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Introduction

The peaceful use of nuclear energy for
electricity production has substantially
Increased over the past years and
prognoses estimate a further Increase ln the
near future. As a consequence the quantity
of nuclear matenal in store or ln use Will
increase accordingly. Furthermore, the
conditions under which It Will be available
to the safeguardS authorities for verification
purposes will change ln some cases. Both
of these factors will affect safeguards.

Presently available safeguards
technology provides means for effiCient
safeguards performance, but this does not
mean that no further improvement could be
made. The problems related to the
assessment of performance for present
safeguards technology were discussed at
the 8th Annual ESARDA Meeting, held at
Copenhagen ln 1986 having as subject the
"Capabilities and Objectives of the Use of
NDA-OA-C/S Measures in Safeguards» 111.

The prOjected evolution of the nuclear fuel
cycle is expected to pose new technical
challenges, mainly in two areas:
1) additional resources and technical

developments Will be required to safe-
guard the increasing amount of nuclear
matenals and the number of facilities. If
efficient safeguards performance is to be
maintained. both cost-effectiveness and
inspection strategy will have to be looked
at more carefully;

2) current practices for the operation of
Industrial facilities are expected to
change. Examples are the automation of
nuclear material handling, recycling of
nuclear material and long term storage
of spent fuel. As a consequence a
number of safeguards relevant
characteris,ics of the new facilities will
change as well.
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BH Patrick (UKAEA, Harwell), G. Van den put (CEC.
Luxembourg) and A Velilla (CIEMA T) with the contribution
ai Mf F. Mousty (CEC, JRClspra)

Expenence has taught that years may
pass between the development of
safeguards techniques and their routine
utilization. Therefore it IS necessary to take
account of the expected evolution of the fuel
cycle in long term planning of R&O

Aim of the Exercise

It was decided within ESARDA that an
analysIs of the evolution of the nuclear fuel
cycle should be camed out to indicate
changing features that might affect
safeguards R & D activities of the ESAROA
working groups. An analysIs of the nuclear
fuel cycle evolution ln EC countries up to the
year 2000 was undertaken, based on the
latest mformation given in the open literature
ln the period 1985/86. Changes in the data
since that time have also been taken mto
account It is to be emphasized that the
primary interest was ln the trends of the data
rather than their absolute values.

Working Procedure

ln practice the study was subdiVided into
four phases_

The first phase of the action, "fuel cycle
analysIs", was to gather, from the open
literature 12,3/ for each EC country, the data
on the industrial actiVities related to the
production, processing, fabncation and use
of nuclear material between 1985 and the
year 2000. The industrial activities are to be
understood here as the number and type of
facilities, the throughput and storage
capacities of nuclear matenals.

The second phase involved the
organization of the collected data, checking
the coherence between data of different
origin and the preparation of estimate, for
all EC countries, of the annual and
cumulative capacities of Industrial activities

ln the third phase, an analysis was
performed of the characteristics of the
different parts of the fuel cycle which are
expected to change substantially and which.
consequently, may influence the application
of safeguards techniques.

Finally, the fourth phase was the analysis
by ESAROA Working Groups of the

adequacy of existing techniques to solve
problems which anse from the qualitative
and quantitative changes ln the fuel cycle
and the identification of future R & 0 work
141.

Evolution of Fuel Cycle up to the
Year 2000

First and Second Phases

These phases comprise the data base of
nuclear fuel cycle evolution up to the year
2000 For the purpose of the analysIs the
fuel cycle was subdivided into five parts

power reactors,
storage outside reactor sites,
reprocessing and Intermediate storage,
mixed oXide fuel fabrication (MOX)
low enriched uranium fuel fabrication
(LEU).

For each of these parts, the flow and
storage of nuclear material, focused on
spent fuel, plutonium and low enriched
uranium, was estimated The years 1985.
1990, 1995, and 2000 were selected as
milestones, ail estimates being related to
these years.

The following general conclusions may be
drawn.

a) the number of power reactors (essent!ally
PWR) will increase and the installed
capacity is expected to pass from 70

GWe in 1985 to 127 GWe ln 2000 when
the share of nuclear electriCity generation
will be as high as 70% of the:otal
production.

b) the annual discharge of spent fuel
assemblies will almost double from
1300 t of heavy metal per year ln 1985
to 2400 t ln 2000.

c) the reprocessing capacities for LWR fuel
indicate a considerable Increase by a
factor of 8, when the planned facilities ln
EC Countries are put Into operation in the
mid-nineties. It is Interesting to note that
in 1985 approximately 90% of the
reprocessing capacity was used for
spent fuel from gas cooled reactors
(GCR), whereas in 2000 70% IS to be

attributed to LWR spent fuel.
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The annual quantity of Pu separated is
expected to rise from 8 t to 36 t between
1985 and 2000.

d) the mixed oxide fuel fabrication
capacities will increase from 60 t MOX
per year in 1985 to 360 t in 2000,
essentially for the fabrication of MOX fuel
for LWRs.

e) for low enriched uranium fuel fabrication
plants, the present capacity for LWR-fuel
is 2800 t rising to 3500 t in 2000. These
facilities have already reached their
commercial size and are in practice
ready to respond to the growing
demands of light water reactors.

More recently, forecasts on the evolution
of the EC fuel cycle have changed slightly.
The main changes concern nuclear
electricity production from LWR reactors,
LWR fuel reprocessing capacities and the
production of separated Pu. It is expected
that by the year 2000 the growth in all these
three industrial activities will be
approximately 10% lower than was
expected from the 1986 data /2,3/.

However, these changes do not affectthe
overall trend in the consideration on
safeguards characteristics on the fuel cycle
and the future R & 0 activities of ESARDA
working groups.

The input and output stores of repro-
cessing and MOX fuel fabrication plants will
contain larger amounts of nuclear materials,
due to the substantial increase of potential
throughput and due to the tendency to store
materials over a period of several years of
operation of these facilities.

Because the large reprocessing plants will
become operational only around 1995, very
large amounts of spent fuel from LWR are
to be stored in storage ponds and in dry
storage facilities in the meantime.

Outside the reactor sites, at present, the
total storage capacity for spent fuel in the
EC is more than 15,000 t for LWR fuel (cor-
responding to more than 30,000 fuel ele-
ments).

It should also be noted that the fuel cycle
inside the EC has several important links with
countries outside the EC, in particular for the
reprocessing of spent fuel and for fuel
fabrication. This explains the apparent
imbalance between the capacities of the
different stages in the fuel cycle in the EC.

Third Phase

With regard to the third phase, safe-
guards relevant characteristics which might
be subject to change due to fuel cycle
evolution were identified. ln this connection,
to make a complete and systematic analysis,
the safeguards approach for each type of
facility must be taken into account. However,
there is considerable uncertainty concerning
some future facilities and this fact may
influence, in a substantial way, some of the
conclusions drawn from the study.

For each type of facility, the following

safeguards relevant characteristics were
analysed in relation to input store, output
store and process area.

Input and output store

material type: chemical and isotopic
composition of different categories of
nuclear materials;
number of items per category at any
given time on inventory;
type of storage;
accessibility to nuclear materials (for
example for assay);
residence time of nuclear materials;
general layout of input and output
storage areas, frequency of shipments
and receipts.

Process area

throughput of nuclear material (or core
load);
process inventory and residence time;
accessibility to the nuclear material (e.g.
for assay of chemical and isotopic
composition of nuclear materials at input
and output of process area).

The main safeguards relevant charac-
teristics influenced by the evolution of the
fuel cycle may be summarized as follows:

Power reactors

Use of MOX fuel assemblies
Larger variety of uranium enrichments
and use of dismountable fuel assemblies
Higher burn-up, influencing the
quantities and composition of isotopes
produced (fission products, heavy
metal).

Storage outside reactor sites

Dry storage facilities are completely new
from the safeguards point of view.

Spent fuel reprocessing plants

Large increase in throughput and
process inventories
Number and size of storage ponds will
increase substantially.

Mixed oxide fuel fabrication plants

Use of Pu of LWR origin, thus with higher
radiation levels (Am-241) compared with
material originating from GCR
Very large increase in production of MOX
assemblies for LWR and increase of
process inventories
High levelof automation of production
processes and remote handling of
nuclear materials in stores.

Low enriched uranium fuel fabrication plants

Increased use of recycled uranium
Large variety of uranium enrichments.

ln addition, the number of nuclear ma-
terial transports will increase substantially, in
particular spent fuel, plutonium oxide and
MOX assemblies.

Fourth Phase

This fourth phase of the exercise
consisted of an analysis by the ESARDA

Working Groups on further technical devel-
opments in order to satisfy future safeguards
needs, taking into account the above quanti-
tative and qualitative nuclear fuel cycle
evolution. Their conclusions are given
below. .
A. Destructive Analysis (DA)

At present, the activities of the Working
Group have concentrated on:

REIMEPs (Regular Interlaboratory
Measurement Evaluation Programme)
related to uranium hexafluoride and
plutonium dioxide;
updating of measurement performances
(target values);
updating of target values for sampling
uncertainties;
evaluation of authentication procedures
for inspection sampling;
promotion of new techniques by
evaluating their capabilities;
support for the calibration of NDA
techniques.

As far as nuclear fuel cycle evolution is
concerned, the Working Group did not see
any substantial need for development of
new DA methods. However the changing
feature, which DA measurements must cope
with, was identified as follows.

Because of the large inventory and/or
throughput of future facilities the number of
safeguards samples to be analyzed by
destructive assay will increase by a factor
of 3 to 5 in the next five years.

This will require both more attention to
measurement uncertainties and an increase
in measurement capacity of analytical
laboratories.

