
COMMISSION 
OF THE EUROPEAN 
COMMUNITIES 

JOINT RESEARCH CENTRE 
Ispra Establishment 

Italy 

CONFIDENTIAL 
COMMUNICATION 

Category 1.0 

Nr 3434 

CopyN° 083 

WARNING 
The information contained 
in this document is 
communicated confidentially 
by the Commission of the 
European Communities 
to Member States, 
persons and undertakings 
and should not be passed on 
to third parties. 
(Euratom-Treaty, Article 13, and 
Regulation (EEC) No. 2380/74 
of the Council of Ministers). 

and Si • tit, 

Service 
t Activities 

High Flux Reactor (HFR) 
Informatics 

Fissile Material Control ^ 
Training and Education 

Technical Evaluations in Support of the Commission 

PROGRAMME PROGRESS REPORT 

January-June 1977 





ABSTRACT 

Th i s document i s the p r o g r e s s r e p o r t of the P r o j e c t F i s s i l e M a t e r i a l 
C o n t r o l of the Joint R e s e a r c h C e n t r e for the p e r i o d J a n u a r y - J u n e 1977. 

Th i s p r o j e c t is p a r t of the p r o g r a m m e S e r v i c e and Suppor t A c t i v i t i e s . 

The p r o j e c t F i s s i l e M a t e r i a l Con t ro l inc ludes the following s t u d i e s : 

- C o n t r o l S y s t e m s , 
- I so tope C o r r e l a t i o n s , 
- B e n c h - M a r k E x p e r i m e n t s , 
- N o n - d e s t r u c t i v e A s s a y of F i s s i l e I so topes , 
- D e s t r u c t i v e A s s a y of F i s s i l e I s o t o p e s , 
- S u r v e i l l a n c e . 

C o n t r o l s y s t e m s for Safeguard ing f ab r i ca t i on p lants and r e a c t o r s a r e u n d e r 
i nves t i ga t i on . 
In the f r a m e w o r k of the B e n c h - M a r k e x p e r i m e n t s the pos t - i r r a d i a t i o n a n a 
l y s e s of the G u n d r e m m i n g e n BWR fuel have been c o m p l e t e d . 
In the field of Non-de s t rue t ive A s s a y p r o g r e s s e s have b e e n m a d e in the p r e 
p a r a t i o n of r e f e r e n c e m a t e r i a l s and in the deve lopmen t of i n s t r u m e n t s and 
t e c h n i q u e s (neu t ron i n t e r r o g a t i o n , P u - i s o t o p i c c o m p o s i t i o n by g a m m a - s p e c -
t r o m e t r y , au toma t ion of i n s t r u m e n t s ) . 
I m p o r t a n t i m p r o v e m e n t s have been in t roduced in the u l t r a s o n i c i n s t r u m e n 
t a t i o n u t i l i zed in the field of sea l ing and ident i f ica t ion . Sea l ing and iden t i f i 
ca t i on t echn iques a r e be ing app l ied in a l a r g e n u m b e r of Sa feguards p r o b l e m s . 
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BEMÆRK 

Den viden, som rummes i dette dokument, meddeles som fortrol ig fra 
Kommissionen for de europæiske Fællesskaber til Medlemsstater, per
soner og virksomheder og ma ikke videreaives t i l trediemand. (Euratom-
traktatens artikel 13og Minersterrådetsforordning(EUF) N° 2380/74). 

Hverken Kommissionen for de Europæiske Fælleskaber eller nogen, 
som optræder pa Kommissionens vegne er ansvarling for den eventuelle 
brug af information, som er indeholdt i det folgende . 

ZUR BEACHTUNG 

Die in diesem Dokument enthaltenen Kenntnisse werden von der Kom
mission der Europäischen Gemeinschaften den Mitgliedstaaten, Per
sonen und Unternehmen der Gemeinschaft vertraulich mitgeteilt und 
dürfen nicht an Dritte weitergegeben werden. (Euratom-Vertrag, Ar t i 
kel 13, und Beschluss des Ministerrates (EWG) Nr. 2380/74). 

Weder die Kommission der Europäischen Gemeinschaften noch Perso
nen, die im Namen dieser Kommission handeln, sind für die etwaige 
Verwendung der nachstehenden Informationen verantwortl ich. 

NOTICE 

The information contained in this document is communicated confi
dentially by the Commission of the European Communities to Member 
States, persons and undertakings and should not be passed on to third 
parties. (Euratom-Treaty, Article 13, and Regulation (EEC) No. 
2380/74 of the Council of Ministers). 

Neither the Commission of the European Communities nor any person 
acting on behalf of the Commission is responsible for the use which 
might be made of the following information. 

AVERTISSEMENT 

Les connaissances contenues dans le présent document sont communi
quées confidentiellement par la Commission des Communautées euro
péennes aux Etats membres, personnes et entreprises et ne peuvent être 
transmises à des tiers. (Traité Euratom, article 13, et règlement (CEE) 
N° 2380/74 du Conseil de Ministres). 

Ni la Commission des Communautés européennes, ni aucune personne 
agissant au nom de la Commission, n'est responsable de l'usage qui 
pourrait être fait des informations ci-après. 

AVVERTIMENTO 

Le cognizioni contenute nel presente documento sono comunicate con
fidenzialmente dalla Commissione delle Comunità europee agli Stati 
membri, persone ed imprese e non debbono essere trasmesse a terzi. 
(Trattato Euratom, articolo 13, e regolamento (CCE) N° 2380/74 del 
Consiglio dei Ministri). 

Né la Commissione delle Comunità europee, né alcuna persona che 
agisca per suo conto, è responsabile dell'uso che dovesse essere fatto 
delle informazioni che seguono. 

OPMERKING 

De kennis, die in dit document is vervat, wordt door de Commissie van 
de Europese Gemeenschappen vertrouwelijk aan de Lid-Staten, per
sonen en ondernemingen medegedeeld en mag niet aan derden worden 
doorgegeven. (Euratom-Verdrag, artikel 13, en het besluit van de Mi
nisterraad (EEG) No. 2380/74). 

Noch de Commissie van de Europese Gemeenschappen, noch de per
sonen die namens haar optreden, zijn verantwoordelijk voor het ge
bruik, dat eventueel van de hiernavolgende informaties wordt gemaakt. 
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5 . 

l i SCOPE 

The exploitation of nuclear energy at an industr ia l level leads to the ut i l i 
zation of very large amounts of fissile ma te r i a l s . The safe and economic 
management of these mater ia l s and the safeguards control against d iver
sion from peaceful u ses , require a continuous development and adaptation 
of techniques and procedures . 

The Commission of the European Community is in charge, on the basis of 
the Rome Treaty, of the control of the fissile mate r ia l s in the Member 
Countr ies . This task has been assigned to the Safeguards Directorate in 
Luxemburg. 

In I973 an agreement was established between EURATOM and the IAEA 
for the implementation of the Non-Prolife ration Treaty in the Member States 
who signed the Trea ty . 

The Joint Research Centre has been active since 1969 in the field of R&D for 
F i s s i l e Material Control, with the main objective of giving scientific and 
technical support to the Safeguards Directorate of the Commission and with 
the further aim of providing methods for more efficient fuel management 
within the nuclear industry. 

The JRC activity is being ca r r i ed out in close collaboration with the Safe
guards Direc tora te . 

The activity of the Joint Research Centre is also coordinated with similar 
work car r ied out in national organizations, within the framework of the 
European Safeguards R&D Association (ESARDA) which now comprises 
r e s e a r c h organizations of 6 Member Countr ies . 

Apart from this , direct collaboration in special fields has been established 
between the JRC and European industr ial f i rms . Collaboration has also been 
established with IAEA and AECL (Canada). 

This project is par t of the JRC programme Service and Support Activit ies. 
The staff allocated to the project for 1977 consists of 52 r e sea rch men, 
corresponding to about 5% of the total JRC-staff. The project is ca r r i ed 
out mainly at the JRC-Ispra Establ ishment with some participation of the 
JRC-Kar l s ruhe Establishment, Institute of Transuranium Elements . 

Collaboration is foreseen with the JRC-Geel Establ ishment , Centra l Bu
reau for Nuclear Measurements , -which, in the framework of the METRE 
(Measurements , Standards and Reference Techniques) p rogramme, will 
produce resul ts relevant for the fissile mate r ia l control . 

The project includes the following studies: 

- Control Systems 
- Isotope Correlat ions 
- Bench-mark Experiments 
- Non-destructive Assay of F i s s i l e Isotopes 
- Destructive Assay of F i s s i l e Isotopes 
- Surveillance. 
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T h e s e s t u d i e s c o n c e r n the a r e a s of ac t i v i t y which a r e g e n e r a l l y c o n s i d e r e d 
the m o s t i m p o r t a n t in t he field of s a f e g u a r d s and f i s s i l e m a t e r i a l m a n a g e m e n t . 

T h e s e s t u d i e s a r e e s s e n t i a l l y a con t inua t ion of a c t i v i t i e s c a r r i e d out in 
t h e p a s t p r o g r a m m e 1973-1976 . H o w e v e r , t he new p r o g r a m m e is c h a r a c 
t e r i z e d by an i n c r e a s e d e m p h a s i s on spec i f i c a c t i o n s in v iew of the s a f e 
g u a r d s i m p l e m e n t a t i o n in t he n u c l e a r fuel c y c l e . 

2. O B J E C T I V E S 

The ob j ec t i ve s of the d i f fe ren t s t u d i e s of the p r o j e c t a r e the fo l lowing: 

C o n t r o l S y s t e m s 

M o s t of the ac t i v i t y i s d i r e c t e d t o w a r d the s u p p o r t of the S a f e g u a r d s D i r e c 
t o r a t e in the def in i t ion of c o n t r o l s y s t e m s for the n u c l e a r fuel c y c l e and 
t h e i r a c t u a l i m p l e m e n t a t i o n . S tudies of the n u c l e a r p l a n t s , e v a l u a t i o n of 
d i f fe ren t c o n t r o l p r o c e d u r e s and s t a t i s t i c a l s t ud i e s a r e r e q u i r e d . 

The r e s u l t s of t h e s e s t u d i e s wi l l a l s o i nd i ca t e the l i nes to be fol lowed in 
the v a r i o u s e x p e r i m e n t a l a c t i v i t i e s . 

I so tope C o r r e l a t i o n s 

T h e i s o t o p e c o r r e l a t i o n t e c h n i q u e s a r e an i m p o r t a n t s u p p o r t i n g m e a s u r e 
for the v e r i f i c a t i o n of the i n t e r n a l c o n s i s t e n c y of the i so top ie d a t a f r o m 
fuel a n a l y s i s . The i s o t o p e c o r r e l a t i o n t e c h n i q u e s , a s app l i ed to S a f e g u a r d s , 
find t he m o s t i m p o r t a n t u s e in the v e r i f i c a t i o n of the input m e a s u r e m e n t s 
in r e p r o c e s s i n g p l a n t s . 

The JRC ac t i v i t y in th i s f ield i n c l u d e s t h e o r e t i c a l and e x p e r i m e n t a l s t u d i e s 
and the s e t t i n g up of a b a n k of i s o t o p i e c o m p o s i t i o n da ta . 

B e n c h - m a r k E x p e r i m e n t s 

The a i m of th i s a c t i v i t y i s to p r o v i d e the E u r o p e a n o p e r a t o r s of n u c l e a r 
p o w e r p lan t s wi th a s e t of r e f e r e n c e da ta on i r r a d i a t e d fuels ( b u r n u p , 
i so top i e c o m p o s i t i o n s , c r o s s s e c t i o n r a t i o s ) , to be u s e d for the c h e c k and 
a d a p t a t i o n of t he n u c l e a r codes which a r e r e q u i r e d for r e a c t o r fuel m a n a 
g e m e n t . 
The r e f e r e n c e da ta a r e p r o d u c e d by a c c u r a t e r a d i o c h e m i c a l a n a l y s i s of 
fuels i r r a d i a t e d in n u c l e a r p o w e r p l a n t s . 

N o n - d e s t r u c t i v e A s s a y of F i s s i l e I so topes 

The m a i n effort w i th in the p r o j e c t i s d i r e c t e d t o w a r d s the d e v e l o p m e n t and 
a p p l i c a t i o n of n o n - d e s t r u c t i v e a s s a y (NDA) t e c h n i q u e s wh ich a r e e s s e n t i a l 
for the c o n t r o l of f in i shed fuels and h e t e r o g e n e o u s m a t e r i a l s which canno t 
be s u b j e c t e d to c l a s s i c a l c h e m i c a l a n a l y s i s . N e u t r o n t e c h n i q u e s ( p a s s i v e 
and ac t i ve ) and g a m m a - s p e c t r o m e t r y t e c h n i q u e s a r e e x t e n s i v e l y i n v e s t i g a 
t ed . 

S p e c i a l a t t e n t i o n wi l l be paid to the p r o b l e m s of the s t a n d a r d i z a t i o n of NDA 
t e c h n i q u e s . 
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D e s t r u c t i v e A s s a y of F i s s i l e I so topes 

The d e s t r u c t i v e a s s a y , b a s e d on the use of a n a l y t i c a l c h e m i s t r y and i s o 
top ie m e a s u r e m e n t t e chn iques , i s the fundamenta l p r o c e d u r e for the d e 
t e r m i n a t i o n of f i s s i l e i so topes b e c a u s e of the h igh a c c u r a c y and s t a t e of 
deve lopmen t of t h e s e t e c h n i q u e s . 
O u r ac t iv i ty is ma in ly d i r e c t e d to the a u t o m a t i o n of m a s s s p e c t r o m e t r y 
and to i t s adap ta t ion to speci f ic p r o b l e m s of the f i s s i l e m a t e r i a l c o n t r o l . 
Spec i a l a t t en t ion is a l s o paid to the p r o b l e m of c a l i b r a t i o n and r e p r e s e n 
t a t i ve s a m p l i n g f rom the input accountab i l i ty t ank of r e p r o c e s s i n g p l a n t s . 

S u r v e i l l a n c e 

The m a j o r effort of the JRC in th i s f ield is d i r e c t e d t o w a r d s the d e v e l o p 
m e n t of s e a l i n g and ident i f ica t ion t echn iques which m a k e p o s s i b l e a c o n 
s i d e r a b l e r educ t ion of the i n spec t i on effort in r e s p e c t of s a f e g u a r d s . 

The me thod developed a t I s p r a , for the t a m p e r - r e s i s t a n t s ea l i ng and iden
t i f ica t ion , i s b a s e d on the u l t r a s o n i c de t ec t ion of r a n d o m l y d i s t r i b u t e d i n 
c l u s i o n s in d i f ferent m a t e r i a l s . 
The method wi l l be app l i ed to v a r i o u s p a r t s of the n u c l e a r fuel c y c l e . 

The p lanned a c t i v i t i e s for the f i r s t half of 1977 a r e shown in Tab le 1. 

3 . RESULTS 

Dur ing the r e p o r t i n g pe r iod the m a i n a c h i e v e m e n t s of the p ro j ec t w e r e the 
fol lowing: 

C o n t r o l S y s t e m s 

The m a i n p a r t of the w o r k was d i r e c t e d t owards ana lyz ing the fuel m a n a 
g e m e n t s y s t e m of the o p e r a t o r s in a f ab r i ca t ion plant for highly e n r i c h e d 
u r a n i u m . The study was c a r r i e d out in c o o p e r a t i o n with s a f e g u a r d s i n s p e c 
t o r s and plant o p e r a t o r s . 
The next s t e p of the w o r k wil l c o n c e r n the defini t ion of s amp l ing plans for 
v e r i f i c a t i o n of the o p e r a t o r s data by the s a f e g u a r d s a u t h o r i t y . 

A p r e l i m i n a r y inves t iga t ion has been c a r r i e d out in o r d e r to eva lua te the 
p o s s i b l e combina t ions of n o n - d e s t r u c t i v e a s s a y and s u r v e i l l a n c e t echn iques 
in a f ab r i ca t ion plant for p lutonium fue ls . 

An eva lua t ion in t e r m s of efficiency and effort , of a l t e r n a t i v e p r o c e d u r e s 
for the con t ro l of the p a r t of the fuel cyc le be tween the exi t of the f a b r i c a 
t i on p lan ts and the input of r e p r o c e s s i n g p l a n t s , h a s b e e n s t a r t e d . 

I so tope C o r r e l a t i o n s 

The ac t iv i ty for the se t t ing up of a bank of i so top ie da ta has b e e n cont inued 
a t I s p r a and K a r l s r u h e , by co l lec t ing a n a l y t i c a l da ta f rom i r r a d i a t e d fuels 
and by improv ing the sof tware r e q u i r e d for the o p e r a t i o n of the data bank. 
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Experiments are in preparation on the application of isotope correlations 
in reprocessing plants. The JRC is organizing, under the sponsorship of 
ESARDA, a symposium on the Isotope Correlation Techniques, to be held 
in May 1978. 

Bench-mark Experiments 
During the reporting period the post-irradiation examinations of the fuel 
of the Gundremmingen BWR, have been completed in the laboratories of 
Ispra and Karlsruhe. 
Data of burnup, isotopie compositions of uranium and plutonium, build-up 
and depletion of uranium, plutonium, curium and americium isotopes have 
been determined for 16 fuel pellets taken from 2 fuel assemblies. 
The experimental analysis has been started on the fuel of the Obrigheim 
PWR. 
A fuel assembly of the Trino Vercellese PWR has been transported to 
Ispra and dismantled. The fuel analysis for Trino Vercellese will be car
ried out in 1978. 
Non-destructive Assay of Fissile Isotopes 
In the field of standardization of NDA techniques a considerable effort has 
been spent in a literature survey of the activities carried out in different 
o r ganizations. 
Lists of the NDA reference materials available within the EEC and at IAEA 
and of the NDA methods used within the EEC have been compiled in the 
framework of the relevant working group of ESARDA. 
These compilations are important inputs for the JRC activity. 
For the preparation of reference materials an experiment has been carr ied 
out at the FBFC fabrication plant (Belgium) on low enrichment uranium 
(LEU) fuel pins in collaboration with CEN (Mol) and the plant operators. 
A planning for the characterization of batches of low enrichment U02, to be 
used as reference material for enrichment measurements, has been pre
pared. 
In the field of the development of measurement methods several actions 
have been started after a detailed examination of the fuel cycle and on the 
basis of the requests of the Safeguards Directorate. 
Various instruments, using neutron interrogation techniques, are under 
investigation. 
PHONID, a photo-neutron interrogation device, using Sb-Be sources, de
veloped at Ispra, has been made operational in a fuel fabrication plant 
in connection with physical inventory taking. 
The SIGMA apparatus, installed at the HOBE G fabrication plant for the 
control of HTR fuel pebbles, has been adapted for the analysis of LEU pow
ders and pellets. 
In the field of gamma-spectrometry an extensive investigation has been 
carr ied out on the determination of the plutonium isotopie composition in 
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fuel p ins , us ing a Ge(Li) d e t e c t o r . 

