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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D. C. 20!555 

MAY 111983 

ATTENTION: Commission Licensees 

SUBJECT: FINAL WASTE CLASSIFICATION AND WASTE FORM TECHNICAL POSITION PAPERS 

By Federal Register Notice dated December 27, 1962 (47 FR 57446). NRC amended 
its regu1atlons to provide specific requirements for licensing facilities for 
the land disposal of low-level radioactive waste. The majority of these require
ments are contained in a now Part 61 to Title 10 of the Code of Federal Regula
tions (10 CFR Part 61) entitled "licensing Requirements for land Disposal of 
Radioactive Waste." Some additional requirements directed primarily at waste 
gonorator~ and handlers including certification and use of shipping manifests 
w~re coneurrontly published as a new 1I ZO.311 of ~"rt 20 ("Standards for 
Protection Against Radiation"). 

As noted in the December 27 Federal Register Notice, the effective date of 
10 CFR Part 20, § 20.311 is December 27, 1983, while the effective date of 
10 CFR Part 61 and all other amendments is January 26, 1983. Section 20.311 
requires that any licensee who transfers radioactive waste to a land disposal 
facility or to a licensed waste collector or processor must classify the waste 
according to § 61.S5 of 10 CFR Part 61. Licensed waste processors who treat 
or repackage radioactive waste for disposal into a land disposal facility must 
also classify their waste according to § 61.55. This section defines radio
active waste suitable for disposal as falling into one of three classes (Class A, 
Cla •• 8, or Class C), and waste is determined to fall into one of the classes 
by comparison to limiting concentrations of some particular listed radionuclides. 
Class Band C wastes are subject to waste stability requirements whlch dn, set 
forth in § 61.56 of the rule. In addition, § 20.311 also requires that waste 
generators record on shipment manifests a description of the transferred waste 
as well as a certification that the waste is properly Classified and that the 
manifest is filled out correctly. Licensees must also conduct a qUQlity coot.al 
program to assure compliance with the waste classification and waste stability 
raqu i rements. 

NRC staff recognizes that the new requirements may result in some modifications 
to existing licensee waste management practices, and furthermore believes that 
it Will De useful to liecnsoos to h~gin planning for implementation of the new 
requirements in advance of the DQcamber 27, 1983 effectlve date. At tbi. timo 
NRC staff is preparing Regulatory Guides on both waste classification and waste 
form. To provide immediate guidance to licensees, however, the NRC Low-Level 
Waste licensing Branch has prepared teChnical position papers on waste classifi
cation and waste Torm. 

The waste classification technical position paper describes overall procedures 
acceptable to NRC staff which may be used by licensees to determine the presenco 
and concentrations of the radionuclide< listed in § 61.55, and thereby classify
ing waste for near-surface disposal. This technical position paper also prnvides 
guidance on the types of information wh1ch should be included ;n shipment mani
fests accompanying wast~ shipments to near-surface disposal facilities. 
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The technical position paper on waste form provides guidance t~ waste generators 
00 test methods and results acceptable to NRC staff for implementing the 10 CFR· 
Part 61 waste form requirements. It can be used as an acceptable approach for 
demonstrating compliance with the 10 CFR Part 61 waste structural stability 
criteria. This technical position paper includes guidance on processing waste 
into an acceptable stable form, designing acceptable high-integrity containers, 
packagirlg cal't,"ictge filters, and minimizing radiation effects on organic ion
exchange resins. 

The guidance in the waste form technical pocition paper m3y h~ u~~d by licens@es 
as the basis for qualifying process control programs to meet the waste form sta
bility requirements, including tests >lhich can be used to demonstrate resistance 
to degradation arising from the effects of c'ompression, moisture, microbial activo 
it.y. r'ddi~lhJI1, and chemical changes G@ne~'ic test data (e.g .. 'topical reports 
prepared by vendors >lho market solidification technology) may be ~~ed for process 
control program qualification >lhere such generic data is applicable to the 
particular types of waste oenerated by a licensee. 

While the NRC staff has not formally reviewed or aproved any products, NRC staff 
believes that solidification processes and high-integrity containers currently 
",i.t that call be qualifi~d to meet the waste form stability requirements. 
Licens.es and vendor< <houlo continue their efforts to have qualified products 
available in advance of the December 27, 1983 implementation deadline. NRC staff 
will continue to work >lith licensees and vendors to meet the >laste form require
ments and implementation deadline. NRC staff will also continue to coordinate 
their work >lith cognizant representatives of States >lhich currently have licensed 
low-level waste disposal sites. 

Draft versions of both technical positicn papers have previously been made avail
able to interested members of the public. Comments received on these drafts have 
been considered during development of the technical position papers Delng pub
lished at this time. Further public comment on these technical positions is 
welcomed, and any such comment received >lill be considered during preparation of 
the >laste classification and >laste form Regulatory Guides. Comments On the tech
nical position papers may be forwarded to myself (Address: U.S. Hu~'ear Rcgy'a
tory Commission, Washington, DC, 20555, mailstop $$-623). Questions on the tech
nical position papers may be referred to Mr. Paul H. Lohaus (301-427-4500), to 
Mr. G. W. Roles (301-427-4593), or to Mr. Timothy C. Johnson (301-427-4697) of my 
s ta ff. 

The waste classification and waste form technical position papers are included 
0' ~ttachmcnt' to thi, letter. The information eo"ections contQincd in these 
tecOnlcal positions have be.n approved under OMS number 3l50-00l4. 

%~~ 
Low-Level Waste Licensing Branch 
Division of waste Management 
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CLASSI ICATlON 

A. Introduction 

May 1983 
Rev. 0 

Secti on ZO.311 ("Transfer fOT" Di sposa 1 and Mani hot .• ") of 10 CFR Part 20 
("Standards for Protection Against Radiation") requires that any licensee who 
transfers radioactive waste to a land disposal facility or to a licensed waste 
collector or processor must classify the waste according to Section 61.55 
("Waste Classification") of 10 CfR Part 61 ("Licensing Requirements for Land 
Disposal of Radioactive Waste"). Section 20.311 also requires that any licensed 
waste processor who treats or repackages radioactive waste for disposal into a 
land disposal facility 01.0 cl .... ify thoir wad." according to Section 61.55. 
Section 61.55 defines raOloQL~;ve wo,tc .uit.bl~ for land disposal as fal11ng 
into one of three categories--i.e., Class A waste, Class B waste, and ~Iass c 
waste. Wastes are determined to fall into one of the classes by comparison to 
limiting concentrations of particular radionuclldes which ~re set forth in 
Table 1 and Table 2 Of Section 61.55. Wastes d~term;ned to fall into one of 
the classes must be labeled as such in accordance with Section 61.51 ("Label ing"). 
Waste generators and waste processors must record on shipment manifests a 
description of the transferred waste, and must also carry out a quality control 
program to assure that classification of waste is carried out ;n a proper manner. 

All three classes of waste are required to meet certain minimum 
requirements as set forth in paragraph 61.56(a) of Section 61.56 ("Waste 
Characteristics") which are i"tencled to facilitate handling of waste at the 
disposal Site and provide protection of public health and safety. Class Band 
Class C wastes, however, are required to meet more rigorous requirements on 
waste stability. These stability requirements are set forth in paragraph 
61.56(b) of Section G1.S6. Clas. C waste must be also identified to allOW for 
additional disposal procedures to be carried out at the disposal .ite to prov;d~ 
protection to a potential inadvertent intruder. Finally, wastes having concen
trations of particular radionuclides exceeding those allowed for Class C waste 
are generally considered unacceptable for near-surface dispcsal. 

This technical position describes overall procedures acceptable to the 
regulatory staff which maY be used by licensees to determine the presence and 
con~entration$ of radionuclides listed in ~ect10n 61.55, and theroby clas.ifying 
waste for near-surface disposal. The technical position alsO provides guidance 
and clarification on the minimum types of information which should be included 
on Shipment manifests. 

B. Discussion 

Each shipment of radioactive waste by a waste generator to a licensed 
collector, processor, or nperator of a land disposal facility must ensure that 
a shipment manifest accompany the waste. Section 20.311 states that the mani
fest must include information on waste characteristics including (as a minimum) 
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a physical description of the waste, the volume, the radionuclide identity and 
quantity, the total radioactivity, the principal chemical form, the solidifica
tion agent (if any), and the waste class. As a minimum, the total quantity of 
the radionuclides H-3, C-14, Tc-99, and 1-129 must be listed. These radio
nuclides, as well as the other radionuclldes listed in Section 61.55, are used 
to determine the classification status of radioactive waste. Controlled dis
posal of wastes containing these radionuclides is considered important in 
assuring that the performance objectives of Subpart C of the part 61 regulation 
are met. The manifest must also identify waste containing more than 0.1 percent 
by weight chelating agents, as well as provide an estimate of the weight per
centage of the chelating agent. Additional information may be required for 
shipment to a particular dispOsal facility depending upon racI'lty->~""irl~ 
license conditions. 

To classify waste for disposal and fill out shipment manifests, a licensee 
must make two basic determinations: (1) whether the waste is acceptable for 
near-surface disposal, and (2) if acceptable for near-surface disposal, whether 
the waste is classified as Class A, Class B, or Class C waste. Another deter
mination is whether the waste complies with any additional waste form, pa~kage, 
or content requi rement whi ch may be in p I ace at tne part I ,,", dr <.I ioPOH' foe il it)' 
to which the waste is to be shipped. 

Waste is determined to be generally unacceptable for near-surface disposal 
if it contains any of the radionuclides listed in Table. 1 and 2 of Section 
61.55 in concentrations exceeding the limits established for the radionuclides. 
If determined to be acceptable for near-surface disposal, waste Is determined 
to be Class A, Class B, or Class C based upon the lists of radionuclide concen
tration limits set forth in Tables 1 and Z. 

C. Regulatory Position 

All licensees must carry out. d c.ompliance progri;lm to assure prop@r 
classification of waste. Licensee programs to determine radion"clide concen
trations and waste classes may, depending upon the particular operations at the 
licensee's facility, range from simple programs to more complex ones. In 
general, more Sophi5ticat~d programs wou1d be ~~qui~Qd for licen~ees o~nerating 
Class S or Class C waste, for licensees generating waste for which minor process 
variations may cause a change in classification, or for licenseeS generating 
waste for which there is a reasonable possibility of the waste containing 
con~entration$ of radionuclides whiCh exceed limiting concentration limits for 
near-surface disposal. 

The rcgul.atoY'Y ,taff ;, p\"opa't"od to b& fh~):',bl~ in t.he .?Idaptation of a 
particular program to a particular waste generating facility. A principal 
consideration for the acceptability of a particular program will be whether a 
reasonable effort has been made to ensure a realistic representation of the 
distribution of radionuclides within waste, given physical limitations, and to 
~lc1~~if'y wo.,te 1("'10. cont;i:;tent m.a.nnor. ~¥!!,mfl1~ Itphys;ca1 limitations" can 
include difficulties in obtaining and measuring representative samples at 
reasonable costs and accoptab'e occupational expolures. The Itaff considers a 
reasonable target for. determining measured or inferred radionuclide concentra
tion. t. that the concentrations are accurate tn within a factor of 10. The 

2 
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staff recognizes, however, that this target may be difficult to achieve for 
some waste types and forms. 

A licensee's program should be specific to a particular facility, and 
should consider the different radiological and other characteristics of the 
different waste streams generated by the facility. There are at least four 
basic methods which may be potentially used either individually or in combina
tion by licensees: 

materials accountability; 
c'a~sification by ,ource~ 
gross radioactivity measurements; or 
direct measurement of individual radionuclides. 

The follow1ng discussion outlines instances and conditions whereby each basic 
method or combinations thereof would be acceptable to regulatory staff as a 
program for demonstrating compliance with the waste classification requirement. 
SomQ lic~n.p~ •• such as nuclear power facilities, are expected to employ a 
combination of m~thod.. App~ndix A to this technical position outlines an 
example program for nuclear power facilities Which the regulatOry st~rr wvuld 
find acceptable. 

1. General Criteria 

a. Compliance Through Materials Accountability 

One method which the regulatory staff would find acceptable to determine 
radionuclide concentrations and demonstrate compliance with the waste classifi
cation requirements is through a program of material. accountability. That is, 
a given quantity (and resulting concentration) of radioactive material may be 
known to be contained within a given waste Ot may be inferred through deter
mining the difference between the quantity Of raOioa~tive material entering ann 
exiting a given process. This procedure is expected to be most useful for 
licensees who receive and possess only a limited number of different radio
isotopes in known concentrations and activities (e.g., holders of source 
material, special nuclear material, or specific byproduct mat.eY"ial lil"':~n~f::I's). 

An example use of this method would be at a biomedical research facility 
at which known amounts of a radioisotope are injected into research animals, 
the carcasses of which are ultimately disposed of as radioactivQ waste. Another 
example would be a research or test facility performing activation analysis 
experiments. In this case, the quantity of radioactive material within a given 
waste stream may be 1nrerred U"..,ug" CAlculation. II third Q"ampl0 would h .. a 
power plant in which the radionuclide content of a particular process vessel 
(e.g., a resin bed) is determined on the basis of measurements of influent and 
effluent streams. 

This method may also De used .0 \I~~",,"lne the "b.onco of pnt.;('ular 
radionuclides. That is, for most licensees, the absence of particular radio
nuclide may be determined through a knowledge of the types of radioisotopes 
received and possessed, as well as the process producing the waste. For example, 
if a licensee receives, possesses, and uses only tritium, there is no need to 
measure the waste stream for other isotopes such as iodine-129 or cesium-137. 

3 
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b. Classification by Source 

This method is similar to the above method of materials accountability and 
involves determining the radionuclide content and classification of waste 
through knowledge and control of the source of the waste. This method is 
expected to be useful for occasions when the radionuclide concentratio~s within 
waste generated by a particular process are relatively constant and unaffected 
by minor variations in the process. 

This method is also expected to be frequently useful for determining the 
absense of particular radionuclides from a given waste stream. For example, 
within a given licensed facility there may be a number OT separate Conl.l'ull,,<l 
areas within which only a limited number of radiOisotopes are possessed and 
used (e.g., Cs-137 may be used in one area and tritium in another). As long 
as facility operations are conducted so that transfer of radioactive material 
from one controlled area to another cannot occur, waste generated from a 
particular area may be readily classified by source. An example of a licensee 
for which this method is expected to'be useful is a large uni~ersity which 
holds a broad license for byproduct materlal. 

c. Gross Radioactivity Measurements 

Measurement of gross radioactivity is an acceptable method for all classes 
of waste provided that: 

the gross radioactivity measurements are correlated on a consistent 
basis with the distribution of radionuclides within the particular 
waste stream analyzed, and 

the radionuclide distributions are initially determined and 
periodically verified by direct measurement teChniques. 

Licensees carrying out gross radioactlvlty measurements to assure 
compliance with the waste classification requirement must establish a program 
to correlate and calibrate measured radioactivity levels with radionuclide 
concentrations in wastes prepared fo~ shipmp.nt. lhis program mu~t at a minimum 
take into account waste package and detector geometry, shielding and attenuation 
effects, the effective gamma energies of the emitted photons, and the number of 
photons per decay. The accuracy of the correlation must be initially estab-
1 i Shed by and period; ca lly checked through more detai 1 ed sampl e ana lysl S 
involving measurement of specific radionuclides. The accuracy of the correla
tion should also be checked whenever there is reason to believe that process 
chOlngG' May havQ cignificantly .alt.QY"od prQviotJ~ly r{pt.PY"minAd correlations. 

d. Measurement of SpecifiC Radionuclides 

Another method acceptable to the regulatory staff for determining 
ra.dionucl'idc eoneentrationc. in wta£to is by d';Y"t>rt. mp.a~ur@ment. In using this 
method, licensees may directly measure individual radionuclides or may estab
lish an inforontial mQ8SUrQmgnt program whereby concentrations of radioisotopes 
which cannot be readily measured (through techniques such as gamma-spectral 
analysi.) are projected through ratioing to concentrations of radioisotopes 
which can be readily measured. An example would be the practice of scaling 

4 
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transuranic concentrations to concentrations of the isotope Ce-144. Scaling 
factors should be developed on a facility and waste stream specific basis, and 
should be initially determined dnd periodically confirmed through direct 
measurements. 

2. Determination and Verification of Radionuclide Concentrations and 
Correlations 

Radionuclide concentrations should be determined based upon the volume or 
weight of the final waste form. Samples may be taken for analysis either from 
the final wa.te form or from thv waste prior to proe~«ing into a final waste 
form (e.g., from any intermediate process step). Samples taken prior to flnal 
processing should enable the results of the sample analysis to be directly 
translated to the final waste form. 

The lower limit of detection of a measurement technique for direct measure
ment of a particular radionuclide should be no more than 0.01 times the concentra
tion for tlld\. r .. dionuclide 11.tod in Tabl" 1. and 0.01 times the smallest 
concentration for tna. "dui"nuclidc li.tod in TAhlp 2. For this technical 
position, the lower limit of detection for a particular measurement may De 
assumed by licensees to be consistent with the definitions for lower limit of 
detection (LLD) provided in references 1 and 2. 

The radionuclides listed in Section 61.S5 may be roughly organized inlo 
two groups; (1) those that aro amenahle to routine quantification by direct 
measurement techniques (e.g .• gamma spectral analysis of isotopes such as Co-GO 
or Cs-137), and (2) those that require more costly and time consuming analysis 
frequently removed from the waste generator's facility (e.g., alpha/beta 
analysis). 

For lhe fi rot group of radi onllc li des. measurements to i dent ify and quantify 
specific radionuclides within final waste forms shOUld be performed; 

routinely for Class B and Class C wastes; and 

routinely for wastes for Which minor process variations could cause 
an upward change in waste Classification. 

In t.hi5 case, "rout.;nl!" measurements would involve a limited number (e.g., one 
or two) of samples out of a batch. If radionuclide distributions are shown to 
be reasonably consistent from one batch to the next, however, consideration 
will be aiven to decreasing the frequency of routine measurements. 

A more detailed analysis for the second group of radionuclides should be 
performed: 

poriodi~3lly to confirm the correlation of measurements made from 
gross radioactivity measurements; ana 

whenever there is reason to believe that facility or process changes 
may have .Ignificantly altered (e.g., by a factor of 10) previously 
determined correlations of gross radioactivity measuremonts. 

5 
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The staff believes that for most facilities and for most Class Band C waste 
types, this confirmatory analysis should be performed on at least an annual 
basi.. Confirmatory analyses for Class A wastes should be performed on at 
least a biannual basis. However, these frequencies may be raised or lowered 
based upon conSideration of particular facility. waste stream, or rad·;onuclide 
characteristics. Factors which would influence this consideration include the 
frequency of process vesspl changeout or waste shipment, the difficulty (e.g., 
costs, occupational exposures) in obtaining a representative sample of a 
particular waste stream, the variability of the radionuclide distribution 
within the waste stream over time, and the availability of analytical capability 
for particular rad;onuelin~s. 

It is recognized that it is sometimes difficult to obtain a truly 
representative sample of some waste streams and that some judgment will be 
nQC9Ssa~y to det~~mine sampling adaquacy and representative radionuclide 
distributions. One example could include Class A dry active waste SUCh as 
miscellaneous trash. In this case, an estimate of the radionuclide distribution 
within the waste CQuld be made based upon distributions determined from other 
wa.to .t~p.m ••• <oeiated with aeneration of the traSh waste. Alternatively, 
radionucl ide distributions could be potentially estimated trom smear sal"~l", 
obtained from locations in which the waste is generated. Another example could 
include activated metals. In many cases, radionuclide concentrations within 
activatRd metals will be difficult to directly measure, and NRC staff will in 
such cases accept estimates based on consideration at activation analy.is 
calculations for similar material types. 

3. Concentrat i on Va I umes and Masses 

Paragraph 61. 55(a)(S) statos that the eoneentrat i on of a radi onuel ide may 
be averaged over the volume of the waste, or the weight of the waste if the 
concentration units are expressed as nanocuries per gram. This requirement 
needs to be interpreted in terms at the varl ety of <l i rr"rent types and forms 
of low-level waste. Principal considerations include: (1) whether the distri
bution of radionuclides within the waste can be considered to be reasonably 
homogeneous, and (2) whether the volume of the waste container is significantly 
larger than the volume of the waste itself, and the differential yo1UMQ consists 
largely of void space. 

Most waste streams may be considered to be homogeneous for purposes of 
waste classification. SUCh waste streams would include, for example, spent 
ion-exchange resins, filter media, SOlidified liquids, or contaminated dirt. 
Contaminated trash waste streams, which are composed of a variety of miscel
lcaneoY:5 m(lterial,. mo,Y be considered homogcneouG: foY' pu .... pO'lOQS of wa!=:.t.p- r:1A.ssi ... 
fication when placed and compacted within .hipping containers. The activity of 
small concentrated sources within the trash, such as small check sources or 
gaUges, may·be generally averaged over the trash volume. 

In many cases tne VOlume us~d rvr wo,.,te <;;lo.:u';fic.o.tiol"l PUY'pO'QII; m:l'y hEl! 
considered to correspond to the volume of the waste container. This would be 
the case, for example, for trash waste streams which are compacted into shipping 
containers. The waste classification volume of large unpackaged components 
such as contami nated pumps, heat exchangers, or other machi nery may be taken to 
be the overall volume of the component. 

6 
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Car" needs to be taken, however, to differentiate between the volume of 
the waste form and the volume of the waste co~tainer if the latter is signifi
cantly larger (e.g., greater than 10%). For example, for wastes such as 
ion-exchange resins or filter media contained within a disposable demineralizer 
or liner, the volume used for waste classification should be the volume of the 
contained waste rather than the gross volume of the container. Waste classi~ 
fication volumes of cartridge filters stabilized by emplacement within high 
integrity containers should be determined as calculated over the volume of the 
cartridge filter itself rather than the gross volume of the container. Simi
larly, the volume and mass considered for purposes of waste classification of 
dewat""ed jon-exchange rQ,in~ .nd filter media placed into high integrity 
containers should be the volume and mass of the contained waste. Clo •• ;f;ca~ion 
of absorbed liquids should be based on the volume and mass of the liquids prior 
to absorption. 

An exception to the above would be a situation in Which a particular waste 
type is stabilized within a waste container using a solidification media. For 
Q)(amplo, a •• "m., t.hat a cartridge filter or large sealed source is solidified 
wit-II a ~s 90110n d"um ndno a. binder such as cement or b1tumt!ll. In this c~s-o, 
the waste and binder forms a solid mass within the com;al""," "lid tho w".~o 
classification volume may be considered to be the volume of the solidified mass. 
Similarly, ClaSSification of solidified liquids would be based on the volume 
and mas. of the SOlidified waste mass. 

4. Reporting on Manifests 

Section 20.311 of 10 CFR Part 20 requires that each shipment of radioactive 
waste to a land disposal facility be accompanied by a manifest which describes 
the shipment contents. This manl.fest may be shipping papers used to meet 
regulations promUlgated by the Department of Transportation or the Environmental 
Protection Ag~ncy, provided that the information required by Section 20.311 is 
included. The waste shipment receiver (e.g .• the disposal facility npHator) 
may also require specific additional information. In addition to shipper 
identification requirements and a certification, the manifests required by 
Section 20.311 must include the following information as a minimum: 

the waste class; 
a radiological description; and 
a physical and chemical description. 

Waste class 

Identifying the waste ela .. uf the .hipp<:d wa.to i. r9qtJired. since 
certain disposal requirements are imposed for each waste class and the waste 
disposal facility operator must be able to identify the waste in order to carry 
out these disposal requirements. The individual waste containers must be 
l~h~led as beioQ Class A, Class B, or Class C, and the waste class of each 
container must also be indlcatea on Lit" m,mifeot. ThQ forl1,.t of the shipment 
labels (or markings) is at the discretion of the disposal facility operator. 
Unpackaged Class A waste (e.g .• bulk shipments of contaminated dirt) do not 
need t.o be labeled provided that the waste class is recorded on the manifest. 
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The shipment manifest should also record the date for which the 
classification determination is valid. This can be, for example, the date of 
transfer of the waste package from the site of generation to the disposal site. 
In no case should the date chosen for decay correction be beyond the date on 
which the waste is tran~port.d to the disposal site. 

Radiological description 

The requirements in Section 20.311 include a general requirement to list 
radionuclide identities and quantities, a general requirement to list the total 
radioactivity in the waste, and a specific requirement to list four individual 
radionuclides: H"3, C-14, Tc-99, and I-1Z9. Ihese requ1rement. n~ .. d .orne 
further guidance, however, since a wide range of radionuclides over a wide 
range of concentrations may be contained in a particular waste package. 

The regulatory staff has determined three criteria for determining specific 
radionuclides Which should be listed in manifests: 

1. any radionuclide specHl"ally "~4ul .... <l to be lbted by Section 20.311, 
or by license cond1tlons a~ tne disposal rQcillty to which the waoto 
is shipped; 

2. any radionuclide which is listed in Section 61.55 and forms a 
significant part of the total activity which determines the waste 
class; and 

3. any radionuclide which is contained in significant quantities within 
a waste container or shipment. 

Currently, only the isotopes H-3, C-14, Tc-99, and 1-129 are required in 
Section 20.311 to be specifically identified and their quantities listed in 
manifeStS. In the manir~~t~. if a particular- one of these four rarlinisotopes 
1s known to be not present within a waste stream (e.g., through material 
accountability), the quantity of the radionuclide should be recorded as "not 
present." If the radionuclide is determined through material accountability, 
direct measurement. or inference through direct mQasurQment or gross radio
activity measurement, this quantity should be reported as determined. If the 
radionuclide is known or suspected to be contained within the waste but is in 
quantities less than the lower limit of detection for the analyzed sample, the 
quantity of the radionuclide should be record@d as being less than the minimum 
detectable, with the minimum detectable amount included alongside in parentheses. 
The total quantities of these four nuclides may be reported on a waste shipment 
rath~r than an individual waste container basis. In the case of Tc-99, care 
should be taken to distinguiSh between this nuclide and its short-lived precursor, 
Tc-99m. 

Other radionuclides listed in Section 61.55 should be specifically 
identified and tho quantiti ... ~"p"~hri if th .. y ar .. sianificant for purposes of 
classification. A radionuclide shall be determined to be "significant for 
purposes of classification" if it is contained in waste in concentrations 
greater than 0.01 times the concentration of that nuclide listed in Table 1 or 
0.01 times the smallest concentrat.ion of that nuclide listed in Table 2. This 
criterion does not include isotopes identified in Table 2 as having half-lives 
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less than 5 years. An isotope (other than Cm-242) having a half-life less than 
5 years is considered significant for the purposes of waste classification lf 
it is contained in the waste in concentrations greater than 7 ~Ci/cm3 (0.01 
times the Table 2, Column 1 value). 

