
UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, 0. C. 20555

DEC 03 1991

Ms. Margo T. Oge, Acting Director
Office of Radiation Programs, ARR-458
U.S. Environmental Protection Agency
Washington, D.C. 20460

Dear Ms. Oge:

On August 27, 1990, the staff of the U.S. Nuclear Regulatory Commission (NRC)
commented on Working Draft No. 2 of the U.S. Environmental Protection Agency's
EPA's) high-level waste (HLW) standards. Included were recommendations to
(1) provide comparisons with other regulations and risks as part of the
support for the standards and (2) reword the probabilistic containment
requirements. When we met on July 12, 1991, our discussions centered on these
two topics, and your follow-up letter of July 18 raised a number of questions
about them. Enclosure 1 to this letter responds to your July 18 questions.

Enclosure 2 is a short bibliography that might be useful for developing a
perspective on the risk level allowed by EPA's HLW standards. Of particular
interest are the papers by Kocher which compare EPA's standards to the risks
allowed by other radiological standards. Kocher appears to have converted
EPA's population Impact goal into an individual risk by averaging over the
entire U.S. population. Since this approach causes significant "risk
dilution,. EPA might wish to make its own estimate of the risk within the
smaller population actually affected by a release from a repository.

Enclosure 3 presents several example calculations illustrating how compliance
might be evaluated for EPA's 1985 containment requirements and for the NRC
staff's proposed alternative. I think that most or all of your questions about
the proposed alternative wording for the containment requirements (the three-
bucket approach') will be answered by the examples of Enclosure 3.

I hope the enclosed information will answer the questions of your July 18
letter. Please let me know if we can be of further assistance.

Sincerely,

Robert M. Bernero, Director
Office of Nuclear Material Safety,

and Safeguards

Enclosures:
1. Staff's views on EPA's questions
2. Bibliography'
3. Example calculations



Enclosure 1

NRC STAFF VIEWS ON EPA'S
JULY 18 QUESTIONS

Three-bucket alternative

1. What technical analysis is there to support the contention that the
level of protection is equivalent for the three-bucket methodology and the
1985 presentation of the containment requirements?

The example calculations of Enclosure 3 illustrate how an applicant might
demonstrate compliance with the 1985 EPA standards and with the NRC staff's
proposed alternative. For these examples, the two standards are of identical
stringency when a scenario screening criterion of 1E-3 is used for the NRC
staff s alternative and when 1E-4 is used for EPA's standards. If a screening
criterion of 1E-4 were used for both standards, the NRC staff's alternative
would be somewhat more stringent because it would apply to a broader range of
scenarios than would EPA's 1985 standards.

It should be noted that differences in the two alternatives are probably more
theoretical than real. Probabilities in the range of 1E-3 to 1E-4 (over
10,000 years) are very difficult to project with any real accuracy. Therefore,
it will seldom be possible to produce probability estimates of-the precision
suggested in these examples. Indeed, that is the reason for the NRC staff's
proposed alternative -- to allow a meaningful regulatory examination of
unlikely disruptive scenarios while avoiding the difficulties involved in
trying to predict the probabilities of unlikely processes and events.

Classification of human-initiated events as "unlikely' is not an inherent part
of the NRC staff's alternative. Nevertheless, Example No. 3 illustrates how
the NRC staff's alternative would be applied if human-initiated events were to
be classified as 'unlikely.' The effect would be a ten-fold increase in
allowable releases (compared to classification as "likely"), the same as would
be the case-with EPA's 1985 standards. Since both formulations for the
standards have the same effect on the allowable size of releases, the NRC
staff views classification of human-initiated events as a separate issue from
possible adoption of the staff's proposed alternative wording for the
standards.

2. Why is the use of a deterministic analysis preferable at scenarios
with a probability below 0.1? How would the uncertainties in the
consequences be handled in the second bucket in order to consider the
different possible orders of occurrence and the change in their
probability over time, (what are the options and rationale for recommended
method)?

A major difficulty in implementing EPA's 1985 standards is the need to produce
both consequence and frequency estimates for unlikely releases. There is often
no good statistical basis to use for the frequency estimates, so they must rely
heavily on subjective judgments. Such Judgments are expected to be speculative,
controversial, and difficult to evaluate during a licensing review. A standard
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that requires only a consequence analysis (which may include an estimate of
uncertainties in projected releases) is preferable to a risk-based standard
because it avoids the difficulties involved in attempting to project the
frequencies of occurrence for unlikely events while still providing protection
for the public.

Consequence analyses for the NRC staff's proposed alternative would be no
different than for EPA's 1985 standards. In either case, it would be necessary
to consider the order of occurrence of events by, for example, selecting the
order that causes the largest releases, or by treating the times of occurrences
of all events as random variables.

3. To what extent (either quantitative or qualitative) is the
three-bucket methodology felt to reduce the uncertainty of the analysis
and make it more meaningful, and how can this be shown?

The NRC staff's proposed alternative makes a repository safety analysis more
meaningful by focusing attention on the estimates of the sizes of potential
releases rather than on the highly uncertain frequencies with which those
releases are projected to occur. As demonstrated in the enclosed example
calculations, the level of safety imposed by the NRC staff's alternative is
essentially the same as that of EPA's 1985 standards.

4. What kind of statistical analysis and presentation would be
appropriate for determining compliance for analyses in the second bucket?

The enclosed example calculations illustrate the NRC staff's concepts.

5. What criteria should be used to decide at what probability level the
development of the CCDF for the first bucket should be started?

The NRC staff anticipates including all scenarios with frequencies greater than
0.01 over 10,000 years, as illustrated in the enclosed example calculations.

6. Fow would one develop the analysis without definitive quantitative
probability value boundaries between the buckets?

The NRC staff anticipates that numerical guidance would be provided to assist
in classification of processes, events and scenarios. This guidance could be a
single numerical value, as suggested in the enclosed example calculations, or
could be a more complex formulation that would include consideration of the
number of scenarios to be screened and, possibly, qualitative estimates of the
sizes of the releases associated with screened scenarios.
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7. What would be the rationale for a predetermination that no intrusion
events were to fall into bucket 1, as might be inferred by the Comuission's
definition of Oanticipated events? Would this approach also preclude
using intrusion events in developing the bucket I CCDF while at
probabilities at less than 0.1 probability?

First, the NRC staff notes that potential classification of human intrusion as
munlikelyu is an entirely separate issue from adoption of the staff's
alternative language for EPA's containment requirements. A determination of
the likelihood of intrusion would be necessary for either EPA's 1985 standards
or for the NRC staff's alternative.

If the NRC were to classify human intrusion as unlikely,3 such classification
would be based on a recognition of the differences between the NRC's regulatory
requirements for a repository and the assumptions made by EPA when deriving its
standards. As EPA noted in the Background Information Document for the
standards,

The Agency . . . has estimated drilling rates that are intended to be
upper bounds on the future likelihood of drilling at a repository site.
In estimating these values, no credit has been taken for the communication
to future generations of the presence of the repository, except . . .
for 100 years after disposal . .