The work for the a u t o m a t i o n of g a m m a - and n e u t r o n t e c h n i q u e s , u s ing 
m i c r o p r o c e s s o r s , has been cont inued . 

D e s t r u c t i v e A s s a y of F i s s i l e I so topes 

A suppo r t has been given to the Safeguards D i r e c t o r a t e by execut ing a n a 
l y s e s on s a m p l e s t aken by the i n s p e c t o r s du r ing con t ro l o p e r a t i o n and by 
c o n s t r u c t i n g sampl ing dev ices for U F ¿ . 
On r e q u e s t of the Safeguards D i r e c t o r a t e an eva lua t ion of the o p e r a t o r s 
m e a s u r e m e n t me thods has been s t a r t e d . 
Deve lopmen t w o r k has been cont inued for the a u t o m a t i o n of m a s s s p e c t r o 
m e t r y ( JRC, K a r l s r u h e ) and for s e t t i ng up a t r a n s p o r t a b l e m a s s s p e c t r o m e t e r . 

A r ev i ew of the me thods u s e d for the input m e a s u r e m e n t s in r e p r o c e s s i n g 
p lan t s has been comple t ed and s o m e e x p e r i m e n t a l ac t ions a r e in p r e p a r a 
t ion . 

S u r v e i l l a n c e 

Dur ing the r e p o r t i n g p e r i o d an e l e c t r o n i c scann ing s y s t e m has b e e n c o m 
p le ted , which m a k e s p o s s i b l e the ident i ty mak ing of m o s t of the u l t r a s o -
n ica l ly ident i f ied s e a l s , without any m e c h a n i c a l s cann ing . The new s y s t e m 
wi l l s impl i fy c o n s i d e r a b l y a l l the p r o c e d u r e s for the s e a l u t i l i za t ion . The 
u s e of l e s s expens ive s e a l s wi l l be p o s s i b l e . 

The know-how of the fully a u t o m a t e d ident i f ica t ion equ ipmen t , developed 
a t I s p r a , has been t aken ove r by the Nukem for c o m m e r c i a l i z a t i o n . 

V a r i o u s s tud ie s for the app l i ca t ion of sea l ing and ident i f ica t ion t echn iques 
have been, conducted in c o l l a b o r a t i o n with plant o p e r a t o r s . 
In p a r t i c u l a r it is w o r t h ment ion ing the c o l l a b o r a t i o n with A E C L (Canada) 
for the s ea l i ng of the s t o r a g e of the CANDU fuel bundles in the r e a c t o r 
pool , the comple t ion of the i r r a d i a t i o n e x p e r i m e n t s of s e a l e d LWR fuel 
bundles in the Lingen and G u n d r e m m i n g e n r e a c t o r s and the co l l abo ra t ion 
wi th KFA (Jül ich) conce rn ing the ident i f ica t ion of TRIGA fuel e l e m e n t s and 
AVR fuel pebbles c o n t a i n e r s . 



Table 1 : Planned activities for the reporting period 
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Destructive assay of fissile isotopes M 

Ν 

0 

Surveillance Ρ 

Q 

J F 

(Ί^ 
Kl 

M 

fTi 
Kl) 

A 

r^l 
Kl) 

—rtì 
KD 

M J 

(^) 
K£) 

f^Pi 
K¿J 

fin 

KV 

o 
ι 

A Study of control systems for fabrication plants and reactors 

Β Theoretical investigations 

C Setting-up of a data bank of isotopie data 

0 Preparation of an experiment on the WAK plant 

E Organization of a Symposium on Isotope Correlations sponsored by ESARDA 

F Experimental analysis of the irradiated fuels 

1 Start-up of the analysis on the Obrigheim fuels 

2 Completion of the analysis of the Gundremmingen fuels 

G Data analysis in terms of cross section ratios 

H Assessment of the standardization problem 

1 Preparation of reference materials 

3 Completion of the experiment for the preparation of LEU fuel pins 

J Development and application of neutron techniques (active and passive) 

4 Experiments with PHONID (Sb-Be) in HEU fabrication plants 

5 Adaptation of SIGMA (Cf-252) to the control of LEU fuels 

K Isotopie composition of Pu by gamma spectrometry 

L Automation of instruments 

M Automation of mass spectrometry 

Ν Setting-up of a transportable mass spectrometer 

O Assessment of the problems connected with input measures in reprocessing plants 

Ρ Development of ultrasonic apparatus and seals 

6 Completion of the design of the new US apparatus with electronic scanning 

and start-up of its industrialization 

Q Applications of sealing and identification techniques to LWR, MTR, FBR..CAN D U, 

TRIGA, AVR reactors 

7 End of the irradiation tests on sealed fuel assemblies in the Lingen and 

Gundremmingen BWR 

8 Completion of the design specifications for TRIGA fuel elements and AVR fuel 

pebbles containers 
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4. CONCLUSIONS 

In general the objectives of the reporting period have been fulfilled. 

In the f irs t half of 1977 the emphasis on very specific actions in view of 
the safeguards implementation in the nuclear fuel cycle has been increased 
and the support to the Safeguards Directorate has been enlarged consider
ably. 

The increase of the staff allocated to the project F i s s i l e Mater ia l Control 
made possible a l a rge r effort, mainly in the field of the non-de s t rue t i ve 
a s say techniques. However, not al l the competences needed a re actually 
available. 

The delay in the distribution of the 1977 budget has not heavily affected the 
work in the first months of the year . The effect of this delay will be much 
more important in the second half of 1977. 

For further information concerning JRC Programmes, please contact 
the Directorate Genral JRC, Rue de la Loi 200, B -1049 Brussels 





Programme 
Progress Report 
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1. INTRODUCTION 

The JRC activity in the field of Fissi le Material Control is carried out 
in a strong collaboration with the Safeguards Directorate of the Commis
sion. 
The project is part of the JRC programme Service and Support Activities. 
The staff allocated to this project for 1977 consists of 52 research men. 

The project is carried out mainly at the Ispra Establishment with some 
participation of the Karlsruhe Establishment. 
Some activities which are carried out as direct support to the Safeguards 
Directorate or have a character of confidentiality, will be paid by the bud
get of this Directorate. 
The project consists of the following studies: 
- Control Systems 
- Isotope Correlations 
- Bench-mark Experiments 
- Non-destructive Assay of Fissile Isotopes 
- Destructive Assay of Fissi le Isotopes 
- Surveillance. 





Sub-Projects 
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2. S U B - P R O J E C T S 

2. 1 C O N T R O L SYSTEMS 

O B J E C T I V E S 

The t e r m " S a f e g u a r d s " , u s e d in the con tex t of f i s s i l e m a t e r i a l c o n t r o l , 
c o v e r s a l l the p r o c e d u r e s conce ived to ver i fy tha t t h o s e m a t e r i a l s a r e 
not d i v e r t e d f r o m t h e i r in tended u s e ; o r to obta in a t i m e l y ind ica t ion of 
a p o s s i b l e d i v e r s i o n , o r y i e ld a c r e d i b l e a s s u r a n c e tha t a d i v e r s i o n h a s 
not o c c u r r e d . The y e a r 1977 has b e e n m a r k e d by two e v e n t s which a r e 
i m p o r t a n t for the E u r o p e a n s a f e g u a r d s n a m e l y : 

- the e n t r y into fo rce of the " N o n - P r o l i f e r a t i o n T r e a t y " (NPT) for the 
"Non N u c l e a r Weapon S t a t e s " of the E u r o p e a n C o m m u n i t y (22 F e b r u a -
r a y 1977) 

- the e n t r y in to fo rce of the new "Sa fegua rds Regu l a t i on" of the C o m m i s 
s ion (15 J a n u a r y 1977), d i r e c t l y r e s u l t i n g f rom the T r e a t y of R o m e e s 
t a b l i s h i n g the E u r o p e a n Atomic E n e r g y C o m m u n i t y ; th i s Regu la t ion is 
r e l e v a n t to the whole E u r o p e a n C o m m u n i t y , and r e s u l t s f r o m a m o d i f i 
c a t i o n of the p r e c e e d i n g Regu la t ion . 

As a c o n s e q u e n c e of t h e s e two e v e n t s , the Sa feguards A u t h o r i t y of the 
C o m m i s s i o n (Safeguards D i r e c t o r a t e = DCS) h a s b e e n faced wi th the p r o 
b l e m of ad jus t ing i t s p r o c e d u r e s and t echn iques to the r e q u i r e m e n t s of 
the new regula t ions . . The objec t ive of the w o r k c a r r i e d out by the JRC 
u n d e r the head ing " C o n t r o l S y s t e m s " , is to s u p p o r t the DCS in eva lua t ing , 
d e s i g n i n g , and i m p l e m e n t i n g s a f e g u a r d s s y s t e m s for v a r i o u s t y p e s of 
n u c l e a r p l a n t s . Th is is p u r s u e d by p a r t i c i p a t i o n wi th in four work ing 
g r o u p s , jo in t ly e s t a b l i s h e d be tween JRC and DCS, dea l ing r e s p e c t i v e l y 
w i th : 

- g e n e r a l p r o b l e m s of s a f e g u a r d s , 
- s a f e g u a r d s in fuel f a b r i c a t i o n p l a n t s , 
- s a f e g u a r d s in r e a c t o r i n s t a l l a t i o n s , 
- s a f e g u a r d s in r e p r o c e s s i n g and e n r i c h m e n t p l a n t s . 

The w o r k is c a r r i e d out in the d iv i s ions of S y s t e m A n a l y s i s , C h e m i s t r y , 
E l e c t r o n i c s and M a t e r i a l s . 

RESULTS 

G e n e r a l P r o b l e m s of Sa feguards 

The work ing g r o u p has r ev i ewed the m a i n g e n e r a l p r o b l e m s and dec ided 
to give p r i o r i t y to the e s t a b l i s h m e n t of a c a l c u l a t i o n m e t h o d for e v a l u a 
t ing the " m a t e r i a l unaccoun ted fo r " and the " l i m i t s of e r r o r of the m a t e 
r i a l unaccoun ted fo r " in fuel f a b r i c a t i o n p l a n t s . A s u r v e y of the ex i s t i ng 
l i t e r a t u r e h a s been done . 

Sa f egua rds in F u e l F a b r i c a t i o n P l a n t s 

The a i m of the w o r k p e r f o r m e d by the g r o u p i s to e s t a b l i s h a p p r o p r i a t e 
s a f e g u a r d s s y s t e m s (or to i m p r o v e the ex i s t ing ones for t h o s e i n s t a l l a -
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t ions which p r o c e s s nuc lear m a t e r i a l s with the object of prepar ing nuc lear 

fue l s or manufacturing fuel e l e m e n t s ) . 

The ins ta l la t ions c o n s i d e r e d are those p r o c e s s i n g low e n r i c h e d uranium 

(LEU) , highly enr iched uranium (HEU) and p luton iumuranium m i x e d 

ox ides ( P U ) . 

A f i r s t a n a l y s i s of the p r o b l e m was p e r f o r m e d and the fol lowing points c o n 

s i d e r e d worthy of f u r t h e r s t u d y : 

 e v a l u a t i o n of t h e m e a s u r e m e n t s y s t e m u s e d by the o p e r a t o r for a c c o u n 

t a n c y p u r p o s e s , 

 i m p r o v e m e n t of t h e q u a l i t y of the m e a s u r e m e n t s y s t e m u s e d fo r v e r i f i 

c a t i o n p u r p o s e s by the i n s p e c t o r s of the s a f e g u a r d s a u t h o r i t y , 

 de f in i t i on of the s a m p l i n g p l ans (one for e a c h i n s t a l l a t i o n type) to be u s e d 

by the i n s p e c t o r s fo r t h e v e r i f i c a t i o n of t h e o p e r a t o r ' s d e c l a r a t i o n on the 

flow of m a t e r i a l s a n d the p h y s i c a l i n v e n t o r y . 

1) T h e c o n t r i b u t i o n g iven by the JRC to t h e w o r k of the g r o u p is t he fo l low

i n g : 

A d e t a i l e d flow s c h e m e of the c h e m i c a l and m e c h a n i c a l p r o c e s s e s c a r 

r i e d out in a p a r t i c u l a r E u r o p e a n fuel f a b r i c a t i o n p l an t for h igh ly e n r i c h 

ed u r a n i u m h a s b e e n p r e p a r e d ; a c o m p i l a t i o n of a l l t he m e a s u r e m e n t s 

m a d e by the o p e r a t o r a t e a c h " k e y m e a s u r e m e n t p o i n t " (as def ined by the 

E u r a t o m S a f e g u a r d s R e g u l a t i o n ) , t o g e t h e r wi th the c o r r e s p o n d i n g p r e c i 

s i o n and a c c u r a c y , h a s b e e n c o m p l e t e d . T h e c o r r e c t n e s s of t he flow 

s c h e m e a n d of the c o m p i l a t i o n h a v e b e e n c h e c k e d t o g e t h e r wi th t h e DCS 

and t h e p l an t o p e r a t o r . 

T h e " P h y s i c a l I n v e n t o r y L i s t i n g " (as def ined by t h e E u r a t o m S a f e g u a r d s 

R e g u l a t i o n ) p r e p a r e d by the o p e r a t o r of the above m e n t i o n e d p l an t h a s 

b e e n e x a m i n e d and r e a r r a n g e d i n o r d e r to c r e a t e c a t e g o r i e s of m a t e r i a l s 

h a v i n g the s a m e c h a r a c t e r i s t i c s f r o m the m e a s u r e m e n t point of v i e w . 

2) T h e c o n t r i b u t i o n g iven by the J R C  I s p r a a l s o c o n c e r n e d the f a b r i c a t i o n 

p l a n t s t r e a t i n g P u  U m i x e d o x i d e s . 

A f i r s t s o l u t i o n of t he s a f e g u a r d s p r o b l e m w a s p r e p a r e d , wi th a v i e w to 

r e d u c i n g i n t e r f e r e n c e wi th t he o p e r a t o r a c t i v i t i e s . T h e s c e n a r i o i n c l u 

d e s t h e c o m b i n e d u s e of s u r v e i l l a n c e t e c h n i q u e s (with o p t i c a l m e a n s ) , 

s e a l i n g and i d e n t i f i c a t i o n t e c h n i q u e s , and n o n  d e s t r u c t i v e a s s a y t e c h 

n i q u e s . D i s c u s s i o n s a r e s t i l l n e e d e d wi th the s a f e g u a r d s i n s p e c t o r s and 

the p l an t o p e r a t o r s w i th a v i e w to def in ing the p h a s e a t w h i c h the c o n t r o l 

h a s to be s t a r t e d , n a m e l y the p e l l e t s o r the f in i shed p i n s . R e a s o n a b l e 

s c h e m e s of c o n t r o l h a v e b e e n p r o p o s e d , i nc lud ing l i m i t e d e f fo r t s in h a r d 

w a r e , b u t they s t i l l n e e d to be r e f i ned and a s s e s s e d t h r o u g h d e m o n s t r a 

t i o n e x p e r i m e n t s . 

S a f e g u a r d s in R e a c t o r I n s t a l l a t i o n s ■ 

T h e w o r k c a r r i e d out c o n s i s t e d in the e v a l u a t i o n of t h e n u m b e r of i r r a d i a 

t e d fuel e l e m e n t s to be s t o r e d and s a f e g u a r d e d in t h e nex t 810 y e a r s , u n 

d e r v a r i o u s h y p o t h e s e s of a v a i l a b i l i t y of r e p r o c e s s i n g c a p a c i t y . T h e r e s u l t 
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was that the number of such elements will r i s e to severa l thousands 
(20, 000 - 30,000 in the wors t cases) if the reprocess ing capacity remains 
low. 

A study has also been ca r r i ed out on various possible safeguards sys tems 
to be used for the nuclear fuels of light water reac tors (LWRs), in that por
tion of the fuel cycle which goes from the exit of the fuel fabrication plant 
to the input of the reprocess ing plant. The following techniques were con
s idered for application (either in combination between them, or as a l t e rna 
t ives) : containment by means of tamper-proof permanent seals on the fuel 
e lements , containment by means of tamper-proof t emporary seals on the 
fuel e lements , optical surveil lance by means of c a m e r a s , visual su rve i l 
lance by the inspector . The inspection effort to be deployed in the various 
cases has been calculated. 

CONCLUSIONS 

The activity in support of the DCS has been s tar ted according to the lines 
se t down in the agreements between the JRC and DCS; however the man
power support given remains lower than necessa ry . The following addi
tional i tems should be undertaken: 

- The setting up of a complete safeguards system requires the systematic 
analysis of the nuclear fuel cycle that is to say: number and types of 
instal lat ions, p rocesses ca r r i ed out, flow schemes of the ma te r i a l s , 
opera to r ' s measurement procedures , inspector ' s measurement p roce 
dures , a s ses smen t of the achievable accurac ies , definition of the actions 
to be taken by the inspectors for verification, e tc . A detailed analysis 
should a lso be made of the safeguards regulations, in o rde r to t rans la te 
the basic concepts contained therein into pract ical operational ru les . 

These activit ies would be possible only if a team of people were a l loca
ted to provide a systemat ic analysis of the various problems. At present , 
only one person is allocated full-time to the work; contributions of other 
people represen t only smal l fractions of their t ime . 

- The analysis of the measurement sys tems requires deep knowledge of 
s ta t i s t i cs , specially when calculating the measurement e r r o r propaga
tion in complex sys tems; these studies would therefore require the a s s i s 
tance of a s ta t is t ic ian. 

PLANNED ACTIVITIES 

General Problems of Safeguards 

The work for establishing a calculation method for evaluating the "Mater ia l 
Unaccounted F o r (MUF)" and the "Limits of E r r o r of the MUF" in a fuel 
fabrication plant, will be initiated if adequate s ta t is t ica l support can be 
provided ei ther by the JRC-Ispra or by an external source . 

Safeguards in Fuel Fabr icat ion Plants 

1 ) It is planned to make the s ta t is t ical elaboration of all data contained in 
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the " P h y s i c a l I n v e n t o r y L i s t i n g " p r o v i d e d by the o p e r a t o r of t he H E U 
p l a n t (as m e n t i o n e d in the d e s c r i p t i o n of t he r e s u l t s ) . T h e goa l of t h i s 
e l a b o r a t i o n is twofo ld : a) to e v a l u a t e t he t o t a l m e a s u r e m e n t e r r o r of the 
o p e r a t o r , and b) to def ine a d e t a i l e d s a m p l i n g p l a n to be u s e d by DCS 
for the v e r i f i c a t i o n of the d e c l a r e d p h y s i c a l i n v e n t o r y . 

