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Abstract 

This report is a comprehensive review of the work carried out during 1974 and 1975 in the lspra establishment of the Joint 
Research Centre . Part one is devoted to a description of the activity carried out within the context of the running 
programmes. In the second part are described, from the viewpoints of the Scientific Departments of the Centre, some of 
the most relevant scientific and technical achievements. Part three treats both the technical and administrative support 
activities. A list of publications issued by the lspra Scientific staff is given at the end. 
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Foreword 

All years are years of trans1tt0n. This fact is widely acknowledged in forewords to 
activity reports. And the years 1974 and 1975 which are covered in this document are no 
exception. They were the middle years in the execution of the four year programme 
approved by the Council of Ministers in spring 1973. They were also the years during which 
the Joint Research Centre (JRC) paved the way for the approval in 1976 of its next four 
year programme. 

A fundamental reorganisation of the J RC was carried out. The first step was to separate 
the function of the Director General of the JRC from that of the Director General, lspra 
Establishment. The Director General, JRC and his staff now sit in Brussels. The Director 
General of the lspra Establishment is also the Deputy Director General of the JRC. 

A new directorate charged by the Commission with the management of the lspra 
Establishment was then appointed, and two major organisational concepts were introduced. 
One was to separate the tasks of executing the approved programmes from the preparation 
of future activities. The other was to separate the organization of the work in the specialised 
departments or divisions, which are centres of excellence in their respective scientific and 
technical disciplines, from the management of the programmes, with its monitoring of the 
progress of the work, verification of the relevance of the various actions to their finality and 
the provision of the interface with the Advisory Committees for Programme Management. 

During these two years particular attention has been given to the staff problems which, 
in the past, have generated serious social tension, and a solution to the most acute 
difficulties has been accepted by the Commission, for submission as a formal proposal for 
decision of Council. 

In the course of these two years a minor programme revision modifying slightly the 
balance of effort on some of the objectives, was approved by the Council of Ministers after a 
lengthy procedural ordeal. Fortunately this did not hinder the execution of the agreed four 
year programme; the details of the work done and the results obtained are described in this 
report. 

In the meantime, the preparation of the four year programme 1977 - 1980 was 
undertaken and conducted with the active participation of the scientific and technical 
members of the staff. About half of the A-grade staff were directly involved in this 
forward-thinking exercise. External expertise was utilised in the process, which was finalised 
when programme managers, heads of divisions and directors arbitrated arduous and 
sometimes painful decisions on programme reorientations. 

Whether it be by reorganising the services and adjusting the new organisation to the 
implementation of the on-going programme, by adopting solutions to long-standing staff 
problems, or by preparing the decisions for future activities, the two years covered by this 
report - 1974 and 1975 - have been devoted to making the lspra Establishment an 
effective instrument to be put at the disposal of the common needs and policies of research 
in the European Community. 

J.A. Dinkespiler 

Deputy Director General of JRC 
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Part 1 

THE RUNNING 
PROGRAMMES 





Presentation of the Projects 
Directorate 
F.H. Newth 

In the foreword to this report, reference is 
made to organizational changes during the period 
1974-1975. It is important to give more detail of 
this, inasmuch as it affects the conduct of the pro
grammes in the lspra Establishment. 

The organization chart in the preceeding report 
shows all scientific and technical work coming 
entirely within one directorate. Thus, the managers 
responsible for the conduct of the programmes 
were within the same reporting line as the heads of 
the Scientific divisions. The change which has now 
been made was to separate the management of the 
approved programmes from the day-to-day organi
zation of the work of the specialized departments 
of divisions. 

In this report, the organization chart shows 
three new departments; A B and C concerned with: 

Informatics, System Analysis and Information 
Engineering Sciences 
Physics, Chemistry and Materials Science 

Within these departments, each with its own 
director, the divisions are charged with the duty of 
maintaining or establishing centres of scientific and 
technical excellence. 

Each project within the overall programme 
approved by the Council of Ministers has a 
manager who is responsible for its execution. He 
has the task of control I ing the direction of the 
work carried out for the project within the Scien
tific divisions, organizing the resources available 
within the budget and reporting the results of the 
work done. These project leaders are united within 
a projects directorate which is responsible for the 
overall coordination of the whole programme. 

In matrix organization terms, the scientific and 
technical departments form the vertical lines and 
the projects - mostly multidisciplinary - form the 
horizontal lines of the matrix. The nodal points in 
this structure are the people responsible for super
vising the work described in what are called acti 
vity sheets. These documents describe the contrac
tual relationship between the project leaders and 
the division heads. 

The project leaders also have the responsibility 
of providing and maintaining the interface with the 
Advisory Committees for Programme Management. 

It is worth recalling that these committees were 
established in 1969 and were given the task, in 
their consultative role, of contributing to the best 
execution of the programme considered in detail. 
They play a key part in the conduct of the pro
grammes and allow a confrontation between points 
of view of Member States and the Commission. 

During 1975, a relatively minor revision of the 
JRC programme was approved by the Council of 
Ministers. The effect of this on the lspra Pro
gramme was to authorize a small increase of effort 
in Reactor Safety and Teledetection of Earth 
Resources Programmes and to reduce the effort on 
Nuclear Waste Disposal. The effect of closing 
lspra 1 Reactor was also taken into account. The 
levels of effort in the particular programmes 
together with the budget are shown in the Table. 

In the followingchapters,the various projects in 
the programme are described in detail. It is perhaps 
convenient to give here a brief introductory 
statement indicating the type of work done in each 
project. 

Reactor Safety. This falls into two parts: firstly for 
light water reactors, experiments under depres
surization conditions are carried out and the pre
paration for installing a Slowdown Loop has been 
made. Mixing studies on fuel subassemblies and 
fuel coolant studies are made. Secondly for fast 
reactors, boiling sodium thermohydraulics 
maximum accident codes and code validation are 
studied together with investigations of fuel coolant 
interaction. 

Nuclear Waste Disposal. In this project are studied 
risk analysis for alpha-emitters and their separation 
from fission products. Basic studies are made on 
long-term storage, of actinides burning in reactor 
and monitoring plutonium in solid waste. 

Fissile Materials Control. This involves isotope 
correlation for plutonium control, practical appli
cation of non-destructive techniques and develop
ment of sealing and identification techniques to 
reduce inspection effort. 
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Technical Support to Power Stations. It involves 
fuel cladding analysis in relation to fuel rod failure 
and non-destructive tests for reactor components 
and damaged fuel rods. 

Hydrogen Production . Theoretica I studies of 23 
chemical routes to hydrogen from water using 
nuclear heat and experimental studies of 19 of 
these have led to a selection of 5 systems for 
techno-economic evaluation . Scientific feasibility 
has been demonstrated and techno-economic feasi 
bility for an industrial process is under study. 

New Technologies. 

a) Solar Energy. Collector systems for weak and 
medium energy concentration have been con -

structed and several high performance collectors 
and an automatic measuring system have been 
designed. 

b) Materials Recycle. involves computer si mu
lati on codes to analyse recycle and substitution 
effects on recovers of non-ferrous metals. 

Protection of the Environment. Remote sensing 
techniques to measure minute quantities of air 
pollutants have been developed and Raman-Lidar 
and IR laser equipment have been constructed. An 
isotopic lead experiment to measure distribution of 
lead by automobile exhausts is in process and a 
computerized data bank for environmental chemi
cal products is now in its pilot phase. 

ISPRA PROGRAMME 1973 - 1976* 

Council decision Council decision 
1973 1975 Change in staff 

Programme 
Budget Budget 1st line staff 

numbers from 

1973 - 1976 1973 - 1976 1973 and 1974 

Muc 'Muc 

Reactor Safety 21.10 21. 72 122 + 7 

Nuclear Waste D isposa l 6.90 5.51 32 -8 

Fiss ile Mater ial Contro l 5.40 5.40 27 ... 
Technica l Support and Power Stations 6. 10 6. 10 23 .. . 
Non-electri c application of nuclear energy: 

Hydrogen product 6.70 7.04 37 ... 
New Techn ologies (Solar Energy, 

Recyc ling of materi als) 3.05 3.05 15 . .. 
Protect ion of Environment 15.85 15.85 93 . .. 
Remote sensing ( Earth resources) 1.05 1.42 8 + 4 

Standards and Reference Materials 6.20 6. 20 39 . . . 
App lied Informat ics 6.05 6.05 3 1 . . . 
In fo rmat ion A nalysis Services 5. 10 5. 10 27 .. . 
European Informat ics Network ( COST 11 ) 1.00 1.00 4 ... 
Materia ls Sc ience and 

Bas ic Research in Materia ls 13.60 13.60 79 . . . 
Techn ica l Evaluat ions in Support 

of t he Comm iss ion 2. 00 2.00 12 .. . 
Conceptua l St ud ies on 

Thermonuclear Fus ion Reactors - - 12 +1 2 
Training and Educat ion 1.45 1.45 10 . . . 
Research under Contract 1.85 1.85 5 . .. 
lspra Reactor I 2.20 0.90 - - 15 

*) Including programme revision by Council of Ministers Decision 1975 

4 



Remote Sensing of Earth's Resources. Satellite 
data have been used to interpret disease and yield 
in rice crops and poplar trees can be classified. A 
system has been developed to correct the data for 
atmospheric attenuation and a number of remote 
sensing computer programs have been produced. 

Standards and Reference Materials. A large number 
of analytical methods and certifications have been 
achieved together with the development of 
absolute physical methods. For the Bureau of 
Community Materials, analytical methods have 
been developed for a wide range of products and 
technical secretariat support is given. 

Applied Informatics. This comprises the Eurocopi 
service to more than 500 organizations in Europe, 
methods and systems of computing and informa
tion science, development of an integrated system 
for automatic documentation. 

Information Analysis Services provides code assess
ment and shielding data for nuclear organizations. 
A shielding irradiation facility has been con
structed and international shielding programmes 
are coordinated. 

European Informatics Network is work contri
buting to defining the technical specification of a 
telecommunication subnetwork and standard basic 
protocols for communication. 

Materials Science. Within this project are studied 
new effects of thermally induced polarization and 
identification of radicals in irradiated organic 
materials by NM R and ESR. Radiation induced 
self-diffusion in various fee and bee metals is deter
mined and high precision temperature control by 
application of heat pipe concepts has been investi
gated. 

Technical Evaluations in Support of the Commis
sion include codes for study, simulation and opti
mization of strategies for power plant installation 
in electric energy production systems and a code 
for optimizing choice of site. 

Training and Education. Fifteen lspra Courses have 
been held with a total duration of 25 weeks and 
254 participants. 
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Technical Evaluations 
in Support of Commission Activities 
C. Rinaldini 

On the basis of t he requests formu lated by the 
various General Directorates of the Commission 
and of the priorities estab lished by the Committee 
of General Directions Representatives the studies 
treate~ during 1974 and 1975 were the following. 
They were grouped in two main chapters, energy 
and transport, and the subjects concerning trans
port were essentia lly related to energy probl ems. 

• Energy 
Eva luation of energy policies 
Use of waste heat 
Repeated recycling of nuclear fuel 
Conceptual studies on fusion reactors 

• Transport 
Nuclear ship propulsion, shipbuilding and sea 
transport 
Energy balance of inter-city high speed transpor
tation systems 
Use of methano l 

In addition some other studies were done on: 

Utilisation of numerical control for the automa
tion of production processes 
Advanced electrical com ponen ts for in format ics 

The number of man/years involved in these act iv
ities during 1974 and 1975 was 12. 

Evaluation of Energy Policies 

Development of Computer Models 

• Simulation of the electric power system 

The TOTE M code was developed and enlarged 
(version 3). Thi s code ca lculates the consequences 
of an insta ll ation policy, given the overall energy 
demand and its sp litting between various types of 
station as a function of time. 

The energy demand is given in the fo rm of yearly 
energy production and associated load-duration 
curve; the var iat ion of the demand during the day 
and during the year has a considerab le effect on 
the required insta lled capacity . 
The energy produced by the various types of sta
tion is given in input, but some freedom is left to 
the code to reduce the input work and to satisfy a 
number of constra in ts: e.g. it can be decided not to 
instal l any more stations of a certa in type after a 
given year, and the code ca lcu lates the consequent 
generating capacity of that type taking into ac
coun t the closing down of the o ld stati ons. A more 
important example concerns the balance of artifi
cial fissile materials: the installation of p~oducers 
and burners can be ca lculated by the code in such a 
way as not to require any imports of that material. 

Delay and cost input data are given for the 
eva luation of demands and expen ditures. 

The all ocat ion of the power stations in the 
load diagram is performed accord ing to a priority 
which allows fo r age and type of each station. 

• Feasibility studies of an energy model 

A few alternatives for an energy model were dis
cussed, with the aim to provide a tool for our 
technical support to the Commission concerning 
the Target Programme; it was recognized that the 
study cannot be confined to nuclear-electrical 
problems; on the contrary, a reasonable assessment 
must cover all types of product ion and consum
ption. 

We decided that, at least for a med ium-term 
future, the best course, as w ith TOTEM (see 
above), wou ld be to produce an energy-flow model 
in which the consumption in var ious sectors is 
given as a function of t ime and its distribution over 
the var ious types of energy sources and energy 
carriers is tentat ive ly ass igned. That is very much 
the same att itude as was taken for the development 
of the USA Reference Energy System. 

A simple scheme along these lines, based on 
the informat ion breakdown provided by the 
Lu xembourg Stat istica l Office, was programmed 
(code LABYRINTH). 
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Contribution to the Community's Target Programme 

A large number of eva luations on electrica l 
power installation policies were performed. Part ic
ular attention was devoted to the in fluence of the 
load-duration curve on the required instal led capac
ity and on the load-factor history of any station. 
The economic evaluations were centered on the 
parametrical variations of a number of assump
tions. such as interest rate, FBR introduction rate, 
FBR performance. A useful parameter was found to 
be the admissible breeder overcast, i.e . the excess 
of plant cost of the FB R over the LWR that could 
be accepted as allowing the same overall expendi
ture over a certain period with and without breed
ers. This parameter can be used to demonstrate the 
effects of input variations. 

Prospects of HTR Applications 

The consequences of numerous hypotheses 
concerning the penetration of the HTR into the 
electric power generation system were investigated 
with the simulation code TOTEM 1. 

Here the attention is focused on two questions 
which were raised at the beginning of 1974: 

Does the introduction of the HTR imply an 
economic penalty as against a strategy where 
LRW's and FBR's only are considered? 
Should the low-enrichment HTR be preferred to 
the thorium HTR because its plutonium pro
duction leads to a larger FBR installation rate? 

The first question was raised by the UNIPEDE 
paper: 

Prospects of long-term Developm2nt of 
Fast Breeder Reactors in the European 
Community of the Nine, March 1974 

A comment on that paper was made in our work
ing paper: 

Remarks on the physical and economical 
aspects of the development of an electrical 
power system, by Graziani et al., November 
15,1974 

The same hypotheses concerning the total electric 
energy demand as a function of time and the frac
tion allocated to HTR's are made in both papers. 
The physical and economic characteristics of the 
plants and of the associated fuel cycle are practical
ly the same, apart from the delay concerning fuel 
reprocessing for FBR's, which is considerably 
longer in our assumptions. The most important 
difference between the two approaches is that in 
the UN IP EDE paper the plant costs are added and 
present worth is considered. The difference be
tween the two points of view is remarkably large, 
even though the same plant cost for all types of 
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station was assumed in our paper. 
The following table reports the costs up to the 

year 2010 (109 $): 

~ LWR LWR LWR 
LWR+FBR oxide 

(Pu- FBR FBR HTR HTR 
recycle) oxide carbide Th u 

UNI Pl DE 
(fuel cyc le) 221.9 198.2 155.5 168.3 206.4 

ISPRA (total) 
-undiscounted 1486 1450 1383 1295 1374 

-discounted 
I 10% rate, 1975) 116.1 164.4 159.6 150.2 157.0 

These data show that, if a conclusion can be drawn 
on th is basis on such complex matters, it wou Id 
seem to be in favour of the HTR. The relative var
iations of the overall cost are, as usual in this type 
of investigation, very small, but their absolute 
values are large enough to justify big R&D efforts 
for the improvement of HTR's. 

Waste Heat Utilization from Electric Power 
Stations 

The amount of waste heat released by power 
stations is increasing relatively faster than con
sumption under other heads in the energy sector. If 
the present-day trend of electrification continues, 
the energy in form of waste heat which will in 
1985 be discharged without being used will 
amount to about 25% of the final energy consump
tion. Besides wasting energy these discharges will 
become a serious hazard for the environment. 

This twofold problem of waste and pollution 
can be attacked by three different methods. 

a) Combined production of heat and electricity by 
back-pressure operation of the power plant . 
The heat must be produced at suitable tempera
tures and can be used for distance heating and 
process heat. In periods with low heat demand 
(summer) the power plant can be switched over 
to convent ional condensing operation. The 
main features of this method are the high in
vestment costs and the high relative potential 
energy savings. 



b) Direct use of coo ling wa ter from the condenso r 
of a power plant. 
Techni cally most advanced is t he use for f ish 
farming and green-h ouses. Nuc lea r power plan ts 
are espec iall y suitable for th ose appli cat ions. A 
disadvantage is t hat the uni ts us ing the waste 
heat have to be rather la rge if all the waste heat 
of a large ( 1000 MWe) power st ati on has to be 
used. 

c) Improve ment of the heat-to-electri city conve r
sion eff ic iency by us ing topping devices. Of the 
methods discussed, the open-cyc le gas turb ines 
an d the open-cyc le MHD-converte r combined 
w ith a conventiona l steam power generat or are 
the most prom ising fo r electricity prod ucti on 
from fossi I f uel. 

A simpli f ied ca lcu lat ion, neg lecting ce rtain 
prob lems which ar ise from, e.g., invest ment cost, 
safety and water scarcity , shows that w ith 10% of 
th e European waste heat from power plants one 
can either 
cu lti vate 1.5% of Eu ropean fish consu mption 

or 

or heat 

or sat isfy 

10% of the high-qu ality f ish con
sumption 
27% of ex ist ing European green
houses 
4. 2% of the low-grade heat demand 
by upgrad ing the waste heat tem pera
ture to about 100°C. 

Three methods can be used simultaneously and as 
long as suff icient waste heat is ava ilabl e they are 
not competi t ive . In Fi gs. 1 to 3 t he energy meri ts 
of each of them are schematica ll y demonstrated. 

Up to now, the main barriers to rea li za ti on of 
th e above-mentioned so lutions have been: 1) high 
cost, 2) t he prob lem of siting and 3) the big size of 
un its fo r electr ic power production, compared to 
the size of the units fo r ut ilizat ion of w aste heat. 
Due t o the rap id ri se of energy pri ces, the cost 
difficul ty has become marked ly sma ll er .. The siting 
problem is close ly related to nuclea r reactor sa fety 
and environmenta l probl ems, which are constantly 
evo lv ing. 

The constructi on of a nuclear power plant 
exclusive ly for hea ting w ill politically not be a 
good decision, as long as power stat ions ex ist 
which produce only electri city and of which the 
waste heat is not used. A single-purpose power 
plant may be economica lly the cheapest so lution, 
but in terms of ene rgy ba lance it is wasteful. 

FOSSIL 

ELECTRICITY 

FOSSIL 

FUEL100 

FOSSIL-FUEL 
POWER STATION 

STACK 
21 

STACK 

HOME HEATING 
( EFFICIENCY 65 % ) 

STACK 
12 (11,15) 

HEAT (100 °C) 

WASTE HEAT 
(30 °C) 6 (3, 14) 

TRANSPORT LOSSES 15 % 

ASSEMBLY OF BOTH 

(BETWEEN BRACKETS : THE DATA FOR RESPECTIVELY 
THE HOTTEST AND THE COLDEST PERIODS) 

RESULT: 
21 % PRIMARY ENERGY SAVED 

34 UNITS 

42 % WASTE HEAT LESS PRODUCED 

21 UNITS 

AIR POLLUTION DIMINISHED 

Fig. 1 Average Values over a Full Year of a Distance 
Heating System Heated by a Fossil-Fuel Power Plant 
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ELECTRICITY 

FOSSIL 

FUEL 100 

FOSSIL-FUEL POWER STATION 

FOSSIL 

FUEL 82 

ELECTRICITY 
12 

35 
WASTE HEAT (30 QC) 

POWER STATION WITH TOPPING DEVICE 

OVERALL EFFICIENCY 50 % 

18 % PRIMARY ENERGY SAVED 

RESULT: = 18 UNITS 

32 % WASTE HEAT LESS PRODUCED 

16 UNITS 

AIR POLLUTION DIMINISHED 

Fig. 2 Power Station with Topping Device 

NUCLEAR 

ELECTRICITY 
40 

80 

WASTE HEAT (30 QC) 

STACK LOSSES 
3 

FOSSIL 

FUEL 30 

NUCLEAR PLANT GREENHOUSE 

27 HEAT (30 QC) 

53 
WASTE HEAT 

130 QC) 

COMBINATION OF BOTH 

[ TOP LOAD = 3 TIMES 

THE MEAN LOAD] 

20 % PRIMARY ENERGY SAVED 

AVERAGE YEAR RESULT: = 30 UNITS 

30 % WASTE HEAT UTILIZED 

27 UNITS 

NO AIR POLLUTION BY STACK LOSSES 

Fig. 3 Direct Use of Waste Heat 

Technical and Economic Studies on Nuclear Ship 
Propulsion, Shipbuilding and Sea Transport 

Nuclear Ship Propulsion 

A dial ogue started in 1973 between the Com
miss ion and representa tives of the C.A.A.C.E. in 
ord er t o determi ne w hat support could be supplied 
by the Commiss ion t o ship owners w illing to t ry an 



experiment on a commercial scale. A programme 
and a preliminary calculation method were pre
pared in order to assess the penetration of nuclear 
ships into existing conventional fleets and of nucle
ar fleets among conventional fleets. 

The present situation of the European shipping 
and shipbuilding industry is complicated by many 
factors (cost and availability of fuel, freights, trans
port volume evolution, reopening of Suez Canal, 
financial problems, etc.), so that it is hard to elabo
rate forecasts concerning the development of 
nuclear ship propulsion and it is difficult for the 
shipowners to take decisions. 

Shipbuilding and Sea Transport 

A study has been initiated with the aim of 
analysing the network of the crude oil transport 
system from the production areas to the EEC 
countries. The final object of the study is to create 
a model of the system, suitable for technical and 
economical evaluations and forecasts. 

This model is conceived with a view to sub
sequent com puterization: in fact, the number of 
parameters to be taken into account is so high and 
the range of their variations so large (depending 
also on political and financial factors and the 
market situation) that a manual calculation is only 
possible for a limited number of assumptions. 

Part 1 of the study deals only with oil ship
ment between the Persian Gulf and the northern 
EEC countries; on ly tankers are considered, to the 
exclusion of O.B.O.'s and ore/oil carriers. Three 
main routes are analysed: round trip via Cape, 
voyage in full load condition via Cape and return in 
ballast conditions via Suez Canal, round trip v ia 
Suez Canal. 

The first results concern the present and future 
surplus of and need for tanker tonnage on the 
routes considered. The method of calculating the 
cost of oil transport, under various assumptions, is 
also out Ii ned. 

In a further stage of the study it will also be 
possible to consider the effects of a gradual intro
duction of nuclear tankers and product carriers 
into conventional fleets; the best operating routes 
and the possible reduction in oil transport costs 
can be assessed and the consequences for.European 
shipping, shipbuilding and nuclear industries exam
ined. 

The study will be continued for other 011 

routes (Middle East and West African coasts to 
EEC countries). The resulting model will also be 
utilised as a part of a European energy model. 

Energy Balance of Inter-city High Speed 
Transportation systems 

By high speed, we mean a stabilized maximum 
cruising speed in the range 250 km/h to 950 km/h: 
the lower part of this field is filled by the advanced 
railway system, whilst air transport fills the higher 
part. In a middle area which overlaps that occup ied 
by the railways and which reaches up to 400-500 
km/h are found the non-conventional transporta
tion systems without physical contact with the 
track, i.e. air-cushion vehicles, attractive Maglev 
vehicles and repulsive Mag lev veh icles. There are 
also other more advanced systems which will be 
studied as far as possible. 

The distance taken into account for an inter
urban I ink is generally between 200 and 500 km. 

In the energy balance, only the energy re
qui red to propel the vehicle will be taken into 
account leaving out of consideration the energy re
quired for track construction and design and main
tenance of vehicles and the energy consumed in the 
terminals and their outbuildings. 

To obtain a basis of comparison between the 
energy consumption of the different transportation 
systems, we introduce a dimension ca lled "unit
-consumption", i.e. the fuel consumption per trans
portation unit. In the study, the fue l consumpt ion 
is expressed in gep (grammes equiva lent petrol) 
whereas the transportation unit is expressed in V K 
(passenger km), but as this quantity depends on 
the operating condit ions and the vehicle load 
factor, the transportation unit is also expressed in 
some cases in SKO, i.e. offered seats per km. 

The air transport consumption figures are 
given in scientific papers and statistics. For exam
ple, it is stated that a Boeing 727 on a flight of 400 
km has a unit consumption of 60 gep/SKO. 

Concerning the ground transportation systems, 
we need to estimate separately the different factors 
of vehicle resistance in order to demonstrate the 
influence of each factor on fuel consumpt ion. 

The aerodynamic drag of vehicles, character
ized by a very great length in relation to their 
cross-section, is ill-known and has lately been 
investigated by full-scale tests on the French TGV 
in the speed range of 250 - 300 km/h. This drag is 
present in every transportation system and quickly 
becomes a dominant factor because it rises as the 
square of the speed. For example, at 300 km/h, the 
aerodynamic losses amount to 75% of the resist
ance of specially streamlined trains like the TGV. 

The air-cushion vehicles have a specific drag 
due to capture of the air feeding the air-cushion. 
The air must be accelerated from the ambient to 
the vehicle speed. At 350 km/h this drag amounts 
to 20% of the total resistance. A second specific 
drag is due to the power of the fans used to build 
the pressure in the cushions. The data on these 

11 



drags were supp lied by the BERT IN company , 
they are taken from tests done on a preoperational 
vehicle designed in 1 /1 sca le, and for th is reason 
must be considered as realistic. 

Th e Maglev (Magnetically Levitated) vehicle re
sistance is bu rd ened by magnetic drag. 

Th e attract ive Maglev suspension system 
emp loys elect romagnets wh ich are att racted up
ward towards a pair of overhanging ferrous rai ls on 
the guideway . Eddy currents induced by the 
passing magnet in the guide way rails cause a ma
gnetic drag which increases w ith speed. At 400 
km/h, the magnetic drag and aerodynamic drag 
have the same magnitude. 

Th e repulsive electrodynamic Mag lev suspen
sion system functions on ly when there is mot ion 
between the vehicle and the track. A magnetic field 
is created on the veh icle by a superconductor co il . 
When t his f ield passes along a non-ferrous condu ct
ing sheet I ocated on the gu ideway, it creates in it 
eddy currents w hich create their own magnetic 
field. The reaction between these two fields is the 
basis of the repulsi ve Maglev suspens ion. The eddy 
currents in the conducting sheet create a magnetic 
drag. This drag attains a peak at a low speed, after 
which it diminishes as the speed increases. Never
the less at 400 km/h, the electrody nami c drag is of 
the same magnitude as the aerodynamic drag . 

Other drags must be taken into consideration 
in accordance w ith the vehicle support system and 
the chosen propulsion system. They include rolling 
resistance, pantograph drag, inertia drag during the 
transient periods, drags due to the grad ient, etc. 

Th e fue l consu mption depends on the chosen 
energy form (li quid fuel or elect ri city from gener
at ing plant) and on the conversion svstem used to 
apply the energy to the propulsion system. 

The linea r motor is the more attract ive propul 
sion system for transportation systems w ithout the 
track; unfortunately in the present stage of devel
opment, t his motor is burned with a very low 
efficiency (77 = 0.5) and power factor (cos\/'= 0.5). 

The drawback here is that the converto r sup
plying the linear motor is ve ry heavy: indeed the 
converter we ight is proport ional to the product COS'f' 

= 17 , so that at present it we ighs 4 times more 
than it should. At the present t ime, the energy 
balance of the transportation systems w hich must 
use t his motor is probably excess ive ly worsened by 
these bad performances. For that reason, the in
vestigation of the latest research execu ted to find 
the best li near motor design for high-speed ground 
transportation systems must be pursued. 

By way of conc lusion, here are some unit
consumptions computed or extracted from the 
documentation: 
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TGV 01 (SNCF) 10 coaches( + 1 M + 8 C + 1 M) 

electric propulsion: at 260 km/h 12.5 gep/S KO 

at 300 km/h 15.3 gep/SKO 

TGV 0 1 (SNCF) 7 coac hes (1 M + 5 C + 1 M) 

thermal propu lsion: at 260 km/ h 16.6-20 gep/S KO 

(by gas turbines) at 300 km/h 21.25-25 .6 gep/SKO 

AEROTRA IN H 160 at 260 km/h 19.5 gep/SKO 

(with streamlined 
air screw) 

AEROTRA IN R 160 at 260 km/h 27. 1 gep/SKO 

(with tu rbofan) at 300 km/h 33.7 gep/SKO 

at 350 km/h 42.9 gep/SKO 

Repulsive Maglev with 
LI M on board at 300 km/h 40 gep/SKO 

(theoretical model) at 400 km/h 47 gep/SKO 

Attract ive Mag lev with 
LI M on board at 300 km/h 24 gep/ SKO 

( t heoretica l model) at 400 km/h 37 gep/SKO 

BOEING 727 60 gep/SKO 

(Flight of 400 km) 

Use of Methanol 

The possible utilization of methanol as fuel 
and as an energy carrier is being investigated. The 
poten ti al sou rces for methanol are natural gas, 
coa l, urban waste and agricu ltural waste. Its pos
sib le uses are t he fo ll ow ing: energy carrier for the 
transport of natural gas, fuel or addit ive for motor 
eng ines, fuel for turbines for electri city product ion 
at peak loads, fuel for fuel-cells, material for chem
ical synthesis and synthesis of proteins, raw ma
terial for hyd rogen fabrication. The main obstac les 
to the penetration of methanol in the fue l market 
are economic, in competit ion with the oil prod
ucts; technical, because a considerab le effort is 
required to increase the present capacity of metha
no l production units (5000 ton/day); and political, 
if a substantial increase of coa l production is re
quired. 