Accordingly, a series of topics, to be
addressed in the future, was identified,
namely:

introduction of robotized systems to cope
with larger numbers of samples and to
reduce radiation exposure;
use of mobile in-field DA instruments
(mass spectrometer, potentiometric
titrator and spectrophotometer);
installation of on-site laboratories for
safeguards DA (large reprocessing
facilities and possibly large MOX
fabrication plants);
use of hybrid K-edge for routine
measurements where possible;
improvement of sample preparation
techniques;
increased need for interlaboratory
intercamparisan exercises;
increased need for sufficient supply of
certified reference materials;
increased use of automatic devices to
remove subjectivity on measurement
interpretation.

B. Non Destructive Analysis (NDA)

The activities carried out by the Working
Group have, up to now, concentrated on :

Plutonium Isotopic Determination Inter-
camparisan Exercise (PlOIE) to assess
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the capabilities of gammaray spectro-
metry;
Promotion of Pu pilot reference samples
by CBNM for gamma~ray spectrometry;

Promotion of REIMEP related to uranium
hexafluorrde;
Procurement of uranium enrichment
standard for gamma-ray spectrometry;
Studies on the definition of measurement
performances for NOA;
Discussion on the application of
particular nondestructive techniques,
such as CINO (Controleur Isotopique
Non Destruct'f) and K-edge densI-
tometry;
Combined meeting with plant oriented
Working Groups for the discussion of
subjects of mutual Interest.

Although future developments ln the fuel
cycle indicate an increase ln amounts of
nuclear material. changes in material
composition and changes in measure-
ment conditions, the physical prrnciples of
physics on which measurement tech-
niques are based will not cllange.

The main features, which NOA measure-
ments must cope with, have been Identified
as follows

Increase in the number of fuel assemblies
to be measured;

Increase ln the use of neutron pOisons
ln fuel assemblies

use of MOX fuels stored underwater;

Increase of Pu-242 content due to Pu
recycling:

stacking of cans ln a single contaner for
PU02 storage;

Increase in the variety of the
characteristics for Items to be measured.

As a consequence of these changing
features, the errors In both gamma-spec-
trometry and concldence collar measure-
ments will probably have to be reassessed,
while the high burn-up will probably affect
instrument electronics In general and calo-
rimetry in particular. Finally the Group
pointed out that fuel assembly movements
should be minimized when measurements
are required.

The analysIs of this Information Identified
a series of topics to be studied, namely

Development of approprrate measure-
ment techniques for fuel assemblies
together with the application of CIS
measures to maintain continuity of
knowledge

Correction techniques to take account of
Gd in LWR luels;

Multiplication correction in the measure-
ment of stacked cans by neutron coinci-
dence techniques;

Development of Monte Carlo codes for
microcomputers to be used ln measurrng
items haVing different characteristics
from those for which calibration is
available.

C. Containment and Surveillance (C/S)

Among the varrous activities carned out
by the Working Group the following deserve
mention:

CIS deVices for spent fuel final storage;
verification of containment;
application of different seals, namely
VACOSS seals, adhesive paper seals,
fibre optie and ulTrasonic seals;
application of LASSY deVice.

The first general conSideration of the
group on the evolution of the fuel cycle was
that, because of the Increase of materral in
nventory and throughput; it will not be
possible to rely only on measurement
techniques and there will be a greater
demand for CIS systems.

The Group Identified a number of fuel
cycle tOpiCS of relevance to CIS and
examined current CIS technology. The
analysIs of these enabled the Working
Group to identify a series of generic topics
to be tackled in the future, as follows.

processing of CIS data;
integration of CIS systems e.g. the
combination of CIS devices to enhance
the performance of surveillance
development of deSign criteria for CIS
systems;
use of surveillance in more func-
tion-specific applications:
use of Intrusion/penetration monitors
versus optical surveillance;
study on how to express CIS assur
ance/performance;
authentication of CIS devices.

D. Low Enriched Uranium Conversion/
Fabrication Plant (LEU)

The Group has concentrated its activities
on the following Items:

Intercomparison on measu rements
performed with weighing scales. poten-
tiometric titration and in-field applica-
tion of DA measurements;
Investigation of the performance of NDA
techniques to be used in LEU plants.

ln general, the future evolution of the fuel
cycle will not affect the activities of the
Working Group, although some trends of
particular interest were identified, namely

introduction of higher U enrichment;
use of elements With different U
enrichment in the same assembly;
increase ln use of neutron absorbers;
use of MOX fuel (in relation With the MOX
working group);
use of dismountable fuel assemblies.

The future actions of the Group can be
summarized as follows.

Intercomparrson exercises on the use of
weighing scales, potentiometric titration,
powder sampling;
investigation of the performance of NDA
techniques, such as Neutron COinCI-
dence Collar and PHONID, with particu-
lar attention to the measurement of re-

cycled uranium. neutron pOisoned fuel
and multi-enriched fuel;
application of NUMSJI,S (a statistical tool
for the calculation of materral balance
uncertainties) and of computerization of
nuclear materral management
evaluation of safeguards costs in relation
to the use of NDA techniques and ln
troduct on of n-fleld DA measurements
by Inspectors

Moreover, expected changes ln the
design of LEU-fuel, such as use of rTilxed
oxide, a larger range of uranium enrichment
and use of recycled uranium, wiil require
some studies. Furthermore the Group
intends to evaluate the applicability of ultra-
sonic sealing systems to PWR fuel assem-
blies.

E. Mixed Oxide Fuel Fabrication Plant (MClX)

The MOX Working Group spent
conSiderable time, in the past, to reviewing
and diSCUSSingfor each of the different MOX
fuel fabrrcation facilities in the EC, the state
of practice of measurement systems as
applied to eight categorres of nuclear
materlal~1 encountered in such facilities. ln
particular the topics InclUded were

random and systematic errors for the
different measurement systems;
measurement strategy at batch level ln
connection with the reference plant
definition of sampling errors:
analYSIS of Shipper-Receiver Difference
(SRD)
assay of Pu nitrate and level monitoring.

The Group has decided to redefine its
actiVities and areas of diSCUSSion ln view of
the new development in the use of MOX fuel
Taking Into account the difficulties that were
encountered in identifYing subjects of
common Interest that are not industrrally
senSitive and not related to safeguards
approaches, the Working Group wiil
concentrate ItS activities on the analYSIS of
safeguards techniques and practices, and
exchange views on their applicability to large
throughput facilities.

F. Reprocessing Input Verification (RIV)
The RIV Work,ng Group has concentrated

ItS actiVities on problems related to the
determination of nuclear materials at the
Input to reprocessing plants and to their
verification.

The actiVities carned out. up to now, by
the Working Group Include

exchange of experience among the
partiCipants (operators. Inspectors,
researchers);
expel'Iments in laboratories and
reprocessing plants ln order to check the
applicability of ICT and to compare their
performance With traditional verification
techniques (iCE at WAK);
the Benchmark ExerCise to assess the
performance achieved by the various
laboratories ln determining and verifying
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the Input Inventory by means of their
respective ICT methods;
studies on the determination by weight
of accountancy tank transfers;
experiment at the former Eurochemic
Plant to re-assess the accuracy and
precision achievable in volume determi-
nation of input solutions (RITCEX);
workshop on «Determination of the
volume of reprocessing input solutions
by tracer techniques»;
development of procedures, mathema-
tical models, computer programs and
data bases.

The Group remarked that the changes in
reprocessing to be expected in the next
years exclusively concern LWR fuels, for
which an increase in the amount of fuel
processed is forecasted. Despite that, the
number of input batches, as compared to
the present situation, is expected to have
only a slight increase which should not lead
to a corresponding change in the number
of verification measurements.

It was also recognized that some changes
will occur in the practice of operator
measurements, mainly related to the
adoption of weighing and use of NDA
techniques (K-edge densitometer).

From all these considerations the Working
Group felt that its future activities will be only
slightly influenced by the envisaged
evolution in the fuel cycle and a list of
possible actions was proposed as follows:

Study of the representativity of samples,
also taking into account the presence of
undissolved material;
Study and improvement of liquid sample
stability;
Study of methods to determine the
amounts of nuclear material contained in
hulls, filter residues or other residues;
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Research for improvement in volume
determination of input solution taking into
account calibration and recalibration
procedure.s, use of tracer techniques,
use of pneumatic systems, use of direct
weight and density determination;
Study of the implementation of K-edge
densitometry to inspector verification
activities;
Final conclusions of the results of past
experiments on the applicability of ICT
to specific safeguards problems.

G. Mathematics/Statistics (MAT/STAT)

The Group is intended to supply technical
advice to other working groups in the field
of error propagation of measurement
techniques, material balance evaluation and
systems analysis.

The topics the Working Group was in-
volved in were:

guidelines on statistical analysis for the
Isotopic Correlation Experiment;
frequency of inventory verifications in
MaX;
statistical methods for recognition of seal

patterns;
evaluation of methods for fitti ng
calibration curves;
evaluation of safeguards effectiveness;
statistical problems related to
reprocessing tank calibration;
studies of measurement errors in NDA;
inventory sample size computations;
error modelling in weighing scales;
sequential MUF analysis of operator data
in reprocessing.

Regular meetings are planned to start
again in order to examine new subjects to
be treated, in cooperation with the other
Working Groups, taking into account past
experience.

Conclusions

The analysis of the evolution of the
nuclear fuel cycle in the EC has provided
interesting indicators on future
developments and implications for
safeguards. Although the data used in the
analYSIS are subject to some uncertainties.
the trends are nevertheless clearly
discernible.

The Working Groups have systematically
analysed the safeguards characteristics and
have compared their present activities with
the requirements imposed by the evolution
in the fuel cycle, whose most notable
change is the steadily increasing amount of
nuclear material. This implies an increase in
the scale of MaX fuel fabrication,
reprocessing and spent fuel storage. As a
consequence, further development of
safeguards techniques will be required.

