April 9, 2009

The Honorable Edward J. Markey

Chairman, Subcommittee on Energy
and Environment

Committee on Energy and Commerce

United States House of Representatives

Washington, D.C. 20515

Dear Mr. Chairman:

On behalf of the U.S. Nuclear Regulatory Commission (NRC), | am responding to your
letter of March 19, 2009, in which you expressed concerns about the safe and secure disposal
of depleted uranium (DU) and the impacts of a recent NRC decision about the disposal of DU.
This letter also responds to the related question on DU disposal contained in your March 10,
20009 letter. After careful and lengthy deliberations on the technical, regulatory, and statutory
aspects of the disposal of large quantities of DU, the Commission concluded that the most
prudent course of action was to require a site-specific analysis prior to disposal to ensure
continued protection of public health and safety and the environment.

DU’s classification as Class A low level waste (LLW) has existed since 1981, and the
waste classification system contained in 10 CFR Part 61 was statutorily recognized in the LLW
Policy Amendments Act of 1985. As discussed in more detail in the enclosure, the technical
analysis that was done to support the staff's recommendation to the Commission was not
intended nor constructed to support a change to the waste classification structure. In summary,
the Commission believes that, in the absence of comprehensive technical and legal analyses,
changing the waste classification of DU would be premature, could have significant and
unforeseeable consequences, and would not provide for more protection of public health and
safety and the environment.

The Commission determined that for waste streams consisting of significant amounts of
DU, there may be a need to place additional restrictions on the disposal of the DU or deny such
disposal based on unique site characteristics, and that those restrictions should be determined
by a site-specific analysis. Therefore, the NRC will proceed with rulemaking to specify a
requirement for a site-specific analysis for the disposal of large quantities of DU and the
technical requirements for such an analysis. Recognizing the complexity of this issue, the NRC
plans to conduct a public workshop inviting stakeholders, including Federal agencies, States,
and licensees, to discuss the issues associated with the disposal of DU, the rulemaking, and the
technical requirements necessary to perform the site analysis so that informed decisions can be
made until the rulemaking is final. Based on current information, it is highly unlikely that any
disposals of large quantities of DU will occur before early 2011, by which time the technical
basis for this rule will have been competed and the rulemaking process will be well underway.
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In addition to these immediate actions, the NRC will, as a longer-term action, budget for
a comprehensive revision to risk-inform the 10 CFR Part 61 waste classification framework
using updated assumptions and referencing the latest International Committee on Radiation
Protection methodology to address explicitly the waste classification for DU. The NRC will also
consider the need to propose, if any, changes to the Low-Level Radioactive Waste Policy
Amendments Act of 1985 as part of this comprehensive revision.

Detailed responses to the questions contained in your letter are provided in the
enclosure, and the copies of all records relating to this issue as requested in your letter will be
provided under separate cover. The enclosure also provides the response to Question 5
concerning DU, which was contained in your March 10, 2009 letter.

The NRC staff is available to provide a briefing for your staff if you desire. If you have
additional questions on this matter, please contact me.

Sincerely,

/RA/
Dale E. Klein

Enclosure:
Response to Information Request

cc: Representative Bart Gordon
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NRC Response to March 19, 2009 Information Request

Question 1:

The Draft Environmental Impact Statement (DEIS) for 10 CFR Part 61 proposed
that only depleted uranium below the concentration of 0.05 pCi/cm? could be
considered Class A. Why should depleted uranium at ten times this concentration
be treated as Class A waste?

Answer 1:

The risk from DU is site-dependent and can vary widely depending on specific disposal
conditions. The concentration limit developed in the DEIS for 10 CFR Part 61 was based
conservatively on potential disposal at a “reference” humid, eastern low-level waste disposal
site. Therefore, the methodology used in the DEIS created a uranium concentration limit that
could be overly restrictive for sites not represented by the “reference” disposal site. In the Final
Environmental Impact Statement (FEIS) which supported the concentration limits utilized in 10
CFR Part 61, there were no concentration limits established for DU. Consequently, there was
no regulatory determination regarding the validity of the values for DU in the DEIS. While this
does not have a big impact on most radionuclides, it has a very large impact for radionuclides
such as uranium, because the dominant exposure pathways are water-related or from inhalation
of radon. Water-related pathways are strongly impacted by site-specific conditions (infiltration
rates, distribution coefficients, solubility limits, and groundwater flow rates), and the risk from
radon is also very site-specific due to the transport characteristics of radon in the subsurface.
NRC staff analysis concluded that near surface disposal of large quantities of DU may be
appropriate at certain sites.

Question 2:

What disposal procedures have been required for depleted uranium? Are these
different in any way from the disposal procedures commonly required for Class A
waste? Are these procedures similar in any way to the disposal procedures
commonly required for Class C waste?

Answer 2:
Prior to reaching our recent decision, NRC communicated with State regulators that oversee
existing or proposed low-level waste disposal facilities (i.e., the States of South Carolina, Texas,

Utah, and Washington) on their approaches to the disposal of depleted uranium. In general,
State regulators agreed with the need to handle large quantities of DU as a unique waste

Enclosure
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stream, regardless of its current waste classification, and agreed that additional analysis should
be conducted prior to its disposal. The Utah Division of Radiation Control indicated that
EnergySolutions has completed site-specific performance modeling for disposal of natural
uranium at its Clive, Utah site and compared the risk from natural uranium to the risk associated
with DU. Similarly, the Texas Commission on Environmental Quality (TCEQ) requires its
licensees and applicants to perform additional analysis prior to disposal of large quantities of
DU. According to the TCEQ Response to Public Comments on a license application for a low-
level waste disposal facility, the TCEQ Executive Director recommends a prohibition on the
receipt and disposal of large quantities of DU at the proposed disposal facility, in excess of 10
nanocuries per gram (10 nCi/g), absent an application for amendment to the draft license that
provides more specific information and performance analysis related to DU. The State of
Washington Department of Health has completed a performance assessment for the U.S.
Ecology low-level waste disposal facility related to site closure that does not currently include
large quantities of DU; however, this analysis could be modified to include the impacts from DU
disposal. The State of South Carolina indicated that the only specific requirement related to the
disposal of DU at the Barnwell low-level waste disposal facility is that it be rendered non-
pyrophoric. Although each of the affected states has a state-approved methodology for disposal
of wastes, including DU, there is no uniform analysis methodology across the various states.
The Commission’s recent decision to proceed with rulemaking to require a site-specific analysis
prior to disposal of large quantities of DU will allow more alignment across the disposal sites by
specifying the technical parameters (e.g., an intruder analysis) that must be evaluated in a site-
specific assessment. In coordination with the final rule, the NRC will also publish regulatory
guidance on implementation of the analytical methodology to help ensure more uniformity in the
implementation of the rule requirements.

The procedures noted above are different than disposal procedures commonly required for
Class A waste because they rely on site-specific analysis to ensure the safe disposal of large
guantities of DU. These procedures may or may not result in disposing of DU at a specific site
at greater depths than normally allowed for class A waste, but there is no established minimum
depth for the disposal of DU at all sites. These procedures, however, are not similar to the
disposal requirements for Class C waste as set forth in 10 CFR 61.52 (a)(2), and generally
described as a minimum disposal depth of 5 meters or protection against inadvertent intrusion
for a minimum of 500 years.

Question 3:

Could uranium tailings be considered Class A under the actions taken by the
Commission?

Answer 3:

No. Uranium mill tailings are “byproduct material” as specified in Section 11e. (2) of the Atomic
Energy Act and are specifically regulated under the Uranium Mill Tailings Radiation Control Act
of 1978 (UMTRCA). Uranium mill tailings are not low-level waste and, therefore, would not be

considered Class A waste under the actions taken by the Commission.



Question 4:

Could any other materials be classified as Class A under the action taken by the
Commission?

Answer 4.

The Commission action did not change the existing definition of Class A waste as applied to DU
or any other material. Under the referenced action, the NRC plans to 1) proceed with
rulemaking to specify a requirement for a site-specific analysis for the disposal of large
quantities of DU or other unigue waste streams (as currently envisioned, unique waste streams
could include those that may result from spent fuel reprocessing, or other types of waste
streams that could emerge in the future from new kinds of facilities that generate significantly
different concentrations and quantities of waste not previously considered in the Part 61 FEIS)
and to specify the technical requirements for such an analysis, and 2) to develop a guidance
document that outlines the parameters and assumptions to be used in conducting such site-
specific analysis. These actions will not impact waste classifications currently applied to
materials. However, the NRC also plans to perform a comprehensive revision to risk-inform the
10 CFR Part 61 waste classification framework. After this revision is performed, there may be
some potential that other materials could be classified as Class A. At this point, it would be
speculative for the NRC to express an opinion on the results of this comprehensive revision to
the waste classification framework.

NRC Response to Question 5in the March 10, 2009 Information Request

It is my understanding that EnergySolutions also seeks to dispose of depleted
uranium at the Clive facility. | further understand that the Utah state license under
which EnergySolutions operates specifies that the facility shall not be allowed to
dispose of any radioactive waste greater than Class A, as defined in 10 CFR 61.55.
Does depleted uranium pose health or safety risks different in any way from
wastes commonly classified as Class A? Over time, would depleted uranium pose
health or safety risks different in any way from wastes commonly classified as
Class A?

Answer 5:

As discussed by the staff in “Response to Commission Order CLI-05-20 Regarding Depleted
Uranium” (attached), dated October 7, 2008, depleted uranium (DU) is a unique waste stream
with potential health and safety risks that are very site-specific. The dominant exposure
pathways are water-related or from radon. Water-related pathways are strongly impacted by
site-specific conditions (infiltration rates, distribution coefficients, solubility limits, and
groundwater flow rates). Similarly, the risk from radon is very site-specific due to the highly-
nonlinear transport characteristics of radon in the subsurface (primarily as a function of moisture
content). Most other radionuclides do not experience such a strong dependence on site
conditions. During development of the attached document, the NRC staff performed a technical



-4 -

analysis to evaluate the impacts of near-surface disposal of large quantities of DU and to
determine if amendments to NRC regulations are necessary to ensure that large quantities of
DU are disposed of in a manner that meets the NRC’s performance objectives. The technical
analysis concluded that near-surface disposal may be appropriate for large quantities of DU
under certain conditions and that small quantities (approximately 1 — 10 metric tons) of DU
could be disposed of at shallow depths. Over time, radioactive decay of DU results in
increasing hazard with time until after 1 million years, as a result of increasing concentrations
(and higher mobility) of decay products. However, the technical analysis evaluated disposal of
DU at these long performance periods and determined that the degree of impacts from DU
disposal are strongly site-specific and that these impacts can be managed to meet the NRC's
performance objectives.

To address concerns associated with disposal of DU, the Commission directed the staff to
proceed with rulemaking in 10 CFR Part 61 to specify a requirement for a site-specific analysis
for the disposal of large quantities of DU and the technical requirements for such an analysis.
The Commission determined that, for waste streams consisting of significant amounts of DU,
there may be a need to place additional restrictions on the disposal of the DU at a specific site
or deny such disposal based on unigue site characteristics, and that those restrictions should be
determined by a site-specific analysis. The Commission believes it is more appropriate to use
updated, risk-informed analytical techniques accounting for the site-specific behavior of uranium
to determine the risks from large quantities of DU rather than rely solely on a waste
classification system developed several decades ago that was based conservatively on
potential disposal at a “reference” humid, eastern low-level waste disposal site; did not consider
large quantities of DU; and did not consider the in-growth of radon, all of which are best
evaluated on a site-specific basis.

The Commission recognized in the recent direction to staff that in the longer term, the waste
classification for DU should be explicitly addressed; however, it should be addressed using
updated assumptions and referencing the latest methodologies from the International
Committee on Radiation Protection, thereby ensuring that future actions revising waste
classifications would be risk-informed. The Commission recognizes the complexity of this issue
and has directed the staff to promptly conduct a public workshop inviting all stakeholders,
including Federal agencies, States, and licensees. The workshop will discuss the issues
associated with the disposal of DU, the potential issues to be considered in rulemaking, and
technical parameters of concern in the analysis so that informed decisions can be made in the
interim period until the rulemaking is final. The Commission recognizes the timely nature of this
issue given the U.S. Department of Energy’s plans for DU disposal, as well as the commercial
uranium enrichment facilities recently licensed or submitting license applications, and is first and
foremost committed to ensuring DU will be disposed of in a manner that protects public health
and safety. Safe disposal (rather than storage) of all low-level waste, including DU, is the
preferred option because it is a permanent solution.