Among the advantages of methanol one can 
quote the short time needed for new installations 
to be built (about two years) and the relatively 
simp le technica l modif ications req uired by trans
port eng ines and by turb ines to shift from oil pro
ducts to methanol. A preliminary evaluation made 
in the USA showed an estimated market of about 
150,000 ton/day in 1985, that is six tim es the 
present world production. 



Conceptual Studies 
on Fusion Reactors 
G. Casini 

Conceptual studies at the J RC lspra are being 
pursued in the frame of an action taken by the 
Advisory Group on Fusion Technology of EEC 
countries. lspra is contributing to the assessment of 
a fusion reactor concept. The work is being carried 
out in collaboration with CNEN-Frasca ti and Uni
versity of Naples. 

In 1974 this activity was included among the 
Technical Evaluations in support of Commission 
activities. An independent action was started in 
1975, in accordance with the revised J RC program
me established by the Council of Ministers. 

The FINTOR Group (Frascati-lspra-Naples
Tokamak-Reactor) set up in cooperation between 
these three laboratories, is making a preliminary 
assessment of the problems encountered in the de
sign of an experimental TOKAMAK power reactor. 
The basic features of FINTOR are now as follows. 
The thermal power output of the plant is of about 
100 MW. The plasma and torus radii are 2.25 m 
and 11.25 m respectively (aspect ratio equal to 5). 
The average poloidal {3 is 2.2; the ion and electron 
temperatures are 25 keV and 21 keV respectively, 
which corresponds to thermally stable operation of 
the plasma. The confinement time is 17.6 sec, cal
culated on the basis of a safety factor of 0.1 with 
respect to the neoclassical one. The reactor is de
signed to operate with a single null point, poloidal 
field superconducting divertor. The magnetic field 
at the plasma axis is 4.5 tesla; the maximum field 
in the magnet (D-shaped, Nb-Ti conductors) is 8 
tesla . The neutron wall loading is 0.09 MW/m 2

. 

Blanket and magnet shielding are arranged in a mo
dular form, helium cooling and stainless steel 
structural materials are assumed. Boron carbide 
powder is the main component of the magnet 
shielding. The whole reactor, including the mag
nets, is contained in a vacuum-tight vessel. 

The contribution ofJRC lspra to the FINTOR 
work is concerned with the following areas: 

blanket and shielding nuclear and thermo
mechanical problems, 
tritium production and extraction, 
general reactor layout, 

activation problems 
handling and repairs of reactor components. 

The results obtained so far permit one to draw 
some conclusions concerning the nuclear design of 
blanket and magnet shielding of an experimental 
low-power TOKAMAK reactor, in particular: 

convenient breeding ratios can be obtained with 
50 cm thick metallic lithium blankets, provided 
the fraction of structural material is kept low. 
However, the possibility of replacing liquid 
lithium by LiAl-alloys mixed with beryllium 
should be investigated; 
various choices exist as regards reflector mate
rial and its position in the blanket; 
boron carbide with an external lead layer re
presents an attractive way to fulfil the radiation
-damage and heat-deposition requirements in 
the magnet, provided that a sufficient thickness 
is allowed all around the plasma. 

Extraction of tritium by ytthrium appears to be a 
very attractive solution. Stand-by operation can be 
foreseen: reprocessing every 160 days corresponds 
to a tritium build-up of about 3.8 kg. 

An estimate of the activation phenomena in 
FINTOR was carried out on the basis of the nucle
ar data supplied by Wiscons in (UWMAK-1). This 
can be summarized as follows: 

after 10 years of operation, at shutdown of the 
reactor: 
0.7 MCi/MW/h (about 45% in the first wall); 
after 2 years of operation, at shutdown: 
0.5 MCi/MW/h (45% in the first wall); 

for a blanket-shielding module a total activation at 
shutdown of 35x 103 Ci is expected (25x 10 3 Ci 
after one week). The decreasing of the activation 
with time after shutdown is slow because it is due 
largely (40%) to 5 5 Fe which has a half-I ife of 2.9 
years. After 30 months the total activity is one-half 
of the value at shutdown; after 10 years it becomes 
1/25 of the initial value. 

Work is also in progress to define the main 
problems related to the mechanical layout, stress 
analysis behaviour of the blanket modules, and 
overall design of the reactor. 
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Research under Contract 

A.Angelini 

The J RC act1v1t1es at lspra include var ious 
types of contracts w ith third parties. These are: 

• Contracts carried out for third parties. The work 
carried out with in the context of these contracts is 
in no way related to the research programmes of 
the J RC. The work is requested by outsiders on the 
basis of the competence or equipment available 
within the JRC. The contractors assume entire 
responsibility for the costs of material used and 
staff employed on this work. 

• Collaboration contracts. These invo lve activities 
which are related to programmes in progress and 
are also of interest t o external institutions. These 
activities are normally carr ied out within the JRC, 
and the costs are borne partially by the J RC and 
partially by the interested third parties. 

• Programme contracts. These are activit ies involv
ing exclusively J RC programmes, and the work is 
performed outs ide the centre ( in cases where the 
required apparatus is not available with in the cen
tre). The costs are borne entirely by the program
mes concerned. 

In parallel to these contractual activ ities, there 
is also a "Research under contract" programme. 

List of contracts 

Contract No. Contract object 

036-71-PIHOB Examen tenue maquette cuve reacteur SN R 

055-72-PIHOI Fabrication de detecteurs flux neutronique 

au togenerateur 

065-72-PIHOI Methodes de contr61e fabrication elements 
combustibles 

075-72-PIHOI Mesures de definition de produits manu-
factures en Z irca loy 

080-72-PIHOB Examen post-irradiatoire sur echanti I Ions 
co mbustibles. Projet RHT-CEN.BN 

085-72-PIHOI Examen post-irradiatoire du combustible 

089-72-PIHOI Mesures de body-counter 

106-73-PIHOI Mise a disposition four Degussa 

11-0-73-PIHOEX Safeguards 

14 

The aims of this programme are: to carry out spe
cial tests on apparatus patented at lspra (at the 
request of D.G . X II I) ; to organize stands at scien
tific exhibitions; and to develop ideas and pro
cesses which have a good chance of leading to 
contracts (or for which contracts are already being 
drawn up). 

The specifi c budget of this programme is about 
50,000 AU/year and the personnel all ocated is 5 
man years working mostly with materials and 
equipment already ava il able. 

During 1974-1975 research activity in this 
programme involved the fo ll owing subjects : 

Development of MET-X seal and we ldings 
Deve lopment of a patented gas depurator 
Systems Reliability 
Application of X-ray diffractometry to lattice 
paramete rs 
Technical support for the preparation of stands 
at exhib iti ons 
Development of ultrasonic instrumentation 
Studies on the hydrogen diffusion mechanism. 

In order to give some idea of what the poten
tial contractual fa ll-out of this type of activity 
might be, a I ist of the contracts currently being 
discharged at the JRC at the request of externa l 
institutions is given below. 

Financial 
Contractor Expiration contribution of 

the contractor (u.a.) 

Belgonuc leai re 31.12.74 15,620 

Corradi 31.12.75 51.760 

C.N.E.N . 30.7.75 90,000 

C.I.S.E. 30.6.74 14,600 

CEN - MO L 31.12.76 21,513 

E.N.E.L. 31.12.74 80,000 

Ste COREN 21.2.74 200 

SAES GETTERS 15.5.76 46,600 

I.A.E.A.Vienne 30.11.75 9,500 



List of contracts • continued 

Financial 
Contract No. Contract object Contractor Expiration contribution of 

the contractor ( u .a. I 

115-73-P I HOF Etude de frottement Ste FERODO 30.6.75 13,504 

117-73-P IHOUK A nal yses de structure interactions entre 
metaux et NTR coo land gases U.K.A.E.A. 30 .1 0 .75 12,000 

119-73-P I HOI Mesures et evaluation contamination in- Fabricazioni 
terne U-235 dans }es poumons Meccaniche Nucl. 31.1 2.74 4,000 

124-73-PI HOI Elaboration de donnees meteorologiques 

relevees au Centre EUREX de Saluggia CNEN EUREX 30.4.74 4,800 

125-73-PIHOI Cellules cryogeniqu es pour mesures sur les lst.Metrologia 
gaz "G.Colonnetti" 26 .3.74 1.440 

C.N.R .-Turin 

126-73-PIHOI Cryostats pour realisation de points triples lst.Metro logia 

des gaz en vue realisation references pour "G.Colonnetti" 1.9.74 2,880 

echelle internationale des temperatures C.N.R.-Turin 

129-73-P IHO I Dimensionamento schermi reattore PEC 
e sviluppo tecniche di schermaggio dei 
reattori ve loc i C.N.E.N. 31.5.76 17,880 

130-73-PIHO I Etude et developpement d'un prototype de lst.Metrologia 

four isothermique a heat-pipe "G.Co lonnetti" 30.6.75 3,200 
C.N.R.-Turin 

131-73-PIHO I Locazione elementi combustibili ECO C.N.E.N . 31.12.80 23,000 

132-73-PIHO I Soudures de composa nts en niobium pour I st.Naz. F isica 

cavites RF Nucleare-Genova 880 

133-73-PIHOI Soudure de deux chemises pour ca nau x 
Cart 2 C. 1.S.E. 6.6.74 6,996 

134-73-P IHOCOM Fabricat ion appareil de verification d'identite Contr61e de Se-
de sceaux pou r methode u ltrasono re cu rite-Luxembourg 31.12.74 9,000 

135-73-PIHOI Fornitura serbatoio a pressione F IAT Avril 1974 480 

136-73-PI HOUK Adaptation du Code Costanza pour Dragon UKAEA DRAGON 30.9.75 19, 140 

141-73-PIHOI Prove di scopp io in Betu lla per programma 
Cl RENE C.N.E .N. 31. 12.77 24,000 

142-73-PIHOI Venc.;jita di material e ECO C.N.E.N. 15.4.74 5,760 

143-73-PIHOD Blow-down B.M.F.T. Bonn 30.11.77 3,811,150 

144-74-PIHOI Elaboration annuaire meteorologique du 
site EU REX a Saluggia CNEN-EUREX 30.5.75 4,800 

146-74-PI HOI Stoccagg io materiale SIEMENS 30.11.74 1,920 

147-74-PIHOI Determinazione di piombo e cadm io su Ceramiche 
pezzi ceramica Revelli 7.3.74 11 2 

148-74-P I HOI Misure per contaminaz ione interna Fabbricazioni 
Nucleari Genova 18. 12.74 4,000 

151-74-P IH OCOM Vasque d'ident ifi cation de sceaux MTR Contr61e de Se'-
(vasque + capteu rl cu rite-Luxembourg 31.3.74 1,000 

152-74-PIHOCOM Fabrication et fourn iture de 400 sceaux Contr61e de Se-

"usual uses" en SAP curite-Luxembourg 31.7.74 4.400 

154-74-PI f-.lOI Messa a punto di un programma di calcolo C.S.M.-Rome 31.4.74 4,000 

156-74-PIHOD Calcul de la cuve Neckarwestreim T .U.V .-Stuttgart 31.9.74 5,000 

157-74-P I HOI Sma ltimento residu i radioatt ivi SNAM PROGETTI 30.11 .74 320 

159-74-P IH OI Prove di decontaminazione su materiali 

metallici C.1.S.E. Mars 1975 1,000 

160-74-PIHOI Stoccaggio definitivo ref iu ti radioattivi 
liquidi e so lidi Agip Nucleare 31.12.74 400 

162-74-PI HON Etude parametres de soudure par mag-
nesoudage de 2 tubes en alliage A l-Si-Mg R .C.N .-Petten 30.4.75 4,000 

165-74-PI HO I Stoccaggio material e radioattivo T.S.R. Castelbo-
lognese 31.7.74 480 

166-74-PIHOI Saldature BE di otto spezzoni di Zircaloy C. I.S.E. 30.9.74 760 

168-74-PI HO I Misure di body counter Ste.COREN 8.4. 74 220 

169-74-P IHOI Saldatu re a fasc io elettron ico su due va lvo le Grandi Motori 15.9.74 640 
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List of contracts • continued 

Financial 
Contract No. Contract object Contractor Expiration contribution of 

the contractor (u.a.) 

171-74-PIHOF Fourniture d'appareillage electronique Inst.Max von Lauer 
pour physique neutron ique et Pau I Langevin- 30.6.75 11 ,523 

Grenoble 

173-74-PI HO I Sma ltimento rifiuti liquidi radioattivi SNAM PROGETTI 31.10.74 145 

174-74-PI HOCOM Fourniture de pinces de pose et d'ex- Contr61e de Se-
traction de sceaux sur elements frais MTR cu rite-Luxembourg 30.6.75 2,000 

175-74-PIHOI Misure body cou nter Progettaz ion i 
Meccaniche Nucleari 31. 12.75 4,000 

178-74-P IHO I Controll i con W.B.C. (body counter) C. I.S.E. 31.12.75 300 

179-74-PIHOI Assistenza ag li stud i di sicurezza e 
licensing per Cl RENE Ste.N I RA 31.8.75 24,000 

180-74-PIHOI Ass istance technique dans la projectation 
d'un apparei llage pour spectrometrie gamma CNEN-EUREX 31.12.75 1,500 

182-75-PIHOI Stoccaggio materiale rad ioattivo SNAM PROGETTI 31.12.75 1,040 

183-75-PIHON Magnesoudage des tubes A l-S i-Mg R.C.N.-Petten 30.6.76 10,000 

184-75-PIHOI Saldature per bombardamento 
elettronico (E.B.) C.I.S.E. 31.12.76 22,000 

186-75-PIHOI Fabbricazione 2 canali Zr C.1.S.E. 31.3.76 25,200 

187-75-PIHOI Prove decontaminabilita di vern ici Davidsen 31.3.76 440 

190-75-PIHOC Fourniture de pieces de recha nge de Comm. CS L 
gamma scanning Luxembourg 31.3 .76 480 

193-75-P IHOC Fourniture de pieces de pose Comm. CSL 
Lu xembou rg 31.3.76 3,000 

194-75-P IHOC Fourniture de barrettes de plexig las Comm. CSL 
Luxembourg 31.3.76 3,000 

199-75-P IHOI Misure sanitarie Progettaz ione 
Meccan ichc Nucleari 31.12.76 6.400 

20 1-75-PIHON Etudes de soudures speciales R.C .N. 31.12.76 26,000 

202-75-P I HOCOM Fourniture de pieces d'extraction a distance C.S.L.-Lu xembou rg 30.4.76 9,000 

204-75-P IHOI Stoccagg io residui radioattivi Prodotti G ianni 31.12.76 5,230 

205-75-PIHOI Stoccagg io residui radioattivi PALMOLIVE 31.3.76 640 
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Technical Support 
to Nuclear Power Stations 
N. Cadelli, M. Bresesti 

The Technica l Support to Nuclear Power Sta
tions programme was approved by the Council of 
Ministers on February 1973. During 1973 it was 
not possible to utilize all the resources al located to 
the programme ow ing partly to the lack of avai la
ble specia li zed personnel and partly to the fact that 
the majority of the items in the programme had to 
be discussed with the utilities in order to match the 
programme w ith the real needs and to obtain ma
terial, especially fuel elements, to be investigated. 

Apart from the Water Chemistry action wh ich, 
advocated by the Water Chemistry Work ing Group, 
has been in progress since 1971, all other act ivit ies 
had to be set up in cooperat ion with the nuclear 
power stat ions already in operat ion. It appeared 
reasonable to begin the research on light water 
reactors, wh ich account fo r the largest number of 
power stations in operation or under construction . 

After discussions w ith the utilities the list of 
subjects for action was defined as fo ll ows: 

• Water Chemistry 
• Post-Irradiation Examinations 

- Fuel Rod Analysis 
- Bench Mark Experiments 

• Quality Control of Reactor Components 
• Statist ical Evaluation of Non-Uni fo rm Corrosion 

in High Temperature Water 

• Decontam ination Studies 

Manpower Budget (u .a.) 

Action 
(man/years) 

1974 1975 1974 1975 

Water chemistry 5 4.5 27,000 43,000 

Post-irradi ation examinations 

Fuel rod ana lysis* 2 3 117,000 90,000 

Bench mark exper iments 5 5 60,000 78,000 

Quality control of reactor 6 6.5 45,000 63,000 
components 

Statist ica l evaluation of 2 2.5 11,000 31,000 
non-uniform corrosion in 
high tempera tu re water 

Decontamination studies - - - -

TOTAL 20 21 .5 260,000 305,000 

*) 7 people of the Hot Laboratory (LMA) are also charged to 
this action. 

A breakdown of the budget (exc luding personnel 
charges) and manpower (first I ine people) al located 
to the different subjects cire given in the table for 
the years 1974-1975. 

Water Chemistry 

The stud ies concern the phenomen a of mass 
transport in primary circu its of ligh t wate r 're
actors, i.e. genera t ion, transport and deposition of 
corrosion products. 

Mass transport can cause difficulties in reactor 
operations in va~ ious ways, such as activ ity accu
mul at ion, increased pressure drops in var ious cir
cu it sections or overheating due to decreased heat 
exchange, etc. The stud ies are conducted along 
four principal lines: 

Corrosion Product Release: The aim of this study 
is to investigate in a test loop the chem ical and 
physical nature and quantity of corros ion produ cts 
released from sta inless steel surfaces in high-tem
perature water circuits and the influence of the 
va riation of certain parameters (water impurit ies, 
add itives and flow speed). 

In the first half of 1974 the experiments at 
low f low speed with pure water and th e tests of the 
on-l ine Coulter counter were com pleted, and the 
second half of the same year we began to prepare 
experiments on corrosion-p roduct release at high 
flow speed . The circu lation pump did not achieve 
the performances required and several modifica
tions were necessary. This pump problem was not 
solved until late in 1975. 

The programme of experiments to be carried 
out in the test loop was discussed at the meeting of 
the Water Chemistry Work ing Group held at lspra 
in May 1975. The t im e necessary to carry out the 
programme was est im ated by the working group 
members as about two and a half years. 

Corrosion Product Deposition. The aim of th is 
study is to eva luate in a test loop the influence of 
the va ri at ion of certain parameters (water impu; 
rities, additives and flow speed) on the deposition 
of stainl ess stee l co rrosion products in h igh-tempe
rature water ci rcuits. 
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Some heavy components of the co rrosion
-product deposition ci rcu it were fabricated during 
1974. The construct ion of this circuit was held up 
by the technical problems of the circulation pump. 

Electrokinetic Studies. The aim of this study is to 
verify, by means of surface capaci ty measurements, 
the results of theoret ica l investigations on solid 
parti cle depositions. The assem bling of the in
strument was completed in the first par t of 1974. 
A first set of electrokinetic measurements showed 
that a more prec ise electrical instrument is neces
sary. A new instrument has therefore been orde red 
and the electrokinetic measurements w ill be repeat
ed during 1976. 

Analysis of Corrosion Products from Power Sta
tions. Solid corros ion products suspended in 
prim ary circuit water of the nuclear power stations 
of the Community were co llected and analysed for 
their chem ical an d physical properties and espec ial 
ly for their crysta ll og rap hi c structure which 1s 
normally not submitted to routine analysis. 

Post-Irradiation Examinations 

Fuel Rod Analysis 

The aim of this work , whi ch is carried out in 
the Hot Laboratory (LMA) of the lspra Estab l ish
ment, is to stu dy the mechan ism responsible for 
fuel rod failure, by means of experimental exami 
nation of defect ive fuel rods. 

The measurements ca rried out on t he fuel rods are 
essentially the fol lowing: 

Optical inspection of fuel rod cladding 
[')etermination of the diameter var iat ion of the 
cladding 
Detailed determinat ion of the gamma activity 
profile 
Metallographic examination of cladding and fuel 
material 
Determination of the fuel density 
Determination of the ultimate tensile st rength 
for a portion of claddi ng and examination of 
the mode of fracture 
Dimensional measurements of the irradiated 
fuel on the basis of data derived from gamma 
scanning. 

After the approval by the Council of Ministers 
of the programme on Techni ca l Support t o Power 
Stations, discussions were immed iate ly started w ith 
power-plant operators wi th the object of obtaining 
fuel rods for post-irradiation examinat ions at lspra. 
These discuss ions and the organizing of the fuel 
transport to lspra took quite a long time. 

Thus, up to the end of 1974, the experimen ta l 
work was limited to the analysis of the on ly availa
ble fuel, i.e. fuel rods, w ith stainless stee l cladding, 
from the Trin a Verce llese power station. In this 
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stock of fuel no fa iled rods were present. On the 
Trin o Vercel lese fue l t he follow ing exam inat ions 
were car ri ed out: non-destructive gamma measure
ments including burnup determinations and mea
surement of pellet length, metallographic and 
optical inspection of the fuel rods, and tens ile tests 
on fuel cladding. 

At the end of 1974 and beginning of 1975 the 
. fo ll owing fuels were transported to lspra for ex -
amination: 

10 fuel rods from t he Gundremmingen power 
station 
4 fu el rods from the Garigl iano power stat ion 
6 fue l rods from t he Obrigheim power sta
tion 
5 fuel rods irradiated by Cl SE in the ESSO R 
reactor. 

During 1975 we examined the fuel rods from 
Gundremmingen (Zircaloy cladd ing) and CISE 
(Zircaloy c laddi ng). 

The exam in ations of the Gundremmingen rods 
began with a ser ies of non-destructive tests - opt i
ca l and photographi c exam ination of the fuel rod 
cladding, determination of the gamma activi ty 
profile of t he rod and determination of the diame
ter variation profile. 

On the bas is of the experim ental results ob
tained in the non-destructive tests, the rods to be 
subjected to destructive tests were selected. The 
destructive analyses of the se lected rods were 
designed to co llect as many data as possible of use 
in character iz ing t he failure mechanism. 

The fo l low ing analyses have been started: 
Determ ination of the crud thickness and its va
riation along the rods; 
Examination of the inner surface of th e clad
ding to investigate possible chem ica l and me
chanical fuel-cladding in teract ions; 
Metallographic examinat ion of sect ions of rods 
and sections of cladd ing 
Determination by gamma spectrometry of the 
diametral distribution of some solid fi ss ion pro
ducts to detect their possible migrat ion . 

During 1975 only the non-destructive ana lyses 
have been ca rried out on the 5 rods of CISE. 

Due to the difficult ies to have available the 
flask of CEA required for the transportation of 
fuel rods, the construction of a new flask has been 
decided. The orde r has been given to the supplier 
(Robatel -S LPI) on February 1975. The flask con 
struction is ex pected to be com pleted for middle 
1976. 

Bench Mark Experiments 

The aim of the Bench Mark Experiments is the 
production of a set of reference data on burnup, 
isotopic compositions and cross sect ion ratios to be 
utili zed for the contro l of nuclear code calcula-



tions. The experiments are carried out on fuels 
irradiated in an asymptotic neutron spectrum. The 
activity in this field consists of: 

Determination of burnup and isotopic composi
tions in irradiated fuels by means of radiochemi
cal analysis 
Analysis of the expe rim enta l data in terms of 
cross-section ratios and neutron spectrum by 
means of unfolding codes 
Collection of the necessary information from 
the utilities for each experiment, so t hat other 
fuel management groups may use these data for 
checking their codes 
Calculation of one or more typica l clean experi
ments by different fue l management groups for 
intercomparison of cross-sect ion sets and codes 
used. 

Th e final goal is to create a pool of clean ex
periments with the necessary information so that 
fuel management groups may test their codes and 
cross-section sets. 

Experimental Work 

During 1974-75 the analyses of the fuel dis
charged from the Trina Vercellese reactor after the 
second irradiation cyc le were completed. The fuel 
assembly was dismantled in the pool of the ESSOR 
reactor and 7 rods were removed . In the ADECO 
laboratory of the ESSOR reactor each rod was cut 
into three pieces about 1 m long. The fuel was 
transfered to the LMA laboratory where gamma 
scanning measurements were carried out and the 
fuel cross-sections were prepared. 

The fuel cross-sections were delivered to the 
analytical laboratories of the lspra and Karlsruhe 
Establish men ts where rad iochem ica I treatments 
and alpha, gamma and mass spectrometry measure
ments were carried out. 

The following data were determined: 

burn up from 137 Cs, 148 Nd and heavy isotopes 
uranium isotopes (235, 236, 238) 
plutonium isotopes (236, 238, 239, 240, 241, 
242) 
americium isotopes (241, 242, 243) 
curium isotopes (242, 244) 
krypton and xenon isotopes 
134 Cs, 1s4 Eu, 144 Ce, 106 Ru 

23 fuel samples with burnup ranging from 16,000 
to 26,000 MWD/MTU were analysed. 

In the latter part of 1975 the ana lyses of the 
fuel irradiated in the Gundremmingen reactor were 
started. 16 fuel samples will be ana lysed in the 
lspra and Karlsruhe laboratories. 

During 1976 the Obrigheim reactor fuel will be 
analysed. 

Theoretical Analysis 

During 1974 the codes required for the analy
ses of the experimental data in terms of cross
section ratios and neutron spectra were developed. 
The theoretica l analysis was applied fi rst to experi
mental data determined on the fuel discharged 
from the Trina Vercellese reactor after the first 
irradiation cycle These data had been determined 
in 1972 under an ENEL-Euratom Research Con
tract. In the second part of 1975 we began the 
theoretical analysis on the experimen tal data of the 
T rino-2 fuel. 

Quality Control of Reactor Components 

Our work in th is fie Id was directed towards 
developing and improving the non-destructive 
techniques fo r the testing of irradiated fuel rods or 
other components of a nuclear power station. Th e 
activity of 1974-75 covered the following items : 

Characterization of the Ultrasonic Instrumentation 

The methodology of the characterization was 
studied. An apparatus was installed to be used not 
only for characterizing probes but also for cor
recting them where possible. Several transducers to 
be used for fuel examinat ion were characterized. 
One transducer for vesse l examination (DOEL 
reactor, Belgium) was exhaustively character ized 
on request. A new apparatus was installed to in
crease the possibilities of the Schlieren normali
zat ion bench, both in power and in capacity to 
examine long-focused transducers. 

Fabrication of Reference Defects for Calibration of 
Ultrasonic Apparatus 

Well-defined and reproducible defects are re
quired for the calibration of ultrasonic apparatus. 
We prepared reference defects by combining and 
improving three class ica l methods, electroerosion, 
ultrasonic and punch techniques. 

Testing of LWR Fuel Bundles by Ultrasonics 

The initial aim of this work was to detect 
water in irradiated fuel pins without dismantling 
the fuel bundle. The parameters of the method 
were defined in a cold laboratory (type of trans
ducer, definition of the detection method). Howev
er, information given by plant operators indicated 
that the test for presence of water is not sufficient 
for t he detection of failed rods in the bundle. 

Instead of limiting the technical study to this 
first aim, we now have a project under way for 
testing a larger part of the fue l rod with the fol
lowing purposes: 

detection of water 
measurement of the wall thickness 
detection of cracks. 
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Neutron Radiography 

Neutron radiography is employed to evaluate 
the quantity of hydrogen absorbed by getters to be 
used in nuclear fuel pins. Experiments were carried 
out during 1975 in the neutron radiography facili
ties of the reactors BR2, Mol (Belgium), Pegy, 
Cadarach e (France), and Siloette, Grenoble (Fran
ce). The analyses of the neutron radiographs of 
calibrated samples (hydrided at levels of 10-10,000 
ppm) yielded a calibration curve giving the correla
tion between density on the photogram and hydro
gen concentration. 

Statistical Evaluation of Non-Uniform Corrosion in 
High-Temperature Water 

The statistical evaluation of stress corrosion in 
water has been proposed as a new approach to the 
study of this type of damage. Stress corrosion is 
already well studied and in many respects quite 
well understood, but its introduction as a design 
parameter has riot been attempted successfully so 
far, mainly because the damage is not eas ily quanti
fiable. If the failure rates due to stress corrosion 
were known, preventive maintenance and failure 
prevention wou ld then be feasible. 

Consequently the purpose of the present 
programme is to evaluate the practical exper i
mental va lues of the expected I ife of equipment 
subject to stress corrosion. This approach originat
ed from the very nature of failures: they are statis
tical events, to which the appropriate statistical 
treatment may be applied to obtain the parameters 
necessary for such an evaluation. 

On the reasonable basis of randomness of the 
distribution of initial cracks (due to fabrication or 
other causes) and of the overall env ironment, the 
process of crack growth due to stress corrosion will 
be random. The weakest region will be the con
trolling factor in rupture, so that the whole process 
may be analysed and quantified by means of the 
statistics of the extreme values, correlating the re
sidual I ife of stress-corroded samples with crack 
length and distribution. 

In this programme we propose to determine 
this correlation experimentally and at the same 
time to develop the theoretical background for the 
analysis of the experimental data. 

The necessary measurements and equipment 
have had to be developed as well. 

Our intention was to do a first orientative 
series of measurements in boiling MgCl 2 solutions, 
for a quick assessment of the feasibility of the 
work. The main body of the experiments was to be 
done in a high-temperature water environment in 
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conditions similar to those of nuclear power sta
tions. 

This programme was started in 1974 with very 
I im ited funds and manpower, so that relatively 
I ittle experimental work has been done up to now. 

During the first year the fo llowing preliminary 
work was done: 

a) first theoretical development of the proposed 
approach, 

b) conceptual choice of the experimental methods 
and apparatus, 

c) choice of the type of samples, taking into ac
count the standardisation of the samples for 
mechanical testing and for the studies of frac
ture mechanics, 

d) clamp design and fabrication for MgCl2 testing 
machines and autoclaves, 

e) design of the modifications and design of the 
special sample-holders for the ex isting high-tem 
perature autoclaves, 

f) autoclave modification; fabrication of special 
parts, 

g) development of methods of counting the fis
sures due to stress corrosion and of preparing 
post-corrosion samples, 

h) preliminary measurements in boiling MgCl2 
( 153°C) solution on AISI 304 samples. 

Decontamination Studies 

The introduction of the action "Decontamina
tion Study of Primary Circuit Components" in the 
programme "Technical Support to Nuclear Power 
Station" was suggested by the "Water Chemistry 
Working Group". 

The decontamination study may be a val id 
subject of research to be developed in the frame
work of a new pluriannual programme as extension 
of the present one. 

