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UNITED STATES A

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

September 21, 1992

NOTE TO: Dan Martin
Technical Assistant, OCM/IS

Regis Boyle
Technical Assistant, OCM/FR

Seth Coplan N
Technical Assistant, OCM/KR -

Janet Kotra
Technical Assistant, OCM/JC

~Kay Whitfield
Technical Assistant, OCM/GD

FROM: James Blaha
Assistant for Operations, OEDO

SUBJECT: NATIONAL ACADEMY OF SCIENCES REVIEW OF SUPPORT
FOR EPA HLW STANDARDS

Several months ago, the U.S. Department of Energy (DOE) offered to carry out

~ seven items of technical work to assist the U.S. Environmental Protection
Agency (EPA) in developing the technical support for EPA’s high-level waste
(HLW) standards. Now that DOE has completed its work, a review of the results
is to be conducted September 23 and 24 by the National Academy of Sciences’
Board on Radioactive Waste Management. Enclosed are: (1) the agenda for the
Board’s review, (2) preliminary NRC ctaff views on DOE’s products, (5) NRC
staff comments on an earlier draft reports of DOE’s work, and (4) the final
reports of DOE’s projects.

ssistant for Operations, OEDO

Enclosures: As stated
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NATIONAL RESEARCH COUNCIL

COMMISSION ON GEOSCIENCES, ENVIRONMENT, AND RESOURCES

210} Corsttution Avenue  Washington, D.C. 20418

BOARDON
FADWQACTIVE WASTE WANACEMENT
(202 3343066 Fox: 33¢4-377

Dear Workshop Pearticipant:

September 18, 1892

Officr Lncation:
Milton Harris Building
, Room ¢5&
2001 Wisconsin Avenue, N W 20007

Attached is a tentative agenda for the National Research Council's workshop on
the DOE technical basis for its views on the EPA draft revised high-level radioactive
waste standard, 40 CFR 191.

Please note that the location of the workshop has been changed to the
National Academy of Sciences (NAS) main building (Lecture Room) on
Constitution Avenue at 21 Street N.W., and C Street. A revised shuttle schedule
showing arrival and departure times at the NAS facility is at the bottom of this letter. If
you plan to use the Washington Metro, the station is Fogay Bottom. The shuttle picks
up and drops off at this station. It lies between the Georgetown Facility (GF) and NAS,
SO you c¢an judge the time from this.

If you have further questions, please call me at 202-334-2748,

RUSH HOUR A.M.

Sincerely,

1L Qe

Ina B. Alterman

Senior Staff Officer

RUSH HOUR P.M.

lv GF ar NAS ilv NAS ar GF
7:20 7:80 3:30 3:680
7:40 8:00 4:00 4:25
8:05 8:30 4:20 4:40
8:30 8:4%6 4:40 5:00
8:35 8:850 515 5:35
9:10 ©:25 5:35 6:65

The Natwnal Research Council is the hincipcl opereting ageney of the National Acadrmy of Scinres and the National Acsdemy of Enginaering

Ie serve guvemment drd other organizitions



BDARDON

RADIOACTIVE WASTE MANACEMENT

(202) 334-3066  Fax: 334-3077

NATIONAL RESEARCH COUNCIL

COMMISSION ON GEOSCIENCES, ENVIRONMENT, AND RESQURCES
2101 Constitution Avenue Washingtan, D.C. 20818

DRAFT 40 CFR 191 WORKSHOP AGENDA

NAS Lecture Room

2101 Constitution Avenue, N.W. 3001 Wisconaun Averuc, N.W. 20007

Washington, D.C. 20418
Septemnber 23-24, 1692

WEDNESDAY, SEPTEMBER 23, 1992

8:30 am

8:40 am

8:50 am

9:00 am

-

- 2:30 am

10:00 am

10:15 am

10:30 am
10:50 am
11:00 am
11:10 am
11:20 am

12:30 pm

The Narionul Rescarch Counctl is the grincipe! opereting apemcy of the National Acxdemy of Sciences und

Chris Whipple Chairman, BRWM
Welcome & Opening Remarks

Margo Oge EPA

Introductory Remarks

John Roberts DOE

Introductory Remarks

James Martin Univ of Michigan

Introduction - Historical Perspective

Office Location:

Milton Harris Building
Room 456

Apor to Sta n intrusion - Chalr, Dan Reicher
Felton Bingham Sandla Natl Labs
Technical Basis for DOE Position
EPA Comments

Questions from the Board

Discussion

Break

"Thomas Kabele A SRA Technolagy
-James Channell EEG

Donald Hanecock SWR & Info Ctr

Discussion of Session | Issues

Lunch

I serve government and other organizations

the National Academy of Engimecring

@ o03



SESSION Il; Treatment of Uncertainty in 10,000 Years vs 1,000 Years - Chair, Kirk Nordstrom

1:30 pm James Duguid : INTERA
Technical Basis for DOE Position
2:00 pm ‘EPA Comments
2:16 pm Questions from the Board
Discusslon
2:30 pm Loring Mills Edison Electric Inst.
2:45 pm éenjamln Ross Disposal Safety Inc.
3:00 pm Break
3:30 pm Discussion of Session Il Issues
6:30 pm Recess

THURSDAY, SEPTEMBER 24, 19982

SESSION lii: TRU Waste Criterin Equivalence - Chair, John Garrick

6:30 am Robert Klett Sandia Nat! Labs
Technical Basis for DOE Position

9:00 am EPA Comments

g:15am Questions from the Board

9:45 em James Channoll EEG

10:00 am Break

10:20 am Discusslon of Session Il Issues

11:30 pm Lunch

Woug



. vve 190 & LULOOMLIOY
N IV: ollective D Alternative Multicolumn Table 1 - Chalr, So! Burstein
12:30 pm Robert Klett Sandia Natl Labs
Technical Basis for DOE Position
1:00 pm EPA Comments
1:15 pm Questions from the Board
1:30 pm Robert Budnitz Future Resources Inc.
1:40 pm Robert Williams EPRI
1:50 pm Discussion of Session IV Issues
3:00 pm Break
Summary of Sessions:
3:30 pm Session | - Dan Reicher
3:45 pm Session |l - Kirk Nordstrom
4:00 ﬁm Session lil - John Garrick
4:16 pm 3éssion IV - Sol Burstein
4:30 pm Chris Whipple Chalrman, BRWM
Final Comments
6:00 pm Adjourn

Qeoes
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NRC Staff Views on
DOE Technical Analyses
for EPA’s HLW Standards

Issue: Human Intrusion

DOE Recommendation: Remove evaluations of potential human intrusion from the
CCDF. Require a deterministic demonstration that the release from drilling will
not exceed 10X the tables of release limits. EPA’s guidance would specify the
frequency and consequence assumptions to be used for estimating releases from
drilling. DOE’s proposal would apparently require no consideration of other
types of human-induced releases (e.g., greenhouse effect or alteration of
groundwater flow by pumping).

IJmplications: Relaxes the standards in four ways. First, EPA’s 1985 guidance
implies a probability of one that drilling will occur. If that guidance were
followed, EPA’s 1985 standards would have limited releases to 1X EPA’s table,
rather than 10X as now recommended by DOE. Second, DOE’s proposed release limits
for releases to land (see Multimode Release Limits, below) are generally 10 - 100
times higher than EPA’s 1985 release limits. Third, DOE’s proposal would allow
releases from natural processes and events alone to be 1X or 10X the release
limits, depending on probability. EPA’s 1985 standards would have applied the
release limits to the combined releases from both natural events and from human-
initiated disruptions. Finally, DOE’s proposal appears to place no restrictions
on human-induced releases, other than drilling, while EPA’s 1985 standards seemed
to require incorporation of all human-induced processes and events if the
estimated probabilities are greater than 1/10,000 over 10,000 years.

NRC Staff Jul Comment: DOE’s earlier proposal called for a qualitative,
rather than 2 numerical, evaluation of human-induced releases. The NRC staff
expressed no objection to DOE’s general concept, but noted a potential
Jjurisdictional problem with the wording proposed by DOE. Specifically, DOE’s
proposal would not have been a "generally applicable environmental standard”
since 1t would not have contained "limits on radiation exposures or levels, or
concentrations or quantities of radicactive material, in the general environment

ff ¢ DOE’s current proposal is attractive in two ways.
First, it eliminates the potential Jjurisdictional problem by providing a
numerical standard for judging the acceptability of potential releases from
drilling. Second, it seems to eliminate potential speculation about future human
activities near a repository site, while still providing a test of repository
safety in light of the natural resource potential of the site. Of course, the
appropriate level of allowable releases from drilling (1X, 10X or some other
value) is EPA’s decision, and the NRC staff has no basis for endorsing DOE’s
recommendation for a limit of 10X.

Issue: Three-Bucket Approach

DOE Recommendation: Retain in the proposed standard§ as an option. However, DOE
finds "difficulties that keep it from being a completely acceptable way to



demonstrate compliance."

Implications: DOE could encounter unexpected difficulties producing and
defending probability estimates for rare geologic events, including volcanism at
Yucca Mountain.

NRC Staff July ] Comment: The NRC staff’s earlier comment provided an
explanation of the "three-bucket approach," revised regulatory text to clarify

the concept, and responses to several questions raised by DOE regarding the
proposal.

Current NRC Staff View: Agree with DOE that this alternative should be retained
as an option.

Issue: Multimode Release Limits

DOE Recommendation: At least four concepts are bundled together in this
proposal. (1) DOE recommends that EPA’s 1985 table of release limits be
replaced with separate 1imits for releases to the land surface, a well, a river,
or the ocean. (2) Releases to the atmosphere (e.g., gaseous release of C-14)
would no longer be limited by EPA’s cumulative release limits. (3) EPA’s 1985
accessible environment/controlled area boundary would be replaced by "points of
compliance,” defined as locations where DOE expects environmental releases to
occur. (4) DOE could increase the allowable release limits of the standards by
application of "site adjustment factors" derived by determining the fraction of
a river or an aquifer likely to be contaminated by a release.

Implications: The assumptions used by DOE to derive the well release limits are
not always clear and, in some cases, may be questionable. For example, DOE
assumed that the fraction of aquifer flow used for irrigation and drinking water
would be the same as estimated by EPA for rivers (0.1 and 0.00013, respectively).
If the NAS review does not probe these assumptions, the NRC staff will need to
do so. DOE’s proposed release limits for releases to the land surface are
generally 10-100 times higher than the release limits of the 1985 standards.
This degree of relaxation of the release limits would mean that, at Yucca
Mountain, potential releases by volcanic activity would probably no longer be of
concern.

Application of DOE’s concepts will be more complicated than DOE suggests. For
example, some radionuclides released through a well will eventually enter a river
through discharge from a sanitary sewer or through erosion of farm land. Such
transfers were apparently not considered by DOE when deriving the well release
limits, so site-specific modeling would be needed when applying the proposed
multimode release limits.

The "point of compliance" concept appears unworkable because of the
impracticality of trying to exercise long-term control over portions of the
environment outside the controlled area.

The "site adjustment factor” concept seems technically unsupportable. It is
based on an assumption that the population impacts resulting from release to a
river are proportional to the product of the volume flow rate of the river and
the length of the river. If DOE wants to make site-specific adjustments to the



release limits in an attempt to remove potential conservatism, it would make more
sense to directly estimate the parameters of interest -- the fractions of river

flow used for irrigation and for ingestion as drinking water. "Site adjustment

;acgors' derived from those parameters would have a technically supportable
asis.

NRC Staff July 1 Comment: The NRC staff did not object to the general concept
of using different tables of release limits for evaluation of releases to
different points in the environment. The staff did object to the "point of
compliance” concept, noting that it might be difficult for DOE to exercise
effective, long-term control over portions of the environment outside the
controlled area (especially aquifers). The staff also objected to DOE’s "site
adjustment factors," noting that they seem to be derived from consideration of
individual, rather than collective, impacts of releases.

Current NRC Staff View: The NRC staff continues to believe that multiple release
l1imits may be an attractive compromise between the simplicity of the single table
of EPA’s 1985 standards and the desire for greater realism that underlies DOE’s
collective dose concept (see below). However, better documentation of the
derivation of the release 1imits is needed. Since EPA’s containment requirements
have a "generic ALARA" basis, exclusion of atmospheric releases (or adding
atmospheric release limits that are reasonably achievable) seems an appropriate
solution to the C-14 problem. The NRC staff continues to object to the "point
o; compliance” and "site adjustment factor" concepts for the reasons stated
above. :

Issue: Collective Dose

DOE_Recommendation: At DOE’s option, compliance could be demonstrated for a
collective (population) dose 1imit rather than with a table of release limits.
DOE anticipates combining collective dose and cumulative material release
estimates in a single performance assessment. A "standard biosphere” would be
defined for use when making collective dose estimates. The same collective dose
Timits would apply to each facility, regardless of the amount of waste disposed
in it. Despite drafting errors in the collective dose chapter, it appears that
DOEiintends to exclude gaseous and human-initiated releases from collective dose
estimates.

Implications: For many remote sites, a collective dose option would allow much
larger releases than EPA’s 1985 table of release lTimits. An exception might be
a site where abundant groundwater reserves are projected to be exploited for
irrigation or for drinking water use.

NRC Staff July ] Comment: The NRC staff recommended that any collective dose
alternative be accompanied by specification of a "standard biosphere."

Current NRC Staff View: DOE’s "standard biosphere" recommendation appears
appropriate.

Issue: TRU Waste Equivalency Unit
DOE Recommendation: (1) Allow 1000 health effects for a "reference size" TRU



waste repository (one containing 20 MCi, about the cumulative U.S. inventory
projected for 2013). (2) Apply the release limits to all radionuclides (not just
TRU) initially emplaced.

Implications: (1) Relaxation of the 1985 EPA release limits by a factor of five
due to the "reference size" concept. (2) Relaxation by an additional (unknown)
amount by deriving the release limits from the initial inventory of all
radionuclides, rather than just the TRU inventory.

NRC Staff July 1 Comment: EPA should provide comparisons with other risks and
standards as part of the derivation of the standards. Having done that, two
units of waste could be considered equivalent if release ‘to the environment of
the average activity present during 10,000 years would cause an equivalent number

of health erfects.

Current NRC Staff View: DOE’s logic is not compelling. Rather than equating 20
MCi of defense TRU waste with 100,000 MTHM of commercial spent fuel (1,000 health
effects each), it might be just as logical to equate 20 MCi of defepnse TRU with
about 10,000 (equivalent) MTHM of defense HLW. The net effect would be to make
the release limits a factor of 2 more stringent than the 1985 standards instead
of relaxing the release limits by a factor of 5 as DOE proposes. However, this
is not the NRC’s issue, and we should probably stay out of it.

Jssue: Uncertainty Propagation

DOE_Recommendation: The time period for assessments of individual and
groundwater protection should be no more than 1,000 years. No requirement for
projection of releases and doses for 100,000 years should be included.

i s: DOE’s recommendations would maintain the requirements of EPA’s
1985 standards, rather than adopting longer regulatory periods as proposed in
recent EPA Working Drafts. If the individual and groundwater protection
requirements are revised to apply for 10,000 years, they may be more stringent
than the containment requirements for sites like Yucca Mountain.

NRC Staff July 1 Comment: NRC staff has reservations about projections of
repository impacts beyond 10,000 years. DOE did not provide convincing
Jjustification for limiting individual and groundwater impacts estimates to only

the first 1,000 years.

nt NR a ew: Limiting the individual and groundwater protection
standards to 1,000 years, and to "undisturbed performance,” means those criteria
are not likely to be very significant when evaluating repository safety. The
1,000 year period of applicability was one of the bases of the Federal court
remand of the standards in 1987. If EPA maintains the 1,000 year limit for the
individual and groundwater standards, there will likely be another lawsuit and
possibly another remand. Adoption of a 10,000 period would seem prudent.

Jssue: Carbon-14

DOE Recommendation: (1) Exempt gaseous releases from the cumulative release
limits of EPA’s containment requirements. (2) Require that the total individual



dose rate, during the first 1,000 years, not exceed 25 mrem/yr, with no more than
10 mrem/yr due to release of gaseous radiorrclides.

Implications: DOE’s recommendation would effectively remove any regulatory
restrictions on gaseous releases of C-14 and, presumably, other radionuclides.

NRC Staff July ] Comment: EPA needs to directly face the regulatory significance
of large collective doses composed of tiny (microrem/yr) individual doses to the

entire world population.

Current NRC Staff View: NRC staff does not object to DOE’s approach but believes
the rationale for this proposal should elaborate on the regulatory significance
of large collective doses composed of tiny individual doses.
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J. William Gunter, Director

Criteria and Standards Division, ANR-460
Office of Radiation Programs

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

Oear Mr. Gunter:

Thank you for the opportunity to review early draft reports of several
technical analyses performed for you by the U.S. Department of Energy (DOE) as
support for your high-level waste standards. Because of the preliminary nature
of these analyses and DOE’s obvious intent to continue working on them, we are
providing only an informal review at this time as you requested. Enclosed are
preliminary NRC staff comments on these early draft reports.

Sincerely,

. 'vaé{é&

Divisiph of High~Level Waste Management
0fficé of Nuclear Matertal Safety
and Safeguards

Enclosure:
As stated

cc: John Roberts, DOE



Preliminary NRC Staff Comments on
Draft DOE Technical Analyses

Human_Intrusion The NRC staff has no objection to the general concept proposed
by DOE -- i.e., qualitative evaluation of the potential for, and the consequences
of, intrusion (and, presumably, other types of human-initiated releases). In our
view, the analyses of natural resources required by our own regulation would be
quite similar. We note, however, that DOE’'s proposed text for 40 CFR Part 191
would not constitute an environmental standard since it would not contain *limits
on radiation exposures or levels, or concentrations or quantities of radioactive
material, in the general environment . . .* Accordingly, if EPA chooses to adopt
0OE’s recommendation, DOE’s text should be incorporated as a non-binding
assurance requirement, rather than as part of the containment requirements.

If EPA chooses to adopt DOE’s recommendation, EPA might also wish to consider
whether adjustments would be needed in the table of release limits of the
standards. EPA’s release limits were originally intended to apply to all
releases from both natural and human-inftiated disruptions. If human-initiated
releases are to receive a separate, qualitative evaluation, some degree of
reduction in the release limits might be appropriate.

Ihree-Bucket Approach Evaluating the safety of an HLW repository involves
projecting its waste isolation capability within an environment that will evolve
in an uncertain manner. Because we cannot predict with certainty what the future
environmental conditions will be, we must postulate several future conditions
that are representative of the full range of conceivable environmental
conditions. It is neither possible nor necessary to foresee and evaluate all
possible futures. Rather, the "reasonable assurance® (or “reasonable
expectation®) test of repository licensing requires only that a set of potential
future conditions be identified that is reasonably representative of the full
range of possible futures.

A convenient way to evaluate possible future environmental conditions for a
repository is through use of a scenario analysis in which each "scenario®
represents one possible set of future environmental conditions. For example, one
scenario might include no disruptive environmentai conditions, a second might
consist of human intrusion into a repository, fault movement might constitute a
third scenario, and the combination of fault movement and human intrusion might
be a fourth scenario. As illustrated in the December 3, 1991, letter from Robert
M. Bernero to Margo Oge, it is possible to define mutually exclusive scenarios
using a technique similar to the event tree method used in probabiiistic risk
analysis. Defining scenarios to be mutually exclusive {s a key concept in
understanding the NRC staff’s proposed alternative wording for EPA’s containment
requirements.

EPA's 1985 containment requirements contained two relevant critertia: (1) there
must be less than one chance in ten that the cumulative release of radioactive
material will exceed EPA's table of release limits, and (2) there must be less
than one chance in one thousand that the cumulative release will exceed ten times
EPA’s table. In addition, EPA’s "Guidance for Implementatfon" suggested that
*categories of events or processes" with less than one chance in ten thousand
need not be considered when evaluating compliance with the containment
requirements. EPA's guidance also suggested .that an assessment of repository
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performance should produce a "complementary cumulative distribution function®
(CCOF) indicating the probability of exceeding various levels of cumulative
release.  Construction of a CCOF would require estimation of the sizes of
potential releases and of the probabilities with which those releases are
expected to occur.

One effect of EPA’s 1985 standards was to limit the size of the permissible
release from any credible release scenario to ten times EPA’s table. This limit
applied to all scenarios, regardIeis of likelihood, provided the scenario has a
probability greater than about 10 to 10°. (The exact threshold would depend
on the number of scenarios with probabilities in this range.) Importantly, if
an applficant could demonstrate that all credible, mutually exclusive scenarios
have releases less than ten times EPA’s table of release 1imits, that alone would
suffice to demonstrate compliance with the second part of EPA's containment
requirements (less than one chance in one thousand that the cumulative release
will exceed ten times EPA’s table). However, the wording of EPA’s 1985 standards
also required estimation of the probabilities of unlikely scenarios as well as
es&;mation of the sizes of the releases. Since probabflities on the order of

10°° over 10,000 years will be highly uncertain and contentfous, and since they
are not needed to ensure that any credible release will be less than ten times
EPA's table of release 1imits, the NRC staff developed alternative language for
EPA’s standards that would eliminate the need for such probability estimates.

The NRC staff’s proposed alternative mimicked EPA’s 1985 language, making only
the minimal changes needed to substitute a deterministic release 1imit applicable
to all scenarios for EPA’s probabilistic limit for unliikely releases. In
retrospect, it appears that many misunderstandings of the NRC staff’s proposal
would have been avoided if substantially different language had been suggested.
The following regulatory text might better describe the NRC staff’s concept.

191.01 Definitions

* * *

"Scenario® means a hypothetical future set of repository
environmental conditions including any sequence of potentially disruptive
processes and events that 1is sufficiently credible to warrant

consideration,
* * *

191.12a Consequence limit

Disposal systems for radfoactive waste shall be designed to provide
a reasonable expectation that, for 10,000 years after disposal, the
release of radionuclides caused by any scenario will not exceed ten times
the quantity calculated according to Table 1 (Appendix A).

191.12b Containment requirement

Disposal systems for radfoactive waste shall be designed to provide
a reasonable expectation that, for 10,000 years after disposal, there will
be at least a 90 percent 1ikelihood that the cumulative release of
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radionuclides to the accessible environment will not exceed the quantity
calculated according to Table 1 (Appendix A).

DOE identifies a number of questions which DOE asserts must be answered before
DOE can evaluate the merit of the three-bucket approach. The NRC staff’s views
on each of these questions is presented below.

-How erm namb h ket wh h uenc
events and processes falls. In the NRC staff's view, there would be no
need to assign scenarios to "buckets" based on the 1ikelihoods of the
scenarios. The NRC staff’s proposed alternative would apply two separate
criteria to projected repository performance. First, no credible sequence
of processes and events (scenario) could cause a projected release greater
than ten times EPA’s table of release limits. This Vimit would apply to
each scenario, regardless of probability, provided the scenaric is
"sufficiently credible to warrant consideration.®” The second criterion
would require that there be at least a 90 percent likelihood that the
cumulative release, from all credible scenarios, would be less than EPA’s
table of release limits. When evaluating compliance with this criterion,
scenarios would need to be included only to the extent necessary to
demonstrate compliance. If, for example, three scenarios have
probabilities of 0.5, 0.39 and 0.01, and if the projected release for each
scenaric is less than EPA’s table, compliance would have been demonstrated
without need to evaluate any other scenarios, regardless of likelihood.

Vg

-Ihe meaninas of certain terms used in the statements of the approach

0 .- ®). “Sequence®* would have its plain English
meaning. If the order in which processes or events occur within a
sequence is important for a performance assessment, two options would be
available: define separate scenarios for each order, or use the worst
(highest release) order as an approximation of all orders containing the
same processes and events. As a practical matter, the latter option will
need to be used in most cases if the number of scenarios is to be kept
manageable.

"Anticipated" was used in the NRC staff’s original proposal, but editing
of the staff’s comments caused the word to lose all meaning. As indicated
in the revised wording above, the term is not necessary, and its use in
the previous proposal should be ignored.

"Sufficiently credible to warrant consideration® would have the meaning
intended by'fPA in its 1985 standards, i.e., scenario probabilities on the
order of 10 to 10™* over 10,000 years. EPA’s 1985 standards referred to
the release probability (sum of scenario probabilities) in the containment
requirements, but seemed to refer to scenario probabilities in EPA’s
implementation guidance. Therefore, it is impossible to make a direct
numerical translation from EPA’s 1985 standards to the HNRC staff’s
proposed alternative. In any case, the NRC staff considers {t more
appropriate to state the concept qualitatively, and to provide numerical
guidance in a format (e.g., a Regulatory Guide) that allows some
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flexibility in application. The important point is that no change is
intended in the scope of analyses that would have been required by EPA’s
1985 standards.

*Scenario” would be defined as suggested above.

- cons ‘ m incomplet m

hed f m . When demonstrating compliance
with regulatory requirements, a demonstration of compliance must be
sufficiently complete to show compliance, but need not be complete in any
absolute sense. Even with EPA’s 1985 standards, there would have been no
need to develop a "complete CCOF." EPA’s 1985 standards required only
*less than one chance in ten" of exceeding EPA’s table, and “less than one
chance in one thousand" of exceeding ten times the table. DOE could have
demonstrated compliance without constructing a CCOF at all by merely
showing that the projected release from each mutually exclusive scenario
would be less than EPA’s table. Even if that were not possible (if
releases from some scenarios were greater than one), a “complete CCOF*"
would not be necessary. In fact, EPA’s own guidance recognized this by
. acknowledging that scenarios with probabilities less than one in ten
thousand could be i{gnored, and when EPA noted that “performance
assessmentf need not evaluate in detail the releases from all events and
processes. :

-The uncertain W W he * -

aporoach” is, when compared with the original standard. In the December
3, 1991 letter from Robert M. Bernero to Margo Oge, the NRC staff
demonstrated the basis for its belief that its proposed alternative would
be no more and no less stringent than EPA’s 1985 standards. :

-dhether the determinations of probabilities must be more accurate, or
less accyrate. than those requived for showing compliance with the

original _standard. The NRC staff’s alternative would require
significantly less precision for probability estimates for most "unlikely"
scenarios since those scenarios would not need to be included in a CCDF.
If the consequence of an "unliikely" scenario were greater than 10X EPA’s
table, 1t would only be necessary to demonstrate that the scenario is not
*sufficiently credible to warrant consideration.® (If the consequence is
less than 10X EPA’s table, no probability estimate would be needed at
all.) For "Vikely" scenarios, i.e., those that significantly influence
the overall probability of exceeding 1X EPA’s table, there would be no
difference between the two concepts.

-phether the probabiiity limits for the buckets take parameter
variabilities into account. As noted in the response to DOE’s first
"question,” the NRC staff’s alternative does not define “"buckets® into
which scenarios must be placed. The staff’s alternative establishes a
deterministic release 1imit (ten times EPA’s table) which applies to all
credible scenarios, regardiess of scenario probability. An additional,
probabilistic requirement would also be applied to the more 1likely
scenarios -- f.e., at least a 90 percent likelihood that the projected
release would be Tess than EPA’s table. DOE's demonstration of compliance




with the latter requirement would need to include as many scenarios as
necessary to demonstrate a likelihood of at least 90 percent.

DOE’s question may indicate a different concern -- i.e., treatment of
uncertainties in release estimates when evaluating compliance with the
deterministic release limit (ten times EPA’s table). The NRC staff
reco?nizes that any estimate of release will be uncertain, and that only
a relative few of the sources of uncertainty can be quantiffed with any
precision. The NRC's regulations accommodate such uncertainties, both
those that can be quantified and those that cannot, by requiring a
demonstration of "reasonable assurance® of compliance. EPA's standards
use a similar term, "reasonable expectation," for the same purpose. In
the NRC staff’s view, the "reasonable assurance® concept will allow an
appropriate regulatory evaluation of the uncertainties 1in DOE’s
demonstrations of compliance with EPA’s standards, whether those standards
adopt the staff’'s proposal or retain EPA’s 1985 language.

In summary, DOE’s analysis of the NRC staff’s proposal indicates no reason to
change the fundamental concepts originally proposed. The revised wording
suggested above may prove easier to understand since it more clearly articulates
the concepts of a scenaric-based analysis of repository performance, and it more
clearly imposes two separate regulatory criteria on repository performance.
Also, formulating the containment requirement in CDF, rather than CCDF, language
might help observers to better understand this alternative. In particular,
"completeness" of an analysis is not required. It is only necessary to include
a sufficient number of scenarios to demonstrate the required 90 percent
1ikelihood that releases will be less than EPA’s table. Once that level of
likelihood has been demonstrated, incorporation of additional scenarios into a
COF would not be necessary.

Releas The NRC staff has no strong objection to the general
concept of using different tables of release 1imits for evaluation of releases
to different points in the environment. In fact, it may be an attractive
compromise between the simplicity of the single table of EPA’s 1985 standards and
the desire for greater realism evident in DOE’s suggestion for use of a limit on
collective doses resulting from releases. The multiple table approach would
eliminate some of the potential conservatism inherent in EPA’s 1985 standards
while avoiding the significant difficulties inherent in projections of collective
doses over long time periods. The NRC staff notes, however, that additional
explanation will be needed regarding application of multiple tables of release
1imits. Some releases may enter more than one environmental compartment, as when
a release to the land surface is transported to a river through erosfon, and then
to the ocean. EPA will need to explain whether such pathways were considered
when deriving the tables of release 1imits, or whether pathway modeling is to be
done on a site-specific basis when implementing the standards.

The NRC staff anticipates substantial difficulty in implementing DOE’s "point of
compliance® concept for evaluating potential releases. The effect of this
concept would be to treat portions of the environment as "barriers® to release
of wastes. The NRC staff objects to this concept since it may be difficult for
DOE to exercise effective, long-term control over any portion of the environment
outside of the controlled area. Of greatest concern is DOE’s suggestion that
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releases to groundwater be ignored except to the extent that radionuclides are
projected to be withdrawn through a well. Projecting the locations of wells and
the amount of water withdrawn from them for 10,000 years after disposal may prove
to be as difficult as projecting population sizes and locations for coliective
dose estimates. The NRC staff recommends that EPA reject DOE’s “point of
compliance® concept and, instead, retain the "accessible environment® definition
used in the 1985 standards.

The NRC staff objects to DOE’s proposed use of “"site adjustment factors.™ DOE

states that "[EPA] assumed, in deriving the release limits for the river and well

releases . . . that the entire drainage system of all rivers . . . and all

aquifers . . . are contaminated by the released radionuclides.® The NRC staff
questions both the accuracy of this statement and its relevance. In EPA’s

environmental transport model, EPA estimated collective impacts by determining

the fraction of released radionuclides that would enter various pathways leading

to humans. The concentrations of these radionuclides were not determined and
were, in fact, irrelevant since jndividual jmpacts were not estimated. In EPA’s

model, potential releases would be transported by groundwater to a river. Then,

withdrawals of water from the river for irrigation and for drinking water use

would cause 10% of released radionuclides to enter food pathways and would cause
0.013% to be directly ingested with drinking water. In EPA’s model, these
fractions are not sensitive to the size of the river or to the location of
discharge of contaminated groundwater. DOE’s suggested use of "site adjustment
factors" appears to be an attempt to estimate the 1ikelihood that any individual

person would be affected by a repository release. Since EPA’s containment
requirements are based on collective, rather than individual, risk, DOE’s "site
adjustment factors" seem to be inappropriate, and the NRC staff recommends that
EPA not incorporate them into the standards.

The NRC staff would not consider 1t advisable to use duplicate tables of release
Timits for traditional and SI units of radiocactivity. A single table, perhaps
with a footnote indicating the conversion factor for the alternate system of
units, should be sufficient.

Collective Dose The NRC staff has no objection to a collective dose formulation
for EPA’s standards, provided that such a formulation is accompanied by
specification of a "standard biosphere,® much T1ike that suggested by DOE. As
noted above, however, multiple tables of release 1imits may prove to be a more
workable way to remove some of the potential conservatism inherent in EPA’s 1985
standards while avoiding the problems inherent in projecting collective doses
over long periods of time.

The NRC staff does not recommend that EPA allow the option of selecting from a
suite of alternative standards (release 1imits or collective dose). The
complexity of such standards, as well as the appearance of allowing the applicant
to select the least stringent standards for a particular repository, would both
be serious drawbacks to the alternative standards concept proposed by DOE.
Instead, EPA should select a single, preferred formulation of its standards, and
require compliance with those standards for all repositories.

IRU Waste Equivalency Unit The NRC staff has previously stated its view that the
technical achievability basis underlying EPA's standards should be supplemented
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by comparisons with other radiation protection standards and other accepted
risks. Using technical achievability alone, it is not clear that EPA can develop
any defensible basis for a TRU waste equivalency unit, since EPA has not
gvalgitid the waste {isolation capabilities of conceptual TRU waste disposal
ac es.

Assuming that EPA adopts our previous recommendation for supporting the
standards, the NRC staff wishes to voice its support for the general concept
presented, at different times, by Neil Numark (EPA contractor), Jim Channell (New
Mexico EEG), and Bill Russo (EPA staff). Using this approach, equivalent units
of waste would be derived by considering both the half-1ives of the radionuclides
present in different types of wastes and the “environmental dose conversion
factors® for those radionuclides. In effect, this approach would consider two
units of waste to be equivalent if release to the environment of the average
a:}iv:ty present during 10,000 years would cause an equivalent number of health .
effects.

Uncertainty Propagation The NRC staff has previcusly expressed its reservations
about any requirement to project repository impacts lon?er than 10,000 years.

We continue to believe that such projections would be highly uncertain, and would
not 1ikely provide a firm basis for judging the acceptability of a repository.

DOE argues that the time period for application of the individual and groundwater
protection standards should be maintained at 1,000 years, rather than extending
it to 10,000 years. In our view, DOE has not provided convincing justification
for its recommendation. We see no reason why projecttions of individual doses or
of groundwater contamination levels should be significantly more difficult than
projections of cumulative releases. If cumulative releases can be projected for
10,000 years, it seems that the other measures of impact could be projected for
that period of time also.

=14 DOE’s presentation of the "carbon-14 issue® appears to the NRC staff
to be one-sided and misleading. OOE correctly notes that potential gaseous
releases from an unsaturated zone repository would be rapidly diluted teo
concentrations so low that individual impacts would be only a very small
percenta?e of natural background radfation levels. However, DOE fails to mention
that collective impacts from such releases could be substantial. Suppose, for
example, that the 10,000-year release of carbon-14 would be 8,000 curies, as
estimated in DOE’s presentation. It is well known that the projected global
collective dose comitment is about 400-500 person-rem per curie. Thus, 3 to 4
million person-rem would result from an 8,000 curie carbon-14 release. If these
person-rem were valued at $1,000 each, as suggested in the NRC’s regulations for
nuclear power plants, the U.S. should be willing to pay as much as 3 to 4 billion
dollars to prevent such a release. Coincidentally, DOE’s estimate of the cost
to prevent release of carbon-14 falls within this range.

The collective dose estimate of the preceding paragraph raises a fundamental
question which the NRC staff urges EPA to face head-on. That question is whether
a collective dose estimate composed of tiny doses over thousands of years to
billions of people is a meaningful basis for standard-setting. In the NRC
staff’s view, it is not. Uncertainties regarding the health risks of tiny doses



are so great as to make this type of collective dose estimate virtually
meaningless. In addition, the long times over which doses would be incurred
raises questions about a possible need to discount either the doses projected or
the value of current expenditures for prevention of future doses. As EPA {is well
aware, discounting is a subject whose philolophical basis has uncertainties at
least as large as the uncertainties about the health significance of the dose
estimates. Thus, the NRC staff urges EPA to accept DOE’s proposal, even though
the staff does not completely agree with DOE’s rationale.



Department of Energy
Washington, DC 20585

August 12, 1992

William G. Rosenberg

Assistant Administrator for Air and Radiation
U.S. Environmental Protection Agency
Washington, DC 20460

Dear Mr. Rosenberg:

We have completed the tasks requested by the Environmental
Protection Agency (EPA) on January 7, 1992, to provide technical
assistance related to the repromulgation of EPA's standard for
disposal of high-level and transuranic radioactive waste, 40 CFR
Part 191. The task report is enclosed.

Our efforts on these tasks reinforce.DOE's long-standing belief
that the standards themselves, as stated in our 1983 comments on
the previously proposed rule, "are unnecessarily conservative and
reflect a numerical risk that is unusually low in comparison to
other risks commonly considered acceptable by society. This low
level, when coupled with the unprecedented long-term and
probabilistic nature of the standards, adds additional predictive
uncertainties in demonstrating compliance. Consequently, the
proposed standards impose requirements that may be costly to
implement, without corresponding demonstrated health benefit."

DOE remains concerned that the approach being taken by EPA is to
make minor adjustments to a fundamentally flawed standard in an
attempt to make it nominally workable. Such an undertaking is
extremely difficult to carry out successfully and carries a high
risk of inadvertently creating future problems in being able to
demonstrate compliance in a licensing process for a high-level
waste repository. We believe that the changes being considered
by EPA will not adequately correct the underlying fundamental
problems with the rule.

There are two fundamental problems with the rule. First, the
risk management decisions initially made by EPA in developing the
hybrid achievability-health risk basis for the rule should be
reevaluated. DOE believes that the rule should be founded on a
true health-risk basis, although it probably should be somewhat
more protective than for traditional operating facilities because
of the long-term nature of the disposal facilities. Second, the
unprecedented probabilistic nature of the standards, particularly
for human intrusion, should also be reevaluated. Problems with
this approach are evident from the resounding criticism in the
scientific community and the widespread concern for the adverse



and unwarranted impacts of this approach on licensing of a
repository. The risk management strategy of including human
intrusion in overly stringent containment requirements is masking
and jeopardizing the real benefits to society of excellent deep
geologic disposal locations. DOE therefore believes that other
reasonable risk management strategies should be reconsidered.

DOE considers the development of a technically defensible and
implementable standard to be of the highest priority. 1If you
have any questions concerning the enclosed tasks or other issues
related to this standard, please call me.

Sincerely,

‘ Paul L. z;gﬁﬁr, Ph.D.
Assista Secretary

Environment, Health and Safety

Enclosure
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CHAPTER 1
INTRODUCTION

Over the past several years, the U.S. Environmental Protection Agency (EPA) has been working
on a revision to its environmental standard for management and disposal of spent nuclear fuel,
high-level and transuranic radioactive wastes (40 CFR Part 191) in response to the 1987 remand
by the U.S. Court of Appeals. In a December 20, 1991 management meeting between the U.S.
Department of Energy (DOE) and the EPA, the DOE volunteered to provide technical assistance
to the EPA in developing supporting technical justification for revising sections of 40 CFR Pant
191. In a January 7, 1992 letter from M. Ogc (EPA) to R. Berube (DOE), the EPA accepted the
offer and requested technical assistance in several specific areas. Those arcas were: human
intrusion, the three-bucket approach, multimode release limits, collective dose, TRU waste
equivalence unit, uncertainty propagation, and Carbon-14. The DOE envisiéned that this
technical assistance would consist of a six-month effort of comprehensive technical analyses and
computer modeling exercises that could provide the technical foundation for any proposed
revision. However, due to time constraints resulting from the EPA’s 40 CFR Part 191
repromulgation schedule, the technical studies were compressed and preliminary working papers
were provided to EPA on May 12, 1992, approximately six weeks after the initiation of the
contractor’s efforts. EPA and the U.S. Nuclear Regulatory Commission (NRC) reviewed the
‘working papers and provided comments to DOE. During this period, the DOE contractors were
finalizing the technical analyses and modeling exercises. Based on the EPA/NRC comments and
the results on the contractor's studies, certain sections of the working papers have been revised
or augmented with additional mformauon. The Technical Assistance Document is considered a
final product at this time. ,

~ Inits efforts to develop a technical foundation for the changes in the seven identified areas, DOE

found that it was not possible in some cases to construct a completely rigorous technical

foundation on which to base any revision. DOE believes this occurred because these tasks

attempted to correct a fundamentally flawed standard through a series of rclauvely minor
changes. DOE believes that the changes discussed in this document are the minor adjustments

necessary to make the standard nominally workable. However, they do not correct the underlying

fundamental flaws. In an effort to accommodate EPA’s structure and approach, much of the

language from the 1985 40 CFR Part 191 Final Rule was retained in the technical writeups of
the various chapters. This was done only for ease and clarity of presentation and does not
- indicate a Departmental endorscmem. ‘

In order to guide its comractors in perfoxmmg the technical studies, the DOE developed task
assignments containing statements of work for each area. These task assignments and responsible
organizations are:

e Task 1: Human Intrusion . : ‘
Responsible Orgamzauon Sandm Nanonal Laboxatory

Develop the spectﬁcs of an approach that scpara:cs buman intrusion from the
complementary cumulative distribution function (CCDF). Information developed from
this task can be found in Chapter 3 of this document. ‘
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* Task 2: Three-Bucket Approach
Responsible Organization: Sandia National Laboratory ~
Analyze the NRC's suggested "three-bucket approach” (and EPA’s modification of - '
NRC’s approach), evaluate its usefulness in alleviating problems with the probabilistic
analysis, and determine the implementability of the approach. Information developed
from this task can be found in Chapter 4 of this document.

* Task 3: Multimode Release Limits
‘Responsible Organization: Sandia National Laboratory

Develop the concept of a multi-column release limit table to cover the possible release
modes for generic repositories, including methods for computing limits for each mode
and methods for implementation. Information developed from this task can be found
in Chapter § of this document.

* Task 4: Collective Dose
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
ariginally started as two tasks and later combined because of similarities in scope.)
Information developed from this task can be found in Chapter 7 of this document.

» 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 from 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.

“~
WP.158 1-2 8/10/92.



For each of these tasks, information was developed to suppona possible revision of the standard.
Four types of material were developed for each task and are presented in this document:

1. Statement of the Problem

2. Recommended Approach

3. Supplementary Information

4. Technical Support Documentation

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 required in the Federal Register supplementary information text for the repromulgated
standard. The Technical Support Documentation provides the details of the technical analysis
that support the proposed revision; this type of information would be needed 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 whole, the
suggested revisions to the standard resulting from each task have been consolidated, and are

presented in Chapter 2.
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| CHAPTER2
SUMMARY OF RECOMMENDED CHANGES

2.1 OVERVIEW "

Chaptcrs 3 through 9 of this document contain recommcnded changes to EPA’s environmental
standard for the management and disposal of spent nuclear fuel, high-level, and transuranic
wastes (40 CFR Part 191). Each chapter presents and discusses a separate set of changes in order
to describe each recommendation clearly. The DOE intends, however, for the recommendations
- be considered as & whole. In formulating each recommendation, the DOE has considered its
effect on the other recommendations. Furthermore, the intentions of the DOE can be understood
fully only if the rccommendanons are thought of as constituting a single overall recommendation.
The recommendations conta.mcd in each of thc chﬁptcrs that follow are snmmanzzd below:

Chapter 3 describes a formulation of the containment requirements that elnnmatcs some
difficulties with the inclusion of human-initiated events and processes in the
demonstration of compliance. The recommendation allows for-such processes and
events to be scparau:d from the CCDF. The DOE intends that this formulation be a part
of each option for demonstrating comphanoc with the containment rcqmrcmcms These
options, three in all, are discussed in item 3 below.

Chapter 4 dcscnbcé the DOE concems with the proposed "three-bucket approach™ to

- . demonstrating comphanoc with the containment rcquxrements The DOE recommends

WP.158

that ‘this approach remain as an opuon in the next issuance of the standard as a
Proposcd Rule a!lowmg additional time for review and analysxs.

- Chaptcrs 5 and 6 dcscnbc additional options for the containment rcqmrcments These

options are: (a) a multimode option that includes limits for all release modes to be
considered in the containment requirements (land, well, river, and ocean), and (b) a
collective dose option that would apply to population doses resulting from the same four

. release modes. The DOE recommends that both of these options appear in the standard

in addition to the current reqmrcment. after it has been modified according to the
recommendation for human intrusion in item 1 above. The DOE recommends that the
standard allow the DOE to choose any one of three options for the demonstration of

\ comphancc Furthermore, the DOE recommends that the standard also allow the DOE

to choose the use of a combination of two of these options in generating the CCDF: the

‘DOE may elect to use a combination of the original (but reworded) release limit option

and the collective dose option (described in Chapter 6), or a combination of the
multimode release limit option (described in Chapter 5) and the collective dose option.

| In addmon. it is recommcnded that none of these options (or combination of options)
be used to regulate gaseous radionuclide releases. In order to be consistent with other
. EPA rzgulauons that address similar releases from other facilities, these gascous releases

should be regulatcd as part of the mdmdual protccuon reqmrcments in 40 CFR Pant
191, as discussed in item 6 below.
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Irmplementation of the multimode release Limit or collective dose options discussed in
Chapters S and 6 will result in the need to obtain more information regarding site
characteristics. Such site characterization activities may prove to be prohibitively

expensive. When compliance demonstrations require the input of more parameters (i.e., ..

going from releases to collective dose), uncertainty is increased. The goal of the site
characterization activity is to reduce the uncentainty in these parameters. By specifying
acceptable values for some parameters (i.e., providing a standard biosphere) site
characterization costs can be lower. Even though this cost may be viewed as a
disadvantage, these proposed options have the advantage of allowing site-specific
considerations to be taken into account while at the same time retaining the generic
nature of the standard. It is also important to note that each 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 particular option but
should leave the choice up to the Departrment. Table 2-1 provides a comparison of the
various containment options being recommended.

» Chapter 7 describes the DOE recommendation of a new equivalence 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 part of all options for demonstrating compliance.

* Chapter 8 discusses the propagation of uncertainty as it relates to demonstration of
compliance for different time periods. These discussions support the DOE
recommendation that the time period for individual and groundwater protection be

limited to 1,000 years after disposal, as it was in the 1985 standard. Furthermore, the ~

discussions in Chapter 8 support 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 periods greater than 1,000
years.

» Chapter 9 describes the DOE recommendation for dealing with releases of radionuclides
in gaseous form, with special focus on Carbon-14. In order to be consistent with the
manner in which the EPA regulates similar releases from other facilities, the DOE
recommends that gaseous releases from a repository be governed 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
that govern those three topics.

The DOE intends that these changes be considered as a whole, since they are interrelated. To
assist the EPA in this, the rest of this chapter presents a consolidation of all the changes. For
the most part, the 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 Release Limits and Alternatives

Altemative

.7 .Present | Mulimode | Collective Dose | Collective Dose
A Single’ - Generic | Standard . Option (with
~Generic -~ | Release - | (without | release limit
Release Limits release limit
Limits

Characteristic ‘ -

Uniform Biosphere Yes Yes Only if standard { Only xf standard
biosphere . .~ | biosphere
specified . | specified

Uses Appropriate Release No . [Yes =~ |{Yes Yes

Modes . | S

Uniform Assessmentof Al [No - - | Yes Yes Yes N

Repositories and Pathways A A ~

All Repository Componcnts No ... |Yes .~ “1Yes - | Yes

in Evaluations RSS! R . . '

Inaccuracies Due to Generic | Major | Minor ~ * |None .~ | None -

u Derivations v A

Corrections for chosnory No Yes Yes Yes

Locations - N P e . .

Traceable to Fundamental- [No = [Yes' . " |Yes Yes

Criteria B .

Site Specific No, but risk | No, with No  |No

{ nonuniform" | nearly .
| L uniform risk

Additional Sitt -« -~ . {No . | Moderate Extensive ' | None to

Characterization Extensive

Compatiblc with ,I9l'Foﬁnai' Yes | Yes Yes - ' | Yes

Philosophy Change - “: INo _ - |No Extensive Moderate

No | Moderate Extensive None to
o Extensive
Complete Minor Minor “ | Minor
derivations derivations derivations

ey
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22 RECOMMENDED CHANGES

The changes 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:

Subpart B - Environmental Standards for Disposal

191.11 Applicability

191.12 Definitions.

191.13 Containment requirements.

191.14 Assurance requirements.

191.15 Individual protection requirements.

191.16 Groundwater protection requirements.

191.17 Alternative provisions for disposal.

191.18 Effective date.

Appendix A Table for Subpart B

Appendix B Alternative Tables for Subpart 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. 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 released from the

repository is brought directly to the land surface.

Well Any wellhead outside the controlled area from which
groundwater containing radionuclides released from the
repository is withdrawn for irrigation or supplying drinking
water.

River Location(s) of existing discharge of groundwater containing
radionuclides released from the repository to a river.

Ocean Location where river-water or groundwater containing
radionuclides released from the repository discharges to an
ocean.

A
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"Release mode™ means one of four potential ways 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 groundwazcr pumped to the land surt'acc). river (all fresh surface
waters); and ocean. - _ ‘

" 'onsphexc means the zone of the Earth extcndmg from (and including) the’ smfaoc into
the surrounding atmosphcrc

Secnon 191.13, Conxamment requirements, should be revised to read as follows
191.13 Containment requirements.

The Department shall demonstrate compliance with either subsection (a) or (b) of this
section. If subsection (a) is chosen, the Department may select either of the two methods
of release calculations permitted for compliance demonstration. -

(a) Disposal systems for radioactive waste shall be dcsxgncd to provide 'y reasonablc
expectation that the cumulative releases of radionuclides in the solid or liquid phascs.
calculated by performance assessments either to the accessible environment (for Table 1 in
Appendix A) or to the biosphere through all applicable release modes (for Tables 2 and 3
in Appendix B), for lOOOOyzars after disposal from ansxgmfieamnamral processes and
cvents that may affect the disposal system shall:

. (1) Have 2 likelihood oflcss than one chanccm 10 ofcxcecdxng the quantmcs 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 to Table 1 (Appendix A) or Tables 2 and 3 (Appendix B);
or ,

(b) Disposal systems for radxoactxve waste shall be designed to provxdc a reasonable
expectation, based upon performance assessments, that the collective (population) effective
dose, calculated using the weighing factors in Appendix C, caused by releases of
radionuclides in the solid or liquid phases 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 ofexwedmg 2.5 :mlhon pcrson-rcm
(25,000 person-sicverts); and

(2) Have a likelihood of less than one chance in 1 0000fexwedmg25milhonperson-mm
(250,000 person-sieverts).

Dose limits are based upon a repository containing the eqmvalcnt of 100,000 MTHM of
spent nuclear fuel and high-level waste or 20 MCi of transuranic waste.

(c) Potential radionuclide releases to the accessible environment resulting from
hurnan-initiated events and processes shall be treated separately from potential radionuclide
releases due to natural processes and events. Disposal systems for spent nuclear fuel or for
high-level or transuranic radioactive wastes shall be designed to provide a reasonable
expectation that the cumulative releases of radionuclides to the accessible environment for
10,000 years after disposal from intermittent and inadvertent exploratory drilling for
resources into the disposal system shall not exceed ten times the quantities calculated
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according 10 Table 1 (Appendix A) or Tables 2 or 3 (Appendix B). The performance __
assessments on which this expectation shall be based shall assume that drilling occurs. The ™
assessments shall also assume that drilling technology, reasons for drilling, and societal ™
structure remain the same as are present today. No human-initiated events and processes,
due to the occurrence of drilling, which have a probability of occurrence less than one
chance in 1,000 over 10,000 years shall be considered in the assessment.

(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 met. . .that
compliance with 191.13(a) or (b) will be achieved.

The "thmé-bucket approach” altemnative for the containment requirements, as proposed in Sections
191.12(x) and (y) of the Draft Federal Register Notice (2/3/92), should be included in the
proposed rule.

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

a) Disposal systems for radicactive waste shall be designed to provide a reasonable
expectation that, for 1,000 years after disposal, undisturbed performance of the disposal
systern 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 microsieverts). 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 no more than
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 2/3/92).

The revised standard should not include requircments for projection of potential releases,
collective doses, or individual doses out to 100,000 years after disposal because of the increase

in uncertainty, as proposed in Sections 191.12(c) and 191.14(b) of the Draft Federal Register
Notice (2/3/92). '

Appendix A should be revised to reflect the change in the reference size repository (from 10°
to 10° MTHM) and the new TRU waste unit (20 MCi).
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Appendix A: Table for Subpart B

TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS
{See Table 1 at end of cbapter}

Applxcation of Table l

Note 1: Units of Waste. The Release Limits in Table 1 ‘apply to the amount of wastes in
any one of the following:

(8) An amount of spent nuclear fuel containing 100,000 metric tons of heavy metal
(MTHM) exposed to a burnup between 25,000 megawatt-days per metric ton of heavy
metal (MWd/MTHM) and 40,000 MWd/MTHM; -

(b) The high-level radioactive wastes generated from reprocessing each 100,000 MTHM
exposed to a burnup between 25,000 MWd/MTHM and 40,000 MWd/MTHM;

(c) Each 10,000,000,000 curies of gamma or beta-emitting radionuclides with half-lives
greater than 20 years but less than 100 years (for use as discussed in Note 5 or with
materials that are identified by the Commission as high-level radioactive waste in
accordance with part B of the definition of high-level waste in the NWPA),

(d) Each 100,000,000 curies of other radionuclides (i.c., gamma or beta-emitters with half-
lives greater than 100 years or any alpha-emitters with half-lives greater than 20 years) (for
use as discussed in Note § or with materials that are identified by the Commission as high-
level radioactive waste in accordance with part B of the high-lcvcl waste in the NWPA);
or .

(¢) An amount of lransnramc (TRU) wastes contmmng twcnty million curies of
radionuclides.

Note 2: Release Limits for Specific Disposal Systems. To develop Release Limits for a
particular disposal system, the quantities in Table 1 shall be adjusted for the amount of
waste included in the disposal system compared to the various units of waste defined in
Note 1. For example: '

(2) If a particular disposal system contained the high-level wastes from 50,000 MTHM,
the Release Limits for that system would be the quantities in Table 1 multiplied by .5
(50,000 MTHM divided by 100,000 MTHM).

(b) If a particular disposal system contained ‘two million curies of alpha-crmmng
transuranic wastes, the Release Limits for that system would be the quantities in Table 1
multiplied by .1 (two million curies divided by twenty million curies). -

(c) If a particular disposal system contained both the high-level wastes from 50,000
MTHM and 2 million curies of alpha-emitting transuranic wastes, the Release Limits for
that system would be the quantities in Table 1 multiplied by .6:

50,000 MTHM 2,000,000 curies TRU ]
+ . =.
100,000 MTHM 20,000,000 curies TRU

Note 3: {same as 1985 standard}
Note 4: {same as 1985 standard}
Note §5: {same as 1985 standard)
Note 6: {same as 1985 standard} .
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A new Appendix B, similar to Appendix A, should be created as follows:
Appendix B - Alternative Multimode Tables icr Subpart B TN,

TABLE 2 - CUMULATIVE RELEASE LIMITS FOR 10,000 YEARS FOR' '
MULTIPLE RELEASE MODES (CURIES)
{See Table 2 at end of chapter)

TABLE 3 - CUMULATIVE RELEASE LIMITS FOR 10,000 YEARS FOR
MULTIPLE RELEASE MODES (BEQUERELS)
{See 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 release
limits for the river and well releases in Tables 2 and 3, that the entire drainage system of
all rivers (for river releases) and all aquifers (for well releases) is 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 1--River Releases: For the river column, the release 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 cormrect 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 muldplied, is calculated as
follows:

(Loggy * Feeny) * ;:1 (Lo * Foup)

;1 (Legy * Feuny)

This approximation represents the sums of the products of all tributary lengths and flow
rates divided by the equivalent 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" an

N
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“y refer to contaminated and uncontaminated segments, respectively. The release limits
in Tables 2 and 3 ar¢ then multiplied by this ratio to provxdc a site-specific release limit
for the river release mode. 4 S

Example 2--Well Releases: The derivation of the release limits for thc 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
locauon. thus some uncontammatcd water may also be withdrawn down-gradient frora the

B repository.

A method for approximating the ratio of contaminated to total avaxlablc 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 groundwater
discharges to a river (A,). With these ages, the Site Adjustment Factor for the well release
mode (SAFy,) may then be calculated and used as a multiplier to adjust the risk factors.
Calculation of the Reciprocal Site Adjustment Factor (RSAFy) 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,,=——€’-;-

4 -4

However, if it is found (hm. xhc contammatcd plumc wxll n':ach a river within 10,000 years
the formula becomes: . ,

e s )
RSAFy = =2z

Release limits in Tables 2 and 3 are then multiplied by one of these ratios (the RSAFys)
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.
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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 released from the repository is
brought directly to the land surface.

Well Any welthead outside the controlled area from which groundwater
containing radionuclides released from the repository is withdrawn
for irrigation or supplying drinking water.

River Location(s) of existing discharge of groundwater containing
radionuclides released from the repository to a river.

