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Office of Environmental Management Comments on the U.S. Nuclear
Regulatory Commission's Preliminary Proposed Rule, "Site Specific Analyses
for Demonstrating Compliance with Subpart C Performance Objectives," to

Revise 10 CFR Part 61

The Office of Environmental Management (EM) at the United States (U.S.) Department of
Energy (DOE) appreciates the opportunity to provide information on the approach used by DOE
concerning management and disposal of low-level radioactive waste (LLW) at DOE facilities, as
well as our observations concerning the Nuclear Regulatory Commission (NRC) preliminary
proposed rule titled "Site-Specific Analyses for Demonstrating Compliance With Subpart C
Performance Objectives" (76 Fed. Reg. 24831, May 3, 2011) and the accompanying "Technical
Analysis Supporting Definition of Period of Performance for Low-Level Waste Disposal." The
NRC effort to revise Part 61 is an important step toward a more risk-informed approach and
provides a valuable opportunity to achieve a more consistent and comprehensive national
approach to LLW disposal. We welcome the chance to provide comments on the preliminary
proposed revision to Part 61.

In terms of bringing a risk-informed approach to LLW disposal, we agree that a thorough and
well-supported site-specific understanding of a disposal facility is key to assessing its safety. For
LLW disposal, a performance-based approach is especially appropriate. Although there are
benefits to a risk-informed approach, defining and implementing performance assessments over
extended periods poses some challenges, including the appropriate compliance period, the
associated compliance limits, and the corresponding assumptions and framework. Decisions on
these aspects require reconciling important and sometimes conflicting technical and policy
considerations including the range of potential waste streams, the type and degree of
uncertainties in long-term projections, ethical obligations to future generations, and the
interpretation and meaning of calculated results for the far future.

The NRC has identified and discussed these issues, and has provided preliminary resolution in
the preliminary proposed rule. We support many of the suggested changes, which can provide
clear guidance and greater consistency to regulation of LLW disposal. However, it may be
advisable to give further thought to those aspects of the recommended approach which would
significantly expand the scope and timeframe for performance assessment and compliance for
licensed LLW disposal facilities.

LLW disposal at DOE facilities is currently managed by DOE in a manner that is safe and
controlled. DOE LLW disposal facilities conduct mathematical modeling to demonstrate that
there is a reasonable expectation that the waste does not exceed performance objectives for 1,000
years following facility closure. DOE also requires estimation of the peak dose from waste
disposal. Those results are used to improve the design of the disposal facility and its cover when
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closed. In addition, DOE expects to maintain long term institutional controls. DOE regularly

updates its analyses to ensure that actual conditions are assessed. Therefore, if some aspect of

the disposal facility changes either due to design of the facility, the types of radionuclides to be

disposed, or unanticipated events, such as weather or climate, then these previously

unanticipated events will be incorporated in future analyses. The NRC may choose to consider

adopting a similar 2-tiered approach, consistent with the timeframes and other conditions
outlined above. Such an approach would satisfy the stated goals of the preliminary proposed
rule, provide consistency with past practice, be protective of health, safety and the environment,
and be reasonable to implement. This two-tiered approach would serve to harmonize the LLW

disposal requirements within the U.S.

EM is providing additional information to aid NRC in developing the proposed language and the

analyses for the revision of Part 61. Attachment I contains a description of DOE's disposal
requirements and provides the technical basis for those requirements. Attachment 2 provides

observations from EM on the preliminary proposed rule and the "Technical Analysis Supporting
Definition of Period of Performance for Low-Level Waste Disposal." We encourage NRC to

consider reassessing certain aspects of the preliminary proposed rule based on the factors
identified in these comments.



Attachment 1 - Description of Department of Energy LLW
Disposal Requirements and Technical Basis
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Background

DOE has been conducting Performance Assessments (PAs) concerning disposal of DOE's low-level
radioactive waste (LLW) in disposal facilities located on DOE sites for more than 25 years. Over this
period DOE has developed, and then continuously reviewed and updated the DOE requirements for
LLW disposal at these onsite facilities. In fact, the existing requirements are being reviewed at this time
to identify improvements and update the requirements, although the performance objectives and related
compliance period are expected to remain unchanged. In terms of a risk-informed approach, we agree
that a thorough and well-supported site-specific understanding of a disposal facility is key to assessing
its safety. A Performance Assessment (PA) for all waste streams to be disposed at a facility provides
such an understanding. DOE has developed guidance and standard practice over many years of
implementing DOE Order 435.1 and its accompanying Manual 435.1-1, in terms of the boundary
conditions and assumptions used in PAs. The DOE practice falls well within the range of current
approaches used for commercial facilities licensed by the NRC.

DOE selected a time period for compliance with a numerical dose standard for DOE's LLW disposal
facilities, considering the principles of intergenerational equity, uncertainties, and times of compliance
used for other requirements.

