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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by fhe technical committees are circulated to the member bodies for voting. ‘Publication 3

International

Attention is @

rights. ISO shall not be held responsible for identifying any or all such patent rights.

1ISO 21238 W
fuel technolo)

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 85, Nuclear e€nergy, Subcommittee SC 5, N
gy-

jards
s an

atent

clear
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Introduction

Burial disposal of low- and intermediate-level radioactive waste has been practiced in several countries.
Before disposal, the radioactivity of specific nuclides in waste packages have to be declared in accordance
with limits and criteria derived from safety assessment of the disposal facility. Some of these nuclides are
difficult to measure from the outside of the waste packages, because they are beta or alpha emitting nuclides.

TherJz are a number of activity determination methods. The scaling-factor method is widely appIiJ;d in order to
evaldate these difficult-to-measure nuclides. The scaling-factor method is based on a cetrelafion between
easily measurable gamma emitting nuclides and difficult-to-measure nuclides. This Internatiopal Standard
presgnts guidelines on the empirical scaling-factor method for evaluating the radioactivity of nuclear power
plantfs low and intermediate level waste.

© 1SO 2007 — All rights reserved \4
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Nuclear energy — Nuclear fuel technology — Scaling factor
method to determine the radioactivity of low- and intermediate-
level radioactive waste packages generated at nuclear power

pla

nts

1 3

This

Bcope

International Standard gives guidelines for the common basic methodology of empirically

determining

scalifg factors to evaluate the radioactivity of difficult-to-measure nuclides~in fow- and interfnediate-level

radio

This

contd
is alg
facto
this |

2

hctive waste packages.

International Standard gives common guidelines for the scaling factors used in the chara
minated wastes produced in nuclear power plants with water-eegdled reactor. This Internatig
o relevant to other reactor types, such as gas-cooled reactors. Methodologies for determ
's based on theoretical considerations (i.e. not based on expéerimental measurement) are ng
hternational Standard.

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

21
diffig

ult-to-measure nuclide

nuclifle whose radioactivity is difficult to measure directly from the outside of the waste packa

destr
EXAN

2.2
key
gamr
readi

NOTE

Lictive assay means

PLE Alpha emittingnuclides, beta emitting nuclides, and characteristic X-ray emitting nuclides.
uclide

na emitting nuclide whose radioactivity is correlated with that of difficult-to-measure nuclide

y measuredtdirectly by non-destructive assay means

Also called “easy-to-measure nuclide” or “marker nuclide”.

cterization of
nal Standard
ining scaling
t covered by

ges by non-

5 and can be

EXA

= 60 Alae 137
L= O,

23

SOanGroT

scaling factor
factor or parameter derived from mathematical relationship used in calculating the radioactivity of
difficult-to-measure nuclide from that of key nuclide determined from sampling and analysis data

24

waste package
product of conditioning that includes the waste form and any container(s) and internal barriers (e.g. absorbing
materials and liner), as prepared for handling, transportation, storage and/or disposal

NOTE Adapted from IAEA Radioactive Waste Management Glossary. 2003 Edition["].

©I1SO

2007 — All rights reserved
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25

representative sample

sample taken from a process of the material in that process or that quantity of material which is considered to
possess the average characteristics of the material

NOTE 1  Adapted from ISO 921:199712].

NOTE 2  Samples of waste are used to determine the scaling-factor parameters for the target waste stream. A
representative sample is meant to closely resemble the characteristic nuclide content and activity proportions of the target
waste stream.

2.6

composite gampte
mixture of sgmples from different containers such that the mass ratio of the samples is equal to the ratio of the
material masses contained in the containers

NOTE Adapted from 1SO 921:1997121.

EXAMPLE Series of samples taken over a given period of time and weighted by collectiorinrate; or a compbined
sample considting of a series of discrete samples taken over a given period of time and mixed aceording to a spgcified
weighting factgr, such as stream flow or collection rate.