An a s s e s s m e n t of t he i n s p e c t o r s " c a p a b i l i t y to p e r f o r m an a c c u r a t e v e 
r i f i c a t i o n of t he i n v e n t o r y wi l l be m a d e , b a s e d on t h e p r e c i s i o n a n d a c c u 
r a c y of the i n s t r u m e n t s in u s e a t p r e s e n t ; p r o c e d u r e s for the u s e of the 
e q u i p m e n t u t i l i z e d d u r i n g the i n s p e c t i o n , w i l l be put in w r i t t e n f o r m . 

2) T h e s tudy of a c o n t r o l s y s t e m for a spec i f i c fuel f a b r i c a t i o n p l a n t p r o 
c e s s i n g P u - f u e l s w i l l b e g i n b e f o r e the end of the y e a r ; i t i s e x p e c t e d to 
app ly the e x p e r i e n c e a l r e a d y ga ined in the p r o b l e m s c o n c e r n i n g the HEU 
p l a n t s . 

S a f e g u a r d s in R e a c t o r I n s t a l l a t i o n s 

A s s i s t a n c e w i l l be g iven to the DCS in o r d e r to def ine t h e s a f e g u a r d s y s t e m 
of the S N R - 3 0 0 K a l k a r r e a c t o r . T h i s i s a G e r m a n f a s t b r e e d e r r e a c t o r due 
t o s t a r t i n 1 9 8 0 - 1 9 8 1 ; it i s p l anned to s a f e g u a r d the fuel p r e s e n t in the s t a 
t i o n by m e a n s of a n a u t o m a t i c s y s t e m for t he o b s e r v a t i o n of the fuel e l e 
m e n t s . 
T h e s t u d y c o n c e r n i n g the v a r i o u s p o s s i b l e s a f e g u a r d s s y s t e m s to be u s e d 
f o r the n u c l e a r fuels of L W R s , i n t ha t p o r t i o n of the fuel c y c l e w h i c h goes 
f r o m the ex i t of the f a b r i c a t i o n p l an t to the input of the r e p r o c e s s i n g p l a n t , 
w i l l be c o n t i n u e d . 
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2 . 2 ISOTOPE CORRELATIONS 

OBJECTIVES 

The i r r a d i a t i o n of a n u c l e a r fuel c a u s e s i m p o r t a n t and c o m p l e x changes 
in i t s i so top ie compos i t i on , n a m e l y : 

- dep le t ion of the i so topes of u r a n i u m in i t i a l ly p r e s e n t (and, w h e r e a p p l i 
c a b l e , of p lu tonium) , 

- b u i l d - u p of a r t i f i c i a l i so topes of heavy e l e m e n t s (e . g. U-236 , P u - 2 3 9 , 
P u - 2 4 0 , P u - 2 4 1 , P u - 2 4 2 ) , 

- b u i l d - u p of f i s s ion p r o d u c t s ( i so topes of l ight e l e m e n t s , r e s u l t i n g f r o m 
f i s s ion of heavy e l e m e n t s ) . 

T h e s e changes a r e often c o r r e l a t e d in a v e r y s i m p l e m a n n e r ; in m a n y i n 
s t a n c e s the r e l a t i o n s h i p r e p r e s e n t i n g the c o r r e l a t i o n is a s i m p l e p r o p o r 
t iona l i ty be tween deple t ion and b u i l d - u p of s e l e c t e d groups of i s o t o p e s . 

The c o r r e l a t i o n techn ique was b o r n and developed in the f r a m e w o r k of 
s a f e g u a r d s s tud i e s for the p u r p o s e of ver i fying the P u - c o n t e n t of spen t 
fuel a s s e m b l i e s ; subsequen t ly , app l i ca t ion of th i s t echn ique was extended 
to the ve r i f i ca t i on of the c o n s i s t e n c y of the i so top ie a n a l y s e s p e r f o r m e d 
a t the r e p r o c e s s i n g plant input . In addi t ion , one should m e n t i o n tha t c o m 
p a r i s o n of the r e s u l t s of t he se a n a l y s e s wi th a l r e a d y e s t a b l i s h e d c o r r e l a 
t ions p r o v i d e s an add i t iona l m e a n s of g u a r a n t e e i n g the iden t i ty of the d i s 
so lved fuel e l e m e n t s . Many of t h e s e app l i ca t ions can p r o v e to be useful 
a l s o to r e a c t o r o p e r a t o r s (due to t h e i r i m p a c t on fuel m a n a g e m e n t , b u r n -
u p c a l c u l a t i o n s , e t c . ) and to r e p r o c e s s o r s (as a m e a n s of checking c o n s i s 
t ency of input a n a l y s e s ) . 

R e s e a r c h and deve lopmen t in the field of i so tope c o r r e l a t i o n t echn iques is 
be ing c a r r i e d out a t the J R C , I s p r a and K a r l s r u h e E s t a b l i s h m e n t s ; the m a i n 
a c t i o n s u n d e r t a k e n in the pas t s ix months a r e : 

a) to c a r r y out t h e o r e t i c a l s tud ie s on c o r r e l a t i o n s , 
b) to co l l ec t e x p e r i m e n t a l data on i r r a d i a t e d fuel i so top ie c o m p o s i t i o n s 

in the f o r m of a Data Bank, 
c) to p a r t i c i p a t e in e x p e r i m e n t s on the app l i ca t ion of i so tope c o r r e l a t i o n s 

in r e p r o c e s s i n g p l a n t s , 
d) to p r o m o t e the o r g a n i z a t i o n of a s y m p o s i u m on the i so tope c o r r e l a t i o n 

t e c h n i q u e s . 

The J R C - I s p r a is a l s o c h a r g e d with the s e c r e t a r i a t of the ESARDA Work 
ing Group on Isotope C o r r e l a t i o n s and R e p r o c e s s i n g Input A n a l y s i s . 

RESULTS 

T h e o r e t i c a l Studies 

V a r i o u s c o r r e l a t i o n s b a s e d on i so topes of f i s s ion p roduc t s have b e e n a n a 
lyzed in o r d e r to define the a c c u r a c i e s needed for the v a r i o u s n u c l e a r p a 
r a m e t e r s inf luencing the c a l c u l a t i o n s . 
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The correlations considered a re those between the concentrations of the 
heavy elements (isotopes of U and Pu) and the concentrations of various 
isotopes of Kr, Xe, Nd, Cs, Eu in Light Water Reactor fuels. 
We have reached definite conclusions on the accuracy needed for such 
parameters , in order to produce results which are valuable for the i so
topie correlations technique. It has also been shown that the accuracy 
required for some parameters is determined, to a large extent, by the 
final burn-up of the fuel considered. 
The results of these studies will be possibly used for publication at the 
IAEA panel to be held in September 1977 on the subject "Fission Product 
Nuclear Data". 
Acquisition of Isotopie Composition Data 
Although the fields of application for the correlation techniques have been 
singled out and exploitation has already started, further experimental 
effort and theoretical interpretation are needed for improving confidence 
in the technique. In this respect ESARDA has taken the initiative of col
lecting, on a European scale, data on fuel isotopie composition generated 
during a number of reprocessing campaigns or pos t-ir radiation fuel ana
lyses . 
The task of gathering these data into a Data Bank has been entrusted to 
the JRC-Ispra. The work for the preparation of the Data Bank has started 
in 1975. 
The software of the Bank has been based on the IBM Data Management 
System "STAIRS". Some difficulties were encountered in establishing 
input-output procedures and in linking the system to other scientific pro
grams: this is due to the fact that "STAIRS" is a system conceived for 
documentation rather than for scientific data banks. The work concern
ing the input-output procedures and the linkage to other programs, is still 
in progress . 
The present structure of the Data Bank (content and formats) is very much 
s imilar to the one of the Bank received from JRC-Karlsruhe three years 
ago. A transformation of the structure is under way, in order to make it 
s imilar to the IAEA data bank MARK-I, the content and formats of which 
have been set up by an international committee of experts. 
The 126 data sets of the former JRC-Karlsruhe data bank have been incor
porated into our data bank. In addition, other data from DODE WAARD, 
SENA and GUNDREMMINGEN reactors have been codified. A final input 
form for codification of data to be included in the bank has been prepared. 
The JRC-Karlsruhe is collaborating with the IAEA on data bank prepara
tion, in the framework of an R&D coordination programme. The present 
version of the data bank (prepared by the IAEA) has been installed at the 
Safeguards Directorate, Luxemburg, for testing. 
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E x p e r i m e n t s on the Appl ica t ion of Iso tope C o r r e l a t i o n s in R e p r o c e s s i n g 
P l a n t s 

In the f r a m e w o r k of ESARDA an e x p e r i m e n t is in p r e p a r a t i o n on the a p p l i 
c a t i o n of i so tope c o r r e l a t i o n s dur ing the r e p r o c e s s i n g of the OBRIGHEIM 
fuel a t the WAK-plant , K a r l s r u h e . 
M o s t of the e x p e r i m e n t a l w o r k wil l be c a r r i e d out a t the WAK-plan t and 
J R C - K a r l s r u h e . 

J R C - I s p r a wi l l con t r i bu t e in the planning of the e x p e r i m e n t s and in the 
a n a l y s i s of the r e s u l t s . 

In the f r a m e w o r k of a co l l abo ra t i on be tween the Jo in t R e s e a r c h C e n t r e 
and C NE N (I taly) , an e x p e r i m e n t i s in p r e p a r a t i o n on the EUREX-p lan t , 
Sa lugg ia . The e x p e r i m e n t wil l be c a r r i e d out on the o c c a s i o n of a c a m 
pa ign of r e p r o c e s s i n g of CANDU fuel. 
T h e e x p e r i m e n t a i m s a t ver i fy ing the p r o c e d u r e s of c a l i b r a t i o n of the 
accoun tab i l i t y t ank for s a f e g u a r d s p u r p o s e s , but , a t the s a m e t i m e , a n 
a t t e m p t to u s ing the i so tope c o r r e l a t i o n t echn ique for the v e r i f i c a t i o n of 
t he accoun tab i l i t y could be m a d e . 

S y m p o s i u m on Isotope C o r r e l a t i o n Techn iques 

A s y m p o s i u m on this sub jec t has b e e n p r o p o s e d s ince l a s t y e a r by the 
J R C - I s p r a to the S t e e r i n g C o m m i t t e e of ESARDA. Scopes of the s y m p o 
s i u m wi l l b e : 

- t o p r e s e n t new bas i c da ta and to s u m m a r i z e the e x p e r i e n c e of a p p l i c a 
t ion a l r e a d y gained, 

- to i n fo rm poten t ia l u s e r s about the a d v a n t a g e s of i so top ie c o r r e l a t i o n 
t e c h n i q u e s , with s p e c i a l r e f e r e n c e to t hose f ields which a r e new, 

- to h ighl ight any a r e a s w h e r e add i t iona l w o r k m a y be r e q u i r e d . 

P r e p a r a t o r y documen t s on v a r i o u s a s p e c t s of the s y m p o s i u m have b e e n 
p r o d u c e d and p r e s e n t e d to the ESARDA P r o j e c t L e a d e r s ( J a n u a r y 1977) 
and to the ESARDA S tee r ing C o m m i t t e e (May 1977). Af te r d i s c u s s i o n of 
the d o c u m e n t s , the S tee r ing C o m m i t t e e has dec ided to e n t r u s t the o r g a 
n i z a t i o n of the S y m p o s i u m to the J R C - I s p r a . 

CONCLUSIONS 

T h e o r e t i c a l s tud ie s w e r e s lowed down with r e s p e c t to the p r o g r a m s e s 
t a b l i s h e d in the pas t y e a r s , due to the lack of p e r s o n n e l . 
It would be adv i sab le to deploy m o r e effort in th i s a r e a , s i n c e the I s p r a 
C e n t r e has a lways b e e n the l e a d e r of the t h e o r e t i c a l r e s e a r c h on i so tope 
c o r r e l a t i o n s . A n u m b e r of r e q u e s t s for m o r e r e s e a r c h on v a r i o u s fuel 
t y p e s ( i s s u e d by s e v e r a l o rgan i za t i ons ) have b e e n d ropped in the p a s t , due 
to the l ack of p e r s o n n e l . 

The Data Bank a t I s p r a is b a s e d , a t p r e s e n t , on a Data M a n a g e m e n t S y s 
t e m which i s not the b e s t for our p u r p o s e s . The a c q u i s i t i o n of a new s y s 
t e m , fit for sc ien t i f ic p r o b l e m s , is p lanned by CE TIS; t hen the new s y s t e m 
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w i l l be a v a i l a b l e , we wi l l u s e i t for the Data B a n k . 

T h e e x p e r i m e n t s in p r e p a r a t i o n wi l l m a k e p o s s i b l e t h e i d e n t i f i c a t i o n of 
t he p o s s i b i l i t i e s and d i f f i cu l t i e s in the u s e of i s o t o p e c o r r e l a t i o n t e c h 
n i q u e s in r e p r o c e s s i n g p l a n t s . 

T h e fac t t h a t the o r g a n i z a t i o n of the S y m p o s i u m on I so tope C o r r e l a t i o n s 
h a s b e e n e n t r u s t e d to t he J R C - I s p r a , i s a n i n t e r n a t i o n a l r e c o g n i t i o n of o u r 
e x p e r i e n c e in t h i s f i e ld . 

P L A N N E D A C T I V I T I E S 

T h e o r e t i c a l S tud ie s 

In t h e nex t s i x m o n t h s p e r i o d i t i s i n t e n d e d to c a r r y out the fo l lowing w o r k : 

- t o p r e p a r e a r e p o r t con t a in ing the r e s u l t s of the a n a l y s i s p e r f o r m e d on 
the c o r r e l a t i o n s b a s e d on f i s s i o n p r o d u c t i s o t o p e s ; the d e t a i l s on t h e a n a 
l y s i s h a v e b e e n r e p o r t e d in the c h a p t e r " R E S U L T S " of t h i s r e p o r t ; 

- t o s t a r t , if enough m a n p o w e r w i l l be a v a i l a b l e , t h e t h e o r e t i c a l s t udy of t h e 
c o r r e l a t i o n s in h e a v y w a t e r r e a c t o r f ue l s . 

A c q u i s i t i o n of I s o t o p i e C o m p o s i t i o n D a t a 

In the nex t ha l f y e a r i t i s i n t e n d e d to c a r r y out a t t he J R C - I s p r a the fo l low
ing w o r k : 

- to modi fy the s t r u c t u r e of t h e B a n k ( c o n t e n t and f o r m a t s ) in o r d e r to m a k e 
i t s i m i l a r to the I A E A M A R K - I Bank , 

- t o c o m p l e t e t he i n p u t - o u t p u t p r o c e d u r e s of the Bank , 

- t o l i nk t h e B a n k to the s t a t i s t i c a l e v a l u a t i o n p r o g r a m C ORRE LAT IO, 
a l r e a d y u s e d a t the S y s t e m A n a l y s i s D i v i s i o n for s i m i l a r p u r p o s e s , 

- t o c o m p a r e t he p e r f o r m a n c e s of the B a n k to t he J R C - K a r l s r u h e B a n k in 
o u r p o s s e s s i o n . 

E x p e r i m e n t s in R e p r o c e s s i n g P l a n t s 

P a r t i c i p a t i o n in the e x p e r i m e n t on t he W A K - p l a n t to be s t a r t e d in O c t o b e r 
1977 and in the e x p e r i m e n t on the E U R E X - p l a n t . 

S y m p o s i u m on I so top i e C o r r e l a t i o n s 

T h e S y m p o s i u m i s p l a n n e d for S p r i n g 197 8 a t S t r e s a , I t a l y . T h e w o r k to be 
p e r f o r m e d in v i ew of t h e o r g a n i z a t i o n of the s y m p o s i u m i n c l u d e s : 

- m e e t i n g of t he o r g a n i z i n g C o m m i t t e e fo r e s t a b l i s h i n g the d e t a i l s of t he 
o r g a n i z a t i o n , 

- t o c o n t a c t a l l p o s s i b l e c o n t r i b u t o r s of p a p e r s , 

- t o m a k e a p p r o p r i a t e a d v e r t i s e m e n t of the s y m p o s i u m , e i t h e r by l e t t e r o r 
by a n n o u n c e m e n t , 

- t o r e a d the p a p e r s fo r a c c e p t a n c e , 
- to d e c i d e p r o c e d u r e s for ed i t ing and pub l i sh ing a l l the d o c u m e n t s . 
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2. 3 BENCH-MARK E X P E R I M E N T S 

O B J E C T I V E S 

The scope of the b e n c h - m a r k e x p e r i m e n t s i s the p roduc t ion of a s e t of 
r e f e r e n c e da ta on b u r n - u p , i so top ie c o m p o s i t i o n s and c r o s s s e c t i o n 
r a t i o s for i r r a d i a t e d fue ls . 

R a d i o c h e m i c a l a n a l y s e s of fuel s a m p l e s i r r a d i a t e d in we l l known c o n d i 
t ions d e l i v e r the r aw data which a r e f u r t he r ana lyzed . T h e s e r e f e r e n c e 
da t a a r e m a d e ava i l ab le to power r e a c t o r o p e r a t o r s and fuel m a n a g e m e n t 
g r o u p s of the Communi ty for the c o n t r o l and adap ta t ion of n u c l e a r c o d e s . 

The p lanning for the r e p o r t e d p e r i o d inc luded: 

- c o m p l e t i o n of the e x p e r i m e n t a l a n a l y s i s of the G u n d r e m m i n g e n BWR 
fuel 

- S t a r t of the e x p e r i m e n t a l a n a l y s i s of the O b r i g h e i m P W R fuel 

- E l a b o r a t i o n of the da ta on T r i n o V e r c e l l e s e PWR and G u n d r e m m i n g e n 
BWR. 

RESULTS 

E x p e r i m e n t a l P o s t I r r a d i a t i o n Ana lys i s 

1 ) G u n d r e m m i n g e n R e a c t o r 

The a n a l y s e s of s a m p l e s t aken f rom spen t fuel e l e m e n t s i r r a d i a t e d 
in the G u n d r e m m i n g e n r e a c t o r have b e e n c o m p l e t e d . 
T h e r e a c t o r i s a dua l cyc le BWR of 801 MW t h e r m a l output , loaded 
with U-23 5 e n r i c h e d fuel. The r e a c t o r c o r e c o n s i s t s of 368 fuel a s s e m 
b l i e s and 89 c r u c i f o r m con t ro l r o d s . E a c h fuel a s s e m b l y has 36 fuel r ods 
in 6 χ 6 s q u a r e a r r a y . Sixteen s a m p l e s chosen for the c h e m i c a l a n a l y s i s 
w e r e obtained f rom the a s s e m b l i e s Β 23 and C 16 which w e r e unloaded a t 
the end of the 5th c y c l e . 

The c h e m i c a l a n a l y s e s of the 16 s a m p l e s , 9 f rom B23 and 7 f r o m C16, 
w e r e c a r r i e d out a t I s p r a (10 s a m p l e s ) and K a r l s r u h e (6 s a m p l e s ) 
E s t a b l i s h m e n t s of the J R C . 

