal from all
significant processes and events that may affect the disposal system shall:

(1) Have alikelihood of less than one chance in 10 of exceeding 2.5 million person-rem
(25.000 person-sicvens); and

(2) Have a likelihood of less than ane chance in 1,000 of exceeding 25 million person-
rem (250,000 person-sieverns).

Dose limits are based upon an HLW/SF repository of 10 MTHM and XX MCi for a TRU
repository.

Appendix C should contain the information that was in Appendix B of the Draft Federal Register
Notice (2/3/92). However, the information in that Appendix has yet to be fully accepted in the
United Swates. Consideration should be given to returning to the information contained in
Appendix A of Working Draft 3 (4/25/91) until acceptance of the ICRP 60 methods used in the
Draft Federal Register Notice (2/3/92) has been achieved.

Appendix D would contain the information found in Appendix B of the 1985 version of the
standard. The following wording should be added to Appendix D, Guidance for Implementation
of Subparnt B.:

Future States. Uncenainties involving things that are unknowable about the future can only
be dealt with by making assumptions and recognizing that these may. or may not,
correspond to a future reality. The Agency believes that speculation concemning future
conditions should not be the focus of the compliance determination process. Therefore, it
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would be appropnate for assessments made under Part 191 to ’c‘omniri the 'nssampn'nn that
many conditions remain the same as today's. Conditions in this category include population
distributions (i.e.. current population distributions should be assumed). level of knowledge
and technical capability, human physiology and nutritional needs. the state of medical
knowledge. societal structure and behavior, patterns of water use, and pathways through the
accessible environment.  The Agency would not find it appropriate to include in this
category the geologic, hydrologic. and climatic conditions whose future states may he
estimated by examining the geologic record.  Although the Agency would not find 1t
appropriate to assume that national or world populations will remain unchanged. it would
be inappropriate to assume future world populations that cannot reasonably be sustained by
current abilities to produce. distribute, and consume food. For this reason, future world
populations in excess of 10 billion people need not be assumed in evaluations under section
191.13.

The following wording should be added between the 2nd and 3rd sentences of the paragraph
entitled, "Compliance with Section 19].13":

Section 191.13 contains eptions for comparing results of performance assessments with
release limits and dose limits.  The coniplementiry cumulative distribution function may
represent both summed release fractions and summed dase fractions. It is appropriate to
apply dose standards o specitic events or processes for which the release limits are
inappropriate. The predicted doses for cach event may then be normalized relative o the
dose limits set by the Agency in the same manner as predicted releases. The dose fracton
then replaces the summed relcase fraction for that event in the complementary cumulative
distribution function.
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6.3 SUPPLEMENTARY INFORMATION WDR:‘WG p:\pfﬂ

The following information explains the basis for incorpurating a collective dose option in the
rule. This material could be used by the EPA as supplementary information for the propused
rule.

The fundamental criterion, which is the basis for the continment requirements in 40 CFR
Part 191, is that in disposing of radioactive waste there must be a reasonable expectation
that releases from a reference repository will cause no more than 1LOOO premature cancer
deaths over the entire 10.000-year regulatory period. This criterion was based upon the
premise that the overall risks 1o future generations be comparable 1o the nsks that those
generations would have faced from the uranium ore used to create the wastes. The Agency
intends that the fundamental criterion shall be met in either of two ways: (1) through the
use of derived release limits or (2) through the use of a collective dose standard.

The Agency has provided a collective dose aliemative in the present version of the standard
as a result of comments received. Some commenters have expressed the view that. in some
instances. the use of a dose standard may be more appropriate than the use of generic
derived release limits. According to the commenters, generic release limits do not tully
account for site-specific attenuation factors that indicate variability in the lithosphere and
biosphere surrounding repositories. It is the Agency’s belief that derived release limits,
cither single generic or multimode, are appropriate for application to repositories. However,
the Agency does realize that there may exist instances where comparisons to a dose
standard more clearly reflects the performance of a repository. In applying the dose
alternative, the Department would assess the movement of radionuclides from the repository
to contact with humans. Whereas, when applying the release limits the Depanment assesses
the mavement of radionuclides from the repository to the accessible environment (for Table
1 in Appendix A) or to a point of compliance or the biosphere (for Tables 2 and 3 in
Appendix B). with the Agency penerically assessing the impacts beyond this point.

The performance of dose-based risk assessments may require extensive site charactenzation
for repositories that may not have atienuvation processes adequately represented by
comparison with release limits.  To reduce somewhat the scope of such site
characterizations. the Agency has added a section in Appendix D of this rule that provides
guidance concerning projections of occurrences in the future.

It would be appropriate to apply the dose standards only to specific events or processes for
which comparisons to the release limits do not adequately reflect repository perfurmance.
Predicted dose for each analyzed event may be nomalized relative to the dose limits set
by the Agency in the same manner as predicted releases. The dose fraction then replaces
the summed release fracton for that event in the CCDF. The probability remains the same,
so the only effect is to change the consequence level for that event in the CCDF.

A preliminary performance evaluation may be needed to select the most appropriate
standard for a panicular repository.  Repository evaluations using release Himits are less
expensive and can be completed in less time because they require less site characterization
and a less complex performance assessment. However, the approximate release limits may
not adequately represent the attenuating processes of some repositories, and the fess
approximate dose standards may be used.
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The Agency believes that the collective dose alternative and the release limits altemative
are both viable means of providing protection to human health and the environment. In
fact, the fundamental criterion, which is expressed in terms of health effects per unit waste
over time, remains the same regardless of which altemnative is used. The containment
requirements are simply a method of showing compliance with the fundamental criterion,
Providing both release limits and dose limits does not mean that proposed repositories are
expected o comply with both standards. An unsafe repository could not comply with either
dose or release limits, so evaluating compliance against both standards is neither expected
nor required.

Thus, the Agency is providing the Department with the option of using the alternative it
determines is the most appropriate for a given site. The key in determining the
appropriateness of one altemative over the other should be based upon the ability of the
particular altemative to reflect more clearly the capability of a disposal system to meet the
fundamental criterion.
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6.4 TECHNICAL SUPPORT DOCUMENTATION  yuuanipni®y DR

The following material is supporting information that could be cited as justification for the
proposed revision. It could be pant of a technical support document for the rule.

The 1985 version of 40 CFR Pan 191 (Reference 6-1) contained derived release limits as the
standard for evaluating protection of future populations for at least 10,000 years from disposal
of radioactive wastes. These release limits. which were derived from a dose standard. used
predictive assumptions, generalizations. and simplifications in order to provide a generic standard.
The EPA belicves that. in most instances, exceptionally good protection can be achieved with
release limits. However, in reexamining 40 CFR Pant 191, the EPA has received substantiul
comment addressing the use of derived release limits. One aspect that has been commented on
in depth is that, for some repositories, the conservative approximate release limits may not
adequately account for attenuating processes and that evaluation against a dose standard. which
would be more comprehensive, may be required. Dose limits provide & more precise measure
of actual sk but may require mors extensive site characterizations and performance assessments.
In order to allow for possible circumstances that may require a more comprehensive analysis, the
Agency has provided dose limits as an altemnative to using the release limits in the present rule.
Performance assessments now have the option of constructing the CCDF by using all normalized
releases. all normalized doses. or a combination of the two. Providing both release limits and
dose limits docs not mean that proposed repositories are expected to comply with both standards.
An unsafe repository could not comply with cither dose or release limits, so evaluating
compliance against both standards is neither expected nor required.

Description of the Dosc Limit Alternative

The information used to develop the dose limit was used in the development of release limits.
The implementation of dose and release limits have many similarities.

The dose limits are based on the fundamental criterion of 1000 premature deaths during the
10,000 year regulatory period for the reference repository. The premature cancer deaths in the
fundamental criterion were converted to allowable effective doses using a conversion factor
supplied by the ICRP (Reference 6-2) to produce the dose limits. This procedure is explained
in the next section.

Consequences using dose limits are normalized for an event or process similar to the way they
are normalized using release limits. The normmalized dose consequence is the computed dose
divided by the dose limit. Performance assessments using dose limit standards produce the same
type of normalized CCDF that is nroduced using releasc limits. Therefore. consequence CCDFs
based on the dose standard and release limits are regulated by the same containment
requirements. The probabilities of events or processes in the CCDF are the same with either
limit. Only the values of individual normalized consequences (R for summed normalized release
and D for normalized dose) are different, as illustrated in Figure 6-1. The CCDF may be
constructed vsing all normalized releases, all normalized doses, or a combination of the two, The
latter option is particularly advantageous for repositories that are expensive to charucterize and
analyze and have only a few events or processes that cannot be represented properly by gencric
release limits.
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Figure 6-1. CCDF Made Up of Normalized Doses or Normalized Releases

Dose Criteria and Standard Biosphere

The consequences of radiation exposure that were used to develop the dose standard in the Draft
Federal Register Notice of 40 CFR Part 191 (2/3/92) (Reference 6-3) are the same as the latest
ICRP recommendations (Reference 6-2), which have not yet been accepted in the United States.
The nominal probability coefficient for stochastic effects used to set the effective dose limits is
0.04 premature cancer deaths per Sv. Applying this coefficient to the fundamental criterion of
1,000 premature deaths in 10,000 years for the reference HLW repository containing 100,000
MTHM gives an effective dose limit of 25,000 person-sieverts per 100,000 MTHM (0.25 person-
sievertsY MTHM). For the reference TRU repository containing XX MCi, the effective dose limit
is 25,000 person-sieverts per 20 MCi of radioactive waste (0.00125 person-sieverts/Ci).

Two basic procedures can be used to compute collective effective doses. The procedures in
Appendix B of the Draft Federal Register Notice of 40 CFR Pant 191 (2/3/92) (Refercnce 6-3)
for computing the effective dose are identical to those in Annex A of ICRP 60 (Reference 6-2).
The effective dose (E) is the sum of weighted absorbed doses from all radiation types and
energies. in all tissues and organs of the body. It is given by the expression:

E=3Ywy Xwy*Dyp=2% wp X wy*Dyy (6-1)
R T T R
where Dy is the mean absorbed dose to organ T delivered by radiation R. The radiation is that

incident on the body or emitted by a source within the body. Values for the radiation weighting
factors (wg) are given in Table 6-1, and values of the tissue weighing factors (wy) are given in

Table 6-2.
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Table 6-1. Radiation Weighting Factors, wg' WQR”' Lo E‘R

Radiation Type and Energy Range’ wy value

Photons, all energies ] o

Electrons and muons, all energies I

Neutrons, energy <10 keV 5
10 keV to 100 keV 10
>100 keV 1o 2 MeV 20
>2 MeV 10 20 MeV 10
>20 MeV 5
Protons, other than recoil protons, >2 MeV 5 S
Alpha particles, fission fragments, heavy nuclei 20

All values rclate to the radiation incident on the body or, for internal sources, emitted from the source.
2

The choice of values for other radiation types and energies not in the table, see paragraph Al4 in ICRP
Publication 60 (Reference 6-2)
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Table 6-2. Tissue Weighting Factors, w;' Vi “r“‘hr"a PAP
Organ or Tissue wy Value
Gonads 0.20
Red bone marrow 0.12
Colon 0.12
Lung 0.12
Stomach ' 0.12
Bladder 0.05
Breast ' 0.05
Liver 0.05
Oesophagus 0.05
Thyroid 0.05
Skin 0.01
Bone surfaces 0.01
Remainder 0.05%

' The values have been developed from a reference population of equal numbers of both sexes and a wide
range of ages. In the definition of effective dose, they apply to individuals and populations and to both sexes.

* For purposes of calculation, the remainder is comprised of the following additional tissues and organs:
adrenals, brain, upper large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus, and uterus.
The list includes organs which are likely to be sclectively irradiated. Some organs in the list are known to be
susceptible 1o cancer induction. If other tissues and organs subsequendy become identified as having a
significant risk of induced cancer, they will be included either with a specific w; or in this additional list
constituting the remainder. The latter may also include other tissues or organs sclectively irradiated.

* In those exceptional cases in which a single one of the remainder tissues or organs receives an equivalent
dosc in excess of the highest dosc in any of the twelve organs for which a weighling factor is specificd, a
weighting factor of 0.025 should be applied to that tissue or organ and a weighting factor of 0.0225 o the
averag : dose in the rest of the remainder as defined above.

An additional method for calculating doses is provided here because it was considered as an
alternative to the approach in Appendix C of the proposed final rule. The NEA used a
modification of the ICRP procedures in the dose analyses for the Subscabed Disposal Program
(Reference 6-4). The average effective dose per unit intake of activity for the ingestion and
inhalation pathways was computed for each radionuclide. Similar dose conversion factors were
computed for external exposure. Tables 6-3 and 6-4 list the dose conversion factors for both
systems of units. These tables simplify the dose calculations and assure uniform application,
The values used in the averaging of tissue and organ exposure are reasonable approximations
considering the accuracy of the dose model and the weighing factors. Tables 6-3 and 6-4 were
computed using 1975 to 1985 models and data.