27
corrosion product nuclide
nuclide prodiiced by activation of corrosion products temporarily deposited©n in-core surfaces

EXAMPLE 60Co, 83N,

2.8
fission procluct nuclide
nuclide proddiced either by fission or by the subsequent radigactive decay of nuclides thus formed

NOTE Adapted from 1SO 921:19972].
EXAMPLE 137Cs, 90gr,
2.9

alpha emittihg nuclide
nuclide emitting an alpha particle when it decays

EXAMPLE Most actinides and transuranic nuclides.

2.10
transuranic jnuclide
nuclide with atomic numbeérs above 92

211

dry active wjaste

solid waste generated in varlous waste streams |n a nuclear power plant mcludmg protect|ve cIo hing,
replaced eqtipfme Darts : i y— air—filters

removed during plant operatlon and mamtenance

212
homogeneous waste
radioactive waste that shows an essentially uniform distribution of activity and physical contents

EXAMPLE Flowable wastes such as concentrates, solidified liquids and spent resins, in which the radioactivity may
reasonably be assumed to be uniformly distributed over the volume or flowable wastes uniformly mixed with a solid matrix.

213

heterogeneous waste

radioactive waste that does not meet the definition of homogeneous waste, including solid components and
mixtures of solid components, such as dry active waste and cartridge filters

2 © 1SO 2007 — All rights reserved
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3 Principle

The empirical scaling-factor method is a method for evaluating the radioactivity of defined difficult-to-measure
nuclides from the radioactivity of key nuclides, based on the correlations between difficult-to-measure nuclides
and key nuclides. To achieve this, it is important to understand the nuclide production mechanisms, the
physico-chemical behavior of nuclides and observe radiochemical analysis data. Statistical calculation is a
supplemental technique used for the quantitative evaluation of scaling-factor parameters from groupings of
radiochemical data.

The difficult-to-measure nuclides of primary interest are those with very long half-lives that persist in a
disposal site long after the period of institutional control. Their declarations are often important for the
asse i te: i - radioactive-
wast¢ disposal establish specific limits on the concentrations of these nuclides in individual-wagte packages
Il as on their total content in the disposal site. These are specific acceptance criteria which gre set by the
natiopal regulatory system or waste management programs and are derived from the.safety agsessment of
dispdsal facilities. The information about the activity concentration and total activity aré-also required for the
transport of radioactive material.

Scalipg factors provide a mechanism for estimating the quantities of difficult-to-measure nuclideg in individual
wast¢ packages based on limited radiochemical analysis of samples from_the bulk waste stieam. This is
achigved by observing the consistent and reproducible relationships betWween individual nuclidefs in samples
from f stream, which, with reasonable confidence, can be assumed to’represent the entire stream.

4 Sampling

4.1 | General
Scalipg factors in the context of this International Standard are based on a database of samples] Therefore, it
is qulte important to conduct appropriate sampling and create a database of analytical results. |Described in

4.2.1]and 4.2.2 are two basic concepts employed for the collection of radioactivity data that serve as the basis
for the scaling-factor method.

4.2 [ Representative sampling

Two common approaches to ensuring representative samples are
— homogenized sampling,

— accumulated sampling.

4.2.1| Homogenized sampling

This pampling applies to waste that can be considered as homogeneous. In order to ensure that the activity
contgined in the sample is uniformly distributed, the waste is sufficiently mixed before sampling|or within the
sample process. Satisfactory accuracy can be ensured even for scaling factors obtained from a small number
of samples.

a) Waste is uniformly stirred and sampled from storage tanks.

b) Composite samples can be prepared by proportionally mixing waste.

4.2.2 Accumulated sampling
In this approach, waste samples are collected in suitable number or manner to represent the characteristic

features of a population of waste samples. This is applicable to both homogeneous waste streams and
heterogeneous waste streams.

© 1SO 2007 — All rights reserved 3
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4.2.3 Activity concentration range of waste samples

When sampling a defined waste stream in the case of accumulated sampling, it is important to obtain
radioactive waste samples having a wide range of activity concentrations in order to ensure effective
correlations between difficult-to-measure nuclides and key nuclides for waste from that stream.