RULEMAKING ISSUE
(NOTATION VOTE)

October 7, 2008 SECY-08-0147
FOR: The Commissioners
FROM: R. W. Borchardt

Executive Director for Operations

SUBJECT: RESPONSE TO COMMISSION ORDER CLI-05-20 REGARDING
DEPLETED URANIUM

PURPOSE:

The purpose of this paper is to respond to the Commission direction provided in Order
CLI-05-20 (In the Matter of Louisiana Energy Services [LES], October 19, 2005). In this Order,
the Commission directed staff, “outside of the LES adjudication, to consider whether the
quantities of depleted uranium (DU) at issue in the waste stream from uranium enrichment
facilities warrant amending section 61.55(a)(6) or the section 61.55(a) waste classification
tables.” This paper presents four possible regulatory approaches in response to this direction
and requests approval of the recommended approach selected in this paper. This paper does
not address any new commitments.

SUMMARY:

Staff completed a technical analysis (see Enclosure 1) to understand the impacts of near-
surface disposal of large quantities of DU, such as those expected to be generated at uranium
enrichment facilities. The technical analysis addressed whether amendments to § 61.55(a) are
necessary to assure large quantities of DU are disposed of in a manner that meets the
performance objectives in Subpart C of 10 CFR Part 61. The analysis concluded that

CONTACT: Priya Yadav, FSME/DWMEP
(301) 415-6667
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near-surface disposal of large quantities of DU may be appropriate, but not under all site
conditions. Shallow disposal of large quantities of DU or disposal at humid sites with a potable
groundwater pathway would likely result in the performance objectives not being met. Because
of the unique characteristics of the waste and the additional considerations required for its
disposal, staff concluded that existing regulations need to be amended to ensure that large
quantities of DU are disposed of safely.

Staff recommends conducting a limited rulemaking to revise Part 61 to specify the need for a
disposal facility licensee or applicant to conduct a site-specific analysis that addresses the
unique characteristics of the waste and the additional considerations required for its disposal
prior to disposal of large quantities of DU and other unique waste streams such as reprocessing
waste. The technical requirements associated with disposal of large quantities of DU would be
developed through the rulemaking process. Specific parameters and assumptions staff
recommends for conducting the site-specific analysis would be incorporated into a guidance
document that would be issued for public comment prior to being finalized.

BACKGROUND:

The licensing of new uranium enrichment facilities in the United States has brought DU to the
forefront of low-level waste (LLW) disposal issues. The DU waste stream is unique; the
relatively high concentrations and large quantities of DU that are generated by enrichment
facilities were not considered in the Final Environmental Impact Statement (FEIS) supporting
the development of 10 CFR Part 61." When the FEIS was issued in 1982, there were no
commercial facilities generating large amounts of DU waste, therefore, the FEIS considered
only the types of uranium-bearing waste streams being typically disposed of by U.S. Nuclear
Regulatory Commission (NRC) licensees at the time.? The NRC concluded that those waste
streams posed an insufficient hazard to warrant establishing a concentration limit for uranium in
the waste classification tables in 10 CFR 61.

With the existing U.S. Department of Energy (DOE) stockpile of DU at the Paducah and
Portsmouth Gaseous Diffusion Plants, and the recent licensing of LES National Enrichment
Facility (NEF) and the United States Enrichment Corporation (USEC) American Centrifuge
Plant, more than 1 million metric tons of depleted uranium hexafluoride (DUF¢) will need a
disposition path.*® Existing disposal facilities such as the EnergySolutions facility in Clive, Utah
and the proposed Waste Control Specialists (WCS) LLW facility in Andrews County, Texas have
expressed interest to their Agreement State regulators in disposal of large quantities of DU at
their sites.

" Part 61 FEIS, NUREG-0945, Vol. 1, (November 1982) at 5-38. The FEIS relies on extensive analysis and
calculations found in the Draft Environmental Impact Statement (DEIS) that are incorporated by reference. The
references in this paper to the FEIS include the supporting information found in the DEIS.

% The Part 61 FEIS (NUREG-0945, November 1982) considered 17 Curies of U**® compared to approximately
100,000 - 200,000 Curies of U*® that will be generated from LES during its 25-year lifespan (FEIS for the Proposed
National Enrichment Facility in Lea County, New Mexico, NUREG-1790, June 2005).

® Draft Supplement Analysis for Locations to Dispose of DU Conversion Product Generated from DOE’s Inventory of
DUFsg, (DOE/EIS-0359-SA1 and DOE/EIS-0360-SA1), March 2007 at p. 43; FEIS for the Proposed National
Enrichment Facility in Lea County, New Mexico, NUREG-1790, June 2005 at p. 2-27; FEIS for the Proposed
American Centrifuge Plant in Piketon, Ohio, NUREG-1834, April 2006) at p. 4-51.
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As the Commission indicated in Order CLI-05-20, the current waste classification for DU is
“based upon § 61.55(a)(6), which specifies that if radioactive waste does not contain any of the
radionuclides listed in either of two listed waste classification tables, it is Class A waste.
Depleted uranium does not contain the radionuclides listed in the specified tables, and therefore
under a plain reading of the regulation, depleted uranium is a Class A waste.” As such, any
existing disposal facility currently licensed to accept Class A waste represents a potential
disposal path for the DU waste stream.

To fully understand how DU is currently being disposed of, staff communicated with Agreement
State regulators that oversee existing or proposed LLW disposal facilities in their States (i.e.,
South Carolina, Texas, Utah, and Washington). Most of these disposal facilities have accepted
small quantities of DU in the past. In general, these State regulators agreed with the need to
handle large quantities of DU as a unique waste stream, regardless of its current waste
classification, and agreed that additional analysis should be conducted prior to its disposal. The
Utah Division of Radiation Control indicated that EnergySolutions has completed site-specific
performance modeling for disposal of natural uranium at their Clive, Utah site, and
EnergySolutions concluded that even when the disposal cells were assumed to contain 100
percent natural uranium, risks were found to be within Utah Administrative Code regulatory
limits, which are comparable to those in Part 61. EnergySolutions compared the risk from
natural uranium to the risk associated with DU and found that DU can be safely placed in their
facility.* This conclusion is based on numerous assumptions that can be found in
EnergySolutions’ performance assessment.

Similarly, the Texas Commission on Environmental Quality (TCEQ) requires its licensees and
applicants to perform additional analysis prior to disposal of large quantities of DU. For
example, the draft license for WCS’ LLW disposal facility issued August 12, 2008, states that in
order to dispose of DU, “information on complete waste profiles, radionuclide information, total
radioactivity, radionuclide concentrations, chemical constituents, and analysis of any impacts to
members of the public and the environment must be submitted as an application for amendment
to this license." Currently, the TCEQ has not received information from WCS to satisfy this
requirement. Finally, the Washington Department of Health has completed a performance
assessment for the U.S. Ecology LLW disposal facility related to site closure that does not
currently include large quantities of DU; however, the analysis could be modified to include the
impacts from DU disposal. Staff did not contact enrichment facility licensees or other potential
licensees when conducting its analysis.

In order to develop an informed response to the Commission direction, the staff performed a
technical analysis to evaluate the impacts of near-surface disposal of large quantities of DU and
to determine if amendments to § 61.55(a) are necessary to assure that large quantities of DU
are disposed of in a manner that meets the performance objectives of Part 61.° The results of

* “Review of the Institute of Energy and Environmental Research Report Related to Shallow Land Disposal of
Depleted Uranium,” Enchemica, LLC, (November 21, 2007).

> The staff also considered whether requirements for uranium mill tailings impoundments in 10 CFR Part 40,
Appendix A, could be applied to disposal of large quantities of DU in a Part 61 LLW disposal facility. For example,
Part 40 requires that the disposal design control radiological hazard from radon for 1,000 years. However, uranium
mill tailings are a significantly different source term than the large quantities of DU from enrichment facilities, because
the concentration of radium and radon in mill tailings is generally at its maximum concentration when disposed of and
slowly decreases over time, in comparison to DU, where these daughter products increase over time and exceed the
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this technical analysis are summarized in the discussion below; Enclosure 1 provides additional
detail. Following the summary of the technical analysis, this paper presents four possible
regulatory approaches to respond to the Commission direction.

In addition to these four approaches, the staff also evaluated the use of § 61.58 during
development of this paper. This section of Part 61 may have been designed to allow licensees
to perform and submit evaluations to address the performance requirements in Subpart C to
Part 61 without a rule change. But the use of an exception provision like § 61.58 to require an
additional site-specific study on certain Class A waste streams, without any associated rule
change, is inconsistent with the basic premise of an exception. Specifically, the purpose of
building an exception into a generally applicable rule is to allow an activity that would not
otherwise be permitted, rather than to impose an additional requirement (e.g., performance of a
site-specific study) on an activity that is already permitted (e.g., near-surface disposal of Class A
waste). Thus, if § 61.58 were utilized to approve an alternate classification or characteristic,
such action would provide additional options for a licensee, but would not require use of a
particular option. Compliance with the approved alternative would not be the only method of
compliance. Therefore, if the staff intended to use § 61.58 in order to develop an alternate
waste classification or alternate characteristics for a Class A waste stream such as DU, and to
require licensees to conform to the alternate classification or characteristics as the sole method
of compliance in place of (as opposed to as an alternative to) the existing regulations, a rule
change would be necessary.

DISCUSSION:

Summary of Results of Technical Analysis

Staff developed a screening model to evaluate the radiological risk and uncertainties associated
with near-surface disposal of large quantities of DU at a generic LLW disposal site. The generic
disposal site had a broad range of climatic (e.g., humid or arid), hydrological, and geochemical
conditions. The model was used to understand the impacts of key variables such as: disposal
configurations, performance periods, institutional control periods, waste forms, site conditions,
exposure pathways, and receptor scenarios. Calculations were performed probabilistically to

mill tailings concentration about the 1,000 year time frame. For similar disposal conditions, the peak risk (at 2 million
years) from radon from DU is orders of magnitude larger than from uranium mill tailings. However, even after 1,000
years, if the radon barrier is lost (meaning that the institutional controls had failed), radon hazards at uranium mill
tailings impoundments would likely produce doses to intruders that exceed 500 millirem/yr, the intruder dose objective
used in the development of the Part 61 waste classification system (NUREG-0706, Final Generic EIS on Uranium
Milling, September 1980). Therefore, the staff concluded that specific and unique guidance was needed for disposal
of large quantities of DU in LLW facilities to mitigate the potential impacts to the intruder.

® This is consistent with the discussion of § 61.58 in NUREG-1854, “NRC Staff Guidance for Activities Related to U.S.
Department of Energy Waste Determinations: Draft Final Report for Interim Use.” Specifically, NUREG-1854 states:

10 CFR 61.58 was intended to allow the NRC the flexibility of establishing alternate waste
classification schemes when justified by site-specific conditions and does not affect the generic
waste classifications established in 10 CFR 61.55. Thus, if the results of concentration calculations
performed in a manner consistent with the principles and examples described previously in this
document indicate that radionuclide concentrations in the waste exceed Class C limits, then the
waste is greater than Class C waste for waste classification purposes. If it can be demonstrated
that the performance objectives of 10 CFR Part 61 can be satisfied, then the waste would be
suitable for near-surface disposal. “ /d. at 3-36 (emphasis added).
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represent the impact of variability and uncertainty on the results. The analysis methodology
used in the model is consistent with the technical analysis methodology found in the FEIS
supporting Part 61. The model framework is based on several key assumptions, which are
detailed in Enclosure 1.

The technical analysis concluded that near-surface disposal (i.e., at a depth of less than 30
meters [m], as defined in Part 61) may be appropriate for large quantities of DU under certain
conditions. However, unfavorable site conditions, such as shallow disposal (i.e., at a depth of
less than 3 m) or disposal at humid sites with a potable groundwater pathway, could exceed the
performance objectives of Part 61, Subpart C. Although shallow disposal for large quantities of
DU is not likely to be appropriate regardless of site conditions, small quantities (approximately 1
— 10 metric tons) of DU could be disposed of at shallow depths.

Requlatory Options for Waste Classification

Based on the results of the technical analysis, staff believes that a change to existing
regulations or a generic communication is necessary to ensure large quantities of DU are
disposed of safely. Staff identified four options that it believes would facilitate safe disposal.
Each option would likely draw significant stakeholder input from LLW disposal facilities
interested in disposing of DU; commercial enrichment facilities generating DU; as well as DOE,
who has responsibility for disposal of DU from NRC licensed enrichment facilities, if requested,
and responsibility for disposal of Greater than Class C (GTCC) waste.

The options and a summary of the pros and cons for each option are discussed below. The
resources required for each option are presented in Enclosure 2. A complete discussion of the
staff’s evaluation of the use of § 61.58 is presented in Enclosure 3.