Ocean Location where river-water or groundwater containing radionuclides
released from the repository 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 1 through
7, these release limits shall be used to determine compliance with the requirements of
191.13 as follows. In cases where a mixture of radionuclides is projected to be released
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 1 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 example, if all release modes (L,W R, and O referring to land, well, river, and ocean
fc.5¢ 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:

QRL, + QyRL,, +. .. +Qy RLy, + QuyRLay + ... +

Qu/RLy, + Quy/RLy, + . . - +Qo/Rlo, + QoaRloy +. ..+
Qo/RLo, < 1.
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A new Appendix C, Calculation of Annual Committed Effective Dose, should be created. This
Appendix could contain the information that was in Appendix B of the Draft Federal Register
Notice (2/3/52).  However, the information in that Avpendix, 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 contamed m Appcnd:x A of Worhng Draft 3 (4/25/91) unti! ICRP 60 has been
accxpu:d

The existing Appcndu B from the 1985 standard should bc mnamcd Appendxx D. 'Ihe following
should be msencd bctwcen t.hc sccond and thn'd sentences of thc first paragmph

- Quanutauvc evaluations for thesc prcdxcnons compare pmdxctcd 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 Appendxx B are used, the presence or abscnce 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 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 sm:-spccnﬁc availability of water and thc ongmal assumption that the
. entire d:amagc system is available and contammat:d o o

The fo]lowmg paragraph in the rcnamcd‘Appcndxx D should be revised to read as follows:

Compliance with Section 191.13. The Agency assumes that, whenever practical, the
Department. . .compliance with 191.13(a) or (b) into a "complementary cumulative

~ distribution function” that. . for each disposal system considered. 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 pmdxctcd releases. The dose fraction then replaces

~ the summed release fraction for that event in the complementary cumulativé distribution

function. The Agency assumes that. Jthis single distribution meets the requirements of
191.13(a) or (b) . . : o

The followmg paragraph should be addcd to the renamed Appendxx D. This discussion of "future

states”

provides the Department with a means of addressing some of the uncertainties that could

-result from predicting conditions 10,000 years into the future:

- Future States. ' Uncertainties about the future involving conditions that are
- - unknowable can only be dealt with by making assumptions and recognizing that

these may, or may not, comspond to a future reality. The Agency believes that

-speculation concerning " future -conditions should not be the focus of the

compliance-determination process. Therefore, it would be appropriate for

* assessments made for Part 191 to proceed under the assumption that many future

WP.158

conditions related to humans or to- interactions between humans and their

g "'envzronment wxll remain thc same as those of todays world. Factors in this
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category include human physiology and nutritional needs, level of knowledge and
technical capability, the state of medical knowledge, societal structure and
behavior, patterns of water use, and pathways through the accessible environment
that are affected by or result from human interactions with the accessible
environment. In some instances, consideration of these factors may be specific
to the region in which a disposal site is located (e.g., population distributions or
patterns of water and land use). In contrast, the Agency would not find it
appropriate to include in this category the future states of geologic, hydrologic,
and climatic conditions that may be estimated by examining the geologic record.
Additionally, the Agency would find inappropriate the assumption that national or
world populations will remain unchanged; however, assuming future world
populations that cannot reasonably be sustained by current abilities to produce,
distribute, and consume food would also be inappropriate. For this reason, future
world populations in excess of 10 billion people need not be assumed for
evaluations under 191.13. For standardization, a "reference person” is assumed
to ventilate (breathe) at a rate of m’/sec and to ingest liters/day of
drinking water; kg/day of fish; kg/day of mollusks; kg/day of
aquatic invertebrates; kg/day of water plants; kg/day of leafy
vegetables; kg/day of root vegetables; kg/day of grains;
kg/day of fruit; _____ kg/day of meat; kg/day of poultry; kg/day of
eggs; and liters/day of milk.

Some standardization of current conditions unrelated to particular sites can be attained by
providing parameters for a "reference person.” A physiological model of "reference man” is
available from the International Commission on Radiological Protection (sece attached table)
{ICRP 23, 1975). Values for other parameters need to be determined. In addition, the Nuclear
Energy Agency initiated a BIOsphere MOdel Validation Study (BIOMOVS) in 1985. The first
phase of the study examined environmental assessment models for selected contaminants and
exposure scenarios. The second phase of the study, which began in 1991, has as one of its
objectives the development of a reference biosphere model that could be used in performance
assessments of radioactive waste repositories. Although this phase is not complete, preliminary
results of the study may provide an additional means for stancardizing current conditions that
could be used as guidance for future states. The provisional reference biosphere(s) should be
formulated by October 1992, but the guidance for using the reference biosphere(s) is not expected
untl 1996.

The following paragraphs in the renamed Appendix D should be revised to read as follows:

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 body has identified a reliable, defensible -

basis for predicting future human behavior and for estimating the probabilities of possible

N

e

N’
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human actions. Therefore, the Agency does not require an estimate of the probabilities
that various human actions will affect a rcposnory - Nevertheless, the implementing
agencies arc required to consider these actions in mahng their determination that there
is reasonable expectation ‘of compliance with the standard. Instead of estimating the
probability of drilling, it shall be assumed that drilling occurs and the consequences of
such drilling estimated. These assessments may be supplemented by a description of the
natural and engineered features of the disposal system that reduce the likelihood and
consequences of hurman intrusion. The Agency believes that the most productive
consideration of inadvertent intrusion concemns 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 calculating the consequences of drilling, the implementing agencies can
assume that passive institutional controls or the intruders’ own exploratory procedures are
adequate for the intruders to soon detect, or be wamed of, the incompatibility of the area
thh their activities. »

- Frequency and Severity of Inadvertenz Human Iun'uswn into Geologic Reposuones by
Exploratory Drilling. In the calculations supplied in compliance with paragraph
191.13(c), the implementing agencies need not assume intrusion scenarios more severe
than inadvertent and intermittent intrusion by exploratory drilling for resources. The
implementing agency need not assume any drilling for the resources that are provided by
the disposal system itself. The -implcmcnting agencies should describe qualitatively the
effects of each particular disposal system’s site, design, and passive institutional controls

‘in mitigating the potential effects of such inadvertent exploratory drilling. Descriptions

of such inadverient and intermittent exploratory drilling over 10,000 years need not
assume that more than 30 boreholes per square kilometer of repository area will be drilled
in that time at geologic repositories in proximity to sedimentary rock formations or that
more than 3 boreholes per square kilometer will be drilled in that time at repositories in
other geologic formations. Furthermore, when the discussions treat the consequences of
inadvertent and intermittent exploratory drilling, the implementing agency need not
assume that those consequences are more severe than (1) direct release to the land
surface. . .the permeability of & carcfully sealed borehole.
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TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS S~
[Cumulative releases to the accessible environment for ’ '
10,000 years after disposal]
Release limit per 100,000
Radionuclide MTHM or other unit of
waste (see notes) (curies)

I Americium-2410r-243 .......... it 10,000
B Carbon-14 .. ... ... . ittt it it it 10,000
| Cesium-1350r-137 .......cciiiiiiiiiiiannnenn 100,000 |
I Jodine-129 . ... ...ttt i et 10,000
§ Neptunium-237 .. ..., . ittt it eienannncnnns 10,000
| Plutonium-238, -239, -240,0r-242 ................ 10,000
E Radium-226 ........civiiiieiienennenenannns 10,000
 STONHUM-90 ... voiettetee it ie et 100,000

Technetium-99 . .......citiitiieieennennnnnns 1,000,000
| Thorium-2300r-232 .......cciiieverneennnnnns 1,000
I Tin-126 .. .....iiiitiiiiii it enennnneananns 100,000 "
| Uranium-233, -234, -235,-236,0r-238 ............. ~ 10,000
i Any other alpha-emitting radionuclide with a half-life ri
 greaterthan 20years ..........cccvvieennrnnnn. 10,000

Any other radionuclide with a half-life greater than 20 .

years that does not emit alpha particles ............. 100,000

N’
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4 BWAY ane A S sematmes t W & Berew e—— -

‘ for Multiple Release Modes
' : - - Release Limit (cories per 100,000 MTHM) “
Nuctide Rver  ~« |wa - ] Ocean Lend i
cu TBD TBD | o “TBD |
|l Nise 26407 9E06 TED B0
Lm : AR08 26404 4E07 3E07
Ze93 TEGO6 ™ 3Ee05 - SEW07 4E+07
: Te® 3Ee06 " 1E+06 6Ee08 2E+10
1 saazs 1Ee04" 4E+03 9E+03 TE+0S
b1z o IEe04 SE+03 dEe05 3E+05
Ci-135 15+05 ! 6E+04 2E+07 2E+06
137 9E+04 8E04 2E406 SEe07
f Smis) 1EsD8 | 4E+7 TBD “JE#10"
[ po210 ' E03 ! 4E+03 TBD TE06
Ra226 6E+03 IE03 TBD 26405 © -
Ra-228 B4 26404 TED 6E+07 |
Ac22? | IE+04 ' 6E03 TE03 $E06 - u
[ Tz “SEe04 | 1E+04 6E+03 SE+04
™23 2E+03 SE+02 8D 3E+03 |
‘Th-232 SE403 . 1E+03 TBD SEe03 ll
Pa231 TE+03 SEe03 | 28404 4E+04 “
N vass SE+04 - 2E+04 1E+06 i
UM SEeD4 26004 TBD 206 - |
u23s SE+04' ZE+04 1E405 o5 b
v-236 SE04 2E04 TBD 2Ee06 - |
v-23s SEe4 204 | TBD, 1Ee06 i
Np-237 1E+04 §E+03 - “TE+04 1-aEe06~
Pu-233 2E+04 1E+04 . | TBD SEW06 -
P29 2504 $E«03 26404 2Ee0s -
Pu-240 |:2Ev04 $E03 2Ee04 2E+05 - |
Po-241 SE+0S 2Ee05 TBD a0 |
[ Pz 2E04 8Ee03 TBD 2E40S
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Table 3. Cumulative Release Limits for 10,000 years (1Bq per 1vu,uwv miaruw)

for Multiple Release Modes

u Release Limit (TBq per 100,000 MTHM)
Nuclide River Well Ocean Land
c-14 TBD* TBD TBD TBD
Ni-59- SE+05 IE05 TBD SE«07
$1-90 2E+03 TE+02 2E+06 1E+06 |
2:-93 2E+05 1E+05 9E+05 2E+06
Tc99 1E+0S 4E 04 2E407 78408 |
fl sn-126 4E+02 1E+02 3E«02 3E+04
[ 1129 SE02 2E402 1E+05 9E+03
I cs-135 SE+03 2E+03 6E+05 6E+04
{ cs137 3E«03 3E+03 SE+04 2E+06
Sm-151 4E+06 2E+06 TBD 6E+08 N
Pb-210 IE02 1E+02 TBD JE05 |
Ra-226 2E+02 1E+02 TBD 7E+03
lrn..m 2E+03 TE+02 TBD 2E+06
Ac-227 §E+02 2E+02 2E42 3E+0S
Th-229 1E+03 4E«02 2E+402 2E+03
Th-230 JE+01 3E+01 TBD 1E+02
Th-232 1E+02 4E+01 TBD 1E+02
Pa-231 3E02 1E+02 6E+02 2E+03
I v-23 25403 7E+02 4E+04 seet |
| v 2E+03 SE+02 TBD 6E+04 |
l u-zss 2E403 TE+02 4E+04 4E+04
ﬂ U-23 2E+03 8E+02 TBD 6E+04
u-238 2E+03 7E+02 TBD SE+O4
Il Np237 SE+02 IE+02 3E+03 IE«08
{ Pu238 9E+02 4E02 TBD 1E05 |
§ Pu239 B2 3B+ 6E+02 6E+03 |
| Pu-240 SE+02 36402 6E+02 TEW3 |
l Pu2ar IE+04 7E+03 TBD 1E07 “
| Pu-2e2 SE+2 3E+02 TBD 66403
| Am-241 TE+@ 3EWR2 2E+02 B4 |
[ Am-243 SE+02 3E+02 2E+02 B4 |
1 cm-2as 4E«@ 2E402 1E+02 SE+03
Lcm-m TE+02 3E402 TBD 1E+04
O be getgmuned
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REFERENCE MAN: SUMMARY OF PHYSIOLOGICAL bATA

- Carbon dioxide exhaled
Dietary intake (nutncnts)

Protein

Carbohydratcs :

Fat

Dietary intake (major elcmcnts)

Carbon
Hydrogen
Nitrogen
Oxygen
Sulfur

Water
. Solids

Ash

Fats

- - Nitrogen ,
" Other substances -
Feces, major elements in

Carbon
Hydrogen
Nitrogen
Oxygen

Human milk, composmon of

* Intake of milk

- Lung capacities

" Total capacity

Functional residual capacxty
Vital capacity '

Dead space

Lung volume and respiration
Minute volume, resting
Minute volume, light activity

EXAMPLE TABLE

 Elements (summary of modcl values for daily balance)
Energy expenditure

Feces, weight of

Feces, components of

1000 g/day

95 g/day
390 g/day
120 g/day

300 g/day
350 g/day

16 g/day
2600 g/day

1 g/day

See section O
3000 kcal/day
135 g/day

105 g/day
30 g/day
17 g/day
S g/day
1.5 g/day
6.5 g/day

7 g/day
13 g/day
1.5 g/day.
100 g/day

See Table 128

300 ml/day

561
221
431
160 m!

7.5 Vmin

20 Vmin

Air breathed, 8 h light work activity
Air breathed, 8 h nonoccupational activity

Air breathed, 8 h resting

WP.158
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9600 1
9600 1
36001

Page

351

351
351

352

- 352

352
352

352

338
353

353
353
353
353
353
353

353
353
353

- 353

361
357

345
345

345
345

346
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Metabolic rate

Nasal secretion, composition of (major elements)

Water

Calcium

Chlorine -

Potassium’

Sodium
Oxygen Inhaled
Saliva, composition of
Sweat, composition of
Urine values

Volume

Specific gravity

Bicarbonates
Urinary loss of major elements
Nitrogen
Hydrogen
Oxygen
Carbon
Water balance (gains)
Total fluid intake
Milk
Tap water
Other
In food
By oxidation of food
Total
Water balance (losses)
In urine
In feces
Insensible loss
In sweat
Total

1All sections reference ICRP 23, 1975

WP.158

17 cal/min-kg W

95-97 g/100 mil
11 g/100 ml
495 g/100 ml
69 g/100 m!
295 g/100 ml
920 g/day

See Table 130
See Table 129

1400 ml/day
1.02

6.2

60 g/day

22 g/day

1 g/day
0.14 g/day

15 g/day
160 g/day
1300 g/day
5 g/day

1950 ml/day
300 ml/day
150 mi/day
1500 ml/day
700 ml/day
350 ml/day
3000 ml/day

1400 ml/day
100 ml/day
850 ml/day
650 ml/day
3000 mi/day

341

365 -
365
365
365
365

364
362

354
354
354
354
354
354
354

354
354
354
354

360
360
360
360
360
360
360

360
360
360
360
360

8/10/92



CHAPTER 3
HUMAN INTRUSION



CHAPTER 3
HUMAN INTRUSION

a1 STATEMENT OF THE PROBLEM

In the 1985 EPA standard processcs and events mmatcd by human actions are treated in much
the same way as naturally occumng processes and events. That is, the consequences of human
actions must be included in the calculations that examine compliance with the numerical,

~ probabilistic containfhent requirements. This provision creates difficulties that arise because it
~ forces a demonstration of compliance to estimate the probabilities and the conscqucnoes of

human-initiated phenomena that may occur during the next 10,000 years. There is no reliable
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 to
defend, because they lack a firm technical foundation. An analysis of compliance may well be
50 heavily dominated by such assumptions that it fails to reveal the adequacy, or inadequacy, of
the isolation characteristics offered by a repository site. Speculation about future human actmty
should thcreforc not be the focus of the compliance dctcrmmanon process.

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 process toward
wjecnon of adequatc sxtcs on the basm of mdcfcnsxblc assumpnons
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3.2 RECOMMENDED APPROACH

The following material suggests a way that section 191.13 of the 1985 version of 40 CFR Part N
191 might be written to avoid the problems with putting human intrusion into the quantitative, .
probabilistic comparison with limits. The same material, perhaps with minor changes, may be

used if the standard also allows for altemative approaches to the demonstration of compliance.

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 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 likelihood of less than one chance in 10 of exceeding the quantties
calculated according to Table 1 (Appendix A); and

2. 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 resulting from human-
initiated events and processes shall be treated separately from potential radionuclide
releases due to natural processes and events. Disposal systems for spent nuclear fuel
or for high-level or transuranic radioactive wastes shall be designed to provide a
reasonable expectation that the cumulative releases of radionuclides to the accessible -
environment for 10,000 years after disposal from intermittent and inadvertent
exploratory drilling for resources into the disposal system shall not exceed ten times
the quantities calculated according to Table 1 (Appendix A). The performance
assessments on which this expectation shall be based shall assume that drilling
occurs. The assessments shall also assume that drilling technology, reasons for
drilling, and societal structure remain the same as are present today. No human-
initiated events and processes, due to the occurrence of drilling, which have a
probability of occurrence less than one chance in 1,000 over 10,000 years shall be
considered in the assessment.

c¢) {the paragraph designated (b) in the 1985 version, unchanged} Performance
assessments need not provide complete assurance that the requirements . . .

If the EPA includes in its next version of the standard some alternatives to the original section
191.13, (e.g., the "four-column” approach or either of the two optional containment requirernents
suggested in the draft Federal Register notice dated 2/3/92), similar changes should be made.
The following paragraph is to be added to Appendix B of the 1985 version:

Future States. Uncertainties about the future involving conditions that are unknowable .
can only be dealt with by making assumpuons and recognizing that these may, or may
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. not, correspond to a future reality. The Agency believes that speculation concemning

. . future conditions' should ot be the focus of the ‘éompliance-determination process.
~~ - Therefore, it would be appropriate for assessments made for Part 191 to proceed under
the assumption that many future conditions related to humans or to interactions between

~ humans and their environment will remain the same as those of today’s world. Factors

in this category include human physiology and nutritional needs, level of knowledge and

~ technical capability, the state of medical knowledge, socictal structoral and behavior,
patterns of water use, and pathways through the accessible environment that are affected

by or sesult from human interactions with the accessible environment. In some instances,
consxdcrauon of these factors may be specific to the region in which a disposal site is.

. located (e.g., population distributions or pattems of water and land use). In contrast, the

' ‘Agency would not-find it appropriate to include in this category the future states of
_geologic, hydrologic, and climatic conditions that may be estimated by éxamining the

- geologic record.  Additionally, the Agency would find inappropriate the assumption that

national or world populations will remain unchanged; however, assuming future world
populations that cannot reasonably be sustained by current abilities to produce, distribute,

“and consume food would also be inappropriate. -For this reason, future world populations

in excess of 10 billion people need not be assumed for evaluations under 191.13. For
standardization, a refcmnce person” is assumed to ventilate (breathe) at a rate of

m*/sec and to ingest liters/day of drinking water; _____ kg/day of fish;

kg/day of mollusks; _____ kg/day of aquatic invertebrates; kg/day of water plants;

e kg/day of leafy vegetables; kg/day of root vcgetablcs, < kg/day of
grains kg/day of fruit; _ kg/day of meat; kg/day of poultry;
kg/day of eggs, and htr.rslday of milk. -

The above changcs in pa:agraph 191 13 will require a changc to the rcfcmncc to 191.13 that -

appears in Appendix B of the 1985 version in the paragraph called “Compliance with Section
- 191.13." Two other tefercnces to 191. 13 will not need to be changed. The revised paragraph
o wxllrcadasfollows ' . _

‘The Agency assumes th'at . comphancc thh 191 13(a) into & complcmcntary
cumulative distribution funcnon 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) and if the calculation of the consequences of exploratory drilling for
resources rcqmrcd by 191.13(b) meets the requirements of 191.13(b).

Some sentences will need to be inserted into the paragraph 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 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.
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Neither the Agency nor any other regulatory body has identified a reliabls, defensible
basis for predicting future human behavior and for estimating the probabilities of possible
human actions. Therefore, the Agency doc. not require an estimate of the probabilities
that various human actions will affect a repository. Nevertheless, the implementing . -
agencies are required to consider these actions in making their determination that there
is reasonable expectation of compliance with the standard. Instead of estimating the
probability of drilling, it shall be assumed that drilling occurs and the consequences of
such drilling estimated. These assessments may be supplemented by a description of the
natural and engineered features of the disposal system that reduce the likelihood and
consequences of human intrusion. 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 calculating the consequences of drilling, the implementing agencies can
assume that passive institutional controls or 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.

The paragraph in Appendix B labeled "Frequency and Severity of Inadvertent Human Intrusion
. - " is to be modified as follows (with the original wording continuing from the ellipsis at the
end of this suggested wording):

WP.158

Frequency and Severity of Inadvertent Human Intrusion into Geologic Repositories by
Exploratory Drilling. In the calculations supplied in compliance with paragraph
191.13(b), the implementing agencies need not assume intrusion scenarios more severe

than inadvertent and intermittent intrusion by exploratory drilling for resources. The )
implementing agencies need not assume any drilling for the resources that are provided ., .

by the disposal system itself. The implementing agencies should describe qualitatively
the effects of each particular disposal system’s site, design, and passive institutional
controls in mitigating the potential effects of such inadvertent exploratory drilling.
Descriptions of such inadvertent and intermittent exploratory drilling over 10,000 years
need not assume that more than 30 boreholes per square kilometer of repository area will
be drilled in that time at geologic repositories in proximity to sedimentary rock formations
or that more than 3 boreholes per square kilometer will be drilled in that time at
repositories in other geologic formations. Furthermore, when the discussions treat the
consequences of inadvertent and intermittent exploratory drilling, the implementing
agency need not assume that those consequences are more severe than: (1) direct release
to the land surface . . .

Sau”’
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3.3 SUPPLEMENTARY INFORMATION P

Thc following material cou.ld bc used as supplementary mformauon in explaining why the rule
is reasonable when written in the form on the prcccdmg pages. This material could probably °

appear in the EPA’s supplemcntary information just after its explanauons of the probabilistic

standard that is promulgated in paragraph 191.13(a). :

In dcvelopmg the" probabmsnc standard, the Agcncy recogmzcd that there is a
fundamental difference between estimating the probabﬂmes of future natural phenomena
and estimating the probabilities of fuoture human activities. Reasonable estimates of
‘natural phenomena can often be based on evidence provided by the geologic record.
Most of the natural phenomena that might be expected to affect a repository (e.g., fault
movement, erosion, or diapirism) can be studied in records that extend back for millions
of years. An cxtrapolauon of that information through the next 10,000 years can be a
Although there will seldom be unanimous agreement among experts about the pxecxsc
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 deems appropriate the probabilistic standard required for natural phenomena in
paragraph 191.13(a).

On the other hand, there is 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 recason alone, be less reliable than
extrapolations from the geologic record. More important, 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 short a time, extrapolation to 10,000 years would necessarily consist of
speculation about whether these rates will continue. Neither the Agency nor other
-regulatory bodies have identified a reliable basis for such speculation, which the Agency
consequently believes should not be the focus of the compliance-determination process.

For these reasons, the Agency has not required a probabilistic 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 seeking reasonable
expectation of compliance. Paragraph 191.13(b) therefore requires an evalvation of the
consequences of exploratory drilling, which the Agency believes to be a reasonable
representation of severe human-initiated phenomena that might affect a disposal system.
The paragraph also requires that potential releases of radionuclides to the accessible
environment, resulting from such intrusion, shall not exceed ten times the quantities in
Table 1 of the rule. This limit is reasonable because, as originally developed, it applied
to phenomena with likelihoods between 1 chance in 10 and 1 chance in 1000 over 10,000

years.
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With this change in the rule, paragraph 191.13(b) avoids the problems associated with
speculative, quantitative estimates that human intrusions will occur. It simply reqmres
calculations made on the assumption that such intrusions do occur. It recognizes,
however, that treating future human actions will require that some further assumptions be
made.. It guides these assumptions by stating further requirements that follow the
Agency’s more extensive guidance, in Appendix B, for the treatment of future states. The
paragraph also recognizes that some phenomena occurring during and after the assumed
intrusions occur stochastically. To keep from introducing speculation about phenomena
of extremely low probability, the paragraph therefore limits the treatment of phenomena
that occur during and after the assumed intrusions. The limitations are essentially the
same as those applied to demonstrations of compliance under paragraph 191.13(a).

The requirement does not rule out the use of additional calculations that may produce
useful insights into the future behavior of a repository system under intrusions by
exploratory drilling. Further information about the Agency’s intentions is fumished in
Appendix B, which explains what the Agency would consider appropriate treaunent of
future states of nature and of human civilization.

36 8/10/92

.’ .



3.4 TECHNICAL SUPPORT DOCUMENTATION

The following matenal is suppomng ‘information that could be cited as reasons for the. DOE
suggestions for the above revmon 1t could be partof & techmcal support document for the rule

Many comments on 40 CFR Part 191 have pomted out the difficulties that arise when human
activities are included ‘with natural phenomena in the ‘complementary cumulative distribution
function (OCDF) that the Agency recommended in' 1985 for examining compliance with
paragraph 191.13(a). The dxfﬁculues also arise in altemauve compliance methods that have been

. suggested for incorporation into the standard--i.e., the suggestions known as the “four-colurnn”
-alternative, the collective-dose alternative, and the “three-bucket” altemnative. Summarized

broadly, these difficulties arise from the basic difficulty of guessing what future human societies
will be able to do or will want to do. For example to include the drilling of exploratory
boreholes into a forgotten reposnory ‘would require estimates of the consequences of the drilling
and of the probability of its occurrence. Estimating the consequences would mquxre speculation
about how drilling would be done in the future. Given the rapid advances in drilling methods
in the past hundred years, it would be extremely difficult to guess how drilling ‘will be done
thousands of years from ‘now._ Esumatmg the probability of drilling would be even more

'speculative; given that only 200 years ago deep drilling was a rare occurrence, it is hard to guess

how often peoplc wxll want to dnll thousands of years from now.

. Because there is no way to ngorously defend estimates of exther the consequenoes or the

probabilities of future human actions, the CCDF could easily be dominated by assumptions about

these estimates. And there would be Little possibility’ that the estimates could be limited to
"reasonable” values, because’ there appears to be no defensxble basis for deoxdmg ‘what will be
"reasonable” in futuxe soo:eues :

A specific example of this possxbxhty appears in a demled prehmxnary performanoe assessmem
recently completed for the potenual site at Yucca Mountain, Nevada (Reference 3-1). That study

. examined the effect’ of varying the number of boreholes that it assumed would penetrate the

repository during the hiext 10,000 years, At the larger numbers of boreholes, the effects of
natural release mechamsms (c.g., groundwater flow) were obscured by the effects of drilling.
There was, of course, no basis other than assumption for choosing one number of boreholes over
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 to follow those suggestions, which appear in the guidelines that
accompanied the 1985 version of the standard.) When CCDFs that include guesses about
numbers of foture boreholes are introduced into licensing activities, the licensing process may
find itself focused on speculauon about those numbers rather than on substanuve issues of

reposnory performanoe

In other words a CCDF dommated by guesses about fumre human behavxor may obscure the
more defensible estimates of the ability of a repository system to isolate waste through its natural
characteristics and its engineered features. These characteristics and features are barriers on
which geologic disposal relies, and it is important that the performance measure embodied in the
standard reveal thexr effectiveness. - The CCDF can do so if the obscunng effects of estimates
about human acuons are removed from 1L . e ‘ '
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This line of reasoning suggests only that human actions should not be part of a standard that
requires estimates of the probabilities of those actions. It would not be appropriate to eliminate
human activities altogether from a determination that a repository system will isolate waste -
effectively. A simple way to remove the difficulties associated with estimating the probabilities " -
of future human activities is to assume that the activities occur and to calculate their
consequences on that assumption. This deterministic way of determining compliance must be
supplemented, however, if the calculations are to be used alongside the probabilistic standard that
govemns natural phenomena and if they are to be kept from unconstrained speculation.

First, the human activities must be removed from paragraph 191.13(a) of the standard. That
paragraph is built on the use of likelihoods as an integral part of the determination of compliance.
Calculations that treat the likelihood of human intrusion deterministically could not be a part of
that method. Because the Agency feels that calculations should be evaluated against a numerical
standard, a limit on releases must, however, be established. A reasonable limit, which follows
the reasoning behind the original release limits, would be 10 times the quantities in Table 1 of
the current EPA standard. This limit is reasonable because, as originally developed, it applied
to phenomena with likelihoods between 1 chance in 10 and 1 chance in 1000 over 10,000 years.

Second, the human activities must be constrained by rule. If the likelihoods of human-initiated
intrusive activities are completely removed from consideration, there would be no restraint on
what should be calculated. Clearly, a site with otherwise acceptable natural and engineered
features should not be declared unacceptable simply because an -unrealistic, highly improbable
future human activity could inadvertently exhume some of the waste. For example, drilling on
2-foot centers would be an improbable future event that would probably exceed the release limits

of any disposal system. It would be so improbable that it should not be part of a realistic ...~
appraisal of the system. But if its low probability of occurrence is ignored, an analysis of it
would show releases that violate a standard that makes no allowance for likelihood. A reasonable -
way to constrain the human activities is to follow the EPA guidance that says exploratory drilling
would be severe enough to adequately represent intrusive activities. Also reasonable would be

the inclusion of the current EPA guidance on the number of boreholes that should be assumed

for drilling in different types of rock. These constraints are compatible with the choice of a
release limit 10 times the quantities in Table 1 of the original standard.

Third, the phenomena that occur after or during the assumed drilling must also be constrained.
These phenomena occur stochastically for a number of reasons: e.g., natural variation in the
properties of materials, randomness in natural processes, randomness in the location of
exploratory boreholes, and uncertainties in data. Unless some constraints are placed on the
likelihoods of these phenomena, an evaluation of releases could be dominated by speculative,
highly unlikely events and processes. For example, the study of exploratory drilling described
in Reference 3-1 used the guidance suggested by the EPA for number of boreholes (17 boreholes
over 10,000 years); it also assumed today’s drilling technology and methods. The study had to
assume, however, a probability distribution for the times at which the boreholes were drilled and
for the possibility that any particular borehole would actually penetrate a canister filled with
radioactive waste. If performed iteratively for many thousands of times, a stochastic calculation
like the one performed in Reference 3-1 would eventually produce, at extremely low probability,
a simulation of a set of events in which each of the 17 boreholes penetrated a waste canister at
an early time after the closure of a disposal system. Such a calculation would be unsuitable fcv
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assessing the ability of the system to isdlaé wastc, because the event it modeled would have
extremely low likelihood, but the calculated releases would clearly violate the current limits.

The current standard avoids such unsuitable calculations by placing constraints on the natural
events and processes that must be examined. These constraints may reasonably be applied to the
events and processes that'sliould be examined once an assumption is made that human intrusion
occurs. Releases from phenomena with a likelihood of occurrence less than 1 chance in 1000
over 10,000 years are currently not compared with quantities stated in the standard. It is
consistent with the original standard to accord the same treatment to the phenomena that occur
during and after drilling into a disposal system. Paragraph 191.13(b) can thercfore defensibly
exclude such events and processes from comparison against the limits if their likelihoods of
occurrence are less than 1 chance in 1000 over 10,000 years.

Little experience from other countries is available for guiding the U.S. development of the
treatment for human intrusions. 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 to 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 a 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

~ ‘4 1 STATEMENT OF THE PROBLEM

Agencies affcctcd by 40 CFR Part 191 have expenmemcd with the complemcmary cumulative
distribution function (CCDF) that the 1985 rule suggests for demonstrating compliance with the
containment 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 &s 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 examined both the NRC and the EPA
statements of the approach and some further statements by the NRC staff: material in a letter,
dated July 1, 1992, from B. J. Youngblood (Director of the NRC Division of High-Level Waste
Management) to J. W. Gunter (Director of the EPA Criteria and Standards Division) and in an
informally circulated draft, dated October 10, 1991, giving examples of compliance
demonstration. The DOE has also benefited from an informal technical exchange with the NRC
staff (July 22, 1992) at which the three-bucket approach was discussed in some detail. A
preliminary series of calculations done under contract to the DOE has suggested that the approach
is not completely compatible with the DOE understanding of what will be needed for determining
compliance and is not necessarily simpler to implement than the original standard. The problem,
then, is to state the difficulties that the DOE sees in the "three-bucket approach.” '
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4.2 RECOMMENDED APPROACH

The DOE finds that the "three-bucket approach,” as it has been stated up to now, contains some

difficulties that keep it from being a completely acceptable way to demonstrate compliance. The-
DOE would prefer to leave the approach as an option in a draft Federal Register notice intended

to solicit comment on the revision of 40 CFR 191. Additional comment could help to clarify the

difficulties that the DOE finds in the approach and might help to produce an acceptably

simplified form of the original standard.
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‘43 SUPPLEMENTARY INFORMATION

‘I'lns material is not supplcmcntary information” in thc scnsc that itis normally used in the
rulemaking process. Instead, it simply explains, in brief summary form, the reasoning behind the

- DOE statement that the three-bucket approach may not be a useful alternative to the original EPA

standard. ‘The material in this saction may be useful to the EPA if its next proposal for 40 CFR

-Part 191 is accompamed by supplcmemary mfonnanon that explmns the EPA position on the

"three-bucket approach.”

- The analysxs mponcd in the tcchmcal support documcmauon reveals some features of the
tlu'ee-buckct approach that appear to makc it tmacceptable at Jeast i in its present form:

L kis possxblc to constmct some scenario classes for which the three-bucket approach and
~the original standard disagree about corapliance. The analysis began by applying the three-
‘bucket approach to the results of a recent total-system performance assessment of the
potential Yucca Mountain site; the ongmal assessment had already compared its results to
the original standard. The comparison suggested that the two methods agree about
- compliance for those particular results. Nevertheless, when those results were modificd
.. slightly, the analysis showed that the two methods can casxly disagree. Sometimes,
. depending on the parucular modifications, the original standard is stricter; sometimes the
- three-bucket approach is stricter. This conclusion suggests that three-bucket approach is
- probably not completely compatible with the original standard: i.e., it does not yicld the
same conclusxons about comphanoc Whether it would nevertheless be acceptable to the
regulatory community can probably be determined only after the community has examined
the approach more thoroughly and has debated the acceptability of ‘the ‘apparent
inconsistencies. :

2. The three-bucket approach is sensitive to the way in which “scenarios” are defined as
part of the compliance examination. The approach introduces the term "scenario” into the
regulation and therefore requires that scenarios be used in the examination of compliance.
The technical community does not appear to be in complete agreement about the role of
scenarios in constructing complementary cumulative distribution functions, and that lack of
agreement would be an obstacle to the implementation of the approach. More important,
the analysis shows that compliance may, in at least some examples, be demonstrable when
a disposal system is described by one set of scenarios, but not demonstrable when it is
described by another set. It would be preferable for the standard to yield the same results
about compliance regardless of the details of the definition of scenarios. Studies of how
to implement the current standard have suggested that it is not necessarily sensitive to the
details of the definitions. Because of the way the three-bucket approach treats scenarios,
however, it probably cannot be made insensitive without fairly drastic revision.

3. The three-bucket approach adopts a bounding value for sequences of events and
processes that have low likelihoods. This bounding value, 0.01, is applied in the analyses
of all sequences whose likelihood is (a) great enough for the sequences to warrant
regulatory consideration and (b) smaller than 0.01. The adoption of this bounding value
can lead to an overcmphasis of some low-probability sequences—an overemphasis that
contributes to the disagreements discussed in item 1 above. '
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4. The examples that the NRC staff has used in its explanations of the three-bucket
approach have assumed that it is possible to identify for each scenario a single associated
value of radionuclide release. Although this assumption was made for didactic purposes

and not because the staff felt that it will be appropriate in actual licensing, the-

simplification achieved by it appears to mask some of the difficulties with implementing
the standard. The approach, as now stated, does not explain how to reduce the distribution
of releases associated with realistic scenarios to simple, if not single, values of release.

Many of these difficulties may be avoided by further definitions within the three-bucket
approach and by detailed guidance about how to apply the approach in licensing. The
additional details that would be needed, however, appear to require efforts that would be
approximately as complex as the effort needed to show compliance with the original
standard. For example, to overcome the difficulty with associating a single value of
release with each scenario class would probably require something like deriving a CCDF
for each class--an effort that would not be a reduction below the efforts required by the
current standard.

These points are derived in much greater detail in the accompanying technical support
documentation. Although there may be solutions to the problems that the documentation
raises, the three-bucket approach does not appear to necessarily offer less difficulty in
implementation than the current standard. And it does pose potential problems of its own.
Until these possibilities are sorted out, it would not be wise to adopt the three-bucket
approach in place of the original EPA standard. At most, the three-bucket approach should
be provided as an option for compliance demonstration.
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44 TECHNICAL SUPPORT DOCUMENTATION

The technical analysis of the three-bucket approach in Appendix A is offered as support for the
DOE recommendation that the approach not be taken as a replacement for the original EPA
containment standard. It should be offered as an option in the draft Federal Register notice in
hopes that additional review and analysis will provide answers to the Department’s concems.
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CHAPTER §
MULTIMODE RELEASE LIMITS

5.1 ST ATEMENT OF THE PROBLEM

_In some instances, the releasc reqmrcmcms of Table 1 in 40 CFR Part 191 may result in an
inappropriate or overly conservative evaluation of reposnory sites because they do not adequately
account for significant features of a site. The 1985 version of 40 CFR Part 191 contained only
one release limit table (Table 1) for all release modes. The table was based on simultaneous
releases to all the world’s rivers and oceans. The three other basic release modes-aunosphenc.
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 havc been evaluated
at the boundary of the repository instead of at locations of release.
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5.2 RECOMMENDED APPROACH

A multimode release limit option is proposed in addition to the existing Table 1 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 atmospheric
release mode is addressed in the individual protection requirements (as explained in Chapter 9,
which discusses Carbon-14), and the human intrusion component is addressed in Chapter 3. In
incorporating the proposed new table, a number of corresponding changes to the wording of the

tule are needed. These changes are 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 mode, where radionuclides enter the
biosphere. At this location, cumulative releases over 10,000 years are calculated for
comparison to the multimode release limit; table.

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 released from
the repository is brought directly to the land surface.

Well Any wellhead outside the controlled area from . -
which groundwater containing radionuclides released
from the repository is withdrawn for irrigation or
supplying drinking water.

River Location(s) of existing discharge of groundwater
containing radionuclides released from the
TEpOSIOry to 3 river.

Ocean Location where river-water or groundwater
containing radionuclides released from the
repository discharges to an ocean.

Release mode - one of four potential ways 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 - the zone of the Earth extending from (and including) the surface into the
surrounding atmosphere.
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Subsection 191.13(a) needs to be changed to accommodatc the option 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 performance
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 after disposal from all significant processes and events 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) or Tables 2 and 3 (Appendix B); and

2. HHa\'re a likelihood of less than one chance in 1,000 of exceeding ten times the
' quantities calculated according to Table 1 (Appendxx A) or Tables 2 and 3
(Appendix B). ‘ |

The Department shall sclcct the releasc limits method to be used in cva.luanng compliance.
Appendix A rcmams the same as in the 1985 version of40 CFR Part 191.

A new Appendxx B would be created. It would be the same as Appendix A except for these
changes: replacement of Table 1 with Tables 2 and 3, the addition of two notes, and minor
changes to the original Note 6 from Table 1. (The creation of 2 new Appendix C will be
discussed in Chaptcr 6 )

Tables 2 and 3 provide rclcasc hmxts for the four potennal release rnodcs to be considered in the
containment requirements expressed in curies and wabequcrels rcspccuvcly The proposed
tables are included at the end of this section.

New information would have to be added as Note 6 of Tebles 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 entire drainage system of all rivers (for river releases) and all aquifers (for
well releases) is 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
other geologic and hydrologic components of a geologic disposal system.

Examplc 1--River Releases: For the river column, the release 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 comect for this, ¢ Site Adjustment Factor for the river
- release modc (SAFy) is used ase multiplier to adjust the risk factors. The Reciprocal Site :
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Adjustment Factor (RSAF;), with which the release limits are multiplied, is calculated as
follows:

E(’-cm‘ch) E(Lum"'um)
E(Lcm‘

=1

RSAF, =

This approximation represents the sums of the products of all tributary lengths and flow
rates divided by the equivalent 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 are then multiplied by this ratio to provide a site-specific release limit
for the river release mode.

Exa.mple 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. |

A method for approximating the ratio of contaminated water 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 (SAFy) may then be calculated and used as a multiplier to adjust the risk factors.

- Calculation of the Reciprocal Site Adjustment Factor (RSAFy) is done by dividing the age
of the water at the river by the difference in the ages of the water at the repesitory and at
the farthest point of migration in 10,000 years, or:

4,

'.A:’Al

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

Ay

’M';"A,-Al

Release limits in Tables 2 and 3 are then muluplwd by one of these ratios (the RSAF,,s\ .
to provide a site-specific release limit for the well release mode.

WP.158 54 8/10/92



The use of SAFs and the parameters to be cons:dercd m ca]ctﬂatmg SAFs shall be
dctcrmmcd by the Department. ,

A sccond 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 calculaung cumulative releases over 10,000 years, the points of comphancc are as

- follows: . .

E_e_lease Mode ‘ ~ Point of Compliance E
Land o | Location where radioactive material released from
o - the repository is brought directly to the land surface.
Wel 0 : Any wellhead outside the controlled area from
R " which groundwater contamxng radionuclides released
from the repository is withdrawn for u-nganon or

, | supplymg dnnkmg water.

River K o Location(s) of exxstmg dxschargc of groundwater
containing  radionuclides rcleascd from the
repository to a river.

Ocean Location where river-water or groundwater

containing radionuclides released from the
repository discharges to an ocean. '

The existing Note 6 from Appendix A, Table 1 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 repnrased 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 cach 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: .
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Qu/RLy, + Qu/RLy, + . ... +Qu /Ry, + QuyRLuyy + ... +
Qu/RLy, + QuuRLy, + . . . #Qo,/RLo, + QosRloy + .. . +
Qou/RLo, < 1.

The existing Appendix B from the 1985 standard would be renamed Appendix D. The
introductory paragraph of this Appendix discusses evaluating 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 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 original assumption that the
entire drainage system is available and contaminated.
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~ . :Release Limit (curies per 100,000 MTHM)
Nuckide River - Well | ocean - Lacd
| 1 B> TBD TBD TBD
Ni$§ 2Ee7 9E+05 TBD 1E+09
 sr50 E 2Ee04 AEe07 3B
2693 T 3E+06 SEe0? E+07
Tes9 SE406 1E+05 6E+08 2E+10
$o-126 IEeD4 4E+03 9E+03 TE05
1129 1E+04 SE+03 4E+05 3E+0S
Ci-135 1E+05 6E+04 2Ee07 - ZE+06
Cs-137 9E+04 SE+04 2E+06 SE«07
So-151 1Ee08 © 4E+07 T8D 1E+10
Pb-210 §E+03 4E+03 TBD TE+06
Ra-226 6E+03 3E+03 TBD 2E40S -
Ra-228 4E204 2E+04 TBD 6E+07
Ac-227 1E+04 6E+03 TE+03 8E+05
229 SEe04 1E+04 | 6E+03 SE04
Th-230 2E403 $E02 TBD IEW03
232 _SE+03 1E+03 TBD SE+03
Pa-231 TE+03 3E403 - 2E+04 4E+O4
U233 SE+O4 2E+04 1E+06 1E+06
m SE+04 IEW04 TBD 2E406
v-235 SE+04 JE+04 1E+06 1E+06
U-236 SE+04 3E+04 T8D 2E+06
u-23 SEe04 2E+04 18D - 1E+06
Np-237 1E+04 BE+03 TEiO4 $E+06
Pu-238 2E+04 1E+04 TBD 3E+06
Pu-239 2E+04 $E«03 FE04 2E+0S
Pu-240 2E+04 S$E+03 2E+04 25405
Po-241 SE«0S 2Ee05 TBD 4E+08
Pu-262 2E 404 $E+03 TBD 2E+05
Am-241 2E04 $E«03 SE+03 1E+06
Am-24) 2E+04 $E+03 SEe03 4E+05
Con-S 1E+04 4E+03 SEW 1E+0S
- Len: 40 $F+03 BD 05
"l'obe
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Releass Limit (TBq per 100.000 MTHM)

Nuclids River Well Ocesa Land
C-14 B °* TBD TBD TBD
Ni-59 8E+0S 3E+08 TBD SE+07
$1-90 . 2E403° 7E+02 2E+06 1E+06.
Z193 28+08 1E+0S 9E+0S 2E+06
Te-99 . 1E+0S 4E+04 2E+07 TE+08
Sn-126 4Ev02 1E+02 3B+ 35404
1129 SE+02 2E+02 1B+08 9E«3
Cs-138 SE«03 2E+03 6E+0S - 6E+04

| Cs137 3E+03 3E+03 SE+04 2E+06
Sm-151 4E+06 2E+06 TBD 6E+03
Pb-210 IE+02 1E+02 TED 2B+08
Ra-226 2E+02 1E+02 TBD 7E+3
Re-228 2E+03 TE+02 - TBD 2B+06
Ac227 6E+02 2E+02 { 2842 3E+0S
Th-229- 1B+03 4E+02 2E+02 2E+03
Th-230 7E+01 3E+01 TBD 1E+02
Th-232 1E+02 4B+01 TBD 1E+02
Pa-231 3E+02 1E+02 6B+02 2E+03
U-233 2E+03 TE+02 4B+04 SE+04
U-234 2E+03 8E+02 TBD 6E+04
U-238 2E+03 TB+02 4B+04 4E+04
U-236. 28+03 8E+02 TBD 6E+04
u-238 2E+03 7E+02 TRD _SE+04
Np-237 SE+02 3E+02 3B+ 3E«0S
Pu-238 9B+02 4E+Q2 TBD 1E+05
Pu-239 TE+02 3B+ 6E+02 6E+03
Pu-240 : $E+02 3B«02 SE+02 7E+03
Pu-241 2E+04 - TB+03 TBD 1E+07
Pu-242 $E+02 IE«02 _TBD 6E+03
Am-241 TE+02 3E+02 2B+02 4B+04

f Am-243 6E+02 3B+02 2B+02 2E+04
Cm-248 4B+02 2E+02 1B+02 SE+03
L m. 24 /| .ll < 4472 [ 148 )4

* To be determined
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§.3 SUPPLEMENTARY.INFORMATION e
The following matena! explains why the rule is reasonable when written in the form on the
preceding pages. This material could be used by the EPA as supplementaxy information for the.
proposed rule.

The 1985 release limits contained in 40 CFR Part 191, Section 191.13, which were stated
in terms of the allowable release from a repository containing 1,000 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 1 of the 1985 version), provided a single cumulative release limit
per radxonuchdc that was to be evaluated at the boundary of the conu-ollcd area.

Several commenters have suggested that release limits based solely upon a simultaneous
release to the world’s rivers and oceans may not be appropriate for all releases 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 rcgulate 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 underlying the Table 1 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 least the same level of protection to human health and the
envn'onment as did the 1985 standard. : L

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

¢« Table 1in Appendxx A is retained as an option for detemﬁning the releases to the
accessible envn'onment.

¢ New mulumode release tables (Tables 2 and 3in Appendxx B) for the containment
' requirements are included as an option for determining releases to the biosphere. Each
table consists of four release modes (fand, wells, rivers and oceans), each with specific
release limits, that can be used to account for site-specific features.: Atmospheric

- releases are considered in the Individual Protection Requirements.

« The multimode release limits (Tables 2 and 3in Appendix B) are based upon a
repository containing 10° (100,000) MTHM rather than 10* (1,000) MTHM.

. Comphanee with the release limits from the multimode tables is evaluated at the point

. of release to the biosphere for the parncular release mode rather than at the boundary
- of the controlled area. ,
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» Site Adjustment Factors (SAFs) are provided for use with the multimode release
limits. The Department may use SAFs for the river and well release modes. The
department would determine the parameters to be used in accounnng for specific site N
locations. L

10° (100.000) MTHM v. 10 (1,000) MTHM

The mulnmode release limits contained in today’s version of Appendxx A (Table 1) and
Appendix B (Tables 2 and 3) are based upon a 10° (100,000) MTHM repository rather
than a 10° (1,000) MTHM repository. This modification reflects no quantitative change
in the level of protection. It sxmply 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 20 MCi for TRU will now be used as the
reference rcposxtones for the multimode release method.

Four Column Release Lxmm Tables

After receiving comments that a single generic derived release limit based upon a
simultaneous release to all of the world’s rivers and oceans as a radionuclide escapes the
controlled area may not be appropriate for all reposanes. 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”
release limit table and added an option of multimode release limit tables consisting of ™.
four columns 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 muitimode release limit ta™'=s 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 each
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
normalized release limit for each scenario or event would include the release fractions for
each radionuclide for each release mode.

The derivations from the 1985 version of the standard have been reexamined. The
derivation for the land and river release modes in the 1985 version were basxcally
complets. The well release mode limits consist of a minor modification 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. ‘
AN
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o Implementation of Multimode Release Limits i

o While both the BID and the standard address thc unplcmcntahon of the mulnmodc 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
standard as that contained in the 1985 version. 'I‘hc only sxgmﬁcam change in the
~ containment reqmrcmcnts is -the optional method that . the Agcncy is allowing the
- Depantment to us¢ in dctcmmnng compliance with the containment requirements. The
"Agency bchcves that in some -instances this option may more rcahsucally reflect the
' actual processes and events that will take place between the repository and the potential
release points and mcrcfore may more rcahsucally reflect thc potentml risks posed by any

' zmch repos:tory : , ,

Multimode Well Release Limzts Nor Applxcable withm the Conzrolled Aren

The Agency feels that itis neoessary to make one point pamcu!arly clear with regard to
the implementation of the multimode well release limits. That is, these release limits do
not apply within the controlled area. This view was uphcld by the First Circuit Court
- (Natural Resources Defense Council v. US.EP.A., 824 F.2d 1258 (1st Cir. 1987)). As
~ the Court stated -in” upholding the Agency's decision hot to apply the groundwater
- protecnon standards wztlun the controlled area: . .

thc EPA’s chowe to sacnﬁce the pnmy of watcr at rcposxtoxy sxtcs as -
ot -part of the control strategy was impliedly sanctioned by Congn-.ss when,
o subsequent to passage of the SDWA [Safe Drinking Water Act], it enacted
the Nuclca: Wastc Pohcy Act.

~ Thus, the’ conccpt that 2-certain amount of area dxrectly surrounding the repository is

- devoted to'the disposal of radioactive waste is clearly accepted. Application of the
| mnlumodc rcleasc lnmts for wells will thcreforc begm at the boundary of the controlled
ama.

The multunodc relcasc lnmts method in addmon to expandmg the release limits to a four
column table, :also allows the Department to evaluate potential 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 1985
" approach in that the Agency has modeled the effects of a release of each radionuclide via
"' each of the four release modes for thc containment requirements and based the release
limits upon this modeling. - -

~ In setting 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 lmmans ensures uniformity of the biosphere for all applications of multimode release
" 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
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the movement of radionuclides from the repository to the points of release. This decision
is a result of comments reccxved and further cvaluanon of potential repository locations.

1 N

While the Agcncy behcvcs that the use of gcncnc modcls 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 appropriately assess the movement of
radionuclides from the repository to the points of release. This belief is based upon the
fact that the Department will be in a better position to evaluate the site-specific
attenuation factors and their impact upon the movement of radionuclides through the
lithosphere to the points of release. Attenuation factors depend on: groundwatcr vclocn)'.
retardation factor, dispersivity, distance of the actual release from thé 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 Adjwmnz Fa):tars* :

In dcncnmnmg compha.nce with the multimode river and well release limits, the Agency
allows the Department to use site adjustmcnt 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 river 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 determmmg the rclease limits for actual sites.

As stated earlier, there is no need for adjustment factors in compuung 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 release
modes. Surface (river) and groundwater (well) usages vary for different regions in the
United States. Thus, the Dcpartmcm will be responsxble for dctcrxmmng the appropriate
allocations for the specific rcglon in which the site is located .

The effect of mnlnmode release tables on the release CCDI= is to change the magnitude
of the normalized 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 Agcncy believes that today’s rule satisfies comments received concerning the

appropriateness. of using only a single generic derived release limit applied at the

boundary of the controlled area. The opnon of multimode. release limits refines the

release limit approach used in the 1985 version of 40 CFR Part 191, Section 191.13. The

use of multimode release lnmts accounts for all release modes to be considered in the -

containment requirements in assessing the performance of a disposal system. Th
\__'/
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Department is responsible for determining release fodes and release locations for all
pathways for each repository. Because the Agency has computed all transport and
biological effects from the release location *> 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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54 TECHNICAL SUPPORT DOCUMENTATION

The fdllowmg material is suppomng information that could be cited as reasons for the < \
suggestions in the proposed revision. It could be part of a technical support document for the :
rule.

Background

The 1985 version of 40 CFR Part 191 (Reference 5-1) contained a single derived release limit
for all release modes that was based 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 important release mode for mined repositories and that the
health effects per curie released are usually the highest for this release mode (Reference 5-2).

In reexamining 40 CFR Part 191, the EPA has received substantial comments 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. Gaseous releases, although included

in this discussion for completeness, are considered in the individual protection requirements of
the mgulanon The option of multimode release limits 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 addition, 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 Aucnuation Factors Outside the Repository.

(Gaseous releases are considered in the individual protection requirements. In
some instances, human 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 mcludcd in Appcndlx B of 40 CFR Part 191 to supply generic release limits
that are ..: at the locations of release to the biosphere for each applicable rele2se mode, which
is just one step in the derivation prior to where they were set in the 1985 version of 40 CFR Part
191. The following sections describe multimode release limits, methods used in developing the
four-column table of release limits, methods for combining releases from all applicable modes
" into a single summed normalized release limit, corrections for repository locations and geologic
~ risk attenuation, and suggestions for performance assessments. These multimode release limits
- contain some generalizations that may not apply to specific repositories, but the generalizations
are limited to the processes between the release locations and humans. Multimode standards
apply unifermly 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 locations to humans ensure uniform modeling 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
appropnate 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 for the 1985
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version of 40 CFR Part 191, and most of the derivations of risk factors were completed for that
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 refcmnce repository) by the risk factor for each radionuclide.

paest e
e e Populstion
El"”:" - P a1 Risk
c”'
"
Oceans,.~”
"'-‘
Performance Assessment
* R oo ra |
2338 Moces - & Ralease Limit
Pairways | Detivation
o Computs Attenuation EPA P
To Relsase Points Ralease
A Umis

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 Releese Limits

The following sections summarize the factors considercd in the dcnvanon 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 Part 191. Factors considered in analyses for the ocean release mode
are from a recent study. Data for the well release mode are new and are presented in this
chapter.

*This technical support document assumes that analyses will be completed using a program such as MARINRAD
(Reference 5-4) 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 Suppont Document and in Tables 2 and 3 in Appendix B of 40 CFR Par

191.
N
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‘The derivation of the single generic table for release limits in the 1985 version of 40 CFR Part

-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. Surf~~+ water
comes from lakes and rivers, but theése sources are combined into a river release mode to be_
consistent with earlier notation. The USGS publishes estimates of water sources and uses at S-
year intervals. Table S5-1 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 river release modes. The
values in Table 5-1 represent the percentages of each radionuclide that reach an aquifer by any
means that would be available for well withdrawal or discharge to a river. It does not mean that

. all or any of 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. : ‘ o ' . R

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

Great Basin . -

Adjustments of Generic Release Limits

Generic or world average parameter values are used to compute multimode release limits, just
as they were in the derivation of the present standards. Therefore they may not represent the
actual radionuclide pathways or risk of specific repository locations. There are many site
adjustment factors (SAFs) that could be applied to release limits for specific repositories to
compensate for these generalizations. Alternatively, generic SAFs could be defined in the
standards that would apply to all sites, or the selection of site specific adjustment factors could
be left to the implementing agency for each repository. Generic SAFs have the advantage of
consistent use for all repositories, and an equitable selection of SAFs that increase and decrease
the release limits would be predefined. The disadvantages of generic adjustment factors are that
they may overcorrect or undercorrect at any given site. The advantage of developing SAFs for
cach repository is that local conditions such as repository location relative to rivers, oceans,
agriculture, and populations at the time of assessment can be defined more precisely. The
disadvantage is the potential for nonuniformity in the sclection of SAFs and demands for an
unreasonable number of SAFs.

Either option should produce more accurate predictions of actual risk than generic analyses with

no site adjustments. The magnitude of the net adjustraent would depend on site characteristics
and may be insignificant for some repositories. Generic SAFs for two of the most obvious cases .
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are suggested for the river and well release modes in their respective sections. The alternative
tc SAFs for repositories that cannot be adequately assessed with generic release limits is the use

of collective dose limits, which do not require adjustments, but require additional site [

characterization and PA.
River Releas:e 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; inhalation
of resuspended material; and external exposure to ground contamination and air submersion.
"River"” includes all sources of fresh surface water. Derivations for the river mode have not been
updated with more recent data. Ocean 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 rivers 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.