4.3 Rejection of outliers

If an outlier is found within analysis results, the cause should be identified and the outlier can be corrected or
abandoned based on the study of distribution of data and origin of data. If the cause of such an outlier is not
identified, statistical methods can be applied optionally for rejection of outliers.

4.4 Rec0|lds of samples

The following

5

5.1

The scaling-

sample
plant na

reactor i

reactor fype (e.g. boiling water reactor, pressurized water reactor, heavy water reactor, etc.);

waste stream identification;

type of v
date of
date of
organizg

radioact
correcte

moisture

Evalua

Applig

information should be recorded together with the measurement data of individual‘'samples:
dentification number;
me;

Hentification and building identification;

aste (e.g. spent resin, concentrates, metal, smear, €tc.);
vaste sampling;

vaste analysis;

tion that conducted analysis;

vity and detection limits of each nuclide (the activity concentration of each nuclide shou
i for decay to the generatioh date of waste);

content of the wasté-(to be measured if necessary for 3H evaluation).

tion methodology for scaling factor

cability of scaling-factor method

step is deciding whether a correlation exists, i.e. whether the scaling-factor method is applicable.

d be

actor method relies on correlations or predictable relationships between nuclides. The crucial

The applicability of the scaling-factor method for a given difficult-to-measure nuclide and a key nuclide pair
can be checked by either or both of the following ways:

consider their production mechanism, physicochemical behavior and observation of their correlation
diagrams;

use stati

stical methods to check for existence of a correlation.

© 1SO 2007 — All rights reserved
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Evaluation by linear relationship

The radioactivity of the difficult-to-measure nuclide is predicted by multiplying its scaling factor by the
concentration of the key nuclide. The scaling factor is determined as the geometric mean of analyzed values.

aq = fsF X a

where

The

the fgllowing manner:

wherg

5.3

The
the

difficlilt-to-measure nuclide{ and key nuclide. For example, when the nuclide ratio shows a de
concgntration, there can\b&a nonlinear relationship.

This

/g is the scaling factor, see Equation (2);

ay is the activity concentration of the difficult-to-measure nuclide in either activity per ma
per volume, e.g. expressed in Bq/kg or in Bg/m3;

dy is the activity concentration of the key nuclide in either activity per mass or activity per
expressed in Bg/kg or in Bg/m3.

jeometric mean can be used to calculate scaling factors for the evaluation lef activity cong

fsr = flagr/agxxaq, [ag; x--xaq,[a,)

4x; s the activity concentration of the key nuclide in Sample i (i = 1...n), e.g. expressed i
activity is expressed per mass;

44; s the activity concentration of the difficult-to-measure nuclide in sample i (i = 1...n), e.
in Bg/kg if the activity is expressed per miass;

1 is the number of samples.

Evaluation by nonlinear relationship

following method using lihear regression of logarithms of measurement data can be
bvaluation of difficult-toxmeasure nuclides where there is a nonlinear relationship

14 =a><ak'8

corresponds to

Ih(@g) = o' + B x In(gy)

(1)

ss or activity

volume, e.g.

entrations in

()

h Ba/kg if the

0. expressed

applied for
petween the
bendence on

@)

(4)

where

aq is the activity concentration of the difficult-to-measure nuclide to be determined, e.g.
Bqg/kg if the activity is expressed per mass;

ay is the activity concentration of the key nuclide, e.g. expressed in Bq/kg if the activity
per mass;

a, o' are constants (a' = Ina);

g is the regression coefficient.

© 1SO 2007 — All rights reserved
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5.4 Selection of key nuclides

The key nuclides used in evaluating the activity concentrations of difficult-to-measure nuclides are selected
based on the following factors. Gamma-emitting nuclides shall meet the basic characteristics and it is
recommended that they meet at least one of the additional characteristics.

aracteristics:

be measured by non-destructive means when present in waste packages,

having activity levels above the detection limit,

ng a correlation with required difficult-to-measure nuclides,

ng a relatively long half-life (e.g. years rather than days).

bl characteristics:

ng a nuclide production mechanism similar to that of difficult-to-measure nuclides, and/or
ng physical properties (particularly solubility) similar to those of difficult-to-measure nuclides

60Co is normally used as a key nuclide for corrosion-product’ nuclides and activation-pr

a) Basicch
— can
— hav
— hav

b) Addition
— hav
— hav

Specifically,

nuclides fro

alpha-emitti

5.5 Integ

Data collect¢d from various waste streams can be combined for the determination of particular S

Factors prov
That is, base
different.