Option 1 — Generic Communication to Clarify Need to Demonstrate Compliance with
Performance Objectives

In Order CLI-05-05 (In the Matter of LES, January 18, 2005), the Commission stated “In the
end, the ‘bottom line for disposal’ of low-level radioactive wastes are the performance objectives
of 10 C.F.R. Subpart C, which set forth the ultimate standards and radiation limits for (1)
protection of the general population from releases of radioactivity; (2) protection of individuals
from inadvertent intrusion; (3) protection of individuals during operations; (4) and stability of the
disposal site after closure.” Under Option 1, staff would issue a generic communication (e.g., a
regulatory issue summary) that would reiterate the Commission’s statement expressed in Order
CLI-05-05 and would clarify acceptable methods for dealing with unique waste streams like
large quantities of DU. The generic communication would emphasize that compliance with the
existing performance objectives needs to be demonstrated through analysis and that
classification under § 61.55(a)(6) should not be relied upon for this purpose. After developing
the generic communication, staff would revise the associated guidance documents to describe
an acceptable method for conducting a site-specific analysis for nuclides or concentrations not
specifically covered in the waste classification tables. The specific parameters and assumptions

7 Section 3113 of 1996 USEC Privatization Act.
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staff recommends for conducting the site-specific analysis would be included in the guidance
documents, which would undergo public comment and stakeholder input prior to being finalized.

This option relies upon the fact that one of the principal objectives in the development of Part 61
was to prepare a performance-based rulemaking that could accommodate a wide range of
disposal sites and waste streams. The performance objectives for protection of the general
population and for intruders in § 61.42 are general, providing a framework for considering site-
specific waste stream characteristics, site geotechnical conditions, site operations, and site
design. In addition, applicants for low-level disposal site licenses must provide, under § 61.13,
technical analyses needed to demonstrate that the performance objectives of Part 61 are met.
Specific information needed for the application is described in § 61.12 and includes a
description of the kind, amount, classification, and specification of the radioactive material
proposed to be received, possessed, and disposed of at the disposal facility. Therefore, any
unique waste streams would need to be considered in the technical analyses required under

§ 61.13. In addition, under § 61.25, once a license is granted, the licensee cannot make
changes to the disposal facility or procedures described in the license application unless the
changes are in accordance with specific license conditions. These license conditions restrict
changes that are important to public health and safety and would consider whether or not prior
Commission or Agreement State approval is required. Furthermore, if a licensee requests an
amendment to their license concerning waste disposal, the same criteria (§ 61.23) must be met
as for the initial issuance of the license.

A generic communication could provide clarification concerning the need for site-specific
evaluations, since the requirement to conduct an inadvertent intruder analysis similar to that
conducted to develop the § 61.55 waste classification tables is not specifically identified in

Part 61 and may not be well understood. As a result, applicants or licensees could misinterpret
the regulations to only require compliance with the concentration limits in the waste
classification tables for ensuring protection of the intruder, as required by § 61.42. As such,
there remains concern that waste types not previously examined in the Part 61 FEIS and not
specifically and explicitly addressed in the provisions of Part 61 being disposed of without
adequate site-specific analysis.

Through communication with the Agreement State regulators, the NRC staff has learned that
DU is already being given special consideration as a unique waste stream. For the commercial
LLW disposal facilities where large quantities of DU are most likely to be disposed, some site-
specific evaluation has already been performed by the licensee or the Agreement State
regulatory authority, or the regulatory authority plans to require the licensee to perform a site-
specific evaluation prior to disposal of large quantities of DU. As such, Option 1 allows
Agreement State regulators to continue with their current policies under the existing regulations,
without conducting a rulemaking to revise NRC regulations.

The primary advantages of Option 1 are that it would not require rulemaking and would require
fewer resources than the other options. In addition, it is staff's understanding that Agreement
State regulators believe a site-specific analysis is needed for large quantities of DU, and
indicated that they intend to rely heavily upon NRC staff’'s guidance for conducting these
analyses at the facilities they regulate. A generic communication would clarify the need to
demonstrate compliance with the performance objectives and the Agreement States could
request that their licensees and applicants perform site-specific analyses prior to disposal of
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large quantities of DU or other unique waste streams. The primary disadvantage of Option 1 is
that the Agreement State regulators would not be able to require licensees and applicants to
perform a site-specific analysis. Licensees and applicants would be free to propose alternative
methods of complying with the regulations, which the regulators would then have to evaluate to
determine whether the methods proposed by the licensee or applicant comply with the
performance objectives of Part 61.

Option 2 — Rulemaking to specify requirement for site-specific analysis in § 61.55(a)(6)

In discussion with Agreement State regulators, one stakeholder commented that a revision to
NRC’s regulations may make it easier to request a site-specific analysis from the licensee.
Therefore, Option 2 is a limited rulemaking to revise Part 61 to reflect a requirement to perform
a site-specific analysis prior to disposal of large quantities of DU. This change would be
assigned a compatibility category that would require Agreement States to adopt and make
conforming changes to their regulations (e.g., compatibility category B).

As discussed above, the results of the technical analysis confirm that small quantities of DU
(approximately 1 — 10 metric tons) may be disposed of at shallow depths and meet the
performance objectives of Part 61. This result is consistent with the Part 61 FEIS conclusion
that “the types of uranium-bearing wastes being typically disposed of by NRC licensees do not
present a sufficient hazard to warrant limitation on the concentration of this naturally occurring
material. Both depleted and enriched uranium typically do not contain daughter products in any
quantity because of the relatively short time since uranium was refined from the ore, compared
to the half-lives of the uranium isotopes. The daughter products [of natural uranium ore] are
disposed of primarily as uranium mill tailings.”® The Statement of Considerations for Part 61
adds that for these reasons, “uranium has been removed as a radionuclide that must be
considered for waste classification.”

Because small quantities and lower concentrations of uranium were considered in the FEIS,
staff believes there is no benefit to changing the existing classification for small quantities of DU
in § 61.55(a)(6). It is the large quantities and higher concentration of DU that create a potential
health and safety concern, and staff believes that the goal of any changes to Part 61 should be
to provide a means to ensure additional disposal considerations are taken for DU, based on the
quantity of material at issue. A site-specific analysis is a risk-informed mechanism to
understand potential impacts from the type and quantity of material being disposed, accounting
for the unique site characteristics present at the receiving disposal facility. Specific technical
requirements for how to perform this site-specific analysis would ensure it is consistent with the
analysis performed to develop the waste classification tables in § 61.55, which would result in a
standard that is as protective of health and safety as a generic waste classification for DU.

As such, Option 2 includes modifying Part 61 as follows:

§ 61.55(a)(6) currently reads:

8 part 61 FEIS, NUREG-0945, Vol. 1, (November 1982) at 5-38.
o Federal Register, December 27, 1982, Vol. 47, No 248, page 57456.
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If the radioactive waste does not contain any nuclides listed in either Table 1 or
2, itis Class A.

Proposed Change: Modify paragraph 61.55(a)(6) to include a statement that, for unique
waste streams including, but not limited to, large quantities of depleted uranium, the
requirements of § 61.55(a)(9) of this part must be met. Section 61.55(a) would then be
modified to include a paragraph (a)(9), which would include a requirement that the
disposal facility licensee must perform, and the Commission must approve, a site-
specific analysis demonstrating that the unique waste stream, including large quantities
of depleted uranium, can be disposed of at the site in conformance with the performance
objectives in subpart C to Part 61.

Staff proposes that the rule language be broad enough to include other unique waste streams
that may arise in the future, so that additional rulemakings may not be necessary. The term
“unique waste streams” would be defined in the rule language. As currently envisioned, unique
waste streams could include those that may result from spent fuel reprocessing, or other types
of waste streams that could emerge in the future from new kinds of facilities that generate
significantly different concentrations and quantities of waste not previously considered in the
Part 61 FEIS. Similarly, staff intends to define “large quantities” of DU in the rule language as
quantities similar to those being generated at uranium enrichment facilities. Staff does not
intend to submit a rulemaking plan to the Commission for the rulemaking under this option.

In order to ensure that the site-specific analyses that would be conducted by licensees and
applicants are consistent with the analysis performed in the Part 61 FEIS, and to be protective
of public health and safety, staff believes certain technical requirements will also need to be
specified in the rule language in paragraph (a)(9). For example, the type of receptors used to
assess protection of the general population from releases of radioactivity, the exposure
scenarios evaluated to protect individuals from inadvertent intrusion, and the period of
performance evaluated are key parameters that affect the determination of suitability of disposal
of large quantities of DU. Therefore, under Option 2, the specific technical requirements
associated with disposal of large quantities of DU (as well as other unique waste streams)
would be developed in the notice and comment rulemaking process. Option 2 also involves
developing and issuing a guidance document that would provide the Agreement State
regulators, and their licensees and applicants, technical guidance to conduct these site-specific
analyses.

The primary advantage of Option 2 is that it creates a legally binding requirement, which
ensures a site-specific analysis is performed by licensees and applicants and reviewed and
approved by the Commission or Agreement State regulators. The staff believes that this
outcome is consistent with the Commission’s expectations set forth in its June 2, 2006, Order
CLI-06-15 (In the Matter of LES). Specifically, the Commission stated “We would expect the
appropriate regulatory authority to conduct any site-specific evaluations necessary to confirm
that radiological dose limits and standards can be met at the disposal facility, in light of the
quantities of depleted uranium envisioned.” (emphasis added). Because the Commission
expects such an analysis to be conducted, staff believes it is appropriate to codify this
expectation in the rulemaking under this option. Furthermore, several Agreement State
regulators indicated that they preferred this option because it could be easily enforced. In
addition, this option ensures the protection of health and safety by imposing an additional
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requirement for large quantities of DU in a risk-informed manner that will be consistent with the
analysis performed to develop the waste classification tables in § 61.55. The primary
disadvantage of Option 2 is that, unlike other radionuclides in the waste classification tables,
large quantities of DU would require a site-specific analysis instead of the use of a convenient
table with a specific concentration limit. This option would also be more resource intensive than
Option 1.

Option 3 — Determine classification for DU within existing classification framework

Staff believes some stakeholders may be interested in a specific waste classification for DU,
within the existing Part 61 waste classification framework. Therefore, Option 3 involves
developing a generic waste classification (e.g., A, B, C, or GTCC) for DU and an associated
concentration limit to be added to the waste classification tables. Staff would begin with the
technical analysis described in Enclosure 1, which was consistent with the Part 61 methodology
but updated to include recent advances in modeling and performance assessment techniques.
The result of staff’s additional analysis would be a concentration limit for a generic LLW site in
the United States. Consistent with the assumptions in the original Part 61 analysis, this
concentration limit would likely be based conservatively on potential disposal at a “reference”
humid, eastern LLW disposal site.”® Subsequent to completion of this analysis, staff would
initiate a rulemaking to revise the waste classification tables to explicitly include DU.

The primary advantage of Option 3 is that DU would be given a specific concentration limit,
similar to the other radionuclides currently listed in § 61.55, and a specific waste classification
that would apply to any LLW disposal site in the United States. The development of such a
generic classification could prove useful if the current LLW environment were to change
drastically in the future (e.g., if several new LLW disposal facilities are proposed) because it
would eliminate the need for a site-specific analysis for large quantities of DU. The primary
disadvantage of Option 3 is that the concentration limit developed could be so low for a
reference site that it would unnecessarily constrain disposal options at sites with significantly
different characteristics (e.g., humid vs. arid). As such, this approach would be prescriptive
rather than a risk-informed approach, which would take into account the performance of the
waste in a specific disposal environment. Another drawback to Option 3 is that it propagates
the existing waste classification system, which was developed using often conservative
assumptions based on the environment for LLW at the time the Part 61 FEIS was developed;
some of these assumptions are not necessarily applicable in today’s environment of limited
disposal options and improved performance assessment capabilities.

Option 4 — Re-examine the existing waste classification framework

A final option staff considered is to risk-inform the entire waste classification framework by using
updated modeling and performance assessment techniques to evaluate and revise the existing
waste classification tables for all radionuclides, if necessary, not just for DU. This revision
would likely involve different methodologies and assumptions than the original Part 61
methodology for key variables, such as: disposal configurations, performance periods,

10«14 help provide conservative bounds to potential costs and impacts of waste disposal, the reference LLW

disposal facility is assumed to be sited in a humid eastern environment.” Part 61 FEIS, NUREG-0945, Vol. 1,
(November 1982) at 4-10.



