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Appendix C, staff responses to public comments on the January 2011 Federal Register 
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1 Introduction 

The U.S. Nuclear Regulatory Commission (NRC) licensing requirements for land disposal of 
radioactive waste (Title 10 of the Code of Federal Regulations (10 CFR) Part 61), “Licensing 
Requirements for land Disposal of Radioactive Waste”) include four performance objectives.  
These performance objectives are as follows:  
 

• protection of the general population from releases of radioactivity, 
 

• protection of inadvertent intruders, 
 

• protection of individuals during operations, and 
 
• stability of the disposal site after closure. 

 
A low-level radioactive waste (LLRW) disposal facility must be designed, operated, closed, and 
controlled after closure in a mannerso that provides reasonable assurance exists that these 
performance objectives will be met.  NRC assumes that, atAt some point in time after active 
institutional controls over the disposal site are removed, the NRC postulates that an individual 
unknowingly intrudes onto the disposal site and interacts with the waste.  To protect this 
hypothetical individual, the NRC developed a waste classification system (10 CFR § 61.55), 
“Waste classification”) that requires greater control measures for waste with greater radionuclide 
concentrations.  As stated in 10 CFR § 61.13, “Technical analyses,” analyses of the protection 
of individuals from inadvertent intrusion must include a demonstration that there is reasonable 
assurance that the waste classification requirements will be met.   
 
This Branch Technical Position (BTP) on Concentration Averaging and Encapsulation (BTP) 
provides guidance for waste generators and processors classifying waste for disposal.  This 
BTP presents acceptable methods by which radionuclide concentrations in specific waste 
streams or mixtures of these waste streams may be averaged over the volume or mass of athe 
waste package.  This BTP provides guidance on complying with 10 CFR § 61.55(a)(8) as it 
applies to the classification of waste for disposal under 10 CFR Part 61.  The NRC is revising 
the BTP to improve its clarity; to update the position on LLRW blending, as directed by the 
Commission (NRC, 2010); and to align the BTP with the agency’s direction of providing a risk-
informed performance-based regulatory approach.   
 
The U.S. Nuclear Regulatory Commission (NRC)NRC regulations require that the waste class 
be identified for each disposal container in a shipment of radioactive waste to a licensed LLRW 
land disposal facility.  This information is reported on a shipping manifest as specified in 
Appendix G, 10 CFR“Requirements for Transfers of Low-Level Radioactive Waste Intended for 
Disposal at Licensed Land Disposal Facilities and Manifests,” to Part 20, “Standards for 
Protection Against Radiation,” of NRC’s regulations.  Licensees shippingthat ship waste are 
required to certify that each waste package listed on the manifest is properly classified as Class 
A, B, or C in accordance with 10 CFR § 61.55., “Waste classification.”  As the waste class 
increases from Class A to Class C, the hazard to an inadvertent intruder increases. This BTP 
addresses the classification of individual waste containers to help facilitate compliance with the 
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Appendix G requirements.  Guidance for averaging across multiple waste containers is outside 
the scope of this BTP. 
 
For classifying wastes as Class A, B, or C, 10 CFR § 61.55(a)(8) states that “…Thethe 
concentration of a radionuclide may be averaged over the volume of the waste, or weight of the 
waste if the units are expressed as nanocuries per gram.”  This BTP provides guidance on 
complying with 10 CFR § 61.55(a)(8) as it applies to the classification of specific wastes and 
mixtures of wastes for disposal under 10 CFR Part 61.  The basis for the averaging provisions in 
this BTP is protection of the inadvertent intruder,  (i.e., averaging constraints and criteria are 
specified whichthat will ensure that the intruder will continue to be protected.).  This guidance 
does not in any way alter a licensee’s obligation to meet the waste classification concentration 
limits in 10 CFR § 61.55.   
 
The NRC’s waste classification system is generic; that is, it applies to all LLRW disposal sites.  
It can be used by allAll generators and waste processors that ship waste to any licensed 
disposal site, and can use this system, which helps to ensure that the disposal facility that 
receivesreceiving the waste applies the required control measures assigned to each waste 
class to ensure safe disposal.  The generic 10 CFR  
§ 61.55 waste classification tables do not take into account any site-specific features or 
considerations, but licensees could perform site- or waste-specific intruder analyses to justify 
alternative waste classification provisions.  Under 10 CFR § 61.58, “Alternative requirements for 
waste classification and characteristics,” the Commission could approve these alternative 
provisions if it found that there was reasonable assurance of compliance with the Subpart C. 
“Performance Objectives” to 10 CFR Part 61, Subpart C, performance objectives, including the 
performance objective for protection of an inadvertent intruder in 10 CFR § 61.42., “Protection of 
individuals from inadvertent intrusion.” 
 
The averaging provisions recommended in this document are also generic,  (i.e., the staff 
believes they are suitable for use by any licensed disposal facility or generators or processors 
shipping waste to a licensed disposal facility.).  Although this approach may simplify 
classification for generators, there may be instances in which generators, processors, or 
disposal facility operators wish to apply site-specific averaging approaches, approved by the 
regulator of the facility.  This BTP provides examples of site-specific considerations for 
averaging that may be useful to licensees that propose alternative approaches and to regulators 
in proposing averaging approaches different from those in this BTP.    that must review these 
proposals. 
  
Although Agreement States are required to adopt waste classification regulations that are 
essentially identical to the NRC’s in 10 CFR § 61.55,1 they may use averaging approaches 
differentthat differ from those contained in this guidance.  WasteTherefore, waste generators 
should therefore ensure that the disposal facility license conditions related to waste 
classification and averaging are met before shipping waste to a licensed disposal facility.  
Consultation with disposal facility operators and/or appropriate regulatory authorities may be 
needed.  In many cases, shipments of LLRW are routine and consultation would not be 

                                                
1 10 CFR § 61.55 is NRC compatibility categoryCategory B.  This category is for activities that have direct and 
significant transboundary implications.   
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required.  In some cases, such as shipments of blended ion exchange resins from multiple 
sources, there may need to be assurance that the disposal facility has ensured that these types 
of waste are acceptable for disposal, and additional waste acceptance criteria may be specified 
for them.  It is expected that Agreement States that either approve a change in equipment or 
procedures related to intentional blending during processing of LLRW, also called large-scale 
blending, or that regulate the disposal of these types of blended wastes, would consult with one 
another to ensure that these types of wastes are acceptable for disposal.may be needed.    
 
2 B. RELATIONSHIP BETWEENRelationship between 1983 BTP, 1995 BTP 

AND THISand this BTP: 

On May 11, 1983, the NRC published the “Final Waste Classification and Waste Form 
Technical Position Papers” (NRC, 1983).  The 1983 guidance described overall procedures 
acceptable to the NRC staff that may be used by licensees may use to determine the presence 
and concentrations of the radionuclides listed in 10 CFR § 61.55, and thereby classify waste for 
near-surface disposal.  The initial “Technical Position on Waste Classification” included 
sectionSection C.3, “Concentration Volumes and Masses,” thatwhich provided guidance to 
waste generators on the interpretation of 10  CFR § 61.55(a)(8).  On January 17, 1995, the 
NRC replaced Section C.3 of the 1983 Technical Position addressing concentration averaging 
in accordance with 10 CFR § 61.55(a)(8) with the “Branch Technical Position on Concentration 
Averaging and Encapsulation,” (U.S. NRC, 1995).  The other sections of the 1983 Technical 
Position remain in effect, with the exception of the corrections noted in the footnote below.2 
 
In the Federal Register Noticenotice announcing the availability of the 1995 BTP (60 FR 
4451NRC 1995), the NRC stated that the BTP was developed for two reasons.  First, it was 
considered desirable to attempt to achieve consistent waste classification positions among the 
Commission and Agreement State regulatory authorities.  Second, the staff noted that the waste 
classification positions could impactaffect other programs (e.g., the U.S. Department of Energy’s 
(DOEDOE’s) program to accept Greater-Thangreater-than-Class C waste).   
 
In addition, after the finalization of 10 CFR Part 61, there were a number of well-publicized 
accidents involving small, highly radioactive sealed sources.3  The nature of these accidents led 
the NRC to consider individual gamma-emitting items that might survive in a LLRW disposal 
facility and to consider the possibility that their radioactive nature would not be recognized by an 
inadvertent intruder.  To ensure that individual gamma-emitting items do not compromise the 
protection of the inadvertent intruder, the 1995 BTP introduced exposure scenarios that 
assessed the possible dose consequences to an inadvertent intruder unknowingly handling an 
individual LLRW item 500 years after disposal.  The results from the technical analysis of the 
handling scenarios are the basis for the majority of the positions in the 1995 BTP.  These 1995 
positions limit “hot spots”4 (highly concentrated item(s)) in mixtures of wastes and these 
positions also set limits on encapsulation practices.   
 

                                                
2The following corrections should be made to the May 1983, Technical Position: (1) p.1 first para., fourth line—delete 
the words, “or processor”; and (2) p.6, fourth line and p.12, second para., fifth line—replace “biannual” with “biennial.” 
3 For example,  see International Atomic Energy Agency (IAEA) 1988. 
 
4 See Glossary in Appendix A for definition 
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Like the 1995 BTP, this updated BTP recommends limits on hot spots and provides guidance 
for classifying different “waste types.”  As used in this BTP, waste types include:  various 
homogeneous types (e.g., spent ion exchange resins mixed as part of the design of a nuclear 
power plant, contaminated soils, and filter media); activated metals; contaminated materials; 
cartridge filters and sealed radioactive sources.  Appendix A of this document provides a 
glossary of terms used in this Position. BTP. 
 
This BTP replaces the 1995 BTP on Concentration Averaging and Encapsulation in its entirety, 
as well as Section C.3 of the 1983 BTP.  Consistent with NRC policy, this revision is more risk-
informed and performance-based than the 1995 BTP.  The technical basisbases for the 
positions in this BTP are presented in Appendix B, and a brief description of the changes 
between the 1995 BTP and this BTP are provided in Appendices B and D respectivelyAppendix 
I. 
 
C. TECHNICAL POSITION: 

3 Safety Culture 

It is the NRC’s expectation that individuals and organizations performing regulated activities 
establish and maintain a positive safety culture commensurate with the safety and security 
significance of their activities and the nature and complexity of their organizations and functions.  
This applies to all licensees, certificate holders, permit holders, authorization holders, holders of 
quality assurance program approvals, vendors and suppliers of safety-related components, and 
applicants for a license, certificate, permit, authorization, or quality assurance program approval, 
subject to NRC authority.  “Nuclear safety culture” is defined as the core values and behaviors 
resulting from a collective commitment by leaders and individuals to emphasize safety over 
competing goals to ensure protection of people and the environment. Individuals and 
organizations performing regulated activities bear primary responsibility for safely handling and 
securing these materials.  Experience has shown that a positive safety culture exhibits certain 
personal and organizational traits.  A trait, in this case, is a pattern of thinking, feeling, and 
behaving that emphasizes safety, particularly in goal conflict situations (e.g., production versus 
safety, schedule versus safety, and cost of the effort versus safety).   
 
The NRC, as the regulatory agency with an independent oversight role, reviews the 
performance of individuals and organizations to determine compliance with requirements and 
commitments through its existing inspection and assessment processes.  However, the NRC’s 
safety culture policy statement and traits are not incorporated into the regulations.  Many of the 
safety culture traits may be inherent to an organization’s existing radiation safety practices and 
programs.   
 
Refer to Appendix J for the NRC’s Safety Culture Policy Statement.  More information on NRC 
activities related to safety culture can be found at: http://www.nrc.gov/about-
nrc/regulatory/enforcement/safety-culture.html. 
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4 Technical Position 

The following paragraphs provide guidance on acceptable approaches for concentration 
averaging, including mixing and encapsulation practices for the classification of LLRW.  This 
guidance is not intended to address all unique waste types or waste packaging methods, and 
other.  Other provisions for the classification or encapsulation may be deemed acceptable, as 
discussed under Section 34.9, “Alternative Approaches for Averaging.” 
 
To improve clarity, flowcharts of the BTP’s guidance are presented in Figures 1 and 2.  The 
Figure 1Figure 2 and Figure 3.  The Figure 1 flowchart outlines the steps for classifying mixtures 
of items of waste in a single waste container and homogeneous waste types.  The Figure 2 
flowchart outlines the steps for classifying individual items., and the Figure 3 flowchart outlines 
the steps for classifying mixable wastes.  The position on encapsulation of sealed sources and 
other solid LLRW is provided in Section 34.5., “Encapsulation of Sealed Sources and Other 
Solid Low-Level Radioactive Wastes.”  

4.1 3.1 Waste Characterization: 
Waste characterization is the first step in waste classification.  Waste characterization requires 
information about the volume and concentration of each nuclide in each item of waste.  Waste 
classes are defined by radionuclide concentrations given in 10 CFR § 61.55, Tables 1 and 2.  
The concentrations in the tables were derived to protect an inadvertent intruder.  The May 1983 
Technical Position provides guidance on how to determine radionuclide concentrations.  This 
BTP provides guidance on how to measure the volume of the waste for the purposes of 
classification in Section 34.6, “MeasuringDetermining the Volume of the Waste Volumes.”  
 
In general, the volume and nuclide concentration information about each individual item of 
waste must be sufficient to determine 10 CFR § 61.55 nuclide concentrations.  If an item or a 
mixture of items contains more than one nuclide listed in Table 1 or in Table 2 of 10 CFR  
§ 61.55, the volume and nuclide information must be used to calculate the “sum of fractions,” as 
explained in 10 CFR § 61.55(a)(7).  The individual pieces in a mixture should be evaluated to 
determine if there are radiological hot spots that could compromise the safety of thean 
inadvertent intruder.  If hot spots exist, they should be removed from the mixture and classified 
as individual items using the process shown in Figure 2.Figure 2.  Classification of an individual 
item is addressed in Section 34.4 of this BTP, “Classifying Individual Items.”   After removal of 
the more concentrated items, the remaining mixture should be reevaluated using Figure 
1.Figure 1.  Once the mixture is brought within limits established in this BTP, the mixture can be 
classified based on the average concentration of all items remaining in the mixture.   
 
If the sum of fractions exceeds 1 for the Table Table 1 values or exceeds 1 for the column 3 of 
the Table  
2 values, then the mixture exceeds the Class C limits and the licensee should determine if the mixture can 
be reconstituted to bring the sum of fractions below 1.   
 
Assuming that the sum of fractions for a mixture does not exceed 1 (for Table 1 or column 3 of 
Table   Assuming that the sum of fractions for a mixture does not exceed 1 (for Table 1 or 
column 3 of Table  
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Table 2), the first decision (decision node A) in Figure 1 is whether the disposal container holds 
a single item or multiple items.  Homogeneous waste types (Section 3.2) are considered single 
items for this Position.  A container of solidified or absorbed liquidsliquid is considered a 
homogeneous waste type and the contents mayto be concentration averaged over the final 
volume or mass (Figure 2a single item (Section 4.4). 
 
The next decision (node B) is whether all items in the mixture are of a similar waste type.is 
“mixable.”5  Mixable wastes, including homogeneous wastes, are classified according to 
guidance provided in Section 4.2 and outlined in Figure 3.  Node C asks the first question 
concerning “waste types.”  Waste types are wastes that are grouped together for the purposes 
of this concentration averaging and waste classification BTP.  Waste types include, but are not 
limited to:  various homogeneous waste types (e.g., spent ion exchange resins mixed as part of 
the design of a nuclear power plant, contaminated soils, and filter media); activated metals; 
contaminated materials; cartridge filters, and sealed radioactive sources.  A drum containing 
pieces of activated metal is an example of a container of wastes that are of a similar waste type.  

                                                
5  Mixable waste is waste that could easily be mixed to create relatively uniform radionuclide 
concentrations.  Mixable waste is not necessarily homogeneous (e.g., if blending is insufficient).  In this 
BTP, the term is used primarily to differentiate waste that is easily mixed from waste that is composed of 
discrete items (e.g., a group of pieces of activated metal is not considered mixable waste).   
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An example of a container of dissimilar waste types is a drum containing miscellaneous trash (a 
homogeneous waste type) mixed with pieces of activated metal.  IfAt node C, if the disposal container 
holds a mixture of dissimilar waste types, and if the highest waste classification of any individual item of 
the mixture is not higher than the waste classification when compared to the total mixture (average of the 
total activity over the total volume or mass), then the classification based on the average concentration 
may be used (node CD).  A container of dissimilar waste types that does not meet this criterion should be 
reconfigured, or the licensee can propose classifying the mixture 
consistent with according to the approaches outlined in Section 34.8, “Alternative Requirements” or 
Section 4.9, “Alternative Approaches for Averaging.” 
 