In defining the standard biosphere, demography, and human characteristics, uncertainties
involving things that are unknowable about the future can only be dealt with by making
assumptions and recognizing that these may, or may not, correspond to a future reality.
Speculation concerning future conditions should not be the focus of the compliance determination
process. Therefore, it is appropriate for assessments to contain the assumption that many
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Table 6-3. Dose Equivalent Factors for Humans (Curies and Related Units

Ingestion Inhalation Immersion E xponure 1o Soil
Nuclide Ren/Ci) (Rem/Ci) Rem/Hr-Ci-M**)) (REMAL-Ci-**))
C-14 S.07E+03 2.07E+03 0.00E+00 0.00E+0)
Ni-59 2.00E+02 1.33E. 0} 2.30E-03 0.00F-(n
Sr-90 1.44E+05 1.26E+06 5.40E-04 0.00E+00
7:-93 1.55E-00 3.18E+05 0.00E+00 0.00E+00
Te-99 1.26E+03 7.40E+ 1.30E-04 0.00E«00
S0-126 1.89E+04 7.40E+(04 1.80E-02 9.00E+00
1-129 2.74E+05 1.74E+05 1.70E-02 4.50F-01
Cs-135 7.02E+03 4.4E-04 6.60E-05 0.00E-N0
Cs-107 5.18E+04 J.22E+04 1.00E+ 00 4.20E.00
Sm-151 3.37E+02 2.81E+04 2.60E-C4 4.80F-02
Pt-210 S.18E+06 1.30E+07 3.00E-01 1.30E-02
Ra-226 1.15E+06 1.T7IE+06 1.80F+00 6.40E+ 00
Ra-228 1.22E+06 4.44F+06 6.75E+00 2.60E+01
Ac-227 141E+07 6.66E+ 09 1.69E+00 2.21E~00
Th-229 A.70E+06 2.1EM 5.30E 01 2.20E+00
Th-230 5.55E+05 J.18E+08 1.80E-00 6.50E+00
Th-232 2.74E+06 1.63E-09 4 NOE+00 1.56E+01
Pa-231 1.07E+07 1.261.-09 5.00E-01 2.20F+00
U-233 2.66E+05 1.33E+08 5.99E-01 2.J0E+00
U-234 2.63E+05 1.33E+08 1.18L03 7.32E-03
U-235 2.52E.05 1.22E+08 2.9€1-u1 LIE+D0
1-236 2.48E+05 1.26E+08 2.97E-06 2.06E-04
U.238 2.33E 1.18E+C8 7.36E-02 3.52E-01
Np-237 4.07E+06 4.81E+08 1.60E-01 1.40E+00
Pu-23% 1.85E+006 4.44E-08 1.50E-04 1.30E-03
Pu-239 2.22E+06 5.18E+08 1.20E-04 7.90E-04
Pu-240 2.22E+06 5.18E+08 1.40E-04 1.30E-03
Pu-241 4. 44E404 1.04E+07 6.10E-05 4.60E-03
Pu-242 2.04E406 4.81E+08 1.10E-04 1.10E-03
Am-241 2.22E+06 5.18E+08 3.90E-02 1.80E-01
Am-243 2.)8E+06 5.18E+08 3.30E-08 1.30E+00
Cm-245 6.65E+04 1.74E+07 3. 40E-04 5.50E.00
Cm-246 1.11E+06 2.74F+08 2. 60E-04 2.90E.0
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Table 6-4. Dose Equivalent Factors for Humans (TBq and Related Units)

e s
C o

Nuclide lagestion Iahalation Immersion Fxposure to Soil
{Sv/THg) (Sv/TBqg) (SvAlr-THRg-M**2) (SvHr-TR-M** 1)
C-i4 5.60E+02 0.00E+Mm 000F«N
Ni-59 S.40E+01 160E+02 621E-4 QO NOE+ (0
Sr-90 3.90F+ (M 340405 1.46E-044 0.00F+00
Zr-N 4.20E-02 §.60F+04 0.00T« (M 0.00E«00
Te-9 3.40E.02 2.00E+M 1S51E-08 0.00E+00
Sn-126 5.10E+0? 2.00E+04 4.R6E-00 2434
1-129 T.40E-08 4.70E.04 4.50F-0] 1.22E-M
s 135 1.90E. M 1.20E+M 1.78E-08 000+
Cs-137 1 0B+ 8.70E+01 2.70E-01 11RO
Sm-151 9.10E+01 7.60E.M 7.02E-0% 1.20E-02
M-210 1.40E- 06 1 S0E-06 RAOE-04 VSIEM
Ra-226 310E.05 2.10E-06 4.¥6E-01 1. E.m
Ra-228 1IOEL08 1.20E+06 LR2E+00 T02E.00
Ac-227 1LROE-06 1.80E«mM 4 S6E-01 2.2+
Th-229 1.0OE-06 5.70E+06 1.57E-0) $O4E-01
Th-220 1.50E+ 058 RAOE.O 4.86E-01 1.76E« 00
Th-232 7.40E+ 03 440E+OR 1.0B<00) 4. 21F-00
Pa-231 2.90E+ 06 1LAOEL08 1.3SE-08 S.94E-01
0.233 7.20E+ 04 1.60E.M7 1.59E.01 6.21E-01
U-234 7.10E+ 04 1 60E-M 1LI9E-04 1.ORE-0R
U-215 6.80E+ O 3A0E.07 71.09E.02 1.54F-01
Ll-236 6.70E+ 04 A0E.M 8.02E-07 5.SKE-0S
1238 6.30E. 04 1.20E-07 1.99E.02 9.508-02
Np-237 1.10E« 06 1.30E-08 9Q.72F-02 LIRE-O1
Pu-238 5.0NE+08 1.20E+08 4.05E-08 1LSIE0L
Pu-230 6.N0E+05 1.4NEa (X 1.24E-08 2 1E-N
Pu-240 6.0NE+ 08 1.40E«0% VIRE-0S 151
Pu-241 1.20E+ 04 2.80FE+06 1.65E-05 1.24k.00
Pu-242 5.50E+08 1.30E+N8 2.97E-0% 207
Am-241 6.00E+0S 1.40E+0% _1OsSE-02 4.86E-02
Am-243 5.90E+ 08 | 4O0E+0R 83IE-02 1S1E-0t
Cm-242 1.80E-04 4.70E+06 9.18E-05 1.49F-0
Cm- 244 1.O0E08 7.40E.07 7 02F-08 7HE- 04
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conditions remain the same as today's. Conditions incl in this category are population
distributions (i.c., current population distributions should be assumed), level of knowledge and
technical capability, human physiology and nutritional needs, the state of medical knowledge.
societal structure and behavior, patterns of water use, and pathways through the accessible
environment. However, including in this category the geologic, hydrologic. and climatic
conditions whose future states may be estimated by examining the geologic record would not be
appropriate. Although assuming that national or world populations will remain unchanged is not
appropriate, assuming future world populations that cannot reasonably be sustained by current
abilities to produce, distribute, and consume food would likewise be inappropriate. For this
reason, future world populations in excess of 10 billion pecple need not be assumed in
evaluations for the containment requirements.

Changes covering varying climatic, geologic, and hydrologic conditions may be assessed with
sensitivity studies and stochastic analyses.

Performance Assessment

Dose based risk assessments, for repositories that may not have attenuation processes adequately
represented by comparison with release limits, could result in extensive site characterization and
analyses. If release limits are inappropriate for evaluation of only a few events or procz sses that
are responsible for the significant releases, these events or processes may be analyzed using dosc
cnteria. The predicted doses for each event are normalized relative to the dose limits set by the
EPA in the same manner as predicted releases. The dose fraction then replaces the summed
release fraction for that event in the CCDF. The probability remains the same, so the only effect
is to change the consequence level for that event in the CCDF.

Summary and Conclusions

It is appropriate to add a collective dose option to 40 CFR Part 191. In addition, a method for
selectively substituting dose limits for events or processes that cannot be represented accurately
with generic derived release limits is also an appropriate alternative. Substitution ot higher level
standards in an assessment is always justified. Dose analyses are possible on only selected events
and processes, and doses can be normalized to the EPA supplied dose limits. These normalized
doses would replace the corresponding normalized releases in the CCDF.

WP,158 6-12 SNnim2




REFERENCES

-r—

«F‘f TTEp e

! ™~ - .
- o [
C e e

6-1. Federal Register, Environmental Protection Agency, 40 CFR Part 191, "Environmental
Standards for the Management and Disposal of Spent Nuclear Fuel, High-Level and
Transuranic Radioactive Wastes; Final Rule," Vol. 50, No. 182, September 19. 1985.

6-2. “ICRP Publication 60 - 1990 Recommendations of the Intermational Commission on
Radiological Protection.,” Annals of the ICRP, Volume 21, Numbers 1-3, 1990.

6-3. U. S. Environmental Protection Agency. "Draft Federal Register Notice of 40 CFR Pan
191." February 3, 1992.

6-4. G. de Marsilly, et al., "Feasibility of Disposal of High-Level Radioactive Waste into the
Seabed: Valume 2, Radiological Assessment,” Nuclear Encrgy Agency. Paris. 1988,

WP.158 6-13 NARION

N



W @"I‘“i“ PAPLR

:\t“wd%~

CHAPTER 7

TRU WASTE EQUIVALENCE UNIT



CHAPTER 7

TRU WASTE EQUIVALENCE UNIT

s 7.1 STATEMENT OF THE PROBLEM

The use of values in the 1985 version of 40 CFR Part 191 that equate TRU waste with HLW and
spent nuclear fuel is not technically sound because military TRU waste is not associated with
commercial reactor fuel. does not have a unit comparable to a« MTHM of fuel. and does not have
a comparable risk/benefit relationship. None of the quasi-equivalent units equate the risks of a
TRU repository to those of a HLW repository. One option is to develop a fundumental enteria
for TRU waste based on acceptable risk to the populace.
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7.2 RECOMMENDED APPROACH

[This section of this chapter will be supplicd at a later date. The technical analysis is not

complete at this time.]
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7.3 SUPPLEMENTARY INFORMATION

[This section of this chapter will be supplied at a later date. The technical analysis is not
D complete at this time.)
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7.4 TECHNICAL SUPPORT DOCUMENTATION

(This section of this chapter will be supplicd at a later date. The technical analysis is not

complete at this time.]
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CHAPTER 8

UNCERTAINTY PROPAGATION !/;,{} Yo
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8.1 STATEMENT OF THE PROBLEM

In 1985, the U.S. Environmental Protection Agency (EPA) promulgated stundards for disposal
of spent fuel, high-level and wransuranic radioactive wastes in the United States. ‘These standards
included an individual protection requirement of maximum individual dose rate that was
applicable for 1.000 years and a containment requirement of cumulative radionuclide releases to
the accessible environment applicable for 10,000 vears. In 1986, the Natural Resources Defense
Council and others challenged EPA’s decision to limit the individual protection requirement to
1.000 years as arbitrary and capricious. The First Circuit Court of Appeals ruled on this matter
and others on July 17, 1987, The court held that the Agency’s choice of a 1.000-year individual
protection criterion was arbitrary and capricious and remanded that portion of the regulations to
the Agency for reconsideration, or a more thorough explanation of the reasons underlying the
choice of 1,000 years,

In addition. the Draft Federal Register Notice of 40 CFR Part 19) (2/3/92) includes proposed
requirements for caleulation of dose and radionuclide release projections for undisturbed
conditions up to 100,000 years.

The problem is that there are significant uncertainties associated with calculation of individual
doses for 10.000) years. or with projections of doses and radionuclide releases out to 100,00 years.
Such calculations would prove to be meaningless and are inappropriate.

This task consists of calculating uncertainty propagation from 1,000 to 10,000 years to select an
appropriate time penod for individual protection and for groundwater protection requirements.,
and from 10.000 to 100,000 years to evaluate the usetulness of requiring performance assessment
calculations beyond 10.000 years.

WP.158 81 snme



8.2 RECOMMENDED APPROACH

WORKITIE | PARER
The time period for assessments of individual and groundwater protection should be retained at
1,000 years after disposal (as in sections 191.15 and 191.16 of the 1985 standard), rather than

10,000 years (as proposed in sections 191.14 and 191.23 of the Draft Federal Register Notice of
40 CFR Part 191 (2/3/92).

In addition, the new standard should not include requirements for projection of potential releases
or doses out to 100,000 years after disposal, as proposed in subsections 191.12(c) and 191.14(b)
of the Draft Federal Register Notice of 40 CFR Part 191 (2/3/92).
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8.3 SUPPLEMENTARY INFORMATION
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The following material provides an explanation of why the rule could be revised as suggested
in the preceding pages. This matcrial could be used by the EPA as supplementary information
to accompany the proposed rule.

The containment requirements in 40 CFR Part 191 limit cumulative releases to the
accessible environment for 10.000 years after disposal. These requirements were based on
a world-wide population risk criterion. The Science Advisory Board (SAB) Subcommittee
recommendation at the time the 1985 standard was being promulgated (50 FR 38073,
September 19, 1985), included the following statements: "We support the use of a
population risk criteria. 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, residents of the region immediately
outside the accessible environment have very great assurance that they will suffer no, or
negligible, ill effects from the repository." Therefore, the Agency felt that this additional
assurance (for individual protection requirements) was needed to provide protection for the
individual since the primary containment standard was for cumulative releases over 10,000
years, with no limits placed on the rate of such releases.

The individual protection requirements in the final rule issued in 1985 limited annual
exposures to individuals from a disposal system during the first 1.000 years after disposal.
The Agency examined the effects of different ime periods and selected 1.000 years for the
individual protection requirement because the Agency's assessments indicated that 1,000
years was long enough to ensure that good engincered barriers would be used.

Demonstrating compliance with individual exposure limits over time frames much longer
than 1.000 years appeared to be difficult because of the uncertainties involved. The
performance assessments that must be conducted to demonstrate compliance with regulatory
requirements include evaluation of parameters and processes that are uncertain. Regardless
of how extensive a site characterization program is, these uncertainties will be present. In
addition to the initial uncertainty inherent in these parameters and processes, the uncertainty
also increases with time. The extent to which these uncertainties change depends, in par,
on the extent to which projected site conditions are expected to change. All these
uncentaintics result in uncertinties in calculation of the performance measures.
Demonstrating compliance, therefore, requires an understanding of all the uncertainties,
including those inherent in the estimates of future site conditions.

If the present hydrologic conditions at a waste disposal site are expected to persist over
time, the uncertainties in calculation of individual dose arise primarily from uncenaintics
in the description of hydrologic parameters, geochemical parameters, and radionuclide
release rates from the repository (canister failure times and leach rates). The uncentainties
in calculation of the individual dose rates will increase with time for time periods
significantly longer than the radionuclide travel times. These uncertainties will increase
significantly over the time period of 1,000 to 10,000 years.

If the present hydrologic conditions at the site are expected to change over time, additional
uncentainties are introduced. For example, a change in climate, and thus in infiltration,
could affect the hydrologic system at the disposal site. In addition to changing the
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parameters discussed in the paragraph .1b¥Wc. 1t ‘could changé the’ hydrulngu boundary
conditions affecting both the radionuclide release rates from the repository (through changed
leach rate) and groundwater flow rates. Since uncentainties in the climate change are larger
over longer time periods, the uncertainties would further increase over the time period of

1,000 10 10,000 years. O

The Agency believes that a 1.000-year time period is more than adequate to protect
individuals from the potential risks associated with geologic disposal. The containment and
individual protection requirements are complementary to each other and are not inconsistent
with cach other. They apply to different site conditions (undisturbed versus disturbed
performance).  Therefore, there is no need for them to cover similar time periods. The
containment requirements in Section 191,13, which cover releases over 10,000 years after
disposal, are the primary standard for waste isolation. This standard covers all significant
processes and events that may affect the disposal system, thus cnsuring that the site has
natural characteristics that will adequately protect the environment. The standard allows
for inclusion of uncertainties in the behavior of the disposal system over 10,000 years in
demonstrating compliance with the containment requirement.  The individual protection
requirement is different.  Because it governs only the undisturbed perfonmance of the
disposal system, it is a deterministic standard and does not explicitly account for
uncenainties.  Therefore, compliance demonstration for the individual protection
requirement becomes more difficult when such uncertainties have w be considered.

Consequently. because of these reasons. the Agency has decided to retain the 1,000-year
time period for individual protection.

The groundwater protection requirements contained in Section 191,16 of this proposed rule
are similuar to the individual protection requirements. 7;.eir primary purpose is to ensure 6
that engincered barriers perform in such a way as to p.ovent significant degrudation of the
groundwater in the vicinity of the disposal facility, and thereby protect the individuals in

the area. These requirements only apply to the undisturbed performance of the disposal

system and are deterministic in nature, just like the individual protection requirements.

Conscquently. the Agency has decided to also retain the 1,000-year time penod for
groundwater protection.