Radionuclides not listed in Section 61.55 should also be specifically 
identified and the quantities reported if they are contained in significant 
quantitles wit.hin a waste container or shipment. In general, a radionuclide 
shall be deemed to be "contained in significant quantity" if it is in concen
trations greater than 7 ~Ci/cm3. In addition, the total quantity of source or 
~p .. ci .. l nuclear material should be reported, if the waste contains such material. 

Otherwise, radionuclides should be listed in shipment manifests in 
compliance with Department of Transportation requirements in 49 CfR Part 172, 
Section 172.203. 

PhYsical and chemical description 

Item. t.o bo ;ndllnAd in the physical and cl1em1cal Ile'",·iption include, a. 
a minimum, the following: a physical descriptlon or I.h~ Wd.te; t.he volu",o; th~ 
prinCipal chemical form; and the solidification agent used (if any). Waste 
containlng more than 0.1% chelating agents by weight must be identified, and 
the weight percentage of the chelating agent estimated. Amplification of NRC's 
intent regarding these requirements is provided below. 

A physical description of the waste is needed In order to facilitate safe 
handling at the disposal facility and to better predict long-term environmental 
impacts. The description need only be a few words but should be as specific as 
possible. For example, a description such as "solidified resins" or "solidified 
evaporator bottoms" should be used rather than the description "solidified 
radwast .. " Similarl.v, the description "scintillation vials" is preferable to 
the description "laboratory waste." 

The volume listed in the manifest should be the volume of the waste 
container. if any, or the volume of the waste itself if shipped unpackaged 
(e.g., a bulk quantity of contaminated soil). 

The principal chemical form of the waste also needs to be provided as an 
aid t.o waste handling safety and to improve prediction of long-term environ
mental impacts. This shOUld be the principal chemical form in which the 
radioactivity is contained (e.g., calcium fluoride, toluene, etc.). There is 
no need to list trace chemical contaminants, however. 

The solidificat10n agent need only be provided in general terms (e.g., 
cement, asphalt, vinyl ester styrene). The type of solidification agent used 
may be combined with the PhYsical description of the waste (e.g., "resins 
sOli di fi ed in cement"). 

The intent of the requirement to identify waste containing che.lating 
agents in quantities greater than 0.1% is to identify waste containing large 
Quantities of. such agents. Large quantities of such agents may be segregated 
from other waste at a d1sposal facility and/o~ dispn<ed throuQh some special 
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disposal method. Disposal facility operators noed to have such waste identi
fied in order for them to perform these additional disposal operations. For 
purposes of this requirement, chelating agents include the following: amine 
polycarboxyllc acids (e.g., EOTA, OTPA), hydroxy-carboxylic acids, and 
polycarboxylic acids (e.g., citric acid, carbolic acid, and gluein;c acid). 

10 



Rad. Waste Mgmt. Technology Attachment 5-9 Chapter 5: Solid Radioactive Wastes

.... ----/ 

-------------- - .. 

APPENDIX A 

GENERAL PROGRAM FOR CLASSIFYING WASTES 
AT NUCLEAR powtR FACILITIES 

In order to meet the requirements in 10 CFR Part 61 to classify radioactive 
wastes at nuclear power plan~., Nne st.aff ha, propar.:.d a general program for 
implementing the waste classification system. This implementation program 
consists of a three-tiered approach which includes: 

1. periOdic analysis for all nuclides listed in Table 1 of Section 61.55; 

2. gamma spectroscopy of certain nuclides from which waste classification 
nuclide;) o.re cOV'Y"QlatG!d: ;:'Ind 

3. gross radioactivity measurements which correlate actlvlty lev~l. of 
wastes from similar batches to the gamma-spectroscopy measurements. 

The periodic sampling for l;st~d nuclides would be performed on various 
waste streams in the plant. These periodic analyses should be the basis for 
establishing correlation factors between the waste classification nuclides and 
nuclides which can be more easily measured using gamma spectroscopy techniques. 
Samples should be taken nominally on an annual basis from individual waste 
streams such as boric acid evaporator bottoms, primary system cleanup resins, 
chemical regenerative evaporator bottoms, etc., which are likely to be Class B 
or C wastes. If unit operations or plant conditions are modified such that the 
radlonu~lide distribution for any of the individual waste streams changes by a 
factor of 10, a reanalysis should be performed. Plant operdtional ch"nga. would 
include changes in the failed fuel fraction or a crud burst. If operations 
remain consistent, consideration can be given to performing reanalysis on a 
less frequent basis. In addition, consideration should be given to increasing 
the frequency of analysis depending upon individual facility, wast.e stream. and 
radionuclide characteristics. Factors which would influence this consideration 
include the frequency of process vess~l changeout or waste shipment, the diffi~ 
culty in obtaining a representative sample of a particular waste stream, the 
variability of the radionuclide distribution within the waste stream, and the 
available analytical capacity for particular radionuclides. 

The gamma spectroscopy measurements shuuld be performed on a limited 
number of samples obtained from individual W8&te batches. This can be performed 
by analyzing waste samples prior to or after volume reduction and/or solidifi
cation, analyzing waste drums or liners by any of the commercial devices 
de,i9"cd for thi< task. or by analyzing influent and effluent samples from the 
process stream. Other methods which provl de r"",ullabl e 11M 1.10;. wi 11 also be 
considered. Efforts should be made to obtain reasonably representative samples 
for analysis. The results of the gamma spectroscopy measurement, should be 
applied with the ~nrrelation factors to obtain concentrations for those nuclides 
listed in the waste classification table. 
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Gross radioactivity mea~urements may also be performed on individual wasta 
packages from similar waste batches for which gamma-spectroscopy results are 
available. Gross radioactivity measurements should include corr~ctions for 
attenuation and container size and configuration. The gross activity measure
ments should be used to scale the nuclide concentrations obtained from the 
gamma spectroscopy data and correlations. 

For Class A wastes such as contaminated trash, gross radioactivity 
measurements may be performed as the basis for waste classification provided 
that these measurements can be correlated to the concentrations of the radio
nu~lide~ listed in 5~ction 61.SS. Confirmatory rQanaly~;~ of the correlation 
factors should be performed on at least a biannual basis. 

The NRC staff believes that the above approach presents a workable and 
enforceable program for implemen~1n9 the waste cld~sification system. This 
approach should minimize the administrative and operational burdens on'plant 
personnel, but still provide reasonably accurate data for use in quantifying 
dh"pot;al ~,'tG nucl idq conc~nt.r;!t.'ion~ and 'inventories. 
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April 7, 2010                  SECY-10-0043 
 
FOR:   The Commissioners 
 
FROM:   R. W. Borchardt 

Executive Director for Operations 
 
SUBJECT:  BLENDING OF LOW-LEVEL RADIOACTIVE WASTE 
 
 
PURPOSE: 
 
To provide the Commission with the results of the staff’s analysis of issues associated with the 
blending of low-level radioactive waste (LLRW), as directed in Chairman Jaczko’s October 8, 
2009, memorandum to the staff.  The closure of the Barnwell waste disposal facility to most U.S. 
generators of Class B and C LLRW has caused industry to examine methods for reducing the 
amount of these wastes, including the blending of some types of Class B and C waste with 
similar Class A wastes to produce a Class A mixture that can be disposed of at a currently 
licensed facility.  This paper identifies policy, safety, and regulatory issues associated with 
LLRW blending, provides options for a U. S. Nuclear Regulatory Commission (NRC) blending 
position, and makes a recommendation for a future blending policy.  This paper does not 
address any new commitments. 
 
SUMMARY: 
 
In this paper, the staff examines the blending or mixing of LLRW with higher concentrations  
of radionuclides with LLRW with lower concentrations of radionuclides to form a final 
homogeneous mixture.  While recognizing that some mixing of waste is unavoidable, and  
may even be necessary and appropriate for efficiency or dose reduction purposes, NRC has 
historically discouraged mixing LLRW to lower the classification of waste in other 
circumstances.    
 
 
 
 
CONTACTS:  James E. Kennedy, FSME/DWMEP 
                      (301) 415-6668 
 
  A. Christianne Ridge, FSME/DWMEP 
  (301) 415-5673 
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With the closure of the Barnwell LLRW disposal facility on June 30, 2008, to most U.S. 
generators of Class B and C wastes, licensees and industry are exploring blending higher 
concentration wastes with lower concentration wastes to produce a final mixture of Class A 
waste.  Such mixing could promote the goal of disposal of waste, rather than its storage onsite, 
since Class A waste can be disposed of at a currently operating disposal facility.  The agency’s 
previous policies and positions on blending of LLRW are evaluated in this paper in light of these 
new circumstances, and options for new agency positions on blending are provided for 
Commission consideration.  The assumption that blending is a priori undesirable is examined in 
light of risk-informed, performance-based regulation that focuses on the safety hazard of 
blending and the blended materials.  Other alternatives for a blending position are also 
considered, including several that would impose additional constraints.  The Enclosure is a 
detailed analysis of blending of LLRW.  Section 4.0 of the Enclosure addresses the specific 
topics contained in the Chairman’s October 9, 2009, memorandum.   
 
The staff believes that the current LLRW blending guidance would be improved if it were  
risk-informed and performance-based, consistent with NRC’s overall policy for regulation.   
This change could be accomplished in part through revisions to two guidance documents, the 
Branch Technical Position on Concentration Averaging and Encapsulation1 (CA BTP) and the 
Commission’s Policy Statement on Low-Level Waste Volume Reduction (Policy Statement).2  In 
addition, the staff would clarify that large quantities of blended waste are considered a unique 
waste stream and included in NRC’s ongoing rulemaking on this topic.  These changes would 
ensure continued safety by requiring that disposal of large-scale blended waste is subjected to a 
site-specific intruder analysis as part of the overall performance assessment of a disposal 
facility.  The changes would also improve NRC openness and effectiveness by clarifying the 
agency’s LLRW blending policy and its bases.   
 
BACKGROUND:   
 
On June 30, 2008, the Barnwell disposal facility closed to most LLRW generators in the U.S.  
Now, only generators in the Atlantic Compact — the States of South Carolina, Connecticut, and 
New Jersey — can dispose of their LLRW at that facility.  Although the EnergySolutions 
disposal facility in Clive, Utah remains available for Class A waste disposal by the generators 
that lost access to Barnwell, these generators have no disposal option for their Class B and C 
waste. 
 
Licensees and industry are considering the blending of certain types of LLRW to help mitigate 
the impact of Barnwell’s closure.  One type of waste being considered for blending is ion 
exchange resins from nuclear power plants, which can be blended into a relatively uniform 
mixture.  These resins account for about half of the volume of Class B and C waste generated 
each year.  Resins are also the focus of a waste processor’s expanded LLRW blending at its 
facility in the State of Tennessee.  The waste processor has received approval for testing from 
its Agreement State regulator, and is continuing to develop a process for large-scale blending.  
Because disposal options were available for all classes of LLRW in the recent past, the 
agency’s positions on blending were not challenged and required no further clarification.   

                                                
1
 Final Branch Technical Position on Concentration Averaging and Encapsulation, January 17, 1995.   

 
2
 Policy Statement on Low-Level Waste Volume Reduction, 46 FR 51100, October 16, 1981.   
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However, the proposal to perform large-scale off-site blending has generated significant interest 
in the subject of blending and NRC’s position on this practice.  Objectives of this paper include 
the identification of specific safety, policy, and regulatory considerations that underlie the 
positions in the staff blending guidance to better inform potential revisions, as well as to identify 
and address concerns raised by stakeholders on blending.   
 
Blending, as the staff uses the term in this paper, is the mixing of LLRW with different 
concentrations of radionuclides, which results in a relatively homogeneous mixture  that may be 
appropriate for disposal in a licensed facility.  The concentration of the resulting mixture is the 
total radioactivity in the mixture divided by its volume or weight.  The types of waste may include 
those that are physically and chemically similar (such as ion-exchange resins from nuclear 
power plant systems), but could also include different waste types that can be made into a 
relatively homogeneous final mixture, such as soil and ash.  Blending, as used in this paper, 
does not include placement of discrete wastes of varying concentrations into a disposal 
container, or the averaging of concentrations of radioactivity of a discrete component over its 
volume.  Blending, as discussed in this paper, is confined to waste types that have physical 
properties that result in a homogeneous final waste form (the degree of homogeneity of the final 
waste form would be considered as part of the staff’s analysis of this issue). 
 
In the past, NRC has discouraged the blending or dilution of radioactive waste, without 
distinguishing between the two practices.  Among the reasons given are not increasing “the 
burden on society” by increasing waste volume, and therefore the number of waste shipments 
for disposal.  However, mixing or blending of waste with Class B or C concentrations with 
Class A would not increase the volume of waste.   
 
This paper does not use the term “blending” in the sense of dilution (i.e., the intentional mixing 
of waste with clean or uncontaminated material to lower its waste classification or to release it 
into the general environment).  The release of waste to the general environment could cause 
members of the public to be exposed to a hazard, however small.  The use of dilution to 
facilitate disposal at a lower waste class would increase waste volumes, which has historically 
been considered undesirable.  The staff notes that the terms “blending” and “dilution” are 
frequently used synonymously.  The staff differentiates these terms as defined above. 
 
The terms “mixing,” “blending,” and “dilution” are neither defined nor used in the Commission’s 
regulations that relate to reducing a potential waste classification, or to disposal requirements 
for waste.  Blending, including blending that lowers the waste classification, is neither prohibited 
nor explicitly addressed in NRC regulations.  
 
NRC staff’s guidance on LLRW blending is contained in the CA BTP.  The CA BTP provides 
guidance to licensees on blending of LLRW, and on methods of radionuclide concentration 
averaging, such as encapsulation of sealed sources and the mixing of components with different 
waste concentrations in containers.  With respect to the blending of wastes into a homogeneous 
final waste form, the staff in the CA BTP recommends restrictions on blending by applying a 
“factor of 10” provision, whereby the concentrations of batches of LLRW to be mixed should be 
within a factor of 10 of the average concentration of the final mixture.  This limits the amount of 
blending that should be performed.  Applying a risk-informed, performance-based approach 
would define the uniformity of concentration in the waste after mixing, rather than the CA BTP’s  
approach of placing concentration limits on the wastes before they are mixed.  By placing limits 
on the amount of mixing, however, the “factor of 10 rule” furthers the position that mixing should 
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not be used solely to reduce waste classification.  The staff in the CA BTP recommends 
exceptions to the “factor of 10 rule” when operational efficiency or worker dose reductions can 
be demonstrated.  The staff’s positions are based on a combination of:  (1) practical 
considerations in the operation of a facility, whereby wastes are routinely combined or mixed for 
operational efficiency; (2) NRC’s general policy that discourages mixing for the purposes of 
reducing the waste class; and (3) safety considerations mainly associated with protection of an 
individual who inadvertently intrudes into a disposal facility 100 years or more after its closure.  
The CA BTP attempts to balance these objectives. 
  
Part 61 of 10 CFR establishes the procedures, criteria, and terms and conditions for the 
issuance of licenses for the disposal of LLRW.  Four performance objectives, including 
protection of an inadvertent intruder into the waste disposal site, define the overall level of 
safety to be achieved by disposal.3  Intruder protection is provided in part by the waste 
classification concentration limits in 10 CFR § 61.55, which are designed to ensure that an 
inadvertent intruder is not exposed to unsafe levels of radiation.  Any blended LLRW must be 
classified in accordance with the waste classification tables in 10 CFR § 61.55.  If batches of 
waste were not blended into a relatively homogeneous4 final mixture, hot spots above the 
concentration limits for a particular waste class might expose an inadvertent intruder to unsafe 
levels of radiation.  Concentrations of radionuclides that are used to determine the waste 
classification may be averaged over the volume or weight of the waste, in accordance with 
10 CFR § 61.55(a)(8), and the staff has published guidance that defines acceptable approaches 
for such averaging.  This guidance would have to be revised to address large-scale blending of 
waste.  Blended waste, like any waste, must not affect a disposal facility’s ability to meet any of 
the performance objectives in 10 CFR § Part 61.   
 
DISCUSSION: 
 
This section identifies a number of different options for addressing blending in NRC’s LLRW 
regulatory framework.  The options are designed to address the policy, technical (safety), and 
regulatory issues discussed in the Enclosure.  The policy issues the staff evaluated include  
(a) NRC’s past statements on blending to reduce waste class; (b) facilitation of waste disposal 
through blending; (c) the impact on the LLRW management program in the U.S.; (d) impacts of 
blending on disposal capacity; (e) impacts on volume reduction; (f) unintended consequences of 
changing the Commission’s blending position; and (g) blending of greater-than-Class C LLRW.  
The safety issues evaluated include (a) protection of an offsite member of the public (10 CFR 
§ 61.41); (b) protection of an inadvertent intruder into a disposal facility after the institutional 
control period ends (10 CFR § 61.42); (c) waste characterization and homogeneity; and (d) 
stability of the waste form.  Regulatory issues include (a) the method for issuing an NRC 
position on blending; (b) National Environmental Policy Act (NEPA) compliance; and (c) the 
applicability of NRC’s guidance to waste processors.   
 
 
 

                                                
3
 The others are protection of the general population from releases of radioactivity; protection of individuals during the 

operation of the facility (as opposed to after the facility is closed) and stability of the disposal site. 
4
 Because hot spots are a concern primarily with respect to protection of an individual who may inadvertently intruder 

into the waste after the end of the institutional control of the site, the CA BTP defines a “homogeneous waste type” as 
one in which the radionuclide concentrations are likely to approach uniformity in the context of intruder scenarios.   
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Options 
 
The staff has identified four options for regulatory actions that NRC could undertake regarding 
blending of different types and classes of LLRW.  These range from maintaining the status quo, 
to constraining all blending, to a risk-informed, performance-based approach.  Each option also 
includes a discussion of how the staff believes that option can be effectively implemented (i.e., 
whether by rulemaking or guidance).  In developing these options, the staff’s goal was to 
provide the Commission with a broad range of options for a policy on blending, and to identify 
an appropriate means to implement that policy.   
 
Option 1:   Maintain current NRC positions on blending of homogeneous waste streams 

(status quo). 
 
Under this option, the Commission would not change its existing positions on the use of 
blending as discussed in the CA BTP.  This guidance recommends constraints on blending 
through the use of the “factor of 10” provision, which limits mixing of homogeneous waste 
streams to batches of waste that are within a factor of 10 of the average concentration after 
mixing.  But the current staff position also acknowledges that blending is appropriate without the 
constraints of the CA BTP if it results in operational efficiencies or worker dose reductions.   
 
NRC staff responses to three letters from industry representatives in late 2009 provide 
additional clarification on blending, and these clarifications are also part of the status quo.5  
These letters include the following clarifications:  (a) blending is neither prohibited nor explicitly 
addressed in NRC regulations; (b) while the staff has stated that wastes should not be mixed 
solely to lower the waste classification, NRC guidance acknowledges that blending, including 
some blending that may lower the waste classification, may be appropriate under certain 
circumstances; (c) waste classification is related to the safety of the disposed waste, and NRC 
regulations do not require waste to be classified prior to its shipment for disposal, including 
when it is shipped to waste processors; and (d) NRC’s blending guidance applies to all NRC 
licensees, including waste processors. 
 
This option would be implemented by updating the CA BTP and issuing a Regulatory Issue 
Summary that documents staff positions in recent letters to industry.  For the CA BTP, the staff 
would simply clarify terms, and better describe the bases for its positions.  Among the 
advantages of this option are that licensees and Agreement States are familiar with the current 
averaging provisions in the CA BTP and use them extensively, and issuing guidance uses fewer 
resources to update the agency policy than the other options.  Among the disadvantages are 
that this option could lead to inconsistent treatment of LLRW that could vary according to where 
the waste is generated, processed, and/or disposed, because guidance lacks the potential 
compatibility requirements of a rule.  Nearly all waste processors and disposal facilities are 
regulated by Agreement States that are not required to follow NRC guidance.  Waste blended 
and classified in accordance with the requirements of the State in which the generator or 
processor is located may not be accepted for disposal at a site in another State that has 
adopted different waste classification and blending criteria.  Another disadvantage is that the 

                                                
5
 August 27, 2009, letter from Larry Camper to Thomas Magette, EnergySolutions.  (ML092170561); October 30, 

2009, letter from Larry Camper to Joseph DiCamillo, Studsvik, Inc.. (ML092930251); October 30, 2009, letter from 
Larry Camper to Scott Kirk, Waste Control Specialists.  (ML092920426). 
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existing positions are not risk-informed and performance-based.  Finally, there is a potential 
safety concern for an inadvertent intruder involving disposal of large-scale blended waste that 
would need to be evaluated on a case-by-case basis.  While the need to protect an inadvertent 
intruder is specified in 10 CFR Part 61, there is some confusion concerning the requirement to 
conduct an analysis to ensure protection of an inadvertent intruder that may not be clarified if 
the status quo is maintained.  The safety of an inadvertent intruder is typically ensured by the 
waste classification system and the disposal requirements imposed for each class of waste, and 
not necessarily or typically by a site-specific analysis.   
 
Option 2: Revise blending positions to be risk-informed and performance-based. 
 
Under this option, the agency’s position on blending of waste streams would become  
risk-informed, performance-based, rather than, for example, relying on the “factor of 10” 
provision in the current guidance.  The principal consideration would be whether a final blended 
waste form could be safely disposed of.  Among the changes and clarifications that would be 
made to the existing blending positions are the following:  (a) clarify that a site-specific intruder 
analysis must be performed to determine whether an intruder could be protected, or the 
conditions necessary for such protection; (b) develop criteria defining acceptable homogeneity 
and sampling considerations; and (c) eliminate the “factor of 10 rule” for mixing of wastes that 
can be blended into a homogeneous mixture, because the concentration of final mixture will be 
relatively uniform in the context of a site-specific intruder scenario. 
 
This option would be consistent with the Commission’s policy on risk-informed, performance-
based regulation.  In 1997, the Commission addressed risk-informed performance-based 
regulation as one of the 20 direction setting issues in its overall Strategic Assessment of the 
agency’s programs at that time, deciding that NRC “. . . will have a regulatory focus on those 
licensee activities that pose the greatest risk to the public.”  In the last decade, increased use of 
risk-informed performance-based regulation has been a continuing agency policy and is one of 
the safety strategies in the NRC Strategic Plan6 that guides work in all NRC programs.   
 
This option would be implemented through a combination of rulemaking and issuance of 
guidance.  The requirement for a site-specific intruder analysis, which is a risk-informed, 
performance-based approach to addressing blending, would be mandated in the rulemaking for 
unique waste streams, which the Commission directed the staff to start in its March 18, 2009, 
staff requirements memorandum for SECY-08-0147.  The rulemaking would explicitly require a 
site-specific analysis for an inadvertent intruder.  Under this approach, disposal of large 
amounts of blended waste would have to be evaluated for intruder protection on a site-specific 
basis.  As part of the NEPA analysis for this rulemaking, disposal of blended ion exchange 
resins from a central processing facility would be compared to direct disposal of the resins, 
onsite storage of certain wastes when disposal is not possible and further volume reduction of 
the Class B and C concentration resins.  The regulatory basis document for this rulemaking is 
scheduled to be completed in September 2010, and the staff would begin work on the proposed 
rule at that time. The staff does not believe that the addition of blended waste to the regulatory 
basis will require significant resources or time to complete.  Nevertheless, if the Commission 
decision on this paper occurs late in Fiscal Year (FY) 2010 or in FY 2011, the regulatory basis  
document or proposed rulemaking schedules may have to be revised somewhat to  

                                                
6
 “Strategic Plan, Fiscal Years 2009-2013. NUREG-1614, Volume 4. February 2008. 
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accommodate the addition of blended waste to the rulemaking.  The staff will take steps to 
mitigate any impacts in the meantime.  There would be no impact on the schedule for the 
unique waste streams rulemaking if the Commission chooses any of the other options.   

 
Two documents would be updated as part of this option — the Volume Reduction Policy 
Statement and the CA BTP.  The Policy Statement, published in 1981, encourages licensees to 
take steps to reduce the amount of waste generated and to reduce its volume once generated.  
That position was issued when disposal space was scarce since two of the three operating 
LLRW disposal sites had threatened to close at that time, and one had recently reduced the 
annual amount authorized for disposal by half.  Further, volume reduction techniques were not 
yet in widespread use and NRC’s Policy Statement was meant to encourage the use of such 
techniques.  Although the Policy Statement does not address blending directly, some 
stakeholders have argued that blending is contrary to the policy and to the goal of achieving 
reduced waste volumes.  Notwithstanding NRC’s policy, volume reduction is widely practiced 
today, in large part because disposal costs have risen significantly in the last 30 years and it is 
economical to reduce disposal volumes.  The staff believes that the Policy Statement could be 
updated to recognize the progress that has been achieved, and to acknowledge that other 
factors may be used by licensees in determining how best to manage their LLRW.  Specifically, 
the Policy Statement could be revised to acknowledge that volume reduction continues to be 
important, but that risk-informed, performance-based approaches to managing waste are also 
appropriate in managing LLRW safely and that volume reduction should be evaluated in this 
light.  For the CA BTP, risk-informed, performance-based blending guidance would be specified 
and existing guidance that is not consistent with such approaches, such as the “factor of 
10 rule,” would be removed.   
 
The staff would also issue interim guidance to Agreement States on how to evaluate proposed 
disposal of large quantities of blended waste until the rulemaking is completed.  The guidance 
would recommend a case-by-case evaluation of blended waste for each site that plans to 
accept this type of waste for disposal.  Factors such as intruder protection, the need for 
mitigative measures, and homogeneity would need to be evaluated by the appropriate regulator.  
The staff's preliminary independent analysis indicates that current practices at existing disposal 
facilities may safely accommodate an increase in the amount of disposed waste at or just below 
the Class A limits.    
 
Among the advantages of this option are:  (a) use of risk-informed, performance-based criteria, 
which would be consistent with NRC’s overall policy of risk-informed regulation; and (b) use of 
fewer staff resources than options 3 and 4 by piggybacking onto a rulemaking that is already 
underway.  Among the disadvantages are that existing licensee and applicable Agreement State 
regulations and guidance may have to be changed, and some stakeholders may perceive this 
new blending policy as a reduction in protection of public health and safety. 
 
Option 3: Revise agency blending policy to further constrain blending.   
 