As an example, Figure 5-3 shows that, in reality, only the downstream section 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 tributaries:

| 3 Uep * Fe)
W‘. 3 7 I-‘_ 2
3 G Fed + 32 oy * Fup
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Ocesn

' Fxgurc 53, Gcnenc River Basin for the River Release Modc

SAFR is the site adjustmcm factor uscd to correct the nsk factors for the river release modc "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 release mode are adjusted by multiplying by the SAF;. If the adjustrment
is applied to the release limits rather than to the risk factors, the Reciprocal Site Adjustment

Factor (RSAFR) is used as the multiplier to adjust the release limits. This definition of water
~ availability is companblc wnh the derivation i in the 1985 vcrsxon of 40 CFR Pan 191

Attenuation factors (AFs) for radmnuchdc tmnspon in aqucrs depend on flow rates. 'hffusnon.

- dispersion, retardation, decay rates of the nuclides, the duration of regulation, and the
: pcrfonnancc of all preceding repository components (Reference 5-6). Determining AFs for the

nver relcase modc would extcnd the present assessments bcyond thc controlled area.

| Well Re!ease Mode

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 tota! volumetric flow rates for both modes are computed by dividing the volumes
of each part of the hydrosphctc by their exchange activities. This information is available in &
UNESCO report for all the major hydrosphcre divisions (Reference 5-7) and is summarized in
Table 5-2.
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Table 5-2. World Hydrosphere Activities (Reference 5-7)

Part of Exchange Volumetric
| Hydrosphere Activity (yrs) Flow (km?%yr)

Rivers . 032 3.8 x 10°

Lakes . 10 2.3 x 10

Active Groundwater y 330 1.2 x 10°
' 5000 1.2 x 10*
World Oceans . 3000 4.6 x 10°

The derivation of the river risk factors in the 1985 version of 40 CFR Part 191 used a volumetric
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 radionuclide concentrations in groundwater are a factor of 2.5 higher. Because the risk
factors in the EPA derivatons (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 derivation 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 example, Figure 5-4 shows that, in reality, wells upgradient of the
repository do not produce contaminated water. In addition, during the 10,000-year regulatory
period, the contaminated plume may not reach the discharge location, and some uncontaminated
water al.. ~ould be withdrawn downgradient from the repository. The ratio of contaminated to
total available water can be approximated by dating tne 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 54. 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 repository (A,)
by the age of the water at the point of discharge to the river (Ay): -

SAF, = -“-’i‘-‘ | ' (5-2)

However, if the contaminated plume is projected to reach a river within 10, 000 years, the SAFw
is approximated by the following formula:

AN
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SAF,, = YR
3

(5-3)

. The risk factors are mniﬁphcd by these ratios. If the correction is applied directly to the release
- limits rather than. to the risk factors, the rcleasc limits are umluphed by the Rccxprocal Site
Adjustment Factor (RSAFy,). :

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 controlled area. Therefore, to assume uniform withdrawal in the plume for the entire

" time is reasonable. - The well AFs are then based on a statistical samphng of dxstanocs to wells
instead of being based on a single distance, as ‘the nvcr mode AFs are.

N Y

.---------------------.---'--‘--.-------.

) ’ ’ , 4
’ /"

. o ,
¢

, T

savel 3
.

Figure 54. Generic Groundwater Diagram for the Well Release Mode

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 decp ocean and shelf models for the
~ Subseabed Disposa! Project (References 5-8 and 5-9). The companson showed that the ocean
risk factors used to derive the release limits in the 1985 version of 40 CFR Part 191 were up to
a factor of 100 too low (Reference 5-10). 'Dns difference was confirmed by a preliminary study
of ocean risk factors that were defined in a letter from R.D. Klett (SNL) to D. Ensminger
(TASC) concerning the "Ocean Model for Release Limit Derivation,” dated October 22, 1991. -
The preliminary study was conducted by TASC and explained in e letter from S. Oston (TASC)

P
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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.] ~
¢

No cormrection 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 irrigation water

to the rivers, the same geologic AFs are used for the river and ocean release modes for each
repository.

Land Release Mode

Changing the method of computing risk factors for the 1and 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

For the multimode release approach, no corrections for repository location and no additional
computations of attenuation are required. The method for computing C-14 risk factors in EPA
520/5-85-026 (Reference 5-3) used a good global circulation model with release to the
atmosphere. Updating the analysis with a later version of the global circulation model would
only increase the release limit by a factor of 1.4. For completeness, a value for I-129 (Reference
5-11) has been added to the atmospheric column.

Risks from releases to the atmosphere are proportional to the amount of radioactivity in the
atmosphere during the period of regulation, not the total amount of activity released. Because .-
the release limits are based on total released activity, the C-14 limits are accurate for early
releases but very conservative for later releases. One alternative would be to regulate
atmospheric releases under the Individual Protection Requirements of 40 CFR Part 191. This
would result in an evaluation of releases in a manner that is consistent with the National
Emissions Standards for Hazardous Air Pollutants (NESHAPS, 40 CFR Part 61). A dose limit
of 10 mrem/yr for atmospheric releases would be added to the individual Protection Requirements
in addition to the existing 25 mrem/yr limit for individual exposure from all pathways.

For completeness, limits for atmospheric releases have been provided in the Tables. However,
as discussed earlier, atmospheric releases will be regulated under the Individual Protection
Requirements.

_ Risk Factors

This section presents the derivation results in terms of sisk 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
~ here in Table 5-3, and risk factors in cancers per curie are shown in Table 5-4.

N
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, ‘Development of Release Limits for 40 CFR Part 191

The analyses described in this-chapter were used to develop tadtonuchde release limits for the
- multimode method that comrespond 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 pér curie for each release mode and each

- radionuclide. The release limits in SI units are shown heee in Table 5-5 and the release Limits

-in curies and associated nmts are shown in Table 5-6

Summed Normahzed Releases -

Note 8 for Tables 2 and 3 mcluded in Appenchx B of 40 CFR Part 191 mchcates how release
limits are used in determining compliance with the containment requirements (Section 191.13).
In most instances, a mixtire of radionuclides is projected to be released to the biosphere. The

“ summed nonm.lxzed release limit for each seenano or event includes the release fractions for each
nuclide for each release mode: ‘ . .

| Qz.JRLx,.*'Qx.JRLu'F #+ Qu/RLw, +Qw,/m.w,+ - )
"R’“° <1 ‘“’ o ~

Qisthe computed 10y year releasc of & radlonuchde for each release mode at the release location,
- and RL is the release 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, .

., 0 refer to the individual radionuclides listed in the tables. - The effect of multimode release
“tables on the release CCDF is to change the magnitode of the normalized release (R) for each
scenario or event relative to the single release method in the 1985 version of 40 CFR Part 191,
as illustrated in Figure 5-5. The probabzlmes of the mdmdual soenanos or events that make up
the CCDF arc unchanged : _

L N

WP.158 5.23 " ) " 8/1092



Table 5-3. Fatal Cancers PeI 1Dy RCICANU W UL MUdptinic vive svpven - - — -

Multiple Release Modes

Cancers per TBq

Noclide River Wel* Ocean® Land* Atmospbere
(X7} TBD* {mD TBD TBD 1.57E+00°
Ni-59 1.24E-03 3.038-03 TBD 1.83E0S . NA®
$1-90 6.08E-01 1.51E+00 6.62E-04 1.02E-03 NA
9 408E03 1.025-02 106E.03 . 6.10E-04 NA
Te-99 9.86E-03 241E02 429E05 1.53E-06 NA
Sn-126 2.84E+00 6.95E+00 2.39E+00 3.73E02 NA
1129 2.18E+00 $.43E+00 732E-03 1.07E-01 6.72E+00
Cs-135 2.09E-01 4.69E-01 1.73E03 1.55E-02 'NA
Cs-137 2.39E-01 3.60E-01 1.33E-02 591E04 NA
Sm-151 '2.53E-04 6.14E-04 TBD 1.31E-06 NA
Pb-210 3.19E+00 7.03E+00 TBD 4.10E-03 NA
Ra-226 4.40E+00 1.05E+01 TBD 1.52E-01 NA
Ra-228 §.51E-01 1.52E+00 TBD 424E08. NA
Ac-227 1.80E+00 | 4346400 4.13E+00 335803 NA
Th-229 9.42E-01 2.30E+00 4.64E+00 5.13E01 NA
Th-230 145E+01 3.60E+01 TBD 1.04E+01 NA
Th-232 9.185+00 2.29E+01 TBD 1.02E+01 NA
Pa-231 4.00E+00 9.875+00 1.60E+00 637E01 . NA
U-233 5.81E01 1.44E+00 2.508-02 ' 203E02 - - NA
U-234 529801 1.31E+00 TBD 177502 NA
U-235 586601 - | - | 1.45E+00 226802 22782 | NA
U-236 5.00E-01 124B+00 | TBD 1.67E-02 . NA'
U-238 $.56E-01 138E+00 TBD 1.86E02 NA
Np-237 2.15E+00 3.27E+00 3.89E-01 327E03 NA
Pu-238 1.14B+00 2.82E+00 TBD 837503 NA
Pu-239 134E+00 332E+00 1.55E+00 1.68E-01 NA
Pu-240 131E+00 3.23E+00 1.55E+00 141E-01 NA
Pu-241 5.36B.02 1.45E-01 0.00E+00 6.7SE08 NA
Pu-242 1.298+00 3.20E+00 TBD 1.71E-01 NA
Am-241 145E+00 3.28E+00 5A8E+00 284E-02 NA
Am-243 1.84E+00 3.49E+00 537E400 6.62E-02 NA
Cm-248 2.73E+00 6.58E+00 8.07E+00 2.18E-01 NA

m-2458 M 44 0) = 400 [BD) c=02 NA
aine -4 .

Reference 5-2  *Preliminary incomplets snalysis by TASC wing MARINRAD  ‘Not Applicable ¢
*Thisrepot  *To be determined Reference 5-1 using 0.08 cancers per St
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Cancers per curie

Nuclide River “ went Ocear® | Laner Atmosphere 1
C-14 TBD* TBD TBD TBD S83E-02
Ni-59 4.61E05 1.12E-04 JTED 6.19E07 NAT
$r-90 225E02 5.60E-02 24SE-05 3.76E-05 NA , tl
2:-93 1SIE04 § 3.77E04 3.94E-05 226E-05 NA .
Te99 3.65ED4 8.93E04 1.59E-06 5.65E-08 NA
$n-126 1.05E-01 257E01 107E-01 138E-03 NA
1129 8.07E02 2.01E-01 271E04 3.96E-03 249E-01" .
Cs135 7.73EL03 1.24E02 639E05 . SISE04 - NA
Cs-137 1.07E-02 - | 133802 492E04 . - 219E05 NA %
Sm-181 - 938E06 - - 227E05° TED 6.71E-08 NA '
Pb-210 118E01 | 2.61E01 TED 1.52E-04 NA . 1
Ra-226 1.63E01 387E01 TBD. .- 5.62E.03 < |
Ra.228 241E.02 $.62E.02 8D 1.S7EL05 NA ||
Ac-227 66TEL2 - 1.61E-01 1.53E-01 1.24E04 - NA ,' ]
Th229 SA9EQ2 8SIEQ 1TE01 1.90E02 NA .
Th-230 $3SE-01 1.33E+00 TBD 3.86E01 - NA A ]
Th-232 340E-01 8.47E01 TBD 3.76E-01 NA :
Pa-231 148E-01 3.66E01 - SS4E-02 236E02 NA
U.233 21552 S33E02 92SE04 7S1E-04 NA
U-234 1.96E-02 486E02 TBD 6.S4E-04 NA
U235 217E02 S3BE02 - $36E04 842E-04 NA
U-236 1.85E.02 4.S9E2 TBD 6.18E-04 ‘NA
U238 2.06E02 { s1E0 TBD 6.90E-04 NA |
‘Np-237 795E02 121E01 144E-02 121E-04 1 NA :
Pu-238 423E02 1.05E-01 TBD 3.10E-04 NA

49TE02 123E01 623E-03 NA

484E02 120E-01 S.22E-03 NA

217503 536E-03 2.50E-06 NA

4TE0 1.18E01 ' NA

SAED2 122E01 NA

S.72E-02 129E0) NA

1.10E-01 244E-01 NA

WP.158
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A MWL o we .-

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

Release Limit (TBq per 100,000 MTHM)

Nuclide River' well* Ocean® Land* Atmosphere

c-14 TBD* TBD TBD TBD §E+02°

Ni-59 8E+08 3E+05 TBD SE«07 NA®

5190 2E+03 TE+02 2E+06 1E+06 NA

293 2E+05 1E+08 9E+0S 2E+06 NA

Te-99 1E+08 4E+04 2E+07 7E+08 NA

Sn-126 4E+02 1E«02 3E+02 3E+04 NA

1-129 SE+02 28402 1E+08 9E«03 1E+02

Cs-135 SE+03 2E+03 6E+0S 6E+04 NA

Cs-137 3E+03 3E+03 8E+04 2E+06 NA

Sm-151 4B+06 2E+06 TBD 6E+08 NA

Pb-210 3E+02 1E+02 TBD 2E+08 NA

Ra-226 2E+02 1E+02 TBD 7E+03 NA

Ra-228 2E+03 TE+2 TBD 2E+06 ‘NA

Ac-227 6E+02 2E+02. 2E+02 3B+05 NA

Th-229 1E+03 AE+02 2E+02 2E+03 NA

Th-230 7E+01 3E+01 TBD 1E402 NA

™-232 1E+02 4E+01 TBD 1E+02 NA "

Pa-231 3E+02 1E+02 6E+02 2E+03 NA

v-233 2E+03 TE+02 4E+04 SE+04 NA

U-234 2E+03 8E+02 TBD 6E+04 NA

U-235 2E+03 TE+02 4E+04 4E+04 NA

U-236 2E+03 SE+02 TBD 6E+04 NA

U-238 2E+03 TE+02 TBD SE+04 NA

Np-237 SE+02 3E+02 3E+03 3E+0S NA

Pu-238 9E+02 AB+02 TBD 1E«08 NA

Pu-239 TE+02 3B+02 6E+02 6E+03 NA

Pu-240 $E+02 3E+02 6B+02 TE+03 NA

Pu-241 2B+04 TE+03 TBD 1E+07 ‘NA

Pu-242 8E+02 IE+02 TBD 6B+ NA
| Am-241 7E+02 3E+02 2E+2 4E+08 NA

Am-243 6E+02 3B+02 2E+02 2E+04 NA

Cm-243 4E+02 2E+02 1E+02 SE+03 NA

wLL IE+02 02 [BD __ 104 NA_ :

Reference - s Repor Pre] wncomplete 13 Dy 1ASC using MARINRAL ,- g
“To be determined ‘Not spplicable  Reference 5-11 using 0.04 cancers per sv A
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Multple Release Modes
(This table should be used only with RSAFs)

Release Limit curies per 100,000 MTHM)

Nuctide Rier O CY | wer - Ocear® 77 1| Lanet Amopbere |
C-14 TBD' TED TED TBD 2E+04°

Ni® . | 2Eem SE+06 TBD 1E+09 NA*

$r-90 4E 2E+04 4E+07 IE+07 NA

719 E 3E+06 A L NA

) SE+06 1E+06 6E+08 2E+10 NA

So-126 § 1Ee04 4E+03 9E+03 TE+05 NA

H29 - | IEe0s | sEe03 4E+06 SEW0S 4E+03'

G135 | 1Ee0s 6E+04 07 2E+06 NA

Cs-137 | sEe04 $E+04 26406 SE+07 NA

$:-151 | 1E+08 4E+07 T8D 1E+10 NA

Pb-210 $E+03 4Eo03 TBD TE«06 NA

Ra-226 6E+03 3E+03 TBD 2E405 NA I
Ra-228 4E+04 26404 8D 6E+07 NA {
Ac-227 1E+04 6E+03 TE+03 SE+06 NA

To-22 3E+04 1E+04 6Ee03 SE«O4 NA il
To-230 .| 2ee03 SE«02 TBD 3E+03 NA

ToaR2 . | sEe03 B3 D . SEe03 NA

Pa3l 703 0 faEes - | 2Eem AEe04 NA

v-233 sEe0s | 2Ke0d 1Ee06 1E+06 NA

U214 SE+04 2E+04 TBD 26406 NA

U-235 SEe04 - . | 2Ee04 1E+06 | 1E.08 I na

U236 SEsO4 - ] 3Ee04 T NA

U238 : SEe04. . 2204 | TBD | 1£006 { Na

Np-237 | 1Ee04 SE+03 TEO4 $E+05 § NA

Pu-238 ] 2604 1E+04 TBD 3E+05 | N

P29 f 2Ee04 SE+03 2Ee04 ZE«0S . NA

Pu-240 3 SE+03 ) 2Ee4 2E+05 NA

Pu-241 SE+0S 2E+05 TBD 4E+08 NA

Pu-242 2E+04 SE«03 8D 2E408 NA

Am-241 ZE04 | sE+03 SE+03 1E+06 NA

Am243 - | 24 $Ee03 SE«03 . E0S | Na

Cm-24$ 3 N K | 3pe3 1Ee0S NA

245 - 403 :
. Reference B mnoompiete unng
"4To be determined *Not applicatie Refereace S-11 uring 0.0¢ cancers per sv
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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 segmcm
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 additional, but unquantified, margin of safety. Because the standards do not
specify average fractions of fresh water usage obtained 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 each repository relative to the recharge
location and closest river or ocean.

Summary

The inclusion of multimode release limits as an option in the containment requirements refines
the release limit approach used in the 1985 version of 40 CFR Part 191. The use of multimode
release limits accounts for the applicable release modes in assessing the performance of a
disposal system for the containment requirements. The DOE would be able to select release

modes and release locations for all pathways for each repository. PA will include all pre-release’

™ et

disposal system components in the assessments, from the repository to the release locaﬁob
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Because all transport and biological effects from the release location to humans for all four
release modes have been calculated, the biosphere and effects are uniform for all applications.
~These derivations were condutted with generic models 2nd data, so the multimode release limits
still contain some generalizations that may affect risk assessments. Multimode release limits are
not site-specific and can therefore be applied to future rcpos:toncs 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 a
modification of the limits for the river release mode. The roles of the DOE in PA have been
~expanded to include release mode selection, corrections to account for repository locations, and
 possible analyses of attenuation factors outside the controlled area. Site charactcnzanon and
- analyses on.ly havc to cand far enough to show eomphance ’
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CHAPTER 6
. COLLECTIVE DOSE

‘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 overly conservative t_:valuation of repository sites because they do not adequately account for
significant features of a site. Release limits are derived standards used only. to facilitate
regulation. A more fundamental criterion of dose limits could be used without jeopardizing
safety. A dosc option similar to that provided in the draft Federal Register notice of 40 CFR Pan
191 (2/3/92) would allow the Dcpamnent to show compliance with collective dose limits that are
equivalent to the fundamental criterion, i.c., equivalent to 1,000 hcalth cffccts over 10,000 years
per 100,000 metric tons of heavy metal.
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6.2 RECOMMENDED APPROACH

Incorporation of the collective dose option requires oruy 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. Atmospheric 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 to be added to Appendix D
(Guidance for Implementation of Subpart B), should be specified.

The following material suggésts a way that the standard might be rewritten to incorporate the
collective dose option. 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: A

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

®) 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 weighing factors in Appendix C, caused by
releases of radionuclides to the accessible environment for 10,000 years after
disposal from all significant 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-sieverts); and

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

Dose limits are based upon an HLW/SF repository of 10° MTHM and 20 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 States. Consideration should be given to retuming 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. Guidance on “future states” would provide the Department with a means of addressing
some of the uncertainties that could result from predicting conditions 10,000 years into the future,

o
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. The following wording shoulq be added to Appmd:x D, Gu:dance for Implemcmanon of Subpart
B: Gy

- .Future States.  Uncertainties about the future mvolvmg condmons that are
- unknowable can only be dealt with by ‘making assnmpnons and recognizing that
these may, or may not, comspond to 2 future reality. The Agency believes that
speculation concerning future condmons should not be the focus of the
compliance-determination process. Therefore, it would be appropriate for
-~ assessments made for Part 191 1o proceed under thc assnmptmn that many fature
. conditions -related to humans or to interactions between humans and their
environment will remain the same as those of foday’s world. Factors in this
category include human physiology and nutritional needs, level of knowledge and
technical capability, the state of medical knowledge, societal structure and
behavior, patterns of water use, and pathways through the accessible environment
that are affected by or result from human interactions with the accessible
environment. In some instances, consideration of these factors may be specific
to the region in which a disposal site is located (e.g., population distributions or
pattemns of water and land use). In contrast, the Agency would not find it
appropriate to include in this category the future states of geologic, hydrologic,
and climatic conditions that may be estimated by examining the geologic record.
Additionally, the Agency would find inappropriate the assumption that national or
world populations will remain unchanged; however, assuming future world
populations that cannot reasonably be sustained by current abilities to produce,
distribute, and consume food would also be inappropriate. For this reason, future
world populations in excess of 10 billion people need not be assumed for
cvalvations under 191.13. For standardization, a "reference person” is assumed

to ventilate (breathe) at a rate of m’/sec and to ingest liters/day of
drinking water; kg/day of fish; kg/day of mollusks; kg/day of
aquatic invertebrates; kg/day of water plants; kg/day of leafy
vegetables; kg/day of root vegetables; kg/day of grains;
kg/day of fruit; ____ kg/day of meat; kg/day of poultry; kg/day of
eggs: and liters/day of milk.

Some standardization of current conditions unmlatcd to particular sites can be attained by
providing parameters for & "reference person.” A physiological model of "reference man” is
available from the International Commission on Radiological Protection (see the example table
at the end of this chapter). Values for other parameters need to be determined. In addition, the
Nuclear Energy Agency initiated a BIOsphere MOdel Validation Study (BIOMOVS) in 1985.
The first phase of the study examined environmental assessment models for selected contaminants
and exposure scenarios. The second phase of the study, which began in 1991, has as one of its
objectives the development of a reference biosphere model that could be used in performance
assessments of radioactive waste repositories. Although this phase is not complete, preliminary
results of the study may provide an additional means for standardizing current conditions that
could be used as guidance for future states. The provisional reference biosphere(s) should be
formulated by October 1992, but the guidance for using the reference biosphere(s) is not expected
until 1996.
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The following wording should be added between the 2nd and 3rd sentences of the paragraph
entitled, "Compliance with Section 191.13"

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 proccsses for which the release limits are
inappropriate. The pred:ctcd doses for each event may then be normalized relative to the
dose limits set by the Agency in the same manner as predxcwd releases. The dose fraction
then replaces the summed release fraction for that cvent in the complcmcnta:y cumulative
distribution function. -
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63" SUPPLEMENTARY INFORMATION

~ The followmg information cxplams the basis for incorporating & collccnve dose option in the
~ rule. This material could be used by thc EPA as supplcmentary mformauon for the proposed-

. rule.-

L

The fundamental criterion, which is thc basis for thc 'Confainmcnt requircments in 40 CFR
. Part 191, is that in disposing of radioactive waste there must be a reasonable expectation
.~ that. relcascs from a reference repository will cause no more than 1,000 premature cancer
- .. deaths over the entire 10 1000-year rcgulatory pcnod ‘This criterion was based primarily
- -upon technical achievability and the premise that the overall risks to future gcncrauons be
- comparable to the risks 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
.. cither of two ways: 4)) lhrough the use of dcnvcd rcleasc hxmt.s or (2) through the use of

- & collective dose standard. o ,

The Agency has provided a collective dose altcmauvc 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 appropnatc than the use of generic

- derived release limits. According to the commenters, generic release limits do not fully

- account for site-specific attenvation factors that indicate variability in the lithosphere and

biosphere smroundmg repositories. . It is the Agency's belief that derived release limits,

either single generic or multimode, are appropriate for application to reposnoncs 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

altemnative, the Department would assess the movement of radionuclides from the repository

to contact with humans. Wi.en applying the release limits, the Department assesses the

movement 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 generically assessing the impacts beyond this point.

The performance of dose-based risk assessments may require extensive site characterization
for repositorics that may not have attenuation processes adequately represented by
comparison with release limits. Any extensive site characterization activity may prove to
be prohibitively expensive. Uncertaintics arise as more parameters are included in
compliance demonstration analyses. The larger the number and extent of uncertainties, the
greater the cost of the site characterization activity required to reduce them. 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 performance.
Predicted dose for each analyzed event may 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 CCDF. The probability remains the same,
so the only effect is to change the consequence level for that event in the CCDF.
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A preliminary performance evaluation may be needed to select the most appropriate
standard for a particular repository. Repository evaluations using release limits 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 less
approximate dose standards may be used.

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 to 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 alternative over the other should be based upon the ability of the
particular alternative to reflect more clearly the capability of a disposal system to meet the

fundamental criterion.
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64 TECHNICAL SUPPORT DOCUMENTATION : -

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

The 1985 version of 40 CFR Part 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 believes that, in most instances, exceptionally good protection can be achieved with
release limits. However, in reexamining 40 CFR Part 191, the EPA has received substantial
comments addressing the use of derived release limits. One aspect that has been commented on
in depth is that, for some reposxtoncs, the conservative approximate release. limits may not
adequately account for attenuating processes and that evaluation against a dose standard, which
would be more compmhcnsxve. may be required. Dose limits provide a more precise measure
of actual risk bot may require more extensive site characterizations and performance assessments.
In order to allow for possible circumstances that may rcqmrc & more comprehensive analysis, the
Agency has provided dose limits as an alternative 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 &8 combination of the two. Providing both release limits and
dose limits does not mean that proposed repositories are expected to comply with both standards.
An unsafe repository could not comply with either dose or release hmns, so cvaluating
compliance against both standards is neither expected nor required. '

Description of the Dose 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 1,000 premature deaths during the
10,000 year rcgulatory period for the reference repository. The premature cancer deaths in the
fundamental criterion were converted to allowable effective doses using a conversion factor
supphcd by the ICRP (Rcference 6-2) to produce the dosc limits. This procedurc is explained
' m the next secnon ‘

Consequcnces nsmg dose limits arc normalized for an event or process similar to the way they
are normalized using release limits. -The normalized 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 produced using release limits. Therefore, consequence CCDFs
based on the dose standard and release limits are regulated ‘by the same containment
requirements. The probabilities of events or proccsses in the CCDF are the same with either
limit. Only the values of individua! normalized consequcnccs (R for summed normalized release
and D for normalized dose) are different, as illustrated in Figure 6-1. The CCDF may be
constructed using all normalized releases, all normalized doses, or a combination of the two. The
latter option is particularly advantageous for repositories that are expensive to characterize and
analyze and have only a few events or proccsscs that cannot be reprcscntcd properly by generic-
release limits. i ,
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Figure 6-1. CCDF Made Up of Normalized Doses or Normalized Releases
Dose Criteria and Reference Future States -

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-
sievertssMTHM). For the reference TRU repository containing 20 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 Part 191 (2/3/92) (Reference 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 312 Wx,rz WreDpy = g- W'r.z wy *Dpy ' 61)

where Dy, is the mean absorbed dose to organ T delivered by radiation R. The radiation is th>*

—-—

M’

incident on the body or emitted by a source within the body. Values for the radiation wciglﬁb
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factors (w;) are given in Table 6-1, and values of the tissue wcnghmg factors (wy) are given in
Table 6-2.

Table 6-1. Radiation Weighing Factors, w;' ;

i Neutrons, energy <10 keV - 5

10 keV to 100 keV 10
>100 keV to 2 MeV 20
>2 MeV to 20 MeV 10

>20 MeV -3

Protons, other than recoil protons, >2 MeV : L | 5

Alpha particles, fission fragments, heavy nuclei 20

! Al valyes relate to the radiation incident on the body or, for intemal sources, emitted from the source.
b Thechmccofvalucs[orahermdmnmtywandcngwmtmmabk seeparagraphAumlCRP
PnbhcanonﬁO(Refaeme6-2) ’ _ .

810192
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Table 6-2. Tissue Weighing Factors, wy' /-\

-

e e

| ' 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 selectively irradiated. Some organs in the Iist are known to be -
|  susceptible to cancer induction. If other tissues and organs subsequently become identified as having a ) '
i significant risk of induced cancer, they will be included either with a specific wy or in this additional list R
| constiyting the remainder. The latter may also include other tissues or organs selectively irradiated. :

| * In those exceptional cases in which a single one of the remainder tissues or organs feceives an equivalent [

| dose in excess of the highest dose in any of the twelve organs for which a weighing factor is specified, 2
weighing factor of 0.025 should be applied to that tissue or organ and a weighing factor of 0.0225 to the

average dose in the rest of the remainder as defined above. -

|OrganorTissee 0 wVale |
Gonads ~ 0.20 |
I 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 |
|

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 Subseabed 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. Most of the radioactive doses per unit intake for all the major
radionuclides were taken from ICRP Publication 30 (Reference 6-5). The exceptions are the
doses per unit intake values for isotopes of plutonium and neptunium; these were calculated using
values appropriate to the forms of these radionuclides found in environmental materials
(Reference 6-6). 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 arc reasonable approximations considering the
accuracy of the dose model and the weighing factors. Tables 6-3 and 6-4 were computed usm\v
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. Table 6-3. Do*s;é"ﬁi]uivglent Factors for Human§(Ctmcs and Related Units)

WP.158

; lngemou lnhlhnon Immervion ) Exposure 0 Sail -
Nuctide Rem/Ci) Rex/Ci) Ren/Hr-Gi-M**3)  (REMMHrCi-M**3)

Jou 2075403 ... | 207E403 0.00E+00 .00E+00
i Niss 200842 | 1335403 230503 0.00E+00

{ ses0 - 1ae0s. | 1268006 5.40E-04 0.00E+00 |
Nz 155Ee03 | 3.18Ee05 0.00E+00 0.00E+00
IE™ 126E403 . . | 740E+03 1.30E04 0.00E+00
$n-126 1.89E+04 7.40E+04 1.80E02 9.00E+00
- 2s L74E+05 1MESGS 170E02 4S0EQ1
N conss 703403 . | 444Ee04 6.60E05 0.00E+00
Cs-137 S.SE+04 $22E404 1.00E+00 420E+00
Sm-151 337Ee02 281E+04 2.60E-04 480E02
Po-210 - S.18E+05 1.30E+07 3.00E03 130E02
| Raz2s 1.1SE+06 1.TTE«06 1.80E+00 6.40E+00
Ra22 12E406° 4 ALE+05 675E+00 | 2.60E+01
Ac2r | raEam 6.66E+09 1.69E+00  $21E+00
To-229 370506 | 211E07 $.0E01 220E400
Tu-230 SSSEW0S. | 3.18EeG8 1.80E+00 6.50E+00
Th232 LMEW06 - | 1.63Ee09 4.00E+00 1.56E+01
Pa-231 LOTEO? 126E+09 S.00E-01 2.20E+00
f vas 266E+05 . | 133Ee08 $.90E-01 2.30E+00
N v 2636405 | 1.33E«08 1.18E03 “732E-03
Cfuas - | 2smes | 128 296E01 131400
| vze 243E+05 1.26E+08 2.97E06 2.06E-04
vass . |2sE 1:18E+08 736E02 3.52E01
- Dl Npam 4OTE+05’ 431E408 360E1 '1.40E+00
: N o 185E+06 44408 1.50E.-04 1.30E03
-l ey | 223806 S.J8E+08 120E04 7.90E04
| 2o 222E406 S.18E+08 140E-04 1.30E-03
H-Nw 4ALESDL 1.O4E+07 6.10E0S 4.60E-03
Po-242 204E406 | 431E+08 1.10E-04 1.10E03
Am-241 2296405 . | S13Ee 3S0EL2 1.80E0)
Am-243 218E+06 SASEe08 3.10E01 130E+00
Cm-245 6.66E+04 1.74E+07 3A40E04 S.S0E-03

1.11E+06

6-11

2.60E04
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Table 64. Dose Equivalent Factors for Humans (TBq and Related Units)

'5=====:

;

A\
I

~

WP.158

6-12

Nuclide Ingestioa Inhalasion Immersico Exposure 1o Sotl
(Sv/TBq) (SviTBq (SviHr-TBg-M**3) (SviHr-TBq-M**3)
C-14 5.60E+02 0.00E+00 0.00E+00 ‘
I wi-so 5.40E+01 3.60E+02 821E04_ 0.00E+00
ﬂ 5190 3.90E+04 3.40E+05 1.46E-04 0.00E+00
2N A20Ee2 1.60E+04 0.00E+00 0.00E+00
| Teo 340EvR 2.00E+03 3SIE0S 0.00E+00
f sai26 S.10E+03 2.00E+04 436E.03 2.43E+00 JI
{ 112 7.40E+04 A70E+04 459E-03 122E01 “
ﬂ Cs-135 1.90E+03 1.20E+04 1.73E-03 0.00E+00
lc:-m 1.40E+04 L.70E+03 270E-08 1.13E+00 “
}S&n-lil 9.10E+0} 7.60E+03 1.02E05 1.30E-02 :"
P>-210 1.40E+08 3.50E+06 8.10E04 3SIE-03
nl‘.m 3.10E+05 2.10E+06 436E01 1.73E+00 Jl
Ra-228 3.30E+08 1.20E+08 1.82E+00 7.02E+00 1
I Ac-227 3.30E+08 1.80E+09 436E01 222E+00
l;n:-m 1.00E+08 5.70E+06 157EQ1 SS4E1
230 1.50E 05 L.60E+07 436E01 1.76E+00
| 1222 7.40E+05 4.40E+08 1.03E+00 421E+00
l Pa-231 2.90E+06 3.40E+038 13501 $.94B01
U233 720E+04 3.60E+07 1.55E-0) 621E-01 )
ﬂ U234 7.J0E+D4 3.60E+07 3.19E-04 1.98E-03 ﬂ
| uass 6.80E+04 3.30E+07 7.99E-02 3.54E0) “
i e 670E+04 340E+07 LO2E 5.56E-08
I van 6.30E+04 320E407 1.9E02 9.508-02 |
Np-237 1.10E+06 1.30E+08 9.72E02 3ME01 II
Po-238 S.00E+0S 1205408 4.05E-0S 351504 |
Po-239 6.00E+0S 1.40E+08 32UED0S 213E04 ﬁ
Po-240 6.00E+05 1.40E+08 37IE08 3SIE-O4
Po-241 120E¢04 2.30E+05 1.65E-08 “L24E-03 ﬂ
Po-242 $.50E40S 1305408 297805 297E-04 |
Am-241 600E+0S 1408408 105802 usEm |
Am-243 S.90E+0S 1.40E+08 S37E@ 311 |
1 w20 - 1.80E+04 4.70E+08 9.13E08 1.49E03 f
Cm-244 3.00E+05 7408407 | 7.02E08 7.43E-04 J

¢
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1975 to 1985 models and data. In defining reference future states, demography, and human
characteristics, uncertainties involving things that are unkn6wable about the future can only be
dealt with by making assumptions and recognizing th.: 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 conditions remain- the same as today’s. - Conditions included 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, pattemns of water use, and pathways
through- the accessible environment. . Howcvcr, mcludmg 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

people need not be assumed in evaluations for the oontammcnt requirements. -

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

' Performanoe Asswsment

Dose. bascd rLsk asscssmans, for rcposxtones that may not havc attenuation prooesscs adcquatcly
represented by comparison with release limits, could result in extensive site characterization and
analyses. Hf release limits are inappropriate for evaluation of only a few events or processes that
are responsible for the significant releases, these events or processes may be analyzed using dose
criteria. 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. Dose analyses are possible
on only sclected events and processes, and doses can be normalized to the EPA supplied dose
limits. These normalized doses would replace the corresponding normahzcd releases in the

CCDF.
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EXAMPLE TABLE

" (From ICRP 23, 1975)

REFERENCE MAN: SUMMARY OF ‘PHYSIOLOGICAL DATA

Carbon dioxide exhaled - -
Dietary intake (outrients) .
" Carbobydrates
Fat
Dietary intake (major elements)
. ‘Carbon
"Hydrogen
. Nitrogen
" Oxygen
Sulfur
Elements (summary of model valus for daily batance)
Energy expenditure
Feces, weight of
Fcccs, components of
- Water
Solids
~ Ash
“Fats R
'Nitrogen c.
Other substances R
‘Feces, major elementsin - * 1"
- Carbon =
Hydrogen
Nitrogen
Oxygen
_Human milk, eoxnposmon of

Ay

‘Intake ¢ =3k

Lung capacities .
Total capacity v
- Functiona! residual capacity - - -
Vital capacity
Dead space

Lung volume and respiration
Minute volume, resting
Minute volume, light activity
Air breathed, 8 b light work activity
Air breathed, 8 b nonoccupational activity
Alir breathed, 8 b resting

Metabolic rate

Nasal secretion, composition of (major elemeants)
Water
Calcium
Chlorine

~ Potassium

 WP.158 T 6ls

1000 g/day

95 p/day
390 g/day
120 g/day

300 g/day
350 g/day

16 g/day
2600 g/day

1 g/day

See section O
3000 kcal/day
135 g/day

105 g/day
30 g/day
17 g/day
5 g/day
1.5 g/day
6.5 g/day

7 g/day

13 g/day

1.5 g/day

100 g/day ‘
See Table 128
300 ml/day

561
221
431
160 m!

TSvmn

20 Vmin
9600 1
9600 1
36001
17 caVmin-kg W

95-97 ¢/100 m!
11 /100 m!
495 g/100 ml
69 g/100 m)

353

Page

351
351
351

352
352
352
352
352

338
353

353
353

353

353

353

365
365
365
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" EXAMPLE TABLE

(From ICRP 23, 1975)

REFERENCE MAN: SUMMARY OF PHYSIOLOGICAL DATA (Continued)

Sodium
Oxygen Inhaled
Saliva, composition of
Sweat, composition of
Urine values

Volume

Specific gravity

pH

Solids

Water balance (gains)
Total fluid intake
Mik
Tap water
Other

In food

By oxidation of food

Total

‘Water balance (losses)

In urine

In feces
Insensible loss
In sweat
Total

1All sections reference ICRP 23, 1975

WP.158

6-16

295 /100 m
920 g/day

See Table 130

See Table 129

1400 ml/day
1.02

62

60 g/day

22 g/day

1 g/day

0.14 g/day

15 g/day
160 g/day
1300 g/day
§ g/day

1950 mV/day
300 mVday
150 ml/day

1500 ml/day -

700 ml/day
350 mV/day
3000 mVday

1400 ml/day
100 mV/day
850 ml/day
650 ml/day
3000 ml/day

Page
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CHAPTER 7
TRU WASTE EQUIVALENCE UNIT

7. 1 STATEMENT OF PROBLEM

" The use of valucs in thc 1985 version of 40 CFR Pan 191 that equate transuranic (TRU) waste

with high-level waste (HLW) and spent nuclear fuel- (SP) . is not technically sound because
military TRU waste is not associated with commercial reactor fuel, does not have a unit
comparable to a metric ton of heavy metal (MTHM) of fuel, and does not have a comparable
risk/benefit relationship. None of the proposed quasi-equivalent units equate the risks of a TRU
repository to those of a HLW/SF repository. It would only be possible to equate HLW and TRU
repository risks for a specific pair of inventories and a specific pair of repositories. One option
is to develop a fundamental criteria for TRU waste based on acceptable risk to the populace.
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7.2 RECOMMENDED APPROACH

The following material proposes a fundamental criterion for transuranic (TRU) waste disposal,
based upon the same risk allowed for high level waste/spent fuel (HLW/SF) repositories and- .
upon the same concept of a reference-size repository. To incorporate this proposed approach,
only minor changes in the wording of the rule are needed. The definition of the TRU unit of
waste (in the notes accompanying Table 1) must be modified in two ways. First, the definition
must include the activity from all radionuclides (not just long-lived alpha-emitters) contained in
the waste. Second, the definition must reflect the adoption of a reference size for a TRU
repository. Table 1 should be adjusted to the reference release limits (based on 10* MTHM for
HLW/SF). The activity associated with the TRU unit of waste would be changed to 20 MCi.

Appendix A: Table for Subpart B

TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTS
{See Table 1 at end of section}

Application of Table 1

Note 1: Units of Waste. The Release Limits in Table 1 apply to the amount of wastes in
any one of the following:

(a) An amount of spent nuclear fuel containing 100,000 metric tons of heavy metal
(MTHM) exposed to a burnup between 25,000 megawatt-days per metric ton of heavy
metal MWd/MTHM) and 40,000 MWJd/MTHM;

(b) The high-level radioactive wastes generated from reprocessing each 100,000 MTHM
exposed to a burnup between 25,000 MWJI/MTHM and 40,000 MWdI/MTHM;

(c) Each 10,000,000,000 curies of gamma or beta-emitting radionuclides with half-lives .. ..-
greater than 20 years but less than 100 years (for use as discussed in Note 5 or with
materials that are identified by the Commission as high-level radioactive waste in
accordance with part B of the definition of high-level waste in the NWPA);,

(d) Each 100,000,000 curies of other radionuclides (i.e., gamma or beta-emitters with half-
tives greater than 100 years or any alpha-e~*“ters with half-lives greatc: than 20 years) {for
use as discussed in Note 5 or with materials that are identified by the Commission as high-
level radioactive waste in accordance with part B of the high-level waste in the NWPA);
or

(¢) An amount of transuranic (TRU) wastes containing twenty million curies of
radionuclides.

-

Note 2: Release Limits for Specific Disposal Systems. To develop Release Limits for a
particular disposal system, the quantities in Table 1 shall be adjusted for the amount of
waste included in the disposal system compared to the various units of waste defined in
Note 1. For example:

(a) If a particular disposal system contained the high-level wastes from 50,000 MTHM,
the Release Limits for that system would be the quantities in Table 1 multplied by .5
(50,000 MTHM divided by 100,000 MTHM).
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(b) If a particular disposal system contained two faillion curies of alpha-emitting
transuranic wastes, the Release Limits for that system would be the guantities in Table 1
multiplied by .1 (two million curies divided by twenty million curics).

(¢) K a particular disposal system contained both the high-level wastes from 50,000
MTHM and 2 million curies of alpha-emitting transuranic wastes, the Release Limits for
that system would be the quantities in Table 1 multiplied by .6: .

- 50,000 MTHM 2,000,000 curies TRU
L Oue +

100,000 MTHM 20,000,000 curies TRU

= .6

Note 3: (same as 1985 standard)
Note 4: {same as 1985 standard}
Note §: {same as 1985 standard}
Note 6: {same as 1985 standard}

WP.158 13 8nom2.




TABLE 1 - RELEASE LIMITS FOR CONTAINMENT REQUIREMENTC f\
l [Cumulative releases to the accessible environment for S
I _ 10,000 years after disposal] o
Release limit per 100,000 J
Radionuclide MTHM or other unit of F
waste (see notes) (curies)
| Americium-2410r-243 ......... .. i iiiiinnnn, 10,000
Catbon-14 . . . ... ittt ittt ittt et eeas 10,000
| Cesium-1350r-137 ... .o ittt iiiiiiiiieannn 100,000
f Jodine-129 .......cciiiiiiitiiiiierenninanns 10,000
| Neptunium-237 ......ovvreenennnneanannnocnns 10,000 !‘
Plutonium-238, -239,-240,0r-242 ................ 10,000
I Radium-226 .............cciiiirinrierennnnn 10,000
I Strontum-90 .. ... i i it e e 100,000
| Technetium-99 ................... ...t 1,000,000 '
| Thorium-2300r-232 ...........ccciieerennnn. 1,000 F
FTin-126 ......c0itiiiiiii it 100,000
Uranium-233, -234, -235,-236,0r-238 ............. 10,000
| Any other alpha-emitting radionuclide with a half-life
| greaterthan 20 years .. ..cvvviininnnnnnnennnns 10,000
{ Any other radionuclide with a half-life greater than 20 -
| years that does not emit alpha particles ............. 100,000
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73 SUPPLEMENTARY INFORMATION

The following material could be used as supplcmentary mformauon in explaining why the rule
is reasonable when Written as suggcstcd in thc preocdmg section. .

The Agcncy bascd the cumulative release hmxts of 40 CFR Part 191 on the fundamental
criterion of no more than 1,000 premature cancer deaths over 10,000 years from the
disposal of the wastes from 100,000 metric tons of reactor fuel. This fundamental
criterion is expressed in tcrms of allowable health effccts per quantity of waste over a

spccxﬁcnmc o : 2 :

The Agency reasoned that this fundamcntal cntcnon sansﬁcd two objccnvcs First, it
provided a level of protection that appeared to be reasonably achievable by the then-
considered geologic disposal options. The Agency reached this conclusion after assessing
the performance of a number of model repositories, using very general transport models.
-The second objective satisfied by the selected fundamental criterion was the limitation of
risks to future populations to acceptably small levels. This conclusion was made after
‘comparing the estimated risks posed by a8 HLW/SF repository to those that would resuit
if the uranium ore used to create the waste had never been mined. In meeting these two
objectives, the Agency cstabhshed a tanonal fm:damcmal criterion for the disposal of
HLW and spcnt fuel : .

The fundamental criterion formcd thc basxs for thc dcnvcd tclcasc lumts ‘expressed as
~radionuclide release per "unit of waste." For HLW and spent fuel, the unit of waste
~ selected was 1,000 metric tons of heavy metal. The Agency provided a scaling rule for
- different sized repositories. The Agency sclected -one million curies as the TRU
equivalent to the HLW/SF unit, which was intended to provide the same degree of control
for the long-hved alpha-crmmng radxonuchdcs

For a number of reasons, the Agcncy is monsxdcnng thc appropnatcncss of defining the
TRU unit of waste in terms of ‘equivalence with the HLW/SF unit of waste. The

1,000,000 Ci/1,000 MTHM relationship was derived based on specific initial inventories
of transuranics in TRU wastes and HLW. The method of application of the release limits
table, by limiting the summed normalized release fractions of both transuranics and fission
products, may result in inconsistent controls of HLW and TRU repositories. In addition,

_ the original approach, comparing initial inventories, fails to take into account the 10,000-

year nmcframe. the presence of radionuclides other than long-lived alpha emitters, and
thc nsk attcnuanon Wh.lCh dcpcnds on pathways and release modes.

" A number of options in rcdefmmg the TRU waste unit were examined. The possibility
of using an alternative basis for comparison (i.¢., other than initial inventories) of TRU
and HLW was dismissed due to the lack of a defensible relationship between the two.

. Another option, a comparable risk/benefit analysis, is not possible due to the remote (and
- difficult to quantify) nature of benefits associated with TRU wastes. For these reasons,

. the Agency is proposing a TRU unit of waste, independent of the HLW/SF unit of waste.
~ ‘The option of developing a new absolute collective risk limit was considered, but was,
deemed impractical because of the extensive analysis required (comparable to the original
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analyses supporting the development of 40 CFR Part 191) and the difficulty in eliminating
(or justifying) inconsistencies between the approaches for HLW and TRU wastes.

The approach proposed for defining the TRU unit of waste is to derive a fundamental -

criterion for TRU waste disposal, developed in the same manner as the HLW fundamental
criterion. The fundamental criterion for both HLW and TRU waste disposal would then
be based on collective risk limit. This approach is consistent with the radiation protection
objectives and methods recommended by the Nuclear Energy Agency and the
International Commission on Radiological Protection. An advantage to the proposed risk
limit approach is the ability to frame the approach in a manner that is both consistent with
the technical basis for the HLW release limits and compatible with other provisions of
40 CFR Part 191. Finally, the collective risk limit can be applied uniformly, to all release
modes, all repositories, and all inventories. A collective risk limit of 1,000 deaths over
10,000 years for a reference repository is proposed, adopting the same basis used for the
HLW standards.

The remaining elemcnt in the unplememauon of the collective risk:limit is the total
quantity of TRU waste to which the limit applies. For HLW, the fundamental criterion
was based upon an inventory (100,000 MTHM) expected to accumulate by the year 2000,
cncompassmg all existing HLW and most future waste from all thcn—opcranng reactors.
This inventory constituted the HLW “reference repository,” used in the original risk
analyses supporting the contzinment requirements. For TRU wastes, a "reference
repository™ must be defined, consistent with the approach used for HLW.

Using the same timeframe as that for the HLW reference repository, TRU wastes

quantities are expected to reach 9.8 MCi by the year 2,000. Extending the timeframe to

2013, the latest dated cited in the Integrated Data Base, provides an estimate of 14.3 MCi.

Based on the projections, a reference TRU repository size of 20 MCi is proposed.
Because this reference size was developed consistent with that established for HLW, the
conservatism inherent in the HLW criteria is maintained for TRU. In addition, this size
is believed to be conservative in light of the projected inventaries and is alsc ~Jught to
represent, in practical terms, the largest geologic repository size due to the limited lateral
extent of suitable, homogenous formations.

As the final step in incorporating the fundamental criterion for disposal of TRU wastes
into the rule, modification of the cumulative release limit table (now based upon 10°
MTHM) is proposed. This modification reflects no quantimtive change to the level of
protection required, but mcrely presents the information in a manner more clearly related
to the fundamental criteria (1,000 deaths per 10,000 years per reference repository,
whether HLW or TRU waste). For consistency and scaling efficiency, 10° MTHM of
HLW/SF and 20 MCi of TRU will now be used throughout the standards. To apply the
release limits, the standards would be scaled, the proportion determined by rationing the
size of the actual repository to the reference repository. For example, for a TRU
repository with an inventory of 5 MCi and a reference repository of 20 MCi, the limits
applicable to the repository would be 5/20, or 0.25, of the reference release limits. This
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approach is consxstcm with that used for the HLW standards and does not require any
new derivations.

L
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7.4 TECHNICAL SUPPORT DOCUMENTATION

The following material is suppomng information that could be cited as reasons for the DOE { :
suggestions for the above revision. It could be part of a technical support document for the rule.  *

The 1985 ver'sion of 40 CFR Part 191 contained a fundamental criterion for high-level waste and
spent fuel that allowed no more than 1,000 premature deaths over the first 10,000 years from
disposal of the wastes from 100,000 metric tons of reactor fuel. In developing the disposal
criterion for transuranic waste, the Agency felt that it was possible to equate a TRU waste unit
to the HLW/SF waste unit. Thus, the standards did not contain a fundamental criterion
specifically developed for TRU waste disposal.

Fundamental criteria (Level 1) are the only standards that explicitly define the radiological safety
requirements of the repositories. Level 1 criteria control risks to the populace, have a significant
effect on the cost of repositories, and are the basis for other levels of radiological criteria. To
have any radiological risk significance, all other levels of criteria must be traceable to an
appropriate fundamental criterion (Reference 7-1).

In reexamining 40 CFR Part 191, the EPA has received substantial comments addressing the
TRU waste unit. One aspect in particular, that has been commented on in depth, is the need to
more fundamentally define the TRU waste unit, rather than trying to equate it to the HLW/SF

unit. The Agency believes that the fundamental TRU waste criterion promulgated in the present
version of the rule satisfies any deficiencies that may have existed in the 1985 version that
resulted from equating TRU waste and HLW/SF. The present version of the TRU criterion is
based on established principles for fundamental criteria, and all steps in the development are -~
parallel to those used in the HLW fundamental criterion development. The regulatory philosophy _
for this fundamental criteria is consistent with that for the HLW/SF fundamental criterion and

is also compatible with the existing release limits approach.

HLW Fundamental and Derived Criteria in 40 CFR Part 191

The present fundamental criterion for HLW and SF allows no more than 1,000 premature cancer
deaths over the first 10,000 years from d:sposal of the wastes from 100,000 metric tons of reactor
fuel (average of 10* HE/MTHM-yr). This is a risk/benefit criterion that allows the risk from
waste disposal to be proportional to the amount of power generated. For convenience of analyses
power is equated to the amount of fuel used to generate the power (MTHM). It is also based on
collective world population risk over the 10,000 year period of regulation. The HLW/SF release
limits were derived by computing the risk fectors (fatal cancers per curie released) for each
radionuclide for several release modes (Reference 7-2). The fundamental criterion was divided
by each of these risk factors to produce a table containing release limits for each radionuclide
(Reference 7-3), which is compatible with the risk/benefit, collective population risk fundamental
criterion.

The allowable risk level for HLW/SF disposal was based on predicted capabilities of a reference
HLW/SF repository in several geologic media. This results in a high level of stringency relative
to standards for other carcinogens. The 100,000 MTHM size of the reference repository was
selected because it was the estimated cumulative inventory by the year 2000 (Reference 7-4).\_/
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Tlus is also about the’ largest gcologxc HLW/SF repository ‘that would be built because of the
limited horizontal extent of homogencous formations with charactcnsucs acceptable for HLW/SF
repositories.

. Fundamental and Denved Standards for TRU Waste stposal

" The 1985 version of 40 CFR Part 191, while provxdmg a fundmncmal criterion for HLW and SF,
" did not contain a fundamental criterion for TRU waste dxsposal In developing the TRU waste

unit, one million curies was selected as equivalent to the HLW/SF unit. The TRU waste unit was
intended to provxdc comparable levels of protection for the long-lived ‘alpha-emitting
radionuclides in- TRU ‘waste to that provided for all radionuclides in the HLW/SF unit. The
1,000,000 Ci/1,000 MTHM relationship was derived based” on the initial inventories of

o transuranics in a TRU inventory compared to-an inventory of HLWISF. However, due to the

method of application’ of the release limits table (limiting. the summed normalized release
fractions of both transuranics and fission products), the spccxﬁcd limits do not provide the same
levels of protection for HLW/SF and TRU repositories. Thus, after a review of the numerous

- coraments submitted addressing the need for a more accurately defined fundamental TRU waste

disposal criterion, the Agency has concluded that military TRU waste cannot be ‘appropriately

" associated with commercial reactor fuel to facilitate the equation of the TRU unit to the HLW/SF

unit. 'As a result, the Agency has decided to promulgatc a scparate fundamcnml criterion for
TRU waste in 40 CFR Part 191. o

~  Several altematives have béen- suggested to the Agency in addressing the fundamcmal criterion

for TRU waste. One approach was to develop a fundamental criterion based on acceptable risk

o to the populace and the expected quantity of TRU wastc (Reference 7-5, “7-6). However, since
- collective population risks are the basis for the fundamental criteria and derived felease limits

used to show comphance in 40 CFR Part 191, ncxther the ICRP standards nor the EPA standards
for chemical carcinogens could be used for TRU waste. The ICRP fundamental standards are
based on & peak individual risk rate, which is not compatible with collective risks or release

e hrmts The standards for chemical carcmogens are based on individual risks as a function of the

number of people at risk. This method is also incompatible. Since the lbenefits associated with -

" "roilitary TRU waste are not readily quantifiable, it has been suggested that the EPA ‘develop 2
" new absolute collective risk limit.:. This TRU fundamental criterion would be completely

independent of the HLW/SF fundamenta) criterion and based solely on expected quantmcs of
TRU waste and acceptable levels of risk. One of the difficulties with an dbsolute TRU eriterion
is the uncertainty in predicting thctotalquanntyofmUwastcthatwﬂlbcgcneratcdsomata
risk allocation can be made for each mposnory There are also inconsistencies in regulatory
philosophy between the risk/benefit HLW/SF criteria and an absolute TRU criteria, and & new
release limit table would have to be derived. Thus, it would not be pmctxcal to dcvelop this form

o of fundamcmal criteria for TRU waste disposal at this time. o
 Instead, the Agency has dcvelopcd a TRU fundamenml risk criterion pamllcl to that for HLW/SF

repositories. Development of this fundamental criterion used the same rationale and type of
enalyses as the development of the HLWI/SF standards (Reference 7-2; 7-3). No new release
limits arc needed, and the fundamental criterion for TRU waste is compatible with the HLW/SF
criteria and all other requirements in 40 CFR Part 191. Although this ‘I'RU fnndamental criterion -
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is not a true risk/benefit cmenon. the allowable risk can be scaled relative to repository size,
making the allowable risk units for TRU waste coraparable to those of HLW/SF.

