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ABSTRACT 

This document ¡s the progress report of the Programme Management of Nuclear 
Materials and Radioactive Waste of the Joint Research Centre for the period 
January —June 1978. 
The programme consists of three projects. 
The main achievements during the reporting period were the following: 

Project 1 : Evaluation of the long-term hazard of radioactive waste disposal 

The model used to calculate pathways and dose rates to man has been refined. 
Experiments have been carried out to determine leaching rates of vitrified high 
activity waste using water compositions related to specific geological disposal 
concepts. 
Experiments have been set-up to study the interaction of actinides with ground 
water and geological media following their eventual leaching from vitrified waste. 
An integral experiment on the monitoring of plutonium contaminated streams has 
been prepared in collaboration with the Dounreay reprocessing plant. 

Project 2 : Chemical separation and nuclear transmutation of actinides 

For the chemical separation of actinides from HAW, oxalate precipitation (OXAL 
process) and solvent extraction by HDEHP and TBP are being investigated. The 
tests of the flow-sheets on fully active HAW solutions are under way. 

On the basis of different strategies considered for actinides transmutation in 
nuclear reactors, the work for the design of an actinide fuel element has been started. 

Project 3 : Decontamination of reactor components 

Studies are being carried out on the chemical decontamination, on the physico-
chemical structure of the oxide layers and on the mechanisms of the decontamination 
process. 
An evaluation is in progress on the possibility and interest to execute the decommissioning 
of the Ispra 1 reactor as a test case. 
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1. INTRODUCTION 

The safe and economic management of the radioactive waste, p r o ­
duced in the exploitation of nuc lear energy at an indus t r ia l level , r e ­
qu i res a cons iderable effort of R&D. 

The Joint Resea rch Cent re (JRC) s t a r t ed work in the field of r ad io ­
active waste management in 1973. This p r o g r a m m e is par t of the 
activity of the JRC in the field of Nuclear Safety which includes a l so 
the p r o g r a m m e Reactor Safety and the p r o g r a m m e Plutonium Fuel and 
Actinide Resea rch . The staff al located to the p rog ramme for 1978 con­
s i s t s of 63 r e s e a r c h men, corresponding to about 6% of the total J R C -
staff. The p r o g r a m m e is c a r r i e d out at the I spra Es tab l i shment with a 
par t ic ipa t ion of the Kar l s ruhe Es tab l i shment . 

The JRC p r o g r a m m e Management of Nuclear Mater ia l s and Radioactive 
Waste has been organized into th ree p ro jec t s : 

- Evaluat ion of L o n g - T e r m Hazard of Radioactive Waste Disposal , 
compris ing essent ia l ly the identification and the evaluation of the 
l ong - t e rm hazard of the permanent s torage of radioactive waste in 
geological format ions . This type of s torage is considered at p resen t 
to be the most appropr ia te to solve the problem of radioact ive was te . 

- Chemical Separat ion and Nuclear Transmuta t ion of Actinides 
The objective is to obtain a be t te r apprec ia t ion of this advanced s t ra te ­
gy for managing radioact ive waste by separa t ing the act inides r e spon­
sible for l ong- t e rm r isk , from the bulk of the f ission products and by 
the i r t r ansmuta t ion in nuclear r e a c t o r s . 

- Decontamination of Reactor Components 
The objective is to study the nature of the contaminated l ayers and the 
applicat ion of var ious decontamination techniques in o rde r to optimize 
the decontaminat ion p rocedures requi red for the safe operat ion and 
for the decommiss ioning of nuclear r e a c t o r s . 

The Commiss ion of the European Communit ies s ta r ted in 197 5 an 
Indirect Action in this field. In this Indirect Action, which is conducted 
by means of cont rac ts with national l abora to r i e s , var ious aspec t s of 
waste conditioning technologies a r e studied and a la rge coordinated a c ­
tion for the study of waste d isposal in var ious types of geological forma­
tions was es tabl ished. 

The two p r o g r a m m e s complemented each other ra ther well and the coor­
dination between them and with national act ivi t ies was a s s u r e d by a p ­
pointing one Advisory Commit tee for P r o g r a m m e Management (ACPM) 
for the two ac t ions . 
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2. PROJECTS 

2.1. THE EVALUATION OF LONG TERM HAZARD OF RADIOACTIVE 
WASTE DISPOSAL 

The long - t e rm hazard of radioact ive waste d isposal in geological for­
mat ions , which is largely due to the p resence of ac t in ides , is studied 
by the b a r r i e r approach based on the evaluation of the b a r r i e r s p r o ­
vided between the disposed waste and man. 

The b a r r i e r s cons idered a r e the following: 

- Segregat ion provided by disposing the waste in a deep geological 
formation, 

- Long- t e rm stabil i ty of the waste conditioned in glass and bitumen, 

- Retention of act inides by geological media, 

- Ecological dis t r ibut ion pa t te rn of ac t in ides . 

The evaluation of the l ong - t e rm haza rd requ i res the development and 
applicat ion of waste hazard analyt ical models and exper imenta l studies 
for the quantification of the values of the different b a r r i e r s . 

In the field of models development we a r e pass ing from generic models 
in which the data a r e a r b i t r a r i l y se t on the bas is of scientific cons ide r ­
a t ions , to a more applied type of development in which the data a r e 
col lected on specific exper imenta l s i t e s , not neces sa r i l y linked to any 
future disposal operat ion. 

Concerning the exper imenta l s tudies on the long- t e rm stabili ty of the 
conditioned was te , both radiat ion damage studies on g lasses and studies 
on the leaching of vitrified and bituminized waste a r e in p r o g r e s s . 

Exper imen ta l s tudies on act inides dis t r ibut ion in the environment r e ­
late to the chemico-phys ica l in terac t ions between leached out act inides 
and geological media . The in terac t ions between the act inides and the 
b iosphere a r e studied essent ia l ly by means of theore t ica l mode l s , taking 
advantage of the l a rge amount of exper imenta l data genera ted by the 
ind i rec t p r o g r a m m e Radiation Pro tec t ion of the Commiss ion . Joint 
act ions a r e being set up to s t rengthen the links between the two p r o ­
g r a m m e s . 



2 . 1 . 1 Waste Hazard Analysis 

OBJECTIVES 

The a im of this study is to get a comprehensive view of radioactive 
waste hazard , with par t icu la r emphasis on the quantitative value of 
the b a r r i e r sys tem placed between waste and mankind. This a im 
will be pursued through the development and application of a s s e s s ­
ment methodologies, such as Fault T ree Analysis for the p robab i l i s ­
t ic a s s e s s m e n t of the value of geological containment, and c r i t i ca l 
pathway analysis for the determinat ion of environmental levels of 
radioactive pollution and corresponding dose ra tes to man. 

F o r the f irs t s e m e s t e r of 1978 the planned act ivi t ies w e r e : 

A. Application of Faul t T ree Analysis to specific disposal s i tes 
(Belgian clay formations) . 

B. Refinement of Model 1, used to calculate pathways and dose ra tes 
to man ¿ 1 / , through more careful a s s e s s m e n t of waste inventories 
re la ted to different fuel cycle options, and m o r e detailed leaching 
models for the different conditioned waste types . 

C. Development and application of new data handling techniques, a i m ­
ing at amel iora t ing the probabil is t ic analys is of the geological r e ­
tention b a r r i e r . 

RESULTS 

A. The Belgian clay formation of Boom was chosen during 1977 for 
the development of a s i te-specif ic application of the Faul t T r e e Ana­
lysis methodology, to quantify in probabi l is t ic t e r m s the value of 
this type of geological formation; the neces sa ry geological in forma­
tion has been collected through a close col laborat ion with the C. E . N. 
of Mol. 

Three different Faul t T r e e s have been constructed, having as the i r 
"Top Events" the re leases of radioactivity towards groundwater , 
land surface and a tmosphere , respect ive ly . About th i r ty " P r i m a r y 
Even ts" have been identified; thei r probabili ty levels a r e now being 
quoted. 

B. Three different LWR fuel cycles have been considered, namely: 

- the once-through s t ra tegy, 
- uranium recycle only, 
- uranium and plutonium recyc le . 

For each s t ra tegy, the quantit ies of wastes and the i r radiological 



proper t i e s and chemica l composit ion, as well as conditioning 
methods were examined; for each conditioned waste type a rough 
leaching model was defined, and the corresponding actinide r e ­
lease ra tes were calculated as a consequence of a flooding a c c i ­
dent of the repos i to ry . 

The disposal of unprocessed spent fuel e lements exhibits the 
l a rges t potential for re leas ing impor tan t flows of long-lived a lpha-
emi t t e r s towards the environment; however, re tent ion p r o c e s s e s 
in the deep subsoil between the geological formation and the b io­
sphere could have , in most c a s e s , the capability of a s su r ing a very 
long delay before r e l ea se of radionucl ides into the environment . 
There fore , a detailed evaluation of the p a r a m e t e r s controll ing the 
migra t ion of radioelements in the subsoi l has been under taken. 

C. A new data handling technique permi t t ing the t r ea tmen t of data in 
the form of probabil i ty h i s t o g r a m s , has been developed and applied 
to Model 1, a l ready descr ibed in ¿Ì, Zj'. 
With this technique the p a r a m e t e r s affected by large uncer ta in t ies 
can rece ive dis tr ibut ions of numer i ca l f igures , having probabili ty 
levels assoc ia ted with them; var ious possible resu l t s a r e then ob­
tained in the form of a h i s togram, where different in terva ls of 
values a r e indicated with the corresponding probabili ty leve ls . 

An example of an output h i s tog ram is shown in F ig . 1, where dif­
ferent r e l ease ra tes of plutonium from bituminized waste a r e a s s o ­
ciated to different probabi l i t ies . 

These techniques have been desc r ibed in two papers , p resen ted at 
in ternat ional conferences /3 ,4_/ . 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

The col laborat ion es tabl ished with C . E . N . -Mol for a s s e s s i n g the 
suitabil i ty of ce r t a in clay formations to accommodate waste produced 
by Belgian nuclear power plants , has a l ready been descr ibed above. 

A col laborat ion with l abora to r i es involved in the indi rec t p r o g r a m m e 
Radiation Pro tec t ion is foreseen; p re l imina ry contacts have been e s t a ­
bl ished with some of them, the objective being to provide the neces sa ry 
data input for the radioisotope dis t r ibut ion models . 

The second meet ing of the Working Group Risk Analysis Linked to the 
Disposal of Radioactive Waste in Geological Format ions (sub-group 
of fiche 7 of the Indirect Action P r o g r a m m e Management and Disposal 
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of Radioactive Waste) was held at I spra on May 18-19, 1978. The 
a im of the group is essent ial ly to facilitate the exchange of in forma­
tion among experts to point out r e s e a r c h needs for a be t t e r r i sk eva­
luation, and to favour the es tabl ishment of common c r i t e r i a for r i sk 
evaluation. 

CONCLUSIONS 

The methodologies developed at the JRC- I sp ra for the probabi l is t ic 
a s s e s s m e n t of the safety of the disposal in a generic geological for­
mation a r e well adaptable to r ea l disposal s i t e s . 

The application of both probabil is t ic and de te rmin is t ic models has 
shown that, although the conditioning ways and p roper t i e s of the var ious 
waste types need to be be t te r defined, the r i sk assoc ia ted to a geologi­
cal repos i tory is r a the r smal l , both in t e r m s of event probabili ty and 
of result ing dose r a t e s to man. 

The importance of the soil retention b a r r i e r is great; its efficiency 
depends on many p a r a m e t e r s which a r e very sca rce ly known: a g rea t 
deal of investigation should be devoted to this topic. 

PLANNED ACTIVITIES 

The Fault T ree Analysis for a repos i tory in clay formations will be 
completed by the end of 1978, so that a quantitative probabi l is t ic 
a s s e s s m e n t will be avai lable . 

The determinis t ic study descr ibed under i tem B. will be continued 
until completion of a Model 2. Wide use will probably be made of the 
data h i s togram t rea t ing techniques, for both kinds of s tudies . A c a r e ­
ful examination of the efficiency of the soil re tent ion b a r r i e r is a lso 
planned. 