The study provided a clear indication of
the future R & D needs for safeguards
techniques, especially in view of the
characteristically long lead times involved in
developing new methods and techniques.
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Abstract

One of the major issues in the application of
Non-Destructive Assay (NDA) in nuclear
Safeguards is the availability of adequate
Reference Materials or Standards. The need for
standards is obvious when one considers that any
NDA measurement is a relative measurement.
Without reliable standards, only instrument inter-
calibration, consistency and process control
measurements are possible, but never a quan-
titative accountancy. Besides calibration curve
preparation and normalization, well-characterized
standards are also essentiai for:

a) evaluating NDA performances:

b) improving NDA performances;

c) resolving current discrepancies between claim-
ed and achieved performances.

On the one hand, the standards should almost
always be very similar or even identical to the
items measured in the field, which complicates the
NDA scenario further.

On the other hand, It is practically impossible
to have an NDA standard for each material fami-
ly measured. One way to reduce the number at

standards needed is to calculate corrections (e.g.
by Monte Carlo techniques) in order to relate the
measurement of a tamily to a standard "similar"
to that tamily

Still, when the "similarity" becomes loose, the
correction factors (and related errors) increase to
such an extent that the creation of a new stan-
dard is required.

At the Institute for Satety Technology of the Joint
Research Centre, Ispra, a PERformance
LAboratory (PERLA) has been set up with the
primary scope of assessing the performances of
NDA techniques for Safeguards.

ln this paper the following points will be
discuss,?d:

the need for field and laboratory standards for
NDA;

their required levelof accuracy related to the
NDA field and laboratory performances;

the procurement schemes and procedures to
be followed in their characterization;

the need for an interlaboratory network where
standards are intercalibrated and/or related to
those already existing in the field so that a
"path" may be produced from which the in-

spector's field measurements can be traced
back to primary standards.

Throughout the paper, reference is largely made
to the characterization schemes and procedures
adopted for the large standard inventory (Pu and
U) of PERLA, as well as to the overall uncertainty
of those standards.

1. Introduction

Non-Destructive Assay (NDA) techniques
have, in the last few years, become more
and more important and are being used to
a large extent in nuclear material accoun-
tancy and control. This is essentially due to
two reasons:

1) The various improvements in most NDA
techniques led some of them (calori-
metry, gamma-spectrometry) to have
performances close to destructive
analytical techniques (DA).

2) The parallel improvement of the

statistical and procedural inspection ap-
proaches led to the traditional scheme:

- NDA for semi quantitative or con-
sistency checks,

- DA for quantitative measurements,

being abandoned. As a consequence, NDA
is now frequently used in scenarios which
involve a quantitative (by "variable")
analysis. But, this evolution in NDA applica-
tion requires that more and more numerous
and better characterized standards be
available.

The uncertainty with which an NDA stan-
dard or a calibration curve is known is fre-
quently a not negligible component in the
overall NDA measurement uncertainty.
Since the NDA measurement uncertainty is,
in turn, one of the major components of the
inventory verification uncertainty, one can
see that only when providing suitable stan-
dards, having uncertainties negligible with
respect to other sources of error, can one

ESARDA BULL.ETIN

appreciably improve the Safeguards
measurement performances in certain types
of plants.

It is thus necessary to prepare ever more
accurate standards for NDA Safeguards. ln
turn this determines the fact that for some
parameters the analytical DA techniques do
not provide sufficient accuracy to fulfil NDA
standard requirements, as will be shown fur-
ther in this paper

A last, more general, introductory con-
sideration: the need for each NDA inspec-
tion measurement (not only NDA,
obviously) to be traceable back to a
primary standard becomes ever more evi-
dent to improve Safeguards objectivity
and transparency. Different paths, compos-
ed of different steps, are possible to make
that connection: for instance, a measure-
ment may be traced back directly to a
primary standard when it exists. ln other
cases the way may be much longer, imply-
ing a comparison with a secondary standard
and a calculation of correction factors, thus
increasing the overall uncertainty

Concluding these introductory remarks
one can say that, besides performing quan-
titative and accurate material accountcmcy,
well-characterized NDA standards play a
primary role in:

the normalisation and calibration of
measurements;

bias corrections:

resolving discrepancies;

authentication of instruments;

NDA performance assessment.

This paper presents a number of con-
siderations based on the experience gained
at the JRC during two years of PERLA
operation.

ln chapter 2, sets of basic definitions are
given on the concepts of standards, NDA
performances and related error components.
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Chapter 3 deals with the aspects of
preparation and characterization of stan-
dards, and presents the list of the nuclear
material available at PERLA.

Chapter 4 presents the analysis of the
uncertainty of neutron, gamma and
calorimetry techniques. The performance
values are complemented with sensitivity
studies to evaluate when an uncertainty
value becomes appreciable.

ln chapter 5 a preliminary set of perfor-
mance tables is proposed, based on current
JRC experience, with the sole aim of serv-
ing as a basis for defining NDA standard
needs.

At present, at PERLA, in collaboration with
Safeguards Authorities and ESARDA, tables
of NDA performance values are being
defined to be used:

1) in defining the accuracy levelof NDA
standards, which is within the scope of
this paper, but also

2) in planning inspections by Safeguards

authorities, and

3) in Safeguards verification and accountan-
cy to analyse operator-inspector dif-

ferences.

The required accuracy for NDA standards
is given in chapter 6.

ln chapter 7, tables are presented repor-
ting the DA performances as defined by the
laboratories which participated in the Pu
PERLA standard characterization.

ln chapter 8, the need for better
characterized NDA standards for laboratory
and field is examined.

Chapter 9 is a first proposai of a
framework of NDA standards which links in-
ternational reference laboratories and the
field, through specialised laboratories.

Finally, conclusions are drawn in chapter
10.

2. Definitions

In order to explain the definitions used in
this paper they are explicitly mentioned. The
first set of definitions is taken from Ref. 1.
It is acknowledged /1, p. 47/ that more
accurate definitions are given in Ref. 2, but
as it is outside the scope of this paper to
enter into a discussion about definitions, the
authors preferred to use the definitions ac-
cepted in a Safeguards framework and in
particular for NDA, as proposed in Ref. 1.

Certified reference material (CRM)

This is a RM accompanied by, or
traceable to, a certificate stating the property
value(s) concerned, issued by an organisa-
tion which is generally accepted as
technically competent. NDA-CRMs denote
CRMs used as a basis to quantify NDA.

Primary standard

This is an NDA-CRM which, on the basis
of established analytical methods and stan-
dards, is documented to be accurate within
a stated uncertainty in the parameter of in-
terest and all other specified properties.

Secondary standard

This is an NDA-CRM which, on the basis
of established NDA methods and/or certified
standards, is documented to be accurate
within a stated uncertainty in the parameter
of interest and other specified properties.

Normalization sample

This is a sample selected from production
material with a nominal value for the
parameter of interest assigned from produc-
tion data. These samples are used to:

a) check instrument reproducibility;

b) revalidate physical standard integrity;

c) normalize data at a later date when ad-

ditional characterization of the samples
has been done.

Traceability

This is the ability to relate individual
measurement results to internationally
recognised standards or nationally accepted
measurement systems through an unbroken
chain of comparisons.

A second set of definitions concerns the
concepts of:

random error (or random uncertainty);

systematic error (or systematic uncer-
tainty);

bias.

To explain the interpretation given to the
above concepts better, it is useful to
describe briefly a typical NDA measurement
procedure. Note that the measurement pro-
cedure itself /3,4/ generates a specific error
structure: a different procedure (different
calibration or normalisation patterns, etc.)
would produce a different error structure
(see also 15,8f).

The typical measurement procedure con-
sidered (simplified for the sake of clarity) is
reported in the following.

A measured count rate (e.g. in a neutron
detector) of an unknown sample "i" is nor-
malised to a normalisation sample. The nor-
malised count rate is then interpreted in
terms of the parameter measured (e.g.
Pu-240eq) through a previously established
calibration curve.

There are, obviously, other parameters,
not always negligible, such as background
count rate, dead time corrections, etc., that
are neglected here. Now, in the above ex-

ample we define the following "error
structure":

the random component of the uncertain-
ty as derived from the counting of the

item "i";

the short-term systematic error from the
normalization sample counting: it is
shared by measurements which are car-
ried out in between two successive nor-
malisations;

from the counting statistical uncertainty
of the calibration curve parameters (e.g.
var a, var b, cov a,b in the case of a
straight line calibration curve) and the
uncertainty in the knowledge of the stan-
dards we derive the evaluation of two
components of the long-term systematic
error: calibration curve setting usually
takes place less frequently than nor-
malisation, this error component is
therefore shared by all measurements
that have been calibrated with the same
curve.

Some measurement methods do not ex-
hibit all of these elements. A case in point
is the Pu isotopic composition measurement
by means of gamma spectrometry using "in-
strinsic calibration". Here the error com-
ponents are at most a bias plus a random
error. /9,12/.

If, after having evaluated the total stan-
dard deviation propagating the above com-
ponents correctly, the average discrepancies
found with the certified or declared values
can not be statistically explained by the
uncertainty evaluated, then we are in the
presence of a bias.

The distinction between a systematic er-
ror and the bias in this paper is whether or
not it is reasonable, in the specific context,
to consider the error component as having
a probability distribution.

See also Refs. 13 and 14 where substan-
tially similar definitions are given, with
possibly the only exception concerning the
definition of the bias.

It is useful to illustrate some of the above
definitions as applied in NDA.