If the container holds multiple items of the same waste type, the next decision (node D) is 
whether the waste is a homogeneous waste type.  Guidance on identifying and classifying 
homogeneous waste types is presented in Section 3.2.  Guidance for classifying mixtures of other 
similar waste types (e.g., a container holding pieces of activated metals or contaminated materials or 
cartridge filters) is presented in Section 3.3. 
3.2 0, “Classifying a Mixture of Activated Metals or Contaminated Materials or Cartridge 
Filters.” 
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Figure 1. Classification of Mixtures of Activated Metals, Contaminated Materials and Cartridge Filters 
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ure 2. Classification of Individual Items 
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Figure 3. Concentration Averaging for Mixable Waste 
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4.2 Classifying Mixable and Homogeneous Waste Types and Mixtures of 
Homogeneous Waste Types: 

Guidance in this section is applicable to wastes that areWaste that is amenable to physical 
mixing to homogenizeachieve relatively uniform radionuclide concentrations.  Waste is 
radiologicallycalled mixable waste.  Examples of mixable waste include soil, ion exchange 
resins, and ash.  Mixable waste is not necessarily homogeneous (e.g., if blending is 
incomplete).  Waste is homogeneous for classification if the classification-controlling 
radionuclide6 concentrations of the “nuclides(s) of concern”7 are likely to approach uniformity in 
the context of reasonably foreseeable intruder scenarios.  In the context of LLRW disposal, 
reasonably foreseeable intruder scenarios are based on intruder activities that are likely to occur 
within the next few hundred years,8 considering the capabilities of intruder barriers, site 
characteristics, and area land use trends and plans.  These scenarios are usually site-specific.  
In this guidance, the term “homogeneity” is used to designate radiological  (see Glossary in 
Appendix A for the definition of “nuclides of concern”).   Thus, mixibility is a physical property of 
the waste, whereas homogeneity, as used in this guidance, is a radiological property. 

 
The concentration of homogeneous waste may be averaged over a waste container without 
constraint.  That is, the classification of homogeneous waste may be based on the total 
radionuclide activity in a container divided by the volume (or mass, as appropriate) of waste in 
the waste container.   

 
Wastes that are deemed to be homogeneous waste types (Section 4.2.1) or wastes that do not 
meet the threshold for demonstrating homogeneity unless physical homogeneity is 
specified.(Section 4.2.2.1) may be considered homogeneous for waste classification.  That is, 
the radionuclide concentrations in these wastes may be averaged over the waste container (see 
Figure 3).  Wastes that meet the threshold for demonstrating homogeneity should be shown to 
be homogeneous through process knowledge, other reasoned conclusion, or, in some cases, by 
direct measurement (Section 4.2.2.2).    
 
Waste homogeneity is relevant to intruder protection (i.e., by limiting the potential “hotspots” an 
intruder could encounter) and to waste classification.  Guidance regarding waste homogeneity 
(Sections 3.2.1 and 3.2.2) is based on protection of inadvertent intruders.  Additional guidance 

                                                
6 In most cases, the risk-significant and concentration-controlling radionuclides will be the same.  However, it is 
possible that the risk to an inadvertent intruder could be dominated by a radionuclide that is not included in Tables 1 
and 2 of 10 CFR § 61.55 (e.g., depleted uranium).  In these cases, intruder protection is maintained by the 10 CFR § 
61.42 performance objective for protection of individuals against inadvertent intrusion.   
7 In most cases, the risk-significant nuclides and the nuclides of concern will be the same.  However, it is 
possible that the risk to an inadvertent intruder could be dominated by a radionuclide not included in 
Tables 1 and 2 of 10 CFR § 61.55 (e.g., depleted uranium).  In these cases, intruder protection is 
maintained by the 10 CFR § 61.42 performance objective for protection of individuals against inadvertent 
intrusion.  
8 If the radiological hazard will persist beyond the next few hundred years, licensees should consider intruder 
activities typical of generic scenarios (e.g., NUREG-0782 (U.S. NRC, 1981), NUREG-0945 (U.S. NRC 1982), 
NUREG/CR-4370 (U.S. NRC, 1986) that are plausible within the compliance period considering the capabilities of 
intruder barriers and the natural evolution of site characteristics.  Use of generic scenarios limits excessive 
speculation about future human activity. 
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is provided regarding demonstration of waste classification for homogeneous waste (Section 
3.2.3).   

3.2.1 Homogeneous Waste Types: 

4.2.1 Mixable Wastes and Homogeneous Waste Types 

Certain wastes typically may be treated as homogeneous waste types for the purpose of waste 
classification without specific demonstration of homogeneity.  These wastes include solidified or 
absorbed liquid, spent ion-exchange resins mixed as part of the design of a nuclear power plant, 
filter media, evaporator bottom concentrates, ashand ash.  Contaminated soil, contaminated 
soiltrash, and containerized dry active waste (DAW).  Solidified) also may be classified as 
homogeneous under certain circumstances, as described below.  The NRC considered 
solidified and absorbed liquids are consideredto be homogeneous waste types because 
radionuclide concentrations are expected to be uniform at the time of disposal.  Spent ion-
exchange resins mixed as part of the design of a nuclear power plant, filter media, evaporator 
bottom concentrates, ash, and contaminated soil are considered homogeneous waste types 
because they are flowablemixable, and, based on NRC experience, the radionuclides in these 
waste streams are expected to be relatively uniformly distributed when exhumed under 
reasonably foreseeable intruder scenarios.  

 
To the extent that contaminated trash, contaminated soil, and DAW are packaged in a disposal 
container to achieve ≥90 percent fill, the volumetric-averaged concentration of radionuclides in 
these waste types can be based on the fill-volume of the container.  DAW, which may be 
composed of a variety of miscellaneous materials, may be considered a homogeneous waste 
type for purposes of waste classification when placed in containers because it is expected to 
degrade within approximately 100 years to a more soil-like state in which it will be mixed if 
exhumed by an intruder.  For each of these homogeneous waste types, even if waste is not 
completely mixed as it is exhumed and spread on the surface, intruder exposure may be further 
averaged when the hypothetical intruder spends time in different locations at the site.well-mixed 
and soil-like state.   
 
To the extent that contaminated trash and contaminated soil are packaged in a disposal 
container to achieve ≥90% fill, the volumetric-averaged concentration of radionuclides in these 
waste types can be based on the fill-volume of the container.  Alternatively, the volume of the 
waste can be calculated from the weight of the container contents divided by the density of the 
contents.  A representative density, based on a representative distribution of materials as they 
occur in waste, may be used.  The activity of small concentrated microcurie sources or gauges 
(< 3.7 megabequerel (MBq) [100 microcuries (µCi]))]) that may be mixed with contaminated 
trash may be averaged over the trash volume.   
 
Although these wastes are assumed to be well mixed after they are exhumed, flowability is not a 
guarantee that the waste will be well mixed as it is disposed in a waste site.  Because of the low 
likelihood that an intruder would encounter a hot spot in a waste that typically is expected to be 
homogeneous, the NRC staff does not believe that any benefits realized by quantifying the 
homogeneity of these wastes would justify the additional dose incurred by workers making the 
measurements.  
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4.2.2 Homogeneity of Mixable Waste 

Similar mixable waste streams (e.g., ion exchange resins from different facilities) may be 
physically blended irrespective of their initial radionuclide concentrations.  As discussed in 
Section 4.2.1, the NRC staff has sufficient experience with certain waste streams to designate 
them as homogeneous waste types.  This section addresses the homogeneity of other mixable 
waste streams (i.e., mixable waste streams not designated as homogeneous waste types).  
Section 4.2.2.1 provides threshold values above which demonstrating homogeneity is 
recommended.  Waste produced in smaller quantities or from less concentrated waste than 
described in Section 4.2.2.1 can be treated as homogeneous waste (i.e., concentrations may be 
averaged over the waste container without constraint).  Licensees should address the 
homogeneity of waste that meets the threshold through one of two processes:  (1) 
demonstrating the waste is homogeneous, as described in Section 4.2.2.2, or (2) using an 
alternative approach to demonstrate that the waste does not present homogeneity concerns 
(Section 4.9).     
 
Blending of physically dissimilar mixable waste streams (e.g., mixing ion exchange resins with 
soils) should be considered on a case-by-case basis.  Proposals to blend physically dissimilar 
waste streams should address the physical and chemical compatibility of the waste streams.  
Specifically, waste streams that could cause undesirable chemical reactions (e.g., hydrogen 
generation) should not be blended. 

4.2.2.1 Threshold for Demonstrating Waste Homogeneity 

Mixing wastes with different radionuclide concentrations may create an intrusion hazard 
because of the potential creation of hot spots in the waste.  If none of the influent waste streams 
being blended are very concentrated (relative to the class limit), the potential hazard is small.  
Similarly, if the amount of blended waste generated is small (relative to the amount of waste 
disposed of at a site), the probability an intruder will encounter a hot spot is small.  Thus, a 
threshold for demonstrating homogeneity based on intruder protection depends on both the 
radionuclide concentrations in the influent waste streams (which affects the potential hazard 
from incompletely mixed waste) and the quantity of waste blended (which affects the chance an 
intruder will encounter the blended waste).  To establish a threshold for demonstrating 
homogeneity, the NRC staff developed concentrations and volumes below which no specific 
demonstration of homogeneity is needed (Table 1).  The NRC staff recommends that waste 
produced from combining mixable wastes in greater quantities, or composed of influent waste 
streams with greater concentrations, specifically be shown to be homogeneous (Section 4.2.2.2) 
before waste classification.   
 
In the absence of any homogeneity testing, the activity and size of a hot spot in a waste 
package is limited only by the influent waste streams and the classification of the waste 
package as a whole.  In a larger package, relatively more activity can be present in a hot spot 
while the package as a whole still meets the class limits.  For example, in a 5 cubic meter (m3) 
(180 cubic foot (ft3)) waste container, approximately 0.05 m3 (1.8 ft3) could have a sum of 
fractions near 100 if the remaining waste has a very low activity.  In a 4 m3 (140 ft3) waste 
package, the size of this hot spot falls to 0.04 m3 (1.4 ft3), and in a 3 m3 (100 ft3) package, it falls 
to 0.03 m3 (1 ft3).  Alternately, for a fixed size of hot spot in a waste package meeting the class 
limit, the potential sum of fractions in a hot spot increases with package size.  The potential 
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dose to an inadvertent intruder depends on how much of this waste is encountered and how 
concentrated it is.   
 
While an intruder exhuming many waste packages (e.g., an individual constructing a dwelling) 
will naturally homogenize waste over a relatively large volume, an intruder exhuming a relatively 
small volume of waste (e.g., a well driller) is more susceptible to encountering hotspotshot spots 
in the waste and averaging the exhumed waste over a much smaller volume.   
 
In general, radiological heterogeneity within a disposal container is unlikely to pose a significant 
risk to an intruder in most reasonably foreseeable scenarios, largely because the total amount 
of radioactivity a well driller (or other intruder exposed to a small volume of waste) is exposed to 
is limited by the small amount of waste exhumed.  In addition, because of the low likelihood that 
an intruder exhuming a small amount of waste would encounter a hotspot in a waste that 
typically is expected to be homogeneous, the NRC staff does not believe that any benefits 
realized by making measurements for the purpose of quantifying the homogeneity of these 
wastes justify the additional dose incurred by workers making those measurements.  Instead, 
available information (e.g., process knowledge, surveys performed to characterize waste for 
transportation) should be used to verify the presumed homogeneity of these wastes to the 
extent possible.  Specifically, these wastes may be considered homogeneous unless available 
information indicates the waste contains a sub-volume with a height of 0.3 m (1 ft) or greater 
that has a sum of fractions exceeding 10 times the class limit.  If this type of hotspot is detected, 
the appropriate action depends on the physical characteristics of the waste.  If it is detected in a 
container of waste composed of individual items that may be retrieved (e.g., uncompacted 
DAW), the item or items exceeding ten times the class limit should be removed.  If this type of 
heterogeneity is detected in a container of another waste type listed in this section from which 
waste is more difficult to retrieve, the licensee should determine the cause of the heterogeneity 
and take practical measures to eliminate this type of vertical feature in subsequent containers of 
the same waste type.    However, as explained in Appendix B, an intruder who exhumes waste 
with a concentration significantly above the class limits (e.g., with a sum of fractions greater 
than 10) could incur a dose in excess of 5 millisieverts/year (mSv/yr) (500 millirem (mrem)/yr). 
 
Although licensees are not required to demonstrate homogeneity of wastes specifically listed as 
a homogeneous waste type, additional measurements may be required to demonstrate that the 
waste meets the classification limit if the hotspot causes the average radionuclide concentration 
in the container to approach the limit (see Section 3.3.3). 

3.2.2 Intentional Blending During Waste Processing: 

Similar flowable waste streams may be physically blended irrespective of their initial 
radionuclide concentrations.  When such blending occurs as part of a facility’s design (e.g., a 
single holding tank is used for ion exchange resins from different processes), the waste is 
assumed to be a homogeneous waste type and should be treated as described in Section 3.2.1.  
This type of mixing is not expected to cause the same risk to an inadvertent intruder as 
intentional blending during waste processing9 (i.e., large-scale blending).  Waste resulting from 

                                                
9 Blending may also be used in conjunction with other processing methods, such as thermal treatment.  In such 
cases, non-radioactive materials added to the mixture should have a purpose other than reducing the waste class, 
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large-scale blending may pose an increased risk to inadvertent intruders because 1) waste 
resulting from large-scale blending is expected to have a sum of fractions closer to the 
classification limit than incidentally blended waste, and (2) processors engaging in large-scale 
blending of waste are expected to produce more blended waste than generators who blend 
waste incidentally.  The first factor could increase risk to an intruder by increasing the 
consequences of intruder interaction with the waste.  The second factor could increase risk to 
an intruder by increasing the probability that an intruder constructing a dwelling or well (or 
otherwise disrupting the site) at a random location on site will interact with blended waste near 
the classification limit.  Blending of physically dissimilar flowable waste streams (e.g., mixing ion 
exchange resins with soils) should be considered on a case-by-case basis. 
 
Appropriate methods to demonstrate waste homogeneity depend on the identities and average 
concentrations of classification-controlling radionuclides in the waste.  If waste classification is 
controlled by gamma-emitting radionuclides or radionuclides that may be reliably scaled to 
gamma-emitting radionuclides, it may be practical to demonstrate the homogeneity of individual 
waste containers.  For example, if dose-to-curie ratios are reliable, homogeneity of waste in a 
container may be shown if surveys of waste in outlet piping show no notable deviations 
exceeding 10 times the classification limit.  In this case, a notable deviation would correspond to 
enough waste to create a volume with a height exceeding 0.3 m (1 ft) in any area of the 
container (i.e., not necessarily a complete layer).   
 

Instead of evaluating homogeneity of each waste package, demonstration of waste 
homogeneity may be based on process knowledge.  In the simplest case, if the 
inputs to a blending process all areTable 1.  Concentrations and Volumes of 
Waste Above Which Demonstrating Waste Homogeneity is Recommended 

 
Mixing waste streams that each have a sum of fractions within a factor of 10 of the class limit 
does not need a specific demonstration of homogeneity, irrespective of the total volume of 
waste produced.  This position is based on NRC calculations, described in Appendix B, that 
indicate that exhumation of a small volume of waste within 10 times the class limit, provided that 

                                                                                                                                                       
such as waste stabilization or process control.  Consistent with other provisions in this BTP, extreme measures to 
lower the waste classification should be avoided.   

Sum of Fractions in Most 
Concentrated Influent 
Waste Stream 

Annual Volume of Waste [m3/yr (ft3/yr)] 

If Blended Product is 
Class A 

If Blended Product is Class B 
or C  

Less than 10 times the 
Class Limit 

No Homogeneity 
Demonstration  
Recommended 

No Homogeneity 
Demonstration  
Recommended 

Between 10 and 100 times 
Class Limit 

74 (2,600) 0.7 (25) 

Greater than 100 times 
Class Limit 

0.6 (21) 0.6 (21) 
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the complete waste packages meet the class limit, does not present an excessive dose to an 
inadvertent intruder.  The staff found that calculations considering exhumation of Class A waste 
at 100 years or Class C waste at 500 years produced similar results.  Therefore, if the most 
concentrated waste stream in a mixture has a sum of fractions less than 10, the homogeneity of 
the blended product does not need to be verified.  
 
At concentrations more than 10 times the class limit, an intruder who exhumes a small volume 
of waste from a hot spot could receive a dose greater than 5 mSv/yr (500 mrem/yr) even if the 
package as a whole meets the class limits.  For example, consider a 0.04 m3 (1.4 ft3) hot spot 
with a sum of fractions of 100.  If this hot spot is roughly spherical, an intruder using a 0.2 meter 
(m) (8 inch (in.)) well bore could intersect approximately 0.013 m3 (0.47 ft3) of the concentrated 
waste.  In a well-drilling scenario in which cuttings are spread on the land surface (Appendix B), 
the dose to an intruder who exhumes this waste would be approximately 12 mSv/yr (1.2 rem/yr).  
As previously discussed, at a fixed sum of fractions, a larger package could accommodate a 
larger hot spot and a smaller package would limit the hot spot to a smaller volume, if the 
package is to meet the class limit.  Considering the fractions of these hot spots an intruder could 
exhume with a 0.2 m (8 in.) well bore, the range of doses for packages ranging from internal 
volumes of 3 m3 (100 ft3) to 5 m3 (180 ft3) would range from approximately 10 mSv/yr (1 rem/yr) 
to 18 mSv/yr (1.8 rem/yr).  Allowing some additional dose for the remaining waste in the waste 
column (i.e., outside of the hot spot), these doses are still expected to remain below 20 mSv/yr 
(2 rem/yr).  In this dose range, the International Atomic Energy Agency (IAEA) recommends 
disposal is appropriate, but it also is appropriate to take steps to reduce the probability of the 
intruder’s exposure to the waste (IAEA, 2011).  Furthermore, because the potential 
consequence is not excessive, the staff finds it is not necessary to demonstrate the complete 
absence of any such hot spot to demonstrate compliance with the performance objective for 
intruder protection.  That is, the staff finds it is sufficient to ensure such hot spots are infrequent 
to establish reasonable assurance (as required by 10 CFR § 61.40, “General Requirement”) that 
the performance objective for intruder protection is satisfied.  
 