The Commissioners 10

institutional control periods, waste forms, site conditions, exposure pathways, and receptor
scenarios. The existing Part 61 waste classification framework is well accepted by the LLW
disposal industry, and has been used successfully for more than two decades. However, as
mentioned above, some of the assumptions built into the framework could be considered
conservative and inconsistent with today’s movement towards risk-informed regulation. In
addition, the approaches to incorporate and evaluate the impacts of uncertainty and variability
were more limited than those used currently.

Staff could also consider, for example, the International Atomic Energy Agency's waste
classification system to determine if it would be appropriate for use in the United States. "
Subsequent to completion of this analysis, staff would initiate a rulemaking to revise the waste
classification tables. This rulemaking would likely draw the most stakeholder input of all the
options presented in this paper, as it could potentially make significant changes to the entire
existing waste classification environment.

The primary advantage of Option 4 is that the waste classification framework would reflect
current knowledge of the performance of LLW disposal facilities and would present risk-
informed concentration limits for all radionuclides, not selectively for DU. An update of the
methodology used to develop the concentration limits could result in higher or lower
concentration limits than currently used, which could actually increase or decrease disposal
options for some types of wastes (e.g., current Class B/C waste could become Class A waste).
However, some stakeholders may view this to be “deregulation” of LLW. A disadvantage of
Option 4 is that the efficiency that could be gained from updating the existing waste
classification framework may not be the most effective use of agency resources, given the
relatively low increase in health and safety achieved and the small number of currently
operating LLW disposal facilities. Option 4 is well beyond the scope of what the Commission
directed the staff to consider in Order CLI-05-20, and would require a large amount of time and
resources.

RECOMMENDATIONS:

Staff concluded that large quantities of DU can be disposed of in a near-surface disposal facility
under certain conditions and meet the performance objectives of Part 61. However, staff
believes a change to existing regulations is necessary to ensure large quantities of DU are
disposed of safely due to the unique characteristics of the waste and additional considerations
required for its disposal.

The staff recommends the Commission approve:

1. Option 2 — Rulemaking to specify a requirement for a site-specific analysis for large
quantities of DU in § 61.55(a)(6) and technical requirements for such an analysis. This
option provides a risk-informed approach to protecting public health and safety while
causing minimal disruption to the existing waste classification system, yet codifying the
requirement for a site-specific analysis in Part 61 for use by NRC, Agreement States,
licensees, and future license applicants.

" International Atomic Energy Agency, "Classification of Radioactive Waste--A Safety Guide," Safety Series No.111-
G-1.1. Currently being revised. See Draft Safety Guide No. DS 390, "Classification of Radioactive Waste."
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2. That staff develop a guidance document for public comment that will outline the
appropriate parameters and assumptions to use in conducting a site-specific analysis for
disposal of large quantities of DU.

RESOURCES:

Staff’'s recommended option will require 2.0 full time equivalents (FTE) in FY10 to complete the
documentation of the staff’s technical analysis and to finish a draft of the guidance document.
An additional 0.5 FTE is required to complete the technical basis for the rulemaking and to
obtain stakeholder input on the guidance document. This 2.5 FTE will be obtained through a
re-allocation of the common prioritization process for FY10 rulemakings. The remaining
resources are needed in FY11 and FY12, and they will be requested through the budget
process and the common prioritization process for upcoming rulemakings.

Enclosure 2 presents a detailed table of the resources required for each option presented in this
paper.

COORDINATION

The Office of the General Counsel has no legal objection concerning this paper. The Office of
the Chief Financial Officer has reviewed this paper for resource implications and has no
objections. Staff coordinated with Agreement States (Washington, Utah, South Carolina, and
Texas) and DOE during the development of options for this paper.

/RA/

R. W. Borchardt
Executive Director
for Operations
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ANALYSIS OF DEPLETED URANIUM DISPOSAL

OVERVIEW:

A screening model has been developed by staff of the performance assessment branch in the
Division of Waste Management and Environmental Protection to evaluate the risk and
uncertainties of depleted uranium (DU) disposal as low-level waste (LLW) with near-surface
disposal at a generic site. The model was developed to understand the impacts of key variables
on the risks from disposing of DU in near-surface disposal, such that staff could respond to
Commission direction to consider whether the quantities of DU in the waste stream from
uranium enrichment facilities warrant amending the waste classification tables in 10 CFR Part
61 (Part 61). The model was developed to evaluate the radiological risk to potential future
residents and intruders (acute or chronic exposures) near or on the land overlying a hypothetical
disposal facility for the large quantities of DU anticipated to be disposed of as a result of fuel
enrichment facility operations. The model was designed to provide the user flexibility in
evaluating different waste types and forms, disposal configurations, performance periods,
institutional control periods, pathways, and scenarios.

The model was constructed with the dynamic simulation software package GoldSim®,
developed by GoldSim Technology Group of Issaquah, WA. Goldsim is a Monte Carlo
simulation software solution for dynamically modeling complex systems in business,
engineering and science. GoldSim is used for decision and risk analysis by simulating future
performance while quantitatively representing the uncertainty and risks inherent in all complex
systems. GoldSim has been used by U.S. Nuclear Regulatory Commission (NRC) staff to risk-
inform reviews of U.S. Department of Energy (DOE) performance assessments (Esh, 2002;
Esh, 2006). GoldSim is used by over 30 organizations in the field of radioactive waste
management. A component or modular approach can be used in GoldSim to build a
performance assessment model, which is the approach used in this analysis. Main submodels
include inventory, source term, infiltration, radon, groundwater transport, and biosphere.
Submodels use deterministic and probabilistic input values or distributions.

The model was used to understand the impacts of key variables on the risks from disposing of
DU in near-surface disposal. Key variables evaluated were: disposal configurations,
performance periods, institutional control periods, waste forms, site conditions, pathways, and
scenarios. Calculations were performed probabilistically to represent the impact of variability
and uncertainty on the results. The analysis methodology in the current assessment was
consistent with the technical analysis methodology used for the development of the
environmental impact statements supporting Part 61. This approach allowed constraints to be
identified for the safe disposal of large quantities of DU in near-surface disposal. Because there
were a wide range of variables considered, summary conclusions are not absolute; a site-
specific analysis may demonstrate compliance with the performance objectives when the
summary conclusions found below indicate otherwise. However, the properties and
characteristics of DU present constraints on approaches for disposal. The summary
conclusions provide the technical framework for policy decisions. The main technical
observations are:

e Depleted uranium has some characteristics that are dissimilar from commercial LLW.
— Alarge percentage of the activity is associated with very long-lived radionuclides.

Enclosure 1



— Radioactive decay results in increasing hazard with time until after 1 million
years, as a result of increasing concentrations (and higher mobility) of decay
products.

— In-growth of significant quantities of a daughter in gaseous form (*Rn)

Estimated risks are sensitive to the performance period.

Estimated risk from radon is sensitive to the disposal depth.

Radon fluxes to the environment are very sensitive to the long-term moisture state of the
system.

Large uncertainties (and little available data) associated with some transfer factors for
uranium daughter products.

Estimated disposal facility performance is strongly dependent on site-specific hydrologic
and geochemical conditions.

Radon is limiting at arid sites and for shallow disposal.

The groundwater pathway is limiting at humid sites.

Grouting of the waste may improve the likelihood of an arid site meeting the
performance objectives with respect to radon; however, grout may enhance the mobility
of uranium in the groundwater pathway after the grout degrades.

The summary conclusions from the technical analysis are:

Near-surface disposal (i.e., less than 30 meters [m], as defined in Part 61) may be
appropriate for large quantities of DU under certain conditions. However, unfavorable
site conditions can result in the performance objectives not being met. Examples of
unfavorable conditions include shallow disposal (< 3 m depth) and humid sites with a
potable groundwater pathway.

Because of the in-growth of radon and other daughter products, periods of performance
of 1,000 years or less result in a significant truncation of estimated risk.

Shallow disposal (< 3m deep) is likely to not be appropriate for large quantities of DU,
regardless of site conditions. Shallow disposal may be possible if robust intruder
barriers, excluding the possible excavation of DU, and a robust radon barrier that can
effectively limit radon fluxes over the period of performance are installed, and their
performance is justified. Small quantities (1 — 10 metric tons) could be disposed of at
shallow depths.

Depleted uranium can be disposed of under arid conditions and meet the Part 61
performance objectives for 1,000 to 1 million year performance periods, if the waste
disposal depth is large, or robust barriers are in place to mitigate radon.

Disposal under humid conditions with viable water pathways is probably not appropriate
for large quantities of DU.
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INTRODUCTION

The NRC staff is conducting a technical analysis to assess the potential impacts of disposal of
large quantities of DU in a generic near-surface disposal facility and to determine if current low-
level radioactive waste (LLRW) classification criteria warrant modification for large quantities of
DU. Staff of the performance assessment branch in the Division of Waste Management and
Environmental Protection developed a screening model to evaluate the risk and uncertainties
associated with the disposal of DU in near-surface disposal. The model was developed to
understand the impacts of key variables on the risks from disposing of DU as LLW, such that
the staff could respond to Commission direction to consider whether the quantities of DU in the
waste stream from uranium enrichment facilities warrant amending the waste classification
tables in Part 61.

The model was developed to evaluate the radiological risk to potential future residents and
intruders (acute or chronic exposures) near or on the land overlying a hypothetical disposal
facility for DU. The model was designed to provide the user with flexibility to evaluate different
waste forms, disposal configurations, performance periods, institutional control periods,
pathways, and scenarios. The impact of these variables on projected radiological risk can be
significant. Therefore, the model was developed as a first-order assessment tool to risk-inform
decision making. Refinement of the model would be necessary if it was to be used for licensing
decisions, and rigorous validation would be needed. Because site-specific waste management
decisions or other variables can strongly influence whether performance objectives can be met,
care should be taken not to take the model results out of the analysis context.

The model was constructed with the dynamic simulation software package GoldSim®,
developed by GoldSim Technology Group of Issaquah, WA. Goldsim is a Monte Carlo
simulation software solution for dynamically modeling complex systems in business,
engineering, and science. GoldSim is used for decision and risk analysis, by simulating future
performance while quantitatively representing the uncertainty and risks inherent in all complex
systems. GoldSim has been used by NRC staff to risk-inform reviews of DOE performance
assessments (Esh, 2002; Esh, 2006). GoldSim is used by over 30 organizations in the field of
radioactive waste management.

This report is not intended to provide full documentation of the technical analysis performed to
develop the risk insights associated with DU. The report is intended to provide a summary of
the analysis and resultant risk insights developed by the staff.

PROBLEM CONTEXT

The NRC LLRW regulatory program ensures the continued safe and secure LLRW disposal
under the Atomic Energy Act (AEA) of 1954 and the Low-Level Radioactive Waste Policy Act
Amendments (LLRWPAA) of 1985. A primary goal of the LLRWPAA is to ensure that disposal
capacity would be available for all classes of LLRW generated by AEA licensees. Criteria for
determining the classification of LLRW are specified in Part 61 of Title 10 of the Code of Federal
Regulations (CFR). The original development of Part 61 did not explicitly consider a waste
stream involving the large amounts of DU that has ensued from the operation of a commercial
uranium enrichment facility (NRC, 1981). Therefore, the Commission directed the staff to
consider whether the quantities of DU in the waste stream from uranium enrichment facilities
warrant amending the waste classification tables in Part 61 (NRC, 2005). The nature of the



radiological hazards associated with DU presents challenges to the estimation of long-term
effects from its disposal — namely that its radiological hazard gradually increases due to the in-
growth of decay products, eventually peaking after 1 million years, rather than decreasing
significantly over a few hundred years like that of typical LLW.

Characteristics of DU

Depleted uranium can have a variety of chemical and physical forms dependent on the
enrichment process used. Depleted uranium is produced in the enrichment process as a waste
product or byproduct. The source term results from the fact that the enrichment process
concentrates both the ?*°U and ?*U in the product, and therefore, these radionuclides are
depleted in the waste or byproduct. Metallic DU contains approximately 99.75 percent 2%%U,
0.25 percent #°U, and 0.002 percent #*U (Kozak, 1992). Depleted uranium oxide contains
approximately 85 percent uranium by mass. In comparison, a low-grade uranium ore common
in the United States may contain 0.1 percent uranium by mass. The most prevalent forms of
DU for disposal resulting from fuel cycle activities are depleted uranium hexafluoride (UFs) and
depleted uranium oxide (UO, or U30g), which results from deconversion of fluoride forms.
Uranium oxides include UO,, U30g, and uranium trioxide. Both UO, and U;Os are solids that
are significantly more stable than UF¢ over common disposal conditions, making the oxide forms
more suitable for long-term storage or disposal. Uranium hexafluoride reacts with water to form
corrosive hydrogen fluoride (HF).