The origin of the bias is frequently due to
the fact that the standards used for creating
the calibration curves do not come from a
very well-known and/or characterized
material, or even though standards are of
high quality, the items measured belong to
more spread batches with different
characteristics. Typical examples are:

fuel MOX pins with an isotopic composi-
tion which is very similar to that of the
standards, but not identical: if not proper-
ly corrected, the measurement results
will be biased;

the presence of impurities, moderating
matrices, in the items, but not in the
standards;

density, granulometry effects, etc.
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Component Origin

Random error Item counting statistics

Short-term systematic error Normalization sample counting

Long-term syster'latic error Statistical error from calibration curve set-up

Long-term systematiC error Characterization error on standards used for
calibration

Bias Non representativeness of standards andlor
sampling

Other components (random or systematic Corrections (e.g. background, dead time,
depending on the measurement etc.)
procedures)

ESARDA BULU:TIN

All the above examples imply that the
standards and calibration used and/or the
items measured are no longer representative
of the measured batch, which is a situation
that frequently also occurs in the DA world,
with obviously some differences.

ln the application of NDA to a verification
stratum, the stratum is rarely composed of
homogeneous items and hence it is likely
that the sample of items chosen for
measurement also consists of items which,
from an NDA measurement point of view,
are different in matrix or geometry or what-
soever. If the inspector is obliged to measure
these items with a calibration curve which
may be a source of bias for some of them,
then the D statistic created from these
measurements would also be biased. Given
the amplification that occurs in creating the
D statistic, this could be a non negligible pro-
blem More specifically we are frequently
confronted with a three steps problem

batch

I sample
standards

We have a batch, not always homoge-
neous; we take samples which may be not
100% representative of the batch, and per-
form measurements calibrated with stan-
dards that, in turn, may not be 100 %
representative of the samples.

ln DA the situation is conceptually similar:
the bias is almost always due to the non
representativeness of the sampling, but
since in DA the sample is treated to fit the
standard, only the last mismatching is reduc-
ed or is "absent".

So, to summarise, the structure of a per-
formance values Table for NDA should be
rather more complicated than simply giving
one figure for the uncertainty, or two figures:
random and systematic components. A com-
plete pattern should rather look as in the
Table 1

Table 1: NDA error structure

The uncertainty breakdown might be too
extensive in certain NDA applications, or
even too limited in others; in cases when,
for instance, large background or other cor-
rections are made, or when a simple Poisson
model might be not adequate, a different er-
ror pattern should be studied.

Other definitions used in this paper are

Precision

The precision of a measuring procedure
is a measure of the closeness together of
successive independent measurements
generated by repeated application of the
process under specified conditions /15/.
This is usually quantified by the random er-
ror standard deviation.

Accuracy

The accuracy of a measurement pro-
cedure is the closeness of the mean of the
measured values to the true value (Ref. 15).
ln this paper the "total uncertainty" is the
evaluated inaccuracy of measurement
results or of a measuring procedure.

Error/uncertainty structure

Is a table (as Table 1) of error sources or
error components into which the total error
is split.

Error/uncertainty pattern

Is the set of numeric values to be includ-
ed in the above table.
Examples are Tables 3,4 and 5 where error
patterns are given for various techniques
(but for error structures nevertheless dif-
ferent from Table 1).

Performance, performance values

A general definition of performance is the
following /42/: "whereas the knowledge of
the overall uncertainty and error sources
associated with measurement systems is the

I

basic question, other important parameters
must be considered in evaluating perfor-
mance. These parameters are, for example

reliability-ease of implementation

representativeness and authenticit)'

intrusiveness to plant operation

time to obtain a result

cost

The relative importance of these
parameters mayaiso be different for each
type of user".

Target values

"The target values are intendeci to
describe the levelof performance which
many laboratories can achieve, or should be
able to achieve, on a routine basis. More ex-
perienced laboratories would be expected to
perform considerably better. Laboratories
with less experience or entering in the field
should aim at achieving this "target" perfor-
mance level. ln other words, Target Values
attempt to describe a reasonably achievable
"state of the practice" (as opposed to "state
of the art", which is considerably better)
/72,73/

3. Procurement and Characterization
Scheme of NDA Standards

One of the most important aspects of the
preparation of standards for ND,'" is the
characterization level: intended as the total
uncertainty assigned to the various "cer-
tified" parameters It is definitely clear that
a standard must be planned for one specific
technique (e.g. Neutron Coincidence Coun-
ting: NCC) or several techniques (NCC and
HRGS = High Resolution Gamma Spec-
trometry), and must have a characterization
level tailored for each of the techniques con-
sidered. To prepare a standard for
calorimetry or for NCC does not necessari-
ly require the same uncertainty level

because their performances are rather dif-
ferent. Therefore, the first step in each stan-
dard preparation and characterization
scheme is to define the required leve: of
uncertainty of the NDA standard, based on
the "known" performances of the NDA
technique(s) for which the standard is
prepared

This uncertainty or characterization level
will directly determine the amount of effort
and procedure control and consequently of
resources dedicated to the preparation of
the standard and, therefore, its cost. Hav-
ing good knowledge of the performance
levels (uncertainty levels) of NDA techniques,
when applied to various kinds of materials
and in different operating conditions (field,
laboratory) allows us to plan a well suited
cost/effective policy of NDA standard
preparation.

7



Material type Certification
level'

HEU MTR platelets, plates 3 enrichments 4
MTR assemblies (18) 4
U02 powders, pellets (g. kg) 6 enrichments 3
THTR particles, pebbles 3
Metal buttons (kg) 4

LEU U02 powder, pellets (g. kg)
U02 pins not yet procured
Short assemblies

UPa CBNM/NBS 5 enrichments 1

Pu02 Small cans (g) 3 burn-ups 2
Large cans (kg) 3 burn-ups 2
CBNM 4 samples 1
PIDIE 7 samples 5

MOX Pins fast thermal 2
Pellets recycle 2
Powders 2

PERFORMANCE EVALUATION OF NDA

One of the tasks of PERLA (PERformance
LAboratory), created at the Joint Research
Centre (JRC) of the Commission of the Euro-
pean Communities (CEC), Ispra, is to im-
prove the knowledge of NDA performance
values 116-17/.

An extensive set of Pu and U bearing
standards (Table 2) was acquired and
characterized /18-20/ to allow laboratories
and Safeguards Authorities and Operators
to calibrate their instruments and methods,
and to assess NDA performances through
tailored experiments. Table 2 also contains
indications on the levelof certification.

Summarising, the logical scheme for NDA
standard preparation and characterization is
the following:

define NDA performances, structured for
preparation of standards;

- define consequently NDA standard ac-
curacy requirements;

compare NDA requirements with DA per-
formances;

- define preparation and characterization
schemes suitable to attain the above re-
quirements.

set up a Quality Control programme to
ensure that the above requirements are
satisfied.

4. NDA Error Analysis

ln this chapter the behaviour of the uncer-
tainty components of some NDA techniques
is discussed, with the main aim of defining

Table 2: Nuclear materials for PERLA

their performances in different conditions
such as counting time, burn-upvalue and re-
quired accuracy.

With this scope in mind, sets of sensitiv-
ity tables were produced concerning
plutonium' assay through calorimetry,
passive and active neutron counting and
High Resolution Gamma Spectrometry
(HRGS),and uranium assay through active
neutron counting techniques and again
HRGS.

4.1 Plutonium Assay

4.1.1 Introduction

This section deals with the determination
of the Pu mass in Pu02 or MOX powders,
MOX pellets and pins. The Pu assay, follow-
ing the most commonly used approaches re-
quires two measurements:

an isotopic determination by NDA or DA;

a neutron measurement (high level
neutron coincidence counting or similar)
or a calorimetric measurement for mass
determination.

ln section 4.1.2, a short introduction is
given to High Resolution Gamma Spec-
trometry (HRGS) for plutonium and in sec-
tions 4.1.3, 4.1.4 and 4.1 .5, respectively, the
gamma techniques are related to:

- passive neutron determination;

- active neutron determination;

calorimetric determination

to determine error propagation and sensitivi-
ty parameters.

.The certification levels are as follows:
1) International reference materialor many laboratories
2) PERLA certificate (3 laboratories)
3) PERLA certificate (2 laboratories)
4) PERLA certificate (1 laboratory)
5) Others

4.1.2 Plutonium isotopic ratios determination
by HRGS

The NDA technique most commonly us-
ed in the determination of Pu isotopic ratios
applies the intrinsic calibration approach.
When using intrinsic calibration, strictly
speaking, no calibration standards are need-
ed. Nevertheless, for a performance evalua-
tion, to improve the technique and, finally,
to meet the requirements of those tech-
niques which use external calibrations (e.g.
the so-called quaSi-infinite thickness "ap-
proach" 121,221, standards for the Pu
isotopic determination are widely used and
still more needed.

The evaluation of the uncertainty re-
quirements for HRGS-Pu standards must be
based, as for other techniques, on the per-
formance values reached by HRGS for each
isotope.

This is possibly one point which is still
open: the correct definition of the NDA per-
formance of HRGS when applied to
plutonium isotopics, both in the laboratory
and in the field are quite complex. Particular-
ly uncertainties on sensitive isotopes like

Pu-238, Pu-240, Pu-242 are the most difficult
to assess, and a large gap can be seen bet-
ween field and laboratory performances.

Tailored experiments have been done
121,52,531 to throw light on HRGS perfor-
mances, in both field and laboratory con-
ditions.

As far as DA capabilities to fulfil NDA
standard requirements are concerned at pres-
ent, DA techniques are capable of providing
sufficient accuracy for the characterization
of standards for HRGS (see Chapter 6).

4.1.3 Plutonium mass determination by
Passive Neutron Assay and HRGS

The technique most frequently used to
determine plutonium mass uses passive
neutron counting from spontaneous fissions
from Pu-238, Pu-240 and Pu-242. A weigh-
ed sum of these isotopes is called Pu-240
equivalent (Pu-240eq). The emitted passive
neutron flux is normally detected through
coincidence circuitry (Shift Registers) or so-
called multiplicity counters that use the
feature that neutrons from the same fissions
are correlated.