Under this option, the Commission would develop a policy and promulgate a rule that would 
require that the in-process concentrations of waste determine waste classification, rather than 
the waste being classified when it is ready for disposal, the current requirement.  The 
rulemaking would initially propose that radioactive material that has been blended as a result of 
stabilization, mixing, or treatment, or for any other reason, would be subject to the disposal 
regulations it would have been subject to prior to blending.  This rule would require classification 
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at points prior to the preparation of waste for disposal.  A Regulatory Issue Summary would be 
published soon after the Commission decision to inform licensees that a revised blending policy 
was under development.  Among the advantages of this option are (a) it would eliminate some 
stakeholder concerns over blending to reduce waste classification; (b) it would eliminate any 
ambiguity about blending for purposes of lowering the waste classification — any blending 
under this option could not lower the waste classification; (c) it would provide for more measures 
to isolate and contain waste than the current requirements in 10 CFR Part 61, since the 
classification of some wastes under this approach would be higher than current practice (a 
corresponding “con” is that measures unnecessary for adequate protection of public health and 
the environment would be required in some cases).  Among the disadvantages are:  (a) it may 
result in larger occupational exposures because of the need to sample and characterize waste 
more frequently; (b) it would not be risk-informed and performance-based, since classification of 
waste would be based on the as-generated waste, not of the concentrations of waste at the time 
of disposal; and (c) it would require more LLRW storage by creating more Class B and C waste.   
 
Option 4: Prohibit large-scale blending at off-site processor.   

NRC could prohibit large-scale blending that lowers the waste classification at a waste 
processor7 because it is tantamount to intentional mixing to lower the waste classification.  This 
option would be implemented through a rulemaking.  A Regulatory Issue Summary would also 
be issued after a Commission decision, but before the rulemaking was completed, to notify 
licensees of the planned change.  An important part of the rulemaking would be differentiating 
between the routine blending that currently occurs at waste processors, and large-scale 
blending to lower the waste classification, such as has been proposed for ion-exchange resins 
from nuclear power plants.  Among the advantages of this option are:  (a) it would address 
concerns raised by stakeholders opposed to blending in general and potentially increase public 
confidence that their health and safety are being protected; and (b) it would continue to allow for 
individual waste generators to blend waste as part of normal operations.  Among the 
disadvantages are that (a) it is not a risk-informed, performance-based position; (b) there is no 
clear health and safety basis for discouraging this type of blending; and (c) generators could still 
produce resin waste similar to blended waste by removing resins from service before Class B 
concentrations are reached, which would increase LLRW volumes by requiring more resin to 
accomplish the same task.  
 
STAKEHOLDER INPUT 
 
The staff solicited stakeholder input in developing this paper.  On November 30, 2009, the staff 
issued a Federal Register notice requesting public comments on LLRW blending.  Fourteen 
organizations and individuals provided comments.  In December 2009, the staff met individually 
with three companies that had written to NRC expressing their views on LLRW blending.  The 
meetings were open to the public, and opportunities for public comment were provided.  On 
January 14, 2010, the staff held an all day public meeting in Rockville, Maryland, to provide the 
public with an opportunity to comment on LLRW blending.  Stakeholders commenting at the 
meeting included representatives from States and Compacts, advocacy groups, the waste 
processing industry, waste generators, and DOE.  The staff reviewed and considered all of the 
comments received in developing this paper.  

                                                
7
 Included in the scope of this prohibition would be waste processors that are designated as LLRW generators 

through waste attribution.  See Section 3.1.3 of the Enclosure for a discussion of attribution.  
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Stakeholders hold a wide variety of views on blending, and there was significant controversy 
about the appropriate policy for blending in the public meetings.  Appendix B of the Enclosure 
lists the organizations that commented on the November 30, 2009, Federal Register Notice 
soliciting public comments, the Adams accession number for the letters received in response to 
the notice, the presentations given in the four public meetings, as well as a transcript of the 
January 14, 2010, public meeting.  Most of the issues addressed in this paper were identified 
and discussed in the public meetings.  They include the potential safety impacts of large-scale 
blending, the impact of blending on LLRW volume reduction, how NRC’s blending position 
should be documented (i.e., whether in guidance or rulemaking), and the potential unintended 
consequences of a new NRC blending position.  The staff intends to prepare and implement a 
communication plan after the Commission decides on an option to help ensure that NRC’s 
position, its bases, and the process for policy development are understood. 
 
AGREEMENT STATE VIEWS 
 
In preparing this paper, the staff consulted with Agreement States that are significantly involved 
in the regulation of waste processing and disposal facilities.  The staff reviewed the contents of 
the paper with the Agreement States of Washington, South Carolina, Texas, Utah, Tennessee, 
and Pennsylvania.  States were generally satisfied with the issues addressed and the options 
presented for Commission consideration.  One State official was concerned that joining the site-
specific intruder assessment requirement for blending with the unique waste streams 
rulemaking would delay that effort.  Another noted that assuring homogeneity is more important 
for large-scale blended waste than for smaller amounts from individual generators, because it 
will be closer to the limits for Class A waste.  Some States, but not all, argued for flexibility in 
implementing any new regulations on blending.  Texas in particular has a regulation that 
addresses waste dilution and believes that any NRC regulation on blending should allow their 
existing regulation to remain in place.  A related issue for this State is its concern about 
ensuring that out-of-State generators that might dispose of waste in the State disposal facility 
comply with their dilution regulation.  The staff will have further discussions with Texas on this 
issue.  

 
Two of the above States also commented formally on blending in response to the staff’s Federal 
Register Notice of November 30, 2009.  Utah, among other comments, is opposed to blending if 
the intent is to alter the waste classification for the purposes of disposal site access.  For 
allowable blending, the State believes that requirements should be contained in performance-
based regulations addressing sampling and radiological characterization standards.  The 
Pennsylvania Department of Environmental Protection also provided comments in a January 28, 
2010, submittal.  The Department would not oppose intentional blending of LLRW if it results in 
a change of classification of waste to a lower classification and only for access to a LLRW 
disposal facility and not for release to the environment.  The Department also recommended 
that NRC clearly define blending (and to prohibit dilution).  The State also believes that the 
original generator of blended waste should be maintained in records, and that an evaluation of 
the potential benefits and risks associated with blending be conducted.   
 
In the January 14, 2010, public meeting, a representative from the Tennessee Department of 
Environment and Conservation had no technical opinion on blending.  The representative noted 
that if large-scale blending was determined to be commercially viable, their responsibility is to 
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license a blending operation if protection of public health and safety and the environment are 
demonstrated. 
 
The Utah and Pennsylvania comments can be found in ADAMS under the accession numbers 
identified in Appendix B of the Enclosure.  The Tennessee comments are contained in the 
transcript for the January 14, 2010, meeting, which is also listed in Appendix B.   
 
RECOMMENDATIONS: 
 
The staff believes that the current blending positions would be improved if they were  
risk-informed and performance based, and were specified in regulation and further clarified  
in guidance.  The staff recommends the Commission approve:   
 
Option 2 — to adopt a risk-informed, performance-based LLRW blending policy. 
 
RESOURCES:     
 
Option 1 - (Status Quo) would require 0.6 Full Time Equivalent (FTE) and $50,000 to complete, 
with 0.40 FTE and $25,000 in FY 2011.  
 
Option 2 - (Risk-Informed, Performance-Based) will require 1.0 FTE and $50K for tasks unique 
to blending.  Blended waste is also considered a unique waste stream under this option.  The 
unique waste streams rulemaking has already been approved by the Commission in the Staff 
Requirements Memorandum for SECY-08-0147.  The total resources, both for tasks unique to 
blending and for the unique waste streams rulemaking, would be 7.3 FTE and $1,550K, with 4.2 
FTE and $775K for FY 2011.   
 
Option 3 - (Further constrain blending) will require 3.5 FTE and $250,000 to complete with 
0.2 FTE in FY 2011. 
 
Option 4 - (Prohibit large scale blending) will require 3.3 FTE and $250,000 to complete with 0.2 
FTE in FY 2011. 
 
FY 2011 resources are available in the rulemaking product line within the Decomm/LLRW 
business line for the preferred Option #2.  If the Commission determines one of the other 
options should be implemented (numbers 1, 3 or 4), the staff will need to redirect resources 
from the Oversight product line to the rulemaking product line.  Resources for FY 2012 and 
beyond will be addressed through the Planning, Budgeting, and Performance Management 
process. 
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COORDINATION: 
 
The Office of the General Counsel has no legal objection concerning this paper.  The Office of 
the Chief Financial Officer has reviewed this paper for resource implications and has no 
objections.    
 
 
      /RA by Martin Virgilio for/ 
 

  R. W. Borchardt 
  Executive Director 
   for Operations 
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ANALYSIS OF BLENDING OF LOW-LEVEL 
RADIOACTIVE WASTE 

 
 
1.  Introduction 
 
In this paper, the U. S. Nuclear Regulatory Commission (NRC) staff examines blending or 
mixing low-level radioactive waste (LLRW) that has higher radionuclide concentrations with 
LLRW that has lower radionuclide concentrations, particularly blending that lowers the 
classification of waste.  Such mixing may be done for a variety of reasons:  1) to consolidate 
wastes from a number of different sources within a plant for reasons of operational efficiency;  
2) to reduce radiation exposures to workers; and 3) to lower the classification of some of the 
waste by averaging its concentration over a larger volume.  While recognizing that some mixing 
is unavoidable and even desirable for efficiency or dose reduction, NRC has historically 
discouraged mixing to lower the waste classification.  The maxim ―dilution is not the solution to 
pollution‖ appears to have been a factor in developing agency positions that discourage and 
constrain, but do not prohibit, the mixing of wastes.  Dilution can increase the amount of waste 
by mixing clean and contaminated materials together, and may enable the mixture to be 
released to the general environment where members of the public will be exposed to the 
hazard, however small.  The term ―blending‖ as used in this paper, however, involves the mixing 
of higher and lower concentrations of contaminated materials, not clean materials, and disposal 
in a licensed disposal site, not release to the general environment.  Thus, the undesirable 
characteristics of dilution are not present in this kind of blending, while safety and efficiency may 
be improved by selection of appropriate criteria to be applied to such blending.  Although NRC‘s 
LLRW regulations neither prohibit nor explicitly address blending, staff guidance recommends 
constraints on the use of blending, while recognizing that it is appropriate in some 
circumstances.  The constraints do not always have a clear safety basis.     
 
With the June 30, 2008, closure of the Barnwell LLRW disposal facility to most U. S. generators 
of Class B and C wastes, licensees and industry are exploring the blending of LLRW that would 
otherwise be Class B and C into a homogeneous Class A mixture that could be disposed of as 
Class A waste.  Such blending would eliminate the need for indefinite onsite storage of at least 
some of these wastes, while furthering the goal of permanent disposal.  Not all LLRW can be 
blended into a homogeneous mixture suitable for disposal as Class A waste:  irradiated reactor 
components, reactor pressure vessels, and other types of solid waste are not amenable to 
blending.  Other reactor waste streams, particularly ion exchange resins, which account for 
about half of the volume of Class B and C waste generated each year, can be blended into a 
homogeneous mixture with a relatively uniform concentration of radioactivity, and some of these 
Class B and C resins could be blended with resins that have radioactivity concentrations well 
below the Class A limits to produce a final Class A mixture.   
 
Some stakeholders, however, have raised concerns with such large-scale blending and have 
asked NRC to clarify its position on blending and what is acceptable under the regulations and 
guidance, especially with respect to blending that results in a change in the classification of the 
waste under 10 CFR § 61.55.  Noting that policy issues were associated with blending of  
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LLRW, Chairman Jaczko, in an October 8, 2009, memorandum to the NRC staff, requested a 
vote paper that discusses the following topics: 

 

 Issues related to intentional changes in waste classification due to blending, including 
safety, security, and policy considerations 

 Protection of the public, the intruder, and the environment 

 Mathematical concentration averaging and homogeneous physical mixing 

 Practical considerations in operating a waste treatment facility, disposal facility, or other 
facilities, including the appropriate point at which waste should be classified 

 Recommendations for revisions, if necessary, to existing regulations, requirements, 
guidance, or oversight related to blending of LLRW 

 
The agency‘s previous policies and positions on blending of LLRW are evaluated in this paper 
to respond to this request and to other issues raised by stakeholders.  Options for new agency 
positions on blending are provided for Commission consideration.  The position that blending is 
a priori undesirable is examined in light of risk-informed, performance-based regulation that 
focuses on the safety hazard of the blended materials.  This paper insofar as possible 
addresses the blending issue generically and without consideration of the specific business 
models or licensing actions for waste processing and disposal.  However, in a few cases, 
references to specific facilities are necessary. 
 
This paper is organized into the following sections: 
 

 Background on waste blending, including definitions, how and why it is performed, and 
NRC regulations and guidance on the use of blending in general and for LLRW in 
particular 

 Analysis of policy, safety and environmental, and regulatory issues 

 Analysis of issues in the Chairman‘s tasking memo 

 Stakeholder views 

 Agreement State views 

 International guidance and practice 

 Options for NRC policy on blending 

 Conclusions and recommendations 
 

2. Background 
 
This section first defines the term ―blending‖ for the purposes of this paper, since the blending 
considered is narrow in scope.  It then describes NRC regulations, guidance, and other 
positions applicable to blended LLRW.  Industry initiatives that propose to expand the use of 
blending of LLRW and that have caused this re-examination of the NRC‘s guidance are then 
identified and described. 
 
2.1 Definition of ―Blending‖ 
 
Blending, as the staff uses the term in this paper, is the mixing of LLRW having different 
concentrations of radionuclides to form a relatively homogeneous mixture that may be 
appropriate for disposal in a licensed facility.  The concentration of each radionuclide in the 
resulting mixture is the radioactivity of each radionuclide in the mixture divided by the mixture‘s 
volume or weight.  The types of waste that are blended may include those that are physically 
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and chemically similar (such as ion-exchange resins from nuclear power plant systems), but 
could also include different waste types that can be made into a relatively homogeneous final 
mixture, such as soil, ash, and shredded trash.  Blending, as used here, does not include the 
placement of discrete wastes of varying concentrations into a disposal container, or the 
averaging of concentrations of radioactivity of a discrete component over its volume.  It also 
does not cover encapsulation of certain wastes in a non-radioactive matrix, as described in the 
Branch Technical Position on Concentration Averaging and Encapsulation (CA BTP) (NRC, 
1995, Section 3.7).  Such encapsulation may be used to meet the stability requirements for 
Class B and C LLRW.  Blending, as discussed in this paper, is confined to waste types that 
have physical properties that enable mixing into a relatively homogeneous final waste form.  
The term ―blending‖ as used in this paper, involves the mixing of higher and lower 
concentrations of contaminated materials, not clean materials, and disposal in a licensed 
disposal site, not release to the general environment.  Blending is not ―dilution,‖ as the staff 
defines the term for this paper, which is the mixing of clean and contaminated materials.   
 
2.2 Regulations and Guidance on Waste Blending 
 
2.2.1 Regulations addressing waste classification, protection of an inadvertent intruder, and 

blending 
 
Blending of LLRW that lowers waste concentrations from Class B or C levels to Class A is the 
primary focus of this paper.  This section therefore addresses the requirements for waste 
classification, protection of an individual who inadvertently intrudes into a waste facility (the 
primary reason for classifying waste), and blending. 
 
The terms ―mixing,‖ ―blending,‖ and ―dilution,‖ are not used in the regulations in 10 CFR that 
relate to reducing the potential waste class or disposal requirements for wastes.  Thus blending, 
including blending that lowers the waste class, is neither prohibited nor explicitly addressed in 
NRC regulations.  
 
The waste classification system is an important component in the regulations that provides for 
protection of an inadvertent intruder into a waste disposal facility.  Protection of an inadvertent 
intruder is one of the four performance objectives for a LLRW disposal facility in 10 CFR 
Part 61, ―Licensing Requirements for Land Disposal of Radioactive Waste.‖ Specific 
requirements were included in 10 CFR Part 61 that would prevent an intruder from receiving  
an unsafe exposure to radioactivity.1  Among these requirements are the waste classification 
system contained in 10 CFR 61.55.  Under this system, three classes of waste are defined for 
near-surface disposal, based on the radioactivity concentration of certain critical radionuclides.  
Greater controls are required as the waste classes increase in hazard.  Class A waste poses 
the least hazard, and requires the fewest controls, while Class C is the most hazardous and 
requires, for example, either deeper disposal or an engineered barrier that will prevent human 
intrusion for 500 years, among other measures.  A fourth class, greater than Class C (GTCC), is 
also defined, but wastes in this category are generally not suitable for near surface disposal 
because of the hazard they present.  The allowable concentration of radioactivity in a waste 
class is directly related to the radiation exposure that an inadvertent intruder would receive 

                                                
1
 As the Advisory Committee for Nuclear Waste and Materials (ACNW&M) noted in its April 30, 2008, letter to the 

Commission (ACNW&M, 2008), Resource Conservation and Recovery Act regulations for hazardous waste disposal 
facilities do not postulate an inadvertent intruder into the sites.  Thus, the intruder protection provision in NRC 
regulations is conservative.  Intruder protection is not always examined in managing risks associated with disposal of 
other waste types. 
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using the assumptions in the technical basis for 10 CFR Part 61.  Appendix A to this paper 
contains a more complete explanation of the bases for the waste classification system in 
10 CFR Part 61.  As noted later in this paper, the technical basis for 10 CFR Part 61 contained 
in the draft environmental impact statement (DEIS) for 10 CFR Part 61 (NRC, 1981) and the 
final environmental impact statement (EIS) (NRC, 1982), considered the waste streams that 
were being generated at the time the rulemaking was being developed.  These waste streams 
did not include large-scale blending of ion-exchange resins, an issue that is addressed in more 
detail in Section 3.2 of this paper.   
 
In addition to 10 CFR Part 61, NRC also has provisions in its regulations that address waste 
classification in 10 CFR Part 20 Appendix G.  These requirements, among other things, address 
the disposal of waste after its generation and processing.  Such processing could include 
blending.  Part 20 of 10 CFR, Appendix G describes the requirements for transferring LLRW for 
disposal and completing manifests for shipments of waste.  The primary objective of this 
regulation is to ensure that the properties of waste that is being sent for disposal are identified 
and characterized for the disposal facility operator.  The disposal facility operator needs to know 
this information in order to be able to determine that the site will perform safely when that waste 
is disposed.  Some of the most important pieces of information are the radionuclides and their 
amounts, so that the inventory of disposed waste at the site is known and can be used in 
performance assessments to determine if the site can safely isolate these wastes.   
 
In addition to the inventory, the manifest provisions in Appendix G of Part 20 also require that 
the classification of the waste (i.e., Class A, B, or C) be identified when the waste is being 
shipped for disposal.  Waste is not required to be classified when it is shipped from a generator 
to a processor for subsequent disposal.  NRC‘s land disposal regulations in 10 CFR Part 61 
define the disposal requirements, including the classification of waste in 10 CFR § 61.55.  Like 
Appendix G of Part 20, the 10 CFR Part 61 regulations do not require that waste being shipped 
for processing for subsequent disposal be classified.  The reason for this is that waste is 
classified for the purposes of ensuring its safe disposal, primarily to protect an inadvertent 
intruder into a waste disposal site.  Waste is not required to be classified at intermediate points 
between its generation and disposal, such as processing and storage, because the 
characteristics of the waste at these intermediate points do not directly affect its safe disposal.  
Once waste is ready for disposal, it must be classified.   
 
Class A waste has the lowest radionuclide concentrations and requires fewer controls during 
disposal than Class B or C.  Similarly, the disposal requirements for Class B waste are 
somewhat less demanding than those for Class C waste.  Notwithstanding this requirement to 
classify waste at the time of disposal, it is not uncommon for generators and processors to 
classify waste before that point.  Licensees may ―classify‖ waste while it is being processed to 
ensure that it falls within the desired final waste class.  For example, a licensee may want to 
avoid concentrating waste to greater than Class C concentrations, for which there is no disposal 
option, and could avoid that by knowing its ―classification‖ and concentration while it is 
undergoing processing.  In addition, the concentration and implied classification may change 
from the time a waste is generated until it is shipped for disposal, as a part of the routine 
handling and processing that occurs.  It is not possible to avoid changes in the concentration, 
and in some cases, changing the classification of waste.  Such changes are not significant in 
terms of protecting an intruder into a waste disposal site, since it is the characteristics of the 
waste at the time of disposal that affect an inadvertent intruder.  
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Although blending of LLRW is not addressed in the regulations, and blending that ―lowers the 
waste classification‖ is, from an NRC regulatory perspective, not possible since waste is not 
required by NRC regulations to be classified until it is ready for disposal, NRC guidance has 
discouraged blending that reduces the concentrations of radionuclides in waste from Class B 
and C levels to Class A levels, as discussed in the next section.   
 
2.2.2 NRC Guidance on Blending of LLRW 
 
For blending of LLRW, the staff has developed guidance that describes how licensees may 
meet the concentration averaging provision in 10 CFR § 61.55(a)(8).2  The CA BTP addresses 
three broad types of averaging, including blending, as summarized below: 
 

 Blending — includes the mixing of homogeneous3 wastes (i.e., the actual practice of 
blending different batches or types of waste), and the constraints that should be applied to 
such mixing.  The CA BTP limitations on blending do not apply to a ―designed collection of 
homogeneous waste types from a number of sources within a licensee‘s facility, for 
purposes of operational efficiency or occupational dose reduction.‖  No further guidance on 
the use of these exceptions is provided.  Any constraints or conditions needed in these 
instances must be addressed on a case-specific basis.   

 
If the exceptions for occupational efficiency or worker dose reduction are not used, the CA 
BTP states that homogeneous waste types can be mixed if either a) the classification of the 
mixture is based on the highest nuclide concentrations in any of the individual waste types 
of the mixture, or b) the average nuclide concentrations of individual waste type contributors 
are within a factor of 10 of their average concentrations in the final mixture (the so-called 
―factor of 10 rule‖).  In addition, other alternative mixing schemes can be authorized if 
specific regulatory approval is obtained under 10 CFR 61.58.4  This provision enables the 
Commission to approve on its own initiative or in response to a specific request, alternative 
classification or characteristics of LLRW for disposal in a Part 61 facility.  It is rarely used by 
NRC or Agreement States.  For homogeneous wastes, the CA BTP does not explain why 
LLRW that is capable of being mixed into a homogeneous final waste form (such as soil, 
resins, and ash) is subject to the factor of 10 constraint on the radionuclide concentrations in 
the waste before mixing.  A performance-based approach would define the required 
uniformity of radionuclide concentrations in the waste after mixing, rather than using the CA 
BTP‘s approach of placing concentration limits on wastes before they are mixed.  

 

 Concentration averaging — is concerned with either:  a) the mathematical averaging of 
waste concentrations, based on the size, geometry, and type of radioactive emission, or 
b) the combining of radioactive components in a single container and how their radioactivity 
may be averaged over the volume of the container.  An example of the former type of 

                                                
2
 10 CFR 61.55(a)(8) states that ―the concentration of a radionuclide [in waste] may be averaged over the volume of 

the waste, or the weight of the waste if the units [for the values tabulated in the concentration tables in 10 CFR 61.55] 
are expressed as nanocuries per gram.‖ 
3
 The CA BTP defines a ―homogeneous waste type‖ as one in which the radionuclide concentrations are likely to 

approach uniformity in the context of intruder scenarios used to establish the concentrations for the waste 
classification system.  Although the definition of ―homogeneous waste type‖ is based on the waste characteristics 
after mixing, the CA BTP addresses this waste type before mixing by imposing the ―factor of 10‖ rule.  
4
 10 CFR 61.58, Alternative requirements for waste classification and characteristics states ―The Commission may, 

upon request or on its own initiative, authorize other provisions for the classification and characteristics of waste on a 
specific basis, if, after evaluation of the specific characteristics of the waste, disposal site, and method of disposal, it 
finds reasonable assurance of compliance with the performance objectives in subpart C of this part [61].‖ 
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averaging is irradiated hardware from a nuclear power reactor, which often has different 
radioactivity concentrations from one portion of a component to another.  The CA BTP 
describes how and when these concentrations may be averaged to determine the waste 
classification of the component, based on the projected dose to an inadvertent intruder into 
a disposal facility.  

 

 Encapsulation — is the surrounding of a radioactive source or component with a non-
radioactive material, and using the entire volume or mass for the purposes of determining 
the waste concentration and class.  Unlike blending, which often involves the mixing of 
relatively homogeneous, flowable materials of different radionuclide concentrations and may 
result in a final uniform mixture, encapsulation involves a radioactive core surrounded by a 
non-radioactive matrix.  The CA BTP describes the constraints on the use of the non-
radioactive matrix for concentration averaging, based on safety analyses of the radiation 
exposure to an inadvertent intruder into a disposal facility.  
 

These three main sections of the CA BTP address and differentiate between mathematical 
concentration averaging and homogeneous physical mixing.  Mathematical averaging, in the 
context of waste classification, is the summation of radionuclide activity measurements for a 
discrete package, component or volume of LLRW divided by the volume or weight of the entire 
package or component when the radioactivity concentrations of the components themselves 
cannot be altered by mixing.  The mathematical average concentrations are used to determine 
the waste classification in accordance with concentrations defined in 10 CFR 61.55.  For 
example, a container of waste destined for a LLRW disposal site may be filled with pieces of 
hardware that vary in radioactivity concentration, and the CA BTP identifies considerations and 
defines approaches for acceptable averaging.   
 
In the case of wastes of varying concentrations that can be physically mixed into a 
homogeneous mixture, in theory, no mathematical averaging would be required, since the final 
mixture would have a single concentration of each radionuclide.  In practice, mixtures will not be 
entirely uniform and some specification of the degree of homogeneity (i.e., the range of 
acceptable radionuclide concentrations) needs to be in place.  Because releases of radioactivity 
from a hot spot would be mixed in the environment before reaching an off-site member of the 
public, hot spots are of most concern with respect to protection of a potential inadvertent 
intruder.  Thus, the primary purpose of homogeneity requirements would be to ensure that any 
hot spots do not expose an inadvertent intruder to an unacceptable dose.  A sampling program 
also needs to be in place to ensure that the homogeneity requirements are met.   
 