Data can be
in operating

5.5.1

Integfation and classification of corrosion product nuclides

reactor coolant and ®0Co and/or 137Cs as key nuclides for fission product nuclides
nuclides.

ation and classification methodology for scaling factor

ding that it can be demonstrated that the data are all part of the same general population of
d on a comparison of means and variance, it can be established that the data populations a

ntegrated over extended waste _streams given that no significant trends or no significant cha
status are occurring.

5511 C

The correlatijon of difficllt-to-measure nuclides such as corrosion product nuclides to key nuclides stn
depends on {he compasition of the materials involved.

Therefore, if the"eompositions of materials are not significantly different among several plants, the assoq
radiochemicdl ‘analysis data can be merged to establish a single scaling factor. Different reactor types

nsideration by-type and design of nuclear power plant

bduct
and

aling
data.
e not

nges

pngly

iated

(e.g.

boiling water reactor, pressurized water reactor) generally produce different scaling factor parameters for the
same combination of nuclides from similar waste streams because of differences in the compositions of some
in-core materials and water chemistry.

5.5.1.2

Consideration by waste stream

Many corrosion product nuclides show a common production mechanism and transport behavior in the plant.
Thus, classification by waste stream might not be necessary for those corrosion product nuclides in a given

plant design.

© 1SO 2007 — All rights reserved
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5.5.21 Consideration by nuclear power plant history

Integration and classification of fission product nuclides and alpha emitting nuclides

The correlation between fission-product nuclides, alpha-emitting nuclides and key nuclides can change
depending on the history of fuel failure (i.e. the inventory of fission-product nuclides and alpha-emitting

nucli

des).

Therefore, if the inventory (e.g. of the reactor cooling water) of fission-product nuclides and alpha-emitting
nuclides is not significantly different among several similar plants, the associated radiochemical analysis data
can be merged to establish a single scaling factor.

5.5.2|12 Consideration by waste stream

Sinceg the solubility of fission products and alpha-emitting nuclides can differ from that ef-the ke

can
nucli

5.6

Scal

ie necessary to group waste streams based on combinations of difficult-to-measure nucl
es. This accounts for the differences in the individual nuclides transport behaviof in given pl

Scaling-factor accuracy

analysis. This accuracy is the primary parameter under the control of‘the waste generator.

One
dete

The

bf the following two approaches should be applied to ensure the accuracy of the scaling fa
rmine the radioactive concentrations of waste packages.

Accuracy is ensured by applying homogenized sampling.

NOTE Detail for homogenized sampling is givénin 4.2.1.

[Vhen accumulated sampling is applied,.one of the following three methods is sufficient ft
pplying averaging methods to multiple sample records.

NOTE Details for accumulated*sampling is given in 4.2.2.

a) Consider the parameters affecting uncertainty of the scaling factors.

B) Obtain a suitable humber of analyzed data.

¢) Consider'appropriate manner of sampling.

gcaling-factor uncertainty can be evaluated taking into account the following sample data:

vy nuclides, it
des and key
ANt systems.

ng-factor accuracy is influenced by several factors, including representative sampling anfd laboratory

ctors used to

D ensure the

Iccuracy. Confidence in individual scaling factors can be achieved by considering the uncgrtainty or by

r||umber of data;

standard deviation.
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Annex A
(informative)

Practices and examples of application of scaling-factor method

This annex provides explanatory notes on the stipulations in the main text and matters relating to them. This
annex gives examples and practices to assist the understanding or use of the standard document.