Hence, when considering the use of
Neutron Coincidence Counting (NCC) for
plutonium mass determination in combina-
tion with HRGS, the following major error
sources must be taken into account:

- uncertainty in Pu-238 abundance = ea
- uncertainty in Pu-240 abundance = eo
- uncertainty in Pu-242 abundance = e2
- uncertainty in Pu-240eq = e40

(NCC neutron)

A parametric sensitivity study, performed
in 1985/23/, for a LWR MOX fuel is shown
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Source of uncertainty Uncertainty

H RGS on Pu-238 e8 = 5.0%

HRGS on Pu-240 eo = 5.0%

ICT for Pu-242 (*) e2 = 5.0%

NCC (neutron) on PU-240eq e40 = 2.0%

Source of Uncertainty Uncertainty

H RGS on Pu-239 eg = 10%

HRC~S on Pu-241 81 = 1.0%

Active Assay on PU-23geq e39 = 20%

ESARDA BULLETIN

in Fig. 1 experimental data are taken from
analyses performed at the JRC Ispra
/24,25,26/ The total uncertainty of NCC
measurements was then evaluated at dif-
ferent isotopic compositions (i.e. burn-ups)
The study assumed as uncertainties the
values shown in Table 3, which was a typical
error pattern for NDA when applied in the
field.

Table 3: Error pattern for NCC error evaluation

(*) ICT Isotopic Correlation Technique

The result of the study showed that, with
the error pattern considered, the major con-
tribution to the total error in the Pu weight
determination comes from the HRGS
measurement of Pu-240.

The situation today has evolved for some
parameters: particularly we should quote the
following as attainable performances (see
also Table 9)

Pu-238 (HRGS): e8 = 0.5-2 %
PU-240ec (NCC neutron) e40 = 1 %

But the two parameters mentioned above
are. unfortunately, negligible in the total er-
ror. as is shown in Figure 1

Error Patten

Source of Uncertainty Uncertainty

H RGS on Pu-238

H RGS on h-240

ICT for Pu-2,~2 (*)

NCC (neutron) on Pu-240eq

e8 5.0 %

e 50%o

82 50%

e40 20%

(*) ICT Isotopic Correlation Technique

Instead. the performance in measuring
the Pu-240 abundance is still quite low. 5 %
is not an underestimate of the present
capabilities new spectrum analysis tools
claim better results !51 ,52,53!. but must still
be extensively implemented

Note that the quoted uncertainty for
Pu-242 (e2 = 5 %) was quite optimistic; at
the present time 10-20% might be a more
realistic field value.

But in a future scenario, where:

plutonium will always contain high Pu-242
fractions,

Pu will be more and more blended,

The Pu-240 abundance uncertainty ISgo-
ing to decrease

the major component of uncertaintYln the
determination of Pu mass with NCC plus
HRGS could be represented by the Pu-242
uncertainty. as one might suspect from look-
ing at Fig. 1, unless better Pu-242 abundance
determination methods become available.

4.1.4 Plutonium mass determination by
Active Neutron Assay and HRGS

A Similar error sensitivity study /23/ show-
ed that the uncertainty build-up in a Pu ac-
tive assay of Pu02 powders is different.

Plutonium active assay is performed by
Irradiating a Pu sample with a neutron
source. ln this case both passive and active
signals can be used in the elaboration, or on-
ly the active signais coming from fissile
isotopes (Pu-239 equivalent).

ln Fig. 2, when assuming the error pat-
tern given in Table 4:

1.00 .oe 5%

c
Q 0.75
tij
"5Q)

"C

"C

~ 0.50
c
ct!
ID

.". ...
'" " . .

ID
.~
êä 0.25
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cr:

Table 4: Error pattern for active neutron error
evaluation

the results show that the highest (and con-
stant over the whole burn-up range) contribu-
tion to the overall uncertainty comes, in this
case, from the neutron measurement. ln this
case It is reasonable to try to reduce the
neutron measurement errors, because this
will decrease the Pu mass overall uncertain-
ty significantly: if one could reach 1% in ac-
tive neutron measurement accuracy, this
would still be at the end a component com-
parable with HRGS components. all of the
order of 1%.

415 Plutonium mass determination by
Calorimetry and HRGS

Preparing NDA standards for calorimetry
is one of the most challenging issues

Calorimetry can be used to determine or
verify the Pu content of a sample under the
condition that its isotopic composition IS
known. The Pu mass (M) is calculated follow-
ing the formula

M = W/Pefl (1)

where W is the power output of the sam-
ple, and Pelf the effective specific power:
the latter can be obtained by calculatinl~ the

Total

'"
. .... .....

From var (eo)
'" .... '. .. .

From var (ea)

0.00

14000 18000 22000

-.-.-.-.-.-.-.-.-.-.-
26000 30000 34000

Burn up (Mwdltonn)
Total Pu mass = 1410 grams

Fig. 1: Plutonium error propagation analysis: Passive Neutrons.
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Fuel
Burn-up

Pu-238 Pu-239 Pu-240 Pu-241 Pu-242 Am-241
Spec.

No.
MWd/t (wt%) (wt%) (wt%) (wt%) (wt%) (wt%)

power
x1oo0 (mW/g)

I 0.01 93. 6.4 0.55 0.04 2.3239
Il 8-10 0.60 85.68 12.11 1.94 0.22 0.16 2.9189
III 16-18 0.24 75.65 18.42 4.59 1.11 0.74 4.2850
IV 25-27 1.451 58.945 24.822 10.549 4.233 2.53 11.4910
V 38-40 2.0 45. 27. 15. 11. 14.6490

Spec. power 567.16 1.9293 7.098 3.390 0.1146 114.23
(mW/g) :t 0.57 :t 0.0053 :t 0.015 :t 0.002 .:!: 0.16
(from ANSI (0.10%) 1(0.27%) I (0.2%) (0.06%) (0.14%)
15-22, 1975) I I

I I

Source of uncertainty
Uncertainty

Pattern 1 Pattern2 Pattern 3 Pattern 4

HRGS on Pu-238 e8 2.0% 1.0% 1.0% 1.0%
HRGS on Pu-239 eg 0.3% 0.3% 0.3% 0.1%
HRGS on Pu-240 eo 0.5% 0.5% 0.5% 0.5%
HRGS on Am-241 e41 2.0% 2.0% 1.0% 2.0%

Fuel burn-up from Error from Error from Error from Error
number (1000 MWd/t) Pattern 1 Pattern 2 Pattern3 Pattern 4

Il 8-10 0.36 0.31 0.29 0.87
III 16-18 0.64 0.45 0.35
IV 25-27 1.21 0.70 0.61

PERFORMANCE EVALUATION OF NDA

Fig. 2: Plutonium errorpropagation analysis:Active Neutrons

contribution of the different isotopes, accor- Table 5: Pu isotopiccompositions and Am-241 content for differentburn-ups (trom Ret. 27)
ding to the formula:

Pelf = L RiP, (2)
I

Ri being the isotopic fractions and Pi the
corresponding specific powers.

The specific heat increases with burn-up,
as shown in Table 5, where different burn-
up values calculated for light water reactor
MOX fuel are associated to the isotopic
abundances of Pu and Am-241.

An error sensitivity study was carried out
in Ref. 27 assuming nuclear data values
from Ref. 28 and the uncertainty patterns in
the knowledge of isotopic abundances, given
in Table 6.

The measurement of the power was
assumed to have negligible error contribu-
tion. Combining different "fuels" with the
above error patterns, one could have a
rather precise knowledge of the accuracies
achievable by calorimetry in different con-
ditions.

A summary of performances that can be
achieved is given in Table 7 where results
of error analysis are given for some of the
above scenarios.

The values in the table show that, assum-
ing the error pattern of Table 6, calorimetry
can measure with error levels ranging from
0.3 % to more than 1 %, according to the dif-
ferent isotopic abundances and related ac-
curacies.

Note that at very high accuracy level
(0.1 %) the assumption of negligible uncer-
tainty from power determination may no
longer be valid.

ln Ref. 29 it is shown that the above
uncertainty levels are experimentally
achievable.

Table 6: Error pattern tor calorimetry error evaluation

Table 7: Overall percentage error on the Pelf light water reactor fuel
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Source of uncertainty Uncertainty

Net peak area of unknown Ax = 0.1%
sample

Net peak area of standard A1 = 0.1%
No 1

Net peak area of standard A - 0.1%2 -
No 2

Enrichment of standard E1 = 01 %
NO.1

Enrichment of standard E2 = 0.1%
No 2

~0
C')
Ln
N
Il

Error Patterns (from Table 6) 2
~;f
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2é'
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c <1: '<tPattern 1 2.0% 0.3% 0.5% 20% ::0
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E

Pattern 2 1.0% 03% 0.5% 2.0% (ij <!

Pattern 3 1.0% 03% 0.5% 1.0%
Qi

+>
0

To evaluate the individual isotope con-
tribution to the overall error one can look at
the difference between the results of error
patterns 1 and 2 where the only difference
is the uncertainty in Pu-238 which is 2 % in
pattern 1 and 1 % in pattern 2. The effect
of decreasing the Pu-238 uncertainty in high
burn-up by a factor 2 is also to decrease the
overall uncertainty (from 1.2 to 0.7) by
roughly a factor 2. A reduction by a factor
2 in the Am-241 uncertainty has much less
influence (see the comparison between pat-
terns 2 and 3 in Table 7).

Nevertheless, in fuels with a low Pu-238
content and a high Am-241 percentage, a
larger contribution (the largest perhaps) must
be expected from the Am uncertainty (see
also Table 5 the specific power of Am-241).

The results are also presented in the form
of curves in Fig. 3.

ln conclusion, when planning plutonium
standards for calorimetry, one must consider
that the contribution of sensitive isotopes
such as Pu-238 and Am-241 is essential in
the uncertainty bUild-up a detailed quan-
titative and sensitivity analysis of the overall
uncertainty is needed, and accuracies bet-
ter than those provided by routine DA are
necessary.