The compliance period for demonstrating a reasonable expectation for a DOE LLW disposal site to meet
the PA performance objectives of DOE Manual 435.1-1 was developed within the context of the overall
protection system implemented through DOE Order 435.1 and DOE Manual 435.1-1. In implementing
its radiation protection responsibilities for LLW, DOE opted for a defense-in-depth approach that
utilized geologic barriers, engineered barriers, numerous required passive and active institutional
controls, and prospective analysis to guide decision making.

DOE's Defense-in-Depth Approach

The multi-faceted DOE approach for assuring protection of the public health, safety, and the
environment at LLW disposal facilities utilizes:

* Site characteristics which provide geologic and hydrologic barriers to radionuclide transport
" Facility design
" Waste acceptance requirements tailored to each specific site
" A rigorous waste generator certification program
* Federal ownership of the site and necessary buffer zones until no unacceptable hazard is

presented by release of the site
* Barriers to intrusion
* Analyses projecting hypothetical performance of the facility PA and composite analyses (CA)
" Siting and design to minimize requirements for future maintenance
" A commitment to provide any future PA maintenance necessary

Attachment 1 - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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" Continued monitoring of facility performance
• Permanent maintenance of records

Although a performance assessment and the comparison of the results of that assessment to an
individual dose limit play an important role, they are part of a broader process that is based on a defense-
in-depth approach. PAs are not predictions of actual future circumstances. They are hypothetical
projections based on reasonably conservative assumptions and simplifications. The DOE protection
system for LLW uses reasonably conservative assumptions and parameters in the PA to provide a
reasonable expectation that the actual doses will not exceed the performance objectives for 1,000 years.
In the DOE system, the PA analysis time is also extended beyond the time at which the comparison to a
dose-based performance objective is made (1,000 years) to help evaluate the reasonableness of the
conceptual and mathematical models used. Such qualitative calculations also provide insights as to
which features and parameters are most important to performance. These insights play a crucial role in
defining waste acceptance criteria and facilitating design optimization.

Disposal Requirements Technical Basis

In development of the DOE requirements, a technical basis (DOE Guide 435.1-1 - Appendix A,
Technical Basis and Considerations for DOE Manual 435.1-1) was published describing the functions
evaluated, safety and hazards analyzed, and a complete description of each individual requirement and
how and why it was developed. This technical basis is available on the DOE directives web page at
https ://www.directives.doe. gov/directives/current-directives/435.1 -EGuide- 1 -ZappA/view.

Waste Acceptance Criteria

One requirement addresses the need for the establishment of waste acceptance criteria by receiving
treatment, storage, and disposal facilities and for ensuring that the requirements of the waste acceptance
criteria are met at the receiving facility. The waste acceptance criteria for disposal facilities is the
document in which limitations or other requirements are imposed as a result of the PA, linking the waste
to the long-term performance of the facility and ensuring the disposal performance objectives are met.
Specific hazards are identified in development of a disposal facility's waste acceptance criteria and
include high hazards to the workers and the environment in the short-term from acceptance of waste
containing unacceptable materials, and potential for impacts in the long-term to the disposal facility
performance.

There are several layers of protection of the environment and people near a disposal facility. These
layers of protection are afforded through specific analyses that are required of the waste and the
potential location for the facility. The first layer of protection relies on the analyses that must take place
prior to identifying the location for a new DOE disposal facility. While the majority of DOE disposal
facility requirements are performance-based, there is an important siting evaluation portion of the

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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analysis. The requirement in DOE Manual 453.-1 states, "Proposed locations for low-level waste

facilities shall be evaluated to identify relevant features that should be avoided or must be considered in

facility design and analyses." This requirement addresses the need to acquire meteorologic,

topographic, geotechnical, and other environmental and human activity data to support decisions about

the acceptability of a site for a LLW storage, treatment, and disposal facility, and to provide necessary

input to the design of the facility, and specifically to the PA of a disposal facility. This requirement

prohibits locating LLW facilities at sites with environmental characteristics and geotechnical

characteristics for which adequate protection cannot be provided through facility design (e.g., limiting
radionuclides accepted, engineered barriers). This requirement further provides that LLW facilities
"shall be sited to achieve long-term stability and to minimize, to the extent practical, the need for active

maintenance following final closure."