Therefore it was considered useful to start a 
small preliminary action in the framework of the 
present programme, in order to achieve a better 
knowledge of the problem, to collect information 
from the interested power stations and to set up 
the techniques of analysis on samples taken from 
the primary circuit components. 

Some samples have been collected and trans
ported to lspra from the Obrigheim power station. 
A tentative of characterization of the contamina
tion deposit will be done by optical inspection, 
metallographic examination and fluorescent analy
sis, if possible (depending on the thickness of the 
deposit). 



Nuclear Waste Disposal 

A.Angelini 

The research work has been organized accord
ing to the fol lowing table (average values 1974 7 

1975): 

Actions/studies 
Manpower Budget (u.a.) 
(man/years) 

1. Chemical stud ies 

- waste hazard evaluation 1.8 -
- pyrochemi cal methods 3.5 10,000 

- separation of actinides 8.2 56,000 

· radiation damage in glass 3.0 14,000 

2. Physical stud ies 

- assessment studies 3.0 3 ,000 

- cross-section measurement 5.0 45,000 

- monitoring of actinides 2.5 17,000 

3. Data eva luation 3.0 5,000 

TOTAL 30.0 150,000 

Chemical Studies 

Waste Hazard Evaluation 

In order to eva luate the long-term a-hazard of 
radioactive wastes, with a view to identifying areas 
in which further research is needed, we started our 
study by taking into account the vitrified high
-activity waste (HAW) arising from spent nuclear 
fuel reprocessing. 

In this study we ca lculated the concentration 
of a-emitters in HAW, their decay and daughter
-product build-up down to 106 years . We attempt
ed to evaluate the hazard of waste disposal in a 
geological formation by the "barriers" approach. 
Four barriers were identified: 

• quality of the segregation afforded by the geo
logical format ion, 

• stability, chemical and physical, of vitrified 
waste, 

• retention of actinides by the surrounding en
vironment, 

• ecolog ical distribution patterns of actinides. 

As a first approach, a model for waste hazard 
evaluation was defined, in order to obtain levels of 
re lease of a-emitters and their environmental distri
bution. 

We defined very schematical ly, a system con-
stituted by the following elements : 

a deep subterranean repository of radioactive 
wastes, 
a geological barrier, 
a uniform one-dimensional soil column, 
a body of surface water crossing a populated 
region. 

The release from the repository was assumed to be 
caused by failure of isolation from groundwater, 
wh ich was shown to be the most likely mechanism 
leading to the transport of activity to the bio
sphere. The probability of occurrence of this event 
was not evalauted, since our intention was to evalu
ate what would happen if the geological isolation 
should fail. 

An extreme case, due to a particular geological 
situat ion, is given by "no soil retention", which has 
been assumed in the present study, as being the 
most conservative. 

After migrating through the so il co lumn , the 
radionuclides are assumed to enter a surface water 
stream, where their concentration depends on their 
release rate and on the flow rate of the river. 

The entry of actinides into the food chain of 
man is due to the use of such contaminated water 
as for drinking and for agr icu ltural purposes. To 
calculate th e concentrat ion in so il, some assump
tions had to be made, e.g.: 

the actin ides contained in the irrigation water 
are comp lete ly adsorbed in the upper layer of 
soil, w ithin a depth of 10 cm. 
the irrigation rate is of the order of 1 m3 /m 2 per 
year . 
the accumulation time was fixed as 50 years . 

In order to do a numerical application, some 
quantities had to be defined; the first of these, 
required in order to calculate the rate of release 
from the geologic repository, were 

quantity of waste 
actinide content 
time of failure 
dissolution times. 

The data obtained were compared with the average 
concentration of 226 Ra in soil. 

The Annual Intake to Man was ca lculated from 
drinking water, vegetab les and meat; a total of 0.24 
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µC i/yr was obtained, resulting mainly from water 
and from vegetables . It is about one-tenth of the 
Li mit of Annual Intake estab lished by IA EA. 

Pyrochemical Methods 

During 1975 the pyrochemical programme was 
pursued accordi ng to the schedu le suggested in the 
document "Layout of the Research work" pre
pared for the 3rd Meeting of the ACM P on Nuclear 
Waste Disposa l (October 1974). 

• Choice of the nitrate melt 

Experiments were performed using the binary 
eutectic of Ca and K nitrates (melting point 
146°C). This kind of melt bath does not allow 
good results during the f irst step of the process, for 
the U02 - Pu02 ( 15%) pellets in solid so lution 
form (coprecipitated) are qu ickly pulverized in thi s 
melt at 480°C, but the fuel material is not oxid ized 
at the higher va lence state. As a consequence, in 
the following step of d isso lu t ion the uran ium and 
plutonium do not react comp letely with HN03 

vapour. On the contrary, as reported in the previ
ous progress report, the U02 and U02 - Pu02 in 
mechanical mixture can be dissolved easily by this 
method. 

In the case of a so lid so lution of mixed oxides 
it is considered that the treatment wi th ca lcium 
and potassium nitrates can be used to recover plu
tonium from the residues of the nitric ac id dis
solver used at the reprocessing p lant; the solid solu
tion could be disso lved by the nitric ac id while the 
residue could be rende red so luble by this treat
meht. 

• Volatile fission products: extraction and 
splitting 

An experimenta l apparatus was developed for 
gaseous phase treatment. The gas phase, evo lving 
from an oxidative breakdown process, consists of: 
N2, 02, NO, NOx comi ng from the nitrate melt, 
and H3 0, Kr, Xe, com ing from the irrad iated fuel. 

Cold tests were performed to see whether the 
non-rad ioact ive gases cou ld be split prior to the 
absorption of Kr, Xe and tritiated water. By means 
of a copper-filled furnace, kept at 500°C, the ni
trogen ox ides can be dissociated and the resulting 
oxygen f ixed as CuO. The water vapour passes 
through the copper furnace without absorption 
an d can be fixed by a molecular sieve trap . The 
final separating of N2, Kr and Xe is to be done by 
cryogenic distillation. The results obtained so far 
confi rm this f low-sheet and work is still in progress 
to determin e the best working parameters for the 
system. 

The analysis of the gas phase before and after 
the copper furnace was performed by mass spec
trometry . 

22 

• Solvent extraction from molten nitrates 

Exploratory experiments in so lvent extracti on of 
U02 (N0 3 )2 and Pu02 (N0 3 )2 from molten ni
trates were performed during t he year under re
port. The eutectic mixture of Li , Na and K nitrates 
was used at 150°C; the U and Pu contents in the 
melt were 1.1 and 1.2 w% respectively. Two cm 3 

of the organic phase, const ituted by 9% TBP dis
so lved in a mixture of terphenyls (HB40 Progil), 
were placed in contact with 2 cm 3 of molten sal t s. 

In the tests performed with uranium alone, an 
extraction of 97% is obta ined in one minute of 
contact. The stripping of uranium from the organic 
phase was tested with 1 M Na2 C0 3 so lu tion at 
25°C, yield ing: 

85% stripped out by one one-m inute contact 
98% stripped out by two one-minute contacts . 

The tests with plu ton ium are stil l in progress; the 
preliminary results ind icate an extracti on value of 
84% w ith one one-minute contact and a back 
extraction of 70% with 3M Na2 C0 3 so lution. 

• Decontamination of molten salts 

The nitrate decontamination experiments were 
cont inued w ith special attention to cesium whi ch is 
the most important contaminant in the alkal ine ni
trate melt. For this purpose, severa l in organic ab 
sorbents were tested. 

Batch absorption tests were performed at 150 
and 200°C with Li, Na, K nitrate eutectic traced 
w ith 137 Cs and the var ious adsorbents (previously 
eq uilib rated with pure salt solvent) . The results of 
these decontamination experiments were discour
ag ing since no signif icant Ko was found for Cs. 

• Silicotitanate glasses 

The study of the transformation of nit rates into 
si li cotitanates, so t hat they may be stored for a 
long t im e, is being ca rri ed out in col laboration with 
AG IP Nucleare. As reported in the 1974 report, by 
high-temperature reaction with Si02 and Ti02 the 
nitrates are transformed into different si li coti
tanates fo llowing the react ion : 

2MeN03 + a Si02 + b Ti02 --+ 

--+Me20 • a Si02 · b Ti02 + 2N02 + 1/2 02 

The so lubility in water and the leaching rate of 
these compounds was ve ry promising, so that 
during 1975 further leaching tests were performed 
w ith silicot itanate glasses produced in the presence 
of a synthetic mixture of fiss ion-product ox ides. 

Separation of Actinides 

• Solvent extraction 

Different types of organ ic extractants were experi
mentally invest igated for waste-part itioning. A 
comparable study was also carried out on an or
gan o p hosp ho rous compound, di(2-ethylhexyl) 



phosphoric ac id (HDEHP), which is an exce ll ent 
candidate for this partitioning task. In fact, it has 
been extensively studied in the past and used for 
nuclear purposes. Many detailed investigations have 
proved the usefulness of HDEHP for recovery of 
fission products and transp lutonic elements and 
removal of actinides from waste solutions. 
Whether, however, it can solve the problem of 
waste partitioning still has to be demonstrated. The 
most difficult problem posed by th e use of HDEHP 
is that of establishing a method of stripping fission 
products such as Zr, Mo and noble metals from the 
loaded solvent so that it can be recycled. Experi
mental studies were therefore initi ated and devel
oped during 1975 in order to discover the best 
condit ions for stripping out the metal ions ex
tracted by HDEHP from highly acidic simulated 
HAW solution (4.8 M HN03 ). 

• Precipitation and ion exchange 

This work concerns the chemical separation of 
actinides (essentially Pu, Am, Cm) from high-activi
ty waste (HAW) derived from PU REX re
processing. Neither products commercially ava ila
ble nor others previously developed by our labora
tory are really suitable for complete actinide recov
ery from HAW. A few experiments were done on 
the use of solid salts of oxalic and hydrofluori c 
acid, which can displace the rare earths and the 
actinides from low acidic solutions to form more 
insoluble oxalates or fluorides. 

The automated equipment for equ ilibrium 
studies was completed and tested. The dimensions 
of the equipment are such that it can be eas il y 
installed in a glove-box for actinide research. 

Future applications wi ll probably deal pre
feren tially with the study of actinide mob ii ity in 
soils. 

Research is continuing on the precipitation of 
rare earths and actinides (OXAL process) from 
simulated waste solutions. It was assumed that 1 
ton of fuel gives rise to 5000 litres of waste (\/1/ 1), 
which is successively concentrated 10 times (\/1/ 10) 
for final storage. Exper iments are planned on the 
two extreme conditions 1/11 10 and 1/1/ 1, with and 
without phosphate ions (from degradation of 
TBP= -0.5 g/1). At present c1 I 'orts are con
centrated on 1/1/ 1. 

Denitrat ion is carried out by slow addition of 
the waste solution to boiling formic acid. No dif
ficulty was found in reaching the pH required for a 
good precipitation of oxalates (pH = 1-2 ). A final 
pH adjustment by means of 5 M NaOH is done 
after oxalic acid addition. 

From phosphate-free 1/1/ 1 solutions the precipi
tation of rare earth oxalates was good. Americium 
was completely precipitated, although"' 1 %Pu was 
left in solution. 

A slight prec1p1tate was formed during de
nitration of 1/1/ 1 and was dissol ved by the addition 
of controlled amounts of HF in order to comp lex 
Zr, Mo and Al ions. 

The limitations inherent in the use of simulat
ed waste solutions impose, of course, great caution 
in the ext rapolation of the results. Experiments 
with rea l waste solutions are planned for early 
1976, and the Windscale reprocessing plant has 
been contacted for this purpose. 

Radiation Damage in Glass 

Th e object of the present work is to evaluate 
the behaviour of borosilicate glasses containing 
highly active wastes (HAW) in the very long term 
range. The HAW material includes a certain quanti
ty of a-emitting nuclides some of which have an 
extrem ely long half-life. In consequence the risk 
associated with the waste storage system wi 11 con
tinue to be relevant for a very long time. The total 
amount of radiation, and particularly of a-radia
tion, will increase accord ingly. The hazard as
sociated w ith waste storage lies mainly in the pos
sibility that some active species may be transported 
into the biosphere. The typical acc ident usually 
cons idered is represented by a flow of water which 
comes in contact with the glass. In this case the 
quantity of radioactive material wh ich escapes 
from the glass is expressed by the product of the 
leaching coeff ic ient and the specific surface. It wil I 
be necessary then to study the variat ion, due to 
radiation of the leaching coefficient and to ex
am ine all the effects w hich could impair the physi
ca l integrity of the glass. The tim e to be taken into 
cons ideration is very high - estimated, in the first 
approximation, to be at least 100,000 years. It is 
necessary, then, to perform simulated tests with an 
acceleration coeff icient of the order of 104 

- 105 . 

As a simu lati on method we chose irradi at ion 
of glasses containing uranium so that the glasses are 
damaged by the fission fragments. 

An ana lysis of the si mu la ti on methods and of 
the possible irradiation effects was performed . 

Neutron irradiation of borosilicate glasses 
poses some problems due. to the high absorption 
cross-section of 11 B. Irradiation in a normal neu
tron spectrum will cause a high degree of surface 
damage which could give a wrong impression of the 
resistance of this type of glass to irradiation. To 
obviate this drawback two series of experiments 
were planned. The first, to be conducted in a nor
mal neutron spectrum, is based on a soda-lime glass 
containing an appropr iate amount of uranium. Th e 
use of soda-lime glass allows one to obtain pre
liminary results in a simple way and to perform 
irradiation ana lysis without the need of heavy 
shielded ce lls. The first series comprises the irra
diation of seven capsules. Each capsule contains 5 
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samples of the base glass. Th e first four capsules 
contain naturaluranium while the last three were 
prepared using uranium enriched to 11 % 235 U. 
The irradiations are performed at 50°( in the 
CAMEN reactor. The thermal flux is 3·10 13 

n/cm 2 s, for an irradiation time of 40 h. 

In 1975 the first five capsules were irradiated; 
the irradiation will be completed at the end of 
February 1976. The post-irradiation examinat ions 
comprise: leaching coefficients, density measure
ments, dimensional variation, hardness measure
ments and microscopic examination. Preliminary 
results on the samples from the first four capsules 
show that the delrsity tends to increase up to a 
maximum and then decreases. It w ill be interesting 
to fol low the decreasing part of the curve at higher 
doses to be sure that no swelling is encountered. 
Dimensional variation seems to follow the same 
trend as the density variat ions. Hardness measure
ments show a sharp drop at the lowest dose and 
then tend to increase slightly. At the microscopic 
examination no fissures or crystal formation were 
detected. No results have yet been obtained for the 
leaching coeff icient. 

The second series of experiments, to be carried 
out on borosilicate glass, is in preparation. It will 
be conducted in the HF R reactor at Petten. I rra
diation is scheduled to start at the end of April 
1976. 

A parallel study on the leaching coeff icient has 
been initiated. Values generally ava ilable in the li 
terature relate to short-term exper imen ts, usually 
of the order of 40 days. In regard to the long-term 
hazard, on the contrary, very long-term leaching 
coefficients are needed. The few exper imental 
va lues on the leaching of actinides are lower by 
two orders of magnitude than the leaching co
efficient for Si, which can be considered a principal 
constituent of the glass ( ~ 1 06 gr/cm2 d for Si 
against~ 108 for Pu). There will therefore be an 
accumu lat ion of actinides at the surface of the 
glass. In the long term that means that either the 
leaching coeff icient must increase or other forms 
of transport, e.g. colloidal, must be present in the 
leaching mechanism. 

We intend to study the accumulation of 
actinides at the surface and the Si leaching co
efficient. Only very preliminary results are availa
ble up to now. 

Our method of simulation does not allow of 
following the hel ium build-up inside the glass. 
Starting from a bibliographic study, we calculated 
the accumulation and diffusion of He in glasses. 
Some tests were done to ve rify the behaviour of 
glasses containing a quantity of He in excess of the 
saturation. Owing to the capacity of the glass to 
accept He quantities higher than the saturation 
values, the He build-up does not seem to constitute 
a problem in the long range. 
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Physical Studies 

Assessment Studies 

The questions to be answered in this context 
refer to 

• the assessment of the magnitude of the actinides 
problem, if no special treatment of the actinides 
is applied, 

• the degree of extraction of the different acti
nides from the radioactive waste needed in order 
to diminish significantly their contribution to 
the total long-term radiotoxic hazard of the 
waste, 

• the feasibility of convert ing long-lived actinides 
to shorter-lived species by different types of 
nuclear reactors and the technical, economic and 
safety aspects involved in this concept. 

Necessary tools for this study are an actinide evolu
tion computer program and libraries of nuclear 
data for all isotopes of interest. Most qf the time 
under review was used to prepare, set up and verify 
these tools. The following kinds of calculations are 
to be performed: 

evaluation of the build-up of actinides in dif
ferent reactor type, and assuming an arbi
trary degree of extraction of actinides from 
fuel, calcu lation of the decay of radioact ive 
waste (energy release, hazard); 
evaluation of the neutron-physics feasibility of 
burning higher actinides in fission reactors by 
recycling them and the effect of recycling on 
the properties of the radioactive waste; 
sensitivity studies with the aim of proposing nu
clear cross-section ca lculations and/or measure
ments for isotopes whose influence on the final 
results is remarkable, if great inaccuracies do in 
fact appear in the cross-sections. 

Unless recyc ling of actinides or sensitivity studies 
are performed, the final results of a computation 
run consist of the radioactivity va lues for each 
isotope as a function of the decay time, and the 
hazard measures for waste and fuel, assuming that 
a given fraction of each isotope occurring in the 
irradiated fuel goes into the waste. 

Recycling of actinides requ ires the specifi
cation of a new isotopic vector of the fuel to be 
fed into the reactor. Work for the development of 
an automatic recycling routine is under way. 

In the case of sensitivity studies, the uncertain
ty involved in the cross-sections permits the gene
ration of alternative group cross-sections to be used 
for another burn-up calculation. After having 
compared the results, one can decide whether it is 
necessary to improve the considered cross-sections. 



Cross-Section Measurements 

The aim of this experiment is the measurement 
of the 241 Am differential fission cross-section in 
the energy range of 0.5 MeV ~En~ 1.3 MeV. The 
fission detector, a 41r gas scintillation chamber, is 
now being investigated at the JRC lspra and will be 
used for the definite measurements with the 
GFK~Karlsruhe 3MeV Van de Graaff accelerator. 

• Measurement programme 

The purpose of the laboratory exper iments is to 
test the performance of the 41r gas scintillation 
detector in order to define the operating condi
tions for the cross-section measurements. The first 
measurements were performed with a 85% A and 
15% N2 gas mixture as used by the Gf K-Karlsruhe 
for cross-sect ion measurements w ith 241 Pu and 
235 U isotopes. 

As fission product source a 2 5 2 Cf deposit ( 100 
fissions/sec) was used on a VYNS backing of 85 
-g/cm 2 and optical shields of 45 -g/cm 2 Au and 
11 -g/cm 2 Al . The pulse height spectrum depends 
very much on the A-N 2 gas flow. At very low flow
-rates the va lley between fission and a-events was 
not pronounced, and the pulse height spectrum not 
stable with time. Only higher flow-rates in the 
order of some litres/min led to pronounced val leys 
between a- and fission events and thus to better 
a-discrimination. Mass spectroscopic analysis of the 
exhaust gas indi cated that small contents of 
moisture and Cl picked up inside the gas circuit 
from the wa lls caused this low and unstable scintil
lation efficiency at very low flow-rates. 

In view of the expected high a-activity of the 
241 Am deposits it is desired to improve still 
further the a-discrimination aga inst fissionsignals. 
This amelioration can be achieved if the a-particles, 
having a range twice as wide as that of t he fission 
products, dissipate a large part of their energy on 
the wa lls of the chamber and not inside the scintil
lation gas. In addition, the scintillation efficiency 
of the a-particles reaches a maximum near the end 
of their range whereas the fission products have 
their maximum at th e beginning of their flight 
path . 

The dimensions of the chamber are f ixed by 
the diameter of the photopultipliers and with the 
A-N 2 gas mixture most of the a-particles dissipate 
their energy inside the chamber. To achieve a 
better a-discrimination, He gas mixtures with larger 
a-particle ranges were investigated in our chamber. 

• Theoretical studies 

The 241 Am f issi on cross-sect ion will be measured 
in relation to the 235 U fission cross-section. For a 
given VDG condition we measure th e fiss ion rea
ction rate R of the 235 Am target we ighted with a 

counting efficiency factor, in relation to the same 
quantity of the 235 U target in the collimated neu
tron beam. The count ing efficiency factor is in the 
order of 0.75 ~ E ~ 0.9 due to the high discrimi
nator settings required for a-pile up suppression . 
This quantity can not be measured with 241 Am 
targets. For this reason a Monte Carlo code was 
developed which permits the theoretical calcula
tion of this factor. 

The code permits the calculation of the pulse 
height spectra of the fission products in each 
subchamber conditioned or not condit ioned by 
coincidence counts. The light and heavy fission 
products are assumed to be distributed according 
to two Gaussian distributions, each defined by a 
mean energy and a standard deviation . These f is
sion products are slowed down in the target, 
backing, optical shield and gas space before they 
can reach the surrounding chamber walls. For the 
slowing-down process in the different media of 
composite materials semiempirical relations were 
used, characterized by the composition of the 
target compound, the atomic weights and numbers 
of its constituents. In addition the mean mass, nu
clear charge and mean energy of the median light 
and heavy fission products are required. The fis
sion-product energy lost in the scintillator gas is 
transformed via a statistical resolution function 
into a pulse height spectrum vol tage. This pulse 
height spectrum is compared with the measured 
spectrum of an 241 Am target, at energies above 
a-pile up counts . This code also serves for the 
technical assessment of other gas scintillation 
counters wi th different scintillation gases, targets 
and dimensions. 

Actinides Monitoring 

The aim of this programme act1v1ty is the 
creat ion of a European Central Laboratory for 
assessment, ca libration and standardization services 
in the monitoring of actinides-contaminated solid 
waste streams. Thi s laboratory was proposed in 
1974 by the ACPM on Nuclear Waste Disposal . It 
was thought that services of this kind wi ll be 
needed in connection with radioactive waste 
management and disposal problems. However, the 
question whether a European Central Laboratory 
w ill really be needed depends not only on our 
techn ical competence but also on the acceptance 
of the laboratory's role as a promotor and coordi
nator in the field of actinide-monitoring by the 
members of the European Community. In this 
respect some experience has been gained during 
collaboration with plutonium-handling facilities in 
Belgium, France, Italy and the UK. 

At present our attention is focused on moni
toring plutonium-contaminated solid wastes. Re
ference monitors based on the measurement of 
gammas and neutrons from spontaneous fission 
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and (ex, n) reactions from Pu-decay are going to be 
installed. The laboratory services in this domain 
will be available at the end of 1976. 

Measurements on large populations of waste 
drums from fuel fabrication and reprocessing faci-
1 ities have been conducted. The measurements 
provide information on the distribution of the Pu 
content in drums. This information is useful in the 
designing of monitor systems. 

The laboratory service is faced with some diffi
culties due to the considerable variety of the moni
toring systems employed today in the European 
plutonium facilities. The variations stem from the 
different approaches and different views concern
ing monitoring objectives. This situation is aggra
vated by the lack of complete and organized in
formation in the field of monitoring-system design 
and operation. 

In order to provide a common ground for in
formation pooling and discussions among Euro
pean monitoring-system users, designers, control 
authorities and the central laboratory, a guide is 
being prepared. The guide will lead the designer 
through the initial steps of systems analysis and 
concept choice to the final stage of instrument 
design. It starts by setting out the various options 
for organizing monitoring systems, the decision
-making points and the performances required of 
the instruments within the constraints imposed. 

As a clear waste-disposal strategy in Europe 
has not yet been agreed upon, we suggest that the 
distribution of Pu-content in segregated streams 
should be measured. The separate distributions of 
non-glovebox and in-glovebox wastes segregated to 
"combustible" and "non-combustible" provide the 
information required for decision-making when a 
strategy is adopted. The decisions wil I concern 
treatment procedures, type of storage areas 
needed, monitoring ranges that should be covered, 
accuracies and the location of key monitoring 
points. 

Data Evaluation 

In the last few years much interest has been 
devoted to solving management and identification 
problems by systems analysis. Radioactive waste 
management is a large system with a great number 
of subsystems. The results of the analysis of large 
systems are the best guide for objective decision
-making. 

In principle real systems can be described by 
means of mathematical algorithms by which the 
interactions of the parts of the system are specified 
explicitly enough to make it possible to study the 
system's behaviour in a variety of circumstances 
and, in particular, to · control it and to predict its 
future. Decision-making for the establishment of a 
European radioactive waste disposal system in-
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volves choosing between alternatives. In order to 
make his choices the decision-maker must be able 
to predict the performance of each alternative 
system. Thus systems strategy requires a mathe
matical model of the system. 

A European radwaste disposal system which 
involves more than one country may be treated 
with the same methods. Because this system is 
more complex, the range of acceptable solutions is 
larger . It is a fact that the member states of the 
European Community are making efforts to co
ordinate their research. On the one hand this leads 
to a more rapid access to new data; on the other 
hand the individual problems of each member are 
recognised sooner. Disposal sites, as understood 
today, may not be feasible in some countries for 
geological reasons . This could hamper or even 
prohibit the future use of nuclear energy in those 
countries, if no other country would help to over
come their waste disposal problems for some time 
at any rate. A joint solution is necessary after all, 
because of the economic links within the Commu
nity. One can envisage an organization processing 
spent fuel-elements of foreign origin and simulta
neously taking charge of the waste disposal. This is 
already done today, but under a variety of aspects. 
Joint research and a systematic management could 
continue to yield future solutions which, with joint 
financial effort, could solve the problems in part; 
one might, for instance, consider dumping acti
nides in the sun by means of space shuttles. Euro
pean waste management also comprises questions 
of international law. It would be impossible to 
release radwaste into the rivers and lakes of other 
countries. Such disservices as the present mutual 
environmental pollution with conventional wastes 
must be avoided as far as radwaste is concerned. 
Coordinated management of the radioactive wastes 
within the European Community, based on system
-analytical methods, seems to us a good way to 
master those problems in the future. 

For a couple of years work has been in pro
gress within the European Community and else
where for the establishment of a "European En
vironmental Chemicals Data arid Information 
Network" (ECDIN). As a logical complement we 
propose a "European Environmental Radioisotopes 
Data and Information Network" (EERDIN), for 
which an enquiry is in preparation. 

This would handle the enormous amount of 
data concerning radioisotopes in the environment. 
We believe that every specialist in this field would 
acknowledge the usefulness of such a tool. As to 
the European waste management strategy, the 
availability of EERDIN would reinforce and ra
tionalise the work 



Materials Science 
and Basic Research on Materials 
V. Lungagnani 

Introduction 

Our main purpose is to organ ize phenomena 
oriented materials research (as related to the eluc i
dation of natural phenomena) and generic applied 
materials research (as related to the demonstration 
of feas ib ility within a whole class of new devices, 
materials or process) as an infrastructu re of techni
ca l, scientif ic, and instrumental competence wh ich 
w i 11 respond effective ly to the real materials re
quirements of advanced technologies. 

Thi s role of general scientific su pport for the 
current and longer-range deve lopment of advanced 
materials or processes is evident in the way things 
are managed bet ween the Materials Obj ect ive and 
the purpose-oriented projects under way at the 
J RC. The basic principle is t hat staff possess ing 
specific strong competence in the var ious materials 
fields can transfer into t hese projects, and come 
under the project management, fo r such periods as 
are needed to so lve specific project problems. 
The reafter, they normally return to the Materials 
Object ive, which thus maintains major disciplinary 
ski ll s in such a way that they are constantly availa
ble to other purpose-oriented projects accord ing to 
demand. 

Two features are particular to materials science: 

a) to develop a new material (or to adapt an ex
ist ing one to new uses) takes far more ti me than 
the user can normally allow for the making of 
new constructs. This means that we must ant ici 
pate needs and -initiate R & D before the user 
actually applies to us for specific hel ps. 

b) The "techniques" on which mater ials research 
is based invariably con tribute to severa l dif
ferent problem-oriented projects. When such 
techniques are organ ized in complementary 
form there is ext ra benefit to be derived from 
this synergy. 

Thus each major area of research now consti
tuting the "materia ls objective" is to some extent 
related t o the purpose-o ri ented objecti ves of the 
J RC. 

For or ienting purposes, such relation ships may 
be qualified as "sh ort-range" and "l onger- range" 
accord ing to the fo llowing table: 

Short-range Longer-range 
"Materials" subject relation with relation with 

objective objective 

Radiation damage studies Fusion Safety 

Surface studies Fusion Sola r energy 

Mechan ica l proper ti es Safety 

Phys.prop.at h igh temp. BCR-safety Solar energy 

Transport processes and Protection of 
st ructu ral behaviour the environment 

Effect of st ru ct.changes Hydrogen 

and latt ice imperfect ions So lar energy 

Neutron physics in col l. 
Hydrogen 

w ith the I LL Grenob le 

Consu lted in June and October 1974, May and 
October 1975, the Advisory Committee for the 
Management of the Prog rammes (CCMGP) on 
Materia ls expressed its satisfaction with the qua I ity 
of the work performed and with the competence 
shown by the staff. 

More than 80 papers and original contr ibutions to 
reports and con ferences const ituted the sc ien t ifi c 
"output" of materials object ives (see "List of Pu 
bl ications"). 

Structure of "Materials" Actions 

A. In 1974 the authorized "mater ials" object ives 
invo lved 79 man-yea rs (1 st li ne) 10,5 of them 
for work at the Petten Estab lishment. The spe
cif ic credits al located to direct research costs 
amounted to 580.500 U.A. 
The breakdown of " Materia ls" act ion into 
studies was as follows (see Table). 