Because mathematical averaging could be applied to the final blended mixture, it seems 
appropriate for any homogeneity requirements to be consistent with the mathematical averaging 
guidance.  For example, it may not be risk-informed or performance-based to require smaller 
variations of radionuclide concentrations in a container of blended waste than NRC would allow 
in a container of waste to which the CA BTP mathematical averaging guidance is applied.  Risk-
informed requirements for blended waste would require homogeneity in the context of an 
intruder scenario.  That is, radionuclide concentrations would not be required to be 
homogeneous on a physical scale smaller than the amount of waste the intruder would mix by 
intrusion.  Alternately, homogeneity requirements stricter than mathematical averaging 
requirements may be justified in terms of ―as low as is reasonably achievable‖ (ALARA) 
requirements, because the NRC staff expects that blended waste can be mixed to relatively 
homogeneous concentrations whereas discrete components to which mathematical averaging 
typically is applied cannot. 
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As noted earlier, the CA BTP positions are based on a combination of 1) practical 
considerations in the operation of a facility, whereby wastes are routinely combined or mixed for 
operational efficiency reasons, 2) NRC‘s general policy that discourages mixing for the  
 
purposes of reducing the waste class, and 3) safety considerations.  These three objectives are 
not fully compatible, but the CA BTP attempts to provide positions that balance them.  For 
example, blended homogeneous wastes are constrained by the ―factor of 10 rule‖ mentioned 
earlier, unless operational efficiency or worker dose reductions occur (in which case, the CA 
BTP limitations on blending are not applicable, and case-specific constraints must be 
developed).  The CA BTP addresses waste class reduction in only two places.  In a section 
addressing mixing of ―dissimilar waste streams,‖ one of eight different sections in the CA BTP, it 
states that it is acceptable to mix these streams if the classification of the mixture is not lower 
than the highest waste classification of any individual components in the mixture.  In addition, an 
appendix to the CA BTP entitled, ―Analysis of and Response to Comments on Concentration 
Averaging and Encapsulation Technical Position,‖ contains statements that discourage waste 
class reduction.  It states: ―. . . it has been clarified [in the final version of the CA BTP] that the 
record of analyses which documents the licensee‘s use of concentration averaging and 
encapsulation practices defined in this technical position, should generally be sufficient, in and 
of itself, to show that the averaging of concentrations was not undertaken solely to lower the 
classification of any specific waste in a disposal container‖ [emphasis added].5  The CA BTP is 
not entirely consistent in its positions on waste class reduction, since some waste blended 
according to the ―factor of 10 rule‖ could undergo waste class reduction.  Further, the above 
statement regarding waste class reduction appears only in a comment resolution appendix, not 
the guidance itself.   
 
In response to letters from stakeholders, NRC staff addressed specific questions and comments 
on NRC‘s blending position in three letters published in late 2009 (NRC, 2009a, b, c).  Among 
the comments NRC staff received was the statement that NRC policy prohibits the blending or 
dilution of radioactive material for the purpose of changing its waste classification.  The staff 
noted in its responses that this statement was not correct.  Nothing in NRC‘s regulations 
prohibits blending, and while staff guidance discourages blending in some circumstances, it also 
recognizes that there may be circumstances where blending that results in a lower waste 
classification is appropriate.  These letters explain the guidance on selected issues and correct 
certain misinterpretations. 
  
2.2.3 NRC Guidance on Blending in Other Waste Programs 
 
Notwithstanding that blending is not addressed in the regulations and that waste classification is 
not required until waste is ready to be disposed of, NRC has recommended constraints, in 
addition to those in the CA BTP, on the blending or dilution of waste, without distinguishing 
between the two practices.  SECY-04-0035 (NRC, 2004a, Attachment 2, p 5) summarizes a 
1987 memorandum from the NRC Executive Director for Operations to one of the NRC 
Commissioners which provides an example of the agency‘s position on intentional dilution.6  The 

                                                
5
 The staff presented this more conservative position on blending in the CA BTP in a recent letter to Alaron, a waste 

processor (NRC 2006b).  The CA BTP is arguably ambiguous on whether blending may be done solely to reduce 
waste class. 
6
 Although the memorandum uses the term ―dilution,‖ it addresses ―blending‖ of wastes, as defined in this paper (i.e., 

the mixing of wastes with higher and lower radionuclide concentrations and disposal of the mixture in a licensed 
facility.)   
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memorandum responded to a question raised by the Commissioner regarding whether an 
approach contemplated in an Advance Notice of Proposed Rulemaking (ANPR) would allow 
blending of high-level waste so that it could be classified as low-level waste.  The memorandum 
makes clear that the ANPR neither allows nor specifically prohibits dilution of radioactive wastes 
but also contains the following statement: 
 

―The staff‘s view with regard to dilution has been, and continues to be, that dilution, 
solely for the purpose of altering the classification of the waste, is unacceptable.‖ 

 
The memorandum goes on to state that ―while dilution might reduce the risk to an individual 
potentially affected by the wastes, in many cases dilution would increase the overall burden to 
society by making the wastes more difficult to manage (e.g., by increasing the number of 
shipments required for transportation of wastes to a disposal facility).  Nevertheless, some 
dilution of wastes may result from waste processing . . . which is beneficial for the long-term 
safety of a waste disposal system.  For this reason, the staff has handled the issue of dilution, 
and will continue to do so, on a case-by-case basis.‖    
 
NRC staff prepared a comprehensive analysis of the intentional mixing of contaminated soil in 
the decommissioning of nuclear facilities in SECY-04-0035 (NRC, 2004a).  In evaluating options 
for addressing intentional mixing associated with the decommissioning of sites, the Commission 
chose an option (NRC, 2004b) that allowed for certain limited mixing of contaminated soil 
onsite, as well as the mixing of soil for offsite disposal to meet the waste acceptance criteria 
(WAC) for a waste disposal facility.  The staff guidance that was developed to implement the 
Commission decision (NRC, 2006a) also states that mixing of soil for offsite disposal is 
permissible ―. . .as long as the classification of the waste, as determined by the requirements of 
10 CFR 61.55 [the waste classification tables in Part 61], is not altered.‖  The analysis of the 
blending issue in this Commission paper (SECY-04-0035) did not address in detail the lowering 
of waste class through mixing, since all or nearly all contaminated soils associated with 
decommissioning are Class A waste.  Although the decommissioning guidance constrains 
waste class reduction from intentional mixing of soil in decommissioning of nuclear facilities, this 
paper addresses a much broader range of waste types and classifications where waste class 
reduction already is allowed, and may have certain benefits if expanded, namely reducing the 
amounts of LLRW in storage.  Little, if any, soil from decommissioning would be Class B or C 
waste.   
 
NRC similarly discourages blending that lowers the waste class in its program to review U. S. 
Department of Energy waste determinations for residual high-level waste.  NUREG-1854, ―NRC 
Staff Guidance for Activities Related to U. S. Department of Energy Waste Determinations,‖  
(NRC, 2007a) states that  ―Extreme measures [should not be taken and] may include . . . 
deliberate blending of lower concentration waste streams with high activity waste streams solely 
to achieve waste classification objectives, although blending may be needed for waste 
management purposes” [emphasis added].   
 
2.2.4 NRC Policy Statement on Low-Level Waste Volume Reduction 
 
Another document related to blending is NRC‘s Policy Statement (PS) on Low-Level Waste 
Volume Reduction (NRC, 1981b).  The PS encourages licensees to take steps to reduce the 
amount of waste generated and to reduce its volume once generated.  That position was issued 
when disposal space was scarce since two of the three operating LLRW disposal sites had 
threatened to close at that time, and one had recently reduced the annual amount authorized for 
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disposal by half.  Further, volume reduction techniques were not yet in widespread use and 
NRC‘s PS was meant to encourage the use of such techniques.  NRC issued the PS was in 
response to a General Accounting Office (now U.S. Government Accountability Office (GAO))  
 
report that recommended that NRC take this step to help preserve disposal facility space (GAO, 
1980).  This PS is discussed in more detail in Section 3.1.5 of this paper.   
 
Although the PS does not address blending directly, some stakeholders have argued that 
blending is contrary to the policy and to the goal of achieving reduced waste volumes.  Large-
scale blending of ion-exchange resins could be performed in lieu of waste processing that would 
achieve further volume reduction.  In addition, one stakeholder commented that the goal of the 
Volume Reduction Policy Statement — to extend the operational lifetime of existing commercial 
disposal sites — is best served by prohibiting large-scale blending of LLRW.   
 
2.3 Practical considerations 
 
NRC waste guidance, while discouraging blending that lowers waste classification in some 
situations, also recognizes that such blending may be appropriate in others.  Practical 
considerations require this flexibility.  Licensees mix different contaminated waste materials, 
such as clothing, paper, and floor sweepings, for operational efficiency and because there is no 
reason to keep them separate, as they are generally all bulk Class A materials that can be 
handled similarly.  Such blending is a routine part of operating a facility, processing waste, or 
decommissioning a facility and is often incidental to the purpose of the facility — to produce 
electricity, to dismantle and dispose of buildings no longer used, or to process a variety of waste 
streams by sorting, compacting, incinerating, packaging, and stabilizing.  One example that 
often involves blending of higher and lower activity waste is the mixing of ion exchange resins 
generated in various locations in a nuclear power plant.  It is more efficient to combine these 
wastes into one or several tanks in such a facility, rather than keep them separate after they are 
removed from service.  Blending may also be performed to keep radiation exposures to workers 
as low as reasonably achievable, since the doses from a mixture of two or more streams of 
LLRW with different radiation levels may result in a combined mixture that has lower radiation 
levels.  Third, waste disposal may also be facilitated by blending.  For example, two batches of 
waste blended together may meet the waste acceptance criteria for a specific disposal facility, 
although the higher concentration batch by itself would not.   
 
The Chairman‘s October 9, 2009, tasking memo directed that this paper address the 
appropriate point at which waste should be classified.  As noted in Section 2.2.1, NRC 
regulations do not require that waste be classified until it is ready for disposal, since waste 
classification per 10 CFR § 61.55 is designed to protect an inadvertent intruder into a disposal 
site, and the ―classification‖ at points prior to final disposal are not relevant to this objective.  
During handling and processing, waste concentrations may increase or decrease (and the 
implied ―classification‖ may also change as a result).  For example, compaction and evaporation 
will increase concentrations of waste.  A nuclear power plant may consolidate resins in a central 
tank in the facility, so that some of the resins are increased in concentration, while others are 
reduced.  A generator may want to know the concentration and the implied classification prior to 
undertaking these operations so that a higher waste class is not inadvertently produced.   

 
Even though NRC regulations do not require classification of waste until it is ready for shipment 
to a disposal facility, NRC guidance addresses waste ―classification‖ at points prior to shipment 
for disposal.  NRC guidance goes beyond the regulations by implying that waste will be 
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classified at intermediate points during collection or processing.  In fact, such intermediate 
classification is unnecessary and thus any recommended constraint on blending through  
 
guidance is unenforceable.  These recommended constraints appear to have been designed to 
address the maxim, ―dilution is not the solution to pollution,‖ even if that reason is not explicitly 
stated in the guidance.  At the extremes, using clean material to reduce large quantities of B, C 
or GTCC waste to a lower class would be undesirable and discouraged.  In any case, NRC 
guidance that discourages waste class reduction before waste is required to be classified has 
not been a significant issue until the recent proposals to blend resins for their disposal as 
Class A waste.   

 
On balance, the staff does not believe that new requirements to classify waste prior to shipment 
are needed.  Licensees may continue to classify waste on their own in order to manage it 
effectively.  Of course, if the Commission wishes to restrict mixing of waste classes, 
classification of waste at intermediate points during collection or processing would be required.  
Absent such a decision, the staff does not believe that requirements to classify waste prior to 
shipment are needed.   
 
2.4 Initiatives to Expand LLRW Blending 
 
On June 30, 2008, the Barnwell disposal facility closed to most LLRW generators in the U. S.  
Now, only generators in the Atlantic Compact — the States of South Carolina, Connecticut, and 
New Jersey — are able to dispose of their waste at that facility.  Although the EnergySolutions‘ 
disposal facility in Clive, Utah, remains available for Class A waste disposal by the generators 
that lost access to Barnwell, these generators have no disposal option for Class B and C waste.  
Thus, 90 of the 104 operating reactors have to store these wastes.  In addition, 18,694 of the 
22,357 materials licensees are located in the 36 States7 that lost access to Barnwell.  While 
many of these materials licensees do not produce LLRW at all,8 and many of those that do 
generate LLRW generate Class A only, some of these licensees generate Class B and C waste, 
particularly sealed sources.   
 
Licensees and industry representatives are considering mixing certain LLRW to help to mitigate 
the impact of Barnwell‘s closure.  A waste processor in Tennessee is exploring the blending of 
ion exchange resins from nuclear power plants, which can be blended into a relatively uniform 
mixture.  These resins, which are the focus of this company‘s proposed expansion of LLRW 
blending, account for about half of the volume of Class B and C waste generated each year in 
the U.S.9  This blending would enable some materials that would otherwise have been disposed 
of as Class B or C waste to be mixed with Class A waste to create a Class A mixture.  A recent 
article by the Electric Power Research Institute (EPRI) on their LLRW classification studies 
(Tran, 2008) reports that Class B and C resins account for approximately 12,000 ft3 of LLRW 
disposed annually, whereas Class A resins account for about 75,000 ft3 disposed annually.10 
The article states that if resin blending was practiced, the volume of Class A resin would 
increase by approximately 8,000 ft3 /yr to a total of 83,000 ft3 /yr.  This would leave about 4,000 

                                                
7
 The 197 licensees in the District of Columbia, Guam, Virgin Islands, and Puerto Rico also do not have access. 

8
 Licensees use decay-in-storage or recycle sealed sources, or both, in lieu of LLRW generation.  

9
 Based on 12,000 ft

3
/yr of Class B and C resins, as reported in ―EPRI Takes on Low-Level Waste Disposal Issues,‖ 

Radwaste Solutions, May/June 2008, Vol. 15, No. 3, pp 14-21.  Irradiated hardware accounts for much of the rest of 
Class B/C waste.  Resin data covers 2003-2007.  (Tran, 2008). 
10

 The Barnwell disposal facility was accepting out-of-compact waste at the time these data were collected. 
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ft3 of Class B/C resin to be stored (see Table 1 below).  Table 2 contains the total LLRW 
disposed of in a year, by volume, activity, and waste class.   
 
 

Waste Class 
Resin Volume, ft

3
/yr 

(unblended) 
Blended Resin, ft

3
/yr 

A 75,000 83,000 
B/C  12,000 4,000 

Total: 87,000 87,000 

 
Table 1.  Disposal of blended (projected) and unblended ion-exchange resin volumes by waste 

class11 
 

Waste Class Volume, ft
3 

Activity, Curies 
A 2,640,741 8,543 
B 9,152 36,057 
C 14,532 1,283,321 

 

Table 2.  Total LLRW disposed in one year12 
 

2.5  Revisions to Concentration Averaging CA BTP in the LLRW Strategic Assessment 
 

In SECY-07-0180, ―Strategic Assessment of Low-Level Waste Regulatory Program,‖ (NRC 
2007b), the staff identified revisions to the Concentration Averaging CA BTP as one of seven 
high priority tasks.  As described in that paper, the staff would ―[u]pdate the CA BTP guidance 
by, for example, revisiting the ‗factor of 10 rule,‘ allowing some blending of waste to lower the 
waste class, and providing needed clarification of complex sections in the CA BTP, as well as 
articulating the bases/rationales for the positions in these sections.‖  The staff noted that ―. . .  
there is general agreement that many statements in the CA BTP are difficult to interpret and that 
the underlying rationales for many, if not most, are not self-evident.‖  The potential revisions 
identified in this paper are one part of the overall revisions contemplated for the CA BTP in the 
Strategic Assessment.  This paper focuses on the blending of homogeneous waste streams, 
such as ion exchange resins, into a reasonably homogeneous waste form.  The CA BTP also 
addresses mathematically averaging the concentration of radionuclides in irradiated hardware 
and components placed in a package, as well as encapsulation of sealed sources.  The staff 
intends to revise and update these other areas of the CA BTP, such as encapsulation of sealed 
sources and mathematical averaging of irradiated hardware, after it receives direction from the 
Commission on blending of LLRW.  No policy issues have been identified for Commission 
consideration at this time in these other areas of the CA BTP.  Any proposed revisions to the 
technical positions in the CA BTP will be made available for stakeholder review and comment.  
If in the course of considering these other revisions any policy issues are identified, the staff will 
inform the Commission.  
 
2.6 Recent Interest in Clarification of NRC Position on Blending   
 
The staff believes that because disposal options were available for all classes of LLRW in the 
recent past, the agency‘s positions on blending were not challenged or identified as requiring 

                                                
11

 Based on an analysis by EPRI (Tran, 2008). 
12

 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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clarification.  With the closure of Barnwell, industry and licensees have begun to explore mixing 
of homogeneous waste streams to facilitate waste disposal, and previous staff positions that 
may not be based solely on risk and protection of the inadvertent intruder have come under 
scrutiny.  In the next section, the staff identifies specific safety, policy, and regulatory issues 
associated with blending.  
 
3.0  Discussion 
 
This section identifies and discusses policy, technical (safety, security, and environment) and 
regulatory issues associated with blending of homogeneous wastes.   
 
3.1  Policy Issues 
 
How and whether NRC decides to revise its position that discourages blending of LLRW raises 
several policy issues, each of which is addressed in this section. 
 
3.1.1  Past Agency Positions on Reducing Waste Class 
 
NRC has previously taken positions that discourage and constrain the mixing of waste to reduce 
its waste classification.  These positions are not confined to mixing with clean materials, but also 
include mixing of contaminated materials together, as examined in this paper.  Recently revised 
guidance for decommissioning in NUREG-1757 (NRC 2006a) that implements the Commission 
decision on intentional mixing of soil in decommissioning states that mixing is permissible 
provided it is approved by NRC and does not alter the 10 CFR § 61.55 waste classification.   
 
Although the CA BTP already allows for waste class reduction, which is inherently part of the 
mathematical averaging of waste concentrations that is currently permitted by 10 CFR § 61.55, 
the CA BTP does not explicitly acknowledge that such waste class reductions occur.  In fact, as 
noted earlier, an Appendix to the CA BTP states that ―the record of analyses which documents 
the licensee‘s use of concentration averaging and encapsulation practices defined in this 
technical position, should generally be sufficient in and of itself, to show that the averaging of 
concentrations was not undertaken solely to lower the classification [emphasis added] of any 
specific waste in a disposal container.‖  This statement appears to be an artifact of earlier drafts 
of the CA BTP, since the statement does not appear in the CA BTP itself, and is contrary to 
positions in the CA BTP that in effect allow for waste class reduction.  Since mathematical 
averaging is usually undertaken to lower the classification of discrete portions of waste, 
consistent with the intent of 10 CFR § 61.55(a)(8), this statement would be deleted in a future 
revision to the CA BTP.  Nevertheless, whatever increased blending might be permitted in the 
future (e.g., by eliminating the ―factor of 10‖ provision), needs to be considered in light of past 
NRC statements that while not prohibiting waste class reduction, at least discourage it.13   
 
3.1.2 Facilitation of Disposal of Waste 
 

                                                
13  In a related matter, the NEI/EPRI ―Guidelines for Operating an Interim On-site Low-Level Radioactive Waste 
Storage Facility‖ (NEI, 2008) notes that power reactor licensees could convert Class B and C waste to GTCC waste 
through volume reduction.  Staff understands there are no imminent industry plans for doing so, however.  Staff has 
not developed a position on conversion of B and C waste to GTCC but will discuss the issue with NEI and DOE.  If it 
appears that it would be used in practice, staff would notify the Commission with a possible request for policy 
guidance.      
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A second policy issue is that increased blending would facilitate the disposal of some LLRW, 
rather than its indefinite, onsite storage.  Some waste, such as ion exchange resins from 
nuclear power plants, if not blended prior to disposal would be at Class B or C concentrations, 
and therefore would have no disposal option if generated in one of the 36 States that lost 
access to the Barnwell disposal facility on June 30, 2008.  Intentional blending of this waste to 
concentrations below the Class A limits would enable it to be disposed of at the facility that 
accepts Class A waste.  Although LLRW can be managed safely and securely both in storage 
and through disposal, permanent disposal is the preferred approach.14  Permanent disposal also 
eliminates the need for monitoring of the waste in storage and the associated exposures to 
radiation by workers in performing this monitoring.   
 
It should be noted that reactor licensees currently remove some ion exchange resins from 
service before Class B and C concentrations are reached.  This practice enables the continued 
disposal of resins as Class A, but with an increase in volume of waste.  Although this practice 
could be viewed as contrary to the Commission‘s PS of Volume Reduction (NRC, 1981b), it 
cannot not be prohibited since a PS is not enforceable.  In addition, as the staff notes in Section 
3.1.5 on Volume Reduction, factors other than volume reduction affect licensees‘ decisions on 
how best to manage LLRW.  Blending of higher concentration waste with lower concentrations, 
as discussed in this paper, would enable current practices for resin removal to continue, without 
an increase in waste volumes.    
 
Large-scale blending has the potential to facilitate disposal of some ion-exchange resins in an 
available Class A disposal facility.  At least one commenter believes that such blending would, 
in the long-term, exacerbate challenges to disposal of all Class B and C LLRW, as discussed 
below.   
 
3.1.3 Impact on Existing LLRW Management Program 
 
Several stakeholders have indicated that a significant reduction in Class B and C waste disposal 
volumes caused by expanded blending could have adverse impacts on some existing and 
planned waste facility operations.  Forecasts of waste streams for disposal are used for 
determination of disposal fees, for example, and a significant reduction in Class B and C waste 
will potentially affect the economic viability of a planned facility, according to some commenters.  
These same commenters stated that reducing the Class B/C waste stream amounts through 
blending could make disposal of the remaining Class B/C waste more difficult.  At a minimum, 
disposal costs would increase for this waste, since the amount of B/C waste would be smaller.  
In the worst case, there would be no new disposal facility for Class B/C waste because a new 
facility would not be economically viable after a reduction in the potential Class B/C waste 
stream volume.  The staff notes that these arguments rely on speculation about the future.  
Currently, there is a new facility under development and expected to be in operation in 
approximately a year.  The operator of the facility is authorized to accept waste from two States 
within its LLRW Compact.  Although the operator is pursuing approval of out-of-compact waste 
(including large quantities of class B and C waste), whether that occurs is speculative at this 
time.  The staff did not independently analyze the economics of the facility and the potential 
effect of smaller Class B/C waste stream volumes, since NRC‘s responsibilities as a regulatory 
agency are limited to ensuring protection of the public health and safety and the environment 

                                                
14  For example, Staff Requirements Memorandum for SECY-93-323, ―Withdrawal of Proposed Rulemaking to 
Establish Procedures and Criteria for On-Site Storage of Low-Level Radioactive Waste After January 1, 1996,‖ 
February 1, 1994, states, ―the Commission continues to favor disposal of low-level radioactive waste over 
storage . . .‖ 
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and promoting the common defense and security.  
 
Waste blending is not the only initiative being explored in an effort to establish new disposal 
options, or the only initiative that could potentially affect the existing LLRW disposal situation in 
the U.S.  A recent report, ―Sealed Source Disposal and National Security — Problem Statement 
and Solution Set‖ (DSFG, 2009), explores potential solutions for disposal, including use of U. S. 
Department of Energy (DOE) disposal facilities.  The Radiation Source and Protection and 
Security Task Force Report (RSSPTF, 2006), mandated by the Energy Policy Act of 2005, also 
recommends exploration of new options for disposal of LLRW.   
 
Another potential issue raised by State officials is the effect of increased mixing on ―attribution‖ 
of waste.  Attribution is the identification of the waste generator.  Current practice in waste 
processing in some cases results in wastes being ―attributed‖ to a waste processor (i.e., the 
processor is considered to be the waste generator), when, for example, distinct batches  
attributable to individual generators cannot easily be separated during processing.  Depending 
upon the circumstances, blending could result in the attribution of more waste to processors, 
and the loss of identity of the original waste generator.  Attribution is important to some LLRW 
Compacts that regulate the import and export of waste from the Compact borders, and require 
generator identification for fee determinations and exercise of their other authorities to regulate 
LLRW.  A waste processor located within a Compact that has a regional disposal facility could 
conceivably accept out-of-compact waste that would then become eligible, through attribution to 
the processor, for disposal within the Compact.  With regard to the current blending proposal by 
industry, the staff understands that even after the blending of wastes, the wastes will be 
attributed to the original generators.   
 
NRC regulations in 10 CFR Part 20, Appendix G, address manifesting of LLRW for shipment.  
Waste attribution is addressed in these regulations and the Statement of Considerations for the 
final rule (NRC, 1995b).  Agreement States are currently provided flexibility in making attribution 
determinations.  Some States and compacts believe that NRC should establish a national 
attribution policy that ensures that the identity of the original generator (not the waste processor) 
is maintained through disposal.   
 
3.1.4  Disposal Capacity 
 
One stakeholder also commented that blended ion exchange resins would quickly use up 
existing capacity at the Class A facility that is currently operating.   The stakeholder made 
assumptions about the amount of waste that would be blended, and compared the resulting 
volumes and associated number of shipments with the volumes and shipments of the same 
waste having been processed and volume reduced at the stakeholder‘s facility.  The disposal 
facility operator, however, provided its own estimates for remaining capacity, which were 
significantly different from the first stakeholder‘s estimates and ranged up to many years of 
remaining capacity, depending upon the assumptions.  The staff did not independently analyze 
these estimates.  Capacity is affected by assumptions about future business obtained, licensing 
of additional disposal cells, future waste generation rates, and other factors and any conclusions 
about future disposal capacity by the staff would be speculative.  As noted in Section 3.1.3, 
several initiatives are currently underway to explore expanding disposal capacity, and could 
result in increased capacity.  Other initiatives may be started as well.  For example, on 
February 8, 2010, a private company announced plans for a new Class A disposal facility in 
Utah.   
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3.1.5 Volume Reduction  
 
As noted earlier, some stakeholders have argued that blending is contrary to NRC‘s 1981 PS on 
Low-Level Waste Volume Reduction.  They argue that Class B/C waste that would otherwise be 
volume reduced through waste processing would not be volume reduced if blended with Class A 
waste.  Among other things, they argue that the remaining disposal capacity in the U.S. would 
be adversely impacted.  Disposal capacity is discussed in the previous section. 
 