REFERENCES 
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nized by ANS, Los Angeles , May 8-10, 1978. 
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Fig. 1 - Probability histogram for different release rates (Ci/y) of plutonium from 1 ton of 
bituminized waste 
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2 . 1 . 2 L o n g - T e r m Stability of Conditioned Waste 

OBJECTIVES 

The a im of this study is to obtain information on long- t e rm behaviour 
of conditioned high- and medium- leve l was te , in the f ramework of 
Waste Hazard Evaluation s tudies . 

The planned act ivi t ies for the f i r s t s e m e s t e r of 1978 were the follow­
ing: 

- Completion of the pos t - i r r ad ia t ion examination of the g l a s ses , i r r a ­
diated in the Pet ten reac tor , 

- Continuation of the glass leaching t e s t s , 

- Extension of the stabili ty tes t s to bi tuminized waste , 

- Verification of acce le ra ted tes t s of radiat ion damage of vitrified 
high activity was te . 

RESULTS 

P o s t - I r r a d i a t i o n Examinat ion of I r r ad ia ted Glasses 

The i r r ad ia t ion c a r r i e d out in the HFR at Pe t ten was intended to s imu­
la te , by the damage caused by fission f ragments , the damage produced 
by the alpha -par t ie le s. A max imum of fission density of 4 · 10 ' f i s s ions / 
cm^, which cor responds to 2 · 10 ¿ displaced a t o m s / c m ^ , was ca lcula­
ted for the i r r ad ia t ed s a m p l e s . 

The m e a s u r e m e n t s of the s to red energy, which were planned for the 
repor t ing period, will be completed only in July 197 8, due to the delay 
in the del ivery of the DTA (Differential T h e r m a l Analysis) appara tus . 
A final repor t on the exper iment will be p repa red . 

Glass Leaching Tes t s 

The study on the glass leaching is centered on the evaluation of the long-
t e r m weight loss and on the sys temat ic study of the surface layer com­
posit ion in o rde r to clarify the leaching mechan ism. 

Leaching tes t s of 1 yea r durat ion at 80°C and 50°C have been comple­
ted. The resu l t s of the analysis c a r r i e d out by X-ray d i spers ive t ech­
nique, using a scanning e lec t ron mic roscope , on the surface l ayers after 
1 y e a r leaching (Table 1), indicate a depletion of cat ions, much higher 
than was expected. The effect is m o r e important after the leaching tes t 
a t 80°C. 
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Additional surface analyses using a different method (spect rographic 
emiss ion) , a r e planned in o rde r to confirm this effect. 

Leaching tes ts of 4 months duration have been ca r r i ed out at 80°C 
using water conditioned by percolat ion through a si l ica sand (si l icon 
content 10 ppm). 
No significant difference in weight loss and surface layer composit ion 
was observed in compar i son with s imi la r t es t s ca r r i ed out with pure 
wa te r . 
This fact seems to confirm the hypothesis that si l icon re lease is due 
essent ia l ly to a colloidal r e l e a s e . 

Similar leaching tes t s with water percolated on clay a r e planned. 

TABLE 1 - Variat ions of some constituents of the surface 
layer composit ion (weight %) after leaching 
tes t s of 1 yea r durat ion at 80 and 50°C 

Initial cone. 

Final cone, 
tes t at 80°C 

Final cone, 
t es t at 50°C 

Si 

48 

1.6 

2 . 9 

Na 

12 

1.4 

2 . 0 

F e 

3.25 

1.1 

1. 1 

Ni 

0. 32 

0.02 

0.02 

Ce 

0. 76 

0 . 2 

0 . 4 

υ 

1. 38 

0. 17 

0. 7 

S m 

1. 12 

0. 17 

0. 7 

Stability Tes ts on Bitumen 

Some pre l iminary t e s t s on bi tumen have been init iated in o rde r to v e r i ­
fy the dependence of leaching on the solubility of the b i tumen- incorpora ­
ted salt and to clarify the mechanism of the long- t e rm leaching. 
F r o m the pre l iminary tes t s it appears c lear ly that the model of the d i s ­
solving sphere utilized for the glasses is not applicable to bi tumen. A 
model of constant leach rate coupled with a constant surface seems more 
likely. A se r i e s of tes ts have been init iated with the a im of measu r ing 
the amount of salt leached and the sal t dis tr ibut ion inside the s ample . 
No significant resul t has been obtained up t i l l now. 

Verification of the_Valid_ity of Accelera ted Tes t s of Radiation Damage 
of Vitrified High-Activity Waste 

The energy s tored by amorphous sil ica samples i r r ad ia t ed as indicated 
in Table 2 has been measured by t he rma l ana lys i s . A la rge amount of 



- 15 -

energy r e l ea se (150 - 2 50 ca l /g) is observed . 
The annealing curve shows ; two maxima at about 470° and 610°C (see 
F ig . 1). The energy s to red during i r r ad ia t ion may be a t t r ibuted to 
a tomic defects , S1O2 defective uni ts , both leading to long-range s t r u c ­
t u r a l dis tor t ion, a n d / o r to local d is tor t ion within the Si-O t e t r ahed ra 
caused by leakage or modification of the Si-O bond, connected with 
ionizing coll ision. 

The energy r e l eased af ter our i r r ad ia t ion is much l a r g e r than those 
obtained in previous m e a s u r e m e n t s / l , 2 / , cha rac t e r i zed by a higher 
i r r ad ia t ion t e m p e r a t u r e and much lower damage r a t e s . 
Therefore the energy s tored during i r r ad i a t i on of amorphous s i l ica 
s e e m s to depend strongly on the t e m p e r a t u r e of i r rad ia t ion , the dose 
ra te and the type of pa r t i c l e . 
At low t e m p e r a t u r e and at high dose r a t e s a l a rge amount of energy is 
s to red . 

A communicat ion was p resen ted at the Internat ional Topical Conference 
on "The Phys ics of S i 0 2 and its In te r faces" , a t the T. J. Watson R e ­
s e a r c h Cente r of York Town (Ν. Υ. , USA). The work per formed at I spra 
was of cons iderable i n t e r e s t to those sc ien t i s t s dealing with radiat ion 
damage in SiO_. 

TABLE 2 

Samples 

S i 0 2 

s io 2 

s io 2 

Radiation 

<X 

Ni + 6 

Ni + 6 

Energy 
(MeV) 

1.00 

46. 50 

46. 50 

Total dose 
( ion /cm ) 

i - i o 1 8 

1.6 - 1 0 1 5 

5 - 1 0 1 5 

DPA 

v^ 2. 5 

0. 16 

0. 5 

Dose ra te 
( ion /cm . s) 

4 .6 - 1 0 1 1 

6.9 Ί Ο 1 1 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

The col laborat ion with AERE, Harwel l has been pursued . Some p re l im i ­
nary contacts have been init iated with sc ien t i s t s from the Catholic Uni­
ve r s i ty of Washington with r ega rd to the cha rac t e r i za t ion of specia l 
g l a s s e s . Moreover , some specific d i scuss ions have been held with the 
Naval R e s e a r c h Labora to ry , Washington, .on defective cen te r s in SiO^ 
and with the Sandia Labora to r i e s Ν. Μ. , on optical spec t r a in i r r ad ia t ed 
fused s-ilica. 
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PLANNED ACTIVITIES 

F o r the second s e m e s t e r of 1978 the following act ivi t ies a r e planned: 

Radiation Damage on Glasses 

Measurement of the s tored energy in the g lasses i r r ad ia t ed in the 
HFR Pet ten . Redaction of the final repor t . 

Leaching Tes ts 

Leaching tes t s on g lasses with water percolated on clay. 
Leaching tes ts on bi tumen. 

Verification of the Validity of Accelera ted Tes ts of Radiation Damage 
of Vitrified High-Activity Waste 

F u r t h e r m e a s u r e m e n t s a r e planned, using high-energy e l ec t rons , 
a lpha-par t ie le s and heavy ions in o rde r to detect the relat ive contr ibu­
t ions, at var ious dose r a t e , of ionizing collisions to the var ious phy­
s ica l p roper t i es of g l a s se s . 
Other quantities such as optical absorpt ion will a lso be measu red for a 
be t te r understanding of the damage and annealing p rocesses at high 
dose r a t e s . 

REFERENCES 

[\J ROUX, Α . , CEA - Ν - 1171 (1969) 

[Zj ROBERTS, F . P . , JENKS, G. H. , ΒΟΡΡ, C D . , BNWL - 1944 
UC 70 (1976). 
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Fig. 1 — Rate of energy release after heavy ions irradiation at room temperature 
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2 . 1 . 3 Interaction of Actinides with the Environment 

OBJECTIVES 

The objective of this study is to obtain an understanding of the i n t e r ­
action of actinides with geological media and groundwaters following 
the i r eventual leaching from vitrified high level waste s to red in geo­
logical format ions . 

F o r the first s e m e s t e r of 1978, the planned act ivi t ies w e r e : 

a) The production of ame r i c ium- and plutonium-s pike d g lasses and 
the development of methods for the de terminat ion of t he i r physico-
chemical forms in leached solut ions. 

b) Migration experiments with leached solutions through sandy soils 
and sediments under various s imulated environmental conditions. 

c) Identification of exper imenta l s tudies needed for a be t te r under ­
standing of the in teract ion between act inides and the b iosphere , to 
be c a r r i e d out under the Radioprotect ion P r o g r a m m e of DG-XII. 

RESULTS 

a), b) Glasses containing Pu-238 and Am-241 have been produced with 
the techniques descr ibed in the previous P r o g r e s s Repor t s . With 
these glasses the two lines of r e s e a r c h defined in the objectives 
have been s ta r ted . 

Column exper iments (height 200 m m , diam. 26 mm) with sand 
grain size between 200 and 400 Aim, a r e at p resen t being c a r r i e d 
out. In the exper imenta l sys tem which was set up, wa te r flows 
over c rashed and sieved a lpha-bear ing g lass and then through 
the column containing the soi l . Water of a composi t ion typical 
of the aquifer overlying the Boom clay format ion of Mol, Belgium, 
has been used. This exper iment will be continued for at leas t a 
period of 3 months . The break- th rough solution is being cont ro l ­
led and, at the end of the exper iment , the column will be sl iced 
and the alpha-act ivi ty m e a s u r e d in o r d e r to es tab l i sh the actinide 
distr ibution profi le. 

Pa ra l l e l to this work the leached solution is passed through an 
ul t ra-f i l t rat ion sys tem and then cationic -anionic r e s i n s . At the 
outflow of the last r e s in the solution is collected, co-prec ip i ta ted 
with ce r ium ion and analyzed for a lpha-act iv i ty . 
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This exper imenta l sys tem is at p r e sen t running and will be 
(as above) continued for at l eas t 3 months . The analys is of the 
dis tr ibut ion of activity in the different components of the chain 
will give an indication of the s ize and charge of the chemical 
species of the act inides l ibera ted from the leached g la s s . 

c) The JRC followed up the init ial contacts made with var ious E u r o ­
pean l abora to r i e s ( P r o g r e s s Report Ju ly -December 1977) as well 
as with the Radiation Pro tec t ion P r o g r a m m e of the Commiss ion . 
The a im of this activity is to develop a harmonized s e r i e s of ex­
pe r imen ta l projects within the f ramework of the Radiation P r o ­
tect ion P r o g r a m m e of the DG-XII, B r u s s e l s . Severa l of these 
proposa ls a r e to be considered by the ACPM Radiation P r o t e c ­
tion, scheduled for June 5-7, 1978. This approach was cons ide r ­
ed by the JRC and the Radiation Pro tec t ion P r o g r a m m e to be the 
mos t effective solution to obtain a rapid s t a r t - u p of those expe r i ­
menta l ac t iv i t ies which may contr ibute to the JRC r i sk a s s e s s ­
men t p r o g r a m m e . It is envisaged that the JRC will actively con­
t r ibu te in this f ramework with the exper imenta l work on the che­
mica l specia t ion of ac t in ides . 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

During the repor t ing period contact was made with the following na t io­
nal ins t i tu tes : 

- F i s h e r i e s Radiobiological Labora to ry , Minis t ry of Agriculture, 
F i s h e r i e s and Food, Di rec to ra te of F i s h e r i e s Resea rch , Lowestoft, 
United Kingdom, 

- Biologische Anstal t Helgoland, Hamburg , Germany, 

- C o m m i s s a r i a t à l 'Energ ie Atomique: CEN/Fon tenay -aux -Roses and 
C E N / C a d a r a c h e . 