A.1 Appli

bation

A.1.1 General

The scaling-

factor (SF) method is an evaluation technique to determine the activity concentratio

difficult-to-mgasure (DTM) nuclides. Such nuclides include those emitting low energy photons, pure

emitters and

Using the SH
correlation b

One approa

alpha emitting nuclides that are important to long-term disposal safety:

method, the activity concentrations of DTM nuclides in waste packages are estimated by ug
ptween their activity concentrations and those of key nuclides-$u¢h as 69Co.

ch to the application of the SF method is to perform. ‘an empirical evaluation, in whic

combined eflects of various factors (e.g. variations in the amounts-of nuclides produced by nuclear reac

transportatio
values. Thes
important to

Figure A1 s
proceed thro

A.1.2 Step

For proper
evaluate and
etc.) of the w

reactor ¢

fuel perf

n behavior, and properties of those nuclides) are accounted for by the use of representative
e are derived by combining data from analysis (e.g. radiochemical) of actual wastes.
inderstand this fundamental approach to applydhe SF method.

hows a basic flow for application of the'SF method. The evaluation and application tyg
Ligh the following steps.

1

se of SF approach, where _data from multiple power plants are combined, it is importa
investigate the characteristic differences between plants and the properties (e.g. homoge
aste subject to sampling! Some plant characteristics important to this process are listed belo

reactor type;

omponentmaterials;

brmanee’ history;

ns of
beta

ing a

h the
lions,
mean

It is

ically
nt to

heity,
W

mechan

variations in waste treatment;

plant operational condition.

In this step, plant characteristics and other factors, such as waste streams that affect the composition ratios
between DTM nuclides and key nuclides (i.e. SF), are studied and SF classifications based on SF variability
due to these factors are assessed. In addition, a sampling plan is developed covering the grouping of plants,
waste streams and range of activity concentration of wastes.

NOTE

The basic concept of representative sampling is specified in Clause 4.

© 1SO 2007 — All rights reserved
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A.1.3 Step 2

Appropriate sampling is carried out in accordance with the studies shown in Step 1. The selected wastes are
sampled, and nuclide analysis data are collected through analysis of the samples.

NOTE 1

NOTE 2

Requirements for sampling are specified in Clause 4. Records are managed accordingly.

The practices of selecting key nuclides are shown in A.2.

A.1.4 Step 3

Using

throu

exani

The
obse

If apf
may
meair

gh the use of scatter diagrams. SF groupings are studied considering the influencing fact
ined in Step 1.

bpplicability of the SF method for a particular grouping is determined based,'on”whethe
vable correlation between the concentrations of DTM nuclides and selected key'nuclides.

licability of SF method cannot be confirmed, another evaluation method for determining the

value from a set of measurements on representative samples andqapplying this value to ot

Alterpatively, the upper bound value from measurement or by theorétical calculation can be us

the

The possibility of integration or classification of waste streams.and plants is determined based on

obse

ean value to produce a conservative estimate.

vation of scatter diagrams.

NOTH 1 The basic concept of selecting key nuclides is givenin 5.4.

NOTH 2 For determining the applicability of the SF method, refer to 5.1.

NOTH 3  The basic concept in integrating waste-streams for SF evaluation is shown in 5.5.

NOTH 4  Practices about SF differences‘among various plant types and waste streams are discussed
and A4.

A1.%5 Step 4

The R@ctivity concentrations or total activity of key nuclides in each waste package to be

deter
using
conc

pntrations of \DTM nuclides are calculated based on the nuclide specific SFs and the ap

nucligles activity for each waste package.

the nuclide analysis data, the correlation between DIM nuclides and the key nuclides|

be employed, such as “Mean activity” method. The so called “Mean activity” is based on cm

is observed
brs that were

[ there is an

DTM nuclide
Iculating the
er packages.
bd instead of

for example,

n Clauses A.3

assayed are

mined by measufing the surface dose rate of the waste package and calculating a key nyclide activity
a “dose-rate-to-activity” conversion calculation, or by gamma spectroscopy or other means

. The activity
bropriate key

NOTH 1 £ _Appropriate calculation methods for determining SF values from collected nuclide analysis datr, see 5.2 and
5.3.

NOTE 2  The ways to keep accuracy of applicable SFs are given in 5.6.