The s a m p l e s w e r e cut a t 2680 m m f r o m the bo t tom of the fuel a c t i ve 
zone for 10 rods and a t 440 m m f r o m the bo t tom for 2 r o d s . 

F o u r s a m p l e s w e r e u s e d for checking the a n a l y t i c a l r e s u l t s be tween 
I s p r a and K a r l s r u h e L a b o r a t o r i e s . 

The r a w a n a l y t i c a l r e s u l t s obta ined in the two l a b o r a t o r i e s by a lpha , 
g a m m a and m a s s s p e c t r o m e t r y t echn iques w e r e co l l ec t ed a t the I s p r a 
E s t a b l i s h m e n t and t r e a t e d in o r d e r to p roduce a se t of da ta in a fo rm 
su i t ab le to be u s e d by the r e a c t o r u t i l i t i e s , to the s c o p e of the e x p e 
r i m e n t . The m a i n data p roduced a r e : 
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 I so top i e c o m p o s i t i o n of. U and P u i s o t o p e s a t r e a c t o r s h u t  d o w n 

 B u i l d  u p and d e p l e t i o n of U, P u , C m and A m i s o t o p e s 

 B u r n  u p of the a n a l y z e d fuel s a m p l e s . 

T h e r e s u l t s of t h e a n a l y s i s a r e be ing e x a m i n e d wi th K R B  G u n d r e m 

• m i n g e n and K W U  F r a n k f u r t . 

A c o n s i s t e n c y c h e c k of the m o s t i m p o r t a n t q u a n t i t i e s d e t e r m i n e d , w a s 

c a r r i e d out by u s i n g the i s o t o p e c o r r e l a t i o n t e c h n i q u e . In the c a s e of 

B W R the m o s t s i g n i f i c a n t c o r r e l a t i o n s a r e t h o s e b e t w e e n P u / U m a s s 

r a t i o and U  2 3 5 d e p l e t i o n and t h o s e b e t w e e n b u r n  u p and U  2 3 5 d e p l e 

t i o n . 

2) O b r i g h e i m R e a c t o r 

In the A D E C O l a b o r a t o r y of the ESSOR r e a c t o r s i x r o d s of the O b r i g 

h e i m R e a c t o r fuel e l e m e n t s B E 124 (2. 83 wt% e n r i c h m e n t ) and BE 210 

( 3 . 0 wt% e n r i c h m e n t ) , d i s c h a r g e d a f t e r the fifth i r r a d i a t i o n c y c l e a r e 

r e a d y for cu t t i ng in to 27 s a m p l e s . S ix s a m p l e s of the r o d E 3 f r o m 

B E 124 fuel a s s e m b l y h a v e a l r e a d y b e e n p r e p a r e d for the c h e m i c a l a n a 

l y s i s and f o r w a r d e d to the C h e m i s t r y D i v i s i o n for d i s s o l u t i o n . 

T h e O b r i g h e i m R e a c t o r i s a P W R type of 1050 MW t h e r m a l ou tpu t , l o a d e d 

w i t h U  2 3 5 e n r i c h e d UO2 fuel . T h e r e a c t o r c o r e c o n s i s t s of 121 fuel a s 

s e m b l i e s and 32 c o n t r o l rod c l u s t e r s . E a c h fuel a s s e m b l y h a s 180 fuel 

r o d s and 16 c o n t r o l r o d t u b e s in a 14 χ 14 s q u a r e a r r a y . 

3) T r i n o V e r c e l l e s e R e a c t o r 

In the f r a m e w o r k of the b e n c h  m a r k e x p e r i m e n t , a c o m p a r i s o n b e t w e e n 

e x p e r i m e n t a l and t h e o r e t i c a l da t a of b u i l d  u p of A m and C m i s o t o p e s 

and t h e i r p a r e n t n u c l i d e s ( P u  2 4 1 and P u  2 4 2 ) h a s b e e n p e r f o r m e d in 

c o o p e r a t i o n wi th E N E L . T h e e x p e r i m e n t a l r e s u l t s ob t a ined by the JRC 

for t h e s a m p l e s i r r a d i a t e d in T r i n o V e r c e l l e s e P W R w e r e c o m p a r e d 

wi th t h o s e c a l c u l a t e d by m e a n s of t he RIBOT c o m p u t e r code ¿3y s u i t 

ab ly m o d i f i e d . 

T h i s w o r k h a s b e e n p r e s e n t e d d u r i n g the F i r s t T e c h n i c a l M e e t i n g on 

N u c l e a r T r a n s m u t a t i o n of A c t i n i d e s h e l d a t I s p r a on M a r c h 1 6  1 8 , 

1977 f4j. 

T h e t r a n s p o r t to I s p r a of t he fuel a s s e m b l y no . 509091 of t he t h i r d 

T r i n o V e r c e l l e s e r e a c t o r c o r e , f o r m e r l y f o r e s e e n fo r 1976, h a s b e e n 

done in A p r i l 1977 . The fuel e l e m e n t h a s b e e n d i s m a n t l e d in the poo l 
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of the ESSOR r e a c t o r and s e v e n fuel rods r e m o v e d . Twenty eight 

s a m p l e s wil l be cut for the a n a l y s e s to be p e r f o r m e d dur ing 1978. 

The T r i n o V e r c e l l e s e r e a c t o r c h a r a c t e r i s t i c s a r e d e s c r i b e d in the 

r e f e r e n c e s fs, 6 / . 

E l a b o r a t i o n of E x p e r i m e n t a l Data 

T h e i so top ie compos i t i ons m e a s u r e d on TRINO1 and TRINO2 fuel 

s a m p l e s h a v e been ana lyzed with the o n e  g r o u p c r o s s s e c t i o n r a t i o 

t echn ique ¿7, 8y, modif ied with r e s p e c t to the o r ig ina l v e r s i o n , for 

t ak ing into accoun t the Pu 240 a b s o r p t i o n c r o s s s e c t i o n v a r i a t i o n with 

t he b u r n  u p . 

T a b l e s 1 and 2 give the o n e  g r o u p c r o s s s e c t i o n r a t i o s fo r the two fuel 

s a m p l e s e t s ( T R I N O  1 : 2 . 7 1 9 % and T R I N O  2 : 3 . 1 3 % in i t i a l e n r i c h m e n t ) 

c o m p a r e d with the va lues u t i l i zed by E N E L . 
40 25 

In fig. 1 the (Γ / <r c r o s s s ec t i on r a t i o v e r s u s b u r n  u p deduced 

f rom T R I N O  l a d a t a i s p lo t ted . 

C a p t u r e c r o s s  s e c t i o n r a t i o s of va r i ous nuc l ides o v e r U235 a b s o r p 

t i o n a r e n o r m a l l y wel l r e p r o d u c e d by our code THEORY, while the a b s o r p 

t i o n c r o s s s ec t i on r a t i o s show s o m e d i s a g r e e m e n t wi th the va lues g iven 

by E N E L . 

F u r t h e r d i s c u s s i o n s with E N E L a r e r e q u i r e d on this sub j ec t . 

I n t e r e s t i n g is the eva lua t ion of the in i t i a l content of U236 ( tables 1, 2): 

the amoun t computed by THEORY for the TRINO fuel i s s i m i l a r to the 

a m o u n t of in i t i a l U236 content m e a s u r e d in fuels f a b r i c a t e d in the s a m e 

p e r i o d in the USA ƒ 9 / . 

P r e l i m i n a r y r e s u l t s ind ica te tha t wi th the s i m p l e m o d e l b a s e d on 
o n e - g r o u p c r o s s s ec t i on r a t i o s , it m a y be difficult to i n t e r p r e t BWR 
d a t a , s i nce th i s m o d e l does not t ake into accoun t s p a t i a l and t i m e d e 
pendence of n e u t r o n s p e c t r u m in BWR l a t t i c e s . 

F r o m the e x p e r i m e n t a l data on the c o n c e n t r a t i o n of the ac t i n ide s p r e s e n t 
in the spen t fuel s amp le s /5 , 6, lOj, a t r e a c t o r d i s c h a r g e , the to ta l n e u t r o n s 
p roduced by o(- in terac t ion with l ight e l e m e n t s and spontaneous f i s s ion , have 
been c a l c u l a t e d . The evolut ion of the to t a l n e u t r o n s a f t e r a cool ing p e r i o d 
h a s been computed and plot ted v s . the b u r n u p reached by each s a m p l e dur ing 
the i r r a d i a t i o n . F i g u r e s 2 and 3 r e p r e s e n t the v a r i o u s g raphs obta ined for 
P W R s and BWRs fuel s a m p l e s . At d i s c h a r g e (cool ing 0 y r ) a l i n e a r r e l a 
t i on is o b s e r v e d be tween the to ta l neu t rons ( n / s ) and the b u r n u p o v e r a 
r a n g e of 15, 000 - 27, 000 M W D / M T U ; a f t e r a cooling p e r i o d the r e l a t i o n 
i s s t i l l l i n e a r o v e r a s m a l l e r r ange (18, 000 - 27, 000 MWD/MTU) . 
A fu r the r deve lopmen t of th is s tudy to eva lua te which ac t in ide c o n t r i b u t e s 
to the n e u t r o n p roduc t ion a t d i f ferent bu rnup and cooling t i m e s could give 
i n t e r e s t i n g add i t iona l i n fo rma t ion for r e a c t o r o p e r a t o r s and for people 
c o n c e r n e d with w a s t e p r o b l e m s . 
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A l s o the p o s s i b i l i t y of a n o n  d e s t r u c t i v e d e t e r m i n a t i o n of fuel b u r n u p , 

by m e a n s of n e u t r o n m e a s u r e m e n t s , c a n be e n v i s a g e d . 

CONCLUSIONS 

In s p i t e of the c o m p l e x i t y of the p o s t  i r r a d i a t i o n a n a l y s i s , r e q u i r i n g t he 

i n t e r v e n t i o n of s e v e r a l l a b o r a t o r i e s , the w o r k i s p r o c e e d i n g in a s a t i s 

f a c t o r y a g r e e m e n t w i th the p l ann ing . 

T h e a c c u r a c y of the a n a l y t i c a l m e a s u r e m e n t s h a s b e e n c h e c k e d by c o m 

p a r i s o n of t he r e s u l t s o b t a i n e d in t he l a b o r a t o r i e s of I s p r a and K a r l s r u h e 

a n d by u s i n g i s o t o p e c o r r e l a t i o n t e c h n i q u e s . 

T h e a c c u r a c y of o u r m e a s u r e m e n t s r e s u l t e d to be a d e q u a t e for the v e r i 

f i c a t i o n of the n u c l e a r c o d e s u s e d for fuel m a n a g e m e n t . 

P L A N N E D A C T I V I T I E S 

T h e p l anned a c t i v i t i e s fo r b e n c h  m a r k e x p e r i m e n t s a r e r e p o r t e d in 

T a b l e 3 . 

C o n t a c t s h a v e b e e n m a d e i n o r d e r to ob t a in i r r a d i a t e d fuels f r o m 

t h e D o e l p o w e r s t a t i o n . 
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TABLE 1 - TRINO-1 (2.719%) Compar i son between one-group 
c r o s s sec t ion ra t ios computed with THEORY and 
given by ENEL 

- 2 8 , - 2 5 <Γ / (Γ a a 
- 2 8 , - 2 5 (Γ /cr c ' a 
- 4 9 , - 2 5 (Γ / (Γ a a 

- 4 9 , - 2 5 <r q-c ' a 
- 4 1 , - 2 5 
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c a 
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26 , 2 5 Ν / Ν ο ' ο 

T H E O R Y 

0 . 0 1 8 4 

0 . 0 1 6 0 

2 . 737 

1 .166 

3 . 817 

0. 748 

1 .013 

0 . 196 

0 . 2 9 0 

0 . 0 1 0 5 
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Β . U. = 0 Β . U. = 12, 360 

0 . 0 1 6 8 

0 . 0 1 4 9 

3 . 16 

1. 175 

2 . 82 

0. 715 

0 . 1 9 0 
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M W D / T U 

0. 0173 

0 . 0 1 5 4 

2 . 9 0 

1 .065 

2 . 7 2 

0 . 6 9 0 

0 . 1 9 0 

0 . 1 5 1 
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T A B L E 2  TRINO2 ( 3 . 13%) C o m p a r i s o n be tween o n e  g r o u p 

c r o s s s ec t ion r a t i o s compu ted with THEORY and 

given by E N E L 
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THEORY 

0 .0204 
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1.184 
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0. 775 
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0 . 2 9 4 

0 .007 

E N E L (Β. U. = 0) 

0 .0193 

0 .0173 

3 .191 

1.186 

2 . 8 3 5 
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1.021 

0 ,190 
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TABLE 3 - Planned Activities for Bench-Mark Experiments 

A. Experimental Pos t - I r rad ia 

1977 

tion Analyses 
16 samples 

Gundremmingen 

B. Elaboration of Experimen
tal Data 

1978 

27 samples 
Obrigheim 

1979 

2 8 samples 
Trino III 

1980 

Samples from 
Doel I, II and III 

DATA ANALYSIS IN TERMS OF CROSS SECTION RATIOS 

u> 
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2 . 4 N O N - P E S T RUC TIVE ASSAY OF FISSILE ISOTOPES 

O B J E C T I V E S 

D u r i n g 1976 an a n a l y s i s of the fuel f ab r i ca t i on cyc le has b e e n m a d e with 
the scope to identify the n e e d s of app l i ca t i on of NDA t e c h n i q u e s . 
T h i s a n a l y s i s , which h a s to be con t inuous ly updated in s t r i c t con tac t 
wi th plant o p e r a t o r s and i n s p e c t o r s of the Sa fegua rds D i r e c t o r a t e , h a s 
p e r m i t t e d to e s t a b l i s h a n u m b e r of p r i o r i t y a c t i o n s . 

O u r m a j o r f ie lds of ac t i v i t y a r e the fol lowing: 

A. S t a n d a r d i z a t i o n of m e t h o d s and p h y s i c a l s t a n d a r d s in view of m a k i n g 
the w o r k p e r f o r m e d wi th in E E C a c c e p t a b l e ou t s ide 

B . D e v e l o p m e n t of NDA m e t h o d s , o r i e n t e d to the final i n s t a l l a t i o n of 
i m p o r t a n t e q u i p m e n t in f ield, r e d e s i g n or adap t a t i on of ex i s t i ng 
equ ipmen t and f inal ly f eas ib i l i ty s tudy of c e r t a i n t e c h n i q u e s 

C. D e v e l o p m e n t of i n s t r u m e n t a t i o n wi th a s p e c i a l e m p h a s i s on the a u t o 
m a t i o n of ex i s t i ng e q u i p m e n t and i t s d i r e c t da ta t r e a t m e n t u s i n g 
m i c r o p r o c e s s o r s 

D . D i r e c t s u p p o r t to the Sa fegua rds D i r e c t o r a t e of L u x e m b u r g , which 
r e s u l t s in a s e r i e s of v e r y spec i f ic ac t ions on the c a l i b r a t i o n of c e r 
t a i n i n s t r u m e n t s , m a i n t e n a n c e of equ ipmen t o r the p r e p a r a t i o n of 
p r o j e c t d e s i g n of s m a l l e q u i p m e n t . 

RESULTS 

A. S t a n d a r d i z a t i o n 

S t a n d a r d i z a t i o n in NDA is in tended h e r e a s : 

1) the s t a n d a r d i z a t i o n of NDA m e t h o d s , inc luding the s tudy of t h e i r 
a c c e p t a n c e c r i t e r i a a t d i f fe ren t t e c h n i c a l l e v e l s ; 

2) the p r e p a r a t i o n and c h a r a c t e r i z a t i o n of p h y s i c a l s t a n d a r d s . 

1) S t a n d a r d i z a t i o n of NDA Methods 

The need of s t a n d a r d i z a t i o n of NDA me thods h a s b e e n e x p r e s s e d 
v e r y c l e a r l y in E u r o p e and the USA and a t the IAEA for f i s s i l e m a t e 
r i a l m a n a g e m e n t and Sa fegua rds r e a s o n s . 

A l i t e r a t u r e s u r v e y has b e e n m a d e on the effort spen t in t he v/or ld in 
the s t a n d a r d i z a t i o n of the NDA m e t h o d s and on the def in i t ion of phy
s i c a l s t a n d a r d s n e e d s . A draf t p a p e r on the a c t u a l s t a t u s in the field 
of s t a n d a r d i z a t i o n is now c o m p l e t e d and wi l l be f ina l ized be fo re N o 
v e m b e r , I 9 7 7 . F r o m h e r e conc lus ions should be d r a w n for the JRC 
p r o g r a m m e how to d i s t r i b u t e the effort in th is f ie ld . 

The JRC p a r t i c i p a t e s in the ESARDA work ing g roup on NDA. In the 
f r a m e w o r k of th i s p a r t i c i p a t i o n , one of the ac t i ons c o m p l e t e d by the 
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JRC dur ing the r e p o r t i n g pe r iod "is the compi la t ion of a l i s t of NDA 
r e f e r e n c e m a t e r i a l s ava i lab le within the E E C and a t the IAEA (data 
m a d e ava i l ab le by the individual p a r t n e r s of ESARDA and by IAEA 
o b s e r v e r s in the working group) . Two draft v e r s i o n s w e r e c i r c u l a 
ted and the final p a p e r will be r eady before the end of July , 1977. 

Within the f r a m e w o r k of ESARDA, the JRC m a d e ava i l ab le to the 
work ing group a d e s c r i p t i o n of the NDA methods developed at I s p r a 
and of the me thods used by the Safeguards D i r e c t o r a t e of the C o m 
m i s s i o n . A compi la t ion of a l l NDA methods used within the E E C , 
p r e p a r e d by UKAEA r e p r e s e n t a t i v e s , wil l be ava i lab le in Oc tober , 
1977. 
The two above ment ioned compi la t ions a r e i m p o r t a n t inputs for the 
defini t ion of the future work at I s p r a in the field of s t a n d a r d i z a t i o n . 

F i n a l l y , a JRC r e p r e s e n t a t i v e was invi ted by the IAEA in a c o n s u l 
t an t s ' mee t ing to p r e p a r e a document on "Use of P h y s i c a l S tandards 
in Inspec t ion and M e a s u r e m e n t s of N u c l e a r M a t e r i a l s " . This docu
m e n t wi l l s e r v e a s a b a s i s of d i s c u s s i o n for a l a r g e r mee t ing b e 
tween r e p r e s e n t a t i v e s of the M e m b e r States on the s a m e subjec t to 
be held in August , 197 7, in Vienna. 

Dur ing the next r epo r t i ng pe r iod it is intended, if the m a n p o w e r is 
m a d e ava i l ab le , to s t a r t a s y s t e m a t i c study of the ex is t ing c e r t i f i c a 
t ion m e c h a n i s m for phys ica l s t a n d a r d s and NDA methods within and 
outs ide E u r o p e (IAEA, INMM, ISO, Nat ional N o r m a l i z a t i o n Ins t i tu te ) . 