CONCLUSIONS AND PLANNED ACTIVITIES 

a), b) The exper iments in p r o g r e s s will be continued and a detailed ana­
lysis of the resu l t s obtained from the f i r s t run will be c a r r i e d out. 

Column exper iments with sand and clay mix tu res under high l i tho-
s ta t ic and hydros ta t i c p r e s s u r e s will be s t a r t ed in o rde r to s imu­
la te , r ea l i s t i ca l ly as poss ib le , the na tu ra l condition existing in 
the Belgian clay format ions . 

c) No spec ia l development is fo reseen in the second s e m e s t e r of 1978. 
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2 . 1 . 4 Actinides Monitoring 

OBJECTIVES 

The study aims at the development of a methodology for plutonium 
waste monitoring. 

In the planning for the reporting period we envisaged: 

- to heighten the knowledge contained in chapter II, III, IV of our 
guide on Monitoring of Plutonium-Contaminated Solid Waste S t r eams 
Λ7. 

- to wri te the chapter V of our guide on the Application of Active Neu­
t ron Assay [\J, 

- to tes t an on-line a lpha-moni tor for liquid was te . 

RESULTS 
1) Exper t i se 

Chapters II, III and IV of our guide [\J have been submitted to a 
judgement by an external scientific inst i tute . This exper t i se came 
to the conclusion that the adopted methodological approaches of chap­
t e r s II and IV a r e fully valid, but some exper iments a r e suggested 
for a be t t e r determinat ion of the prac t ica l l imi ts of some of the theo­
re t ica l models . 

Those exper iments concern the removal c ros s sect ion model for 
passive assay and the fast and t h e r m a l neutron induced fission effect 
in passive neutron assay . 

As far as chapter III (gamma assay) is concerned, the conclusions 
will be available in the course of 1978. 

2) Applicability of pu lse - to-pulse cor re la t ions in the t ime domain 
(higher order coincidences) 

Puls e- to-puls e corre la t ions in the t ime domain yield information 
about the neutron emiss ion p r o c e s s . F o r given spontaneous neutron 
emiss ion p r o c e s s e s , such information can be in te rpre ted in t e r m s 
of neutron multiplication effects. 

A pa rame t r i c study has been ca r r i ed out by means of Monte Car lo 
simulations and s ta t i s t ica l theory for determining the sensi t ivi ty of 
the pulse- to-pulse cor re la t ion technique relat ive to de tec tor efficien­
cy, t , detection delay t ime, 1, induced fission probabil i ty, P-r, and 
induced fission neutron multiplicity, V . 
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The study shows the applicabili ty of puls e - to-puls e co r re la t ion 
methods_for r a the r high values of S >20%, P-r > 5% (favoured 
by high V-values). 

3) Upgraded re fe rence moni tor for pass ive neutron a s say 

A f i rs t design of an upgraded reference moni tor for pass ive neu­
t ron a s say was e labora ted . This design a ims at the improvement of 
the neutron detect ion as sembly as well as of the e lec t ron ics . 
Components for this reference moni tor have been o rde red . 

4) In tegral exper iment 

An in tegra l exper iment on the monitoring of Pu-contaminated waste 
s t r e a m s in a fuel r ep rocess ing facility has been organized and p r e ­
pa red . This exper iment a ims at the demonst ra t ion of our moni to­
ring concept as outline in the guide [lj. It is scheduled for a du ra ­
tion of two y e a r s , beginning July 1978. 

5) Active neut ron a s s a y 

Chapter V dealing with the applicat ion of the active neutron technique 
for plutonium waste moni tor ing, has been drafted par t ia l ly . 

6) Sample p repara t ion 

In o rde r to min imize the m e a s u r e m e n t uncer ta inty caused by h e t e r o ­
geneity of was t e s , a method of sample p repara t ion by centrifuging 
has been set up. P r e l i m i n a r y exper iments aiming at the definition of 
the influences of m a t r i x m a t e r i a l s , heavy par t ic les s ize and densi t ies 
have been c a r r i e d out. 

7) X- ray t r a n s m i s s i o n pa t te rn 

G a m m a - r a y absorp t ion by heavy m a t r i x m a t e r i a l and plutonium 
lumps is a se r ious p rob lem in pass ive gamma as say of w a s t e s . Expe ­
r imenta l invest igat ions on the usefulness of X- r ay t r a n s m i s s i o n t ech­
niques for v isual iza t ion of gamma a b s o r b e r s in solid wastes have 
been s t a r t ed . 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

Cont rac t with EUREX (CNEN, Saluggia, Italy) concerning the test ing 
of on-l ine a lpha-moni to r (178-77 PIPGI, May 16, 1977). 

Contrac t with the Insti tut de Physique Nucléai re (Universi ty of Lyon, 
F rance ) for an exper t i se on the p repara t ion of the guide. 

Col laborat ion with the Plutonium Fabr i ca t ion Plant (CNEN, Casacc ia , 
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Italy) for the plutonium determinat ion in solid was te . 

Contacts with DNPDE (Dounreay, United Kingdom) in view of a col la­
borat ion on the monitoring of the contaminated solid waste s t r e a m s . 

CONCLUSIONS 

The objectives for the report ing period have been reached as far as 
the neutron assay techniques a r e concerned. No p rog re s s was obtained 
for verification of the passive gamma reference moni tor , because the 
completion of the apparatus is ser ious ly delayed. 
This apparatus will probably be available and operat ion only by the end 
of 1978. In view of this , new act ivi t ies under the heading "sample p r e ­
para t ion" and "X- ray pa t te rn" have been s ta r ted . 

The test ing of the on-line liquid alpha monitor in a fuel r ep rocess ing 
plant has not yet been s ta r ted due to delay in the operat ion of this plant. 

The staffing of this p rogramme activity was improved during the r e p o r ­
ting period such that the difficulties concerning the es tabl ishment of 
the "Advisory Labora tory for Plutonium Waste Monitoring" (as announ­
ced in the P r o g r e s s Report for Ju ly-December 1977) can be considered 
as overcome. 

PLANNED ACTIVITIES 

F o r the following s e m e s t e r a r e planned: 

1) Exper imenta l verif ication of the validity of the reference moni tor 
for passive gamma assay , 

2) As 1), but for pass ive neutron assay , 

3) Development of a computerized sys tem for puls e- to-puls e c o r r e l a ­
tion techniques, 

4) An integral exper iment will be s ta r ted in a fuel r ep rocess ing facility, 

5) Writing chapter V of our guide: Application of Active Neutron Assay, 

6) Test ing of an on-line liquid alpha moni tor under operat ional condi­
tions of a fuel reprocess ing facility, 

7) Development of sample prepara t ion techniques, 

8) Development of X- ray t r a n s m i s s i o n techniques. 
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2.2. CHEMICAL SEPARATION AND NUCLEAR TRANSMUTATION OF ACTINIDES 

If the separa t ion of the actinides from fission products is demons t r a ­
ted to be possible, it will open up a number of a l ternat ive waste 
management options in which the disposal of ac t in ides , largely r e s ­
ponsible for the long- term r isk, and f ission,products can be cons i ­
dered separa te ly . One option which would provide an ul t imate solution 
for actinide wastes is the t ransmuta t ion to shor t - l ived isotopes by 
neutron bombardment in r e a c t o r s . 

In the f ramework of the activity of the OECD Nuclear Energy Agency, 
in the field of radioactive waste, the Commiss ion has been chosen as 
leading organization for the studies on the chemical separa t ion and 
nuclear t ransmuta t ion of ac t in ides . 

The activity of the JRC in this field includes exper iments on the 
chemical methods required for actinides separa t ion from HAW and 
a s s e s s m e n t studies on the possibil i ty of actinides t ransmuta t ion in 
nuclear r e a c t o r s . 

F o r the chemical separa t ion of actinides from HAW, oxalate p rec ip i ­
tation (OXAL P r o c e s s ) and solvent ext ract ion by HDEHP and TBP a r e 
being investigated. 

The a s s e s s m e n t studies include, in addition to the reac tor physics 
a spec t s , the implications of the nuclear t ransmuta t ion on the nuclear 
fuel cycle (actinide fuel element design, modifications in the nuclear 
plants , i nc rease of cost and r i sk) . 
In o rde r to improve the accuracy of the reac tor physics calculat ions 
a p rog ramme of neutron c ross sect ion measuremen t s is c a r r i e d out. 

The JRC activi t ies a r e planned in such a way as to have a max imum of 
information emerging in the second half of 1979. It i s , in fact, intended 
to p repa re by the end of 1979 a major repor t dealing with a c r i t i ca l eva­
luation of the feasibility of the chemical separat ion and nuclear t r a n s ­
mutation of act inides . 

The repor t will a lso include an a s s e s s m e n t on the separa t ion of a c t i ­
nides from wastes of reprocess ing plants other than HAW and an a s s e s s 
ment on the different options for the disposal of separa ted ac t in ides . 



- 25 -

2 . 2 . 1 Chemical Separat ion of Actinides 

OBJECTIVES 

The activity per formed during the repor t ing period was a continua­
tion of the preceding exper imenta l activity a imed at demons t ra t ing , on 
a labora tory scale , the feasibili ty of the OXAL, HDEHP and T B P p r o ­
c e s s e s proposed for the HAW part i t ioning. 
To this purpose during the report ing period it was planned to init iate 
HDEHP ba tch-ex t rac t ion tes t s on fully active HAW solutions and counter-
c u r r e n t t e s t s on s imula ted solut ions. 

The continuation of the OXAL process t e s t s (oxalate precipi ta t ion and 
ac t in ide /REs separat ion) on rea l HAW solutions, was a l so included in 
the planned activi ty along with the p repara t ion of detai led flow-she ets 
and f low-diagrams needed for evaluating the engineering implicat ions 
of each actinide separa t ion p r o c e s s . 

RESULTS 

1. HDEHP E_x_t rac t ion P roc e s s 

The possibi l i ty of reducing the acidity of HAW solutions without any 
previous actinide separa t ion (di rect HAW denitrat ion), s trongly de ­
pends on to -what extent the coprecipi ta t ion of act inides during deni­
t ra t ion can be prevented or minimized . 

An acidity reduction s tep is in fact requi red whenever one of the 
cu r r en t actinide recovery methods , operat ing under low-acidity 
conditions, will be applied to HAW raffinâtes for part i t ioning p u r ­
poses . Usually, as the pH will i n c r e a s e , an impor tant fraction of 
act inides (mainly Pu) will coprecipi ta te with other hydrolysable 
meta l - ions (Mo, Z r , Nb, Fe) p re sen t in the HAW solution. In this 
r espec t the behaviour of plutonium during the preceding deni t ra t ion 
tes t on s imula ted HAW [\J appeared r a the r unexpected and led to 
a second s e r i e s of expe r imen t s . 
The prec ip i ta te formed during the deni t ra t ion t e s t s was suitably 
washed with formic acid and redissolved by hydrochlor ic acid. The 
fraction of res idua l plutonium st i l l remaining in the prec ip i ta te was 
in the o r d e r of a few tenths of percent of the init ial plutonium amount . 
The m e a s u r e d values may probably be decreased using ni t r ic acid 
as washing solution. 

According to the indications of these tes t s it appears that the pluto­
nium content of prec ip i ta tes genera ted during the HAW deni t ra t ion 
by formic acid could be minimized when suitable p roces s conditions 
a r e applied. Consequently, plutonium, s t i l l in solution after den i t r a ­
tion, could be coext rac ted with a m e r i c i u m and cur ium and its p r e -
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vious separa t ion before denitration would become unnecessa ry . 

The react ion mechanisms a r e present ly being invest igated. 

Fu r the r denitrat ion tes t s will be performed on s imulated and rea l 

HAW solutions. 

The HDEHP batch­ext rac t ion tes ts on fully active and acidic waste 

solutions have been initiated using as a solvent two HDEHP organic 

solutions having the following composi t ions: 

a) 0 .25 M HDEHP + 0. 17 M T B P in dodecane, 

b) 0 . 2 5 M HDEHP in mes i ty l ene . 

Fo r al l the extract ion tes t s the operat ing conditions were fixed as 

follows: 

­ the HAW solution was always previously fi l tered, 

­ an organic to aqueous phase ra t io of 1, a s t i r r ing t ime of 4 min 

and a t empera tu re of 2 5°C were employed, 

­ the phase separa t ion was at tained by décantation. 