Therefore, to limit the probability that an intruder will encounter such a hot spot, the NRC staff 
recommends measures to limit the number of these hot spots with concentrations between 10 
and 100 times the class limit.  To limit the frequency of hot spots, the staff proposes that 
licensees producing a significant quantity of blended waste from wastes in this concentration 
range test the homogeneity of the blended product.  Specifically, the staff proposes that an 
appropriate volume limit beyond which it is appropriate to demonstrate waste homogeneity is 
0.1 percent of the country’s annual commercial (i.e., non-U.S. Department of Energy) volumes 
of the applicable class of waste (either A or B and C combined) disposed of in licensed facilities.  
Based on data from 2007 to 2008,10 this limit equates to a volume of approximately 74 m3 
(2,600 ft3) for Class A waste or 0.70 m3 (24 ft3) for Class B and C waste.  This percentage was 
chosen to limit the potential cumulative effect of many licensees blending small volumes of 
these concentrated wastes without demonstrating waste homogeneity.  That is, if many 
licensees combine mixable wastes, the total volume of these mixtures in which homogeneity 
has not been demonstrated will still be a small fraction of waste produced annually in the 
applicable waste class.  This measure is intended to limit the chance that an intruder will 
                                                
10 Waste volumes reported are from July 1, 2007, to June 30, 2008.  Data obtained from the U.S. 
Department of Energy Manifest Information Management System (MIMS), http://mims.apps.em.doe.gov/.   
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encounter such waste.  If concentrations are not limited to less than a sum of fractions of 100 by 
the influent waste streams, the potential consequence of exhuming a poorly-mixed hot spot may 
be unacceptable, even if a package meets the classification limits.  As a practical matter, only a 
very small amount of waste with a sum of fractions 100 or more times the class limit can be 
incorporated into a package that, on average, does meet the class limit.  Although the NRC staff 
expects that this type of concentrated waste can be blended sufficiently to protect intruder 
safety, because of the potential consequence, the staff finds that it typically will be appropriate 
to verify the quality of blending through a specific demonstration of waste homogeneity.  An 
exception can be made for volumes of waste so small that the total activity is limited.  
Specifically, production of less than 0.6 m3/yr (21 ft3/yr) of blended waste does not meet the 
threshold for a specific demonstration of homogeneity, irrespective of the concentrations of the 
influent waste streams. 

4.2.2.2 Demonstrating Homogeneity  

In cases in which it is appropriate to demonstrate waste homogeneity, the NRC staff 
recommends that a licensee demonstrate that the waste does not contain pockets larger than 
0.15 m3 (5 ft3) with a sum of fractions greater than 10.  In general, homogeneity demonstrations 
may be based on process knowledge, reasoned conclusions, or direct measurements (e.g., by 
samples or surveys).  For example, demonstration that a blending process produces 
homogeneous waste may be based on knowledge about the influent waste streams, knowledge 
about the degree of mixing achieved in the blending process (e.g., by testing with physically 
similar but non-radioactive materials), or measurements taken at various points in processing 
(i.e., not necessarily measurements of individual waste containers).  Direct measurements are 
not necessarily a preferable method for demonstrating waste homogeneity and, in some cases, 
may not be consistent with as low as is reasonably achievable (ALARA) principles if other 
methods of demonstrating homogeneity are available. 
 
In the simplest case, if the inputs to a process are all known to have radionuclide concentrations 
(on a sum of fractions basis) less than 10 times the relevant classification limit, the waste may 
be considered homogeneous (although additional methods may be required to demonstrate 
whether the blended waste meets the classification limit, as discussed in Section 3.5.3).  If the 
demonstration of homogeneity is based on the characteristics of the input waste streams, 
processors should verify radionuclide concentrations provided by the generator.without any 
further consideration.  For example, consider a processor blending waste with Class B 
radionuclide concentrations with lower activity waste to create Class A waste.  If the higher 
activity waste stream has radionuclide concentrations within a factor of 10 of the Class A limit 
(i.e., a sum of fractions of 10 or less relative to the Class A limits), the activity does not meet the 
threshold for demonstrating waste homogeneity (Table 1).  That is, no testing or demonstration 
is required to establish waste homogeneity.   
 
To base a determination of homogeneity on process knowledge, a licensee also could 
demonstrate that (1) the process and equipment used reliably eliminate pockets of waste of 
0.03 m3 (1 ft3) exceeding 10 times the classification limit, and (2) the process and equipment 
used have not changed since that demonstration.  To demonstrate waste is reliably 
homogenized (condition 1), the material used in the demonstration should be physically similar 
to the waste to be blended.In other cases, licensees may be able to rely on existing 
characterization programs for mixable wastes (e.g., programs designed to satisfy waste 
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shipping requirements).  For example, many wastes, including ion exchange resins, currently 
are shipped as “Low Specific Activity” (LSA) waste.  To qualify as LSA waste, radioactivity must 
be demonstrated to be “distributed throughout” a waste or “essentially uniformly distributed” 
within a waste (see 10 CFR § 71.4, “Definitions”).  These terms are described in the NRC 
guidance “Categorizing and Transporting Low Specific Activity Materials and Surface 
Contaminated Objects” (NUREG-1608) (NRC, 1998), as originally described in IAEA guidance 
(IAEA, 1990).  Specifically, this NRC and IAEA guidance indicates that radioactivity is 
“distributed throughout” a waste if the specific activity among 0.1 m3 (3.5 ft3) volumes of 
objects11 or materials do not vary by more than a factor of 10.  The guidance also indicates that 
radioactivity is “essentially uniformly distributed” in a waste if the specific activity among 0.1 m3 
(3.5 ft3) volumes does not vary by more than a factor of three.  These definitions, developed for 
transportation safety, are more restrictive than necessary to ensure protection against 
inadvertent intrusion because they are related to the average activity in the waste rather than 
the class limit.  In addition, these definitions are based on slightly smaller volumes than 
considered in the recommended homogeneity criterion in this document (i.e., 0.1 m3 [3.5 ft3] as 
compared to 0.15 m3 [5 ft3]).  Therefore, it is not necessary to demonstrate that waste may be 
considered LSA waste to demonstrate that it is homogeneous in the context of disposal.  
However, if a licensee has an existing program for a mixable waste to demonstrate that it may 
be shipped as LSA waste, it may be convenient for the licensee to rely on the existing program 
to demonstrate that the mixable waste is homogeneous in the context of disposal.   
 
Practical methods for demonstrating that radioactivity is distributed throughout a waste or 
essentially uniformly distributed within a waste are described in NUREG-1608, Section 4.2.3.   
One of the methods, but not the only method, described in NUREG-1608 relies on compliance 
with the previous version of this BTP (NRC, 1995).  The homogeneity guidance for mixable 
waste in this document is less restrictive than the corresponding guidance in the 1995 BTP (i.e., 
the factor of 10 rule).  Thus, existing programs related to the homogeneity of mixable waste 
based on the 1995 BTP are sufficient (but not always necessary) to demonstrate that waste 
meets the homogeneity guidelines in this document.  
 
Alternately, if it is preferable for a licensee to use guidance related to a class limit, rather than 
the average specific activity in a waste, a licensee could demonstrate that the waste does not 
contain pockets of 0.15 m3 (5 ft3) or larger that exceed a sum of fractions of 10.  This test may 
be applied to either a package of mixable waste or a process.  For example, a processor may 
demonstrate that a particular process reliably eliminates pockets of material of 0.15 m3 (5 ft3) or 
more with elevated concentrations.  To demonstrate waste is reliably homogenized, the material 
used in the demonstration should be physically similar to the waste to be blended.  In addition, 
the test inputs should have a similar or larger concentration difference than the intended influent 
waste streams.  For example, if a cold test is performed, the ratio of the tracer concentrations in 

                                                
11 Although the definition of LSA-III in 10 CFR 71.4 indicates that it may apply to a “collection of solid 
objects,” discrete objects pose concerns in the context of waste disposal that they do not pose during 
transportation.  Specifically, an inadvertent intruder may carry away a discrete object exposed through 
intrusion (Appendix B).   This risk is managed with restrictions on concentration averaging for discrete 
objects (Sections 4.3 - 4.5).  Therefore, although meeting the LSA guidelines is an appropriate method of 
demonstrating that mixable waste is homogeneous, designation as an LSA waste does not indicate that a 
discrete object or collection of discrete objects is homogeneous in the context of waste classification. 
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the influent streams (higher concentration to lower concentration) should be larger than the ratio 
of the sum of the fractions (higher concentration) in the wastes to be blended.   
 
If direct measurements are used, appropriate methods to demonstrate waste homogeneity 
depend on the identities and average concentrations of classification-controlling radionuclides12 
in the waste.  If waste classification is controlled by gamma-emitting radionuclides or 
radionuclides that may be reliably scaled to gamma-emitting radionuclides, it may be practical to 
demonstrate waste homogeneity with surveys. 
 
The appropriate methods to demonstrate that certain equipment and processes generate 
homogeneous waste may depend on specific process features.  For example, if continuous 
surveys can be performed while waste is mixed (e.g., if a survey can be performed on a pipe as 
waste is recirculated) it may be practical to survey a significant fraction of the volume of the 
waste to determine if any detectable fraction has a concentration exceeding 10 times the 
concentration limit.  In this case, the detectable fraction should correspond to approximately 
0.0315 m3 (15 ft3) of waste to demonstrate homogeneity.  Whether an elevated concentration in 
this quantity of waste can be detected may depend on the configuration of equipment (e.g., 
piping diameter) and process parameters (e.g., flow rate). 

34.2.3 Classification of Homogeneous Waste: 

TheAs indicated in the introduction of this section, the classification of containers of 
homogeneous waste may be based on the total radionuclide activity in the container divided by 
the waste volume (or mass, as appropriate) in the waste container.  The  The NRC staff 
assumes that licensees will manage the uncertainty in waste classification calculations with 
existing quality assurance programs for waste classification (see Section 4.7).  In general, the 
acceptable uncertainty in the average concentration of classification-controlling radionuclides 
depends on how close the sum of fractions is to the classification limit.  The Waste 
Classificationwaste classification BTP (NRC, 1983) indicates that more sophisticated waste 
classification programs should be used for waste for which minor process variations may cause 
a change in waste classification.  In accordance with this general principle, more sophisticated 
waste classification programs should be used for processes in which one of the influents is 
much more concentrated than the intended classification of the final product.    

 
This section provides examples of classification calculations for three different wastes. The first 
example illustrates the minimal testing and calculations required to demonstrate classification of 
wastes with mean classification-controlling radionuclide concentrations far below the class limit 
(i.e., sum of fractions of 0.1 or less).  The second example illustrates the calculations required to 
account for spatial variability in waste that has a sum of fractions closer to 1.  The third example 
demonstrates calculations that account for multiple sources of uncertainty in radionuclide 
concentrations in blended waste.  Specific values used in this section, such as numbers of 
survey readings or samples, are intended only to illustrate a calculation and should not be 
interpreted as recommended values.  The appropriate number of survey readings or samples 
will vary on a case-by-case basis, as illustrated in Examples 2 and 3.  
 

                                                
12 See Glossary in Appendix A for definition.   
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Example 1- Classification of DAW 
 
A 200 L drum of DAW contains 4 ·10-6 Ci Sr-90, 2 ·10-5 Ci Ni-63, and 1.5 ·10-3 Ci Cs-137.  No 
survey measurements were taken after the waste was placed in the drum.  Because DAW is 
designated as a homogeneous waste type and no process knowledge or survey data exist to 
indicate otherwise, the waste is assumed to be homogeneous and the radionuclide inventories 
are averaged over the 200 L drum volume.  Classification is controlled by the § 61.55 Table 2 
Class A sum of fractions, which is 0.008.  The waste is Class A waste. 
 
More sophisticated statistical measurements are appropriate for more concentrated waste.   
If radionuclide concentrations are near the class limit, sufficient measurements should be taken 
to demonstrate that the mean sum of fractions is at least one standard error13 (se) below the 
classification limit (i.e., sum of fractions < 1 – se).  If a batch of generated or processed waste 
will be placed in a single disposal container, measurements may be taken either before or after 
waste is placed in the disposal container.  If a batch of waste will span multiple containers but:  
(1) the waste treatment process (e.g., blending) has been demonstrated to create 
homogeneous waste (Section 3.5.2), and (2) the waste remains mixed at all points until, and 
including, the point at which it is sluiced into disposal containers, it is acceptable to apply the 
statistical test to the batch of processed waste instead of each waste container.  Limited surveys 
of filled waste containers would suffice to verify radionuclide concentrations in each container. 
 
Example 2 - Classification of Spent Ion Exchange Resin 
 
Ion exchange resin from a single process in a plant is recirculated in a holding tank prior to 
being placed in a container.  Because resin is a homogeneous waste type, no measurements 
are required specifically to demonstrate homogeneity.  However, because the waste is near the 
Class A limit, several readings are required to demonstrate that the sum of fractions is below 1.  
Twenty survey readings are taken on the recirculation loop at regular intervals while waste is 
being mixed.  The time between survey readings is long enough to yield measurements of 
independent sub-volumes of the waste (i.e., sequential readings are not correlated).   
 
Waste classification is controlled by Table 2 radionuclides.  Samples of three individual resin 
beads indicate there is little variability in the scaling factors (e.g., coefficient of variation less 
than 10%) used to scale other radionuclides to Cs-137, so the error in the scaling factors is 
neglected.  The survey readings correspond to a mean sum of fractions of 0.85 of the Class A 
limit with a sample standard deviation of 0.25.  The standard error of the mean is 0.056.  The 
waste is Class A waste because the measured sum of fractions is less than one minus the 
standard error.   
 
Because waste that is intentionally blended as part of waste processing (i.e., large-scale 
blended waste) is expected, by definition, to contain components with different radiological 
characteristics and, potentially, with different scaling factors, several samples of a batch of 

                                                
13 The standard error of the mean is the sample standard deviation divided by the square root of the number of 
samples.  Assuming the variation in the sample values is normally distributed and a sufficient number of 
measurements have been made and using a one-tailed test, showing that the sample mean sum of fractions is one 
standard error below the classification limit corresponds to an 85% confidence that the true sum of fractions is below 
the class limit. 
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waste may be required to demonstrate the reliability of dose-to-curie ratios.  The necessary 
number of samples will depend on the sample variability and the acceptable uncertainty in the 
final concentration values, which, in turn, will depend on how close the sum of fractions is to the 
class limit (see Example 3).  The physical size of the samples will depend, in part, on the 
physical characteristics of the final waste form.  If the waste inputs retain their original form 
(e.g., bead and powdered resins), choosing very small samples (e.g., individual resin beads) will 
not provide the necessary information about the scaling factors in the final blended waste form.  
Instead, a sample representative of all of the inputs should be used.  If waste is processed so 
that the original physical forms of the waste streams are made more uniform (e.g., by 
incineration), the physical size of samples may be based on counting statistics or other practical 
considerations.   
 
Example 3 - Classification of Blended Spent Ion Exchange Resins 
 
Ion exchange resins from four sources are physically blended to produce a 20 m3 (710 ft3) batch 
of waste.  To demonstrate homogeneity, survey readings are taken continuously in a 
recirculation line while the waste is mixed.  The volumetric flow rate on the recirculation line is 
used to calculate a time interval corresponding to 0.03 m 3(1 ft3) of waste flowing past the 
survey instrument.  Because no survey readings of the calculated interval indicate a pocket of 
waste exceeding 10 times the Class A limit, the licensee treats the waste as homogeneous. 
 
To determine the waste classification, twenty survey readings are taken at regular intervals 
while the waste is sluiced into a 2.8 m3 (100 ft3) container.  The time between survey readings is 
long enough to yield measurements of independent sub-volumes of the waste (i.e., sequential 
readings are not correlated).  Survey readings are dominated by Cs-137, while both Cs-137 and 
Ni-63 control the waste classification.  The twenty survey readings have a mean of 0.005 Gray 
(Gy)/h [0.5 Roentgen (R)/h] with a standard error of 0.002 Gy/h (0.2 R/h) due to spatial 
variability in the waste.  The Cs-137 dose-to-curie ratio at 1 m (3 ft) is 1.2 ⋅ 108 (Gy/h)/Becquerel 
(Bq) [0.33 (R/h)/Ci] and is shown to have minimal variability.   
 
The uncertainty in the radionuclide scaling factor of Ni-63 to Cs-137 is based on 4 samples 
taken from the batch.  The measured scaling factor is 2 Bq Ni-63 per Bq Cs-137 (2 Ci Ni-63 per 
Ci Cs-137), with a standard error of 0.8 Bq Ni-63 per Bq Cs-137 (0.8 Ci Ni-63 per Ci Cs-137).   
 