As discussed above, the regulations being proposed by the Agency for individual and
groundwater protection cover a time period of 1,000 years after disposal. The containment
requirements cover a time period of 10,000 years. Questions have bheen raised regarding
the extent to which periods past 10,000 years should be evaluated. As indicated in the
supplementary information accompanying the 1985 standard, the Agency believed that
10,000 years was an adequate time period for demonstration of compliance with the
containment requircments, and 1,000 years for individual and groundwater protection.
Nevertheless. in promulgating the new standard after the court remand in 19X7, the Agency
asked for comments on whether 100.000-year assessments are likely to provide useful
information in selecting preferred disposal sites. Comments received from varous groups,
including the Nuclear Regulatory Commission, the Advisory Committee on Nuclear Waste,
and the Department of Energy, indicate that such assessments would not be meaningful as
a measure of disposal system performance.
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The discussions in the paragraphs above were limited to ¢ angc i pclf rm"‘.xr'\'c't' d¢
disposal system for undisturbed conditions over the time period of 1.000 to 10,000 ycnr\
If the time period for dosc or release projections is increased to 100,000 years. then the
uncertainties may become so large as to render the calculations not very meaningful. If
disturbances were included, then the uncerainties in calculation of the performance
measures would increase further. depending on the uncertainties in the disturbed conditions.
This is recognized in the containment requirements by requiring probabilistic treatment.
Estimating the effects of disturbances to 100,000 years requires the inclusion of relatively
low-probability geologic events in the modeling of repository behavior. Hydrologic and
geochemical properties of the site may change significantly as well, Merely extrapolating
the present conditions is not a defensible way to extend performance assessment
calculations over long periods of time.

The Agency continues to believe that a disposal system capable of meeting the containment
requirements for 10,000 years would continue to protect people and the environment well
beyond 10,000 years and, therefore, assessments for time periods past 10,000 years should
not be required. This is supported by the views of other groups. When the 1985 standard
was being promulgated, the SAB Subcommitiee reviewed and supported the technical
arguments for limiting the containment requirements to a 10,000-year period. In addition,
NRC requirements in 10 CFR Part 60 already contain siting criteria and performance

objectives that reduce the potential for significant release afier the 10,000-year period has
clapsed.

Consequently, the Agency has decided to not require projections of releases or doses out
to 100,000 years after disposal.
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Technical analyses in support of the discussion on propagation of uncertainty over time are
continuing and are expected to be completed by August 1992, A system-level I’C"f”r“‘“"cc
assessment model, which permits calculation of uncertainty propagation through the systent.
being used. Time-variant parameter distributions will permit calculation of umcnamt)
propagation with time. This work will attempt to quantify uncertainty propagation for generic
site conditions from 1,000 to 10,000 years for undisturbed conditions to investigate the impact
of changing the individual and groundwater protection requirements over this time period. In
addition to the undisturbed conditions, effects of all significant events and processes will also be
evaluated to determine uncenainty propagation for time periods to 100,000 years.
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9.1 STATEMENT OF THE PROBLEM

The purpose of 40 CFR Part 191 is to protect public health and safety. The 1985 rule was
developed on the basis of the assumption that the repusitory would be located in a geologic
formation that lies below the water table. 1t was therefore assumed that the principal mechanism
of pullutant migration would be via dissolution of radionuclides in groundwiter and transport by
aqueous means.

We now find the nation examining the suitability of unsaturated sites. specifically Yucca
Mounuain, a site that is located above the water table. At this site, and other unsaturated sites,
it is appropriate to examine gaseous release and transport of pollutants in order to determine site
adequacy. When the provisions of the 1985 standard are applied to Yucca Mountain, specifically
the limits for Carbon- 14, we can release in 10,000 years no more than 7,000 curies of Carbon-14
in the form of carbon dioxide. Meanwhile, calculations indicate that the repository may release
about 8.000 curies of Carbon-14 dioxide, an amount that exceeds the standard by 10 to 20
percent.

For the first 1,000 to 2,000 years after the repository is closed. it is expected that the host rock
will contain the Carbon-14 dioxide. For containment for longer periods of time, we must rely
on a durable waste package, one utilizing a multiple-layer design. Such an approach could be
very costly. Estimates indicate the cost would increase by $3.2 billion.

The basis of the 1985 standard was that, in a site below the water table, the limit for Carbon- 14
was technically achievable. It was not a standard based on a release level that would prevent a
danger to public health. If we examine the danger to public health of the release of 8,000 curies
of Carbon-14 dioxide during an ¥,000-year period, this release would not pose a significant threat
to public health. Industry and natural sources release many times this amount of Carbon-14
dioxide each year. The question thercfore becomes: is it appropriate to spend an additional $3
billion on waste packages when this will not provide an improvement in public health?

A situation exists in which the 1985 rule has an unintended result. It appears that a potential
repository at Yucca Mountain can release its inventory of Carbon- 14 dioxide without endangering
public health, yet it appears the site may not be able to satisfy a standard that has as its ultimate
purpose the protection of public health. Thus, an alternative approach is needed. The EPA
should regulate Carbon-14 dioxide under a more equitable standard. similar to those in the clean
air regulations, or not regulate it at all.
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The followmg material suggests an alternative method of regulating gaseous releases from the
repository. The containment requirements, expressed as curies/1.000 MTHM, would apply only
to solid and liquid releases to the land, a well, a river, and the occan (sec Chapter §5). The
individual protection requirements, expressed as millirems/year, would continue to apply to all
releases through all pathways. However, exposures from radioactive gases cannot exceed 10
millirems/year.

The following is a possible revision of subsection 191.13(a) of the 1985 standard:
191.13 Containment requirements.

(a) Disposal systems for spent nuclear fuel or high-level or transuranic radioactive wastes
shall be designed to provide a reasonable expectation, based upon performance assessments,
that the cumulative releases of solid and liquid radionuclides to the accessible environment
for 10,000 years after disposal from all significant processes and ¢vents that may affect the
disposal system shall:

(1) Have a likelihood of less than one chance in 10 of exceeding the quantities calculated
according to Table 1 (Appendix A): and

(2) Have a likelihood of less than ane chance in 1,000 of exceeding ten times the quantities
calculated according to Table | (Appendix A).

The following is a possible revision of Section 191.15 of the 1985 standard:
191.15 Individual protection requirements.

(a) Disposal systems for radioactive wastes shall be designed to provide a reasonable
expectation that, for 1,000 years after disposal. undisturbed perfurmance of the disposal
system shall not cause the annual committed effective dose received through all potential
pathways from the disposal system to any member of the public in the accessible
environment to exceed 25 millirems (250 microsevents). The annual committed effective
dose for gases released through the atmospheric pathway shall not exceed 10 millirems.
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9.3 SUPPLEMENTARY INFORMATION .. : .

The following material explains the basis for the revisions suggested in the preceding pages.
This material could be used by the EPA as part of the supplementary information tor the
proposed rule.

Besides the remand from the First District Court of Appeals. much has transpired smee the
Agency issued its sandards in September. 1985, that has led us to reconsider our
containment and individual protection requirements. Congress amended the Nuclear Waste
Policy Act (Act): the Agency proposed and issued new clean air regulations (40 CFR Part
61 and the ULS. Department of Energy (DOE) has begun to characierize an unsaturated
site.  After considering these developments, we propose 1o change the requirements. The
containment requirements would apply only to solid and liquid releases to the land. a well.
a river, and the ocean. The individual protection requirements would contnue to apply to
all releases from an undisturbed repository through all pathways, but now exposures from
radivactive gases cannot exceed 10 mrem/year. Without these changes. the standards would
not be generic, they would not be consistent with the clean air regulations, and the
standards could force the DOE to needlessly spend billions of dollars,

The Act directed the Agency to issue gencrally applicable standards. and the amended Act
directed the DOE 1o characterize only Yucca Mountain, an unsaturated site. We issued our
standards after the Act was passed but befure the Act was amended. At that time. saturated
sites were the leading contenders for a repository.  Consequently, our containment
requirements were not intended to control gases that would be released through fractures
in unsaturated rock.

Information developed by the DOE and others indicates that, when applied to gases, namely
Carbon-14 dioxide, the containment requirements become overly stringent - millions of
times more stringent than the clean air regulations. The stringency would not affect a
saturated repository. but would discourage the development of any unsaturated repository.
Thus. to keep our standards generic and consistent with other regulations. the Agency
propuoses these changes.

The Agency proposes to regulate solid and liquid releases under the containment
requirement and regulate gases in a manner that is consistent with our National Emissions
Standards for Hazardous Air Pollutants (NESHAP) (40 CFR Pant 61). In developing
NESHAP, we found that a maximum individual dose of 10 millirems per year (mrem/yr)
provides an ample margin of safety. We now propose this same dose limit for a repository.
The dose would appear tn our individual protection requirements along with the current 25
mrem/yr limit that an individual could receive through all pathways.

Even though these changes could potentially allow approximately 8,000 curies of Carbon-14
dioxide (the repository’s entire inventory) to be released over a 10 thousand year penod,
such a release does not pose a significant threat to public safety. If the 8,000 curics were
released in just one year. an individual would be exposed to less than 0.5 mrem. During
the same year, this individual would receive 300 mrem from natural background radiation
and 1.3 mrem from the Carbon-14 within his own body.
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expensive waste package that completely contains the 8.000 curies of Carbon-14 dioxide.

Complete containment does not make sense when Carbon-14 dioxide is routinely released
throughout the world. A typical nuclear power plant releases, without any restriction, about

24 curies of Carbon-14 each year: a typical reprocessing plant. about 860 curies: and a coal- O
fired power plant releases much more. But under the 1985 standard, a repository filled with

70.000 MTHM can average no more than 0.7 curies/year. If just 3 waste packages fail in

| year, about | curie of Carbon-14 dioxide will be released. A more durable waste package

may contain the Carbon- 14 dioxide, but the benefits do not justify the cost.

The more durable Carbon-14 package could cost $213.000 ecach or $5.3 billion for the
25.000 packages that will be needed. The DOE is considering several designs, such as
thick-walled packages and multi-layered packages with cither metallic or ceramic inserts.
The fabnication of these more conservative packages will nced development, panticularly
those made of ceramic materials. The DOE believes that ceramics are feasible but
development will be difficult.  For example. a hot isostatic press must be designed and
constructed to remotely fuse the ceramic around the spent fuel assemblies.  With an
additional $100 million for research and development. the Carbon-14  packages total $5.4
billion.

The DOE’s present reference waste package could cost $88.0006 cach or $2.2 billion for
25.000.  Fabricated from a cormrosion-resistant alloy, these packages may provide
substantially complete containment for 1,000 years, but the DOE cannot guarantee that they
will contain the radioactive gases for 10,000 years.

The difference between these two types of waste packages, $3.2 billion. constitutes the cost

of meeting the current (1985) limits for Carbon-14 dioxide. Stated another way, the DOE 6
must spend $400 million to contain | curie of Carbon-14 dioxide. while the world’s

industries release thousands of curies each year. The Agency finds that the negligible

benefits to public safety do not justify the high cost. We therefore prupose to exclude gases

from our containment requirements and regulate them under the more cquitable individual

dose limits of 10 mrem/yr.
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9.4 TECHNICAL SUPPORT DOCUMENTATION i

e (f\jt':. Paney
The following matcrial is supporting information that could be cited in 'supbbrl'o? fhoubove
revisions. It could be part of a technical support document for the rule.

Many technical analyses and evaluations regarding Carbon-14 have been done by the DOE, its
contractors, nativnal laboratories, and others. These have included analyses of the source term,
transport mechanisms, health effects, uncenaintics, as well as cvaluation of the regulatory
implications concemning releases of Carbon-14. Appendix A of this document contains a paper
written by Dr. U-Sun Park, of Science Applications Intemational Corporation, that discusses these
various aspects.  This paper was prepared in support of the workshop on 40 CFR Pan 191
sponsored by the Electric Power Research Institute (EPRI) in February 1992. Much of the
information presented in this chapter was based on that paper.

In addition to the technical analyses and evaluations discussed above, evaluations have also been
done to determine the relative costs associated with containment of Carbon-14 dioxide. The
following information provides this cost perspective.

Containment of Carbon-14 dioxide. or any other radioactive gas. requires a multi-barrier waste
package concept with, at least. one of the barriers utilizing 2 material that has very low corrosion
characteristics. The Department of Energy (DOE) is currently considering robust waste packages
to increase design margins, but DOE is not specifically addressing Carbon-14 containment. This
evaluation attempts to quantify the additional costs of developing and manufacturing such a
containment without a determination of its technical feasibility, which can come only after
considerable research and development.

Using a statistical model to calculate the cumulative failure distribution for high-level radioactive
wasts containers, Bullet (Reference 9-1) shows that multiple-barrier sysiems have potential to
delay the failure of waste packages depending on the choice of each barrier material. A
multi-barrier approach was assumed for the Carbon-14 containment cost evaluation, with one
barricr utilizing a ceramic material known to have very low corrosion rates. Other barriers would
be siinilar to the reference design described in the Site Characterization Plan (SCP) allowing the
cost evaluation to focus on added costs to contain Carbon-14 within a ceramic barrier.

The selection of ceramics infers a requirement for considerable research and development (R&D)
to develop the data, processes. and equipment necessary to produce this material and predict its
performance. The consensus of the Engineered Barrier System Concepts Workshop (Reference
9-2) regarding use of ceramics was that their feasibility was undetermined because of the current
Jack of appropriate data on these materials. An R&D program for ceramics costing $10-15
million per year out to license application in the year 2001, totaling $80-100 million, is necessary
to generate the performance data and develop the manufacturing processes (see Table 9-1).

These costs would be in addition to the cumrently estimated costs of developing the reference
waste package. Currently, no facility in the U.S. can fabricate a ceramic large enough to hald
the spent fuel. Moreover, the DOE would have to build a facility to remotely encapsulate the
spent fuel within the ceramic.
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Ceramic Research and Development Costs

Table 9-1.
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For this cost evaluation, it was assumed that the Carbon-14 packaY} U(A-SM “\"h'hﬁn Bl xame &
amount of waste as the reference design, so that direct comparisons can be made. This design
contains three PWR and four BWR spent-fuel assemblies. Approximately 25,000 waste packages
would be required to accommodate the first repository inventory. Larger concepts are currently
heing evaluated that could reduce the number of packages. but this effort has not proceeded far
enough to provide a basis for comparison.

The Carbon-14 package. defined for this evaluation, is based on an extemal metallic barder and
an inner second barrier of alumina or titania ceramic to contain Carbon-14. Inside the ceramic,
a steel handling canister would hold the spent fuel. Alloy 825 is assumed for the outer container
because cost data are available for it (Reference 9-3). The diameter of this external container
must be increased over the reference design to accommodate the ceramic barrier. The ceramic
barrier would be approximately 3 inches thick. and the steel canister would be .39 inch thick.