The f i rs t set of exper iments ca r r i ed out using both the solvent mix­

tu r e s , showed the formation of precipi ta tes c lear ly visible at the in­

t e rphase . As in the case of simulated HAW, such in terphase p r e c i ­

pitates were eliminated by addition of NaNÛ2· 

For all the back­ext rac t ion tes ts 0. 8 M oxalic acid was employed 

as a str ipping solution, the other operating conditions being equal 

to those of the extract ion t e s t s . 

The p re l iminary resul ts obtained from extract ion and b a c k ­ e x t r a c ­

tion tes ts were sa t is factory . After three extract ion s tages no pluto­

nium activity was detected in both organic and exhausted aqueous 

phases . After th ree success ive back­ext rac t ion s t ages , the overa l l 

plutonium st r ipped from the organic was a lmost quanti tat ive. 

2. T B P Extrac t ion P r o c e s s 

The resul ts of concentra t ion­deni t ra t ion tes ts on s imula ted HAW, 

a l ready obtained during the preceding period [ζ], showed that, if 

the formation of plutonium­bea ring precipi ta tes has to be minimized, 

the reduction of the HAW acidity mus t be ca r r i ed out under wel l ­

controlled p rocess conditions. The setting up of the suitably equipped 

glass r eac to r vesse l has been continued. 

The concentrat ion­denitrat ion step is performed under constant­
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volume condit ions. Inside the r eac to r vesse l the level of the solu­

t ion is kept constant by an automatical ly operated addition of both 

formic acid and HAW solut ions. The acidity is m e a s u r e d by conduc­

t ime t ry . 

A set of concent ra t ion­deni t ra t ion t e s t s c a r r i e d out using s imulated 

HAW solutions, has shown that a HCOOH/HNO3 mola r rat io of about 

0. 7 is needed to provide during and at the end of the p rocess a n i t r ic 

acid concentra t ion not lower than 5 M/ l , as requi red to minimize 

the fraction of adsorbed plutonium ¿Zj. 

The sett ing up of the equipment will be completed in the next months . 

Active runs will s t a r t in October ­November 1978. 

3. OXAL P r o c e s s 

Expe r imen ta l t e s t s on s imulated HAW solutions, a imed at optimizing 

the act inide/REs separa t ion step, have been completed. As p r ev ious ­

ly repor ted ¿ZJ, a p rocess based on column ext rac t ion ch roma to ­

graphy (HDEHP supported on LEVEXTREL) has been tes ted . Two 

LE VE XT RE L/HUE HP columns, containing different amounts of ad­

s o r b e r have been uti l ized to remove plutonium and a m e r i c i u m from 

the HAW solution, at different acidity conditions respectively. 

Typical r e su l t s obtained by s imulated HAW solutions a r e i l lus t ra ted 

in F i g s . 1 and 2. 99. 7% of plutonium and z i rconium initially p re sen t 

was fixed on the f i r s t column (·ν0. 7 ml of adso rbe r ) after adsorpt ion 

and washing s t e p s . Both the e lements were quantitatively eluted at 

70°C by 1 M oxalic acid (Fig. 1 ). After deacidification of the HAW 

solution (pH = 2) a m e r i c i u m and REs were separa ted from F P s by 

adsorp t ion on the second column (^9 m l of a d s o r b e r ) . About 99% of 

a m e r i c i u m was then eluted by a complexing solution (0. 05 M DTPA + 

0. 5 M glycolic acid); 3. 7% and 27% of the init ial Ce­144 and Eu­154 

activi ty were detected in the a m e r i c i u m eluate. 

Based on these resu l t s the actinide fract ion should not contain more 

than 5% of the REs , as was originally ant ic ipated. 

To at ta in a higher degree of ac t in ide /REs separa t ion, if needed, an 

addit ional purif icat ion s tep has to be foreseen . 

Exper iments a r e s t i l l under way, in o rde r to improve the p e r f o r m ­

ance of the p r o c e s s . 

4. Engineer ing Implicat ion of Actinide Separat ion P r o c e s s e s 

Tentative f low­sheets and f low­diagrams of the th ree p r o c e s s e s a r e 

present ly being p r e p a r e d . A c r i t i ca l evaluation of the t h r ee flow­
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sheets in o rder to es t imate the engineering implicat ions will be 
initiated in the second s e m e s t e r of this yea r . 

CONCLUSIONS 

The act ivi t ies a r e basical ly proceeding according to schedule, although 
the tes ts on fully active HAW a re proceeding more slowly than expec­
ted. A revision of the planning may eventually be required in the next 
months . 

Special attention was paid to the setting up of both denitrat ion and 
concentra t ion-deni t ra t ion p rocesses which minimize the actinide con­
tent of precipi ta tes formed. This effort is motivated by the need of p r e ­
venting as much as possible , during the waste part i t ioning cycle the p r o ­
duction of new a lpha-bear ing waste . 

PLANNED ACTIVITIES 

During the following six months is planned: 

- to initiate denitrat ion tes ts on rea l HAW, 
- to continue HDEHP batch-ext rac t ion tes t s on rea l HAW, 
- to continue the exper imenta l work on OXAL process by test ing on a 

fully active laboratory scale the ac t in ide /REs separa t ion step, 
- to proceed to a f i rs t evaluation of the engineering implicat ions of the 

three f low-sheets . 
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2. 2. 2 A s s e s s m e n t Studies on Nuclear Transmuta t ion of Actinides 

OBJECTIVES 

The a im of this activity is to evaluate the neut ron-phys ica l and techno­
logical feasibili ty and c o s t / r i s k implicat ions of the t r ansmuta t ion of 
act inides other than fuel in fission power r eac to r s and to propose the 
best suited recycle s t ra tegy . 

In the p resen t repor t ing period, p r e p a r a t o r y work regarding the fuel 
e lement design, improvement of the r i sk source a s s e s s m e n t code and 
es tab l i shment of col laborat ion with ex te rna l inst i tutes were accentuated. 

RESULTS 

Selection of Recycle Stra tegies 

Before work on fuel element design could be s ta r ted , some fundamental 
decisions on the recycle s t ra tegy and the t r ansmuta t ion devices had to 
be taken. The c r i t e r i a to be observed when select ing possible recycl ing 
schemes w e r e : 

1. High t r ansmuta t ion rate per i n - co re t ime period in o rde r to min i ­
mize waste a r i s i ngs during the var ious process ing s teps and the 
inventory of highly hazardous m a t e r i a l . 
Consequently, r e ac to r s with high neutron fluxes, long in -co re r e s i ­
dence t imes of fuel e lements and high at tainable burn-ups should be 
chosen. Moreover , minor act inides should be i r r ad i a t ed in specia l 
regions of the r e a c t o r . 

2. Small react ivi ty penalt ies due to minor act inides and fission product 
impur i t i e s introduced into the r e a c t o r . 
Consequently, fast r e ac to r s a r e to be p re fe r r ed . 

3. Availabili ty of the technology at about the y e a r 2000. Consequently, 
only r e a c t o r s which a r e now in phase of design or a l ready operat ive 
a r e taken into cons idera t ion . However, developing potential of the 
var ious design p a r a m e t e r s which could improve the t r ansmuta t ion 
s t ra tegy should be included in the a s s e s s m e n t . 

4. Small per turba t ions of the no rma l r eac to r operat ion concerning flux 
and power dis t r ibut ion. 
This means that in case of a he terogeneous recycle scheme, the m i ­
nor act in ide-containing fuel e lements should be spread over chosen 
core zones . 

5. Poss ib ly s i m i l a r radia t ion levels of no rma l fuel e lements and minor 
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actinide-containing fuel e lements . Therefore , only r eac to r s with 
Pu- recyc l ing or recycling of U-233 a r e being considered. More ­
over the application of diluting ma te r i a l s is indicated. 

6. The change in fabrication, t r an spo r t and reprocess ing technology 
due to the presence of the minor actinides should be kept smal l 
and the implication on the fuel cycle costs should be minimized. 
Consequently, minor actinides should be contained in a minimum 
number of fuel elements which, however, before reprocess ing , 
could be mixed with normal fuel e lements . Recycle through a u r a ­
nium-fed LWR will be excluded. 

As a conclusion of these r equ i r emen t s , which a r e part ly competing 
with each other , the following recycle s t ra teg ies will be investigated 
in more detail ; 

- recycle through the core of a fast b r e e d e r r eac to r (quas i -he te roge­
neous), 

- recycle through a l ight-water reac tor with plutonium recycle (homo­
geneous), 

- recycle through a pebble-bed reac tor with spher ica l fuel e lements 
(heterogeneous) . 

Review of Per formance Data for Fue l Element Design of the F a s t 
B r e e d e r 

In ref. [\J, the performance data of var ious fast b r e e d e r fuel e lements 
have been collected. They a r e reproduced in Table 1. The high max i ­
mum permiss ib le l inear power rating, maximum neutron flux and max i ­
mum burn-up led to the decision to choose the NA 1 design as reference 
fast b r eede r for t ransmuta t ion . 

Design Work for Minor Act in ide-Bear ing F a s t B r e e d e r Fue l Pins 

Design work for the fuel element is based on the assumpt ion that a l l 
geometr ic p a r a m e t e r s which could influence the the rmo-hydrau l i cs of 
the coolant channel, r emain cons tants . Thus, the outer d iamete r of the 
pin and the maximum permiss ib le l inear power rating shall not be var ied . 

Supposed that the t a rge t pin with 85% of theore t ica l density of the oxides, 
is going to be inser ted into the reac tor zone with the highest flux of 

ψ = 8. 9 · 10 η / 15 , Ζ 
cm . s 

the l inear power rat ings shown in F ig . 1 were obtained for the minor 
actinide compositions of Table 2. 



TABLE 1 : CHARACTERISTICS OF FBRs 

Reactor power (MW) 

Temperatures (°C) 

Dimensions (mm) 

thermal 

electric. 

core inlet 

core outlet 

midd wall 

clad (max) 

fuel (max) 

core height 

coreø 

clad o.d. 

clad i.d. 

rad. gap 

Subassemblies 

Pins/subass. 

Fuel material 

Pu in zone 1 (% ) 

Pu in zone 2 (% ) 

Pu in zone 3 (% ) 

Cladding material 

Power rating 

Linear mean (W/cm) 

Linear max. (W/cm) 

f/TlMW/T H.M.) 

Neutron flux x10 ' l s 

(n/cm2.s) 

core (max) 

core (mean) 

Fluence (max) at clad (n/cm2) 

Burn-up of core fuel 
(GWD(th)/T) 

mean 

max 

FRANCE 

PHENIX 

5B3 

250 

400 

560 

650 

700 

SUPER 
PHENIX 

2910 

1200 

395 

535 

620 

700 

850 

1390 

6.6 

1000 

3660 

8.65 

103 

217 

u o 2 / · 
Pu02 

358 

271 

U0 2 / 
Pu02 

18 

25 

ss ss 

430 450 

7.2 

3-1023 

50 

4.6-1023 

70 

U.K. 

DFR 

72 

15 

200 

350 

PFR 

600 

270 

400 

562 

660 

700 

CFR 

2900 

1320 

400 

662 

620 

700 

6.0 

910 

1470 

5.84 

1000 

2900 

5.84 

5.32 

U 

78 

325 

U0 2 / 
Pu02 

342 

325 

U0 2 / 
Pu02 

ss ss 

320 

450 450 

160 

2.5 8.5 11 

53 70 70 

SNR 
300 

736 

312 

377 

546 

F.R.G. 

SNR 
2 NA1 

2500 

1200 1000 

430 

580 

GC 
FBR 

2780 

1030 

273 

655 

670 

2400 

950 

1780 

6.0 

(2800) 
. 2400 

955 

2860 

7.6 6.7 

700 

8.2 

6.0 

205 

169 

U0 2 / 
Pu02 

210 

331 

uo2/ 
Pu02 

ss Incoloy 
800 

452 

460 5GG 

143.9 

6.0 8.92 

6.35 

55 

87 

79 

125 100 

USSR 

BN 
350 

1000 

350 

300 

500 

BN 
600 

1480 

600 

380 

550 

680 700 

1060 

1580 

6.1 

750 

2050 

6.9 

169 

U02 

127 

ÜÓj / * 
Pu02 

ss ss 

470 530 

50 90 

JAPAN 

MONJU 

714 

300 

390 

540 

700 

900 

1780 

6.5 

196 

169 

U0 2 / 
Pu02 

Zircon. 