Depleted uranium contains three principal radionuclides after production: 2*U, ?*°U, #*U. Over
time, the parent radionuclides decay through the uranium series decay chains producing
daughter radionuclides. In natural ores, the daughter radionuclides are generally in secular
equilibrium with the parent radionuclides. For mill tailings, a significant portion of the total
activity at the time of disposal is associated with radium, therefore disposal or management
decisions can focus on the radiological inventory at the time of disposal. For example, a barrier
to attenuate the emanation of radon from mill tailings can be designed based on the
concentration of the material at the time of disposal. On the other hand, DU is essentially
depleted in the daughter radionuclides but concentrated (compared to natural ore or mill
tailings) in the parent radionuclides. Over long periods of time, the uranium parent
radionuclides have the potential to produce quantities of daughter radionuclides significantly in
excess of natural ores or mill tailings because the DU source has much higher concentrations of
uranium. For example, mill tailings commonly have from 0.004 to 0.02 wt percent U;0g, 26 to
400 pCi/g #Ra, and 70 to 600 pCi/g #°Th at the time of disposal (Robinson, 2004). Depleted
uranium (in oxide form) would have approximately 99.9 percent uranium oxide at the time of
disposal and greater than 300,000 pCi/g > Ra and ?**Th approximately 1 million years after
disposal (values cited were calculated with a simple decay/in-growth calculation). Because the
daughter radionuclides are different elements, they have different mobility in the environment
than the parent radionuclides and in some cases are significantly more mobile (e.g., radon).

Figure 1 provides the ratio of the activity of DU at various times to its initial activity. For
comparison, a similar ratio for a commercial LLW facility is provided based on data from
Barnwell, South Carolina (Chem-Nuclear Systems, 1995). Whereas the activity in a commercial
LLW facility decreases to a few percent of the initial value over a few hundred years, the activity
in a facility for DU would be expected to remain relatively constant initially, but begin increasing
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Figure 1 Activity Ratios of DU and a Commercial LLW Facility. The activity ratios are

defined as the initial activity to the activity at various points in time.

at around 1,000 years. Peak activity, assuming no release from the source, would not be
attained until after 1 million years after disposal. The ratio for DU shown in Figure 1 is
determined by the number of daughter radionuclides represented in the decay chain, because
the daughter radionuclides are in secular equilibrium with the long-lived parents for long periods
of time. In addition, the activity of some risk significant radionuclides (e.g., *?Rn, 2'°Pb)
increase by a much more significant amount than the overall activity. The activity of ’Rn and
2%Pb in particular increase by more than a factor of 1,000 between 1,000 years to 1 million
years after disposal. Because different elements can have different mobility and radiotoxicity,
total activity cannot be directly translated to risk (dose). As a result of these characteristics of
the source term, assessment of the risk of DU disposal in the near-surface requires an
evaluation of a number of different features, events, and processes over timeframes that could
be substantial.

Past Regulatory Approaches to LLW Analysis

The Draft Environmental Impact Statement (DEIS) (NUREG-0782), the Final Environmental
Impact Statement (FEIS) (NUREG-0945), and an update to the impact analysis methodology
(NUREG/CR-4370) for Part 61 provide a description of the analysis approach for evaluation of
near-surface disposal of commercial LLW. These references provide a full description of the
analysis approach. This section provides a summary of key aspects and assumptions for the
analysis in order to provide context for the current problem.



The analysis to support development of Part 61 considered different periods of institutional
control (NRC, 1981). The final regulations in 10 CFR 61.59(b) specify that institutional controls
may not be relied upon for more than 100 years. At the time of development of Part 61, it was
envisioned that LLW in a disposal facility would decay, in a maximum of 500 years, to activity
levels that would not pose a significant risk to an inadvertent intruder, and that there would not
be significant quantities of long-lived isotopes which would pose unacceptable long-term risks to
the public from releases from the facility. In developing Part 61, NRC considered longer periods
of institutional control in the DEIS (NRC, 1981). Assumptions about the persistence of
institutional controls in the international community were considered and a series of public
meetings were conducted to get input from stakeholders. The consensus among the
stakeholders was that it is not appropriate to assume institutional controls will last for more than
a few hundred years. The resultant regulatory framework for commercial LLW disposal
assumes material that does require institutional control for much longer than 100 years to
demonstrate compliance with the performance objectives would generally be determined to not
be suitable for near-surface disposal as LLW. The regulatory philosophy is that the engineered
and natural system should afford protection to the public, without total reliance on institutional
control of the site, because of the relatively large uncertainty associated with predicting societal
systems. The institutional controls allow monitoring and maintenance of the disposal facility to
be completed and also restrict access to a disposal facility after closure (NRC, 1981).

The analysis for development of Part 61 applied the following assumptions with respect to
receptors and eventual use of the disposal site. After the period of active institutional control
ended (as discussed above), the public receptor was assumed to engage in residential,
agricultural, or other activities at the boundary of the disposal site. These assumed activities
were consistent with current regional practices. The disposal site included a buffer zone around
the disposal area, where the disposal area circumscribed the disposal units (NRC, 1982). An
appropriate buffer zone was expected to extend approximately 100 m (330 feet [ft]) from the
disposal area, although buffer zones up to 1,000 m (3,300 ft) were considered. A receptor
engaging in activities on the disposal site, rather than outside the buffer zone, was regarded as
the inadvertent intruder. A receptor engaging in activities at the edge of the buffer zone was
regarded as a member of the public. Figure 2 provides a schematic representation of the
concepts considered.

The Part 61 impacts analysis was generic in nature and focused toward helping to establish
generic criteria for LLW management and disposal, including developing requirements for waste
classification (NRC, 1981). A fairly large number of variables were considered in the analysis,
including, but not limited to: waste form and processing, disposal environment, facility design,
control, and technical indices for aspects such as leachability, dispersibility, stability, and
chemical content. Impacts were assessed for offsite members of the general public as well as
onsite acute and chronic scenarios resulting from exposure to or disruption of the waste.
Inadvertent intrusion was assumed to occur following a breakdown of institutional controls. The
intruder was assumed to excavate and construct a residence on the disposal site (intruder-
construction), or occupy a dwelling located on the disposal site (intruder-agriculture) and ingest
food grown in contaminated soil (NRC, 1981). The intruder-agriculture scenario was assumed
to be possible only if the waste had degraded to an unrecognizable form. Exposure to
radionuclides through inhalation of contaminated soil and air, direct radiation, and ingestion of
contaminated food and water were considered. Additional exposed waste scenarios were
considered as well as other potential exposure pathways. The intruder-agriculture scenario,
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a Disposal Site. Adapted from the Final Environmental Impact Statement for Part 61 (NRC,
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along with a 500 millirem (mrem) dose value, was used to develop the waste classification
tables found at 10 CFR 61.55. Requirements for a specific intruder scenario or dose value are
not found in Part 61. The use of a higher dose value for the inadvertent intruder analysis (500
mrem), compared to the value specified in 10 CFR 61.41 for the general public (25 mrem/yr),
implies that the loss of institutional control by a state or federal agency was believed to be
unlikely, if a similar level of protection was being afforded to a member of the public whether
they were an intruder or resident receptor. The approach to developing the waste classification
system was believed to provide protection of public health and safety under a variety of
conditions. However, it was also recognized that unique characteristics of waste, disposal sites,
and methods of disposal may lead to alternative requirements for waste classification.

The update of the Part 61 impacts analysis methodology explicitly addressed the effects of
radon gas generation (NRC, 1986), which is important for disposal of DU in the near-surface.
Radon was recognized to be generated in some waste streams, in which case the in-growth of
radon gas in buildings was expected to be included in the intruder-agriculture scenario. The
impacts analysis update provided approaches to calculate radon doses, and stated that the
doses should be added to other impacts calculated for the intruder-agriculture scenario.
However, the DEIS and FEIS did not envision large quantities of material that could generate
radon would be disposed of as LLW. The Part 61 DEIS assumed 17 Curies (Ci) of **U and 3 Ci
of #*°U would be disposed of in 1 million m* of waste over a 20-year generic LLW site operating
life (NRC, 1981). The performance objectives in Subpart C of Part 61 do not provide explicit
requirements for radon. Radon is discussed in NUREG-1573, A Performance Assessment
Methodology for Low-Level Radioactive Waste Disposal Facilities: Recommendations of NRC's
Performance Assessment Working Group, as being included as part of the assessment of



gaseous releases in LLW disposal (NRC, 2000). The U.S. Environmental Protection Agency
(EPA\) standards for uranium mill tailings (40 CFR 192) provide a *Rn release rate limit of 20
picocuries (pCi)/m?-s from the cover over the tailings and a %?Rn concentration in free air
(outside the site, above background) of 0.5 pCi/L. The DOE takes a similar approach to
managing radon from disposal facilities, through specification of a 20 pCi/m?-s flux limit. For
comparison, the mean value for atmospheric radon in the United States is approximately 0.25
pCi/L. Studies of indoor radon levels indicate an average concentration of from 1.5 to 4.2 pCi/L
(Alter and Oswald, 1987; Nero et al, 1986). Daily intake of radon is generally much more
significant from indoor exposure than from outdoor exposure. Indoor radon concentrations are
higher because the flow rate of clean air (i.e., the exchange rate) is much lower than outdoors,
and other factors. Daily intake of radon indoors is as much as ten times higher than outdoors
(Cothern et al., 1986). The flux limit standard of 20 pCi/m?®s would generally result in inhalation
doses to a hypothetical resident next to the disposal facility on the same order as the 10 CFR
61.41 dose limit of 25 mrem/yr. However, the translation of a flux rate to dose is dependent on
a number of site-specific and receptor scenario variables.

Period of Performance

The staff has reviewed various approaches for the period of performance under several NRC
regulations. The following discussion summarizes current NRC regulatory approaches to the
period of performance in waste management.

A value for the performance period is not provided in Part 61, in part due to the site-specific and
source-specific influence on the timing of projected risk from a LLW facility. A performance
period of 10,000 years was included in the DEIS for Part 61 (NUREG-0782). The
recommended performance period by the performance assessment working group for a typical
commercial LLW facility is 10,000 years (NRC, 2000). This performance period is considered to
be sufficiently long to capture the risk from the short-lived radionuclides, which comprise the
bulk of the activity disposed, as well as the peaks from the more mobile long-lived radionuclides,
which tend to bound the potential doses at longer timeframes (greater than 10,000 years). The
recommendations of the NRC’s performance assessment working group, found in NUREG-
1573, noted that there would be exceptions to the 10,000 year performance period
recommendation. Disposal of large quantities of uranium or transuranics was one of the
examples of an exception provided in NUREG-1573. The issue of the performance period was
presented to the Commission in SECY-96-103. The Advisory Committee on Nuclear Waste
(ACNW) expressed a similar concern as the performance assessment working group. The
ACNW, in a February 11, 1997, letter to the Commission, stated:

“The potential for significant quantities of certain long-lived radionuclides,
such as uranium in near-surface LLW sites, is greater than was anticipated in
the DEIS for 10 CFR Part 61. The result is that peak doses may not occur
until a long period of time has passed, perhaps tens or hundreds of
thousands of years. In addition, the risk from decay products may be higher
than that of the parent. If the calculated doses at very long periods exceed
the standard by significant factors, the LLW disposal system may require
modification.”

A required performance period for robust engineered barriers used in the disposal of Class C
waste is specified in Part 61 as 500 years [10 CFR 61.52(a)(2)]. This performance period is
necessary to ensure that the Class C waste can be protected from inadvertent intrusion until it
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decays to safe levels. Class C waste can be disposed of with a robust intruder barrier or be
disposed of at depths below 5 m; either measure would be protective of public health and safety
(see Part 61). The performance period for engineered barriers used to limit inadvertent
intrusion and demonstrate compliance with 10 CFR 61.42 is not the same as the performance
period for demonstration of compliance with 10 CFR 61.41, protection of the public. For
example, demonstration of compliance with 10 CFR 61.41 typically involves assessment of
radionuclide transport through groundwater pathways, and the associated travel time for some
radionuclides is typically in excess of 500 years. The processes and pathways potentially
leading to exposure to the public under 10 CFR 61.41 are typically indirect, whereas the
processes and pathways leading to exposure to the public (inadvertent intruder) under 10 CFR
61.42 are direct. The peak doses for inadvertent intrusion usually occur in the year of intrusion,
because commercial LLW contains a significant fraction of short-lived radionuclides, whereas
the peak doses for demonstration of compliance with 10 CFR 61.41 are usually delayed as a
result of transport through the environment. The performance period for engineered barriers,
combined with the waste classification system, ensures that the public health and safety would
be protected in the event of inadvertent intrusion into the waste.