B. In 1975 a new Petten Establishment pro
gramme was approved for two years, starting 
from January 1975 principally devoted to high 
temperature mater ials. 
In consequence of this new situation the real 
effort in "materials objectives" at lspra has 
been reduced by 10.5 man-years, with a total 
spec ifi c cred its allocation of 356.500 U.A. As 
compared w ith 1974 (see point A), t he break
down into studies was unchanged. 
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Materials science 

Allocations 1974 
Subject Studies 

(man-years) (unity of account) 

Radiation damage Void formation studies to determine the cavities formed in materials 
2.4 33,000 

studies during irradiation; diffusion, radiation damage and defects in fee materials 

Particle surface interaction studies; effects of ions on materials; desorption 

Surface studies studies; compatibility of fusion-reactor first-wall materials with blanket 14.0 62 ,500 
materials 

Composite materials obtained by gradual increase "in situ" starting from 

eutectic alloys; phase-dispersed materials studies- cavitation in steels and 

Mechanical 
other structural materials; fracture studies; correlation between S.W.E. 

behaviour 
and structure during tensile deformation of composite materials. (at I spra) 30.7 187,500 

Single crystals of vanadium growth and doping; irradiation and mechani-

ca l post-irradiation testing of vanadium and its al loys; effect of helium 
bubbles and voids on ductility (at Petten) 

Physical properties Gas-controlled vapour chambers; wetting studies at high vapour pressure; 
3.7 19,000 0 0 

at high temperature vapour pressure measurements between 2000 C and 3000 C 

TOTAL 50.8 302,000 

Basic research on materials 

Allocations 1974 

Subject Studies 
(man-years) (unity of account) 

Transport processes Quantum effects in nuclear magnetic relaxation; diffusion of hydrogen in 

and structural be- transition metals; nuc lear relaxation and diffusion behaviour of liquid 

haviour in metals, crystals; electron spin resonance studies of free radicals during fast elec- 12.5 185,000 
polymers and re- tron irradiation; determination of hydrogen mobility, activation energies 

lated materials and physical and chemical adsorption heats 

Effect of structural Diffusion, radiation damage and defects in bee materials; optical methods 

changes and lattice for the study of surface, lattice defects and phase transitions; app lication of 
9.4 imperfection on the x-ray and -y-ray scattering to the study of lattice defects and phase trans- 44,500 

properties of materials formations in solids. Computer experiments on unharmonic lattices 

Neutron physics ( in 
Neutron optics studies; fission fragment interact ion with matter; study 
of neutron procession experiments; neutron scattering experiments on 

co llaboration with 
single crysta ls of Pd and Ce doped with H, D and T; study of the hy- 8.7 49,000 

I LL of Grenoble) 
drogen diffusion mechanism in Rco5 and RNi

5 
compounds (R = La,Pr) 

TOTAL 30.6 278,500 

Progress and Highlights 

A) Materials Science 

The materials programme has now been 
running for three years, and it is possible to assess 
the value of the ·topics chosen in this field. In 
general, all the activities are making constant pro
gress. The difficulties that a certain number of new 
activities encountered in the first year have been 
overcome. In all cases the experimental set-up has 
been completed and work has reached the measure
ments phase. Some activities suffered, however, 
from the breakdown of the 1 MeV Van de Graaff 
generator. 

The work in radiation damage yielded a 
further elaborate insight into the image-forming of 
small holes and bubbl es by the Electron micro
scope and showed us what may be the best way to 
visual ize small cavities. 

tent staff and good equ ipment are yielding a con
stant output of resu lts in this field. A number of 
problems have been treated, including self-dif
fusion in nickel, the ordering and structure of gold
-s il ver alloys, the precipitation of iron in copper 
and the behaviour of point defects in copper gold 
alloys. In the field of surface phenomena, the first 
results from the blistering studies were obtained. 
The apparatus has proved to work well and further 
results will become available as soon as the diffi 
cult ies with the Van de Graaff generator are over
come. 

Diffusion of point defects and the influence of 
their migration on the structure of alloys has 
become a strong point of the programme. Compe-
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The measurements on adsorption and de
sorption of gases on the surface transition metals 
are proceeding with the apparatus developed 
during the first year of the programme. The results 
obtained in 1974 concern the system Mo-N 2 in the 
temperature range 200° K to 800° K. 

The ion implantation laboratory investigated 



arsenic ions in silicon and has started, in co llabo
ration with other activities in the materials pro
gramme, the study of oxide grown on silicon car
bide. In 1974 a new study on the compatibility of 
li quid lithium with transition metals was started. 
This work is still in the stage of preparation of the 
experimental equipment. 

A major part of the materials programme is 
devoted to the study of mechanical properties of 
metals. The different mechanisms which m,ay play 
a role in the plastic behaviour are investigated. The 
observations are part ly used for the preparation of 
new materials. Th e work concerned with the pre
paration of metallic composites from eutectics 
furnished a fa irl y comp lete picture on the growth 
mechanisms of fibre-reinforced Al-Ca alloys, ob
tained by unidirectional solidification. The field is 
constantly being extended and materials of ex
treme properties, for example superplastic alloys 
can now be prepared. Hardening by a stable disper
sion is the objective of a parallel study. This study 
is concerned with nickel-base alloys, and the 
method emp loyed allows a wide var iati on of pa
rameters. 

The knowledge on the mechanisms which limit 
the mechanical strength are necessary for a success
ful application of known materials and for the 
development of new alloys. Besides the classical 
methods of investigation such as tensile tests, creep 
tests and the study of defect structures in the elec
tron microscope, a special effort is being made in 
three new directions and has already given remark
able resu Its. 

Th ese are 

i) the measurement of the density of deformed 
materials, a method which makes it possible to 
follow the formation and growth of micro
fractures, 

ii) acoust ic stress wave emission, where our work 
on the identification of stress wave sources has 
been very successful, and 

iii) dynamic experiments in the scanning electron 
microscope. 

Research and technological development were 
cont inued in the field of heat pipes. There are 
quite a number of problems invo lved in their per
formances which give rise to a number of possibili
ties of studying materials and their interaction wi th 
one another in very definite cond itions. Wetting 
studies of liq uid sodium on stainless steel, tungsten 
niobium, tantalum and molybdenum in the tempe
rature range between 540° and 700°C were per
formed in a specia ll y adapted heat pipe. 

Part of the programme was executed at the 
Petten J RC, where the wel 1-estab l ished competence 
in the f ield of preparation of high-purity vanadium 
was used to start systematic studies of the in
fluence of impurities on the mechanical properties 
of single crystals, on the recrystallisation of 

deformed vanad ium and on the formation of vo ids 
and gas bubbles in the irradiated metal . 

B) Basic Research on Materials 

The reorientation of basic research in the field 
of Physics of Condensed Matter was started in 
1973 and completed during the year 1974, in order 
to comply with the multi annual Materials Science 
programme approved by the Council of Ministers. 

Th e exist ing installations for magnetic reso
nance, for X-ray and Mossbauer scattering, for 
optical scattering and spectroscopy, and for electri
cal resistivity and sputtering techniques were 
improved and modified to fulfil the needs of the 
approved programme. Some of the neutron physics 
activities that were previously going on at the 
lspra-1 reactor were moved to the Institute Max 
van Laue - Paul Langevin of Grenoble where the 
J RC team seconded to the Institute continued with 
the work in progress since a number of years. 

In the field of Structural Changes and Lattice 
Imperfections of Solids a number of research pro
jects were initiated or completed. More speci
fically, concerning phase transformations: 

1) The formation of the w-phase in Zr-20% Nb 
alloys was investigated by using diffuse X-ray 
and Mossbauer scattering techniques. Intensity 
measurements of various diffuse peaks asso
ciated w ith the presence of the w-phase were 
done at temperatures between liquid nitrogen 
and room temperatures. The results indicate 
that the mean positions of the atoms inside the 
unit ce ll of the w-phase vary reversibly with 
temperature. 

2) A neutron scattering experiment was performed 
at the I LL Grenoble on deuterated potassium 
dihydrogen phosphate around the critical tem
perature of the ferroelectric transition. A 
double-crystal spectrometer, that was designed 
and built in lspra, was used for this experiment. 
It was found that phase mixing occurs at the 
crit ical temperature, that is , the para- and ferro
electric phases, with slightly different lattice 
parameters, coexist in a narrow temperature 
interval around the critical temperature. 

3) As to optical scattering, our activity was con
centrated on assembling and testing an appa
ratus for the study of Brillouin scattering. The 
electronic hardware was set up and we began to 
ca librate the apparatus by means of experiments 
on coherent and incoherent light scattering for 
lithium niobate. 

4) Theoretica l work in the field of non-linear 
classical mechanics cont inued mainly along two 
lines. First, we further refined and extended the 
computer program fo r the evaluation of the 
motion of a one-dimensional chain of particles 
iteract ing via a Leonard-Jones type of potential. 
Secondly, the transition from a regime of order-
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ed motion at low energies to a regime of 
stochastic motion at higher energies was investi
gated for systems containing up to five hundred 
particles. 

We did extensive work using an X-ray scat
tering technique to investigate the diffuse peaks 
associated with the presence of short-range order in 
gold 50% silver alloys. Measurements were done in 
"as-grown" and fast-electron-irradiated crystals. 
The results showed t hat the effects of the an
nealing and irradiation treatments on the amount 
of short-range order were small. These results will 
be compared with those obtained by means of 
precise electrica l resistivity techniques. The prepa
ration of the experimenta l equipment needed to 
work with body-centred cubic materials was 
continued. A titanium sublimation pump and a 
molecular pump were purchased in order to per
form annealing treatment in the ultra-high vacuum 
combinations required by most of the meta lli c 
materials with b.c.c. and hexagonal structures. \/lie 
started self-diffusion studies on zirconium crystals, 
using a refined sputtering technique, and the dif
fusion of hydrogen in vanad ium hydride (VHo.3) 
was invest igated by means of nuclear magnetic 
resonance. In this last case activation energies for 
diffusion were measured at low and high tempera
tures. 

Other nuclear magnetic resonance work con-
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cerned the investigation of diffusion phenomena 
and of Zeeman and dipolar relaxation time in 
polymorphic liquid crystals that were synthes ized 
in the laboratory, and the continuation of studies 
on thermally induced polarization. Lastly, one 
NM R spectrometer was automated by a connection 
on- line with a PDP 11 computer and the software 
was developed for the automation of relaxation 
times measurements. Electron spin resonance work 
was mainly devoted to studies of frozen aqueous 
solutions of nucleic acid bases, of oxygen-saturated 
ice and to some preliminary studies of DNA 
samples. Some theoretical work on nucleic acid 
bases was also started. 

The neutron opt ics team, working at the I LL 
Grenoble, completed the design of a high-resolu
tion neutron diffractometer which is now being 
built. Invest igation of spec ial types of neutron 
monochromators was continued, particularly in 
connection with compos ite focusing systems made 
of Cu-Ge crystals having a gradient in the lattice 
parameter. Some studies were also devoted to neu
tron topography and neutron scattering of liquid 
crysta ls . Finally, the group working on fission
-fragment experiments continued the preparation 
of the multisection ionization chamber and of the 
data co ll ection system that wil l be used with the 
I LL Lohengrin spectrometer at Grenoble. 



Non-electrical Application of Nuclear Energy 
Hydrogen Production from Water 
G.Beghi 

Introduction 

Research on Hydrogen Production from Water 
was motivated by the possibility of extending in 
the long term the application of nuclear energy to 
non-electric uses; as the European Community is 
highly dependent upon external sources of primary 
energy, it is useful, from the standpoint of a guar
anteed supply, to further extend the use of nuclear 
energy. 

Hydrogen is an excellent candidate as " energy 
carrier" to transfer nuclear heat from the power 
station to all users; moreover, it has essential ly 
non-polluting combustion characteristics. For these 
reasons, hydrogen could have a very large influence 
on the future energy market; its consumption for 
conventional uses is already ve ry high and its 
potential as a fuel is recogn ised as being one order 
of magnitude higher. 

Whatever may be the future of a hydrogen fuel 
economy (by about the year 2000 and later), 
hydrogen will become increasingly important as a 
chemical feedstock since it is the basic raw material 
(and major cost) for instance for fertilizers, for sev
eral chemical compounds including methanol 
(considered as a possible substitute for gasoline or 
other liquid fuels), and for oil desulphurization; in 
the near future it will also be used in large quanti
ties for coal hydro-gasification and in the steel
making industry . 

Currently, most hydrogen is produced from 
natural gas and oil. As these supplies diminish, 
alternative methods of large-scale production will 
be required and serious efforts are needed to devel
op new technologies for hydrogen production from 
non-fossil raw materials. 

A possible new method for hydrogen pro
duction using water and nuclear (or perhaps solar) 
heat is the thermochemical decomposition of 
water, i.e. a chemical process based on a closed 
cycle of chemical reactions operating at tempera
tures compatible with nuclear reactor technology. 

JRC Activities 

The specific objective of the lspra research is 

to evaluate the potential of this thermochemical 
decomposition of water, from the standpoint of 
the technical feasibility of large industrial plants 
and the economics as compared with the rival pro
cess, the electrolysis of water. Our work is still in 
its initial research phase, the aim of which is: 

to explore the possibilities of identifying useful 
chemical cycles 
to eva luate their potential interest and to define 
their characteristics and feasi bility with experi
mental tests. 

The purpose of this research phase is to prepare 
information as a basis for the selection of prom
ising cycles. 

The main lines of the programme are the fol-
lowing: 

chemical studies: these include th ermodynamic 
ca I cu lat ions, identification of new possible 
cycles, experimental verifications; 
kinetic studies: all the problems related to th e 
study of th e influence of different parameters 
and to the preparation of bench-scale testing of 
chemical reactions in steady-state conditions; 
material studies : corrosion tests in various cor
rosive media, to screen possibl e materials for the 
more promising processes; 

- general evaluations for the preliminary ca lcu
lations of process flow-schemes, thermal opt im i
zation, chemical engineering problems, etc. 

A summary of the budget (excluding personnel 
costs) and manpower allocated under these head
ings is given in the following table: 

Manpower 

Action 
Budget (u .a.) (Man/years) 

1974 1975 1974 1975 

-Chemical, kinetic 34 35 
stud ies, materials, 

180,000 165,000 
general evaluations, 

-Contracts 50,000 200,000 - -
TOTAL 230,000 365,000 34 35 

An outstanding event was the formation, at 
the beginning of 1974, of an Advisory Committee 
for the Management of the Hydrogen Programme, 
following the decision of the Council of Ministers 
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(resolution R/2735 F/73-ATO 161 approved No
vember 19, 1973). This Committee, with about 
twenty delegates, met three times in 1974 and 
twice in 1975; two opinions were formulated sum
marizing the views of the members on the current 
lspra Hydrogen Programme. These documents and 
the individual v iews expressed in the Committee 
are of considerable help in the management and 
orientation of the programme. 

The Hydrogen Programme team, together w ith 
the Directorate-General for Research and Science, 
Brussels, organized a scientific seminar on Thermo
chemical Decomposition of Water. This special 
two-day meeting was held in Paris on 28-29 April, 
1975 and was attended by twenty experts from 
European Community countries, the USA and 
Japan: it gave these scientists the opportunity of a 
vigorous discussion and exchange of ideas and 
views on four main items: 1) criteria for definition 
and evaluation of thermochemical cycles, 2) state 
of the art in the world, 3) critical points in the 
development of processes, 4) orientation and 
guidelines for future research. 

Links with External Organizations 

An agreement for cooperat ion, signed during 
1973, is operating between the Commission of the 
EC, the Kernforschungsanlage Julich GmbH and 
the Rheinische-Westfalische Technische Hoch
schule in Aachen. During 1975, the French Atomic 
Energy Commission's Centre d'Etudes Nucleaires, 
Saclay, joined the agreement. 

The cooperation consists in a mutual exchange 
of information and the coordination of some com
mon activities; technical meetings are periodically 
held . 

During 1975, the Internationa l Energy Agency 
set up a Sub-Group on Energy R&D, which recom
mended the implementat ion of a cooperative R&D 
programme on Hydrogen production from water. 
The Commission of the EC, through the Joint Re
search Centre, lspra, was designated to act as lead
ing organization for the coopera ti ve programme in 
the Hydrogen area. 

Development of the Research : A Summary 

During the years 1974 and 1975 the study 
continued with the identification of new cycles 
and the experimental testing of critical chemical 
reactions. The scheme of activities necessary for 
the development of a new thermochemical process 
for water decomposition comprises a number of 
steps, as shown in Fig . 1; this scheme has to be 
applied to any cycle, being stopped if negative re
sults are obtained in one or another of the various 
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aspects which have to be considered in the evalua
tion of a process. 

The following paragraphs summarize the prin
cipal results of our exploratory work; in the light 
of the data obtained with theoretical and experi
mental evaluations, some main conc lusions were 
reached . 

Studies on Chemical Reactions 

The chemical reactions stud ied in this period 
are grouped in different "families"; the main fami
lies examined are the following: 

Cycles of the Mark 1 family 

The first cycle defined at lspra was the Mark 1, 
a cycle patented in 1969 and using mercury, calci
um and bromine as chemica l elements. The tests 
made added to our knowledge of this cycle and 
possible var iations. During 1974 measurements 
were made on the hydrolysis reaction of CaBr2 at 
high pressure and on the reaction of concentrated 
HgBr2 so lutions with calcium hydroxide. Good 
results were obtained but owing to possible pollu
tion problems the work on cycles using mercury 
was stopped, in keeping with the recommendation 
included in the opinion formulated by the Adviso
ry Committee for the Management of the Pro
gramme. 

Possible variants of the Mark 1 cycle using 
other elem ents instead of mercury were examined 
but the results were not encourag ing. 

Iron-chlorine family 

Water-splitting cycles using iron and chlorine 
are among those more extens ively stud ied during 
the last two years in laboratories throughout the 
world. The iron-chlorine cyc les proposed by var i
ous authors have some common reactions which, in 
different comb inat ions, lead to various processes. 

Hydrogen is usually obtained during the 
hydrolysis of iron-dichloride, in some cases 
through its previous reduction to iron. The usual 
reaction is: 

3FeCl 2 +4H 2 0=Fe3 0 4 + 6HCI +H 2 

Chlorine is always obta ined by FeCl 3 decomposi
tion: 

2FeCl 3 =2FeCl 2 +Cl 2 

Oxygen is obtained by the action of chl or ine on 
iron oxides or on water, in this latter case some
times through magnesium chlor ide or oxichloride. 
At lspra we also studied the possibility of ob
taining oxygen from a combined act ion of chlorine 
and hydrocloric ac id on iron oxide. 

All the reactions were studied with a view to 
co llecti ng data for the design of a plant; informa
tion on equilibrium measurements has to be sup
plemented w ith results from tests in conditions 



Fig. 1 Work Scheme for the Study of a Thermochemical Process for Water Decomposition 
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approaching those which are foreseen in a continu
ous operating plant. 

The hydrolysis of FeCl 2 has been thoroughly 
tested; the study was also extended to t he se lection 
of possible support materials for FeCl 2 , with a 
systematic analysis of several candidate materials. 
With or without support the hydrolysis reaction 
was found feasible from a kinetic point of v iew. 
The conditions f inally adopted for this reaction are 
the following: 

temperature 650°C 
pressure 1 atm 
water conversion 21 %. 

We examined and tested the decomposition of 
FeCl 3 to FeCl 2 . The cond itions fina ll y adopted 
were the following: temperature : 280°C for the 
evaporator and 200°C for the FeCl 3 condenser; 
pressure : 1 atm; carrier gas, carbon tetrach lor ide 
at a partial pressure of 0.12 atm at the evaporator 
temperature. In these conditions a 1 to 7 ratio be
tween chlorine and the dimer Fe2 Cl 6 is expected 
for the vapour phase in the hot zone. 

Chlorination of magnetite was extens ively 
tested with mixtures of hydrochlor ic acid and 
chlorin e in different conditions, in the temperature 
range from 80°C to 200°C. 

The conclusions are that ch lorin e does not 
react to any large exten t, and on ly a I imited 
amount of the expected oxygen is formed. Oxygen 
can be formed in due amount if the working tem
perature is raised to about 730°C, but at the ex
pense of an unacceptably low conversion of the 
hydrochloric ac id . These results induced us to 
change the conditions for the ch lor ination and 
oxygen format ion step; it was decided to use less 
chlorine (one-third of the previous amount) for the 
reaction on magnet ite, the remaining ch lorine 
being used to produce oxygen by the reverse 
Deacon reaction. The chl orinati on of magnetite is 
an exothermic reaction; in order to improve heat 
recuperation the reaction temperature has to be as 
high as possible; the first part of the chlorinat ion 
with ch lor ine alone: 

3Fe30 4 +3/2 Cl 2 -FeCl3 +4Fe20 3 

can be done at 700°C with a very high conversion 
rate (96%), the subsequent chl or ination of Fe2 0 3 

with HCI has to be done at a far lower temperature 
(160°C) in order to maintain a high HCI conversion 
rate (79 %). 

In a subsequent evolution, the reaction of mag
netite with gaseous HCI was stud ied; experim enta l 
tests were made in the temperature range between 
130 and 400°C. The reaction is the following: 

Fe 30 4 +8HCl=FeCl2 +2FeCl3 +4H20 

At temperatures lower than 160°C on ly FeCl 2 and 
FeCl 3 (and water) are formed, over 160°C FeOCI 
begin to be found, and above 300°C FeCl 2 and 
Fe2 0 3 are th e more abundant products. The final 
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cond itions adopted for this reaction are the fo l
lowing: temperature 160°C; pressure 3.5 atm, 
conversion rate of HCI 79%. 

On the basis of the above-ment ioned results, 
several sequencies of reactions were defined, and 
examined w ith the computer program OPTIMO for 
the evaluation of processes; the scheme which cor
responds to a minimum amount of circu lating ma
terials is the fo ll owing (cycle Mark 15) : 

3FeCl 2 +4H 20 - Fe30 4 +6HCI + H2 

Fe30 4 +8HCI-FeCl 2 +2FeCl 3 +4H 20 

2FeCl 3 -2FeCl2 + Cl 

Cl 2 + H20-2HCI + 1/2 02 

For the last reaction of this sequence, t he reverse 
Deacon react ion, the fol lowing conditions were 
adopted: temperature 600°C, pressure 2 atm, Cl 2 

and H2 0 convers ion rate 42%. 

Sulphur cycles 

Another family of cycles is that based mainly 
on S0 3 decomposition, using su lphur as one chem
ical element, with others that may be var ied from 
one cycle to anoth er. This fami ly includes pro
cesses based on chemical reactions only or in
cluding an electrolytic step. The common reaction 
is the fo llowing: 

S03 = S02 + 1/ 2 02 

the S0 3 coming from the decomposition of 
H2 S04 or from a metal sulphate. Th e remaining 
reactions used for closing the va rious sulphur cy
cles stud ied at present in the J RC are the fo l
lowing: 

For Mark 11 

For Mark 12 

S02 +1 2 +4NH3 +2H 20=(NH4) 2S04 +2NH4I 

(NH4)2S04 +ZnO = ZnS0 4 +2NH 3 +H 20 

2NH4 1=2NH3 +12 +H2 

For Mark 13 

S02 + Br2 + 2H 2 0 = H2S04 + 2HBr 

(electrolytic reaction) 

For Mark 16, a new cycle under study 

S02 + 12 + 2H 20 = H2S04 + 2HI 

2HI =H 2 + 12 (in liquid S02 as solvent) 

Progress has been made in the study of S03 

decomposition in the temperature range 
750-850°C. The results from a research contract 
w ith Pech iney Ugine Kuhman show that the k i
netics of S0 3 decomposition with a ca talyst is 
quite fast and that 0 2 and S0 2 concentrations 
near (80~0%) the equil ibrium va lue can be ob-



tained in a short time. It has been evaluated that 
the volume of the chemical reactor for S0 3 decom
position is about half the volume of an equivalent 
reactor for S0 3 synthesis. 

Another reaction which has been studied is the 
decomposition of ammon ium iodide, for the 
Mark 12 cycle. Various catalysts were tested; the 
aim is to improve HI decomposition without af
fecting the NH 3 decomposition . Good results were 
obtained by the use of Pt alone or supported. 
When using -y-alumina it appears that as well as the 
catalyt ic effects there is also an absorption effect; 
it seems possible to conceive a decomposition 
reactor which wou ld retain the iodine formed, this 
iodine being afterwards recovered by desorption at 
higher temperature. 

The study of the electrolytic reaction of the 
Mark 13 cycle is in progress. The exper iments deal 
with many parameters. The geometry of the ce ll 
has been studied, with and without diaphragm, and 
with static or moving electro lyte. Tests have been 
made with different electrode materials, various 
kinds of graphite, noble metals and alloys. The 
influence of temperature, the HBr concentration, 
the electrolyte composition (presence of H2 S04 ) 

have also been studied. The results show that work
ing at 100°C at 1 V the maximum current density 
achieved with graphite electrodes is about 200 
mA/cm2 , a value usually adopted for industrial 
water electrolysis. Work is in progress to improve 
the cell performances yet further. With act ivated 
noble metal electrodes the same current density 
can be obtained at only 0.7 volts. 

The study of the reaction between S0 2 and 12 , 

and water, is oriented to so lve the problem of the 
separation of sulphuric and hydroiodic acids: 
without this separation, this reaction cannot be 
used in a thermochemical cyc le. The difficulty has 
been circumvented by using a particular solvent; 
under this condition two phases are obtained, one 
mainly constituted by H2 S04 (about 50% by 
weight) and the other in which hydroiodic acid and 
unreacted iodine are dissolved. 

Material Studies 

In the present research phase, studies on ma
terials are limited to a screening of commercial 
metallic and ceramic materials and to preliminary 
selection of possible construction materials for the 
important part of the processes. This study, in the 
case of the Mark-1 cycle, was completed in nearly 
all the main items. Corrosion resistance in hydro
bromic acid and other environments was measured 
for metallic and ceramic materials. The exposure 
times for all the tests were extended to 5000 hours 
(about 7 months) to cover a reasonable fraction of 
the possible life of the equipment involved, be
cause the corroding agents or their concentrations 

have largely unknown effects and it is difficult 
often even to postulate the probable mechanism of 
their action. Under these conditions an empiri c 
approach in unavoidable, at least during the screen
ing of materials, and long exposure times become 
necessary to allow reasonable extrapo lations of 
corrosion rates in order to estimate the possible 
li fetime of the components involved. The corrosion 
data col lected for Mark 1 show that suitable ma
terials have been found for a11 · the most critical 
conditions of the cycle. The correspond ing cor
rosion rates are, in general, quite acceptable. 

A summary of the possible materials for the 
different parts of the plant was prepared. 

Concerning the iron-chlorine fami ly, prelimi
nary corrosion tests were made in hydrochloric 
acid, the main corros ive agent in these cycles. The 
temperatures were considered in the var ious ranges, 
200°C, 400°C, 600°C, 700°C, 800°C; dynamic 
tests are being carried out in quartz loops. The 
commercial materials tested are ceramic and metal-
1 ic. For the low temperature range various mate
rials can be cons idered as practicable. For the high 
temperature range promising resu lts have been 
obtained w ith ceramic materials, such as alumina, 
Mull ite, Si llimanite, zircon ia and others, and with 
some Ni-alloys, such as Hastelloy C, l nconel 625, 
IN 691, 6X. 

Some orienting tests have also been started on 
corrosion in hydroiodic acid at 400-600°C and in 
some other environments , for various cycles taken 
into considerat ion . 

General Evaluations 

In the phase of exp loratory studies our objec
tive is to identify and select possible thermo
chem ical cycles, in order to reduce to a minimum 
the number of cycles to be studied and developed 
with expensive experimental tests. Th is is done by: 

establ ishing a comprehensive set of criteria to be 
used for co mparing thermochemical cycles with 
each other and with electro lysis. Several cr iteria 
have to be defined in evaluat ing the promising 
characteristics of the processes, ranging from 
thermal efficiency to kinetics, separation of 
products, transport of heat and of solid mate
rials, chemical losses, etc. 
establishing methods for an early eva luation of 
the processes, with approximative ca lculations 
made in var ious successive steps. The prelimi
nary thermodynamic eva luations must be inte
grated with technological and economic para
meters, in order to c larify the final view of in
dustrial feasibil ity. The characteristics which are 
related to the chemica l plant/nuclear reactor 
complex have to be taken into particular cons i
deration. 

35 



Studies related to these general evaluations are 
mainly the following: 

• implementat ion and use of the computer pro
gram OPT IMO. In consideration of the size of the 
problem, this program prepared for conversational 
use, was conce ived as a modular program. It con
sists of a central manager program and many sub
programs. Each subprogram solves a particular 
engineering problem in the flow-sheeting field: 
mass balance, energy balance, heat recovery opti
mization, nuclear reactor coupling, efficiency eval
uation, general evaluations and other subprograms 
for input and output data control, data library, etc. 
Each subprogram can call any number of routines 
to solve particular mathematical problems. The 
modular structure makes it easier to introduce new 
subprograms or routines without modification of 
the work already done. This is the case when new 
evaluations are required. 

During this last period the subprogram for heat 
recovery optimization was modified in order to 
introduce different values of minimum 6T in dif
ferent heat exchangers, corresponding to various 
foreseen cases: Vap-Vap, Vap-Liq, Vap-Gas, 
Liq-Liq, Liq-Gas, Gas-Gas. Solids are considered by 
using an intermediate solid-gas heat exchanger to 
increase or decrease the required or available tem
perature. Like all the input data, these parameters 
(values of minimum 6T) can easily be changed. 

The OPT IMO program was applied to the evalua
tion and comparison of all the cycles taken into 
consideration and sufficiently known. The code 
was used to give detailed information, not only 
mass and heat balances, thermal optimization and 
process nuclear reactor coupling, but also for sensi
tivity analysis. This sensitivity analysis procedure 
has been used to determ ine the influence of varia
tions in some of the more important input data, 
and provided useful information on the weight of 
each parameter and a possible motivation to in
crease or decrease the corresponding experimental 
work. The input parameters were, for instance, 
reaction temperature, chemicals conversion, con
centration, etc. 

• Techno-economic evaluations. In the present 
exploratory phase of the research detailed and suf
ficiently accurate estimates for the economic via
bility of this new method are not possible, due to 
the incertitude on the cycles and on the flow 
sheets. However, techno-economic evaluations, 
although necessarily approximate and based on 
minimum information, are useful in this early stage 
of the development of the study. For this reason, a 
study was started, in connection with an industrial 
company, taking some chemical cycles as a ref
erence and making several assumptions for the 
unknown data. The target is to have ·approximate 
evaluations on some specific cycles, in order to 
make relative comparisons and put in evidence 
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possible specific characteristics and critical points. 

The study is done with criteria used in chemical 
industry and has to be considered with all the 
above mentioned limitations; the work is in prog
ress and from the first results a preliminary obser
vation can be made: the confirmed, high impor
tance of the investment costs in these processes 
(not less than 50% of the production cost). This 
can be usefu I in orienting the research for new 
cycles. 