EPA's estimated drilling rates are apparently derived by assuming that the
drilling rates of the recent past can be extrapolated for 10,000 years into the
future. Such an extrapolation would clearly be an upper bound estimate for an
unmarked, unrecorded repository since past random drilling practices have
already been largely replaced by targeted drilling aimed at known or inferred
resource locations. Thus, even for a 'stealth' repository of the type assumed
by EPA, actual drilling rates are likely to be lower than the upper bounds
estimated by EPA.

The NRC's repository regulations (10 CFR Part 60) would not permit licensing of
a repository of the type assumed by EPA. Part 60 requires an extensive site
characterization program, including identification and evaluation of potential
resources at the repository site. Part 60 also requires Federal government
ownership of land and mineral rights within the controlled area, and
establishment of such controls outside the controlled area as are necessary to
prevent human interference with waste isolation. Finally, Part 60 requires use
of monuments and land-use records to warn potential future intruders of the
existence and dangers of a repository. These regulatory requirements were
Judged to be adequate to classify human intrusion as unanticipated' in Part
60, and could also serve as a basis to classify intrusion as 'unlikely'
for purposes of implementing EPA's standards. Such classification would
exclude intrusion from the CCDF for Olikely* releases.
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8. What are the alternative rationales for having the analysis cut off at
a low probability of one in one thousand vs. one in ten thousand? Which
should be used and why?

The enclosed example calculations suggest that one in one thousand would
generally impose the same level of safety as EPA's 1985 standards since
unlikely events would be assigned a conservatively high probability of <.O1.

Nevertheless, if there were a large number of scenarios with releases exceeding
ten times the table of release limits, a cut-off of one in ten thousand might
be needed. The NRC staff prefers a qualitative criterion, as suggested in our
Working Draft No. 2 comments, with a numerical guideline offered by EPA in its
Supplementary Information. A qualitative regulatory criterion would allow the
NRC the flexibility to develop an appropriate numerical value for each specific
repository.

Alternative Risk Basis for EPA Standard

1. What would be the proper basis to use for the present acceptable risk
to present generations, and how would this be expressed?

As noted by both the International Commission on Radiological Protection (ICRP)
and the National Council on Radiation Protection and Measurements (NCRP), risks
which are less than 1/1000,00 per year and which are also 'as low as reasonably
achievable (ALARA) can be considered acceptable for current non-occupational
radiation exposure (exclusive of medical and natural background exposure).
The ICRP, the Nuclear Energy Agency (NEA) and the International Atomic Energy
Agency (IAEA) all recommend that future radiation exposures be limited to this
same level of risk. These organizations further recommend apportionment of a
suitable fraction of this risk level for a specific activity such as disposal
of high-level wastes. As stated by the ICRP:

To allow for dose contributions from present practices and to provide a
margin for unforeseen future activities, the IICRP] recommends that
national authorities select a fraction of the dose limits as a source
upper bound for each source of exposure to ensure that the exposure of
individuals will remain below the relevant dose limit.

Determination of the appropriate fraction of the overall limit to be allocated
to disposal of HLW would include consideration of the existing level of
non-medical, anthropogenic radiation exposures and of the fraction to be
reserved for future activities.

2. EPA staff have reviewed some assessments of the uranium fuel cycle and
its collective risk, but such evaluations seem-to be quite old. Does NRC
have a more current assessment of the collective risk of the uranium fuel
cycle that reflects dose commitment, current dose conversion, and emission
estimates?

The most recent information of which we are aware is that of NCRP Reports 92
and 93. This information is relatively old (late 70's and early 80's) and is
derived primarily from models of facility performance rather than from actual
measurements. The NCRP estimates that the total annual effective dose
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equivalent per person in the U.S. is 3.6 mSv (360 mrem), of which 0.014% is
attributable to the nuclear fuel cycle. The nuclear fuel cycle is also
estimated to cause an annual population exposure to regional populations of
1.36 person-Sv (136 person-rem) per gigawatt, 87X of which resuits from uranium
mining and milling.

3. Since both the commercial sector and the DOE will be using the
repository would you think that the present releases and impacts of both
these activities should be analyzed in order to arrive at
intergenerational equity?

To the extent that both commercial and defense activities are expected to
contribute to long-term radiation exposures, either through continued
operations or through discharges of long-lived radioactive materials, their
impacts are relevant for determining the fraction of the overall risk limit to
be allocated to disposal-of HLW.

The important concept advanced by the ICRP and others is establishment of an
overall limit on allowable radiological impacts for the future. In order to
ensure that the activities of future societies are not unduly constrained, the
ICRP recommends that a suitable fraction of the recommended limit be allocated
for each specific type of activity or facility. Factors to consider when
determining the fraction of the limit to be allocated to a specific activity or
facility would include the number of people likely to be affected by a release
and the duration of expected releases. For example, if a release is-likely to
be wide-spread and long-lasting, as with gaseous release of C-14, a small
fraction would be appropriate to allow an ample margin for future activities.
On the other hand, releases that are more restricted in time and/or space can
be somewhat larger because such releases will impose fewer restrictions on
future societies. In particular, sources of exposure located in relatively
isolated areas where future radiological activities are unlikely (e.g., uranium
mill tailings in the U.S.) can be allocated a larger fraction of the limit than
could similar facilities located in or near urban areas. Since repository
locations in the U.S. are likely to be in relatively isolated areas, allocation
of a reasonably large fraction of the recommended limit (perhaps IOS) would
not seem unreasonable.

4. Initial considerations of this approach indicate that it might not
provide a basis to discern a 6good" repository. Is it the NRC belief that
this should not be a role for the EPA standard?

EPA's standards should provide a basis for distinguishing an acceptable
repository from an unacceptable one. The NRC staff does not object to the
notion that EPA's standards might be based, in part, on a desire to keep
releases ALARA. However, the NRC staff would object to any standards that
would require a quixotic search for Othe best repository.

As noted in our comments on Working Draft No. 2, we recommend that EPA uplace
increased emphasis on comparisons with other regulatory standards and guidance,
and with other risks experienced by society' when deriving the release limits
of the standards. We do not think that the technical achievability rationale
used by EPA to support the 1985 standards are inherently inappropriate.
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Rather, we note that those analyses were relatively simple and may not
adequately represent the level of performance to be expected from a real
repository. Supplementing those analyses with the recommended comparisons with
other standards and risks would provide a stronger basis of support for the
standards.
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EXAMPLES OF OOtPLIANCE DEMNSMATIONS

FOR 40 CFR PART 191 CONTAINMENT REQUIREENTS

AND THE NRC STAFF'S PROPOSED ALTERNATIVE

1. INTRmbuCrIOw

Host radiation protection standards are non-probabilistic - that is, the
standards contain no explicit statement of the probabilities of the conditions
to which the standards apply. Examples are the uranium fuel cycle standards
of the U.S. Environmental Protection Agency (EPA). Those standards simply
require that uranium fuel cycle facilities be operated "in such a manner as to
provide reasonable assurance" that certain dose limits will not be exceeded.
The term "reasonable assurance" is not defined, nor do the standards provide a
probabilistic definition of the range of operating conditions to which the
dose limits are to be applied.'