For this paper, the staff examined whether and how much waste volumes might be affected 
through increased blending of LLRW.  Blending, as defined in Section 2.1, is the mixing of 
waste streams with higher and lower radionuclide concentrations.  Thus, certain wastes such as  
ion exchange resins from nuclear power plants that would otherwise be Class B or C waste may 
be blended to Class A waste.  Such blending would not result in any increase in waste volumes, 
since the volume of the mixture would be the sum of the volume of the parts that were mixed.  
However, blending waste that has Class B or C radionuclide concentrations with lower activity 
waste to create Class A waste could be performed instead of using some available volume 
reduction techniques that may otherwise have been applied to the higher activity waste.  Class 
B and C waste may undergo volume reduction as part of the required stabilization process for 
these two waste classes, if a generator chooses to use an available processing option.  Class A 
waste, because of its lower hazard, is not required to be stabilized.  One commenter noted that 
if resins with Class B or C concentrations from U.S. nuclear plants were not mixed and were 
instead stabilized and volume reduced, a fivefold volume reduction could result (Studsvik, 
2009).  Using annual resin volumes reported by EPRI (Tran, 2008),15 the volume increase 
caused by not stabilizing resins with Class B and C concentrations would be 9600 ft3

/year (274 
m3

/yr), or approximately 0.36 percent of the total LLRW volume disposed of each year.  If all 

B/C resins were to be volume reduced (contrary to current practice, by which only some of the 
resins are volume reduced), the 12,000 ft3 of B/C resins would be reduced to approximately 
2400 ft3. 
 
Notwithstanding NRC‘s volume reduction policy, volume reduction is widely practiced today, in 
large part because disposal costs have risen significantly in the last 30 years and it is 
economical to reduce disposal volumes.  Pressurized water nuclear power plants, for example, 
have reduced the annual volume of LLRW disposed each year by a factor of 25 from 1980 to 
2000.16  In addition, the Volume Reduction PS is appropriately guidance, not a requirement.  
Licensees consider other factors, such as cost and worker exposures, in determining the 
optimum approach for waste management.   
 
Given the reasons stated above, the staff believes that the PS could be updated to 
acknowledge that other factors in determining how waste is to be managed are appropriately 
considered by licensees, and to put volume reduction in context.  These other factors would 
include cost, worker exposures, and reducing the amount of waste that would need to be stored.  
A revision would also acknowledge that NRC‘s regulatory program is risk-informed and 
performance-based and that NRC would consider volume reduction in that context.   
 
3.1.6  Unintended Consequences 
 

                                                
15

 EPRI states that 12,000 ft
3
 (340 m

3
) of Class B and C resins are generated each year (Tran, 2008).   

16
 Source:  INPO-01-003 and 96-02, ―WANO Performance Indicators for U. S. Nuclear Utility Industry‖.  

Rad. Waste Mgmt. Technology Attachment 5-11 Chapter 5: Solid Radioactive Wastes



 
 

 
 

16 

In the public comment process, one stakeholder, representing a number of different materials 
licensees, cautioned NRC that unintended consequences may result if a new position is taken 
that further restricts blending of waste.  The stakeholder noted that there are materials facilities 
that are blending now and that could be adversely affected by a new position.  Similarly, the 
stakeholder noted that when new facilities for molybdenum-99 are developed in the U.S., they 
will produce Class B/C resins that could potentially be blended.  Another commenter noted that 
waste processor operations and numerous other licensed operations could be significantly 
impacted by a rigid rule that prohibits blending.   
 
3.1.7 Greater-Than-Class C (GTCC) Waste 
 
Several stakeholders were concerned that a new blending position would enable GTCC LLRW 
to be blended to a lower waste class.  A specific concern is that disposal of GTCC waste is a 
federal responsibility, while disposal of Class A, B, and C LLRW is the responsibility of the 
States.   
 
DOE is the Federal agency that is developing disposal capacity for GTCC waste.  On July 23 
and 31, 2007, DOE published a Notice of Intent to prepare an EIS for the disposal of GTCC 
LLRW (DOE, 2007a, b).  In it, DOE provides an estimated inventory of GTCC for disposal 
through the year 2035, divided into three categories:  activated metals, sealed sources, and 
other types of GTCC, such as equipment, debris, trash, and decontamination and 
decommissioning waste.  The majority of GTCC wastes falls in the first two categories, activated 
metals and sealed sources.  Waste capable of being blended would only be included in the 
―other‖ category, and would be a subset of all of the wastes in that category.  The estimated 
total amount of waste in this category is 0.007 percent of the total curies of GTCC waste, and 
2.9 percent of the volume.  The total volume of this waste (i.e., not activated metals or sealed 
sources) through 2035 is about 10 percent of the annual Class B/C LLRW volume.  One of the 
options provided in this paper would not allow for reducing the waste class of GTCC waste, or 
any other class of waste.  In the other options, no distinction is made between GTCC and other 
types of waste, in part because the amount of GTCC waste that can be blended is small in 
comparison to both the total amount of all classes of LLRW and to other types of GTCC.   
 
3.2 Technical (Safety, Security, and Environmental) Issues 
 
Technical issues are those that have a potential effect on the protection of public health and 
safety, security, and/or environmental protection, and that are associated with the existing CA 
BTP positions or potential revisions to those positions.  National Environmental Policy Act 
(NEPA) reviews are addressed in the Regulatory Issues section (3.3).  Blended waste would be 
subject to existing security requirements and no unique issues have been identified.  Although 
LLRW can be safely and securely stored, blending waste for disposal would reduce the amount 
of LLRW in storage and thereby eliminate any safety or security risk from storage of this waste.   
 
3.2.1 Protection of an Offsite Member of the Public  
 
Large-scale waste blending is expected to increase the amount of radioactivity disposed of at 
Class A disposal facilities, but not the total volume or activity of LLRW, by increasing the volume 
and radioactivity of waste disposed as Class A waste.  Given this expected increase, the 
licensee and applicable regulator must address whether the performance objectives of 10 CFR 
Part 61 would continue to be met.  The first performance objective of 10 CFR Part 61, protection 
of the general population from releases of radioactivity, has historically been and would continue 
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to be demonstrated with a site-specific performance assessment.  Thus any impacts of the 
expected increase in the amount of radioactivity disposed of at a Class A facility to an off-site 
member of the public would be addressed in a site-specific analysis. 
 
3.2.2 Intruder Protection 
 
The second performance objective in 10 CFR 61 is protection of individuals from inadvertent 
intrusion.  Unlike the performance objective for protection of the general population from 
releases of radioactivity, discussed in the previous section, protection of an inadvertent intruder 
is not necessarily typically demonstrated with a site-specific analysis.  Instead, the safety of an 
inadvertent intruder is typically ensured by the waste classification system and the disposal 
requirements imposed for each class of waste.  Some waste streams different from those 
analyzed in the technical basis for 10 CFR Part 61 would need to be considered in the technical 
analyses required under § 61.13, including a site-specific evaluation for intruder protection. 
 
The connection between the waste classification system and protection of an inadvertent 
intruder originated in the development of the waste classification tables in 10 CFR 61.55(a).  In 
the DEIS for Part 61, when it was initially developed, analyses were done for several ―generic‖ 
waste sites with different characteristics to evaluate the impacts of waste disposal on an off-site 
member of the public and an inadvertent intruder.  The case that most limited the radionuclide 
concentrations in waste, rather than the total amount of radioactivity that could be disposed, 
was protection of an inadvertent intruder.  Thus the concentration-based waste classification 
tables in 10 CFR 61.55 were ultimately designed to protect an inadvertent intruder.   
 
Consistent with the development of the waste classification system, the technical analysis 
requirements in 10 CFR 61.13(b) specify that analyses of the protection of individuals from 
inadvertent intrusion must include a demonstration that there is reasonable assurance the waste 
classification and segregation requirements will be met and that adequate barriers to 
inadvertent intrusion will be provided.  Unlike the requirements of 10 CFR 61.13(a) and § 61.41, 
which address protection of the general population from releases of radioactivity, no specific 
dose limit is set in the performance objective or technical requirements for protection of an 
inadvertent intruder.  Whereas the safety of the off-site member of the public is addressed in a 
site-specific performance assessment demonstrating specific dose limits will be met, the safety 
of the inadvertent intruder is typically expected to be ensured by the waste classification system 
and the disposal requirements imposed for each class of waste.  Thus, any inconsistency 
between waste disposal practices and the assumptions underlying the development of the 
waste classification tables in 10 CFR 61.55(a) are of greater concern regarding protection of an 
inadvertent intruder than they are with respect to protection of the general population from 
releases of radioactivity.  Protection of the general population is ensured through a site-specific 
assessment and does not rely directly on the waste classification system. 
 
Blended waste was not considered during the original development of the NRC waste 
classification system.  Furthermore, there are some important differences between blended 
wastes and the waste streams addressed in the Part 61 DEIS analyses.  One major 
consideration is that, in the original analysis supporting the waste classification system, NRC 
assumed that not all of the waste encountered by an inadvertent intruder would be present at 
the classification limits.  That is, the staff assumed that any waste at the concentration limits 
would be mixed with a significant amount of waste with radionuclide concentrations far below 
the class limits.  Thus, a waste stream that is blended so that a significant fraction of the waste 
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that an inadvertent intruder could encounter is near or at the Class A limit is different from what 
NRC considered in the original analysis.  
 
One commenter raised the concern that because a waste stream consisting primarily of waste 
at or just below the Class A limit was not evaluated in the Part 61 DEIS analysis supporting the 
waste classification system, it would be inappropriate to assume that the current waste 
classification system is protective of an intruder encountering a significant volume of waste  
blended to the Class A limit.  The commenter submitted an analysis estimating the dose to an 
inadvertent intruder who encountered waste blended to the Class A limit, unmixed with lower 
concentration waste.  The commenter assumed the intruder encountered the waste in an 
―intruder-agriculture‖ scenario as described in NRC staff‘s ―Update of Part 61 Impacts Analysis 
Methodology,‖ NUREG/CR-4370 (NRC, 1986).  Specifically, the commenter assumed that 100 
years after site closure, institutional controls have ceased to be effective and a residence is 
constructed on the waste site.  To construct the house, 600 m3 (21,200 ft3) of material, including 
200 m3 (7060 ft3) of waste and 400 m3 (14,100 ft3) of a clean cover, is assumed to be excavated 
and spread within 25 m (82 ft) of the house.  The analysis assumes that all 200 m3 (7060 ft3) of 
waste exhumed is at the Class A limit (on a sum-of-fractions basis) and is dominated by 
Cesium-137 (Cs-137). Actual blending proposals may involve quantities of waste at the Class A 
limit less than the 200 m3 (7060 ft3) used in this conservative analysis.  The analysis also 
implicitly assumes that at 100 years after waste site closure, the blended waste is 
unrecognizable and presumed to be soil.  The commenter‘s analysis indicates that, based on 
these assumptions, which are not consistent with the more protective disposal methods used to 
dispose of waste near the Class A limits at the operating LLRW sites, an intruder living in the 
house and consuming food from an on-site garden would receive a dose significantly greater 
than 5 mSv/yr (500 mrem/yr).   
 
Independent analyses performed by NRC staff, also based on the ―intruder-agriculture‖ scenario 
described above and in NUREG/CR-4370, indicate that, in the unlikely case that a house is 
constructed on a disposal site such that all of the waste exhumed (200 m3 [7060 ft3]) is at the 
Class A limit, an intruder living in the house around which the waste is spread could receive an 
elevated dose.  In this hypothetical case, which is not representative of the manner in which 
waste at the upper limit of Class A concentrations is actually disposed at the operating LLRW 
sites, the disposal would not meet the 10 CFR § 61.42 performance objective for protection of 
individuals from inadvertent intrusion.  However, because the requirement to conduct a site-
specific inadvertent intruder analysis is not specifically identified in 10 CFR Part 61 and may not 
be well understood, there is a concern that applicants or licensees could misinterpret the 
regulations to only require compliance with the concentration limits in the waste classification 
tables for ensuring protection of the intruder, as required by 10 CFR § 61.42.  As a result, there 
is a concern that disposal of a significant amount of waste at the Class A disposal limit under 
the minimal disposal requirements for Class A waste imposed by 10 CFR 61 could cause an 
unacceptable dose to an inadvertent intruder.   
 
Currently, LLRW disposal facility licensees meet additional requirements, beyond the minimum 
disposal requirements of 10 CFR 61, (e.g., requirements addressing waste stabilization, 
disposal depth, or engineered barriers) that ensure that an inadvertent intruder is protected from 
waste at or just below the Class A limits.  For example, an operating facility in Utah plans to 
dispose of waste near the Class A limit at more than 5 m (16 ft) depth, which would significantly 
limit the amount of waste an intruder would be expected to encounter, because 5 m (16 ft) is 
deeper than typical residential construction depths.  This facility also plans to dispose of waste 
near the Class A limit in containers, rather than as bulk waste, which would help to maintain a  
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recognizable waste form, thereby limiting the expected intruder exposure.  A new facility in 
Texas disposes of all commercial LLRW, including Class A waste, as containerized, rather than 
bulk waste.  The facility is required by Texas regulation (30 TAC §336.730(b)(3)) to dispose of 
all containerized waste more than 5 m (16 ft) below the top surface of the cover or with intruder 
barriers that are designed to protect against an inadvertent intrusion for at least 500 years.  As 
previously discussed, disposal at greater than 5 m (16 ft) is expected to significantly reduce  
exposure of an inadvertent intruder.  Similarly, an intruder barrier lasting 500 years would 
protect an intruder by allowing radioactive decay of short-lived radionuclides, which are 
expected to dominate the ion-exchange resins that represent the majority of Class B/C waste 
amenable to blending.  The staff's preliminary independent analysis indicates that current 
practice at these, and possibly other, disposal facilities may safely accommodate an increase in 
the amount of disposed waste at or just below the Class A limits.  Site-specific intruder analyses 
could be used to confirm protection of individuals from inadvertent intrusion at these sites.   
 
Blended wastes are not unique in their potential to have radionuclide concentrations at or just 
below the Class A disposal limits.  For example, it is possible that resins in an operating nuclear 
power plant could be removed when they get close to the Class A limits for waste disposal 
rather than remaining in service longer and reaching Class B or C concentrations.  Such resins 
could be similar to blended wastes in that both would be different from the DEIS assumptions 
for waste streams, and both could be near the Class A limits.  However, the specific concern 
with proposals for large-scale blending is that significant fractions of waste in one area in a 
disposal facility, corresponding to a large shipment of blended waste, could have radionuclides 
at or just below the Class A disposal limits.  This configuration would pose a greater risk to an 
inadvertent intruder than smaller batches of waste with the same radionuclide concentrations 
because the intruder would be more likely to exhume a significant volume of waste near the 
Class A limit unmixed with lower concentration waste.  While other waste streams, such as ion 
exchange resins kept in service until they reach concentrations near the Class A limit, could 
have similar radionuclide concentrations, they are less likely to pose the same risk to an 
inadvertent intruder because they are expected to be disposed in smaller quantities in physical 
proximity to other, lower-concentration wastes, and to be mixed with those wastes if exhumed 
by an intruder. 
 
In addition to the potential for blended wastes, there have been other changes in waste streams 
and disposal practices in the last 30 years as well.  For example, as previously discussed, 
LLRW disposal facility licensees currently meet disposal requirements that are more stringent 
than the minimal disposal requirements assumed in the Part 61 DEIS or NRC staff‘s ―Update of 
Part 61 Impacts Analysis Methodology‖ (NUREG/CRR-4370).  In addition, the original analysis 
in the DEIS that supported the development of the waste classification tables in 10 CFR 
61.55(a) used ICRP 2 dose methodology, while a new analysis would use a more modern dose 
methodology.  A requirement for a site-specific intruder analysis would ensure that the 
inadvertent intruder continues to be protected, independent of inconsistencies with the 
assumptions underlying the waste classification tables in 10 CFR § 61.55(a). 
 
3.2.3 Waste Characterization and Homogeneity 
 
Blended waste would need to be sufficiently uniform in concentration after blending so that any 
―hot spots‖ or inhomogeneities would not affect protection of an inadvertent intruder.  Some 
averaging of radionuclide concentrations is permitted in accordance with 10 CFR 61.55(a)(8), 
which states that the concentration of radionuclides may be averaged over the volume or weight 
of the waste.  The CA BTP, which was developed to provide guidance on the implementation of 
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10 CFR 61.55(a)(8), states that the classification of a mixture should be based on either (a) the 
highest nuclide concentrations in any of the individual waste types contributing to the mixture, or 
(b) the volumetric or weight-averaged nuclide concentrations of the mixture, provided that the 
concentrations of the individual waste type contributors to the mixture are within a factor of 10 of 
the average concentration of the resulting mixture.  While the ―highest nuclide concentrations‖ 
provision is clearly conservative and relatively easy to apply (and thus requires no further 
explanation or rationalization), it is not often used.   
 
The rationale for the ―factor of 10‖ provision, which is often used by industry, is not given in the 
CA BTP.  However, it appears to accomplish two goals.  First, because the difference in 
allowable concentrations of long-lived radionuclides (as given in Table I of 10 CFR 61.55(a)) for 
Class A and Class C waste is also a factor of 10, the guidance in the CA BTP on mixing of 
homogeneous wastes, in effect, places a limit on the extent to which Class C waste can be 
blended with Class A material.  While this accomplishes the goal of placing limits on mixing, it 
has no direct relationship to protection of public health and safety.  Second, the factor of 10 in 
effect provides limits on the heterogeneity of the final waste form.  The CA BTP does not 
specifically identify criteria for the homogeneity of the final form, except to define a 
―homogeneous waste type‖ as one in which the radionuclide concentrations are likely to 
approach uniformity in the context of intruder scenarios used to establish the concentrations for 
the waste classification system.  The factor of 10 criterion provides assurance that the 
concentration variation in the final waste form will be within certain limits.  In this respect, it is 
notable that the staff‘s Technical Position on Radioactive Waste Classification (NRC, 1983) 
states that a factor of 10 is ―…a reasonable target for determining measured or inferred 
[radionuclide] concentrations…‖ in the waste, given physical limitations in the waste and 
resultant ―. . . difficulties in obtaining and measuring representative samples at reasonable costs 
and acceptable occupational exposures.‖   
 
By limiting heterogeneity, the ―factor of 10‖ criterion helps to provide for protection of an 
inadvertent intruder into a disposal site for materials that cannot be blended or mixed into a final 
homogenous mass.  Solid materials of varying concentrations are frequently ―mixed‖ or 
packaged in a container for disposal.  For wastes that can be mixed or blended into a relatively 
homogeneous mixture, the ―factor of 10 rule‖ could be replaced with a performance-based 
criterion for final homogeneity of the waste form.  In fact, a ―factor of 10 rule‖ might be 
appropriate, as a performance-based approach, if applied to the final mixture rather than being 
applied to component wastes before they are mixed.  Such an approach would enable mixtures 
with radionuclide concentrations that vary by more than a factor of 10 to be mixed, would be 
consistent with performance-based regulation, and would still provide for protection of an 
inadvertent intruder into a disposal facility. 
 
Several stakeholders commented on this issue during the public meetings.  The concerns are 
that it would be difficult to mix the waste so that it would be homogeneous enough that all of the 
waste was actually below the Class A limits, and it would take far more radiological  
characterization than is currently typically performed to show that the waste really meets all the 
applicable radionuclide limits.  This raises a potential concern for an inadvertent intruder, who 
may hit ―hotspots‖ of waste that is insufficiently blended and disposed of as Class A waste 
without the additional protections required of Class B and C waste.  Some commenters 
expressed concern that, because of the need for more thorough waste characterization, there 
may be an increase in cumulative worker dose.  An opposing argument was posited suggesting 
that there would be no significant increase in worker dose because a blending facility would be 
specially designed for blending and characterization activities and would be able to achieve 
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worker doses lower than doses to workers characterizing waste in plants, where the same 
protections may not be in place.  In either case, the 10 CFR Part 20 provisions for worker 
protection and keeping radiation exposures as low as is reasonably achievable would apply and 
would ensure safety.   
 
With respect to ensuring appropriate homogeneity, as discussed in Section 2.2.2, it may be 
appropriate to ensure that requirements for homogeneity are consistent with allowances for  
 
mathematical averaging, as permitted by 10 CFR 61.55(a)(8).  For example, it may not be risk-
informed to require that blended wastes have variations of no more than 2 or 3 in final 
radionuclide concentrations if mathematically averaged wastes could have radionuclide 
concentrations varying by a factor of 10.  To impose homogeneity requirements stricter than 
variations allowed by mathematical averaging would be essentially equivalent to prohibiting 
mathematical averaging from being applied to the final blended wastes.  As discussed in 
Section 2.2.2, it may be appropriate to prohibit mathematical averaging from being applied to 
blended waste based on the need to keep doses as low as reasonably achievable, because it is 
expected that blended wastes could be blended to a greater homogeneity whereas discrete 
wastes to which mathematical averaging typically is applied cannot.   
 
In either case, risk-informed requirements for homogeneity would require that wastes be 
reasonably homogeneous in the context of an intruder scenario, in which a certain amount of 
mixing is assumed to occur.  For example, if the minimum amount of mixing that could 
reasonably be assumed to occur during intrusion would occur if an intruder contacts waste by 
drilling a well and spreading drill cuttings on the land, there is no need to impose requirements 
that waste be homogenous on a smaller scale than the drill cutting volume, because an intruder 
will not encounter a ―hotspot‖ smaller than the drill cutting volume.         
 
Irrespective of whether NRC allows mathematical averaging to be applied to physically blended 
waste, the effect of mathematical averaging on waste classification will naturally be limited in a 
waste stream in which the radionuclide concentrations in the bulk of the waste are near the 
limits for a waste class.  For example, in a waste stream predominantly near the Class A limits, 
very few sub-sections of waste could be present measurably above the Class A limits before the 
average radionuclide concentrations would be greater than the Class A limits on a sum-of-
fractions basis.  Compared to a lower-concentration waste stream in which more variation could 
be tolerated before the average concentration exceeded the limits, more thorough 
characterization of blended waste may be necessary to have reasonable assurance that smaller 
sub-sections of the waste did not elevate the average concentration above the Class A limits.  
Thus, it appears that it would be more challenging for licensees to determine that wastes close 
to the concentration limits for Class A waste are compliant with those limits than it is to show 
that typical Class A waste, which is further below the Class A limits, meets the requirements.  
Additional guidance may be appropriate.   

 
3.2.4 Stability 
 
For a 10 CFR Part 61 disposal facility, ―stability,‖ or the ability of the site and the waste to retain 
its physical form and to not erode, is one of the four performance objectives (10 CFR 61.44).  A 
stable waste form provides additional protection to an intruder, because stabilized, non-
dispersible waste forms are more likely to be recognized by an inadvertent intruder, thus limiting 
intruder contact with the waste and thereby limiting radiation exposures.  In addition, a stable 
waste form may also contribute to the overall stability of the waste disposal site.  A problem 
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encountered in early radioactive waste disposal facilities was slumping, or the ―bathtub effect‖ 
whereby buried unstable wastes collapsed, causing voids and hollows in the disposal facility 
cover that collected rainwater and increased infiltration of water into the disposal trenches.  
10 CFR Part 61 addresses this potential problem by requiring that Class B and C waste be 
stabilized.  Class A is not required to be stabilized (nor is it prohibited from being stabilized) 
because of its lower concentration.  Stabilization can be beneficial in limiting contact of the 
waste with water that might be present and that could increase the dissolution of radionuclides.    
 
Blending could reduce the amount of stabilized waste disposed at a LLRW facility that accepts 
A, B, and C waste because some waste that would otherwise be stabilized Class B or C waste 
could be disposed of as unstabilized Class A waste.  A disposal facility licensee would need to 
verify that the performance of the facility receiving less stabilized waste continued to meet the 
10 CFR Part 61 performance objectives, particularly the 10 CFR 61.41 objective that limits 
offsite releases of radioactivity, since stability may contribute to immobilization of the waste.  
Such verification is routinely performed to ensure that a disposal facility can safely isolate the 
actual types and amounts of waste received.  In addition, Agreement State regulatory agencies 
typically require existing disposal sites to provide engineered barriers, even for Class A waste, 
that will help provide stability not required by 10 CFR Part 61 for Class A waste. 
 
3.3 Regulatory Issues 
 
3.3.1 Method of Issuing NRC Position on Blending 
 
If NRC were to revise its position on blending, the new position could be promulgated in a 
rulemaking, guidance, or a combination of the two.  Revisions to the guidance can be 
accomplished more quickly and with fewer resources than a rulemaking.  A rule, however, is 
enforceable and could, with the appropriate compatibility designation for Agreement States 
(such as Category B), provide for a uniform approach to blending in the U.S.  Most U.S. 
licensees, including waste processors that are likely to perform blending, as well as disposal 
facility operators, are located in Agreement States.  A compatibility category of B means that the 
States will have to adopt essentially the same provisions as NRC because of significant direct 
trans-boundary implications.  Currently, the existing provisions in 10 CFR Part 61 relating to 
waste classification, including concentration averaging, are compatibility category B.  Such a 
designation would help to ensure consistency between processors and disposal facilities.  A 
final determination on compatibility for any new requirements would be made as part of the 
rulemaking process.   
 
One State already has a regulation that is different from existing NRC guidance on blending and 
concentration averaging.  The staff understands that this State provision is based on a 
hazardous waste provision in the State‘s regulations.  The regulation states the following: 
 

―No person shall reduce the concentration of radioactive constituents by dilution to meet 
exemption levels  . . . or change the waste's classification or disposal requirements.  
Radioactive material that has been diluted as a result of stabilization, mixing, or 
treatment, including, but not limited to, Resource Conservation and Recovery Act 
(RCRA) Land Disposal Restrictions (LDR) treatment, or for any other reason, shall be 
subject to the disposal regulations it would have been subject to prior to dilution.‖ 
[emphasis added].  
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The blending provisions contained in a rulemaking would vary depending upon the option 
chosen by the Commission (see Section 8.0 for a discussion of the options).  With respect to 
guidance, three different types were discussed in meetings with stakeholders, and have been 
considered by the staff.  Several stakeholders recommended that NRC issue a Regulatory Issue 
Summary (RIS) that describes and references NRC blending positions.  The RIS would include 
references to the CA BTP and to the three letters sent by NRC staff to industry stakeholders in 
late 2009 to clarify positions in the CA BTP.  A RIS may be used, among other things, to 
announce staff technical or policy positions not previously communicated to industry or not 
broadly understood.  A RIS does not have to be noticed for public comment.  
 