• Cost estimates. In parallel to the evaluations of 
the investment costs for the industrial processes, 
based on calculations of detailed flow-sheets and 
considering the chemical engineering aspects in the 
technological realizations, as in the above-men
tioned tech no-economic studies, cost estimates are 
made with approximate methods. Several of these 
methods, used by the chemical and petrochemical 
industry, were tested and two of them were re
tained as more closely corresponding to the 
specific case: 

- the Stal I worthy method 
- the "functional unit" method. 

These methods are based on mathematical formu
las using correlation constants, number of main 
units, material factor, pressure factor, temperature 
factor, complexity factor, plant capacity, ratio be
tween average stream and plant capacity, etc. The 
investment costs for the plants of different pro
cesses are calculated and are used for evaluating the 
hydrogen production cost for each process. Even 
with the approximation linked to these simplified 
calculations, useful comparisons can be made 
which show up the processes that would entai I 
higher plant costs. The hydrogen costs in the 
examples taken into consideration vary in the 
range of 5.8 to 7.4 $/M BTU, with a heat cost of 
1.5 $/MBTU. 
As a reference, the hydrogen production cost for 
electrolytic processes was ca lculated; with conven
tional electrolysis the cost is 10.6 $/MBTU. Taking 
a figure of 80% of this cost as corresponding to the 
possible improvements in advanced electrolysis, the 
cost is reduced to 8.5 $/M BTU. Parameteric analy
ses were made as a function of the energy cost and 
it was concluded that thermochemical processes 
are competitive with electrolysis. 
Other evaluations were made, calculating for the 
thermochemical plants the maximum investment 
costs that are still competitive with electrolysis, 
and doing parametric analyses as a function of 
thermal efficiency, energy cost, etc. Results con
firm that the maximum investment cost that allows 
of being competitive is considerably higher than 
the investment costs calculated with the above
-mentioned methods. 



Reactor Safety Programme 

E. Burck, R. Klersy * 

* Edited in collaboration with those responsible for the different activities. 

The primary object of the J RC Nucl ear Safety 
Programme is experimental and theoret ica l investi
gation of reactor safety problems for Light Water 
Reactors (LWR) and Liquid Fast Breeder Reacto rs 
(LMFBR) . The in creasing activity of t he JRC in 
this field has been stimulated by the different 
European and Internati ona l Committees involved 
in reactor safety research, where constructors, 
licensing authorities, national laboratories and uti
lities are represented. 

The Advisory Committee for the Management 
of the Safety Programme, which meets three times 
a year, discussed the progress and the future course 
of the different activities and advised on the J RC 
proposal for the next multiannual safety program 
me. Detail ed technical discussion on the JRC acti
v ities in th e safety field also takes place in five" Ad 
Hoc Specia list Working Groups" set up by the 
ACPM-Safetv: 
• Blowdown, Part B 
• LMFBR Subassembly Thermohydraulics 
• Reliability 
• Core Melt Down and Fuel-Coolant Interaction 
• Structural Failure Prevention . 

The extremely close con nection between the 
JRC safety programme and the different national 
programmes and needs is also expressed in about 
20 co llaboration contracts, the countries contrib
uting a total of about 5 million u.a. towards the 
J RC activities. In the present multi annual program
me the work was regrouped into five main areas, 
for which the Community investments and man
power were as follows: 

Investments Manpower 
{u.a.) {man/years) 

Area of Activity 
1974 1975 1974 1975 

Engineering research 197,500 155,000 25 25 

Coolant thermohydrau I ics 375,500 300,000 63 68 

Early failure detect ion 63,000 56,000 10 11 

Reliability 11,200 11,000 9 7 

Theoretical accident analysis - - 8 11 

TOTAL 647,200 522,00 115 122 

The main achievements of this programme in 
1974 and 1975 are documented in more than 80 
publications and described in detail in the Annual 
Progress Reports for 1974 and 1975. The present 
chapter is only a very short ve rsion of these annua l 
progress reports, summarizing the running activities 
and the main achievements. 

Engineering Research Associated with Catastrophic 
Accidents and their Prevention 

Structure Loading and Response 

The progress on the above act ivity will be sum-
marized under th e following main headings: 

Study of consequences of a DBA in the PEC 
and SN R reactors 
First results of the lspra code development and 
validation programme 
Deve lopm ent and validation of finite-elem ent 
structural and hydrodynamic codes 
Work done to specific order. 

The study of consequences of mechanical ener
gy releases in the PEC and SN R reactors was 
continued in c lose co llaboration with CNEN and 
BN respectively . A combined ex perimen tal and 
theoretical approach is used to predict the con
sequences of a DBA (Design Basis Accident). For 
both reactors 1 :6 scale models were designed and 
constructed for a final dem onstrat ion test. For 
these experiments a large amount of preparatory 
work was necessary concerning choice, mounting 
and calibration of the instrumentation and the cal i
bration of ex plosi ve charges. Tests were also per
formed in an old vesse l (about 1 :6 scale) for SN R, 
and in 1: 10 scale mock-ups of PEC in which th e 
behaviour of important safety structures like shield 
tan ks, perforated plates and plug hold-down 
devices were investigated.Some of these exper i
ments have been analysed with the REXCO H 
release 2 code; for this purpose the code was modi
fied to make it capable of dealing with pressure 
release waves, large fluid f low and fluid plug im
pact. 

lspra started the containment-code develop
ment and validation programme, collecting 2-D 
coupled hydrodynamic and structural codes availa-
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ble in the Community. Th ese codes - AS RARTE 
(2-D Lagrangian) developed by UKAEA, A RE S 
(2-D Lagrangian) developed by ln teratom and 
SU RBOUM (2-D Eulerian) developed joi ntly by 
BN and U KAEA - are now work ing on the lspra 
I BM 360/75 computer and are avai I able to al I Com
munity countr ies. 
In ag reem ent with the views of lead ing experts in 
the f ield, theoretical work was started on the fo l
lowing subjects: 

Preshot and va lidat ion ca lculati ons (comp leted 
for 2 experi ments) 
Introducti on of compressible hydrodynamics in 
SURBOUM 
Stu dy of a new equat ion of state for water. 

After extensive discussion of the validat ion test 
series a set of 22 geometrical conf igurations was 
estab lished. Three of these tests were performed, 
using a new bunker and a new data acquisition 
system. 

The above-mentioned finite-difference codes 
are able to calculate the deformation of axi
symmetri c st ructures with thin she ll t heory. 2-D 
and 3-D f inite element codes (EURDYN 1-2-3) for 
non-linear transient structural response were deve l
oped at lspra for the study of more comp licated 
structures such as core intern als and stress concen
tration points. The resu lts of these codes were 
compared with those of other codes (like 
NONSAP). Ini t ial va lidation experiments were per
formed and showed good agreement between 
calcu lated and measured resu lts. In 197 5 the con
cept of a more general code development and vali
dation programme was def ined; its aims include the 
deve lopment of a coupled finite-element hydro
dynamic and structural code and t he performance 
of validation experiments. 

A not inconsiderable part of the ava ilabl e re
sources were used to solve specific questions at the 
request of various organizations. Such work in 
cluded: 

Contr ibu tion to the performance of an experi 
mental programme on hypotheti ca l pressure
-tube rupture in the Cl RENE reactor. Use of th e 
REXCO code t o perform some exploratory cal
cu lations. 
Analysis of a OBA in a gas breeder reactor, 
Work performed under contract w ith GBRA 
Brussels. 
Calculations perform ed for C.E.A. Cadarache 
Implementation of th e codes EURDYN 1-2-3 at 
Flis¢ for Danish Atomic Energy Commission. 

$tress/Strain/Strain-Rate Measurements for Steels 

The experiments to determine the stress-strain 
diagrams of core and vessel materials under dynam 
ic conditions are being continued in co l laborati o;1 
with the CN EN, Gf K and U KAEA. The experi-
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ments in the strain-ra te of E = 10-2 
- 103 sec- 1 and 

the temperature ranges of 20, 350 an d 500°C have 
been completed for the fo ll owing materials: AISI 
316L, D1N4306, D1N498 1, St35 and several 
other stee ls. 

A pneumatic device for bi -axia l tests has been 
developed and is nearly ready for operat ion . Thi s 
experim enta l dev ice all ows tests in two perpendicu
lar directions by tension and compression for st rain 
rates of E= 10° - 102 sec- 1 . 

A shock-tube fo r very high st rain-rate con di
t ions (E > 103 sec- 1 ) and for missi le collision 
stud ies has been developed and is now ready for 
operati on. Preliminary wave propagation tests on 
specimens of length comparable to that of the real 
st ructure are under way and may contri bute to the 
study of const itutive equations of materi als in 
dynamics. 

Thermophysical Properties of Core Melts 

For the ana lysis of hypothet ical core melt
-down acc idents it is necessary to know certa in 
physical properties of the core melt, the most 
important be ing the viscosity and the surface ten
sion . The JR C work in this fie ld, sponsored by a 
co llaboration contract with the BM FT has cen tred 
on measuremen t of the v iscosity and surface ten
sion of LWR molten core mixes, known as "cori 
um". Thi s enta iled developing cruc ibles com patibl e 
w ith the "corium" and its components, and fabri
cat ing a corium that guaran tees a homogeneous 
melt. After ca libration of the viscosity measuring 
apparatus, measurements were performed for th e 
three separate com ponents of cor ium , i .e . U02 , 

Zircaloy and sta inl ess steel. Preliminary measu re
ments of th e viscosity of corium E have been 
car ri ed ou t and must be eva luated. The surface 
tension measurement facility has been tested and 
improved and the first measurements have been 
carried ou t up t o 2000°C. 

Fracture Control in Fast Reactor Structures* 

Work during 1974-75 cont inued large ly along 
the lines laid down in 1972-73, and was devoted to 
basic stud ies on the growth - and instability of 
cracks in austenitic stainless steel (AISI 304) taking 
into account the effects of a typical LMFBR en
vironment. 

The study of the toughness degradation by 
thermal aging of AISI 304 steel eva luated by COD 
and J- integ ral measurements has been completed 
and showed that in spite of a marked effect on the 
measured parameters, temperature aging did not 

* See in the selected topics the paper "A fracture mechanics 
evaluation of toughness degradation due to the thermal aging" 
of austenitic stainless steel by 8 . Henry. 



dangerously modify the crack tolerating capac ity 
of LMFBR structures. A similar study concerning 
the effect of irradiation has been launched and a 
project is now in progress under a cooperation 
contract with CEA, Saclay . 

The geometrical aspects of crack instability (in 
tubing) were studied in a continued effort to in
vestigate through-cracks and to check the theoreti
cal criteria of instability of part-through cracks. 

Fatigue crack growth studies on austenitic 
steel specimens dealt specifically with the influence 
of two parameters; namely the frequency (on base 
and welded material) and the sodium env ironment. 
At their present stage, the tests give c lear evidence 
of an increased growth rate when the frequency is 
lowered from high (2000 cpm) to low (- 2 cpm) 
values , while welds seem to behave slightly better 
than the base material. As to the sodium influence, 
the results of the limited number of tests were in 
agreement with literature results to demonstrate a 
lowering by one order of magnitude of the crack 
ve locity in sodium as against air at the same tempe
rature (540°C), frequency (300 cpm) and load 
ratio (- 0.3). 

Structural aspects of fatigue crack growth were 
also considered, looking at the influence of the 
axial component of the load in through -cracked 
stainless steel tubes under cycl ic pressure loading, 
and their behaviour under torque loading. The 
results showed a dramatic increase of the growth 
rate in presence of a compress ive axial load. More
over the growth rate was higher under torque load
ing in combined modes 11 and 111 than mode I. 
Both these results imply important theoretical and 
practical aspects which should be more thoroughly 
investigated in the future. 

Coolant Thermohydraulics Studies Associated with 
Accidents 

Basic Depressurization Studies 

The utilization of the DHT-1 loop continued 
with the simulation of cold-leg and combined co ld
and hot-l eg ruptures. The experimenta l results were 
compared with the theoretical predictions of the 
GAAA KAPTOR code. The results, already pub
I ished in 1975, can be summarized as follows: 

• The delay of DN B occurring in conditions of 
flow reversal in the test section lies in the range of 
0.3-0.7 sec, depending on the -rupture size. When 
these delays are introduced into the KAPTOR cal
culations, one obtains excellent agreement between 
the measured and predicted "cladding tempera
ture" and heat transfer histories. 

The experimental programme of the thermal 
non-equilibrium studies sponsored by a collabo
ration contract with the BM FT finish ed at the end 

of 1975. Series of 35 flashing tests and 80 cold 
water injection tests were carried out in a tempera
ture range of 200 to 320°C. The main results can 
be summarized as follows: 

• Flashing tests: the half-va lue times of return to 
equilibrium lie between 10 and 150 milliseconds, 
depending on temperature and initial disturbance. 
The experimental results agreed well with a theo
retical model based on a bubble growth law. 

• Cold water injection tests: the half-value times 
are in the order of 0.5 seconds. The process is 
characterized by an initial condensation of vapour 
on the cold water and subsequent revaporization. 

Slowdown Loop Project 

The main achievements in this project are 
described in a special topic of this Report. See Mr. 
W. Riebold's contribution "Experimental Investiga
tion of the Influence of PWR Loops on Blow
down". 

Transient Boiling Heat Transfer in ECC Conditions 

The determination of the DFB (Departure 
from Film Boil ing) or quenching point is essential 
for the layout of the ECC system and the develop
ment of ana lytical rewetting models. It was there
fore desirab le to do some basic experi menta l work 
in simple geometrical conditions to check the 
ex isting physical models and heat transfer pro
cesses under real ECC conditions. In 1974 and 
1975 the experim enta l facilitv was built up, the 
ex perim ents were performed with the specified 
parameters, and the influence of such parameters 
as subcooling, initial temperature, pressure, 
flooding ve locity were exper imentally determined. 
The experimental results show that the main in
fluencing parameter in the boiling quenching pro
cess is the local subcooling of the quenching cool
ant. A physical model is being developed to de
scribe the fi lm-boiling heat transfer in subcooled 
conditions until the DFB point, for all realistic 
ECC conditions. 

Boiling Mixing in Fuel Rod Bundle Geometries 

The investigation of the interaction and mixing 
effects between subchannels of fuel rod bundl es 
should provide experimental data on the local 
distribution of mass flow, enthalpy and void frac
tion, so as to achieve a more precise DNB margin. 
Besides the measurements under steady-state con
ditions, it is also necessary to study the mixing 
process in transient conditions, e.g . during power 
transient or initial blowdown conditions. The 
work, sponsored by collaboration contracts with 
the BMFT and CNEN, consisted mainly in modi 
fying the BOWAL loop and stepping up the power 
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supply for the loop to 3.6 MW DC. The 16-rod 
bundle BWR test section was developed in collab
oration with CISE and has been mounted in the 
loop . It is also intended to develop a 16-rod bundle 
test section with PWR geomet ry. Duri ng the modi
fication of the BOWAL loop a-great deal of work 
went into deve lopment of the necessa ry measure
ment techn iques, espec ial ly fo r the void fraction 
du ring trans ients where littl e exper ience was 
ava ilab le. 

Fuel Sodium Interaction - Tank Experiment 

In the reporting period the test programme for 
w hich th e tank faci lity was originally designed was 
comp leted. 

Molten U02 at about 2850° (2, 3 and 4 kg) 
was dropped in a pool of sod ium having initial 
temperatures of 350, 500, 630 and 700° C. Pressure 
records were taken at the wall of the tank and 
showed that only very sma ll pressure bursts occur 
which in crease from a few bars up to a maximum 
of 10 bars w hen the sodium initial temperature is 
in creased . Particle size distributions were obtained 
for al I tests. The analysis of these resu Its shows 
that the assumptions made in the parametric ca lcu
lation codes are pessimistic and that more rea listic 
models of the mixing and fuel fragmentation pro
cedure are needed in order to exp lain the ex
perimen tal resu Its. 

Work started on the invest igat ion of sodi um 
entrapment phenomena. For th is purpose some 
new equipment has been developed for inject ing a 
small quantity of sodium into U02 . A new 
computer code ca lcu lates the temperature and 
pressure f ields in such a device. 

The theoreticc1I work was backed by a search 
of the li terature on sodium and water boiling 
curves. 

Fuel-Water Interaction, Tank Experiment 

The new test fac ility for these exper imen ts, 
sponsored by a co llaborat ion contract w ith the 
BM FT, was built and tested and is now operative. 
It al lows the melting of ma x. 4 kg core material 
which is dropped into a 300 I reactor tank filled 
with water, w ith a maximum operati ng pressure of 
25 bars. It is planned to investigate the interaction 
of molten fuel and reactor structu ral materials 
(stainless steel, Zircaloy, lnconel) with water. The 
first series of experim ents dealt with the inter
action of stain less stee l w ith water in the fo ll owing 
conditions : 
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Stee l weight 
Melt temperature 
Water temperature 
Fall -height (melt to H2 0) 
Pressure 

1500 g 
1600°C 
20° and 80°C 
30 to 10 cm 
1 atm N2 

Gas content of water saturated and 
degassed 

Pressure, temperature and strain were 
recorded as a function of tim e. 

These experiments showed only slight fragmenta
tion and consequent ly the pressure rises were small 
(l ess than 1 bar). 

U0 2 /Na and Core Melt/H2 0 Interactions in 
Channel Geometries 

Core melt/coo lant thermal interaction tests 
were perform ed with solid (~1450°C) and molten 
(~1600° C) sta inless steel and water at ambient 
temperature and pressure. Under neither co nditi on 
was any essential difference observed as regards 
pressure generation and interact ion history. The 
pressure peaks measured downstream of the rea
ct ion crucible did not exceed 4 bars. Repeated 
coo lant ejection and re-entry were observed. Frag 
mentation of the molten stainless steel surface was 
very slight. 

A two-dimensional code to describe the 
fuel/Na interact ion in a channe l geometry was 
developed and tested w ith the experimenta l results. 
The calcu lated pressure peaks are far high er than 
th ose measured, w hile the theoret ica l prediction of 
the interaction pattern is in good agreement with 
the f irst U02 /Na exper imen ts . 

The code is being modified so that it will also 
describe the interaction of H2 O and molten core 
material. 

Basic Studies of Na-Boiling Thermohydraulics 
in Simple and Bundle Geometry 

Four acti vities are covered by this head ing: 

• Studies on liquid metal boiling under forced 
convection 

The aim of these studies, executed in co llaborat ion 
with the CEA Grenobl e, is to acquire further basic 
informat ion on: 

flow redistribution during the transient from 
single-phase flow to boiling regime and two
-ph ase flow pattern 
boiling heat -transfer and dry-out conditions 
pressure drop in boiling sodium two-phase flow. 

Experiments were performed in a 6 mm tubular 
test section in order to measure these factors 
during both transient and steady-state boiling. The 
coo lant ve locity in the test section was va ried in 
the range of 1 m/sec to 6 m/sec. The maxim um 
heat f!u x at which boiling tests were done was 500 
W/cm 2

. 

A computation code (ESSO = Ebolli zione 
Stazionar ia Sodio) was deve loped to evaluate the 
tests and to predict the pressure drop, dry-out and 
heat f lu x under liquid metal two-phase flow condi
ti ons. 



• Liquid metal boiling behaviour in porous block-
age 

Qualitative invest igat ions of the behaviour of 
porous blockages in static Na and in "natural 
convection" Na f low were carr ied ou t in order to 
assess the size of phenomena which have to be 
invest igated and to plan a future programme on 
this subject. Tests were carried out in a tube 
blocked by a porous cyl inder of 25% porosity, and 
in a 7 mm d iameter tube blocked com pl ete ly. The 
resu I ts of these experiments enabled a test 
programme for t he investigation of boiling behav
iour in realistic channel blockages to be defined. 

• Behaviour of gas in Na-loops 

The study of gas behaviour is focused on investiga
tion of the so lubi li ty and separat ion of sma ll 
quantities of argon gas in flowing sodium. The first 
step is to f ind and ca librate reliable detection 
devices . An ultrason ic detect ion device proposed 
by the U KA EA is being tested. 

Experiments on ca librat ion of the gas detec
tion device were initiated . The first attempts to 
cal ibrate it showed that the test loop d id not degas 
into the ex pansion vesse l; this led to an unknown 
increase of the reference gas leve l. Further d if
f icu lties arose from cavitat ion in the by-pass va lve 
wh ich probably released dissolved gas into the 
measurin g test section. Modif icat ions to eliminate 
th e sources of error on the hydraulic side are under 
way . 

• Behaviour of residual liquid film on fuel 
elements in the event of coolant ejection 

The experiments in the study of the liqui d film 
remaining before and behind spacers after a coo l
ant expu lsion were term inated and the resu lts were 
compared wi th those obta ined on tubes without 
spacers. 

Basic Analysis of Rod Bundle Thermohydraulics 

Thi s activity is fundamental , long-term 
comb ined theoretical and exper imenta l research on 
coo lant t hermohydrau lics in rod bundl es. The 
object is to acqu ire knowledge on t he detaile9 
thermohyd r au l ic behaviour of LMFBR sub
assemblies in the fo ll ow ing anomalous situat ions : 

a cooling def iciency inside the subassembly due 
to a geo metrical anomaly; 
a thermohydrauli c transi en t due to a sudden 
deterioration of cool ing or a rapid change of 
power. 

The deve lopment of a mathematica l model for 
comput ing three-dimens ional ve locity fields in rod 
bundles was started. New methods were developed 
for computing the transient temperature distri
bution in fuel rods and the coo lant temperature 
transients in a single fue l channel. These methods 

wi l I be essentia l parts of a new computation model 
for predicting the thermal response to loss-of-flow 
trans ients in LMFBR subassemblies with a trans
ve rsely non-uniform power distribution. 

Hydrodynamic exper iments are now in 
progress to investigate the fundamenta l f low 
characteristics in the recirculation zone down
stream of blockages. 

Early Failure Detection 

Thermohydraulic Noise Analysis 

This work, which started in 1973 in c lose 
association with th e activity described under the 
chapter "Basic ana lys is of rod bundle thermo
hydraulics" , is expected to prove the possibility of 
detecting any anomaly in a subchannel of an 
LM FBR by measuring and ana lysing the tempera
ture fluctuation at the ex it of a subassembly. A 
model was developed to interpret the noise mea
surements on the basis of a stochastic t heory of 
turbu lence. It appears that the frequency ana lysis 
of the temperature noise is not suffic ient ly sensi
t ive to all ow ident ification of a blockage. However, 
ana lysis of the amplitude distribution seems to give 
more in format ion on the blockage size and 
location . Th e experimental part of the work start
ed w ith the deve lopment and testing of specia l 
detectors for t he measurement of temperatu re 
f luctu at ion in wate r flows, and eva luat ions of the 
transfer functions of these detectors. Bas ic ex peri 
mental studies were performed in an 8-rod linear 
bundle with water . The no ise signals were analysed 
by several statist ica l signal-processing techniques. 
Prelimi nary tests were run w ith a 169-rod bundle 
and wi ll be resumed after certa in improvements to 
t he test sect ion. 

Neutron Noise Analysis 

Neutron noise anal ysis is considered to be a 
promising method fo r detecting the v ibration of 
core com ponents. Owing to the early closure of t he 
zero power critical fac ility ECO in 1973, no fur
t her neutron noise measurements could be per
formed. The ex isting exper iments were ana lysed in 
1974, however , and the results obtained can be 
summar ized as fo ll ows. A single ECO fuel element 
was included to vibrate with a frequency of 0 .13 
Hz and the osc i I lat ions were detected by neu tron 
noise measurements obtained with three ionization 
chambers in three different posit ions. The correla
tion between fuel-element osc ill at ions and neutron 
noise was ve ry high and independent of the posi
tion of the element. Ow ing to insufficient instru
mentation it was not possible to observe time 
delays in the cross-corre lat ion function and it was 
not possible to loca li ze the noise source by triangu
larizat ion techn iques. 
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Ultrasonic Emission 

The main achievements under this head are 
described in a special topi c of this report. See Mr. 
A. Lucia's contribution "On the Interp retation of 
Acoustic Emission Signals". 

Reliability 

During this period we have been involved in 
three areas of act ivity, namely, reliability analysis 
of complex systems, structural reliability, and data 
acquisition and processing. 

In the first area the main achievement was the 
development of a method for assessing the proba
bility distribution of accidental loads of internal 
origin (over-pressures, over-temperatures) in a 
reactor. The method consists in the combination of 
a fault-tree analysis for determining the probability 
of transient paths, and a deterministic ana lysis for 
determining the consequence of each path. The 
method, as far as the fault-tree ana lys is is concern
ed, is based on the AWE computer program, w hich 
uses a sensitivity approach. A detailed app licat ion 
of the method was carried out to determine the 
overpressure distribution in a PWR. 

In the second area the main achievement was 
the completion of the COVAL computer program. 
The program finds the histogram or the distri
bution resulting from th e combination of h isto
gra ms or distributions and computes the interfe
rence between two histograms or distributions. 

In the third area we mention two successful 
pilot studies. The first, applied to the safety anal
ysis of an ESSOR loop, was designed to demon
strate the possibility of combining the fault-tree 
analysis, the "reliability categories" approach to 
safety (CNEN approach) and the operating ex 
perience on such a plant. The second study, carried 
out in collaboration with ENEL, was designed to 
"validate" the fault-tree modelling. The recorded 
availability of a conventional power unit was 
compared with the predicted availability based on 
a fault-tree and on reliability data found for the 
various components through a computerized opera
tion data management system . 

Theoretical Accident Analysis 

Slowdown Theory and Codes 

A survey was made of the literature and availa
ble codes on LOCA analysis, with special attention 
to the blowdown part of the accident. A critical 
analysis of the different approaches and the dif
ferent physical models employed in blowdown 
analysis was performed. Sample calculations using 
RE LAP 3, for both PWR and BWR reactors, were 
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seen. Some typical results obtained were used for 
an extensive sensitivity study of the code TH ETA 
1-B for the thermal behaviour of the coo ling 
channels during blowdown. The CEA code 
DANAI DES was acquired and tested; the tests w ill 
continue after complete revision of the code by the 
CEA. As a result of the cr iti cal examination of 
blowdow n models and codes, two main steps were 
taken: 

A new model was developed, based on flow 
eq uilibrium, for the thermohydraulic analysis of 
the primary circuit during blowdown. This is to 
overcome the difficulties inherent to formula
tion of the momentum equation in the nodal 
approach. This model has been translated into 
numerical eq uations and programmed as the 
NICKY code. The code has been extended to 
in clude both the pressurizer and pump model 
and is now dealing successfully with simple 
cases. 
An experiment on hydrauli c osci ll ati on in two
-phase conditions was proposed, to elucidate th e 
actual physical behaviour of a simple system, to 
collect reliable data to check the val idity of the 
models available and, if the need arises, to 
provide the experimental basis for improved 
models. 

Core Accident Codes 

Important improvements were introduced into 
the COSTANZA code to make it more suitable for 
the Safety Analysis of the HTG R. This work was 
done under a collaboration contract with the 
OECD Dragon Project. 

A model of the internal fuel block element was 
incorporated into the code: in this fuel concept the 
graphite block houses separately fuel channels 
filled with fuel cartridges and coolant channels in 
which the He flows. The new model simulates the 
assymmetric temperature distribution in the ele
mentary eel I by an appropriate choice of shel Is. 
The program was successfully tested against the 
two-dimensional heat-transfer dynamics code 
HEATRAN . 

A second series of improvements was made in 
order to analyse the transient situation in the 
Dragon Reactor Experiment (DRE). The decay
-heat part of COSTANZA, together with its neu
tronic and thermal steady state part, was coupled 
with the UK code TU BER to provide a proper 
description of the core thermohydraulics during 
the water/gas accident. The TU BER code was used 
to study the reaction behaviour of the steam with 
hot graphite: a special analytical solution of the 
component transport and reaction equations de
scribes this reaction under in-pore diffusion con
ditions. 



The other main activity was devo ted to the 
initiation of a European code for the study of the 
hypothetical accident in an LMFBR (Whole Core 
Accident Code). It is ultimately intended to de
velop at the J RC lspra a modular system in wh ich 
all different physical models describing various 
events of the accident can be incorporated. The 
implementat ion of a modular system, based on the 

ex1st 1ng "File-Independent Calls" was initiated; 
and lastly, the VENUS and SAS codes were made 
operable on the J RC computer. 

Work on the numerical methods for spatial 
reactor dynamics also continued; this act ivity 
focused mainly on the use of the sp lines function: 
a two-dimension and one-energy group structure 
was successfully tested . 
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Applied Informatics 

H. Neu, G. Gaggero, J. Larisse, E. Perschke * 

In the decision of the Council of Ministers of 
14th May 1973, establ ishing a four-year Research 
Programme for the Joint Research Centre a specific 
programme on "Applied Informatics" is included 
wh ich follows th e main lines of earlier develop
ments of CETIS (Centre Europeenn e de Trait
ement de d'lnformation Scientifique). 

The work relating to this programme came 
under three principal headings: 

EUROCOPI (European Computer Program 
Information)** 
Informat ion Science (integrated system for au
tomatic docum entation and translation) 
Methods and Systems for Computing (method
ological help to comput ing) . 

The total budget allocated for the four-year 
programme is 6.05 million u.a. , with a max imum 
staff allocation of 31 man years/year. 

A brea kdown of the manpower and the budget 
(ex cluding personnel charges and use of big instal
lations) for the three actions is given in the fol
lowing table 1. 

Table 1 

Personnel in place Budget 
man years/year (u.a.) 

1974 1975 1974 1975 

EUROCOP I 15 13 52,000 130,000 

Information science 6 7 25,000 20,000 

Methods and systems 
for comput ing 6 4 10,000 5,000 

TOTA L 27 24 187,000 155,000 

An Advisory Committee for Programme Ma
nagement (AC PM-Applied Informatics) was esta
blished and met for the first time on November 
19-20, 1974. Three further meetings were held in 
1975. 

Up to September 1st, 1975, Mrs. C. Mongini-Tamagnini 
was responsible for this programme. 

** Formerly known as "COPIC" Computer Program 
Information Centre) 
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• EUROCOPI 
( European Computer Program Information) 

Introduction 

In Europe, as in the rest of th e world, the use 
of computers has grown rapidly during the past 
decade. Computer applications have advanced, 
many programs being written by software com
panies, co mputer manufacturers, universities, 
industries, and governmental bodies. Nevertheless, 
the development of new programs invol ves increas
ing costs and the promotion of software sharing is 
considered necessary . 