Cost estimates for the ceramic barrier in the size needed are not readily available, because these
sizes are larger than what is currenty manufactured. However. it is the opinion of ceramic
researchers and manufacturers that a ceramic container of the size needed would have costs
cor.parable to the corrosion-resistant high-nicke! alloy container being considered for the metallic
barrier.  The cost of 25.000 ceramic packages plus R&D totals $5.4 billion. The cost of 25,000
reference packages plus R&D totals $2.2 billion. The difference. $3.2 billion. constitutes the cost
of contairing Carbon-14 dioxide (see Table 9-2).
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Table 9-2. Carbon-14 Containment Costs, $
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SUMMARY

uce

The release of gaseous carbon-14 (C-14) diexide
Msuntain repository to the accessible envxr~nme
:

waste packages, ::uld excead the release limi set b} the U.
Protection Agency (EFA) and U.S. Nuclear Enguialcry Cemmission tHEC). The
amount released depend:s on the sources of C-l4, mechanisms to free C-1d Irom
the scurces, and transport mechanisms to the accessible envircament, each ¢f
which is in turn affecred by many parameters in the natural geologic
environment., This paper examines the current informatisn on the amsunt, the
sources, and the transport of carbon-14. From this informaticn, the paper
assembles a coherent con cnptual model for C-14 release and sransoorh. it 18
shown that the uncer

tainties in our knowledge and data are so large that we
must conclude t.ere is a significantly hxgu pzcbabxlxtv o. efceedxn ath the
NRC and EPA release li Tltc, and consequent ly vislating toth NRC and EFA
regulations. The unc :a ties are in beth the source term (engineered) and
Lransport (natu:al), o; hich Lhe former may be more dominant. The scurce
term, however, is also so strongly 1nfluenced by the natural system, primar:.y
the hvﬂ—oloq/ c¢f the site, that even after site characterization the residual
uncertainties may still be unacceptably high. This may force the U.3.
Department of Energy (DJE) tc look for an expensive soluti~n to the sourzce
term (costing billions of dollars and years of delay).

o]

’Tr-(

Analyses done zy the DCE contractors and cthers have been reviewed, including
the regulatory impliicatiens ¢f the preliminary results. It has aiready been
camonstrated that the additional expenditures that would be required to
contain C-14 would not measurably benefit the public health and safety.
Severzl regulatory alternatives have been discussed. The gasecus release ¢f
radicnuclides could be regulated by the Clean Rhir Act (CAA) requi:emen:s,
either through EPA’s National Emission Standards for Hazardous Air Poliutant
(NESHAP) or by a rulemaking in consultation with the NRC. It is recommendad
that the currently existing NESHAP Subpart 1 be used, which exempts the
facilities regulated by 40 CFR Part 191.

In terms of the gaseous emission standard, there are several options

available whose pros and cons are discussed in detail. Among them, the
following option seems to be most reasonable in terms of providing a technical
basis for the numerical criteria and requlatory consistency with the C;‘
requirements.

"The gaseous release of radionuclides shall not exceed the amounts
that would cause any member of the public to receive an effective
dose equivalent of 5 mrem/yr, except that any combined releases
that would cause an effective dose equivalent of 0.1 mrem/yr or
less need not be regqulated.”

Although the implementation was considered in recommending the alternatives,
other political considerations may have to be factored into the final
formulation of the emission standard applicable to the gasecus releases.

There is no one solution that will solve all the prcblems and satisfy ail the
parties involved. In addition, the problem is a global one and may reguire
global solution,

@
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(glabal inve1 ry ¢f 230 million curies: 7.5 millieon curies i. lar

bieschere and humu i35, and 2.8 million curies in the a;nosyhe'e) (P £..4, ),
and gives a vary vmall expcsure to any individual from a ver Y
inven:c:y. The expected release rate from a potential repos:i tcry ac Yu
Mcuntain (less traq a few curies per year) is so small that it would na
affect the radiation dose that any individual on Earth would receive
rnaturally during his or her lifetime. Yet this release could viciate the EfA
and NRC reguiations unless very costly design alternatives are adepted or
significant amcunt of additional site characterization work is done with
great ccst and significant project delays. A more robust design of rne waste
package will undsubtedly enhance the ¢cnfidence that the regulaczo“- are met
for cther, more solukle radionuclides. However, the requirements on C—. ére
more severe than on other radionuclides, as evidenced in the DOE's
Performance hssessment Calculation Exercise (PACE). The inappropriaten
regulating such a low release as that expected from a geolcgic reposite
been expressed by many scientists (Ref. 6, 7).

[y
238 Cu
~
-

s has

This paper reviews what DOE Yucca Mountain Project (YMP) researchers know
about C-14; i.e., measurements made and analyses performed t< date by TP
scientists and others. It also discusses regulatory aspects of C-14 relezses
through both liquid and gaseous pathways, lays out possible alternative
:oculato'y standards for C-1i4, and recommends a technical position on C-'&
: “he DOE to consider. ttempts were made tc use references extens:

rder to avoid unnecessary duplication of information readily availap l

the literature.

1]

II1. PREVIEW OF ANALYSES

Since the current regulations governing the geclogic repositories ar
erpressed in terms of cumulative release, individual doses and zelea re
the main questions t¢ be addressed are how much C-l4 hac bheen emplaced
{inventory), how much and how fast it can be ‘reed from the varisus
confinements (source term), how fast it can travel azd the accessihia
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environment (transport), and what it will do to the individual in the
population (radiological exposure). These questions are examined
individually with cur current knowledge and understanding, based c¢n actuai
measurements or anilyses with ranges of assumptions where these are availabie
or ¢n pure speculaticn where they are not. An effort was made to identify
the sources ¢f infcrmation so one can trace t%e criginal source cf
informatien and make a reascrable guess on the assocxated uncerctainties.

-

A, Inventory

Carbeon-14 is produced as au activaticn product during reactor operaticn &y
neutren reactions with ni og-u-lq (B-14) inpu*ities in the fuel, c‘acdin;,
hazdware and coolant, auc with oxygen-17 (0-17) in the oxide fuel and
coolant. Production c¢f C-14 by ternary fission can be safely igncred
{Ref. 8). The amount rroduced is directly proportional to the neutzon
and the duration of irradiaticn time provided the latter is much shorte:

-~

one-tenth of the half-life of activated product, which is the case for C-i
In other words, the amount of C-14 in the spent fuel depends on the amount
poWer generated from the fuel. For this reason, most literature values of
C-14 preduction in the reactor are expressed in terms of curies per
Gigawatt-year of electricity procduced. Since not all fuel elements are
fosec Lo the qaﬂe level of neutron flux and nitrcgen impurity content
varies, the amount C-14 in each fuel element can vary substantially.
Calculations based on average burnup and expected level of nitrogen
impurities and C-17, therefore, can provide as reasonable an estimate of ihe

total C-14 inventory in the spent fuel as those based on the few available
laboratory measurements of samples.

The most comprehensive calculations for U.S. fuel were done by Davis at Oak
Ridge National Laboratcry (OFNL) (Ref. %), and have subsequently been updated
by sthers (Ref. 10, 11). The values in the studies have been used as a hase
in the Yucca Mountain Site Characterization Plan (5CP) and other regulatcry
analyses (Ref. 6}, shown in Tanle 1.

TABLE 1

Estimated C-14 Content of Spent LWR Fuel (Ci/MTHM)

Burnup Uc, Zircaloy Fuel Assembly Total
(MWd/MTHM) Hardware
BWR 27,500 0.54 0.76 0.23 1.2
EWR 32,300 0.60 0.35 0.60 1.8%

The estimated C-14 content in the U0, fuel matrixz agrees with actual
measurements made by the Materials Characterization Center at Pacific
Morthwest Labecratories. Van Konynenburg decumented available measured data
on C-14 content in the spent fuel (4 Pressurized Water Reactor &2 1 Boiling

-3-
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Water Reactor fuel assemblies) (Ref. 12). Using the actual measured
concentrations of C-14 and more recent data on nitrogen impurities, he
revised the estimate of C-14 content in spent Licht Water Reactor fuel (Rel.
7) as shown in Table 2,

TABLE 2

Pevised Estimate of C-14 Content in Spent LWR Fuel (Ci/MTHM)

Burnup uo, Zircaley Fuel Assembly Total
(MWd/MTHM) Hardware

BWR 27,500 ¢.54 - 0.38 0.10 1.62

PWR 33,000 0.60 0.18 0.22 1.0

He then adjusted these numbers fcr higher average burnups of 29,500 and
37,500 MWd/MTHM for BWR and PWR, respectively, and a total inventory of
70,000 metric tons of initial uranium equivalent, which consisted of 22,500
MTHM of BWR, and 40,500 MTHM of PWR fuel elements, and 7,000 MTHM equivalen:
of defense waste, to get an average of 1.12 Ci/MTHM in the spent fuel and a
repository total of 71,000 curies of C-14.

A more global review of C-14 production from nuclear industries, including
seven different types of power reactors and fuel reprocessing, was done by
Bush et 2al. for the Commission of the European Communities (Ref. 13). Their
numbers were also based on actual measurements and calculations, including
those frem the U.S, Since the purpose of their review was to address the
total C-14 production from the nuclear industry that will eventually have te¢
be managed, they also included estimates of C-14 in the reactor hardware,
which will become low or intermediate level wastes after decommissirning.
Table 3 summarizes the values for BWR and PWR. Since the C-~14 product.on is
expressed as Ci/GWe-yr in the report, the numbers have been converted to
Ci/MTHM using nominal values of 40.2 and 33.5 MTHM/GWe-yr for BWRs and PWRs,
respectively.

TABLE 3

Total Production of C-14 from nuclear power generation (Ci/MTHM)

Uo, Zircaloy and Reactor Reactor Total

Fuel Hardware Rff-Gas Hardware
BWR 0.5 0.5 0.25 1.11 2.36
PWR 0.6 0.5 0.15 0.75 2.16
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The C-14 inventory in the uzanium fuel matrix, cladding, and hardware
cempares well with these given by Van Yorynenuu (Ref. 7). The latcer are

used as a reference inventory for the following bu*nup adijustment.,

The Table 1 release limits for containment recuirements in 40 CFR Part 181
apply tc the wastes centaining 1,000 MTHM expcsed to @ burnup between 23,000
and 4C,000 M%d/uTHM (Fef. i4). If the burnup is higher, a credit is givern,
In other werds, more release per MTHM is allowed for fuels with higher rurnup
(where mcre energy is produced) only if the burnup .s higher than 40,000
Wd/MTHM: likewise, a penalty (less release per MTHM) is imposed on thc:z
with a burnup iess than 25,000 MWA/MTHM. The table does not make any
distinction bﬂtde-u the BWFE and the PWR, and the burnup credit is calzula
in reference to a standard burnup of 30,000 MWd/MTHM. Any fuel with 3 ou
higher than the “cmlnal values cf 27,500 (BWR} and 33,000 (PWR) MwWwd/MTHM
telow 40,000 MWd/MTHM will have & hl"he. c-14 lnven»cry than those in
2, but will not be z2llowed with a commensurate increase in the release
This would peralize fuels with a higher burnup than the nominal cne in
of allowable fractional release of C-14 if we used the inventory of C-i:
fuels with a nominal burnup as a reference. t is true that any fuel wit
burnup belcw the nominal values but higher than 25,000 MWJd/MTHM will tene
in terms of allowatle fractional release ¢f C-14 inventory. However, the
general trend is toward higher burnups for both the BWRs and EWRs. In
addition, the actual measurements for the PWR fuels with high burntas shcew a
e
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substantially hi:her c- -14 content than these in Table 2 (Ref. 7). < e
fuels, even after the'burnuc credit the use of the values in Table I wi
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be conservative. Fer the purpoese ¢f regulateory compliance analysis in this

review, the values in Table 2 have been adjusted upward toward higher burnugs
as shown in Table 4.

TABL

4

™m

hdjusted C-14 Content in Spent Fuel! (Ci1/MTHEM)

suznup uo, Zircalcy Fuel issembly Total

(MAS/MTEM) Hardware
BYWR 35,000 0.69 0.48 0.12 1,30
PWR 40,000 c.73 0.22 0.2¢ 1.21
Weighted Average 0.72 0.31 G.21 1.24

The 70,000 MTHM to be emplaced in the first repository will consist of 22,500
MTHM of BWR and 4(,500 MTHM cf PWR spent fuel, and 7,000 MTHM equ1valen; cf
high-level defense waste. The average C-14 content for both the BWRs and
PWEs is shown in Table 4. The high-level defense waste is the liquid waste
generated in fuel reprocessing tnat has subsequently been solidified in 3
glass matriz. Because cf an almest complete removal of C-14 cduring the fue]
reprocessing and the subsequent vitrilication process, these contain hardly
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any C-14. The tctal repository C-14 conteat will then be 78,000 curies,
aimcst entirely frem sgant fuel,

At gresent, it l5 not clear how the burnup credit is geing o be applied 1o
the defense wazte, II the burnug ¢ —ec;t is given on each radionuclide, “he
defense waste may nct be allowed ¢ elease any C-14, since all C-14 in the
fuel has already been released to thn atmesphere during the processing, or 3t
best {t czuld be treated as a waste with ;he lowest burnup f(i.e., 35,000
MAD/MTHM) allowed in 40 CFR Part 191 and get one-sixth (5,007 30,000 cf
release credit. In other words, the Table 1 limit feor the 7, .30 MTHM
ejuivalent defense waste will be either zerc or 117 (700/8) curies. licte 4
in Appendiz A (Tacle for Sutpart B) of 40 CFR Part 191, however, streagly
indica%es that no credit may be taken for ”-*4 for the defense waste, zince
the release during reprocessing ¢f the fuel already exceeds the releaze limit
¢f the spent fusl had it not been reprocessed. The releiase limit for the
rominal spent fuel (25,000 -2 40,000 Nﬁh/bTPﬂ burnue) for €3,000 MTHM i=
2,300 curies. The tctal release limit for the entire repository would then
ce ¢,300 curies, which represents a p:o“.naha‘v eignt percent of the total
invertory.

g, Source Term

C-14 in the spent fuel is distributed in the UD, matrixm, Zircaley cladding,
and cther fuei hardwarze. & small but significant amcunt has als¢ teen founid
on or near the surface of the cladding (Ref. 1%, 1l6). <Compared to the
uncertainty in the inventory of C-14 discussed in the previous section, thers
i3 a tremendous uyncertainty about the amount of C-14 that will become moti.e
and ke released out of the waste package and Engineered Barrier System (EBS):
i.e,, the source term fcr transport to the accessible envircnment. 1In faz-,
this uncertainty may become the main source of dif ficulty in deternin'ng the
compliance ¢r non-compiiance of the reposi tory system with the regulations.

The source term depends on many ‘actc:s, including the container failure
rate, fuel cladding failure rate, fuel oxidation rate, and fue!l dissoluticn
rate, &ll of which in turn depend cn conditions in the repository environment
such as temperature, amount of water, and water chemistry. Detailed
discussicn ¢f these subjects is beyond the scope cf this paper; only a brief
analysis ¢f relevant studies on C-14 is provided below.