The fundamental risk criterion for HLW/SF is intended to assure adequate protection for a -

HLW/SF reference repository of 100,000 MTHM. This reference repository was then used, in
the 1985 version of 40 CFR Part 191 (Reference 7-3), for derivations and in comparison studies
of waste disposal systems and undisturbed ore bodies (Reference 7-7, 7-8). A TRU reference
repository has now been’ established by equating the. allowable risk to that of the HLW/SF
reference rcposxtory

The size of the HLWISF reference n:posxtory was based on t.he expectcd inventory in the year
2000 including all existing HLW/SF and the projected waste from existing reactors. A consistent
size for the TRU reference repository has been defined using the same guidelines. The Integrated
Data Base for 1991 (Reference 7-9) lists the current inventory and projected accumulation of
known remote-handled (RH) and contact-handled (CH) TRU waste in the year 2000 as 9.8 MCi
(Table 7-1). This value is 14.3 MCi in 2013, which is the last year listed. Following the same
rationale used to select the size of the HLW reference repository, a conservative size for the TRU
reference repository, mcludmg RH and CH waste, is 20 MCi. Given the oonservausm built into
the HLW/SF criteria, this size gives the TRU reference rcposztory a very conservative allowable
risk. The allowable risk for smaller TRU repositories is scaled propomanally 0 thexr size
relative to the reference repository.

New release limits were not required for the TRU fundamental criterion. The risk factors used
to derive the release limits were computed for individual radionuclides and apply to any

mventory or waste category. The fundamental HLW/SF risk criterion and dose limits in the 1985 -

version of 40 CFR Part 191 were based on 100,000 MTHM, while the release limits in Table 1

of Appendix A were based on 1,000 MTHM. For consistency and scaling efficiency, 100,000 ~

MTHM for HLW/SF and 20 MCx for ‘l'RU waste are now used throughout the standards.

Scaling the release lnmts for different sizes of repositories uses the method deﬁncd in Note 2 to
Table 1 in Appendix A of 40 CFR Part 191 (Reference 7-7). Calculating release limits for both
HLW/SF and TRU-waste repositories uses the values in the release limit table for the apphcablc
reference repository (100,000 MTHM or 20 MCi) muluphed by the ratio of actual repository size
to the reference rcposxtory size.

Summary

A TRU fundamental criterion has been developcd that is related to the allowable risk for
HLW/SF repositories. Development of this criterion used the same rationale and type of analyses
as development of the HLW standards, as shown in Table 7-2. The approach using a TRU
fundamental criterion is based on mposxwry safety and applies equally to all release modes, all
repositories, all inventories, and all times. It uses the same format and regulatory philosophy as
the HLW standards, and it is complctely companble with other aspects of the standards. It
eliminates the need for a TRU waste unit that is "equivalent” to the HLW/SF waste unit, and the
repository risks may be more accurately computed because the release limits are traceable to a
fundamental criterion.

N’
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Table 7-1. Total Systcm Inventories, Projections, and Charactcnsncs of all Stored DOE TRU
Waste in S-year Increments‘ .

Mass® Radioactivity’ Thermal power®
) | 10° Ci) A0°'W)
Annual | Accumu- | Anoual | Accumu- | Annual | Accum
rate lation e | lation rate u-
lation
N Stored, contact-handled® = : o
1990 .| 14782 | so0221 | 375 | 21145 | 16670 | 253445 | s2s | es42

1991 | 21089 | ‘erisio | 1205 | 22350| sises | soe0es | 1650 | s |
1995 | 21085 | oses6 | 1205 | 27170 | sases | assess | 1650 | 14615 |
2000 | 23089 | soamna | 1205 | 33105 | ssses | 700ss8 | 1690 | 218
2005 | 23089 | ooesss | 1205 | 35225 | sises | 9ae070 | 1650 | 2867
2010 .| 21089 | ‘1012000 | 1205 | 45245 ] sases | 1109770 | 1690 | 3504
2013 | 20080 | 1705268 | 1205 | 4sse0 | sises | 122057 | 1650 | 373

Lpssembled from data provided in Tables 32, 3.5, 3.8, aad 3.9, Refereace 7-5.

ass of TRU suclides.

sVdmmn!wlmdmubemewwhﬂUmu&emﬂmgmhhﬂeSl Sec Section 3.3 for deudls,
Referesce 7-9.

m\nlmeunavaue

SEsciodes waste mansged as LLW. See Table 3.5, Reference 7-5.

' ®7he demination of TRU wante afier 2013 is wot defined -
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Table 7-1. Total System Inventories, Projections, and Characteristics of all Stored DOE TRU
Waste in 5-year Increments (Continued)

L

End of Volume Mass Radicactivity [
calendar (m’) (kg) (10’ Ci)
Y5 | Amnual | Accomu- | Amual | Accumu- | Annual | Accumu- | Annual | Accumu- n
rate larion rate lation rate lation rate lation
|| ' Stored, remote-handled®’ II
u 1990 144 1.585.4 003 1182 | 3038 | 224476 | 0.8 6.15 “
H 1991 191.1 1.776.5 0.1 1183 10126 | 334543 &0 12.31 “
H; 1995 191.1 2,540.9 0.1 118.7 10126 | 2,966.12 60 10.87
2000 | 1911 3.495.4 0.1 1192 | 10126 | 2671501 | .60 9.91 “
2005 191.1 | _ 44519 0.1 119.7 10126 | 2420.13 .60 9.07 "
2010 191.1 54074 0.1 1202 10126 | 2.193.49 .60 8.32 ﬂ
LZOB 191.1 5.980.7 0.1 120.5 10126 | 2.069.82 60 791 ll
2015° “
Total stored’
L 1990 14926 60.607.5 375 22327 197.08 | 477921 54 74.57
IL 1991 2.300.0 62,907.5 120.6 23533 63691 | 6366.11 17.50 96.72
“ 1995 2.300.0 72,107.5 120.6 2.835.7 63691 | 7.862.68 17.50 157.01
H 2000 2.300.0 83.607.5 120.6 34387 63691 | 9,774.05 17.50 228.62
I 2005 2.300.0 95.107.5 120.6 4,041.7 63691 { 11.580.83 17.50 295.78
IL 2010 2,300.0 106,607.5 120.6 4,644.7 63691 | 13.291.19 17.50 358.96
L 2013 23000 113,507.5 120.6 5;(»6.5 63691 | 14275.53 | " 17.50 395.14

3Excindes waste managed a3 LLW. See Table 3.5, Reference 7-9.
€ e destination of TRU wasts after 2013 is not defined

7mmwmmwmm«mmmmmw.mwmmw-m The isotopic

composition of this wasts is ankaown.
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Table 7-2. Parall

24
o

&
¥

glism in the HLW/SF and TRU Fundamental Criteria

Waste Type

Feature

- HLWI/SF

TRU Waste

Maximum deaths from
reference repository in

1000

1000

Reference repository size

10,000 years -

Basis for reference Cumulative inventory by Cumulative inventory by

repository site -year 2000. Waste from year 2013. Wastes from
currently operating reactors - | existing facilities rounded
« 100,000 MTHM up to 20 MCi

Fundamenta! Criterion Deaths per 10,000 years’ | Deaths per 10,000 years/
Reference repository size Reference repository size

Release limit values 40 CFR 191, Table 1 40 CFR 191, Table 1

Scaling factor for release | Actual repository size/ - Actual repository size/

limits

WP.158
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CHAPTER 8

UNCERTAINTY PROPAGATION

8.1 STATEMENT OF THE PROBLEM

In 1985, the U.S. Environmental Protection Agency (EPA) promulgated standards for disposal
-of spent fuel, high-level and transuranic 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 years. In 1986, the Natural Resources Defense

Council and others challenged EPA’s decision to limit the individual protection requirerent 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 Pan 191 (2!3!92) includes proposed
requircments for calculation 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 100,000
years.

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

. WP.I58 ) 8-1 81092




8.2 RECOMMENDED APPROACH

The time period for assessments of individual and groundwater protection should be no more than C !
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 shoﬁld 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

The fol!owmg matcnal provxdcs an explanation of why thc rule should be rctamed as ongmal]y

. suggested in the 1985 standard. ' This material” could be used by the EPA as supplementary

information to accompany thc proposcd rule.

" The containment rcqummcms in 40 CFR Pan 191 limit cumulative releases to the
accessible environment for 10,000 years after disposal. These requirements were based on
. & 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, 11985), included the following statements: *We support .the use of a
~ population risk criteria. We believe it is impractical to provide absolute protccnon to every
individual for all postulated events 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 vcry great assurance that they will suffer no, or
negligible, ill effects from the repository.” - Therefore, the Agency felt that this additional
assurance (mdmdual protecnon requirements) was needed to provide protection for the
individual since the primary containment standard was for cumulanvc releases over 10,000
years, with no hmus placcd on the rate of such mleascs ’ :

The individual protection requirements in the final rule :ssucd in 1985 hm1tcd annual

exposures to individuals from a disposal system during the first 1,000 years after disposal.

The Agency examined the effects of different time periods and selected 1,000 years for the
. individual protection requirement becavse the Agency’s assessrents indicated that 1,000
- years was Jong enough to cnsure that good engmecred bamers would be used.

Dcmonstranng comphanoc with mdmdua! exposure lnmts 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 uncentainty
will increase with time. The extent to which these uncertainties change depends, in part,
on the extent to which projected site conditions are expected to change. All these
uncertainties result’ in uncertainties in calculation of the performance measures.
Demonstrating comphance. therefore, requires an understanding of all the uncertainties,
‘mcludmg those mhercnt in the estxmatcs of future site conditions.

If the prcsent hydrolog:c condmons at-a waste disposal site are expectcd to persist over
time, the uncentainties in calculation of individual dose arise primarily from uncertainties

~ in the description of hydrologlc parameters, geochemical parameters, and radionuclide
release rates from the repository (canister failure times and leach rates). The uncertainties
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
sxgmﬁcantly over thc umc pcnod of l 000 to 10,000 years.

4 -
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If the present hydrologic conditions at the site are expected to change over time, additional
uncerwainties are introduced. For example, a change in climate, and thus in infiltration,
could affect the hydrologic system at the disposal site. In addition to -“2nging the N\
parameters discussed in the paragraph above, it could change the hydrologic boundary-.
conditions affecting both the radionuclide release rates from the repository (through changed
leach rate) and groundwater flow rates. Since uncertainties in the climate change are larger
over longer time periods, the uncertainties would further increase over the time period of
1,000 to 10,000 years.

The Agency believes that a 1,000-year time period is more than adequate to protect
individuals from thie potential risks associated with geologic disposal. The containment and
individual protection requirements are complementary to each other and are not inconsistent
with each 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 requircments 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 ensuring that the site has
natural characteristics that will adequately protect the environment The individual
protection requirement govems only the undisturbed performance of the disposal system.
It is designed to ensure that engineered barriers provide adequate protection to individuals
living in the vicinity of the repository.

The groundwater protection requirements contained in Section 191.16 of this proposed rule

are similar to the individual protection requirements. Their primary purpose is to ensure

that engineered barriers perform in such a way as to prevent significant degradation 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.
Consequently, the Agency has decided to also retain the 1,000-year time period 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 been 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 believes that
10,000 years is an adequate time period for demonstration of compliance with the
containment requirements, and 1,000 years for individual and groundwater protection.
Nevertheless, the Agency asked for comments on whether 100,000-year assessments are
likely to provide useful information in selecting prefemred disposal sites. Comments
received from various groups, including the Nuclear Regulatory Commission, the Advisory
Committee on Nuclear Waste, and the Department of Energy, agree that such assessments
would not be meaningful as a measure of disposal system performance.

The discussions in the paragraphs above were limited to change in performance of the
disposal system for undisturbed conditions over the time period of 1,000 to 10,000 years.
If the time period for dose or release projections is increased to 100,000 years, then the
e
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uncertaintics may become so large as to render the calculations not meaningful. If
disturbances were included, then the uncerainties in calculation of the performance
_measures would increasé further, depending on the uncertainties in the disturbed conditions.
. Estimating the effects of disturbances to 100,000 ycars thuur.s the inclusion of relatively
low-probability geologic events in the modeling of Tepository 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 pcxformancc assessment
calculanons over long periods of time.

. Thc Agency conunues t behcve thata d:sposal systcm capablc of mectmg the containment
. requirements for 10,000 ycars ‘would continue to protect pcoplc and the environment well

. +beyond 10,000 years and, thereforc. assessments for time pcnods past 10,000 years should
. notbe requu'ed This is supported by the vicws of other groups.’ ‘When the 1985 standard

- was being promulgated, the SAB Subcommittee reviewed ‘and supported the technical
. :arguments for lnnmng the containraent requirements to a 10, ,000-year pcnod In addition,
- NRC requirements in 10 CFR Part 60 already contain siting criteria and performance
objccuvcs that reducc the powntxal for sxgmﬁcant releasc aftc: thc 10 Ooo-ycar period has
elapsed , _ o , : |

Conscqucntly, the Agency has decided to not requt projccuons of releases ‘or doses out
to 100,000 years after dmposal , _
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8.4 TECHNICAL SUPPORT DOCUMENTATION

The following matenal is suppomng information that could be cited as reasons for the ~
suggestions in the proposed revision. It could be part of a technical support document for the .°
sule.

Background

The performance assessment of radioactive waste repositories involves the comparison of
potential radionuclide releases from the repository and the resultant dose to man with regulatory
standards. The U.S. Environmental Protection Agency (EPA) standards for such releases and
doses are contained.in 40 CFR Part 191. The 1985 EPA standards included (i) individual
protection in terms of maximum individual dose rate applicable for 1,000 years, (ii) groundwater
protection standard applicable for 1 ,000 years, and (iii) a containment requirement of cumulative
radionuclide reléases for 10,000 years. The individual and groundwater protection standards were
deterministic and the containment standards were probabilistic. In 1986, a lawsuit was filed
against the EPA questioning the choice of 1,000 years as the time limit for the individual
protection. In 1987, the First Circuit Court of Appeals ruled that the EPA needed to reconsider
the 1,000 year time limit or provide more thorough explanation of the 1,000 year time limit.

The EPA has considered extending the individual and groundwater protection time limit to 10,000
years. In addition, the EPA has also considered requiring performance assessments using
undisturbed conditions for up to 100,000 years without any quantitative standards. Both of these
considerations have resulted in a number of comments to the EPA in opposition to these time
limits on the grounds of uncertainties in the performance assessments. The analysis presented
below shows how uncertainties propagate with time, and can be used to support the selection of -
an appropriate time period for the individual and groundwater protection standards. :

ELaitN

Measure of Uncertainty

Uncertainty is defined as the level of confidence or degree of accuracy in prediction or
_calculation of results. Uncertainty is quantitatively defined as a probability density function.
Generally accepted quantitative measures of uncertainty are variance and standard deviation.
Standard deviation of the total release is used as a quantitative measure of uncertainty in this
discussion.

There is both initial uncertainty and uncertainty propagation with time. Initial uncertainty is due
to uncertainty in site description. The initial uncertainty may be due to several factors, including:
data/parameter uncertainty and model uncertainty. Data collection methods are imprecise and
spacially incomplete. Understanding of the natural processes occurring at any site is also
incomplete in that it is impossible to know exactly which processes are controlling under all
conditions. These factors will lead to uncertainty in the data and model of the repository.
Uncenainty propagation with time is primarily due to uncertainty in the future state of the system
that results from changes in boundary conditions, such as climatic conditions. Assuming
hydrologic conditions persist with time, and assuming the model is truly representative of the
natural processes, then that same model can be used to calculate uncertainty propagation.
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However, hydrologic conditions may not persist with time. . A changc in rainfall and thus in
infiltration could affect the hydrology of a disposal site situated in the unsaturated zone. A
pluvial climate cycle could increase the volume of fluid contacting the repository, which may
lead to accelerated canister corrosion and may allow an increased mass of leached radionuclides
to dissolve. In addition, the groundwater trave) time from the repository to the water table could
be shortened. The effect on discharge rates could be approximated using the same steady state
flow model by broadening the range of uncertaintics inherent in the source term and gmundwatcr
flow rate. Discharge rate uncertainty would not only increase, but also the period of growmg
uncertainty would be extended. Thus, it becomcs even more likely ‘uncertainty will increase
during the time periods of regulatory interest. For a tcposltory in the saturated zone, the impact
of increasing the infiltration would affect pnmanly the travel time from the tcposuory to the
accessible envxronment. S - ,

Analyscs to show comphancc with the standards gencrally mclude sunulanons of the repository
for the specified time period. The simulations incorporate as much information about the
repository and surrounding site as possxblc Given the information which is known about a site,
the simulations may provxdc results in terms of release to thc accessxblc environment and dose
to man. |

The individual and 'ngundwater prowcuon standards‘ have been defined in terms of individual
dose rates. The dosc rates depend upon biosphere transport and dose-to-man pathways.
Uncentainties in projection of these transport processes, pathways, and biospheric parameters and
variables are substantial. An accepted practice is to assume the present bxosphctc for analysis
purposes. While some limited dose analyszs is presented below, the primary focus of the
uncertainty analysis conducted was ‘on cumulative radionuclide release. - Consequently, the
cumulative release analysis -results have grossly underestimated uncertainty because dose
calculations involve more parameters (e.g., dosc pathways, human behavior) than cumulative
release analysis. Inherent uncertainty in models and thcsc additional parameters substantially
increase unccrtmnty in dose calculanons.

Simulations were conducted to analyu thc propaganon of unccnamty with time, considering total
" radionuclide discharge at sclected times. Release of several specific radionuclides was analyzed.
The results include a common evaluation of uncertainty, the standard deviation of total release
as a measure of how uncertainty propagated, and an evaluation of the sxgmficancc of the
uncertainty.

Repository Inventory

For the uncertainty propagation analyses, projected spent fuel inventory for the high-level
waste/spent fuel (HLW/SF) repository was vsed. Table 8-1 Lists the expected total curies for
70,000 metric tons of heavy metal (MTHM) for 13 of the significant radionuclides in a potential
~ HLWI/SF repository (Reference 8-1). These thirteen radionuclides contain virtually all of the
radxoactmty contained in the repository. Table 8-1 a.lso shows cumulauve rclcasc limits
comamcd in Tablc l of EPA’s 1985 standard.
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Table 8-1. Curies in Proposed Repository

i 7~
| Radionuclide: CiMTHM Total Curies for | Cumulative T
“ : 70,000 MTHM | Release Limit per |
using EPRI 1000 MTHM
Values (Ci)® for 10,000
: Years
Wilson ¥ | EPRI ?

C-14 1.54 1.38 9.66E+04 100

Se-79 3.81E-01 SE-01 3.50E+04 -

Tc-99 1.23E+01 | 1.3E+01 9.10E+05 10,000

1-129 295E-02 | 3.15E-02 2.21E+03 100

Cs-135 3.51E-01 |345E-01 | 2.42E+04 1,000

Ra-226 3.67E-07 | 3.12E-03 2.13E+02 100
jU-234 1.13 2.03 1.42E+05 100

U-235 '1.68E-02 1E-02 TE+02 100

U-238 3.18E-01 1E-02 7E+02 100

Np-237 2.87E-01 9.99E-01 6.99E+04 100

Pu-239 3.08E+02 | 3.05E402 | 2.14E+07 100 | e

Pu-240 5.07E+02 | 4.78E+02 | 3.35E+07 100 |

Pu-242 1.60 1.72 1.20E+05 100
D Reference 8-2
»  Reference 8-1
»  Reference 8-3
Radionuclide Selection
To evaluate nnocnmnty propagation, it is not necessary to sunulatc all the radmnuchdes present
in the reposxtory It is not even necessary to simulate all thirteen of the major radionuclides.
However, it is important that the radionuclides selected for simulation be representative and
generally cover the range of possibilities.
Three radionuclides were evaluated in the analyses: Technetium-99, lodine-129, and Neptunium-
237. The first two were chosen primarily because of their low retardation characteristics (l-lO)_.

—
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Neptunium-237 was chosen because of its higher retardation characteristics (10-200). The half-
lives for these three radionuclides vary from 100,000 to 10,000,000 years.

Generic Site Description

For regulatory analysis, a generic site description must be used as the basis for evaluation. Since
the standards are to be applicable to all types of geologic sites, the site description should be
«mprcscmativc of potential sites under consideration as well as those which may be considered
in the future. Any site descnpnon will include a near surface unsaturated zone, & combination
of hydrologic layers with varying permeabilities, and source (recharge) and discharge for the
hydrologic system. For geosphere transport of radionuclides to take place, the radionuclides must
dissolve in water and be transported vertically to an aquifer for subsequent transport to the
biospher=. The accessible biosphere is assumed to be at 5 kin distance from the repository.

The generic repository is defined as a simplified one-dimensional system. For generic
description, convenience, and simplicity, & constant permeability, homogeneous, one-dimensional
flow system is assumed. This description does not represent a specific potential site, but can be
assumed to represent virtually any site in a simplistic manner. Site specificity comes from
differences in hydrologic propertics. The one-dimensional site description used here assumes
constant thickness and width of the aquifer.

The generic repository was assumed to be in a steady-state, saturated hydrogeologic environment
(Figure 8-1). The repository, or source term, was composed of one radionuclide per simulation.
The radionuclide was allowed to decay, but daughter products were not accounted for in the
analyses. The accessible environment where radionuclide release was accumulated was defined
to be S kilometers from the repository. Simulations of the repository and transport of the
radionuclide to the accessible environment covered 100,000 years. Conditions, such as climate
change or human intrusion, were not included in the generic site.

Parameter Description

The major parameters in the analyses included groundwater velocity, retardation of transported
radionuclides, alteration rate of radionuclides, and access fraction of radionuclides. The
groundwater velocity was specified to provide groundwater travel times within the range of 500
to 50,000 years. Base case retardation values were sclected based on generic geologic
environments, and were varied about that range. The alteration rate or leach rate of radionuclides
specifies the fraction of the radionuclide inventory in the repository which leaches per unit time.
The access fraction of radionuclides indicates the fraction of the inventory which is available for
transport. For completeness, a dispersivity term was included in the analyses, though it had little
effect. Also, the source of the radionuclide (curies), and its half-life were included in the
analyses.

The analyses were based on several assumptions. The parameters of groundwater velocity,
retardation, dispersivity, alteration rate, and access fraction were assumed to be uncertain with
specxﬁcd probability distributions. The parameter values were considered representative of
generic sites. Disturbed conditions, such as human intrusion were not considered. The-
simulations assumed one isotope was transported in a saturated flow system S kilometers to the
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Figure 8-1. Schematic of Generic Repository
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accessible environment. ‘The simulations were conducted to 100,000 years. Source rate was
assumed to be essentially uniform for the transport simulation time. This could be caused by a
constant rate of leaching for a-long-lived isotooe. = As noted, only one radionuclide was
transportcd at a time and the decay products of Np-237 were lgnored .

Groundwatcr vclocxty was assigned a loguniform distribution with the endpomts defined in the
followmg tables on each of thc radionuclides (Tables 8-2, 8- 3 and 8-4). Over a travel path of
5 km (16,000 f1), the base case range of 0.33 ft/yr to 30 ft/yr gives a range of groundwater travel
times from less than SOOyearstogreatcrthan SOOOOyears For a specific site, uncentainty in
groundwater velocxty is usually ‘characterized by assigning a lognonnal distribution. However,
to include all sites in a generic sxmulanon. a loguniform distribution is more appropriate. Such
a distribution gives equal weight to each log decade. Thus, there are as many realizations having
groundwater travel times from 500 years to 5,000 years as there are from 5,000 years to 50,000
years. Retardation, dmpcrsmty. and alteration rate were varied logmufonn!y Access fracuon
- was varied from .01 to 1, also in a loguniform msmbuuon .

The most realistic szmulanons are those that include probability distribution functions for cach
parameter in the simulation. Such simulations represent the overall uncertainty in the parameters
and thus in the repository system. These simulations indicate whether or not uncertainty grows
with time and thus, whether or not the level of confidence in the simulation results changes with
increasing time of simulation. For cach radionuclide, one such base ‘case simulation (analysis 1)
was conducted. Note that in the analyses, the base case is not a single simulation but rather a
compilation of a significant number of realizations, so that uncentainty is included in the base
case results. Uncertainty propagation simulations for selected parameters were also conducted.
In particular, groundwater velocity, retardation, and access fraction probability distribution
functions were varied from analysis to analysis in order-to determine the effect on total release
and thus on the uncertainty with time. Four simulations were conducted for Technetium-99 and
Ncpmmum-237 Only three simulations were conductcd for Iodmc 129, bccausc its retardation
factor of 1 is considered rclauvcly certain.

A snmma:y of the paramet:r dxstnbuuons for the chhncumn-99 analyscs is presented in Table
8-2. The base case sxmulanons are followed by the groundwatcr velocxty, retardation, and access
fraction variations. x .
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Table 8-2. Summary of Parameter Distibutions for Technetium-99

Retardation" Alteration Rate
(1yr)

" Values from Reference 8-4, p. 65. Range was 1 to 100 for Tuff.

The distributions used in analysis of Iodine-129 are presentsd in Table 8-3. The base case
probability distribution functions are followed by the groundwater velocity and access fraction
variations. .

Table 8-3. Summary of Parameter Distributions for Iod‘incfl’29 LN

The distributions used in analysis of Neptunium-237 are shown in Table 8-4. As with the
Technetium-99, the base case probability distribution functions are followed by the groundwater
velocity, retardation, and access fraction variations.

-
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Table 8-4. Summary of Parameter Distributions.for Neptunium-237

'Retardation” | Dispersivi Alteration Rate
- (1/yr)

D Reference 84

Codes

'NEFTRAN (Reference 8-5), & code developed by INTERA and Sandia National Laboratories for

the Nuclear Regulatory Commission, was used for simulating release of radionuclides from a
repository. NEFTRAN is & pseudo 3-dimensional flow and transport code. However, the 1-

~ dimensional flow and analytical transport options of NEFTRAN were utilized. The model was

linked to a statistical sampling routine to evaluate the uncertainty propagation with time. The
values for each of these parameters were selected by the samplmg routine, and then 200
realizations of the ﬁow and transpon modcl were evaluatcd ' _ ; :

| Response Vanables ‘

The p .._.a.ry response variable for the analyscs was total radmnuchde welease (C:) The
uncertainty of total radionuclide release at a point in time was measured by the samplc standard

deviation (cumulative). Since the distribution of releases at & point in time is not, in general,

.. normally distributed, the standard deviation cannot be used to calculate percentiles and confidence
- limits as though the distribution were normal. - However, the standard deviation is a valid

indicator of the spread (or unccrmmy) of the response variable. Furthermore, & second measure
of uncertainty (the difference between the 95"‘ and thc 5“ perccnnlc) exlub:ts the same behavior

. as the standard devmtxon does.

 Another response variable for the analyscs is annnal effccnve dose equxvalent. The standard

deviation of such doses were calculated for selected times. By using the NEFTRAN code to
calculate the release, concentrations and total discharge as a function of time were obtained. To
compare to the groundwater standards conccntranon was converwd to dose. This was done in

three steps:
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Stepl - Assume that the primary dose pathway is ingestion. According to ICRP-77 the effective
dose commitment by ingestion is:

Tc-99  1.02x10"® rem/uCi = 1.02x10° mrem/Ci
I-129 2.34x10" rem/uCi = 2.34x10® mrem/Ci
Np-237 4.69 rem/uCi= 4.69x10° mrem/Ci

Step 2 - Assume ingestion of 2 liters of water per day and ignore accumulation. For each
radionuclide the effective dose equivalent is found by multiplying the effective dose commitment
by the consumption rate of 0.73 m¥year giving:

Tc-99 ~ 7.4x10° mrem-mY¥Ci-yr
1-129 1.7x10* mrem-m*Ci-yr
Np-237 3.4x10° mrem-m?/Ci-yr

Step 3 - The annual effective dose equivalent for year T is the product of the release
concentration at time T and the effective dose equivalent. The dose units are mrem/yr.

Results

The results presented show the uncertainty propagation with time for Technetium-99, lodine-129,
and Neptunium-237. The analyses show without exception an increase in uncertainty from 1,000
to 100,000 years. -

Each of the three radionuclides analyzed here has a long half-life, compared to the simulation

time, and a long source pulse in time. Consequently, for a given radionuclide, each realization -
has a discharge curve that exhibits three phases. There is no discharge during the first phase, -.

particles have not yet reached the release point. During the second phase, discharge increases
from zero to its maximum. The third phase shows a flat (constant) discharge rate equal to the
source rate, Uncertainty is measured at a point in time by measuring the spread of discharge
from all realizations at that time. During the time that none of the realizations show positive
discharge (all realizations are in the first phase), the uncertainty is zero. Since each realization
has unique values for groundwater velocity and radionuclide retardation, each will exhibit a
different breakthrough time, passing from the first to the second phase. As soon as one
realization breaks through, uncertainty begins its increase. The uncertainty continues to grow
until most of the realizations have reached their maximum discharge rate. At that point each
curve maintains its separation from the other curves and any measure of the spread amongst the
curves is constant. Thus, uncertainty starts at zero, increases while most curves are in the second
phase, and levels off after most curves have reached the third phase. In thie results that follow,
the time of increasing uncertainty begins earlier than 1,000 years and begins to level off between
10,000 years and 100,000 years. For a candidate disposal site, the time at which uncertainty
begins to increase and the duration of the increase will depend on the physical properties of the
disposal site and the chemical properties of the migrating radionuclides.

It is important to remember that the results presented are for individval radionuclides. Any

uncertainty in the results would be increased if the complete suite of radionuclides present in the .

repository were included in the analyses. In addition, if daughter products were included in the

Y 4
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analyses, the uncertainty .in’ thc results would increase. LAISO. if disturbed conditions were
mcluded in the analyscs. the’ uncerxamty in the results would mcmasc

‘Base Case Thc basc case (analysxs l) for each of the three radionuclides is pr:scmcd in Figure

8-2. Remecmber that the base case represents 200 realizations of the given parameter
distributions. The magmtudc of uncertainty is summarized in Table 8-5. An indication of the
‘increase in uncertainty with length of simulation time is exphcitly shown in the base cases. For
- Technetium-99, the standard deviation of total release in curies increases by nearly 3 orders of
;magmmdcfrom 1,000 years to lOOOOyears The increase from 10,000 years to 100,000 years
is approximately an order of magnitude, and the increase in the value (from 50,000 Ci to ncarly
- 200,000 Ci) is significant. This pattern is repeated often in the results: initial increase in
" uncertainty by orders of magnitude, followed by continued increase in uncenmnty by a significant
amount. For Jodine-129, the standard deviation of total release in curies increases by 2 orders
- of magnitude from 1,000 years to 10,000 years, and nearly an order of magmtudc from 10,000
- to 100,000 years. The value of the standard deviation of total release is smaller than that of
* Technetium-99, owing primarily to Iodine-129°s sxgmﬁcantly smaller source term. For
Neptunium-237, the standard deviation of total release in curies increases by 12 orders of
- magnitude from 2,000 years to 10,000 years, and by over 2 orders of magmmdc from 10,000
““years to 100,000 years. Note that even though it appears that the increase in uncertainty is
slowxng at later times, the actual value is significantly higher than carly times.

Table 85, 'Summary of Unocn_ainty'in Base Ca 'Analyse's- L

Increase in Uncertainty
(Orders of Magnitude)

Analysis

1,000 - 10,000 yrs. 10,000 - 100,000 yrs. [
Technetium - 99 3 1
Todine - 129 2 1

Neptunium - 237

Yacrease from 2,000 years to 10,000 years

The standard deviations of the annual effective doses at 1,000 years and 10,000 years for the
assumed base case (analysis 1) and groundwater velocity variation (analysis 2) are presented
in Table 8-6. For the base case analyses, the dose uncentainty increases from 1,000 to 10,000
years for all radionuclides reviewed. :
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Table 8-6. Annual Effective Dose Uncertainty

Standard Deviation of Annual Effective Dose

,Rla‘dionuclide | (mrem/yr)
' 1,000 years 10,000 years

Technetiom-99 _ ]

Analysis 1 0.55 7.94
Analysis 2 537 9.51
Iodine-129 v

Analysis 1 2.46 5.80
Analysis 2 | 407 5.46
Neptunium-237 o , _

Analysis 1 ~0 1 118
Analysis 2 ‘ . 0.0075 1498

For the individual radionuclides, additional results are presented below to show the effect on
uncertainty propagation caused by varying a parameter. Groundwater velocity, retardation,
and access fraction were varied and the results are presented.
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Technetium-99 (Figures 8-3, 84, and 8-5)
The base case simulation is presented on each plot.

Groundwater velocity: Increasing the uncertainty in the groundwater velocity distribution by an
order of magnitude increases the standard deviation of the total release by over an order of
magnitude at 1,000 years and a smaller amount at 10,000 years (Figure 8-3). By 100,000 years
there is not a significant difference between the curves. Also, the dose uncertainty increases
when the groundwater uncertainty is increased (Table 8-6).

Retardation: Increasing the uncertainty in the retardation parameter distribution by increasing the
highest retardation value an order of magnitude reduces the standard deviation of the total release
slightly at 1,000 years as well as at 10,000 years (Figure 8-4). However, the overall uncertainty
increases several orders of magnitude from 1,000 to 10,000 years. The simulated response of
“total release to a larger uncertainty in the retardation parameter value indicates the importance
of the endpoints of the range of uncertainty as well as the total order of magnitude of uncertainty.

Access Fraction: The sensitivity of the standard deviation of the total release to a decrease of
one order of magnitude in accessible fraction shows a small decrease in the standard deviation
of the total release (Figure 8-5). This change may be. explained similar to the retardation
variation. While the access fraction was more uncertain, only the lower end of the distribution
was modified so that the reduction in uncertainty may be explained by the reduction in the
availability of the radionuclide for transport. Again, the endpoints of the uncertainty are
significant as well as the overall range of uncertainty.

The multiple order of magnitude change observed for Technetium-99 becomes more significant ’

when one considers that the total release of each radionuclide inventory in the repository
inventory may have a similar amount of uncertainty. Thus, the uncertainty effects are additive.

N
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Iodine-129 (Figures 8-6, 8-7)
The base case simulation is presented on each plot.

Groundwater Velocity: Increasing the uncenainty in the groundwater velocity distribution by an
order of magnitude increases the standard deviation of the total release by nearly an order of
magnitude at 1,000 years and a smaller amount at 10,000 years (Figure 8-6). By 100,000 years,
the curves have converged similar to the Technetium-99 curves. Again, the dose uncertainty
increases when the groundwater velocity uncertainty is increased (Table 8-6).

Retardation: The retardation of lodine-129 is 1 so this parameter was not varied.

Access Fraction: Increasing the uncertainty range by decreasing the lower limit of the
distribution of the access fraction results in a small decrease in the standard deviation of the total
release (Figure 8-7). The simulation with a low end value of .01 shows a slightly smaller
uncertainty than the simulation with a low end value of .1. However, the standard deviation
grows nearly 2 orders of magnitude from 1,000 years to 10,000 years.
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Neptunium-237 (Figures 8-8, 8-9, 8-10)
“The base case simulation is presented on each plot.

Groundwater Velocity: Increasing the uncertainty in the groundwater velocity distribution by an
order of magnitude increases the standard deviation of the total release by 9 orders of magnitude
at 2,000 years and by over 1 order of magnitude at 10,000 years (Figure 8-8). By 100,000 years,
the total release is not sensitive to groundwater vclocxty as indicated by the convergence of the
curves. However, there is considerable uncertainty in the total release as shown by the large
values of the standard deviation. Likewise, the dose uncertainty mcrcascs sxgmﬁcanﬂy from
1,000 to 10,000 years (Table 8-6)

Retardation: Increasing the unocmmty in the retardation of Ncptumum-237 by one order of
magnitude produces an increase in the total release standard deviation at 2,000 years of 6 orders
- of magnitude and nearly an order of magnitude difference at 10,000 years (Figure 8-9). Both
- ends of the distribution of the retardation parameter were modified, unlike the Technetium-99 and
~ Iodine-129 analyses. Thus, much of the increase in uncertainty may be due to the rcducnon of
_ retardation caused by lowering the cndpomt of the dxstnbunon from 10to S.

- Access Fraction: Increasmg the uncertainty in the access fraction distribution doe's not affect the
total release at early times and only slightly affects the results at times after 10,000 years (Figure
8-10). However, the standard deviation grows 11 orders of magnitude from 2 ,000 t0 10,000 -

years, and over 2 orders of magnitude from 10,000 to 100,000 years.
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Demonstration of Compliance

The individual and groundwater protection limits in the 1985 standard and in the draft revised
" standards are presented in terms of individual dose rates. As stated previously, only a portion
~ of the radionuclide inventory was used in these analyses and all the results are interpreted in

terms of cumulative relcase. However, some results are also ‘presenited in terms ‘of annual

effective dose equivalent.
Table 8-6 summarizes the propagation of uncertainty with time as it relatés to the calculation of
doses that were generated using the assumptions discussed earlier in this chapter. The calculated
valués are an extremely conservative (ic., low) estimate of uncertainty in'dose as critical
parameters were not modeled.: ‘Areas of that'would contribute to uncertainty in any actual
compliance demonstration that were ignored. in these analyses’include transport mechanisms,
climate changes, gradual changes in geologic parameters, and human behavior. One key
assumption that greatly reduced ‘the uncertainty in these calculations is the assumption that the
model is representative of actual site conditions. Even if the uncertainties appear low in absolute
terms, their real significance lies in the percentage of the allowable dosc rate that these
uncertainties represent. Under the individual protection requirements in the 1985 standard, the
annuval individual dose equivalent is limited to 25 mrem. Under the groundwater protection
requirements of the same standard, the limit is 4 mrem/yr. As shown in Table 8-6, the standard
deviation at 1,000 years for the base case (analysis 1) for Technetium-99 and Neptunium-237 is
a small percentage of the EPA limits. On the other hand, the standard deviation for Iodine-129
at 1,000 years is more significant when compared to these limits. Uncertainty in dose increases
from 1,000 to 10,000 years, particularly for Neptunium-237. The dose uncertainty at 10,000
years is quite large in comparison to the standard for all three radionuclides. Furthermore, the
- ther sources of uncertainty that were not considered in the analysis would increase the
’ ncertainty even more.

Summary/Conclusions

This work was done to analyze uncertainty propagation in order to examine various time periods
for the individual! and groundwater protection standards. Ungquestionably, uncertainties exist
through the waste ‘-~lation system and grow with time. For *“¢ three radionuclides evavated,
simulations of a simple, generic repository show that the uncertainty propagation with time is
significant. In particular, the analyses show considerable uncertainty in the total curies released,
and resulting doses. The total uncertainty continues to grow in all circumstances to the end of
the simulation period at 100,000 years. They grow so large at 10,000 years that demonstrating
compliance with the standard is meaningless. The assumptions used in these analyses made the
modeling exercises extremely simple when compared to those that would be required in any
actual compliance demonstration. The uncertainties resulting from these simple modeling
simulations grossly underestimate the uncertainties that would result had the full range of model
parameters and values been utilized. Any actual compliance demonstration for a dosc limit at
10,000 years would be totally speculative . The uncertainty band would be so large that it would
be impossible to determine any defensible endpoint. Therefore, based on uncenainty propagation
analysis, the time period for regulatory concern for the individual and groundwater protection
limits should be set at no more than 1,000 years.
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CHAPTER 9
CARBON-14

91 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 repository would be located in & geologic
formation that lies below the water table. It was therefore assumed that the principal mechanism
of pollutant migration would be via dissolution of mdzonuchdcs in groundwatcr and transport by
aqueous means. L .

We now find the nation examining the suitability of unsaturated sites, specifically Yucca
Mountam, a site that is located above the water table, . At this site, and other unsaturated sites,
it is appropriate to examine gascous 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 excccds the standard by 10 to 20

percent.

For the first 1,000 to 2,000 years after the repository is closed, it is expectcd 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 nuhzmg a multiple-layer design. Such an approach could be
very costly. ‘Estimates indicate the rcposxtory program cost would increase by appmxxmatcly $£3.2
billion if the multiple-layer waste packagc is required.

The basis of the 1985 standard was that. in a site bclow thc water table the limit for Carbon-14
was technically achievable. It was not & 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 curics

of Carbon-14 dioxide during an 8,000-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 therefore 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 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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9.2 RECOMMENDED APPROACH

The following material suggests an alternative method of regulating gaseous releases from the { \“
repository. The containment requirements, expressed as curies/1,000 MTHM, would apply only Tt
to solid and liquid releases to the land, a well, a river, and the occan (see 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 radionuclides in the solid and liquid phases to the accessible
environment for 10,000 years after disposal from all significant processes and events 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 one chance in 1,000 of exceeding ten times the quantities
calculated according to Table 1 (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 performance of the disposal
- system shall not cause the annual committed eiicotive dose received through all potendal
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.

WP.158 9-2 8/10/92



93 SUPPLEMENTARY INFORMATION  wip

The following material explains the basis for the revisions suggested in the preceding pages.
This material could be uscd by the EPA as part of thc supplementary mfonnauon for the

. proposed rulc

Besides the rcmand from thc First District Court of Appca.!s, rauch has u'anspued since the
Agency issued its standards in Scptcmbcr 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 U.S. Department of Energy (DOE) has begun to characterize an unsaturated
site.

'Ihc Act directed thé Agency to issue generally applicable standards, and the amended Act
directed the DOE to characterize only Yucca Mountain, an unsaturated site. We issued our

 standards after the Act was passed but before the Act was amended. At that time, saturated
sites were the lcadmg contenders for & repository. Consequently, our containment
rcquucmcnts were not mtcndcd to control gases that would be released through fractures
in unsaturated rock.

Information devclopcd by the DOE and others indioatcs that, when applied © gases, namely
Carbon-14 dioxide, the containment mquu'ements become overly stringent - millions of
-~ times more stringent than the clean air regulations. The stringency would not affect a
- saturated repository, but would dxscouragc the dcvelopment of any unsaturated repository.
Thus, to keep our standards gcnenc and consxstcnt wnh other regulanons. the Agency

. proposes these changes. -

- After considering these dcvelopments. we propose to changc thc mqmrcmcnts The
- containment reqmmments would apply only to solid and Liquid releases to the land, a well,
a river, and the ocean. The individual protection mquxmmems would continue to apply to
- . all releases from an undisturbed repository through all pathways, but now exposures from
,mdmacuvc gases cannot exceed 10 mrem/year. -Without these changcs, the standards would
not be generic, they would not be consistent with the clean air regulations, and the
standards could force the DOE to needlcssly spend billions of dollars

. The: Agency proposes to tegulatc solid and hqmd releases under thc containment

requirement and regulate gases in a manner that is consistent with our National Emissions
.~ Standards for Hazardous Air Pollutants (NESHAP) (40 CFR Part 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 & repository.
The dose would appear in our individual protection requirements along with the current 25
mrem/yr limit that an individual could n:oeive through all pathways

' Evcn though these changes could potentially allow appromnatcly 8,000 curies of Carbon-14
dioxide to be released over a 10 OOO-year period, such a release does not pose & significant
threat to public safety. If the 8,000 curies were released in just one year, an individual
would be exposed to less than 0.5 mrem. During the same year, this individual would
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receive 300 mrem from natural background radiation and 1.3 mrem from the Carbon-14
within his own body. f‘\
Without the above revisions, DOE would be forced to design and fabricate an overly ’
expensive waste package to completely contain 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 and a typical reprocessing plant about 860 curies. But
under the 1985 standard, a repository filled with 70,000 MTHM can average a release of

no more than 0.7 curies/year. If just 3 waste packages fail in 1 year, about 1 curie of
Carbon-14 dioxide will be released.

The more durable Carbon-14 package could cost $213,000 each, or $5.3 billion for the
25,000 packages that will be needed. The DOE is considering several dcsigns, such as
thick-walled packages and multi-layered packages with cither metallic or ceramic inserts.
The fabrication of these more conservative packages will need developmcnt. particularly
those made of ceramic materials. The DOE belicves 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 rescarch and development, the Carbon-14 packages cost a total
of $5.4 billion.

The DOE’s present reference waste package could cost $88,000 cach or $2.2 billion for
25,000. Fabricated from a corrosion-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
must spend $400 million to contain 1 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 theresore propose to exclude gases
from our containment requirements and regulate them under the more equitable individual
dose limits of 10 mrem/yr. A cost-benefit analyses follows.

The NRC requires apphcams to employ masonably demonstrated technology” that can
reduce, in a cost-effective manner, a populmon s exposure to radiation. A population’s
exposure to radiation, called collective dose, is expressed in person-rems. The NRC values

a "favorable cost-benefit ratio” at $1,000 per person-rem (Reference 9-1). Most utilities nse
a higher ratio; the DOE uses $10,000 to $15,000 per person-rem.

A cost-benefit analysis of the reduction of world population exposure for 10,000 years
would appear to be consistent with the objectives of our HLW standards. Here the
collective dose is taken to mean the world’s exposure to Carbon-14 dioxide. The cost, $3.2
billion, would reduce 10 billion persons’ exposure to Carbon-14 dioxide by 8,000 curies.
Over a 10,000-year period, each curie of Carbon-14 dioxide would expose the world to 400
{
Nor’
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person-rems (Rcferencc 9-2). Thus the cost-benefit ratio is $3. 2 bxlhon / 8,000 curies x 400
person-rem per curié ‘or' $1,000/person-rem. 3 _’vu*" ‘

Despite the Agency’s objective to protect 10 billion people for 10,000 years, a cost-benefit
ratio with the same objective is meaningless. The cost is diluted by a high collective dose.
Composed of tiny doses over thousands of years to billions of people, this collective dose
grossly overstates the risk and thereby makes expensive but trivial benefits® appear

_ . cost-cffective. As stated by the NRC in the Below chulatory Concern Policy Statement,

"As a practical matter, consideration of dose rates in the microrem per year range and large

B numbers of hypoﬁmneal individuals potentially exposed ... may unduly complicate the dose

calculanons ‘The Commission believes that inclusion of individual doses below 0. 1 mrem
per year (0.001 mSv per year) introduces unnecessary complexity into collective dose
assessments and could impute an unrealistic sense of the significance and ceriainty of such
dose levels." (Reference 9-3) The National Council for Radumou Protecuon ser.s the

collective dose lower cut-off limitat< 1 mremlyr (Rcfaencc 9-4).

More traditional ana]yscs confine the collective dose to a local populanon Ofﬁcn calied
ALARA or as low as reasonably achievable, these analyses must be completed by most
NRC applicants and licensees (Reference 9-5).  Here the collective dose is taken to mean
a "population reasonably expected to be within 50 miles of the [repository]” (10 CFR 50,
Appendix I). Approximately 12,000 people Live within 50 miles of Yucca Mountain
(Reference 9-6). We conservatively assume that the 8,000 Curies of Carbon-14 dioxide

~exposes each of the 12,000 people to the same radiation dose that the maximally exposed

individual would receive (0.5 mrem or 0.0005 rems). ‘Thus the costbenefit ratio is $3.2
billion / 12,000 persons x 0.0005 rems or $533 mﬂhon/petson-

We prefer the more tmdmonal ALARA-type analysis. Wlule not tota]ly accurate or

equitable, this analysis at least ngcs a oost-bcncﬁt ratio that can bc compamd to an
industrial baseline.

* No nuclear mdustryhas ever been compelled to spcnd $533 milhon to reduce a collective

dose by one person-rem. Moreover, the collective dose is caused by a radionuclide that the
world’s industries freely and routinely release. The Agency therefore finds that it is not
cost-effective to contain Carbon-14 dioxide for 10,000 years. - - .
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9.4 TECHNICAL SUPPORT DOCUMENTATION |

The following material is information that could be cited in support of the above revisions. It l \
could be part of a technical support docuraent for the rule. ‘

Carbon-14 Inventory

By law, the repository can hold no more than 70,000 metric tons of heavy metal (MTHM).
Approximately 7,000 MTHM comprises defense waste which contains little or no Carbon-14.
The remaining 63,000 MTHM comprises spent fuel from nuclear power plants; approximately
60% from pressurized water reactors and 40% from boiling water reactors. With the above
assumptions, Carbon-14 inventories can be estimated. '

Based on nitrogen imp{u'itics and experimental data, Van Konynenburg estimates the total
Carbon-14 inventory at 71,000 curies (Reference 9-7). Park adjusted this estimate to account for
a higher spent nuclear fuel burn-up and reports 78,000 curies (Reference 9-8).

The literature reports that one to ten percent of the Carbon-14 inventory can be rapidly released
as Carbon-14 dioxide. The one percent value (Reference 9-9) is probably too low and the ten
percent value (Reference 9-10) may not be the upper bound. The term “rapid release” means that
the Carbon-14 dioxide escapes immediately after the waste container fails. The rate at which the
~ gas escapes has been investigated (Reference 9-11), but not determined. The rapid release
fraction is assumed to be 8000 Ci as a maximum value.

The remaining Carbon-14 will gradually oxidize and reach the accessible environment. Some -~
or all may escape as a gas; some or all may dissolve and escape in the ground water; and some
or all of the Carbon-14 dioxide may partition between the gaseous and aqueous phases (Reference
9-12). Given these uncertainties, performance assessments completed by the NRC staff
(Reference 9-13) and the DOE (Reference 9-14) have not attempted to model the gradual release
fraction of Carbon-14. However, even if these 70,000 curies of carbon-14 are ignored, the other
8,000 curies (i.e., the rapid release fraction) dominates all other releases combined (Ibid).

- s
j—

Cost to Contain Carbon-14 Dioxide

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 a material that has very low corrosion
characteristics. The 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
waste containers, Bullet (Reference 9-15) shows that multiple-barrier systems have the potential
to delay the failure of waste packages depending on the choice of each barrier material. A
mult-barrier approach was assumed for the Carbon-14 containment cost evaluation, with one -
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barrier utilizing a ceramic material known to have very low corrosion rates. Other barriers would
be similar to the reference design described in the Site Charactetization 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 ncccssary to produce this material and predict its
performance. The consensus of the Engineered Barrier System Concepts Workshop (Reference
9-16) regarding use of ceramics was that their feasibility was undetermined because of the current
lack 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, would be
necessary to generate the pcxfonnancc data and develop the manufacturing processes (see Table
9-1). These costs would be in addition to the currently estimated costs of dcvclopmg the
reference waste package. Currently, no facility in the U.S. can fabricate a ceramic large enough
to hold the spent fuel. Morcover, the DOE would havc to bmld a facxhty to remotely encapsulate
the spent fuel thhm the ceramic. S .

For this cost evaluation, it was assumed that the Carbon:14 package would contain the same
arount of waste as the reference design, so that direct comparisons can be made. This design
contains three PWR and four BWR spent-fuel asscmbhes Approximately 25,000 waste packages
would be required to accommodate the first repository inventory. Larger concepts are currently
being evaluated that could reduce the number of pachgcs, but this effort has not procecdcd far
enough to provxdc a basis for comparison.

The Carbon-14 package, dcﬁned for this evaluauon. is based on an external metallic barrier 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 9-17). The diameter of this external container
must be increased over the reference design to accommodate the ceramic barrier. The ceramic
barrier would be approxunatcly 3 inches thick, and the steel canister would be 0.39 inch thick.

Cost estimates for the ceramic barrier in the size nccded are not readxly available, because these
sizes are larger than what is cumrently manufactured. However, it is the opinion of ceramic
researchers and manufacturers that & ceramic container 'of the size needed would have costs
comparable to the corrosion-resistant high-nickel 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. 'Ihc dxﬁercncc. $3.2 billion, constitutes the cost
of containing Carbon-14 dxondc (see Table 9-2).

Other Infannaaan

Many technical analyses and evaluations regarding Carbon-14 have been done by the DOE, its
contractors, national laboratories, and others. These have included analyses of the source term,
transport mechanisms, health effects, uncertainties, as well as evaluation of the regulatory
implications concerning releases of Carbon-14. Appendix A of this document contains a paper
written by Dr. U-Sun Park, of Science Applications International Corporation, that discusses these
various aspects. This paper was prepared in support of the workshop on 40 CFR Pant 191 .
sponsored by the Electric Power Research Institute in February 1992.
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1 Introduction

The U S. Environmental Protection Agency (EPA) is currently reconsidering its 1985 (.\
radioactive-waste standard, 40 CFR Part 191, because it was partially remanded by a U. S.- . .«
district court. Although the part of the standard regulating releases of radioactivity to the
environment (the “containment requirements”) was not part of the reason that the court
ordered the remand, the entire standard is being reconsidered. The staff of the U. S. Nu-

clear Regulatory Commission (NRC) bave proposed to the EPA a different way of combining
releases of radioactivity estimated from different scenarios and comparing them to the re-

lease limits set by the EPA. The NRC staff’s proposal has come to be known as the “three
bucket” approach because release scenarios are divided into three groups, depending on their
probabilities of occurrence. The EPA, in its most recent working draft of 40 CFR Part 191,
included a version of the three-bucket approach (somewhat different from the NRC staff’s
proposal) in a section of the draft that is for comment only. The purpose of this paper is to
compare the three approaches: EPA’s original standard, NRC’s version of the three-bucket
approach, and EPA’s version of the three-bucket approach. :

Let us begin with a description of the three approaches.

1.1 The original 40 CFR Part 191

The original statement of the standard’s containment requirements, in 40 CFR 191.13(a)
(EPA, 1985), 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 performance
assessmeants, that the cumulative releases of radionuclides to the accessible environment
for 10,000 years after disposal from all significant processes and events that may affect e’
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 one chance in 1,000 of exceeding ten times the
quantities calculated according to Table 1 (Appendix A).

Furthermore, Appendix B of 40 CFR Part 191 offers the following guidance about how
to apply the standard:

Scope of Performance Assessments. Section 191.13 requires the implementing agen-
cies to evaluate compliance through performance assessments as defined in §191.12(q).
The Agency assumes that such performance assessments need not consider categories
of events or processes that are estimated to have less than one chance in 10,000 of
occurring over 10,000 years. Furthermore, the performance assessments need not eval-
vate in detail the releases from all events and processes estimated to have a greater
likelihood of occurrence. Some of these events and processes may be omitted from
the performance assessments if there is a reasonable expectation that the remaining
probability distribution of cumulative releases would not be significantly changed by
such omissions.

Compliance with §191.18. The Agency assumes that, whenever practicable, the
implementing agency will assemble all of the results of the performance assessments
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in Figure 1.
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to determine compliance with §191.13 into a “cqmpiementuy cumulative distribution
function” that indicates the probability of exceeding various levels of cumulative release.
When the uncertainties in parameters are considered in a performance assessment, the

. effects of the uncertainties considered can be incorporated into a single such distribution

- function for each disposal system considered. The Agency assumes that 2 disposal
system can be considered to be in compliance with §191.13 if this single distribution

function meets the requirements of §191.13(a).

It is not necessary to discuss here all details of the above te§uirements. For our purposes,

it is pot necessary to know anything about Table 1 of Appendix A, for example. What is

important to know is that the standard defines a performance measure—the cumulative

release of radioactivity to the accessible environment over 10,000 years, normalized in 2

particular way. This performance measure is assumed to have some uncertainty because
of geologic variability, uncertainty about the future, etc., so that a probability distribution
for the performance measure is to be presented rather than a single estimate or a simple
range of possible values. An example of such a probability distribution, or CCDF, is given

“Each point oﬁ the curve in F igure 1 gives the probability of exceeding a particular value

" of the performance measure, which is referred to as “normalized release.” Mathematically, if

the normalized release in general is denoted by M and 2 particular value of the normalized
release is denoted by m, then the CCDF at that point, G(m), is defined by

G(m) = Pr(M >m).

3



With this notation, the EPA limits in 40 CFR 191.13(a) may be restated as
G(1) < 0.l .

G(10) < 1073 .

These limits are represented in Figure 1 by the cross-hatching. Though the EPA limits are
only stated as upper bounds on the CCDF curve at two points, the fact that a CCDF,
by definition, must never increase (it is a monotonically nonincreasing curve) implies the
restriction of the curve from the entire cross-hatched region.

Let us conclude the discussion of the original EPA standard with three important points.
(1) Only one CCDF is called for, and it is expected to include all significant sources of
uncertainty; (2) there is a cutoff probability of 10~¢, below which “categories of events or
processes” need not be considered; (3) the implementing agency for the Yucca Mountain site
is the NRC, so interpretation of ambiguities (such as “reasonable expectation”) would be up
to the NRC.