Performance Objectives for the Performance Assessment

The second layer of protections exists in the requirements to meet performance objectives. Those DOE
requirements for DOE disposal facilities mirror in most respects the requirements applicable to

commercial disposal facilities licensed by NRC or Agreement States. This paragraph provides a

summary level account, while the following paragraphs provide a more detailed description of why the

requirements were established. DOE LLW disposal facilities are required to meet the following:

(1) low-level waste disposal facilities shall be sited, designed, operated, maintained, and closed so that a

reasonable expectation exists that the performance objectives will be met,

(2) a site-specific PA shall be prepared for DOE LLW disposed, and include calculations for a 1,000

year period after closure of potential doses to representative future members of the public and potential

releases from the facility to provide a reasonable expectation that the performance objectives identified

are not exceeded as a result of operation and closure of the facility,

(3) each PA shall be maintained to evaluate changes that could affect the performance, design, and
operating bases for the facility and include the conduct of research, field studies, and monitoring needed

to address uncertainties or gaps in existing data,

(4) each PA shall be reviewed and revised when changes in waste forms or containers, radionuclide

inventories, facility design and operations, closure concepts, or the improved understanding of the

performance of the waste disposal facility in combination with the features of the site on which it is

located alter the conclusions or the conceptual model(s) of the existing performance assessment, and

(5) a Disposal Authorization Statement shall be obtained prior to construction of a new facility and shall
be issued based on a review of the facility's PA, PA maintenance, preliminary closure plan, and

preliminary monitoring plan. The Disposal Authorization Statement shall specify the limits and

conditions on construction, design, operations, and closure of the LLW facility based on these reviews.

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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The performance objectives in (1) above include the DOE radioactive waste management requirements
which address the need for establishing an applicable measure for the disposal of radon-emitting waste
at DOE sites. The standard addresses a factor associated with the disposal of quantities of waste that
emit radon and requirements in disposal facility design (cover design or depth of burial) necessary to
ensure adequate protection from this type of waste. This requirement partially addresses the need to
ensure that LLW disposal facilities are designed, constructed, operated, and closed in a manner that does
not impose an unacceptable dose to current or future members of the public. Consistent with the
practice in the National Emission Standards for Hazardous Air Pollutants, the dose from radon and
progeny is not included in the all-pathways limit.

Dose to Member of the Public

Dose to representative members of the public shall not exceed 25 mrem (0. 25 mSv) in a year total
effective dose equivalent from all exposure pathways, excluding the dose from radon and its progeny in
air. This requirement is consistent with established radiation protection practice that allocates a fraction
of the 100 mrem/yr public dose limit to a particular practice or activity. It is also consistent with the
regulatory practice of the NRC to require an all-pathways assessment, and thus is consistent with the
NRC LLW disposal facility licensing requirements at 10 CFR Part 61.

Dose to representative members of the public via the air pathway shall not exceed 10 mrem (0.10 mSv)
in a year total effective dose equivalent, excluding the dose from radon and its progeny. The wording
makes it clear that the dose limit is calculated from all pathways and to avoid the implication that there
is an allowance of 10 mrem/yr via the air pathway. This requirement also specifies that the dose
calculation is to be consistent with ICRP 26/30 methodology by specifying that the dose is the total
effective dose equivalent.

Release of radon shall be less than an average flux of 2O pCi/m2/s (0. 74Bq/m2/s) at the surface of the
disposal facility. Alternatively, a limit of 0. 5 pCi/l (0. 0185 Bq/l) of air may be applied at the boundary
of the facility. This requirement addresses the need for establishing an applicable measure for the
disposal of radon-emitting waste at DOE sites consistent with other promulgated rules addressing
management of radionuclides that lead to the generation of radon. The standard addresses a factor
associated with the disposal of quantities of waste that emit radon and requirements in disposal facility
design (cover design or depth of burial) necessary to ensure adequate protection from this type of waste.

The PA identified in (2) above is an analysis projected to provide a reasonable expectation of
demonstrating compliance with the performance objectives and establishing a time of compliance of
1000 years. The term "reasonable expectation" was intended to put the results of the PA in the proper
context because a PA constitutes a projection of future events, not a prediction. Therefore, compliance
with performance objectives in the future cannot be demonstrated in the present. Rather, the intent of
the PA is to provide a reasonable expectation, considering uncertainties in engineered and natural

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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systems over long time periods that the actual perforrniance of the disposal facility will not result in
exceeding the applicable performance objectives. This section specifies the many assumptions required
in all PAs.

Analysis for future inadvertent intruder based on reasonable activities

Analyses performed to demonstrate compliance with the performance objectives and to establish limits
on concentrations of radionuclides for disposal based on the performance measures for inadvertent
intruders are based on reasonable activities. The likelihood of inadvertent intruder scenarios may be
considered in interpreting the results of the analyses and establishing radionuclide concentrations, if
adequate justification is provided. This requirement addresses the need to ensure that PAs do not
become extreme in their analyses by trying to project what the activities and lifestyles of future
generations will be. To that end, the requirement is to assume that customs and practices of today
continue into the future. This provides a common basis across the complex for conducting analyses and
avoids speculation about the rate and nature of technological development. The requirement also
establishes the basis for the dose calculations to be made in the PA by identifying the critical group of
exposed individuals as the potential dose recipients.