4.2 Uranium Assay

4.2.1 U-235 enrichment determination by
HRGS

Another domain where NDA has reach-
ed a high levelof accuracy is HRGS for
U-235 enrichment. In Refs. 30,31 it is shown
that the current technology allows ac-

curacies in the determination of U-235 abun-
dance of the order of few tenths of a
percent, provided one has well characteriz-
ed standards, with negligible uncertainty in
comparison with the measurement errors.

The U-235 abundance is evaluated, deter-
mining the net peak area (Anet) of the
unknown sample (Ax) and of the known
standards (A1,A2)' with an appro~riate
HRGS set-up. In Ref 30 it is shown that the
random uncertainty on Anet is, in a certain
range, a function of the counting time. ln a
situation where an accuracy of the order of
0.1 % in the random parameters is
achievable in a counting time of the order
of hours (see Fig 4), a challenging demand
is made of the DA characterization of stan-
dards levels of accuracy of the order of
0.05% are required, such as those achiev-
ed material for gamma spectrometry /321.

Table 8: Error pattern for U-235 abundance
(HRGS) error evaluation

---l

ESARDA BULLETIN I
I

ln fact, with the error pattern of table 8,
where two standard enrichments (E1,E?)

would have an uncertainty of 0 1%, one can
see that the variance components coming
from tllem are not negligible in the overall
uncertainty build-up (0.14%) of the unknown
enrichment Ex' A characterization level bet-
ter than 0.1 % is therefore required tor the
standards of the U-235 abundance deter-
mination.

4.2.2 Uranium-235 mass determination by
f1,ctive Neutron Interrogat'Ion

Active neutron interrogation for the deter-
mination of the U-235 mass, both in total
counting as in PHONID type instruments
/23,33,34/ and coincidence counting in
AWCC type instruments /35,36/, is not par-
ticularly demanding from the point 01 view
of standard characterization

The measurements consist in irradiating
an uranium sample by a neutron source and
in detecting induced fission neutrons. The
signal is then interpreted in terms of U-235
trough a calibration curve

The best performance in those NDA
techniques is of the order of 1%, while the
U-235 mass can easily be measured by DA
plus weighing with 0.1 - 0.2% even in the
case of bulk samples. So, in the neutron-
gamma combination, the standard for 'Jam-
ma measurements of the enrichment is. in
general, the one that determines the highest
accuracy constraint (see Table 6, chapter 5).

A slightly different scenario may occur in
some specific applications, such as, for in-
stance, the case of SIGMA /37,38/ SIGMA
is a active interrogation-delayed neutron
countinçl instrument belonging to the

60

Fig. 3: Plutonium calorimetry: overall Peff uncertainty evaluated at different burn-up levels.

70 80 90
239 Pu %
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Error Pattern

Net peak area of unknown
sample

Net peak area of standard
NO.1

Net peak area of standard
NO.2

Enrichment of standard NO.1

Enrichment of standard NO.2

Ax = 0.1%

A1

A2=0.1%

E1 = 0.1%

E2=0.1%

E

'$
>-ë
:ffiQ)
o
c

'"(ij 0.1
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>o
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360 3600 36000

Counting time (sec)
360000

Fig. 4: Predicted Anet uncertainty as a function of counting time.

Euratom Safeguards Directorate, which has
been used in a fuel fabrication plant since
1974 to verify U content in THTR fuel
elements. The fuel element is a sphere (a
pebble) composed of a 50 mm diameter core
of graphite and coated particles containing
a uranium-thorium mixture. The core is sur-
rounded by a 5 mm thick layer of graphite.
Each fuel element contains approximately 1
g of U-235. The device (see Fig. 5) was

designed and made by JRC Ispra specifically
for these fuel elements. This characteristic
of having always the same sample deter-
mines its high accuracy, since no perturba-
tion from exotic parameters such as
humidity, geometry, multiplication, etc. can
influence the instrument response. Provid-
ed one has a good calibration curve, SIGMA
can give results of the U-235 content of the
order of tenths of a percent.

The calibration is carried out on the basis
of a linear regression fitted to the net cor-
rected counts determined for the eight
Reference Standard pebbles with a U-235
weight ranging from about 0.9 to 1 g (Fig. 6).

The THTR calibration standards were
prepared as part of a large campaign of pro-
curement and characterization of Plant
Specific Reference Materials conducted
jointly by Euratom Safeguards Directorate,
IAEA and JRC staff. The standards were pro-
duced by HOBEG under IAEA-Euratom
agreed specifications /39,40,41/.

The U-235 enrichment of the standard
pebbles is 93% and there are three different
weights: 0.899 g (two pebbles), 0.959 g (four
pebbles) and 0.999 g (two pebbles), with a
quoted uncertainty ofO.0009 g.

Fig. 5: General view of the SIGMA instrument.
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Fig. 6: Calibration curve with Plant Specific Standards.

The overall calibration error with the
reference set remains small (between 0.15
and 0.3 %) provided the weight remains
within 5% of the central nominal weight "x".

ln an interval "x" = ::t 1 %, the calibra-
tion error is negligible.

The example of SIGMA, even though on
a very limited scale, is indicative of how well
a good standard can fit in with an inspec-
tion strategy and reduce the NDA uncertain-
ties to such a low level that a very accurate
quantitative accountancy can be made just
on the basis of NDA.

5. NDA Performance Values

A general definition of "performance" was
given in chapter 2, but it is taken up again
here for the sake of clarity
"whereas the knowledge of the overall
uncertainty and error sources associated
with measurement systems is the basic
question, other important parameters must
be considered in evaluating performance.
These parameters are, for example:

reliability-ease of implementation
representativeness and authenticity

intrusiveness to plant operation

time to obtain a result

cost

. exp
fit

235U(g) --..

.95 1.000

The relative importance of these
parameters mayaiso be different for each
type of user" 1421.

The authors of this paper share and
assume the definition, but in the framework
of this paper only the measurement uncer-
tainty is analysed.

The previous chapters were a brief review
of some important aspects concerning per-
formances of NDA techniques when applied
to certain types of materials and provided
some specific examples encountered in field
measurements.

ln this chapter, based on the above
discussion, we propose a set of "NDA per-
formance values" in "laboratory" and "field"
conditions. A generic structure of the NDA
uncertainty in random and systematic com-
ponents common to all techniques is in fact
frequently insufficient to describe the error
behaviour. As mentioned in chapter 2, not
only is the error structure different from one
technique to another, but also the same
technique applied to different materials can
determine a completely different error struc-
ture, such as, for instance, HRGS when ap-
plied to U-235 abundance or to Pu isotope
measurements. Furthermore, the same
technique applied to the same material with
a differentprocedural scheme, can give rise
to different error patterns and values.

For instance, in the active neutron tech-
niques for U-235 mass determination, a dif-
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ferent recalibration strategy may lead to
completely different values of the short-term
systematic error /3,43,441. To enter into
details in this complex field is beyond the
scope of this paper. We limitourselves here
to giving only preliminary laboratory pertor-
mances (uncertainty) for some NDA techni-
ques that are represented by one figure
called "overall uncertainty".

The table concerning the "laboratory per-
formance values" (Table 9) is derived from
the considerations expressed in the previous
chapters and represents the present status
of elaboration at the JRC PERLA laboratory.
Giving only one tigure tor the overall uncer-
tainty, not structured as suggested above,
is in this case justified by the following con-
siderations:

Laboratory measurements are general-
ly carried out in favourable and closely
controlled conditions, so that the random
error is negligible. The figures given in the
table are, therefore, almost repl'esen-
tative ot the systematic component of the
uncertainty.

The standards used in the laboratory are
generally very well characterized and
documented, so justifying the absence of
biases.

Therefore as our scope is limited to us-
ing these values tor establishing NDA
standard uncertainty requirements, this
structure is sufficiently good for the
purpose.

The "laboratory performance values"
given as well as the "field performances"
given thereafter are also derived from the
following literature:

for Pu passive neutrons:
for HRGS on Pu:
tor calorimetry:
for U mass determination
for U enrichment:

Refs. 45-50
Refs. 51-53
Rets. 54-57
Refs. 58-61
Ref. 62'

Any further use of these performance
values should strictly be considered under
the above considerations. ln field conditions.
the other parameters which are considered
negligible, could become very important.

The 'field pertormances" given in Table
9 are a preliminary attempt to establish
typical uncertainty values for field
measurements, and they are intended (in the
frame of this paper) to be used to define
criteria for the preparation of secondary
standards to be used in the field. The values
in the table are dominated by the
"systematic error + bias" and represent
typical operator-inspector discrepancies For

"field" performances see also Refs. 63-69:
for general NDA pertormance evaluation
tables see also Ref. 70.

Some remarks on Table 9

The table is a summary of more extend-
ed tables in which particularly the
material type and the error components
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Laboratory Field
Parameter Material overall random system. Technique

Uncertainty + bias

Pu conc. Pu02 (0.2) (2-4) densitometry
MOX (0.2) (2-4) densitometry

Pu-238 ab(*) Pu02 0.5 1-3 5 gamma spec

Pu-239 ab Pu02 0.5 0.5-1 2 gamma spec
Pu-240 ab Pu02 0.5-1 2-3 5 gamma spec
Pu-241 ab Pu02 1 1-2 3 gamma spec
Pu-242 ab Pu02 (3-5) (5-20) isotopic correl.
Am-241 ab Pu02 1 5 gamma spec
Pu-240eq Pu02 0.5 0.5 5-10 Nec + HRGS

U-235 ab U02 0.2 0.5 1-3 gamma spec
(powder
pelIets)

U-235 mass U02 (LEU) 0.5 1 1-2 active neutrons
(powder total counting
pellets)

U02(HEU) 0.5 1 1-3 active neutrons
(metals total counting
powders or NCC
or MTR)
THTR 0.2 0.4 active delayed
(pebbles) neutrons

Parameter Calorimetry N-active N-passive HAGS-U HAGS-Pu

Pu conc. 0.1

Pu mass 0.1

Pu-238 0.2 (0.2)

Pu-239 (0.1)

Pu-240 0.2 (0.1)

Pu-241 (0.2)

Pu-242 0.3

Am-241 0.3 (0.3)

U conc. 0.1

U-235 0.05
U-235 mass 0.1

PERFORMANCE EVALUATION OF NDA

Table 9: NDA performance values (%)

(*) ab: abundance

Table 10: Required overall accuracies for primary NDA standards (%)

breakdown is more detailed and must be
continously updated.