Other waste management programs that use a period of performance include decommissioning,
high-level waste (HLW) disposal, and management of mill tailings. Subpart E of 10 CFR Part 20
provides that the analysis for decommissioning of sites should estimate the peak annual dose
within the first 1,000 years after decommissioning. However, at most, but not all, facilities
undergoing decommissioning, the quantity of long-lived radionuclides of concern are generally
limited. In addition, the contamination is generally distributed in the accessible environment and
the analysis for unrestricted use assumes direct land use of the contaminated site. Because
there is generally assumed to be direct (inadvertent) access to the contamination, the risk from
long-lived radionuclides that may have long environmental transport times is captured with the
1,000 year period of performance.

The period of performance for geologic disposal of high-level nuclear waste is based on a
number of considerations, including but not limited to: sufficient period of time to ensure safety
of humans and the environment for the release of radiation following loss of integrity of
engineered barriers; adequate time period to incorporate significant processes and events that
impose greatest risk; restricted time period during which uncertainties can be prescribed with
reasonable assurance; and sufficient time such that the source term is greatly reduced and
roughly equivalent to the hazard from a natural ore body (NRC, 2001). The generic (i.e., for
sites other than Yucca Mountain) standards and regulations for HLW disposal (40 CFR Part 191
and 10 CFR Part 60) specify a compliance period of 10,000 years. Site-specific standards and
regulations have been developed for HLW waste disposal at Yucca Mountain, Nevada, as
directed by statute. The compliance period for Yucca Mountain was specified in EPA’s standard
(40 CFR Part 197) at 10,000 years. However, the compliance period was remanded on a
procedural basis because the findings and recommendations of the National Academy of
Science (NAS) were not adequately considered as required by the Energy Policy Act of 1992.
The NAS stated that compliance assessment is feasible for most physical and geologic aspects
of repository performance on the time scale of 1 million years at Yucca Mountain. For HLW
disposal, the NAS recommended that the compliance assessment be conducted for the time
when the greatest risk occurs, within the limits imposed by the long-term stability of the geologic
environment. As a result of the remand, EPA has proposed a revised standard (i.e., different
dose limit, and further constraints for performance assessment for the period beyond 10,000
years) to address the difficulties and uncertainties in conducting analyses beyond 10,000 years.



The standards for the management of uranium mill tailings in 10 CFR Part 40, Appendix A,
requires disposal in accordance with a design that provides reasonable assurance of control of
radiological hazards for 1,000 years and, in any case, for at least 200 years. The standard also
requires perpetual governmental ownership and long-term surveillance of the site (which may
include monitoring as necessary). Therefore, no prolonged inadvertent access or use of the site
is assumed during this period. Flux limits are applied for ??Rn averaged over the cover system
and standards for groundwater protection are specified. As discussed previously, two primary
differences between the source terms for uranium mill tailings and DU are the concentrations of
uranium and the initial and eventual concentration of daughter radionuclides. Depleted uranium
has much higher initial concentrations of uranium and much lower initial concentrations of
daughter radionuclides. However, the eventual concentrations of daughter radionuclides in DU
will be much higher than mill tailings.

Internationally, there is no consensus on the approaches used for period of performance (NEA,
2002). Many countries consider a multi-step approach with early and longer assessment
periods, although some countries do not specify a time of compliance. The NRC LLW
regulations do not specify a period of performance. However, the documentation supporting the
environmental impact statements for Part 61 and related guidance documents recognized the
need to use a period of performance commensurate with the persistence of the hazard of the
source (NRC, 1981; NRC, 1982; NRC, 2000). Selection of a period of performance generally
considers the characteristics of the waste, the analysis framework (assumed scenarios,
receptors, and pathways), societal uncertainties, and uncertainty in predicting the behavior of
natural systems over time.

ANALYSIS FRAMEWORK

The primary objective of the analysis was to understand the impacts of key variables on the
risks from disposing of DU as LLW such that staff could respond to Commission direction to
consider whether the quantities of DU in the waste stream from uranium enrichment facilities
warrant amending the waste classification tables in Part 61. Therefore, the current analysis
used a framework similar to the analysis performed for the DEIS and FEIS supporting Part 61,
as discussed below. Although computational tools and methods to incorporate and evaluate
uncertainty have improved, and therefore, were used in the current analysis, staff believed the
regulatory framework used in the development of Part 61 remains appropriate today.

Evaluation of protection of the general population from releases of radioactivity (10 CFR 61.41)
was performed for leaching of contaminants to a water pathway and diffusion of radon to the
atmosphere. The general population was assumed to reside offsite during the institutional
control period, and then outside a buffer zone surrounding the disposal area boundary after the
institutional control period. The model was structured such that the length of the institutional
control period was evaluated in the analysis in order to assess the sensitivity of the results to
the institutional control period. The protection of individuals from inadvertent intrusion was
evaluated with acute and chronic exposure scenarios following either excavation into the waste,
excavation above the waste but not into the waste, or drilling through the waste. The particular
intruder scenario evaluated was based on the depth to waste. Below a disposal depth of 3 m,
disruption of the waste via excavation was not believed to be credible for a resident-intruder
scenario. Notable differences from the analysis performed to support Part 61 were (current
analysis described): probabilistic assessment of uncertainty and variability, and use of updated
dose conversion factors and the International Committee on Radiation Protection (ICRP) 26
and 30 dosimetry models. Also as previously noted, the purpose of the screening analysis was
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to evaluate key variables such as disposal configurations (disposal depth and barriers),
performance periods, institutional control periods, waste forms, site conditions, pathways, and
scenarios. Some of these variables were evaluated outside of ranges that may have been used
in the LLW impacts analysis.

Key assumptions for the analysis included:

Depleted uranium would be disposed of in an oxide form. The model included the
capability to look at other forms, but those capabilities were not used in the analysis.
Although smaller disposal quantities were evaluated, most analyses assumed
approximately 300,000 m® of DU in the fluoride form would be converted to an oxide for
disposal. The quantities assumed were 700,000 metric tons from DOE and 700,000
metric tons from operation of commercial uranium enrichment facilities (DOE, 2007;
NRC, 2006; NRC, 2005).

There was no co-disposal of other waste that would impact release or mobility of the DU.
The basic disposal configuration was placement of 200 L carbon steel packages of DU
in below ground disposal cells that were backfilled with native soil.

The disposal system was assumed to have an engineered cover that would limit
infiltration (performance set by the user in the analysis).

The disposal system was assumed to have a clay layer as a radon barrier. The
thickness of the clay was assumed to be 0.5 m for the results reported in this report.
Additional performance credit of engineered features was not assumed, given the long-
timeframes evaluated and the current types of technology used in near-surface disposal.
Engineered features can have a large impact on performance, but justification of that
credit beyond hundreds of years can be challenging.

The liquid saturation of various materials in the analysis was temporally-invariant, but
varied stochastically with each probabilistic realization.

After the active institutional control period, the resident receptor would be located
outside a buffer zone surrounding the disposal area.

Site stability requirements would be achieved. There will not be significant releases of
waste to the environment from fluvial or aeolian erosion.

Extreme events, such as pyrophoricity, would be avoided through disposal conditions or
other requirements.

Soil-to-plant transfer factors are valid over the range of concentrations of radionuclides
projected to be released to the soil from DU.

Radon was included in the dose assessment. The concentration of radon that a
member of the public is exposed to is equal to the atmospheric concentration over the
site (e.g., the site is large enough such that additional dilution during transport to a
receptor located at the disposal site boundary is limited).

Radon gas was assumed to be transported through the system by diffusion. Barometric
pumping was not included. The validity of this assumption is questionable for shallow
disposal depths in arid environments in particular. However, under those conditions, the
doses were sufficiently large that the primary output metric of whether the system could
meet the performance objectives would not be impacted (i.e., the results already
exceeded the performance objectives).

The quantity of material being disposed is sufficiently large such that lateral dispersion
during transport through groundwater can be neglected.

Colloidal transport was neglected.



MODEL DESCRIPTION

A screening model was developed as a first-order assessment tool to evaluate the radiological
risk to future residents and intruders (acute or chronic exposures) near or on the land overlying
a hypothetical disposal facility for DU. The model was designed to provide the user with
flexibility to evaluate different waste types and forms (e.g., fluoride types, oxides types,
powdered forms, and solid forms), disposal configurations, performance periods, institutional
control periods, pathways, and scenarios. Refinement of the model would be necessary if it
was to be used for licensing decisions, and rigorous validation would be needed. Because site-
specific waste management decisions or other variables can strongly influence whether
performance objectives can be met, the results should not be taken out of the analysis context.

The model was constructed with the dynamic simulation software package GoldSim®. A
hierarchical design to the modeling was used with containers to organize information. At the top
level, containers are provided for Simulation_Settings, Materials, DU_Analysis_Model, Results,
and Documentation. Figure 3 provides a screen snapshot of the top level of containment for the
model. For version 7.1, the model contains 3,252 GoldSim elements of 19 different types with
10 levels of containment. Stochastic inputs are specified for over 400 variables. Figure 4
provides a screen snapshot of the model structure within the DU_Analysis_Model container.
The hierarchical design and use of submodels facilitated different team members working on
different portions of the model concurrently. The arrows in Figure 4 show the flow of information
between containers in the model. The time to execute 100 realizations (repetitions of a
probabilistic simulation) is approximately 7 minutes on a quad core 2.66 gigahertz (GHz)
personal computer with 3 gigabytes (GB) of random access memory (RAM).

Most controlling parameters for a simulation were organized in the Simulation_settings
container. This container provides various controls such as parameters for specifying the
intrusion time, waste depth, pathway settings (e.g., turn radon or groundwater on/off), and
residential properties (presence or absence of a basement, location of the resident with respect
to the buried source). Within the Simulation_settings container are containers for intruder
settings, such as well properties and excavation properties, and source input settings. Source
input settings are clones of other elements within the model to allow the user ease of access to
change the waste form type, site environment (i.e., humid or arid), and presence of grout.
Clones are duplicates of model elements that, when edited, propagate the changes to all of the
associated clones.

The Materials container provides the species element, solubilities, solids, partition coefficients,
and tortuosity calculations. The species element for this model is a vector of the radioisotopes
provided in the model including their half-lives and decay chains. The current model explicitly
considers 11 radionuclides, although one of the radionuclides is a dummy of ??Rn used to
incorporate the effect of variation in emanation, such as if the DU was grouted. The model
contains seven different types of solid phases, each which can have different physical
properties such as density, porosity, tortuosity, and partition coefficients. Tortuosity of the
partially saturated porous media in the engineered cap is specified with one of five different
methods. Particular approaches for modeling some of the technical aspects are discussed in
further detail in the following paragraphs. The Results container provides selected outputs,
such as plots of dose histories by scenario, pathway, or radionuclide.
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Figure 3 Top-level Containment of the DU Analysis Model

Main submodels include inventory, source term, infiltration, radon, groundwater transport, and
biosphere. Submodels use both deterministic and probabilistic input values or distributions.

Submodels can be summarized as:

e The inventory model allows the user to specify the quantity and radiologic distribution of
the source. The model includes #*8U, **U, #*U and their associated decay chains.
Decay chains have been simplified by including the dose contribution of short-lived
daughters with the parent radionuclide using a half-life cut off of 30 days. The ?**U
decay chain explicitly included: 2°Th, ?®Ra, ?*Rn, ?'°Pb, and ?'°Po. The #*®U decay
chain included “**U and its daughter radionuclides previously listed. The ?**U decay
chain included: ?'Pa and **Ac. The decay of ?°Ra is fractioned to ??Rn and a dummy
radionuclide, ??Du, to account for emanation loss of ??Rn. This approach results in a
decrease in the source concentration of radon, and therefore, decreases the diffusion
rate of radon from the source. The fraction of ?°Ra that decays to the ?*’Du is immobile
as “?Du. The ?*’Du decays in place to the next member of the decay chain, thereby not

impacting the groundwater pathway calculation.
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Figure 4 Model Structure within the Main Model Container

The source term submodel is used to define the quantity, type, and form of the material
being disposed; its associated physical and chemical properties; and the geometry of
disposal (waste thickness, depth, etc.). The source term submodel can represent the
failure of waste containers over time as well as the gradual degradation of the waste
form. Waste released from the waste form is available for partitioning between media
and release from transport processes. The source term model applies distribution
coefficients, based on material type, to partition radionuclides between solid and liquid
phases. Solubility limits are also applied, in addition to partitioning, to estimate liquid
phase concentrations of radionuclides. The model makes use of cloning of elements
with localized containers to apply different solubility limits in different portions of the
model. Localization of a container prevents the model portions outside of the container
from seeing or manipulating the contents inside the container unless the user specifies
otherwise. Partition coefficients are selected with multi-dimensional lookup tables based
on sampled values for liquid saturation, pH, and carbonate concentration. An
environmental condition switch is used to represent different site types (e.g., humid or
arid) by selecting different liquid saturation, pH, and carbonate concentrations. The
calculated partition coefficients from this approach were compared to literature values.
Numerous references were used to develop the lookup tables and are found in the
reference section of this report.