Calculating Highest Projected Dose

The point of compliance shall correspond to the point of highest projected dose or concentration beyond
a 100 meter buffer zone surrounding the disposed waste. A larger or smaller buffer zone may be used if
adequate justification is provided. This requirement is based on the need to establish a point of
compliance for the purposes of performing prospective assessments of LLW disposal facilities. The use
of this point of compliance (at the point of highest projected dose or concentration beyond a 100 meter
buffer zone) introduces a measure of defense-in-depth to protection from LLW in a disposal facility,
because it is generally expected that there will be a greater distance to the point of public access due to
DOE's continued control of the land for at least 100 years after facility closure.

Analysis Includes Consideration of Reasonably Foreseeable Natural Processes

PAs shall address reasonably foreseeable natural processes that might disrupt barriers against release
and transport of radioactive materials. The requirement addresses the need to account for recognized
natural processes that will have an effect on the long-term performance of the disposal system.
Therefore, in a PA, a barrier cannot necessarily be modeled as if it continues to function over long
periods as it does at the time of construction. Instead, the modelers have to account for the possibility of
aggravation or degradation of the cover system, degradation of concrete, consolidation of waste
materials, etc. The use of reasonably foreseeable events is consistent with the concept of demonstrating
a reasonable expectation that the performance objectives will be met, as using any hypothetical extreme
events that may or may not occur would result in overly conservative results.

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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Analysis uses DOE-approved Dose Coefficients

PAs shall use DOE-approved dose coefficients (dose conversion factors) for internal and external
exposure of reference adults. The requirement addresses a need to provide consistency in the
application of health physics practices in the development of prospective assessments. By establishing a
standard for calculating doses, DOE avoids the potential of making management decisions on disposal
of waste based on consideration of different receptors at the different sites. In a PA, one is calculating a
postulated, dose to a hypothetical future person assumed to be engaged in a set of normal activities over a
period of years. Consequently, performing calculations for specific individuals is not reasonable.

Analysis Includes Base Case and Sensitivity/Uncertainty Analysis

The PA shall include a sensitivity/uncertainty analysis. In addition to calculations over the time of
compliance (1000 years), PAs also are to present calculations of the peak all-pathways dose relative to
each of the performance objectives. The results of these calculations are to be part of the sensitivity and
uncertainty analysis which would support a conclusion that the model is providing a reasonable
projection. These longer calculations address the need to ensure that there are no unexpected significant
increases shortly after the time of compliance and provide a mechanism for understanding the model
performance and the significance of modeling parameters. The calculation of maxima does present the
possibility that there may be results that exceed the performance objectives. The significance of these
results must be handled with caution and judgment. The further out in time that the peak all-pathways
dose occurs, the less significant is the relationship to the performance objective. The calculation of
maxima represents best management practice in the conduct of PAs. It provides additional information
about the behavior of the model of the site and the system being modeled that would not be available if
the calculations were truncated at the time of compliance. This additional information may be useful in
evaluating alternative designs and maintaining radionuclide releases as low as reasonably achievable
(ALARA).

Analysis Must Demonstrate ALARA

PAs shall include a demonstration that projected releases of radionuclides to the environment shall be
maintained as low as reasonably achievable (ALARA). Requiring projected releases from a disposal
facility to be as low as reasonably achievable is consistent with the concept that a PA is to be used as a
tool to aid in the development of facility design, waste acceptance criteria, and closure design.
Consistent with the reasonableness portion of ALARA, projected doses or releases well below the
performance objectives would require qualitative analyses to show that further reduction would not be
reasonable. The use of the ALARA concept in long-term assessments is a best management practice
that contributes defense-in-depth to the possible exposures from a disposal facility. Application of the
ALARA principle for managing current operational exposures has practical and measurable merit in that

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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real doses are being avoided or reduced. This concept is extended here by addressing projected releases
of materials well into the future which may result in doses.

Assessment on Impact to Water Resources and Inadvertent Intruder

For purposes of establishing limits on radionuclides that may be disposed of near-surface, the PA shall
include an assessment of impacts to water resources. This requirement addresses the need to ensure that
water resource protection is considered in the disposal of LLW and to establish inventory controls for
waste that can be disposed of in the near surface. This requirement addresses eventual degradation of
the disposal facility to the point where water resources around the disposal facility could be impacted,
leading to potential health effects in the future to the public or potential damage to the environment.
This requirement specifically addresses possible damage to the environment that might occur due to
impacts to the long-term performance of the disposal facility. Guidance developed for this requirement
describes a tiered structure for determining appropriate performance measures to include in this part of
the evaluation in the PA to be consistent with the site's groundwater protection program.