>
-
-

-

1. %Waste Container Failure

The container failure rate, as well as the cumulative centainer failures in
16,000 years, must be known to assess compliance with both the NRC and EFA
requlations. At present, cur knowledge of both is preliminary. The
container material has not yet been selected and the design of waste packaqes
for the cpent fuel and defense waste is only at the roncpptual stage, The
problem, however, is meore fundamental than thatl. Therze is nd established
methed of predicting, w‘fh any certainty, the perfcrmance of any man-made
material tens of thousands of years intc the future. Efforts are being maae
to develop methods to ptOJect the life of containers that far iato the
future.

it has been shown that, for the release ¢f radionuclides by the aquecus
pathway, exztending container 1159 peyond 300 years ancd up to 1,000 years
does not improve trhe total system parfsmmance (Ref. 17). 10 CFP Fart &0
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2. Felease from the Waste Container

When a container fails, the s pnﬁt U0, fuel is normaily still protected by the
Zircaloy fuel cladding, but C-14 on the surface of Zircaloy cladding i3 nzn
oretected and can be released in the fcrm of carbon dicxide, This C-14 :s
termed the "rapid release ’:a ticn of C-14" in the SCP. One measurement of
C-14 released from the cladding surface by this mechanism was obtained from
an intact PWR spent fuel assembly with 204 reds in it (RPef. 15). The fuel

assembly was stored in a test canister filled with air and radiated abou
10*4 Rad/hz. The canister was heated to 275°C and slowly cooled. A gas
sample taken at 118°C during the heating period indicated very little release
of C-14. A second gas sample was taken 38 days later at 275°C and contalned
1.5 mCi ¢f C-14. L was not reported how long the fuel had been at 275%°C
before the sample was tiken. A third gas sample taken a month later at 270°C
indicated an acdditional release of 0.3 mCi of C-14. It also indicated that
one fuel rod out of 204 had breached, as evidenced by the presence of the

ssion product gas Kr-85. It 1s, however, believed that the additicnal £-14
alsc originated from the external surface of the fuel assembly, based upon
later analyses of fuel rod fill gas from other assemblies (Ref. 12). The
total release of 1.8 mCi is 0.26 percent of the estimated total inventcry cf
€90 mCi in the sample. Since the estimated total inventory was based cn high
values ¢f nitrogen content in the fuel and Zircaley, the actual fracticnal
release may have been somewhat higher than 0.26 percent. Samples taken four
moriths later contained little C-14.

Additicnal lakboratory »es:s were conducted £o determine the magnitude I the
rapid release fraction of C-14 and its distribution in the Zircaloy.
The results shcowed that hﬁ concentration of C-14 in the i(-micron thick

Y]
"

oxide layer is up to five times higher than that in the bulk cladding
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(Ref. 19). Release tests were performed with a small piece of Zircaley
sample heated in both air and argon atmospheres at different temperatures
The results indicated that most of the C-14 was released in the form ¢f
carbon dioxide from the oxide layer. A release as high as about three percen
f total inventory in eight hours was observed at 350°C in air. Atter eighL
heurs at 350°C, the release appeared to be rela*xvely complete. Considering

the variations in the C-14 inventory among different fuel assemblies, H. Shaw
of Lawrence Livermore Mational Laborateries (LLNL) uelieves that ag much as
five percent <f the inventory could be rapidly cxidized and released (Ref.

20) .

T was alsc cbserved that a much smaller, but still significant, amount of
C-14 was released in an argon environment. It was speculated that some C-.
might have beer, present in an oxidized form or could be cxidized even in the
absence of air before the container was breached (Ref. 21). The xmplxha,;
of this speculation is significant. Since the rate of oxidation of C-14
strengly depends on temperature, the size ¢f the fast rtlea:e fraction ¢f
C-14 couid decrease significantly as the waste package cocls. However, :if
the C-14 was cxidized befcre the container breached, then the amount of racid
release would not depend much on when the breach occurred. This speculation
still must be confirmed. The argon gas used in the experiment centained
aporcximately 18 te 50 pom (vol) of cxygen, an amount far in excess ¢f what
would be required tc oxicdite all the carben in the sample used (Ref. 21).

The presence of cther, preferred oxygen-getters such as zircenium may not
have completely blocked the oxidation of C-14. Further tests with ultra-pure
arqcn gas were planned but not carried ocut due to a reducticn in funding,

{Mote: R. Van Kon ynenburg, LLNL, informed me that a more recent German
exnerlmnnu cenducted in an ultra-pure argon environment ‘ndlca;aﬂ that an
external suppiy ¢f ouxygen would be needed to oxidize the C- -14.]

in a different experiment in a saline environment at 200°C, German
researchers found that about 50 percent and 95 percent, respectively, of the
C-14 inventory in cladding samples of PWR and BWR fuel could be released by
corrosion (Ref. 22). This suggests that in addition to the rapid release
fraction of C-14 from the cxide layer of Zircaloy cladding, C-14 can alsc ke
released as carton dioxzide after the cladding corrodes. The corrosion rate
c¢f Zircaloy cladding under conditions at Yucca Mcuntain is not known. An
initial evaluation of samples from two-, six- and twelve-month
electrochemical corrosion experiments indicated no Zircaloy-4 corrosion at a
detection sensitivity of 1 to 2 microns of corrosion per year (Ref. 23).
Further study also indicates %hat for the storage conditions investigated,
the outer zirconium oxide layer is in a state of compression, thus making it
unlikely that stress corrosion cracking of the exterior surface will cccur
(Ref. 24). However, the uncertainty in the long-term corrosion rate of
cladding remains. It is assumed, therefore, that once the container is
breached, the cladding will also likely breach within a 10,000-year time
frame., For this reason, the SCP states that credit will be taken for the
cladding as a barrier only if analyses could support it. Even if the
cladding does not breach, corrosion processes could release some C-14. In
the absence c¢f any data on the corrosion rate ¢f the cladding, Park and Pflum
speculated that the combined release in 10,000 years f{rom the rapid release
fraction and cladding corrosion could reach ten percent of the tctal
inventory (Ref. €).
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A cifferant type ¢f analysis naasured gaseous C-14 through peﬁ-::aticns Lhat
corroded through the canisters (Ref. 2%, 26, 27). The flow of gases in and
out of the container through the penetrations was modeled as a tuncticn &l
time after emplacement, size ¢f the penetration, time of the brearn, ani
internzl packaging cressure. The results show that small penetraticns will
limit <re rate ¢f escape of gas from the container. These analyses are
Lse‘ul in analycing the relesse of C-14 during the substantially complete
containment period. However, they all show that 1C,000 years is encugh t:ime
f¢r the cuygen v diffuse intc the container and cxidize $-14 1n the J.rfal:
oxide layer, and for the C-14 dicxide to escape from the coentainer. In
addition, the uncers .nties invsived in these analyses are to0 grest Iir Lhe
results to be direct.y useful. It is not presentiy possible to predict niw
many and what size penetrations would be created by metal ccrrosien, znd wher
they would scour.  Studies in this area are still very preliminary and the
uncertainties invelved in the predictizns, even if they were possgitie, woulld
be wvery iazge. For Lhe C-i4 analysis, therefcre, we assume C-14 c2an move
{reely through the penetrations c¢nge the ccontalner is breached.
3. Pelease f{rom the Fuel Matrix
After the container and cladding are breached, the U0, fuel matrix will ce
altered ani dissslved when contacted by the water. Data ¢cn the iong-term
matrix alterat:ion rate are not available., Rlt hou:. a value of 5.2x1C "%, y:
w33 used in the Fiscal Year 1920 PACE exercise (Ref. ZB), the uncertainty is
very large., A value as high as 10-3/yr was used in scurce term caiculations
fcr the wulf recository (Ref. 29). Any contact with water would be !imited
oy <he small amount Of water flux at the re2pository horizon, even if a
pluvial climate deveicped in the future, and it is hlthy lirely that <he
site will remsin unsaturated f{or the next i(,000 vears. The earlxe: sLudy 3t
25°C indicated a saturated disszlution rate of leeﬂ than i0-3/yr (Rei. 30).
More recent studies indicated, however, that the rate could be .wc orders «f
magnitude higher at higher “emperatures (Ref. 21). At the flux assumed v
the SCP (20 liter/yr/waste package), the entire spent fuel inventory couid be
dissclved in 10,000 years if the container and cladding breached. This, ¢f
course, is a very unlikely cscenario, especially in view of the fact that <he

SCP assumed a flux rate 80 times higher than the 0.5 mm/yr considered a
ceascnable and ccenservative upper bound for a Yucca Mountain repositery (Eefl.
32). It should be noted that the nominal flux used in the Fry 90 PACE
exercise 1s 0.0 mm/vyr., HNonetheless, in the presence of high water flux, a
substantial portion of spent fuel and hence C-14 could be cdissolved and
transported in water. Due to an extremely low diffusion coefficient in
unsaturated rubble arcund the waste package (Ref. 23) and low flux, the
liquid would travel very slowly and would be exposed to gas flow moving
upward. The heat from the emplaced wastes in an unsaturated site could
induce a large-scale air and gas convective movement (Pef. 34).

The C-14 in the water wxl‘ teach thermedynamic equilibrium between gaseaus
CC, and aguesus HCO3™+ Once the C-14 transfers Lo the gaspous phase xb Wil
go throush the same process as the gasecus C-14 released from the Zirzalzsy
surface. It should be noted that the cenditions above and below the

repositery level are almost identical in terms of the CO, environment, s tne
C0, will partiticn between the liquid and gas regardiess of the origin. The
C-14 in the gaseous phase will move upward much faster than the liquid wiii
travel downward. Tne net result is that most of the C-14 in the water, afio
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some time delavs cdue to retardation, could end up being released in gasecuc
form to the envirconment. Therefore, the net scurce term for the gasesus

*ransgert of C-14 would be tn2 sum of he rapid rei
u;.-,lnw surface and a significant fraction of the
%nhile the former is &5 one-time release "Um the trea:
laster is z ;
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thermodynamic egquilibrium (partitioning between the gas an

Carbon-14 may ex
Release of C
dicxide, car

icus chemical forms in gpent fuel and h
or 2ff-gas was observed to be in vhe fc

b » and hydrezarbons including metharne .
Z-14 in the 2i face is oxidized first, before it is released. 7The
actual releas from the test fuel assembly was in the carben dicxilde
form with nc measurable amount of carbon monoxicde, excect for one sampie that
contained an insignificant amount (Ref. 15). Duriﬁa the dissolution of
chopped spent LWR fuel rods with air sparging at ambient temperature (in

nuclear fuel reproce=51ng plants), almost all C-14 is released into the

dissolver o0ff-gas in the for. of carbon dioxide. Therefore, it appeirs tha
the gaseous release of C-14 {rom the tuff repository wouid most ! pe i
& carbeocn diguide fornm,

The transport of gaseous C-14 from the repository to the envircament wouizd be
controlled primarily by the flow of gas 'hrouqh fractures and rock pores
The gas interacts with the water trapped in rock pores or on the fractur
surface. (C-14 in the gas will exchange with the C-12 in the pore qas, whi:h
is in equilibrium with the bicarbonate ions in the pore water, which in tu:
may be in equilibrium with calcite in the rock. The net result is an
effective retarcaticn of C-i4 movement through the rock. The degree of
retardation depends on the degree of deviation from a thermodynamic
equilibrium between the gas and liquid in the pores.

1. Gas Flow Through the Mountain

Gas moves through the dﬂep unsaturated zone at appreciable velocities (Ref.
18). This is a convective movement caused by the density difference in 3jases
with depth due to the geothermal temperature gradient, as well as by diurnal
and seasonal changes in barometric pressure (Ref. 35, 35). Substantial air
flow has been observed in several wells drilled in the vicinity of Yucca
Mountain and a secticn ¢f open hole above the water table. in one well, the
observed flow rates are so great they can only be evplained as fracture ficw
phenomena (Ref. 37). Mearly 40 percent of the actual flow from one
observation well is generated by wind effects. The flow log also indicate
that the midpoint for flow entering the well is at a depth of 20 meters (R
37). Althcugh the observed gas flow velocity -- ranging {rom negative tc +
m/s at the top of the well -- has been modeled, gas flow throughout the
mountain is nct known well, especially at the repository depth.

<
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1f high-level waste is placed in an unsaturated repesitary, the heat
generates hy the waste will provide a driving force tnat moves (arge

¢f gas. Tsang and Preuss estimated the velecity of heat-driven gas tl-o i
a hvpothetizal repscitary and natural gesthermal temporature gradiant

18y, Theyir resulns show that sas phase convezticn csuld Lake £iaCe witn
apprecilable veiccicy, c¢f the srder of L2 mive,  This averalde wwpooiny

boen used by cthers t¢ calcuiate the rate cf C-14 transport through Yuo
Mountain (v: te aizzussed later). More denarled simulation of Qi lica
velzcivies as e funcwion of depth shows a range from 4.5 ta 1174 moyr g g
yedrs alter wiste emplacemoent, with Lhe highest velozity abt the reploil-ry
level. Zther studies 20 the potential repeository at Yuoca Mruntain inditate
that *he Lemperature distuinante resulting frem empiazing the washe wi., b
significzans even after 10,000 years (Ref. 3%, 4 in a recent study, Toan:
simulated the tawperature and sas velocity fleld op o 10,000 years alier
waste empiagement using the lavered stratigraphy at Yuczca Mountaln and <he
reference heat lcad ¢f 57 kW/acre abl the time cf emplacement (Pel, al). The
ro..lts still show a wide range of velecities through tne diiferent swrats,
from a fractisn cof & meter per vear in Paintbrush tuff (gas fiow anly throush
matrix pores with porosity ¢f 0.4 was assumed) to over 250 miyr at the
recozitery ievel. The average velocity near the top ¢f Tiva Canysn stili
apereaches 49 miyr at 160 years, 20 m/yr at 1,600 vears, bub then desreasces
5 3 tew miyr 3% 5,000 years, Cue to a bucyancy effect, the locus f vtne
fdstest velocity moves tiward the top ¢f the Teopspan Spring tuff,

Water vapcr mIvement pro dyczed by the hnat plpe near the waste package coulld
affect the migraticn of ga snous radicnuclides. Zhou et a‘., nowever, show
that tor the equivaient waste sphere the heat pipe exists from eight days *2
40 years after emplacement (Fef. 42). In additicn, they alsc conclude *hat
the heat pipe euxtendc [rom Lhe waste suzface to about three ﬂ:’etg from the
center of the equivalent waste sphere. For a large-scaie gas movement for
10,000 years, therefors, we can safely iagncre the nest pipe effac..