Parts of EPA's high-level radioactive waste (HLW) standards2 are also stated
non-probabilistically. EPA's standards for operations (Subpart A) essentially
extend EPA's uranium fuel cycle standards to include operations at an HLI
repository, Similarly, EPA's post-closure standards for protection of
individuals and groundwater are applicable-only to "undisturbed performance."
Thus, for these sections of the standards, there is no need to evaluate the
likelihood of processes and eventsthat might disrupt the performance of a
repository.

EPA could have used a similar format for its environmental standards for the
disturbed performance of a repository. For example, EPA could have simply
required that disturbed performance not cause projected impacts greater than
some multiple of the level of impacts allowed for undisturbed performance.
This type of standard would have directly limited the impacts that might be
caused by a repository without requiring a numerical estimate of the
likelihood that any specific level of impact would occur. However, EPA chose
instead to formulate its standards in a way that requires numerical estimates
of both the sizes of possible releases from a repository and the probabilities
that those releases will occur. Specifically, EPA's standards require that:

lIt is implicitly understood that EPA's uranium fuel cycle standards
apply only to "normal" operations, and that there is no requirement to design
a facility to comply with those standards in the event of an unlikely
accident.

2EPAs HIM standards, 40 CFR Part 191, were promulgated in 1985, but were
partially remanded by a Federal court decision in 1987. In this paper,
references to EPA"s HIM standards mean the standards as promulgated in 1985.
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Disposal systems . . . shall be designed to provide a reasonable
expectation.. . . that the cumulative releases . . . for 10,000 Years
after disposal . . . shall:

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

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

Evaluating compliance with these "containment requirements" would require
numerical estimates of the probabilities of processes and events with
likelihoods as low as 10-7 to 10-8 per year. Probabilities this low are very
difficult to estimate, and any estimates produced will be very uncertain. In
fact, EPA' requirement for numerical estiiates of probabilities this low has
caused many observers to question whether EPA's'standards would be workable in
the NRC's formal licensing process.

On August 27, 1990, the NRC staff recommended that EPA consider an alternative
formulation for its containment requirements. -The NRC staffs proposal
retained EPA's probabilistic formulation for relatively likely releases, but
substituted a non-probabilistic consequence limit for unlikely releases. The
following text for EPA's containment requirements was suggested to implement
the staff's proposal:

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).

EPA solicited public comment on the IRC staff's proposal after substituting
the phrase 'have a likelihood between one chance in 10 and one chance in
10,000" for "is sufficiently credible to warrant consideration." Questions
have arisen regarding the NRC staffs proposal, including:

(1) How would an applicant demonstrate compliance with the NRC staff's
alternative standards?

(2) Would the NRC staffs alternative require an identical (or nearly
equivalent) level of repository safety?

(3) Should the scope of regulated repository disruptions be defined
qualitatively, as in the NRC staff's proposal, or would EPA's numerical
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modification be core appropriate?
be?

If a number is desired, what should it

The example calculations presented in this paper are intended to help answer
these questions. Section 2 provides some background information on the
distinction between the repository system and its environment, the use of
modified "event trees" for scenario analyses, and the use of the
"complementary cusulative distribution function" (CCDF) to display the
estimated uncertainties in repository performance. Section 3 then presents
several example calculations comparing EPA's probabilistic standards to the
NRC staff's proposed alternative.

2. BACKGROUND INFORMATION

2.1 The -Rgatory Svatam and its Fnivraramt.

As illustrated in Figure 1, the entire regulated repository system, including
engineered and natural components, can be treated as a system that exists
within, and responds to, an evolving external environment. Possible

External Environment

-- Tectonic processes
-Climate changes
-Huan-induced events
-Etc.

I
Perturbations Releases

4,
Repository System

-Waste packages
-Underground facility
-Natural barriers

t f ' t
Accessible Environment Boundary

Figure 1. Conceptual representation of repository system and its environment.

evolutions of the repository environment are identified as "scenarios," while
uncertainties about the performance of the system within its environment
(e.g., corrosion of waste packages) are assumed to be incorporated into the
models of the system. Thus, in the example calculations presented in this
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docment, the term "scenario' refers only to external processes and events in
the repository environment that could perturb repository performance.
Uncertainties about the initial conditions of the repository system and about
its response to external perturbations are not included in scenario analyesa
because they are eassied to be incorporated into the models of the system.

2.2 AcArijos nlvnnn.

In these example calculations, scenarios are constructed using diagrams
similar to the event trees used in probabilistic risk assessments. Figure 2
illustrates an example of such a diagram.

Faulting Drill-bit Volcanism

.0003 P(S) 4.31-6

.025 .9997 P(S2) 1.4E-2

.976 .0003 P(Sa) 1.6E-4

Ys .P(S4) = 5.4S-1

No .0003 P(SO) = 3.4-6

.45 .025 .9997 MP(e) = 1.11-2

.975 .003 -- P(S) = 1.31-4

.9997 P(Se) = 4.4E-1

Figure 2. xmwlple of a scenario analysis.

In Figure 2, each branch point represents the potential for a disruptive
process or event to occur. The mnmbers above and below the branch point
indicate the probability that tbe process or event does or does not occur.
In Figure 2, the left branch point represents the potential for fault
movement, .65 is the probability (over 10,000 years) that fault movement does
occur, and .45 is the probability of no fault movement. Similarly, the center
and right branches illustrate the potential for, and the probabilities of,
drilling that hits a waste package and volcanism.

Each path from left to right through Figure 2 represents a potential evolution.
of the repository environment, or a "scenario." Multiplication of the event
probabilities along each path gives the probability that the scenario will
occur. For example, the top scenario (St) represents the sequential
occurrence of all three events. and has a probability of 4.1-6 over 10,000
years. No disruptive events occur in the bottom scenario (s) where the
estimated probability is 4.41-1. Scenarios S2-S7 involve other possible
combinations of the three potentially disruptive events.
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One step in a scenario analysis is identification of potentially disruptive
processes and events. Possible variations in locations, magnitudes, and other
characteristics could cause the number of processes and events to become so
large that a scenario analysis would be unmanageable. It is necessary,
therefore, to use a single process or event to represent a larger class of
similar processes or events. For example, movement of a specified magnitude
on a particular fault could be taken as an approximation of all other
potential fault movements near a site. Approximations of this type clearly
involve trade-offs between the realism (or accuracy) of a scenario analysis
and its complexity. As iterative performance assessments are carried out for
a particular repository, the number of processes and events needed to achieve
a desired degree of realism can be determined.

2.3 Cpmen ative Distribution Function fWDr).

Estimates of projected releases from a repository will contain many
uncertainties, some of which can be quantified in a meaningful way. One
format for displaying the quantifiable uncertainties is the "complementary
cumulative distribution function" (CCDF). The CCDF is a curve showing, on the
vertical axis, the probability that releases will exceed the values on the
horizontal axis. Figure 3 is an example of a CCDF where the size of a
projected release is measured in multiples of EPA's table of release limits.
Also shown in Figure 3 is a "stair-step" limit representing the maximum
releases allowed by EPA's HLW standards. -

P(R>Ri) 1.0
\ | EPA Limit -

10-2
\ EPA Limit

10-4

0.1 1.0 10 100
RL, Multiples of EPA's Table

Figure 3. Example of a Complementary Cumulative Distribution Function (CCDF).