- The discrepancy between "claimed and
achieved performances" as far as NDA
is concerned is somehow fictitious: the
feeling that the results obtained in the
field are of low quality is misleading and
it has slowed down the process of
understanding.

ln fact, there are at least two reasons that
explain the discrepancies between
laboratory and field performances (they also
explain the structure of the tables, as men-
tioned above):

a) the first is the measuring time: the in-
spector in the field does not have "in-
finite" time to perform his measurements

and this has an impact on two error com-
ponents:

a.1) the random component on the item
measurements, which is aimost at a
negligible level in the laboratory;

a.2) the statistical error component in the
calibration curve (see Table 1).

b) the second is that in the real conditions

ot the field operations it is almost im-
possible to have a calibration curve for
any material type. Slight differences bet-
ween the item inspected and the calibra-
tion curve material that do not justify the
creation of another curve (with new stan-
dards), expand the systematic errors,
generate bias and explain the difference
between laboratory uncertainties and the
systematic error + bias in the field.

ln this sensè the systematic error column

should be splitted further: the two com-

ponents (systematic error and bias) have,

for the moment, been merged to fit in
with the most frequently presented
tables.

ln the random error column the measur-
ing times should appear: one must read

the column as generated accounting for
typical "field" measuring times.

6. Required Accuracy for NDA Primary
(Laboratory) Standards

On the basis of the analysis made in the
previous chapter, the required accuracies for
primary NDA standards are reported in Table
10. The material types are those already
reported in Table 9.

The structure of the table is the following:
for each parameter of interest, the required
overall accuracy value is referred to the
most accurate technique. For instance, for
the Pu concentration of total Pu mass in
Pu02 cans, the most demanding technique
is Pu-238 and Am-241 again calorimetry is
the technique that imposes the lowest overall
uncertainty on NDA standards. The values
of Pu isotopics by HRGS are in brackets
because, whilst other techniques use stan-
dards for calibration purposes, in most ap-
plications HRGS on Pu does not need
external calibration.

7. DA Capabilities

The last step in defining accuracies for
NDA standards is to compare NDA re-
quirements with DA performances. It ;s not
the scope of this paper to make a review or
give any statement on the performances of
DA techniques for Safeguards. Many papers
have been published to assess the DA per-
formances, particularly concerning the so-
called "Target Values" representing the
state of the practice 171-78/.

ln this paper we wil/ mainly focus our at-
tention on the PERLA experience on Pu
bearing samples 119,201. A summary of re-
quired and achieved accuracies in Pu-
bearing PERLA standards is given in Table 11.

Some remarks on Table 11:

- Columns are ordered fol/owing the logic
sequence for standard preparation
already mentioned:

- expected NDA performances,
- required PS accuracies,
- expected DA performances,
- achieved DA accuracies,
- "state of the practice" of DA

- The expected NDA uncertainty and, as
a consequence, the required PERLA
standard (PS) accuracy are dated back
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Expected Required Expected Achieved Target
Parameter

Material NDA PS DA DA (PS) Values
measured

Perform. Uncert . Perform. Uncert. DA (%) (*)

Pu cone Pu02 (0.2) 02 01-0.2 0.03-0.11 022-036

Pu cone MOX LWR (0.2) 0.2 01-03 0.063-0.13 0.58-0.86

MOX FBR (0.2) 0.2 0.1-03 0.045 036-045

U cone MOX (0.2) 0.1 01 0.024-0.059 0.22

Target Values
DA (%)(**)

s e

Pu-238 0.3% Pu02 10 05 05-10 069 20 2.0

15% Pu02 1.0 05 05-10 0.17-021 07 0.7

Pu-239 Pu02 05 01 0.03-0.06 0.005-0.31 01 01

Pu-240 Pu02 05-10 0.1 0.07-0.1 0.006-0.22 02 0.2

Pu-241 Pu02 10 0.2 0.2-0.3 0.04-0.1 03 0.3

Pu-242 Pu02 5.0 03 03 0.06-0.15 03 0.3

U-235 Nat MOX 01-0.2 0043-0066 05 05

Em. MOX 0.03-0.1 0.018 0.03 0.03

Am-241 Pu02 10 0.5 10-2.0 0.68-083

MOX 046-1.23

to 1986-87. The values in Table 11 may
therefore, be slightly different from those
reported in Tables 9 and 10 which are
now updated.

The values are not structured in random
and systematic components. As the
scope of this paper is limited to assess-
ing NDA performances for primary NDA
standard definition, this approach is
justified, as was mentioned above.

Again Table 11 is a summary: a very
detailed break-down is necessary for a
complete review of the PERLA standard
achievements. ln particular, the column
"expected DA values" is detailed in Table
12, where the expected DA perfor-
mances for the three laboratories par-
ticipating in the PS characterization are
given for each measurement method
employed.

For the column "achieved PS uncertain-
ties" a more detailed pattern is given in
Ref. 19.

From Table 11 the following conclusions
or comments can be drawn:

For Pu-238 and Am-241 it can be seen
that, as often mentioned in this paper, the
required accuracy for the characteriza-
tion of NDA standards is close to the
capabilities of analytical laboratories: for
Pu-238 in Pu02 of low burn-up, the
uncertainty reached (07 %) does not
represent a problem for calorimetry in
PERLA: with such a low Pu-238 content
(0.2 %) the transmitted uncertainty is
negligible

Concerning Am-241 the same conclu-
sions can be drawn a maximum of
0.85 % declared uncertainty is not likely
to propagate a substantial error compo-
nent in calorimetric measurements, the
Am-241 specific power being around 115
of the Pu-238 specifie power Never-
theless. in Pu lots with low Pu-238 con-
tent and relatively high Am-241, such a
levelof uncertainty may represent the
prominent error component, and
analytical certifying techniques could
prove to be inadequate.

A more general conclusion that can be
drawn from the table is that (in general) the
achieved accuracies as evaluated by a two
ways analysis of variance 1791are general-
ly lower (sometimes much lower) than both

"expected DA" and DA target values. This
is true for the element concentration deter-
mination and for isotopiC ratio
measurements

The values quoted for the performances
achieved contain a component representing
the instrument variability (18 results per
parameter), a component linked with the
sample variability (six samples) and a com-
ponent representing the inter-laboratory
variability (three laboratories) This last com-
ponent is frequently the highest. On purpose
we left out the calibration component (uncer-
tainty on the DA of calibration standards)
which is given separately in Table 13 and
which might represent a sort of "state of the
art" as far as DA performances are con-
cerned.

Table 11: Summary of Expected, Required and Achieved Uncertainties (%) in Pu-bearing
PERLA standards (PS) compared with Destructive Assay Target Values,

(*) 1988 Target Values Total random uncertainty (Ref. 73)
(**) 1987 Target Values: s == random uncertainty

e == systematic uncertainty (Ref. 72)
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Also the weighing error component was
not propagated, since it was evaluated to be
negligible /201.

The good results obtained in PERLA stan-
dards, are certainly due to the rigorous
characterization procedures and the quali-
ty control programme adopted, to minimize
uncertainty sources like sampling,
dishornogeneity, water content, impurities,
weighing, conditioning and transport of the
samples.

Experience again shows that an NDA
characterization of bulk standard samples
could find a limitation in the certified basic
reference materials, if no or only a few new
reference samples are prepared for
plutonium at a high level (like those for in-
stance of EC 201 standards). A lower cer-
tification level, may not be satisfactory. ln
fact, Tables 11 and 13 show that for some
isotopes (Pu-240, Pu-241, Pu-242) the inter-
national certification uncertainties (and then
the systematic components) are much larger
than the statistical components generated
by a well organized interlaboratory exercise.

8. Needs for Standards for NDA

After having discussed the accuracy
levels of NDA standards, the authors feel the
need to summarize their point of view as far
as the need for NDA standards is con-
cerned

Merging the definition of standards given
by the IAEA Advisory Committee (Rel. 1) and

the distinction Laboratory-field made in this
paper, we obtain a scheme like the one

shown below

Primary standards: for laboratory use
for field use

Secondary standards for laboratory use
for field use

As far as primary standards are concern-
ed both for laboratory and field use authors
feel that they are now less urgently needed
because on the one hand PERLA and other
Laboratories are now well equipped and on
the other hand field primary standards are
costly, their preparation is time consuming
and in any case some exist and procurement
schemes and preparation procedures have
been worked out (Ref. 39,40,41). The same
is true for secondary standards for laboratory
use.