Z. Ferardaticn

The movement ¢f gasecus C-14 can be retarded by complex chemical interaztionc
with the pore water and the sclid rock., Foss describes a general chemica:
madel for C-14 'eta:dation at Tucca Meuntain and estimates the bounds of tn
retardation factor %o pe 2 to 2,000 (Pef. 43). In a mo:re recent study, !e
calculated the rntardation factcors for three different suratiaraphic layers
as a function ¢f temperature, chtaining a ran: of 10 t¢ 70 wivh an
appreximate median at 50 (Fef., 44). Foss used tne PHEEEGE computer cohe to
cbtain the eguilibrium distrinuticn cecefficient, Others used data {rem the
literature, expressed as a function of pH and temperature, to account £2r the
zeca:dat;cn of gaseous C-14 movement in their transport equaticens (Fef, 4%
46) . ithough they did not calcuiate retardation factors explicitly, thei
nunoe‘, are of the same order o¢f maqnltude but higher than those calﬁula'e
by Rcss. While Knapp used the equilibrium distribution ccefficients at pH %
as a function ¢f temperature, Light et al. used a fixed value at pH 7 and
50°C t¢ get an _quxlxurxun distribution coefficient of 3 (Fef., 47y,
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Many implicis ascumptions have been made in caiculating the retardatinn
facter, of which the most impsrtant is that of a thermsdynamic eauilibriam
between the gas and (iguid. On the time scale invoived in the repository
C-14 travel, ross justifies the validity of such an assumptisn.,  Tang



s
analyzed pore fluid and pore gas tc detarmine the extent of the water-Iclh
interaction and gas travel time at Yucca Mountain using an isotope ratic of
carton, cxvgen, and tritium (Ref, 48). HKis preliminary finding suggests &
lack of therm ouy amic equilibrium between the gas and liguid but the resulis
are not conclusive. Although the gas and pore liguid were cttained generall:
from the same geclogic strzata, the actual gas samgple was colliected from Lhe
UZ-1 hele while the pore water was extracted {rom Uz-4 cores The data sti.i
strongly sugges:t the possibility of a very low retardasicn, especialiy if “he
iiguid is confined (o smail pores (high suction pressure) and the gas [.aws
through the path of least resistsnce (fractures and large pores) witn minimal
zontazt with pore liguid
All this suggests that the degree cf retardation may alsc strongly depend on
the degree of saturation. With a pluvial scenaric, more liguid flux tc the
regesitory (still Lnsa*urated} may accelerate the corrssion of containers,
thus increasing the so remm fer C-14. A possibiy lower temperature
resulting from morze "oolxqa may alsc reduce the rate of oxidation, btut in the
long run <he total release may not be affected much. On tne sther hand, a
higher saturation may e haﬁﬂe liguid-gas contact, hence inlreasing <he
retardation, lio :uan:i:a:;ve data are available on the relative centrisution
of these twe counteracting effecte from increased ¢l However, 1t zan ke
seen Lhat the source term and Lransport strongly depend an tne expecied
hydroicgy.
3, Far Field Transport
A neminal travel time of gasecus C-14 from the repcsitery to the accessikie
environment can be obtained from the gas flow velocity through the mauntain
and the retardation coefficient ¢f C-14. As mentioned eariier, the
unretarded ¢as travel time through the m.:.ntain is relatively short -- freom
tens ts hundreds c¢f years -- which means the retarded travel time could Ce
from less than 1,000 years tc over 10,000 years. 3Since the half-iife ¢f C-1i1
15 5,730 years, the effect of retardaticn can become significant with a long
travel time. &Although this view of gas travel time is very simplistic, it
clearly indicates that the travel time is neither very short nor very icng

and more accurate estimates are neaded.

RPoss first medeled the C-14 transpcrt at Yucca Mountain (Ref. 43). His
preliminary caiculations based cn the governing equation and order of
magnitude estimates indicated that a substantial portion of C-14 could reach
the surface in less than 10,000 years. Knapp sclved an analytic equation for
gas phase transport of a C-14 kinematic wave, incorporating advection,
isotope exchange between CO, in a flewing gas phase and HCOy~ in a stastic
aquecus phase, and radioactive decay (Ref. 45). His calculations indicate
that the C-14 wave takes about 5,900 years to reach the surface. This
implies that ebout half c¢f the C-14 released from the repository during the
first 4,000 years will reach the surface during the requlatory time frame of
10,000 years. His calcula:ion is based on an estimated gas Darcy velocity of
i m/yr and ne diffusion, with dispersion and temporal and spatial variations
in rock and fluid properties taken into consideration.

gas through an unsaturated rock
density gradient caused by the heat
al fluz (Ref. 49). He estimate

ierrman alsc estimated the travel time of
based on the expanding gas volume and the
generated in the repository and diffusio
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velecity of 2 m/y' Lsinq a gas permaa"litv th'ee crce

s made the point that some gaseous :ah=
in a relat:vel, short time, his mc
ed; e.g., no geochemical retardaticn
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renensive modeling was dc
teady state numericai me
cifferences, called lG
de"elcoed ts determine flow ra:h:
r vel time. The model takes into
rate with different p_.meabiliti_- 2f “he bed,
aphy, and geochemical equilibrium tetween the gas and
o eats the fractured tuff as a homogeneous medium, (C-14
ravel times we culated for three different repository temperatures
w0 levels of p ilivy contrast between the Paintbrush no'we'uei i
the Tiva Canyen cpopah Spring welded units at four east-west Cres:
sections. Fixed re pcs1tory temperatures were used instead c‘ chud
dependent heat generation rate of the waste. The temperature profile
generated using a waste heat load of 57 kW/acre by Tsang .ncx»age the
repository temperature cculd be higher than the values used by Ross,
especially during earlier times, even up to several thousand years (Ref. 4!
The C-14 travei times calculated were shown in histograms. As expected, t
unretardod travel times range from tens tc hundreds of years, and the
retarded travel :*mes are generally in thousands of years. His calculatione
also ah\ that at lower temperatures and higher permeability centrasts, ma
zr most of the retarded travel times exzceed the C-14 half-life of 5,710 ve
and the regulatory time frame of 1¢,000 years. On the cther hand, with a
permeability contrast and a repository temperature ¢f 330°K, almost all C
escapes to the atmosphere in less than 2,000 years.
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Overall, these calculations show that the ezpected C-14 travel time i3
generally several thousands of years or less, including retardation. These
calculations assume the maximum retardation possible using thermodynamic
equilibrium, but do not take into account the effects from wind and
barometric pumping. Analysts used a retardation factor ¢f about 50, which ig
a very high retardation for gas mcvement. In many other geologic media, the
retacdation results from physical or chemical serption of C-14 on the media
itself. There is little information on the sorptien of C-14 on various kinis
of rocks. There are some indications, however, of the magnitude of
retardation that sorption provides. Bush et al. used a value of 8 fer
retardation in a clay medium, which is highly sorptive (Ref. 13). The high
retardation at Yucca Mountain is due to the ge--~hemical inte_actison of C-14
dioxide with HCO;~ in the pore water, which is . equilibrium with an

-13-



AT

-~ M
wWoamue S P

abundant amount of calcite in the rock. Other geolegic media may &
high a retardation factor as Yucca Mountain; therefore, it appears
relatively shorz C-i4 travel times may not te unigue te
may apply 10 mcst generic urnsaturated sites in the U.S. Ross a:
that the general conditions used in his simulaticn would azcly @
unsaturated sites (Ref. 44).
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D. Health Effacts of CT-14
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Carbon is one of the most abundant elements on earth and in the ti
It constitutes over 22 percent of the human body by weight (Fei. @
abundant in our daily diet. MNatural carbon contains abocut 1.4x1G~
C. A reference human being weighing 70 kg contains 0.1 microcu

-

i
from which he receives 1.3 mrem/yr of radiation exposure (Pef. £

[ N]
[0 5]
N

N SN RT N 7 I
I 2

2y
D~

[ 4

(84
[}
v

glokal inventory is estimated to be 230 miliion curies, which a
as follows: 40 percent in deep ocean more than 100 m from the
percent in surface waters, sediment and biosphere; and twc percen
atmosphere (Ref. 51). In additicn to the large inventory of C-14 air
existing in the natural system from cosmic ray production, additiona
continuously preduced in the atmosphere by the interaction of cosmic
neutrons with nitrogen. The amount in the atmosphere is estimated %:
million curies, and the annual natural production of 28,000 curies &
atmosphere (Ref. 52) balances the loss by radicactive decay.

DLy eJ o 1 o

LN =

— (D
w
~3

C-14 released from a repositcry in gaseous form would enter the atl
and miz completely in about four years to become part of the glcba
inventory. C-14 in the human body also comes to an equilibrium wizh
atmospheric C-14 after a lag time of 1.4 years (Ref., 53). Once it
released, C-14 becomes a part of the global inventory and any incr
concentration in the atmosphere could affect the entire world pcpula
provided the zssumption of a linear no-threshold relationship betweern
health effect and radiation expcsure holds. 1t should be noted that thi
assumption is not well established at a low level of radiation.

The C-14 in the atmosphere exchanges with carbon in the ocean surface waters,
which in turn exchanges with carbon in other reservoirs such as deep ocean,
land biosphere, and humus; most of the radiocactive decay occurs in the occearn,
where it stays longest during the global circulation cycle. As a resuit, the
effective half-1ife of C~14 in the biosphere is much shorter than its natura!l
half-1ife of 5,730 years.

The potential health effects of C-14 from both the natural and man-made
sources have been studied extensively (Ref. 50). Infinite time (effectively
about eight half-lives or 4€,000 years) population dose commitment cf C-14
has been calculated by many studies (Ref. 13, 50). The nurmbers range frem
370 to 620 man-rem/Ci (divide the number by 100 to get person-Sievert/{i)
based on a prejected steady world population of 10 to 12 billion. In a more
recent study, McCartney et al. reported a valuve ¢f 460 man-rem/Ci for the
100, 000-year dose commitment based on a steady world population of 10 billiicen
(Pef. 54). The biological effect per unit population dose also varies
depending or the pathway model and other assumptions used. FReported values
range from 1v0 tc 200 cancers for ix10*6 man-rem (Ref. &, 50). The EFA used
a value of 146 cancers per 1x10*6 man-rem exposure in their anaiysis,
although they also indicated the value probably was lower by a factor of 1.9
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number of 200 cancers per 1x10°% man-rem,
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was only for internal and external dcses fre

d was based ¢n a uniform release of 1,000 cu:xes
he repository in one year and currently prevailin
as wind velocity, direction, dispersien of the plum
ucca Moun:a n. Under this still conservative scenaric, the expo
the maximally expcsed individual was calculated to be 0.05 mrem/yr.
the al;ouabla 'elease limit ¢f an average of 0.63 Ci/yr (€,300 Ci per 1
rears), the correspending exposure would be 3210-5 mrem/yr. The seconz
ana1y51s did not include the dose from ingesticn. In areas with much
vegetaticn, the ingestion dose from the food chain dominates cver Lhe dcse
from inhelatisn and immersion by about two crders of magnitude. At Yuzca
Mountain, hcwever, the ingestion dose is expected to be only ¢ne order c¢f
magnitude larger than the inhalation dose, primarily due to the low potential
for vegetaticn (Ref, 57). If we include the dose from ingestisn in the
second scenarin, the total dose from C-14 from the potential Yucca Mountain
repositery would be 3x10-4 mrem/yr, which is about cne cne-millionth of what
an average individual receives from natural background and one ten-theousand.h
¢f what an individual receives {rcm natural C-14 from the atmosphere.
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In a mocre recent study, done as a part of the FY 91 PACE by Facific Northwest
Laboratory and Sandia Hational Laboratories, the potent.a‘ dose from the
repository C-14 was calculated (Ref. 57). The ground surface scurce term sf
C-14 for the &

1

ose calculation was estimated probabilistically for different
container failure times, two different gas flow modes; i.e., matrix and
fracture flow, an average wind speed of 2.3 m/sec with no vertical or
horizental dispersion, and different matriz gas permeabilities. The cverali
scenaric, 1nc1uoxng the source term from the EBS, was very consprvative.
Under this scenario, the calculated dose tc a hypothetical, maximally expos
individual living on the surface of Yucca Mountein ranged from Z.3x10°17 «-

k
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1.2%10°) mrem/yz. No attempt was made to calculate an average or median
value in this prellm nary study. The numerical values calculated
determiniztically by Gary Daer fall within the range of this study.

the pursese
-4 /

s gulatory analysis in the next sectiocn, we wil. use
m/yr a i

o
2
~
[L ™
=

E. Uncertainties

Amcng the factors influencing the release of C-14 to t

environmant, the inventory estimates have the least un Yy
are still significant. Cornsidering the accur acy of the OR;GL 2o
the calculaticn ¢f isotcpe generation in the reactors, the amount
impurities in the fuel, clacdding, hardware, va*iabili%y among f{uelis
that two-thirds ¢f the spent fuel to be emplaced in the repositcry
even exist foday, and the trend toward ever higher fuel burnups, th
uncertainties in the inventory are prcbably at least -30 to +10C percen
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nty, however, is in the source term, which in part
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ai st
ty in the post-ciosure near field environment. <C{ontain
argely unkncwn and uncertainties will remain even after
material and cesign are fixed. If the near fieid envircnment remains
unsaturated and relatively dry, the container failure rate would be very
small and a lacge fraction of *he waste containers will survive for 10,C00
vears. If the climate changes to a pluvial condition, fracture flows
dominate at the repesitory level, and a large amount of water comes int¢
contact with the waste containers, then, conservatively, with the currzent
design of the waste package it should be assumed that mest of the containers
would fail during the first 10,000 years. The uncertainties in the container
failure rates would be at least one order of magnitude and could be higher,
depending ¢n the degree of site characterization and material testing. The
uncertainties in container failure rate could be reduced by emp‘o;‘ng more
robust, long-life waste package design, but presently there is no regulatory
need for a long-life (10,000 years or longer) waste package to meet the EPA
performance requirements other than that for C-14. Compliance with the NRC's
subsystem performance rcjuirements on waste packages and EBS may necessitate
a long-life waste package because of the need to contain gaseous
radionuclides and several other readily soluble radionuclides. Among these,
the requirement for C-14 wculd still be the most imposing.

h

34

Data on the C-14 release from the surface of fuel assemblies: i.e., the rapid
reiease fraction, are extremely limited, so more experimental measurements
are needed. The value assumed for the rapid release fraction in the SCP:
i.e., one percent, appears low in view of more recent laboratory experimental
results. Two to ten percent may be a reasonable range, although there is a
possibility that it may even exceed ten percen-. Again, it should be
mentioned that these figures are based on a li...ted number of observations
and are speculative at best.