The Commission‘s 1981 Volume Reduction PS could also be revised to address issues that 
have arisen in public meetings on blending.  Section 2.2.4 of this paper describes the origin of 
this PS.  Since the PS was issued, nuclear power plant licensees have significantly reduced the 
amount of LLRW generated and disposed of.  From 1980 to 2000, pressurized water reactor 
licensees in the U.S. reduced the volume of LLRW by a factor of 25.17  In addition to the PS‘s 
endorsement of volume reduction, the cost of disposal has been an incentive to reduce 
volumes.  Given the success in volume reduction by industry, the staff believes that the PS 
could be updated to recognize the progress that has been achieved, and to acknowledge that 
other factors may be used by licensees in determining how best to manage their LLRW.  
Although volume reduction has never been the sole consideration of licensees in managing 
waste, comments by stakeholders on the blending issue did not always recognize that other 
factors affect licensee‘s decisionmaking.  This point could be documented in a revision to the 
PS.  Specifically, the PS could be revised to acknowledge that volume reduction continues to be 
important, but that risk-informed, performance-based approaches to managing waste are also 
appropriate in managing LLRW safely and that volume reduction should be evaluated in this 
light.  The PS could also acknowledge that licensees may consider cost and operational 
efficiency in their decisionmaking on waste management.  Dated material would also be 
removed, such as references to an increase in the applications to implement waste processing 
systems.   
 
A third guidance document that addresses blending is the CA BTP.  Section 2.2.2 describes the 
scope of the document, and its guidance on LLRW blending.  Although this guidance has been 
used successfully by licensees for many years, the staff plans to update it to, at a minimum, 
clarify terms, and better describe the bases for its positions.  In addition, the staff may have to 
make other changes to the CA BTP to conform to whatever option the Commission chooses for 
a blending position.  For example, a risk-informed, performance-based blending policy would 
eliminate the constraints on blending in the CA BTP, such as the ―factor of 10 rule.‖ 
 
3.3.2 National Environmental Policy Act  
 
In public meetings and formal written comments, several stakeholders recommended that NRC 
undertake a NEPA analysis to evaluate the impacts of large-scale blending at a LLRW 
processing facility.  Specifically, one commenter argued that the radiation exposure impacts of 
large-scale blending in comparison with other alternatives needed to be evaluated, and the 
approach with the lowest dose to the public should be chosen.   
 
In developing the disposal regulations in 10 CFR Part 61, NRC prepared an EIS.  As noted in 
the final EIS (NRC, 1982), NRC had a two-fold purpose in preparing the final EIS.  The first 
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purpose was to fulfill NRC's responsibility under the NEPA Act of 1969 (i.e., to prepare an EIS 
for a major Federal action).  Second, NRC prepared the final EIS to document the decision 
processes applied in the development of Part 61.  NRC analyzed alternative courses of action 
and requirements were selected with consideration of costs, environmental impacts, and health 
and safety effects to current and future generations.  These alternatives were based on LLRW 
practices at the time, some of which have changed since then.  The final EIS noted that it was a 
generic EIS in that it did not analyze all of the issues involved in the disposal of LLRW.  Rather, 
the final EIS provided the decision analysis for requirements in Part 61 that were developed at 
that time.  
 
A NEPA evaluation would be required if NRC were to promulgate a rulemaking on blending.  
Either an EIS or environmental assessment (EA) would be developed, depending upon the 
scope of the rulemaking.  An EIS would be required if there were a major NRC action 
significantly affecting the quality of the human environment.  Issuance of a PS or other guidance 
document would not constitute a major Federal action and no NEPA reviews would be needed.  
In this paper, three of the options are rulemakings and would require a NEPA analysis.   
Changes in practice resulting from specific licensing actions in Agreement States do not require 
that NRC perform a NEPA analysis.   
 
3.3.3 Applicability to Waste Processors 
 

As a result of industry‘s consideration of large-scale, offsite blending, several stakeholders 
raised questions about the applicability of the staff guidance in the CA BTP to waste processors.  
Waste processors are not specifically discussed in the CA BTP, which is addressed to ―all NRC 
licensees.‖  The text of the CA BTP also uses the term ―licensees,‖ which would include waste 
processors.  In its three letters to industry in late 2009 the staff affirmed that that the CA BTP 
applies to waste processors, in addition to licensees that generate waste, such as nuclear 
power plant operators.  The CA BTP also contains positions that are useful to and needed by 
processors in averaging and blending of LLRW. 
 
Large-scale blending of waste that has Class B or C concentrations of radionculides with lower 
activity waste to result in Class A waste at a waste processor could be viewed as tantamount to 
blending for the purpose of lowering the waste classification, if not solely for this reason, then at 
least primarily.  NRC guidance for other programs has discouraged blending for the sole 
purpose of reducing the waste classification.  While the staff has clarified in its recent letters that 
the current guidance for LLRW blending in the CA BTP applies to waste processors, this paper 
contains an option that would prohibit large-scale blending at waste processing facilities if the 
Commission wishes to revise the current blending position.   
 
4.0 Analysis of Issues in Chairman’s Tasking Memo 
 
Chairman Jaczko, in an October 8, 2009, memorandum to the NRC staff, requested a vote 
paper that discusses five different topical areas.  These are identified below, along with the 
sections of this paper that address each.   
 
4.1 Issues related to intentional changes in waste classification due to blending, including 
 safety, security, and policy considerations.   
 
Policy and safety and security issues are addressed in Sections 3.1 and 3.2 respectively. 
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4.2 Protection of the public, the intruder, and the environment. 
 
These issues are addressed in Section 3.2 and in the options presented in Section 8.0. 

 
4.3 Mathematical concentration averaging and homogeneous physical mixing. 
 
This topic is addressed in Section 2.2.2. 
 
4.4 Practical considerations in operating a waste treatment facility, disposal facility, or other 
 facilities, including the appropriate point at which waste should be classified. 
 
This topic is addressed in Section 2.2.1, ―Regulations addressing waste classification, protection 
of an inadvertent intruder, and blending,‖ Section 2.2.2, ―NRC Guidance on blending of LLRW,‖ 
and Section 2.3, ―Practical considerations.‖  The staff believes that waste should continue to be 
classified when it is ready for disposal, consistent with purpose of waste classification, which is 
to help to provide for the safety of an inadvertent intruder at a disposal facility.  The staff has 
also provided an option, however, (Option 3) that requires classification to be based on the 
concentration before any dilution or blending.  

 
4.5 Recommendations for revisions, if necessary, to existing regulations, requirements, 

guidance, or oversight related to blending of LLRW. 
 
These topics are addressed in Section 9, ―Conclusions and Recommendations,‖ and Section 
8.0, ―Options.‖  With respect to oversight, the staff has recommended that until a rulemaking or 
revisions to guidance are completed that the applicable regulators authorize disposal of blended 
waste from large-scale waste processing using case-specific approvals for individual sites.  
NRC staff is publishing interim guidance on how site specific intruder performance assessments 
may be done.  The staff believes that existing licensing and inspection programs of NRC and 
Agreement State regulators will be adequate to oversee any blending operations.  In addition, 
NRC staff will continue to implement the Integrated Materials Performance Evaluation Program 
to review Regional and Agreement State programs.   
 
5.0 Stakeholder Views  
 
The staff solicited stakeholder input in developing this paper.  On November 30, 2009, the staff 
issued a Federal Register notice requesting public comments on LLRW blending.  Fourteen 
organizations and individuals provided comments.  In December 2009, the staff met individually 
with three companies that had written to NRC expressing their views on LLRW blending.  The 
meetings were open to the public, and opportunities for public comment were provided.  On 
January 14, 2010, the staff held an all day public meeting in Rockville, Maryland, to provide the 
public with an opportunity to comment on LLRW blending.  Stakeholders commenting at the 
meeting included representatives from States and compacts, advocacy groups, the waste 
processing industry, waste generators, and DOE.  The staff reviewed and considered all of the 
comments received in developing this paper.  
 
Stakeholders hold a wide variety of views on blending, and there was significant controversy 
about the appropriate policy for blending in the public meetings.  Appendix B lists the 
organizations that commented on the November 30, 2009, Federal Register Notice soliciting 
public comments, the accession number for the letters received in response to the notice, the 
presentations given in the four public meetings, as well as a transcript of the January 14, 2010, 
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public meeting.  Most of the issues addressed in this paper were identified and discussed in the 
public meetings.  They include the potential safety impacts of large-scale blending, the impact of 
blending on LLRW volume reduction, how NRC‘s blending position should be documented (i.e., 
whether in guidance or rulemaking), and the potential unintended consequences of a new NRC 
blending position.  In a related matter, bills were recently introduced into the Senate and House 
of the Tennessee General Assembly that would require waste processors to classify waste after 
processing as the highest classification that any of the radioactive materials would have had if 
such radioactive materials had been classified prior to processing (Tennessee, 2010).   
 
The staff intends to prepare and implement a communication plan after the Commission decides 
on an option to help ensure that NRC‘s position, its bases, and the process for policy 
development are understood. 
 
6.0  Agreement State Views 
  
In preparing this paper, the staff consulted with Agreement States that are significantly involved 
in the regulation of waste processing and disposal facilities.  The staff reviewed the contents of 
the paper with the Agreement States of Washington, South Carolina, Texas, Utah, Tennessee, 
and Pennsylvania.  States were generally satisfied with the issues addressed and the options 
presented for Commission consideration.  One State official was concerned that joining the 
need for a site-specific intruder assessment with the unique waste streams rulemaking would 
delay that effort.  Another noted that assuring homogeneity is more important for large-scale 
blended waste than for smaller amounts from individual generators, because it will be closer to 
the limits for Class A waste.  Some States, but not all, argued for flexibility in implementing any 
new regulations on blending.  Texas in particular has a regulation that addresses waste dilution 
and believes that any NRC regulation on blending should allow their existing regulation to 
remain in place.  A related issue for this State is its concern about ensuring that out-of-State 
generators that might dispose of waste in the State disposal facility comply with their dilution 
regulation.  The staff will have further discussions with Texas on this issue.  
 
Two of the above States also commented formally on blending in response to the staff‘s Federal 
Register Notice of November 30, 2009.  Utah (Finerfrock, 2010), among other comments, is 
opposed to blending if the intent is to alter the waste classification for the purposes of disposal 
site access.  For allowable blending, the State believes that requirements should be contained 
in performance-based regulations addressing sampling and radiological characterization 
standards.  The Pennsylvania Department of Environmental Protection (Janati, 2010) also 
provided comments in a January 28, 2010, submittal.  The Department would not oppose 
intentional blending of LLRW if it results in a change of classification of waste to a lower 
classification and only for access to a LLRW disposal facility and not for release to the 
environment.  The Department also recommended that NRC clearly define blending (and to 
prohibit dilution).  The State also believes that the original generator of blended waste should be 
maintained in records, and that an evaluation of the potential benefits and risks associated with 
blending be conducted.   
 
In the January 14, 2010, public meeting, a representative from the Tennessee Department of 
Environment and Conservation had no technical opinion on blending.  The representative noted 
that if large-scale blending was determined to be commercially viable, their responsibility is to 
license a blending operation if protection of public health and safety and the environment are 
demonstrated. 
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The Utah and Pennsylvania comments can be found in ADAMS under the accession numbers 
identified in Appendix B of the Enclosure.  The Tennessee comments are contained in the 
transcript for the January 14, 2010, meeting, which is also listed in Appendix B.   
 
7.0 International Guidance and Practice 
 
The International Atomic Energy Agency (IAEA) has issued statements in its publications that 
address dilution of waste.  IAEA does not explicitly address the blending of already 
contaminated materials into a homogeneous form for disposal in a licensed facility, the topic of 
this paper.   
 

 An IAEA Safety Series publication (IAEA, 1995) states that “[s]afe radioactive waste 
management includes keeping the releases from the various waste management steps 
to the minimum practicable.  The preferred approach to radioactive waste management 
is concentration and containment of radionuclides rather than dilution and dispersion in 
the environment.‖  This provision recognizes that dilution is appropriate at times (i.e., 
there is no prohibition on it).  It also addresses release to the general environment, 
rather than disposal of blended (or even diluted) materials in a licensed facility, and does 
not address whether both clean and contaminated materials are covered.   

 

 The IAEA Safety Standard addressing exemption and clearance of radioactive materials 
(IAEA, 2004) states: 

 
―Deliberate dilution of material, as opposed to the dilution that takes place in normal 
operations when radioactivity is not a consideration, to meet the values of activity 
concentration given in Section 4 [the release limits], should not be permitted without the 
prior approval of the regulatory body.‖  This provision applies to the release of materials 
to the general environment, not disposal in a licensed facility, and appears to allow the 
mixing of clean material with contaminated materials.  The document does not define the 
term, ―dilution‖ but the context suggests clean materials are not excluded.   

 

 IAEA‘s Safety Guide No. GS-G-3.3, ―The Management System for the Processing, 
Handling, and Storage of Radioactive Waste‖ (IAEA, 2008), states that ―[l]imits may 
need to be established on the distribution of activity within a container to control surface 
dose rates and to prevent criticalities.  Where required, these limits should be derived  
from the safety and EA of the disposal facility.  They should reflect the need to reduce 
the dilution and dispersion elements of radioactive waste management, which is 
justifiable on environmental and economic grounds.  The waste form should not be 
artificially manipulated by dilution, or by insertion of concentrated sources into a non-
radioactive matrix, for the express purpose of compliance with activity limits alone.‖   
The guide appears to use the term ―dilution‖ to refer to mixing of uncontaminated 
materials and ―dispersion‖ to a practice that increases the volume of the contaminated 
materials.  Thus, it is not directly applicable to blending as defined in this paper.  Its 
acknowledgement of safety, environment, and economics as factors in decisionmaking 
is conceptually similar to NRC‘s current guidance that recommends constraints on 
blending, while at the same time stating that ―operational efficiencies‖ may justify it.   

 
A review of statements made by some Member States in their National Reports prepared under 
the terms of the ―Joint Convention on the Safety of Spent Fuel Management and on the Safety 
of Radioactive Waste Management‖ (IAEA, 1997) indicates that a few of the Member States 
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with mature nuclear programs have expressed national policies consistent with the IAEA 
guidance noted above.  For example, the German National Report to the 2nd Review Meeting of 
the Joint Convention (FRG, 2005, p 80) states, ―Deliberate mixing or dilution of the materials in 
order to achieve clearance is not permitted.‖  Likewise, the French National Report (ASN, 2005, 
p 101) states ―Introduction of this restrictive criterion [regarding total quantities and 
concentrations of radionuclides] is meant to avoid the risk of dilution of radioactive material in 
order to fall below the exemption threshold.‖  In both of these cases, the dilution restriction 
focuses on preventing the dilution of waste for the purpose of achieving exemption or clearance 
levels of radionuclides.  The staff was unable to identify any Member States‘ National Report 
that addresses the subject of blending of radioactive waste materials as described in this report 
(i.e., the mixing of wastes with higher and lower radionuclide concentrations).   
 
8.0   Options for Blending Policy 
 
This section discusses options concerning regulatory actions that NRC could undertake 
regarding blending of different types and classes of LLRW.  They range from maintaining the 
status quo, to constraining all blending to eliminate any reductions in waste classification, to a 
risk-informed, performance-based approach.  Each option also includes a discussion of how it 
can be effectively implemented, in the staff‘s view (i.e., whether by rulemaking or guidance).  In 
developing these options, the staff‘s goal was to provide the Commission with a broad range of 
options for a policy on blending, and to identify an appropriate means to implement the policy.   
 
The staff considered whether an option to specifically address blending and the conditions 
under which it may be performed in a rulemaking should be presented, as several stakeholders 
had suggested.  Option 1 is to maintain the status quo of using only guidance for addressing 
blending.  Option 3 (Further Constrain Blending) is a rulemaking that in effect prohibits blending, 
or at least any benefits to a licensee from blending.  Option 4 is a rulemaking that would prohibit 
large-scale offsite blending.  Option 2 (risk-inform, performance-based blending) would be 
implemented through a combination of rulemaking and guidance.  Only one aspect of blending 
would be addressed in the rule itself, the need for a site-specific intruder analysis for blended 
waste.  Other blending issues, such as homogeneity of the blended waste, would be addressed  
in the guidance.  An advantage of Option 2 is that the ―unique waste streams‖ rulemaking is 
already underway and it addresses the need for a site-specific intruder performance 
assessment.  If some additional blending criteria not included in the ongoing unique waste 
streams rulemaking, such as homogeneity, were determined to be best addressed in a 
rulemaking, rather than guidance they could be addressed in the rulemaking to risk-inform the 
waste classification system in 10 CFR 61.55.  That rulemaking was initiated by the Commission 
in the Staff Requirements Memorandum for SECY-08-0147 (NRC, 2008b).   
 
In evaluating the options, the primary criterion used by the staff was whether the option ensures 
safety, security, and protection of the environment.  In addition, the Organizational Excellence 
objectives of openness and effectiveness in the NRC Strategic Plan (NRC, 2008a) were also 
considered.  Openness means that NRC appropriately informs and involves stakeholders in the 
regulatory process.  Effectiveness means that NRC actions are high quality, efficient, timely, 
and realistic, to enable the safe and beneficial use of radioactive materials.  Among the 
strategies for achieving these objectives that are relevant to LLRW blending are the use of risk-
informed, performance-based regulatory approaches, giving consideration to the burden on 
Agreement State programs, and ensuring that NRC guidance is up-to-date. 
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Option 1:   Maintain current NRC positions on blending of homogeneous waste streams 
(status quo). 

 
Under this option, the Commission would not change its existing positions on the use of 
blending as discussed in the CA BTP.  This policy places constraints on blending through the 
use of the ―factor of 10 rule,‖ which limits mixing of homogeneous waste streams to batches of 
waste that are within a factor of 10 of the average concentration after mixing.  But the staff 
position also acknowledges that blending is appropriate without the constraints of the CA BTP if 
it results in operational efficiencies or worker dose reductions.  Figure 8.1 is a logic diagram for 
the current CA BTP provisions relating to the blending of homogeneous waste types that can be 
mixed into a uniform final mixture. 

 
 

Figure 8.1  Logic diagram for current NRC blending position. 
 
NRC staff‘s three letters to industry in late 2009 provide additional clarification on blending, and 
these clarifications are also part of the status quo.  These letters include the following 
clarifications: 
 

 Blending is not prohibited nor explicitly addressed in NRC regulations. 

Is mixture a  
―designed collection  

of  
homogeneous wastes‖? 

YES 

NO 

 Blending is acceptable.  Waste classification  
should be based on concentrations in final 

homogeneous mixture. 

Apply ―factor of 10‖ rule 
(individual waste type 

contributors to a mixture  
must be within a factor of 10 of average  
radionuclide concentrations of resultant  

mixture) or use highest concentration of any 
components of the mixture. 

 
 Is mixing for the  

purpose 
of ―operational efficiency‖ 

or worker dose  
reductions? 

 Identify waste types to be 
mixed. 

NO 
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 While the staff has stated that wastes should not be mixed solely to lower the waste 
classification, NRC guidance acknowledges that blending, including some blending that 
may lower the waste classification, may be appropriate under certain circumstances. 

 Waste classification is related to the safety of the disposed waste, and NRC regulations 
do not require waste to be classified prior to its shipment for disposal.  

 

 NRC‘s blending positions apply to all NRC licensees, including waste processors. 
 
This option would be implemented by clarifying the CA BTP and issuing a RIS that documents 
staff positions in recent letters to industry.  For the CA BTP, the staff would simply clarify terms, 
and better describe the bases for its positions. 
 
Pros: 
 

 Maintains status quo in regulatory framework.  Licensees and Agreement States are 
familiar with the current averaging provisions in the CA BTP and use them extensively.  

 

 Guidance will take significantly fewer resources to develop than a rulemaking. 
 

 Guidance can be developed more quickly than a rulemaking (approximately a year less 
time). 

 

 Guidance provides more flexibility for Agreement States (stakeholders disagree on 
whether this is a pro or con, however). 

 
Cons: 
 

 This option could lead to inconsistent treatment of LLRW that could vary according to 
where the waste is generated, processed and/or disposed.  Waste blended and 
classified in accordance with the requirements of the State in which the generator is 
located may not be accepted for disposal at a site in another State that has adopted 
different waste classification and blending criteria.   

 

 Guidance is not binding and cannot be used to enforce a Commission policy.  
 

 Guidance would not trigger a NEPA review, an action some stakeholders believe is 
necessary. 

 

 The existing positions are not risk-informed and performance-based. 
 

 The rationales for positions are based on a combination of practicality, ALARA, policy, 
and safety.  These sometimes conflicting goals create a position difficult to understand 
that results in diverse outcomes, ranging from no guidance being specified on blending 
criteria in the CA BTP (i.e., case-specific constraints would be needed) to non-
performance based constraints, such as the ―factor of 10 rule.‖   
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 There is a potential safety concern for an inadvertent intruder when disposing of large-
scale blended waste, which should be evaluated on a case-by-case basis.  The need to 
conduct an inadvertent intruder analysis is not specifically identified in Part 61 and may 
not be well understood if the status quo is maintained.   

 

 While some stakeholders believe that the current guidance is clear and appropriate, 
others believe it is not and have misinterpreted the guidance.   

 
This position could enable large-scale blending at a processor, provided a specific proposal was 
found to be acceptable and approved by the appropriate regulators after a review including  
 
consideration of protection of members of the public and an inadvertent intruder at a disposal 
facility.  The staff notes that, under the current NRC regulatory framework, protection of an 
intruder may be assumed to be ensured by the waste classification system and disposal 
requirements imposed on each class of waste, rather than being demonstrated with a site-
specific analysis.  
 
Option 2: Revise blending positions to be risk-informed and performance-based. 
 
Under this option, the agency‘s position on blending of waste streams would be based solely on 
the protection of public health and safety, security, and the protection of the environment, and 
factors such as the ―factor of 10 rule‖ would not be a consideration for blending.  The principal 
performance measure would be whether a final blended waste form could be safely disposed of.  
The following changes and clarifications would be made to the existing blending positions. 
 

 Clarify that a site-specific intruder analysis would need to be performed to determine 
whether an intruder could be protected, or the conditions necessary for such protection.  
The intruder protection performance objective is in 10 CFR 61.42. 
 

 Clarify that blended wastes need to be evaluated in site-specific performance 
assessments for ensuring protection of an offsite member of the public (10 CFR 61.41). 
 

 Develop criteria defining acceptable homogeneity and sampling considerations. 
 

 Clarify that the position applies to all licensees, including waste processors. 
 

 Clarify that homogeneous wastes may be mixed with one another when the resulting 
mixture is homogeneous in the context of a site-specific intruder scenario.  

 

 Eliminate the ―factor of 10 rule‖ for mixing of wastes that can be blended into a 
homogeneous mixture, since the concentration of final mixture will be relatively uniform.  
The factor of 10 rule could be retained for wastes that could not be blended into a 
uniform mixture.   

 
Figure 8.2 is a logic diagram for this risk-informed, performance-based approach. 
 
This option would be consistent with the Commission‘s policy on risk-informed, performance-
based regulation.  In 1997, the Commission addressed risk-informed performance based 
regulation as one of the 20 direction setting issues in its overall Strategic Assessment of the 
agency‘s programs at that time, deciding that NRC ―. . . will have a regulatory focus on those 
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licensee activities that pose the greatest risk to the public.‖  In the last decade, risk-informed 
performance-based regulation has been a continuing agency policy and is one of the safety 
strategies in the NRC Strategic Plan (NRC, 2008a) that guides work in all NRC programs.   
 

 
Figure 8.2  Logic diagram for risk-informed, performance-based approach to blending.  
 

Can the waste types  
be blended 

into a homogeneous  
mixture? 

YES 

NO 

Waste can be blended.  Waste classification  
may be based on radionuclide concentrations in final 

homogeneous mixture. 

Classify per guidance for 
discrete waste types in 

CA  BTP. 

 Can homogeneity 
requirements be met? 

 Identify waste types to be 
blended. 

NO 

 Can disposal facility  
intruder performance 

objective be met? 

YES 

NO 

Classify at higher waste class. 
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This option would be implemented through a combination of rulemaking and guidance.  The 
requirement for site-specific intruder analysis, which is a risk-informed, performance-based 
approach to addressing blending, is being clarified in the rulemaking for large quantities of  
 
depleted uranium, as directed by the Commission in the March 18, 2009, staff requirements  
memorandum for SECY-08-0147 (NRC, 2008b).  The rulemaking would explicitly require a site-
specific analysis for an inadvertent intruder.  Disposal of large amounts of blended waste would 
have to be evaluated for intruder protection on a site-specific basis.  As part of the NEPA 
analysis for this rulemaking, disposal of blended ion exchange resins from a central processing 
facility would be compared to direct disposal of the resins, onsite storage of certain wastes 
when disposal is not possible, and further volume reduction of the class B/C concentration 
resins.  The regulatory basis document for this rulemaking is scheduled to be completed in 
September 2010 and the staff would begin work on the proposed rule at that time.  The staff 
does not believe that the addition of blended waste to the technical basis will require significant 
resources or time to complete.  Nevertheless, if the Commission decision on this paper occurs 
late in FY 2010 or in FY 2011, the regulatory basis document or proposed rulemaking schedules 
may have to be revised somewhat to accommodate the addition of blended waste to the 
rulemaking.  The staff will take steps to mitigate any impacts in the meantime.  There would be 
no impact on the schedule for the unique waste streams rulemaking if the Commission chooses 
any of the other options.   

 
Two documents would be updated as part of this option — the Volume Reduction PS and the 
CA BTP.  As noted in Section 3.3.1, since the PS was issued, there have been significant 
reductions in waste volume.  Given this success, the staff believes that the PS could be updated 
to recognize the progress that has been achieved, and to acknowledge that other factors may 
be used by licensees in determining how best to manage their LLRW.  Specifically, the PS could 
be revised to acknowledge that volume reduction continues to be important, but that risk-
informed, performance-based approaches to managing waste are also appropriate in managing 
LLRW safely and that volume reduction should be evaluated in this light.  The second guidance 
document that addresses blending is the CA BTP.  It would be revised to incorporate risk-
informed, performance-based approaches.  For example, a risk-informed, performance-based 
blending policy would eliminate certain constraints in the guidance, such as the ―factor of 10 
rule.‖ 
 
The staff would also issue interim guidance to Agreement States on how to evaluate disposal of 
large-scale blended waste until the rulemaking is completed.  Blended waste would need to be 
evaluated on a case-by-case basis for the specific sites.  Factors such as intruder protection, 
the need for mitigative measures, and homogeneity would need to be evaluated by the 
appropriate regulator.  This interim guidance could be used until the Commission made a final 
decision on the depleted uranium rulemaking, including consideration of the NEPA analysis of 
alternatives to large-scale blended wastes.  The staff's preliminary independent analysis 
indicates that current practice at LLRW disposal facilities may safely accommodate an increase 
in the amount of disposed waste at or just below the Class A limits.    
 
Pros: 
 

 Risk-informed, performance-based criteria would be consistent with NRC‘s overall policy 
of risk-informed regulation. 
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 Disposal of some wastes that would otherwise be Class B or C would be possible, 
reducing the need for indefinite storage of these wastes. 