Where Inspection Authorities have an
urgent need of standards is for secondary
field (facility' dependent) standards, which are
less costly, relatively quick to prepare, but
represent a fundamental link in assuring
traceability to the inspector measurements,
to certified reference materials, as well as
assuring the reduction of the most important
source of uncertainty and bias today in
Safeguards accountancy.
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Parameter Material Method Lab. A Lab. B Lab. C

Pu cone. Pu Oz AgO or Mc Donald 0.2 0.1 0.15
Gravimetry 0.1

MOX AgO or Mc Donald 0.2-0.3 0.1 0.15
LWR Type AgO 0.3 0.3
FBR Type AgO 0.2

U cone. MOX Gravimetry 0.1
Davies & Gray 0.1 0.1

Pu-238 PUOz Mass spectrometry 0.5 1.0 0.5
Low burnup Mass spectrometry 1.0
Low enrich Mass spectrometry 10
MOX Alpha spectrometry 2.0 2.0 2.0

Pu-239 All Mass spectrometry 0.06 0.05 0.03
Pu-240 All Mass spectrometry 0.1 0.1 0.07
Pu-241 All Mass spectrometry 0.3 0.3 0.2
Pu-242 All Mass spectrometry 03 0.3 0.3
U-235 Low enrich Mass spectrometry 0.2 0.1 0.2

High enrich Mass spectrometry 01 0.03 0.1
Am-241 All Gamma spectrometry 2.0 1.0 1.0

Parameter Standard Percentage
Date of preparationUncertainty

Pu cone CBNM EC-201 0.052 May 1975
NBS 949f 0.08 October 1980

U cone CBNM EC-l10 0.015 February 1984
NBS 950a 0.02 December 1961
NBS 960 0.017 May 1972

Pu-238 CBNM SMS 6766 0.2 April 1982
NBS 947 2.03 October 1971

Pu-239 CBNM SMS 6766 0.13 April 1982
NBS 947 0.03 October 1971

Pu-240 CBNM SMS 6766 0.2 April 1982
NBS 947 0.12 October 1971

Pu-241 CBNM SMS 6766 0.22 April 1982
NBS 947 0.13 October 1971

Pu-242 CBNM SMS 6766 0.24 April 1982
NBS 947 0.34 October 1971

U-235 NBS U010 0.1 April 1969
NBS U500 0.1 May 1966
NBS U750 0.03 February 1966

Am-241 CBNM ST4 0.25 January 1977
ORIS EL4 0.8 June 1986
PTB 5678-5679-5694 1.5 April 1988
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We want to stress here that considering
their absolute importance in NDA, not only
they are physically lacking, but even pro-
cedures for their preparation are neither
defined nor agreed upon.

The authors strongly recommend that the
IAEA and EURATOM support a campaign
aimed to:

identify needs for secondary field
standards;

- define and evaluate field NDA perfor-
mance values, with the aim of preparing
field standards;

- define procedures and procurement
schemes;
prepare secondary field standards.

9. An Interlaboratory Standards
Framework: the NDA Link.

There is another experience from the first
two years of exercise of PERLA which might
be worth mentioning.

When inspectors come to PERLA to follow
training courses or to prepare calibration or

Table 12: Typical expected uncertainties (RSD %j for DA measurement methods used for PERLA
standards characterization.

Table 13: Uncertainties on the International Reference Materials used in Pu-bearing PERLA
standards characterization.

intercamparisan exercises, they find it very
useful to the quality of their measurements,
to calibrate instruments against standards
which they know well, because they have the
same at their Headquarters or they en-
counter them in-field. This is the case, for
instance, for U30S standards already re-
ferred to f32f or the CBNM pilot samples /801
or some NBS standards for NDA f81f.

On the other hand Safeguards inspectors
are daily and worldwide confronted with the
calibration of NDA instruments and with
the definition of the range of applicability of
calibration curves to specific nuclear
material encountered in the fuel cycle.

ln order to assist the inspectors in this dif-
ficult and important task and to contribute
to the improvement of the quality of
measurements performed in different
facilities, one has to make available to the
inspectorates Reference Materials, as we
have seen in the previous chapters and well
calibrated measurement systems to be us-
ed following standard measurement pro-
cedures.

They should be located in well equipped
laboratories (as well as in-field) in different
parts of the world where important training
and calibration exercises are required. The
standards and well calibrated measurement
systems should be identical or very careful-
ly intercalibrated so that an NDA instrument

can be calibrated independently in any of the
above sites.

The standards similar to the family to be
measured in a faCility can then be
characterized by DA techniques or by
DAIN DA to agreed upon conditions describ-
ed above. Probably even a limited number
of these standards could be available in
severallaboratories (e.g. MTR plates, PuOz
powder, pellets of LEU and MOX).

The specific material in a facility will finally
be measured using calibration curves closely
related to plant material using working stan-
dards and, if needed, some correction fac-
tors must be applied.

The procedure mentioned above creating
a sort of link of standards between different
laboratories and the field should be able on
the one hand to improve NDA performances
and on the other to create gradually an im-
proved traceability of NDA measurements
to primary standards or International
Reference Materials.

10. Conclusions

10.1 General Conclusions

The first aim of this paper was to stress
the fact that a complete traceability to
Certified Reference Materials must be
assured to aii inspector NDA
measurements.
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The existence of well-characterized
primary and secondary standards is an
essential point in assuring that possibility.

This paper has reported the existence of
primary standards both for laboratory use
and for in-field use, but it has also stress-
ed the importance of Safeguards
Authorities promoting campaigns for the
preparation and the certification of
secondary standards. They have the ad-
vantage that they can be prepared using
DA and NDA, in a relatively short time.
They are representative of the present
production and can be given back to the
piant operator when production changes
and are thus much cheaper than primary
standards. The lower accuracy level that
secondary standards generally have, with
respect to primary ones (remember
definitions given in chapter 2), does not
represent a problem, provided that it
does not introduce a major error com-
ponent.

This paper aiso pointed out the role of
NDA standards in:

- normalizing and calibrating measu-
rements:

- correcting bias;
- resolving discrepancies;
- authenticating instruments;
- assessing NDA performance.
The paper was focused particularly on
the role of NDA performances assess-
ment in the preparation of the standards.
But well structured tables of NDA perfor-
mance values are essential and recom-
mended in other fields also, such as:

- in planning inspections by Safeguards
Authorit ies;

- in analysing operator-inspector dif-
ferences in Safeguards verification and
accountancy;

- in any other cases in which NDA is
applied.

10.2 Preparation and Characterization
of NDA Standards

The experience of PERLA in preparing
small and bulk NDA standards was used to
recommend the following iogic sequence in
planning, preparing and characterizing
standards:

define NDA performances, structured for
preparatior of standards;

define consequently NDA standard ac-
curacy requirements;

compare NDA requirements with DA per-
formances:

define preparation and characterization
schemes suitable for attaining the above
requirements.

set up a Quality Control programme to
ensure that the above requirements are
attained.

10.3 NDA Performance Values

A table with NDA performance values
was given in chapter 5 to define
characterization levels of NDA standards.
The discussion pointed out that it is
necessary, for NDA performance tables
oriented for other purposes, like
safeguards accountancy, to be more
structured, to represent the error
behaviour as a function of the measure-
ment procedure.

ln particular it was pointed out that as far
as the NDA performances are concern-
ed, the model where in the laboratory

"good" measurements are claimed and
actually performed, and in-field lower ac-
curacies are "achieved", is somehow
misleading. There are in fact objective
reasons for determining that discrepan-
cy, reasons that are not always present

in DA techniques.

10.4 DA Capabilities

PERLA results were presented, where it
was shown that for some isotopes (main-
ly Pu-238 and Am-241) analytical techni-
ques are at the limit of offering
performances suitable for NDA re-
quirements. So preparing bulk standard
samples for calorimetry may represent
an Objective difficulty, since accuracies
better than those provided by routine DA
are required for the above isotopes.

It has also been shown that when sampl-
ing and control procedures are applied
accurately, an interlaboratory average
value can present (for some parameters)
a variance lower than some evaluated
uncertainties in the standard certificates.
This aspect also says that the present
high levelof NDA performances requires
standards with always higher accuracies
in NDA laboratories and in the field, and
that also in International Reference
Laboratories (NBS, CBNM) there is a
need for Certified Reference Materials for
DA laboratories, for preparing NDA stan-
dards, the scheme of Fig. 7

Improvement of
NDA performance

Q-
Requirement of
better
NDA standards

Better
International
Reference
Materials
are required

Q-
Capabilities of
DA laboratories
must be improved

[)
Fig. 7: Consequential requirement scheme
caused by the improvement of NDA per.
formance.

10.5 The NDA Link

A last conclusion, also drawn from the
PERLA experience, was that it would be very
useful, to improve NDA performances and
traceability, to have a framework of common
well-characterized standards Safeguards
Laboratories.
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News about ESARDA

We are pleased to inform that Mr. J. Regnier of COGEMA is now a representative of
France in the ESARDA Steèring Committee replacing Mr. A. Petit.

We also inform that Mr. JA Suarez González del Rey of ClEMATis a new representative
of Spain in the Steering Committee. He also replaces Mr. A. Velilla as Coordinator.

A heartly welcome to Messrs. Regnier and Suarez González del Rey with thanks to
Messrs. Petit and Velilla for their activity.

ln addition we inform that Mr. F. Mousty of CEC (Joint Research Centre of Ispra) is the
new secretary of the LEU Working Group replacing Mr. V. Verdingh.

We also inform that Mr. M. Dionisi (ENEA Casaccia) is the new Italian coordinator and
replaces Mr. M. Aparo. A heartly welcome to Mr. Dionisi with thanks to Mr. Aparo.
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ESARDA News

12th ANNUAL ESARDA MEETING (Restricted participation)

Como (Italy), 15 - 17 May 1990

The twelfth Annual Meeting will be held at the Centro di Cultura SClentifica «/\Iessandro Volta»
Villa OImo, Como, Italy.
The attendance will be limited to the ESAROA Steering Committee members, coordinators,
working group members and observers.

13th ANNUAL ESARDA SYMPOSIUM

Avignon (France), 14-16 May 1991

ESAROA is pleased to announce that the thirteenth Annual Symposium will be held ln the
historical town of Avignon in the south-east of France. This town hosted the popes ln the
14th century. The symposium will be held in the restored palace of the popes.

This will be a general symposium on safeguards and nuclear material management and vv111

have an open participation.
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ln Memoriam

The secretary of the ESARDA-WG, Mr. Vital Verdingh of the CEC, JRC-Geel, died on
8 August 1989, after about half a year of illness.

For more than 3 years Vital was secretary of the ESARDA-LEU WG, and for more than
6 years he was member of the ESARDA-DA WGo

As doctor in the chemistry, he was a talented and dedicated collaborator of our
organization, and also a good friend; we miss him dearly.
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