For an efficient software exchange, the first 
requirement is complete information on the soft
ware available on the market; secondly, suitable 
ways to access programs must be ava ilable. 

For these reasons, a scheme was started at the 
J RC in 1971 with the long-term aim of: 

promoting cooperation on a full European basis 
for a complete information service on scientific 
/ technical software; 
improv ing program exchange, especia lly in those 
fields where European program I ibraries do not 
exist. 

The short-term objectives of this scheme, known as 
EU ROCOPI, were: 

to set up an ex perimental computerized data 
base on program information and to develop the 
necessary informatics tools; 
to organize a program distribution and program 
information dissemination service on an experi
mental but operational basis. 
the development of research and educat ional 
activit ies aim ed at providing efficient support to 
the users of programs. 

Activities of EUROCOPI 

The EUROCOPI activities have been directed 
along the fol lowing I ines : 

Program Information Service 

Design and development of a conversational 
information storage and retrieval system 



(SIMAS) for the management of the program

-information data base. 
Development and maintenance of a comprehen
sive computerized data base on program in
formation. Collection of program information is 
mainly based on the abstracts submitted by 
Program Libraries/Information Centres and by 
program authors/owners. 
Diffusion of information by issuing Program 
Indexes and by answering queries on specific 
subjects. 
Promotion of cooperation among European 
program libraries/programs information centres/ 
user groups operating in the field of scientific 
and technical software in order to improve the 
exchange of information and finally the sharing 
of software within the European Community. 

The actions to be undertaken in 1976 will include: 

the organization of regular meetings in which 
the European Program Libraries/Information 
Centres can compare their experience and de
fine common courses of action; 
promotion of and participation in joint working 
groups for the development of standards for a 
p rog ram documentation system (abstracts, 
thesauri, etc.). 

Program Distribution Services 

Operation of the J RC Program Library and of 
the European Distribution Agencies of SEAS 
(Share European Association) and I.U.G. (ICES 
Users Group). Setting up of other European 
Agencies of non-European Libraries to make 
easier and less expensive the acquisition of 
programs developed outside Europe. 
Promotion of action aimed at improving the 
portability of application software. 

This action will include also : 

defining suitable recommendations and 
guidelines for scientific programmers, and dif
fusing them by means of courses; 
developing tools which can help in the adapta
tion of existing programs to new computers. 

Research and Educational Activities, Users Support 

Maintenance of a dynamic library of programs 
on the JRC computing installation and support 
to users through direct advice and subject 
seminars and courses. 
Study of techniques for improving application 
software quality and portability. 

Main Achievements, End 1975 

The main achievements can be summarized as fol
lows: 

- The SI MAS system has been developed and 

successf u I ly operated. 

A data base including about 3000 program ab
stracts has been set up and used for the informa
tion dissemination service. 
Several publications (Computer Program In
dexes, Program Description Series) have been 
produced and distributed (more than 2000 
distributions/year). 
A users community has been created with more 
than 500 member organizations. 
Cooperation agreements have been already 
established between EU ROCOP I and various 
organizations, namely SIZSOZ (GMD, Bonn), 
PLU (Edinburgh Univ. U.K.), CPC Program 
Library (Queen's Univ. Belfast), C.S.A.T.A. 
(Univ. di Bari, Italy), SEAS (Share European 
Association), I.U.G. (Ices Users Group). Other 
agreements are near to completion. 
A consortium, called ECSIR (European Con
sortium for Software and Information Transfer 
in Research and Teaching), was formed in No
vember 1975 among EUROCOPI, the Program 
Library Unit of Edinburgh, and the SIZSOZ 
project of the GMD, Bonn. The consortium is 
open to membership for bodies (Software Li
braries, Information Services, Distribution Agen
cies, Users Groups) who are interested in library 
collections and services concerning software and 
related information on an European basis. With 
the purpose of bringing together those who 
would like to participate in setting up a work 
programme and to formulate proposals for fu
ture activities, the Consortium has started 
organizing a Conference to be held at lspra in 
February 1976. 
A program distribution service with about 700 
distributions/year has been put in operation. 
A library of about 100 programs running on the 
J RC computer is maintained and support is 
provided to users. 
The COREA system for remote access to the 
above library of programs has been developed. 
Research has been carried on and cooperation 
established in the field of integrated modular 
systems and problem-oriented languages 
(EU ROCOPI has a seat on the Board of Direc
tors of the European Session of I.U.G. and in 
the GENTRAN Development Committee). 

Table 2 shows how many institutions were using 
the EUROCOPI services at the end of 1975 (ap
proved by letters and requests). 

We can say that after some years of activity, 
EU ROCOPI service is well-established although not 
operating at full rate. The results obtained and the 
users' interest have proved the feasibility and the 
usefulness of an information network on computer 
programs having EUROCOPI as the point where 
in'formation collected on particular subjects and/or 
a national basis can be assembled and redistributed. 

Potential users can in this way easily get ex-
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Belgium 17 I 
Den mark 18 I 
France 49 

Germany 86 

Italy 123 

Netherlands 34 

United Kingdom 101 

Ireland 14 I 
Oth er European 64 I Countries 

Non-European 
39 Countries 

Institutions of the EEC 442 
Internat ional 31 Institutions outside EEC 134 
Organi zations 

Total 576 

Table 2 Institutions Using EUROCOPI Services (1975) 

haustive information on the ava ilable programs and 
rapid access to them. 

EUROCOPI is now turning from a funded 
activity into a partly self-supporting service . 

• Information Science 

Th e objective of the p r o j e ct Is the 
development and experimental evaluation of an 
integrated system for automatic documentation 
which provides automatic indexing, automatic 
query formulation, automatic thesaurus construc
tion and advanced retrieval strategies with rele
vance ranking and feed-back. 

The first part of the program period was 
mainly· devoted to the implementat ion of the 
necessary informatics tools which were conceived 
as a generalized system for language processing: 
SLC-11 (Simulated Linguistic Computer). This 
system is now fully operational. 

As a first large-scale pilot application of auto
matic indexing in a real-life environment, IN IS (th e 
Int ernationa l Nuclear Information System of 
IAEA, Vienna) was chosen and the work is being 

performed in cooperation with the Directorate 
General for Scientific and Technical Information 
and Information Management, in Luxembourg (DG 
X 111). Under the cooperation agreement the whole 
of the informatics and methodological work is un
der the responsibility of lspra, while the work close
ly related to the .subject field, in particular the 
intellectual enrichment of the thesaurus, is to be 
done by DG X 111 which has a lohg experience in 
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nuclear documentation . 

The preparatory work, such as the transforma
tion of the IN IS thesaurus for automat ic process ing 
and the design and implementation of the rev ised 
indexing algorithms, was to a large exten t conclud
ed by the end of 1975. 

1976 will be devoted to an extensive eva lua
tion of the system. For this purpose a cooperation 
agreement with IAEA is being prepared, in which 
the end-users of the IN IS SDI serv ices in the 
Member States will be asked to assess the perti
nence of the responses to their queries as compared 
to previous retrieva l results with manual index ing . 

The work on automatic thesaurus construction 
proceeded slowly owing to lack of staff. In 
1974-75 the subject was discussed in a doctoral 
thesis by a graduate of the University of Turin and 
at present one undergraduate and one postgraduate 
student of the University of Linz are investigating 
automatic phase generation and clustering tech
niques. 

At the J RC the techniques deve loped for the 
automatic thesaurus construction are being app lied 
to the material of Eurocopi and ESIS, in particular 
with the idea of standardizing their thesauri in view 
of a possible integration of these data bases into 
EU RON ET. This work is being done following the 
recom mendations of the Advisory Committee for 
Programme Management (ACPM) to give methodo
log ical and informatics support to the data-base 
projects of the J RC. For this purpose contacts have 
been taken up also with ECDIN an d CBR in order 
to analyse their needs and to define a coherent 
policy in this field . 



Following the recommendations of the ACPM, 
the other parts of this project, in particular Ma
chine Translation and Library Automation, were 
discontinued since the project was understaffed 
and no significant impact could be expected in 
these fields. 

• Methods and Systems for Computing 

The activities under this head are planned as 
fundamental research or deve lopm ent in order to 
place new tools, more powerful than th e classical 
ones, at scientists' disposal in the framework of 
EEC projects, namely Environm ent, Reliability in 
Reactor Safety, Standard and Reference Materials, 
Hydrogen Production, Teledetection and so on . 

The main topics treated during 1974-1975 were 
the following: 

Theory and application of models; 
Numerical analysis; 
Stochastic processes, Bayesian techniques, clas
sification methods; 
Computer systems performance evaluation; 
Data base management. 

The principal results achieved in th e five subjects 
are described below . 

Theory and Application of Models 

Th is work deals with studies about mathemati
cal models, using mainly differential or partial dif
ferential equations and simulation techniques. 
Special models were developed in aquatic and ter
rest r i a I ecosystems, zooplanktonic population 
dynamics, and chemical and tracer kinetics . 

We have been studying the "models theory" 
both from the epistemological and the mathemati
cal point of view in collaboration with the "Insti
tute of Logic" of the State University of Milan, in 
order to have a deeper knowledge of the meaning 
of the mathemat ical models in these new fields. 
These approaches differ in several aspects from the 
classical applications in the field of physics. 

Numerical Analysis 

The studies concerned mainly applications and 
comparisons of variational and collocation tech
niques in order to solve boundary value problems. 

Stochastic Processes, Bayesian Techniques, 
Classification Methods 

In the important fields of Bayesian Techniqu es 
and Decision Theory, several seminars and courses 
were held in lspra and outside in order to show the 
great suitability of these methods to such projects 
as "Standard and Reference Materials", "Reliabili-

ty in Reactor Safety". A particular design of ex
periments was developed and used in the Standard 
Reference Materials project, which permits us to 
compare chemical and physical methods of mea
surement, using different standard deviations. We 
applied a Bayesian decision procedure, based on 
the estimated life-time of an expensive item, in 
order to determine the optimum time for replace
ment of the item. 

In connection with the AGRESTE project (a 
study of the possibilities of remote sensing of earth 
resources), a software package developed at Penn
sylvania State University, was kindly put at our 
disposal. These programs had been tested and clas
sified according to a methodological criticism of 
the subject. This classification can be described as 
follows: 

1) Discriminant Analysis: Here the problem is to 
assign a new object to a class or a group of 
objects with known characteristics. 

2) Taxonometry: The division of a set of objects 
in homogeneous groups, using a priori defined 
rules. 

3) Seriation: The task of finding an order relation 
existing in a set of objects. 

This methodological activity was stopped from 
October 1974 until the end of 1975 because the 
_team was working intensively on the exploitation 
of the results furnished by the Earth Resources 
Technology Sate II ite. 

Computer Systems Performance Evaluation 

In 1975 a new activity started concerning the 
use of mathematical techniques in order to increase 
the performances of the J RC computer centre. 
During this year, our main efforts were devoted to 
a st;:ite-of-the-art study, the results of which are 
reported in a paper requested by the AC PM for 
Applied Informatics, and the preparation of a 
proposal for the new multi-annual programme. 

Data Base Management 

The most important work was concerned with 
the study and evaluation of the Information Man
agement System (IMS) of IBM using PL1 and 
COBOL languages, and with the setting up of a 
pilot study in administrative and management 
fields. 

The choice was prompted by the need to create a 
"nucleus of competence" in the above mentioned 
fields. 

The results of the work are the following: 

a thorough knowledge of I MS of the I BM was 
acquired; 
the implementation of the pilot study concern
ing a Data Base containing medical data (profes
sional risks and medical examination for the 
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personnel of the J RC) is functioning in batch 
mode. Several aims of the study have already 
been fulfilled; 
the progress of the work was remarkably slow
ed-down by unexpected incompat ibiliti es be
tween the PL 1 compiler and the version of I MS 

implemented at our installation. Consequently 
the PL 1 was abandoned in favour of COBOL 
which has given satisfactory results; 
our co llaboration with the Italian GU I DE Data 
Base Working Group cont inues regularly. 



Information Analysis 
Service Programme 
R. Nicks 

The "Information Analysis Service" activity, a 
specific item in the J RC mu ltiannual programme, 
started at the beginning of 1972. It consists of ser
vice activities related to specific areas in the nu
clear field and is intended for engineers engaged in 
design problems and research. The services offered 
are based on the competence built up during the 
research work of the last years. 

Three Information Analysis Services have been set 
up, namely: 

ESIS, European Shielding Information Service 
IN DAC, Integral Nuclear Data Centre 
ESMIS, European Structural Mechanics Infor
mation Service 

A layout of the budget (excluding personnel 
charges) and manpower directly all ocated for the 
three actions covered by this programme is given in 
the following table: 

Budget 
Action Staff man-years 

for 1974 and 1975 1974 1975 

ESIS 10 25,000 36,000 

INDAC 10 23,000 35,000 

ESMIS 7 2,000 3,000 

TOTAL 27 50,000 74,000 

ESIS 

During 1974 and 1975 the ESIS activities 
proceeded along the fo ll owing I ines: 

Code Assessment 
Nuclear data 
Experimental activities 
Technical consultation 
ln for,Tlat ion diffusion 

Code Assessment and Nuclear Data 

In design situations the shielder is often faced 
with the problem of thick bulk shields (large radia
tion attenuation) followed by heterogeneous con
figurat ions contain ing tolerance gaps, straight or 
bent ducts etc ., which give rise to radiation stream-

ing. Whereas a valid approach to deep penetration 
problems relies on numerical transport codes like 
DOT, for streaming through ducts and voids, the 
Monte Carlo method ( used in codes like 
MORSE) is most appropriate. Consequently the 
chain DOT-DOM I NO-MORSE has been imp lement
ed at lspra and extensively tested by EU RACOS 
measurements on a mock-up characterized by deep 
attenuation properties and complex geometry. A 
MORSE-Albedo subroutine package for treating 
neutron and photon propagation in large voids has 
also been established; albedos have been calculated 
by ANISN. 

The assessment campaign based on AN ISN, 
DOT, MORSE, SABINE , MERCURE, SCORE 
has come to an end. Therefore ESIS switched over 
to the study of sophisticated European codes, for 
instance the French Monte Carlo Code TRIPOLI . 
As a first step th is program was implemented and 
compared with a test problem of known solution. 
After the positive conclusion of this test which 
demonstrated the code's extraordinary capability 
for handling deep attenuations, the ESIS staff 
began preparation for a workshop on TRIPOLI to 
be held in 1976. 

Sensitivity studies by SWAN LAKE constitute 
one of the keys for providing a rational guidance in 
satisfying cross-section requirements . SWAN LAKE 
is a 1 D sensitivity code wh ich calculates the rela
tive var iation of a response function for a one 
percent cross-section variation. The program was 
been implemented at lspra and applied to iron 
cross-sections. The results of these calculations 
were presen ted at the Third Benchmark Meeting at 
Paris, 7-10 October 1975. 

Integral checks of iron group cross-sections 
were made using relatively high energy neutron 
sources I ike 252 Cf f ission neutrons; experimental 
resu lts became avai lable from INR-Karlsruh e, 
where neutron leakage spectra were measured from 
various iron spheres surround ing a 252 Cf source. 
Calculations were done (in co ll aboration with the 
Shielding Group of the University of Stuttgart) to 
check the standard EURLIB group data set of iron, 
which had been generated from ENDF/BIII. Iron 
group cross-sections from the newest EN DF/8 IV 
data were also processed, so that all effects result
ing from the newest point data eva luated can now 
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be studied in detail. 

Using the nucl ear data from ENDFB, POPOP, 
and the GAM-11 files a coupled neutron-gamma 
library for 30 elements and nuclides was set up, 
together with some auxiliary codes for retrieving, 
collapsing and plotting. The library and the sub
routines are available under the name EL4. 

Experimental Activities 

Because of the shutdown of the reactor 
lspra 1, it was decided to transfer the shielding ir
radiation facility EU RACOS to the TR IGA reactor 
of the Univers ity of Pavia. In the initial phase the 
EU RACOS 11 will be operated at a power of 30 
watts. During 1974 the designing of the new facili
ty was accomplished, and in 1975 the main compo
nents (irradiation tunnel, mock-up) were construct
ed and transferred to Pavia. The facility is 
scheduled to start up at the beginning of 1976. In 
the second phase the converter power will be raised 
to 300 W. The first experiment to be performed 
concerns neutron propagation in an iron block 
(1.5 x 1.5 x 1.5 m3 

), in the context of the Common 
Benchmark Experimental Programme executed by 
the Shielding Groups ot Winfrith, Cadarache, 
Karlsruhe, Mol, Casaccia and the University of 
Tokyo. 

Technical Consultation 

Besides the current consultation given for the 
use of particular codes and libraries (DOT, 
MORSE, SABINE-3, MERCURE, EL-4), a number 
of studies and calculations were carried out in 
support of the specific needs of European orga
nizat ions. In particular these studies concern calcu
lations of neutron streaming along the annular gap 
of the PEC-reactor by DOT-DOM I NO-MORSE, and 
the calculation of angular photon spectra and dose 
rates in iron shields near thin and/or thick sources 
(study made for the German board of Radiation 
Protection). 

Information Diffusion 

ESIS decided to establish a shielding data bank 
in order to speed up access to and retrieval of 
shielding information. The bank contains bibliogra
phic items obtained by weekly scanning of periodi
cals, reports and books. At the present time some 
1500 bibliographic references have been in
troduced . 

The publication of the ESIS Newsletter 
proceeded according to schedule: eight Newsletters 
were produced, with specific contributions from: 
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• I KE ( lnstitut fur Kernenergetik) Unive rsity of 
Stuttgart 
• KWU ( Kraftwerkunion) Erlangen, Germany 

• JAERI and Mitsui Shipbuilding and Engineer
ing Co., Japan 
• SKODA Nuclear Power Construction 
Department, Plzen, Czechoslovakia 
• U KAEA, Winfrith, United Kingdom 

Two special issues of the ESIS Newsletter 
concerning shielding bench mark experiments were 
also published. 

INDAC 

Theoretical Activities 

As specified in the general programme, 
INDAC's theoretical activities deal with nuclear 
data assessment for radiation shielding appli
cations. In particular the following three main 
items have been treated: 

Nuclear data evaluation and model studies for 
-y-ray production cross-sections 
Retrieva l and processing of nuclear data for 
reactor shielding applications 
Sensitivity studies in three-dimensional bench
mark experiments. 

Nuclear Data Evaluation 

This work primarily deals with the calculation 
of activation and capture cross-sections and the 
spectra of emitted particles, in particular -y-rays, 
resulting from neutron reactions. 

After comparing the capabilities of different 
computer programs doing similar jobs the STAPRE 
program was chosen for our own purpose. It is 
the only one which conserves energy, spin and 
parity in a nuclear reaction. It was developed at the 
"lnstitut fur Radiumforschung und Kernphysik" 
(IRK) at Vienna. This program calculates reaction 
cross-sections using the statistical and pre-com
pound model . It is, however, not very suitable for 
the calculation of neutron capture cross-sections 
since one does not get the excitation functions for 
a reasonably fine energy mesh of the incoming 
particles. But the precise calculation of capture 
cross-sections is important for different reasons: 
for instance, by comparison with experimental 
data one can test the gamma-ray strength functions 
used today to determine the prompt gamma 
spectra and the "gamma competition" in the re
actions (n,n'), (n,2n), etc. In the case of many 
isotopes there are very few measurements for all 
these quantities except the capture cross-section, 
and thus the evaluation must rely heavily on model 
cal cu lat ions. 

For this reason the CAPTRE program was 
developed by M. Uhl at the IRK, in collabo
ration with INDAC; it calculates the capture 
reaction with the statistical model taking into 
account spin and parity conservation. The primary 
gamma transitions are calculated applying the 



width fluctuation correction; the following gamma 
decay is treated by the cascade model used in the 
STAPRE . The CAPTRE program yields not only 
the activation cross-sections, but also the intensi
ties of the primary gamma transitions, the prompt 
gamma spectrum and the average gamma multi
plicities; and in addition the incorporating energy 
can be varied in very small steps. An application of 
th is code to the reaction Ba 138 (n:y) Ba 139 has 
been carried out and compared with experimental 
data. 

The goal was to study the dependence of the 
results on the model paramters and to fix their 
values approximately. This is of importance espe
cially for those reactions for which there are few or 
no measurements available, so that they have to be 
evaluated by model ca lculations. 

To simplify evaluation work further, the fol-
lowing two items were dealt with recently: 

incorporation of the IRK programs into a least
-squares fitting procedure to adjust parameters 
and 
modification and extension of the IRK pro
grams to calculate the whole evaporation chain 
in a single program run, starting from the first 
compound nucleous; this new modified version, 
called MODESTY, has been completed. It was 
presented at the IAEA Consultants Meeting. 

Data Retrieval and Processing 

In collaboration with the NEA-CPL, the re
trieval codes PLOTFB, PLOTF4 were converted 
from the CDC6600 computer system at BN L to 
the lspra IBM 370/165-CALCOMP system. More
over other retrieva l codes such as CH EC K4, 
CRECT4 and RESEN D were implemented on the 
I BM 370 system. All these routines are available 
through the NEA-CPL library service. 

At a later stage, again in collaboration with the 
NEA-CPL, much work was devoted to the imple
mentation of the Programme-System AMPX. After 
extensive tests a coupled neutron-gamma I ibrary 
was generated from ENDF/B3 for the following 
isotopes: Fe, H, Al and Na (99 neutron and 19 
gamma energy groups in a P5 approximation). For 
H and Al the 'Y-production cross-sections had to 
be substituted from the DLC-7 D library. The gen
eration of coupled neu tron-gamma I ibraries from 
ENDF/B4 data files has also been started. Coupled 
neutron-gamma libraries produced by AMPX from 
ENDF/B4 will substitute step by step the POPOP4 
library used in ESIS shielding calculations. 

Furthermore similar libraries have been pro
cessed in an interlaboratory effort. As requested by 
the Shielding Benchmark Experim ents Meeting at 
lspra (April 1974) the "lnstitut fur Kernenergetik" 
of the Unive rsity of Stuttgart (IKE) together with 
IN DAC, established a standard energy group struc
ture (EUR LIB-Standard Structure) to be used for 
the interpretation of the iron benchmark experi-

men ts. (see ES IS-Newsletter Nr. 12, January 1975, 
page 1, Standard Neutron Energy Group Structure 
for Shielding Benchmark Experiments). Coupled 
Neutron-gamma libraries for Na, H, Al, C, 0, Ni 
and Cr have so far been com pi led. 

Sensitivity Studies 

In the recent past much emphasis has been 
given to sensitivity studies to establish priorities in 
the long lists of requests for cross-section measure
ments and eva luations. 

So far most sensitivity studies have been 
carr ied ou t for one-dimensional problems. In 
shielding ca lculations, however, where ducts and 
other heterogeneities are of primary importance, 
two- and three-dimensional sensitivity calculations 
are being increasingly requested. Since shielding 
calculations for these problems are almost exc lu
sively done by Monte Carlo techniques, the as
sociated sensitivity studies also require the same 
methods. One of the main problems, in this con
text, is the study of space-dependent sensitivity 
factors in widely va rying geometries and material 
compositions. For this reason, estimators allowing 
the calculation of fluxes at points will have to be 
introduced. In the present approach one solves the 
"forward equation" and samples the contributions 
to the different detector points from each col I is ion 
point simultaneously using the once-more-collided 
point estimator procedure. The sensitivity factors 
themselves are calculated by correlated sampling 
where the same tracks are used in the unperturbed 
and the perturbed case. Si nee in th is technique the 
perturbed case has to use the collision density 
functions of the unperturbed case, additional 
weight factors must be introduced to obtain an 
unbiased result. This concept has been combined 
with a regional-dependent "expected leakage esti
mator" to improve sampling in deep penetration 
problems. 

The mathematical formulation of the problem 
is described by H. Rief, The method was 
incorporated into the TIMOC program and a 
number of test examples have so far been calculat
ed. They deal mainly with one-dimensional prob
lems which can be compared with equivalent 
AN I SN-SWAN LAKE sensitivity calculations. 

Integral Cross-Section Measurements in Fast 
Reactor Spectra 

It was the aim of this experimental activity to 
determine the capture cross-sections of structural 
materials for fast reactors (Fe, Cr, Ni, stainless 
steel), averaged over the energy interval from 
100 eV to 100 KeV, where the present knowledge 
of the co rresponding differential cross-sections is 
unsatisfactory. 
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The work was carried out under a collabo
ration agreement among J RC lspra, CNEN and 
AG IP NUCLEAR E. The experiment was perform
ed in the RB-2 reactor (property of AG IP Nu
cleare, in Bologna, Italy) converted into a fast
-thermal coupled facility. The fast test zone con
sisted of a quasi-homogeneous mixture of U02 

(2 35 U/U 93%) and graphite particles, loaded with 
B10 to k-inf = 1. 

The test zone was surrounded by a buffer 
zone, consisting of an annular array of MTR type 
fuel plates (U 235 /U 90%) and graphite wedged 
slabs. 

The experimental technique used was the void
-null reactivity method (PCTR) coupled to the 
reactor oscillation method. The first part of 1974 
was spent in completing the fabrication of the 
mechanical components of the experimental facili
ty and in assembling and testing the instrumen
tation set-up (measuring lines for pile oscillation 
experiments, spectral index determinations by 
fission chambers with various spectrum-sensitive 
coatings, B 10 capture determinations, etc.). 

In para I lei a study was carried out to fix the 
optimum specifications for the homogeneous 
mixing of the particles in the test zone. 

The new fast-thermal facility R B2/TV ach iev
ed its first criticality in September 1973, with a 
fast zone loading around 9 kg of 235 U. After a 
series of safety tests the reactor was ready for 
measurements at the end of 1973. 

The experimental work carried out can be 
summarized as follows: 

Testing and refinement of the experimental 
methods, in order to maintain the experimental 
error within the limits set in an "a priori" error 
analysis performed for the whole experiment; 
Null-reactivity measurements for the determina
tion of the B 10 content in the test sample 
yielding a zero reactivity signal (i.e. the "null 
reactivity composition") . Two independent 
measuring I ines were used in order to reduce the 
change for systematic errors. 

The following test-medium composit.ions (in terms 
of atomic ratios) were investigated: 
a) C/2 35 U = 150, Fe/C = 0 (two samples with dif

ferent heights, to put into evidence delayed 
neutron effects). 

b) C/ 235 U = 110, Fe/C = 0.4 
c) C/ 235 U = 115, Fe/C = 0.8 (to show, by compar

ison with b). the effect of Fe content on the 
neutron spectrum) 

d) C/ 235 U = 110, Cr/C = 0.4 
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Spectrum index determinations by miniature 
fission chambers with deposits of 240 Pu, 
2 39 Pu, 2 38 U, 235 U. A detailed spectrum index 
mapping over the whole test zone was perform
ed th rough axial and radial scans, so as to 
compare the real spectrum behaviour with the 

ideal asymptotic behaviour. 
Determination of the ratio (ifc B 10/~ f 235 U) in 

the test samples, by B1 0 and 235 U chambers. 
Determination of the "reactivity worth" for Fe, 
Ni, Cr, B 10 and stainless steel, by the reactor 
oscillation method. 

The theoretical work in support of the experiment 
can be outlined as follows : 

Calculation of k-inf for the test-sample media 
by a 27-group AN ISN run. The cross-section 
libraries used were : ENDF/B-1, 2, 3 and 
U KNDL. The group averaging codes used were : 
PRAVDA (based on the ABBN formalism) and 
MC-2. 
Calculation of effective cross-sections in the test 
samples by a 27-group AN ISN run, with axial 
correction factors obtained by 10-group dif
fusion calculation. 
2D, 10-group diffusion ALCI calculation of the 
reactor. 
Calculation of the spectrum mismatch and 
leakage correction by a 10-group, 2D diffusion 
code (ALCI) based on the Oldekop formalism. 

The following table gives a summary of the results 
obtained for Fe (values of the ratio (cfc 
Fe/of 235 U) averaged over the considered spectrum 
(test sample b)). 

ENDF/8-3 END/8-3 ENDF/8-1 CADA-
PRAVDA MC-2 MC-2 RACHE 3 

Calculated 
value .359x 10·2 .465x 10·2 .423x10·2 .299x10-2 

Measured 

value .270x 10·2 ±20% 

The experimental result wa_s inferred from a 
preliminary analysis of the data and could be some
what modified in the future; the experimental 
error should also be reduced through the refine
ments now being made to the data analysis . 

From the table it appears that the current 
cross-section libraries overstimate the Fe capture in 
the 100 eV-100 keV energy region. There are also 
indications (from other sources, not quoted here) 
that the ENDF/B-3 data overstimate the 235 U 
fission and underestimate the 235 U U235 capture 
in the same energy range. 

ESMIS 

The activities of ESM IS were carried out in the 
field of: 

pressure vessel analysis 
application of the finite element method (FEM) 
to Linear Elastic Fracture Mechanics 



Pressure Vessel Analysis 

The LWR pressure vesse l work in the J RC 
started in 1972 as a collaq9ration between the 
Commission and German TUV organiza ti ons. It 
evo lved towards systemati c bench-mark ca lcula
t ions by means of 3-D FEM analyses of current 
designs of LWR pressure vesse ls and in particular 
feedwater nozzles (PWR, BW R) and pump nozzles 
(BWR). The accent has been on the accuracy 
(convergence) of different discretiz ing schemes and 
to th is end we wrote scheme automati c mesh 
generation programs. 

EURCYL 1 (BWR nozzles) 
EURCYL 2 (BWR, PWR nozzles) 
EURPUMP 

- EURCOCK 

In particular, 
concerning : 

(Pump nozzles) 
(integrated nozzles) 

analyses have been 

Bruensbuettel BWR (TUV Hamburg) 
Philippsburg BWR (TUV Baden) 
Neckarwestheim PWR (TUV Stuttgart) 
Krummel BWR (Breda SA, Milan) 
Danish BWR (DAEC, Risp) 
Belgium BWR (Cockerill, Liege) 

carr ied out 

Th e results of these analyses have been summarized 
in var ious papers, 

FEM Applications to Linear Elastic Fracture 
Mechanics 

As a natural and technical cont inuat ion of the 
ESMIS pressure vessel work , during the present 
reporting period the presence of hypothetica l 
cracks in pressure vesse ls were included in the 
ana lyses with the aim of showing that 3-D thermo
-elastic crack problems can be analysed economi
cal ly by means of FE M. The analyses of 3-D crack 
problems were found to be most conveniently 
carr ied out with the FEM subst ru cturing tech
nique. We applied t he method to therm o
-elastic fracture mechanics problems, for hypothet
ical corner cracks in BWR nozzles and for hypo
thetical surface cracks in t he beltline of the vessel 
as we ll as for the LMFBR primary circuit. Mesh 
generating was done by automatic mesh generation 
programs. 