Release of C-14 from the fuel matrix would be strengly influenced by the
alteration rate of the fuel. Current assessment indicates a possible range
of at least two to three orders of magnitude. There is an additional
uncertainty in the fraction cf C-14 released in liquid form initially that
might eventually be released to the accessible envircnment in a gaseous form.
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Additicna. data needs have already been discussed in the Yucca Mountain STF
and briefly in the sections above, and will not be repeated here,
The analyses in the previous sections deal only with unaisturted perinrmance
¢f the geologic repssitory. Based on our preliminary knowiedae ol vi.oanlin
scenarios, it was assumed in this shudy that any gasecus release f
radionuclides under disturbed conditions of the repositcry would be
insignificant. This, however, snhould be investicated further,
I1I. REGULATORY IMPLICATIONS AND POSSIBLE ALTERNATIVES
A Regulatory Implicatisns
The NRC's subsystem performance requirements in 10 CFF Pary €0 reqguire <hat
the containment of radicnuclides in the waste packages he sub:Lantia‘-,
complete for 200 to 1,000 vaars, and that after containment the annual
release rate ¢f any radionuciide from the EBS not exceed one part i: rne
hundred thousand of the inve ory of that nuclide at 1,000 yesars elter
emplacerent with an exclusion iimit for radionuclides with an extremely sme.l
release porential. The regulatcory term “substant a’iy compiete contiinment”
nas not yet been defired guantitatively. The NRC made it clear in 173 Site
“'—ac erizaticn Analyses that the term should be interpreted to mean that
the release during the containment period be much less than that allcwezd
cduring the post-containment period (Pef. $9). Design goals wers estaplished
in the SLP with a go0al of achieving a C- 14 release rate of less than iJ-€¢/v:
cf the 1,000 year inventory, which would correspend to 7.8x10-2 Cisy:. Ever
if we as;ume the rapid release fraction to be two percent of the inventzry in
the container, failure ¢f two cr fewer centainers per year would exceed tne
SCP goals and the 10 CFR Part 60 requirements even if we ignore the T-14
released through the agueous phase. If we take a mcore conservative numier £
ten percent for the rapid release fraction, then it takes only a fraction ¢f
one waste container tc viclate the requirement in a given year. The 10 TFR
Fart 60 requirements could also be viclated if 2 te¢ 20 waste containers
breach in a given year. If we include the cumulative release from all f{ailed
containers that will cross the EBS boundary in either a gasescus or liguid
form, the number of containers that can breach annually would ba even less
This level of containment may be possible if an expensive wiste packacge
design with multiple barriers is employed. Nevertheiess, it would be aimos®
impossible to guarantee such a low level of failure on an annual basis es5 “te
NRC regulatiocns require.

The EPA regulation, 40 CFR Part 191, dces not spncxfy any requirement 5o the

performance of subsystems. 1t is an overall environmental standard, and a3
such it only limits cumulative release to the accessitle environment. The
limit for C-14 is 100 curies per 1,000 MTHM over 10,000 years with better
than 90 percent probability that the level would not be exceeded, provided nc
other radicnuclides are released at the same time. If other radionuclides
are reieased concurrently, the release limit must be prorated (i.e., reduced
by a formula given by the EPA. The release limits were conceived te limit tne
number of fatal cancers te 1,060 over 10,000 years from a repositery
containing 10C, 000 MTHM. As chewn in the previous sect1 on, the {inal number
used for C-14 is equivaleat to 570 fatal cancers over 10,000 vears frem a
repesitery containing 70,000 MTHM, of which 63,000 MTHH are spent fuel. The
ievel of risk; i.e., 1,000 cancers over 10,000 years, was ceonsidered easily
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(ACIW) by U. Park (Ref. 63). A subsequent ACNW evaluaticn confirmed that :
EPA release linit was at least one crder of ma~":tude more stripgenl than ne
11m;b that weuld procduce the same risk from re . unmined uranium ores ! .
in terms of the

terms of release probability, and three o'd ers cf magnitude
asscciated health effects due te radionuclide releases (Ref. ¢3). In
explaining why the EFA did not choese higher (less pratective) release
limits, they cstate:

" The diffsrences in ceosts for different levels (of

pr cke:tl n} are much smaller than the overall uncertainties

in waste management costs. Ffor example, consider the

increased cos<s of complying with the release llm‘tc we have

pronosed, rather than relezse limits 10 times les

stringent The petential increase ranges frem zero te S0

millisn (1981) dollars per year.... As discussed abovae,

setting the release 1i mits at he level we chﬁse -- &s

opposed Lo & level 10 times less or 10 times more stringent

~- appears te cause only very minor effects an Lhe cests of

high~level waste d;sposal This is why we did not choose

higher (less protective) release limits." (Ref. €%)
The EPA was mistaren. Costs are very sensitive ta the level c¢f protesticn,
especially when the requirements push the design of waste packages to the
limits of practical engineering and science. If cos *s were p;ooe""
censidered, the relz2ase limit could be justified at 10 times higher than what
was finaily set by the EPA and the putlic health and safety wculd s ili ke
fully protected.

Given this general backgrcund cn the EPA regulation, the fellowing appriaches
to develop an alternative standard for allowable release of C-14 would seem
to merit consideraticn:

¢ Keep the current regulation and

- use longer-life ¢2-tainers
-~ releasze the C-14 kslicre emplacement
- use fuel reprocessing

¢ Relax the current release limit for all radicnuclides by a
factor ¢f <en.

o Give special consideration to C-14 because of its unigue nature
and because it produces an individual dose that fallis well below
regulatory concern (dase truncation).

¢ The same as above, except base the truncation on the affected
population (geographic truncationj.

o Change the basis of the standard f{rom popuiaticn dose to
individual dose.

o0 Regulate repcsitory gases under the National Emission Standards
for Hazardous Alr Peoliutants Act (MESHAP) (40 CFR Part 61).
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5 State that the release limits in Table ] of Su bpa't B onen
. do not apply to gasscus release of radionuciides and heid ;h;
regulaticn of gaseous releases in reserve.
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aticn was promulcated based on three basic premises: (I} it
he limits; (2) the risk is comparable t¢ the risk [rom
e, which 1s acceptable to the public: and (3) mecre
icn does not incur any significant additional cost.

a have been a reas¢nable assessment based on the state :f
knowledge 10 to 1S years age is no longer valid. The regulation is cutda:
and should be changed.

(3]

oY oy
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There appears to be a high probability that it will nct be possible to
satisfy the EPA and NRC regulaticns because of overwhelming uncertainties ia
the source term. The preliminary performance assessment clearly -howed that
the main reasen for potential vieclation of the regulations is the gaseous
reiesase of C-14. Th.= has been foreseen by YMP scientists for a long time,
anc the DOZ has proposed several alternative approcaches in the SCP in case
the reference waste package cannot meet the reguirements due to uncertainties
in the size cenditions (Ref. 18). The alternatives were presented primarily
tc address the NHRC's 10 CFr 60.113 requirements. They include the use of
alternative container design and materials, use of 10 CFR €0.113 (b)
(variatien in containment pericd and post-containment release rate), release
of C-14 from the surface of fuel assemblies prior to emplacement, taking more
credit for cladding if this could be supported by more testing, and inclusica
of part ¢f the hest rock in the EBS. Among these, only two cculd address the
C-14 problem for both the EPA and NRC requirements: a long-life waste
package using alternative material, and the pretreatment of fuel assemblies
to release the rapid release fraction of C-14. These are discussed in more
detzil kelow.

a. Use of long-life waste packages

The current reference design for the waste packages is a thin-walled,
single wall metallic container that capitalizes on the unsaturated
nature of the site. In the absence of any significant water movement
at the repository level, this design would be adequate to protect the
public health and safety. Under any scenario that would allow the
breach of waste containers in any significant quantity during 10,000
vears, the reference design and the current candidate materials may
not be adequate or may be adequate but cannot be so proven. Since the
rapid release fraction of C-14 is on the outside surface of the fuel
cladding, the waste container wall must be gas tight for 10,000 years.
Most metals have only a short performance history and are susceptible
tc various failure mechanisms. Ceramics such as alumina wer
considered in combination with metal inner or outer layers. The

ad itional cost over that of the reference design is estimated to be
in the biliicns ¢of doliars for 25,000 waste packages. In addition,
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the technolegy exists only in small-scale applications. Significant
technology development would be needed involving an edditicnal cost

and schedule delay. The COE is st.udvmg other long-life waste package ‘
designs that rely o meltiple barriers to inc:r2ase reliability, tut no

firm designs have evolved yet. The high cost of developing and

fabricating long-life waste packages compared to the negli g;ble §ain

in public health and safety has already been pecinted cut (Rel. £,7).

Pretreatment of the fuel assemhlies

The existing regulaticns do not regulate the release of C-id fr:or
nuclear pcwer reactsors and other nuclear fuel cycle facilities. The
cperating PWRs and BWRsS release gasecus C-14 at tne rate shown in
Tatle 3. Fach reactcr releases 5 to 10 curies every vear. If the
C-14 on the surface laver of Zircaloy cladding is reieased pricr =c
emplacement, it would not viclate any regulaticn, The rate of releasze
from this operation wculd be much higher than the release ¢f C-14 frarm
Lhe repositery, since at least two percent ¢f the total inventcry
(1,5€0 curies) would be :eleased in less than 50 ysars. Assuming that
the linear dose-respcnse model is valid, the resuiting health effeacis
would be much higher than the effacts eroduced ty the expected releaze
from the repository, although both would still bte very low

To release C-14, the fuel must be heated to abtout 27%°C for an
undetermined length of time. Under laboratory conditions with a p
gas flow, the release was almost complete after 8 hours. However,
only actual test done with an intact fuel assembly indicates up tc

mcnths might be needed. The cost of performing this operaticn, even 6
LE it was hechrlcally feasible, would be extremely high. The zannual

spent fuel receiving rate is twice as high as the rate at a

full-scale, 50 GWe/yr fuel reprocessing plant, a-2 the fuel would then

have tc¢ be stored for up to two months at 275°C., The fuel assembiiecz

would have to be cooled before transport tc the repository. The 20s-

of such a facility, operated remotely, would be prohibitively high

when the cff-gas treatment and other handling facilities are included.

in addition, the effe - of heating the fuel in a dry conditien is nct
known. One out of th. 204 fuel rods failed during the test. Other
technizal problems include finding a method of heating the fuel
assembliies unlform]y without overheating to prevent cladding ‘a‘Luz
and the treatment of radioactive off-gases Kr-85 and I-129 fr

breached fuel rods. Both Kr-85 and I-129 are regulated under current
regulations. The C-14 gas from heating would have to be vented 1o the
atmosphere, since it would be diluted so much with air it cculd not pe
recovered economically.

it should be noted that releasing the C-14 at a higher rate just to
circumvent the repcsitory requlations may not be acceptatle to the
public regardless of the low health affects.

Fuel reprocessing
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may nct be an important one. Although the release of C-ii from a lue.
reprocessing cglant (FRP) is not requlatec at present, primarily
because there is nc FRF in the U S. except for the defense faciiities,
the off-gas stream is concentratad enﬂugr tc warrant ite coiiecuion
from a csst/benefit point of views (Fef. €%),
Techrologies are avallable o culiect the C-14 (diiuted with =00 -
increass the effi:i.ﬂ”v 'hﬂ fization prccass).  The pratlem i35 wnal !
do with tne waste contalining C-14., Most {:ixaticn pricases cantulwe
the C-14 in 2 carbocnate matrix. The release rate cf C-14 {rem such
waste {orms packaged in a less ::;ﬂge.t container buried ina shalltw
or cdeep geclegiz disposal may be sianificantly higher than the rejease
rate from a repositery. [See Radiation Physics ¢ Chemistry, %Vei. 7,
Mo, 2, pp. 3€2-28%5, (1%%1) on radiclytic deccmposition of Catill,Ld
2 felax the Stringency by a Factor ¢f 10
The stringency of the current reculation does not hive its kasis 3n a fim
need to protect the pubiic health and safety. The RCHW showed that tha EPA
used a f{actor of 10 conservatism in the prcbabilir" and three crders =
magnitude in the asscciated health effects (Ref. €4). 1n 1384 the EBA's
Science Advisory Bcard (SAB) recommended that E£PA relaw the risk chiactive
fcr all nuclides by an order of magnitude (Ref. 6€7).
There is pienty cf justificaticn teo relax the regulaticn by a faciar of 1€
based on a reaiistic estimate of risks from unmined uranium ores, difficulivny
for any generic site to meet the cu:zent regquiation unger real repcsitory
conditicns (all unsaturated sx:es may pe penalized), and the high ccer of
meating the negula:lcn with little ban-g * t2 the public health and safely,
On the cther hand, it might oe perceived by the public that the public healsh
Ie

o
and safety would be compromised, if the regulation were relaie:
3. Dose Truncation

It has already been shown that the expected radiation expesure from C-14 Ly
the repecsitory release is very small, even to the maximally exrosed
individual; i.e., on the order of 3x10-4 mrem/yr. Although the nec-threshzis
linear dose assumption is well accepted by the scientific communizy, 1ts
applicability to low levels of radiation dose has been questioned

3ntinuously The current acceptance of the nc-threshsld as sumpl.ion at le
dos¢s is not because of demonstrated validity but because it is believed that
it will not make much difference, since most sources of such low doses are
not regulated. Most other EPA requlations allow a lifetime risk factor of
10-4 to 10-%, and the EPA’s HESHAP allows an exposure of i% mrem/yr, which
correspsnds to an individual risk of 3.3x1074. The NCPP also recommends the
exclusion of any expesure of 1 mrem/yr (,.,KIO' individual risk) or less
from the assessments (Ref. €€).

The 3x10-% mrem/yr radiation exposure from the repositciy would te 3

crders ¢f magnitude lower than the level for below rejulatory concern (!
mrem/yr). This level of exposure is equivalent to an additional exposure -
cosmic rays caused by reduced shielding when one wears a pair of shoes with
heels of an inch higher than nsormal. Evidence does no c"gqe L a higher rate
of cancers at higher altitudes, even at several thousand feet higner than zea
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level. Women are not reluctant to wear high heels because of higher
exposures to radiaticn, nor are peccle reluctant te live in the "Miie Hizgn
City" of Cenver, Cclcrade. The public should readily accept this level of
imaginary risk,

Scme peogle maw be concerned sver the pessibility that mest of the
razicnuciides in Tacle 1 may he exciuded under this rule since, depending on
nhe scenaric, the oxpected oxposure of the public to many radicnuc.ider may
e very smaii. .- snould te noted, however, that the low expesure frcm
gasecus C-14 is generic; i.e., it is almost independent of scenariss. The
icw exposure is the result of the abundant presence ¢f nen-radisactive Zarnin
everywnere ¢n earth, especially in the bicsphere. The number ={ potential
health effects from the release of one curie of C-14 used in develsping the
ZPA regulatisn ic based on applying the inherently lcow dose te sver 1.4
tzillion peoele cver their iifetime (70 years). N2 cther radisnucliids wae
apeiied to such & large critical corulaticn base, s¢ 2 stronger Case lan ke
made £or dose iruncaticon for C-14 tnan for -t“er radicnuciides

q. Geograghic Truncation

Carben-i4 in <he giobal inventory affects the total world pepulaticn, which
i3 the basis cf the EPA regulation. The EPA model is valid when <he release
ie large, such as that expected Irom a commercial nuclear fuel reprocessing
plant; i.e., P60 Ci/vr from a SO GWe/yr plant, if no treatment is dsne, 25 it
ie nct reguired under the current rcgulat n. When the rejease level (s 1w,
it would be within the natural level of variation aﬂoqq different rezions
(The £-14 concentraticns in the Pacific and the Atlantic cceans are
different, and the difference is used to measure the conn ynicaticn batwaen
them under re llorth Pole.) At that low level, the potentizl effect wiull ke
localized. ventually, the C-14 would become a part of the global invent:ory,
but its resxder.ce time in the ocean is so long that its glotal impact <n
octher regicns =f the wecrld would for all practical purposes Le nil. 7The
health effect should therefore be calculated based on regicnal popuiastion,
such as that ¢f the U.S. or North America.