The Cs-137 inventory is given by 
 0.50 0.20 0.33 /  1.5 0.61 Ci Cs‐137  
 
where 1 Ci equals 3.7 ·1010 Bq and 1 R is approximately equivalent to 0.01 Gy. The resulting Ni-
63 inventory is given by14 
 1.5 0.61 Ci Cs‐137 2.0 0.80 Ci Ni‐63Ci Cs‐137 3.0 1.7 Ci Ni‐63, 
 
                                                
14 For products, the fractional standard errors add in quadrature (i.e., (SZ / Z)2 = (SX / X)2 + (SY / Y)2 where SX, SY, 
and SZ are the standard errors in the variables X, Y, and Z, respectively. 



 

 
30 

The resulting concentrations in the 2.8 m3 (100 ft3) container are given by 
 1.5 0.61 Ci Cs‐1372.8  0.54 0.22  Cs‐137 and 

 3.0 1.7 Ci Ni‐632.8  1.1 0.61  Ni‐63. 
 
The resulting Class A sum of fractions contributions are given by  
 0.54  0.22 /  1.0 / 0.54  0.22  for Cs-137 and 

 1.1  0.61 /  3.5 / 0.31  0.17  for Ni-63. 
 
 
The final sum of fractions is given by15:  
 0.54  0.22 0.31 0.17 0.85 0.28 
 
The licensee has not demonstrated the waste to be Class A waste because the measured sum 
of fractions is not less than 1 – the standard error.  Reducing the error in the Ni-63 to Cs-137 
scaling factor by taking additional samples or reducing the uncertainty in the Cs-137 inventory 
by taking additional survey measurements may enable the licensee to demonstrate the waste is 
Class A (i.e., the sum of fractions is less than 1 – the standard error).   

4.3 3.3 Classifying a Mixture of Activated Metals or, Contaminated 
Materials or Cartridge Filters: 

This section provides guidance on the classification of a container of multiple items of activated 
metals, or contaminated materials, or cartridge filters.  Activated metals include neutron-
activated materials or metals, or components incorporating radioactivity in their design.  This 
position on classifying a container of similar waste type items includes a number of criteria to 
ensure that individual hot spots (in this context, higher activity items) do not compromise the 
safety of thean inadvertent intruder.  These criteria are: 1) if the activity is less than 37 MBq (1 
mCi) then the entire mixture can be concentration averaged with no issue; 2) if an individual 
item is greater than 37 MBq (1 mCi), then a licensee can use conservative classification 
(classification is based on the highest classification of any individual item in the mixture), or 
concentration average after tests are applied to remove any hot spots.  These criteria for 
identifying and removing hot spots are detailed in the next three subsections. This position 
doesThe positions in this section do not apply to homogeneous waste types, which are 
addressed in Section 3.2.4.2.    
 

                                                
15 For sums, the standard errors add in quadrature (i.e., SZ

2 = SX
2 + SY

2 where SX, SY, and SZ are the standard errors 
in the variables X, Y, and Z, respectively. 
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IfFor this position, if a larger component is cut into pieces for operational considerations (e.g., 
packaging for transportation), the activities may be averaged over the volume (or mass, as 
appropriate) of the original larger component, provided the pieces pass the Table Table A and 
Table B criteria, and provided the individual pieces are all placed in the same container.  
Passing the Table Table A criteria means that no individual piece: (1) has a volume less than 
280 cubic centimeters (cc) (0.01 ft3) and (2) has primary gamma activity that exceeds the values 
shown in Table Table A.  Passing the Table B criteria means that no individual piece has activity 
that exceeds the values shown in Table B.  Both the Table Table A and Table B tests are 
explained more fully in the following sections. 
 
If a waste container or liner contains pieces from more than one component, it is the 
characteristics of the original component that are evaluated using the following criteria 
described in Sections 4.3.1 through 4.3.3.  As a simple example, assume that a larger activated 
metal component is cut into four individual pieces for operational considerations and those four 
individual pieces each pass the Table A and Table B tests, and then the.  The four pieces are 
then combined with five more pieces of activated metal in a single container; the.  The four 
pieces (from the single larger component) are assessed as a single piece, along with the five 
additional pieces (assessed as six pieces-- total -- one large component plus five additional 
pieces). 
 
The In classifying a mixture of pieces of activated metals, contaminated materials, or cartridge 
filters, the first decisionstep is to determine if each item in the mixture has an activity less than 
37 MBq (1 mCi) (node E), if).  If so, then the entire mixture may be concentration-averaged over 
the volume or mass of the waste.   
3.3.1  
For mixtures where one or more items have an activity greater than 37 MBq (1 mCi), the 
classification guidance is contained in Sections 4.3.1 through 4.3.3 and nodes F through K of 
Figure 1.  The detailed guidance contained in Sections 4.3.1 through 4.3.3 is summarized 
below.   
 
The first step in classifying a mixture of pieces, where one or more items have an activity 
greater than 37 MBq (1 mCi), is to determine whether to conservatively classify the mixture 
based on the piece in the mixture with the highest classification (Section 4.3.1 and node F).  If 
the mixture is not conservatively classified, then the mixture can be concentration averaged for 
classification (by dividing the summed nuclides by the summed volumes (or masses), so long as 
radiological “hot spots”16 are identified and removed from the mixture.  Depending on which 
nuclides control the classification of the mixture, three or possibly four tests are used to identify 
hot spots for removal: 
 
• The first test is whether an individual item is both small (less than 280 cc (0.01 ft3)) and 

contains radioactivity for specific radionuclides greater than the Table A values (Section 
4.3.2 and node G). This test is should always be applied to all pieces in a mixture.  

• In the second test (Section 4.3.2 and node I), the activity of each primary gamma-emitting 
nuclide in each piece should not exceed two times the classification limit for that nuclide for 

                                                
16 These terms: “hot spots,” “nuclide(s) of concern,” “primary gamma-emitting nuclides” and “classification-controlling 
nuclide(s)” have specific meanings which are presented in the Appendix A Glossary. 
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the classification of the mixture. The second test is only applied if the primary gamma-
emitting nuclides control the classification of the mixture (node H).   

• The third test is whether the non-primary gamma emitters in an individual piece exceed the 
radioactivity levels in Table B (Section 4.3.3 and node J) and should always be applied to 
individual pieces.  

• The fourth test (Section 4.3.3 and node K) is to ensure that each nuclide(s) of concern in 
each individual piece is less than 10 times the classification limit for that nuclide for the 
classification of the mixture.  This test should always be applied  

 
The conservative classification option and the four tests for hot spots are discussed in the 
following sections. 

1.4.3.1 Conservative Classification Based on Highest Individual Contributor: 

The second decisionIf items in the mixture have an activity greater than 37 MBq (1 mCi) (node 
E), then the next step (node F) is to determine whether the mixture of pieces can beto 
conservatively classifiedclassify the mixture according to the contributor item in the mixture with 
the highest classification.  One may always classify a mixture conservatively based on the 
highest classification of any individual item in the mixture.  Thus, if a mixture of items in a waste 
drumcontainer includes a single item classified as Class C based on 10 CFR § 61.55, and the 
remaining items are classified as Class A, the entire waste drumcontainer may be 
conservatively classified as Class C LLRW.  Using the example described in Section 4.3 above, 
the conservative classification option is assessed as if there were six pieces in the container 
(one large component plus five additional pieces), and the option would not be applied to the 
nine individual pieces that actually exist in the container.     
 
If the mixture cannot be licensee does not conservatively classified or averaged because all 
pieces are <1 mCi per item,classify the mixture should be screened to ensure there are noof 
pieces as described here, then the pieces in the mixture can be concentration averaged after 
the removal of radiological hot spots.  Section 3Sections 4.3.2 and 34.3.3 describe the 
screening criteria for identifying and removing radiological hot spots before concentration 
averaging when classifying mixtures of activated metals, or contaminated materials, or cartridge 
filters.  Appendix B provides justification for the screening criteria presented in Sections 34.3.2 
and 34.3.3. 

2.4.3.2 3.3.2 Averaging Involving Primary Gamma Emitters: 

As used in this BTP, the “primary gamma-emitting” nuclides are Co-60, Nb-94, and Cs-137/Ba-
137m.  If (1) the volume of any item in the mixture is less than 280 cc (0.01 ft3,), and (2) the 
activity of that item exceeds the values shown in Table A (node G), the item should be removed 
and treated as an individual item per Figure 2.  Such items are similar to sealed radioactive 
sources and should be managed individually. 
 

 Table A.  Activity Levels of Primary Gamma Emitters in Individual Items Potentially 
Requiring Piecemeal Consideration in Classification Determinations 

Nuclide 
Waste Classified as 
Class A  

Waste Classified 
as Class B 

Waste Classified as 
Class C 
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Co-60 >1.15.2 TBq (140 Ci) No limit. No limit.

Nb-94 >37 MBq (1 mCi) >37 MBq (1 mCi) >37 MBq (1 mCi)

Cs-137/Ba-137m 
>266 MBq (0.0072 Ci7.2 
mCi) 

> 26.627 GBq 
(0.72 Ci) 

>4.8 TBq (130 Ci) 

 
After theseTable A items have been removed, (the first test), the remaining mixture is further evaluated 
for gamma-emitting hot spots. (the second test).  If the primary gamma emitters-emitting nuclides are the 
classification-controlling nuclide(s) (i.e., if they control the classification of the mixture (node H), and 
if), then the concentrationspecific activity of a classification-controllingeach primary gamma-emitting 
nuclidenuclides in any item of the mixture is greatereach individual piece, must be less than two times 
the classification limit, for the classification of the mixture and for that nuclide, that item should be 
removed and treated as an individual item per Figure 2 (node  (nodes H and I).  The sum of 
fractions for This is the mixture cannot exceed one.factor of two rule.  As a simple example, if there 
are multiple pieces of activated metal in a container and Nb-94 is the only nuclide of concern, and the 
classification of the mixture is Class A--, then no individual item should have a Nb-94 concentration 
equivalent greater than 1.5 GBq/m3 (0.04 Ci/m3 () (which is two times the Class A limit for Nb-94).   
 
This Factorfactor of Two Ruletwo rule does not apply if the classification of the mixture, as a 
result of radionuclides other than the primary gamma emitters, is higher than the class 
classification derived from the primary gamma emitters.  The FactorAlso, the factor of Two Rule 
alsotwo rule does not apply to individual pieces, if the primary gamma-emitting nuclide activity is 
less than 37 MBq (1 mCi) in theeach piece. 

3.4.3.3 3.3.3 Averaging Involving RadionuclidesNuclides Other Than Primary Gamma 
Emitters: 

As used in this BTP, “radionuclidesnuclides other than primary gamma emitters” are all 10 CFR 
§ 61.55 tabulated radionuclides in the disposal container, other than Co-60, Nb-94, or Cs-
137/Ba-137m.  If any item in the mixture exceeds the values shown in Table B (node J), these 
items should be removed and treated as individual items per Figure 2.  This is the third test for 
the mixture.  The constraints in this table prevent averaging of items across more than one 
waste class.   
 

Table B.  Activity Levels of Radionuclides other than Primary Gamma Emitters in 
Individual Items Components Requiring Their Piecemeal Consideration in Classification 
Determinations 

Nuclide* 
For Waste Classified as 
Class A or B 

For Waste Classified as Class 
C 

H-3 >0.3 TBq (8 Ci) N.A. 
C-14 >0.04 TBq (1 Ci) >0.4 TBq (10 Ci) 
Ni-59 >0.15 TBq (4 Ci) >1.5 TBq (40 Ci) 
Ni-63 >0.26 TBq (7 Ci) >55 TBq (1500 Ci) 
Alpha emitting TRU with half-½ life 
greater than> 5 years (excl. Pu-241 
and Cm-242) 

>111 MBq (3 mCi) >1110 MBq1.1 GBq (30 mCi) 

* Other nuclides listed in the tables in 10 CFR § 61.55 are not expected to be of 
importance in determining waste classification. 
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The remaining mixture is further evaluated for radiological hot spots using the following criterion 
(node K).  The concentrationsspecific activity of all 10 CFR § 61.55-tabulated radionuclides in 
the disposal container, other than the primary gamma emitters, may be based on the 
volumetric- or weight-averaged concentrationseach nuclide(s) of the combined materials if the 
concentrations of the classification-controllingconcern in each individual nuclides in each item 
are within a factor of 10 ofpiece should be less than 10 times the classification limit, for that 
nuclide, for the classification of the mixture. (this is the fourth test).  A classification-controlling 
nuclide is a nuclide(s) of concern is a nuclide(s) in the waste in concentrations greater than 1% 
percent of the concentration of that nuclide listed in Table 1 of 10 CFR Part 61, or 1% percent of 
the applicable class-dependent concentration of that nuclide in Table 2 of 10 CFR Part 61, 
Column 2 or 3, and present in a relative fractional abundance such that the concentration of the 
individual radionuclide (or a combination of controlling radionuclides) are the specific basis for 
transition from one waste class to another.  Note that a nuclide may be significant for reporting 
purposes under Section 4 of the May 1983 Technical Position and yet not be a classification-
controlling nuclide 2 or 3.  This is the factor of 10 rule. 
 
Individual itemsItems whose concentrationspecific activity exceeds the Factorfactor of 10 
Rulerule above should be removed and managed as individual items per Figure 2.  If the 
concentrations of all remaining nuclides in all remaining pieces are below the Factorfactor of 10 
Rulerule, the classification of the mixture may be based on the volumetric- or weight-averaged 
concentrations of the combined materials. 
3. 

Section 4 Classifying Individual Items: 

.4, as outlined in Figure 2, provides guidance for classifying individual items.  For individual 
items, which originated from  including solidified and absorbed liquids.   

4.3.4 Cartridge Filters as Homogeneous Waste 

Cartridge filters may not always pose the same risk to an inadvertent intruder as individual items 
of waste such as activated metals and sealed sources.  These latter waste types may cause an 
inadvertent intruder to receive an unacceptable radiation dose from the scenarios postulated in 
Appendix B, and these scenarios are the basis for the averaging constraints above.  Cartridge 
filters, however, may be physically and radiologically different from activated metals and sealed 
sources and therefore be treated as homogeneous waste in some cases when a justification 
can be provided, for the following reasons.  First, radioactivity in filters is largely contained as 
solid particles on the filter media (i.e., it is not chemically bound to the filter media).  Therefore, it 
may be dislodged by an intruder, thus reducing the radiation exposure.  Second, some cartridge 
filters have housings enclosing the filter media that are perforated to allow for fluid flow.  These 
perforations also would allow for spillage of radioactive material if the filters were to be handled 
by an inadvertent intruder.  Finally, cartridge filters typically do not contain long-lived gamma 
radioactivity that would pose a hazard to the intruder if they were considered to be discrete 
items.  With regards to the primary gamma emitters that pose a potential hazard to an intruder, 
much of the Co-60 may have decayed by 100 years after the disposal facility closes; the Cs-137 
concentrations and amounts on filters are low because the radionuclide is soluble and filters 
capture solid materials, and Nb-94 is principally contained in activated metals.   
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Licensees may therefore dispose of cartridge filters as homogeneous waste, provided an 
analysis is conducted, documented, and made available for inspection.  The analysis should 
examine the following: 
 

• The specific cartridge filters covered by the analysis, i.e., the design and 
manufacturer of the filter and the reactor system it is employed in.  
 

• The physical characteristics of the filter design that justify not treating it as a discrete 
waste, specifically: 
 

o the design characteristics of the filter that would enable radioactivity on the 
filter not to remain within the filter during an intrusion event, such as 
perforations in the filter housing; and    
 

o the filter medium is non-metallic and expected to degrade during disposal and 
before intrusion occurs; and  
 

• A history of the activity levels of primary gamma emitters in the filters covered by the 
analysis sufficient to demonstrate that the activity of the primary gamma emitters for 
filters is within the Table A values in this BTP for the appropriate waste class and 
that the concentrations of non-primary gamma emitters on filters is not greater-than-
Class C.  These values should be initially determined and periodically confirmed 
through measurements. 

 
Individual cartridge filters that cannot be justified as homogeneous waste in accordance with the 
above are subject to the averaging constraints for individual items in this BTP.   

4.4 Classifying Individual Items 
Figure 2 provides guidance for classifying individual items including solidified and absorbed 
liquids.  The classification of solidified liquid wastes (node L), classification of the mixture may 
be ) should be based on the volumetric- or weight-averaged concentrations of the combined 
materials.17concentration of the final waste form.18  The classification of an absorbed liquid 
(node M) should be based on the original volume or weight of the liquid.    
 
For individual items other than those originating from liquid formsliquids, the individual items are 
first characterized (node M) in accordance with 10 CFR § 61.55 (node N).  Individual items 
exceeding the Class B or C characteristics may be considered for encapsulation, following the 
encapsulation guidance in Section 4.5 below.  If this determination finds that individual items 
exceed Class C activity concentrations and are therefore not generally acceptable for near-
surface disposal, one may establish, following the guidance in Section 3.5, if the an item can 

                                                
17 In the use of solidification or absorbent materials for liquid wastes, extreme measures to lower the waste 
classification should not be employed.  The added materials should be generally sufficient to solidify or immobilize the 
waste.   
18 For solidification of liquid wastes, extreme measures to lower the waste classification should not be employed.  The 
added materials should be generally sufficient to solidify the waste.   
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beis encapsulated and, the concentration may be averaged over the volume or weight of the 
final waste form to a value less than the Class C upper limit, as described below, for the 
purposes of classification (node NO).   