EURCRACK 1 (corner cracks in nozzles) 
- EURCRACK 2 (surface cracks in plates) 
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Training and Education 

R.Misenta 

The "Training and Education" Division orga-
nized 

in 1974 a series of four one-week courses on 
"Safeguards and Nuclear Mater ial Control" for 
assistant inspectors of the Safeguards Director
ate of the European Comm iss ion, Lu xembourg, 
and the f irst four lspra-Courses with a total 
duration of 7 weeks; 
in 1975 nine lspra-Courses with a total duration 
of 12,5 weeks; 
and prepared during the year 1975 the pro
gram me of I spra-Cou rses for 1976. 

The four lspra-Courses held in the second half 
of 1974, w ith a total du ration of 7 weeks, were 
attended by 96 persons from various organizations 
and firms . 
The exper ience of 1974 and 1975 has shown that: 

industrial and state organizations are interested 
in courses offered by the lspra-Establishment, as 
is shown by the statist ics regarding participants; 
it is possible to cover the current expenses of 
the courses, e.g. publicity, expenses for invited 
lecturers, materia l for the lectu rers' notes, etc., 
from the incoming part icipation fees. 

Series of Courses on "Safeguards and Nuclear 
Material Control" - 1974 

This series of fou r one-week courses for assist
ant inspectors of the Safeguards Directorate of the 
European Commission was held in Luxembourg 
and at lspra. 

Luxembourg, 4-15 February 1974 

1) Nuclear Fuel Cycle and Nuclear Material Con-
trol Systems 

2) Physics, Health Physics and Statistical Methods 

lspra, 25 March - 5 April 1974 

3) Non-destructive Assay in Nuclear Safeguards 
4) Chemical Assay and Sealing and Identification 

Techniques in Nuclear Safeguards. 

The courses were attended by about 20 adjoint 
inspectors of the Safeguards Directorate of the 
European Commission. 

The lectures of the first courses were given by 
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staff members of the Safeguards D irectorate and 
lecturers inv ited from the European nuclear indus
try. The lecturers of the last three courses were 
given by staff members of the lspra-Establishment. 

lspra Courses 1974 

After carefu l preparation of all the organiza
tional aspects and administrative procedures, the 
first courses for people outside the J RC were 
advertised in summer 1974. 

Series of Three Courses on "Radiological 
Protection" 

After an ana lys is of the situation and the pos
sibi l ities of the Establishment it was decided to 
prepare a ser ies of courses on Radiological Protec
tion and to offer thes~ series under the patronage 
of the "Assoc iazione lta liana di Fisica Sanitaria e 
Protez ione contra le rad iazion i". The courses use 
t he broad experience which the JRC "Health 
Physics" group has acqu ired by its work w ith the 
reactors lspra-1, ECO, ESSOR, and minor nuclear 
installations over a period of more than 10 years. 

The series cons isted of three-week courses in the 
Ital ian language 

Fondamenti di Radioprotezione 
Radioprotezione nelle applicazioni mediche ed 
industriali dell e radiazioni 
Radioprotezione negli impianti nucleari 

Every course was attended by 20 part icipants. 

Course on "Structural Reliability" 

For th is one week course on structural reliabil
ity we used the experience acquired by a group of 
scientif ic and technica l staff members working in 
this field which is mainly related to the programme 
on reactor safety. 

lspra-Courses 1975 

The fo llowin g courses were held during 1975 : 
a two-week course on "Safeguards and Fissile 



Material Control" with 33 participants, includ -
1 ng 15 f ram the Safeguards Directorate 
(Luxembourg); 
a series of two courses on "II Sistema ICES", in 
Italian, lasting three and four days respectively, 
with a tota l of 18 participants; 
a one-week course on "Systems Reliability" 
w ith 24 participants; 
a series of three two-week courses on "Radio
logical Protection", in Itali an, with a total of 54 
participants; 
a one-week cou rse on "The Hydrogen Energy 
Concept", with 35 participants; 
a one-week "Advanced Seminar on Fracture 
Mechanics" with 74 participants. 

The courses on "Safeguards and Fissil e 
Material Control" and the three courses on" Radio
logical Protect ion" were revised editions of the cor
responding 1974 courses. 

The series of two courses on "11 Sistema 
ICES", in Italian, were organ ized in co llaboration 
with "Centro Studi ed Applicazioni in Tecno logie 
Avanzate (C.S.A.T.A.)" Bari. The courses dealt 
with the application of the ICES-STRUDL sub
-system for the design of mechanical structures and 
described the language and techniques used in the 
IC ES-System. 

The course on "Systems Reliability" treated 
the various aspects of components and systems 
reliability: e.g. data col lection and processing, 
probability assessment and optimization techni
ques. 

The course on "The Hydrogen Energy Con
cept" which was focused on hydrogen as an energy 
carrier gave a technical perspective of this rapidly
-emerging field and treated the entire hydrogen 
energy cycle from production to end-use, i.e. 
hydrogen production, storage and transmission, 
handling implications, hydrogen utilization in some 
prominent domains. 

The "Advanced Seminar on Fracture Mech
anics" was organized in co ll aboration with the 
German Working Group on "Bruchvorgaenge" the 
French Working Group on "Fragil ite - Rupture" 
and the Dutch Contact Group on "Breuk
mechanica". The Seminar helped to improve 
cooperation and exchange of facts and ideas in 
three main fields of fracture mechanics, which 
were selected in view of their large impact on 
practical application and their very fast evolut ion 
elasto-plastic fracture mechanics, dynamic fracture 
phenomena, and fatigue crack ~ropagation. 

The nine courses, with a total duration of 12.5 
weeks, were attended by about 250 people from 
various organizations and firms. 

Programme of lspra Courses 1976 

During the second half of 1975 we prepared 

the programme lspra- Courses 1976, comprising 16 
courses or seminars with a total duration of about 
20 weeks. 

The subjects of t he courses and seminars have 
been chosen according to the degree of interest 
they present to various organ izat ions and groups in 
the European Community countri es and the exper
ience and competence which the J RC lspra has 
acquired in these fields, espec ially during the 
period following the adopt ion of the new multi
-annual programme in 1973. 

The lecturing staff at the courses and seminars 
is composed of J RC staff members and inv ited 
lecturers from European research cen tres or as
sociations, universities and industry. 

Some of the courses and seminars announced 
are organized in collaboration with other European 
organizations. 

The following courses will be held in 1976: 

A. Repetition or revised editions of 
previous courses 

Safeguards and Fissile Material Control 

- Safeguards in Nucl ear Plants 
- Techniques for Fissile Material Control 

Radiological Protection 

Fondamenti di Radioprotezione 
Radioprotezione nelle applicazioni mediche 
ed industriali delle radiazioni 
Radioprotez ione negli impianti nuclear i 

Reliability Engineering 

Systems Reliab ility 
- Structural Reliability 

B. New Courses 

Environment 

Air Pollutant Modelling 
- Urban Air Quality Management 
- Pollution Eco logy in Fresh Water 

Comp uter-Aided Analysis of Structures Using 
the ICES-STRUDL 11 System 
Advanced Physical Techniques in Structural 
Biology 
Nuclear Merchant Ships 

Introduction to Nuclear Engineering for 
Ship Propulsion 
Technical and Economic Aspects of Nuclear 
Merchant Ships 

Advanced Composite Materials 
Physics and Calculational Methods for Shielding 

Two of the courses on "Environment" will 
treat technical questions of air management in 
urban regions. This series of courses is intended to 
give urban and regional planners, health engineers 
and technicians interested in air quality manage
ment a comprehensive survey on such subjects as: 

The seminar on "Pollution Ecology in Fresh 
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Water" will review va rious aspects of the ecology 
of pollution in fresh water environment. 

The course is intended to give urban and 
regional planners, health engineers and technicians 
interested in air quality questions a comprehensive 
survey on such subjects as: 
• instruments and networks for urban air quality 

monitoring and control systems. 
• simulation of pollutant dispersion by tracer 

techniques and wind and w2ter tunnels 
• statistical models, diffusion and stochastic 

models for pollutant dispersion. 

The course "Aided Analysis of Structures 
Using the ICES-STRUDL 11 System" will illustrate 
the structural analysis capabilities of the ICES sub
system STRUDL 11. It is intended to assist engi
neers working in various fields such as mechanical, 
civil, nuclear and aeronautical engineering in the 
use of advanced data processing tools. 

The Summer School on "Application of 
Advanced Physical Techniques in Structural 
Biology" is sponsored by the Commission of the 
European Community and organized by the Uni
versity of Leiden in collaboration with and at the 
J RC ISP RA . It offers a survey of the physical tech
niques which are relevant to molecular biology to
-day for physicists, biophysicists biochemists and 
biologists. 

The two courses on "Nuclear Merchant Ships" 
are organized in collaboration with "GKSS" 
Gesellschaft fuer Kernenergieverwertung in 
Sch iffah rt u nd Sch iffbau, Geestacht. The course 
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"Introduction to Nuclear Engineering for Ship 
Propulsion" is intended to give engineers and 
physicists involved in ship design and construction 
or operation, and introduction to the va rious fields 
of nuclear ship propulsion systems. The Seminar 
on "Technical and Economical Aspects of Nuclear 
Merchant Ships" is designed to satisfy the interests 
and needs of both technical and managerial person
nel interested in the technical and economic 
aspects of nuclear merchant shipbuilding and 
operation and of sea transport planning 

The Seminar on "Advances in Composite 
Materials" organized in collaboration with "Centro 
Materiali Compositi" Naples, Italy, will review 
technological advances made in composite ma
terials during the recent years. It will deal with 
mechanical and physical properties, designing for 
structural and non-structural applications, methods 
of fabrication and evaluation of advanced compos
ite materials consisting of polymer and metallic 
matrices and filaments, fibres and whiskers of 
var ious chemical natures. 

The Course on "Physics and Calculational 
Methods for Shielding" treats the va rious aspects 
of radiation shielding and th e calculational 
methods for the design of shields for reactors, 
accelerators or transport containers for radioactive 
material. 

All courses planned for 1976 were advertised, 
mainly in the member countries of the European 
Community, in January 1976. 



European Inf ormatic Network 

J. Pire 

Th is project represents the Commission's parti
cipation in COST Project 11, th e aim of wh ich is 
the construct ion of a pilot mesh-netwo rk and its 
utili za tion for the study of the technica l, economic 
and management requirements invo lved in coordi
nat ing the work of different types of compute rs 
cooperating in the so lut ion of a probl em. 

An agreement at government leve l was signed 
at the end of 1971 by France, Ita ly, Norway, 
Portugal, Sweden, Switzerland, the United 
Kingdom , Yugoslavia and the European Atom ic 
Energy Community for the design and construc
tion of the te leco mmunicat ion sub-network. The 
agreement was signed by the Netherlands in 1974. 

A computer network co mposed of f ive centres 
was also decided upon. These centres are: 

• I RA ( I nstitut de Recherche en I nformatique et 
Automatique) Rocquencourt - France 

• POLITECNICO DI M l LANO, Milan - Italy 

• El DGENOESSISCHE TECHNISCHE HOCHSCHULE 
Zurich - Switzer land 

• NAT IONA L PHYSICAL LABORATO RY 
Teddington - United Kingdom 

• CETIS (Joint Research Centre) l spra, for the Commission 

Because of the delay in ratification it was not 
possible to start this activity un t il 1972. 

In spite of the delay all the countr ies concern
ed, together with the Commission, have appointed 
t heir representat ives to the Management Com 
mittee. 

The specifications were drawn up for the tele
communication sub-network and tenders for its 
construction were invited. A con t ract with the 
SESA-LOG ICA consortium was signed in Septem
ber 1974. This part of the project is sched uled for 
com pletion in March 1976. 

The studies in the nodal centres suffered the 
consequences of these delays, owing to th e 
co mplex an d internat ional nature of the project. 
Up to now the work has dealt w ith str ict ly related 
subjects such as estab lishmen t of standards, defini
tion of the basic and medium leve l protocols be
tween the computers and development of the rela
t ive computer programs; but the tests cannot be 
effect ive ly carri ed out until the network is physi
cal ly connected up in 1976. 
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Standards 
and Reference Substances 
R.H.Gillot, H.Laurent 

In 1974-75 our laboratories developed and 
extended the activities officially undertaken during 
1973 and at the same time assembled equipment 
more specifically suited to the needs of a pro
gramme which is highly demanding from the point 
of view of precision and accuracy. While con
tinuing their experimental work, var ious specialists 
of the lspra Establishment, supplemented by 
specialists from the Geel and Petten Establish
ments, made a significant contribution to the 
definition of a broad European programme to be 
carried out in the Community (indirect action) and 
Commission laboratories (direct action). 

Furthermore, the lspra staff put a great deal of 
work into the definition of new activities for the 
J RC Petten Establishment (Netherlands). It has 
been proposed that a part of this Establishmen t be 
appointed to do work on the chemical characteri
zation of organic substances, in the context of an 
en I a rged Standards and Reference Substances· 
programme . A forma l proposal has been 
submitted to the Council. 

Our activities are divided under four headings, 
each covering a certain number of subjects: 

• Support to the CBR secretariat 
• Support to the Commission Departments 
• Reference Mater ials and Chemical Analysis 
• Reference Materia ls, Physical and Technological 

Properties 

Support to the BCR Secretariat 

Various staff members and specialists of the 
J RC devote all or part of their time to the pre
paration and follow - up of a "European pro
gramme". According to their fields of competence, 
they lead and/or take care of the secretariat work 
for Working Parties whose composition and ob
jectives have been considerab ly enlarged in recent 
years. At the end of 1975, a total of 54 groups of 
experts were operational and lspra provides the 
scientific secretariat of 30 of these groups. 

In addition to the foregoing, various activities 
of general interest were pursued during the year: 

"guide book" of addresses of users of reference 
materials 
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"data bank" on refe rence materials and orga
nizations concerned with these products 
Information bu lletin 
Applied statistics 

Guide Book 

After a limited distribution of a provisional 
edit ion, the Div ision distributed about 2000 copies 
of th e first edition of this document. 

Data Bank 

In connection with th e setting-up of an In
formation Bureau, the Di vision started to compile 
a computerized data bank which could eventua lly 
be linked up with a European information network 
(COST Project 11 ). A detailed description of th is 
bank was communicated in 1975. So far we have 
stored: 

1500 addresses of suppliers and users of reference 
materials 
9800 differen t existing reference materials with 
their characteristics, 

269 names, addresses and functions of nat ional 
experts involved in the CBR action. 

During 1976 the Division wi ll continue to 
improve the system and to store and up-date the 
data already in its possession. The direct link be
tween a term inal at the BCR secretariat in Brussels 
and the lspra computer is already operationa l. It is 
now possible to hold a remote dialogue between 
the user and the bank . 

Information Bulletin 

After exa mining different mock-ups prepared 
at the Centre the ACPM recommend ed that the 
BCR should publish a simp lified ve rsion of this 
bulletin, including in particular: 

• information on the various BCR activities, 
• information on events involving activities linked 

to those of the BCR, 
• b ibl iograph ic I ists of pub I ications dealing w ith 

the preparation, certification and use of refer
ence materials, 

• annual index of these lists . 

So far we have se lected some 1500 references 



and summaries of papers, obtained by checking 
about 55 reviews and periodicals and from 24 
abstracts journals and descriptive bulletins (some 
2500 reviews). It is obvious that we are still far 
from covering all the literature which might be of 
interest. The selected papers are now regularly 
listed automatically by the KWIC systems. 

Applied Statistics 

This activity is essentially used for the compar
ison of results obtained in analytical exercises and 
for comparative measurements and certification of 
proposed reference materials 5). A part of our 
effort has been devoted to the selection of the best 
statistical tests, the application of a non-parametric 
test ( Krusqual-Wallis) and the development of a 
data set. After discussions with national specialists, 
it - seems that the Aspin-Welch technique is of 
considerable interest, but the question of its cost 
(mainly computing time) remains open. 

Up to now, our techniques have been applied 
to various problems: 

BC R problems 

certification of reference materials for traces of 
0 2 in Cu, Pb, Zr, Ti and Mo, 
certification of "commercial" elements in Zn, 
Cu, Pb and Sn ores in concentrates, 
certification of various elements and calorific 
power in 4 coke samples, 
evaluation of analytical methods for the deter
mination of different chemicals in an atmo
spheric powder sample, 
evaluation of viscosity measurement data in 4 oil 
samples. 

Support to the Commission 

evaluation of the methods for fertilizer analysis, 
evaluation of the methods for determination of 
casein and of lactose in casein, 
evaluation of the methods for the determination 
of egg-yolk in mayonnaise. 

Support to the Services of the Commission 

Various work was carried out by our specialists 
and laboratories in connection with measurement 
and materials characterization problems, chiefly 
for the purpose of preparing EEC directives: 

- pesticide residues: optimization of a selective 
gas-chromatograph detector ; participation in 
the preparation of a guide-book for analysis of 
pesticide residues; 
fertilizers: in the ISO context, analysis of ni
trogen (nitrate form) by different methods for 
different concentration ranges and under the 
influence of some parameters (ureic nitrogen, 
potassium salts); determination of phosphorus 

in aqueous and organic medium; evaluation of 
repeatability and reproducibility of nitrogen 
determination (ammonia); comparison of dif
ferent methods for determining ureic nitrogen; 
reproducibility studies for potassium determi
nation by gravi metry; 

surfactants: critical examination of the cur
rently available methods for determining 
biodegradability; 
Pb and Cd release from glazed ceramic table
ware: study of the feasibility of setting up a 
"hot test" or establishing a relationship between 
the cold and the hot tests; 
cosmetics: secretariat work in connection with 
the development of reference methods for 
spec"ific problems; 
classification, labelling and packaging of danger
ous substances and preparations: secretariat 
work and technical compilations; preparation of 
technical documents; 
nomenclature of the Common Customs Tariff: a 
provisional inventory (organic products) was 
printed in July 1974 (four single-language 
volumes - French, German, Italian and 
Norwegian), this inventory being updated 
constantly with new products. 

Reference Materials and Chemical Analysis 

This part of our work deals with the prepa
ration of reference materials whose composition, 
impurity content and/or purity level had to be 
certified. Owing to the high level of accuracy 
needed, many different methods and numerous 
laboratories (indirect action) are involved and a 
great deal of development work is necessary. 

Participation in Indirect Action 

a) Non-ferrous materials 

Our main efforts were devoted to: 
refining the analytical method for determining 
Sn in Sn-ore concentrate; 
preparing the certificates for three Zn ore 
concentrates 
determining trace impurities in electrolytic 
copper (S, Ni, Pb, Sb, Bi, Ag, Te, As); 
establishing the methodology for the prepara
tion of special purity reagents (HCI, HN03,H F, 
HCI04 ); 

determining oxygen and hydrogen 1n 
non-ferrous metals (W, Ni, Mo, Ti, Ti alloys, 
industrial Cu, Pb) by different methods; 
developing methods for N2 analysis in W, Ta, 
Ti, unalloyed Ti and Zr; 
determining traces of noble metals (Pd, Pt) in 
Cu. 
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b) R.M. for Ferrous Materials 

After the setting-up of a "European pro
gramme" concerning coke and coal powders, the 
lspra laboratories measured the different parame
ters of interest (moisture, ash, carbon, hydrogen , 
nitrogen, sulphur, ch lorine, phosphorus in ash), in 

different coke samples. 

c) R.M. for Airborne Particulates 

A preliminary analytical exercise, with the 
participation of 38 European and American labora
tories, was initiated by the Division . As regards 
the J RC lspra laboratories, nuclear activation, 
X-ray fluorescence, flam e and flameless atomic 
absorption, emission spectroscopy, flame spectro
metry, combustion techniques and wet chemical 
methods were employed for the determination of 
some 60 elements and compounds. 

d) R.M. for Aquatic Plants and Sediments 

300 kg (fresh weight) each of two aquatic 
plants were co ll ected, dried, ground, sieved and 
homogenized. Preliminary homogeneity tests were 
performed by X-ray fluorescence, micro
combustion and flame atomic absorption. The 
basic composition of these materials was determin
ed . 

Collaboration with the US National Bureau of 
Standards 

Under this collaboration scheme, our work on 
the determination of different elements in bovine 
liver (Ca, Ag) and coal samples (Ca, Cs, Fe, Rb, Sc, 
Ta, Tb, Th, Zn, Ni, Cu, Mn, Cr, Pb, Hg, P) was 
completed, using various techniques. Extensive 
tests to ascertain the homogeneity of vegetable 
samples (citrus leaves, tomato leaves, pine needles, 
alfalfa) were carried out by nuclear activation 
analysis, X-ray fluorescence and flame atomic 
absorption spectroscopy on major and trace 
elements. 

Reference Materials and 
Physical and Technological Properties 

This activity includes the development of 
measuring methods, which should eventually 
become reference methods; at the same time the 
improvement of techniques and equipment and the 
preparation of calibration materials are all part of 
our programme. The field of physical and tech
nological properties being very broad, only a few 
selected topics can at present be tackled by our 
I a borato ri es. 

The selected topics, which are all intimately 
interwoven with indirect action, are: 
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a) Toughness (charpy tests) 

The work includes three phases: 

the ca libration of Charpy test machines in order 
to get them up to DIN and, when appropriate, 
ASTM standards (this will be followed by a 
complete instrumentation of the machines) ; 
th e full preparation of several hundred V-notch 
toughness samples for carrying out round-robin 
tests with, up to now, two national laboratories; 
participation in the round-robin tests with BAM 
(Berlin) and LNE in Paris; 
the J RC provides the technical secretariat and 
coordinates the action. 

b) Tribology 

Up to now th e work has comprised two phases: 

the construction of a new type of tribometer, 
offering a number of advantages over existing 
ones . This tribometer is to be circulated 
amongst three national laboratories TNO, BAM, 
LI UT) for comparati ve tests; 
the preparation of a large number of friction 
couples, carried out in 18 varieties. These are to 
be distributed to the above-mentioned national 
laboratories for a round-robin test, with a view 
to eva luating the spread of results. The J RC 
provides th e technical secretariat and coordi
nates the ent ire action. 

c) Thermal Conductivity 

Here our activity is centered on the compari
son of two methods for measuring thermal con
ductivity in poorly conducting solids (insulating 
materials, glasses, fibre structures etc.), one being 
the classical hot-plate and guard-ring static method, 
which is standardized, and the other the much 
s imp I er and more elegant transient method, 
developed at J RC. A classical high-precision device 
to measure th e thermal conductivity of liquids has 
been built and is ready for calibration and use. 
The national laboratories participating in the work 
(round-robin tests) are LNE, ERDE (NPL), FIW 
and the Unive rsity of Padua. 

The J RC provides the secretariat and coordi
nates the en tire action. 

d) Newtonian Viscosity 

The JRC work centred on two aspects: 

the setting up of a Couette absolute viscometer, 
which will allow of checking the various cor
rection factors applied to relative measure
ments. 
the building of a device that makes it easy for us 
to supply data on viscosity at temperatures dif
ferent from room temperature (there are 
requests from the petrol industry for such data 
on mineral oils). 



Round robin-tests have already taken place 
and J RC is providing th e technica l secreta riat and 
coo rdination . The institutes and laboratories 
in vo lved are TNO, PTB, BAM, LNE, NPL, 
Labofina and Kon, Shell . 

e) Ultrasonic Fault Detection and Standard 
Defects 

The work is centered on two phases: 

the making of microdefects as detection stan
dards for u ltrasonic equ ipment, and studies on 
fabrication techn iques, geometry and orienta
tion of defects; 
the characterization of ultrasonic transducers 
and their backing equipment. 

This second ·phase is a vast operation, since the 
number of parameters, both mechanical and 
electronic, is considerable. Th e definitions, para
meters, techniques etc. are constant ly discussed 
with a group of highly qualified ex perts, who 
participate actively in th e indirect action. The J RC 
provides the secretariat and coord inates the entire 
act ion. 

f) The secretariat for many specialist groups and 
indirect-action projects wh ich have no J RC labora
tory participation is provided by scientific staff of 
the JR C lsp ra. 

61 



Protection of the Environment 

F.Geiss 

Introduction 

This programme started in 1972 under a 
special contract between the elder six member 
countries and the Directorate General of the Joint 
Research Centre. Mutatis mutandis it continued 
essentially along the same lines in the years 1973 
through 1975. During this period the in-house 
research ("direct action") was comp leted by an 
extra-mu ra I research program me ("indirect 
action") covering some 150 shared-cost contracts 
in the following fields: 

• epidemiological studies of the effects of air and 
water pol I utan ts 

• effects on health and on the environment of lead 
pollution 

• effects on health of micropollutants 
• evaluation of ecologica l effects of water 

pollution 
• remote measurement of air pollution 
• data bank on environmental chemicals (ECDIN). 

Both parts of the programme are specifically 
directed towards supplying scientific support for 
the Action programme "Environment" of the 
Community (especially w ith regard to "reduction 
of pollution and nuisances"), published on the 
20th December 1973 in the Official Bulletin of the 
European Communities. To ensure that the direct 
and indirect action (the latter conducted by the 
Directorate General XII, Research, Science and 
Education, Brussels) of the Community env iron
mental research programme are coherent and 
complementary they are assisted by the same 
Advisory Committee for Programme Management 
(ACPM). 

During 1974 and 1975 the direct action of the 
programme consisted of the following activities: 

Manpower Budget 
Actions 1974/1975 1975 1975 

man/years (u.a.) 

Analysis and measurement 

Mu ltidetection unit 8.2 20,000 

Data Bank ECDI N 75.6 58,200 

Pathway and/or effects of pullutants 

Chemistry of air pollutants (4) 7.0 26,100 

Pollutant uptake by plants and so ils 4.25 9,700 
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Manpower Budget 
Actions 1974/1975 1975 1975 

man/years (u.a.) 

Transfer of heavy metals in env. 

systems 10.65 38,500 

Lead pollution by traffic 2.8 35,500 

Biological water pollution tests 3.0 11,100 

Biochemical effects of heavy metal 

pollution 2.6 14,100 

Biotelemetry of effects on animals 5.5 32,500 

Models, system studies 

Studies on eutrophication 9.0 35,700 

Physical air pollution studies (5) 18.5 11 8 ,900 

Environmental impact assessment 2.5 0,300 

Other subjects 

Water purification/c haracterizat ion 

of carbo ns 2.4 10,500 

TOTAL 82.0 433,100 

To the manpower of 82 manyears has to be added 
analyt ica l and electron ic support equalling another 
15 manyears. The figures for manpower and 
operational budgets were basically the same in 
1974. 

Analysis and Measurement 

Multidetection Unit (for analysis of organic micro
pollutants in environmental samples) 

After the air sampling technique on Tenax 
columns a water sampling method on the same 
material with a recovery of 70-90% (at 20 ppb) has 
been developed. The introduction of the "heart 
cutting technique" gives better GC separation . On 
the computer side the development of the neces
sary software is almost achieved. The online con
nection with the 370 I BM computer is being 
prepared. Th e MS library comparison program was 
complemented on the 370. Link with ECDIN and 
in particular CROSSBOW is being prepared in 
order to obtain structural diagrams together with 
compound names. 

First field measurements (fingerprint chro
matograms) w ith air samples taken at different 
seasons show the impact of vegetation on com-



pounds present in the atmosphere. Preliminary ex
periments in HPLC were directed to high boiling 
fractions of water extracts. Emphasis has been 
placed on studies with polymer bonded stationary 
phases and improvement of the gradient elution. 

Data Bank for Environmental Chemicals 

ECDIN is now in a pilot phase collecting data 
on up to 5,000 chemical compounds. Earlier the 
project went through a stage in which a large 
number of discussions were held to ascertain what 
might be the needs of potential users. In order to 
give people an idea of the possibilities, some test 
data were put into a computer retrieval system and 
used for demonstration purposes. 

The main activities during the current phase of 
the project are: 

decision on which data would be useful and 
hence would be included, 
collection of data for a maximum of 5,000 
compounds, 
development of a "data format". For each 
element of data included, it is necessary to 
define what it is and how it should be written 
down, 
development and testing of a "format" for the 
exchange of data within ECDIN, 

input of data to the computer and adaption of 
the data to the computer retrieval system, 
implementation of a suite of computer pro
grams (CROSS BOW) which performs various 
operations on chemical structures e.g. genera
tion of structure diagrams, substructure search, 
computer systems development, especially in 
relation to the manipulation of chemical 
structures for chemical structure/biological 
activity prediction and for environmental 
pathways prediction, 
preliminary work to form links between a 
computer-based mass spectra research, chemical 
substructures search and the chemical data 
systems, 
evaluation of the data collected so far in terms 
of its ability to satisfy the needs of potential 
users. 

At present data is being collected for the 5,000 
compounds and during 1976 it should be possible 
to consult users on whether the data is satisfactory. 
It will only then be possible to give reasonable 
estimates of the data collection costs. 

Pathway and/or Effects of Pollutants 

Chemistry of Air Pollution 

Tetraethyl lead (in air mixture) is decomposed 
by the UV part of sunlight with a half life of about 

5 h on bright sunny summer days and of some 3 
days under cloudy conditions or in winter. No 
decomposition at night. All decomposed lead went 
rapidly to the walls. 

Some further experiments on the influence of 
the addition of water dissolved ions (HCI, H2 S04 ) 

on the particle charge have been carried out. This 
activity will now be suspended. 

The following particle counters are now availa
ble: Climet, Jacobi particle counter, Witby particle 
counter, mobility spectrometer, condensation 
nuclei counter, 2 cascade impactors (low and high 
volume). 

S02 Uptake by Plants and Soils 

The phytotron w ith S0 2 , CO2 and moisture 
control is now operating. S0 2 is easily taken up by 
aereal parts of bean plants and transported to 
others. 

Two pre-phytotron studies (leaf surface bio
electric reactions of Zinnia elegans under S0 2 

fumigation and uptake of Pb, Cd, V by lichens and 
bryophytes) are in progress. 