1.2 The NRC staff’s three-bucket approach

The following discussion of the NRC staff’s proposed alternative to the containment require-
ments in the EPA standard is based on NRC (1991). Their recommendation is to change
the wording of 40 CFR 191.13(2) to read

Disposal systems...shall be designed to provide a reasonable expectation that, for
10,000 years after disposal:

(1) anticipated performance will not cause cumulative releases of radionuclides
to the accessible environment to have a likelihood greater than one chance in 10 of
exceeding the quantities calculated according to Table 1 (Appendix B); and

(2) the release resulting from any process, event, or sequence of processes and
events that is sufficiently credible to warrant consideration will not exceed ten times
the quantities calculated according to Table 1 (Appendix B). "

(The Table 1 of Appendix B referred to here is the same as Table 1 of Appendix A
referred to previously.) The key concepts here are “anticipated performance” and “suffi-
ciently credible to warrant consideration.” These terms are deliberately vague to allow the
implementing agency flexibility in evaluating a proposed site. From NRC (1991) and from
discussions with NRC staff members, it appears that “anticipated performance” is meant
to encompass events, processes, and sequences of events and processes with probabilities
greater than about 0.01 to 0.1; “sufficiently credible to warrant consideration” is meant to
encompass events, processes, and sequences of events and processes with probabilities greater
than about 10~ to 1074, In their examples in NRC (1991), the NRC staff use a probability
of 0.01 to determine which processes and events are “anticipated.” For the examples in
NRC (1991), a probability of 10~3 to determine which processes and events are “sufficiently
credible to warrant consideration” was thought to make the three-bucket approach equally
stringent to the original EPA standard (that is, the rame scenarios survived the scenario-

screening process). Because the NRC staff seem to prefer the values 1072 and 1072 for the:
3 B

two cutoffs, those values will be used in this report when this alternative is applied.
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~ We can now see thé' 0r{gm of the phrase “three-bucket approach.” The first “bucket”
. contains processes and events with probabilities greater ‘than 0.01, the second “bucket”. con-
" tains processes and events with probabilities between 0.001 and 0.01, and the third “bucket”
contains processes and events with probabilities below 0.001. In the three-bucket approack,
the comparison with regulatory limits is done differently for the different buckets.

The first bucket contains the antmpated processes and everits, and they are handled as in
the EPA standard, but with only one limit rather than two. A CCDF of normalized releases
caused by those processes and events is constructed and jts value at'm = 1 must be less
than or equal to 0.1 {G.(1) < 0.1). Note that the cha.nge in wordmg from the EPA standard
results in & < rather than-a <; this difference is not’ important. Note also that G; is being
used rather than G to denote this CCDF, to indicate that only a.ntlcxpated processes and
events are included, rather than all significant processes and events. Rather than the limit
on'the CCDF at m = 10 that is'in the EPA standard, each sequence of processes and events
is to be evaluated and the normalized release is supposed to be no more than ten for each
one: m: < 10.

~ The second bucket contains unlikely processes a.nd events, but ones Judged sufficiently
credible to consider. It is the NRC staff’s intention that calculations for these processes
and events be done deternnmstxca.lly rather than: probabxhstnca.lly, with a single normalized
release calculated for each sequenoe of processes and events and oompared with & limit of

- 10, as above. For each one, we must bave m < 10.

The third bucket contains Pprocesses and events that are Judged too unhkely to consxder
further, so there is no limit on releases from these processes and events and therefore no

_ need to perform any ca.lculatxons

~ The NRC staff’s concern is the dxﬁculty in qua.ntxfng the probabxhtzes for ' unlikely
events. The EPA’s cutoff probability of 10~¢ for a 10,000-year period is a rate of only 10~8
per year. Probabilities this low are very difficult to estimate accurately. The NRC staff’s
three-bucket concept is an attempt to change the standard so as to require less precision

o in the estlmates of low probabilities and to require simpler rnodelmg of the low-probability

events. The three-bucket method also has the advantage of not requiring calculation of the
extreme tail of the CCDF down to a probabilty of 10~3, as the EPA standard requires.

One final comment on the above statement of the three-bucket-approach rennirements.
In the second part, “release” is referred to without the qualifiers “cumulative” and “to the
accessible environment,” thereby creating some confusion. It will be assumed throughout this
. report that releases are calculated in the same way as in the first part and in the original EPA
: contmnment reqmrements—by ca.lcula.tmg cumulatxve releases to the accemble environment.

.3 The EPA’s versxon of the three-bucket approach
~ The most recent workmg draft of the EPA’s modxﬁed 40 CFR Part 191 (EPA 1992a) contains

- a number of changes from the 1985 version, including adding radiation dose as an optional

alternative to cumulative releases of radioactivity as the performance measure. This report
will not be concerned with the issue of radiation dose vs. radioactivity as performance mea-

- . sures. .In all the followmg djscussion, cumulative release of radioactivity to the accessible

environment will be uSed as the performa.noe measure to’ ma.ke eompansons with the 1985
standard easier. ol ,

’



The part of the revised (draft) standard of interest here is essentially unchanged from the
1985 standard: In addition, however, the EPA included a section for comment in which it
states that they . are consxdermg mclus:on of the following as an option for the 1mplementmg /'\
agency: - e

Disposal systems for radioactive waste shall be designed to provide a reasonable expec-
tation that releases resulting from all significant processes and events (including both
natural and human-initiated processes and eveats) that may affect the disposal system
for 10,000 years after disposal shall:

(1) Have a likelihood of less than one chance in 10 that cumulative releases to
the accessible envxronment wrll exceed the quantities calculated accordxng to Table 1
(Appendix A); and

~ (2) Not exceed’ ten times the quantities calculated accordmg to Table 1 (Ap-
pendix A) based upon the projected release resulting from any process, event, or
sequence of processes and events which bas a likelihood of occurrence between one
chance in 10 and one chance in 10,000.

This statement of the three-bucket approach is different from the NRC staff’s recommen-
dation in two ways.. First, there is less ambiguity. Rather than using terms such as “antici-
pated performance” and “sufficiently credible to warrant consxderatxon, concrete probability
values are specified. Second, the CCDF calculated for part (1) is to include releases resulting
from all significant processes and events rather than only those antxcxpated as in the NRC
version. .

As stated here, the CCDF is the same as the one that would have been calculated for use
with the original EPA standard, but only the first limit is apphed. G(1) < 0.1. The second
limit on thé CCDF is replaced by the NRC staff’s idea of requiring m < 10 for any sequence ~
of processes and events with probability between 10~ and 0.1 (but remember that the NRC - _
staff used probabilities between 10~3 and 1 for this limit).

Finally, note that the EPA statement of the three-bucket approach bas the same prob-
lem the NRC staff’s statement had in not specifying cumulative releases to the accessible
environment in the second part. As stated before, it will be assumed throughout this report
that r""ases alwa.ys refer to cumulative releases to the a.ccessnble environment.

14 Summary of the three methods

In the rest of this report, the three methods will be referred to as EPA1 (the containment
requirements of the 1985 EPA standard, unchanged in EPA’s most recent revision), NRC1
(the NRC staff’s three-bucket approach), and EPA2 (the EPA’s version of the three-bucket
approach, included for comment only in the recent revision of the EPA standard). -

o All three methods allow events or processes with very low. probability to be neglected.
The guidance section in both the original standard and the recent draft revision states that
categories of events or processes with probabilities less than 10~* need not be considered.
Presumably this cutoff also applies to the NRC staff’s three-bucket approa.ch since they did
not suggest any revision to it.

o Methods EPAl and EPA2 both require construction of a CCDF G(m) that includes
releases resulting from all significant processes and events. EPA1 and EPA2 both place the

N



- following restriction on theCCDF :

G(1)<0.1.
EPA1 places the additional restriction

G(10) <1073 .

e Method NRC1 requires construction of a CCDF G, that includes only anticipated pro-
cesses and events, and places the following restriction on it:

G.(1)<0.1 ..

In NRC (1991), the NRC staff include scenario classes with probabilities greater than 0.01
in the CCDF calculation. This quantification is not necessarily easy, especially since there
is considerable difference of opinion over just what is meant by a “scenario.” This report
conforms to the Yucca Mountain Site Characterization Plan (DOE, 1988) in the following
terminology: An individual scenario is a possible future history of the repository system and
has a probability of zero, just as a single line bas a volume of zero. It takes a bundle of lines
with nonzero cross-sectional area to have a nonzero volume. Similarly, a “scenario class” is 2
“bundle” of scenarios. The scenario classes must be defined in such a way that they include
all the modeled scenarios and are mutually exclusive.
¢ Methods NRC1 and EPA2 place a limit on the normalized release resulting from indi-
vidual scenario classes: m < 10. This limit only applies to scenario classes within a range
of probabilities. EPA2 specxﬁes that this limit applies to scenario classes with probabilities
between 0.1 and 10~4, while for NRC1 the limit applies to scenario classes with probabilities
greater than about 10"3 (and less than or equal to 1, of course).

- NRC1 and EPA2 are more different than this description would indicate, as can be seen
by looking at the examples in the NRC staff’s paper (NRC, 1991) When comparing &

- scenario-class probability against the 10~3 cutof, they do not use an actual éstimate of the

scenario-class probability, but rather a number that is more of an upper bound. In their

- Examples 1 and 2, they consider a possible sequence of events as follows: faulting; drilling,

but with no hits on waste packages; and volcanism (not necessarily in that order). Their

~estimates of the probabilities of these events are 0.55, 0.975, and 3 x 10~¢, respectively,

when calculating 8 CCDF for comparison with the EPA standard, leading to 2 probability

“of 1.6 x 10~* for the sequence. But, when making a comparison with their three-bucket
approach (NRC1), they replace the 3 x 10~* probability for volcanism with “< 10-2,” on

the grounds that the probability of 3 x 107 is not well known but the probability is fairly

" certain to be below 10-2. Follomng this replacement, the probability for the sequence comes

out to be < 5.4 x 10~3, which is above the 10-3 cutoff even though the initial atxmte of

- - 16x 10~ would have been below the cutoff.

- For this report it was decided not to apply t!us boundmg—probabxhty procedure to method

E EPA2 for two reasons. (1) It doesn’t seem appropriate to use this procedure with the very

low probability cutoff (10~4) specified by the EPA; and (2) by using different interpretations

~ for methods NRC1 a.nd EPA2 we can see the a.dvantaga and dnsadvamages of the two
mterpretatxons

A problematic issue for thxs lxm.\t. (m < 10) is that it is stated detemmustxmll) How i.-
it to be applied when there is uncertainty about the normalized release for a scenario class
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Figure 2: CCDFs for a single scenario class, with scenario-class probability of 3 x 103 and
mean normalized release of 5 (1.5 x 10~2 if adjusted for probability of occurrence).

-

(as would normally be the case)? Suppose, for illustration, that there is a scenario class that- ...~
has probability 3 x 10-2 and a normalized release of 5 but, if probability distributions for the
input parameters are included to take into account their uncertainty, has a distribution of
normalized releases extending up beyond the limit of 10 (see Figure 2). There are calculated
m’s greater than 10, but they occur at low probability levels—well below the 10~3 probability
that would cause the 1985 EPA standard to be exceeded. It is not clear how the NRC or
the EPA intend for this situation to be resolved; it is very difficult to assign a single release
number to each scenario class in a consistent manner. For this report it will be assumed
that the release limit is exceeded only if m > 10 at the cutoff probability level or higher,
where the cutoff probability is 10~3 for NRC1 and 10~* for EPA2. To put it another way,
the release value that will be assigned to each scenario class will be the value at the cutoff
probability level. The hypothetical case illustrated in Figure 2 would exceed the EPA2 limit
but would not exceed the NRC1 limit.

The choice was made for this paper to use the release value at the probability cutoff so that
the same level of stringency in probability is applied to all scenario classes. Certainly, there
are simpler choices that could be made. For example the mean of the release distribution
for each scenario class could be used, or some percentile of the release distribution (e.g.,
the median or the 90th percentile) could be used. Such choices have the problem that
the m < 10 limit is then much more stringent for low-probability scenario classes than for
high-probability scenario classes. This lack of consistency is what leads to the problem of"
Nor'
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sensitivity to the choicé of scenario classes that will be' discussed in Section 3.3.
The problem with using percentiles of the release distribution may be illustrated as

~~ follows. Suppose we have a set of scenario classes, {5 }. The limit m < 10 is required for

each one (ignoring for now the fact that the EPA’s version of the three-bucket approach does
not place this restriction on scenario classes with probabilities greater than 0.1), and for this
example we choose the median of the release distribution as the value to use for m. Thus,

- Pr(m>10(S;) <0.5 foralli.

The notation Pr(m > lOlS.) means the probablhty that m is greater than 10, assummg

~ that scenario class S; occurs. The exceedence probabilities for the individual scenario classes
" can be summed to obtain the exceedence probability for the system as a whole if they are
~ weighted by the probabilites of occurrence for the scenario classes

Pr(m S10) = Ep.Pr(m > IOIS) .

where p; is the probabxhty of occurrence for scenario class Si. Usmg the above mequaht} for
the mdmdua] exceedence proba.bxhtm, the following result is obtained:

Pr(m>10) < Zp. 0.5

, < 0. 5. | ‘
The ﬁna.l result follows from the fact that all the scena.no-class probabxhtxes have to add up

ZP--I

In the notatlon ‘used previously, Pr(m > 10) = G(10), where G is the CCDF. So,

to one:

" if medians are used to define the scenario-class releases, the m < 10 part of the three-
- bucket approach only requires that G(10) < 0.5. This is not the whole story, because the

three-bucket approach also requires that G(1) < 0.1 (ignoring for the moment the fact that

- the NRC’s version of the three-bucket a.pproach .only plam»mtrictions on the CCDF for

nnticipated events, G,). Because the CCDF is a nonincreasing function, the restriction
at m = 1isalso a restriction at m = 10: G(10) < G(1) < 0.1. Thus, interpreting the
three-bucket approach in this manner would be much less restrictive than the 1985 EPA
requirement that G(10) < 10~3. To ensure that the m < 10 limit was at least as stringent as
the original EPA standard would require taking m to be the value at the 99.9th peroentxle.
Such a definition would place a8 much more stringent restriction on low-probab:hty scenario

_classes than required by the original EPA standard.

 There are similar problems with other methods of assigning scena.no-class releases. For
exa.mple, requiring the mean normalized release for a high-probability scenario class to be

" less ‘than or equal to 10 does not ensure that its CCDF probability is less than 103 at

m = 10. Another way (and, in fact, an easier way) to assign a single release pumber to 2

" scenario class is to use some statistical measure of the mput parameters and calculate the

release only once (for example, calculate the release using the mean values of all the state
viriables). This procedure can still have some of the problems just discussed, and it has

8



the additional drawback of being sensitive to the choice of model parameters. There is no
unique way to specify what the model parameters should be, and in a nonlinear system the
mean of some combination of parameters is not necessarily the same as the combination of
the means (and similarly for any other statistical measure). It should also be kept in mind
that a calculation with typical (mean) values for the input parameters does not necessarily
produce typical (mean) output. See, for example Barnard et al. (1992, Section 4.8).

2 Sandia Labofatorieé’ TSPA-1991

Sandia National Laboratories recently completed a preliminary total-system performance
assessment (TSPA) of the Yucca Mountain site (Barnard et al.,, 1992). The calculations
for that report were made using the EPA performance measure from the 1985 standard.
The results are presented in terms of CCDFs and are compared to the EPA limits from
the standard. A natural starting point for the comparison of the three regulatory methods
described in the previous section is to recast the TSPA results in the form prescribed by
each method. This will be done in the following subsections.

The results from TSPA-1991 are summarized in Figure 3. The calculations were made for
different processes separately and combined at the end into overall CCDFs for comparison
with the EPA standard. Figure 3 shows the component CCDF's before the final combination.
It should be kept in mind that these results are preliminary and do not constitute a final
performance assessment for Yucca Mountain. They are used here only to illustrate the
methods described in the previous section. Note that the curves stop abruptly rather than
going all the way down to zero probability. This is a result of the Monte Carlo method that

N

was used to generate the curves. In a Monte Carlo simulation, there is always a minimum ~ '

probability that can be observel because of the finite number of realizations. The curves
could be extended vertically downward, but the curves were left as is because that way the
reader has some additional information about the statistical significance of the results.

The curves included in Figure 3 are as follows:

1. Gaseous (composite). Releases resulting from gaseous transport of *C under nominal
conditions (no disruptive events). The composite-porosity model of water flow was
used in defining the releases of *C from the waste packages.

2. Gaseous (weep). Releases resulting from gaseous transport of 4C under nominal con-
ditions. The “weeps” model of water flow was used in defining the releases of *C from

the waste packages.

3. Aqueous (composite). Releases resulting from aqueous transport of radionuclides under
nominal conditions. The composite-porosity model of water low was used in defining
the releases from the waste packages and in calculating groundwater flow and transport.

4. Aqueous (weep). Releases resulting from aqueous transport of radionuclides under
nominal conditions. The weeps model of water flow was used in defining the re-
leases from the waste packages and in calculating unsaturated-zone flow and trans-
port (saturated-zone flow and transport were calculated using the composite-porosity
model.) . '

]

S’
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, F lgure 3 Component condxtxonal CCDF s from TSPA 1991

&, Dnllmg Releases resultxng from exploratory dnllmg Four components bave been
combined in this curve: releases directly to the surface due to direct hits of waste
packages, releases directly to the surface due to “near misses” that bring up contami-
nated rock, releases due to direct hits of waste packages that cause some waste material
to fall to the tuff aquifer and be transported to the accessible environment by ground-

- water, and releases due to direct hits of waste packages that cause some waste material
to fall to the carbonate aquifer and be transported to the accessible environment by
groundwater. :

; '6.'4' Volca.msrn (rnethod l) Releases d.lrectly to the surfaoe resultmg from a basaltic i igneous
' mtrusxon through the reposltory co .

T Volcamsm (method 2). Releases d1rectly to the surfaoe resultmg from a hasalt:c igneous
intrusion through the repository. :

It is not necessa.ry for the present discussion to know what the composxteporosrty and

‘ . weeps models are, except to know that they are treated as alternative conceptual models

of unsaturated-zone flow and transport. For the TSPA-1991 report, they were taken to be
mutually exclusive models, i.e., either one is correct or the other is correct, with no mixtures
_ allowed. In the followmg, mults will be presented separately for the two conceptual models:
~ when nominal releases are combined with dnlhng releases and volcanic releases to get the
- total release, it will be done twice, first using the composite-porosity model to obtain th-~
nominal releases and then using the weeps model to obtain the nominal releases.
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The two volcanism curves represent modeling of the same processes, but different formu-
las were used to calculate the amount of waste entrained by the intruding dike. The two
volcanism release models will also be treated as alternative conceptual models, including only .
one of them in any given composite CCDF. However, the treatment of the two volcanism’
models has little or no effect on the overall CCDF because of the low probability of direct
volcanic releases (2.4 x 10~¢).

2.1 The original 40 CFR Part 191 (EPA1)

For method EPA1, all of the model results should be combined into a single CCDF, and
the CCDF compared to the EPA limits at m = 1 and m = 10. To combine releases
from the different processes (that is, to combine the component CCDF's shown in Figure 3)
the simplifying assumption is made that the processes operate independently. With that
assumption, the CCDFs can be combined by a simple Monte Carlo simulation in which
a release is drawn at random from each of the three release categories (nominal flow and
transport, exploratory drilling, and igneous intrusion) and the releases are added together to
obtain the total release. Those operations are repeated many (10,000) times to obtain the
probability distribution of the total release. The results are shown in Figure 4. As already
noted, the composite-porosity and weeps models are not combined, but instead results are
reported for each separately. The volcanism releases do not contribute significantly to the
combined CCDF's, no matter which model is used, so it is not necessary to present alternative
curves for the two volcanism models.

It can be seen in Figure 4 that the releases calculated using the composite-porosity model
exceed the EPA limits by having a probability greater than 0.1 for a normalized release
exceeding 1 (G(1) 2 0.2). Neither CCDF exceeds the limit at m = 10. At this point, it

should be emphasized once again that these results are preliminary, and it is likely that the ~

EPA-limit violation is a result of overly conservative assumptions made in the gaseous-release
calculations.

2.2 The EPA’s veréion of the three-bucket approach (EPA2)

Method EPA2 uses the same CCDF as method EPA1, including all significant processes
and events. Only the limit at m = 1 is applied, however, so it would not be necessary to
calculate the CCDF as precisely (i.e., fewer realizations could be used in the Moate Carlo
simulations). Since we already have the CCDF's in Figure 4, we will use them. The result is
the same as for EPAl: the CCDF for the compos:t&poromty model] exceeds the limit, but
the CCDF for the weeps model does not.

Determination of compliance with the other EPA2 criterion, that m < 10 for any sequence
of processes and events with probability between 10=4 and 0.1, depends on resolution of some
ambiguous terms. The la.rgest calculated normalized release for nominal conditions (using the
composite-porosity model) is 3.0, the largest calculated normalized release for exploratory
dnl.hng is 4.3, and the largest calculated normalized release for volcanism (using method 1)
is 7.2. Thus, it is possible to get a normalized release as high as 14.5 from the calculations
that we are using. But, the high releases from volcanism occur at very low probability levels
in Figure 3, s0 one would not expect them to cause violation of the regulatory limits. '
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~ F igure 4: Conditional CCDF's including all modeled procésgs and events.

As discussed in Section 1.4, in this report it is assumed that the m < 10 limit is applied to

-scenario classes, and is applied to the scenario-class CCDF at the 10~ ‘probability level (for
- EPAZ2). So, the next step must be to define the scenario classes for the system, as modeled in

TSPA-1991. The assumption in TSPA-1991 is that nominal gaseous and aqueous transport
and exploratory drilling always occur, so the only one of the modeled processes and events

. that may or may not occur is volcanism. The occurrence or non-occurrence of an igneous
- intrusion into the repository defines two scenario classes, which will be referred to as V
_and V, respectively. V is assigned probability 2.4 x 1074, so V has probability 0.99976.
.. Conditional CCDFs for scenario class V, normalized by probability of occurence, are given
.in Figure 5. There are four curves because of the two alternative models of flow and the two

alternative models of volcanism; all combinations are shown in Figure 5. The cross-hatched
region in the figure shows the EPA2 limitation on scenario-class CCDFs at m = 10, as it
is interpreted in this report. It can be seen that the m < 10 limit is not exceeded for the
conditions modeled. The conditional CCDF's for scenario class ¥ are the same as those
shown in Figure 4, because releases due to volcanism had negligible effect on those curves.

Curves for scenario class V are not shown in Figure 5 because in EPA2 the limit at m = 10
" does pot apply to scenario classes with probabilities above 0.1. |
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Figure 5: Conditional CCDFs for scenario class V (method EPA2).

2.3 The NRC staff’s three-bucket approach (NRC1) @

Compliance with method NRC1 will be determined by following the steps outlined in NRC
(1991). As described there, the methad is closely linked to a particular methodology re-
quiring the specification of “scenarios,” which are referred to bere as scenario classes. This
is a significant change from the 1985 EPA standard; note that compliance with EPAl was
determined without ever having to specify a set of mutually exclusive scenario classes.

For TSPA-1991, the scenario classes are defined as in the previous subsection. There are
only two scenario classes, V and V. What is different from the previous subsection is the way
the NRC staff handles low-probability events such as volcanism. In their method, rather than
using 2.4 x 104 as the probability for an igneous intrusion, the bounding estimate “< 0.01”
is used instead. After the scenario classes are defined and their releases are estimated, the
next step is to check them against the m < 10 criterion. This comparison is presented in
Figure 6. There are three differences between Figure 6 and Figure 5. (1) Scenario class V
" (with four possible alternatives) is shown at probability 0.01 rather than 2.4 x 10-¢. (2)
All scenario classes with probabilities greater than 103 are included, rather than scenario
classes with probabilities between 10~¢ and 0.1. Scenario class V is included because its
probability was adjusted upward to 0.01. (3) The limit at m = 10 is set to probability 103
rather than 10-¢. The last point is a result of the interpretation being followed in this report,
and is open to other interpretations. From Figure 6, it can be seen that all alternatives of
the scenario classes are below the m < 10 limit. :

The last step in determining compliance with NRC1 is to construct a CCDF fromn onl

"\/
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the scenario classes having probabilities greater than 0.01. The CCDFs so constructed are
" indistinguishable from the CCDFs shown in Figure 4 because volcanism had no significant
effect on those curves. The CCDFs are then checked to determine whether they bave prob-
~ abilities greater than 0.1 at m = 1. As before, the CCDF for the weeps model passes this
- test and the CCDF for the composite-porosity model] fails.

2.4 Summary
- To sum up, there is no difference in compliance when comparing the TSPA-1991 results with

the three regulatory methods. The details of the three comparisons are different, but the
answers are the same: the weeps model passes and the composite-porosity model fails.

3 Variations on TSPA-1991

In this section, some variations; on the TSPA-1991 results will be used to illustrate various
peculiarities and differences in the three regulatory methods. Of particular interest are cases
in which the three methods disagree about compliance.
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3.1 A high-consequence, low-probability scenario class

The NRC1 and EPA2 methods place more severe restrictions on low-probability processes

and events than did the old EPA standard, EPA1l. To illustrate this fact, let us consider.

what would happen if the consequences (i.e., the normalized releases) were higher for an
igneous intrusion. There is no need to carry along all the alternative models to make the
point, so we will just consider the case where nominal flow and transport are represented by
the weeps model. Releases from volcanism will be represented by the “method 1 releases
increased by a factor of 100. The resulting total-system CCDF is presented in Figure 7. The
CCDF is the same as the weeps-model curve in Figure 4 except for the low-probability tail,
where releases are increased because of the higher volcanic releases. The higher releases in
the tail do not affect compliance with the EPA] standard because they occur at probability
below 10-3.

The CCDF for the volcanism scenario class, V, is shown in Figure 8. This figure cor-
responds to Figure 5, but with higher volcanic releases. As shown in the figure, this sce-
pario class no longer satisfies the m < 10 criterion for method EPA2. Similarly, it can be
shown that this scenario class fails to satisfy the criteria of method NRC1. Thus, for high-
consequence, low-probability scenario classes, methods NRC1 and EPA2 are stricter than
EPAL.
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Figure 7: Total-system CCDF with volcanic releases multiplied by 100.
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Figure 8: CCDF for scenario class V with volcanic releases multxphed by 100 (method EPA2).

.32 A high-probability scenario class with some high releases

A peculiarity of method EPA2 is that the m < 10 limit does not apply to scenario classes
with probabilites greater than 0.1. Because of that, it is possible to have 2 situation in
‘which ‘the EPA2 criteria will be satisfied while the EPA1 and NRC1 limits are exceeded.
To illustrate this occurrence, let us consider the situation in which the direct releases from
exploratory drilling are increased by a factor of 100. The weeps model will be used for
nominal flow and transport, method 1 will be used for volcaric releases, and the near-miss
' and aqueous-release components of the drilling releases will be kept the same as previously.
 To make the point, the probability of getting a direct drill-hit on & waste package will be
~ decreased from 12% to 9%.
.. The total-system CCDF for the system just described is shown in Figure 9. It can be
. seen that the CCDF is below the EPA] limit at m = 1 but exceeds the limit at m = 10.
The same CCDF is used for method EPA2, but only the m = 1 limit.is applicable. Thus,
this system passes the CCDF part of the EPA2 requirements. Similarly, it passes the CCDF
part of the NRC1 requirements.

Figure 10 shows the comparison with the m < 10 criterion for EPA2. The limit only
applies to scenario class V, as was the case prevxousl} (Figure 5), and scenario class V passes
the test. Figure 11 shows the eompa.nson with the m < 10 criterion for NRC1. In method
NRC]1, the limit applies to both scenario classes, V and dv (see also Figure 6), and scenario
_ class V exceeds the limit. Thus, this system is in violation of methods EPAl and NRCI,
" -but is in compliance with method EPA2..
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3.3 ' Sensitivity to the choice of scenario classes

- For the methods (NRC1 and EPA2) that place restrictions directly on scenario classes rather
~ than on the system as a whole, compliance or noncompliance depends on how the system is
split up into scenario classes. This is potentially a serious problem because there is not a
- single, unique way to define the scenario classes. The possible problems will be illustrated
with two examples. ‘
.- For the first example, consider the system described in the previous subsection. .. which
- direct drilling releases were increased and their probability decreased from the values used
‘in TSPA-1991. We could bave separated drilling with a direct hit on a2 waste package
- and drilling with no direct hits into separate scenario classes (the NRC staff make such a
separation in the examples in NRC, 1991). Such a split results in four scenario classes: S,
(nominal fiow and transport, no direct hits, no volcanism), S; (nominal fiow and transport,
no direct hits, releases from an igneous intrusion), Ss (nominal flow and transport, at least
one direct hit, no volcanism), and S, (nominal flow and transport, at least one direct hit,
releases from an igneous intrusion). This separation into scenario classes is illustrated in
Figure 12. The figure also shows the scenario-class probabilities.

Changing the way the system is separated into scenario classes does not affect the total-
system CCDF (Figure 9), but the component scenario-class CCDFs are different and so the
comparison with the m < 10 criterion must be revisited. The comparison of the new scenario
classes with the m < 10 criterion in EPA2 is shown in Figure 13. Note that S, is not included,
because its probability is too high and S, is not included because its probability is too low.
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 Drill-hit Volcanism oo
Pr(S,) = 0.90978
- 0.99976
0.00024
! Pr(S,) = 0.00022
No 0.91
Yes 0.09 .
| Pr(S;) = 0.08998
0.99976
0.00024
Pr(S,) = 0.00002

Figure 12: Logic tree for separation of the model system into four scenario classes.
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Drill-hit Volcanism

=1
' - < 0.01
N ’ : 0.91 ‘ Pr(S;) < 9.1 x 10~
o - . ,
Yes 0.09
AR Pr(Ss) = 0.09
]
< 0.01

Pr(S¢) <9 x10™

Figure 14: NRC1 version of the logic tree.

Scenario class S; exceeds the limit.

Because of the different way method NRC1 handles scenario-class probabilities, it is
worth showing the NRC1 comparison to the m < 10 criterion as well. Figure 14 shows the
~ logic tree in Figure 12 with the probabilities amended as was done by the NRC staff in NRC

(1991). Scenario class S; has & probability low enough that the m < 10 limit does not apply
to it, but the limit must be applied to the other three scenario classes. The comparison
with the limit is shown in F:gure 15. It can be seen that scenario class S; exceeds the limit.
Thus, using this set of scenario classes all three regulatory methods agree on failure but,
using the previous set of scenario classes, method EPA2 showed compliance while the other
two methods showed failure.
To show that the problem of sensitivity to the choice of scenario classes is not unique to
method EPA2 but also occurs ia method NKCI, let us go back to the system as modeled in
- TSPA-1991 and put an additional hypothetical effect into the exploratory-drilling calcula-
tion. Suppose that, for some reason, a small portion of the direct hits have unusually large
_ releases, at about a probability level of 5 x 107 (0.4% of the direct hits, with direct hits
- occuring about 12% of the time). The occurrence of these “special” direct hits need not be
: & result of some event occuring 0.05% of the time, but could result from some combination
 of undesirable parameter values, out in the tail of the joint probability distribution. The
.total-system CCDF for this hypothetical system is shown in Figure 16. It is quite similar

" to the CCDF in Figure 7, but with the high releases in the tail resulting from a different

process. Because of the low proabability of the special direct hits, the EPA1 criteria are
satisfied.
A compa.nson of the V and V scenario-class CCDFs with the NRC1 m < 10 criterion

is shown in Figure 17. The limit is not exceeded. A comparison of the S, Sz, Ss, and S,
scenario-class CCDFs with the same criterion is shown in Figure 18. Once again, the limit
is not exceeded. ' |

Suppose now that we break out the special, high-release drilling events into separate
scenario classes, as shown in Figure 19. Because of the way the NRC staff handle low-
probability events, the probability level for the special drilling events is changed from 5x10~4
to “< 0.01,” and treated as if the probability were 0.01. Because of the increase of over an
" order of magnitude in the probability, the m < 10 criterion is now exceeded (Figure 20;"

21



A..

-~

rescecvcaccnana.,
cea
-

-
TGN X VY TR S W T W

Anpqeqord aanenumo rejuowaydwo))

»
; g |
B
mw -
Byls
H : ool
3 . I
| Lozl )
. AR
o o 1
e e e

10°S 10+ 103 102 10+ 100 10! 102

104

Normalized release

Figure 15: Scenario-class CCDF's with direct drilling releases multiplied by 100 (NRC1).

3
. .«\

AU RN RRONNNNNNAN

nNnwws

N\ /./_//1: “

..............................

10+

Aunqeqord sansnums Amjuswmsjdwo)

10° 10! 102

101

Normalizegl release

Figure 16: Total-system CCDF for the system with “special” drilling events.

103 10+

104



10° ¢

10

102}

103 |

Compleméntary cumulative piobabiiity

lo.‘ . 4 FUTTIREN i D T TV S W S T T 1“1111|n Aok e P
10€ 105 104 10 102. . - 107 10 10! 102
Normalized release

Figure 17: CCDF's for two scenario classes, with special drilling events (NRC1).

100 ¢

NN b\:

.

ALY

NN

10

102 }

N
N
N

N\

10 ' £2) Excluded region

Complementary cumlative probabilit

Nominal + pear grisses (S1) :
Nominal « direct hits (S3) :
..... Nominal + pear gisscs ¢ voicanism (52) - \
[ Nominal + direct bits + volcanism (54) \
lo‘ P UV TV SRS € FTY & FETEPTITe P W YT PR S TP FEVTR Y TN hedddad
106 10 104, 103 102 10! 100 10! 102

o o Ndmﬂizedmlease_
Figure 18: CCDFs for four scenario dum, with spécial 'dl;illiAng events (NRC1).

2



Drill-hit Volcanism ,
Pr(o,) =~ 0.88 (\

Complementary cumulative probability

=1
~ 0.88
< 0.01
Pr(o;) < 8.8 x 10-3
Pr(o3) =~ 0.12
~0.12 =1 _
< 0.01
Pr(og) < 1.2 x 1073
Pr(as) < 0.01
=B |
< 0.01
< 0.01
Pr(og) < 1074

Figure 19: Logic tree for six scenario classes (including special drilling events).
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‘note that the CCDF for scenario class g is not shown in the figure because its probability

is below the 10~ cutoff). This result shows that the-NRC1 procedure is sensitive to the
choice of scenario classes; the NRC1 requirements are more restrictive when the system is
split up into several low-probablhty scenario classes rather than a few higher-probability
ones. The sensitivity results from the modification of scenario-class probabilities without
corresponding modification of probabilities for calculations within a scenario class. With
additional guidance, this ambiguity could possnbly be removed. The NRC staff’s concern
was with estimating probabilities for infrequent events. What complicates resolution of the
ambiguity is that the event probabilities may not a.lways be direct inputs to the calculations,
but may be calculated from other input parameters in & way that is not easxly amenable to
the procedure outlined by the NRC staff. ,

Comparison of this system. with the EPA2 version of t.he m < < 10 criterion wnll not
be illustrated here but it is easy to see that the limit is exceeded for all three choices of
scenario classes. The comphance of this model system with the three regulatory methods is
summarized as follows. With method EPA1 it passes, with method EPA2 it fails, and with
method NRC1 it depends on how the system is divided up into scenario classes.

- Table 1 summarizes some of the results of this subsection. To produce Table 1, normalized
releases were calculated for all of the scenario classes in the four different scenario-class
structures for this model system. Releases were calculated using four ‘different statistical

definitions of the release for each scenario class: (1) the mean of the distribution of releases;

(2) release at the 90th percentile; (3) release at a fixed probability level of 10~¢; and (4) release

at a fixed probability level of 10~?, but with proba.bxhtm handled in the way suggested by

the NRC staff in NRC (1991). Number 3 is the same as the roethod ca.lled EPA2 in this
report, but scenario classes with probabxhtxes above 0.1 wére not excepted. Number 4 is the
method called NRC]1 in this report. In each case, Table 1 lists the highest release for the

scenario classés with.probabilities greater than 10~ (greater than 10~* for method NRC1).

-It can'be seen from the table that the only one of these methods for which releases do

" pot depend on how the system is divided into scenario classes is the third one, that uses the
" release at a fixed probability level This result should not be surprising, because choosing
the release value at & fixed probability level is the only one of the methods that treats the

* probability cutoff consistently. If thie mean release or a percentile of the release distribution is

used, then low-probability scenario classes are restricted at lower absolute probability levels

-than are high-probability scenario classes. Usmg the va.lue at a fixed probability level, as was
- done for the EPA2 examples in this report, is consistent and avoids the problem of sensitivity

to the choice of scenario classes, but it reqmra ca.lculatmg the scenario-class CCDFs down

‘to that probability level and so is no savings over the original EPA standard, which required
-calculating CCDFs down to the 10~ probability level. (The sensitivity to choice of scenario

classes that was demonstrated in Section 3.2 for method EPA2 resulted from the unfortunate

- “stipulation that the m < 10 limit does not apply to scenario classes with probabilities over

0.1. With this aspect of method EPA2 removed, sensitivity to choice of scenario classes is
no longer a problem.) For the NRCI examples in this report the value at a fixed probability

Jevel was used, but the scenario-class probabxhtm were replaced by bounding values. This

procedure is effectively a cross between using the value at a fixed probability level and using
the value at some percentile of the release distribution, and it was shown above that such
2 procedure does not give a unique answer, but depends on how the system is split up into
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Table !: Normalized releases for four scenario-class structures, calculated in four ways.

mean | 90 percent. | 10~* cutoff | 10~2 cutoff
(NRC method)
1 scenario class | 0.057 | 0.1 16 2.6
2 scenario classes | 0.33 0.62 16 2.6
| 4 scenario classes | 0.31 060 | 16 2.5
6 scenario classes | 14 23 16 ' 23

scenario classes.

To conclude this sect:on, let us consider what determines the c.hoxce of scenario classes. Is
one choice more natural or preferable to the others for some reason? For regulatory method
EPA1 (the old EPA standard), the choice of scenario classes is primarily driven by the mod-

eling tools available. If a single computer program were available that contained models for--~

all the sagmﬁca.nt processes and events, there would be no real reason to separate the syster,

into scenario classes at all: a single a.ll-encompassmg Monte Carlo simulation would suffice.™

This method of using a “total-system simulator” is described in DOE (1988). It is often the
case that computer models exist that can represent only part of the parameter space, so that
to represent the whole parameter space requires using several models. The big advantage
of breaking the system up into subsystems appears in this situation, if the scenario classes
can be chosen so that each scenario class corresponds to one (or a particular combination of
more than one) of the models. For e:kample, for the system just considered, there could be a
good reason to split the system into six scenario classes, as shown in Figure 19, if different
models are used for calculating drilling releases resulting from near misses, drilling releases
resulting from direct hits, drilling releases for the special circumstances that lead to the high
releases, and releases resulting from igneous intrusions. On the other hand, if one model is
used to calculate all drilling releases and one model is used to calculate volcanic releases, the

- simple division into the two scenario classes V and ¥ is more natural.

For the other methods, EPA2 and NRC1, with their more explicit reliance on the division
of the system into scenario classes, some criteria for how that division should be made are
needed. Without such criteria, as has been shown in this subsection, there may be too much
ambiguity to be able to determine whether the system meets the regulations or not.
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4 Advantages and disadvantages

From the preceeding discussion’ and the examples presented, some of the strengths and
- -weaknesses of the three régulatory methods should be apparent. In this section, advantages

E . and dls&dva.nta.ges of each method will be summanzed

. 4 1 “The ongmal 40 CFR Part 191 (EPAI)
A _Advantages '

‘e History. The EPA standa:d has been around for & number of years a.nd considerable

- effort has gone into developing methods for detenmmng compliance with it. That effort
* will sot necéssarily be wasted if a version of the th:ee-bucket approach is xmplemented
- instead, but changing to different containment reqmremem.s will certainly require re-

: examma.tlon of what has been done and development of some new methods

) Cla.nty “The EPA standa:d is relatively clear. Specxﬁc numbers are gwen for release
- limits and probability cutoﬁs

O’Aesthetics The EPA sta.ndard treats the dxsposa.l system 2s a whole, rather than
reqmnng treatment of susbsytems in any particular way,” The system can be broken
into scenario classes or not, accordmg to the judgment of mea.rchers as to the best
way to do it." S

Disadvantages:

e CCDF tail: The EPA standard puts a limit on the probability distribution of nor-
malized releases—the CCDF—at a probability level of one part in 1000. Thousands
of realizations may be required in a Monte Carlo simulation to reach statistical sig-

. nificance at such 2 low probability level. The three-bucket approaches only | put limits

. on the CCDF at a probability level of one part in 10, which would only require tens

~ of realizations to reach statistical significance. Thus, the three-bucket approaches are
potentxally much cheaper in oomputer time and analyst time.

- o Low-probability events. The NRC staff regard the necessxty of estimating probabilities
for low-probabxhty events &s & serious dxsadva.ntage of the EPA standard. However,

~ thereis nothmg in the standard that requires an accurate estimate of the probabilities.
.. If there is uncertainty about a probability, a defensible conservative estimate would
normally be used. And if the results (i.e., compliance or noncompliance with the
standard) are sensitive to the value used for the probability, within its plausible range,
. then it"would be difficult to argue tha.t the nta.nda.rd’s requirements were met with

‘ "‘reasonable expectatxon
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4.2 The EPA’s version of the three-bucket approach (EPA2)

Advantages:

o Low-probability events. Rather than putting a limit on the total-system CCDF at a

low probability level, the three-bucket approaches put release limits on low-probability
events and processes directly. This avoids the necessity of determining the probabilities
as precisely, to some extent, and also avoids having to calculate the tails of the CCDF's
for high-probability events and processes down to the probability level of one part in
1000, as discussed above under “CCDF tail." Unfortunately, with the m < 10 limit
interpreted as in this report, it is still necessary to know the probabilities of the events
80 that the conditional CCDFs for the scenario classes can be compared with m < 10
down to the 10~* probability level, as in Figures 5, 8, 10, and 13. Furthermore,
the conditional CCDFs must be calculated down to the 10~* probability level, so
there is no savings from not having to calculate the tail of the CCDF. Choosing a
relative probability level rather than an absolute probability level (for example, only
examining the scenario-class CCDF down one order of magnitude below the scenario-
class probability) would alleviate these problems but causes additional problems. It was
shown previously that using a relative probability rather than an absolute probability
as the criterion for determining the scenario-class release (1) causes the determination
of compliance to depend on how the system is split into scenario classes, and (2) can
make the approach less stringent than the original EPA standard for high-probability
scenario classes while at the same time making it more stringent than the original
standard for low-probability scenario classes.

o Clarity. Like the original EPA standard, the EPA’s version of the three-bucket ap
proach gives specific numbers for release limits and probability cutoffs.

Disadvantages:

e More stringent. The three-bucket approaches place greater restrictions on releases from
low-probability events than does the original EPA standard.. The standard basically
places no restrictions on an event with probability below 10~3, but the three-bucket
approaches place limits on releases down to a probability of 10~*."

R.eqmrement of a pa.rtxcuia.r methodology. The three-bucket approaches appa.rently

pliance. The total-system-simulator method proposed for the Yucca Mountain Site
Characterization Project (DOE, 1988) may not be allowed since it treats the system
globally rather than breaking it into parts.

Sens:tmty to choice of scenario classes. Because the m < 10 limit only applies to
scenario classes with probabilities less than 0.1, apphcabxhty of the limit depends on
how the system is divided up into scenario classes. This problem could be eliminated
by applying the m < 10 limit to all scenario classes with probabilities above the cutoff
probability level. With the restriction of this limit to scenario classes with probabilities
less than 0.1, as the draft of the EPA’s three-bucket approach is written, it is necessar

" e

"~
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to provnde guxdance a'hout how ‘the system should ‘be' dmded into scenario classes in
~ order to avoid amblguxty . e e

4.3 The NRC staﬂ' ’s three—bucket approach (NRCl)
‘Advantages : IR . Lo PR

e Low-probabxhty events Much of the dxscuss:on of the EPA’s three-bucket approach

applies bere. The difference is that the NRC staff in NRC (1991) explicitly suggested

' - & mechanism to make sure that precise proba"bxhty values are ‘not ‘needed :for low-

- probability events in their method: they do not use‘the’ actual probability estimate,

* but ‘only the bounding estimate of “< 0.01.” To some extent, this approach amounts

- to using & relative probability cutoff rather than an absolute probability cutoff, as

~ discussed above. And the consequence is 2 sxgniﬁcant sensxtmty to the choice of
scenano classes (see belov.) ST

stadvantages , o
) Vagueness The statement of. the N RC staﬁ' s three-bucket approach is extremely vague,
giving no explicit values for probability cutoffs. Such vaguenéss makes 2 regulation
very difficult to work to—like trying to hit a moving target. Furthermore, one would
never guess from the statement of the requirement that one is supposed to follow
~ the procedure that the NRC staff go through in thexr examples (usmg the boundmg
“probability estimate of 0.01, etc.). Any such proeedm'e that is. expected should be:
' clea.rly stated in the guxda.nce section of the regulatnon e

,,,,,

" o More stringent.. As d:scussed above, both versions of the three-budcet approach place
" release restrictions down to the 10~* probabxhty level rather than down to the 10°3
‘level, &s in the old EPA standard. . Lo s .

-~

. Reqmrement of a part:cular methodology Same as above

° Sensxtmty to ‘choice of scenatio classes Because of the ptobabxhty “renormahzat:on :
- feature of the NRC staffi’s procedure, the r&ults are sensitive to how the system is
divided into scenario classes. Such sensitivity would be very undes:rable, and to avoid
it some exphcxt gmdance wou]d have to be given on Just how to define the scenario
‘ classes ‘ : e o

5 Conclusions -

The onglnal EPA standard is wonderfully concise. It is simple, logical, and consistent. The
biggest problem with it is that it requires calculation of the system probability distribution
all the way down to & probability level of one part in 1000. As a result, Monte Carlo
simulations to calculate the probability distribution may reqmre thousands of realizations
to obtain the desired statistical significance. The three-bucket approach seems like 2 way
around having to make such large numbers of calculations. However, as has been shown in
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this report. the simple statements of the three-bucket approach given in recent NRC and
EPA draft documents have problems with logic and consistency. To make the three-bucket
approach work, it is necessary to provide far more guidance about how it is to be applied.

The original concept of the three-bucket approach was to evaluate the anticipated, or "~ .
high-probability, part of the system with a CCDF as in the original EPA standard, but with
the CCDF calculated only down to a probability level of one part in 10 rather than one
part in 1000. Then the low-probability part of the system was to be evaluated by simpler
mea.ns—determ:mstxc calculations rather than proba.bxhstlc ones, so that it was not necessary
to know the precise probabxhtxes

This sounds like a reasonable concept, but it is not easy to a.pply Some estimate of the
probabilities is necessary in order to avoid disqualifying every site because of extremely un-
likely combinations of events that lead to high releases. The process of assigning probabilities
is not as straightforward as it might seem because any given “process, event, or sequence of
processes and events” has a probability of zero—to get nonzero probabilities it is necessary
to look at collections (or, as it is stated in Appendix B of 40 CFR Part 191, categories) of
processes and events. That is why the concept of “scenario class® was introduced in this
report. A scenario class is a collection of future histories of the system, and so a scenario
class can have a nonzero probabxhty and the probability cutoffs can be applied to it (see
DOE, 1988). But the problem is that there is no unique way to define the scenario classes,
and if the system is divided into scenario classes in different ways, the comparison with the
probability cutoffs and the release limits can be different.

An additional difficulty with the three-bucket approach is that, because a scenario class is
" not a single event or process but rather a collection of them, there is no single answer for its
release. Several methods are possible for assigning a single release value to a scenario class.
mcludmg using the mean of the release distribution, using some percentxle of the distributior”
(e.g., using release a.t the 90th percentlle of the distribution), and using the release at som: .~
fixed probability value. Using release at a fixed probability value is consistent, but eliminates
the simplicity of the three-bucket approach and makes it as difficult, or even more difficult, to
work with as the original EPA standard because CCDFs have to be calculated down to some
Jow probability level for every scenario class. With any of the other methods, compliance
or noncompliance with the thre&buckebapproach release limit (nonnahzed release less than
or equal to 10 for each scenario class) depends on how the system is split up into scenario
classes. This phenomenon is referred to in this report as sensitivity to the choice of scenario
classes.

The considerations just presented lead to the conclusion that a simple, concise statement
of the three-bucket approach is probably not possible. Additional guidance is needed to
remove the ambiguities in order to make the three-bucket approach usable

b

6 Addendum

After this report was written, the EPA and the NRC staff both came out with ‘suggested
revisions to the wording of the three-bucket approach. The revised versions will be discussed
in this section. The revisions make no material difference in the conclusions stated above,
though there are some minor changes in the advantages and disadvantages.

o
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6.1 Revised NRC three—bucket approach®

In NRC (1992), the NRC Sta.ﬁ’ suggest the following new wordmg for the three-bucket ap-
proach . .

191 01 Deﬁmtwns

“Scenario” meansa hypothetnon.l future set of reposxtory envnronmental conditions
including any sequence of potentially disruptive processes and events that is sufficiently
credible to warrant consideration. :

191. 12a Conscqucnoe limit

Disposal systems for ra.thoa.ctwe waste shall be desxgned to provide a reasonable
expectation that, for 10,000 years after disposal, the release of radionuclides caused by
any scenario will not exceed ten times the quantity calculated accordmg to Table 1

~ (Appendix A)

191.12b Contamment rzqummcnt ;

Disposal systems for radioactive waste shall be designed to prov:de a reasonable
expectation that, for 10,000 years after disposal, there will be at least a 90 percent
likelihood that the cumulative release of radionuclides to the accessible environment
will not exceed the quantity calculated according to Table 1 (Appendix A). .

The first part (191.12a) is-essentially the same as the corresponding part of the previous
NRC-staff statement of the three-bucket approach, though different words are used.” For any
“sufficiently credible” scenario class, the normalized release should be less than or equal to
10: m < 10. Note that the NRC staff is using the word “scenario” to mean essentially the
same thing as this report’s term “scenario class.” However, they have the idea of credibility

_ built into their definition of scenario, so presumably a very-low-probability scena.no class is
| not & scenario, in their terminology, but remains nameless.

The second part (191.12b) is worded quite d:ﬁ'erently from its ongmal wordxng If we put
it in terms of a restriction on 'a CCDF to make comparison with previous methods clearer,
we have G(1) < 0.1. As before, the NRC st=="_ version of the statemen. is slightly different
from the EPA statements in having a < rather than a <. The statement also is different from
the previous NRC-staff statement in not mentxomng “anticipated™ processes and events, so

" the restriction has been stated here in terms of the total-system CCDF, G, rather than the

CCDF including only anticipated processes and events, G.,.

6.2 Revised EPA three-bucket approsch

The following revised statement of the EPA’s three-bucket a.pproax:h is ta.ken from EPA

~ (1992b):.

(1) Dnsposa.l systems for radioactive waste shall be desxgned to provnde & reason-
‘able expectation, based upon performance assessments, that the cumulative releases
of radionuclides to the accessible environment for 10,000 years after disposal from all
significant processes and events (including both natural and human-initiated processes
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and events) that may affect the disposal system shall have a likelihood of less than one
chance in 10 of exceeding the quantities calculated according to Table 1 (Appendix A).

(2) Disposal systems for radioactive waste shall be designed to provide a reasonable
expectation that the release of radionuclides to the accessible environment for 10,000
years after disposal resulting from any one of the set of mutually exclusive scenarios
that may affect the disposal system and is sufficiently credible to warrant consideration
shall not exceed ten times the quantities calculated according to Table 1 (Appendix A).

The following paragraph has been added to the guidaﬁce section (now Appendix C rather

than Appendix B):

Evaluation of compliance with §§191.12(b)(1) and (d)(1) need not consider cate-
gories of processes or events that are estimated to have less than one chance in 100 of
occurring over 10,000 years. Sections 191.12(b)(2) and (d)(2) require the implement-
ing agency to evaluate mutually exclusive scenarios which are sufficiently credible to
warrant consideration. Such evaluations will be warranted at a likelihood greater than
one chance in 1,000 over 10,000 years if the potential for release is dominated by a
single release scenario. Consideration will be warranted at a likelihood greater than
one chance in 10,000 over 10,000 years if there is the potential for releases from more
than one scenario at probabilities near this value.

It can be seen that these statements continue the EPA’s policy of stating probabilities
explicitly rather than using only vague qualitative terms. However, in most other respects
this statement of the three-bucket approach is closer to the NRC staff’s original statement.
The CCDF that is required in part (1) is to include only scenario classes with probabilities
greater than 0.01, as was the case of the original NRC-staff three-bucket approach. The limit, -~

placed on the CCDF .can be stated as Gu(1) < 0.1.

In part (2), the EPA took out the restriction of the m < 10 release limit to scenario classes
with probabilities less than 0.1 that was in their previous three-bucket-approach statement.
In addition, rather than restricting the releases of all scenario classes with probabilities
greater than 10™4, the lower probability limit now depends on whether there is one or more

than one scenario class at the 104 to 10~ probability level.

6.3 Analysis

The most important change in the new three-bucket approaches may be that both
versions now explicitly refer to “scenarios.” The concept of mutually exclusive scenarios, or
scenario classes in this paper’s terminology, was present implicitly in the previous versions
of the three-bucket approach, but with these new versions the concept is elevated to a higher

status.

In their statement of the m < 10 limit, the NRC staff still refer to release without
specifying that it is cumulative release to the accessible environment. The EPA included “to
the accessible environment” to their statement, but not cumula.twe

should be included to avoid confusion.

Though the EPA seems to have realized that their old three-bucket approach placed
release limits on processes and events at lower probabilities than the original EPA standard,
the new wording is not really any better. Under the new wording, the m < 10 limit wou’
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scenario class V in the examples in Sections 2 and 3 of thls report), but if there were two such
scenario classes the limit would apply. It would take five such scenario classes t~ reach the
probability of 103 where the CCDF is restricted in the original standard (at low probability,
the probabilities are approximately additive). It is unclear whether the NRC staff’s three-
bucket approach is stricter than the 1985 containment requirements, just as it was unclear
with their previous wording. If the procedure from NRC (1991} is followed, limits are placed
on processes and events down to a probability of 10~ because event probabilities between
10-2 and 10~* are called “< 0.0]1” and treated as though they have a probability of 0.01.

¢ The EPA’s new wording places the m < 10 limit on all scenario classes with probabilities
greater than a probability cutoff rather than excepting probability classes with probabilities
greater than 0.1. This change eliminates one source of sensitivity to the choice of scenario
classes, but making the lower probability cutoff depend on the number of scenario classes
introduces a new source of sensitivity to the choice of scenario classes—whether there is one
low-probability scenario class or several just depends on how the system is split into scenario
classes and not on any intrinsic property of the system.

e It was not mentioned before in this report, but the procedure of using only the scenario
~ classes with probabilities greater than 0.01 to construct the CCDF that is to be compared
to a probability limit at m = 1 could potentially lead to problems with sensitivity to the
choice of scenario classes. This possibility seems like a minor problem because it would
~ require the system to be divided into a large number of low-probability (below 0.01) scenario
* classes before there would be a significant problem. Nonetheless, it is preferable to avoid
this possibility by simply specifying that all significant processes and events be used in
constructing the CCDF. 4

e The problem of how to define a single release for a scenario class that has a distribution
of releases is not addressed by either of the new wordings of the three-bucket approack.
The problem of how the system is to be divided into scenario classes is also not addressed.
Because there is no unique way to define the scenario classes or the release from a scenario
class, compliance or noncompliance of a given system will be ambiguous unless the standard
includes guidance for the division into scenario classes and for the assignment of a single
release value to each scenario class. '
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' Excerpt from SAND92-0556 (To be published)
EXPANDED PROPOSED EXTENSIONS OF STANDARDS FOR HIGH- LEVEL
AND TRANSURANIC RADIOACTIVE WASTE DISPOSAL

‘ Rcbert D Klett and Harilyn M. Gruebel

Task 3
MULTIMODE RELEASE LIMITS

Justification for Developing Alternative Release ‘bt;imits_

WMM

. The EPA standards for radioactive waste disposal are unique in several
vays [1], and this unlqueness nust be taken into account when changes or
extensions are consldered "40 CFR 191 (2] is different in philosophy, . method
of regulation, and level of protection than the recommendations made by the
International Commission on Radiological Protection (ICRF) (3], high-level

. waste (HLW) standards being considered by other countries (1], and standards

for environmental carcinogens promulgated by the EPA and other U.S.
regulatory agencies (& 5]." ‘The subject of this chapter is the generic
derived release limits (’Iable lin Snbpart B of Reference 2), briefly
described below

A mng‘ derived standard that limits time integrated radionuclide
releases from repository boundaries applies to all KLW, SF, and TRU
repositories and all release modes. The variability in lithosphere and
biosphere surrounding the repositories, the gite locations, and repo:it:ory
designs vere not comidered in the derivation. The dependence of the
detriment on the release pode was also not considered. -‘Because there is a
large difference in dou attenuation by each disposal system and for each
pathvay, the llngle release limit forces the level of protection to be
different for every site and every mode of release for each site. The

' derivati.ou of the release linits omitted one of the most important compoﬁents

{n the disposal lysten. omitted the three most likely release nodes for the
Yucca Mountain Project (YMP) and the Waste Isolation Pilot Plant (VIPP).
was based on two release modes that are highly improbable for these
repositories.