In Figure 3, the vertical axis displays the probability that releases will be
larger than the values on the horizontal axis. Release probabilities are
obtained by summing the probabilities of processes and events that could
cause releases. If the regulatory limit applies to releases with
probabilities of 1E-3, as illustrated in Figure 3, it will be necessary to
include in the summation all processes and events with probabilities greater
than about 1E-4 to assure completeness of the CCDF.

q
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2.4 t rndltIe1nn1 CrDF.

The releases projected for an individual scenario can be displayed using a
"conditional CCDF." A conditional CCDF represents uncertainties in projected
releases assuming the occurrence of a scenario. If conditional CCDF's are
calculated for each scenario, a composite CCDF for a repository can be formed
using the relationship

P(R>R) I £ P(S)P(R>RsiSl)

where PNSW) is the probability that scenario Sj will occur and P(R>RIISj) is
the conditional probability that releases will exceed Rt assuming that So
occurs.

3. EXAMPLE CALCULATIONS

An evaluation of compliance with EPA's 1985 standards would involve six steps,
as follows.

Step - Identify disruptive processes and events. All potentially
disruptive processes and events that could occur external to the repository
system would be identified. In general, processes and events occurring within
the repository system, such as waste package corrosion, would be included in
models of repository performance. However, when processes and events are
initiated outside the repository system, or result from phenomena occurring
outside the repository system, they would be considered to be "external."
Examples would include drilling that penetrates a repository and movement of a
fault that intersects the repository system.

Ste -- Screen processes and events. Processes and events could be
eliminated from the list of Step 1 on the basis of low probability (including
physical impossibility) or the insignificance of estimated releases. EPA's
1985 standards suggest elimination of processes and events with probabilities
less than 1/10,000 over 10,000 years.

Ste2 3 - Form scenarios. Processes and events would be combined into
scenarios as discussed previously in Section 2.2.

SitseA - Screen scenarios. Scenarios could be eliminated from further
analysis using the same screening criteria as in Step 2.

ELA2 E- Estimate scenario releases. Releases from all processes and events
included in each scenario would be estimated.

- Form CCDF The probability and release estimates for all scenarios
would be combined into a CCDF of the form described in Section 2.3. This CCDF
would be compared to the two release limits imposed by EPA's standards.

Evaluating compliance with the NRC staffes proposed alternative standard would
be virtually identical, except for Step 6. With the staff's alternative,
Step 5 would be followed by a test for compliance with the requirement that
the release associated with each scenario be less than ten times EPA's table
of release limits. If that requirement were met, all likely scenarios (those
with probabilities ).01) would be combined into a CCDF to determine the
cumulative likelihood of releases larger than EPA's table.
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The example calculations presented here start with a "baseline example." This
is largely a reproduction of one of the analyses included in EPAs 'Backgriound
Inforzation Document" (BID) which provides the technical support for EPA's
standards.8 The baseline example uses single value estimates of the
probabilities and consequences of three potentially disruptive events to
illustrate construction of a CCDF and comparison of that CCDF with the release
limits of EPA's HM standards. A second example then shows how the
information from the baseline example would be used to evaluate compliance
with the alternative standards proposed by the NRC staff. Additional examples
consider variations from the baseline example and illustrate application of
the two standards to those variations. Finally, the single value estimates of
probabilities and releases are replaced by diutributed estimates to illustrate
how uncertainties might be incorporated into an evaluation of compliance.

EPA's BID presents analyses of the projected performance of bypothetical spent
fuel repositories in four geologic media: basalt, bedded salt, tuff and
granite. five disruptive events were considered: fault movement, breccia.
pipe formation (salt only), drilling (does not hit a canister), drilling (hits
a canister), and volcanic activity. For most events in most media, EPA
estimated probabilities much higher or much lower than would be of interest
for these example calculations. Only brecciation In salt and volcanic
activity in tuff were estimated to have probabilities in the range of interest
(10-7 to 10-l per year). Brecciation in salt either caused no releases or the
estimated releases were not reported by EPA. Therefore, EPA's hypothetical
tuff site was chosen for the example calculations presenteW below.

The following probability and release estimates for EPA's tuff repository were
inferred froL information in Tables 8.9.1 and 8.10.1 of EPA's BID..

Table 1. Estimates of probabilities of disruptive events and resulting
releases..

Probability Release over'10,000 years
13ent In MOM Veif RPAAt TAU)I

Fault 6.51-1 6.4E-3
hovement

Drilling (hits 2.65-2 8.61-2
Canister)

Volcanic 3.01-4 8.010
Activity

*"EBackground Information Document: Final Rule for High-Level and
Transuranic Radioactive Wastes", U.S. Environmental Protection Agency Report
Number EPA 520/1-85-023, August, 1985.

-
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Table 8.9.1 of ZPA's BID estimates the frequency of fault movement to be
SE-5/yr. Treating fault movement as a Poisson proceass, the probability of at
least ome occurrence of fault movement in 10.000 year would be
1 - exp-(8E-5)(10,000) = 0.55. The probabilities that drilling and volcanic
activity will occur within 10,000 years are simply 10.000 times the annual
estimates in EPA's BID.

Table 8.10.1 of EPA's BID lists EPA's estimates of the expected number of
fatal cancers over 10,000 years due to fault movement and drilling. It is
important to note that Table 6.10.1 gives expected value estimates which are
the product of the actual estimate of fatal cancers and the probability that
the disruptive event will occur. In Table 1, above, the release estimates are
based on actual fatal cancer estimates derived by dividing EPA'o expected
value estimates by the probabilities of Table 1.

Tables 8.9.1 and 8.10.1 of EPA's BID do not provide an estimate of the number
of fatal cancers that would result from volcanic activity. However,
Table 8.9.1 does estimate that the fraction of the repository inventory that
would be dispersed to the environment would be U4-4. At 1,000 years,,the
repository inventory is about 214 times EPA's table of release limits.
Assuming 4G-4 as the fraction released, the release would be B times Table 1.
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This example attempts to reproduce EPA's evaluation of the projected
performance of a spent fuel repository In unsaturated tuff.

I- Identify disruptive processes and events.

For this example, it is assumed that the only conceivable disruptive processes
and events are the five identified by EPA: fault movement, bracciation,
drilling (misses waste packages), drilling (hits waste package), and volcanic
activity.

*t~ -2- Screen processes and events.

Bracciation is eliminated from further consideration because of physical
impossibility in a tuff medium. Drilling (misses waste packages) is also
eliminated on the basis of EPA's estimate that no releases would occur.

Stua Form scenarios.

The eight scenarios for this example are illustrated in Figure 4.

Faulting Drill-hit Volcanism

.0003 P(SX) = 4.1E-6

.025 [ M97 P(S2) 1.4E-2

.976 1 .0003
.t .55 .