457 

4.0 

80 

U.S.A. 

EFFBR 

200 

66 

290 

430 

CR 
BR 

950 

360 

387 

540 

AIFO 

2400 

1002 

GEFO 

2417 

1011 

636 

640 

910 

1880 

5.84 

198 

217 

U uo2/ 
Pu02 

ss 

250 475 

116 155.6 

4.7 

3-10" 

67.7 104.5 

150 

LO 
LO 



TABLE 2 - Ni / g r a m - a t o m s / c m pin length/ 

FBR 1st cycle 

FBR equi l ibr ium 

U-LWR 

FBR 1st cycle 
without Np 

FBR equi l ibr ium 
without Np 

U-LWR without Np 

Np-
237 

3 .23-3 

2 .26-3 

7 .27-3 

-

-

-

A m -
241 

4 .06 -3 

2 .28-3 

6 .23-4 

5.99-3 

3.37-2 

2 .29 -3 

A m -
242M 

7 .23-5 

1. 56-4 

1. 16-5 

1. 07-4 

2 .31 -4 

4 . 2 7 - 5 

A m -
243 

2 .47-3 

2 .57-3 

1.53-3 

3 .64-3 

3 .80-3 

5. 63-3 

Cm-
242 

1.22-4 

1.11-4 

7. 31-5 

1. 80-4 

1.64-4 

2 .69-4 

C m -
243 

7.83-6 

6. 59-5 

1.09-6 

1. 16-5 

9 .74-5 

4. 00-6 

C m -
244 

1.78-4 

1.33-3 

4 .69 -4 

2 .63-4 

1.97-3 

1.73-3 

C m -
245 

5.68-6 

1.74-4 

3. 07-5 

8.39-6 

2 .57-4 

1.13-4 

C m -
246 

1.74-7 

1.03-4 

3.59-6 

2 .57-7 

1.52-4 

1.32-5 

C m -
247 

1.16-5 

1.72-5 

C m -
248 

5. 56-5 

8.23-6 

Cf-
249 

4. 52-7 

6 .68-7 

Note that these isotopie concentra t ions refer to the i r r ad ia t ion t ime point ze ro . 
During i r r ad ia t ion the composit ion is changed such that react ivi ty and specific 
power of the t a rge t e lements will vary . 

LO 



35 

The p re sence of the fer t i le Np-237 leads to a considerable i nc rease 
of the specific power during an i n - co re t ime period. In addition, the 
ini t ial l inea r power rating resu l t s a l ready as considerably high com­
pared to 566 W/cm permi t ted . 

P r o p o s a l s for the reduction of the power rating a r e d iscussed in ref. 
[zj. The geomet r i ca l and per formance data ' for the pin a r e summar i ­
zed in Table 3. 

TABLE 3 

Pe l le t d iamete r (mm) 
Cladding outer d iam. (mm) 
Cladding thickness (u) 
Power rat ing (W/cm) 
Burn -up (MWd/t) 
Max. wall cladding t emp. 

(°c) 
Pel le t density (%TD) 
Max. neutron flux (n / cm .s) 
Cladding m a t e r i a l 

6 
6 . 7 
350 
566 
125,000 

620 in - 590 ext 
85 
8. 92 · 1 0 1 5 

Incoloy 800 

In case the l inear power rating is reduced by m a t e r i a l dilution, using 
a l te rna t ive ly as diluting m a t e r i a l UO^, MgO, or ZrC^, the compos i ­
t ions in g r a m s per cm of pin length of Table 4 must be chosen in o rde r 
not to exceed the max imum p e r m i s s i b l e l inear power rat ing. 

TABLE 4 

Diluent 
Mate rial 

MgC) 
Z r 0 2 

Total oxides 
g / c m pin length 

(2.675) 
2. 177 
2. 349 
1.934 

2. 10 

Fuel Composit ion 
g of ox ide /cm pin length 

U 

(0.749) 

Mg 

0. 174 

Z r 

0.352 

Np 

1.391 
1.459 
1.434 
1.393 

A m 

0.428 
0.435 
0.446 
0.425 

1. 659 

C m 

0. 107 
0.109 
0.117 
0.116 

0.441 

In addition to dilution, the l inear specific power rating can a l so be r e ­
duced by different geometr ic configurations of the pe l le t s . This would 
represent the advantage of not introducing any m a t e r i a l other than m i ­
nor act inides to the r e a c t o r and the fuel cycle faci l i t ies . The annular 
pellet configuration, the th icker cladding sheath vers ion and the pellet 
with largely d is t r ibuted porosi ty , a r e shown in F igs . 2 to 4. A combi -
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nation of thicker cladding and increased porosi ty may be an optimum 
s olution. 

A selective valuation of these proposals is envisaged in collaborat ion 
with the Kar ls ruhe Establ ishment of the JRC by invest igat ing: 

- t empera tu re profiles and levels , 
- oxygen redis tr ibut ion, 
- t he rma l and fission gas s t r e s s to the cladding as well as co r ros ion 

and embri t t lement , 
- pellet behaviour under power conditions, 
- a s s e s s m e n t of fabrication problems, 
- construct ion of phase d iagrams for actinides and di luents . 

Risk A s s e s s m e n t 

A Waste Management Code for the recycling of act inides in a nuc lear 
reac to r has been elaborated and is at p resen t in its numer ica l t e s t 
phase. The code pe rmi t s to calculate the actinide a r is ings for the fol­
lowing cases after n cycles of a nuclear power reac to r operat ion: 

1) Actinide Input and Output for the cases called Actinide Recycling 
(ÀR) and No Actinide Recycling (NAR) 

2) Actinide Waste Aris ings for the Actinide Targe t Elements (TE), 
the Normal Fuel Elements (NE) for the recycling case and for the 
fuel elements with no actinide recycl ing. 

The code uses as input data the actinide vectors calculated for the n- th 
cycle with more sophist icated burn-up codes and calculates the isotopie 
concentrat ions built up in the different components of the fuel cycle 
via vectors specifying the isotopie m a s s flow to waste repos i to r i es and 
or to the sur roundings . 

Calculated for each component of the fuel cycle a r e the accumulated 
isotopie vectors (units: g / t H M and g/GWye), the neutron output from 
spontaneous fission or (<*-n) react ions with oxide (units: neu t rons / tHM 
and neutrons/GWye ), the actinide decay heat (units: W / t H M and W/GWye), 
and the inhalation and ingestion hazards (units: m ' a i r / t H M and m^ a i r / 
GWye and m 3 H 2 0 / t H M and m 3 H 2 0/GWye respect ively) . 

All quantities a r e calculated during the Nuclear Power Per iod as func­
tion of the number of completed actinide recycle periods and during the 
Decay Per iod as function of t ime . This code will be used to a s s e s s the 
r i sk sources of the two al ternat ive fuel cycles under invest igation. 
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COLLABORATION WITH EXTERNAL ORGANIZATIONS 

- Cont rac t with the Aus t r ian Academy of Science, Vienna 

The work regard ing this cont rac t has been successfully accompl ished 
by providing a final repor t [ij and neutron c r o s s sect ion data for 
Am-243 . The a im of this contract was to invest igate whether suffi­
cient nuclear input data a r e exist ing to compute reac t ion c r o s s s e c ­
tions of a m e r i c i u m and cur ium isotopes for fast neutrons by means 
of theore t i ca l models for the nucleus, to develop a suitable computer 
p r o g r a m for calculat ing ^ ( E ) , ^ ( E ) , and cT _ (E); and to supply 
these c r o s s sect ions to Am-243 . 

The final r epor t contains the following i t e m s : descr ip t ion of a modi ­
fied ve r s ion of the computer p r o g r a m STAPRE for par t i c le - induced 
act ivat ion c ro s s sect ions in which the f ission p rocess has been in­
cluded. Descr ip t ion of the computer p r o g r a m CAPTRE needed to ca l ­
culate the c ro s s sect ions for lower neutron ene rg i e s . Indication of 
l i t e r a tu re [AJ regarding s t a t i s t i ca l model p a r a m e t e r s which a r e need­
ed as input p a r a m e t e r s for calculating neutron c r o s s sect ions for va ­
rious minor actinide i so topes . List ing of t r a n s m i s s i o n coefficients 
for U-238 derived by means of the I U P I T O R - K / V code which can, in 
a f i r s t - o r d e r approximat ion, be applied a l so to calculate neutron 
c ro s s sections for other i so topes . 

By compar ing calculated resu l t s for <7"f(E) of U-238 with ENDE/B 4 
data (see F ig . 5), the c o r r e c t working of the computer p r o g r a m has 
been proved. F ig . 6 shows the resu l t s for ^ E ) of A m - 2 4 3 . A s i m i ­
la r s i tuat ion as in the case of the f ission c r o s s sect ion of Am-241 was 
found, where exper iments of W. Hage et a l . as well as model ca lcu­
lations by F . M. Mann, HEDL, demons t ra ted that E N D F / B 4 data a r e 
much too large for energy ranges below 100 keV. F ig . 7 gives the 
calculated resu l t s for the capture c ro s s sect ion of Am-243 , compa­
red to the ENDL-76 data se t of Saclay. It may be seen that the theo­
re t i ca l values a r e par t ly , by a factor of 5, higher than the Saclay 
va lues . 

It is intended to ut i l ize the new data for deriving effective one-group 
c r o s s sect ions for different fast b r e e d e r neutron s p e c t r a and to apply 
them in ORIGEN as well as m o r e refined FBR physics ca lcula t ions . 

- Cont rac t with KFA Jülich 

A one-year study cont rac t with the "Insti tut für Reaktorentwicklung" 
of the KFA Jülich has been concluded to invest igate the pebble-bed 
r e a c t o r as device which produces and t r ansmu te s act inides other than 
fuel. This r e a c t o r type uses sphe r i ca l fuel e lements of about 5 to 10 g 
of heavy meta l s in the form of coated p a r t i c l e s , included in porous 
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graphite and two further pyrolytic shea ths . 
The potential advantages of this r eac to r as t ransmuta t ion device 
consist in the very high attainable burn-ups , the possibil i ty .to r e ­
cycle minor actinides in separa te spheres which may be dis tr ibuted 
homogeneously over the whole core ( i . e . to rea l ize a heterogeneous 
recycle scheme without perturbing the macroscop ic power d i s t r ibu­
tion), and a possible re-feed of the spheres after d ischarge from the 
reac tor without reprocess ing . 

In addition to the reac tor physics calculat ions by methods developed 
at Jülich, information on the fabrication and r ep rocess ing of s p h e r i ­
cal fuel elements will be provided. The resu l t s of this study will be 
provided in the middle of 1979. 

- Contract with CNEN Casacc ia 

A one-year study contract is being concluded with the "Dipar t imento 
Ricerca Tecnologica di Base Avanzata" of the CNEN Casacc ia with 
the scope of obtaining refined reac tor physics calculat ions for two 
FBRs with different hard neutron spec t ra . By this the p re l iminary 
calculational resu l t s for t ransmuta t ion r a t e , specific power rat ing 
and react ivi ty effects of minor act inide-containing fuel e lements p e r ­
formed at I spra [sj, shall be verif ied. 

Also this study will be te rminated in the middle of 1979. 

CONCLUSIONS 

It is obvious tJhat the recycle s t ra teg ies proposed for minor actinides 
a r e of p re l iminary nature which have to be adjusted after having resu l t s 
for cost and r i sk analysis and more detailed invest igat ions in the fields 
of reac tor physics , fuel element fabricat ion and r ep roces s ing . 

Due to adminis t ra t ive difficulties the formalizat ion of the cont rac ts for 
evaluating the pebble-bed reac tor and the fast b r e e d e r has been delayed 
for half a yea r . However, it s eems s t i l l possible to get, by means of 
the resul ts st i l l to be provided, a feedback effect on the choice of the 
recycle s t ra tegy. 