For purposes of establishing limits on the concentration of radionuclides that may be disposed of near-
surface, the PA shall include an assessment of impacts calculated for a hypothetical person assumed to
inadvertently intrude for a temporary period into the low-level waste disposal facility. For intruder
analyses, institutional controls shall be assumed to be effective in deterring intrusion for at least 100
years following closure. Requirements for intruder calculations address the need to establish
concentration limits for waste that can be disposed of in the near surface. This requirement addresses
the consequences of an inadvertent intruder onto a disposal facility in the future. While such a form of
intrusion is unlikely, the consequences of direct intrusion could have a significant effect on human
health. Geographic differences in building practices or well drilling practices (e.g., diameter) provide
real differences in the potential impacts of an intruder. The use of intruder performance measures
allows for these geographic differences to be considered. Since the intent of DOE is to control the use
of land where LLW is disposed until the land can be released, inadvertent intruder calculations provide
defense-in-depth by limiting the concentration of waste that can be disposed of in the near surface.

Performance Assessment Maintenance

Following development of all the protective features of a DOE PA, DOE recognized that once a PA was
developed, new information should be gathered after implementation to verify that the performance
objectives continue to be met (see (3) above). The requirement to maintain a PA addresses the need to
keep the analyses supporting the authorization basis for the facility up-to-date. The requirement
responds to issues associated with receiving waste streams with characteristics not considered in the
original PA and the advantages of updating an analysis based on a better understanding of the
performance of a disposal system component gained through te';ting and research. The requirement also

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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addresses potential changes in decisions about remediating other sources of radioactivity that may
contribute to the dose projected for the disposal facility.

An additional requirement under PA maintenance (see (4) above) recognizes the need for the field
organization to make routine determinations of the acceptability of the PA. The requirement facilitates
integration of documents important to safety (potential conditions that may occur in any one area
important to authorization basis may affect another area). This annual summary report is reviewed by
technical staff at Headquarters who provide a recommendation to management on the continued validity
of the existing PA.

A further benefit of PA maintenance is the recognition that at times it may be necessary to revise an
existing PA. By performing PA maintenance activities, it becomes clear when the existing assessment is
outdated due to a preponderance of new information triggering the update. A DOE updated PA includes
evaluating all aspects of the assumptions used in the current PA, recalculating all the doses identified in
the performance objective, above, and providing a new analysis of performance. These are typically
conducted every 5-10 years depending on the identification of significant new information or other
changes such as proposed new designs of disposal facility cells. The testing and research should be
designed to improve confidence in modeling results. Additionally, since disposal facilities may be
requested to accept certain waste streams that were not specifically considered in the original
performance assessment, supplemental analyses may be necessary to evaluate whether the waste can be
safely disposed. This requirement promotes performance-based management of the performance
assessment maintenance activity by not demanding a revision on a set timetable, but allowing a decision
to be made based on need.

Performance Assessment Oversight

Once the PA has been developed, it is required to be reviewed by a peer review group at the DOE site.
This site review often results in several rounds of questions and changes to improve the PA. Once a PA
is approved at the site level, the PA is sent to DOE Headquarters for review by the Low Level Waste
Facilities Federal Review Group (LFRG). The LFRG charters a team of experts from other DOE sites,
industry, and academia to conduct an in-depth review typically involving 6-8 weeks of paper review and
one week of on-site review. The LFRG review team identifies findings and the site must respond to the
findings prior to the team recommending approval by DOE Headquarters management. Findings can
result in significant changes required to the PA and in modifications to the maintenance plan.
Development of a PA is not an insignificant undertaking. The process to develop and approve a PA
requires several years.

Following approval of a site PA, waste acceptance criteria are developed based on the PA results. Once
all pieces of the disposal analyses are conducted, DOE issues a Disposal Authorization Statement which
is the DOE equivalent to an NRC license. This requirement addresses a programmatic management

Attachment 1 - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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need to ensure that prior to committing significant resources to the development and construction of a
disposal facility, there is a reasonable expectation the facility will accept the projected waste streams,
and provide protection of the future public and the environment. This requirement provides for a best
management practice by requiring an overall approval step (i.e., issuance of a Disposal Authorization
Statement) for operating a disposal facility. If an existing PA is revised, a new Disposal Authorization
Statement is required to be issued, specifying any new limits and conditions on construction, design,
operations, and closure of the LLW facility.

Attachment I - Description of Department of Energy LLW Disposal Requirements and Technical Basis
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"Technical Analysis Supporting Definition of Period of Performance for Low-Level Waste
Disposal" (Technical Analysis)

Note: Citations to pages, sections, and figures are to the Technical Analysis, unless otherwise noted.