Yes .97

No .0003
4^ .45 r05M

.975 .0003[

.9997

Figure 4. Scenarios for Example 1.

GteR 4 - Screen scenarios.

.

P(Ss) = 1.6B-4

P(S4) = 5.4E-1

P(OS)'z 3.41-6

PCSe) = 1.1-2

POO7) = 1.31-4

P(Ea) = 4.4B-1

In this example, scenarios St and & would be eliminated from further
consideration because the estimated probabilities are below EPAs specified
cut-off of 11-4.
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Stepn - Estimate senario releases.

The release estimates for disruptive events are assumed to be those of
Table 1. If a scenario includes more than one event, the scenario release is
assumed to be the sum of the releases caused by the constituent events.

S - Form CCDF.

Table 2 illustrates how a CCDF is constructed by listing the scenarios in
order of decreasing size of releases, and by calculating the cumulative
probability that the release exceeds the value for each scenario.

Table 2. CCDI data for Example 1.

rkcAnar PmEbllt tflhAtiv Pzobb il

53 F,V*
ST V
52 F,D
Se D
64 F
Se Undisturbed

1.A-4
1.3E-4
1.4E-2
1.11-2
5.4B-1
4.5B-i

8.005**
8.000

.091

.086
.005

0

1.6E-4**
2.9B-4
1.429E-2
2.5291-2
6.6529E-1
1.0*

*Notation indicates Scenario 63 in which faulting and volcanism occur.
**Digits are not all significant, but are presented to illustrate
simations of releases and probabilities.
***Rounding ay cause a sum slightly-different from 1.0.

Plotting the third and fourth columns of Table 2 gives the curve of Figure 5.

P(R>RL) 1. 0

10-2

0I"

.01 0.1 1.0 10 100
Ri, Mhltiples of EPA's Table

Figure 5. CCI)? for Example 1, showing compliance with EPAs release limits.

Figure 5 is a reasonable approximation of the COM) presented by EPA in
figure 8.10.3 of EPA's BID.

f
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RZml ~2 - KRQ Rtidf f AlternAtive.

This example uses the same data as Example 1 to illustrate the similarities
and the differences between EPA's 1985 standards and the NRC staff's proposed
alternative.

Identify disruptive processes and events.

Same as Example 1.

RttR -8 Screen processes and events.

Same as Example 1.

Sta_-3 - Form scenarios.

The eight scenarios for this example are illustrated in Figure 6. The
scenarios are essentially the same as in Example 1, except that only a
bounding probability estimate of <.01 is provided for the unlikely volcanism
event. A probability of .01 over 10,000 years, or 10-6/yr, is often
considered to be at the lower range of probability values that can be
meaningfully quantified.

Faulting Drill-hit Volcanism

<.01

C1.0

C1.0 {
(.01

-C-i
Ally

P(S) = <1.-4-4

P(S2) = C1.41-2

P(S3) 5.4E-3

Pt).- c5.49-1

P(Ss) = <1.11-4

P(se) = a1.1B-2

P(SO) = c4.41-3

P(Se) =r4.49-1

Figure 6. Scenarios for Example 2.

EAst.A - Screen scenarios.

Because it is so difficult to meaningfully quantify probabilities in the range
of 1B-7 to 1E-8 per year, the NRC staff's proposed alternative suggested a
qualitative screening criterion (sufficiently credible to warrant
consideration) to determine which scenarios should be retained for further
analysis. Nevertheless, if a bounding value of -. 01 is assigned to unlikely
events as in Figure 6, It would be possible to use a numerical screening
criterion. Using EPA's suggested numerical value of 11-4, scenarios St and Se
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would be retained, oven though they were eliminated in Example 1. Thus, a
value of 1B-4 would make the NRC staff'a alternative somewhat more stringent
than EPA's current standards. 1E-3 is used in this example, eliminating
scenarios St and Se.

- Estimate scenario releases.

Same a Example 1.

612 6 - Test releases for compliance.

The NRC staff's alternative requires that the release from each scenario be
less then ten times EPA's table of release limits. In this example, all
scenarios meot this requirement.

StOR - Form CCDF for anticipated performance.

Table 3 illustrates construction of a OCDF only for those scenarios with
probabilities >.01, i.e., those scenarios likely to contribute significantly
to the CCDF in the region of P = 0.1.

Table 3. CCDF data for Example 2.

Praaro fahabilityr BA1AIa ~ fkmiixt4ve Pr'nbAb~llitv

S2 F,D 1.4-2 .091 1.4B-2
Se D l.11-2 .086 2.51-2
S4 . 5.4$-1 .005 5.651-1
Se Undisturbed 4.41-1 0 1.0

Plotting the data of Table 3 gives the curve of Figure 7.

P(R>Rs) 1.0

lO-l |Release Limit10-i

10-2

.01 0.1 1.0 10 100
Ri, Multiples of EPA's Table

Figure 7. CCDF for Example 2, showing compliance with the NRC staff's
alternative standard for anticipated performance.

Example 2 illustrates the Importance of the screening criterion for excluding
4 scenarios from further analysis. Use of bounding probability estimates (<.01)
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for unlikely events produces bounding estimates for scenario probabilities as
well. Because scenario probabilities are overestimated, highly unlikely
scenarios Day be retained In the analysis if IPA'a screening criterion of IE-4
is used. In this example, a criterion of 1E-3 retains the same scenarios that
were retained in Example 1.

* -
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ai1 3 - liWmAYn Tritrunjinv CIA lef4d AR"ltliA

The RC's HIM repository regulations 10 CFR Part 60, now classify
human-initiated disruptions as "nanticipated." An equivalent treatment under
the NC staff's proposed alternative would classify human intrusion as
"unlikely." This example illustrates the significance of such classification.

StaR I - Identify disruptive processes and events.

Same as Example 1.

SWa 2 - Screen processes and events.

Sae as Example 1.

stee a - Porm scenarios.

The eight scenarios for this example are illustrated In Figure 8. The
scenarios are essentially the sawe as in Example 1, except that bounding
probability estimates of C.01 are provided for both volcanism and drilling
(hits waste package).

Faulting Drill-hit Volcanism

<.l rP(Sl) c5.5BS-5

c.01 CP(S2) = c5.5B-3

U1.0 c.01 P(S3) = c5.5B-3
.55

Ues .a w.0 P(S4) C C5.5B-1

so C.01 P(Ss) - <4.51-5

.45 =.1 CP(Se) = c4.5S-3

C1.0 C P(S7) = (4.51-3

Ul.O P(Se) = w4.5E-1

Figure 8. Scenarios for Example 3.

ta-^ - Screen scenarios.

Scenarioa Sl and Ss are eliminated because the estimated probabilities are
much less than 11-3.

tjML 6- Estimate scenario releases.

Same as Example 1.