2) P r e p a r a t i o n and C h a r a c t e r i z a t i o n of P h y s i c a l S tandards 

The NDA l a b o r a t o r y of the JRC is now v e r y much involved in the a c 
cep tance p r o c e s s of low e n r i c h m e n t u r a n i u m (LEU) s t a n d a r d fuel 
pins of t h r e e e n r i c h m e n t s p r e p a r e d by a fuel f ab r i ca t ion plant 
( F B F C , Be lg ium) . The t h r e e pins wil l be u sed by the o p e r a t o r s for 
t h e i r qual i ty con t ro l and by E u r a t o m and IAEA as a phys i ca l s t a n d a r d 
for ve r i f i ca t ion . The l a b o r a t o r y of NDA of the JRC has a s s i s t e d to 
the p r e p a r a t i o n of the t h r e e r e f e r e n c e pins plus 17 o the r t e s t pins and 
has p e r f o r m e d g a m m a - s p e c t r o m e t r i c m e a s u r e m e n t s on the feed m a 
t e r i a l (UOp powder) , the pel le ts and a l l the p ins . The m e a s u r e m e n t 
p r o c e d u r e was p rev ious ly submi t ted to the IAEA. On the bas i s of 
t h e s e m e a s u r e m e n t s the g e n e r a l accep tance of the pins as s t a n d a r d 
is expec ted . 
A de ta i led documenta t ion of t h e s e m e a s u r e m e n t s , r e q u e s t e d by E u r a 
t o m and IAEA, is to be p r e p a r e d before the end of the y e a r . 

In the f r a m e w o r k of the ESARDA working group on NDA, a p r o p o s a l 
was m a d e by the JRC in co l l abora t ion with the GfK and CEN, to a c 
qu i r e and to c h a r a c t e r i z e v e r y careful ly u r a n i u m oxide powder b a t 
ches of 5 kg, having each a different e n r i c h m e n t (between 1 and 4%) . 
Th is m a t e r i a l wi l l s e r v e a s a phys ica l s t a n d a r d for the e n r i c h m e n t 

- m e a s u r e m e n t by g a m m a - r a y s p e c t r o m e t r y . The JRC is now going to 
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buy the m a t e r i a l f r o m a f a b r i c a t i o n p lant and to i m p l e m e n t , in c o l l a 
b o r a t i o n with CBNM ( J R C - G e e l ) and o t h e r na t iona l c e n t r e s , the c h a 
r a c t e r i z a t i o n me thod d e s c r i b e d in the p r o p o s a l . 

A one y e a r effort , a f t e r r e c e i p t of the m a t e r i a l , i s expec ted to r e a c h 
the final s t age of the e s t a b l i s h m e n t of th i s p h y s i c a l s t a n d a r d . The NDA 
l a b o r a t o r y has to p e r f o r m , hopefully f rom N o v e m b e r on, the a n a l y s e s 
by g a m m a - r a y s p e c t r o m e t r y of 200 s a m p l e s with an e r r o r of l e s s t han 
0 . 4 % . 

The NDA l a b o r a t o r y obta ined 500 g of we l l c h a r a c t e r i z e d UO^ p o w d e r 
and 50 pe l l e t s f r o m the ECSAM group ( E u r o p e a n C o m m i s s i o n Safe 
g u a r d s Ana ly t i ca l M e a s u r e s ) . Th is m a t e r i a l wi l l s e r v e in the future 
a s a s e c o n d a r y s t a n d a r d for the e n r i c h m e n t m e a s u r e m e n t s by g a m m a -
r a y s p e c t r o m e t r y . 

B . D e v e l o p m e n t of M e a s u r e m e n t Methods 

As a c o n s e q u e n c e of the f o r m a t i o n of a new g roup -which h a s to t r e a t p r o 
b l e m s r e l a t e d -with the u t i l i z a t i on of n e u t r o n t echn iques for f i s s i l e m a t e 
r i a l d e t e r m i n a t i o n , the f i r s t t h r e e mon ths of the r e p o r t i n g pe r iod w e r e 
devoted to the e s t a b l i s h m e n t of a new l a b o r a t o r y and to f o r m a t i o n c o u r s e s 
of the new p e r s o n n e l . 
Af te r a de t a i l ed e x a m i n a t i o n of the fuel cyc le and m o r e p a r t i c u l a r l y of the 
f a b r i c a t i o n p lants and on the b a s i s of the speci f ic r e q u e s t s m a d e by the 
Safeguard D i r e c t o r a t e and by p lant o p e r a t o r s , a n u m b e r of a c t i o n s w e r e 
s t a r t e d for the c o n s t r u c t i o n of new NDA i n s t r u m e n t a t i o n and for the e s 
t a b l i s h m e n t of the c a l i b r a t i o n p r o c e d u r e s of ex i s t ing i n s t r u m e n t a t i o n for 
a l a r g e v a r i e t y of n u c l e a r m a t e r i a l s . 

1) N e u t r o n t e c h n i q u e s 

T h r e e ex i s t ing i n s t r u m e n t s a r e u n d e r s tudy : 

- P h o t o - n e u t r o n i n t e r r o g a t i o n dev i ce (PHONID) us ing an S b - B e s o u r c e 
- Random d r i v e r , bo th u t i l i zed for the a n a l y s i s of bulk m a t e r i a l du r ing 

p h y s i c a l i nven to ry tak ing in f a b r i c a t i o n p lan ts 
- S igma 

- PHONID (_Sb-_Be s o u r c e ) 

Th i s i n s t r u m e n t is b a s e d on the s u b t h r e s h o l d n e u t r o n i n t e r r o g a t i o n 
(~>26 keV) of l a r g e s i ze u r a n i u m s a m p l e s ( typica l ly 100 g to 1.5 kg) 
and p r o m p t f i s s ion n e u t r o n counting by an a r r a y of 1 8 He r e c o i l d e 
t e c t o r s . 
After a long i n t e r r u p t i o n of ac t iv i ty , due to staff p r o b l e m s , the p ro to 
type i n s t r u m e n t has been m a d e o p e r a t i o n a l in a n u c l e a r fuel f a b r i c a 
t ion plant and has b e e n used du r ing p h y s i c a l i nven to ry t ak ing . S e v e 
r a l m e a s u r e m e n t c a m p a i g n s we're o rgan i zed to define the g e o m e t r y 
of the two i r r a d i a t i n g s o u r c e s and to i n s t a l l a s y s t e m for m o r e r e 

l i a b l e o p e r a t i o n of the n e u t r o n d e t e c t o r s and e l e c t r o n i c s u n d e r the 
ex i s t ing plant condi t ions ( l a rge t e m p e r a t u r e v a r i a t i o n s and high d e -
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gree of humid i ty ) . 

A fu r the r run of e x p e r i m e n t s s t a r t e d with the purpose of c a l i b r a 
ting the device for i ts final u se by i n s p e c t o r s , name ly to e s t a b l i s h 
the r e l a t ionsh ips be tween c o r r e c t e d neu t ron counting and amount 
of U-235 , for the different m a t e r i a l s dealt with in a nuc l ea r fuel 
f ab r i ca t ion plant . In this f r a m e w o r k m a t e r i a l s have been m e a s u r e d 
such as highly en r i ched u r a n i u m m e t a l , highly en r i ched u r a n i u m 
and t h o r i u m mixed oxide, u r a n i u m a lumin ium compounds , the con 
ten t s of the U-235 in the s a m p l e s being in the range f rom 50 g to 
1500 g. 

The p r e l i m i n a r y r e s u l t s conf i rm the val idi ty of the method unde r 
the condit ion that specif ic c a l i b r a t i o n s , U-235 m a s s v e r s u s count
ing, are e s t ab l i shed for each kind of n u c l e a r m a t e r i a l . 
A detailed analysis of the calibration curves is now being made 
and a report will be i ssued in September, including the procedure 
of operation of the mach ine by sa feguards i n s p e c t o r s . 

The need of U-235 s t a n d a r d s m u s t be e mpha s i z e d , in o r d e r to be 
ab le to n o r m a l i z e the e x p e r i m e n t a l condit ions, pulse height d i s c r i 
mina t ion t h r e sho ld , de tec t ion efficiency, s o u r c e s t r e n g t h decay , 
i r r a d i a t i o n geome t ry , e t c . 

At the s a m e t i m e the expe r i ence a c q u i r e d dur ing the ope ra t ion of the 
prototype device has been u t i l ized in defining the spec i f ica t ions of 
a m o r e advanced device which is unde r des ign at p r e s e n t . 
The a c c u r a t e s tudy of th is new v e r s i o n will lead to m o r e au tomat ic 
opera t ion , h ighe r s tabi l i ty in the phys ica l f e a t u r e s , b e t t e r p r o t e c 
t ion of the o p e r a t o r aga ins t g a m m a and fast neu t ron r a d i a t i o n s . 

The cons t ruc t i on of th is device is expected to s t a r t a t the end of 
1977. The final choice on the e l e c t r o n i c s to be u t i l i zed wil l be made 
before November , 1977. 

- Random D r i v e r 

This i n s t r u m e n t (USA fabr ica t ion) is based on the sub th re sho ld neu 
t r o n i n t e r r o g a t i o n ( P u - L i sou rce ) and p rompt f i s s ion neu t ron count
ing with four p las t i c s c i n t i l l a t o r s . The d i s c r i m i n a t i o n be tween s o u r c e 
and f i ss ion neu t rons is based on coincidence counting. The u t i l i z a 
t ion of th is i n s t r u m e n t by the Safeguards D i r e c t o r a t e has p roved to 
be unsa t i s f ac to ry , due to some bas ic malfunct ioning of the e l e c t r o 
nics and of the de tec t ion h e a d s . C o m p a r a t i v e t e s t s w e r e made b e 
tween different e l ec t ron ic cha ins . 

F u r t h e r m o r e e x p e r i m e n t s a r e now being p e r f o r m e d to m e a s u r e the 
r e l a t i ve counting eff iciencies of the different de t e c to r s and a l s o 
i ts r e l a t ive efficiency in function of the locat ion w h e r e the i n t e r 
ac t ion of the rad ia t ion with the de tec to r t akes p l a c e . 
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On the b a s i s of th i s i n f o r m a t i o n a d e c i s i o n h a s to be t a k e n what 
effort in m a n p o w e r and budget should be s p e n t to m a k e the a p p a r a t u s 
funct ioning. It is expec ted tha t in S e p t e m b e r a p r o p o s a l wi l l be 
r e ady to be s u b m i t t e d to the Sa fegua rds D i r e c t o r a t e fo r a p p r o v a l . 

- S igma 

The S igma a p p a r a t u s , i n s t a l l e d a t Hobe g for the c o n t r o l of the 
U-235 conten t in T H T R and AVR fuel p e b b l e s , has b e e n adap t ed for 
the a n a l y s i s of L E U p o w d e r s and p e l l e t s . It is b a s e d on the t h e r m a l 
n e u t r o n i n t e r r o g a t i o n of the s a m p l e and de layed n e u t r o n count ing . 
T e s t s w e r e p e r f o r m e d to e s t a b l i s h the o p t i m u m s a m p l e s i z e in 
funct ion of t he e n r i c h m e n t . It r e s u l t s tha t -with a ~ 2 0 g s a m p l e of 
UO^ one m a y d e t e r m i n e the U-235 content with an e r r o r of 1% in 
one m i n u t e . Th i s m e t h o d -will now be app l i ed by i n s p e c t o r s for rou t ine 
m e a s u r e m e n t s on L E U m a t e r i a l . The f inal r e p o r t on t h e s e e x p e r i 
m e n t s wi l l be i s s u e d be fo re the end of the y e a r . 

N e u t r o n t e chn iques u t i l i ze m o s t l y B F 3 , He^ , H e 4 and p l a s t i c s c i n 
t i l l a t o r d e t e c t o r s . As an ex ten t ion of the f o r m a t i o n c o u r s e on n e u 
t r o n t e c h n i q u e s , a m o r e s y s t e m a t i c s tudy was m a d e for the d e t e r 
m i n a t i o n of the count ing c h a r a c t e r i s t i c s of B F 3 and He^ d e t e c t o r s . 
At the s a m e t i m e a t e s t cha in was m o u n t e d and -will be kep t for the 
s y s t e m a t i c c o n t r o l of a l l new d e t e c t o r s in r e s p e c t of r e s o l u t i o n and 
r e l a t i v e ef f ic iency. 

2) G a m m a T e c h n i q u e s 

G a m m a t echn iques have b e e n app l i ed on m i x e d oxide (U, Pu)0-> and 
LEU m a t e r i a l . C o n c e r n i n g the L E U m a t e r i a l one has to r e f e r to point 
A. on the c h a r a c t e r i z a t i o n of fuel p i n s . 

- Mixed Oxide M a t e r i a l s 

A l a r g e effort was put on the d e t e r m i n a t i o n by g a m m a - r a y s p e c t r o 
m e t r y of the r e l a t i v e P u - 2 3 9 / 2 4 1 , P u - 2 3 9 / 2 3 8 and P u - 2 3 9 / 2 4 0 
m a s s r a t i o s in fuel p i n s . The s y s t e m a t i c s tudy for the cho i ce of 
the photopeaks in the s p e c t r u m , the d e t e r m i n a t i o n of the r e l a t i v e 
eff iciency c u r v e s was cont inued for fas t r e a c t o r and t h e r m a l r e 
cyc le fuel p i n s . The r e s u l t s show tha t , for c o n s i s t e n c y checks 
bet-ween a n u m b e r of pins of the s a m e phys i ca l c h a r a c t e r i s t i c s , 
the r e l a t i v e P u - 2 3 9 / 2 4 1 r a t i o can be d e t e r m i n e d with an e r r o r of 
~ 0 . 5% in 10 m i n u t e s u s ing a 10% Ge(Li) d e t e c t o r . The a b s o l u t e 
P u - 2 3 9 / 2 4 1 r a t i o can be ob ta ined -with an e r r o r of 1-2% in a 30 
m i n u t e s count ing u s ing the s a m e d e t e c t o r . 

T h e s e data have been t e s t e d on 10 d i f ferent fuel pins for fas t r e a c 
t o r and t h e r m a l r e c y c l e fuel. The de ta i l ed work ing p r o c e d u r e for 
the a s s a y of P u - 2 3 9 / 2 4 1 is now u n d e r p r e p a r a t i o n , t o g e t h e r wi th 
the i n s t r u m e n t a t i o n for t h e s e m e a s u r e m e n t s . As to the P u - 2 3 9 / 2 3 8 
and P u - 2 3 9 / 2 4 0 r a t i o s , the a n a l y s i s of the data i s m o r e difficult 
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due to the complexi ty of the peaks o r ig ina ted by the P u - 2 3 8 and 
Pu-240 i s o t o p e s . The e r r o r in the d e t e r m i n a t i o n of those r a t i o s 
v a r y be tween 5 and 2 5% depending on the s a m p l e type . A de ta i led 
a n a l y s i s of the g a m m a s p e c t r u m above 500 keV is going on now. 
It is a l s o planned to apply a m o r e soph i s t i ca ted g a m m a - s p e c t r u m 
ana ly s i s p r o g r a m m e , before the end of 1977, in o r d e r to i m p r o v e 
the r e s u l t s . 

A m a j o r difficulty encounte red in th is s tudy is the obtaining f rom 
NBS and CBNM of r e f e r ence m a t e r i a l of know isotopie compos i t ion 
for p lu tonium. A un ive r s i t y t he s i s was p r e p a r e d on the " D é t e r m i n a 
t ion de la compos i t ion i so topique du plutonium p a r s p e c t r o m é t r i e 
g a m m a " . 

C. Deve lopment of I n s t rumen ta t i on 

1) Study on the M i c r o c o m p u t e r Deve lopment Sys t em 

As the t r e n d in e l ec t ron ic i n s t r u m e n t a t i o n goes t owards an e v e r in
creas ing usage of m i c r o p r o c e s s o r s and more and more sophist icated 
data process ing is required for the purposes of the F i s s i l e Material 
Control Programme, the availability of powerful and new means be 
comes a must for an efficient development of both hardware and soft
ware . The problem has been solved by the purchase of an Intel MDS-
800 Microprocessor Development System. We experienced the power
ful re sources of the mach ine e spec ia l ly conce rn ing the Diske t te Opera
ting Sys tem (DOS) and the I n - C i r c u i t E m u l a t o r (ICE). The opera t ing 
S y s t e m ISIS-II with r e loca t ion and l inkage capabi l i ty a l lowed us to 
develop independent p r o g r a m modules o rgan ized in l i b r a r i e s which can 
be used in future p r o g r a m s . In p a r t i c u l a r a floating point m a t h e m a t i 
ca l l i b r a r y has been o rgan ized f rom our p rev ious ly des igned abso lu te 
rou t ines with the addi t ion of new ones . 

I n - c i r c u i t E m u l a t o r was used in debugging the new sof tware for the 
m i c r o p r o c e s s o r - b a s e d g a m m a - s c a n n i n g s y s t e m (see below). 

2) Automat ion of G a m m a - S p e c t r o m e t r y 

New fea tu re s have been added to our M i c r o p r o c e s s o r - b a s e d g a m m a -
scanning s y s t e m : magne t i c c a s s e t t e r eco rd ing and x - t c h a r t r e c o r d i n g . 
The des ign of the comple te equipment involved both h a r d w a r e and sof t 
w a r e . 

H a r d w a r e c o n s i s t s ma in ly of a 4 K ROM m e m o r y module tha t has been 
a s s e m b l e d to a l loca te the new p r o g r a m s . 
Software contains p r inc ipa l ly the two following i t e m s : 

- A C a s s e t t e Opera t ing Sys t em. This p r o g r a m , ca l led CASIS (Cas se t t e 
Software Implemen ta t ion S y s t e m ) , s u p e r v i s e s the data t r a n s f e r b e 
tween the m i c r o c o m p u t e r m e m o r y and the magne t i c t a p e . E i t h e r 
ene rgy s p e c t r a o r ac t iv i ty prof i les can be s to red ; words a r e a c c o r -
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dingly g rouped with d i f ferent f o r m a t s . Data a r e o r g a n i z e d in f i l e s . 
A t r a c k d i r e c t o r y a l l o c a t e d on the tape i tself , m a k e s i t p o s s i b l e 
to s e a r c h a u t o m a t i c a l l y a spec i f ied f i le . E a c h of the t h r e e t r a c k s 
of the t ape can a l l o c a t e up to 50 s p e c t r a o r 130 ac t iv i ty p r o f i l e s . 

- A C h a r t R e c o r d e r H a n d l e r . It t r a n s f e r s a l l o r p a r t of the m i c r o 
c o m p u t e r data m e m o r y on the x - t p l o t t e r . Scal ing on both axes is 
p rov ided . 