4.5 3.5 Encapsulation of Sealed Sources and Other Solid Low-Level 
Radioactive Wastes: 

Encapsulation can mitigate waste dispersion, provide additional shielding to limit external 
radiation, and satisfy the stability requirement of 10 CFR § 61.56(b) and the technical 
requirements for land disposal facilities of 10 CFR § 61.52(a).  However, the amount of credit 
allowed for encapsulation should be limited so that extreme measures cannot be taken solely 
for the purposes of lowering the waste classification.  To limit extremely largehigh-activity point 
sources of radioactivity in the disposal site that could pose an unacceptable risk to an 
inadvertent intruder, the staff has developed generally acceptable values for minimum and 
maximum encapsulated waste volume and mass, nuclide activities, and external radiation 
levels.  These generally acceptable bounding conditions are as follows: 
 
• (1) The minimum solid volume or mass used to encapsulate should be sufficient to make 

handling the radioactive waste by an inadvertent intruder prohibitively difficult.  The size or 
weight of the encapsulated radiation source should be large enough to preclude movement 
without the assistance of mechanical equipment. 

 
• (2) For determining the classification of an encapsulated sourceitem (or multiple 

sourcesitems in a single container), the maximum volume or mass should be 0.2 m3 or 500 
kg. (approximately 55 gallon or 1100 pounds).  For physically encapsulating a single 
sourceitem, the volumes and masses may be larger than 0.2 m3 or 500 kg (approximately 
55 gallon or 1,100 pounds) to allow for disposal of the item (such as a sealed source) in its 
shielded housing and/or source device.  The shape of the final encapsulated package does 
not have to be a cylinder.  

 
• (3) Multiple items (such as sealed sources) may be encapsulated together in a single 0.2 m3 

(approximately 55 gallon) container, so long as the final encapsulated package meets the 
other criteria described herein. 

 
• Licensees may use larger volumes for averaging of encapsulated waste previously 

approved by NRC in topical reports, and subject to the use of the process/material covered 
by the report and the specific conditions in the approval  
 

Other guidance for encapsulation is as follows: 
 
• (4) The maximum amount of any radionuclide that should be encapsulated in a single 0.2 

m3 (approximately 55 gallon) disposal container should not cause the average concentration 
in the container to exceed the maximum concentration limits for Class C waste, as defined in 
Tables 1 and 2 of 10 CFR § 61.55, when averaged over the waste and the encapsulating 
media.  For example, a Ni-59 source should not exceed 1.5 terabecquerel (TBq) (40 Ci) and 
a Pu-239 source should not exceed 1110 MBq1.1 GBq (30 mCi).   
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• (5) The maximum gamma-emitting radioactivity (e.g., from Cs-137/Ba-137m, Nb-94 and Co-
60) acceptable for encapsulation is that which would result in a dose rate of less than 
0.2 µSv/hour (hr) (0.02 mrem/hr) on the surface of the encapsulated package after decaying 
for 500 years.  Furthermore, the maximum Cs-137/Ba-137m gamma activity acceptable for 
encapsulation in a single disposal package is 266 MBq (0.0072 Ci7.2 mCi) for Class A 
disposal, 26.6 27 GBq (0.72 Ci) for Class B disposal and 4.8 TBq (130 Ci) for Class C 
disposal.  The maximum Nb-94 activity acceptable for encapsulation for Class A, B, or C 
disposal is 37  MBq (1 mCi).  There is a 5.2 TBq (140 Ci) limit for Class A disposal of Co-60 
and no activity limit for Class B or C disposal of encapsulated Co-60 sources.  

 
• (6) In all cases whenin which an individual source of radioactive solid wasteitem is (or items 

are) encapsulated, written procedures should be established to ensure that the radiation 
source(s) is reasonably centered within the encapsulating mediummedia. 

4.6 3.6 Determining the Volume of the Waste: 
The May 1983 Technical Positiontechnical position provides the NRC’s guidance for 
determining nuclide concentrations.  Table C below provides guidance for determining waste 
volumes. 

 

Table C.  Volume and Mass for Determination of Concentration 

Waste Type Allowable Classification Volume or Mass

Contaminated trash or soil or DAW Reasonable fill volume of container or mass of 
waste (<10% void)* 

Solidified or absorbed liquids Volume or mass of solidified or absorbed mass

Solidified ion-exchange resins Volume or mass of solidified mass**

Absorbed liquids Volume or mass of original liquid

Dewatered ion-exchange resins in High-
Integrity Containers (HICs) or liners 

Displaced (bulk) volume of waste (interstitial 
space may be included) or dewatered mass 
of ion-exchange resins 

Filter cartridges in HICs or liners Envelope volume or mass of filters* The 
envelope volume is the volume obtained 
using the outer dimensions of the filter 
(interstitial volume is included in the envelope 
volume)  

Activated components, components 
containing radioactivity in their design, 
or contaminated materials 

Full density volume (major void volumes 
subtracted from envelope volume) or  mass 
of components* 

Encapsulated filter cartridges or sealed 
sources 

Volume or mass of solidified mass when 
encapsulated in accordance with the 
guidance provided in this Position 
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* Mixtures of waste streams subject to additional guidance defined in Section 34.2.

**If homogeneity is maintained in the solidified mass. 

--For wastes stabilized by emplacement within High Integrity Containers (HICs), the volume or 
weight used to determine classification should be based on the displaced volume or weight of 
the waste itself, rather than the gross volume or weight of the HIC. 
--For any of the above wastes that include mixing of non-radioactive constituents with the 
LLRW (such as for solidification, encapsulation, or additives used in thermal processing), non-
radioactive materials added to the mixture should have a purpose other than reducing the 
waste class, such as waste stabilization or process control.  Consistent with other provisions 
in this BTP, extreme measures to lower the waste classification should be avoided.  
 

4.7 3.7 Quality Assurance Program: 
 
In accordance with Appendix G of 10 CFR Part 20, “Requirements for Transfers of Low-Level 
Radioactive Waste Intended for Dispersal at Licensed Land Disposal Facilities and Manifests,” 
the licensee classifying the waste must have in place a quality assurance program to ensure 
compliance with the waste classification provisions of 10 CFR § 61.55.  As part of this quality 
assurance program, if the classification of a mixture is based on the volumetric- or weight-
averaged nuclide concentration of a mixture, the licensee responsible for classification of the 
waste should prepare, retain with manifest documentation, and have available for inspection, a 
record documenting the licensee’s waste classification analysis.  It is generally expected that 
this record or analysis, in and of itself, should be sufficient to show that the mixing was 
undertaken consistent with the guidance found in this BTP. 

4.8 3.8 Alternative Requirements for Waste Classification (10 CFR § 
61.58):) 

Under 10 CFR § 61.58, 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 
10 Part 61., “Performance objectives.”  The waste classification requirements for near-surface 
disposal are contained in 10 CFR § 61.55.  Section 61.55That section identifies specific 
radionuclides and concentrations for determining the class of waste (A, B, C, or Greater-Than-
Classgreater-than-class C).  Classification involves consideration of both long-lived 
radionuclides, whose potential hazard will persist long after such precautions such as 
institutional controls, improved waste form, and deeper disposal have ceased to be effective, 
and shorter-lived radionuclides, for which such precautions can be effective.  Classification is 
used in part to determine which waste characteristicwhether the stability requirements in 10 
CFR § 61.56, “Waste characteristics,” are necessary. applicable.  Stability is the ability of waste 
to maintain gross physical properties and identity over 300 years, and one of its functions is to 
limit exposures to inadvertent intruders.  The stability requirements in 10 CFR  
 
Certain minimum requirements contained in 10 CFR § 61.56 apply to all classes of waste, but 
the stability requirements in 10 CFR § 61.56 apply only to Classes B and C because of their 
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higher activity.  Stability is necessary for Class B and C waste to limit exposures to inadvertent 
intruders.  Stability is defined as the ability of waste to maintain gross physical properties and 
identity over a 300 year period.  
 
§ 61.56 apply only to Classes B and C waste (per 10 CFR § 61.52(a)ii and 10 CFR § 61.52(a)iii 
respectively) and stabilized Class A (per 10 CFR § 61.52(a)(i)).   
 
In 10 CFR § 61.58, the NRC allows the flexibility to establish alternate requirements for waste 
classification and characteristics when justified by site-specific conditions and the unique 
characteristics of the waste.  These alternative provisions would not affect the generic waste 
classifications established in 10 CFR § 61.55.  Thus, the radionuclide concentrations in the 
waste define the class of the waste in accordance with the 10 CFR § 61.55 waste classification 
tables.  If it can be demonstrated that the performance objectives of 10 CFR Part 61 would be 
met, then, for example, waste that contains Class B concentrations of radionuclides could be 
authorized for disposal in a Class A disposal cell using 10 CFR § 61.58.  The NRC is currently 
developing a rule that will require the performance of site-specific performance and intruder 
assessments for disposal facilities licensed under 10 CFR Part 61.  These assessments are 
necessary to ensure that disposal facilities continue to meet the performance objectives in 10 
CFR §§ 61.41 and 61.42.  Such assessments could show that the actual designs and 
engineered barriers in use at disposal sites could ensure protection of an intruder for 
concentrations of waste greater than those authorized by the license for a given waste class.  In 
such a case, either a 10 CFR § 61.58 approval or an exemption from the waste classification 
requirements in the license would be needed to enable disposal of such materials.    

4.9 3.9 Alternative Approaches for Averaging: 
The approaches in Sections 3.1 – 3.54.2 – 4.6 of this BTP may be used by generators and 
waste processors to classify LLRW for shipment to a licensed disposal site.  Most of the 
approaches are generic and apply to all LLRW disposal sites.  Other methods may be used by 
licensees, however, and the following guidance discusses considerations for site- and waste-
specific methods and other approaches to intruder protection that could potentially justify 
concentration averaging positions different from those in this BTP:.  Other approaches different 
from those below could also be proposed by licensees for review by the disposal facility 
regulator. 
 

4.9.1 Use of Site-Specific Intruder Assessments 

Concentration averaging approaches, including approaches to demonstrating the homogeneity 
of mixable waste, based on site-specific features, and different from those in Sections 4.2 - 4.6, 
may be proposed by disposal facility licensees for approval by the regulatory authority.  The 
proposal should contain the following types of information, as applicable: 
 
• A detailed description of the waste form(s) covered by the alternative averaging approach. 

 
• An identification of the BTP’s existing position for which an alternative is requested. 

 
• For proposals based on inadvertent intruder exposure scenarios different from those in the 
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BTP, a discussion of how they were selected should be provided.  The following criteria are 
applicable: 

 
o The scenario should be based on the intruder performing reasonably 

foreseeable, but conservative activities, consistent with regional social customs, 
well drilling, excavation and construction practices, and the regional 
environmental conditions projected for the time that intrusion is to occur. 
 

o The time period for intrusion should be appropriate for the class of the waste 
(e.g., 100 or 300 or 500 years) as discussed in 10 CFR § 61.7(b).  In some 
cases, licensees may propose averaging approaches based on depth of burial, 
or the use of intruder barriers or durable waste forms or containers.    
 

• An overview of the proposed alternative provision (e.g., depth of burial or other factors), and 
how the alternative provision protects the intruder. 

 
• A description of site characteristics pertinent to the proposal. 
 
• An analysis of the effects of degradation on packaging and engineered barriers over the 

period that the waste remains hazardous to an intruder. 
 
Several NRC guidance documents may be useful in addressing the above considerations.  
NUREG-1854, “NRC Staff Guidance for Activities Related to U.S. Department of Energy Waste 
Determinations,” (NRC 2007) provides guidance for site-specific intruder assessments that may 
be of use to licensees preparing proposals, as it involves waste disposal using the performance 
objectives in 10 CFR Part 61, Subpart C.  NUREG-1757, Vol. 2, “Consolidated NMSS 
Decommissioning Guidance: Characterization, Survey and Determination of Radiological 
Criteria,” (NRC 2006) provides guidance on the evaluation of engineered barriers used in site 
decommissioning.  If similar barriers are used in land disposal of LLRW, then NUREG-1757, 
Vol. 2 may be useful.  Finally, NRC staff’s “Summary of Existing Guidance That May Be 
Relevant for Reviewing Performance Assessments Supporting Disposal of Unique Wastes 
Streams” also addresses site-specific performance assessments. (NRC 2010).   
 
If the radiological hazard will persist beyond time frames used for the 10 CFR § 61.55 waste 
classification tables (such as for disposal of large quantities of depleted uranium), licensees 
should consider intruder activities typical of generic scenarios (e.g., NUREG-0782, (NRC 1981), 
NUREG-0945 (NRC 1982), and NUREG/CR-4370 (NRC 1986)) that are plausible within the 
compliance period considering the capabilities of intruder barriers and the natural evolution of 
site characteristics.  Use of generic scenarios limits excessive speculation about future human 
activity.  

4.9.2 Encapsulation of Sealed Sources: 

 
ThisThe position on encapsulation in Section 34.5 is considered generally suitable for all LLRW 
disposal facilities licensed under 10 CFR Part 61, or the equivalent Agreement State regulation.  
Other provisions may be authorized on a specific basis for the encapsulation of sealed sources 
anditems if, after an evaluation of the specific characteristics of the waste form, the disposal 
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site, and the method of disposal, there is reasonable assurance of compliance with the 
inadvertent intruder performance objective in 10 CFR § 61.42.  
 
As long as the proposed alternative provisions for an encapsulated source meetitem meets the 
10 CFR 
§ 61.55 waste classification requirements, licensees do not need to seek authorization under 
10 CFR § 61.58 or request an exemption.  For example, if a licensee’s proposal is determined 
to justify disposal of a 33 TBq (900 Ci) Cs-137 sealed source in a tungsten shielded cask buried 
12 m (40 ft) deep, in a 0.5 m3 (18 ft3) encapsulated waste form, a 10 CFR § 61.58 authorization 
or an exemption is not necessary, because 33 TBq (900 Ci) of Cs-137 in 0.5 m3 (18 ft3) is well 
within the 10 CFR § 61.55 Class C limits of 4,600 Ci/m3 (4.8 TBq/ft3) for Cs-137.  Alternative 
encapsulation proposals for encapsulating individual items that would exceed the § 61.55 waste 
classification limits would require use of § 61.58 or an exemption. 10 CFR  

 
Due to§ 61.55 waste classification limits would require use of 10 CFR § 61.58 or an exemption.   
 
Because of sealed source accidents, the NRC is concerned that highly radioactive items might 
survive for long time periods in a disposal facility and be unrecognized by the intruder as 
hazardous.  Given this concern, the BTP used a gamma source carry-away scenario to 
establish the 4.8 TBq (130 Ci) limit for Class C disposal of Cs-137 sealed sources. at the time of 
disposal, and other limits.  The source carry-away scenario is based on the assumption that 500 
years in the future, the encapsulating media has fallen away, and a sealed source is exposed at 
the land surface by a civil works project.  It is further assumed that the intruder does not 
recognize the hazard and places the sealed source (an old and interesting piece of metal) in a 
pocket for 4 hours and later in thebefore taking it home on a shelf.  The full details of this 
scenario are presented in Appendix B.  
 
Alternative proposals should provide reasonable assurance that the above referenced scenario 
is highly unlikely, so long as the source strength exceeds the criteria set in this position (i.e., 
4.8 TBq (130 Ci) of Cs-137 or 0.2 times the § 61.55 limits for the non-gamma nuclides), and that 
another scenario is appropriate.  Factors that could provide reasonable assurance that the 
gamma source-carry -away scenario at 500 years is not credible for a specific disposal 
configuration (site and waste form) include, but are not limited to:  
 

a) disposal of the item (e.g., a sealed source) in a robust and long-lived case that cannot 
be opened easily in the field (the entire package would still require encapsulation), and; 

  
b) disposal of the encapsulated sourceitem at depths greater than 10 m, (33 ft), with 

evidence that the depth of burial will be maintained for the period that the hazard exists.   
 
In preparing a proposal that justifies a different approach, the proposal should contain the 
following types of information: 
 

• Aa detailed description of the item(s) (e.g., sealed source(s))).   
• Aa review of the BTP’s existing position on encapsulation.   
• Anan overview of the proposed alternative provision (e.g., depth of burial and/or other 

factors), and how the alternative provision protects the intruder.   
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• Aa description of site characteristics pertinent to the proposal.  
• Aa description of any source containing devices and the encapsulating media.   
• Anan analysis of the effects of degradation on packaging and engineered barriers over 

the period that the sourceitem remains hazardous to an intruder. 
 

4.9.3 Activated Metals, and Contaminated Materials and Cartridge Filters 

 
The BTP states that activatedActivated metals, and contaminated materials and cartridge filters 
should be characterized as individual items when averaged over the volume of a container.  As 
such, they are subject to the averaging constraints in Section 4.3 of this position.  This position 
is  These additional constraints are based on the premise that activated metals, contaminated 
materials and cartridge filtersthese types of items will not become soil-like within the time frame 
that they are hazardous.  Stainless steel, for example, would be resistant to structural 
degradation and may be intact at the time that an intruder is postulated.  Thus, an intruder could 
unknowingly be exposed to scenariosintact items that would result in a radiation exposure 
higher than if theythe items had become soil-like.  If a licensee can demonstrate that either 
specific types of cartridge filtersactivated metals or contaminated materials become soil-like at 
the time of intrusion, this could be a basis for considering them to be homogeneousmixable 
wastes.  There is a wide range of materials, configurations, and designs for these items, and 
while these waste types should generally should be considered as individual items in 
classification, some could potentially be classified as homogeneous waste.  Justifications for 
treating cartridge filtersitems as homogeneous wastes, instead of individual items, should be 
reviewed and approved by the appropriate regulator.  It is expected that a characterization of 
the disposal environment (e.g., groundwater characteristics, infiltration through the cover of the 
facility to contact the waste) and the corrosion rate of the activated metal or contaminated 
materials in this environment would be the key considerations in justifying this alternative 
approach. 
 