 
 
 

 Bases for positions would be clearer.  Currently, the bases are a combination of safety 
considerations, practicality, and constraining the use of mixing or blending. 

 

 By piggybacking onto a rulemaking already underway, fewer resources would be needed 
than for options 3 and 4.   

 

 A rule requiring a site-specific performance assessment for an inadvertent intruder would 
be enforceable.  

 
Cons: 

 

 Existing licensee and Agreement State legislation and regulations may have to be 
changed, 

 

 Some stakeholders may perceive this position as a reduction in protection of public 
health and safety. 

 
Option 3: Revise agency blending policy to further constrain blending.   
 
Under this option, the Commission would develop a policy and promulgate a rule that would 
require that the as-generated concentrations of waste or material determine waste classification, 
similar to the State rule discussed in Section 3.3.1.  To ensure national uniformity, the staff 
believes that a ―B‖ compatibility category (i.e., Agreement State regulations would have to be 
essentially identical to NRC regulations) would be beneficial.  The final compatibility category 
would be determined during the rulemaking process.  The rulemaking would specify that 
radioactive material that has been blended as a result of stabilization, mixing, or treatment, or 
for any other reason, would be subject to the disposal regulations it would have been subject to 
prior to blending.  This rule, either implicitly or explicitly, would require classification at points 
prior to waste being ready for disposal.  A RIS would be published soon after the Commission 
decision to inform licensees that a revised blending policy was under development.  The 
existing guidance on blending in the CA BTP would be removed, as would other guidance on 
averaging (such as guidance on encapsulation of sealed sources).   
 
Pros: 
 

 Would eliminate some stakeholder concerns over blending to reduce waste 
classification. 

 

 Would eliminate any ambiguity about blending for purposes of lowering the waste 
classification — waste could not be made a lower classification through blending.   

 

 Would require more measures to isolate and contain waste than current requirements (a 
corresponding ―con‖ is that measures unnecessary for adequate protection of public 
health and the environment would be required). 
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Cons: 
 

 Would incur more radiation exposures to workers, because of the need to sample and 
characterize waste more frequently. 

 

 Licensees and Agreement States that currently follow the CA BTP may have to modify 
their programs if a compatibility category B rulemaking were promulgated.  If the 
guidance were revised, it is expected that at least some Agreement States would follow 
the new guidance.  

 

 Would not be risk-informed and performance-based, since classification of waste would 
be based on the as-generated waste, not the disposed of waste.  The hazard of the as-
generated waste is not related to disposal safety.  

 

 Would require more storage of LLRW by creating more Class B and C and Greater-
Than-Class C waste.  Would affect not only nuclear power plant licensees, but also 
some materials licensees, including those with sealed sources. 

 

 Would encourage increased waste generation.  For example, ion exchange resins would 
be changed out more often, before they reached Class B concentrations, so that they 
could be disposed of as Class A.   

 

 Would be more costly for licensees to implement, since many specific items of waste 
(e.g., ion exchange columns) often do not have their concentrations measured at the 
time the waste is generated.   

 
Option 4:  Prohibit large scale blending at off-site processor.   
 
NRC could prohibit large-scale blending that lowers the waste classification at a waste 
processor18 because it is tantamount to intentional mixing to lower the waste classification.  This 
option would be implemented through revisions to either 10 CFR Part 61, or 10 CFR Part 20, 
Appendix G, which currently addresses some waste processing activities.  A RIS would also be 
issued after a Commission decision and before the rulemaking was completed, to notify 
licensees of the planned change.  An important part of the rulemaking would be differentiating 
between the routine blending that currently occurs at waste processors, and large-scale 
blending to lower the waste classification, such as has been proposed for ion-exchange resins 
from nuclear power plants.  The compatibility designation would be determined as part of the 
rulemaking process.  The staff believes that a ―B‖ designation would help to ensure national 
uniformity.  
 
Pros 
 

 Would address stakeholder concerns opposing blending in general and potentially 

increase public confidence. 

 

                                                
18

 Included in the scope of this prohibition would be waste processors that are designated as LLRW generators 

through waste attribution.  See Section 3.1.3 for a discussion of attribution.   

Rad. Waste Mgmt. Technology Attachment 5-11 Chapter 5: Solid Radioactive Wastes



 
 

 
 

36 

 Would continue to allow for individual waste generators to blend waste as part of normal 
operations. 

 
Cons 
 

 Not risk-informed, performance-based. 

 

 

 

 Not clear there is a safety basis for prohibiting this type of blending.  

 

 Generators could still produce resin waste similar to blended waste by removing resins 
from service before Class B concentrations are reached, which would increase LLRW 
volumes. 

 

 Would not address the possibility of larger-scale blending occurring at a generator‘s site. 

 

9.0  Conclusions and Recommendations 

The staff has examined the issue of blending of LLRW and the existing positions contained in 
staff guidance.  The staff recommends that the agency position on blending of LLRW, as 
defined in this paper, be risk-informed and performance-based, consistent with NRC‘s overall 
policy for regulating, and as described in Option 2.  These changes would improve NRC 
openness and effectiveness through clarification of the existing NRC blending position and its 
bases, and continue to ensure safety by clarifying that large-scale blended waste requires a 
site-specific intruder analysis.  Until Option 2 was fully implemented, the staff would continue to 
use the current guidance in the CA BTP to respond to stakeholder requests.  The CA BTP was 
subjected to public review and comment in the early 1990s and has been widely used since it 
was published in 1995.  The staff plans to update the CA BTP later this year, as cited in its 
LLRW Strategic Assessment, but will delay that effort until it receives direction from the 
Commission on this paper.  The staff would also clarify in interim guidance to Agreement States 
the need for a site-specific intruder analysis for disposal of blended wastes.  Because of the 
significant stakeholder interest in this topic, the staff will prepare a communication plan to 
address implementation of the Commission‘s decision.    
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Appendix A -- Bases for 10 CFR Part 61 Waste Classification System 
 

The classification system for near surface disposal of commercial (non-DOE) LLRW is in 10 
CFR 61.55.  The determination of the classification of LLRW involves consideration of the half-
lives of the radionuclides present in the waste, among other factors.  Thus, §61.55(a) contains 
separate tables for certain short-lived and long-lived radionuclides that provide a means for 
classifying LLRW as Class A, B, or C according to the concentrations of certain radionuclides in 
the waste.  Part 61‘s classification system is intended to limit exposures of ionizing radiation to 
inadvertent intruders, in keeping with the performance objective in 10 CFR 61.42, which states 
that ―design, operation, and closure of the land disposal facility must ensure protection of any 
individual inadvertently intruding into the disposal site or contacting the waste at any time after 
active institutional controls over the disposal site are removed.‖   
 
The potential impacts of human intrusion are addressed in detail in the EIS (NRC, 1981) for Part 
61.  Two concentration-limited scenarios, involving (1) excavation into the waste or construction 
of a house or building upon the disposal facility, and (2) persons living on the disposal facility, 
were considered, along with an ―activity-limited‖ scenario involving the potential use of 
contaminated water from a well drilled onsite.  The analyzed intruder scenarios contain a 
common assumption that the soil and waste mixture in which construction or agriculture takes 
place is more or less indistinguishable from ordinary (non-radioactive) dirt.  In other words, the 
waste has decomposed to the point that the intruder does not realize they are contacting 
radioactive material.  As stated in the DEIS (p.4-34), ―this assumption is necessary since without 
it, the scenarios could not happen‖ (i.e., an intruder that recognized waste would not continue 
with an excavation or take up residence on the site).   
 
Per 10 CFR § 61.7(b)(4), institutional control of access to the LLRW site is required for up to 
100 years.  Thus, the resultant radionuclide concentrations listed in the tables in §61.55(a) are 
established on the basis of calculations that showed that Class A and Class B waste could be 
disposed without special provisions for intrusion protection, because these classes of waste 
contain types and quantities of radioisotopes that will decay during the 100 year institutional 
control period (required by 10 CFR 61.59(b)) and do not present an unacceptable hazard to the 
intruder after the end of that period.  Class C waste, however, will not decay to acceptable 
levels within 100 years, and either has to be buried at greater depth than the other classes so 
that subsequent surface activities by an intruder will not disturb the waste or, where site 
conditions prevent deeper disposal, requires the use of intruder barriers with an effective life of 
500 years.   
 
Although a numerical limit of 500 mrem whole body dose was proposed in the preliminary draft 
of Part 61 that was published in the Federal Register (45 FR 13104), the final rule‘s 
performance objective (10 CFR 61.42) for the intruder does not specify a numerical intruder 
dose limit.  After receiving public comments on the draft rule, the 500 mrem dose limit was 
deleted, but it remains as the basis for the LLRW classification system, as indicated in the 
Statements of Consideration for Part 61 (NRC 1982).  
 
The radionuclide concentrations in the waste classification tables imply that either the waste is 
uniform in concentration, or that the basis for classifying a waste batch uses the highest 
concentration within the batch.  At the same time, Part 61 recognizes, in 10 CFR 61.55(a)(8)  
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that it may be appropriate and safe to average wastes in certain circumstances.  Although Part 
61 itself places no constraints on blending, 61.55(a)(8) would apply to the resulting blended 
waste whose concentration for the purposes of waste classification would have to be an 
average of whatever variation occurred in the mixture.   
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Appendix B – Public Comments 
 

An important part of the development of this paper was public input on the issues associated with blending of low-level radioactive 
waste.  The U. S. Nuclear Regulatory Commission (NRC) posted a request for formal written comments and notification of a public 
meeting in the Federal Register on November 30, 2009. Additionally, three public meetings with industry stakeholders were held at 
NRC Headquarters.  This appendix contains information to locate the comments within ADAMS (Agencywide Documents Access 
and Management System) which can be accessed via www.nrc.gov.  
 
Federal Register Notice/Vol. 74, No. 228/11-30-2010 (NRC – 2009 – 0520):  Notice of Public Meeting and Request 
for Comment on Blending of Low-Level Radioactive Waste 

 
Below is information regarding the formal written comments received from the Federal Register request for public comment: 
 

Commenter Date ADAMS Number 

Unknown Individual 12/12/2009 ML093500087 

J. Scott Kirk on behalf of Waste Control Specialists, LLC 01/08/2010 ML100131012 

Richard W. Borgmeier 01/25/2010 ML100350962 

Dane Finerfrock on behalf of Utah Dept of Environmental Quality, Division of Radiation 
Control 

01/28/2010 ML100341243 

Bruce Thompson on behalf of South Carolina Electric & Gas 01/28/2010 ML100341244 

Rich Janati on behalf of the State of PA, Department of Environmental Protection 01/28/2010 ML100341250 

Michael H. Mobley on behalf of Southeast Compact Commission 01/29/2010 ML100341251 

Mike Garner on behalf of Northwest  Interstate Compact 01/29/2010 ML100341252 

J. Scott Kirk on behalf of Waste Control Specialists, LLC 01/29/2010 ML100341257 

Joseph DiCamillo on behalf of Studsvik, Inc. 01/29/2010 ML100341258 

Thomas E. Magette on behalf of EnergySolutions 01/29/2010 ML100341190 

John LePere on behalf of WMG, Inc., 01/29/2010 ML100341245 

Christopher Thomas on behalf of HEAL Utah 02/01/2010 ML100341246 

Leonard R. Smith on behalf of the Council on Radionuclides and Radiopharmaceuticals, Inc. 02/26/2010 ML100700591 
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Appendix B – Public Comments (cont.) 
 
Public Meeting and Request for Comment on Blending of Low-Level Radioactive Waste 
 
DATE:   January 14, 2010 
 
PLACE:  The Legacy Hotel & Meeting Centre  
  The Georgetown Room 
  1775 Rockville Pike     

Rockville, MD 20852 
 
Below is information regarding the meeting presentations and summary which can be found in ADAMS.  Additionally, the transcript of 
the meeting is available.  The transcript was reviewed by the NRC and all comments were evaluated for applicability.     
 

Presentation Title Presenter ADAMS Number 

Public Meeting on Blending of Low-Level Radioactive 
Waste 

Larry Camper (NRC), Director - DWMEP ML100120008 

Safety, Security, and Environmental 
Protection 

Christianne Ridge (NRC), Senior Project 
Manager – DWMEP/ERB 

ML100120009 

Practical Considerations 
Brooke Traynham, Project Manager (NRC) – 
DWMEP/LLWB 

ML100120010 

Regulatory Infrastructure 
Patrice M. Bubar (NRC), Deputy Director – 
DWMEP/EPAD 

ML100120011 

Regulatory Considerations 
Maurice Heath (NRC), Project Manager – 
DWMEP/LLWB 

ML100120015 

Meeting Summary Author ADAMS Number 

Summary of Public Meeting And Request For Comment 
On Blending Of Low-Level Radioactive Waste 

Brooke Traynham, Project Manager (NRC) – 
DWMEP/LLWB 

ML100320730 

Official Meeting Transcript Author ADAMS Number 

Public Meeting on Blending of Low-Level Radioactive 
Waste 

Neal R. Gross - Court Reporters and Transcribers ML100220019 
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Appendix B – Public Comments (cont.) 
 
Public Meetings and Request for Comment on Blending of Low-Level Radioactive Waste 
 
DATE:   December 14 -15, 2009 
 
PLACE:  U.S. Nuclear Regulatory Commission  
  One White Flint North 
  11555 Rockville Pike     

Rockville, MD 20852-2738 
 
Below is information regarding the presentations and summaries from the meetings which can be found in ADAMS.      
 

Presentation Title Presenter ADAMS Number 

Blending of Low-Level Radioactive Waste Larry Camper (NRC), Director - DWMEP ML093620117 

Changing NRC Policy on Waste Dilution to Alter Waste 
Classification: Why Now? 

J. Scott Kirk, VP Waste Control Specialists, LLC ML093620115 

Comments on Blending of Low-Level Radioactive Waste 
Lewis Johnson, President – Studsvik 
Brad Mason, Chief Engineer - Studsvik 

ML093620111 

Blending of Low-Level Radioactive Waste Thomas Magette – Senior VP, EnergySolutions ML093620105 

Meeting Summary Author ADAMS Number 

Summary of Public Meeting Between the U.S. 
Nuclear Regulatory Commission and Waste 
Control Specialists on Low-Level Waste Blending 

Maurice Heath (NRC), Project Manager – 
DWMEP/LLWB 

ML093650064 

Summary of Public Meeting Between the U.S. 
Nuclear Regulatory Commission and 
EnergySolutions On Low-Level Waste Blending 

Maurice Heath (NRC), Project Manager – 
DWMEP/LLWB 

ML100040113 

Summary of Public Meeting Between the U.S. Nuclear 
Regulatory Commission and Studsvik on Low-Level 
Waste Blending 

Maurice Heath (NRC), Project Manager – 
DWMEP/LLWB 

ML093650201 
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Utah Radiation Control Board 
Position Statement on Down-Blending Radioactive Waste 

 
The Utah Radiation Control Board (Board) recognizes that down-blended radioactive 

waste does not pose any unique health and safety issues to the public that are not 

observed in other classes of low-level radioactive waste.  The Board also is aware that 

down blending may appear to some as a process to circumvent Utah law, which prohibits 

any entity in Utah from accepting Class B or Class C low-level radioactive waste for 

commercial storage, treatment or disposal, Utah Code Ann. 19-3-103.7.  However, in 

order to maintain public confidence in the regulatory process and to protect against 

unforeseen hazards, the Board issues the following position statements regarding down-

blended radioactive waste: 

1. The Board is opposed to waste blending when the intent is to alter the waste 
classification for the purposes of disposal site access. 

 
2. Dilution of radioactive wastes with uncontaminated materials should be explicitly 

prohibited. 
 

3. Current guidance documents dealing with concentration averaging and mixing 
should be updated to address the current understanding of the possible down-
blending issues.  Important matters dealing with waste blending, such as 
prohibition of certain practices, currently in guidance should be put into 
regulation. 
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PALISADES PROCESS CONTROL PROGRAM (PCP)

INTRODUCTION 

The Process Control Program contains methodology used to meet the requirements 
of 10CFR61 for land disposal of radioactive waste. Palisades only available burial 
ground is located near Barnwell, SC. South Carolina has Agreement State status 
from the Nuclear Regulatory Commission (NRC) and radioactive waste has to meet 
SC license conditions as well as the NRC requirements.  

1.0 RVR-200 THEORY OF OPERATION 

Palisades uses the VECTRA Radwaste Volume Reduction System 
(RVR-200) to reduce the volume of radioactive liquid concentrates to the 
minimum amount practicable for storage and burial purposes. The end 
product will meet South Carolina burial requirements.  

The Blender/Dryer (B/D) steam jacket is heated by a steam boiler. The 
plant evaporator concentrates are introduced to the B/D via a waste slurry 
supply line through the waste supply valves. When the liquid level in the 
B/D reaches a predetermined level (approximately 3" from the top of the 
B/D) the waste supply valve is closed by the operator or will automatically 
close when a high level is achieved. The agitator/scraper then mixes the 
heated waste liquids under a vacuum of approximately 24-30" Hg Steam 
vapors are produced by the heating of the steam jacket surrounding the 
Blender/Dryer. These steam vapors are then drawn through a demister 
filter to a condensing heat exchanger (HX-1). This condenser is cooled by 
the chilled water system and its 50 ton chiller skid.  

After the level in the Blender/Dryer boils down to a low level or the boil 
off rate significantly decreases as determined by the system operator, the 
waste supply valve is opened to refill the B/D. The process of boiling off 
the liquid in the form of steam vapor is repeated. This sequence of 
operations continues until the appropriate amount of concentrates have 
been transferred to the B/D for a batch cycle.  

Once the last transfer has been achieved, the dry out phase begins. The 
dry out phase is the time it takes from the last transfer to the time when 
all of the free standing liquid has been removed. The dryness of the 
material is verified by monitoring several system parameters, as well as a 
visual observation of the product. Upon verification of the removal of free 
standing liquid, the material is ready for binder addition.  
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Between 50 and 70 pounds of binder (20-30% of the dried material by 
weight) will be used to bind the waste solids. This binding agent, which 
is added at the beginning of the process in solid form, is melted using 
steam heat from the steam generator in the binder addition tank. The 
binder takes approximately 2-4 hours to melt completely.  

The binding agent is introduced to the B/D through a chemical addition 
valve (CA-i) and allowed to throughly blend with the dry waste product 
for approximately 20 minutes. This changes the waste product to a near 
liquid form to allow for free passage through the discharge valve (DV-1).  
Using the binder will result in a free standing billet with a compressive 
strength of up to 250 psi. The material is now ready for discharge into a 
container.  

1.1 PACKAGING 

The binder and waste product mixture is discharged from the unit through 
a six inch pneumatically operated ball valve (DV-1) into a burial container.  
The burial container is kept at a slight negative pressure and vented 
through a HEPA system. A sonic level indicator, as well as a remote 
visual display, allows for the operator to monitor the filling of the 
container. The sonic level indicator can be programmed for automatic 
closure of the dump valve at a predetermined level to prevent overfilling.  

1.2 ALARA CONSIDERATIONS 

Construction of the RVR-200 employs several concepts to permit 
operation without significant exposure to operating personnel. Some of 
these will greatly reduce the accumulated dose received by those 
personnel working on or around the area in which the RVR-200 is located.  

* A remotely operated control panel allows for the control of major 
pumps and valves associated with the operation of the RVR 
without being near the unit during the process.  

* Lead blankets can be used to shield the operator from the 
processing Blender/Dryer.  

* All filling and dumping operations are viewed remotely at the 
control panel, using a CCTV monitor, which permits the operator to 
be shielded from direct exposure.  
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A 1 " steel process shield or shipping cask can be used to contain 
the HIC while it is being filled. A cart is used to move it out from 
under the RVR.  

A HEPA system is installed to filter out potential of airborne 
contaminants.  

The major portion of radiation exposure is received by personnel during 
maintenance and radwaste handling. This exposure may be reduced by 
performing preventive maintenance on the unit after processing and 
removing of the waste from the system. The units are also skid mounted, 
permitting them to be removed from the area for maintenance or work 
away from the unit and reduce exposure to the personnel.  

1.3 SYSTEM PARAMETERS 

There are no critical chemistry parameters for the system to work as 
designed for acceptable waste form. However other requirements need 
to be addressed. Waste below 2 pH and above 12 pH is characteristically 
classified hazardous waste which would make the package mixed waste 
which must be avoided as no burial site is presently available. Palisades 
also wants to operate in a pH range to keep iodine in solution and in the 
waste matrix rather than offgassed which would be counter to good 
ALARA practices. The required parameters are contained in Chemistry 
Operating Procedure COP-17, "Radwaste System Chemistry." 

Waste form Absence of Liquid will be controlled by System Operating 
Procedure SOP-1 8D, "Operating the VECTRA RVR-200 System," and 
visual observation of material. The visual inspection and quality control 
requirements will be documented on form HP 6.18-3 as required by 
procedure Health Physics Procedure HP 6.18, "Low-Level Radwaste 
Packaging." 

The system produces a dry powder which meets the "free liquid" 
determination of Barnwell License 097. This does not meet the Barnwell 
License 097, condition 45 unless using wax as a binder to make the 
waste undispersable. The binder addition is documented in the VECTRA 
procedure process sheets. A letter from the South Carolina DHEC is 
attached to document their approval of the wax as a binder.  
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July 30, 1992 

William B. House 
Corporate Director of Licensing 
CheM-Nuclear Systems, Inc.  
140 Stoneridge Drive 
Columbia, SC 29210 

Dear Mr. House: 

Enclosed is information *on the Pacific Nuclear Systems, Inc. RVR 
waste forms. The system produces a dry powder which is processed 
using wax as a binding matrix. The waste forms meet the intent of 
License 097, Condition 45 to render the powder non-dispersible.  
The system has been approved by the Department for processing Class 
A unstable waste only. Was-e processed using this system may be 
disposed of in TVpe A unstable waste trenches.  

If you have any additional questions concerning these waste forms, 
please contac. our office.  

Very truly yours, 

ýVir i R. Auty ir tor 
Division of Radio tive viaterials 

Licensing and Co liance 
Bureau of Radiological Health 

HJP/em 
wbh72992/0792 

cc: R. L. Williams, Pacific Nuclear Systems, Inc.  

Meeting the above referenced procedure requirements will demonstrate that the 

system product is acceptable for burial at the Barnwell SC Burial Facility.  
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RVR-200 EQUIPMENT DESCRIPTION

2.1 ELECTRIC STEAM GENERATOR 

The RVR-200 is provided with a Chromalox Electric Steam Boiler to 
supply the steam necessary to pressurize the Blender/Dryer, Binder 
addition tank and dump valve steam jackets to approximately 10-15 psig.  
The Blender/Dryer steam jacket is equipped with two steam reliefs to 
insure that the steam system meets ASME requirements for safety 
devices on automatically fired boilers. The Steam Boiler, referred by 
VECTRA as a Steam Generator (S/G), is a model CES-1 80A with an 
internal volume of 30.5 gallons. Several heating elements inside the 
boiler work together in a ramping arrangement. As the requirement for 
heat increases the heating elements pick up to supply the demand. As 
the requirement for heat decreases the heating elements drop out. A 
pressure switch manually set by the operator, is used to control the heat 
load. As the water level in the Steam Generator decreases due to 
evaporation a mercury level switch sends a signal to start the S/G makeup 
pump and increase level. When the level is high the mercury switch shuts 
the pump down. Normally the pump will cycle curing operation between 
the high and low level. A makeup tank is provided to supply NPSH to the 
pump. Periodically the Steam Generator should be blown down to 
remove sediment and suspended solids.  

2.2 BLENDER/DRYER 

The Blender/Dryer (B/D) is constructed of type 304 S/S with an internal 
volume of approximately 15 cu ft. The B/D will hold approximately 
112 gallons of liquid waste. The B/D is equipped with four (4) two inch 
flanged ports to allow for the addition of optional choppers. The mixing 
blades are also constructed of type 304 S/S and are arranged in a double 
helix opposing pitch design. This design limits the axial thrust exerted on 
the unit because of the inherent push/pull design of the blades. Blades 
are supported by 1" connecting rods to a solid 4" diameter shaft that 
penetrates both ends of the B/D. The mixing blades are arranged in a 
ribbon configuration with a clearance of approximately 3/16" between the 
blades and the inner wall of the vessel. The shaft is driven by a 15 hp 
motor through a parallel gear reducer. The reducer drives the 
agitator/scraper assembly at a rate of 20 rpm.  
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A pressure switch, sensing pressure inside the Blender/Dryer, is 
connected to the bottom of the demister/filter housing and set at 15 psig.  
Should pressure inside the B/D exceed the setpoint of the pressure 
switch, the pressure switch will automatically trip the S/G breakers and 
shut down the steam being supplied to the B/D steam jacket. A manual 
reset in the control circuit is incorporated such that the steam generator 
must be re-started from the control panel if it shuts down due to high 
pressure. A corresponding fault light will be illuminated to alert the 
operator of the malfunction.  

The B/D steam jacket is insulated with 2" of fiberglass insulation. This 
allows for a uniform heat transfer surface area and protects personnel 
from contacting the hot steam jacket.  

Underneath the B/D, located in the center, is the discharge or dump valve.  
It is a 6", pneumatically operated ball valve. The dump valve is operated 
from the control panel. Several interlocks are used to prevent 
inadvertently opening the dump valve. All interlocks must be met in order 
to open the valve. The interlocks are listed in Section 4.0.  

A fill plate and hose assembly are connected below the dump valve. The 
fill plate has a light, camera, and sonic probe. The light and camera are 
used to monitor the HIC fill evolution. The sonic probe is used to monitor 
the HIC level. A pneumatic lift is installed to lift the fill plate from the HIC 
after it is filled to allow changeout.  

The B/D top cover jacket houses a viewing port equipped with wiper 
assemblies to permit the operator to view the level of waste slurry both 
locally and remotely via a CCTV camera. Also mounted on the top of the 
B/D is the binder addition valve, demister/filter assembly and inlet waste 
valves.  

The Demister/Filter assembly is used to limit the amount of solid 
carry-over from the B/D to the condensate skid. The demister filter is a 
10 inch diameter 5 micron filter. Top and bottom flush connections are 
installed to flush the demister screen thus, limiting the building up of 
solids. Hot water from the steam generator blowdown line may be used 
to flush binder and solids out of the filter down to the Blender/Dryer from 
the Demister/filter assembly.  
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2.3 CONDENSATE SYSTEM

The condensate system provides a heat transfer medium for the 
exhausted water vapors that are drawn from the Blender/Dryer. This heat 
transfer occurs across a primary heat exchanger, which is supplied with 
chilled water from a 50 ton chiller unit. The primary heat exchanger 
(HX-1) is a single pass, opposing flow style heat exchanger that 
condenses the water vapors as they are drawn across by vacuum created 
at the base of HX-I.  