PLANNED ACTIVITIES 

During the next report ing period the following act ivi t ies a r e envisaged: 

- Generation of updated l i b ra r i e s for LWRs and FBRs in o rde r to be 
able to reproduce exper imental ly de termined isotope dis tr ibut ions 
in i r r ad ia ted fuel s amples ; 
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­ P roposa l of the minor act inide­containing fuel pins for LWRs; 

­ P a r a m e t r i c fuel cycle cost evaluation; 

­ P r e l i m i n a r y resu l t s from the r i sk source computer p rog ram. 
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Fig. 1 - Linear power ratings for minor actinide - containing fuel pins as function of 
irradiation time 
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Fig. 2 — Annular pellet configuration 

Fig. 3 — Pellet configuration with thicker cladding 

Fig. 4 — Pellet configuration with largely 
distributed porosity 
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2. 2. 3 Actinide C r o s s Section Measurements 

OBJECTIVES 

During December 1977 the Am­241 fission c r o s s sect ion has been m e a ­

sured applying the fission product detect ion method with a quasi 4ΥΓ gas 

scint i l la t ion chamber . The exper iments have been c a r r i e d out in the 

energy range of 230 keV -c E n < 1170 keV. As neutron source the 3 MeV 

Van de Graaff a c c e l e r a t o r of the Insti tute for Applied Nuclear Phys ics 

of the KfK, Kar l s ruhe has been used. 

The f i rs t pa r t of the y e a r was foreseen for the analys is of the e x p e r i ­

menta l data . 

RESULTS 

During these exper iments the double f iss ion chamber had in i ts t e s t 

posit ion a mixed t a rge t consist ing of (0. 942 + 0. 22) mg U­235 and of 

(0. 917 + 0. 12) mg A m ­ 2 4 1 . In the re fe rence position a U­235 t a rge t 

of (4. 76 + 0. 10) mg had been used . The t e s t and re fe rence t a rge t s i r r a ­

diated by a monoenerget ic pulsed neutron beam were at a dis tance of 

48.5 cm and 54. 5 cm respect ively from the neutron generat ing t a rge t 

(Li(p, n)Be). 

The neutron pulse durat ion was s m a l l e r than 0. 8 ns and the neut ron 

pulse frequency 5 MHz. The resul t ing f ission product energy s p e c t r a 

were recorded for two s u b ­ c h a m b e r s , one belonging to the t e s t , the 

o ther to the re ference t a rge t as t h ree ­d imens iona l time­of­flight energy 

spec t r a . F o r the t ime axis 252 and for the energy 16 channels w e r e 

avai lable . The neutron energy of the Van de Graaff has been moni tored 

with a L i ­g l a s s de tec tor . The exper iments were pe r fo rmed a t 4 differ­

ent neut ron energ ies 230 keV, 772 keV, 976 keV and 1170 keV. 

The energy­dependent t ime­of­f l ight spec t r a were t r a n s f o r m e d into reac­

t ion ra te r a t i o s . The Am­241 to U­235 f ission c r o s s sect ion ra t io was 

der ived from the express ion 
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R (E ) = react ion ra te of t a rge t i m e a s u r e d at 
i J 

neutron energy E . 

i = 1 tes t t a rge t , 2 re ference t a rge t 

j = 2 energy below the fission threshold of 
Am-241 

t f (Ey) = fission c r o s s sect ion 
A, U = index for isotope Am-241 and U-235 r e s ­

pectively 
Ν , N = number of Am-241 and of U-235 a toms in 

the tes t t a rge t 

£ , £ = detection efficiency for fission products 
of Am-241 and of U-235 fission counts . 

Using the specification of the tes t t a rge t , the above formula can be s i m ­
plified to: 

<TA(E ) R (E )R (E ) 
7=-; = - / T „ r - r- : 1.07312 - 1.05349 for E_ = 230 keV. 

T ^ ) R ^ E ^ R ^ ) 2 

Two different measu remen t s e r i e s c a r r i e d out at the same set of neu­
t ron energ ies , ag reed with each other within the der ived e r r o r l im i t s . 
However, the obtained fission c ros s sect ion values were a factor of 
about 1. 5 g rea te r than the resul ts obtained with the neutron detection 
method. This d iscrepancy is yet unexplained and s eve ra l invest igations 
a r e in p r o g r e s s . 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

The measu remen t s were performed in col laborat ion with the staff of 
the Institute for Applied Nuclear Phys ics of the KfK, K a r l s r u h e , and 
analyzed by the JRC staff. 

CONCLUSIONS 

An explanation for the d iscrepancies between the two m e a s u r e m e n t s 
has not yet been found and further investigations have to continue in or­
der to clarify the obtained r e s u l t s . 
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PLANNED ACTIVITIES 

It is hoped that a m a s s spec t rome t r i c analys is of the tes t t a rge t can 
provide the n e c e s s a r y information to clarify the obtained d i sc repan­
c i e s . Until those data a r e available no further analys is of the expe r i ­
ment will be done. 

The work on the calculat ion of the e r r o r l imi ts of the c r o s s sections 
m e a s u r e d with white neutron spec t ra is being continued. 

A feasibil i ty study is in p r o g r e s s for a f ission c ro s s sect ion measure ­
men t technique with multiple neutron coincidences . 
This technique should be applied for the m e a s u r e m e n t of the Am-243 
f iss ion c r o s s sect ion. 
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2.3. DECONTAMINATION OF REACTOR COMPONENTS 

OBJECTIVES 

The evaluation of the repor t p repared by the f i rm Labore lec under 
contract with the JRC [ÌJ, and our own bibliographic r e s e a r c h ( repor t 
in preparat ion) pe rmi t the following conclusions: 

1. Radiation fields in nuclear power plants a r e an increas ing problem. 

2. The mos t suitable and most applied method for p r i m a r y c i rcu i t pa r t s 
made from austenit ic alloys (austenitic s ta in less s teel , incoloy or 
inconel, making up approx. 70% of the in terna l surface of nuclear 
reac tors ) is the so-cal led hard chemical decontamination (APAC 
and s imi la r p roces se s ) . 

3. F o r some par t icu la r r eac to r s (CANDU) sufficient radiat ion field d e ­
c r ea se s were obtained with soft decontamination (i. e. redox cycling 
process or Candecon p rocess ) . 

4. Gaps of knowledge exist regarding the mechan i sms of contaminated 
oxide film formation and the mechan ism of decontaminat ion of a u s t e ­
nitic a l loys . 

On the basis of these conclusions and of the recommendat ions of the 
Advisory Commit tee for P r o g r a m m e Management to or ient the activity 
towards the waste problems related to decontamination p roces se s and 
decommissioning operat ions , the following act ivi t ies have been planned: 

- Systematic study of chemical decontamination, 

- Study of the phys ico-chemical s t ruc tu re of oxide l aye r s , 

- Study of the mechanisms of decontamination p r o c e s s e s , 

- Evaluation of the decommissioning of the I sp ra -1 r eac to r . 

RESULTS 

Systematic Study of Chemical Decontamination 

Chemical decontamination is a well-known technique which has been 
largely applied mainly on pieces of modera te d imensions . 
One of its drawbacks is that it produces a la rge amount of radioactive 
was te . The type of waste does not p resen t special problems of condi­
tioning,, as its composit ion is quite s imi l a r to the no rma l waste of 
power plants (filters and ion exchange r e s ins ) . The main problem lies 
in the amount of waste produced. 
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As the most common p rocess uses highly concentrated chemica ls , 
concentra t ion methods a r e use les s and the volume of the final sludges 
is quite impor tant . 

Scope of the p resen t work is to verify which is the min imum concen­
t ra t ion of sal t giving an acceptable decontamination level, in o rde r to 
minimize the amount of final sludges generated by the chemical decon­
taminat ion. 

The work will be per formed using known chemical s y s t e m s . In par t i cu­
l a r , f i rs t ly , a t h r e e s tage sys tem is being analyzed, namely: 

- p r e - t r e a t m e n t stage - Ci t rox (Turco Decon 4521) 

- oxidizing stage - AP (Turco Decon 4502) 

- final stage - Ci t rox (Turco Decon 4521) 

If other proved sys tems a r e avai lable , they will be tes ted as well . 

The t e s t s have been per formed on th ree types of s amples . 
A f i rs t type of sample has been obtained oxidizing samples of AIS I 304 L 
at 600°C in overheated s team during 30 days . A compact oxidized layer 
is obtained consis t ing of a homogeneous ex terna l par t and an i r r e g u l a r 
in te rna l par t which en te r s into the oxidized surface . 
These samples can be cons idered represen ta t ive of a surface with a long 
t ime exposure in the r eac to r . 

A second type of samples has been obtained exposing samples of AISI 
304 L in a solution of fe r rous t a r t r a t e at 300°C during 15 days . At this 
t e m p e r a t u r e the t a r t r a t e decomposes with s imultaneous par t ic le deposi ­
tion and oxidation. The ex terna l pa r t of the oxide layer is porous and 
p re sen t s a poor adherence ; the in te rna l par t consis ts of a slightly oxi­
dized l ayer . 
These samples can be considered represen ta t ive of a surface with a 
s h o r t - t i m e exposure in the r eac to r . 

A third type of sample has been p repa red using pieces obtained from 
the Gundremmingen and Obrigheim power s ta t ions . They p resen t a con­
taminat ion due pr incipal ly to Co-60 . They will be used mainly to verify 
the resu l t s obtained with the other two types of s amp le s . 

A s e r i e s of sys temat ic t e s t s has been planned operat ing at two t e m p e r a ­
t u r e s (80° and 95°C) and with th ree different concentrat ions (see Table 1). 

The decontamination t e s t s have been performed in a the rmos ta t i zed 
beaker , while gently s t i r r i ng , during 4 hours for each phase . The same 
solution was used for the f i rs t and third phases . 
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TABLE 1 - Concentrations (wt%) used in the decontamination t e s t s 

High 
Medium 
Low 

1st phase (Citrox) 

20 
8 
2. 5 

2nd phase (AP) 

30 
12 
4 

3rd phase (Citrox) 

20 
8 
2. 5 

The effect of each t r ea tmen t was determined by measur ing the weight 
variat ion for the s imulated samples and the Co-60 activi ty var ia t ion 
for the contaminated samples . 

At present the tes ts on the s imulated samples at 95 C have been com­
pleted. The resul ts a r e reported in Tables 2 to 4. 

Operating with the high concentrat ion the a t tack was very s t rong . After 
the 1st phase the weight loss was higher than the weight of FeoO/ formed 
during the sample t r ea tment . After the 3rd phase the samples showed a 
corroded i r r e g u l a r surface . 

Operating with the medium concentrat ion the resu l t s a r e very sa t i s f ac ­
tory for the samples simulating a long-t ime exposure but the a t tack 
seems too strong for the samples simulating a s h o r t - t i m e exposure . 

Operating with the low concentrat ion the resu l t s a r e sa t i s fac tory for the 
samples simulating a long-t ime exposure . However, the effect of the 
oxidizing phase seems to be negligible. 

It has to be noted that at 95°C the influence of the 1st phase is p r e d o m i ­
nant. Some tes ts at 80 C have shown, on the con t ra ry , a lower influence 
of the 1st phase . 

If the tes t s on the contaminated samples confirm these r e su l t s , e x p e r i ­
ments will be c a r r i e d out using only the 1st phase at h igher t e m p e r a t u r e . 