~

Differences of opinion exist on this and other features of 40 CFR 191.
Reviev panels {6], advisory boards {7,8], and individual {nvestigators have
recotmended numerous modifications to all versions of the EPA radicactive



waste standards [2,9,10]. Most of the reviewers recommended substantial
changes in regulation philosophy, format, and stringency, but there was not
complete agreement on what to change or how to change it. Minor changes have
been made that involve models and data, but therse have been no changes to the
promulgated standards or to any of the many drafts that involve the
philosophy, methodology, or format of the standards. Although major changes
of the type recommanded probably would produce the zost appropriate
standards, they may not be practical at this stage of standards development
and could result in challenges, unacceptable dslays, and loss of public
confidence. The second cbstacle to change is obtaining agreement on all
aspects of the standards. There is no single solution that is best for all
situations and meets everyons's values. Whichever approach is selected, the
development of the standards should be consistent and logical.

This chapter, which is based on one of the features of 40 CFR 191
discussed in Refersnce 11, suggests two extensions of the existing releass
limit standard without changing the form or the way it is developed. The
suggested modifications pertain to development and application of the
standards, rather than to the lsvel of regulation.

The designs of radlocactive waste repositories, performance assessments
to evaluate them, and licensing are all driven by radiological criteria as TN
much or more than they are by sclentific and engineering principles. .
Therefore, accuracy and sppropriateness of the regulations are essential. '
Apparent stringency of a standard alons does not assure safety if the
standards are inaccurate or inappropriate for the application. Inappropriate
standards can greatly increase the cost of a repository while offering
1nad.qua:o'pro:oction to the populacs.

The first step in the critique of the release limits is a review of
developaent proceduras, functions, and characteristics of derived standards.
The development and resulting release limits in 40 CFR 191 are then reviewed
and analyzed. Differences bstveen the requirements and the standards and
their possible causes are discussed. Problesms that msy be caused by the
present standards are also covered. Suggestions are then mads for modifying
or extending the present standards but no specific reccamendations are made.
Methods of analyses are suggested for the proposed extensions.

Rerivation of the Release Linits

The background docussnts [12,13,15,13] for 40 CFR 191 vere reviewed to
trace the developaent of the 10% ysar, time integrated releasse limits that
apply to any surface of the repository controlled volume. The generic nodolsi\/ ,
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used by the EPA [13,14] considered four general modes of radionuclide
releases to the environment: direct releases to & rivet. to an ocean, to a
‘land surface, and 'frozm & volcanic or meteorite inteuctlon with & waste
repository. The purpose of the EPA analysss was to compute the number of
premature cancer deaths per curie of each udtonueude released to the
biosphere via the virious. release modes. = The 3e0105£c formations and
:esulti.ng dose attenuation between the reponitory and the release points were
not included in any of the conputations. It was assumed that all
udionucudu luving any surface of any reposttory boundary insununeonsly
enter the river, ocean, etc. - This {s an extremely comet’vetive
stupuftcuion bscause a latgo part of the rilk ettemutton takes plece
outside the reposltory , : -

o A11 consequences ‘were euumed :o be independent of releue utes end
times of release. The models were bued on world average values and
'contained my predictive usunpttons Except fot the ‘world populetton. _
vhich vas assumed to be a constant. 1010, the valies of all parameters were
the gurrent world average.. The £011w1ng is a 113t of some parameters .used
. in the analyses with values that are very ukely to change over time or are
not presencly vell‘deﬁned. .

World populetion .

‘Total flov rates of all rivers e
The amount of river water drunk by hum.ns

Fresh water f£ish consumption

Fraction of river weut used for it:lga:tcn

Land area irrigated . ‘
Consumption of - irrigeted crops. nilk, and peat :
Nunber of people fed per unit area of irrigated 1end
Salt water fish and ghellfish- comunp:ion - .
'Resuspension factors S
Household shielding and occupancy f.ector T
Uptake factors . o

"Whole body effective dou equivelents e
Hulth effect conversion factors

’ ‘tho tiver teleue mode biosphers model included ingestion o£ dtlnking
vatet. £tuhvucet flsh. food crop, uilk, and buf. lnhahtlon of resuspended
material; and external ‘exposure to ground contanination and air submersions.
Ro other peth\uyl and no sorption or sedimentstion in the rivers wvere

" {ncluded {n the river modsl.: The dsrivation only eceounted for the
spproxinately 60% of water uss that comes from aurfece vater. Contaninated
wsll vater was oaitted. Considering the unceruin:iu in the dats, the modsl
simplifications, and the varisbility wich site location, the modsl for the
ti.ver releass lode could be elthu' conservative or non-conutvecive.



The same source term was used for both the river and ocean models. That (’—\\
is, all nuclides leaving the controlled volume of the repository were assumed °
to enter both the river and the ccean {nstantanecusly. Thers are several
serious problems with the ocean model. The model represents all ocean waters
with only two layered compartments (elements). It assumes that all releases
{nstantaneocusly mix in the top compartment. The model contains no ocean
circulation and only vertical nuclids transport is allowed between the two
cospartaents. The coastsl shelves, vhers rivers enter the ocean and aquatic
food 1is concentrated, are not represented in the model. The Subseabed
Disposal Project [16,17] showed that radicactive waste released to a shelf
region would result in 10% year population doses that are about 100 tinmes
higher than those predicted by a model without shelf compartments. There are
such better ocean models available than the one uised in the EPA analysis
[17,18]. 1Ingestion of fish and shellfish was the only pathway to humans that
was considered in the EPA model. References 16 and 17 showed that theses are
not the only significant pathways vhen radionuclides enter the shelf as they
would from a river. Harvest limits of the ocean fisheries would affect
zaxizum population dose rates but were not included in the annlyscs

Dose rates are proportional to release rates only when the radionuclides
have a short residence time, such as in rivers or on ocean shelves {16]. In
ocean waters beyond the shelves, dose rates ars proportional to the -
accumulated inventory in the oceans (the time integrated release rate minus
decay, scavenging, and reamoval) or eonccncra:lon. The peak accumulation B
occurs long after the time of peak releass rates. Therefors, doses from the
desp ocean are very sensitive to when the radionuclides enter the ocean. The
only reliable dearived metric to represent dosss from dsep oceans was found to
be the accumulated inventory, not the time intcgtatcd -release. The present
EPA modsl assunes exponentially decreasing release rates to the oceans,
whersas any releases to the ocean during the periocd of regulation would start
late and gradually increase. Conaidoring all the omissions, sizplifications,
and predictive assunptions, the ocean modsl is ptobahly non-consctvanivc.

The land surface biosphere model represents vaste brought to the surface
by inadvertent human intrusion. These releases vers assumed to be small and
of short duration. Pathwvays to humans include food crop, milk, and beef
ingestion, inhalation of resuspanded material, and external exposurs from
ground and air contaminstion. This is a realistic modsl becsuse
instantaneous release is appropriate, fewer assumptions are required, .and it
is less dspendent on predicted data valuss.

Carbon-14 was treated as s separate case and & single risk factor was
used for all relesase modes. It vas assuned that all C-14 is released as
carbon dioxide. Although Reference 14 dascribes the relsase mode used in the\__,
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derivation as global atmosyhetic. the EPA stated they ¢id not consider the
possibilicy of pure gaseous release of C-14 when developing the standards

(19].

The risk factors (cancers per curie) for each release mode apply
uniforuly to all repositories and all releass modes. If release limits based
on each of these risk factors had been applied at the points of release, PA
could have sslected the appropriate release mode for each pathway and .
included the entire lithospheric pathway i{n the analyses. However, the
derivation vas carried one step further, vhich caused non-unifora levels of
protection, several inconsi{stencies, and the omission of an important

" component of the disposal system.

In the derivation of the release limits the EPA chose to base the values
on only surface water teielses. vhich i{s the combination of the river and
ocean release modes. Risk factors for the- other modes that had been computed
{13} were not used. The release limits were derived by dividing the number
of acceptable premature deaths from 103 MTHM of waste for 104 years (10) by
the risk factors (deaths per curie) for each radionuclide. The limits are
applied to releases from all surfaces of the CV rather than to the locations

~ for vhich they were copputed. They are also used for all repository

locations, all applications, and all pathwayc.

- The varisbilities and uncertainties found in risk nssessmen:s also apply

.to derived standards.  The single valued release limits in Table 1 of 40 CFR

191 are actually distributions that span from five to over nine orders of
magnitude, depcnding on the radionuclide [12,14,20,21). The Envirosphere
Company performed a combined variability and uncertainty analysis on the
river relenso nod&l that was used to derive the releass limits {20,21}.
P:obability distributions were assigned to 12 of the {nput paraneters and
stochastic analysss were conducted for each radfonuclide. Uncertainties in
process assumptions and varying expert opinion on probability distributions
wvere not included in this study. Figure 1 {s a typical predicted probability
distribution of population risk per curie released to the generic river.
Also shown {s the risk factor that corresponds to the EPA release lismit.
Most releass liait equivalents for the 13 radionuclides that wsre anslyzed
are above the medians of the risk factor distributions. In the Envirosphere
analysis, 90 percent confidence intervals for releass linmits span an average
of sbout four orders of magnituds. This illustrates that the use of derived
standards does not reduce the total uncertainty in risk assessments.
Reference 20 concluded that {dantifying specific repositories uould
considersbly reduce many key uncertainties, wvhich is another reason for not

using a single gensric releass table.
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Figure 1. Probability distribution of the population :isks pet curie of Am-
243 released to a generic river.

The derived release limits in Table 1 of Refersence 2 specify the amount
of each radionuclide that can be released from the controlled volume (CV)
during the regulation period, if that is the only radionuclids in the
inventory. For the actual vaste inventories a sumaed normslized releass (R)
is used. The ratios of total releass of each radionuclide (Qg), to the
release linit for that nuclide (RL{), swmaed over all radionuclides, must be
less than ons (Equation 1).

Qe/Blg + Q/Rlp + . . . + Qn/Rlg < 1. (1)
Problams with the Present Relegse Linits B
Thers are several inconsistencies and discrepancies betwsen the

derivation and spplication of the &40 CFR 191 releass limits, and the
reasoning for some decisions 1s obscure. Most of the assumptions and

linitations of the risk factor coaputations vers clearly stated in Reference

e \
=
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14, but the results were not used accordinely.
features of the present release limits and their derivation that do not meet

the requirements for derived standards, or are internally inconsistent.

1.

One of the most important parts of the disposal systen vas left
out of the release limit derivation. The assumption that all
radionuclides, except C-14, that exit through any surface of the
controlled volume of any repository, instantaneously enter both
8 generic river and the ocean is not realistic. This assumption
ignores all forms of risk attenuation outside the ropository
boundary. :

The release 1tu£ts vere not applied to the same cttcunstnnce for
vhich they were derived. The generic model used in the -
derivation cannot represent specific disposal systems. The two .
systems currently being considered, the WIPP and YMP, have very
dissimilar lithologies, hydrologics. fnventories, distances to
release points, pathways to humans, and system attenuation ‘
factors. The only relesse modes considered in the release liwit
derivation were rivers and oceans. It {s unlikely that any
waste from either repository would reach any surface water in
10% years. The only plausible non-gaseous release modes are
vithdrawal wells, vhich were not included in the derivation, and
release to the land surface, vhich was computed but not used.

It is unclear which release mode and which assumptions were used
in the C-14 release limit derivation. The inappropriateness of
the release modes used in the generic release limit derivation

s {llustrated in Figure 2.

Reference 22 requires that the regulatory process must "consist

of establishing generally applicable gnvironmental standards for
the protection of the general environment.® The EPA interprets

this to mean that requirements may not be site-specific [23].

Environmental standards are level 1 criteria, vhich means that

the fundamental critcticn for HLW/SF of no more than 10
premature deaths from 103 MTHM of waste {n 10% years, cannot be
site-specific. Presently a single derived standard, that only
linits radionuclide releasss froa repository boundaries, applies
to all repositories. Since there is & large difference in the
dose attenuation of sach repository systea and each mode of
rtaleass, the single generic releass liait forces the fundasental
criterion (population safety) to be different for every site and
for every -oda of releass at each sits.

The dogroo ‘of conssrvatisa in the derivation is unknown. - SOuc,
simplifications, predictions, and assumptions were conservative
and some non-conservative. Even vhen the assunptions and
onissions are definitely conservative, the level of conservatisa
is far from unifors for all repositcries and all release modes.
The standard {s probably unreaslistically conservative for all
applications, but the confidence level of this conclusion is

low.

The following are the major
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Figure 2. Possible relesase modes fron radicactive waste repositories.

It may be that the release linits in 40 CFR 191 were promulgated before
there vas sufficient information available on repository designs, wvaste
forms, site locations, and site properties. Deaing [24] stated that the
quality of a process suffers vhen standards and regulations are set before
they have operational meaning. A vorkshop on radiological protaction
standards for the Subssabed Project [23] recommended that procedures for
izplementing dose standards should not be specified until ths feasibility
phase of the project is complets and that derived and prescriptive standards
should not be set until a sits is selected and the basic repository design is
defined. Fundanental safety criteria should resain fixed but derived
standards should reflect the characteristics of the vasts disposal systen.
1f derived standards are set befors this can be accomplished, provisions
should be made to update them {f there are significant changes in repository
configurations, data, or process definitions, or if new informstion shows
that they ars inappropriats for a specific application.
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Altefn;tives to the Present Release Limits

" Fundamental and dose standards are the only criteria levels that
accurately limit risk for all repositories and all pathways [11, 26). Derived
standards are tequitements placed on the performance of components or
processes in the disposal system, or on the flux or concentration of
radionuclides at locations along pathways from the waste site to humans.
Because derived standards require modeling of specific pathways and
processes, using specific data, the ICRP cautions that they must only be used

" for the circumstances for which they were derived [27]. Therefore, generic

derived standards that apply to all repositories and all pathways, such as
the present release limits in 40 CFR 191, are inherently inaccurate and the
more generic they are, the more inaccurate they are. All assumptions and
simplifications in generic derivations must be conservative to assure
adequate protection for all applications. The compounding of conservatism
resulting from generic derivations can lead to excessive repository costs or
exclude some repositories that have acceptable risk levels. In all cases the
degree of conservatism is unknown and {s not uniform for all applications.
In addition, generic derived standards aﬁplied close to the repository force
the fundamental criterion to change for each repository and each pathway.

The genetic derived telease limits in 40 CFR 191 are briefly described below.

" The present releaxe limit table in 40 CFR 191 [2) is an example of a
single generic derived standard. Only one release limit table is used for
all release modes, and it is based on simultaneous release to all the world’s
rivers and oceans. Cunulative releases are evaluated at the boundary of the
repository instead of at actual locations of release. (Figure 3). Because the
limits are based on releases co su:fac- waters and the only ralease modes
expected for the WIPP and the YH? are gaseous, land surface, and withdrawal
wells, this single generic derived standard is not being applied to the
circunstances for which it was derived. This ‘distinction s 1llustrated in
Figure 2. By applying the standard at the repository boundary instead of at
the actual release locations, one of the most fmportant components of the
disposal system, risk attenuation between the boundary and the release
locations, is left out of the risk assessment. Examples of the magnitude of
geologic risk attenuation outside the repository boundary are given later in

‘this chapter. In addition, the risk limit derivation was based on world-

average parameters, vhich could cause inaccurate risk evaluations unless

" corrections for local condicions are made during performance assessments.

These difftculttes are to be expected uith a single genstic derived gtandard.
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Figure 3. Schematic of a radiocactive waste disposal system showing
possible release modes and risk attenuation factors outside the
repository.

At least four approaches can be taken to odtain more realistic risk
assessments and regulation of HLW and TRU repositories than with the present
release limits. The two approaches discussed in this chapter would retain
the derived release linit format. The other two, which are not described
hers, would use the higher level, mors precise dose linits as cl.tho: the
prisary criterion or an option to releass liamits. :

One slternate approach that uses releass limits is an extension of the
present dsrivations. More is known about release modes and pathways than
vhen the present relsase limits were computed, and better data and models are
availabla. Two very different candidate sites have been selected, and site-
specific definitions of the disposal systeas betwesn the repository and the
releass points can nov be made. Although site-specific paraneters probably
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will change more with time than world-average parameters, site-specific
analyses do not have the initial bias that world-average analyses do More -
complete and appropriate release limits applied at the surfaces of the CV
could be computed for each site using the same basic methodology that the EPA
used in the original derivation :

Ihe first step for eaeh slte vould be to define the possible pathways :
and release modes The generic illustration in Flgure 2 applies to both
sites. For the YMP, C-14° gas ‘could escape through the unsaturated tuff.

"Other radionuclides could be brought to the land surface by human intrusion
or sbnormal natural events. Unsaturated flow could eventually transport
radionuclides to the underlying aquifer, which would carry them off site.

" The most likely release mode for this pathway would be withdrawal wells. For
the WIPP, human intrusion could bring radionuclides to the land surface, and
drilling fnto the repository could enhance transport to the overlying
aquifer Diffusion and advection would eventually transport radionuclides to
the aquifer, vhere they would be carried off site. The most likely release
‘mode from the aquifer would be withdrawal wells It is very: unlikely that

. elther repository would release any radionuclides to surface water in 104
years. Gaseous, land surface, and vithdrawal wells are the only probable
release modes for these two sites, but the river and ocean modes should be
included unless they can be conclusively shown to be {nsignificant. ~Methods
of updating the risk factors, computing the attenuation in the formations
outside the CV, and allocating releases for each uode are suggested in -
Reference 11.

Release tables would be computed using the EPA method described in
Reference 12. The maximum number of fatalities allowed by the fundamental
criterion would be divided by the fatal cancers per curie for each site and
each significantly different pathway. Upward movement of gas, radionuclide
movement to the land surface caused by human {ntrusion, and radionuclide
trensport through an aquifer and subsequent vithdraval by a well would be the
only pathways for release from the controlled volume, resulting in a maximum
of three release tables for each repository. The summed normalized release
limit would include the release fractions for each nuclide for each release

. pathway (up to three release fractions for eech nutlide)

Qca/mc.'l-ch/Rch'f-- +QLJRLL.a+QLb/RLLb+ _
'---+Qadmnn+%bﬂhb+---+%nﬂ%n<1 o (2)
Q is the computed 104 year release of a redionncltde from the controlled

volume and RL is the release limit for that nuclide. The subscripts G, L,
and A refer to the gas, land surface, and aquifer pathways, respectively, and

11



the subszvipts a, b, . . ., n refer to the individual radionuclides listed in
the tables. '

This approach would use the appropriate release mode for each pathway
and include all pathways and all components for the repositories covered in
the derivation. It also would assure uniforn safety requirements. The
negative aspects of this approach are that the requirements would be site
specific, would not cover future repositories, and would require additiocnal
site characterization and considerable time and effort to davelop.

DRescription of Multimode Gepexic Release Limits

The other alternate approach that uses generic releass limits would set
xelease limits at the points of release to the biosphera for each releass
peods, which is just one step in the derivation prior to whers they are
presently set. The following sections describe. multimode release limits,
methods used in developing ths five-column table of releass limits as well as
methods for combining releases from all modes into a single summed normalized
releass limit, corrections for repository locations and geologic risk
attenuation, and suggestions for performance assessments. These multimode
release limits would still be generic derived standards and consequently
would contain some generalizations that may not apply to specific
repositories, but the generalizations would be limited to thes processes
betwesn the release points and humans. Multimode standards would apply
uniformly to all repositories and all pathways. All major components in the
disposal system would be included in risk assessuents.

EPA generic analyses from the releass points to humans would ensure
uniform modeling of the biosphere for all applications (dashed lines in
Figure 4). A five-column releass table would be required to cover all
possible release modes for generic repositories. As previously described,
only three of the modes—gaseous, land surface, and withdrawal wells—are
probable for the YMP and the WIPP. PA would be able to select the
appropriate release mode for esach pathway and include all disposal systea
components in the assessment. This is similar to the present approach, and
most of the derivations of risk factors have already been completed [12,14].
The only difference is that the final step in the present derivation is
elininated. Releass linits would still be computed by dividing the
fundamental criterion by the risk factor for each radionuclide. Besides
eliminating inconsistencies and oaissions, this approach would not be site
specific and would allovw the fundamental standard to remain constant for all

repositories and all pathways.

12
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Figure 4. Multimods release limits in the risk assessment process.

The derivation of the present single gensric table for release limits
assumes thit all the ‘fresh water that is used cones from the world’s rivers.
Multimode releass tables would separate fresh vater ‘{nto the actual sources,
surface and gtov.mdnnt.‘ Surface water comes from lakes and rivers, but they
can be combined {nto a river releass mods to be consistent with EPA notation.
The USGS pnbluhu estinates of water sources and uses at S-year intervals.
Table 1 gives the 1985 percentages of water used for {rrigation, livestock,
and hunan drinking water that caass from groundvater and surface vater.

Values are given for ths Rioc Grande Region (WIPP), the Great Basin (YMP), and
United States. This table could be used to allocate vater use to the well
and river release modes. The valuss {n Table 1 Tepresant the psrcentages of
esach radionuclide that reach an squifer by any means that would be available
for well withdrawval or discharge to a river. It does not msan that all or
any of these radiomuclides will reach any points of releass before they decsy
 or during the 10,000 years of regulation. Some average valus could be stated
in the standards, or regulators or PA could uhc: the potcnnugu
apptopruu for each tcpoutoty ttgion
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Table 1. Fresh Water Sources in 1985 [Reference 28] (’-‘\

P
Region Groundwater Surface Water
Rio Grands Region 28 72
Gresat Basin , 19 81
United States 36 64

The EPA used world-averags parameters to compute risk factors included
in the present standards [14]. This approach is compatible with fundamental
eriteria for collective risk and can be used with multimods derivations. The
pathways to humans include ingestion of drinking water, freshwarer fish, food
crops, milk, and beef; inhalation of resuspended material; and external
axposure to ground contamination and air submersion. In order to be
consistent with previous EPA usage, "river® includes all sources of fresh
surface water.

Adjustments of Generic Release limits -

Generic or world average parameter values are used to computs multimode
release limits, just as they were in the derivation of the present standards.
Therefors they may not represent the actual radionuclide pathways or risk of
specific repository locations. There are many site adjustment factors (SAFs)
that could be applied to release linits for specific repositories to
compensate for these generalizations. ..lternatively, ganarié SAF8 could be
defined in the standards that would apply to all sites or the selection of
site specific adjustment factors could be left to the implementing agency for
each repository. Generic SAFs have the advantage of consistent use for all
repositories, and an equitable selection of SAFs that increase and decrease
the release linmits would be predefined. The disadvantages of generic
adjustnent factors are they may overcorrect or undercorrect at any given
site. The advantage of developing SAFs for each repository is local
conditions such as repository location relative to rivers, oceauns,
agriculture, and populations at the time of asscssment can be defined more
precisely. The disadvantsge is the potential for nommiformity in the
selection of SAFs and demands for an unreasonable number of SAFs.

Either option should produce mors accurate predictions of actual risk

than generic analyses with no site adjustments. The magnitude of the net
adjustment would depend on site characteristics and may be insignificant for A\
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some repositories. - . Generic SAFs for two of the most obvious cases are
suggested for the tiver and we11 release modes in' their respective sections.
The alternative to SAFs for repositoties that can not be adequately assessed
"with ‘generic release limips 1s,:he.hoe of collective dose limits, which do
not require adjustments, but require additional site characterization and PA.

-

- River Release Mode o a;

There are oeperdi’geoeroiizetioos and assumptions that are common to
both the EPA derivation of river release limits [14] and the derivation of
well teleose.linits,presented in this report They are:

1. The ratio of local consumption of water and food to looal water flow
" ‘rates equals the ratio of world consumption to world water flow

rates.

2.‘ The ratic of local population at risk to local eontaminated-ﬁotef
flow rates equals the ratio of wotld population to world water flow
‘rates. v .

All risk factor pathwey equations for;rlver;ond wvell release modes are of the
form: S o C ‘

Y
-~ -

" D'y - .S_ ,-vfglpd;vﬂduol use rates and conpetsion factors) (3)
""b;e“',_ F“"' - | o
Dj = dose rate to lndividuals (tom/person-yt) 4 o
.oQ' - release rote of rodlonuclide to the envitonmont (Ci/yr)

Fa= river ‘oz groundwotet flow rate (km3/yr)

, Hultiplying by populotion (P) ond 1ntogrot£ng over tine ptoduoes the
final forn of che riok focCo: oquntions. .

-DP, 'P."

-.f(individool use rates ondleouvetoion’factOts),' %)
e  F

Dp populotion dose (ron)

Q = total teloo:o of rodionucllde to the envitonnenc (Ci).

15



Except for the fish-consumption pathway, which applies to only the river N\
mode, all biosphere pathway equations are the same for the river and well -‘[‘y'
release modes. The only diffsrence in the risk factor is caused by the
radionuclide concentration in the water (Q’'/F). With the assumptions used in
Reference 14, the concentration is a linear function of total world

volumatric flow ratas. The total volumetric flow ratas for both modes are
computed by dividing the volumss of sach part of the hydrosphere by their

exchange activitiaes. This information is available in a UNESCO report for

all the major hydrosphere divisions (30] and i3 summarized {n Table 2.

Table 2. World Hydrosphere Activities [Reference 30)

Part of ' 4 ' Volume " Exchange Volumetric
Hydrosphere (knd) Activity (yrs) Flow (km3/yr)
Rivers 1.2 x 103 .032 3.8 x 104
Lakes 2.3 x 103 10. 2.3 x 10%
Active Groundwater. 4.0 x 106 330. 1.2 x 104
Total Groundwater 6.0 x 107 5000. 1.2 x 104
World Oceans 1.4 x 109 3000. 4.6 x 109
N
-;“‘-\1!\/v

Therefore, the risk factors for each biosphars pathway for the well mode
will be the river mode values times the river flow divided by the ground
wvater flow in Table 2. Except for fresh water fish consumption, which would
be totally in the river mode, the risk factors for the river pathway would be
waighted by the water source fractions in Table 1. The world-average
radionuclide concentration in river waters was =r independent variable in the
risk factor equations for all pathways [14). It was evaluated by dividing
the reference release of each nuclide (1 curis) by the total volumetric flow
rate of all rivers (3 x 10% knd/yr). 'This flow rate is a good average of the
lake and river divisions, which comprise surface water sources. .Except for
updating the release liamits for the river mode with more recent data and
renmoving ocean releases, vhich would be a ssparate release mode, this
derivation is complete. '

The derivation of the risk factors for the river release mode, using
world-average parameters, assuzes that the entire drainage systen of all
rivers is contaninated with the released radionuclides regardless of the
repository location {12]. Figure 5 shows that, in reality, only the
downstrean section of the tributary that i{s fed by groundwater passing the

N\’

16



«--= Grouncwater Fiow

Figure 5. Gen'gttc river basin for the river releasei mode.

:repository 1: contaminated  The ratio of the actual available contaminated
- water to the total available wvater in the draimge system can be approximated
by dividing the sum of the products of contaminated tributary lengt:hs and
flow rates by equivalent sums of all c:lbuurles :

n.

T (Lo(g) *Foet))
fel o
m.g - _ “ (s)
n ' n | ,
T (I-cu.) *rcm) + = ﬂcm *ﬂum)
{1 J=1

SAFp is the site adjustment factor used to correct the risk factors for the
river release mode, L {s the length of the river segments, and F is the
volunetric flow rate of that segnent. The gubscripts C and U refer to
contaminated and uncontaminated segments, respectively. If the correction is

17



applied directly to the releass limits rather than to the risklfactors. the ff'\\
reciprocal of the SAFR is used. This definition of water availability would -
be compatible with the present dasrivation.

Attenuation factors (AFs) for nuclide transport in agquifers depend on
flow rates, diffusion, dispersion, retardation, decay rates of the nuclides,
the duration of regulation, and the performance of all preceding repository
components [29). Some examples of geologic risk attenuation between a
repository and a river are given later in this section. The AFs for the
river releass mode would be an extension of the present assessments inside
the controlled volume.

- Wall Release Mode

Pathways for the well rsleass mods would be the sams as those for the
river mode except for fish consumption. The radionuclide concentrations in
groundwater used to compute risk factors for the well mode must be based on
world averages, the same as the river mode, if the standards are to be
consistant.

The present derivation of the river risk factors used a volumetric flow
rate of 3 x 104 km3/yr. The flow rates for groundwater are a factor of 2.5
lower, which means the radionuclide concentrations in groundwater are a TN
factor of 2.8 higher. Because the risk factors in the EPA derivations [14] s
ares linear functions of concentration, the risk factors for the two modes
would scale with concentration. The ratio of release limits for the well
release mode to those for the river mode would range from 0.400 for 2r-93 to
0.803 for Cs-137. This variation {s caused by fish consumption in the river
mode. ‘

The development of the well release limits is parallel to that of the
current river release limits. Both are based on world populations and flow
rates. Neither depend on the actual size of the aquifer or river basin or
the water velocities because of the linear hypotheses and the use of
collective population doses in the criteria. 1In base case performance
assessnents, the rivers are assuned to be at their present location and the
groundwater plume is cosputed based on present hydrology. Withdrawal wells
can distort the contaninated plume by drawing uncontaminated waters into the
plume as 1llustrated by Well 1 in Figure § or by enlarging the plume (Well
2). Over the 10,000 year regulation period, these effects should tend to
cancel.

18



Figure 6. Deformation of & contaninated groundwater plume caused by
o vithdraval wells. o

Groundwater Flow

79

. Figure 7. Generic groundwater diagram qu the well riliuf moda.
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This derivation of the limits for the well release mode using world
avarage parameters assumes all groundwatar from the recharge area to the
locations where it enters surface waters is contaminated. This is similar to
the river derivation problem. Figure 7 shows that, in reality, wells up-
gradient of the repository do not producs contaminated water. In additionm,
during the 10,000-year regulation period, the contaminated plume may not
reach the discharge location, and some uncontaminated water also would be
withdrawn down-gradisnt from the repository. The ratio of contaminated to
total available water can be approximated by dating the water at the
repository (A1), at the point that the radionuclides are expected to reach in
10,000 years (A2), and at the location where groundwater is discharged to a
river (A3), as shown in Figure 7. The site adjustment factor (SAFy) can then
be approximated by dividing the difference in the ages of the water at the
farthest point of projected radionuclide migration i{n 10,000 years (A2) and
at the repository (A]) by the age of the water at the point of discharge to
the river (aA3):

A2 - A
SAFY = (6)
A3

However, if the contaminated plume is projected to reach a river within
10,000 years, ths SAFy can be approximated by the following formula:

A3 - A

SAFy = N

A3

The risk factors could be corrected by these ratios. If the correction is
applied directly to the release limits rather than to the risk factors, the
reciprocal of the SAFy is used.

Computations of attenuation factors would be similar to those for the
river release mode. Over a 10,000-year period, withdrawal wells could be
located anywhere in the contaminated plume. Therefore, assuming uniform
withdraval in the plume for the entire time is reasonable. This is in
contrast to the single fixed distance for the river release mode.

- Ocean Releass Mode
Ocean risk factors in References 12 and 14 wers compared with those

computed with the MARINRAD [31] computer prograa and deep ocean and shelf
sodels for the Subseabed Disposal Project [17,18]. The comparison showed
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that the ocean risk factors used to derive the p:es9nt release limits were up
-to a factor of 100 too low [11]). This difference was confirmed by a
preliminary study of ocean risk factors that are defined in a letter from
R.D. Klett (SNL) to D. Ensminger (TASC) concerning the "Ocean Model
forRelease 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. A
thorough study of the ocean mode should be conducted with a program such as
HARINRAD and ﬁdre detailed coupled shelf and deep'ocean models.

" No correction factors fot reposltory locccion are required for the ocean
*mode " With the conservative assumptions of no risk attennation in the rivers
and the return of all irrigation water to the rivers, the same geologic AFs

could be used fot the river and ocean release modes for each teposi:ory

- Land Releasefﬁpﬁéf“

Changing the method of computing risk factors for the land mode is not
necessary, but the risk factors could be updated using the latest data. No
corrections for repository location and no computations of risk attenuation
are required for the land release mode. ‘ -

- Atmospheric Release Mode

The method of computing C-14 risk factors for release to the atmosphere
is consistent with the other derivations in Reference 14. Updating the
analysis with a later vetsion of the global circulation model would .only
increase the telease limit by a factor of 1.4. “For completeness, a value for
1-129 [32) could be added. One alternative would be to base the C-14 release
limit on thg\61ean Aflr Act [33] and the corresponding regulations promulgated
by the EPA [34]. However, 40 CIR 61, Subpart 1 states that it does not apply
to facilities- tegula:ed by 40 CFR 191, Subpart B. It is also currently in
litigation. No corrections for repository location and no additional
computations of attenuation are required.

- Rigk 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 accessible environment.
These risk factors could be used to develop the radionuclide release limits
in Table 1 of 40 CFR Part 191. Risk factors in cancers per TBq are shown in
Table 3, and risk factors in cancers per curie are shown in Table 4.
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Table 3. Fatal Cancers per TBq Relsased to the Accessible Environment over
10,000 Years for Multiple Releass Modas
Nuclide Rivara Wellb Oceant Landd Atmosphere
Cc-14 NA NA NA NA 1.57E+00Q8
Ni-59 1.24E-03 | 3.03E-03 o 1.83E-03 NA
5r-90 6§.08E-01 1.51E+00 6.62E-04 1.02E-03 NA
2r-93 4.08E-03 1.02E-02 1.06E-03 6.10E-04 NA
Te-99 9.86E-03 2.541E-02 4.29E-05 1.53E-06 NA
Sn-126 2.84E+00 6.935E+00 2.89E+00 3.73e-02 NA
I-129 2.13E+00 5.43E+00 7.32E-03 1.07E-01 6.72E+00d
Cs-135 2.09E-01 4,69E-01 1.73E-03 1,.35E-02 NA
Cs-137 2.89E-01 3.60E-01 1.33E-02 5.91E-04 NA
Sm-151 2.53E-04 6.14E-04 1.81E-06 NA
Fb-210 3.19E+00 7.03E+00 4.10E-03 NA
Ra-226 4 .40E+00 1.03E+01 1,.52E-01 NA
Ra-228 6.51E-01 1.52E+00 4.24E-04 " NA
Ac-227 1.80E+00 4.34E+00 4.13E+00 3.35E-03 NA
Th-229 9.42E-01 2.30E+00 4.64E+00 5.13E-01 NA
Th-230 1.45E+01 3.60E+01 ‘ 1.04E+01 NA
Th-232 9.18E+00 2.29E+01 1.02E+01 NA
Pa-231 4 .00E+00 9.87E+00 1.60E+00 6§.37E-01 NA
U-233 5.81E-01 1.44E+00 2.50E-02 2.03E-02 NA
U-234 5.29E-01 1.31E+00 1.77E-02 NA
U-235 5.86E-01 1.45E+00 2.26E-02 2.27E-02 NA
U-236 5.00E-01 1,24E+00 1.67E-02 NA
U-238 5.356E-01 1.38E+00 1.86E-02 NA
Np-237 2.15E+00 3.27E+00 3.89E-01 3.27E-03 NA
Pu-238 1.14E+00 2.82E+00 8.37E-03 NA
Pu-239 1.34E+00 3.32E+00 1.35E+00 1.68E-01 NA
Pu-240 1.31E+00 3.23E+00 1.35E+00 1.41E-01 NA
Pu-241 3.86E-02 1.45E-01 0.00E+00 6§.75E-05 NA
Pu-242 1.29E+00 3.20E+00 . 1.71E-01 NA
Am-241 1.46E+00 3.28E+00 5.48E+00 2.84E-02 NA
Am-243 1.54E+00 3.49E+00 5.37E+00 6.62E-02 NA
Cm-245 2.73E+00 6.38E+00 8.07E+00 2.18E-01 NA
Cm-246 1.35E+00 3.25E+00 9.56E-02 NA
Sources:

& Reference 12
b This report
€ Preliminary incomplete analysis by TASC using MARINRAD
d Reference 32 using 0.04 cancers per Sv
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Table 4.

& Reference 12

b This report
€ Preliminary incomplete analysis by TASC using HARINRAD

d ! Reference 32 using 0.04 cancers per §v

Fatal Cancers per Curie Released to the” Accessible Environment over
10,000 Years for Multiple Release Modes - :
- [o]

Nuclide Riverd vellb Ocean® Landé Actmosphere
C-14 NA NA NA | NA $.83E-028
Ni-59 4.61E-05 1.12E-04 " 6.79E-07 NA -
Sr-90 2.25E-02 5.60E-02 2.45E-05 3.76E-05 NA
Z2x-93 1.51E-04 3.77E-04 3.94E-05 2.26E-05 NA
Tc-99 3.65E-04 8.93E-04 1.59E-06 5.65E-08 NA

. Sn-126 1.05E-01 2.57E-01 1.07E-01 1.38E-03 NA
1-129 8.07E-02 2.01E-01 2.71E-04 3.96E-03 2.49E- 01d
Cs-135 7.73E-03 1.74E-02 6.39E-05 5.75E-04 NA
Cs-137 1.07E-02 1.33E-02 4.92E-04 2.19E-05 RA
Sm-151 9.38E-06 2.27E-05 ' 6.71E-08 ‘NA
Pb-210 -1.18E-01 2.61E-01 1.52E-04 NA
Ra-226 1.63E-01 3.87E-01 5.62E-03 NA
Ra-228 2.41E-02 5.62E-02 o 1.57E-05 - NA
Ac-227 6.67E-02 1.61E-01 1.53E-01 1.24E-04 RA
Th-229 3.49E-02 8.51E-02 1.72E-01 1.90E-02 NA
Th-230 5.38E-01 1.33k+00 o 3.86E-01 NA
Th-232 3.40E-01 8.47E-01 ‘ 3.76E-01 NA
Pa-231 1.48E-01 3.66E-01 5.94E-02 2.36E-02 NA
U-233 2.15E-02 S.33E-02 9.25E-04 7.51E-04 “NA
U-234 1.96E-02 4,.86E-02 o €.54E-04 NA
U-235 2.17E-02 © 5,38E-02 8.36E-04 8.42E-04 KA
U-236 1.85E-02 4,59E-02 6.18E-04 NA
U-238 2.06E-02 5.11E-02 _ 6.90E-04 NA
Np-237 7.95E-02 1.21E-01 1.44E-02 1.21E.04 NA .
Pu-238 4,23E-02 1.05E-01 ) 3.10E-04 NA
Pu-239 4 .97E-02 1.23£.01 $.73E-02 6.23E-03 Ra
Pu-240 4 .84E-02 1.20E-01 5.73E-02 5.22E-03 . NA
Pu-241 2.17E-03 5.36E-03 N 2.50E-06 NA
Pu-242 &4.79E-02 1.18e-01 . 6.34E-03 NA
Am-241 "5.42E-02 1.22E-01 2,03E-01 1.05E-03 . NA
Am-243 . 5.72E-02 1,29E-01 1,99E-01 2.45E-03 - NA.
Cm-245 " 1.10E-01 2.44E-01 2.99E-01 8.08E-03 - RA
Cm-246 4.,99E-02 1.20E-01 o 3.54E-03 ~ NA
Sources:
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Table 5. Cumulativa Release Limits for 10,000 Years (TBq per 100 000 MTHM)
for Multiple Releass Modes

WM)
Nuclide Rivera Well Ocean® Landad Atmosphers

C-14 RA NA NA NA 8§E+022a
Ni-59 8E+054 3E+05 SE+07 RA
Sr-90 2E+03 7E+02 2E+06 1E+06 NA
Z2r-93 2E+05 1E+05 9E+03 2E+08 NA
Tec-99 1E+03 4E+04 ‘ 2E+07 7E+038 NA
Sn-126 4E+02 1E+02 3E+02 3E+04 RA
1-129 SE+02 2E+02 1E+05 9E+03 1E+024d
Cs-135 5E+03 _ 2E+03 6E+05 6E+04 NA
Cs-137 3E+03 3E+03 8E+04 2E+06 NA
Sm-151 4E+06 2E+06 6E+08 NA
Pb-210 3E+02 1E+02 2E+05 NA
Ra-226 2E+02 1E+02 7E+03 NA
Ra-228 2E+03 7E+02 ' 2E+06 NA
Ac-227 6E+02 2E+02 2E+02 3E+05 NA
Th-229 1E+03 4E+02 2E+02 2E+03 RA
Th-230 7E+01 3E+01 ' 1E+02 NA
Th-232 1E+02 4E+01 + 1E+02 NA
Pa-231 3E+02 1E+02 6E+02 2E+03 NA
U-233 2E+03 7E+02 4E+04 S5E+04 NA
V-234 2E+03 . 8E+02 6E+04 NA
U-235 2E+03 7E+02 4E+04 4E+04 RA
U-236 2E+03 8E+02 6E+04 NA
U-238 2E+03 7E+02 5E+04 NA
Np-237 SE+02 JE+02 3E+03 3E+05 NA
Pu-238 . 9E+02 4E+02 1E+0S NA
Pu-239 7E+02 3E+02 6E+02 6E+03 NA
Pu-240 8E+02 3E+02 ) 6E+02 7E+03 NA
Pu-241 2E+04 7E+03 1E+07 NA
Pu-242 8E+02 3E+02 6E+03 NA
Am-241 7E+02 3E+02 2E+02 4E+04 NA
Am-243 6E+02 -3E+02 2E+02° 2E+04 NA
Cm-245 4E+02 2E+02 1E+02 5E+03 NA
Cm-246 7E+02 3E+02 1E+04 RA
Sources:

8 Reference 12

b This report

€ Preliminary incosplete analysis by TASC using MARINRAD
d Reference 32 using 0.04 cancers per Sv
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Table 6. Cumulative Release Limits for I0.000erkts {(curies per 100,000
MTHM) for Multiple Release Modes

Nuclide Riverd ~Ub11§ _ . Ocean® -  Land® . . Atmosphere

C-16 . WA NA © RA. . NA 7 2E+068

Ni-59 2E+07 ' 9E+06 : . 1E+09 NA
Sr-90 4LE+04 2E+04 4LE+07 © 3E407 . NA
Zr-93 7E+06 3E+06 3E+07 4E+07 _ NA
Te-99 3E+06 1E+06 6E+08 2E+10 NA
Sn-126 1E+04 4E+D2 SE+03 78405 NA
1-129 1E+04 SE+03 LE4+06 - . . .- 3E+0S . G4E+03d
Cs-135 1E+05 6E+04 2E+07 2E406 - NA
Cs-137 " SE+04 - BE+04 . 2E406 _ SE+07 NA
Sm-151 1E408. - . &4E+07 - 1E+10 - NA
Pb-210 8E+03 . 4LE+03 © . TE+06 NA
Ra-226 - . 6E+03 .. 3E+03 ‘ 2E+05 " NA
Ra-228 LE+04 - 2E+04 : - 6E407 ' NA
Ae-227 . 1E40& . 6E403 ~ 7E#03  BE+06 @ NA"
Th-229 CU3E404 - . -1E404 6E+03 " SE404° . NA
Th-230 2E+03 - BE+02 o < 3E403 NA
Th-232 3E+03 1E403 SR - 3E403 . NA
Pa-231 . TE+03  3E+03 2E+04 4E+04 NA
U-233 - SE404 - 1 2E+04 . 1E+06 . 1E+06 NA
U-234 SE+04 2E+04 2E+06 . NA
U-235 - SE+04 2E+04. 1E+06 1E+06 NA
U-236 SE+04 2E+04 . T 2E+06 NA
U-238 SE+04 . 2E+04 1E+06 NA
Np-237 1E+04 T - 8E+03 - JE404 - BE+06 NA
Pu-238 . 2E4046  1E+04 3E+06 NA
Pu-239 2E+04 <7 BE+03 2E+04 2E+0S NA
Pu-24C - "2E+04 - BE+03 2E406 2E+05 NA
Pu-241 SE+05 - 2E+05 S - -&4E+08 - NA
Pu<242 2E406  BE+03 : . 2E+05 NA

- Am-2641 - . 2E4+04  BE+03 "~ SE+03 1E+06 NA
Am-243 . 2E404 "~ BE+03 - SE+03 - . 4E+0S NA
Cm-245 ©1E404 - - GE+03 3E+03 " 1E+05 NA
Cm-246 "2E+04 BE+03 , 3E+0S NA
Sources:

& Reference 12

b This report

€ Preliminary incomplete analysis by TASC using MARINRAD
d Reference 32 using 0.04 cancers per Sv
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- Davelopment of Release Limits for 40 CFR Part 191

The analyses described in this chapter could be used to develop ‘G \
radionuclide release limits that correspond to the level of protection chosen e’
for the containment requiremants of 40 CFR Part 191 (Section 191.13). The
1985 BID [12) describes the procedure used to datermine release limits from
the risk factors. The maximum number of fatal{ties allowed by the
fundamental criterion were divided by the fatal cancers per curie for each
release mode and each radionuclide. The release limits in 51 units are shown
in Table 5, and the release limits in curies and associated units are shown
in Table 6.

- Summed Normalized Relsasas

"The four additional columns of reslease limits would be computed using
the EPA method described in Reference 12. The maximum number of fatalities
allowed by the fundamental criterion would be divided by the fatal cancers
per curie for each release mode and each radionuclide. These computations
would result in a maximum of five columns in a release limit table. The
summed normalized release limit for each scenario or event would include the
release fractions for each nuclide for each releass mode.

Qa,a/RLj 4 + Qa,b/Rlp,b +. . .+ QL,a/BLy a + QL b/RLL D +. . .+ e

S’

Qu,a/Rly,a + Qu,b/RLy,b +. . .+ Qr,a/RIR 4 + R, b/RIR b +. . .+
Q0,a/Rlg,a + Q,b/Rlo,b +. . .+ Qo,n/Rlo,n < 1. (8)

Q is the computed 104 year release of a radionuclide for each resleass mode at
the release location, and RL i3 the release limit for that nuclide and
releass mode. The subscripts A, L, W, R, and O refer to the atnosphgric.
land, well, river, and ocean releass modes, respectively, and the subscripts
a, b, .. ., nrefer to the individual radionuclides listed in the tables.
The effects of multimode release tables on the release CCDF would be to
change the magnituds of the normalized release (R) for each scenarfio or event
relative to the present single release method as illustrated in Figure 8.

The probabilities of the individual scenarios or events that make up the CCDF
would be unchanged.
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Figure 8. Effects of mulﬁindde :eleq§e ‘1imits on the release CCDF.

"= Geologic Risk Attenuation

A study of parametric geologic attenuation factors (AFs) was conducted
to show the significance of the geologic component that {s omitted in the
present standards (controlled volune to location of release to the
environnent) and show the unsittvity of AFs to the mpu: parameters. The
input parameters were: groundvater velocu:y. retardation factor,
dispersivicy, distance 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. Figures 9 and 10 are examples of the

‘result:s . ‘

e
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Figure 9.

Figure 10. Attenuation factor sensitivity (Velocity = 5 n/yr, Ha],f Life =
10,000 yrs, Dispersivity = 200 m, Retardation Factor = 2).
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Figure 9 shows the retardation sensitivity when groundwater velocities
are gimilar to those at the WIPP. Instantaneous release is assumed, which is
unrealisticallyfeohsefvstive even for human intrusion breaching an underlying °
brine pocket immediately after repository closure. The retardation facters
for all the actinides in TRU waste are greater than 10 [35], so the longest
_travel distance for any nuclide would be about 12 km, indicating that the

',_ geologic component of the disposal system that is outside the controlled -

volume is too important to be omitted from performance assessments

Figure 10 shows the large effects of the time and rate of release from the

" repository on the distance traveled by a weakly retarded nuclide in 10,000
years. These important features of teposltoty design cannot be evaluated
vhen the geologic formation outside the controlled volume is not {ncluded in
- the .assessments. The conclusions of this study are: all components of the
disposal systems should be included i{n risk essessments unless it can be
shown that their effects are negligible, and the attenuation factors are
strongly dependent on too many variables to be included in the standards
rather that being part of FA.

-

- Performance Assessments

Figure & {llustrates the function of performance assessments using
wmultimode release limits. Gaseous releases and some releases £tom hunan
- intrusion would be through the upper surfece of the controlled volume as
- shown {n Figure 3. For these pethways the PA segment of the risk assessment
would be unchanged, but the releases would be evaluated against atmospheric
and land release limits instead of the present single generic release limits.
- For nuclide transport through an aquifer, the groundwater that is mot
vithdrawn by wells would eventually reach rivers, lakes, and oceans.
Computetiens of releases to wells, rivers, and oceans could require
~additional ettenuation factor enalyses {29) by PA, and some site
‘characterization past the controlled volume might be required. Site
characterization and analyses would only have to extend far enough to show
_compliance. The remainder of the disposal system could be considered an
additional, but unquantified, margin of safety. If the standards do not
specify average fractions of fresh water usage obtained from ground and
- surface water, regional values would be defined by PA. PA also would have to
adjust the river and well release limits to account for the location of each
repository relative to the recharge location and closest river or ocean. _
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APPENDIX C

JUSTIFICATION FOR DEVELOPING
A COLLECTIVE DOSE OPTION




This information is supplied as reference material only.



- . -Excerpt from SAND92-0556 (To be published)
EXPANDBD PROPOSED EXTENSIONS OF STAYNARDS FOR HIGH-LEVEL
AND TRANSURANIC RADIOACTIVE WASTE DISPOSAL '
Robert D. Klett and Marilyn M. Gruebel

: Task ( , :
cOLLBCTIVB DOBB OPTION

Justification for Developing a Collective Dose Option

. The tirst part of this section discusses the uses of dose

' standards as an alternative to the present derived release -
limits. The second part describes the procedures for allowing
the applicant or the regqulating agency the option of using
either dose or release limits, whichever is the nmest appropriate
for the repository being regulated.

The alternative that has heen most widely recommended, but
. would require the greatest change in regulation philosophy,
would eliminate the generic derived release limits and replace
them with dose limits. ‘These limits can be placed on individual
or population doses. An-individual dose standard that limits
peak rates to the maximally exposed group at any time has been
recommended by the ICRP, NEA, and IAEA [1,2,3) and is being used
with some modifications by other countries [4] Population dose
limits could be on peak rates, or total dose for the period of
regulation. Since the fundamental criterion in 40 CFR 191
defines the maximum allowable cancer deaths per unit of waste
during the time of regulation, collective dose per MTHM is the
only type of dose limit that would be compatible. .

The argument that risk assessments using dose standards
require more predictive assumptions and computations, contain
more uncertainties, and are less accurate than those using de-
rived gtandards is invalid. If the use of approximations and
predictions is valid for deriving release limits, they are also
valid for dose analyses. The total risk assessment is the same
-in either case.

. ' Dose standards are more versatile than derived standards
because they apply to all repositories and all pathways. Though
derived standards, such as generic release limits may poorly
represent the actual attenuating process of some repositories,
there is a reluctance to modify derived standards because of the
conmplex and ‘time consuming steps that are required. Another
advantage of dose standards is they allow the risk assessment to
be conducted sequentially from the waste source to humans. This
is the only way that all attenuation functions of all components
in the disposal system can be included in the assessment. The
derivation of release limit gtandards does not start at the
source and therefore cannot include all the retardation and
temporal dispersion effects of all preceding components ([S).



Dose standards regulate the entire disposal system whereas
lower level standards regulate components or groups of compo-
nents. The requirement to have efficient components is not
sufficient; components have to work together to produce an ﬁ'"\
effective disposal system. If dose standards are used, a A
reference person or a standard biosphere and a standard set of kel
exposure pathways, similar to those used in release limit
derivations, could be specified in the regqulations. This would
assure uniformity for all repositories, reduce the complexity of
performance assessments, and maintain more control by the
regqulating agency. There are many advantages to using dose
standards (1,6,7,8] and the change to a higher level standard
would not require additional derivations by the EPA. However,
it would require a change in regulatory philosophy, would
increase the amount of site characterization, and additional PA
analyses that would be required.

A recommendation was made during the first EPRI workshop
on the technical basis for EPA HLW and TRU waste disposal
criteria, September 24-26, 1991 in Arlington, Virginia, to
allow the applicant or requlating agency the option of
selecting either cumulative population dose standards or
cumulative normalized release limits to satisfy the containment
requirements of 40 CFR 191.12. The advantage of this option is
the conservative but approximate generic release limits could
be used for many repositories resulting in less site
-characterization and less complex performance assessments. For
other repositories that are not adequately represented by :
g:nerig-release limits, the more precise dose standards could o

used.

There are precedents for alternate methods of evaluation
in EPA regulations. 40 CFR 191.17 permits the use of alternate
provisions if the existing provisions of Subpart B appear
inappropriate {9). The use of alternative methods of
regulation also appears in 40 CFR 264.94(b), which allows the
use of alternative concentrations for chemicals [10] and 40 CFR
268.6, which allows the use of an alternative to _the treatment
of hazardous waste [11].

Three changes to 40 CFR 191 would be required to make
this modification work effectively. Pirst, it is essential to
explain why the use of alternate criteria is acceptable.
Second, a clear statement is needed that defines the optional
dose standard method, guidance on when it should be used, and
how it would be implemented. Third, the standard should
include the fundamental safety criterion that is the basis for
the dose linits, the maximum alloved 10,000 year collective
dose, and a standard procedure and factors for computing the
effective doses that are compatible with the rest of 40 CFR 191
and its supporting documentation. Future states consisting of
some combination of a reference biosphere, reference
demography, and reference human characteristics could also be
defined. Suggestions for these changes are given in the
remainder of this section.
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The hierarchy of criteria levels is explained in Section
2.2 of this report.. The top level fundamental criterion is the
" only level that explicitly defines the safety requirements of
the repository. Some analyses are required to develop each -
criteria level below the fundamental regquirement and each
analysis adds uncertainty to the criteria. Derived standards
are only used to facilitate regulation and therefore can always
be replaced by more precise, higher level criteria without -
jeopardizing safety. ‘Here, the more expedient, but ultra-
‘conservative derived release limits can be replaced by the.
‘higher level, more exact dose limits. The Table 1 release
linits were derived from dose limits and this derivation added
considerable uncertainty because of the many predictive '
assumptions, generalizations, and simplifications. The :

- derivation of the present generic single mode release limits
contains many conservative assumptions and some important - -
attenuating processes are omitted. The release limits are -
-intended only to provide a simplified method of evaluation, and
are not a true measure of risk. Complying with the release
requirements is sufficient, but not necessary to prove _
compliance with the fundamental criterion. Dose limits provide
a more accurate measure of actual risk but reguire more
extensive site characterizations and performance assessments.
An unsafe repository could not comply with either dose or -
release limits, so there is no advantage of using both .
standards. . -~ - o oo '

A preliminary performance evaluation may be needed to -
select the most appropriate standard for a particular A
repository. Repository evaluations using release limits are
less expensive and can be completed in less time because they
require less site characterization and less complex PA. .
However, the conservative approximate release limits may not
- adequately represent the attenuating processes of some
" repos..uries and the more accurate dose standards may be

required. LT o T

P

- .~ The information used to develop the doée limit 13'5156
used in the development of release limits. There are alsc many
' similarities in the implementation of dose and release limits.

.. The dose limits would be based on the fundamental =
criterion of 1,000 premature cancer deaths during the 10,00
year regulation pericd for the reference repositories (100,000
MTHM for HIW and a suggested 20 MCi for TRU waste). The
premature cancer deaths in the fundamental criterion are
converted to allowable effective doses using a conversion
factor supplied by the ICRP [12] to produce the dose limits.

- . The EPA could specify procedures for computing the effective

“doses - for.a repository by one of the methods suggested in the
‘next section, or the procedure selection could be left to the
implementing agency. - - - L o '
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Conseqguences could be normalized for any event or scenario
using dose limits, similar to the way they are normalized using
release limits. The normalized dose consequence would be equal
to the computed dose divided by the dose limit. Performance
assessments with dose limit standards could produce the same
type of normalized CCDF that is presently being produced using
release limits. Therefore, the consequence CCDF based on dose
and release limits could be regulated by the same containment.
requirenents. The probabilities of events or scenarios in the
CCDF would be the same with either limit. Only the values of
individual normalized consequences (R for summed normalized
release and D for normalized dose) would be different as
illustrated in Pigure 1. The CCDF could be constructed using
all normalized releases, all normalized dogses, or a combination
of the two. The later option would be particularity
advantagecus for repositories that are expensive to :
characterize and analyses, and have only a few scenarios or
;Iegts that cannot be represented properly by generic release
’ nits.

The dose standard alternative could be used with either
the present single generic release limits or the multimode
release limits. The single generic release limits would be
inappropriate for some repositories even if used with the dose
standard alternative. It is also extremely conservative for
most repositories, possibly making it necessary to use dose
standards with added site characterization and analyses, when
it would not be necessary with more appropriate release limits.
The multimode release limit approach would produce more
accurate predictions of risk for all repositories. Since the

conservatism would be uniform for all repositories and the risk )

attenuation of all disposal system components could be included
in the performance assessment, fewer repositories would have to
use the more expensive and time consnning dose option.