NOTE 3  An example method to maintain SF accuracy is given in Clause A.5.

© 1SO 2007 — All rights reserved
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(st @ — B
[ ] Study of basic factors

* Plant characteristics

* Physicochemical behavior of nuclides

* Mechanism of nuclide production

» Waste streams etc.

Development of sampling plan

* Representative sampling
B (As specified in Clause 4) P
ifoE’p_z'] ________________ L A T —i
I Sampling & analysis |
!_.__.AAiS.FE%”Edﬂ.‘E.ﬂdi?’)_.__ ............................. _!

L]

) -

nuclide activ
« Selecting key nuclides

Observation & evaluation of

« Verfying correlation between DTM nuclides & keycnuclides

ity database

(As specified in 5.1 and 5.4)
(See Clause A.2)

Evaluating
applicability of
SF method

Other evaluation methods
Mean activity method, etc.

SF classifications for
evaluation

n of group

(Optionally)
Reference « Unification of group
(Sge Clauses A.3 « Classificatio
Land A4) (As specified in 5.5)
[ster4 L i
Applying statistics|— Scaling

(A3

Determination of

Assess key
Factors

Dose rate, gamma spectra, etc.

nuclide activity

specifiedhin 5.2 and 5.3)
(As specified in 5.6)

(See Clause A.5)

Y

Calculation

NOTE

10

-

Determining the activity of
DTM nuclides

SF is Scaling Factor, DTM nuclide is difficult-to-measure nuclide.

Figure A.1 — Basic flow of application for Scaling Factor (SF) method

© 1SO 2007 — All rights reserved
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Key nuclide selection

A.2.1 Basic approach

This International Standard requires in 5.4 the following four basic characteristics for a gamma-emitting key

nuclide:

a) nuclide that can be measured by non-destructive means when present in waste packages;
b) having activity levels above the detection limit;

c) tﬁaving a correlation with required difficult-to-measure (DTM) nuclides;

d) having a relatively long half-life.

Sincg 69Co and 137Cs in most cases satisfy the above basic characteristics, they)are widely

nucligies. 137Cs is usually preferred for use as a key nuclide for fission products. Howéver, it is ng

in su
(here
exan

ficient concentration to be consistently determined by external non-destructive measureme
can be used as key nuclide for fission-product nuclides, alpha-emitting and transura
inafter alpha-emitting nuclides) in addition to the key nuclide for corrosion product nucli
inations of scaling factors have demonstrated that ©0Co provides comparable cof

used as key
t often found
nt. Note that
nic nuclides
des. Various
relations for

fissiop-product nuclides and alpha-emitting nuclides.
A.2.2 United States practice
A number of examinations of scaling-factor data havebéen undertaken by the Electric Power Research
Institite (EPRI) on behalf of the United States nuclear power industry. In these studies, analygis data were
colle¢ted from member utilities covering a range-of plant conditions and operating historigs. Separate
tabulations were made for boiling water reactor (BWR) and pressurized water reactor (PWR) plant types.
As d¢monstrated in Tables A.1 and A.2, both 89Co and 137Cs are comparably applicable as key nuclides for
239py,
Table A.1. 10CFR61 Scaling factors for full databasel3!
PWR BWR
Radionuclides
Data points | Ratio | LMD? | Data points | Ratio | LMD?
239p(/137Cs 303 4x104 50 192 3x104 28
239py/60Co 383 1x104 | 27 235 5x10°%| 18
@ LMD is log mean dispersion.
Table A.2 — Scaling factors (new database)!“!
PWR BWR
Radionuclides
Data points LMA?2 LMDP | Data points LMA?2 LMDb
239py/187Cs 288 20x10%4| 36 91 15x104 | 11
239py/60Co 382 9,0x104| 21 113 20x105| 7
a8  |MA is log mean average.
b LMDis log mean dispersion.
© IS0 2007 — Al rights reserved 1


https://standardsiso.com/api/?name=b4ec735f26d1bb1e909f6a5b75b7bf95

ISO 21238:

2007(E)

A.2.3 European practice

In a collaborative study of scaling factors among European countries, amongst others, correlations between
key nuclides (89Co, 137Cs) and fission-product nuclides and alpha-emitting nuclides were calculated.