The infiltration submodel is an abstracted representation of what are complex and
dynamic physical processes; the infiltration rate is not calculated in the model but is
specified by the user of the model. The user specifies the effectiveness of an
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engineered cap to reduce infiltration, and how the performance of the cap decreases
over time. This approach allows ease of use to evaluate a full range of infiltration
scenarios. Complex infiltration rate profiles could be provided; however, the current
analysis was for hypothetical sites without specific infiltration rate data or engineered
cover designs. In most analyses, the infiltration cover was assumed to lose its
effectiveness a few hundred years after site closure. For arid sites, the long-term
infiltration rate was assumed to be on the order of a few millimeters per year. For humid
sites the long-term infiltration rate was assumed to be on the order of tens of centimeters
per year.

The radon submodel is used to estimate the flux of radon into the interior of a residence
placed over the disposal area or to the external environment. Radon that emanates
from radium present in the DU is modeled as diffusing to the surface through an
engineered cap. The engineered cap contains a clay layer as well as a soil layer. The
thicknesses of the layers are specified by the user. Modeling of radon transport in
partially saturated media is subject to a high degree of uncertainty. The gas phase
diffusion of radon in partially saturated porous media is highly dependent on the
saturation of the media. To take this into account, the tortuosity used in the diffusion
calculations is corrected for the saturation of the pore space in the soil and the clay. The
model allows the use of one of five different relationships between tortuosity and
saturation. The outdoor concentration of radon is calculated by modeling the air above
the site as a mixing cell in which the radon is diluted and removed by wind. If a
residence is located over the DU disposal area, the radon is also modeled as diffusing
through the foundation of the house and into the house. The indoor concentration of
radon is calculated by modeling the interior of the house as a mixing cell that has inputs
from the diffusive flux of radon from the subsurface and from radon that is brought in
from the outdoor air through the ventilation system. Staff compared the estimated radon
fluxes with values calculated using Regulatory Guide 3.64 (NRC, 1989).

Because the assessment was designed to evaluate a range of sites, the groundwater
transport modeling was relatively simple from the perspective of temporal and spatial
variability. Transport through the unsaturated zone was assumed to be vertical to the
saturated zone; transport through the saturated zone was assumed to be horizontal or
lateral to a receptors well. Groundwater transport through the unsaturated zone is
represented with a series of mixing cells. Advection, partitioning between liquid and
solid phases, solubility limits, and decay and in-growth are included in the mathematical
representation of a cell. Diffusion can be included in cell elements but has not been
included in the current representation because advective transport of radionuclides
dominates diffusive transport except under very low flow conditions. Cell elements
implicitly include dispersion. Groundwater transport through the saturated zone is
represented with GoldSim pipe elements. Pipes are modeled as reactive columns and
include advection, partitioning between liquid and solid phases, decay and in-growth,
and dispersion. Additional features are available with pipe elements, such as exchanges
between immobile storage zones (e.g., matrix diffusion), that are not used in the current
analysis. The flux of radionuclides from the unsaturated zone is mixed in the saturated
zone based on the characteristic length of the source (the square root of the source
area) and a user-defined well screen depth typically set at approximately 5 m. The flow
of water entering the saturated zone pipe is based on the hydraulic gradient and
hydraulic conductivity of the saturated zone. Because the analysis was generic and
hydrologic systems can have widely variable properties, the input distributions were fairly
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wide, resulting in hydraulic residence times in the pipe from less than ten to greater than
1,000 years.

e The concentration in media model component is used to provide the outputs of
radionuclide concentrations from the source, radon, and groundwater submodels for use
in the biosphere submodel to estimate radiological risk.

e The biosphere submodel utilizes the probabilistic dose model BDOSE developed for the
NRC by the Center for Nuclear Waste Regulatory Analyses (Simpkins, et al. 2007).
BDOSE was verified by hand calculation and comparison to RESRAD. The submodel
considers unit inputs of groundwater concentrations and estimates dose for a resident
farmer or a resident gardener. Acute and chronic intruder scenarios are also
considered, using inputs of actual waste concentrations with units of activity per unit
volume. Exposure pathways include external exposure from surface, air, and water;
internal exposure from inhalation of air; and internal exposure from ingestion of drinking
water, vegetables/fruits, milk, beef, game, fish, and soil. The submodel provides
flexibility in defining specific exposure pathways for each receptor type. Within BDOSE,
individual receptor pathways are established by selecting to include or exclude possible
pathways in a defined Pathway vector that defines a receptor. Potential pathway doses
are stochastically evaluated for each receptor type and pathway, based on user defined
ingestion, inhalation rates, and exposure time distributions. Key biosphere model
settings within BDOSE are controlled by switch elements that are centrally located in a
single Controls module. Switches and data elements were included to allow the user to
control aspects of the analysis such as: the use of alternative dose coefficients (ICRP 72
or Federal Guidance Report No. 11 (EPA, 1988)) for internal radionuclide dose
calculations, the time for loss of institutional controls, the model used to evaluate soil
concentrations, the exposure to different types of contaminated water sources, and
receptor pathway definitions. BDOSE is supplied with seven soil models that can be
used to evaluate radionuclide buildup in the soil from irrigation with contaminated
groundwater. These multiple models provide various considerations for deposition
processes (irrigation and in-growth) and removal processes (decay, soil erosion, and
leaching into deep soil). BDOSE evaluates radionuclide concentrations for several
animal products including: beef, milk, poultry, eggs, fish, and game. BDOSE evaluates
radionuclide concentrations for multiple vegetation types, including those used for
human consumption (vegetables, leafy green vegetables, fruits, and grains), and those
used for animal feed (animal specific grains and fodders). For a full description of
BDOSE see Simpkins et al. (2007).

Figure 5 is a diagram of the conceptual model evaluated in the analysis, with the main elements
of the problem. Figure 5 does not reflect every scenario or configuration evaluated in the
analyses, but is intended to give an overview of the basic conceptual model. The dashed line
on Figure 5 delineates the two primary types of receptors: resident or intruder. The DU source
releases to a backfill assumed to surround the DU in the disposal cells. Radon can partition
between the gas and liquid phases, and diffuse in the gas phase through clay, soil, and
basement foundation layers, as applicable. Radionuclides released to the backfill are vertically
transported via advection through unsaturated zone cells to an underlying aquifer, where they
are transported to a receptor well. Contaminated water is then extracted and used for farming
or domestic purposes. Figure 6 shows the primary transport pathways implemented in the
GoldSim model. The clay, soil, and foundation elements are comprised of many GoldSim cells
in order to limit numerical dispersion (not shown on the figure).
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KEY RESULTS AND UNCERTAINTIES

The model was used to evaluate whether large quantities of DU can be disposed of in the near-
surface as commercial LLW. Key variables evaluated included: disposal configurations,
performance periods, institutional control periods, waste forms, site conditions, pathways, and
scenarios.

Summary Results

o Depleted uranium has characteristics that are dissimilar from commercial LLW:
— Large percentage of the activity is associated with very long-lived radionuclides
— Decay results in increasing hazard with time until after 1 million years, as a result
of increasing concentrations (and higher mobility) of decay products
— In-growth of significant quantities of a daughter in gaseous form (**Rn)
o Estimated risks are sensitive to the performance period.
Estimated risk from radon is sensitive to the disposal depth.
e Radon fluxes to the environment are very sensitive to the long-term moisture state of the
system.
e Large uncertainties (and little available data) associated with some transfer factors for
uranium daughter products.
o Estimated disposal facility performance is strongly dependent on site-specific hydrologic
and geochemical conditions.
e Radon is major contributor at arid sites with shallow disposal.
e The groundwater pathway is limiting at humid sites.
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e Grouting of the waste may improve the likelihood of an arid site meeting the
performance objectives; however, grout may enhance the mobility of uranium in the
groundwater pathway after the grout degrades.

The summary conclusions from the technical analysis are:

e Near-surface disposal (i.e., less than 30 m, as defined in Part 61) may be appropriate for
large quantities of DU under certain conditions. However, unfavorable site conditions
can result in the performance objectives not being met. Examples of unfavorable
conditions include shallow disposal (< 3 m depth) and humid sites with a potable
groundwater pathway.

e Because of the in-growth of radon and other daughter products, periods of performance
of 1,000 years or less result in a significant truncation of estimated risk.

e Shallow disposal (< 3m deep) is likely to not be appropriate for large quantities of DU,
regardless of site conditions. Shallow disposal may be possible if robust intruder
barriers, excluding the possible excavation of DU, and a robust radon barrier that can
effectively limit radon fluxes over the period of performance are installed, and their
performance is justified. Small quantities (1 — 10 metric tons) could be disposed of at
shallow depths.

o Depleted uranium can be disposed of under arid conditions and meet the Part 61
performance objectives for 1,000 to 1 million years performance periods, if the waste
disposal depth is large, or robust barriers are in place to mitigate radon.

e Disposal under humid conditions with viable water pathways is probably not appropriate
for large quantities of DU.

Detailed Results

As noted above, disposal facility performance is strongly dependent on site-specific hydrologic
and geochemical conditions. There is a large amount of uncertainty in a generic assessment,
such as this one, and the associated risk insights should not be interpreted as anything more
than providing understanding for decision making. The assessment was designed to be a first-
order evaluation of key variables, and should not be misinterpreted as providing more
information than a first-order assessment. The additional challenge, from a technical
perspective, is presenting the results. Site-specific hydrologic conditions such as infiltration
rates, liquid saturation, hydraulic gradient, unsaturated zone thickness, hydraulic conductivities,
and geochemical conditions, such as pH and carbonate, and the resultant partition coefficients
and solubilities were represented in the analysis as epistemic uncertainty over a broad range of
sites. In reality, many of these parameters can be constrained for a particular site and disposal
system. For example, uranium solubility limits applied in this model represent dissolved
concentrations for a range of environmental conditions. Primary environmental factors for
uranium solubility include the reduction-oxidation potential, pH, and dissolved carbonate
concentration. Reducing conditions, such as those that may be present due to cementitious
phases, as in reducing grout, typically result in sparingly soluble uranium species. Solubility
limits for uranium, as applied in this model, can be as low as 10°® moles per liter such as may
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Figure 6 Main Transport Pathways Implemented in the GoldSim Model

occur under strongly reducing conditions. In contrast, under increasingly oxidizing conditions,
uranium tends to exhibit more soluble species. The solubility of uranium under oxidizing
conditions can vary over a wide range of concentrations and may include unlimited solubility. In
addition, the presence of complexing ligands, principally carbonates at pH ranges typical of
oxidized natural waters, can influence the solubility of uranium. The model represents this
uncertainty for oxidizing conditions by varying solubility limits over many orders of magnitude as
a function of pH and carbonate concentration. For an arid site with oxidizing conditions, the
solubility of uranium generally varied from 10 to 10 moles per liter.

A typical output that NRC staff evaluates for a probabilistic analysis is the peak of the mean

dose curve. The peak of the mean dose curve is compared to the performance objective (e.g.,
25 mrem/yr). In this type of analysis, the peak of the mean is not the appropriate output
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Table |

Percent of Probabilistic Realizations that Meet the Performance Objectives

. 1 Chronic
Scenario P;:ﬁ::?;;e Resident Intruder?
Total dose | Drinking water | Inhalation Total dose

Arid, 1,000 100 100 100 <2
1 m disposal | 10,000 40 90 50 0
depth 100,000 10 60 20 0
1,000,000 <1 40 8 0
Arid, 1,000 100 100 100 2
3 m disposal | 10,000 80 920 100 0
depth 100,000 50 60 80 0
1,000,000 20 40 70 0

Arid, 1,000 100 100 100 100

5 m disposal | 10,000 80 90 100 100
depth 100,000 50 60 90 90
1,000,000 30 40 90 70

Humid, 1,000 70 70 100 100

5 m disposal | 10,000 0 0 100 20
depth 100,000 0 0 100 0
1,000,000 0 0 97 0

Arid,? 1,000 100 100 100 100

5 m disposal | 10,000 90 90 100 100
depth, 100,000 70 70 100 90
Grout 1,000,000 60 60 90 80

' Percent of realizations that are below 25 mrem/yr total effective dose equivalent (TEDE). The resident
consumes contaminated plants raised at the site, but does not consume contaminated animals. The
results for the resident do not have radon diffusing into the basement, but the resident does get exposure
to radon in the ambient environment while outdoors and indoors. Results are rounded to one significant
figure.