8Stei 6- Test releases for compliance.

~~~~~~._.. S . _... . .
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The IM staff - alternative r" ires that the release from each scenario .be
less than ten times EPA's table of release limits. In this example, all
scenarios met this requirement.

Site' 7 F-orm CCDF for anticipated perfornance.

Table 4 illustrates construction of a CCDF only for those scenarios with
probabilities >.1O i.e.. those scenarios likely to contribute significantly
to the CCDF in the region of P = 0.1. In this examplfr only two scenarios are
included in the -ODP.

Table 4. CCDF data for Example 3.

Ac"Pa rbalny ~axx Wnn,1AtiVe Pi-ObAb4 iitV

S4 F 6.41-1 .005 6.51-1
&J Undisturbed 4.48-1 0 1.0

Plotting the data of Table 4 gives the curve of Figure S.

P(R>R0) 1.0

Releas Limit
10-2

10-2

.01 0.1 1.0 10 100
Ri, Miultiples of EPA's Table

Figure 9. CCDF for Example 3. showing compliance with the NRC staff's
alternative standard for anticipated performance.-

Classification of human-initiated events as "unlikely' would remove human
intrusion scenarios from the CCDF of Figure 9. Instead, releases from human
intrusion scenarios would be compared scenario-by-scenario to a limit of ten
times EPA's table of release limits. The effect would be to allow a ten-fold
increase in releases from human intrusion scenarios.. It is important to note,
however, that the change in the allowable size of release does not result from
adoption of the NRC staff's alternative wording for the standards. Using
EPA's 1985 standards, the NRC could also specify a probability for human
Intrusion of cO.01. Doing so would have the same effect of allowing a
ten-fold increase in releases from human intrusion.



Page 16 of 30

4~m~ A -Hiu1.ohr Pie-Obab1ity sme; t~~Arb Lk~A for V~lY1~
RV1,A1 15f CoM2lJ&rce-Wilth RPA'M MAW1 RtandAY4pk.

In this example, the probability of volcanism and the estimated release are
increased by a factor of ten. The increases ar sufficient to caue a
marginal violation of EPA's 1985 standards, an illustrated in this example.

Identify disruptive processes and events.

Same as Example 1.

- Screen processes and events.

Same as Example 1.

S Form scenarios.

The eight scenarios for this example are illustrated in Figure 10. The
scenarios are the same as in Example I except that the probability estimate
for volcanic activity is increased by a factor of ten.

Faulting Drill-hit Volcanism

.003

.003

.-003

. f97

P(SO) = 4.11-5

P(S2) = 1.4I-2

P(s3) = 1.6E-3

P(S4) = 5.3R-1

P(S) = 3.4A-6

PMSe) = 1.1-2

P(S7) = 1.31-3

P(Se) = 4.4B-1

Figure 10. Scenarios for Example 4.

EtA 4- Screen scenarioa.

In this example, scenarios Si and Ss would be eliminated from further
consideration because the estimated probabilities are below EPA's specified
cut-off of 13-4.

E-Estimate scenario releases.

Same as Example I for fault movement and drilling (hits waste package). For
this example, the release from volcanism Is postulated to be ten times larger
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than in xample 1. Therefore, the release from scenario 63 is estimated to be
80.005 times EPA's table of release limits and the release from acenario St is
estimated to be 80.0 times PAs table.

S -tForiw CDF.

Table 5 illustrates construction of a CCDF for this example.

Table 5. CCDF data for Example 4.

Bannaria PbAbiIIty R~easam =ImA fisve Probsk=lf

63
67
S2

64
Se

1,WFV*
F,D
D
P
Undisturbed

1.6B-3
1.3B-3
1.41-2
1.13-2
5.4S-1
4.4B-I

80.005
80.000

'091
.086
.005

0

1.6I-S
2.9K-3
1.691-2
2.791-2
5.679E-1
1.0

Plotting the data of Table 4 gives the curve
violation of EPA's release limit.

PKRAL) 1.0

10-2

10-4

of Figure 11, illustrating a

.01 0.1 1.0 10 100
Ri., Multiples of EPA's Table

Figure 11. OCDF for Exmple 4, howing a violation of EPA's release limits.

(
1%
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It~~l 5 -F4Higba Probability Andw L.%rgr Raleame for Vote~n~
NRC gtaff's AlternAtive.

This example uses the nat probability and release estimates as Example 4 to
determine whether the NRC staff's proposed alternative will also identify a
violation.

p - Identify disruptive processes and events.

Same as Example 1.

- Screen processes and events.

Sam as Example 1.

Form scenarios.

The scenarios for this example are illustrated in Figure 12. The scenarios
are essentially the same as in Example 1. except that only a bounding
probability estimate of <.01 i provided for the unlikely volcanism event.

Faulting Drill-hit Volcanism

.01.

C1.01

<.01C1.0

<.01

CLZ I

P(SO) = .4E-4

P(62) -gul.41-2

P(Ss) = c5.41-3

P(S4) = =5.4E-1

P(Ss) = (1.11-4

P(Se) = =1.11-2

P(S7) C (4.41-3

P(Sa) = z4.41-1

Figure 12. Scenarios for Example 5.

Stop 4- Screen scenarios.

This example again illustrates the importance of the screening criterion for
excluding scenarios from further analysis. Using EPA's value of 11-4.
scenarios Si and SB would be retained, making the NRC staff's alternative
somewhat more stringent than EPA's current standards. For this example, a
criterion of 1E-3 is used, eliminating scenarios S and Ss. .
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- Estimate scenario releases.

Same as Example 4, where the release from volcaniam is postulated to be ten
times larger than in Example 1. The release from scenario 63 is estimated to
be 80.005 times EPA's table of release limits and the release from scenario Si
is estimated to be 80.0 times EPA's table.

- Test releases for compliance.

The URC staff's alternative requires that the release from each scenario be
leos than ten times EPA's table of release limits. In this example, scenarios
63 and 87t which Include volcanism, fail to met this requirement.

- Form CCDF for anticipated performance.

For this example, there is no need to develop a CCDF for anticipated
performance since individual scenario releases already indicate mon-compliance
with the NRC staff's proposals. If a CCDF were to be plotted for anticipated
performance, it would be identical to that for Example 2.

In this example, the requirement that no scenario cause a release greater than
ten times EPA's table is equivalent to EPA' OCDF formulation for identifying
the umacceptable release from volcanism. This example again shows that a
scenario screening criterion of 1B-4 would make the NRC staff ' proposed
alternative more stringent than EPA ' 1985 standards, although for this
example there would be no practical effect since the release limit is exceeded
even with a criterion of 1K-3.
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B-Additlemal [ew-Probab$Ity. Riu1b-Ra1Aa~ RAT -yn

Eyaliiit4nn of (Gmt1ipm, ult'h EPA"R KTM 9tandA=1t*

The potential for differences between EPA's 1985 standard and the NRC staff'
proposed alternative is greatest when more than one lw-probability,