The consequences of radiation exposure that was used to
develop the dose limits in Working Draft 4 of 40 CFR 191 [13)
are the same as the latest ICRP recommendations [12). The
nominal probability coefficient for stochastic effects used to
set the effective dose linits is 0.04 premature cancer deaths
per Sv. When this coefficient is applied to the fundamental
criterion of 1,000 premature deaths in 10,000 years for the
referance HLW repository containing 100,000 MTHM, the effective
dose limit is 25,000 person-sieverts per 100,000' MTHM (0.25
person~sieverts/MTHM). For the reference TRU repository
containing 20 MCi that is defined in Chaptar 7 of this report,
the effective dose limit would be 25,000 person-sieverts per 20
MCi of radiocactive waste(0.00125 person~sieverts/Ci).

The standards could provide two basic procedures to
compute collective effective doses. The procedures for
computing the effective dose in Appendix B of Working Draft 4
of 40 CFR 191 [13) are identical to those in Annex A of ICRP 60
{12). The effective dose (E) is the sum of weighted absorbed

"h”/

Ly



‘doses from all radiation types and energies, in all tissues and
organs of the bodfié{t»is given by the expression:

| g
E= };vé“};,wr-bm

where Dy, g is the neah absorbed dose to organ T delivered by
radiation R.' The radiation i{s that incident on the body or

- emitted by a source within the body. Values for the radiation
weighting factors (wp) are given in Table 1 and values of the

tissue weighting factors (wp) are given in Table 2. This basic

procedure ‘ie the moct versatile, but it allows some variability
in its use and would regui:e.detailed predictions of pathways
and uptake of radionuclides. S

) The NEA used a modification of the ICRP procedures in the
dose analyses for the Subseabed Disposal Program (14). 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. Most of the radiocactive doses per unit
intake for all the major radionuclides were taken from ICRP.
Publication 30 [15). The exceptions are the doses per unit.
‘intake values for isotopes of plutonium and neptunium; these

- were calculated using values of the gut transfer fraction
appropriate to the forms of these radionuclides found in :
environmental materials (16]. Tables 3 and 4 list the dose
conversion factors for both systems of units. These tables
simplify the dose calculations and assure uniform application.

An intermediate approach was taken by the U.S. Department
of Energy. They have published dose conversion factors for
internal and external exposure for each radionuclide and each
exposed organ [17,18). Reference 17 states that DOE/EH~0071 "is
intended to be used ‘as the primary reference by the U.S. -
Department of Energy (DOE) and its contractors for calculating

radiation dose equivalents for members of the public, resulting
" from ingestion or.inhalation of radioactive materials.®" It also
states that "The use of these committed dose equivalent tables
‘gshould ensure that doses to members of the public from internal
. exposures are calculated in a consistent manner at all DOE
.facilities.” : The series of ICRP publications starting with
Publication 26 [19] provides the technical base used in - -
calculating the dose eguivalent factors listed in References 17
and 18. B ‘ . o

: When defining a reference biosphere, demography, or human
characteristics, care must be taken not to cbscure important
site characteristics and to assure compatibility with the
standards and their derivations. Except for world population,
present processes and parameter values were assumed in the
derivation and justification of the standards. Therefore, it
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would be appropriate to assume that the reference future states
are essentially as they are today. Changes in parameters could
ba assessed with sensitivity studies and stochastic analyses
covering varying climatic, geologic, d.:d hydraulic conditions.
The present demographic pattern could be retained by

multiplying local populations by the ratio of the 1010 world
population used in the release limit derivation to the present
world population. Human characteristics such as physiology,
nutrition, technical and intellectual ability, medical
resources, social structure, and values could be as they are
now. Although the five basic release modes probably would
still exist, they would not all apply uniformly to all _
repository sites. Geologic and hydraulic risk attenuations are
site specific and it would not be appropriate to include then
as part of the standards. The more that is included in u
definition of future states in the standards, the closer the
dose limit alternative comes to the multimode release limit
approach. :

Dose baged risk assessments, for repositories that do not
have their attenuation processes adequately represented by
either single mode or multimode release limits, could result in
extensive site characterization and analyses.  If release
limits are inappropriate for only a few events that are
responsible for the significant releases, it would be possible
to analyze only these events using dose criteria. The -
predicted doses for each event could be normalized relative to
the dose 1limits set by the EPA in the same manner as predicted
releases. The dose fraction could then replace the summed
release fraction for that event in the CCDF. The probability
would remain the same s0 the only effect would be to change the
consequence level for that event on the CCDF. Depending on the
events, this could still be a large site characterization and
analysis program, but it would be preferable to conducting dose
based assessnents for all events. ‘

The selective substitution of dose limits for events or
scenarios that cannot be represented accurately with generic
derived release limits is a viable option. Substitution of
higher level standards is alwvays justified. This option could
require additional site characterization and more analyses for
PA. It would be possible to do dose analyses on only selected
scenarios, and normalize them to EPA supplied dose limits.
They would replace the corresponding normalized releases in the
CCDP. All the information needed for dose limits is available
80 no development program is necessary. This option would
require a thorough explanation and justification in the

gtandards.
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~ Table 1. Radiation Weighting Factors, wy'

Photons, all energies

Electrons and muons, all energies

Neutrons, energy <10 keV
10 keV to 100 keV

>100 keV to 2 MeV
>2 MeV t0 20 MeV
>20 MeV

{ Protons, other than recoil protons, >2 MeV §
Alphs panicles, ission fragments, heavy noclel |
! AD valnes relate © the radistion incident on the body o, for Internal sources, emitted from the source.

T mmamwmmmmmmhummmmmxm
mmmwmw) :




Table 2. Tissue Weighting Factors, wy’

| Organ or Tissue wy Value

Gonads Y 0.20
Red bone mamrow 0.12
Colon 0.12
Lung 0.12
Stomach . 0.12
Bladder ' - 0.05
Breast . : 0.05
Liver 0.05
Oecsophagus : 0.05 .
Thyroid 0.05
Skin 0.01
Bone surfaces 001
Remainder 0.05*

susceptidle to cancer induction. If other tissucs and organs subsequently become identified as having a
significant risk of induced cancer, they will bs inciuded either with a specific wy or in this additional List
coastituting the remainder. ‘The latter may also inclndo other tisenes or organs sclectively irmadiated.

? In thoss exceptional cases in which a single oo of the remainder tissues of organs receives an equivalent
dose in excess of the highest doss in sy of the twelve organs for which & weighting factor is specified, a
weighting factor of 0.025 should be applied 10 that tissus or organ and a weighting factor of 0.0225 © the
averags doss in the rest of the remainder as defined sbove,
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Table 3. Dose Equivalent Factors for Humans (Curies and Related Units)

f . lngesion Lnbalation Immersion Exposare 1o Sail 1
| Nocide (Re/G) Re/Ci) RemHr-Gi-M*®3)  (REMHr-G-*e3)
| e 2075403 207640 0.005+00 e
Ni-59 2.005+02 133503 230503 . | 0.00B+00 1
§r-90 1445405 1.26E+06 SAOEO4 0.00E+00 i
| 2r93 1.55E+0 3.145405 0005400 - 000500
f To9 1265+ 7405+03 1305-04 0.005+00
f se12 189540 7405404 180502 9005400

| 112 2945405 1.74E+05 1205@ 450501

G138 203540 450t | esosos 0.005+00

Cr137 SA8E04 322504 100B00 | 4208400

Sa-151 337542 2815404 260504 430502

Pb-210 S.185+05 130507 | so05m - 1850502

Ra-226 L1SB+05 1775406 1805400 6405400

Ra-228 1228406 4 ALE+05 6755400 2605401

Ao227 1415407 6565 . | 169B00 $21B400

™2 1308406 215 | ssosor 2205000

™20 S5SBe05 L.185408 1.805+00 6.505+00

232 274405 1538409 4005400 | 1sese0n

Pa-231 LOTE? 1358409 $.008-01 2205400

U233 2665405 13358 590501 2.308+00

U234 2.63B408 1335408 118803 13780

Us 2.528405 1225408 296801 131840

U-2% 2438405 1265408 297806 206504

v-238 2338 LISE+08 130802 3S;BO1

Np-237 40TB+05 &S1B+08 360801 | 1aE00

P23 1855406 AALB08 L50G04 15060

P23 2235405 135408 120804 190604

Pa-240 2278406 SALE08 - 1B 130803

Pl 4ALE04 10«0 | 630805 45080

] 2048406 CS15+08 LIOBOd 110603

A1 2276406 S1SE+08 3.908-02 1.806-01

An20 2185406 S.13E5+08 $.106.01 1306400

Co-2US 6665404 LIABA0T - 3.406-04 50503

- . B0 ) 6080 OO

"



Table 4. Dose Equivalent Factors for Humans (TBq and Related Units)

| Noctide Ingestion Iahalation Imnersion Exposue to Soil

| | GviBe) (Sv/TBq) GvHATBaM#"3) GuiirTBeM=d [
= S.50E+02 0.00B+00 0.00E+00
m 5.40B+01 3.605+02 621504 0.005+00

5190 3.90E+04 3405408 146504 0.005+00

29 4208402 £.505+04 0.005+00 0.005+00

To® 3.40B+2 2.005+0 351505 0.005+00

S»126 5108400 2.008+04 436803 2436400

F129 7.40B404 4708404 45950 122801

Co135 190403 1.208+04 171803 0.008+00

Co-137 1408404 L7080 270801 L13Be00

Sm-151 9.108+01 7505+ 702805 1305

n-210 1408408 3.50B+06 £.108-04 351503

Ra22S 3108405 2108406 436801 L7IB+00

Ra-228 3308403 1208406 1L8IEL0 7028400

Ao2n? 3.408406 1.30B+09 456801 2298400

Th-229 1.008408 5.70B+05 157801 554801

230 1.508+05 $.508+07 436801 1768000

™22 7408405 4408408 1.08400 421800 AN
P23 2908406 3408408 13E01 S4B i
v 2208404 1608407 159801 621801

U2 ' 9.108+04 3.608407 319504 191803

v-ns 6308404 3308407 79983 354801

U-236 6208404 3408407 $.02807 5.56805

U-238 6308404 3208407 199802 950802

Np-23?7 1108408 1.308+08 9.7:8 370

Pe-238 S.008+08 1.208+08 405803 351804

Pe-239 6008405 1408+08 324508 213804

Pu:240 6.008+08 1408+08 375308 3SIB04

Pe-241 1.205+04 2008408 145805 1450

Pe302 5.508+05 1.306:08 297808 297504

Am241 €00B+05 1408+08 105802 4365m

An-20 S.90B+05 1.408+08 L3780 33518401

Cn-202 1308404 470B+06 9.188-05 14980

Cra-244 3.008+08 740807 102803 743B-04 -
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Figure 1 - CCDF made up of normalized doses or normalized
releases.
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APPENDIX D

JUSTIFICATION FOR DEVELOPING
" ALTERNATIVE TRU CRITERIA



This information is supplied as reference material only.



 ‘attr;pugeg;andfdeficiencies are evaluated.

Excerpts from SAND92-0556 (To be published)
EXPANDED PROPOSED EXTENSIONS OF STANDARDS FOR HIGH-LEVEL
AND TRANSURANIC RADIOACTIVE WASTE DISPOSAL
Robert D. Klett and Marilyn M. Gruebel

LT P pask S=6 L -
- CRITERIA FOR rmamnzc WASTE DISPOSBAL

Justification for Developihg Alternate TRU Criteria

_-> . Since 40 CFR 191 was not developed as an integrated systenm,
it contains many provisions and constraints that prevent effective
modifications and additions such as criteria for TRU waste
disposal. Although far from ideal, the following are the only
feasible options that have been suggested for reqgulating TRU waste
disposal. The options are: two types of fundamental criterion
developed specifically for TRU waste [1,2]), and a family of

. procedures that use a reference TRU waste unit with commercial HLW
. criteria (1,2,3). . This chapter compares these options. ’

‘

" Background information pertinent to both options is covéred in the
‘following sections on the functions of fundamental criteria, and a
‘description of the HIW fundamental criterion and release limits

presently in 40 CFR 191. The section on criteria specifically for

' TRU waste suggests a methodology for developing or adapting
fundamental and derived criteria that are consistent with all

other aspects of the standards. The section on reference TRU
waste units covers all the parameter variations that have been
suggested for this option. The technical bases of each approach
are reviewved, implementation is discussed, and their relative

TRDtrebbsitbfiés;iill.contain,sbmé,radibactive wastes that

are not officially classified as transuranic waste. Actinides and

dau~hters of short lived transuranics can be a significant part of
the risk potential. §ince all r.lionuclides constilute a
potential risk, the standards for TRU repositories should be based

on and apply to all radionuclides in the inventories.

1 Fundemental Criteris

Fundamental criteria (Level 1) are the only standards that
explicitly define the radiological safety requirements of the
repositories. level 1 criteria control risks to the populace,
have a significant effect on the cost of repositories, and are the

. basis for other levels of radiological criteria. Tc have any

radiological risk significance, all other levels of criteria must
be traceable to an appropriate fundamental criterion {1). The
position of the NEA is, "The general risk limit should be
considered as the lower boundary of a region of unacceptable risks

rather than as the upper demarcation of a‘region of unchallenged
" acceptability. Therefore, the level at which these cbjectives are

get should be based as far as possible on 2 scientific assessment
of risk in relation to well established radiation protection
standards. Where exposures could arise from various sources,



there will be a need to take this into account by an apportionment
of the general limit" [4].

Appropriate fundamental criteria are needed for all .
repositories and for each waste category. These criteria should‘é \
be based on established principles and set at the lower boundary =/
of unacceptable risk. The regulatory philosophy for any
fundamental criteria that is added to 40 CFR 191 should be
consistent with that of the HLW fundamental criterion and it
should be compatible with existing release limits.

1.1 HLW Fundamental and Derived Criteria in 40 CFR 191

The present fundamental criterion for HLW and SF allows no
more than 1,000 premature cancer deaths over the first 10,000
years rrom disposal of the wastes from 100,000 metric tons of

reactor fuel (average of 10”5 HE/MTHM-yr). This is a risk/benefit
criterion that allows the risk from waste disposal to be '
proportional to the amount of power generated. Power is equated
to the amount of fuel used to generate the power (MTHM) for
convenience of analyses. It is also based on collective world
population risk over the 10,000-year period of regulation with no
constraints on population risk rates. Derived standards for HLW
must follow this format. The HLW release limits were derived by
computing risk factors (fatal cancers per curie released) for each
radionuclide for several release modes [3). The fundamental
criterion was divided by each of these risk factors to produce a
table containing release limits for each radionuclide [6]), which
‘is compatible with the risk/benefit, collective population risk
fundamental criterion.

The allowable risk level for HLW disposal was based on e
predicted capabilities of the reference HLW repository in several
geologic media instead of the lower bound of unacceptable risk.
This accounts for the high level of stringency compared with
standards for other carcinogens. The 100,000 MTHM size of the
reference repository was selected because it was the estimated
cumulative inventory by the year 2000 {7]). Reference 3 states
this is the quantity of existing US HLW waste plus the future
wastes from all currently operating US reactors. There has never
been a clear and consistent statement of the basis or rationale
for the HLW fundamental criterion, nor has it been shown that it
assures an acceptable level of risk to the populace. TRU waste
was not considered in the development of this fundamental standard
and therefore it does not apply to TRU waste disposal.

.The present version of 40 CFR 191 contains no fundamental
criteria for TRU waste disposal, and no safety requirements have
been established that apply to TRU waste. This may be the only
major waste disposal process without a fundamental safety
requirement. 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. These
TRU waste characteristics preclude direct application of the Hﬁdpw/
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fundamental criterion, but 2 fundamental criterion can be
developed specifiqglly for TRU waste disposal. :
» et RS

One approach would be to develépié~£ﬁ§§amenta1‘crite:icn for

- TRU waste based on acceptable risk to the populace and the

expected quantity of TRU waste. This is the general approach
recommended by NEA and ICRP [4,8). Assuming collective

. population risks will continue to be used as the basis for the

fundamental criteria and derived release limits will be used to
show compliance in 40 CFR 191, neither the recommended ICRP"
standards nor the EPA standards for chemical carcinogens could be

used for TRU waste. The ICRP fundamenta) standards are based on

a peak individual risk rate, which is not compatible with
eollective risks or release limits. The standards for chemical
carcinogens are based on individual risks as a function of the
number of people at risk. This method is also incompatible.’
Since there is no quantifiable benefit associated with military
TRU waste, the EPA would have to develop a new pbsolute

risk limit. This TRU fundamental criterion would be
completely independent of the HLW fundamental criterion and based
sclely on expected quantities of TRU waste and acceptable levels
of risk. One difficulty with an absolute TRU criterion is the
uncertainty in predicting the total quantity of TRU waste that
will be generated, which is needed to allocate a risk for each
repository. -New release limits would also have tc be developed

' based on the absolute TRU fundamental criterion. Developing the

new absolute collective risk limit, agreeing on the total future
TRU inventory, and developing new release limits could be a very
time~consuming process. There also would some inconsistencies in
regulatory philosophy between the risk/benefit HIW criteria and
an absolute TRU criterion and these differences would have to be
Justified. It is probably not practical to develop this form of
fundamental criteria for TRU waste disposal at this time.

'~ Another approach would be to develop a TRU fundamental
criterion that is related to the allowable risk for HIW
repositories. There is a straightforward and simple method of
developing a TRU fundarmental criterion uzing rationale and

analyses that are parallel to that used by the EPA to develop the

HLW standards [5,6]. No new release limits would be needed and
it would be compatible with the HIW criteria and all other
requirements. in 40 CFR 191. Although this TRU fundamental would
not be a true risk/benefit criterion, the allowable risk would be
scaled relative to repository size, making the TRU wvaste

-allowable risk units comparable to those of HIW. This would
- allow either single mode or multimode HIW release limits to be

used for TRU waste with no changes or additions.

Oone justification used by the EPA for the level of the HIW
fundamental risk criterion was it assures adequate protection for
the EPA's reference HIW repository (105 MTHM). The reference
repository was used in derivations (6] and in comparison studies
of waste disposal systems and undisturbed ore bodies [3,9]. It
should then be acceptable to establish a reference TRU repository

‘and equate the risk to that of the reference HILW repository.

With this risk level as the basis, the only task remaining would
be to define the size of the reference TRU repository.

3



The EPA based the reference HLW repository size on the
expected inventory in the year 2000 including all existing HLW
and prcjected waste from then operating reactors. A consistent
TRU reference repository size could be defined using the same T
guidelines. The Integrated Data Base for 1991 [10]) lists the ‘..
total known remote-handled (RH) and contact-handled (CH) TRU
waste in the year 2000 as 9.8 MCi. This value is 14.3 MCi in
2013, which is the last year listed. Following the rationale
used to select the HLW reference repository size, a conservative
size for the TRU reference repository would be 20 MCi including
RH and CH waste. Given the conservatism built into the HLW
criteria; this size would give the TRU reference repository a
very conservative allowable risk.  The allowable risk for either
the HLW or TRU reference repositories would then be 1,000
premature cancer deaths over the first 10,000 years for an .
average of 1 premature death esvery 10 years. The allowable risk
for smaller TRU repositories, such as the WIPP, would be scaled
down proportional to their size relative to the reference
repository.

The size of the proposed TRU reference repository is based
on current inventory predictions. If larger quantities of TRU
waste are generated because of changes in waste management
strategy such as decommissioning an decontamination of DOE
facilities, the size of the TRU reference repository could be
increased. However, there is no parallel provision in the HLW
criterion that would increase the HLW reference repository size
if new reactors are built or new sources of HLW arise.

If -this approach is adopted, no new release limits would .
have to be derived. The risk factors used to derive the release.
limits were computed for individual radionuclides and apply to )
any inventory or waste category. Presently the fundamental HLW
criterion and dose limits in Working Draft 4 of 40 CFR 191 [11)
are based on 100,000 MTHM, but the release limits are based on
1,000 MTHM. The standards would be more consistent and less
gscaling would be required if the 100,000 MTHM for HLW (20 MCi for
TRU waste) base is used throughout the standards. Scaling the
releagse limits to different size TRU repositories could be the
same as the method defined in the present version of 40 CFR 191.
Release limits for both HLW and TRU repositories would be the
values in a 100,000 MTHM (20 MCi) based release limit table,
nultiplicd‘b{ the ratio of repository size to the reference
repository size. Por example, for a TRU repository with an
inventory of S MCi and a TRU reference repository of 20 MCi, the
release limits applicable to the repository would be 5/20, or
0.25 the values in the release limit table. The purpose of this
scaling is to prevent compliance by using the strategy of making
repositories small instead of well designed. _

The characteristics of this approach to TRU waste disposal
regulations are:

1. It is based on repository safety and applies equally to all
release modes, all repositories, all inventories, and at all,

times. TN



2. It uses the same format and regulatory philosophy as the HLW
standards so additional justification is not needed.
3. It is completely compatible with other aspects of the

standards.

4. No new deriﬁations are required.

,‘%

S. There is no need for a gquasi-egquivalent TRU waste unit.
6. It is as conservative and defensible as the HLW standard.
7. Repository risks can be computed because the release limits

are traceable to a fundamental criterion.

The parelleliem of TRU and HL¥W criteria with this approach

- ., is shown in Table 1.

 Table 1 - Features of HIW and TRU criteria vhen parellel
development of the fundamental criterion is used

- Waste Type :
Feature HLW/SF TRU Waste
. Maximum deaths from 1000 - 1000
. the reference
repository in
10,000 years o
Basis for reference " Cumulative Cumulative
repository size inventory by year inventory by year
, - 2000 [7) - 2013 from existing
Waste from - facilities rounded

Fundamental
- Criterion

Release limit
values

IScaling factor for
release 1imits

currently operating;

reactors [3)
100,000 MTHM

‘Deaths per 10,000

. years / Reference

repository size
40 CFR 191, Table 1

" Actual repository

size / Reference
. repository size

up to 20 MCi

Deaths per 10,000
years / Reference
repository size

40 CFR 191, ™sble 1
Actual repository

size / Reference
reppsitory size

This is detinitely not an endoreement of the present HIW
If the HIW criterion is improved, a

- fundamental criterion.
combined HIW/TRU criterion

should be considered, or the same new

procedure should be used to develop both the HLW and TRU

fundamental criteria.

2 Beﬁe:enge_IBnLﬂnete_nnL:&
. The presant version of 40 CFR 191" contains no tnndamental
criterion or safety requirements that apply to TRU waste.
Instead, TRU waste repositories are evaluated using HLIW/SF
criteria and a TRU waste unit (1 MCi) that is "eguivalent" to
1000 MTHM of commercial HIW.
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There is a whole family of quasi-equivalent TRU waste units that
have been suggested for use with the regulations developed for
HLW disposal. These include the one that is presently in 40 CFR
191. Combinations of four or five groups of parameters could be
used to compute the gquasi-equivalent TRU waste unit, with varyi
degrees of realism. These parameter groups are:

1. Reference inventory - High-level waste, spent fuel, or some
average. '

2. Included nuclides - All radionuclides in the inventories or
only actinides with half-lives greater than 20 years.

3. Time - Initial, averaged over the time of regulation, or end of
the regulatory period.

4. Metric -~ Risk potential, untreated dilution index, or activity.

If the risk potential metric is selected, the release mode
parameters - rivers, oceans, withdrawal wells, land, and
atmosphere = also would be included. There is also variability
in the reference HLW/SF inventories and the TRU inventories that
are equated. Sample analyses of 12 of the possible 126
combinations have shown that these reference TRU units could vary
by at least a factor of 525 depending on the parameters selected.
This large spread makes the selection of parameters difficult to
justify. None of these parameter combinations produce a true
equivalent unit and subjective judgment must be used in the
selection of the best combination. Any of the reference TRU
waste units can be equivalent to only one HLW or SF inventory, at
a single time, for one repository, and for only one parameter
that is not proportional to actual risk. A clear statement of
the basis for equating waste units, including substantiated -
reasons for the selection, would be required. o’

The parameters selected from each parameter group affect the
value of the reference waste unit. 1In the following discussion of
two of the 126 combinations, the effects of each parameter will be
discussed separately but the effects of all parameters must all be
vir-*sd together to see the net result.

One of the above combinations was used to compute the
reference TRU unit presently in the standards. 1Initial activities
of the actinides with half-lives greater than 20 years in a
reference TRU waste inventory were equated to those in a reference
1,000 MTHM HLW inventory. This quasi-equivalent TRU waste unit
was computed to be 3 MCi, which was rounded to 1 MCi in the
standards.

Appendix A of 40 CFR 191 limits the summed normalized release
fractions of both transuranics and fission products. Risk and
performance assessments [12,13) have shown that releases and doses
from undisturbed HLW repositories during the first 10,000 years
would be completely dominated by the more mobile fission products
(Te-99, I-129, SE=79, C-14, etc.), with almost no contribution
from transuranics. Since the radionuclides in the summed
normalized release from HLW repositories are almost entirely
fission products and those from TRU repositories are almost i
entirely transuranics, this aspect of the present regulations “__
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" requires a higher degree of control and higher retention fraction
of transuranics in a HLW repository than in a TRU repository.
I - ol - L ad . ‘

-Another inconsistency arises from the ‘selection of initial
activities as the parameter that was equated for the two types of

-waste. Most of the releases and risks come near the end of the

- regulation period, not the beginning. Using the initial value of

. any parameter for egquating risk potentials would not typify actual

releases to the environment. Alsoc the risk from each radionuclide

depends on the dose equivalent weighting factor, pathways to-

humans, and risk attenuation of the entire disposal system [14],

not just the activity of the nuclide. o _ ‘

- Reference 1 suggests a combination of parameters that :
partially rectify gome problems with the present reference TRU
waste unit. An approximation to the risk potential was chosen as
the metric for equating the entire inventory ~f a reference TRU
inventory to an average HIW/spent fuel reference inventory. The
time varying risk potential was approximated by multiplying the
- activity of each radionuclide by the risk factors (cancers per
curie) for surface water release given in Table 7.8-1 of Reference
6. This accounts for huclide transport pathways from a generic
river to humans and resulting biological effects, but does not
include the risk attenuation between the repository and the river,
which is assumed to be the release location. This risk potential
is both unsuitable and incomplete for computing an eguivalent
waste unit. Actual release modes of planned repositories include
atmospheric, land, and wells - not surface water [15]). It is
incomplete because risk attenuation between the repositories and
release locations is not included and is different for each
repository, each release scenario, and each radionuclide, so
actual risk potentials would not be comparable to the risk
potential used in this analysis, and risk potential ratios between
repositories would be far from uniform. The inappropriateness
could be eliminated by using the five risk potentials from the
nultimode release limit derivation. However, this would result in
- five different equivalent TRU waste units, one that is appropriate
for each release mode. o o . ‘

These approximate risk potentials for both the HILW and TRU
inventories were then integrated over the time of regulation.
Actual risks could occur any time, but a time averaged value is a
better representation than the initial value. The resulting
‘average risk potentials were equated to define a reference TRU
‘waste unit. This quasi~equivalent TRU waste unit was computed to
be 8.1 MCi. The same analysis was later repeated by other
investigators using different pairs of HIN and TRU inventories
[16,17], which made their results slightly different as expected.

Although this time averaged parameter combination appears to
be more logical and appropriate than the method used to derive the
present TRU standards, it does not produce a TRU waste unit with
the same risk as the HIW unit. The ability to equate risks could
be worse than the present TRU "equivalent®™ waste unit for some
repositories and scenarios. The problem is not in the combination
of parameters selected or the method of analysis. The entire
concept of trying to equate risks by matching repository component
parameters, using specific inventories, at specific times is

7
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unsound. There are no generic eguivalencies between any waste
categories that apply uniformly to all repository designs and
locations, to all inventories, and at all times. The variability
and inconsistency of this approach can be illustrated with the
following parametric example. All the cases used risk puc.ential (r~\
as the metric. Only two release modes (river and land) were .
analyzed. The inventory pairs were spent fuel and reprocessed B
HLW, used with a single TRU inventory. All radionuclides in the
inventories were included in the analyses. The TRU and HLW risk
potentials were equated at times 0 and 10,000 years and averages

over the 10,000-year duration. The results are shown in Table 2.

The variability is demonstrated by the factor of 485 separating

the highest and lowest "equivalent®” TRU waste units. The
variability with time of evaluation can be a factor of 261, with
wagste form a factor of 43, and with release mode a factor of 17.
There are also interactions between parameters. Time factors vary
from 1.96 to 261 depending on the waste form and release mode
selected. Similarly, waste form factors vary from 1.05 to 43 and
release mode factors vary from 1.07 to 17.4.

Table 2 - Examples of TRU Waste Units (MCi) that are "equivalent”
to 1,000 MTHM HLW based on risk potential metrics. ’

Reference HLW Release Initial 10,000 Yr 10,000
waste Mode Time Average Yrs
Spent Fuel River 63. | 12. 6.0
Spent Fuel Land 11. 6.9 5.6
Reprocessed HLW River 60. 4.0 0.23 f
Réproéessed HLW Land 5.3 0.23 0.13 e

. All quasi-equivalent TRU waste units would make the
acceptable risk proportional to the amount of waste placed in a
repository, similar to the HLW criteria. However, none of these
reference TRU waste units equate repository risks and there would
be no rationale for using the HLW/SF criterion. There would
still be no fundamental safety criterion for TRU waste.

3

. The three basic options for regulation of TRU waste disposal
are so different that there can only be a limited characteristic-
by-characteristic comparison. These are compared in Table 3. The
remaining characteristics are summarized separately.



Table 3 -HCharacteriétics-df TRU criteria options

ey o - Option:
R Fundanrnental
‘| Absolute TRU TRU Criterion .
"~ Fundamental Parallel to Reference TRU

. characteristic | criterion  HIW Criterion Waste Unit

‘repositories and

limits e

Based on o .,i .Yes " Yes o No
acceptgble::isk o : .
Applies = | . - ves Cves: Mo
uniformly to al S ) . )

scenarios

Defensible Yes . Yes » No

Scales to '~ " Yes Yes’ - Yes

repository size L P '

New derivations | = Major None . None or minor
. required = S ' ' :

Follows 40 CFR° | .~ No " Yes = Yes

191 format B - _ ' :

Uses HLW release | No " Yes Yes

TRU fundamental criteria could be related to the allowable

‘risk from a HLW repository or could be completely independent of

the HLW fundamental criterion. Either method of developing
separate fundamental standards for TRU waste would base them on
repository safety and acceptable risk. Both methods would apply
to all release modes and all repositories, would scale with
repository size, and would apply any time during the regulatory
period. This allows easy computations of repository risk from
release analyses. The method that equates the allowable risk
from the reference TRU repository to the risk from the reference

. HIMW repository would require no new derivations of risk criteria

or release limits and is more compatible with HIW criteria and
other requirements in the standards. It would be as conservative
and defensible as the HIW standards. The method that develops an
independent absolute risk limit for TRU waste disposal would

reguire the derivation of a new fundamental criterion and

different derived release limits. "It would be at least as
defensible as the HLW standards. N ,

. A TRU repository risk limit is not used by the family of 126

‘reference TRU waste units. Instead, several combinations of

parameters are used to eguate MCi units of TRU waste to MTHM
units of HIW. HIW criteria are then used to evaluate TRU
repositories. All the quasi~-equivalent TRU waste units scale
with repository size and are compatible with HIW criteria and
other requirements in the standards. However, collective risk is

1



not evaluated or equated to HLW risk. Other parameters that do

not scale linearly to risk are equated at a single time during

the regulation period or the average is eqguated over a specified
time interval. The reference units can differ by factors of 525
depending on the combination of parameters selected. It would
difficult to justify the selection of any parameter combination,::
and to rationalize the use of any reference waste unit instead of -
fundamental safaty criteria. Protection provided by reference

TRU waste units is far from uniform. It is different for each
repository, scenario, pathway, release mode, and inventory. The
present standards give no rationale for using this method of
regulating TRU waste disposal or for equating the injitial

activity of only some radionuclides. If this method of

regulation is retained, a detailed explanation of how it assures
repository safety is needed. Development time would be
in:igniticant even if a different combination of parameters is
selected.

In addition to the technical arguments concerning
uniformity, appropriateness, and defensibility, it is also useful
to put the risks allowed by each regulatory option in
perspective. References 18 and 19 reviewed and analyzed U.S.
regulations governing exposure to environmental carcinogens,
which were promulgated by several regulating agencies. Both
found a high degree of consistency in the agencies®' implicit
definition of de minimis levels of lifetime individual risk as a
function of the population size at risk. Using the results of
their studies, the total de minimis risks from a carcinogen over
a 10,000 year period were computed for three population sizes
significant to the WIPP. 1If the carcinogen placed the entire
U.S. population at risk, the de minimis number of premature D
cancer deaths would be 26,000 for 10,000 years. If only the .
population of New Mexico would be at risk, the de minimis level -
would be 2,570 premature deaths. If only the residents of Eddy
county, where the WIPP is located and where any human intrusion
and well water withdrawal would take place, would be at risk, the
de minimis level would be 514 premature deaths. -

The projected total inventory for the Waste Isolation Pilot
Plant (WIPP) used in the 1991 WIPP performance assessment,
including all radionuclides of both CH and RH waste, was 11.1 MCi
tzol. More recent inventories given in the dratt report "The
Radionuclide Inventory for the Waste Isolation Pilot Plant,”
DOE/WIPP 51-058 by H. M. Batchelder define the total WIPP
inventory to be 7.7 MCi. It is unlikely that any future TRU
repository would be more than twice the size of the WIPP because
of geologic limitations. Table 4 lists the allowable premature
cancer deaths for HLW repositories and for TRU repositories using
the most recent inventories, with requirements based on a
fundamental criterion and on reference wvaste units. It compares
the WIPP requirements to the de minimis risk level if all the
risk would be confined to Eddy county. The 8.1 MCi equivalent
TRU waste unit would allow the WIPP to have only one percent of
the risk allowed for the YMP, and the risk level would be a
factor of 50 lower than de minimis. The TRU fundamental .
criterion also would be conservative, but the level of protecti

would be more realistic.
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ral radioactive waste
disposal criteria alternatives. o

Ratio of

7 Allovable . allowable
o Reference - premature risk to
4 S for - - deaths per  Eddy Co.
Source of risk- Standard - standard 10,000 yrs de minimis
HIW reference ©  HIW 3 " 1000 . NA
repository °  fundamental : - o
(100,000 MTHM) criterion
YMP HLW 3 700 NA
{70,000 MTHM) fundamental
R criterion |
' TRU reference @ TRU °  This 1000 NA
repository - fundamental report - L
(20 MCi) criterion
WIPP TRU This ETH ‘" 0.75'
(7.7 Mci) ' fundamental  report ' '
N criterion : :
WIPP 1Mci 3 77 0.15
(7.7 MCi) equivalent
waste unit
WIPP 8.1 MCi 1 9.5 0.02
(7.7 MCi) equivalent
waste unit

Table 4 shows the gllowable risks that are computed using

methods prescribed in the standards.

Actual risks would be

orders of magnitude lower because of the present conservatism in
the release limits used for human intrusion, the absence of
aquifer rigk attenuation for the well, river, and ocean release
modes, and the conservatism in the stepped containment
requirements. Also, actual releases from repositories would be
far below the limits for most scenarios.

In establishing the reference TRU repository, the size could
be increased to 60 MCi based on projected inventories of DOE
facilities that might be decommissioned. This would be
eguivalent to 8 WIPP repositories. The factor of three increase
in the base for the TRU fundamental criterion would decrease the
allowable risk for any given TRU repository by a factor of three.
The HIW criteria does not have this flexibility to account for
changes in expected inventories, so the option to change to a 60
MCi TRU reference repository could create an inconsistency in the

standards.

Figure 1 shows another way to put the alternate TRU criteria
in perspective. The bar graph shows the amount of TRU waste that
would be required to produce the same risk as the 100,000 MTHM

1"




reference HLW repository with each of the proposed TRU criteria.
These values are compared to the amount. of TRU waste that is
predicted for the year 2000. This is the same year that was used
to define the inventory for the HLW reference repository. All
proposed TRU criteria are higher (more conservative) than the ,f \
year 2000 inventory. However, the 1 MCi equivalent waste unit is
factor of 10.2 higher than the year 2000 TRU inventory and the
8.1 MCi equivalent waste unit is a factor of 82.7 higher making
these criteria inconsistent with projected TRU inventories and
risk levels set for HLW. Also shown in Figure 1 is the inventory
for eight repositories the size of WIPP, which is one of the .
higher estimates of TRU waste from decommissioning and
decontamination of DOE facilities. Both values for equivalent
waste unit criteria are even greater than this inventory, while
the 60 MCi based fundamental TRU criterion has the same value.

The above discussions and the Table 3 summary show that all
the reference TRU waste units are nonuniform, inappropriate, and
indefensible, and Table 4 and Figure 1 show that their risk -
limits are unrealistic. The fundamental TRU standard is more
defensible, is consistent with the development of the HLW
fundamental criterion, and the levels of protection are more
realistic. However, as stated earlier, it is not possiblae to
develop a TRU standard that is completely defensible because of
the unintegrated and unique structure of 40 CFR 191.

NS
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SUMMARY

.The release'of'gaeedus Carbon-14 (C-14) dioxide from a potential Yucca

Mountain repository to the accessible envrronmenr, with the current design of
waste packages. could exceed the release limits set by the U.S. Environmental
Protection Agency (EPA) and U.S. Nuclear Regulatory Commission (NRC). The

- amount released depends on the sources of C-14, mechanisms to free C-14 from

the sources, and transport mechanisms to the accessible environment, each of
which is in turn affected by many parameters in the natural geologic
environment. - This paper examines the current information on the amount, the
sources, and the transport of carbon-14. From this information, the paper
assembles a coherent conceptual model for C-14 release and transport. It is
shown that the uncertainties in our knowledge and data are so large that we

must conclude there is a significantly high probability of exceeding both the
. NRC ‘and EPA release limits, and consequently violating both NRC and EPA

regulations. The uncertainties are in both the source term (engineered) and

-transport (natural), of which the former may be more dominant. The source .
- term, however, is also so strongly influenced by the natural system, primarily
‘the hydrology of the site, that even after site characterization the residual

. uncertainties may still be unacceptably high. This may force the U.S.

Department of Energy (DOE) te look for an expensive solution to the source

_tem (costing billions of dollars and years . of delay).

Analyses done by tbe DOE contractors and others have been reviewed, including

“'the regulatory implications of the preliminary results. It has already been
. demonstrated that the additional expenditures that would be required to
- contain C-14-would not measurably benefit the public health and safety.

Several regulatory alternatives have been discussed. The gaseous release of

. radionuclides could be regulated by the Clean Air Act (CAR) requirements,
either through EPA’s National Emission Standards for Hazardous Air Pollutants

(NESHAP) or by a rulemaking. in consultation with the NRC. It is recommended

' that the currently existing NESHAP Subpart I be used, which exempts the

facilities regulated by 40 CFR Part 191.

In tems 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 numericai criteria and regulatory consistency with the CAA
requirements.e

"The gaseous release o£ radionuclides shall netverceed the amounts
that would cause any member of the public to receive an effective
dose equivalent of S mrem/yr, except that any combined releases

. that would cause an effective dose equivalent of 0.1 mrem/yr or
less need not be regulated.®

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

kY

. There is no one solution that will solve all the problems and satisfy all the

parties involved. In addition, the probiem is a- globai cne -and may require a
global solution. s ‘ .



1. INTRODUCTION

The release of carbon-14 (C-14) from potential high-level nuclear ~aste {,-\\
repositories in the U.S. is regulated by the NRC's 10 CFR Part 60. This .4
requlation implements environmental standards specified in the EPA’s 40 CFR ‘-
part 191. When these regulations were promulgated, major candidate sites for
repositories were in saturated zones in different geologic formatioms.

Although an unsaturated zone in tuff was also considered before 40 CFR Part

191 was finalized in 1985, no specific consideration for the release of

gaseous radionuclides was made. The only gaseous radionuclide that could be
released in any significant amount from a potential repository in the
unsaturated zone at Yucca Mountain, Nevada, is C~14 in the form of carbon
dioxide (Ref. 1). ‘

Recent performance assessment studies conducted by the DOE (Ref. 2) and the
Electric Power Research Institute (EPRI) (Ref. 3) show that Yucca Mountain’'s
compliance or non-compliance with the regulations is largely dominated by the
uncertainties associated with the release of C-14. Among the radionuclides
regulated by the EPA and NRC, C-14 is the only radionuclide that is a part of
our essential environment, is in our daily diet, is present everywhere on

earth and in the atmosphere (even in the human body), is abundant in nature
(glcbal inventory of 230 million curies: 7.5 million curies in land

biosphere and humus, and 3.8 million curies in the atmosphere) (Ref. 4, 5),

and gives a very small exposure to any individual from a very large

inventory. The expected release rate from a potential repository at Yucca
Mountain (less than a few curies per year) is so small that it would hardly
affect the radiation dose that any individual on Earth would receive

naturally during his or her lifetime. Yet this release could violate the EPA
and NRC regulations unless very costly design alternatives are adopted or a .~
significant amount of additional site characterization work is done with o
great cost and significant project delays.. A more robust design of the waste
package will undoubtedly enhance the confidence that the regulations are met

for other, more soluble radionuclides. However, the requirements on C-14 are
more severe than on other radionuclides, as evidenced in the DOE’s

Performance Assessment Calculation Exercise (PACE). The inappropriateness of
regulating such a low release as that expected from a geolegic repository has
been expressed by many scientists (Ref. 6, 7).

This paper reviews what DOE Yucca Mountain Project (IMP) researchers know
about C-14; i.e., measurements made and analyses performed to date by YMP
scientists and others. It also discusses regulatory aspects of C-14 releases
through both liquid and gaseous pathways, lays out possible alternative
regulatory standards for C-14, and recommends a technical position on C-14
for the DOE to consider. Attempts were made to use zeferences extensively in
order to avoid unnecessary duplication of information readily available in
the literature.

11. REVIEW OF ANALYSES

since the current regulations governing the geologic repositories are
expressed in temms of cumulative release, individual doses and release rate,
the main questions to be addressed are how much C-14 has been emplaced
(inventory), how much and how fast it can be freed from the various
confinements (source term), how fast it can travel toward the accessible
-2- \-/'



environment (transportl,tand what it will do to nhe individual in the

population (radiological exposure). These questions are examined

individually with our current knowledge and understandlng, based on actual

. measurements or analyses with ranges of assumptions where these are available ,
or on pure speculation where they are not. An effort was made to identify

the sources of information so0 one can trace the original source of :

lnformatlon and make a reasonable guess on the associated uncertainties.

A. Inventorg

. Carbon-14 is produced as an activation product durzng reactor operation by
neutron reactions with nitrogen-14 (N-14) impurities in the fuel, cladding,
‘hardware and coolant, and with oxygen-17 (0-17) in the oxide fuel and
‘coolant. Production of C-14 by ternary fission can be safely ignored

{Ref. 8). The amount produced is dlrectly proporticnal to the neutron flux
and the duration of irradiation time provided the l2t:ie: is much shorter than
one-tenth of the half-life of activated product, which is the case for C-14.
In other words, the amount of C-14 in the spent fuel depends on the amount of
power generated from the fuel. For this reason, most literature values of
C-14 production in the reactor are expressed in terms of curies per
.gigawatt-year of electricity produced. Since not all fuel elements are,
exposed to the same level of neutron flux and nitrogen impurity content
varies, the amount of C-14 in each fuel element can vary substantially.
Calculations based on average burnup and expected level of nitrogen
impurities and 0-17, therefore, can provide as reasonable an estimate of the
total C-14 inventory in the spent fuel as those based on the few available
.labOtatOty measurements of samples. - .

".The most comp:ehensive calculations for U.S. fuel vere done by Davis at Oak

Ridge National laboratory (ORNL) (Ref. 9), and have subsequently been updated

by others (Ref. 10, 11). The values in the studies have been used as a base

. in the Yucca Mountain Site Characterization Plan (SCP) and other :egulatory
analyses (Ref. 6). shoun 1n Table 1.-

| TABIE 1 .
Estimated C-14 Content of Spent LWR Fuel (Ci/MTHM)

- -

., . Burnup U0, Zircaloy Fuel Assembly Total
(MWA/MTHM) - : .- . . Hardware :

BﬁR‘ | 27{500 - 0.54 . 0.76 - 0.23 1.5

PHR - 33,200  0.60  0.35 0.60 1.55

. The estimated C-14 content in the UO, fuel matrix agrees with actual
measurements made by the Materials Cha:acterizatlon Center at Pacific

Northwest laboratories. Van Konynenburg documented available measured data .

on C-14 content in the spent fuel (4 Pressurized Water Reactor &-~d 1 Boiling
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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 nght Water Reactor fuel (Ref. ™\
7) as shown in Table 2. .t '

TABLE 2

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

, Burnup Uo, Zircaloy Fuel Assembly - Total
(HWdIMTHM[A Hardware

BWR - 21,500 0.54 0.38 0.10 1.02

PHR 33,000 | 0.60 0.18 0.22 1.00

He then adjusted these numbers for higher average burnups of 29,500 and
37,500 MWA/MTHM for BWR and PWR, respectively, and a total inventory of
70,000 metric tons of initial uranium equivalent, which consisted of 22,500
MTHH of BWR, and 40,500 MIHM of PWR fuel elements, and 7,000 MTHM equivalent
of defense waste, to get an average of 1.12 Ci/MTHM in the spent fuel and a
xepository 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 al. for the Commission of the European Communities (Ref. 13). Their .-
numbers were also based on actual measurements and calculations, including
those from the U.S. Since the purpose of their review was to- address the Sar
total C-14 production from the nuclear industry that will eventually have to
be managed, they also included estimates of C-14 in the reactor hardware,
which will become low or intermediate level wastes after decommissioning.
Table 3 summarizes the values for BWR and PWR. Since the C-14 production 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 BWns and PWRs,
respectively.

TABLE 3
Total Production of C-14 from nucléar power generation (Ci/MTHM)

U0, Zircaloy and Reactor Reactor Total
Fuel Hardware Off-Gas Hardware
- BWR 0.5 0.5 0.25 1.11 2.36
PWR 0.6 0.6 0.15 0.75 2.10
(\J
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The C~14 inventory in'the uranium fuel matrix,:cladding, and hardware
compares well with those given by Van Konynenburg {Ref. 7). The latter are
used as & reference inventory for the following burnup adjustment,

The Table 1 release limits for containment requirements in 40 CFR Part 191
apply to the wastes containing 1,000 MTHM exposed to a burnup between 25,000
and 40,000 MWd/MTHM (Ref. 14). If the burnup is higher, & credit is given.
In other words, more release per MTHM is allowed for fuels with higher burnup
. [Awhere more energy is produced) only if the burnup is higher than 40,000

MWd/MTHM; - likewise, a penalty (less release per MIHM) is imposed on those
with a burnup less than 25,000 MWd/MTHM. The table does not make any -
distinction between the BWR and the PWR, and the burnup credit is calculated
in reference to -.a standard burnup of 30,000 MW3/MIHM. - Any fuel with a burnup
higher than the nominal values of 27,500 (BWR) and 33,000 (PWR) MWd/MTHEM but
- below 40,000 -MWd/MTHM will have & higher C~14 inventory than those in Table

-2, but will not be allowed with a commensurate increase in the release limit.
This would penalize ‘fuels with a higher burnup than the nominal one in terms
of allowable fractional release of C~14 if we used the inventory of C-14 in
fuels with 2 nominal burnup as a reference. It is true that any fuel with a
burnup below the nominal values but higher than 25,000 MWd/MTHM will benefit
~in terms of allowable fractional release of C-14 inventory. However, the -
-general trend is toward higher burnups for both the BWRs and PWRs. In
addition, the actual measurements for the PWR fuels with high burnups show a
substantially higher C~14 content than those in Table 2 (Ref. 7). For those
fuels, even after the burnup credit the use of the values in Table 2 will not
be conservative. For the purpose of regulatory compliance analysis in this
review, the values in Table 2 have been adjusted upward toward higher burnups
as shown in Table 4. S : : o o '

| * TABIE ¢
. Mdjusted C-14 Content in Spent Fuel (CL/MIEM)

Burnup U0, ~ Zircaloy  Fuel Assembly  Total

(MRd/MTEM) Hardware
“BWR - 35,000 0.6 048 0.3 1.30
PR 40,000 - . 0.73 0.2 - 10.26 1.21
Weighted Average 072 031 . 0.21 1.24

The 70,000 MTHM to be emplaced in the first repository will consist of 22,500
MTHM of BWR and 40,500 MTHM of PWR spent fuel, and 7,000 MIHM equivalent of
high-level defense waste. The average C-14 content for both the BWRs and
PHRs is shown in Table 4. _The high-level defense waste is the liquid waste
generated in fuel reprocessing that has subsequently been solidified in a
'glass matrix. Because of an almost complete removal of C~-14 duting.the fuel.
reprocessing and the subsequent vitrification process, these contain hardly
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any C-14. The total repository C-14 content will then be 78,000 curies,
almost entirely from spent fuel.

At present, it is not clear how the burnup credit is going to be applied to .ﬂf—\\
the defense waste. If the burnup credit is given on each radionuclide, the ‘
defense waste may not be allowed to release any C-14, since all C-14 in the
fuel has already been released to the atmosphere during the processing, or at
best it could be treated as a waste with the lowest burnup (i.e., 5,000
MWd/MTHM) allowed in 40 CFR Part 191 and get one-sixth (5,00C '30,000) of
release credit. 1In other words, the Table 1 limit for the 7,.00 MTHM
equivalent defense waste will be either 2ero or 117 (700/6) curies. Note 4

in Appendix A (Table for Subpart B) of 40 CFR Part 191, however, strongly
indicates that no credit may be taken for C-14 for the defense waste, since

the release during reprocessing of the fuel already exceeds the release limit
of the spent fuel had it not been reprocessed. The release limit for the
nominal spent fuel (25,000 to 40,000 MWJd/MTHM burnup) for 63,000 MTHM is

6,300 curies. The total release limit for the entire repository would then

be 6,300 curies, which represents approximately eight percent of the total
inventory.

B. Source Term

C-14 in the spent fuel is distributed in the U0, matrix, Zircaloy cladding,
and other fuel hardware. A small but significant amount has also been found
on or near the surface of the cladding (Ref. 15, 16). Compared to the
uncertainty in the inventory of C-14 discussed in the previous section, there
is a tremendous uncertainty about the amount of C-14 that will become mobile
qnd be released out of the waste package and Engineered Barrier System (EBS):
i.e., the source term for transport to the accessible environment. In fact,
this uncertainty may become the main source of difficulty in determining the ~
compliance or non-compliance of the repository system with the regulations. . _
The source term depends on many factors, including the container failure

rate, fuel cladding failure rate, fuel oxidation rate, and fuel dissolution
rate, all of which in turn depend on conditions in the repository environment
such as temperature, amount of water, and water chemistry. Detailed
discussion of these subjects is beyond the scope of this paper; only a brief
analysis of relevant studies on C-14 is provided below.

1. Waste Container Failurze

The container failure rate, as well as the cumulative container failures in
10,000 years, must be known to assess compliance with both the NRC and EPA
regulations. At present, our knowledge of both is preliminary. The
container material has not yet been selected and the design of waste packages
for the spent fuel and defense waste is only at the conceptual stage. The
problem, however, is more fundamental than that. There is no established
method of predicting, with any certainty, the performance of any man-made
material tens of thousands of years into the future. Efforts are being made
to develop methods to project the life of containers that far into the .
future. '

It has been shown that, for the release of radionuclides by the aqueous
pathway, extending container life beyond 300 years and up to 1,000 years
does not improve the total system performance (Ref. 17). 10 CFR Part 60
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requires only 300 to ;000 years of substantially complete containment. The
SCP reference strategy for meeting the NRC requlativn for the gradual release
of radionuclides after the containment period does not rely on the integrity
of the containers. Therefore, unless the containers are designed for a .
longer lifetime to contain gaseous nuclides, the probability of failure of a
large fraction of the current reference design containers in 10,000 years is
assumed to be high if water comes in contact with the containers, primarily
because of a large uncertainties in our knowledge.

The container failure rate depends greatly on the environmental conditions.

-~ It is believed that the current candidate repository horizon has remained

unsaturated for more than one million years (Ref. 18). Even during the hot
period immediately after waste emplacement, when there could be much
refluxing of moisture around the waste packages, the DOE's near field

- performance assessment show that the rock around the waste packages would not
become saturated. In addition, there is no known mechanism by which the
‘water in the pores can cross the air gap between the containers and the host
rock other than through diffusion across contact areas that might develop or
by fracture flows. Depending on the climate, the containers may or may not
~ fail completely during the next. 10,000 years. Uncertainties in predicting
the climate and repository environment may be so great that the DOE must
assume that all containers will fail in 10,000 years. Even with an
expensive, more durable container, it would be difficult to guarantee its

. ~ integrity with any "reasonable assurance.®

2.  Release fromvthe Waste Container

When & container fails, the spent U0, fuel is normally still protected by the
Zircaloy fuel cladding, but C-14 on the surface of Zircaloy cladding is not
protected and can be released in the form of carbon dioxide. This C~14 is
termed the “rapid release fraction 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 rods in it (Ref. 15). ' The fuel
assembly was stored in a test canister filled with air and radiated about
~10*4 Rad/hr. 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. &R second gas sample was taken 38 days later at 275°C and contained
- 1.5 mCi of C~14. ‘' It was not reported how long the fuel had been at 275°C
before the sample was taken. -A third gas sample taken a month later at 270°C
indicated an additional 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
fission product gas Kr-85. It is, however, believed that the additional C-14
also 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 inventory of
€90 mCi in the sample. -Since the estimated total inventory was based on high
‘values of nitrogen content in the fuel and Zircaloy, the actual fractional
release may have been somewhat higher than 0.26 percent. Samples taken four
-months later contained little C-14. A '

Additional laboratory tests were conducted to determine the magnitude of the
rapid release fraction of C-14 and its distribution in.the Zircaloy.

The results showed that the concentration of C-14 in the 10-micron thick
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 Zircaloy
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 of
carbon dioxide from the oxide layer. A release as high as about three pe:ceif—\\
of total inventory in eight hours was observed at 350°C in air. After eight'.
hours at 350°C, the release appeared to be relatively complete. Considering
the variations in the C-14 inventory among different fuel assemblies, H. Shaw
of Lawrence Livermore National Laboratories (LLNL) believes that as much as
give percent of the inventory could be rapidly oxidized and released (Ref.

0).

It was also observed that a much smaller, but still significant, amount of

C-14 was released in an argon environment. It was speculated that some C-14
might have been present in an oxidized form or could be oxidized even in the
absence of air before the container was breached (Ref. 21). The implication

of this speculation is significant. Since the rate of oxidation of C-14
strongly depends on temperature, the size of the fast release fraction of

C-14 could decrease significantly as the waste package cools. However, if

the C-14 was oxidized before the container breached, then the amount of rapid
release would not depend much on when the breach occurred. This speculation
still must be confirmed. The argon gas used in the experiment contained
approximately 10 to 50 ppm (vol) of oxygen, an amount far in excess of what
would be required to oxidize all the carbon in the sample used (Ref. 21).

The presence of other, preferred oxygen-getters such as zirconium may not

have completely blocked the oxidation of C-14. Further tests with ultra-pure
argon gas were planned but not carried out due to a reduction in funding.
[Note: R. Van Konynenburg, LLNL, informed me that a more recent German
experiment conducted in an ultra-pure argon environment indicated that an .
external supply of oxygen would be needed to oxidize the C-14.]) o~

In a different experiment in a saline environment at 200°C, German o
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 oxide layer of 2ircaloy cladding, C-14 can also be
released as carbon dioxide after the cladding corrodes. The corrosion rate
of 2ircaloy cladding under conditions at Yucca Mountain 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 that for the storage conditions investigated,
the cuter zirconium oxide layer is in a state of compression, thus making it
-unlikely that stress corrosion cracking of the exterior surface will occur
(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 of any data on the corrosion rate of the cladding, Park and Pflum
speculated that the combined release in 10,000 years from the rapid release
fraction and cladding corrosion could reach ten percent of the total

inventory (Ref. 6).
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A different type of éfalysis measured gaseous C-14, through penetrations that

' corroded *hrough the canisters (Ref. 25, 26, 277" The flow of gases in and

out of the container through the penetrati:ns was modeled as 2 function of
time after emplacement, size of the penetration, time of the breach, and
internal packaging pressure. The results show that small penetrations will
limit the rate of escape of gas from the container. These analyses are
useful in analyzing the release of C-14 during the substantially complete
containment period.  However, they 211 show that 10,000 years is enough time
for the oxygen to diffuse into-the container .and oxidize C-14 in the Zircaloy
oxide layer, and for the C-14 dioxide to escape from the container. In
addition, the uncert:.nties involved in these analyses are too great for the
results to be directiy useful. It is not presently possible to predict how

many and what size penetrations would be created by metal corrosion, and when

they would occur. Studies in this area are still very preliminary and ‘the
uncertainties involved in the predictions, even if they were possible, would
be very large. For the C-l4"anaiysis, therefore, we ec:iume C-14 can move

freely through the penetrations once the container is breached.