2 Percent of realizations that are below 500 mrem/yr TEDE. When the waste depth is greater than 3 m,
the waste disruption process is through well drilling, not home excavation.

*The performance of grout over long periods of time is very uncertain. If the initial low leachability of
grouted waste can be maintained, a performance benefit can be realized.

statistic, because the mean is strongly affected by a few extreme results which would represent
an unfavorable site or disposal system. It is more informative to look at the median result or the
fraction of probabilistic realizations that may be above or below certain values. This information
could be interpreted as reflecting the likelihood that a specific scenario or configuration could
achieve a particular outcome.

Table | provides the percent of realizations that meet the applicable dose limits of 25 mrem/yr to
the public and 500 mrem/yr to the intruder for a variety of scenarios and configurations. Figure
7a provides example dose plots for the resident receptor and Figure 7b provides the results for
the same calculation by exposure pathway. The results shown on Figure 7b are the mean dose
for each pathway. The results in Table | demonstrate that performance period, disposal depth
at arid sites, and site conditions are important variables to consider for the disposal of DU. With
a short performance period, many sites and disposal configurations would be able to meet the
performance objectives. For an arid site, radon has not ingrown sufficiently when the
performance period is short (1,000 years). For both arid and humid sites, the delay in transport
is sufficient to achieve the performance objectives, except for shallow disposal. Disposal of
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large quantities of DU at depths less than 3 m results in projected chronic intruder doses much
in excess of 500 mrem/yr. At longer performance periods and if water from the aquifer is used
for consumption or for other domestic practices, such as irrigation, disposal under humid
conditions would likely not meet the performance objectives. Disposal under arid conditions can
achieve the performance objectives and the likelihood of compliance is significantly improved if
the disposal depth is larger.

An uncertainty analysis was performed using genetic variable select algorithms using a neural
network software product, Neuralware NeuralWorks Predict® (Neuralware, 2001). For the
water dependent pathways at an arid site, important parameters were the hydraulic conductivity
and gradient of the aquifer, the infiltration rate, and geochemical conditions that determine
sorption and solubilities. For radon at an arid site, the liquid saturation of the materials and
properties of the residence and scenario, such as house height, foundation porosity, air
exchange rate in the house, and fraction of time spent indoors, were most significant. For
animal pathways, there is very limited data on transfer factors for some of the daughter
radionuclides. Additional research may be needed to develop more robust estimates of transfer
factors.
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and ingestion of soil. Shown is the mean result by pathway for 100 realizations.
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CONCLUSIONS AND RECOMMENDATIONS

Near-surface disposal of large quantities of DU may be appropriate, but not under all site
conditions. It is important to note that this same conclusion would likely be reached for the
disposal of commercial LLW, if it was evaluated in this analysis. However, the types and degree
of constraints would be different for disposal of large quantities of DU in the near-surface
compared to typical LLW. The requirements provided in Part 61 are intended to ensure that
unfavorable conditions for commercial LLW disposal will be avoided. The characteristics of DU
differ from commercial LLW. As shown in Figure 1, the radiologic hazard of DU is more
persistent than typical commercial LLW. It also has a much lower initial specific activity
compared to its eventual specific activity, which is a problem because confidence is higher
shortly after disposal that institutional controls will be maintained, engineered barriers will
perform their function, and stability of the disposal site can be ensured. Therefore, whereas
commercial LLW requires a greater level of protection with respect to direct radiation and
impacts to workers, DU requires a greater consideration of long-term stability and isolation from
the accessible environment over longer timeframes. It is recommended that large quantities of
DU be disposed of at a minimum of 3 m from the current land surface, if the land surface is
stable, or the future land surface as estimated by geomorphologic projections over the
compliance period. Ideally, even deeper disposal depths would be favorable for mitigating long-
term radon hazards associated with the disposal of DU. Site-specific hydrologic and
geochemical conditions should be carefully considered in assessment of the risk impacts from
the disposal of large quantities of DU in the near-surface. The uranium parents and some of the
daughter products can be moderately mobile in the environment. The quantity and
concentration of the source, combined with the moderate mobility, can result in it being very
difficult to achieve the 10 CFR 61.41 performance objective under humid conditions, if potable
aquifers or aquifers that are used for irrigation of plants for human or animal consumption are
impacted. Therefore, disposal of large quantities of DU under humid conditions is not
recommended.

Considering the technical aspects of the problem, the performance assessment staff
recommends a performance period of 10,000 years for the analysis of DU disposal. However,
analyses should be performed to peak impact, and if those impacts are significantly larger than
the impacts realized within 10,000 years, then the longer term impacts should be included in the
site environmental evaluation. This recommendation is consistent with previous NRC guidance
found in NUREG-1573 and considers the characteristics of the DU and uncertainty in estimating
societal behavior and engineered and natural system performance over very long periods of
time. Uncertainty in the projected doses from factors other than the physical characteristics and
transport parameters of the system likely dominate at times larger than 10,000 years.
Potentially high doses relative to the performance objectives could occur within a timeframe
longer than 10,000 years from the disposal of large quantities of DU. However, the majority of
sites, waste forms, and disposal configurations that can meet the performance objectives at
10,000 years will continue to meet the performance objectives at longer time periods. A simple
approach that should be considered to ensure the eventual risk of radon is managed is to select
a waste disposal depth and cover thickness based on the projected peak in-growth of the
daughter species, rather than the in-growth over the performance period.

It is essential that the site hydrology and geochemistry be well-understood, because site-
specific conditions are the primary determinant of the safety of the near-surface disposal of
large quantities of DU. Uranium and daughter radionuclide speciation and partitioning, as well
as, radon transport in natural systems are complex processes; the analysis of the near-surface
disposal of DU must adequately evaluate and manage this uncertainty. Under improper
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disposal systems, configurations, or unfavorable site conditions, disposal of significant
quantities of DU can exceed the 10 CFR 61.41 and 10 CFR 61.42 performance objectives by a
significant margin. The analysis to assess performance of DU disposal at a particular site
should be supported by as much site-specific data as practical. In particular, measurements of
infiltration rates, radionuclide sorption and solubilities, radon diffusion and emanation rates,
waste release rates, and soil-to-plant transfer factors can greatly reduce the uncertainty in the
estimated future performance of a disposal site.
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Activity Office/Division FY09 FY10 FY11 FY12 FY13
Option 1 — Funds | FTE | Funds ($) | FTE | Funds ($) | FTE | Funds ($) | FTE | Funds ($) | FTE
Generic ($)
communication and
guidance document | FSME/DWMEP 2.6 200,000 1.0
So00.000 Total 2.6 | 200,000 | 1.0
Option 2 — FSME/DWMEP 2.5 450,000 2.4 0.7
Rulemaking and
guidance document FSM E/DILR 07 07

QOIS 0.1 0.1
7.8 FTE and
$450,000 0GC 0.2 0.2
ADM 0.1 0.1
Total 25 450,000 3.5 1.8
Option 3 — FSME/DWMEP 200,000 2.5 | 600,000 1.7 0.7
Classify DU and
rlomaking FSME/DILR 0.7 0.7
olIs 0.1 0.1
7.1 FTE and
$800,000 OoGC 0.2 0.2
ADM 0.1 0.1
Total 200,000 2.5 600,000 2.8 1.8
Option 4 — FSME/DWMEP 500,000 6.0 900,000 2.2 0.7
Revi lassificati
blosand " | FSME/DILR 07 0.7
rulemaking
olIs 0.1 0.1
11.1 FTE and OGC 0.2 0.2
$1,400,000
ADM 0.1 0.1
Total 500,000 6.0 900,000 3.3 1.8
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Depleted Uranium - Additional Options Evaluated

In addition to the options discussed in the paper, staff evaluated the possible use of 10
CFR 61.58 “Alternate requirements for waste classification and characteristics® to
require that a site-specific analysis be performed prior to disposal of large quantities of
DU. 10 CFR 61.58 states:

The Commission may, upon request, or on its own initiative, authorize other
provisions for the classification and characteristics of waste on a specific basis, if,
after evaluation of the specific characteristics of the waste, disposal site, and
method of disposal, it finds reasonable assurance of compliance with the
performance objectives in subpart C of this part.

10 CFR 61.58 is an exception provision that allows the Commission, either upon request
or on its own initiative, to authorize alternate provisions for classification or
characteristics of LLW. ' The requirements for waste classification and characteristics
are found in §§ 61.55 and 61.56, respectively.? Such alternate provisions could be
authorized after an evaluation showing that the specific waste, disposal site, and
disposal method being proposed would provide reasonable assurance of compliance
with the performance objectives in Subpart C of Part 61.

Under Option 1, the staff would issue a generic communication clarifying the need to
demonstrate compliance with the performance objectives prior to the disposal of large
quantities of DU. Therefore, § 61.58 does not apply.

Under Option 2, which is the staff's recommended option, the staff is proposing that
disposal facility licensees be required to perform an analysis in order to confirm that
near-surface disposal of large quantities of DU, and other “unique waste streams,” can
be undertaken at specific sites in conformance with the performance objectives in
Subpart C to 10 CFR part 61. This would be accomplished via rulemaking to modify 10
CFR 61.55. On the other hand, use of an exception provision like § 61.58 to require an
additional site-specific study on certain Class A waste streams, without any associated
rule change, seems inconsistent with the basic premise of an exception. Specifically,
the purpose of building an exception into a generally applicable rule is to allow an activity
that would not otherwise be permitted, rather than to impose an additional requirement
(e.g., performance of a site-specific study) on an activity that is already permitted (e.g.,
near-surface disposal of Class A waste). Thus, if § 61.58 were utilized to approve an
alternate classification or characteristic, such action would provide additional options for
a licensee, but would not require use of a particular option. Compliance with the
approved alternative would not be the only method of compliance. Therefore, if the staff
intended to use § 61.58 in order to develop an alternate waste classification or alternate
characteristics for a Class A waste stream such as DU, and to require licensees to
conform to the alternate classification or characteristics as the sole method of

10 CFR61.58 is analogous to 10 CFR 61.54, “Alternate Requirements for design and operations,” which
provides similar flexibility with regards to the technical requirements specified in §§ 61.51, 61.52 and 61.53.

210 CFR 61.56(a) describes minimum requirements for all classes of waste that are intended to facilitate
handling at the disposal site and provide protection of health and safety of personnel at the disposal site.
10 CFR 61.56(b) provides stability requirements for Class B and C waste.
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compliance in place of (as opposed to as an alternative to) the existing regulations, a rule
change would be necessary.

The staff also considered whether the Commission could, on its own initiative, undertake a site-
specific analysis for large quantities of DU pursuant to § 61.58. While the language of § 61.58
certainly provides for such a Commission-initiated analysis, as discussed above, performance of
such an analysis pursuant to § 61.58 alone, without an associated rule change, would not
replace the existing regulations as the sole method of compliance. In addition, a Commission
evaluation undertaken pursuant to § 61.58 would likely have no direct effect on Agreement
State licensees, as any alternate waste classification or characteristics would need to be
evaluated and authorized by the Agreement State under its analog to § 61.58 or § 61.6 (general
exemption provision), neither of which are currently required for compatibility.

While ineffective for Option 2, § 61.58 could play a role if the Commission were to direct the
staff to implement Option 3 or 4, depending on how DU was ultimately classified. For example,
if large quantities of DU were reclassified generically as Class C or GTCC using a “reference
LLW disposal site assumed to be sited in a humid eastern environment” under Option 3, NRC
licensees — or the Commission itself — could use § 61.58 to provide an alternate classification
after performing an evaluation showing that the specific waste, disposal site, and disposal
method being proposed would provide reasonable assurance of compliance with the
performance objectives in Subpart C of Part 61. In this example, the waste in question could
then be disposed of in accordance with the general reclassification developed under Option 3 or
4 (e.g., Class C or GTCC), or in accordance with the alternate classification authorized pursuant
to § 61.58. But, as described above, such a § 61.58 analysis would likely have no direct effect
on Agreement State licensees, as any alternate waste classification would need to be evaluated
and authorized by the Agreement State under its analog to § 61.58 or § 61.6 (general
exemption provision).

® This is consistent with the discussion of § 61.58 in NUREG-1854, “NRC Staff Guidance for Activities Related to U.S.
Department of Energy Waste Determinations: Draft Final Report for Interim Use.” Specifically, NUREG-1854 states:

“10 CFR 61.58 was intended to allow the NRC the flexibility of establishing alternate waste
classification schemes when justified by site-specific conditions and does not affect the generic
waste classifications established in 10 CFR 61.55.”

Id. at 3-36 (emphasis added).
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