Comparable

correlations were demonstrated in the study. Results are listed in Table A.3.

Table A.3 — Applicable correlations for European waste [°]

Radionuclides PWR BWR
Number of data points | Correlation coefficient | Number of data points | Correlation coefficient

241Am/60Cq 73 0,82 35 0,67
24 Am/137C 67 0,84 34 0,63
244Cm/60Cq 99 0,84 44 0,67
244Cm/137Cp — — 42 0,62
238p/60Cq 88 0,85 35 0,63
238py/137Cy — — 34 0,62

9031/60Co 110 0,78 29 0,74
90gr/137Cs 108 0,77 47 0,76

A.2.4 Japanese practice

Figure A2 s
60Co and to
waste gener
and the key

alpha emittin|

hows scatter diagrams plotting the correlation between total alpha emitting nuclides activit

ted at PWR plants. In the both cases, ax¢orrelation exists between total alpha emitting nu
huclide, and it is seen that not only 137Gs-but also 80Co can be selected as a key nuclide fo
g nuclides.

and

| alpha emitting nuclides activity and 137Cs:\These data are obtained by analysis of dry active

Clides
total

12
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nuclide 60Co is 0,72 nuclide’3/Cs is 0,78

Key
a,  pctivity of the key nuclide, Ba/t
ay, fotal alpha activity, Ba/t

1 Qeometric mean.

Figdre A.2 — Correlation coefficient as a function of‘key nuclide concentration for total alpha activity
in dry active waste generated at PWR plants[®]

A.3 |Grouping by nuclear power plant type

A.3.1 Basic approach

From| the nuclide-analysis data.collected up to the present and the accumulated knowledge from $caling-factor
evaldations, the following are determined as likely factors causing scaling-factor variation:

a) (differences in reacter-component materials (due to differences in reactor type, adoption pf low-cobalt
materials, etc.);

b) differences.invfuel stability history (due to differences in fuel type, fuel damage history, etc.);

c) differences in the physical or chemical behavior of the nuclides (due to differences in volatility, solubility,

th.).

NOTE An example of differences in the physical or chemical behavior is shown in Clause A.4.

While these factors may be considered in developing the initial grouping of waste streams, the primary
affecting factor is based on an observable correlation within each group. Optionally, statistical methods may
be used to support these evaluations.

A.3.2 Examples of plant type differences

A.3.2.1 Corrosion product nuclides

Corrosion product compositions change depending on the reactor type. For example, the major source of
corrosion-product nuclides from a pressurized water reactor (PWR) are nickel alloy and stainless steel, with

© 1SO 2007 — All rights reserved 13
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little use of carbon steel. On the other hand, those of a boiling water reactor (BWR) are carbon steel and
stainless steel.

The nickel and niobium concentrations relative to cobalt in a PWR are higher than those in a BWR. Thus,
when the radioactivity of corrosion-product nuclides is evaluated, it is necessary that waste be classified by
reactor type because of the varying reactor component materials. This difference is illustrated in Figure A.3
and Table A4.

i A
50 - - - - T 0.7
i H H H H H H | n=313
s,k O st
40 4 K '
10° § PR
A 304 i
lo’.‘ -l / :
204 :
10" i 0.5
10" 10+ .
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o - : i n =304 =
ol O
10' 1 ‘1 | 0.50
10° g
10° 1 L 0.5
10' 4 104
o ————— . — O | | | L
100 100 10' 10" 10" 10" 10 10" 10" 107 10" 5 w0 OO\ 10”10t 100 10t 100 10t 10t 10° 3k,
a) Scatter diagram of the 3Ni/®0Co ratio b)’s Distribution diagram of the 63Ni/®0Co ratio
Key
ace activity of 89Co, Bg/t d  probability density
ay; actiyity of 83Ni, Bq/t o pressurized water reactor (PWR)
anyco  actiyity of 83Ni/activity of ®9Co ratio A boiling water reactor (BWR)
f ratia, %
Figure A.3 — Scaling faetors for corrosion-product nuclides as a function of reactor type
from Frénch, German, Japanese and United States practicesl’]
Tablg A.4 =Scaling factors for corrosion-product nuclides from United States practicel’]
Scaling factor

Radionuclides
All BWR All PWR

63Ni/60Co 5,70 x 102 3,27 x 10"

A.3.2.2 Fission product nuclides and alpha emitting nuclides

The contents of fission-product nuclides and alpha emitting nuclides in wastes vary with the integrity of the
fuel, specifically the level of fission-product nuclides concentration.