A Double T h r e s h o l d Digi ta l I n t e g r a t o r h a s b e e n a s s e m b l e d and wi l l 
be t e s t e d soon . A new p r o g r a m -which hand le s th is modu le has a l s o 
been deve loped . It -will be loaded in the s y s t e m as soon as the m i c r o 
c o m p u t e r which is now being u t i l i zed by the C h e m i s t r y Div i s ion peop le , 
wi l l be a v a i l a b l e . We e m p h a s i z e the fact tha t the i m p r o v e d s y s t e m wi l l 
be able to de t ec t fuel n o n - h o m o g e n e i t y both u n d e r and o v e r the n o r 
m a l ac t iv i ty p ro f i l e . 

3) Au tomat ion of SIGMA E q u i p m e n t 

The d e s i g n of a n a u t o m a t e d v e r s i o n of the m a c h i n e now o p e r a t i n g a t 
Nukem, has b e e n s t a r t e d . The u s e of a m i c r o p r o c e s s o r i s f o r e s e e n 
for con t ro l l i ng the m e a s u r e m e n t and p r o c e s s i n g da t a . Some soft-ware 
m o d u l e s have been a l r e a d y deve loped , among which: a c a l i b r a t i o n 
rou t ine b a s e d on a t h i r d d e g r e e po lynomia l l e a s t s q u a r e f i t t ing; a n 
expans ion of the m a t h e m a t i c a l l i b r a r y including log, exp, 4x4 l i n e a r 
s y s t e m . 

D. D i r e c t Suppor t to the Safeguards D i r e c t o r a t e 

S e v e r a l r e q u e s t s w e r e m a d e by the Safeguards D i r e c t o r a t e for the c a l i 
b r a t i o n of i n s t r u m e n t s : 

- S igma -with the nev/ s e t of Cf-2 52 s o u r c e s , 
- G a m m a - r a y de tec t ion cha in for P u - 2 3 9 / 2 4 1 d e t e r m i n a t i o n on t h e r m a l 

r e c y c l e fuel, 
- S a m - 2 dual channe l a n a l y z e r for the e n r i c h m e n t m e a s u r e m e n t of UO¿ 

p e l l e t s . 

S e v e r a l m e c h a n i c a l p a r t s have been des igned in connec t ion with the u s e 
of NDA i n s t r u m e n t a t i o n and c a m e r a s by the Safeguards D i r e c t o r a t e . 

CONCLUSIONS 

The d e s c r i p t i o n of the w o r k p e r f o r m e d shows c l e a r l y tha t m o s t of the 
w o r k is o r i en t ed to v e r y specif ic ac t ions in view of the i m p l e m e n t a t i o n 
of NDA in plant condi t ions for d i r e c t u s e by the Safeguards D i r e c t o r a t e . 
The e m p h a s i s on t h e s e ac t i ons m a y be expla ined by the fact tha t Safe
g u a r d s u n d e r NPT s t a r t e d in the EEC c o u n t r i e s in A p r i l 1977 and tha t 
i t s i m p l e m e n t a t i o n i m p o s e s an i m p o r t a n t w o r k load v e r y spec i f i c , i n 
c luding an i m p o r t a n t effort to m a k e , a t the t e chn i ca l l eve l , the p r o p o s e d 
so lu t ions a c c e p t a b l e to the IAEA. 
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As a c o n s e q u e n c e , the t i m e s c h e d u l e for the m a j o r p lanned o b j e c t i v e s , 
w h i c h w e r e o r i e n t e d to the e l a b o r a t i o n of s t a n d a r d i z a t i o n s c h e m e s for 
NDA and the s y s t e m a t i c s tudy of NDA m e t h o d s ( g a m m a - t e c h n i q u e for 
e n r i c h m e n t and P u i so top ie c o m p o s i t i o n ) , had to be mod i f i ed . 

The w o r k for the app l i ca t i on of NDA m e t h o d s m o r e s p e c i f i c a l l y for c o n 
t r o l p u r p o s e s (Sb -Be , p r e p a r a t i o n of s t a n d a r d L E U p i n s , R a n d o m D r i v e r 
s t udy e t c . ) and the d i r e c t s u p p o r t to the Sa fegua rds D i r e c t o r a t e , a s m e n 
t i o n e d in s e c t i o n D. , i n c r e a s e d v e r y m u c h du r ing the l a s t t h r e e m o n t h s 
and wi l l cont inue dur ing the r e s t of the y e a r . 

P L A N N E D ACTIVITIES 

T h e p lanned a c t i v i t i e s in the four m a j o r f ie lds d e s c r i b e d e a r l i e r a r e : 

A . S t a n d a r d i z a t i o n 

1) P r e p a r a t i o n of a f inal r e p o r t on the i n t e r n a t i o n a l a c t i v i t i e s in the f ield 
of NDA s t a n d a r d i z a t i o n : N o v e m b e r 1977 

2) C o m p l e t i o n of the c o m p i l a t i o n of p h y s i c a l s t a n d a r d s in the E E C and 
IAEA: Ju ly 1977 

3) F i n a l d i s c u s s i o n a t IAEA, t o g e t h e r wi th M e m b e r Sta te r e p r e s e n t a t i v e s , 
of the p a p e r on " U s e of p h y s i c a l s t a n d a r d s in i n s p e c t i o n and m e a s u r e 
m e n t of n u c l e a r m a t e r i a l " : Augus t 1977 

4) M o r e effort on the s tudy of the c e r t i f i c a t i o n m e c h a n i s m s of NDA a f t e r 
c o m p a r i s o n of ex i s t i ng s c h e m e s . 

5) P r e p a r a t i o n of the f inal r e p o r t on the c h a r a c t e r i z a t i o n of LEU fuel p ins : 
D e c e m b e r 1977 

6) S t a r t of the c h a r a c t e r i z a t i o n of u r a n i u m oxide p o w d e r : N o v e m b e r 1977 

7) C h a r a c t e r i z a t i o n of SNEAK p l a t e l e t s : s t a r t i n g O c t o b e r 1977 

8) C h a r a c t e r i z a t i o n of m i x e d oxide fuel p e l l e t s and fuel p ins a t B e l g o n u -
c l é a i r e ; e x p e r i m e n t s in S e p t e m b e r , da ta t r e a t m e n t f ina l i zed D e c e m b e r 
1977. 

B . D e v e l o p m e n t of M e a s u r e m e n t Methods 

1) C a l i b r a t i o n p r o c e d u r e s fo r a n u m b e r of h ighly e n r i c h e d u r a n i u m m a t e 
r i a l s to be f ina l ized by Oc tobe r 1977 

2) P r o j e c t d e s i g n of the m e c h a n i c a l p a r t for a new v e r s i o n of Sb -Be wi l l 
be c o m p l e t e d in D e c e m b e r 1977 

3) R a n d o m D r i v e r modi f i ca t ion p r o p o s a l : S e p t e m b e r 1977 

4) F i n a l r e p o r t on c a l i b r a t i o n p r o c e d u r e of S igma and i ts u s e for u r a n i u m 
d e t e r m i n a t i o n in powder and pe l l e t s 

5) C o m p l e t i o n of c h a r a c t e r i s t i c s s tudy of B F 3 and H e 3 d e t e c t o r s 
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6) T e s t , c a l i b r a t i o n and p r e p a r a t i o n of work ing p r o c e d u r e for v a r i o u s 
p a s s i v e n e u t r o n count ing h e a d s for P u fuel p ins and bulk m a t e r i a l s 
wi th VDC s y s t e m 

7) Study of a po r t ab l e p a s s i v e n e u t r o n de t ec t i on s y s t e m and of a s m a l l 
s a m p l e a s s a y s y s t e m by ac t ive n e u t r o n i n t e r r o g a t i o n . D e s i g n da ta 
-will be ava i l ab le in N o v e m b e r 1977. 

8) P r e p a r a t i o n of a -working p r o c e d u r e for the d e t e r m i n a t i o n of P u - 2 3 9 / 
241 r a t i o s in fuel p i n s : O c t o b e r 1977 

9) I n t e r c o m p a r i s on of p a s s i v e n e u t r o n counting and g a m m a - s c a n n i n g for 
fas t r e a c t o r P u fuel p ins ( e x p e r i m e n t s in S e p t e m b e r 1977) 

10) I m p l e m e n t a t i o n of a new g a m m a - s p e c t r u m a n a l y s i s p r o g r a m m e : 
D e c e m b e r 1977. 

C . Deve lopmen t of I n s t r u m e n t a t i o n 

1 ) Study of P L / M high l eve l l anguage 

2) T e s t of Double T h r e s h o l d Dig i ta l I n t e g r a t o r and so f tware d r i v e r (end 
of 1977) 

3) H a r d w a r e d e s i g n of m i c r o p r o c e s s o r b a s e d s y s t e m (end of 1977). 
P r e l i m i n a r y deve lopmen t of so f tware p a c k a g e , inc luding m a g n e t i c 
c a s s e t t e h a n d l e r 

4) Des ign and t e s t of a b r e a d b o a r d conta in ing t i m e r c i r c u i t r y (Oc tober 
1977). 

D. D i r e c t Suppor t to the Safeguards D i r e c t o r a t e 

1) Working p r o c e d u r e on the u t i l i z a t i on of the S a m - 2 equ ipmen t for 
L E U powder , pe l l e t s and p ins wi l l be w r i t t e n ( S e p t e m b e r 1977) and 
f o r m a t i o n c o u r s e s a d d r e s s e d to i n s p e c t o r s -will be given for t h e s e 
i n s t r u m e n t s (da tes to be defined) 

2) Des ign p r o j e c t s for m e c h a n i c a l h a r d w a r e wil l be cont inued . 

I s p r a C o u r s e s 

In Oc tobe r 1977 a one week c o u r s e on the app l i ca t ion of NDA techn iques 
wi l l be given by the NDA l a b o r a t o r y staff. 

COLLABORATION WITH E X T E R N A L ORGANIZATIONS 

As was a l r e a d y men t ioned e a r l i e r , m o s t of the ac t iv i ty i s now p e r f o r m e d 
in s u p p o r t and in c o l l a b o r a t i o n with the Safeguards D i r e c t o r a t e of the 
C o m m i s s i o n . In the field of s t a n d a r d i z a t i o n , a c t i o n s a r e u n d e r t a k e n in 
the f r a m e w o r k of the ESARDA a s s o c i a t i o n and of a c o l l a b o r a t i o n c o n t r a c t 
bet-ween CEN, B e l g o n u c l é a i r e and the C o m m i s s i o n . 
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2 . 5 DESTRUCTIVE ASSAY OF FISSILE ISOTOPES 

O B J E C T I V E S 

The ac t iv i ty a i m s a t the d e v e l o p m e n t and r e s e a r c h in the field of d e s 
t r u c t i v e a n a l y t i c a l c h e m i s t r y of the fuel c y c l e . A c o n s i d e r a b l e effort is 
a l s o s p e n t in s u p p o r t to the Sa feguards D i r e c t o r a t e . 

The ac t i v i t y inc ludes the following a r e a s of w o r k : 

A . A n a l y t i c a l s u p p o r t to the Sa fegua rds D i r e c t o r a t e 

B . E v a l u a t i o n of o p e r a t o r s m e a s u r e m e n t m e t h o d s 

C. A u t o m a t i o n of M a s s S p e c t r o m e t r y 

D. Se t t ing up of a t r a n s p o r t a b l e m a s s s p e c t r o m e t e r 

E . C a l i b r a t i o n of Input Accoun tab i l i ty T a n k of r e p r o c e s s i n g p l a n t s . 

METHODS AND RESULTS 

A. A n a l y t i c a l Suppor t to the Safeguards D i r e c t o r a t e 

C o n t r o l a n a l y s e s on rou t ine b a s i s a r e to be p e r f o r m e d for s a f e g u a r d s p u r 
p o s e s . The m e t h o d s rou t ine ly u s e d inc lude s u r f a c e ion iza t ion m a s s s p e c 
t r o m e t r y , c o n t r o l l e d - p o t e n t i a l c o u l o m e t r y , p o t e n t i o m e t r y , s p e c t r o - p h o t o 
m e t r i c m e t h o d s and e s p e c i a l l y deve loped s u b s a m p l i n g d e v i c e s . 

On r e q u e s t of the Sa feguards D i r e c t o r a t e a n u m b e r of c o n t r o l s a m p l e s , 
t a k e n by the i n s p e c t o r s for v e r i f i c a t i o n p u r p o s e s , w e r e a n a l y z e d on a r o u 
t ine b a s i s in the l a b o r a t o r i e s of K a r l s r u h e and I s p r a . 

The a n a l y t i c a l w o r k r e q u i r e d for the p r e p a r a t i o n of r e f e r e n c e U-Al c o r e s 
( M T R fab r i ca t ion ) was c o m p l e t e d and a r e p o r t i s in p r e p a r a t i o n . 

T h e p a r t i c i p a t i o n to ECSAM a c t i v i t i e s con t inues and the m o s t r e c e n t r e 
s u l t w a s a c o m m o n p r o c e d u r e for da ta handl ing of v e r i f i c a t i o n m e a s u r e 
m e n t s (doc . ECSAM 30). A co l l ec t i on of a n a l y t i c a l m e t h o d s app l i ed to the 
a n a l y s i s of f i s s i l e m a t e r i a l s in the J R C - l a b o r a t o r i e s i s in p r o g r e s s . 
The two s u b s a m p l i n g d e v i c e s for U F ¿ , o r d e r e d by the Sa fegua rds D i r e c t o 
r a t e , a r e a p p r o a c h i n g t h e i r c o m p l e t i o n . 

B . E v a l u a t i o n of O p e r a t o r s M e a s u r e m e n t Methods 

A n a l y t i c a l m e a s u r e m e n t m e t h o d s , u s e d by the o p e r a t o r s , m u s t be " l a t e s t 
i n t e r n a t i o n a l s t a n d a r d o r equ iva len t to i t " . F o r th i s r e a s o n the Des ign In 
f o r m a t i o n , f o r w a r d e d by the o p e r a t o r s to the Sa feguards D i r e c t o r a t e , a r e 
r e v i e w e d c r i t i c a l l y . 
The i n f o r m a t i o n t a k e n f r o m the D e s i g n In fo rma t ion is c o m p a r e d to the r e l e -

ECSAM ( E u r o p e a n C o m m i s s i o n Sa fegua rds A n a l y t i c a l M e a s u r e s ) , work ing 
g roup on Sa fegua rds a n a l y t i c a l p r o b l e m s , f o r m e d by the a n a l y t i c a l l a b o r a 
t o r i e s of Geel , I s p r a and K a r l s r u h e and by the Sa fegua rds D i r e c t o r a t e . 
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vant l i t e r a t u r e . The o p e r a t o r s l a b o r a t o r y is to be i n s p e c t e d and the s c i e n 
tific staff to be i n t e r v i e w e d . . 
D e m o n s t r a t i o n s of m e a s u r e m e n t s on r e f e r e n c e s a m p l e s a r e y ie ld ing f u r 
t h e r e l e m e n t s for c r i t i c a l eva lua t ion . 

The f i r s t documen t , inc luding a g e n e r a l phi losophy and def ini t ions of the 
a i m s of th is w o r k and an eva lua t ion of Nukem a n a l y t i c a l m e t h o d s , has b e e n 
c o m p l e t e d . 
The second o p e r a t o r , A l k e m , h a s b e e n v i s i t ed , the staff i n t e r v i e w e d and 
the a p p r o p r i a t e document i s c u r r e n t l y in p r o g r e s s . 

Des ign i n fo rma t ion of the next o p e r a t o r , Dounreay , UK, h a s b e e n s tud ied 
and the l a b o r a t o r y is to be v i s i t ed dur ing Ju ly . 

The me thod c h o s e n s e e m s s u i t a b l e for a c h i e v e m e n t of the e l e m e n t s n e c e s 
s a r y for eva lua t ion in m a n y c a s e s . S o m e t i m e s , h o w e v e r , p r o g r e s s of w o r k 
is s o m e w h a t h a m p e r e d by e x t r e m e l y poor des ign i n f o r m a t i o n a v a i l a b l e . 

C. On- l ine Data E v a l u a t i o n Used in Au toma t i c M a s s S p e c t r o m e t r i c I so tope 
Di lu t ion A n a l y s i s of N u c l e a r F u e l s 

The p roduc t ion of n u c l e a r e n e r g y is a c c o m p a n i e d by a genes i s of new nu 
c l ides l ead ing to a s t eady change in the i so top ie abundance of e lenaents i n 
volved in the p r o c e s s . The i so topie conten t in the fuel has to be known for 
s e v e r a l r e a s o n s : r e a c t o r o p e r a t i o n , sa fe ty , e c o n o m i c s and s a f e g u a r d s . 

M a s s s p e c t r o m e t r y is the p r e d o m i n a n t tool in i so tope a n a l y s i s . R a d i o m e 
t r i c t echn iques ( a lpha - and g a m m a s p e c t r o m e t r y ) a r e of l e s s i m p o r t a n c e . 
The h igh s a m p l i n g f requency of nuc l ide i n v e n t o r i e s as we l l a s the s m a l l 
b a t c h e s of the fuel (for c r i t i c a l i t y r e a s o n s ) lead to a l a r g e n u m b e r of s a m 
p les to be a n a l y z e d . Th i s jus t i f i ed the deve lopmen t of an a u t o m a t i c l a b o r a 
t o r y , A L * . 

The AL c o n s i s t s of two modif ied C H - 5 V a r i a n Mass S p e c t r o m e t e r s each 
c o n t r o l l e d by a V a r i a n 620 c o m p u t e r . One of the i n s t r u m e n t s i s equipped 
with an a u t o m a t i c lock for cont inuous s a m p l e feeding. The i n s t r u m e n t h a s 
b e e n d e s c r i b e d ¿1, 2.J'. Two a u t o m a t i c a l p h a - s p e c t r o m e t e r s s u p p l e m e n t the 
m a s s s p e c t r o m e t r i c i so tope a n a l y s i s and an au toma t i c ba l a nc e is u s e d to 
m e a s u r e a l iquote of sp ikes and s a m p l e s for i so tope di lu t ion a n a l y s i s . 
The data handl ing i s c o m p l e t e l y a u t o m a t i c . M a s s s p e c t r a data a r e r educed 
d i r e c t l y by the V a r i a n C o m p u t e r s to i so top ie r a t i o s be fore be ing co l l ec t ed 
by a P D P l l / l O c o m p u t e r . Weights (of the i so tope di lut ion) and a l p h a - s p e c 
t r a a r e fed d i r e c t l y to th i s c o m p u t e r , which then t r a n s m i t s a l l i n f o r m a t i o n 
for eva lua t ion to an IBM 370 (fig. 1). The type of a n a l y s i s , c h a r a c t e r i s t i c s 
of the s a m p l e , a d d r e s s e s of m e a s u r e d da ta a r e filed via a t e r m i n a l p r i o r 
to the a n a l y s i s and d e t e r m i n e the a n a l y s i s m a t r i x which i nd i ca t e s the e x 
pec ted da t a . As soon a s the m a t r i x h a s been filled, the eva lua t ion which 
c o m p r i s e s the u s u a l o p e r a t i o n s d e s c r i b e d e a r l i e r /~3J, s t a r t s a u t o m a t i c a l l y . 