4.9.4 Considering the Likelihood of Intrusion 

 
Inadvertent intrusion is only expected if required markers, barriers, active and passive 
institutional controls and passive controls (e.g., markers and barriers) and societal memory of 
the site are lost.  This makes inadvertent intrusion unlikely, but possible, especially as time 
passes after closure of the disposal facility.  However, there is no scientific basis for 
quantitatively predicting the nature or probability of a future human activity. (NAS, 1995 and 
ICRP, 1998, paragraph 62).  Therefore, an inadvertent intruder assessment typically does not 
consider thea probability or likelihood of less than one of the inadvertent intrusion occurring.  
Rather, the assessment assumes reasonably boundingconservative scenarios that could occur 
and evaluates the radiological consequences that could be experienced by individuals who 
might actually intrude onto the disposal site if institutionalactive and passive controls orand 
societal memory were lost (NCRP, 2005; IAEA, 2008). 
 
As such, an intruder assessment is considered “stylized” in that it typically constrains the 
scenario by assuming the intruder directly contacts the disposed waste (i.e., the probability is 
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1 that intrusion will occur).  Because of this assumption, the scenario analysis and the source 
term are the most significant parameters in an intruder assessment.     
 
Notwithstanding the above, there may be limited circumstances in which the likelihood of 
intrusion canTherefore, an intruder assessment typically is based on the assumption that the 
intruder directly contacts the disposed waste.  This assumption sometimes is characterized as 
an assumption that the probability of intrusion is one.  While it is accurate to say that intrusion 
analyses typically result in estimates of consequences (i.e., dose) rather than risk (i.e., dose 
multiplied by probability), it would be inaccurate to say the staff assumes intrusion will occur.  
Because it is not possible to make precise estimates of the probability of intrusion, the likelihood 
of intrusion is acknowledged implicitly in the 5 mSv/yr (500 mrem/yr) dose limit used for intruder 
protection.   For example, NRC has previously indicated that it is appropriate to use an intruder 
dose limit of 5 mSv/yr (500 mrem/yr) instead of 1 mSv/yr (100 mrem/yr), the public dose limit in 
10 CFR Part 20, because intrusion is a “hypothetical” event that may not occur (NRC, 1994).  
This higher limit essentially provides for a 20 percent probability of intrusion.  Furthermore, the 
5 mSv/yr (500 mrem/yr) limit is a factor of 20 greater than the 0.25 mSv/yr (25 mrem/yr) limit 
established in 10 CFR § 61.41 for protection of the general population from releases of 
radioactivity.  This difference is largely attributable to the difference between the hypothetical 
nature of intrusion and the more likely possibility of exposure to small off-site releases, implying 
a 5 percent probability of intrusion.  In addition, the inaccessibility of Class C waste to intruders 
was explicitly considered in establishing the Class C limits in 10 CFR § 61.55, further reducing 
the implied probability of intrusion into Class C waste.     
 
In some circumstances, the likelihood of intrusion might be considered in justifying averaging 
approachesthe selection of scenarios different from those specifiedused in this BTP.  As an 
example, construction of an exploratory water well could be considered as possible, and a 
domestic drinking water well very unlikely, in areas without viable sources of groundwater.  This 
is an example of a site-specific approach a licensee could consider in submitting a justification 
for concentration averaging methods different from those described in this BTP.   
 
Notwithstanding the difficulty in quantitatively predicting future human activities, DOE’s Order 
435.1, “Radioactive Waste Management,” allows for consideration of probability of intrusion.  Its 
use of this provision has been limited, according to DOE, and has been based, in part, on the 
government’s extended, long-term control of DOE sites, a factor that may not be available for 
commercial disposal facilities.  A licensee could consider such an example, however, in 
submitting a justification for positions different from those in this BTP.       
 

4.9.5 Large Components 

 
The positions in this BTP are based on averaging over containers, such as 55 gallon drums, 
Sections 3.5 and 3.6Section 4.5 of this BTP on encapsulation and volume for averaging 
addressaddresses averaging over containers of radioactive waste, such as a 0.2 m3 (~55 
gallon) drum or high-integrity container.  Other averaging volumes may be acceptable, however, 
and can be approved on a case-by-case basis.  For example, regulators have approved 
disposal of large reactor components, such as reactor vessels and steam generatorswith highly 
radioactive internal hardware grouted into the vessel cavity using averaging approaches unique 
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to the waste types involved.  In 1998, the State of Washington authorized the Portland Gas and 
Electric Co. to dispose of the Trojan nuclear plant reactor vessel with components grouted into 
the vessel and averaged over the volume of the vessel (Washington Department of Health, 
1998).  On December 30, 1999, the NRC approved a Topical Report for encapsulation of 
cartridge filters in 200 ft3 liners, subject to certain conditions defined in the approval (NRC 
1999).This approval and its disposition of technical and safety issues can be used as a model 
for other similar types of disposals.  

3.10 Implementation: 

4.9.6 Time of Intrusion into Mixable Waste 

As described in Section 4.2.2 and Appendix B, both the threshold for homogeneity testing and 
the recommended criterion for demonstrating waste homogeneity are based on the potential 
dose to an individual who inadvertently exhumes waste from a hot spot in mixable waste.  This 
analysis was conducted assuming an intruder drills into Class A waste at 100 years or Class C 
waste at 500 years.  In practice, many Class A wastes are disposed of with robust engineered 
intruder barriers.  If a Class A barrier meets the requirements of 10 CFR § 61.7(b)(5) for Class C 
waste, then it may be appropriate to consider intrusion at 500 years instead of 100 years, even 
if the waste is Class A waste.  Depending on the nature of the barrier and the drilling technique, 
barriers that meet the requirements of 10 CFR § 61.7(b)(5) could preclude drilling scenarios 
during the lifetime of the engineered barrier and it may be appropriate to consider the effects of 
the barrier on the timing of possible inadvertent intrusion.   
 
If the radionuclides of concern in a waste are primarily short-lived, a licensee may be able to 
demonstrate that, at the time of the earliest reasonably foreseeable opportunity for inadvertent 
intrusion, enough radioactive decay has taken place to make the waste homogeneous.  That is, 
a licensee may be able to demonstrate that the additional decay time19 beyond 100 years (the 
time of intrusion typically assumed for Class A waste) is sufficient to eliminate the potential for 
hot spots with a sum of fractions greater than 10.  This demonstration would suffice as a 
demonstration of homogeneity in the context of this BTP, and no further demonstration of 
homogeneity is recommended.   
 
This alternative approach is not likely to be useful if the waste classification is controlled by 
long-lived radionuclides.  However, licensees are encouraged to consider this approach for 
wastes with short-lived radionuclides of concern disposed of with robust barriers to intrusion that 
could preclude drilling scenarios beyond the end of institutional controls.  Direct measurements 
to demonstrate the homogeneity of these wastes are likely to be unnecessary as well as counter 
to efforts to minimize worker dose in accordance with ALARA principles if a reasoned argument 
based on barriers to intrusion would demonstrate homogeneity.  

4.10 Implementation 
This BTP describes, and makes available to the NRC licensees, Agreement States, and the 
public, methods that the NRC believes may be acceptable for implementing specific parts of the 

                                                
19 The licensee should consider the additional decay time beyond 100 years rather than then entire time 
over which the intrusion barrier is assumed to be effective because the BTP Table 1 values for Class A 
waste already include consideration of radioactive decay to 100 years. 
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Commission's regulations, and to provide guidance to regulated entities..  The positions in this 
document are not intended as substitutes for regulations, and compliance with them is not 
required.  Applicants and licensees may use the information in this Branch Technical 
PositionBTP when developing applications for initial licenses, amendments to licenses, or 
requests for NRC regulatory approval.  Licensees may use the information in this Branch 
Technical PositionBTP for actions that do not require prior NRC review and approval.  
Licensees may also may use the information in this Branch Technical PositionBTP to assist in 
attempting to resolve regulatory or inspection issues.  Current licensees may continue to use 
the previous guidance found acceptable for complying with specific portions of the regulations 
as part of their license approval process.   
 
In addition to the guidance in this BTP, licensees that ship waste for disposal in a 10 CFR 
Part 61 or Agreement State equivalent facility should ensure that the waste meets the 
concentration averaging provisions in the disposal facility license, if any, or separate waste 
acceptance criteria.  Where there are conflicts with this guidance, the disposal facility license 
conditions are controlling.   

5 3.11 References: 
International Atomic Energy Agency (IAEA), “The Radiological Accident in Goiania,” Publication 
815, Vienna, Austria, 1988. 
 
IAEA, “Advisory Material for the IAEA Regulations for the Safe Transport of Radioactive 
Material,” 1985 Edition (as amended in 1990), Safety Series No.37, International Atomic Energy 
Agency, Vienna, Austria, 1990. 
 
IAEA, “Draft Safety Case and Safety Assessment for Radioactive Waste Disposal,” Safety 
Guide DS 355, Vienna, Austria, 2008. 
 
IAEA, “Disposal of Radioactive Waste Specific Safety Requirements,” IAEA Safety Standards 
Series SSR-5, 2011. 
 
National Academy of Sciences (NAS), “Technical Bases for Yucca Mountain Standards,” 
National Academy Press, Washington, D.C., 1995. 
 
International Commission on Radiological Protection (ICRP), “Annuals of the ICRP Publication 
81, radiation protection recommendations as applied to the disposal of long-lived solid 
radioactive waste,” Volume 28, No. 4, 1998.  
 
National Council on Radiation Protection and Measurements (NCRPNRCP), “Performance 
Assessment of Near-Surface Facilities for Disposal of Low-Level Radioactive Waste,” 
Recommendations of the National Council of Radiation Protection and Measurements, 
Bethesda, MD, NCRP Report No. 152, December 31, 2005. 
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Appendix A - : Glossary 

 
Blending 

 

 

 

Classification- 
controlling 
radionuclidesnuclide(s)

 

Contaminated 
materials 

As used in this BTP, blending is the mixing of LLRW with different 
concentrations of radionuclides, which results intypically in an effort to 
create a relatively homogeneous mixture for disposal in a licensed 
facility. 
 
A nuclide in the  The term blending typically is applied to mixable 
waste in concentrations greaterrather than: 
 
1% mixtures of the concentration of that nuclidediscrete items. 
 
One or more nuclides, listed in Table 1 of 10 CFR Part 61 or 1% of the 
applicable class-dependent concentration of that nuclide in or Table 2 
of 10 CFR Part 61, Column 2 or 3 and present in a relative fractional 
abundance such that the concentration of the individual radionuclide 
(or a combination of controlling radionuclides) are CFR § 61.55, 
whose concentration is the specific basis for transition from one the 
classification of the waste class to another.container.  This could be a 
single nuclide, or multiple nuclides that make up > 50% of the sum of 
fractions.  
 
Components or metals on which radioactivity resides near the surface 
in a fixed or removable condition. 

Encapsulation The process of surrounding a radioactive sealed source, a collection 
of such sources, or other materials in a binding matrix, within a 
container, where the activity remains within the dimensions of the 
original source(s) or other materials.  

Homogeneous 
Waste 

 

Hot spot 

 

Mixable Waste 

Waste in which the classification-controlling radionuclide 
concentrations of radionuclides of concern are likely to approach 
uniformity in the context of reasonably foreseeable intruder scenarios. 

A volume of waste with elevated concentrations of radionuclides 
within a container of waste or radioactive component that may pose 
an unacceptable hazard to an inadvertent intruder.  

Waste that is amenable to physical mixing to create relatively uniform 
radionuclide concentrations.  In this BTP, the term is used primarily to 
differentiate waste that is amenable to mixing from waste that is 
composed of discrete items (e.g., a group of pieces of activated metal 
is not considered mixable waste).  

Nuclide(s) of A nuclide(s) in the waste in concentrations greater than: 1% of the 
concentration of that nuclide listed in Table 1 of 10 CFR Part 61, or 
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3.1.1. Nuclides other 
than Primary 
Gamma-Emitting 
Nuclides 

1% of the applicable class-dependent concentration of that nuclide in 
Table 2 of 10 CFR Part 61, Column 2 or 3. 
 
All 10 CFR § 61.55 tabulated radionuclides other than Co-60, Nb-94, 
or Cs-137/Ba-137m. 
 
 

Primary Gamma-
Emitting Nuclides 
 
Solidification 

Cobalt-60 (Co-60), Niobium-94 (Nb-94), and Cesium-137/Barium-
137m (Cs-137/Ba-137m). 
 
The process of incorporating radioactive material a binding matrix, in a 
manner to create a solid, radiological homogeneous material.  
 

Waste Types Wastes that are grouped together of the purposes of this 
concentration averaging and waste classification BTP.  Waste types 
include, but are not limited to: a variety of homogeneous waste types 
(e.g., spent ion exchange resins, contaminated soils blended as part 
of the design of a nuclear power plant,  solidified liquid, absorbed 
liquid, evaporator bottom concentrates, ash, and filter media); 
activated metals; contaminated materials; cartridge filters, and sealed 
radioactive sources.  Activated materials include neutron-activated 
materials or metals, or components incorporating radioactivity in their 
design. 
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Appendix B  

: Technical Basis for Concentration Averaging and 
Encapsulation Guidance 

B.1 Introduction: 

This Appendix provides the technical basis to support the BTP’s guidance for the disposal of 
individual items, mixtures of individual items or homogeneous, and mixable waste types.  The 
NRC developed this technical basis to ensure that the disposal of these wastes does not result 
in a dose to an inadvertent intruder that exceeds 5 mSv/yr (500 mrem/yearyr) as defined in the 
environmental impact statement (EIS) supporting 10 CFR Part 61.  This BTP provides separate 
guidance for:  (1) primary gamma emitters [Co-60, Nb-94, and Cs-137/Ba-137m], and (2) 
radionuclides other than primary gamma emitters.  This subdivision is necessary because “hot 
spots” of gamma activity may be more significant to potential intruder doses than hot spots 
associated with the other nuclides. 
 

B.2 Background: 
The concentration values shown in Tables 1 and 2 of § 61.55 for Class A, B and C low-level 
radioactive wastes (LLRW) are based on potential doses to an inadvertent intruder.  The Part 61 
environmental impact statement (EIS) uses three exposure scenarios to assess these potential 
intruder doses.  For all three of the exposure scenarios, the NRC assumed that the intruder 
resides on a closed LLRW disposal site and inadvertently exhumes LLRW.  In one EIS scenario 
the waste containers and barriers remain intact and the intruder soon recognizes the hazard 
and receives only a “discovery” dose.  The results of this intruder-discovery scenario provide the 
basis for the Class B limits shown in Table 2.  
 
In the other two EIS scenarios (intruder-construction and intruder-agriculture), the NRC 
assumed that the exhumed waste is indistinguishable from soil and as a result, the intruder is 
unaware of their interaction with the LLRW.  Many LLRWs are soil-like even at the time of burial.  
These soil-likeAs described in Section 4.2.1, based on experience, the NRC staff considers 
some of these wastes are classified as to be homogeneous without any specific demonstration 
of homogeneity.  Homogeneous  waste types in this guidance and include filter media, solidified 
andor absorbed liquids, liquid, spent ion-exchange resins mixed as part of the design of a 
nuclear power plant, filter media, evaporator bottom concentrates, contaminated soil, and ash, 
and spent ion exchange resins.  Other homogeneous wastes types, such as contaminated 
trash, will become soil-like over time.soil and DAW, also are considered homogeneous under 
certain circumstances (see Section 4.2.1).  The intruder-construction and intruder-agriculture 
dose scenarios are the basis for the Class A and C limits shown in Table 1 and 2 of § 61.55.  In 
the Draft and Final EISs, the NRC increased the Class A limit for Cs-137 by a factor of 20 based 
on the expectation that average concentrations of Cs-137 would be far below the peak 
allowable concentrations.  In addition, in the Final EIS, the NRC increased the Class C limits by 
a factor of 10 over the initial values because of (1) the reduced likelihood of significant 
exposures due to passive warning device (markers, for example, which contain an inscription 
describing the nature of the hazard, can be emplaced at the disposal facility), (2) the difficulty of 
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contacting wastes disposed of at greater depths and (3) the expectation that average 
concentrations will be lower than peak allowable concentrations.  
 
  



 

 
B-3 

After the finalization of Part 61 with its Table 1 and Table 2 Class A, B and C limits, a number of 
well-publicized accidents occurred that involved small, highly radioactive sealed sources.  The 
sealed sources were typically quite small (less than 280 cubic centimeters (cc) (one-hundredth 
of a cubic foot (0.01 ft3)) and some were composed of corrosion-resistant stainless steel.  These 
accidents raised the concern at the NRC that highly radioactive items might survive for long time 
periods in a disposal facility and not be recognized as a hazard by an intruder.  This scenario, in 
which a highly radioactive discrete item would survive 500 years and not be recognized by an 
inadvertent intruder is newwas first considered in the 1995 version on the BTP; it was not 
considered by the NRC in the Part 61 EIS.   
 