NAS Report on Yucca Mountain
See Background section, p. 2, paragraph 1

The Technical Analysis references the National Academy of Sciences (NAS) report, noting that the
NAS "concluded that there was no scientific justification or basis for specifying a truncation of the
analyses at 10,000 years or at any other period of time for geologic disposal of high-level waste at
Yucca Mountain, NV. (NAS, 1995)"

" We note that the NAS report examined the specific case of geologic disposal of high-level waste
at Yucca Mountain. The conclusion was based on a number of site-specific factors, including an
assessment of the relevant processes and events and the associated uncertainties, which may be
different for a near-surface disposal facility.

" The NAS recommendation carried significant caveats. For example, the report states that
"although the time period of applicability has scientific elements, there are policy aspects that we
have not addressed" and also acknowledges that consistency with other policies for waste
disposal may be a relevant factor. The report also recognizes that considerations of
intergenerational equity can affect the time chosen for compliance, and that policy judgments
come to bear on this aspect as well. [NAS, pp. 56-57]

" It may be appropriate to consider the NAS conclusions regarding the time period used for
performance assessment in light of the other factors that establish its scope and approach.

It appears appropriate to consider the NAS conclusions in context, including whether those
conclusions are relevant to the near-surface disposal of LLW in light of the associated NAS
caveats.

In a 1990 report by the National Research Council, "Rethinking High-Level Radioactive Waste
Disposal" the Board on Radioactive Waste Management stated: "[A] scientifically sound
objective of geological modeling is learning, over time, how to achieve the long-term isolation of
radioactive waste. That is a profoundly different objective from predicting the detailed structure
and behavior of a site --- [I]t is the latter use to which models have been put. The Board believes
that this is scientifically unsound." Although this statement was made in the context of deep

Attachment 2 - Office of Environmental Management Observations on the Preliminary Proposed Rule for
Revision of Part 61 and the "Technical Analysis Supporting Definition of Period of Performance for Low-Level
Waste Disposal"
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geologic disposal, it may be appropriate to consider its relevance of the National Research

Council observations to LLW disposal and associated performance assessments.

ACNW Recommendations
See Background section: pp. 2-3

The Technical Analysis mentions ACNW recommendations regarding LLW PA capability, which

support a two-tiered approach to period of performance.

" The ACNW recommended that the first tier should focus on the "behavior of the more mobile
radionuclides for some specified period of performance."

" The ACNW recommended that the second tier should evaluate the "robustness of the disposal

facility (and site) in light of the presence of less mobile radionuclides" and would be used

'qualitatively to better understand when the peak dose might occur as well as its timing in

relation to the period of performance." The ACNW cautioned that performance objectives for

the first tier should not be applied to the second tier, and should not become a defacto

regulation.

" The ACNW found that a sufficient technical basis had not been provided for the time period

(10,000 years) proposed by the staff of the NRC performance assessment working group.

" The ACNW suggested that the initial period of performance should be based on an estimate of

the time for mobile radionuclides to reach the nearest critical group, but also should not be
longer than the time for which convincing extrapolations can be made for key performance

features.

* It may be appropriate to consider the substance and approach of the ACNW recommendations in

the formulation of the revised rule.

Consideration of Intergenerational Equity
See pp 9-10, 19-20

The National Academy of Public Administration (NAPA) addressed the issue of equity and fairness to

future generations after a four year study in the 1997 document Deciding for the Future. Balancing

Risks, Costs, and Benefits Fairly Across the Generations. The principles developed by NAPA suggest

that when looking far into the future, the major concern should be to avoid the possibility of catastrophic

consequences. Current disposal standards specify dose limits, which are equivalent to a few medical

x-rays, to people in the vicinity (or to a single reasonably maximally exposed individual). This cannot

be considered catastrophic even on an individual level, to say nothing of a regional or national level.

Attachment 2 - Office of Environmental Management Observations on the Preliminary Proposed Rule for
Revision of Part 61 and the "Technical Analysis Supporting Definition of Period of Performance for Low-Level
Waste Disposal"
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The principles suggest that it would not be ethically appropriate, to forego an activity which will provide
many benefits to the current generation - and to the future generations as well - to avoid the possibility
of such consequences hundreds of years in the future.

The NAPA report also articulates a Chain of Obligation Principle. Under the Chain of Obligation
Principle the Panel states that consideration of future generations does not entitle anyone to impose an
injustice on the present generation. For implementing this principle, the Panel articulated a concept it
called the "rolling present" wherein the current generation is not responsible to solve all the problems or
eliminate all the risks for future generations but should provide the next succeeding generation the skills,
resources, and opportunities to cope with any problems the current generation bequeaths. Likewise the
next generation is obliged to do the same for the successive generations.

The report notes that during the preparatory work and the panel's deliberations, the "near future" was
considered to be on the order of 2 to 4 generations in the future, while the language "distant future" was
thought of as referring to 500 to 1,000 years in the future. It states that catastrophic risk should be
defined incorporating notions such as increased risk levels, irreversibility, the scale of human activity,
and the planetary impact of the project.