3. .Release from the Fuel Matrix

- After the container and ¢ladding ate breached;:the:udg fuel‘mat:ix'wili be

altered and dissolved when contacted by the water. Data on the long-temm
matrix alteration rate are not available. Although a value of 5.3x10~6/yr
was used in the Fiscal Year 1990 PACE exercise (Ref., 28), the uncertainty is
very large. A value as high as 10-3/yr was used in source term calculations

-- for the tuff repository (Ref. 29). Any contact with water would be limited

by the small amount of water flux at the repository horizon, even if 2
pluvial climate developed in the future, and it is highly likely that the
site will remain unsaturated for the next 10,000 years. The earlier study at

. 25°C indicated a saturated dissolution rate of less than 10-5/yr (Ref. 30).

More recent studies indicated, however, that the rate could be two orders of

- magnitude higher at higher temperatures (Ref. 31). At the flux assumed in

the SCP (20 liter/yr/waste package), the entire spent fuel inventory could be
dissolved in 10,000 years if the container and cladding breached. This, of
course, -is a very unlikely scenario, especially in view of the fact that the
SCP assumed a flux rate 80 times higher than the 0.5 mm/yr considered a
reasonable and conservative upper bound for & Yucca Mountain repository (Ref.
32). It should be noted that the nominal flux used in the FY 80 PACE

exercise is 0.01 mm/yr. Nonetheless, in the presence of high water flux, a

substantial portion of spent fuel and hence C~14 could be dissolved and

- -transported in water. Due to an extremely low diffusion coefficient in
" unsaturated rubble around the waste package (Ref. 33) 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 2ir and gas convective movement (Ref. 34).

The C=14 in the water will reach thermodynamic equilibrium between gaseous
€0, and aqueous BCO;"- Once the C-14 transfers to the gaseous phase it will
go through the same process as the gaseous C-14 released from the Zircaloy
surface. It should be noted that the conditions above and below the
repository level are almost identical in temms of the CO, environment, so the
€O, will partition between the liquid and gas regardless of the origin. The
C-14 in the gaseous phase will move upward much faster than the liquid will
travel downward. The net result is that most of the C-14 in the water, after

e



some time delays due to retardation, could end up being released in gaseous

form to the environment. Therefore, the net source term for the gaseous
«ransport of C-14 would be the sum of the rapid release fraction from the ("‘\
Zircaloy surface and a significant fraction of the C-14 dissolved in water. -
While the former is a one-time release from the breached container, the

latter is a continuous and cumulative release from all breached containers as
long as the fuel continues to dissolve. The cumulative release of C-~14 from
spent fuel dissolution could provide a much larger source term than the rapid
release fraction, depending on the amount dissolved and the degree of
thermodynamic equilibrium (partitioning between the gas and liquid).

Carbon-14 may exist in various chemical forms in spent fuel and hardware.
Release of C-14 from reactor off-gas was observed to be in the form of carbon
dioxide, carbon monoxide, and hydrocarbons. including methane (Ref. 12). The
C-14 in the Zircaloy surface is oxidized first, before it is released. The
actual release measured from the test fuel assembly was in the carbon dioxide
form with no measurable amount of carbon monoxide, except for one sample that
contained an insignificant amount (Ref. 15). During the dissolution of
chopped spent LWR fuel rods with air sparging at ambient temperature (in
nuclear fuel reprocessing plants), almost all C-14 is released into the
dissolver off-gas in the form of carbon dioxide. Therefore, it appears that
the gaseous release of C-14 from the tuff repository would most likely be in
a carbon dioxide form.

C. Transport of C-14

The transport of gaseous C-14 from the repository to the environment would be
controlled primarily by the flow of gas through fractures and rock pores.

The gas interacts with the water trapped in rock pores or on the fracture .~
surface. C-14 in the gas will exchange with the C-12 in the pore gas, which

is in equilibrium with the bicarbonate ions in the pore water, which in turn ™~
may be in equilibrium with calcite in the rock. The net result is an

effective retardation of C-14 movement through the rock. The degree of
retardation depends on the degree of deviation from a thermodynanmic

equilibrium between the gas and liquid in the pores.

1. Gas Flow Thxbugh the Mountain

Gas moves through the deep unsaturated zone at appreciable velocities (Ref.
18). This is a convective movement caused by the density difference in gases
with depth due to the geothermal temperature gradient, as well as by diurnal
and seasonal changes in barometric pressure (Ref. 35, 36). Substantial air
flow has been observed in several wells drilled in the vicinity of Yucca
Mountain and a section of open hole above the water table. In one well, the
observed flow rates are so great they can only be explained as fracture flow
phenomena (Ref. 37). Nearly 40 percent of the actual flow from one
observation well is generated by wind effects. The flow log also indicates
that the midpoint for flow entering the well is at a depth of 20 meters (Ref.
37) . Although the observed gas flow velocity -- ranging from negative to +7
m/s at the top of the well -- has been modeled, gas flow throughout the
mountain is not known well, especially at the repository depth.



1f high-level wast° is placed in an unsaturated repository, the heat
generated by the waste will provide a driving force that moves large volumes
of gas. Tsang and Préuss estimated the veloc1ty’of heat-driven gas flow from
a hypothetical repository and natural geothermal temperature ‘gradient (Ref.
38).  Their results show that gas phase convection could take place with
appreciable velocity, of the order of 22 m/yr.  .This. average velocity has
- been used by others to calculate the rate of c-14 transport through Yucca
- Mountain (to be discussed later). -More detailed simulation of gas flow
velocities as a function of depth shows a range from 4.5 to 1174 m/yr at 100
years after waste emplacement, with the highest veloczty at the repository
level. Other studies of the potential repository at Yucca Mountain indicate
that the temperature disturbance resulting from emplacing the waste will be
 significant even after 10,000 years (Ref.- 39, 40). In a recent study, Tsang

- simulated the. temperature and gas velocity field up to 10,000 years after

© waste emplacement using the layered stratigraphy at Yucca Mountain and the
reference heat load of 57 kW/acre at the time of emplacement (Ref. 41). The
re.alts still show & wide range of velocities through the different strata,
from a fraction of a meter per year in Paintbrush tuff (gas flow only through
-matrix pores with porosity of 0.4 was assumed) to over 200 m/yr at the
~-repository level. .The average velocity near the top.of Tiva Canyon still
* .approaches 40 m/yr at 100 years, 20 m/yr at 1.000 years, but then decreases
to a few m/yr at 5,000 years. Due to a buoyancy effect, the locus of the
fastest velocity moves toward the top of the Topopah Spring tuff.

Water vapor movement produced by the heat pipe near the waste package could
affect the migration of gaseous radionuclides. Zhou et al., however, show

- that for the equivalent waste sphere the heat pipe exists from eight days to
40 years after emplacement (Ref. 42). 1In addition, they also conclude that
the heat pipe extends from the waste surface to about three meters from the
center of the eguivalent waste sphere. For a:large-scale gas movement for
10,000 years, therefore, we can safely ignore the heat pipe effect.

| 2. Retardation

The movement of gaseous C-14 can be retarded by complex chemical interactions
wit- +he pore water and the solid rock. Ross describes a general chemical
model for C-14 retardation at Yucca Mc:-%ain and estimates the bounds of the
retardation factor to be 2 to 2,000 (Ref. 43). In a more recent study, he
“calculated the retardation factors for three different stratigraphic layers
as & function of temperature, obtaining a ranz: of 30 to 70 with an
approximate median at 50 (Ref. 44). Ross used the PHREEQE computer code to
obtain the equilibrium distribution coefficient. Others used data from the
‘literature, expressed as a function of pH and temperature, to account for the
‘retardation of gaseous C-14 movement in their transport equations (Ref. 45,

- 46).  Although they did not calculate retardation factors explicitly, their

numbers are of the same order of magnitude but higher than those calculated
- by Ross. -.While Knapp used the equilibrium distribution coefficients at pK 8
.-as a function of temperature, Light et al. used a fixed value at pH 7 and
50°C to get an . equilibrium distribution coefticient of 3 (Ref £7).

Many implicit assumptions have been made in calculating the retardation
factor, of which the most important is that of a thermodynamic equilibrium
' between the gas and liquid. On the time scale involved in the repository
C-14 travel, Ross justifies the validity of such an assumption. Yang
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analyzed pore fluid and pore gas to determine the extent of the water-rock
interaction and gas travel time at Yucca Mountain using an isotope ratio of
carbon, oxygen, and tritium (Ref. 48). His preliminary finding suggests a -~
. lack of thermodynamic equilibrium between the gas and liquid but the results(r ‘
are not conclusive. Although the gas and pore liquid were obtained generally - -
from the same geologic strata, the actual gas sample was collected from the

UZ-1 hole while the pore water was-extracted from U2-4 cores. The data still
strongly suggest the possibility of a very low retardation, especially if the
liquid is confined to small pores (high suction pressure) and the gas flows
through the path of least resistance (fractures and large pores) with minimal
contact with pore liquid.

All this suggests that the degree of retardation may also strongly depend on
the degree of saturation. With a pluvial scenario, more liquid flux to the
repository (still unsaturated) may accelerate the corrosion of containers,
thus increasing the source term for C-14. A possibly lower temperature
resulting from more cooling may also reduce the rate of oxidation, but in the
long run the total release may not be affected much. On the other hand, a
higher saturation may enhance liquid-gas contact, hence increasing the
retardation. No quantitative data are available on the relative contribution
of these two counteracting effects from increased flux. However, it can be
;egg ghat the source term and transport strongly depend on the expected
ydrology.

3. Far Field Transport

A nominal travel time of gaseous C-14 from the repository to the accessible
environment can be cbtained from the gas flow velocity through the mountain

and the retardation coefficient of C-14. As mentioned earliez, the e
unretarded gas travel time through the mcuntain is relatively short =-- from °
tens to hundreds of years -~ which means the retarded travel time could be " _.
from less than 1,000 years to over 10,000 years. Since the half-life of C-14

is 5,730 years, the effect of retardation 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 long

and more accurate estimates are needed.

Ross first modeled the C-14 transport at Yucca Mountain (Ref. 43). His
preliminary calculations based on 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 solved an analytic equation for
gas phase transport of a C-14 kinematic wave, incorporating advection,
isotope exchange between CO, in a flowing gas phase and HCO;~ in a stastic
aqueous phase, and :adioactive decay (Ref. 45). His calculations indicate
that the C-14 wave takes about 5,900 years to reach the surface. This
implies that about half of the C-14 released from the repository during the
first 4,000 years will reach the surface during the regulatory time frame of
10,000 years. His calculation is based on an estimated gas Darcy velocity of
1 m/yr and no diffusion, with dispersion and temporal and spatial variations
in rock and fluid properties taken into consideration.

‘Lerman also estimated the travel time of gas through an unsaturated rock zone
based on the expanding gas volume and the density gradient caused by the heav .
generated in the repository and diffusional flux (Ref. 49). He estimated ar
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average gas veloczty of 2 m/yr, usrng ' gas permeabrlzty three orders of
magnitude lower than the values reported by Montazer et al. (Ref. 32).
Although his analysrs made the point that some gaseous radionuclides wayilt
reach the surface in-d“relatively short time, his.model grossly lacked the
complexities needed; e.g., no geochemical retardation wvas modeled.

Light et al. also solved the governing equation-using an equivalent
porous-medium approach and calculated the gas concentration at the ground

-surface as a function of time and gas flow velocity in the mountain (Ref.

- 4€). They used the Darcy velocity of gas calculated by Tsang and Preuss

. -(Ref. 38) as a reference, and calculated the gas travel time for 0.1, 1.0,
and 10 times the reference Darcy velocity. & fixed equilibrium distribution
coefficient of 3 at pH 7 and 50°C was used to calculate the retardation. The
-results show C~14 travel times to the surface to be in hundreds to thousands
of years for the assumed parameter values,

_fThe most riqorous ‘and comprehensive modeling was done by Ross et al. (Ref.
44). A two-dimensional,” steady state numerical model of rock-gas flow driven
by temperature and humidity differences, called TGIF (Thermal Gradient

- Induced Flow), was developed to determine flow paths by particle tracking and
to calculate C-14 travel time. The model takes inte consideration the
different geologic strata with different permeabilities, tilting of the bed,

- Yucca Mountain topography, and geochemical equilibrium between the gas and
liquid. The model treats the fractured tuff as a homogeneous medium. C-14

‘travel times were calculated for three different repository temperatures
two levels of permeability contrast between the Pzintbrush nonwelded tuff and
the Tiva Canyon and Topopah Spring welded units at four east-west cross
sections. Fixed repository temperatures were used instead of the actual time
dependent heat generation rate of the waste.  The temperature profiles
generated using 2 waste heat load of 57 kW/acre by Tsang indicate the
repository temperature could be higher than the values used by Ross, -
especially during earlier times, .even up to several thousand years (Ref. 41).

‘The C-14 travel times calculated were shown in histograms. As expected, the
unretarded travel times range from tens to hundreds of years, and the
retarded travel times are generally in thousands of years. His calculations
also show that at lower temperatures and higher permeability contrasts, many
or most of the retarded travel times exceed the C-14 half-life of 5,730 years
and the regulatory time frame of 10,000 years. On the other hand, wrth 8 low
permeability contrast and a repcsitory temperature of 330°K, almost all C-14

. escapes to the atmosphere in less than 2,000 years.

50vera11. these calculations show. that the expected C-14 travel time is
generally several thousands of years or less, including retardation. These
calculations assume the maximum retardation possible using thermodynamic
equilibrium, but do not take inte account the effects from wind and
barometric pumping. Analysts used 8 retardation factor of about 50, which is
& very high retardation for gas movement. In many other geologic media, the
retardation results from physical or chemical sorption of C-14 on the media
itself. There is little information on the sorption of C-14 on various kinds
of rocks. There are some indications, however, of the magnitude of
 retardation that sorption provides. Bush et al. used a value of 8 for
‘retardation in a clay medium, which is highly sorptive (Ref. 13). The high
retardation at Yucca Mountain is due to the gecchemical interaction of C-14-
dioxide with HCO;~ in the pore vater, which is .a equilibrium with an
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abundant amount of calcite in the rock. Other geologic media may rot have as

high a retardation factor as Yucca Mountain; therefore, it appears that the
relatively short C-14 travel times may nct be unique to Yucca Mountain, but N
may apply to most generic unsaturated sites in the U.S. Ross also states -

that the general conditions used in his simulation would apply to most other
unsaturated sites (Ref. 44). _

D. Health Effects of C-14

Carbon is one of the most abundant elements on earth and in the biosphere.

It constitutes over 22 percent of the human body by weight (Ref. 8) and is
abundant in our daily diet. Natural carbon contains about 1.4x10-12 g C-14/g
C. A reference human being weighing 70 kg contains 0.1 microcurie of C-14,
from which he receives 1.3 mrem/yr of radiation exposure (Ref. 8, 50). The
global inventory is. estimated to be 230 million curies, which are distributed
as follows: 90 percent in deep ocean more than 100 m from the surface; 8
percent in surface waters, sediment and biosphere; and two percent in the
atmosphere (Ref. 51). In addition to the large inventory of C-14 already
existing in the natural system from cosmic ray production, additional C-14 is
continuously produced in the atmosphere by the interaction of cosmic ray
neutrons with nitrogen. The amount in the atmosphere is estimated to be 3.8
million curies, and the annual natural production of 28,000 curies in the
atmosphere (Ref. 52) balances the loss by radicactive decay.

C-14 released from a repository in gaseous form would enter the atmosphere

and mix completely in about four years to become part of the global

inventory. C-14 in the human body also comes to an equilibrium with the
atmospheric C-14 after a lag time of 1.4.years (Ref. 53). Once it is .
released, C-14 becomes a part of the global inventory and any increase in .« .
concentration in the atmosphere could affect the entire world population,
provided the assumption of a linear no-threshold relationship between the R
health effect and radiation exposure holds. It should be noted that this
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 radicactive decay occurs in the ocean,
where it stays longest during the global circulation cycle. As a result, the
effective half-life of C-14 in the biosphere is much shorter than its natural
half-life 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 46,000 years) population dose commitment of C-14
has been calculated by many studies (Ref. 13, 50). The numbers range from
370 to 620 man-rem/Ci (divide the number by 100 to get person-Sievert/Ci)
based on a projected steady world population of 10 to 12 billion. 1In a more
recent study, McCartney et al. reported a value of 460 man-rem/Ci for the
100, 000-year dose commitment based on 2 steady world population of 10 billion
(Ref. 54). The biological effect per unit population dose also varies
depending on the pathway model and other assumptions used. Reported values
range from 130 to 200 cancers for 1x10*¢ man-rem (Ref. B8, 30). The EPA used
a value of 146 cancers per 1x10*¢ man-zem exposure in their analysis,
although they also indicated the value probably was lower by a factor of 1.:
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based on. newer data (Ref. 55) [Note. They are using 400 cancers per 1xi0+¢
man-rem now, accordzng to Mr. Galpin at the. 11/91 EPRI Workshop]. We use a
number of 200 cancers ‘per 1x10*¢ man-rem, which is consistent with the value
- recommended by the ICRF. The number of genetic effects from C-14 exposure is
estimated to be about one-tenth to two-third of:thé¢ total cancers (Ref. 50,
55). Using these numbers, the limit of 6,300 Curies to comply with the EPA
regulation from the 70,000 MIHM repository equates to a total cancer death of
580 over 10,000 years. It is to be compared with 370,000 cancers from
natural C-14 and 37 million from total natural background radiation over the
same time period. B

The health effect of & release of C-14 from a potentxal reposxtory at Yucca
Mountain has been calculated by Daer under two different scenarios (Ref. 56).
‘Under the first bounding scenario, -2 release of 1,000 curies in one year from
the ground surface was assumed. It was also assumed that the entire
projected surface area of the repository was covered -: zn invisible
confinement 2 meters high, and the C-14 inside stayed w1thxr this volume fc.
the entire year. People lived inside the confinement eating contaminated
food grown inside and-drinking contaminated water. .Under this
ultra-conservative, almost implausible scenario, the maximum exposure was
calculated to be about 2 mrem/yr. Obviously C-14 would not be trapped
locally, the annual release would be almost three orders of magnitude lower,
and there would not be much vegetation near the Yucca Mountain area.
‘Ingestion dose dominated over submersion and inhalation doses, as _expected.

. The second analysis was’ only for internal and external doses from air
containing C-14, and was based on & uniform release of 1,000 curies from the
ground surface of the repository in one year and currently prevailing climate
conditions, such as wind velocity, direction, dispersion of the plume, etc.,

' at Yucca Mountain. Under this still conservative scenario, the exposure to

the maximally exposed individual was calculated to be 0.05 mrem/yr. Under
the allowable release limit of an average of 0.63 Ci/yr (€,300 Ci per 10,000
years), the corresponding exposure would be .3x10-5 mrem/yr. The second
analysis did not include the dose from ingestion. In areas with much

- vegetation, the ingestion dose from the food chain dominates over the dose
from inhalation and immersion by about two orders of magnitude. At Yucca
Mountain, however, the ingestion dose is. expected to be only one or®~~ of
magnitude larger than the inhalation dose, primarily due to the low potential
for vegetation (Ref. 57). If we include the dose from ingestion in the
second scenario, the total dose from C-14 from the potential Yucca Mountain
repository would be 3x10-¢ mrem/yr, which is about one one-millionth of what
. .an average individual receives from natural background and one ten-thousandth
. of. what an individnal :eceives from natural C-14 from the atmosphete.

In 2 more recent study, done 2s a patt of the FY 91 PACE by Pacific Northwest
Laboratory and Sandia National Laboratories, the potential dose ‘from the

i repository C-14 was calculated (Ref. 57). The ground surface source term of

C-14 for the dose 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 3.3 m/sec with no vertical or
horizontal dispersion, and different matrix gas permeabilities.’ The overall
scenario, including the source term from the EBS, was very conservative.

' Under this scenario, the calculated dose to a ‘hypothetical, maximally exposed

 individual living on the .surface of Yucca Hountain ranged fzom 2 3x10-17 to
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1.2x10~2 mrem/yr. No attempt was made to calculate an average Or median
value in this preliminary study. The numerical values calculated -
deterministically by Gary Daer fall within the range of this study. fﬂ'\\

For the purpose of the regulatory analysis in the next section, we will use
3x10-¢ mrem/yr as the basis.

E. Uncertainties

Among the factors influencing the release of C-14 to the accessible
environment, the inventory estimates have the least uncertainty, though they
are still significant. Considering the accuracy of the ORIGEN code used in
the calculation of isotope generation in the reactors, the amount of nitrogen
impurities in the fuel, cladding, hardware, variability among fuels, the fact
that two-thirds of the spent fuel to be emplaced in the repository doesn’t
even exist today, and the trend toward ever higher fuel burnups, the:
uncertainties in the inventory are probably at least =50 to +100 percent.

The largest uncertainty, however, is in the source term, which in part stems

from the uncertainty in the post-closure near field environment. Container
failure rate is largely unknown and uncertainties will remain even after the
material and design are fixed. If the near field environment remains
unsaturated and relatively dry, the container failure rate would be very

small and a large fraction of the waste containers will survive for 10,000

years. If the climate changes to a pluvial condition, fracture flows
dominate at the repository level, and a large amount of water comes into

contact with the waste containers, then, conservatively, with the current

design of the waste package it should be assumed that most 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 on the degree of site characterization and material testing. The ™~
uncertainties in container failure rate could be reduced by employing 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
subsy_:-m performance requirements on waste packages and EBS may necessitate

3 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 would still be the most imposing.

Data on the C-14 release from the surface of fuel assemblies; i.e., the rapid
release 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 bgst. : _ : ‘

Release of C-14 from the fuel matrix would be strongly 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 of C-14 released in liquid form initially that

might eventually be released to the accessible environment in a gaseous form -~



of t

PR vew e M

Depending on the scenarios for the near and far field environment, the
fraction could vary from almost 0 to 100 percent.

: _Most calculations ‘on the C-14 travel time at Yucca Mountain indicate that it
' may be relatively short'’compared to the 10,000-year-regulatory timeframe and °
the half-life of C~14. The natural barriers at Yucca Mountain may not be
able to delay the movement of C-14 past the regulatory time limit or until it
decays by a significant amount, even with the retardation due to geochemical
interactions. It would be reasonable to assume that all C-14 released from
the waste packages within the 10,000-year timeframe .would reach the
accessible environment quickly, without much radioactive decay. Aside from
the uncertainties in the retardation factor, from one to an average of 50,
the travel time is strongly influenced by rock pezmeabilities that vary in
different strata. C-14 could reach the surface in a few years to tens of
thousands of years, although & few thousand yea:s seems the most likely

The long-time population dose commitment of c-14 is generally well _
established. ' Models for the global carbon circulation cycle have long been
in existence, from the simple three-reservoir models of earlier days to
recent, more sophisticated multi-reservoir ‘models.  Most of the models
currently in use are variations of the six-reservoir model by Bacastow &nd
Keeling (Ref. 58). ‘Results from different models generally agree well
because the deep ocean acts as the primary reservoir, holding more than 90
percent of global c-14 and dominating the ci:culation cycle, .

The overall combined uncextainties are S0 lazge, including those for the
.disturbed scenarios, that from almost 0 up to 50 percent of the total
inventory in the repository (up to 40,000 curies) could be released in the
gaseous form over the 10,000-year period. Of course, this is a very high
estimate, and most likely the probability distribution of release would be
highly skewed toward lower values. The big question is what would be the
probability-of the release exceeding eight percent of the total invent:cy.

- Due to the uncertainties discussed above, it would be reasonable to &s. .me &
" ten getcent probability that the gaseous telease would exceed eight percent
C-ld inventory. ~ .

1F; ~ Need for Additional Analyses

The results of nost analyses are uncertain because of lack of data,
especially long-term data that may or may not be fully obtainable. Some
uncertainties could be reduced by site characterization data and laboratory
and field experimental measurements, but there will always be residual
uncertainties from both the known and unknown unknowns. Since the transport
of C-14 i$ relatively fast, what is needed most is more data on the source

" temm, not only for Yucca Mountain but for other unsaturated sites as well.

"'Analyses that could reduce the uncertainty band in the source term should be
emphasized. = , A ,

1t might be worthwhile to solicit expert opinions in each of the categories
discussed above to narrow the range of uncertainties, then to run a simple
mode)l to obtain a- probability distribution of C-14 gaseous release by

. employing time~distributed container failure, range of retardation and travel

time, etc. The results, however, would still be speculative at best. since we
are limited more by the lack of real data than by reliable means of analysis.
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Additional data needs have already been discussed in the Yucca Mountain SCP
and briefly in the sections above, and will not be repeated here.

The analyses in the previous sections deal only with undisturbed performance ¢
‘of the geologic repository. Based on our preliminary knowledge of volcanism
scenarios, it was assumed in this study that any gaseous release of
radionuclides under disturbed conditions of the repository would be
insignificant. This, however, should be investigated further.

II1. REGULATORY IMPLICATIONS AND POSSIBLE ALTERNR?IVES-

A. Requlatory Implications

The NRC’s subsystem performance requirements in 10 CFR Part 60 require that
the containment of radionuclides in the waste packages be substantially
complete for 300 to 1,000 years, and that after containment the annual
release rate of any radionuclide from the EBS not exceed one part in one
hundred thousand of the inventory of that nuclide at 1,000 years after
emplacement with an exclusion limit for radionuclides with an extremely small
release potential. The regulatory term “substantially complete containment®
has not yet been defined quantitatively. The NRC made it clear in its Site
Characterization Analyses that the term should be interpreted to mean that
the release during the containment period be much less than that allowed
during the post-containment period (Ref. 59). Design goals were established
in the SCP with a goal of achieving a C-14 release rate of less than 10-§/yr
of the 1,000 year inventory, which would correspond to 7.8x10-2 Ci/yr. Even
if we assume the rapid release fraction to be two percent of the inventory in
the container, failure of two or fewer containers per year would exceed the
SCP goals and the 10 CFR Part 60 requirements even if we ignore the C-14 s
released through the aqueous phase. If we take a more conservative number of
ten percent for the rapid release fraction, then it takes only a fraction of ~~
one waste container to violate the requirement in a given year. The 10 CFR
Part 60 requirements could also be violated if 2 to-20 waste containers
breach in a given year. 1If we include the cumulative release from all failed
containers that will cross the EBS boundary in either a gaseous or liquid
form, the number of containers that can breach annually would be even less.
This level of containment may be possible if an expensive waste package
design with multiple barriers is employed. Nevertheless, it would be almost
impossible to guarantee such a low level of failure on an annual basis as the
NRC regulations require.

The EPA regulation, 40 CFR Part 191, does not specify any requirement on the
performance of subsystems. It is an overall environmental standard, and as
such it only limits cumulative release to the -accessible environment. The
limit for C-14 is 100 curies per 1,000 MTEM over 10,000 years with better
than 90 percent probability that the level would not be exceeded, provided no
other radicnuclides are released at the same time. If other radionuclides
are released concurrently, the release limit must be prorated (i.e., reduced)
by a formula given by the EPA. The release limits were conceived to limit the
number of fatal cancers to 1,000 over 10,000 years from a repository.
containing 100,000 MITHM. As shown in the previous section, the final number
used for C-14 is equivalent to 570 fatal cancers over 10,000 years from a
repository containing 70,000 MTHM, of which 63,000 MTHM are spent fuel. The -
level of risk:; i.e., 1,000 cancers over 10,000 years, was considered easily .
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achievable at the time based on performance aséessmeht'of}generic sites, and

. was also considered:to;be comparable to the risk from the unmined uranium ore
{Ref. 55, 60). .. . 1 o

The EPA limits total release of C-14 to 6,300 curies in 10,000 years and the
NRC limits the release to about 0.63 Ci/yr. 1If only eight percent of the -
14 inventory at emplacement escapes to the accessible environment, we could
violate the EPA and NRC regulations. The current lack of data and high

uncertainties also reduce the confidence that we can meet the regulations.

It has also been shown in the preliminary performance assessment of the Yucca
Mountain repository that the complementary cumulative distribution function
(CCDF) of the release is largely dominated by the release of C-14 (Ref. 2,
3). 2although the results show that the CCDF. curve is still within the bound
of the EPA 1limit it is very close to violating it, even without taking into
account all the uncertainties discussed in the previous section.

A few alternative waste backagg:sttatégiés have been proposed in the SCP
that could be very expensive and still might not be able to provide

- reasonable assurance that the release would be within the EPA and NRC limits.

Some of the proposed technologies have not yet been fully developed or
demonstrated. They are discussed below in conjunction with regulatory
alternatives., s . -

B. Discussion of Reggiatbgg Alternatives

The EPA conclusion that its release limits were easily achievable was based
on assessments of several hypothetical repositories (Ref. €1). Unsaturated

- repositories and gaseous radionuclides were not considered in determining

whether the release limits could be met. The hypothetical repositories were
also simpler than the real sites the DOE has studied, making the validity of
the EPA’s conclusions questionable.

An apparent basis for the EPA limits is hidden in their coﬁp&riéon of
repository risks to the risk from unmined uranium ore:

®"Accordingly, the Agency has promulgated environmental
‘standards that would restrict projected releases from high-
level waste disposal system == for 10,000 years after
disposal =- to levels that should keep the risks to future
generations less than the risks they would have been exposed
to from the unmined ore if these wastes had not been
created." (Ref. §5). ' e

The level of risk from unmined uranium ore was calculated for & few real and
one hypothetical uranium mine (Ref. 62). Using & hypothetical uranium mine
25 a basis is unreasonable in view of the fact that most of the uranium mines
from which the first 70,000 MTHM fuel would be produced could be identified
{both domestic and foreign), and the risks from unmined uranium ore body
could also be obtained from environmental documents. The probability limits
EPA assigned to°the release; i.e., 0.1 and 0.001, also have no basis, since
the probability of releasing the calculated amount from 2 real mine is almost
1.0, because those assessments are based on actual measurements. These facts
have been pointed out in testimony to the Advisory Committee on Nuclear Waste
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(ACNW) by U. Park (Ref. 63). A subsequent ACNW evaluation confirmed that the
EPA release limit was at least one order of ma--:tude more stringent than the
limit that would produce the same risk from re.. unmined uranium ores in .
terms of release probability, and three orders of magnitude in terms of the.ﬁ '
associated health effects due to radionuclide releases (Ref. 64). 1In e
explaining why the EPA did not choose higher (less protective) release

limits, they state:

"... The differences in costs for different levels (of
protection) are much smaller than the overall uncertainties
in waste management costs. For example, consider the
increased costs of complying with the release limits we have
proposed, rather than release limits 10 times less
stringent. The potential increase ranges from zero to 50
million (1981) dollars per year.... As discussed above,
setting the release limits at the level we chose -- as
opposed to a level 10 times less or 10 times more stringent
== appears to cause only very minor effects on the costs of
high-level waste disposal. This is why we did not choose
higher (less protective) release limits.®" (Ref. 65)

The EPA was mistaken. Costs are very sensitive to the level of protection,
especially when the requirements push the design of waste packages to the
limits of practical engineering and science. If costs were properly
considered, the release limit could be justified at 10 times higher than what
was finally set by the EPA and the public health and safety would still be
fully protected.

Given this general background on the EPA regulation, the following approaches-
to develop an alternative standard for allowable release of C-14 would seem
to merit consideration: . N

0 Keep the current regulation and
= use longer-life cortainers
- release the C~14 beiore emplacement
- use fuel reprocessing

0 Relax the current release limit for all radionuclides by a
factor of ten. :

| o Give séecial considetation to C-14 because of its unique nature
and because it produces an individual dose that falls well below
regulatory concern (dose truncation).

o The same as above, except base the truncation on the affected
population (geographic truncation).

o Change the basis of the standard from population dose to
individual dose.

o Regulate repository gases under the National Emission Standards
for Hazardous Air Pollutants Act (NESHAP) (40 CFR Part 61).
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o State that the release limits in Table 1 of Subpart B, Appendix
A do not app;y ;o gaseous release of :adionuclzdes and hold the
regulatxon of gaseous releases in reserVe

: These opt;ons are . d;scussed lndzvxdually below in terms of their advantages
and disadvantages from a scientific point of view and, ‘to the extent
possible, from their pol1t1cal implications.

1.‘ Keep the Current Regulation

- The current regulation was promulgated based on three basic premises: (1) it
- is easy to meet.the limits; (2) the risk is tomparable to the risk from
-unmined uranium ore, which is acceptable to the public; and (3) more
stringent regulation doés not incur any significant additional cost.

"However, what may have been -2 reasonable assessment based on the state of
knowledge 10 to 15 years ago s nc longer valid. The ra2sulation is outdated
and should be changed o - ‘ :

- There appears to'be 2 high probability that it will not be possible to

- . satisfy the EPA and NRC regulations because of overvhelming uncertainties in

the source term. The preliminary performance assessment clearly chowed that
the main reason for potential violation of the regulations is the gaseous
release of C-14. .This has been foreseen by YMP scientists for a 1ong time,
.and the DOE has proposed several alternative approaches in the SCP in case

- the reference waste package cannot meet the requirements due to uncertainties

in the site conditions (Ref. 18). The alternatives were presented primarily
to address the NRC’s 10 CFR 60.113 requirements. They include the use of
alternative container design and materials, use of 10 CER €0.113 (b)
(variation in containment period 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 inclusion
of part of the host rock in the EBS. Among these, only two could 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
:o tiieasi the rapid release fraction of C-14. These are discussed in more

. detail below.

' 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

- years, 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 & short performance history and are susceptible
to various failure mechanisms. Ceramics such as alumina were

-considered in combination with metal inner or outer layers. The

- additiona) cost over that of the reference design is estimated to be
in the billions of dollars for 35,000 waste packages. In additionm,
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the technology exists only in small-scale applications. Significant
technology development would be needed involving an additional cost
and schedule delay. The DOE is studying other long-life waste package
designs that rely on multiple barriers to increase reliability, but no
firm designs have evolved yet. The high cost of developing and
fabricating long-life waste packages compared to the negligible gain
in public health and safety has already been pointed out (Ref. 6,7).

. Pretreatment of the fuel assemblies

The existing regulations do not regulate the release of C-14 from
nuclear power reactors and other nuclear fuel cycle facilities. The
operating PWRs and BWRs ralease gaseous C-14 at the rate shown in
Table 3. Each reactor releases 5 to 10 curies every year. If the
C~14 on the surface layer of Zircaloy cladding is released prior to
emplacement, it would not violate any regulation. The rate of release
from this operation would be much higher than the release of C-14 from
the repository, since at least two percent of the total inventory
(1,500 curies) would be released in less than 50 years. Assuming that
the linear dose-response model is valid, the resulting health effects
would be much higher than the effects produced by the expected release
from the repository, although both would still be very low.

To release C-14, the fuel must be heated to about 275°C for an
undetermined length of time. Under laboratory conditions with a purge
gas flow, the release was almost complete after 8 hours. However, the
only actual test done with an intact fuel assembly indicates up to two
months might be needed. The cost of performing this operation, even
if it was technically feasible, would be extremely high. The annual
spent fuel receiving rate is twice as high as the rate at a -
full-scale, 50 GWe/yr fuel reprocessing plant, arnd the fuel would ther. .
have cto be stored for up to two months at 275°C. The fuel assemblies
would have to be cooled before transport to the repository. The cost
of such a facility, operated remotely, would be prohibitively high
when the off-gas treatment and other handling facilities are included.

-~

In addition, the effe-- of heating the fuel in a dry condition is not
known. One out of th: 204 fuel rods failed during the test. Other
technical problems include finding a method of heating the fuel
assemblies uniformly without overheating to prevent cladding failure,
and the treatment of radiocactive off-gases Kr-85 and I-129 from
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 to the
atmosphere, since it would be diluted so much with air it could not be
recovered economically.

It should be noted that releasing the C-14 at a higher rate just to
circumvent the repository regulations may not be acceptable to the
public regardless of the low health affects.

Fuel reprocessing

Fuel reprocessing is not a real soldtion to the C-14 problem, since
the decision to reprocess will involve many considerations and C-14
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" may not be an important one. Although the release of C-14 from a fuel
reprocessing plant (FRP} is not regulated at present, primarily
because there is no FRP in the U.S. exceptfor the defense facilities,
the off-gas stream is concentrated enough to warrant its collection
from a cost/benefit point of view (Ref. 6€6).

Technologies are available to collect the C-14 (diluted with C-12 to
‘increase the efficiency the fixation process). The problem is what to
do with the waste containing C-14. HMost fixation processes.capture

. the C-14 in a carbonate matrix. The release rate of C-14 from such
waste forms packaged in 2 less stringent container buried in a shallow
or deep geologic disposa) may be significantly higher than the release
‘rate from a repository. ([See Radiation Physics & Chemistry, Vol. 37,
No. 2, pp. 363-3€65, (1991) on radiolytic decomposition of Cal4C0;.]

2. Relax the Stringency by a Factor of 10 -

The stringency of the current regulation does not have'its basié on é’firm
need to protect the public health and safety. The ACNW showed that the EPA

- used a factor of 10 conservatism in the probability and three orders of
‘magnitude in the associated health effects (Ref. 64). 1In 1984 the EPA’s
' ‘Science Advisory -Board (SAB) recommended that EPA relax the risk objective
- for all nuclides by an order of magnitude (Ref. €7). : .

There is pienty'of Justification to‘telax.the'tééﬁlétion by a factor of 10
based on a realistic estimate of risks from unmined uranium ores, difficulty

for any generic site to meet the current regulation under real repository

conditions (all unsaturated sites may be penalized), and the high cost of

 meeting the regulation with little benefit to the public health and safety.
- .On the other hand, it might be perceived by the public that the public health
- and safety would be compromised, if the regulation were relaxed.

3. Dose Truncation

It has already been shown that the expecte& radiation exposure from C-14 by
the repository release is very small, even to the maximally exposed.

- individual; i.e., on the order of 3x10~¢ mrem/yr. Although the no-threshold
: 1inear dose assumption is well accepted by the scientific community, its
- ‘applicability to low levels of radiation dose has been questioned
continuously.  The current acceptance of the no-threshold assumption at low
‘doses 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 &re
not regulated. Most other EPA regulations allow & lifetime risk factor of
10=4¢ to 10-€, and the EPA's NESHAP allows an exposure of 10 mrem/yr, which

. corresponds to an individual risk of 3.3x10"4. The NCRP also recommends the

exclusion of any exposure of 1 mrem/yr (3.3x10'5 individual risk) or less

- from the assessments (Ref. §8). : :

fhe 3x10~¢ mrem/yr radiation exposure from the repository would be 3 to 4

orders of magnitude lower than the level for below regulatory concern (1
mrem/yr). This level of exposure is equivalent to an additional exposure to
cosmic rays caused by reduced shielding when one wears & pair of shoes with
heels of an inch higher than normal. Evidence does not suggest a higher rate.
of cancers at higher altitudes, even at several thousand feet higher than sea
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level. Women are not reluctant to wear high heels because of higher

exposures to radiation, nor are people reluctant to live in the "Mile High

City" of Denver, Colorado. The public should readily accept this level of f"\\
.imaginary risk. % T
Some people may be concerned over the possibility that most of the

radionuclides in Table 1 may be excluded under this rule since, depending on

the scenario, the expected exposure of the public to many radionuclides may

be very small. It should be noted, however, that the low exposure from

gaseous C-14 is generic; i.e., it is almost independent of scenarios. The

low exposure is the result of the abundant presence of non-radioactive carbon
everywhere on earth, especially in the biosphere. The number of potential
health effects from the release of one curie of C-14 used in developing the

EPA regulation is based on applying the inherently low dose to over 1.4

trillion people over their lifetime (70 years). No other radionuclide was
applied to such a large critical population base, S0 a stronger case can be

made for dose truncation for C~14 than for other radionuclides.

4. Geographic Truncation

Carbon-14 in the global inventory affects the total world population, which

@s the basis of the EPA regulation. The EPA model is valid when the release .

is large, such as that expected from a commercial nuclear fuel reprocessing
plant; i.e., 860 Ci/yr from a 50 GWe/yr plant, if no treatment is done, as it

1s not required under the current regulation. When the release level is low,

it would be within the natural level of variation among different regionms.

(The C-14 concentrations in the Pacific and the Atlantic oceans are.

different, and the difference is used to measure the communication between

them under the North Pole.) At that low level, the potential effect would be,---
localized. Eventually, the C-14 would become a part of the glcbal inventory’
but its residence time in the ocean is so long that its global impact on R
other regions o5f the world would for all practical purposes be nil. The

health effect should therefore be calculated based on regional population,

such as that of the U.S. or North America.

This logic is not meant to ignore the health impact outside the region.
Rather, it is based on the premise that at an extremely low level of release,
at 3 "noise" level, the actual impact would be limited to the regional
population. It should not be confused with dose truncation, since the
population dose, no matter how small, would still be calculated based on the
regional population. This would have the same effect as relaxing the release
limit for C=-14 (but not for other radionuclides), by an order of magnitude.

5. Change to an Individual Dose Basis

This was strongly advocated by the Waste Isolation Systems Panel (WISP) of
the National Research Council (Ref. 69). The current EPA philosophy is based
on prot:cting both the population and the individual, not one or-the other.
Although most E:ropean countries have adopted individual dose as the basis
for regulation, it was done for reasons more applicable to them, such as a
high population density in the region, which makes for less difference
between population and individual protection.
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If a standard based on individual dose is adopted, gaseous C-14 will no
longer be of concern, _If, however, C-14 is released in liquid form through
iracture flows, such '@ standard would penalize sites with no means of .
diluting the radionuclides, as was shown in the WISP report (Ref. €9).

It should also be noted that the geologic repository system relies on
favorable geologic conditions, which may include a lack or slow movement of
the media that would carry the radionuclides and & significant retardation of
movement of radionuclides by sorption and precipitation. Since for most
sites (exce-~: probably those in the salt media) -there are groundwater flows
that could carry the radionuclides, the retardation by sorption would play an
important role in limiting the release. . The sorption process, however,’
concentrates the radionuclides in the media by 2 similar process to that used
in chromatographic separation and concentration. The irony is that the
better the site is, the longer it delays the release, but the more it
concentrates the radionuclides and the higher the dose to the maximally
exposed individual becomes when the concentrated peak finally reaches the
accessible environment unless the retardation is so large that the:
radionuclides decay by & significant amount. For most sites t“e peak dose
would appear after the 10,000-year regulatory time frame, and :or some Sites
the peak dose may not appear for over 100,900 years. Concerns about the
delayed appearance of the peak dose have been expressed (Ref. €9). Since the
only alternatives to a high peak dose, aside from a perfect site with no
carrier media, are no retardation (earlier release) and dilution (more
population exposure), the truncation of the regulatory timeframe before the
appearance of a delayed peak dose would be a justifiable and better
alternative, ’ : o

_ Becgusevthis_is an,altexnative with far more impact on all other .
radionuclides than on C-14, its consideration is outside the scope of this
paper. S i : o ' ;

6. Apply ¢1ean'5;; Aot

Neither the EPA’s 40 CFR Part 191 nor the NRC's 10 CFR Part 60 were intended
to regulate radiocactive gases released from the repository after closure.
When the initial analysis was done for the EPA standards, gaseous releases
vere not considered credible by the NRC nor the DOE (Ref. 70). It now
sppears that only the Clean Air Act (CAA) provides a general framework for
the regulation of gaseous release of radionuclides from the repository after
closure. 1In 1979, the EPA listed radionuclides as hazardous air -ollutants
under Section 112 of the CAA (Ref. 71). As & result, the EPA was required by
Section 112(b) (1) (B) of the CAA to establish the National Emission Standards
for Hazardous Air Pollutants (NESHAP). Following their earlier attempts not
to regulate NRC-licensed facilities (including the high level radioactive
waste facilities), the EPA in 1991 published Subpart I of the NESHAP for
" radionuclide emissions from facilities licensed by the NRC, but exempted
facilities regulated under 40 CFR Part 191, which include the high level
radioactive waste repository (Ref. 72). The EPA estimated the individual
risk from the HLW disposal facilities to be very small, 7x10~8, much less
than the 1x10-4 benchmark, and determined no NESHAP was needed (Ref. 72). 1In
. this determination, however, the EPA did not consider the gaseous release
after permanent closure of the repository (Ref. 73). - In essence, the NESHAP
never addressed the gaseous release of radionuclides from the repository




after closure. Regulatory implications of this omission of post-closure

gaseous release of radionuclides is discussed below in conjunction with the

1990 amendments to the CAA. It should be noted that the CAA has not exempted -
the gaseous releases from the HLW repository from the CAA requirements. It . ¢
provided the EPA two options: (1) promulgate emission standards (NESHAP) fcr -
the HLW repository, or (2) exempt it from the NESHAP by rulemaking after
consultation with the NRC, provided the program established by the NRC

provides ample margin of safety. Since the CAA does not delegate the
requlation of gaseous release of radionuclides to 40 CFR Part 191, any
regulation of gaseous release from the repository added to 40 CFR Part 191
would have to be made consistent with the CAA. This is in keeping with the
court ruling that remanded the 40 CFR Part 191, Subpart B because of the
inconsistency of the groundwater protection requirement with the Safe

Drinking Water Act.

Section 112(d) (9) of the CAA, addressing the emission standards for NESHAP,
states: ‘

"No standard for radionuclide emissions from any category
or subcategory of facilities licensed by the Nuclear
Regulatory Commission (or an Agreement State) is required
to be promulgated under this section if the Administrator
determines, by rule, and after consultation with the NRC,
that the regulatory program established by the NRC pursuant
to the Atomic Energy Act for such category or subcategory
provides an ample margin of safety to protect the public
health.® (Ref. 74)

Since the EPA (Administrator) has not determined by rule that the regulatory , -
program established by the NRC provides an ample margin of safety to protect

the public health, and since the NRC regulation 10 CFR Part 60 did not -~
consider gaseous release of radicnuclides in the analysis during promulgation,
the CAA still requires the gaseous release to be regqulated under the NESHAP
until the Administrator makes the determination mentioned above in regard to

the regulatory program established by the NRC. 1In fact, Section 112(f) (2) (B)
further states:

"Nothing in subparagraph (A) or in any other provision in
this section shall be construed as affecting, or applying
to the Administrator’s interpretation of this section, as
in effect before the date of enactment of the Clean Air
Act Amendments of 1990 and set forth in the Federal
Register of September 14, 1989 (54 Federal Register
38044)."

The (EPA) Administrator’s interpretation of the gaseocus release of
radionuclides has been reflected in 40 CFR Part 61 (NESHAP), including the
background analyses and records of promulgation. Within this regulatory
framework, the EPA has a few options to regulate gaseous release of
radicauclides under the CAA. .

a. Repromulgate the NESHAP to include the HLW :eposigory. Since the
current NESHAP, Subpart I, exempted the HLW repository with no
consideration of gaseous release of radionuclides after closure of

4
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the repository, it did not fully implement the mandate of the Car.
Under this choice, the EPA would p::mulgate an ‘emission stan ara 24
the NESHAP, ‘Subpart I, that would apply to-the repository af
ciosure and the standard would-be conszstent with the stanoar*s in
other subparts of the NESHAP.

b. Regulate repository gases under the current NESHAP, However, since
the current NESHAP, Subpart I, exempts the facilities regulated by 40
CFR Part 191, and delegates the responsibility to 40 CFR Part 19:i,
the EPA would have to add a new performance standard to 40 CFR Fart
191 that would apply to.gaseous release of radionuclides. This new
performance standard for gaseous nuclides could be any of the.
alternatrves already discussed or the standard in {(6)a. above

¢c. Consult wlth the NRC and amend the NRC regulation 10 CFR Part 60 to
include performance standards £or cacecus ra2lec:z 9f radionuclides
‘for the post-closure period. Then no NESHAP would be required. The
NRC could also conszder the alternatives’ already discussed.

Under the farst option, the standard would be" consastent with those in other
. subparts of NESHAP. In establishing the policy for setting NESHAP, the EPA
~ ‘determined that emissions resulting in a lifetime maximum individual risk

" (MIR) no greater than approximately 1x10-¢ are presumptively acceptable (Ref.
72) . - The subparts of NESHAP involving radionuclide emissions are all based
on an MIR equal to or greater than 1x10-¢4. Subparts B, H, and I limit'the
emissions to & level that would cause 10 mrem/yr effective dose equivalent
(ede) exposure, which is equivalent to an MIR of 3.3x10~¢; Subpart K limits
the release of Po-210 from elemental phosphorus plants to 2 Ci/yr, which is
also equivalent to an MIR of 3.3x10¢; and the Subparts Q, R, T, and ¥ limit

 the release of Rn=222 to 20 pCi/m?-sec, which is equivalent to an MIR of

1x10-3 (Ref. 72). . Therefore, & consistent standard for gaseous release of

- radionuclides from the repository could be set ‘in the NESHAP at 10 mrem/yr
(MIR=3,3x2104) or 3 mrem/yr (MIR=1x10"¢). It should be noted that 3 mrem/yr

"is based on the EPA's own dose conversion factors (Ref. 72). 1f we use the
dose conversion factor of 200 cancers for 1x10*€ man-rem, discussed in
section T1-D, then the 10 mrem/yr exposure would correspond to an MIR of

' 1.4x10~4 and a MIR of 1x10~¢ would represc... about 7 mrem/yr. The

- discrepancy between the two numbers representing ‘different dose conversion
factors, can be resolved by averaging the tuo numbers ~= namely use 5 mrem/yr

for a MIR of 1x10-¢.,

No additional explanation is necessary for the second and third options,
except to say that the same degree of individual protection would be
incorporated in 40 CFR Part 191 under the second option.

1f the EPA does not defer to NRC regulations and exempt the HLW repository
from the NESHAP regulation per Section 112(d) (9), the EPA may be subject to
Section 112(f) requirements. Althcugh there is no advantage to any party
involved, it would be detrimental for the DOE to proceed with no clear
regulatory criteria for gaseous releases. If the EPA decides to use Section
"112(f), it may be forced to comply vith the Section 112(f) by default if they
do not take any of the actions discussed above; ‘i.e., the three options. It

. is interesting to note that Section 112(f) indirectly provides 2 minimum MIR .
' cutoff level at 1x10~¢ for lifetime, above vhich the EPA is mandated to



promulgate standards if the pollutants are classified as known, probable, or
possible carcinogens. This risk level corresponds to an annual exposure cf

0.03 mrem, using the EPA’s own dose conversion factors. If we use the dose ¢
conversion factor discussed in Section II.D, the same risk level ‘would ‘
correspond to an annual exposure of 0.07 mrem, or approximately 0.1 mrem,

since these are not exact numbers.

The 1x10-8 risk cutoff is consistent with other regulatory precedents.
Analyses of regulatory decisions based on risk showed that every chemical
that presents an individual risk of 4x10-3 was regulated (Ref. 75). Except
for one case, no action was taken to reduce the risk below 1x10-¢., Similar
cutoffs for lifetime risk for individuals, tygically‘lxIO“ for large
populations like that of the U.S. and 1.5x10°° for smaller populations, were
noted by otiiers (Ref. 76). [Note: The information in this paragraph was
provided by Robert Wilems, RAE.]

7. Hold the Regulation of Gaseous Release of Radionuclides in Reserve

As discussed in the previous section, the EPA will have to comply with the
requirements in the CAA either through the NESHAP or by exempting the HLW
repository from the NESHAP process by complying with the requirements in
Section 112(d)(9). 1In either case, the EPA has the option of not making any
decisions or taking any actions immediately. 7This would temporarily relieve

* the EPA from the gaseous C-14 problem without affecting the court-mandated
repromulgation of 40 CFR Part 191, Subpart B. This alternative could also be
treated as a fourth option under the CAA, which was discussed in the previous
section. It has been separated because it does not provide any solution, but
avoids the problem by deferring any action on it. .

This alternative, however, should be considered as a last resort. It is
clear that the implementation of the current (court-vacated) regulation to
gaseous radionuclides is impractical, although not impossible, as was
discussed earlier. To have the EPA state that the current Table 1, Subpart B
does not apply to gaseous radionuclides and that regulations governing their
release will be held in reserve would provide the EPA grounds for future
actions. While not providing the DOE any advantage over the current
requlation, and the uncertainties about future regulation would be so great
that the DOE would be forced to assume the worst case scenario, resulting in
unnecessary expenditures and schedule delays.

IV. DISCUSSION AND RECOMMENDATIONS ~
A. Regulation of Gaseous Release of Radionuclides

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 previous section. - Alternatives 1 through 5 are possible options only
through Alternatives 6a through 6c. ;

Among these possible alternatives, the most logical choice would be éc, which
has its basis in the 1990 amendments to the CAA. It would provide the EPA

and NRC the highest flexibility, although it does not provide them any
technical basis to develop quantitative criteria unless they borrow the same
basis used in Alternatives 6a and 6b. Both 6a and €b employ the NESHAP as&k“/
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vehicle to regulate the gaseous release of radionuclides, the gifge:en:e
being that 6b takes the EPA out of using NESHAP through the existing )
interpretation of NESKAP, Subpart I, which is allowed in the CAR. In le~s
of quantitative criteria, both 62 and 6b would have to rely on the same tvpe,

~ of risk assessment u5éd:in the NESHAP as discussed in 6a. Alternative 6b

would have Alternatives 1 through 5 available to the EPA. For this reascn,

it is strongly recommended Alternative €b be adopted.

'Under 6b, the EPA has sixioptions altogethe:. namely Alternatives 1 through £

and adoption of the same numerical values used in 6a, since both 6a and 6b
employ the NESHAP process. Adoption of the same risk criteria as NESHAP
(Alternative 6a) through the 6éb process would be my first recommendation,
followed by the Alternatives 4, 3, 2, and la, in that order.

The preferred option can be stated as follows:

Per the 1990 Amendments to the CAA, the EPA determines to

~ uphold the current NESHAP (40 CFR Part €1, Subpart I) and
regulate the gaseous release of radionuclides by adding a new
standard to 40.CFR Part 191, which would apply to the gaseous
releases only. The new standard shall be consistent with the.
requirements in the CAA and the risk assessment methodology
used in other subparts of the NESHAP; i.e., the release of
gaseous radionuclides shall not exceed those amounts that would

~cause any member of the public to receive an effective dose
equivalent to 5 mrem/yr, except that any combined release that
would cause no greater than 0.1 mrem/yr effective dose
equivalent need not be regulated. In addition, since the
CAA/NESHAP already insures public health with an ample margin
of safety, the release of gaseous radionuclides need not be .
included in the probabilistic calculation of releases required
in 40 CFR 191.13. '

B. Exempt C-14 Release from Regulation

As mentioned earlier, C-14 has unique characteristics. As long as there are
sources of neutrons in the presence of nitrogen, the oroduction of C-14,
whether in & reactor or in the atmosphere, will continue. Once it is
produced it can only decay away, but never disappears. Therefore, the best
management of C-14 from & public health point of view would be the one that
would minimize the exposure of the public (decay in isolation) and slow the
release to reduce the individual dose to 2 noise level, at which there is no
evidence of discernible health effect. The geologic repository provides such
a8 sclution.

As the use of nuclear energy increases, the generation of C-14 will also
increase, even vith the efforts to minimize the C-14 production per unit
energy produced. In addition, there are other technical reasons why the
production of C-14 per unit energy produced may even increase substantially
in order to gain other benefits (Ref. 13). In one estimate, the annual C-14
release to the atmosphere from envisaged global nuclear power product;on
could even approach the same level as the natural prodgction of C~14 in the
atmosphere (26,000 Ci/yr), twice as much accumulating in solid wastes. At
present, the release of C-14 from nuclear power plants and fuel reprocessing
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plants is not requlated anywhere in the world. Even if some control ineasure

is adopted %> capture it in solid waste forms, the resulting waste forms do

not provide :he same degree of isolation as che spent fuel emplaced in the (’—\\
. geologic repository. It should be noted that the release would be Tt
significant in terms of curie amount but, not in terms of health effect.

Restricting a repository’s ralease of C-14 to less than 1 Ci/yr, which is
less than the annual release from a single operating reactor, is almost
meaningless compared to the global release of C-14 into the atmosphere. This
is a global problem, if it is a problem, and requires a glcbal solution.
Spending billions of doll 35 to keep the repository release below 1 curie per
year while others are pou..ng thousands of curies into the atmosphere simply
does not make any sense. It would be prudent for the EPA to exempt the
gaseous release of C-14 from 40 CFR Part 191.
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