The worst of these accidents occurred in Brazil and resulted in large social disruptions, a very 
expensive cleanup, and radiation doses leading to deaths (IAEA, 1988).  This accident in Brazil 
as well as accidents in the Republic of Georgia, Morocco and other locations demonstrated that 
the radiation hazard associated with small items is not always recognizable.  Although these 
sources were not secured and were in locations such as abandoned buildings that were readily 
accessible to members of the public, the NRC decided that it would be prudent to consider the 
consequences of exposure to small items of LLRW.  Unlike the actual events, these items in a 
disposal facility will be less likely to be contacted by an intruder.  The disposal facility will have 
passive institutional controls in place, and NRC expects licensees to dispose of LLRW beneath 
the surface of the earth, in some cases in canisters.  Some of the disposal sites are in remote 
locations, as well.  
 
Therefore, a major purpose of the revised BTP is to provide guidance for the disposal of 
discrete individual highly-radioactive items or mixtures of this wasteitems that fall within the 
“envelope of safety” defined in the EIS for Part 61.  This guidance is based on two gamma 
source handling scenarios:  (1) the gamma sealed source carry-away scenario and (2) the 
gamma source large items carry-away scenario.   Further, the BTP also provides guidance on 
classification for mixable waste.   
 
Further, the BTP also provides guidance on waste classification for mixtures of homogeneous 
waste types.  This guidance is included in the revision in response to recent proposals to blend 
physically mixable wastes with various waste class concentrations into a mixture that meets the 
limits for a lower waste class.   

B.3 Overview of Gamma-Emitting Sealed Source Carry-Away 
Scenario (Basis for the Encapsulation Position for Gamma 
Emitters):) 

Scenario 

Five hundred years after closure of a LLRW landfill, the LLRW containers have decayed and the 
homogeneousmixable wastes and encapsulating materials have become soil-like.  However, a 
stainless steel Cs-137 sealed radioactive source has survived as aan individual, recognizable 
item.   
 
As a result of a public works project, such as the construction of a regional pipeline, a trench is 
cut through the former LLRW landfill.  The construction crew notices soil conditions are different, 
but the crew has been contracted to cut kilometers (miles) of trench and they continue their 
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excavations.  An individual finds the sealed radioactive source in the excavated soil.  The small 
piece of metal looks very old.  There is no indication of a hazard.  The individual takes this 
interesting piece of metal home, where it is placed with other curios on a shelf in the living room.  
For the first 4 hours, the sealed source is in the individuals coat pocket (3 cm exposure 
distance) and after that, on average, the individual is 2 meters from the sealed source, reading 
or performing some other activity for 15 hours per week, 48 weeks out of the year.   

 

 

NRC Analysis: 

 
Using MicroShield,®, the NRC determined that a 4.8 TBq (130 Ci) Cs-137 source (at the time of 
disposal) would result in a 5 mSv (500 mrem) dose to the intruder at 500 years.  Thus Cs-137 
sources should be limited to 4.8 TBq (130 Ci) at the time of disposal as Class C LLRW to 
ensure that intruder doses do not exceed 5 mSv (500 mrem.).  If this same scenario is applied 
100 years after site closure (Class A) the limit is 0.0072 Ci266 MBq (7.2 mCi) at the time of 
disposal, and the limit is 27 GBq (0.72 Ci) at 300 years for Class B disposal.  
 
Using the above scenario with a Co-60 sealed source, the NRC determined the calculated 
activity is 1.1 TBq (30 Ci) for Class A (100 years) at the time of disposal, with no activity limit to 
the size offor a Co-60 source that can be disposed as Class B (300 years) or Class C (500 
years).  For Table A, “Activity Levels of Primary Gamma Emitters in Individual Items Potentially 
Requiring Piecemeal Consideration in Classification Determinations” (Section 34.3.2), and for 
the encapsulation guidance (Section 34.5), the staff has increased the Class A value for Co-60 
from 1.1 TBq to 5.2 TBq (30 Ci to 140 Ci.).  The staff selected 5.2 TBq (140 Ci) because it is the 
amount of Co-60 that could be disposed in a 0.2 m3 ((~55 gallon) drum at the Class A limit.  The 
dose from a 5.2 TBq (140 Ci) Co-60 source will be 5 mSv/yr (500 mrem/yr) at 111 years.  
Therefore, the new value of 5.2 TBq (140 Ci) continues to protect the intruder because of Co-
60’s short half life.   
 
If this same scenario is applied to a point source of Nb-94, the activity constraint at the time of 
disposal, at 100 years, at 300 years, and at 500 years would be less than 37 MBq (1 mCi;); 
however the slightly higher limit of 37 MBq (1 mCi) was selected for practical considerations. 
 

Additional Modeling Details: 

 
• Disposal of a Cs-137 sealed source (500 years) -- The NRC assumed that the source is an 

elongated cylinder of CsCl (density = 2.7 g/cc) (169 lbs/ft3)) which is 2.7 cm (1.06 in) tall and 
1.5 cm (0.59 in) in diameter lined with 0.47 cm (0.19 in) of stainless steel.   
 

• Disposal of Cs-137 sealed sources (100 years and 300 years) -- The NRC assumed that the 
source is an elongated cylinder of CsCl which is 1 cm (0.39 in) tall and 0.56 cm (0.22 in) in 
diameter lined with 1 cm of stainless steel. 
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• Disposal of Co-60 sealed sources (100 years) -- The NRC assumed that the source is a 
square cylinder of Co-60 1 cm ( 0.39 in) tall and 1 cm (0.39 in) in diameter.   

 
Disposal of Alpha- and Beta-Emitting Sealed Sources (Basis for the Encapsulation Position for 
Non-gamma Emitters): 

If an alpha- or beta-emitting sealed source is inadvertently excavated, the only exposure 
pathways are ingestion or inhalation (breathing re-suspended material or ingesting material from 
contaminated foodstuffs).  Neither of these pathways depends on localized hotspots as long as 
the average concentration over a large area is unaffected.  Therefore, the NRC believes that the 
curie limits for alpha- and beta-emitting sealed sources are constrained by the source activities 
averaged over the weight or volume of the encapsulated source (typically a 0.2 m3 (55 gallon) 
drum).  For alpha or beta sources, this limit is 0.2 times the 10 CFR § 61.55 class limit for that 
nuclide.  For example, a Ni-59 source should not exceed 40 Ci (220 Ci/m3 x 0.2 m3).  The 
largest activity of a transuranic nuclide, other than Pu-241 and Cm-242, that is generally 
acceptable for encapsulation in 0.2 m3 is about 1.1 GBq (30 mCi), presuming the density of the 
encapsulating mass is 1.3 g/cm3.  When calculating mass-based concentrations, it is generally 
acceptable to take credit for the actual density of the material if the density is less than 2.2 
g/cm3.   
 

B.4 Disposal of Primary Gamma Emitters in Activated Metals or 
Contaminated Materials or Cartridge Filters (Basis for Table A 
and the Factor of Two Rule):) 

The guidance for the disposal of primary gamma emitters evolved from the NRC’s work on 
sealed sources.  If the gamma-emitting activity of sealed sources were contained in individual 
pieces of activated metals, or cartridge filters or contaminated materials, the hypothetical 
intruder would not sustain a dose greater than that calculated for sealed sources because of the 
typical distribution of the activity over a larger volume and in materials that may exhibit a degree 
of self-shielding. 

The NRC used this analysis to create Table A, “Activity Levels of Primary Gamma Emitters in 
Individual Items Potentially Requiring Their Piecemeal Consideration in Classification 
Determinations,” in Section 34.3.2.   Sealed source-like items that are smaller than 280 cc (0.01 
ft3) and that exceed the Table A values, are sealed source-like and should be managed 
individually, for the purpose of waste classification.  The NRC derived the Table A values at 100 
years after disposal for Class A waste, at 300 years after disposal for Class B waste, and at 500 
years after disposal for Class C waste using the gamma source carry-away scenario described 
above.  

Finally, since sealed sources, activated materials and metal, and components containing 
radioactivity in their design may be disposed of in the same disposal container with other waste 
of similar type containing the same gamma-emitting nuclide, acceptable concentration 
averaging guidance is included for these situations.  The Table A guidance is introduced to 
ensure that gamma-emitting sealed source-like materials are removed from mixtures and 
managed separately.  The remaining contents can always be classified based on the highest 
classification of any specific item in the container.  Averaging is also acceptable if the 
concentration of each primary gamma-emitting nuclide in each individual item in the disposal 
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container does not exceed two times the classification limit for that nuclide, for the classification 
of the mixture (Class A or B or C).  This Factor of Two Rule precludes “hot spots” in gamma-
emitting waste from significantly affecting projected intruder doses irrespective of whether the 
intruder is exposed through the intruder-agricultural scenario or through direct interactions with 
the waste (e.g., handling scenarios).  The NRC used the following handling scenario to set the 
Factor of Two Rule that limits gamma-emitting hot spots in a container holding individual items. 
 
Gamma-Emitting Larger Items Carry-Away Scenario: 

Scenario 

Five hundred years after closure of a LLRW landfill, a 2.55 m3 (90 ft3) LLRW container (a B--
25 box) in the landfill has decayed leaving the individual pieces of activated stainless steel.  It is 
assumed that there are 1.7 m3 (60 ft3) of activated stainless steel pieces in the container.  One 
half of the pieces 0.85 m3 (30 ft3) contain Nb-94 at two times the Class C limit and one half of 
the pieces contain Nb-94 at well below the Class C limit. 
 

As a result of a public works project such as the construction of a regional pipeline, a trench is 
cut through the landfill.  The construction crew notices the large pieces of steel in the excavated 
soil.  There is no indication of a hazard and the crew uses their construction equipment to move 
the pieces of steel to their shop for storage and resale to a scrap metal dealer 6 months later.   
For computational ease it is assumed that only the higher activity pieces are removed and that 
each piece of steel is a 0.02803 m3 (1 ft3) square.  Each piece of metal is moved three times and 
the cumulative exposure time for each piece is 21 minutes (7 minutes per move) at 15 cm (6 
inches.).  In the crew’s shop the individual is exposed for 5 hours per week for 6 months at a 
distance of 2 m (6.6 ft) from the 0.85 m3 (30 ft3) stack of blocks.   
 

NRC Analysis: 

 
Using MicroShield® and the above parameters, the projected dose to the intruder is 5 mSv (505 
mrem.).  Thus, individual pieces of activated metal should not exceed two times the Class C 
limit to ensure intruder doses do not exceed 5 mSv (500 mrem.).  This rule is applicable to a 
mixture that is classified as Class C, but would not be protective if applied to a Class A or B 
mixture.  Therefore this rule is linked to the classification of the resulting mixture.  Simply stated, 
the concentration of a primary gamma-emitting nuclide in any item of the mixture should not 
exceed two times the classification limit for that nuclide, for the classification of the mixture 
(Class A or B or C).  This Factor of 2 Rule removes gamma-emitting hot spots from mixtures of 
items and the Factor of 2 Rule also places an absolute limit on the boundary between Class C 
and Greater-Than-Class C (GTCC) for individual items in a mixture, where the primary gamma 
emitters control the classification.  

B.5 Disposal of Alpha- and Beta-Emitting Sealed Sources (Basis for 
the Encapsulation Position for Non-gamma Emitters) 

If an alpha- or beta-emitting sealed source is inadvertently excavated, the only exposure 
pathways are ingestion or inhalation (breathing re-suspended material or ingesting material from 
contaminated foodstuffs).  Neither of these pathways depends on localized hot spots as long as 
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the average concentration over a large area is unaffected.  Therefore, the NRC believes that the 
curie limits for alpha- and beta-emitting sealed sources are constrained by the source activities 
averaged over the weight or volume of the encapsulated source (typically a 0.2 m3 (~55 gallon) 
drum).  For alpha or beta sources, this limit is 0.2 times the 10 CFR § 61.55 class limit for that 
nuclide.   
For example, a Sr-90 source should not exceed 52.5 TBq (1400 Ci) (261TBq/m3 (7000 Ci/m3, 
the Class C limit for Sr-90) x 0.2 m3).  The largest activity of a transuranic nuclide, other than 
Pu-241 and Cm-242, that is generally acceptable for encapsulation in 0.2 m3 (~ 55 gallon) is 
about 1.1 GBq (30 mCi), presuming the density of the encapsulating mass is 1.3 g/cm3 (81.3 
lbs/ft3).  When calculating mass-based concentrations, it is generally acceptable to take credit 
for the actual density of the material if the density is less than 2.2 g/cm3 (137.5 lbs/ft3).   

B.6 Disposal of Nuclides other than Primary Gamma Emitters in 
Activated Metals, or Contaminated Materials or Cartridge Filters 
(Basis for Table B and the Factor of 10 Rule):) 

In this case, the BTP defines a “mixing” constraint that is within the context of the general waste 
classification rationale expressed in the documentation that supports the Part 61 regulation.  In 
defining this constraint, it was noted that the § 61.55 concentration values that delineate the 
boundaries between different waste classes (i.e., A, B, and C) typically differ by more than one 
order of magnitude.  To preventlimit the mixing of items from different waste classes, this BTP 
allows concentration averaging of the alpha and beta emitting activity in individual items, if all 
the concentrationsspecific activity of each nuclide(s) of concern in the individual itemseach item 
is within a disposal container are within an order of magnitude of factor of 10 of the classification 
limit for that nuclide for the average concentration over all items inclassification of the container.  
mixture.   

This Factor of 10 Rule also places an absolute limit on the boundary between Class C and 
Greater-Than-Class C (GTCC) for individual items in a mixture, where the non-primary gamma 
emitters control the classification.  

The rationale used to construct Table B is consistent with the encapsulation position in the BTP 
for non-primary gamma emitters and the position is the same as the rationale used to construct 
Table A. (i.e., if an item is too hot to be encapsulated, it is too hot to be averaged in a mixture). 
Since any potential intruder dose is essentially independent of alpha and beta (or non-primary 
gamma-emitter) “hot spots,”, the numerical values in Table B reflect the maximum activity that 
would be allowed if the activity was contained in a sealed source encapsulated in a 0.2 m3 (~55 
gallon) drum, and a minimum volume criterion is not necessary.   

Waste Homogeneity B.7 Intrusion Scenarios into Mixable Waste (Basis for 
the TestThreshold for Demonstrating Homogeneity and the 
Homogeneity of Blended Homogeneous Waste Types):Test) 

 
As discussed above, the NRC based the waste classification limits in 10 CFR § 61.55 on 
hypothetical scenarios in which an individual inadvertently constructs a dwelling on a waste site 
and another individual subsequently lives in that dwelling, exposing each to LLRW.   Individuals 
constructing a dwelling and disrupting multiple waste packages would likely be exposed to 
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waste at or below the class limit because waste in multiple containers that each meet the class 
limit cannot, in aggregate, exceed the class limit.  Individuals exhuming a small amount of 
waste, however, are more susceptible to encountering hot spots in the waste because they may 
exhume waste from only one part of a waste package.  Thus, an intruder exhuming only a small 
amount of waste is the limiting scenario that needs to be considered with respect to waste 
homogeneity.  Typically, individuals exhuming only a small amount of waste are protected by 
the small inventory they encounter.  However, in some cases, an intruder exhuming a small 
amount of waste could receive a dose comparable to an intruder exhuming multiple packages (if 
the small volume of waste is significantly more concentrated and spread in a smaller areathan 
the package average). 
 
Scenarios 
 
The NRC staff expects that the range of reasonably foreseeable intrusion scenarios at a 
particular disposal site will depend on site-specific conditions.  However, the NRCstaff believes 
that well drilling is a reasonably foreseeable activity under a variety of site and disposal 
conditions.   
 
Scenario 
 
The NRC basedIn developing the homogeneitymixable waste guidance in this document on, the 
NRC staff considered doses to an individual unknowingly drilling a well into a waste site (acute 
scenario) and another individual subsequently living and gardening in the area in whichon the 
site (chronic scenario).  The staff considered two different types of well-drilling scenarios.  In the 
first, a mixture of drill cuttings were and drilling mud is placed in a disposal pit near the well and 
covered with clean soil (mud rotary drilling scenario).  In the second, a similar well is drilled but 
drill cuttings are spread (chronic scenario).  Specifically, the NRC assumed thaton the land 
surface and mixed into the top 15 cm (6 in.) of soil (exposed drill cuttings scenario).  In both 
scenarios, intrusion occurs at either 100 years after site closure of an LLRW landfill (for Class A 
waste) or 500 years after closure (for Class C waste), an individual inadvertently intrudes on the 
site, drills a water well, and spreads drill cuttings on the surface.).  Subsequently, in both 
scenarios, another individual lives on the land and creates a garden that includes the area in 
whichnear the drill cuttings have been spread.  Although certain common well drilling methods 
isolate cuttings in a pit or tank (e.g., mud rotary drilling), thereby reducing exposure to the 
cuttings, well construction methods that may result in cuttings distribution on the surface (e.g., 
cable tool drilling, auger drilling) are expected to be reasonably foreseeable at many sites.well.    