The w o r k was s p o n s o r e d by the G e r m a n P r o j e c t Spa l t s to f f f lusskon t ro l l e 
of the K e r n f o r s c h u n g s z e n t r u m K a r l s r u h e . 
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T h e o n - l i n e da ta eva lua t ions a r e j u s t r e c e n t l y in o p e r a t i o n and a r e s t i l l 
u n d e r t e s t . S e v e r a l i n t e r f a c e s coupl ing the c o m p u t e r and the i n s t r u m e n t s 
h a d to be deve loped . 

The s e t - u p d e s c r i b e d is the f inal s t e p of a long d e v e l o p m e n t . The a d v a n 
t a g e of the A L with r e g a r d to h i g h e r s a m p l e t h roughpu t , f a s t e r a n a l y s e s 
and l ower c o s t s have b e e n d e m o n s t r a t e d . The o n - l i n e da ta hand l ing g ives , 
i n add i t ion , da ta s e c u r i t y and the conf ident ia l i ty r e q u i r e d in n u c l e a r m a t e 
r i a l s a f e g u a r d s . 

D. Se t t ing up of a T r a n s p o r t a b l e M a s s S p e c t r o m e t e r 

The ob jec t ive of the f i r s t p a r t of the w o r k was to r e a l i z e the p o s s i b i l i t y of 
a n ion s o u r c e capab le of g e n e r a t i n g ions f rom s a m p l e s in so lu t ion with i t s 
coup l ing with quad rupo l e m a s s s p e c t r o m e t e r . Th i s i s i m p o r t a n t for the ana 
l y s i s of so l i d s o r s p e c i e s p r e s e n t in so lu t ions o r i g ina t i ng f rom n u c l e a r fuel 
c y c l e s , and to enhance the capab i l i ty of Sa fegua rds v e r i f i c a t i o n s . 

T h e w o r k c o n s i s t e d of des ign ing and c o n s t r u c t i o n of the ion s o u r c e a long 
wi th i t s s a m p l e feeding s y s t e m . The s y s t e m involves the f o r m a t i o n of a 
c a p i l l a r y a r c p l a s m a in a con t a inmen t of a p p r o p r i a t e m a t e r i a l s wi th the 
p o s s i b l i t y of con t ro l l ed flow of a r g o n gas a t v a r i o u s i n l e t - o u t l e t p o i n t s . 
T h e feed s y s t e m is e i t h e r n e b u l i z e r s (both p n e u m a t i c and u l t r a s o n i c ) o r 
d i r e c t e v a p o r a t i o n of so l id m a t e r i a l u n d e r the inf luence of an e l e c t r i c p o 
t e n t i a l . 

Both the above m e n t i o n e d s y s t e m s w e r e d e s i g n e d and c o n s t r u c t e d in our l a 
b o r a t o r y and a r e now unde rgo ing p r e l i m i n a r y t r i a l r u n s . P r e l i m i n a r y r e 
s u l t s have i nd i ca t ed tha t the p l a s m a ion s o u r c e is g e n e r a t i n g p l a s m a in a 
s a t i s f a c t o r y m a n n e r with a r g o n . 

B e t t e r p e r f o r m a n c e is expec ted with a few mod i f i ca t ions in v a r i o u s a u x i 
l i a r y s y s t e m s . The so l id e v a p o r a t i o n s y s t e m h a s b e e n t e s t e d with s t a n d a r d 
c o p p e r - n i c k e l a l loys and found to work a p p r o p r i a t e l y . 
F u r t h e r r e s u l t s a r e e x p e c t e d in due c o u r s e of t i m e . 

E . C a l i b r a t i o n of Input Accoun tab i l i t y Tank of R e p r o c e s s i n g P l a n t s 

The objec t ive was to eva lua te the me thods of v o l u m e / w e i g h t c a l i b r a t i o n s 
of the Input Accoun tab i l i t y Tank and to s u g g e s t the mod i f i ca t ions for h i g h e r 
a c c u r a c i e s . A n o t h e r ob jec t ive of th is w o r k was to r e v i e w the ex i s t i ng t e c h 
n iques of s a m p l i n g and a n a l y s i s app l ied a t the Input Accoun tab i l i t y T a n k of 
the r e p r o c e s s i n g p lan t s for the a c c u r a t e c o n t r o l of the f i s s i l e m a t e r i a l . 

F o r i m p r o v e m e n t in the a c c u r a c y of c a l i b r a t i o n of the Tank , e x p e r i m e n t s 
a r e to be p e r f o r m e d a t the r e p r o c e s s i n g p l an t . F o r th i s p u r p o s e the r e s u l t s 
of rou t ine m e t h o d s c a l i b r a t i o n ob ta ined "with conven t iona l t e chn iques a r e to 
be c o m p a r e d with t hose ob ta ined by i so top ie d i lu t ion m a s s s p e c t r o m e t r y 
wi th L i , Mg and d e u t e r i u m . A p p r o p r i a t e mod i f i ca t ions a t the plant could 
be s u g g e s t e d for th is p u r p o s e . 

Review s tud i e s of v a r i o u s t echn iques and t h e i r r e s p e c t i v e eva lua t i on a r e in 
p r o g r e s s . A l s o p r o c e d u r e s and eva lua t ions for the c a l i b r a t i o n t e chn iques 
a r e u n d e r eva lua t ion . 
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CONCLUSIONS 

In g e n e r a l , the a c h i e v e m e n t s du r ing the r e p o r t e d p e r i o d a r e in a g r e e m e n t 
wi th o u r p lanning. 
H o w e v e r , c o n s i d e r a b l e diff icul t ies a r e expec ted for the next pe r iod due to 
the f inanc ia l s i t ua t ion and to a staff r e d u c t i o n . De lays wil l be i n t r o d u c e d 
ma in ly in the ac t iv i ty on the t r a n s p o r t a b l e m a s s s p e c t r o m e t e r . 

PLANNED ACTIVITIES 

A. Ana ly t i ca l Suppor t to the Safeguards D i r e c t o r a t e 

B e s i d e s the cont inuing ac t iv i ty in s uppo r t to the Safeguards D i r e c t o r a t e , 
the methodology for the UF¿ c o n c e n t r a t i o n and i so top ie m e a s u r e m e n t s 
m e t h o d s wi l l be r e v i e w e d . 

F o r future rou t ine a n a l y s i s of UF¿ the m o s t su i t ab le me thods wil l be s e l e c 
t ed and e x p e r i m e n t a l l y v e r i f i e d . 
The comple t i on of the UF¿ s u b s a m p l i n g d e v i c e s , is f o r e s e e n for the end of 
O c t o b e r 1977. 

The c o n s t r u c t i o n of two f u r t h e r d e v i c e s for o t h e r e x t e r n a l o r g a n i z a t i o n s i s 
f o r e s e e n . 

B . E v a l u a t i o n of O p e r a t o r s M e a s u r e m e n t Methods 

Befo re the end of the y e a r the d o c u m e n t s conce rn ing the G e r m a n plants and 
one o r two VUK plan ts wi l l be c o m p l e t e d . The s ingle documen t s a r e then to 
be r e v i s e d by a g roup of JRC s p e c i a l i s t s and the f inal j u d g e m e n t s f o r w a r d 1 

ed to the Safeguards D i r e c t o r a t e . 

C. Au toma t ion of M a s s S p e c t r o m e t r y 

Deve lopmen t of i n t e r f a c e s coupl ing the c o m p u t e r and the i n s t r u m e n t s . 

D . Set t ing up of a T r a n s p o r t a b l e M a s s S p e c t r o m e t e r 

The p l a s m a s o u r c e is to be t e s t e d for a l a r g e n u m b e r of s a m p l e s of d i v e r s e 
n a t u r e to e s t a b l i s h i t s va l id i ty . P r e p a r a t i o n s a r e u n d e r w a y to u s e the pneu 
m a t i c and u l t r a s o n i c n e b u l i z e r s a s feed s y s t e m s for s o l u t i o n s . D e s i g n and 
c o n s t r u c t i o n of the coupl ing i n t e r m e d i a t i n g s y s t e m is to be p e r f o r m e d soon . 
Th i s m a t t e r h a s been d i s c u s s e d and c l e a r e d with the m a n u f a c t u r e r s of the 
quad rupo le m a s s s p e c t r o m e t e r . P a r t of th is w o r k is expec ted to be p r e s e n 
t ed in the Mass S p e c t r o m e t r y C o n f e r e n c e , to be held in Ca tan ia in S e p t e m 
b e r th is y e a r . 

E . C a l i b r a t i o n of Input Accountab i l i ty Tank of R e p r o c e s s i n g P l a n t s 

E x p e r i m e n t s wi l l be p e r f o r m e d at the input accoun tab i l i ty t ank of E u r e x r e 
p r o c e s s i n g plant , us ing L i , Mg and d e u t e r i u m t r a c e r s . The p r o c e d u r e s 
w i l l be s t a n d a r d i z e d in the l ight of the r e s u l t s obtained for t h e s e e x p e r i m e n t s . 
The c a l i b r a t i o n va lues wil l be c o m p a r e d with those obta ined with p h y s i c a l 
m e t h o d s . 



COLLABORATION WITH EXTERNAL ORGANIZATIONS 
The activity for the automation of m a s s spec t romet ry is c a r r i ed out in 
col laborat ion with the German Project Spaltstoffflusskontrolle of the 
Kernforschungszentrum, Kar l s ruhe . 

A collaboration has been established with the Eurex plant (CNEN, Salug-
gia) for the study of the calibrat ion of Input Accountability Tank. 
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2 . 6 SURVEILLANCE 

O B J E C T I V E S 

The ac t i v i t y of the f i r s t half of 1977 was m a i n l y focused on five m a i n 
t o p i c s : 

- P o r t a b l e iden t i f i ca t ion e q u i p m e n t and new iden t i f i ca t ion me thod , 
μ β ϊ ^ e l e c t r o n i c s cann ing i n s t e a d of m e c h a n i c a l s c a n n i n g 

- C o m p l e t i o n and i m p r o v e m e n t of the s e a l s to be u s e d for CANDU spen t 
fuel 

- C o m p l e t i o n of the 5 - y e a r s e x p e r i m e n t on BWR fuel bund les s e a l i n g 
and p r e p a r a t i o n of a m o r e g e n e r a l w o r k c o n c e r n i n g LWR bund les 

s ea l ing 

- Def ini t ion of the iden t i f i ca t ion m e t h o d s r e q u e s t e d by KFA, J ü l i c h on: 

. AVR s p e n t fuel c o n t a i n e r s , 

. TRIGA (München) e l e m e n t iden t i f i ca t ion 
- Sea l s iden t i f i ca t ion for the Safeguards D i r e c t o r a t e of the C o m m i s s i o n . 

METHODS AND RESULTS 

1) G e n e r a l R e m a r k s on the P o r t a b l e E q u i p m e n t (f igs . 1 and 2) 

The e l e c t r o n i c d e v e l o p m e n t s enab le now to define the iden t i ty of m o s t 
of the u l t r a s o n i c a l l y ident i f ied s e a l s -without any m e c h a n i c a l s c a n n i n g . 

The p o r t a b l e a p p a r a t u s , bu i l t a t I s p r a wi l l be i n d u s t r i a l i z e d by Nukem 
( G e r m a n y ) and, b e s i d e s the e l e c t r o n i c s c a n n i n g of the s e a l s , -will have 
the following a d v a n t a g e s : 

- d ig i t a l output , 
- a u t o m a t i c gain c o n t r o l . 

E l e c t r o n i c s cann ing s impl i f i ed a l l the s e a l s iden t i f i ca t ion p r o c e d u r e s 
in r e a c t o r o r r e p r o c e s s i n g poo l s . The too l s to be u s e d in p l an t s wi l l 
now be v e r y s i m p l e . 

The r e l i a b i l i t y of the ident i ty m a d e us ing the new m e t h o d h a s to be 
i m p r o v e d by changing the d e s i g n of t he s e a l s . The new d e s i g n s a r e lead
ing to c h e a p e r and e a s i e r u s a b l e s e a l s . 

M e c h a n i c a l and e l e c t r o n i c s cann ings a r e d e s c r i b e d in f igs . 3 and 4 . 

2 ) P o r t a b l e Iden t i f ica t ion E q u i p m e n t (SIPE 1) 

F i g s . 1 and 2a show the e q u i p m e n t . The u s e of i t is e a s y : when the key 
n u m b e r is put on the digi t sw i t ches ( n u m b e r to be known for e a c h type 
of s e a l : g e n e r a l u s e , cap s e a l s , r i v e t s e a l s ) , only two a c t i o n s a r e to 
be done : 

- p o w e r on, 
- p r e s s s t a r t m e a s u r e m e n t bu t ton . 
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Automatic gain control and automatic s e a r c h of the f i r s t echo ( inde
pendent of distance between sea l and transducer and of mater ia l of 
the s e a l : p l a s t i c , s t ee l , a l u m i n i u m ) a r e shown in f ig s . 5 and 6 for 
each type of s cann ing c h o s e n and def ined by the l a s t f igure of the i d e n 
t i f i ca t ion key n u m b e r . 

The d ig i t a l output i s given on the s m a l l p r i n t e r of a pocke t c o m p u t e r 
(fig. 2b) . The iden t i ty ( su i t e of 3 o r m o r e n u m b e r s of two f igures 
AB, CD, E F ) could e a s i l y be r e c o r d e d on a c o m p a c t c a s s e t t e r e c o r 
d e r . 

R e p r o d u c i b i l i t y of the iden t i ty a t the p r e s e n t t i m e and in m o s t c a s e s : 

AB + 1, CD + 1, E F + 1. 

3) G e n e r a l Use Sea l Iden t i f ica t ion 

T h e p r e v i o u s d e s i g n of the s e a l i s shown in ref. / l y . 
The new d e s i g n of t he s e a l i s shown in f ig. 7a . A s s e m b l i n g of the two 
p a r t s i s m a d e on the spo t by g lue ing . 

Iden t i f i ca t ion i s done on the spot wi thout (or with) r e m o v a l of the s e a l . 
T h e " c o n t a c t t r a n s d u c e r " i s m a d e of a flat t r a n s d u c e r c o r r e c t e d and 
c e n t e r e d in a r e f e r e n c e s y s t e m (fig. 7b). D u r a t i o n of the iden t i ty d e 
f ining: 2 s e c . 
Coupl ing is effected by a s m a l l a m o u n t of oi l o r w a t e r bet-ween the s e a l 
and the l e n s . 

4) C a p Sea l Ident i f ica t ion 

The p r e v i o u s d e s i g n of the s e a l , u s ing powder m e t a l l u r g y is g iven in 
r e f e r e n c e s ¿\J and ¿Zj. 
Using b r a z i n g m e t h o d s for the f a b r i c a t i o n of s e a l s , the d e s i g n is s i m 
plif ied and the p r i c e of the s e a l i s m u c h l o w e r . 

Al l p r e v i o u s m e c h a n i s m s , shown in ref. [\] and fZj, to be u s e d e i t h e r 
a t the h e a d q u a r t e r s o r in the p l a n t s , in the v e r y n e a r fu tu re , -will be 
s imp l i f i ed . Re la t ing m e c h a n i s m s a r e not n e c e s s a r y any m o r e . A s c h e m e 
of the iden t i f i ca t ion dev ice is shown in fig. 8. 

The c r i t i c i s m s a g a i n s t t h e s e cap s e a l s , up t i l l now, a r e : 

- p o s s i b l e v ib r a t i on , 
- u s e of s i n t e r e d m a t e r i a l conta in ing t ungs t en , 
- mod i f i ca t i on to be m a d e on the e x t r e m e s of the t i e - r o d s (low c o s t , 

if m a d e on a l l fuel bund le s ) , 
- e x t r a c t i o n of the s e a l for iden t i f i ca t ion in the n o n - a c t i v e p a r t of the 

c y c l e , 
- hand l ing of r a t h e r c o m p l i c a t e d too ls for ve r i f i c a t i on of the s e a l in 

the i r r a d i a t e d p a r t of the c y c l e . 

The new d e s i g n we t r y to i n t r o d u c e ( c o l l a b o r a t i o n with Exxon N u c l e a r 
C o m p a n y ) , the f a b r i c a t i o n p r o c e d u r e u s ing N i c r o - B r a s s and the i d e n -
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t i f i ca t ion wi thout m e c h a n i c a l s cann ing of the s e a l e l i m i n a t e the 
w e a k poin ts (a l l , e x c e p t ' t h e t h i r d point ) . 

5) Rive t Sea l for MTR Bundles 

P r e v i o u s iden t i f i ca t ion p r o c e d u r e is r e p o r t e d in ref. ¿\J. 
Since 1976 the iden t i f i ca t ion is m a d e a s shown in fig. 9. 
T h i s enab le s the iden t i f i ca t ion of s e a l s on i r r a d i a t e d fuel bund le s 
s t a y i n g in the pool wi thout r e m o v a l of the s e a l , a s shown in ref. ¿Zj. 

The fu ture iden t i f i ca t ion m e t h o d -will be the s a m e a s for g e n e r a l u s e 
s e a l s o r c a p s e a l s . The global iden t i ty wi l l be m a d e wi thout m e c h a n i 
c a l s cann ing (fig. 10). Th i s r e q u i r e s the s u p p r e s s i o n of the f i r s t echo 
(fig. 4) , due to t he v e r y s m a l l t h i c k n e s s of the s e a l . 

6) T . U . I . D . 

T a m p e r r e s i s t a n t unique iden t i f i ca t ion dev ices such a s the one u s e d 
for the K a l k a r SNR 300 bundle iden t i f i ca t ion p r o p o s a l , r e f . [zj, should 
a l s o be modif ied for what c o n c e r n t h e i r i n t e r n a l m a r k i n g in o r d e r to 
e n a b l e the global iden t i f i ca t ion -without m e c h a n i c a l s c a n n i n g . A s i m p l e 
c o n t a c t t r a n s d u c e r , n e a r l y the s a m e a s the one u s e d for g e n e r a l u s e 
s e a l s (fig. 7b) wi l l be u s e d . 

7) O t h e r Specific Sea l s 

O t h e r spec i f i c s e a l s to be u s e d with o r wi thout safe ty w i r e for spen t 
fuel bundle s t o r a g e ( c o l l a b o r a t i o n with A tomic E n e r g y Canada L td . ) , 
spen t fuel c o n t a i n e r s ( p r o p o s a l for AVR), p lu ton ium b o x e s , s a f e 
g u a r d s e q u i p m e n t s to be m a d e t a m p e r - r e s i s t an t , wi l l be d e s i g n e d 
folio-wing the new m e t h o d . 