This vacuum is accomplished by use of a jet pump. The jet pump is an 
eductor which utilizes a motive pump (P-i) to provide motive water flow.  
The water to be pumped flows in through the suction. High pressure 
water is supplied to the driving nozzle, which is shaped like a convergent 
nozzle. The middle of the pump is the throat, or mixing section, which 
widens into the diffuser. The overall design is a convergent-divergent 
nozzle. This nozzle converts pressure into velocity, then converts the 
velocity back into pressure.  

The high-pressure water enters the driving nozzle where its pressure is 

converted into velocity, so that it exits the nozzle at high velocity and low 
pressure. This low pressure area pulls the fluid to be pumped toward it 

where it is entrained by the high velocity driving flow. The two flows mix 
in the pump throat and the divergent diffuser nozzle converts the fluid 
velocity back to a pressure head. The pressure changes can be graphed 
vs position.  

The motive pump is a 20 hp centrifugal pump that takes a suction on the 
condensate tank (T-1) and discharges through a secondary heat 
exchanger (HX-2), then through the jet pump (P-3) back to the 
condensate tank. HX-2 provides sub-cooling of the condensate prior to 
entering the adductor.  

The condensate tank has a capacity of 157 gallons. It is approximately 
30" in diameter and 54" high. The tank is equipped with four float 
switches, in which two alarms share a common shaft. Corresponding 
alarm lights are located on the control panel to alert the operator of high 
or low levels in the tank.  
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The condensate return valve, a 3/4" pneumatically operated ball valve, is 
located on the discharge side of the motive pump and can be operated 
from the control panel or automatically by the high level switch. This 
valve is used to pump down the Condensate Tank and return condensate 
to the plant. The valve is air operated to open and is spring loaded to 
shut.  

The RVR-200 Ventilation System takes a suction on the condensate tank 
to remove air and non-condensible gases through a HEPA filter and 
moisture separator. The moisture separator has a sight glass and drain 
for level control.  

2.4 CHILLED WATER SYSTEM 

The Chilled Water system utilizes a 50 ton TRANETM CHILLER, with its 
associated chilled water pump, to remove heat from the condensate 
system. A 7-1/2 hp pump circulates the chilled water at a rate of 
120 GPM @ 50 psig to the two heat exchangers (HX-1 & HX-2).  

Control for the chiller utilizes a microcomputer (UCM) that governs unit 
operation in response to chilled water temperature leaving the evaporator.  
The UCM controls the starting and stopping of the compressors to 
achieve the chilled water setpoint, which is programmed in the UCM. The 
UCM provides a diagnostic and operating code display that can be read on 

the from panel of the unit. A remote fault light is located on the RVR-200 
control panel to indicate a problem with the chiller. Should a fault occur 
with the chiller, the unit will shut down and must be manually reset at the 
UCM. The operational display will "flash" the current diagnostic code of 
the problem and hold the code in memory for future reference.  

A flow switch is installed on the chilled water supply line to indicate a 
loss of chilled water flow, which is interfaced with the TRANETM units 
UCM and provides a fault indication to the unit.  

2.5 CONTROL PANEL 

The RVR-200 control panel is arranged to facilitate easy operation and 
control. The front panel doors have the necessary control knobs and 
push buttons to start and stop all pumps/motors and associated valves.  
The use of the TV monitor permits the operator to view the process 
remotely and monitor container filling operations by use of CCTV 
cameras. The logic controls provide alarm indications and protective 
functions to alert the operator of any potential problems.  
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2.6 MCC PANEL

Inside the Motor Control Center panel doors and mounted in the enclosure 
are the power supply breakers and logic control circuits. Relays and 
contactors for the pumps and motors are also housed in this panel and are 
arranged for easy access for troubleshooting or repair.  

3.0 DEWATERING SOLIDS IN HIGH INTEGRITY CONTAINERS (HIC) 

3.1 Solids such as bead resin, filter cartridges, and powdered resin (Powdex) 
may be dewatered and shipped in HICs per approved procedures and the 
HIC certificate of compliance.  

3.2 High integrity containers are approved by the individual burial ground 
agreement states as meeting 1 OCFR61 waste form stability requirements.  

3.3 Free water determination shall be verified by the successful completion 

and documentation of an approved dewatering procedure.  

4.0 10 CFR 61 REQUIREMENTS 

4.1 10 CFR 61 classification requirements will be met using a shipping 
computer software program using the scaling factor methodology of 
AIF/NESP-027, "Methodologies for Classification of Low-Level 
Radioactive Waste From Nuclear Power Plants," 1983.  

The scaling factors will be updated by an ongoing analysis program of 
actual waste streams. The program will initiate with semiannual samples 
of available waste streams and may be modified to longer intervals if the 
data base warrants. Waste streams should include, if available; bead 
resin, evaporator concentrates, reactor coolant, clean waste, filter crud, 
and compacted trash.  

4.2 10 CFR 61 waste form stability requirements can be met by generic 
testing of the waste stream product but usually High Integrity Containers 
(HIC) approved by the State of South Carolina will be used. The generic 
waste streams will be evaporator concentrates (boric acid), bead resin, 
and chemical regenerative wastes. Barnwell, South Carolina is only 
disposal site used for direct radwaste shipments from this license.  

4.3 Documentation of the waste stream analysis, waste form stability, and 
computer software scaling factor security shall be maintained by the 
Radiological Services Department.  
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4.4 No radioactive waste shall be shipped for disposal in cardboard or 
fiberboard packages.  

4.5 Liquid waste must be solidified or packaged in sufficient absorbent 
material to absorb twice the volume of the liquid.  

4.6 Solid waste containing liquid shall contain as little free standing 
noncorrosive liquid as is reasonably achievable but in no case shall the 
free standing liquid exceed 1 % of the volume. The required parameters 
of Chemistry Operating Procedure COP-1 7, "Radwaste System 
Chemistry," will ensure there is no corrosive liquid potential in final waste 
product. Shipment procedures address free liquid determination.  

4.7 Not withstanding the requirements of 4.5 and 4.6 any processed liquid 
waste (bead resin or filters etc) shall not contain noncorrosive free 
standing liquid exceed 0.5% of the waste volume. See 4.6 above.  

4.8 Waste must not be readily capable of detonation or of explosive 
decomposition or reaction at normal pressure and temperature.  
Hazardous chemicals are very closely controlled by this site. The few 
that are required are used as lab chemicals are diluted many times in the 
20,000 gallon liquid waste system tanks and then ran through an 
evaporator system prior to solidification or resin bed clean up and are not 
a potential concern.  

4.9 Waste must not contain or be capable of generating, quantities of toxic 
gasses, vapors, or fumes harmful to persons transporting, handling, or 
disposing of the waste. See Step 4.8 above.  

4.10 The plant only uses a minimal amount of hazardous material which has 
the potential to enter a waste stream. The site has minimal biological, 
pathogenic, or infectious waste. The disposal site requirements for 
incineration will be met if these waste streams are generated for disposal.  

4.11 Waste must not be pyrophoric. Pyrophoric material contained in waste 
shall be treated, prepared, and package to be non pyrophoric. See 
Step 4.8 above. In addition waste packages are sealed and would not 
support combustion.  

5.0 RADWASTE SYSTEM 

5.1 A radwaste system flow diagram is included in Appendix A, A-2.  
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TECHNICAL SPECIFICATION REQUIREMENTS

The POP is implemented per the requirements of the Administrative 
Controls section of the Plant CTS-Technical Specification Chapter 6, 
Section 6.5.15. {ITS-Improved Technical Specification Chapter 5, 
Section 5.5.15} Procedural requirements included in Appendix B have 
been relocated from the Technical Specifications in accordance with NRC 
Generic Letter 89-01, dated January 31, 1989.  

Rev 8 
11 10/99

6.0

Rad. Waste Mgmt. Technology Attachment 5-13 Chapter 5: Solid Radioactive Wastes



Rev 8

APPENDIX A 

Consumers Energy 
Palisades Nuclear Plant 

PROCESS CONTROL PROGRAM (POP) 

System Diagrams

Rad. Waste Mgmt. Technology Attachment 5-13 Chapter 5: Solid Radioactive Wastes



V XiaN~ddV

66/0OL 
8 AGHJ

L-V
Rad. Waste Mgmt. Technology Attachment 5-13 Chapter 5: Solid Radioactive Wastes



APPENDIX A

A-2 RADWASTE SYSTEM FLOW DIAGRAM
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ATTACHMENT 71124.08 
 
 
INSPECTION AREA: Radioactive Solid Waste Processing and Radioactive Material 

Handling, Storage, and Transportation 
 
 
CORNERSTONE:  Public Radiation Safety  80% 
     Occupational Radiation Safety 20% 
 
 
EFFECTIVE DATE:  January 1, 2010 
 
 
INSPECTION BASES: The regulatory requirements in Criterion 60, “Control of Releases 

of Radioactive Materials to the Environment,” of Appendix A, 
“General Design Criteria for Nuclear Power Plants,” to Title 10 of 
the Code of Federal Regulations (10 CFR) Part 50, “Domestic 
Licensing of Production and Utilization Facilities,” and the 
requirements of 10 CFR Parts 20, 61, and 71 and U.S. 
Department of Transportation regulations in 49 CFR Parts 170 
through 189, ensure adequate protection for members of the 
public from the processing, handling, storage, and transportation 
of radioactive materials.  This inspection area verifies aspects of 
the Public Radiation Safety Cornerstone for which there are no 
performance indicators for unplanned public exposure during 
transportation of radioactive material. 

 
 
LEVEL OF EFFORT: Inspect Biennially 
 
 
71124.08-01  INSPECTION OBJECTIVES 
 
01.01 To verify the effectiveness of the licensee’s programs for processing, handling, 
storage, and transportation of radioactive material. 
 
 
71124.08-02  INSPECTION REQUIREMENTS 
 
02.01 Inspection Planning.  Whenever possible, coordinate the inspection schedule with 

the licensee to coincide with risk-significant activities so that licensee performance 
can be directly observed. 

 
a. Review the solid radioactive waste system description in the final safety analysis 

report (FSAR), the Process Control Program (PCP), and the recent radiological 
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effluent release report for information on the types, amounts, and processing of 
radioactive waste disposed. 

 
b. Review the scope of any quality assurance (QA) audit in this area since the last 

inspection to gain insights into the licensee’s performance and inform the “smart 
sampling” inspection planning. 

 
02.02 Radioactive Material Storage. 
  

a. Select one to three areas where containers of radioactive waste are stored, and 
verify that the containers are labeled in accordance with 10 CFR 20.1904, “Labeling 
Containers,” or controlled in accordance with 10 CFR 20.1905, “Exemptions to 
Labeling Requirements,” as appropriate.  Do not duplicate inspection effort 
performed under Inspection Procedure 71124.01. 

 
b. Verify that the radioactive materials storage areas are controlled and posted in 

accordance with the requirements of 10 CFR Part 20, “Standards for Protection 
against Radiation.”  For materials stored or used in the controlled or unrestricted 
areas, verify that they are secured against unauthorized removal and controlled in 
accordance with 10 CFR 20.1801, “Security of Stored Material,” and 20 CFR 1802, 
“Control of Material Not in Storage,” as appropriate. 

 
c. Verify that the licensee has established a process for monitoring the impact of 

long-term storage (e.g., buildup of any gases produced by waste decomposition, 
chemical reactions, container deformation , loss of container integrity, or re-release 
of free-flowing water) sufficient to identify potential unmonitored, unplanned 
releases or nonconformance with waste disposal requirements. 

 
d. Select 5 to 10 containers of stored radioactive materials, and verify that there are 

no signs of swelling, leakage, and deformation.   
 
Note:  The inspector should exercise caution in that some of these containers may 

exhibit elevated dose rates and some containers may not be accessible. Container 
conditions can be verified by review of licensee programs or by direct observation, 
consistent with as low as reasonably achievable (ALARA) principles. 

 
02.03 Radioactive Waste System Walkdown. 
 

a. Select one to three liquid or solid radioactive waste processing systems.  Walk 
down accessible portions of systems to verify and assess that the current system 
configuration and operation agree with the descriptions in the FSAR, offsite dose 
calculation manual, and PCP. 

 
b. Select radioactive waste processing equipment that is not operational and/or is 

abandoned in place, and verify that the licensee has established administrative 
and/or physical controls (i.e., drainage and isolation of the system from other 
systems) to ensure that the equipment will not contribute to an unmonitored release 
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path and/or affect operating systems or be a source of unnecessary personnel 
exposure.  Verify that the licensee has reviewed the safety significance of systems 
and equipment abandoned in place in accordance with 10 CFR 50.59, “Changes, 
Tests, and Experiments.” 

 
c. Review the adequacy of any changes made to the radioactive waste processing 

systems since the last inspection.  Verify that changes from what is described in the 
FSAR were reviewed and documented in accordance with 10 CFR 50.59, as 
appropriate.  Review the impact, if any, on radiation doses to members of the 
public. 

 
d. Select one to three processes for transferring radioactive waste resin and/or sludge 

discharges into shipping/disposal containers.  Verify (for the selected processes) 
that the waste stream mixing, sampling procedures, and methodology for waste 
concentration averaging are consistent with the PCP, and provide representative 
samples of the waste product for the purposes of waste classification as described 
in 10 CFR 61.55, “Waste Classification.” 

 
e. For those systems that provide tank recirculation, verify that the tank recirculation 

procedure provides sufficient mixing (generally a minimum of three volumes is 
provided). 

 
f. Verify that the licensee’s PCP correctly describes the current methods and 

procedures for dewatering and waste stabilization (e.g., removal of freestanding 
liquid). 

 
02.04 Waste Characterization and Classification. 
 

a. Select two to three radioactive waste streams (e.g., dry active waste, ion exchange 
resins, mechanical filters, sludges, and activated materials), and verify that the 
licensee’s radiochemical sample analysis results (i.e., “10 CFR Part 61" analysis) 
are sufficient to support radioactive waste characterization as required by 
10 CFR Part 61, “Licensing Requirements for Land Disposal of Radioactive Waste.” 
Verify that the licensee’s use of scaling factors and calculations to account for 
difficult-to-measure radionuclides is technically sound and based on current 
10 CFR Part 61 analysis. 

 
b. For the waste streams selected above, verify that changes to plant operational 

parameters are taken into account to (1) maintain the validity of the waste stream 
composition data between the annual or biennial sample analysis update, and 
(2) verify that waste shipments continue to meet the requirements of 
10 CFR Part 61.  For example, the shipping staff may monitor reactor coolant 
radiochemistry to ensure the stability of the waste stream analyses.  Changes in 
reactor coolant chemistry (e.g., fuel integrity or corrosion film morphology) can 
result in changes to the waste stream compositions.  
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c. Verify that the licensee has established and maintains an adequate QA program to 
ensure compliance with the waste classification and characterization requirements 
of 10 CFR 61.55 and 10 CFR 61.56, “Waste Characteristics.” 

 
02.05 Shipment Preparation. 
 

a. Observe shipment packaging, surveying, labeling, marking, placarding, vehicle 
checks, emergency instructions, disposal manifest, shipping papers provided to the 
driver, and licensee verification of shipment readiness.  Verify that the requirements 
of any applicable transport cask certificate of compliance (CoC) have been met.  
Verify that the receiving licensee is authorized to receive the shipment packages.  If 
applicable, verify that the licensee’s procedures for cask loading and closure 
procedures are consistent with the vendor’s current approved procedures. 

 
b. Observe radiation workers during the conduct of radioactive waste processing and 

radioactive material shipment preparation and receipt activities.  Determine if the 
shippers are knowledgeable of the shipping regulations and whether shipping 
personnel demonstrate adequate skills to accomplish the package preparation 
requirements for public transport with respect to the licensee’s response to NRC 
Bulletin 79-19, “Packaging of Low-Level Radioactive Waste for Transport and 
Burial,” dated August 10, 1979, and 49 CFR Part 172, “Hazardous Materials Table, 
Special Provisions, Hazardous Materials Communication, Emergency Response 
Information, Training Requirements, and Security Plans,” Subpart H, “Training.”  If 
direct observation is limited, review the technical instructions presented to workers 
during routine training. Verify that the licensee’s training program provides training 
to personnel responsible for the conduct of radioactive waste processing and 
radioactive material shipment preparation activities. 

 
02.06 Shipping Records.  Select three to five nonexcepted package shipment (LSA I, II, 

III; SCO I, II; Type A or Type B) records.  As a minimum, verify that the shipping 
documents indicate the proper shipper name; emergency response information and 
a 24-hour contact telephone number; accurate curie content and volume of 
material; and appropriate waste classification, transport index, and UN number.  
Verify that the shipment placarding is consistent with the information in the shipping 
documentation.  

 
02.07 Identification and Resolution of Problems.  
 

a. Verify that problems associated with radioactive waste processing, handling, 
storage, and transportation, are being identified by the licensee at an appropriate 
threshold, are properly characterized, and are properly addressed for resolution in 
the licensee corrective action program.  See Inspection Procedure 71152, 
“Identification and Resolution of Problems,” for additional guidance.  (optional) In 
addition to the above, verify the appropriateness of the corrective actions for a 
selected sample of problems documented by the licensee that involve radioactive 
waste processing, handling, storage, and transportation. 
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b. Review results of selected audits performed since the last inspection of this 
program and evaluate the adequacy of the licensee’s corrective actions for issues 
identified during those audits. 

 
 
71124.08-03  INSPECTION GUIDANCE 
 
03.01 Inspection Planning.  
 

a. No guidance provided. 
 
b. No guidance provided. 
 
c. No guidance provided.  
 

03.02 Radioactive Material Storage. 
  

a. No guidance provided. 
 
b. No guidance provided. 
 
c. See Information Notice 90-50, “Minimization of Methane Gas in Plant Systems and 

Radwaste Shipping Containers,” dated August 8, 1990. 
 
d. No guidance provided.  

 
03.03 Radioactive Waste System Walkdown. 
 

a.  No guidance provided. 
 
c. No guidance provided. 
 
d. See NRC, “Revised Staff Technical Position on Waste Form (SP-91-13),” dated 

January 30, 1991, and NRC, “Final Waste Classification and Waste Form Technical 
Position Papers,” dated May 11, 1983. 

 
e. See NRC, “Issuance of Final Branch Technical Position on Concentration 

Averaging and Encapsulation,” dated January 17, 1995. 
 
f. No guidance provided. 

 
03.04 Waste Characterization and Classification. 
 

a. Guidance on meeting the requirements of 10 CFR 61.55 and 10 CFR 61.56, as well 
as Appendix G, “Control of Exposure From External Sources in Restricted Areas,” 
to 10 CFR Part 20 is provided in the Branch Technical Position, “Waste Form 
Technical Position”; IE Information Notice 86-20, “Low-Level Radioactive Waste 
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Scaling Factors, 10 CFR Part 61,” dated March 28, 1986; Technical Position on 
Concentration Averaging; and NUREG-1608, “Categorizing and Transporting Low 
Specific Activity Materials and Surface Contaminated Objects,” issued July 1998.   

 
b. No guidance provided. 
 
c. No guidance provided. 

 
03.05 Shipment Preparation. 
 

a. Guidance on shipping preparation is provided in NUREG-1660, “U.S.-Specific 
Schedules for Transport of Specified Types of Radioactive Material Consignments,” 
issued January 1990. 

 
b. No guidance provided. 
 

03.06 Shipping Records.  Guidance on the content of shipping records is provided in 
NUREG-1660.  The inspector should focus on those waste stream products that 
represent the most risk-significant waste shipments. 

 
03.07 Identification and Resolution of Problems.  No guidance provided. 
 
 
71124.08-04  RESOURCE ESTIMATE 
 
For planning purposes, it is estimated to take 34 hours, on average (with a range of 30 to 
38 hours), to perform the requirements of this attachment. 
 
 
71124.08-05  COMPLETION STATUS 
 
Inspection of the minimum sample size will constitute completion of this procedure in the 
RPS.  The minimum sample size for this attachment is one (1), defined as the sum of all the 
inspection requirements.  Therefore, all the inspection requirements of the procedure 
should be completed.  If some of the requirements cannot be performed because of a lack 
of samples, the procedure should be closed with comment. 
 
 

END 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

OFFICE OF INSPECTION AND ENFORCEMENT 
WASHINGTON, D.C. 20555 

 
August 10, 1979 

 
                                             IE Bulletin No. 79-19  

 
PACKAGING OF LOW-LEVEL RADIOACTIVE WASTE FOR TRANSPORT AND BURIAL  
 
Description of Circumstances:   
 
Low-level radioactive waste is that waste which can be transferred and shipped to one of three waste 
burial facilities which are located in and licensed by the Agreement States of Nevada, South Carolina, and 
Washington. On July 10, 1979, the Governors of the three states notified NRC Chairman Hendrie of the 
serious and repeated disregard for rules governing the shipments of low-level radioactive wastes to these 
burial facilities.  
 
Examples of violations of Agreement State, DOT and NRC rules follow:  
 
Improperly packaged uranium fines igniting packaged liquid scintillation vials in combustible waste are 
believed to have caused a fire and destruction of a truck at the Beatty, Nevada burial facility on May 14, 
1979.  
 
On July 2, 1979, three of twelve steel containers shipped to the Beatty burial facility were found to be 
leaking radioactive material. The material was described on the bill of lading as being a solid inorganic 
salt (evaporator .concentrates solidified with urea formaldehyde) from a reactor  
facility. The Governor of the State of Nevada ordered the drums to be shipped out of the state and the 
burial facility was temporarily closed.  
 
On July 30, the first shipment into the reopened Beatty facility contained free liquid in "solid" material. 
The radioactive contents were sand filters used at an insitu leaching process at a uranium mill.  
 
Forty-three shipments with sixty-three deficiencies were observed during the package inspection program 
between April 10 and July 5, 1979, by the Agreement State of South Carolina, at the Barnwell, S.C. burial 
facility. The shipments were from reactor, medical, industrial and military facilities.  
 
On June 28, 1979, the Federal Highway Administration issued a Notice of Violation to a reactor facility 
proposing a $10,000 fine for truck contamination resulting from improper closures on 55-gallon drums of 
LSA material and for improper loading of the drums on the vehicle.  
 
These are a few examples of shipments of radioactive material to burial facilities which did not fully meet 
NRC, DOT and Agreement State requirements which were developed to protect the health and safety of 
the public. The Governors of the three States with licensed burial facilities  
haVe indicated that if the situation is not rectified, they may have to initiate actions which would deny use 
of the three burial sites by violators.  
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Sources of Information:  
 
The DOT regulatory requirements can be found in 49 CFR Parts 170-179. The NRC regulatory 
requirements can be found in 10 CFR Parts 19 to 71. The NRC regulatory requirements for Agreement 
State licensees in non-agreement states are in 10 CFR Part 150. Copies of the regulations may be 
purchased from the Superintendent of Documents, U. S. Government Printing Office, Washington, D.C. 
20402.  
 
Information about licensing requirements for NRC packages can be obtained from the NRC 
Transportation Branch (301-427-4122). Information about DOT packaging and transport requirements 
can be obtained by calling the DOT Office of Hazardous Materials (202-426-2311).  
 
Action to Be Taken By Licensees:  
 
To assure the safe transfer, packaging, and transport of low-level radioactive waste, each licensee is 
expected to:  
 
1. Maintain a current set of DOT and NRC regulations concerning the transfer, packaging and 

transport of low-level radioactive waste material.  
 
2.  Maintain a current set of requirements (license) placed on the waste burial firm by the Agreement 

State of Nevada, South Carolina, or Washington before packaging low-level radioactive waste 
material for transfer and shipment to the Agreement State licensee. If a waste collection 
contractor is used, obtain the appropriate requirements from the contractor.  

 
3. Designate, in writing, people in your organization who are responsible for the safe transfer, 

packaging and transport of low-level radioactive material.  
 
4. Provide management-approved, detailed instructions and operating procedures to all personnel 

involved in the transfer, packaging and transport of low-level radioactive material. Special 
attention should be given to controls on the chemical and physical form of the low-level 
radioactive material and on the containment integrity of the packaging. 

 
5. Provide training and periodic retraining in the DOT and NRC regulatory requirements, the waste 

burial license requirements, and in your instructions and operating procedures for all personnel 
involved in the transfer, packaging and transport of radioactive material. Maintain a record of 
training dates, attendees, and subject material for future inspections by NRC personnel.  

 
6. Provide training and periodic retraining to those employees who operate the processes which 

generate waste to assure that the volume of low-level radioactive waste is minimized and that 
such waste is processed into acceptable chemical and physical form for transfer and shipment to a 
low-level radioactive waste burial facility.  

 
7. Establish and implement a management-controlled audit function of all transfer, packaging and 

transport activities to provide assurance that personnel, instructions and procedures, and process 
and transport equipment are functioning to ensure safety and compliance with regulatory 
requirements.  
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8. Perform, within 60 days of the date of this bulletin, a management-controlled audit of your 

activities associated with the transfer, packaging and trans port of low-level radioactive waste. 
Maintain a record of all audits for future inspections by NRC or DOT inspectors. (Note: If you 
have an established audit function and have performed such an audit of all activities in Items 1-6 
within the past six months, this audit requirement is satisfied.)  

 
9. Report, in writing within 45 days, your plan of action and schedule with regard to the above 

items. In addition, provide responses to the three questions below. Reports should be submitted to 
the Director of the appropriate NRC Regional Office and a copy should be forwarded to the NRC 
Office of Inspection and Enforcement, Division of Fuel Facility and Materials Safety Inspection, 
Washington, D.C. 20555.  

 
 
     Provide answers for 1978 and for the first six months of 1979 to the following questions:  
 
     1. How many low-level radioactive waste shipments did you make? What was the volume of low-

level radioactive waste shipped? (Power reactor licensees who report this information in 
accordance with Technical Specifications do not need to respond to this question.)  

 
     2. What was the quantity (curies) of low-level radioactive waste shipped? What were the major 

isotopes in the low-level radioactive waste? (Power reactor licensees who report this information 
in accordance with Technical Specifications do not need to respond to this question.)   

 
     3. Did you generate liquid low-level radioactive waste? If the answer is ‘yes,’ what process was 

used to solidify the liquid waste?  
 
Licensees who do not generate low-level radioactive waste should so indicate in their responses and do 
not need to take other actions specified in the above items.  
 
Approved by GAO, B180225 (R0072); clearance expires 7-31-80. Approval was given under a blanket 
clearance specifically for identified generic problems.  
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