 
Drilling methods in which cuttings are spread on the land surface (e.g., cable tool drilling, auger 
drilling), though not as common as mud rotary drilling, are sometimes used for water well 
drilling.  These drilling methods also have other applications, such as drilling boreholes for site 
exploration.  In addition, a scenario in which an intruder drills a well and spreads drill cuttings on 
the site serves as a surrogate for other potential intrusion scenarios in which a small amount of 
waste is exposed on the land surface.  Drilling scenarios in which cuttings are spread on the 
land surface are commonly used in both NRC and DOE LLRW analyses (NRCP, 2005; Koffman 
et al., 2005).   

NRC Analysis 
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The intruder in the acute intruder drilling scenario is exposed through direct exposure, dust 
inhalation, and incidental soil ingestion, and gas immersion and inhalation.  The chronic intruder 
is exposed through these pathways as well as consumption of ground water and plants grown in 
the garden.  The NRC also considered doses from the consumption of groundwater for the 
chronic intruder; however, the NRC found that the doses based on leaching from the exhumed 
material alone were minimal.  Groundwater doses based on leaching from an entire disposal 
site may be important to an intruder dose analysis, depending on site-specific conditions, but 
were not included in this analysis because they did not help to define the homogeneity criteriaon 
site.  In general, the NRC found that doses to the chronic intruder were more limiting than acute 
doses to the individual drilling the well.   
 
TheFor the mud rotary drilling scenario, the NRC staff used RESRAD (Version 6.5) to estimate 
the dose to an individual inhabiting the site after drilling is complete.  The staff assumed that an 
intruder exhumes a unit volume (0.03 m3 [1 ft3]) of waste with a sum of fractions of 10 for a 
series of hypothetical wastes, each dominated by one of the 10 CFR § 61.55 listed nuclides.  
The waste is assumed to be diluted with soil from below and above the waste disposal site and 
placed in a disposal pit under 1 m (3.3 ft) of clean cover.  The NRC staff assumed water is 
drawn from a well at the edge of the drilling mud disposal pit and used for drinking water and 
crop irrigation.  In the mud rotary drilling scenario, because the cuttings are initially covered, the 
hazard from short-lived gamma emitters (e.g., Cs-137), which is important to dose in the 
exposed drill cutting scenario, is essentially eliminated.  Instead, the primary exposure pathways 
are from radionuclides leaching into groundwater and exposure to long-lived gamma emitters 
after sufficient erosion has taken place at the site to expose the cuttings in the disposal pit.   
 
Because the dose in the mud rotary drilling case is primarily due to long-lived radionuclides (i.e., 
C-14, Tc-99, and Nb-94), there is very little difference in source term between intrusion at 100 
and 500 years.  Because the Class C limits for these long-lived radionuclides are a factor of 10 
greater than their Class A limits, the predicted dose from intrusion into Class C waste at 500 
years is essentially a factor of 10 greater than the dose from intrusion into Class A waste at 100 
years.  Furthermore, postulating longer-lived intrusion barriers has little effect on the predicted 
dose.  That is, assuming that intrusion does not occur until 800 or 900 years has little effect on 
the potential dose from these long-lived radionuclides. Thus, while no safety concerns were 
identified for intrusion into Class A waste in the mud rotary drilling scenario, the staff found that 
a 0.1 m3 (3.5 ft3) hot spot with a sum of fractions of 10 or greater in Class C waste could present 
more of a concern.  However, the potential hazard in the mud rotary drilling scenario is primarily 
due to radionuclides that are not expected to be present in significant concentrations in 
commercial LLRW (i.e., Tc-99, C-14, Nb-94).  The improbability of any of these radionuclides 
contributing significantly to the hazard from commercial LLRW suggests it would not be 
consistent with ALARA principles for waste generators or processors to routinely conduct 
measurements to evaluate the homogeneity of waste based on a postulated mud rotary drilling 
intrusion scenario.   
 
For the exposed drill cutting scenario, the NRC used a model developed in the simulation 
software package GoldSim® (Version 10.5) to conduct its analyses.  The NRC staff also 
developed a RESRAD model to represent the scenario and obtained similar results.  The 
GoldSim analyses treated the garden area, well diameter, cuttings distribution area, well depth, 
occupancy factors, and several environmental parameters (e.g., soil sorption coefficients, plant 
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uptake factors) probabilistically.  The model assumed that waste was mixed poorly and 
contained pockets of waste with significantly greater than average concentrations.  The model 
also assumed that waste filled a container unevenly (i.e., not in complete horizontal layers) such 
that, in one location of the container, more than 10% of the depth of waste could exceed 10 
times the concentration limit while the entire container still meets the classification limit.  The 
NRC calculated the volume of waste that could be exhumed at 10 times the classification limit 
while maintaining an intruder dose below 5 mSv /yr (500 mrem/yr) for a series of hypothetical 
wastes, each dominated by one of the 10 CFR § 61.55 listed nuclides.  In estimating the total 
dose to the intruder, the NRC assumed that approximately half of the dose was attributable to 
the small volume of waste exceeding the class limit and half of the dose was attributable to 
other waste in the drill column (i.e., from the remainder of waste in the waste container with the 
hot spot and from containers above and below that container).  For   
 
The staff obtained similar results for waste at the Class A limits evaluated at 100 years or waste 
at the Class C limits evaluated at 500 years.  In both cases, the NRCstaff found that exhumed 
volumes exceeding ten times the classification limit should be limited to less thanexhuming 
approximately 0.3 m03 m3 (1 ft) depth to protect individuals from chronic exposure to drill 
cuttings.    
 
ft3) of waste with a sum of fractions of 10 led to a dose of approximately 0.25 mSv/yr (250 
mrem/yr).  The most limiting radionuclide at the Class A limit is Cs-137, with a dose primarily 
due to external exposure.  For waste at the Class C limit, the largest doses are caused by Nb-
94,  
Np-237, several other transuranic elements, and Cs-137.   Because waste disposed as 
activated metal is not consistent with the underlying assumptions of the chronic drilling scenario 
(i.e., it is not expected to be soil-like at 500 years), the NRC did not base the limiting volume on 
the Nb-94 dose.  Similarly, because very little Np-237 is disposed in commercial LLRW, the 
NRC did not use the Np-237 dose to determine the limiting volume.  The Nb-94 and Np-237 
doses are approximately a factor of six and four, respectively, greater than the next highest 
doses.   Thus, in the very unlikely case that a chronic intruder in a well-drilling scenario 
encounters waste from a 0.03 m3 (1 ft3) hotspotof waste from a hot spot dominated by either Nb-
94 or Np-237 at 10 times the class limit, the dose would be within a factor of six or four of the 
limit if approximately half of the dose is attributable to the hotspot and half is attributable to the 
remaining exhumed waste.  Doses from Cs-137 as well as several transuranic elements all 
support a 0.03 m3 (1 ft3) limit on the volume of waste that could exceed 10 times the Class C 
dose limit.  These doses are attributable to direct exposure (Cs-137), plant ingestion 
(transuranic elements and, to a lesser extent, Cs-137), and dust inhalation (transuranic 
elements).three or two of the 5 mSv/yr (500 mrem/yr) limit if most of the dose is from the hot 
spot (i.e., if the exhumed waste from outside the hot spot contributes little to dose).   
 
The NRC also considered smaller volumes with greater concentrations.  Because the NRC 
assumes that the waste is mixed when it is exhumed and spread on the surface, smaller 
volumes at higher concentrations did not yield significantly different results.  Although the 
guidance is stated in terms of a 0.03 m3 (1 ft3) volume of waste, smaller volumes at larger 
concentrations also would be contrary to the guidance if the concentration was large enough to 
cause the average concentration in the surrounding 0.03 m3 (1 ft3) volume to exceed 10 times 
the class limit. 
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In hypothetical waste streams each assumed to be dominated by a single radionuclide at the 
Class C limit, the predicted dose from a hot spot of Cs-137 is similar to predicted doses from hot 
spots of several transuranic elements (i.e., exhuming 0.03 m3 (1 ft3) with a sum of fractions of 10 
led to a dose of approximately 2.5 mSv/yr (250 mrem/yr)).  These doses are attributable to 
direct exposure (Cs-137), plant ingestion (transuranic elements and, to a lesser extent, Cs-137), 
and dust inhalation (transuranic elements). 
 
Geometric Assumptions 
 
In this analysis, the staff subjectively chose to represent a hot spot as a sphere.  Although more 
conservative assumptions could be made (e.g., a vertically-oriented cylindrical hot spot that 
coincides with the intruder’s drill bore) the NRC staff judged these geometries to be too 
improbable to form the basis for the guidance (i.e., not reasonably foreseeable).  The staff also 
subjectively assumed an intruder would use a 0.2 m (8 in.) well bore.  Other assumptions could 
be used and would yield slightly different results.  The staff used these assumptions to calculate 
the amount of activity an intruder would exhume from hot spots of various sizes with various 
sums of fractions.  For example, based on these assumptions, an intruder encountering a 0.15 
m3 (5 ft3) hot spot with a 0.2 m (8 in.) diameter well bore would exhume approximately 0.02 m3 
(0.7 ft3) of waste (Figure B-1).  In calculating the volume of waste from a hot spot that would be 
intersected by a 0.2 m (8 in.) well bore, the staff neglected the curvature of the section of the 
sphere intersected by the well bore and assumed that the length of the well bore intersecting the 
hot spot is equal to the diameter of the sphere.  The staff considers this approximation to be 
appropriate because the effect of the approximation on the calculated volume is much smaller 
than effect of assuming the hot spot to be roughly spherical.   

These geometric assumption define the relationship between the volume of a hot spot, the sum 
of fractions of the hot spot (if the sum of fractions is constrained only by the total activity in the 
package at the class limit), and the volume of waste exhumed by an intruder using a 0.2 m 
(8 in.) well bore.   
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becomes so small that the well bore exhumes the entire hot spot, at which point further 
decreases in hot spot size do not affect the amount of activity exhumed.   
   
To determine when waste homogeneity should be demonstrated, the staff used these 
approximate doses to establish hot spot volumes and concentrations that could lead to an 
unacceptable dose if intrusion occurred (i.e., consequences greater than 20 mSv/yr [2 rem/yr]).  
The NRC staff also considered hot spot volumes and sums of fractions that would lead to doses 
that could be managed by reducing the probability of occurrence (i.e., consequences less than 
20 mSv/yr [2 rem/yr]).  As described in Section 4.2.2, the staff used these ranges of hot spot 
sums of fractions to establish concentration differences and volumes of waste that would meet 
the threshold for demonstrating homogeneity. 
 

 
Figure B-2. Estimated dose to an intruder exhuming waste from various size hot spots in 5 m3 
(180 ft3) or 2.9 m3 (100 ft3) packages if the sum of fractions in the hot spot is constrained only by 
the waste class of the package.  The dose is based on chronic exposure to drill cuttings spread 
on the land surface.   

 
Development of a homogeneity test 
 
For an assumed well-drilling scenario, including an assumed well bore diameter, the dose to an 
inadvertent intruder who encounters a hot spot depends on the volume of the hot spot exhumed 
and the sum of fractions of the hot spot.  As previously discussed, to determine when 
homogeneity should be demonstrated, the staff considered potential doses if no homogeneity 
test is applied.  To develop a homogeneity test, the NRC staff considered how the amount of 
activity in a hot spot would be constrained by various tests.  To make these comparisons, the 
staff considered various sizes and activities of hot spots that could comply with each test.  For 
example, if a test ensured that no hot spot of 0.1 m3 (3.5 ft3) or larger had a sum of fractions 
greater than 10, the waste could contain a hot spot of 0.01 m3 (0.35 ft3) with a sum of fractions 
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of 100 or a hot spot of 0.05 m3 (1.8 ft3) with a sum of fractions of 20.  A larger hot spot with an 
activity at the test limit (e.g., 0.2 m3 [7 ft3] with a sum of fractions of 10) also would meet the test 
criterion.  The staff used this type of calculation to determine the maximum sum of fractions in 
hot spots of various sizes based on different potential tests (i.e., different test volumes with 
different maximum sums of fractions).   
 
The staff then estimated how much activity could be exhumed from hot spots as a function of 
size if the sum of fractions was constrained by various potential homogeneity tests.  As in the 
development of a threshold for demonstrating homogeneity, the staff used the approximation 
that exhuming the activity equivalent to exhuming 0.03 m3 (1 ft3) with a sum of fractions of 10 
resulted in a dose of approximately 2.5 mSv/yr (250 mrem/yr) to associate approximate doses 
with each test (Figure B-3).  The staff used this information to choose a test that would limit 
potential doses from the exposed drill cutting scenario to a range in which the IAEA 
recommends doses can be managed by limiting the probability of occurrence (i.e., less than 
20 mSv/yr [2 rem/yr]).  A test based on a 0.15 m3 (5 ft3) volume with a sum of fractions of 10 
limits potential doses to approximately 13 mSv/yr (1.3 rem/yr).  This dose allows additional 
margin for the dose from the remainder waste in the well bore (i.e., from packages above and 
below the package with the hot spot).    
 

 
Figure B-3. Potential doses from hot spots limited by two potential homogeneity tests or by total 
package activity (i.e., no homogeneity test) based on an exposed drill cuttings scenario.  
Calculations are based on a 0.2 m (8 in.) well bore and 5 m3 (180 ft3) waste package.   
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Appendix D – I: Major Changes from 1995 to CurrentMay 2012 BTP 
 

1. Added Glossary of Terms. 

2. Changed theThe definition of “classification-controlling” to limitwas changed to match 
the common sense definition to thoseof the term – that is, one or more nuclides 
present, listed in a relative fractional abundance such that theTable 1 or Table 2 of 
10 CFR § 61.55, whose concentration of the individual (or a combination of 
controlling radionuclides) areis the specific basis for transition from one waste class 
to another.the classification of the waste container.  A new title, “nuclide(s) of 
concern,” was given to the existing 1995 definition of “classification controlling” 
nuclides (i.e., the 1995 definition was not changed, but the definition has a new 
name, “nuclide(s) of concern”). 

3. Guidance for classifying activated metals, contaminated materials and cartridge 
filters is combined. The 1995 BTP provided separate guidance for classifying (1) 
activated metals, (2) contaminated materials, and (3) cartridge filters. 

4. Removed the Factor of 10 Rule for mixing similar homogeneous waste types, 
consistent with Commission decision in SRM-SECY-10-0043.   

5. Absorbed liquids can now be treated as homogeneous wastes, like solidified wastes, 
because intruder protection is still ensured when designated as this waste type. 

6.5. ................................................................................................................................. A
dded a test for homogeneity for mixing similar homogeneous waste typesmixable 
wastes. 

7.6. ................................................................................................................................. R
emoved “designed collection of homogeneous waste from a number of sources 
within a licensee’s facility, for purposes of operational efficiency or occupational dose 
reduction,” consistent with Commission decision in SRM-SECY-10-0043.   

8.7. ................................................................................................................................. G
uidance for classifying activated metals, contaminated materials and cartridge filters 
is combined. The 1995 BTP provided separate guidance for classifying (1) activated 
metals, (2) contaminated materials, and (3) cartridge filters. 

8. Defined conditions under which a mixture of cartridge filters may be treated as a 
homogeneous waste type.  

9. Changed the Factor 1.5 Rule to a Factor of Two Rule based on a new large item 
gamma source carry-away scenario. .  The Factor of Two Rule is now tiedlinked to 
the classification limit (Class A, B or C) of the mixture, and not linked to the average 
classificationconcentration of the mixture, making it more risk-informed. 

10. The Factor of 10 Rule is now linked to classification limit (Class A, B or C) of the 
mixture, and not based onlinked to the average classification concentration of the 
mixture, making it more risk-informed.  
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11. In the 1995 BTP, if the non-primary gamma emitters control the classification of a 
mixture, then each non- primary gamma-emitting classification controlling nuclide, in 
each piece, should meet the Factor of 10 Rule. This has been revised and now, if the 
non-primary gamma emitters control the classification of a mixture, then each 
“nuclide of concern” (including the primary gamma-emitters) in each piece, should 
meet the Factor of 10 Rule.  

12. For Table A, the word “Potentially” has been removed from the Table’s title, and the 
Table A test applies to all pieces in a mixture, to be consistent with text in the 1995 
BTP. .   

11.13. ............................................................................................................................. C
hanged the Cs-130137 Ci source Class C limit from 30 Ci to 130 Ci based on a new 
sealed source scenario. 

12.14. ............................................................................................................................. C
hanged the Co-60 Ci source activity limits for Class A from 700 Ci to 140 Ci, and for 
Class B from 700 Ci to no limit, based on a new sealed source scenario. 

13.15. ............................................................................................................................. C
larified use of 10 CFR § 61.58 as applicable to alternatives to certain regulatory 
requirements as defined in § 61.58, and not applicable to alternatives to guidance in 
the BTP.   

16. Added statement that licensees may use larger volumes for averaging of 
encapsulated waste previously approved by NRC in topical reports.   

14.17. ............................................................................................................................. A
dded Alternative Approaches for Averaging section to BTP.   

18. Altered and clarified the Technical Basis for Concentration Averaging and 
Encapsulation Guidance (Appendix B). 

19. Added Appendices with responses to stakeholder comments. 

20. Added ACRS letter to NRC Commission on BTP and staff’s response to ACRS in 
Appendices.  

21. Added Safety Culture Policy Statement in Appendix J, and text from the Policy 
Statement in the body of the BTP. 

22. Renumbered sections of 1995 BTP. 
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