high-release event ust be evaluated. Examples 6 and 7 provide a comparison.

1- Identify disruptive proceases and events.

A uixth event is added to the five events of Example 1 a very unlikely, but
very severe climate change capable of causing significant releases.

SU2- Screen processes and events.

Bkecciation and drilling (misses waste packages) are deleted. Fault movement,
drilling (hits waste package), volcanism and climate change are retained.

StR3- Form scenarios.

The sixteen scenarios for this example are illustrated in Figure 13.

Faulting Drill-hit Volcanism Climate

.0008 ,P(SM) = 3.3E-6

.0003 .9992 P(S) = 4.1E-6

.0997 .08 PtS3) = l.lE-5
.025

.92 'P(Si) = 1.4E-2

.OOOB PMSs) = 1.3E-7

90003 | 2 P(Se) = 1.6B-4
.55 t.0997 .0P(Sr) = 4.3B-4

YES .992 P(Ms) z 5.4S-1

N.iPM) = 2.7E-9

.0003 .9992 P(Slo)= 3.4E-6

.4.025 .9997 .0008 P(S.L)= S.01-6

.9992 P(612)= 1.11-2

.0008 P(Sis)= 1.11-7
.976

.0003 .9992 P(C64)= 1.3E-4

.9997 .P(Sz)= 3.51-4

.9992 IP(Sze)= 4.41-1

Figure 13. Scenarios for Example 6.
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SfU - Screen scenarios.

Scenarios Si, S2, S36 Se. S., Sio, Sit, and Sie would all be eliminated
because the estimated probabilities are loes than EPA's criterion of 1E-4.

ftp 5 - Estimate scenario releases.

Releases
the e
assumed.
table of

associated with fault movement and drilling (hits waste package) are
as in Rxumple 1. For volcanism, the higher release of Rxmple 4 is
The release postulated for severe climate change is 20 times EPA's

release limits.

fit=- Porm CCDF.'

Table 6 illustrates construction of a CCDF for this example.

Table 6. CCDF data for Example 6.

9frghAka bli1myiRAemise v.IAtVe ProbA114tv

Se
614
67
136
S4

Se
Ste

,V .
V
FC
C
F,D
D
F
Undisturbed

1.61-4
1.3B-4
4.31-4
3.5B-4
1.4E-2
1.1E-2
5.41-1
4.4A-1

80.005
80.0
20.005
20.0

.091
.086
.005

0

1.61-4
2.91-4
9.2E-4
1.07E-3

-1.507E-2
2.707E-2
5.6707E-1
1.0

Figure 14, illustrating aPlotting the data of Table 6 gives the curve of
violation of EPA's release limits.

P(RARL) 1.0

10-2

10-4

.01 I 0.1 1.0 10 100
I RL, Multiples of PA's Table

CCDF for Rxample 6. showing a violation of EPA's release limits.Figure 14.

It is important to emphasize that the releases from volcanism and from climate
change are =.t mzmmed wahen constructing a CCDF because it is not credible that
both events will occur. Instead, the probabilities are summed to determine
the cumulative probability that either event will occur.
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R1A~le 7 - AeddltiernAI tw-Prehabi14ty?. Hich-RA10&uge Rvent
NRC StAff.. AlternAtive.

This example uses the same data as Example 6 to deterzine whether the NRC
staff' proposed alternative will identify the marginal violation of EPA's
release limits illustrated in Figure 14.

- Identify disruptive processes and events.

Same as Example 6.

- Screen processes and events.

Same as Example 6.

StAR S - Form scenarios.

The sixteen scenarios for this example are illustrated in Figure 15.

Faulting Drill-bit Volcanism Climate

<.01 (P(S c 1.4B-6

c.Ol P(52) c 1.41-4

sl.O1 c.O P(Sa) c 1.4E-4
P.025

. 1.0 'Pt & ) a 1.48-2

c.O P(Us) < 54E-5

.55 U10 _P(Se) < 5.48-3
.55

t1.0o. ol P(OO) < 5.48-3

S s1.0 P(Se) a 5.41-1

- <.01 - P(S) c 1.11-6

c<.01 W1.0 . P(Sso)< 1.1-4

.45 .025 - 1.0 cOl P(513.)( 1.11-4

W1.0 P(Sia)= 1.11-2

- ol ,P(S3)< 4A4E-5
.976.

c.Ol W1.0 P(514)c 4A41-3

-1.0 'oX rP(SIs)c 4.41-3

r-1.0 P(Se)z 4.4E-1
Figure 15. Scenarios for Example 7.
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Eteip - Screen acenarios.

Scenarios Si, S&, S3, Ss, S., Sio, SEu. and Sts uould all be eliminated from
further consideration if the screening criterion were 11-3, but scenarios S2,
S3, So, and So uwould be retained if the screening criterion were 11-4. For
this example, a criterion of 11-3 is used.

SID 5 - Estimate scenario releases.

Same as Example. -S.

6218 A - Test releases for compliance.

The NRC staff's alternative requires that the release from each scenario be
less than ten times EPA's table. Scenarios So and Sit, which include
volcanism, have higher releases. Scenarios ST bnd is, uhich include severe
climate change, also fail to meet the criterion.

teR 7 - Form CCDF for anticipated performance.

Since Step 6 alreadr identified a violation, there is no need to construct a
CCDF for likely release. Houever, Table 7 illustrates how a CCDF uould be
constructed using those scenarios with probabilities ).01.

Table 7. CCDF data for Example 7. -

:e*nric Pmblt' RA1A = iPbIl

S4 F,D 1.4B-2 .091 1.41-2
S62 D 1.11-2 .086 2.5S-2
Se F 5.48-1 .005 5.658-1
SCo Undisturbed 4.41-1 0 . 1.0

Plotting the data of Table 7 gives the curve of Figure 16.

PKRAR) 1.0

Roloase Limit
10-2.

10-2

.01 0.1 1.0 10 100
Ri, kultiples of EPA's Table

Fleure Is. OCDF for Example 7.

- - lm�
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Ezample 7 again shows that the NRC staff's prOpOsed alternative is at least am
stringent as EPA's 1985 standards for evaluating the acceptability of
scenarios with releases exceeding ton times EPA' table of release limits. If
a scenario screening criterion of IE-4 were used, the NRC staff's alternative
would be somewhat more stringent than EPA's standard because more scenarios
would be retained in the analysis.

t
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lxam~ A - U~ntrtaiyitien In~ Ralemgas sr PirobAbility Rpttimate
Anluiitioim of (GomyIAn= with RPASn WM Stan~dtAR

Examples 1 - 7 used single-valued estimates of both probabilities and releases
associated with diurzptive scenarios. This example first illustrates how
uncertainty (or variability) in release estimates could be incorporated into
an analysis of compliance with EPAs HIM standards. Then. incorporation of
uncertainties In probability estimates is illustrated.

First, it should be noted that the single-valued estimates of previous
examples can be displayed in OCDF format. Figure 17 represents the
conditional OCDF for Scenario 53 of Example 1.

P(R>RijS3) 1.0

0.5

0 £

0.1 1.0 10 100
Rs. Multiples of IPAs Table

Figure 17. Conditional CCDF for Scenario S3 of Example 1..

The contribution of each conditional CCDF to
is then obtained by multiplying the vertical
probability. Figure 18 gives the result for

the total OCDF for a repository
axis of Figure 17 by the scenario
Scenario S3 of Example 1.

P(S3)P(R>Rs I S3) 1.6B-4

0.61-4

0
0.1 1.0 10

Rs, Multiples
100

of EPAs Table

Figure 16. Probability-weighted conditional CCDF for Scenario 63.

(
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The overall CCDF for a repository is constructed by aiming the probability-
weighted conditional CCDFs for all scenarios or, conceptually, by stacking
them one on top of another, as illustrated in Figure 19.

P(RRt) = 1.0
I PCSR)P(RALISN)

- 4

10-2

10-'

:F _S _ . So Do

62 - ST V,
,_ _ _ _.

do _ M _ _ _

ZPA Limit

-. dM W.)