This logic igs not meant to iqqore the health impact outside the rngirn.
Rather, it is based on the premise that at an extrenmely low level of relesse,
at a "noise" level, the actuzl impact would be limited to the regional
populaticn. 1t should not be confused with dose truncation, since the
population dose, no matter how small, would still be calculated Lbased ¢n the
regional population. This would have the same effect as relaxing the reiease
iimit for C-14 (but not for cther radionuclides), bty an order of magnitude,

c. Change t2 an Individual Dose Basis
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! by the Waste Isclation Systeme Fanal (WISP) of
rch Council (Ref. £9). The current EPA phiicsophy i3 baged
s

Q T )
D -
bt

> @

’
»
S

the populaticn and the individual, not one or the c¢the
Although mest Z:crspean countries have adopted individual dose as the basis
for regulation, it was done for reasons more applicable to them, such as a
high pcpulat1 on density in the region, which makes fcr less differenc
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1f & standazd based on individual dose is adopted, gasecus C-14 will n
lcniger be of zoncern. 1Y, however, C-14 is released in liguid fowm throuzs
fracture flcws, such & standard would penalize sites wilh ne means of
diluting =he radiznuciides, as was shown in Lhe WIZSE repcrs (Fel, £%).
it should aisz e noted <hat the geclogic rapositiry system re en
‘avcrable gecizgic conditicns, which may incliude & iack or sl Tent Tl
the media that wculd czarry the radicnuclides and & significan dati.r
movement ¢f radicruciides oy sorpuion and precirication. Sin mIss
sites (exc-<-7 prokably those in the sait media) there are Qre roDliwe
thaet could carry the radionuciides, the retardation ty sorgetl 3 pia
imgortant rcle in limiting the raliease. The sorpuion proless, howover,
concentrates the radicnuclides in the media by a similar process to nhan wis
in chreomatograpghic separation and concentraticn. The ircny s that wne
better the site i3, the ionger it delays the releazse, but the mere it
concentrates the radisnuclides and the higher the dgse 16 the mawmimally
expesad individuazl becomes when the concentrated peav finally reacnac vLha
accessible envircnament unless the retardation is so large that the
cadionuclides decay by & significant amount. For mcst sites -+ = peax 3250
would appear after the (0,00C-year regulatcry time frame, ans .. me =
the peax dose mav not appear for over 100,700 years. Ccncern L othe
delayed appearance of the peak dose have been espressed (Raf, o
only alternatives t¢ s nigh peak dose, aside from a perfect 3 :
carrier media, are ns retardation (earlier release) and &Gilut
gioulatisn exposure), the truncatiscn of the regulatory timetfr
aprearance of a deiayed peak dose would be 3 justifiable and
alternative
Because this is an alternative with far more impact cn all other
radionuclides then ¢n 2-14, its consideration is outside the scope zf wh:
paper.
6. Apply Clean Ricr Ac:
vieither the EPH'° 4G CFF Part 1%1 nor the NRI’'s 10 CFF Part €0 were intended
to requlate radicactive gases released from the repesitory after closure.
hen the initial anslysis was done for the EPA stancards, gasecus releases
were not considered credible by the HRC nor the DOE (Ref. 70). It now
appears that only the Clean Air Act (CAR) provides a general framewor¥k fzr
the regulation cf gaseous release of radicnuclides f{rem the rego sx.or‘ afrer
closure. In 1979, the EPA listed radioruclides as hazardous air -:llutantics
unﬂe. Section 112 of the CAA (Ref, 71). As a result, the EPA wa. required b
tisn 112(b) (1) (B) of the CRA to establish the National Emission Standaran
Lor Hazardous Air Pollutants (NESHAPR)., Following thelr earlier attempte nce
to regulate NPC-licensed facilities (including the high level radisactive
waste facilities), the EPA in 1991 published Subpart I of the HESHAF f-or
radicnuclide emissions from facilities licensed by the NRZ, but exempted
facilities reguiated u”der 40 CFF Part 121, which include the high .eve!l
radkoacglvo waste repcsitory (Fef. 72). The EPA estimated tbe individual
risk from the HLW disposal facilities tc be very small, 721073, much less
-uau the lfIG 4 penchmark, and determined nc NESHAP was rneeded (Ref. 72).
this determination, however, the EPk did not consider the gaseous release
after ;ermanent clcsure of r repisitory (Ref. 77) In essence, the lE
rniever addressed the gaseous release of radionuclides from the repusitory
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the repcsitory, it did not fully impiement the mandate of the Ias.
Under =nis choice, the EFA would p: mulgate an emissicn standart in
the NEZEAF, Subpart I, that would apply to the repcsitery alter
cizsure and the standard would be consistent with the standaris .o
cther subparts ¢f the MNESHAP.

L. Regu.ate regcsitory gases under the current HESHAR. However, Zinle
the current NESHAP, Subpart I, exempts the faciiities requiated oy o
CFF Pzarzt (2., and delegates the respons:itility te 40 JFR Pari 1w,
the DFA would have to add 3 new performance standird to &40 OFF Pare
191 that would apply t2 gasecus release cf radicnuciides. This new
perfcrmanze standard £or gaseous nuclides could be any of the
altarnatives already discussed or the standard in (€)a. abive.

c. Comsult with the NRC and amend the HRC reguiaticn 10 OFP Farn «f -
inzlude parfcrmance standards for gasescus release ¢f radisnuniizer
£or the post-cissure pertad. Then ne HESHAP would be reguiraal The
HRC could alss consider the alternat:ives alresziy discussed

Urider the first c¢ptizn, the standard would be Consistent with theose .
sutparts of NESHAF., In establishing the policy fcr setting MNESHAP, -
determined that emizsicns resulting in a lifetime maximum individual #
(M4IF) no greater than acproximately 1x10°¢ are presur ptl;el" accectatle (Bel
72). The stubparzs cof NISHAP involving radicnuclide emissions are al: rised
on an MIR egqual to <r greater than 1x1C-4%, Subparts B, H, and 1 limit the
emissions to & levei that weuld cause 10 mrem/yr effective dose eguivaient
(ede) exposure, which is equivalent to an MIR of 3.2x13-¢; Subpart ¥ limits
the release of Po-210 from elemental phospherus plants t¢ & Cifyr, wnizh &
alsc equivalent o an MIR of 2,3x1079; and the Subparts ¢, R, T, and ¥ lir:e
the release of Fn-22Z to 20 pCi/m?-sec, which is equivalent te an MIF ¢
1x10°3 (Ref. 72) Therefcre, a con51stent standard for gaseous relesse of
radionuclides frcm the repssitory could be set in the HESHAP at 10 mrem/iyr
(MIR=3,221C-%) or 2 mrem/yr (MIR=1x10"9). It should be ncted that 3 mrem/yr
is based on the EPA’s own dose conversion factors (Ref. 72). 1If we use “ne
dose conversicn factor of 200 cancers for 1x10*6 man-rem, discussed :n
secticn 1I-D, then the 10 mrem/yr exposure would vuﬁ._spund tc an MIP ¢
1.4x10% and a MIR of 1210-% would represent about 7 mrem/yr. The
discrepancy between the tws numbers representing different dose conversian
factcrs, can be resclved by averaging the two nurbers -- namely use & mremy
for a MIP of 1x10°4,

tlo addirional explanation is necessary for the secend and third optizns,
gxcept +¢ say that the same degree of individual protection would ke
incorporated in 40 CFF Part 1%1 under the second option.

1¢ the EPL does not defer to NRC regulations and exempt the HLW repositcry
‘xom the NESHAP regulation per Section 112(d)(9), the EPA may be 5ut]ecL e

Sectien 11Z(f) requirements. Alth:o.gh there is nz advan*aqo to any ear.y
1nvul"ed, it would be detrimental fer the DOE to praceed with no clear
regulatory criteria for gasecus releases. 1If the EPA decides to use Secti:in
112(f), it may be forced to comply with the Sectior 11z(f) by default zf ey
do not take any of the acticns discussed above; i.e., the three optiosn o
is interesting to note that Secrion 112(f) indirectly provides a minimu: S48
cutcff level at 1z10°% for lifetime, above which the EFA ic mandated ¢
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promulgate standards if the pcllutants are classified as known, prcbatle, Ir
possitle carcincgens. This risk level correspends te an annual exposure ot
0.C3 mrem, using the EPA’'s own dose cenversion facters. If we use lhe Jose
cenversicn factcr discussed in Section 11.D, the same risk 1°ve‘ weula
ccrrespond ©o an annual exposure ¢f (.07 mrem, or asproximately 0.@ mrem,
since these &re not exact numbers.

The 1210°€ risk cutcff iz consistent with other regulatory precedente
Analyses of regulatory decisicns based on risk showed that every chemizal
that presenis an ‘nd viduai risk of 4210-3 was reculated (Ref. 73). Z.cep
fcr one case, no action was taken tc reduce the risk below 1x1076. imila

cutoifs for life:ime rigsk for indi v1duals, typically 1x10°% for larg
populaticns like that of the U1.S. and 1.5x1373 for smallar populaticns, wers
ncted by others (Ref. 7¢). (licte: The lﬁfO.mc.iOn in this waragraph was
pravided by w®cbert Wilems, RAE. |
7. Heid the Regulation of Gasecus Release of Fadiscnuciides in Feserve
As discussed in the previous section, the EFA will have ts comply with the
reguirements in the CAA either through the HE hAP ¢r by exempting the HLW
repositery from the NESHAF process by complying with the regquirements in
Sectica 112(d) (%) . In either cass, the EFA has the cpticn of not ma ing any
decisions ¢r taking any acticns immediately. This would tempor a'x y relieve
the ZPA from the gaseous {-14 probiem without affe ecting the cour ﬂandated
repromulgaticon of 40 :.R art 191, Subpart B. This alternative ;culd also te
treated as a fcurth opticn unde' the CAA, which was discussed in the previcus
section. It has been separated because it does not provide any solution, but
avoids the problem by defer mg any action on it. O
This alternative, however, should be considered as a lact resort. It is
clear that the 1nplen°ntablon ¢f the current (court-vacated) regulaticn te
gaseous radionuclides is impractical, althcugh not impossible, as was
discusced earlier. To have the EPA state that the current Table i, Subpart B

bz}
helir

»-

F
does not apply to gasesus radionuclides and that regulatisns governing &
release will be held in reserve would provide the EPA grounds for f{uture
actions. While not providing the DOE any advantage over the current
requlation, and the uncertainties about future regulation woculd be 350 grest
that the DOE would be forced t¢ assume the worst case scenaric, resulting in
unnecessary expenditures and schedule delays.

IV¥. DISCUSSION AND RECOMMENDATIONS
A. Regulation of Gaseous Release of Padicnuclides

The regulation of gasecus release of radionuclides certainly falls under the
Caa, and it leaves the EPA with only two choices: Alternatives 6 and 7 in
the previcus section. Alternatives 1 through 5 are pessible options only
through Alternatives éa through 6c.

Among these possible alternatives, the most logical choice would be éc, which
has its bacis in the 1990 amendments tc the CAM., It would preovide the EPA
and NRC the highest flexibility, although it dees not provide them any
technical basis to develop cuantitative criteria unless they borrow the same
asis used in Alternatives 6a and €b. 3oth €a and bb empley the NESHAP as & O
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vehicle t2 rasulate the casecus release of radicnuclides, the civdeflnon
being that &t rares the EPA cut of using MESHEAP through the existing
interpretaticn of NESHAP, Subpart I, which is allewed in the CAAL  In “erms
of guantitazive criteria, both <a and 6t would have t¢ rely on nhe same 7o
¢f risk zssessment used in the NESHAP as discussed in 6a. ternative
would have alternstives ! through & available to the EFA ; i
it is strangly reccormended Alternative €b be adspred
Under €b, the ZPA nas gix ocptizns aitoger
and adspticn :f the same numsrical values
empisy the NESHAP process Adeption of ¢
(Alternative ga) through the €L process w
fcilowed by the nlternatives 4, 2, 2, and
The preferred ocrticn can be stated as folliows
fer the 1990 imendments << the CAA, the EFA determings t:o
upheld the current HESHRF (40 CFR Part €1, Subpart I) and
regulate the gasesus reliezse of radionuclides v acdding a new
standard to 40 CFr Part 191, which would apply to the gasesus
relezses only Th2 new standard shall be consistent with the
reguirements in the CAA and the risk assessment methodcolocy
used in cther subparts zf the NESHAP: i.e., the reiease of
z3s2cus radicnuclides zhall not exceed thiese amounts that woulsd
Cause any member of the punlic to recelve an effective dose
eguivalent tc I mrem/yr, excert that any combined release that
would causa nc greater than 0.1 mrem/yr effective dose
equivalent need not be regulated. In addition, since the
CrA ’Nnuﬁkr already incures puktlic health with an ample margin
of safety, the release ¢f gaseous radionuclides nead not be
included in the prsbabiliztic calculaticn of releases required
in 4§ CFs 101,13

[§¢]
m

sempt C-14 Release from Regulation

hs mentioned earlier, C-14 has unique characteristics. As long as

there se
sources ¢f neutrons in the presence ¢f nitreogen, the production of C-lg,
whether in a reactor or in the atmosphere, will continue. Once it is
produced it can only decay away, but never disappears. Therefore, the pes:
management of C-14 from & public health psint of view would be the cne whar
would minimize the exposure of the public (decay in isolation) and slizw *he
release to reduce the individual dzse 1o a ncise level, at which there iz a:s
evidence of discernibie health ef{fect. The geologic repository provides suzr

a g-.ution.

As the use of nuclear energy increases, the generation of C-14 will aisc
increase, even with the efforts to minimize the C-14 production per unit
energy produced. In addition, there are cther technical rvasens why Lhe
production ¢f C-14 per unit energy produced may even increase subst Jqfi3513
in order to gain other benefits (Rel. 13). 1In one estimate, the annual C-14
release to the atmosphere from envisaged glcbal nuclear power pr eduction
could even approach the same level as the netural p'O”hCLIOn of C-14 in una
atmosphere (28,000 Ci/yr), twice as much accumulating in scolid waztes., &
rresent, the release of C-14 from nuclear power nlant and fuel reprocezsin:

-ZG-
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pients is neot regulated anywhere in the world. Even 1f some contr 21 measuro
is adopted =2 capture it in solid waste forms, the resulting waste fcrms <o
not provide the same degree ¢f isoclation as the spent fuel emplace inoLhe
geclsgic repnzitory. It should be ncted that the release would be
significant in terms ¢f curie amount but, not in terms of heaith ellert.
Festricting a repository's release of C-14 to less than 1 Cifyr, whilh !
1ess -han the annual rslesse frem a single ooeratxng reactor, 18 aiumize
meaningless crmparsd Lo the glckal release of C-14 into the atmeschere To.
is 3 gleoal problem, if it is a problem, and reguires a glicbal soliut:inn,
Scending billions of dUll ; to keep the repository release beiow | curie pe:
vezr while others are pou..ng thousands of curies intd the atmesphere zimg.y
do2s ot make any sence. 1t weuld pe prudent for the EPA Lo esempt tie
gasecus re.ease <f C-14 from 40 CFF Part 191
V. AJKNTWLECGMENT
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