14 © 1SO 2007 — All rights reserved
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Waste-stream grouping between various plants takes into account one of the following three levels of fuel

failure:

a) plant having no fuel failure: all fission products and alpha emitting nuclides release is due to the fuel rod

surface contamination;

b) plant that has experienced light fuel failure: fission-product release is retarded by diffusion through small
openings in fuel clad, relatively volatile nuclides are released through this process;

c) plant that has experienced relatively serious fuel failure: openings are sufficiently large to

coolant contact with fuel surface.

Figure A.4 illustrates as an example of the variations caused by differing levels of fuel integrities

betwgen alpha emitting nuclides and 137Cs.
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Figure A.4 — Different scaling factors for fission-product nuclides as a functior
of the integrity of fuel in Japanese practicel®!
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A.4 Grouping by waste stream type

A.4.1 Basic approach

The ratios of difficult-to-measure nuclides and key nuclides observed within each system of a nuclear power
plant will show little variation during steady state plant operation.

In particular, corrosion-product nuclides are similar in physicochemical behavior and their relative proportions
within a stream are not readily altered through plant processes or changing plant conditions. Thus, common
scaling factors for corrosion-product nuclides generally can be determined for all waste streams within
particular plants.

Fission-prodiict nuclides and alpha-emitting nuclides can show differences in solubility betweenthe |DTM
nuclides and selected key nuclides. Therefore, it can be appropriate to consider the determination| of a
particular scaling factor for each stream.

A.4.2 Examples of waste stream differences

A.4.21 Appropriate waste stream grouping for corrosion product nuclides

Corrosion-prpduct nuclides show only small differences in transport behaviat: As a result, the differenges in
the nuclide cpmposition ratios of the key nuclide to DTM nuclides among waste streams are small. Thergfore,
it can be posgsible to develop a unified scaling factor for an entire planf:Figure A.5 compares the 83Nif¢0Co
ratio for variqus sample streams typically found in pressurized water reactors (PWRs). The data base incjudes
a compilation of data from French, German and Japanese PWRs. Figure A.5 shows that the mean ratids are
relatively corfstant across various waste streams and over a broad\range of concentrations.
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Figure A.5 — Ratios fora\single corrosion-product nuclide for different waste strealrs —

Example: French, German and Japanese practices for the 63Ni /60Co ratio for PWR$![10]
A.4.2.2 Appropriate waste-stream grouping for fission-product nuclides
In practice, fission-product nuclides are most often correlated either to 137Cs or €0Co. In particylar, because
137Cg is relatively soluble, 137Cs does not collect on the surface of heterogeneous wastes in proportion with

the rfon<soluble fission-product nuclides. Figure A.6 compares the 90Sr/137Cs ratios in homogeneous and
heterpgéneous wastes, and the variability between homogeneous waste and each heterogenet?us waste for

French, German and Japanese PWRs. As a result, it is appropriate to consider the influence of the solubility of
nuclides on homogeneous and heterogeneous wastes.

In the alternative case where 0Co is used as the key nuclide, as illustrated in Figure A.7, there is a similarity
in the variability of values and a general expectation of constancy in similar fuel integrity plant group. Since
60Co is produced through a mechanism different from that for 90Sr, the 99Sr/60Co scaling factors show
constancy in accordance with the fuel integrity in a particular nuclear power plant.
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Figure A.6 — Ratios for a single fission-product nuclide for different waste streams —
Example: French, German and Japanese practices for the 90Sr/137Co ratio for PWRsl['0]
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