Application of the above principles to LLW disposal suggest that in determining what might be an
"undue burden" on future generations, it may be appropriate to include consideration of the following:

* The benefits to future generations from the activities generating the waste

" The relative risks

* The potential benefits from applying resources elsewhere.

For example, activities that generate radioactive waste benefit future generations, in the form of resource
conservation, pollution prevention, and medical and technological applications.

Consideration of Uncertainty
See Context for Period of Performance, p. 4

To be able to balance risks, costs, and benefits to future generations it is necessary to gain an
understanding of the risks. A major difficulty in assessing risks and benefits over long time periods is
identifying the appropriate metrics or measures to use.

The Technical Analysis notes that "Uncertainties associated with the performance of natural and
engineered systems may increase, and uncertainties associated with human behavior definitely increase,
over extended periods of time. Uncertainty, in this context, can render the result of the calculations
meaningless as input to regulatory decision-making." This is particularly true with regard to the use of
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radiological dose as a metric, as it involves synergistic uncertainties regarding fate and transport
modeling and the irreducible uncertainties in future lifestyles. Indeed, the ICRP (Publication 81) has
warned that dose or risk in the long-term - i.e., beyond a few hundred years -- should not be interpreted
as direct measures of health detriment.

The proposed time frame for applying a dose constraint appears to entail greater uncertainties, compared
to shorter time frames, without assurance that it will capture either releases or disruptive events that are
more significant than a shorter time period would provide.

" The Technical Analysis notes that the activity of a concentrated depleted uranium waste stream
would remain relatively constant, initially, begin to increase at around 1,000 years, and reach
peak activity over one million years after disposal. [p. 4]

" However, as shown in Figures 1 and 2, the rate of increase in activity is still low until
approximately 100,000 years. Thus, the extension of the period of performance beyond 1,000
years captures a relatively small increase in activity.

* In contrast, moving beyond a few thousand years may increase uncertainty. As shown in
Figure 4, the time period at tens of thousands of years after disposal represents the peak of
uncertainty for engineered systems at the same time as there is also a large increase in
uncertainty regarding natural systems. Such uncertainties are further magnified by the complex
potential interactions of these two components.

* The proposed period of performance appears to reflect a concern with glacial cycles and
associated uncertainties. The Technical Analysis states that, "there is considerable uncertainty in
the estimates, [but] the duration of interglacial periods over the last few hundred thousand years
have been on the order of ten to twenty five thousand years." The conclusion explains: "Though
the exact transition time is not known and is subject to considerable uncertainty, 20,000 years is
more likely than 10,000 years to include the transition." [pp. 25-26] It may be appropriate to
consider whether the performance period chosen ultimately provides assurance of including the
effects of a glacial transition, given the associated uncertainties. In this regard, the references to
the Technical Analysis, describe the period of interglaciation as the period of transition time
prior to the beginning of a warmer or colder period. The proposed 20,000 year performance
period may not envelope an interglaciation period and may provide no information towards
transition of ice masses or radiation effects to future generations. In addition, it is not known
whether we are in the interglacial period or if the planet will continue to become significantly
warmer prior to reaching the warmest point.
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" There may be a further question as to the relevance of considering such an event. As NRC
observes elsewhere in the Technical Analysis, "the impacts to society (e.g. risks) from the
natural processes associated with ice ages would be severe. The release of radioactivity from
waste disposal facilities would likely not have high priority if the basic necessities such as food
and shelter are not being met." [p. 16]

" The accumulation of uncertainties may undermine the confidence that can be placed in a
quantitative assessment of performance. As NRC explains regarding the CAP approach: "... the
staff would recommend a shorter compliance period so that processes such as natural cycling of
climate would be evaluated in the semi-quantitative period, which, considering the uncertainty is
more appropriate." [p. 28]

" In light of the above considerations, it may be appropriate to consider a more limited time period
for quantitative results of performance assessments, and a correspondingly limited compliance
period. Important insights can be gained regarding LLW disposal performance - and reasonable
measures that can be taken to improve design and performance - by examining the results of
performance assessment qualitatively over longer periods.

Consideration of precedent
See Options Considered, pp. 10-19

The NRC indicated that it has based its proposed period of performance on regulatory precedent.
However, it appears as though too little weight may have been given to the most relevant precedent:
current practice for LLW disposal facilities.

It seems appropriate to give less weight to precedent that pertains to situations and wastes which
are different than the LLW covered by 10 CFR Part 61.