683 FV

.01 0.1 1.0 10 100
Ri, Miltiples of EPAs Table

Figure 1s. Overall CCDF for Example 1 Constructed by GuBing
Probability-Weighted Conditional CCDPs.

When conditional CCDFe include estimates of uncertainties in releases, an
overall CCDF would be constructed in the same way as indicated in
Figures 17 - 19. The overall CCDF for Example 1 might appear as illustrated
in Figure 20.

M(ALs) - 1.0
I P(Si)P(R>RtS*)

10-2
mm _ am

_ m _

amWms MO wo

I A Unit I

VPA LIsit

4M __ v
10"-f

.01 0.1 1.0
RL. Wthtples

10 100
of EPA's Table

Figore 20. Overall CODP Including
Constructed by ,iming

Uncertainties in Releases for Example 1
Probability-Weighted Conditional CCDFa.
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Uncertainties in the estimated probabilitisa-of disruptive events can be
incorporated into an analysis by applying the tonte Carlo technique to the
scenario analysis. To illustrate. suppose that the probability estimates for
the events of Example 1 were the following:

Table S. Uncertainty estimates for
events of Example 1.

Eunt DbatrIb~tirn

the probabilities of the disruptive

UA ED

Fault
mbvement

Drilling (hits
waste package)

Uniform

Normal

5.51-1

2.51-2

4.0-1 to
7.0K-1

2.51-1 to
2.5S-3

Volcanic
Activity

Lognormal 3.0-4 3.01-2 to
3.01-6

*For normal and lognormal distributions, the range is from the 5th to the
95th percentiles.

A single probability value for each event would be randomly selected from
within the range for that event. The values obtained might be 4.71-1 for
fault movement, 3.31-2 for drilling, and 5E-3 for volcanism. These values
would then be used for a scenario analysis, as illustrated in Figure 21.

Faulting Drill-hit Volcanism

005

.995L

PCOO) = 7.81-5

P(62) - 1.51-2

005 P(S3) = 2.3K-3

P(64) = 4.5R-1

005

L.995

P(6s) - 8.7E-5

005Ho5
.995L

P(Se) = 1.7E-2

P(ST) - 2.61-3

P(Se) = S.11-1

Figure 21. Scenario analysis for randomly selected probability valuse.

(
Tb. scenario probabilities of Figure 21 would be combined with estimates of
releases to produce a CCDF of the type illustrated in Figure 19 or Figure 20.
Then, another set of probability values would be obtained by random sampling,
another scenario analysis would be performed, and the resulting scenario
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probabilities would be twed to construct a second OCDF. The process would be
conted to oduce a "family" of OCDFs of the type shown in Figure 22. Te
acceptability of a repository, for which several CCDFs exceed EPA'a release
limit would ueed to be determined in light of the significance of the
unquantifiable uncertainties not represented in the OCDFsq any conservatism In
the parameters incorporated into the CDFS, and any other information relevant
to a finding of "reasonable assurance" of cpliance with IPAs standards.

KAP(6,.) 1.0
I EPA )(R'RjSit

10-2

10-'

.01 0.1 1.0 10 100
RL, Hultiples of EPA's Table

Figure 22. "Family" of
of disruptive events.

CCDFs illustrating uncertainties in the probabilities
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Evaluation of compliance with the NBC staff's proposed alternative standards
wauld involve two tests. The release estimates for relatively likely
scenarios (those with probabilities .01) would be assembled into a CCDF using
the techniques iflustrated in Example 8. Such a OCDF might appear as
indicated in Figure 23.

P(R>RL) 1.0

10-a

.01 . 0.1 1.0 10 100
RL, Multiples of EPA's Table

OCDF for likely releases, including es'timatea of uncertainties in
releases.

Figure 23.

If information is available about uncertainties in the probabilities of
disruptive events, a 'family" of CCDFs could be produced as discussed in
Example 8.

The estimated release froi each unlikely scenario would be compared to a
consequence limit of ten times EPA's table of release limits. When
uncertainties in releases are estimated, a question arises regarding the
fraction of the release estimates that would be required to meet the release
criterion, as illustrated by the conditional CCDFs of Figure 24.

P(R)>RtiS ) 1.0

0.5

0.1 1.0 10 100
Ri, Multiples of EPA's Table

Uncertainties in estimated releases for two unlikely scenarios.Figure 24.

( Decisions about the acceptability of the releases illustrated in Figure 24
would need to consider the significance of unquantifiable uncertainties not
represented by the curves of Figure 24 as well as any other information
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relevant to a fitding of "reasonable assurance" of compliance with the
proposed alternative release limit. So generally applicable nmierical
confidence level would be specified for acceptance or rejection of curves such
as those of Figure 22.

4. SUMttARY

The example calculations presented here illustrate bow an applicant night
demonstrate compliance with the 1985 EPA standards and with the NRC staff's
proposed alternative. For these examples, the two standards are of identical
stringency when a scenario screening criterion of 1E-3 is used for the NRC
staff's alternative and when 1E-4 is usedtfor EPA's standards. If a screening
criterion of 1E-4 were used for both stanidards, the NRC staff's alternative
would be somewhat more stringent because it would apply to a broader range of
scenarios than would EPA's 1985 standards.

The reason for the increased stringency of the NRC staff's alternative when
using a screening criterion of 1E-4 is the use of bounding (c.O1) probability
estimates for unlikely processes and events. The bounding probability
estimates in these examples are more than ten times higher than the "true"
probability values. Therefore, use'of a screening criterion of 1E-4 tends to
retain scenarios in an analysis that would be eliminatedif more precise
probability estimates were available. Use of a screening criterion of 1E-3
tends to offset the conservatism imposed by the bounding probability
estimates.

It should be noted that differences in the two alternatives are probably more
theoretical than real. Probabilities in the range of 1E-3 to 1E-4 (over
10,000 years) are very difficult to project with any real accuracy.
Therefore, it will seldom be possible to produce probability estimates of the
precision suggested in these examples. Indeed, that is the reason for the NRC
staff's proposed alternative - to allow a meaningful regulatory examination
of unlikely disruptive scenarios while avoiding the difficulties involved in
trying to predict the probabilities of unlikely processes and events. If any

umerical screening criterion is to be specified by EPA, the regulatory
language should reflect the lack of precision expected for probability
estimates. A criterion to eliminate scenarios with probabilities "on the
order of 1E-3 or less" would be preferable to specification of an unqualified
number.
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