TABLE 2 - Decontamination tes t s with high concentrat ion solutions 
(weight in g rams) 

Long- t ime exposure 
samples 

Shor t - t ime exposure 
samples 

Mean 
values 

Mean 
values 

Weight of 0 2 

absorbed 

0.01560 

0.00012 

Weight of F e 3 0 4 
on the sample 

0.05643 

0.00186 

Weight var ia t ion 
1st phase 

-0.06961 

-0.00630 

Weight var ia t ion 
2nd phase 

+0.00109 

-0.00024 

Weight var ia t ion 
3rd phase 

-0.09532 

-0 .03689 

Weight var ia t ion 
Total 

-0.16384 

-0.04343 

TABLE 3 - Decontamination tes t s with medium concentra t ion solutions 
(weight in g rams) 

Long- t ime exposure 
samples 

Shor t - t ime exposure 
samples 

Mean 
values 

Mean 
values 

0.01572 

0.00012 

0.056 86 

0.00187 

-0 .04124 

-0.00380 

+0.00148 

+0.00037 

-0 .01438 

-0.00063 

-0 . 05414 

-0.00406 

I 

TABLE 4 - Decontamination tes ts with low concentrat ion solutions 
(weight in g rams) 

Long- t ime exposure 
samples 

Shor t - t ime exposure 
samples 

Mean 
values 

Mean 
values 

0.01020 

0.00012 

0.03690 

0. 00174 

-0.02074 

-0 .00145 

+0.00007 

+ 0.00004 

-0.00277 

-0.00013 

-0.02344 

-0.00154 
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Physico-Chemica l Structure of Oxide Layers^and Mechanisms of 
the Decontamination P r o c e s s e s 

In o rde r to improve hard decontamination p roces se s and to make soft 
decontamination sufficiently effective, a be t te r knowledge is requi red 
in the following fields: 

a) Structure and chemical composition of oxide films formed in high 
t empera tu re water on austenit ic a l loys, 

b) local distr ibution of active isotopes (in most cases act ive C o - i s o ­
topes) in the oxide films, 

c) mechanisms of action of the decontamination p r o c e s s e s . 

a) Structure and Chemical Composition of Oxide F i lms F o r m e d in High 
Tempera tu re Water on Austenitic Alloys 

Various authors suggest that the morphology of these oxide films is 
s imi l a r to those formed on carbon s tee l , i . e. oxide fi lms consis t 
of two l a y e r s . The inner oxide layer , formed by oxygen migra t ion 
into the meta l and meta l ion migra t ion outwards, is a porous oxide 
film with the dimensions and s t ruc tu re of the or iginal me ta l . 
The outer oxide layer is formed by precipi ta t ion of oxide c r y s t a l s , 
owing to supersa tura t ion of the aqueous phase produced by the me ta l 
ions which migra te outwards from the meta l through the oxide. In 
the case of carbon steel both oxide layers consis t of magnet i te . 

In the case of austenit ic alloys some authors suggest that spinel type 
oxides such as N iO.Fe203 or F e O . C r 2 0 3 a r e formed. The very-
smal l quantities of oxides formed on austeni t ic alloys in high t e m p e ­
ra ture water did not permi t , in the past , to demons t ra te ne i ther the 
two- layer s t ruc tu re nor the rea l chemical composit ion of the oxides. 
However, this should be possible with modern tools such as scanning 
e lec t ron microscopy (SEM) and surface analysis by Auger e lec t ron 
spectroscopy and secondary ion mass spec t romet ry (AES and SIMS). 

The r e s e a r c h has been oriented along the following l ines : 

- p repara t ion of suitably oxidized s ta in less s teel spec imens in a 
smal l high-tempe ra ture water t es t loop (set up during the previous 
r e s e a r c h p rogramme) , 

- morphological analysis of the specimens by means of SEM (to be 
c a r r i e d out in the JRC labora tor ies ) , 

- analysis of chemical composit ion profiles of the oxide on the s p e ­
cimens by means of AES-SIMS (to be c a r r i e d out under r e s e a r c h 
contract) . 
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Later on these s tudies shal l be completed by SEM investigations of 
contaminated surface specimens in the Medium Activity Labora tory 
of the JRC. Contaminated reac tor par t s from nuclear power plants 
of the Community, a r e a l ready avai lable for the p repara t ion of sui t ­
able spec imens . 

b) Local Dis t r ibut ion of Cobalt in Oxide F i l m s on Austenit ic Alloys 

Some authors suggest that radioact ice cobalt ions generated in the 
r e a c t o r water a r e incorpora ted in the inner oxide layer by m i g r a ­
t ion into the pores and precipi ta t ion on the pore walls and in the 
outer oxide l ayer by co-prec ip i ta t ion together with the respect ive 
spinel type oxides. 

Chemica l composi t ion depth profiles made with SIMS could be suffi­
ciently sensi t ive to revea l the d is t r ibut ion of cobalt within the oxide 
] a y e r s . 

The resu l t s obtained by the con t rac to r with SIMS will be evaluated 
a lso in this r e spec t . 

c) Mechanisms of Action of the Decontamination P r o c e s s e s 

- Hard Decontaminat ion 

Fo r p r i m a r y c i rcu i t pa r t s in austeni t ic alloys the decontamination 
p rocedures cons is t always of s t rong oxidizing and alkaline t r e a t ­
ment as the f i r s t s tep and of a complexing and acid t r ea tmen t as 
the second s tep . The hypothesis was put forward that with the f i rs t 
s tep the ch romium spinels , which a r e very r e s i s t an t to the chemical 
a t tack, a r e des t royed by oxidation of ch romium to chromium-VI and 
solubil izat ion as Chromate. The remaining porous i ron oxide s t r u c ­
tu re can be dissolved m o r e easi ly af terwards by the complexing 
acid t r ea tmen t . 

The applicat ion of the above mentioned invest igat ion techniques 
(SEM, SIMS, AES) to oxidized spec imens which had undergone 
the f i r s t s tep t r ea tmen t , should give an answer on the validity of 
the mentioned hypothes is . 

- Soft Decontaminat ion 

Very l i t t le knowledge exis ts on the effect of t h e r m a l or redox cycling 
on the oxidized austeni t ic alloy surfa.ces. The sma l l t es t loop which 
is avai lable from previous work, is par t icu la r ly useful for the in­
vest igat ion of co r ros ion product r e l ea se during cycle opera t ions . 
If the amounts of co r ro s ion products re leased during cycling a r e 
confronted with the changes in quantity and composi t ion of the ad-
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herent oxide, as they can be obtained by the mentioned surface 
investigations (SEM, SIMS, AES), useful information about the 
mechanism and the efficiency of these cycling p rocedures should 
be obtained. 

The main results obtained in the different fields a r e the following: 

a) Structure and Chemical Composit ion of Oxide F i lms F o r m e d in High 
Temperature Water on Austenitic Alloys 

A research contract with Dornier System, operat ing a specia l ized 
laboratory, has been concluded in o rde r to obtain the confirmation 
of the applicability of AES and SIMS techniques for our pu rposes . 

Certain problems concerning spec imen prepara t ion ( t ransformat ion 
of tube sections into flat surfaces without surface contamination by 
oil or grease) were resolved in the JRC- l abo ra to r i e s , and four s p e ­
cimens were submitted to investigation at Dornier System. 
The specimens were obtained with the following exper imenta l pro­
cedures: 

- 1) reference specimen made of non-oxidized s ta in less s tee l tube 

- 2) surface oxidized in oxygenized water at 300 C for 84 hour s , 

- 3) as no. 2, but oxidized during 500 hours , 

- 4) surface oxidized in oxygen-free, but hydrogenized water during 
1, 800 hours. 

Some preliminary r esu l t s obtained by Dornier on spec imen no. 4 
permit to draw the following conclusions: 

- AES and SIMS techniques can be successfully applied for the analy­
s is of our specimens. F o r the quantitative evaluation, co r rec t ions 
for surface roughness effects will be neces sa ry . The cor rec t ion 
will be determined by compar ison of the resul ts of rough and 
smooth non-oxidized me t a l sur faces , and by mic roscop ic studies 
of sectioned specimens before and after application of the SIMS 
ion bombardment. 
This work has to be c a r r i e d out at the JRC- I sp ra . 

- The AES depth profile of e lementary distr ibution does not revea l 
a two-layer morphology as expected from l i t e r a tu re information. 

- The AES depth profile shows slight unexpected gradients of the 
ratios between the e lements i ron, chromium, nickel and oxygen. 

- The SIMS analysis of the surface near the oxide-water in terface 
shows higher oxygen contents than expected assuming that the layer 
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is formed by spinel type oxides (MeO. Me£03). 

The final conclusions of the invest igat ion made by Dorn ie r is ex­
pected in July 1978. 

In addition to the AES-SIMS invest igat ions, SEM investigations of 
the surfaces and surface sect ions will be n e c e s s a r y . Especia l ly 
the p repara t ion of metal lographic sect ion specimens for SEM has 
requ i red some optimizat ion work. The following s tandard procedure 
was developed during the las t period: 

- cutting of sec t ions from the loop tubings with contamination by oil 
and g rease ; 

- covering of oxidized spec imen surfaces with a s ta in less s tee l layer 
of about 3 m i c r o n th ickness , by means of a sput ter ing (evaporation 
by ion bombardment ) technique; 

- embedding of the spec imen in Wood meta l and applicat ion of s tan­
dard meta l lographic polishing techniques . 

The p rocedure is now definitely es tabl ished and the f i rs t s e r i e s of 
spec imens , cor responding to those invest igated by means of the AES 
and SIMS techniques , is in p repara t ion . 

c) Mechanisms of Action of the Decontamination P r o c e d u r e s 

- Hard Decontaminat ion 

The studies r equ i r e suitable spec imens . Some specimens will be 
obtained from the s m a l l r e l e a s e t e s t loop during July, when 1, 800 
hours of oxidation at 300°C in wate r with about 0. 5 ppm dissolved 
oxygen, will be reached. 

Another specimen, submitted to m o r e than 5, 000 hours of oxidation 
in a t h e r m a l exchange tes t loop of the JRC, will be available in 
September . Both spec imens a r e suitable for surface investigations 
before and after t r ea tmen t with decontaminat ion solut ions. 

- Decontaminat ion by T h e r m a l and Redox Cycling 

In the repor t ing period the loop was run to p r epa re a suitable oxide 
layer on the t e s t section, for cycling exper imen t s . These runs will 
be t e rmina ted before the end of July. 

Three t h e r m a l cycles resu l ted f rom s ta r t ing and shut-down of the 
loop for maintenance work. The r e l ea se of solid and dissolved c o r ­
ros ion products during the runs were checked by chemical ana lys i s . 
The evaluation of the resu l t s will be completed as soon as the m i c r o ­
graphs of the surface sect ions allow a compar i son between the quan­
t i t ies of adheren t and re leased oxide. 
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All tests were carried out with feed wate r with an e lec t r i c con­
ductivity of 0. 15 micro-ohms and a content of dissolved oxygen 
of about 0 .4 ppm. The flow rate in the t e s t sect ion was always 
8 m / s . Every test is subdivided into the following phases : 

1) initial cold run of about 48 hours at 60 C, 
2) heat-up from 60° to 300°C within 4 hours , 
3) warm run during up to 300 hours at 300°C, 
4) cool-down from 300° to 60°C within 4 hours , 
5) final cold run of about 48 hours at 60°C. 

F i l t e r and ion exchanger samples were always taken at the s ame 
time interval during the three t e s t s . 

Test no. 1 was made with a new s ta in less s tee l (AISI 304) t e s t 
section, suitably etched before the s t a r t of the t e s t . During the 
tests nos. 1, 2 and 3 the total oxidation t ime at 300 C was 119 hou r s , 
223 hours and 666 hours, r espec t ive ly . 

The following general conclusions can be drawn from the r e s u l t s : 

1. The main quantities of metal were always re leased during the 
heat-up phase and the very f i r s t hours at 300 C. 

2. The release peak during the cool-down phase always br ings about 
minor quantities. 

3. The contributions of the individual meta l s to the overa l l r e l ea se 
rates change from the 1st to the 3rd run: the contribution d e c r e a ­
ses from 38. 8% to 4.8% for chromium, i n c r e a s e s from 34.4% to 
77. 6% for iron, and decreases from 2 5. 8% to 17. 5% for nickel . 

Evaluation of the Decommissioning of the I s p r a - I Reactor 

The Ispra-I reactor is a 5 MW r e s e a r c h r eac to r which had been in ope­
ration for more than 10 years . It is a r eac to r cooled and modera ted by 
heavy water with a graphite reflector. The scope of the p re sen t activity 
is to evaluate the problems which will be encountered in the d e c o m m i s ­
sioning of this reactor and to define which a r e the problems in common 
with the decommissioning of power p lants . If a r e a s of genera l i n t e r e s t 
are found, a research programme based on the decommiss ioning of 
Ispra-I as a test case will be proposed. 

Following the IAEA definition of the th ree success ive s tages of decom­
miss ioning, it can be said, that the I sp ra I reac tor , today, i s in i ts f i r s t 
stage. 
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The second stage c r i t e r i a a r e mainly imposed by economical cons ider ­
ations (minimizat ion of survei l lance and maintenance) , and a r e no r ­
mal ly different for different r e a c t o r s . 

The third stage (dismantling) seems m o r e appropr ia te for an operat ion 
a iming at obtaining re su l t s of genera l i n t e re s t . 

A genera l mapping of the activi ty levels in the var ious par t s of the 
r e a c t o r is being pe r fo rmed . The ex terna l c i rcu i t s have been examined. 
Most of them show a contaminat ion of the o r d e r of 10 uC i / cm^ , mainly 
due to Co-60 . In some par t s of the r e a c t o r act ivi t ies have been measu red 
of up to 30 u C i / c m . 