We suggest that additional consideration and weight be given to the existing LLW framework
and compliance period, as well as the current practice implementing that framework. Under
current practice, peak dose is used to qualitatively analyze planned facility design and provide
information to improve human intruder barriers and closure cap design. Because quantitatively
calculating peak dose over an extended time period may introduce additional uncertainty, an
approach which would use a quantitative calculation of peak dose as a compliance dose seems
less appropriate than the current approach. Although we recognize that the selection of a period
of performance is in large measure a policy decision, we believe that the policy should be well-
founded and consistent across the national LLW program.
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The discussion in the Technical Analysis of the Uncertainty Informed Approach, or CAP, captures

fundamental objectives that merit serious consideration no matter the approach ultimately chosen-in

particular, the objective "to balance the need to consider risks to future generations, even over long

periods of time, with the uncertainties that can impact the risk calculations." [p. 15] Recommendations

from, for example, the ACNW to focus quantitative calculations on more mobile radionuclides may

provide useful guidance. A reconsideration of regulatory precedents might give greater weight to

situations that are more analogous to the LLW subject to 10 CFR Part 61 and especially to existing,

tested practices for LLW disposal that are both reasonable and protective.

An approach which is more fully risk- and uncertainty-informed can be protective while better achieving

the stated goals and providing greater consistency with regulatory precedents and accepted practice for

LLW disposal.

Preliminary Proposed Rule Language

Note: Citations are to sections in the preliminary proposed rule.

It may be appropriate to clarify the applicability of the performance assessment

requirements.

o Although we understand that consideration is being given to applying the PA provision (for

long-term analysis) to long-lived radionuclides only, the language of the preliminary

proposed rule does not seem to be clear in this regard. For example, certain parts of the

preliminary proposed rule do not seem to be consistent with proposed §61.13(e)(2), long-

lived waste.

" It may be appropriate to include the expectations for the scope of performance assessment

in the rule.

o The associated assumptions and framework shape the conduct of performance assessment

as much as the period of performance. The proposed rule language appears to set

performance assessment requirements without boundaries, which can lead to the need to

examine scenarios, regardless of their probability or plausibility. While details can be

elaborated in guidance, it may be beneficial to state the fundamental approach and

boundaries of performance assessment in the rule language.

o There are numerous examples where qualifying language would be useful. Both the

definition (§61.2) and concept (§61.7(b)) for performance assessment should reflect that
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consideration is limited, for example, to "reasonably foreseeable and significant" features,
events and processes (FEPs) rather than to "all significant" FEPs.

o Other instances where similar qualifiers may be useful are §61.7(c)(7) and §61.13(a).

It may be appropriate to clarify the discussion on site stability.

o Section 61.7(c)(2) discusses "low-activity waste," "higher activity waste," "lower activity
waste," "unstable waste" and Classes A, B and C waste. It is not clear how these various
terms relate to one another.

o The section also states that, "Limiting the access of water to the waste.., reduces the
potential of inadvertent intruders to be exposed to the waste." While this statement is
sometimes true, the NRC may choose to elaborate on this statement and explain that
exceptional isolation and containment of nuclides may lead to higher releases to intruders
at longer time frames. Furthermore, while the absence of water resources may be
considered a factor that reduces the probability of inadvertent intrusion into waste due to
exploration for other resources, this becomes irrelevant if the rule (as currently proposed)
requires that intruder assessment "must assume that an inadvertent intruder occupies the
disposal site." [See §61.7(c)(2); emphasis added.]

" It may be appropriate to consider whether the preliminary proposed requirements for
intruder assessment are redundant and unnecessarily burdensome.

o The preliminary proposed requirements state that a comprehensive assessment must
comply with specific dose limits, and also that:

" The barriers must accomplish specific safety functions "over the duration of the
compliance period." [§61.7(c)(7)]

" The analysis assumes occupation by an intruder and analyzes, without limit,
"activities that unknowingly expose the intruder to radiation." [ibid.]

" "Adequate barriers to human intrusion will be provided ..... " [§61.13(b)]

" "Design, operation, and closure of the land disposal facility must ensure
protection of any inadvertent intruder ..... " [§61.42(a)]

o It may be appropriate to place reasonable limits on the scope of intruder assessments, and
eliminate unnecessary redundancy.
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The preliminary proposed regulations would require that analyses clearly distinguish the

roles of natural and engineered components of the disposal system. It may be appropriate

to clarify the purpose of this requirement in the context of a comprehensive and integrated

safety assessment.

o For example, preliminary proposed §61.13(a) states that "the analyses must clearly identify

and differentiate between the roles performed by the natural disposal site characteristics
and design features in isolating and segregating the waste."

o Natural and engineered disposal system components, however, do not necessarily act in

isolation from one another, and the interactions between the two are often important in
preserving safety functions and substantiating safe performance of a disposal facility.

o If such a requirement is to be retained, it may be appropriate to clarify the purpose and

extent of the differentiation, and to explain the value added beyond compliance with site

suitability requirements, which are addressed elsewhere in the preliminary proposed

regulation.
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