8) C o l l a b o r a t i o n -with A E C L (Canada) 

A E C L needs to deve lop a Sa feguards s y s t e m for CANDU r e a c t o r s . 
An a g r e e m e n t was s igned be tween A E C L and E u r a t o m for t he d e v e 
l o p m e n t of a s e a l for u n d e r w a t e r app l i ca t i on to ver i fy the s t o r a g e of 
the CANDU fuel bundles in the pool . 

T h e E u r a t o m t a s k in th i s context was to p rov ide s e a l s t o g e t h e r wi th 
s e a l a p p l i c a t i o n too l and scann ing p lus r e c o r d i n g e q u i p m e n t n e c e s 
s a r y to identify un ique ly e a c h s e a l . 

The d ra f t r e p o r t on the c o l l a b o r a t i o n [2>J s t a t e s t h a t : 

" T h e equ ipmen t d e m o n s t r a t e d tha t i t i s p r a c t i c a l to i n s t a l l and ver i fy 
s e a l s , wi th an u l t r a s o n i c ident i ty , u n d e r w a t e r in a spen t fuel s t o 
r a g e bay . The s i g n a t u r e ob ta ined u l t r a s o n i c a l l y i s a d e q u a t e for e s 
t a b l i s h i n g the unique iden t i ty of a p a r t i c u l a r s e a l . " 

If the IAEA a g r e e s , the t echn ique wi l l be inc luded in the Sa fegua rds 
s y s t e m deve loped by I A E A - A E C L for the CANDU r e a c t o r t y p e . 
A new d e s i g n of s e a l was p r o p o s e d for e a s i e r s e a l i n g p rov ided tha t 
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the fuel t r a y s a r e p r e p a r e d for the s e a l i n g p r o c e d u r e . Th i s new c a p 
s e a l wi l l be inc luded in the final r e p o r t on the c o l l a b o r a t i o n . 

9) BWR F u e l Bundles Seal ing 

In 1972, four fuel bundles w e r e s e a l e d with two s e a l s e a c h in two G e r 
m a n r e a c t o r s : 

- KWL, Lingen , 
- KRB, G u n d r e m m i n g e n . 

As t h o s e fuel bundles had r e a c h e d the m a x i m u m b u r n - u p , the s e a l s w e r e 
d e t a c h e d th i s s p r i n g . The r e i d e n t i f i c a t i o n and c o r r e c t o b s e r v a t i o n of 
t h o s e s e a l s h a v e s t i l l to be m a d e a t I s p r a in hot ce l l , but s o m e c o n c l u 
s ions could be d r a w n a l r e a d y : 

- the m e c h a n i c a l f ixa t ion of the s e a l on the t i e - r o d is good enough; 
v i b r a t i o n could not d e t a c h the s e a l 

- the e x t e r n a l a s p e c t of the s e a l s a f t e r 5 y e a r s in the r e a c t o r is good 

- the e x t r a c t i o n of the s e a l was difficult for two s e a l s due to the c r u d 
(too n a r r o w t o l e r a n c e s of the e x t r a c t i o n tool) and one s e a l w a s d e s 
t r o y e d du r ing e x t r a c t i o n . 

If new s e a l s have to be u sed , p o w d e r m e t a l l u r g y wi l l not be the f a b r i 
ca t i on p r o c e s s any m o r e , the b r a z i n g m e t h o d d e m o n s t r a t e s to be m u c h 
b e t t e r for : 

- u l t r a s o n i c iden t i f ica t ion , 
- f a b r i c a t i o n c o s t , 
- m e c h a n i c a l r e s i s t a n c e , 
- shape of the s e a l . 

A c o l l a b o r a t i o n a g r e e m e n t i s in p r e p a r a t i o n with GfK, for LWR (BWR 
+ PWR) fuel bundle s e a l i n g e x p e r i m e n t s taking benefi t of the five y e a r s 
long e x p e r i m e n t , the nev/ f a b r i c a t i o n me thod of s e a l s and the new i d e n 
t i f i ca t ion m e t h o d of s e a l s ( s ee point 4)) . 

10) TRIGA F u e l E l e m e n t Ident i f ica t ion 

As exp la ined in m o s t of o u r pub l ica t ions ƒ ! ƒ , fzj, i den t i f i ca t ion of the 
i t e m s c a n be done u s i n g : 

- s e a l s , 
- a r t i f i c i a l m a r k s de tec ted by u l t r a s o n i c s , 
- n a t u r a l m a r k s d e t e c t e d by u l t r a s o n i c s . 

The t h i r d m e t h o d was u s e d to define the iden t i f ica t ion p r o c e d u r e of the 
TRIGA fuel e l e m e n t in g e n e r a l and of the TRIGA, GFSS München , in 
p a r t i c u l a r . 

T e c h n i q u e : A t r a n s d u c e r a n g u l a r l y pos i t ioned r e a d s the r e a r s h a p e of 
the end plug we lds ; the e l e m e n t i s r o t a t e d a r o u n d i t s a x i s . 
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The p r o j e c t was defined a t I s p r a (fig. 11) and the p ro to type 
wi l l be f a b r i c a t e d and t e s t e d by the r e a c t o r staff. 

11) Iden t i f i ca t ion of AVR F u e l P e b b l e s C o n t a i n e r s 

Us ing the TUID techn ique with the e l e c t r o n i c s c a n n i n g m e t h o d ( s e e 
fig 6), t h e c o v e r of the c o n t a i n e r s e a l e d on the box can be ident i f ied . 
T e s t s and def in i t ion of the p a r a m e t e r s of the m e t h o d have b e e n c a r r i e d 
out a t I s p r a (fig. 12). 

12) A u t o m a t i o n o f ' C a m e r a C o n t r o l S y s t e m 

A d ig i t a l c l o c k for the C a m e r a C o n t r o l S y s t e m of the Sa fegua rds D i - ( 

r e c t o r a t e h a s b e e n des igned and a s s e m b l e d . It d i s p l a y s m o n t h s , d a y s , 
h o u r s and m i n u t e s s i m u l t a n e o u s l y on 8 l i q u i d - c r y s t a l digi t i n d i c a t o r s 
in o r d e r to r e c o r d on the p i c t u r e the t i m e when i t was s n a p p e d . 

As f a r a s the d e v e l o p m e n t of t i m e r s for the c a m e r a c o n t r o l i s c o n 
c e r n e d , a r e c e n t d i s c u s s i o n -with people of the Sa fegua rds D i r e c t o r a t e 
s u g g e s t s a so lu t ion with low p o w e r c o n s u m p t i o n in o r d e r to m a k e the 
whole s y s t e m au tonomous (C -MOS log ic ) . 

CONCLUSIONS 

A f t e r one and a half y e a r of w o r k we s u c c e e d e d i n des ign ing and bu i ld ing 
a t I s p r a a p ro to type of a fully a u t o m a t i z e d iden t i f i ca t ion e q u i p m e n t . The 
N u k e m h a s t aken o v e r our know-how for i n d u s t r i a l i z a t i o n of the e q u i p 
m e n t . 

T h i s a p p a r a t u s wi l l m a k e p o s s i b l e s i m p l i f i c a t i o n of a l l the s e a l s to be 
iden t i f i ed on the spot . The m e c h a n i c a l dev ices a r e r e d u c e d to a m i n i m u m . 
New types of s e a l s c a n be e n v i s a g e d : s e a l s to bei c l o s e d on the spot and 
for which the iden t i ty i s only va l id a f t e r c l o s u r e ( s e a l s which can be put 
by the o p e r a t o r ) . 

S a t i s f a c t o r y a n s w e r s w e r e g iven to the r e q u e s t s of the K F A ( Jü l i ch ) 
c o n c e r n i n g TRIGA e l e m e n t s and AVR c o n t a i n e r s i den t i f i ca t ion . 

P L A N N E D ACTIVITIES 

F o r the s e c o n d half of the y e a r i t i s f o r e s e e n : 

- to go on wi th the i n d u s t r i a l i z a t i o n of the p o r t a b l e equ ipmen t a t the 
N u k e m , 

- to go on wi th the mod i f i ca t i on of the iden t i f i ca t ion m e t h o d s of the e x i s t 
ing s e a l s , · 

- to p e r f o r m d e m o n s t r a t i o n s of s e a l i n g and iden t i f i ca t ion t e chn iques a t 
Savannah R i v e r (USA) w h e r e the s e a l e d fuel e l e m e n t s of the P e t t e n 
R e a c t o r (HFR) have to be r e p r o c e s s e d , 

- to c o l l a b o r a t e wi th GfK, VDEW, KWU on LWR fuel e l e m e n t s s e a l i n g , 
- to a n s w e r ques t i ons f r o m A E C L (Canada) c o n c e r n i n g a f u r t h e r a p p l i 

c a t i o n of our m e t h o d on the CANDU fuel e l e m e n t s . 
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COLLABORATION WITH E X T E R N A L ORGANIZATIONS 

Our m a i n c o l l a b o r a t i o n s a r e with the following f i r m s : 

 A E C L (Canada) c o l l a b o r a t i o n a g r e e m e n t , CANDU, 

 KRB G u n d r e m m i n g e n (BWR), 

 KWL Lingen (BWR), 

 H F R P e t t e n (MTR) , 

 MERLIN J ü l i c h (MTR) , 

 GfS München (TRIGA), 

 B R 2 Mol (MTR) , 

 NUKEM ( I n d u s t r i a l i z a t i o n of our m e t h o d s  f a b r i c a t i o n of s e a l s ) , 

 K F A Jü l i ch , 

 GfK K a r l s r u h e (VDEW), 

 E N E L (Italy) R o m e and P i a c e n z a , 

 EC N (The N e t h e r l a n d s ) S t a t i s t i c s  r e l i a b i l i t y of s e a l s , 

 EXXON N u c l e a r C o m p a n y ( s ea l i ng of BWR e l e m e n t s ) . 
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Fig. 1 — Portable equipment 

Figs. 2a, 2b 
Details of the portable equipment 
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3. CONCLUSIONS 

The 1977 ac t iv i ty of the Joint R e s e a r c h C e n t r e in the field of the F i s s i l e 
M a t e r i a l Cont ro l is e s sen t i a l ly a cont inuat ion of the ac t iv i ty c a r r i e d out 
unde r the s a m e heading during the 1973-1976 plan, with an i n c r e a s e d e m 
p h a s i s on the p rob l ems of sa feguards imp lemen ta t ion in the n u c l e a r fuel 
c y c l e . 
The B e n c h - m a r k e x p e r i m e n t s , p rev ious ly c a r r i e d out in the f r a m e w o r k 
of the p r o g r a m m e Techn ica l Support to N u c l e a r P o w e r S ta t ions , w e r e in 
c luded in the P r o j e c t F i s s i l e Ma te r i a l Cont ro l a f te r this p r o g r a m m e was 
d iscont inued a t the end of 1976. 

The i n c r e a s e of the staff a l loca ted to the p ro jec t m a d e poss ib le in the f i re t 
half y e a r of 1977 a l a r g e r effort in the field of the non-de s t rue t i ve a s s a y 
of f i s s i l e i so topes , p a r t i c u l a r l y for the deve lopment and appl ica t ion of 
neu t ron t echn iques . However , not a l l the staff p r o b l e m s a r e ac tua l ly s o l 
ved . T h e r e is a need to re in force the s tudies on Cont ro l Sys tems and 
Isotope C o r r e l a t i o n s . 

Due to the l imi ted poss ib i l i t i e s of new r e c r u i t m e n t s , we plan to solve the 
p r o b l e m by i n t e r n a l r e a r r a n g e m e n t of the staff and by c on t r a c t s with ex 
t e r n a l o rgan iza t ions . 

The de lay in the d i s t r ibu t ion of the 1977 budget has not heavi ly affected 
the work in the f i r s t months of the y e a r . The effect of th is delay will be 
m u c h m o r e impor t an t in the second half of 1977. 

The following ma in c o m m e n t s on the obtained r e su l t s apply to the va r ious 
s t u d i e s . The planned ac t iv i t i e s a r e r e p o r t e d in T a b . 1. 

Con t ro l Sys t ems 

The work c a r r i e d out in co l labora t ion with i n s p e c t o r s of the Safeguards 
D i r e c t o r a t e and plant o p e r a t o r s , has been ma in ly d i r ec t ed to s tudy con t ro l 
s y s t e m s for fuel fabr ica t ion p l an t s . An i n c r e a s e of staff is r e q u i r e d in o r 
d e r to a c c e l e r a t e the p r e s e n t ac t iv i ty and to extend the study to o the r p a r t s 
of the nuc l ea r fuel cyc le . 

Isotope C o r r e l a t i o n s 

A l so the work on isotope c o r r e l a t i o n s has to be speeded up by an i n c r e a s e 
of staff, ma in ly in the field of t h e o r e t i c a l ana lys i s n e c e s s a r y to e s t a b l i sh 
the val idi ty of the isotope c o r r e l a t i o n technique in s e v e r a l c a s e s which can 
not be inves t iga ted expe r imen ta l l y . 

B e n c h - M a r k E x p e r i m e n t s 

The work which r e q u i r e s the in te rven t ion of s e v e r a l l a b o r a t o r i e s a t the 
I s p r a and K a r l s r u h e E s t a b l i s h m e n t s , i s p roceed ing in a s a t i s f ac to ry 
a g r e e m e n t with the planning. The a c c u r a c y of our ana ly t ica l d e t e r m i n a 
t ions r e su l t ed to be adequate for the ve r i f i ca t ion of the n u c l e a r codes used 
for r e a c t o r fuel m a n a g e m e n t . 

Non-Des t ruc t ive A s s a y of F i s s i l e Isotopes 

The i n c r e a s e of the staff made poss ib le in the f i r s t half of the y e a r a con-
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s i d e r a b l e e n l a r g e m e n t of th i s a c t i v i t y . 
T h e w o r k is m a i n l y o r i e n t e d t o w a r d s v e r y speci f ic ac t ions in view of the 
i m p l e m e n t a t i o n of NDA techn iques u n d e r p lan t cond i t ions . 

S e v e r a l l ines of work have been def ined c o n c e r n i n g s t a n d a r d i z a t i o n of 
m e t h o d s and m a t e r i a l s , deve lopmen t and a u t o m a t i o n of t e c h n i q u e s . 
The ac t iv i ty of s u p p o r t to the Sa fegua rds D i r e c t o r a t e has b e e n c o n s i d e r 
ab ly i n c r e a s e d . 

Our a c t i v i t i e s take advan tage of l a r g e c o l l a b o r a t i o n s involving v a r i o u s 
J R C - E s t a b l i s h m e n t s , the Safeguards D i r e c t o r a t e , m e m b e r s of E SARDA 
and plant o p e r a t o r s . 

D e s t r u c t i v e A s s a y of F i s s i l e I so topes 

The i m p o r t a n t ac t iv i ty on the a u t o m a t i o n of m a s s s p e c t r o m e t r y h a s b e e n 
cont inued by the J R C - K a r l s r u h e E s t a b l i s h m e n t in c o l l a b o r a t i o n with 
GfK K a r l s r u h e . 

A de t a i l ed a n a l y s i s is in p r o g r e s s on the t echn iques u s e d for input m e a 
s u r e m e n t s in r e p r o c e s s i n g p l a n t s . 
Suppor t has been given to the Safeguards D i r e c t o r a t e by execu t ion of a n a 
l y s e s and by eva lua t ion of the a n a l y t i c a l m e t h o d s used by p lant o p e r a t o r s . 

S u r v e i l l a n c e 

The r e c e n t de ve lopmen t s in the field of u l t r a s o n i c de t ec t i on wi l l m a k e 
p o s s i b l e an i m p o r t a n t s i m p l i f i c a t i o n in the u s e of the s e a l s u t i l i z ed for 
d i f fe ren t a p p l i c a t i o n s . 

Our e x p e r i e n c e is m a d e a v a i l a b l e to s a f e g u a r d s i n s p e c t o r s and p lant ope ra 
t o r s to so lve v a r i o u s p r o b l e m s of f i s s i l e m a t e r i a l c o n t r o l . 

For further information, please contact the Programme Manager. 



Table 1 : Planned activities f or the Project Fissile Material Control 

Activities 
Next period for 1977 (month) 
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Control systems 

Isotope correlations 

Bench-mark experiments 

Non-destructive assay of fissile 

isotopes 

Destructive assay of fissile 
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Surveillance 
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Study of control systems for various nuclear plants 
1 Completion of the design of control systems for HEU and 

Pu fabrication plants and for LWR reactors 

Theoretical investigations 

2 Report on fission products correlations 

Establishment and operation of data banks 

3 Start-up of the operation of the data bank at Ispra 

Experiments in reprocessing plants 

4 Execution of the experiment in WAK 

5 Completion of the data analysis for the experiment 

Organization of a Symposium sponsored by ESARDA 

6 Date of the Symposium 

Experimental analysis of the irradiated fuels 
Start-up and completion of the analysis on the TRI NO 3 fuel 

o 
9 Completion of the analysis on the Obrigheim fuel 

10 Start-up of the analysis on other reactor fuels 

Data analysis in terms of cross-section ratios 

H Assessment of the standardization problem and preparation 
of procedures 

11 Compilation of a list of reference materials available in 
EEC and IAEA 

12 Report on the international activities 

I Preparation of reference materials 

13 Report on the characterization of LEU fuel pins 
14 
-_ Start-up and completion of the characterization of UO2 powders 
16 Start-up of characterization of Pu fuels 

J Development and application of neutron techniques (active 
and passive) 

17 Completion of the project design of the new version of 
PHONID (Sb/Be) 

18 Completion of the fabrication and test of PHONID 

19 Proposal for the improvement of the random driver 

20 Completion of test, calibration and preparation of procedures 
for various passive neutron counting heads 

K Development and application of gamma techniques 

21 Report on the determination of the isotopie composition of Pu 

Ν 

O 

22 , 23 Start-up and completion of intercomparison of gamma 

and neutron techniques for Pu fuel pins 

Automation of NDA instruments 

Automation of mass spectrometry 

24 Completion of the on-line automatic analysis evaluation 

Setting-up of transportable mass spectrometer 

25 Completion of the development of the sources (surface 
ionization and plasma) 

Input measures in reprocessing plants 
26 Review paper on the problems connected with the input 

measures 

27, 28 Experiments in plants for the input tank calibration 

Ρ Development of ultrasonic apparatus and seals 

29 Completion of the industrialization of the US apparatus 

Q Applications of sealing and identification techniques to 

LWR, MTR, FBR, CANDU reactors 
30 Completion of the 1st part of the work on CANDU fuel trays 
31 Completion of the 2nd part of the work on the same subject 
32 Demonstration at Savannah River on the application to 

MTR fuel elements 
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