During the following per iod samples will be ext rac ted and measu red of 
graphi te from the ref lector and of concre te from the biological shielding. 
The activi ty of the t h e r m a l shielding will a lso be evaluated. 

A f i r s t sc reen ing of the possible subjects of r e s e a r c h has been made . 
The following topics s eem of pa r t i cu la r i n t e re s t : 

- methods of tota l decontaminat ion of the external c i r cu i t s , 

- methods of conditioning of act ivated concre te , 

- var ia t ion of C-14 pick-up by vegetat ion in a zone where act ivated 
graphite is burned, 

- genera l evaluation of the total amount of waste generated, following 
different s t r a t e g i e s . 

It is c l ea r that a solution for the d isposa l of the generated wastes has 
to be found before any dismantl ing opera t ion is s t a r ted . 

COLLABORATION WITH EXTERNAL ORGANIZATIONS 

Cont rac t with Dorn ie r System for the cha rac te r i za t ion of oxide layers 
by means of SIMS and AES techniques . 

CONCLUSIONS 

The f i r s t r e su l t s of the sys temat ic t e s t s on chemica l decontaminat ion 
indicate that the concentra t ion of chemica ls can be reduced if the t rea t ­
ment t e m p e r a t u r e is i nc r ea sed . 

The f i rs t r e su l t s on the composit ion of crud and surface deposits show 
a substant ia l difference when the c i rcu i t is opera ted in oxidizing or r e ­
ducing condit ions. The re is hope to obtain good resu l t s by a redox cy­
cling or at l eas t to reduce in this way the res i s t ance of the deposited 
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l ayer . 

The mapping of the res idual activity in the I s p r a - I r eac to r is continuing. 
The values of the contamination on the ex terna l c i rcu i t a r e encouraging. 

PLANNED ACTIVITIES 

Systematic Study on Chemical Decontamination 

Verification of the resu l t s with radioact ive s a m p l e s . Completion and 
verif icat ion of the low t e m p e r a t u r e t e s t s . Poss ib le extension to higher 
t e m p e r a t u r e s . 

Effect of T h e r m a l and Redox Cycling on Oxide F i lm Morphology 

Tests of redox cycling and analys is of the crud detached and of the r e ­
sulting su r faces . Evaluation of the implicat ions to the waste management . 

P re l imina ry Evaluation of the Decommissioning of the I s p r a - I Reactor 

Completion of the mapping of the res idua l act ivi ty. In-depth analysis of 
the possible subjects of r e s e a r c h . Evaluat ion of the type of disposal r e ­
quested. 
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3. CONCLUSIONS 

In the f i rs t s e m e s t e r of 1978 the p rog ramme has been executed in a 
sa t i s fac tory ag reemen t with the planning. 

The following main comments on the obtained resu l t s and planned ac t i ­
vit ies apply to the var ious p ro jec t s : 

Evaluat ion of L o n g - T e r m Hazard of Radioactive Waste Disposal 

In the field of the waste hazard analys is the methodology developed at 
I spra is being ut i l ized to quantify the probabi l is t ic value of the geolo­
gical b a r r i e r in the Boom (Belgium) clay formation. 

During the repor t ing period the model used to calculate pathways and 
dose r a t e s to man has been refined through m o r e careful a s s e s s m e n t 
of waste inventor ies related to different fuel cycle options and more 
detai led leaching models for the different types of conditioned was t e s . 

P r o g r e s s has been made in the studies on the stabili ty of conditioned 
waste and the in te rac t ion of act inides with environment, which a r e 
d i rec ted to provide input data for the waste hazard mode l s . 
Exper imen t s have been s ta r ted to de te rmine leaching ra tes of g lasses 
using water composi t ions related to specific geological r epos i t o r i e s . 
F o r the study of the in terac t ion of act inides with geological media and 
groundwaters following the i r eventual leaching from vitrified waste , 
g lasses spiked with plutonium and a m e r i c i u m have been produced and 
methods for the de te rmina t ion of the phys ico-chemica l forms of the 
act inides in the leached solut ions, a r e under study. 
Migrat ion exper iments with leached solutions through sandy soils and 
sediments under var ious s imulated envi ronmenta l conditions have been 
s t a r t ed . 

In o r d e r to provide input data concerning the in terac t ion of actinides 
with the b iosphere contacts have been taken with var ious European 
l abora to r i es operat ing in the f ramework of the indi rec t p rog ramme 
Radiation Pro tec t ion . In fact, the development of a harmonized s e r i e s 
of exper imenta l projects in the f ramework of the Radiation Pro tec t ion 
P r o g r a m m e could be the most effective solution to obtain the data need­
ed for the r i sk a s s e s s m e n t p r o g r a m m e of the JRC. 

In the field of act inides monitor ing the work for the p repara t ion of a 
guide on the moni tor ing of plutonium contaminated waste s t r e a m s is 
p rog re s s ing : at p resen t the chapter dealing with the active neutron 
a s say is in p repara t ion . 
Collaborat ions have been es tabl ished with scientific ins t i tu tes and nuclear 
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plant ope ra to r s . In par t icu la r an in tegra l exper iment is worth m e n ­
tioning, to be c a r r i e d out in the Dounreay rep rocess ing facility, on 
the monitoring of plutonium contaminated waste s t r e a m s . This expe­
r iment a ims at the demonstra t ion of the monitoring concept developed 
at I spra . It is scheduled for a duration of two y e a r s , beginning July 
1978. 
During the f i r s t s e m e s t e r of 1978 the staff al located to this activi ty 
was reinforced. 

The planning of future act ivi t ies for the project Evaluat ion of the 
Long-Term Hazard of Radioactive Waste Disposal is shown in Table 1. 

Chemical Separation and Nuclear Transmuta t ion of Actinides 

The JRC activi t ies in this field a r e planned in such a way to have a 
maximum of information merging in the second half of 1979. It i s , 
in fact, intended to p repa re by the end of 1979 a major r epo r t dealing 
with a c r i t i ca l evaluation of the feasibil i ty of the chemica l separa t ion 
and nuclear t ransmuta t ion of ac t in ides . 

In the field of the chemical separa t ion of ac t in ides , exper iments have 
been ca r r i ed out on simulated HAW solutions in o r d e r to clarify some 
par t icu la r points. During the report ing period i t was a l so poss ib le to 
pass to the second phase of the p r o g r a m m e which includes the t e s t of 
the three f low-sheets on fully active HAW solut ions. 

Due to the delay in the r ec ru i tmen t of a chemica l engineer , the c r i t i c a l 
evaluation of the th ree f low-sheets in o r d e r to e s t ima te the eng inee r ­
ing implicat ions will be init iated in the second s e m e s t e r of 1978. 

The staff allocated to the a s s e s s m e n t studies on nuc lear t r ansmuta t ion 
of actinides has been reinforced by a reduction of the effort on the a c ­
tinides c ros s section m e a s u r e m e n t s . 

Due to the complexity of the study which includes r e a c t o r physics c a l ­
culat ions, fuel e lement design, evaluations of cost and r i sk and of i m ­
plications on the nuclear fuel cycle, we plan to obtain contr ibut ions 
from externa l organizat ions by means of cont rac ts on specific top ics . 

The planning of future act ivi t ies for the project Chemica l Separat ion 
and Nuclear Transmuta t ion of Actinides is shown in Table 2. 

Decontamination of Reactor Components 

After-a period of t ime devoted to a l i t e r a tu re review and to p r e l im ina ry 
exper iments , the activity has been s ta r ted on some l ines of i n t e r e s t for 
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decontamination p r o c e s s e s in power plant opera t ions . 
The studies on the phys ico-chemica l s t ruc tu re of oxide l ayers and on 
the chemical decontamination take advantage of the use of modern 
tools of investigation, such as scanning e lec t ron microscopy (SEM), 
Auger e lec t ron spect roscopy (AES) and secondary ion mass spec t ro ­
m e t r y (SIMS). 

During the repor t ing period an evaluation of the possibil i ty and in te res t 
to execute the decommiss ioning of the I sp ra -1 r eac to r as a t es t case , 
has been s t a r t ed . 

The planning of future act ivi t ies is shown in Table 3. 

For further information, please contact the Programme Manager. 



TABLE 1 : PLANNED ACTIVITIES AND IMPORTANT MILESTONES FOR THE PROJECT 1 EVALUATION OF THE LONG-TERM HAZARD OF 
RADIOACTIVE WASTE DISPOSAL 

Activities 

Waste hazard analysis 

Long-term stability of 
conditioned waste 

Interaction of actinides 
with environment 

Actinides monitoring 

7 | 8 | 9 | 10 | 11 
s e c o n d s e m e s t e r 1978 (month) 

12 

-Θ-
<Z> 

-©-

1979 1980 

0-
©-

<& < ! > 

o ^ 

A Modelling of failure of geological disposal . 
Β Actinides distribution in environment following 

failure of geological barrier 
C Leaching tests on vetrified waste 
D Leaching tests on bituminized waste 
E Experiments of radiation damage in glasses 

F Interaction with abiotic environment 
G Interaction with biosphere: Collection of data and 
H Plutonium waste monitoring 

1 Completion of the model for clay formation (site specific) and start-up of the preparation of models for other geological formations 
2 Model revision (more detailed waste inventory, more detailed environment model) 
3 Model application to different fuel cycle strategies 
4 Completion of the experiments with water in conditions of geological disposal 
5 Completion of the experiments on bituminized waste and possible start-up of experiments on other matrices 
6 Decision point: completion of the experiments on the radiation damage simulation by fission fragments or start-up of a new irradiation test 
7 Completion of the experiments on the validity of accelerated tests 
8 Conclusion of initial column (soil and sediments) experiments with leached actinides and development of further experimental programme 

promotion of activities in a strict link with the indirect programme Radiation Protection 
9 Completion of the chapter V of the guide "Application of active neutron assay" 

10 Revision of the Guide 
11 & 12 Start-up and completion of the integral experiment in a reprocessing plant 



TABLE 2 : PLANNED ACTIVITIES AND IMPORTANT MILESTONES FOR THE PROJECT 2 CHEMICAL SEPARATION AND NUCLEAR TRANSMUTATION 
OF ACTINIDES 

A International coordination in the framework of the activity of the OECD Nuclear Energy Agency 
Β OXAL process 

C Solvent extraction 

E Reactor physics calculations 

F Collection of chemical and physical data for fuel element design 

G Cost and risk analysis 

H St udy of the implications of actinide recycling on the fuel cycle 

I Differential cross section measurements 

1 Organization of an international meeting 
2 Completion of the experiments on OXAL at fully active scale 
3 Completion of preliminary engineering evaluations 
4 Completion of the fully active scale batch experiments with HDEHP and TBP 
5 Start-up of the countercurrent experiments with HDEHP 
6 Preliminary engineering evaluations 
7 Report on feasibility of actinides separation. Tentative cost evaluation. Proposal for further actions 
8 Establishment of reactor physics calculation methods for FBR and THTR 
9 Generation of nuclear data set 

10 Completion of reactor physics calculations 
11 Proposal of preliminary fuel element designs containing actinides other than fuel 
12 Definitive proposal of fuel element 
13 Elaboration of an overall recycle strategy 
14 Establishment of cost calculation procedure 
15 Establishment of the methodology of risk assessment 
16 Results of cost and risk assessment 
17 Changes in nuclear plants and transportation 
18 Preparation of a report on the feasibility of the actinides transmutation 
19 Completion of the measurements on Am-241 



TABLE 3 : PLANNED ACTIVITIES AND IMPORTANT MILESTONES FOR THE PROJECT 3 DECONTAMINATION OF REACTOR COMPONENTS 

Activities 

Decontamination of 
reactor components A 

Β 

C 

D 

7 8 1 9 I 10 I 11 
s e c o n d s e m e s t e r 1978 (month) 

I 12 

(Τ) 
f 

-fTV (V 

1979 

0 ι 

1980 

A Systematic study on chemical decontamination 
Β Study on the physico-chemical structure of oxide layers 
C Partial decontamination using thermal redox cycling 

D Preliminary evaluation of the decommissioning of the Ispra 1 reactor 

Comparative tests on contaminated samples 
Decision point 
End of the experiments on the thermal cycling 
Decision point 
Redaction of an operational proposal - Decision point 

I 
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