Green oak leaves collected from Mount Etna 
show higher S content on the windward side 
(2,200 against 1,700 ppm). 

The experimental chamber for soil absorption 
is ready; the first results have been obtained. 

Transfer of Heavy Metals in Environmental 
Systems 

Lead transfer from air to water: Studies of particle 
size distribution vs . time were completed. It was 
found that the lead transfer to water was not ef
fected by water surface conditions or water quality 
parameters. The chemical form of lead in water is 
under study by ultra-centrifugation. 

The transfer of heavy metals in freshwater eco
systems: The objective is to evaluate the impact 
and hazards caused by heavy metals released into a 
lacustrine environment. Studies in progress concern 
the transfer of Cd and Zn from water and food to 
fish and the study of simple benthic food chains 
(water-organic sediment-insect larva-fish). 

Transfer of heavy metals in irrigated cultures 
(rice): The objectives are to assess the influence of 
heavy metal pollution on the heavy metal content 
of rice and t o~ ssess the influence of irrigated 
cultures on th e heavy metal content of soils. The 
study is being carried out at three levels: a) labora
tory studies: soil-water equilibria. Absorption 
isotherms and kinetics are being performed for Cd 
and Pb. b) green house studies: rice cultures have 
been started with soils contaminated with 0-2-8-24 
ppm Cd. Periodical sampling is already being 
carried out. c) field studies: material balance of 
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heavy metals in a typical rice farm (in cooperation 
with an indirect action). Field instruments were 
prepared and installed for periodical sampling. 

Lead Pollution by Traffic (!LE Project) 

In order to differentiate automative lead from 
other lead sources only lead of a particular and 
constant isotopic composition (206/207 = 1.04) 
wil I be sold in Italy for a two-years period. It dif
fers significantly from the lead normally found in 
the environment in Italy (206/207 = 1.18 ± 0.02). 
Th is experiment started late in 1975. A total of 
25,000 samples from gasoline, particulate matter, 
blood, vegetation, soi l, and surface water will have 
to be analysed, principally, by mass spectrometry. 
The analytical prec ision of the MS determinations 
is now at 0 .2% rel for 10-7 g of lead . 

Biological Tests of Water Pollution 

The objective of th is research is the evaluation 
of short and long term effects of low concentra
tions (from 1 ppm to some ppb) of heavy metals 
(Hg, Cd, Cr, Cu, Ni, Pb) on freshwater organisms 
(algae and freshwater snails to be used as biological 
tests) and of the combined effects of these metals 
in association with detergents and chelat ing agen ts 
(NTA, EDTA, humic acids). 

A turbidostat has been tested: Th e flux of the 
culture medium is controlled by the same 
product ion-rate of the algal population and the 
amount of algae produced between two mea
surements is recovered and quantitatively 
estimated. The intensity of primary productiv i
ty can then be measured directly. Batch experi
ments have a lower sensitivity than those carried 
out in the turbidostat. 
Batch and continuous flow experiments on 
embryos and adults of two freshwater snails 
(Biomphalaria glabrata and Lymnaea stagnalis): 
This method has been standardized and can be 
used for any type of pollutant. 
A method has been standardized to record 
short-time effects (a few hours) produced by 
heavy metals on the heart-rate of Biomphalaria 
glabrata. 

Biochemical Effects of Heavy Metal Pollution 

In long term exposure experiments 50 ppb of 
109 Cd labell ed Cd 2+ were daily administered to 
rats via drinking mineral wate r. Live r, kidney, G.I. 
tract and pancreas were found to be the only 
organs accumulating cadm ium after three months' 
exposure. In all cases cadmium was bound to 
proteins with similar molecular weight (M.W. 
10,000 - 11,000); no significant 109 Cd was present 
in other sub-cellular fractions (nuclei , mitochon
dria and microsomes). Preliminary exper iments on 
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Cd accumulation in rat I iver Cd BP (cadmium 
binding protei ns) showed that single doses up to 1 
mg Cd/kg b.w. indu ce a dose-proportional "de 
nova" synthesis of live r, whilst repeated doses 
cause a dose-proportional increase in CdBP synthe
sis yielding additive accumulation. 

During th e reporting period t he following 
studies were comp leted: 

iso lat ion, purification and characteri zat ion of 
rat liver and kidney metallothionein, a cadmium 
binding protein (CdBP) 
identification of Cd binding sites in rat testicles 
and sp leen 
in vivo incorporation of radiotracers in rat I iver 
CdBP 
de nova biosynthesis of rat li ve r CdBP . Effects 
of heavy metals on th e biosynthesis itself. 

New studies on lead and selenium ex posure to rats 
were started recently. 

Biotelemetry of Effects on Animals 

An animal-mounted 4 channel transmitter was 
developed in thick film technology for furth er 
miniaturization (new concept) . This transmitter is 
now being assembled. A rece iver with automatic 
adjustment for long time recording was also 
constructed. Th e transm ission chain was shown to 
work very satisfactorily over a period of 3 weeks 
without battery exchange. A new very high fre
quency transmitter is being des igned in order to 
improve the an imal-m ounted antenna efficiency. 

Capacitive electrodes have been developed for 
the detection of the heart beat of the laboratory 
animals. Later on they should also be able to 
detect the respiration data, with less artefacts from 
movem ents. 

The very small localization circuits mounted 
on the legs of test anima ls and needed for the 
selection of populations within the total of labora
tory animals under test during nerve reflex mea
surements have not yet been tolerated by the rats. 
Tests wi th young anima ls undergoing a phase of 
habituation are in progress and are promising. As a 
consequence, the deve lopment of the instrumenta
tion for the heart beat rate recording has been 
brought forward since these measu rements do not 
requ ire the localisation of the animals as does the 
under-foot stimulation for the nerve reflex. 

Models, System Studies 

Eutrophication Studies 

The objective of th is study is the evaluation of 
the "ecological eff iciency " of sewage treatment 
plants and the following of the trophic evolution 
of a large water body before and after the installa-



tion of the plant. The studies were mainly done on 
Lake Lugano. 23% of the total phosphorous load 
comes from run-off. If only th is fraction of input 
were present, this lake would already be in a 
mesotrophic state. Therefore purification of 
sewage should be such as to reduce the other 
sources of phosphorous to 90%, to allow the lake 
to reach a mesotroph ic level. Th is recovery is 
followed by a buoy measuring 0 2 , temperature, 
pH, redox potential and conductivity at six dif
ferent depths. Three mathematical models were 
developed, to describe a) the seasonal evolution of 
phytoplankton in relation to light intensity; b) 
temperature gradients and their dynamics and c) to 
evaluate the turnover timP of the water masses in 
the various basins. 

Physical Air Pollution Studies 

a) Raman-Lidar: The electronic hardware for this 
instrument has been completed and the Ruby 
laser equipped with a 0-switch. The instrument 
is being equipped with the dual wave-length 
absorption facility delivered by MBB (indirect 
action). 

b) Tunable IR laser, Barringer: A study has been 
done to evaluate the effects of atmospheric 
turbulence on the laser beam propagation over 
a 800 m (1,400 m) optical path at 30 to 40 m 
above ground level in autumn, summer and 
winter under varying atmospheric conditions. 
The maximum beam deviation was 10 cm. 
Three IR lasers are operating at 8.5 and 4.9µ, 
covering parts of the S0 2 and HN 3 absorption 
spectrum (recorded), with cell measurements. 
An assessment of the "derivative technique" is 
being made. 

With a Cospec 11 B Barringer spectrometer and 
a 75 1/11 Xe lamp we measured horizontally the 
mean S0 2 concentration over 1,000 m ( 10 ppt 
in a fohn situation, 40 ppt on a hazy day). 

A feasibility study of a calibration cell for Lidar 
(consisting of 3 waggons moving on rails, 6 m 
total height of the train) was made, including 
detailed drawings and cost evaluation. The idea 
was abandoned because of excessive cost. 

A variable path cell (10 to 100 cm) particularly 
suitable for calibration of correlation spectro
meters was constructed. 

c) Meteorological measurements (monostatic 
acoustic sounder, miniature radiosondes, 
ground-based meteorological instruments; in 
two mobile units): 
Measuring campaigns in Venice (together with 
CRN and ENEL) 2-weeks' operation near a 
power plant to study the situation when the 
stacks overtop inversion layers. Participation in 

studies of air turbulence and dynamics of in
version layers. 

d) Modelling (elaboration of a basic concept of 
feasible "air quality management systems" for 
industrialized urban regions). 
The stochastic simulation model has been suc
cessfully tested with fictitious input data. To 
overcome difficulties in adapting this model to 
practical situations, studies are being conducted 
on the use of tracers for the indirect determina
tion of dispersion-relevant space-time, distribu
tions of wind vectors, "absorption" coefficients 
and turbulent diffusion. The procedures for 
transfering measured tracer concentrations into 
air modelling input data are, as a concept, now 
ready in lspra and are likely to be programmed 
by an external institute. 

The statistical short-time prediction model has 
been tested with (practical Frankfurt) data, a 
corresponding "prediction catalogue" is in 
preparation. 

Environmental Impact Assessment 

a) A report on the potential environmental impact 
of commercial navigation of Lago Maggiore has 
been edited. 

b) The Pathway of Mercury: A literature study 
concerning the pathway of mercury in Europe 
(air, water, soil) and a simple simulation model 
(system dynamics) allow the calculation of the 
time dependence of the average concentrations 
of mercury in air, soil and mud in Europe for 
the next 25 years. Some of the current para
meters are: concentration of mercury in coal 
and oil, time constant for evaporation of 
mercury from soil etc. 

In addition, computer runs are being done to 
examine the time-dependence of the mercury 
concentrations for different policy alternatives, 
e.g. increased recycling of mercury, a complete 
halt to mercury consumption etc. Similar 
studies on trace metals like Cd, Pb, Chr etc. will 
follow. 

c) The use of waste heat from electricity plants: A 
I iterature review of waste heat applications was 
made. Two of the most important applications 
for waste heat at 30°C are fish cultures and 
greenhouses. 
In fish nurseries a 2 to 3 times greater yield can 
be obtained by using waste heat from power 
plants. Not much heat is dissipated and the 
warm water coming out of the fishpond 
enriched with large quantities of organic waste 
from fish is a much heavier burden for the 
environment than cooling water alone. 
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Other Subjects 

Water Purification by Catalytic Oxidation 

Substantial progress was made: A series of 
screening tests was completed to determine the 
relative act ivity of different cata lysts with the 
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oxidant ozone (about 3 ppm) and model pollutant 
pyridine (weak absorption). The most eff icient 
catalysts (with respect to reaction rate and low 
residual concentration of pyridine) are 0.5% Ag on 
Al20 3 , Co0 3 /Mo0 3 , 1% Mu02 on Al 20 3 , 0.5% 
Pt on Al 2 0 3 , and some particular± Al 2 0 3 . Process 
evaluation studies are in progress. 



Remote Sensing 
of Earth Resources 
S.Galli de Paratesi 

Introduction 

In 1973 a small programme on Remote Sens
ing of Earth Resources was approved by the 
Counci l of Ministers. The research programme, 
known as the AGRESTE Project, was prepared by 
th e Joint Research Centre, lspra, in col laboration 
with three of the Comm issi on's Directorates
-Genera l in Brussels (for Agriculture, for Develop
men t and Cooperation and for Research, Sc ience 
an d Educat ion) , the Statisti ca l Office in Luxem
bourg and some national inst itutes. Th e Project 
was conceived as a "renewable resources" investiga
tion by remote sensing methods on some selected 
areas of European interest for agriculture (rice) and 
forestry (poplars, beeches and conifers) , using the 
data of th e NASA's Earth Resources Technology 
Satellite LANDSAT-I I, launched ear ly in 1975. 

After a preliminary phase developed in 1973 
to provi de the co-investigators' staff with the 
indispensable remote-sensing background, the 
AGRESTE work conce rning the Northern Italian 
test-sites proceeded in a two-phase approach: 

• pre-launch preparat ion 
• post-laun ch application ( 1975) and cont in uing 

investigat ion . 

Pre-launch Preparation 

As a consequence of the encouraging resu lts 
obta ined in 1973 the resources all ocated to the 
objective were increased in 1974-75 and th e JRC's 
preparatory activity was intensi fied, this effort 
being considered an indispensab le premise for a 
successfu l post-launch operation. 

The principal effort has been devoted to 
setting up methodologi es in ground observation, 
airborne survey and data processing . 

Of the fou r sectors of the AG RESTE investiga
tion the fo ll owing were considered: 

irrigated crop: rice 
art if ic ial forest: poplars. 

This priority was given consider ing th e amount of 
resources all ocated for this phase of research and 
by reasons of relati ve importance. Rice and pop lars 

are, in fact, two sign ificant "food-and-wood " sub
jects for Southern Europe. They are found 
togeth er in one artif icial ecosystem on test-site No. 
1 (Po val ley), the most suitable for a joint effort by 
th e JRC-lspra and the col laborating Institutes. 

Som e specific investigation items were con
sidered taking into account th e possibility of 
tackl ing th em with the available technical means. 

Correlating Reflectance with Biomass and Yield for 
Rice 

First experimental field measurements campaign 

The analys is of the 1973 preliminary measu re
ments made on the lspra lysimeters showed that a 
linear correlation should ex ist between th e total 
overground biomass and mathemat ical comb ina
tions of reflectance va lues in LANDSAT channels 
(ratio p7/p5 ). In this ex perim ent va ri ations of 
biomass were obta ined on ly by var iations of ferti l
izer. The ground-test cam paigns for 1974 were 
designed to separate the in f luence of parameters 
other than fertil izer, such as halm density and rice 
varieties. For this reason three different sets of 
ex perim enta l fie lds were consi dered: 

a) seven f ields at Vercelli where the same var iety 
of r ice has been cultivated at constant halm 
density and treated w ith di fferent amounts of 
fert ili zer; 

b) ten fie lds at Valeggio where the same va riety of 
rice has been cultivated with t he same amount 
of fert ili zer but starting from different plant 
density. 

c) ten fields at Vercelli where as many different 
varieties of rice have been cu ltivated at constant 
halm density and treated w ith th e same amount 
of fertilizer. 

Canopy ref lectance measurements were carried 
out weekly from Ju ly to October using an 
EXOTECH mod . 100 radiom eter mounted on a 
special l y eq uipped motor-van. A certain 
number of resu lts were gained towards a better 
understanding of th e phenomena, w hich is the 
basic premise for the establishment of suitable 
mathematical relationships. 

As a conc lusion it appeared from these resu lts 
that it is difficult to obtain a direct evaluat ion of 

67 



standing biomass on common rice fields by means 
of vertical radiometric measurements only, taken 
in the four wide-range LANDSAT spectral bands. 
However, a combination of reflectances in sate I I ite 
channels 7 and 5, plotted against time, is in any 
case a good indicator of the growth of rice plants 
throughout their life. This means that there is a 
basic possibility of describing plant growth by 
means of radiometric functions and, perhaps, of 
predicting the biomass amount through a differ
ential time-dependent model. 

Laboratory Spectral Signature Definition of Poplar 
Leaf 

Spectral signature definition of poplar leaf 
surfaces is necessary for defining peculiar features 
which allow remote sensing of different varieties of 
plants. Measurements were performed in the range 
(0.37-0.BO)µm using a Cary 14 spectrophotometer. 
By reference to poplar afforestations in Northern 
Italy we found that the salix alba leaf, very dif
fused in the Po valley, can be distinguished from 
the poplar leafs. There is some difficulty in distin
guishing poplar from Robinia (false acacia) which 
is quite widespread in the Ticino valley . 

Realisation of a LANOSA T 4-channel Field 
Radiometer 

For radiometric measurement of landscape 
features of either fixed targets or ground strips 
surveyed by means of low-altitude flights, we used 
a single type of radiometer, the EXOTECH model 
100. Owing to misalignment of the 4 channels of 
this instrument and to the need to monitor 
incoming sun radiation during field work, a 4-way 
optical waveguide radiometer which obviates the 
difficulties met in the pre-launch measurement 
programme has now been built at the Process 
Engineering Laboratory of the J RC, lspra. By 
means of this radiometer it is possible to aim 
exactly the target being investigated for each 
channel . FOV of 0.2°, 1.0° and 50° are possible. 
The instrument is particularly suitable for small
-target surveys. Aiming in this case is made easier 
by the view-finder design which clearly displays the 
area being investigated. The instrument found 
immediate application in the rice-field measure
ment campaigns. 

Correcting Satellite Data for Atmospheric Effects 

The problem of correcting LANDSAT satellite 
and MSS aircraft data for masking effects of 
atmosphere has been considered at the J RC since 
1973. An experimental approach was adopted, 
which allows us to obtain the atmospheric para
meters by means of some direct measurements on 
the ground. 
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Referring to the four LANDSAT optical bands 
we convert CCT radiance data from the satellite 
into reflectance data by measuring several 
atmospheric parameters, e.g. sun irradiance, sky 
radiance, atmospheric transmittance, etc. 

The EXOTECH mod. 100 radiometer is the 
instrument used for this application. Measurements 
of sun radiance were performed at an altitude of 
about 2,700 m on the Swiss Alps. Most of the 
other parameter measurements were made at lspra. 

The data-correcting methodology, now 
completely set up, has a twofold advantage: 

1) satellite data are expressed in the same scale as 
ground reflectance measurements; 

2) the signatures of ground objects become in
dependent of atmospheric conditions and sun 
position. 

An error evaluation has also been performed. This 
estimate reveals that the accuracy of the reflec
tance values calculated from satellite data on the 
basis of ground measurements of atmospheric para
meters is of the same order as the accuracy of 
ground reflectance measurements. 

Software Preparation for Processing LANOSA T 
Data 

Using LANDSAT-1 magnetic tapes we 
prepared the software indispensable for the forth
coming LANDSAT-2 investigation. We also did a 
certain amount of application work. 

PSU-Package preparation and extension 

At the end of 1973 we obtained a copy of the 
software developed by the Pennsylvania State 
University for the same computer and the same 
system as that in use at lspra (IBM 370/165). Th is 
software basically consists of 

a) routines reelaborating the NASA tapes in a 
form suitable for interpretation and successive 
elaboration (i.e. visualization of grey-map 

print-outs), computing multivariate statistical 
parameters 

b) feature selection, data reduction and automatic 
classification programs optimizing the flow and 
dimension of LAN DSA T's four channels. 

Some programs in extensive use have complete
ly been rewritten by the J RC in order to improve 
their efficiency and flexibility: NMAP, UMAP, 
RATIO. Two application programs have also been 
written: 

• NMAPW: an extension of NMAP allowing 
imagery to be transformed freely within the colour 
space. It also produces optionally statistical data 
for chosen test areas, histograms for every channel 
and/or cluster images for all pairs of channels. 
These features are useful for correcting atmo
spheric parameters and for reducing shadows in 
mountainous areas. 



• CLASSW: a classifier using the input cluster 
limits given for pairs of channels to assign the 
points into classes on a Boolean-type decision rule. 
In connection with NMAPW we employed it for a 
first classification of poplars, using a test-area with 
questionable statistics . 

Implementation and development of other 
programs 

• RHOMAP: This program was rewritten by the 
JRC in order to transform radiance data, given in 
form of count rates on the NASA tapes, into 
ground object reflectance . The spectral signature 
becomes less dependent on temporal illumination 
conditions as defined by sun position and optical 
transmittance of the atmosphere. Several modifica
tions have been introduced to allow evaluation of 
the aerosol density in the lower part of the tropo
sphere (below 5 km) from visual range. 
• PATRAM, ATRAM: These codes were written 
by the J RC for the evaluation of the measured 
atmospheric parameters. PATRAM calculates the 
path radiance from al-mukantar measurements of 
sky radiance. A TRAM calculates the transmittance 
of the atmosphere from the measurements of sun 
irradiance at different sun zenith distances. 

• IMAN: for processing images using spatial as well 
as spectral information, the program IMAN was 
written to al low level-slicing, mask generation and 
masking, image parameter calculation and setting, 
Fourier-transform and many arithmetic and logic 
operations on images. 
• CLAPIX: a classifier, which assumes inde
pendent data in a max imum likelihood decision 
rule. It has been used to verify the spatial separa
tion between rice classes. 

Applications on LANDSAT-1 imagery 

Rice and poplars: We invest igated rice and poplars 
along the Po and Ticino va lleys and in the rice zone 
between these two rivers. Only twoLANDSAT-1 
satellite scenes were available, 7 of October 1972 
and 10 May 1973. Both of them cover a relevant 
part of test site No. 1, mainly on the eastern-side. 
Most of th e work was performed on the May scene. 
Parallel work was undertaken for the October 
scene, with greater dif f iculty because the general 
contrast of th is scene is rather weak. Some en
couraging results were obtained in rice classifica
tions. Poplars (closed fields) were identified with 
about the same degree of success as in the May 
scene. 

Land-use applied to the Province of Varese: From 
NMAP and UMAP (based on a texture scheme, able 
to map the uniformity zones and the contrast 
zones of a scene) seven categories were identified : 
town, two types of water (lake Maggiore, lake 

Varese), swamp, high and low vegetation and 
highly reflecting objects. From the data of 7 
October elaborated by ST ATS a region of about 
27x27 m 2 around lake Varese was classified . 

PosHaunch Investigation 

After the LANDSAT's launch we devoted our 
research more particularly to the following specific 
AGRESTE objectives: 

• Rice investigations: ground-truth acquisition; 
measurements for correlating reflectance with 
biomass; radiance behaviour investigation of dis
eased plants . 
• Forest investigations: ground-truth acquisition 
concerning poplars, conifers, beeches. 
• Aircraft and satellite data processing: atmo
psheric correction data acquisition; implementa
tion of an interactive software package. 

Some systematic series of radiometric, photo
graphic and conventional on-ground measurement 
were carried out on the test sites in correspondance 
of a certain number of sufficiently cloud-free 
LANDSAT-2 passages selected on a phenological 
basis. Helicopters and aircrafts were used as low
-altitude remote-sensing platforms. An eleven-
-channel spectral scanner aircraft flight was made 
on 7 August over four areas of test-sites No. 1 and 
No. 2, controlled by the Institutes. Two flight alti
tudes were chosen corresponding to the different 
on-ground resolution for rice and poplars . 

Rice Investigation 

Ground truth acquisition 

For the purpose of automatic classification we 
checked the ground, locating each rice-field on 
1 /6000 scale maps, derived from cadastral maps; 
these were photographed and we built up some 
mosaics of the relevant zones. For the province of 
Pavia a very careful survey was carried out on an 
area of 57,298 hectares out of an overall agricul
tural area of 218,646 hectares. We obtained sup
plementary information by examining the farm 
registers to determine the successive crops, in order 
to ascertain as far as possible the actual situation 
on the ground at the time when the LANDSAT 
passed over it . 

In parallel with the EXOTECH measurements 
of atmospheric parameters, reflectance of rice 
fields on the Chiappona test-area was also measured 
from helicopters at the times of LANDSAT's over
passes. Radiance measurements for a fixed se
quence of field points were taken. A field of view 
at 15° was used, corresponding to the satellite's 
resolution element on the ground (80x80 m). The 
reflectance wi l I be compared with the reflectance 
calculated from the digit numbers on the ordered 
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NASA tapes by use of the measured atmospheric 
parameters. Agronomic and meteorological con
ventiona l truth-data were collected on the ground 
at the same time. 

Correlating reflectance with biomass and yield 

Rice reflectance measurements in greenhouse 
conditions: We performed winter reflectance 
measurements on rice pots in a greenhouse at 
Vercelli, to obtain spectra-reflectance data related 
in a continuous wavelength var iation mode to 
phenological stages of rice. The purpose was to 
pinpoint the most significant radiometric rice 
features also for interpretation of the MSS aircraft 
flight data. An Optronics 740 spectra-radiometer 
(0.3-;...1.05)µm was used. The technique employed 
renders the data independent of the spectrum of 
the lamps used as well as of the solar radiation 
absorption by the greenhouse glass. The recorded 
curves were digitalized and the resulting punched 
paper-tapes were fed into a computer program 
which completed the data processing. We followed 
the behaviour of rice reflectance during the green
house growing cycle of the plants and are now 
trying to find a correlation between N2 -fertili
zation · contents and other biological parameters 
(e.g. vegetat ive stage, leaf area, water content, 
mean dry weight of leaves and grain production). 

Second measurement campaign on lysimeters and 
open field: The conc lusion deduced after the 1974 
series prompted us to carry on the research for a 
rice-plant growth model in two different areas: 

on lysimeter cel ls, where data can be collected 
during stated periods at short interva ls (few 
days), on exactly the same continually checked 
clusters of plants; 
in a real open field, where data concerning 
biomass distribution can be co llected weekly at 
a significant number of points, in order to 
obtain a statistical description of the field va
riability. 

These series were run from July to October 1975. 
The data collected on the J RC's lysi meters by 

the Biology Division and in the open field at 
Vercelli concern the phenological stage, weight of 
wet and dried biomass, halm density, surface area 
of leaves from the insertion level, nitrogen content 
in the biomass, and reflectances in the four 
LANDSAT channels. On the J RC lysimeters two 
different varieties of rice have been cu lti vated at 
standard halm density in twenty cells and treated 
with different amounts of fertilizer. An EXOTECH 
model 100 radiometer vertically attached to a 
special travelling rotary crane was used. Conti
nuous-band radiometric measurements were also 
performed with the Optronics 760 spectroradio
meter during a certain period of the vegetative 
cycle. In the open field at Vercelli the rice has been 
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cultivated at standard values both of density and 
amount of fertilizer. The measurements were each 
time performed on sixty field points. In this case 
both the EXOTECH model 100 and the 4-channel 
portable radiometer developed at the J RC were 
used. The instruments were carried through the 
fie lds by a specially-equipped tracked farm truck. 
This measurement series produced a total of 
about50,000 data, which wil I be processed and 
analysed in 1976. 

Thermal behaviour investigation on a diseased-rice 
lysimeter 

To obtain more complete information on the 
rad iation behaviour of healthy and diseased rice 
investigated in the open field in 1973, an experi
ment was carried out in Summer 1975 on the 
J RC's lysimeters at lspra . Some plants carrying 
in fected aphids were planted in three lysim eter 
cells . A cherry -picker was used, carrying on board 
two photo-cameras together with an EXOTECH 
model 100 radiometer (day measurements) and an 
AGA thermovision model 750 heat-camera (day
-and-night measurements)_ It was found that 
"yellowing" of rice is detectable in the 3-5µm 
wavelength region, with up to 2°C thermal dif
ference between the in fected zone and the 
surrounding plants_ No appreciable contribution 
seems to be given by the purely reflective part of 
the spectrum. The results of previous 1973-exper i
ments seem to be confirmed, with the addition of 
the possibility of day "fore-warning" of the pro
gress of the disease. Again, the night-time measure
ments appear to contribute I ittle of use. 

Forest Investigation 

Ground-truth acquisition 

Poplar plantations: The following act1v1t1es were 
carr ied out by the Institutes in co llaboration with 
JRC : 
1) A series of surveys related to a test area of 

about 90,000 hectares in the Po val ley zone 
between the town of Ch ivasso and Pavia, which 
has been designed as land to be permanently 
under poplar. Th e results were supplied as IR 
aerophoto-generated maps, scale 1 :50,000, on 
which the exact areas of poplar groves of 
various age were marked in colour. In the same 
zone a specially controlled test-area was select
ed and surveyed photographically on scale 
1: 18,000. The whole region was divided into 
the following classes: non-forest area, natural 
forest, man-made forest (poplars) and water 
divided into rivers and rice paddies. . 

2) We began a series of specific investigations on 
two regions of particular interest for the inter
pretation of the LANDSAT data. They are 



directed towards finding the topographical 
extent on scale 1 :25,000 of: a) a number of 
poplar groves in the Torre d'lsola (Pavia) 
region, comprising 25 hectares which were the 
object of specific J RC radiometric surveys; b) 
the whole area termed "wooded" in the Parti
cipanza di Trina, which constitutes one of the 
largest forested areas of the Po plain (about 500 
hectares). In this region poplar plantations are 
distributed among the natural forest, the na
tural composition of which was also indicated 
on the final maps. 

Beech forests: Since 1973 the lstituto Nazionale 
Piante da Legno, AG RE STE co-investigator, has 
been carrying on a systematic inventory on a 
150,000 hectares zone of test-site No. 3. The 
investigated zone is situated between 600 and 
2,000 metres altitude. Beech-woods are the most 
widespread forestal class. A "point" inventory 
technique particularly suited for uneven ground 
areas is being set up; the method consists in fixing 
on a 1 :25,000 scale map a set of sampling points 
corresponding to a square-meshed grid whose 
expanse depends on the requested inventory ac
curacy. A 25-hectare (500x500 m) grid element 
was chosen. The grid points are also transferred 
onto some other geologic and/or vegetation maps 
and aerophoto-generated mosaics. The characte
ristics of each projected point (i .e. its environ
mental conditions) are interpreted and digitally 
codified. The 1975 work progressed along the 
above investigation lines. The entire test-area has 
by now been aero-photographed (panchromatic 
and I Fl-colour) and is being systematically investi
gated by stereoscope. 

Conifer afforestations: A complete ground-truth 
aerial photographic survey was made in October on 
the conifer afforestation of Dormelletto close to 
lake Maggiore. This area (19 km length) was also 
flown over by the MSS aircraft flight of 7 August. 
A set of two Hasselblad (IR-colour and N-colour) 
was mounted on a helicopter flying at 1000 m 
altitude. 

Satellite Data Processing and Interpretation 
Comparison of classification algorithms. Atmo
spheric correction data acquisition 

On the basis of the Northern Italian imagery 
(70 mm transparencies) received from NASA in 
1975, we ordered the corresponding digital tapes 
which are expected in early 1976. We made a first 
visual examination of the LANDSAT photo
-imagery and in collaboration with the lstituto 
Geofisica della Litosfera did a comparison with the 
corresponding scenes for ERST-1. 
In the meantime the activity on satellite data 
processing and interpretation has made progress as 
far as acquisition and processing of atmospheric 

correction data and development of new utility 
programs and of an interactive video system are 
concerned. We did some classification work for 
digital mapping and average estimates of poplar 
and rice of the 1973 LANDSAT scenes. The results 
of different classification algorithms were com
pared with the ground-truth mosaic data. A 
systematic series of on-ground measurement of 
atmospheric parameters for several ssatellite pas
sages over test-site No. 1 (rice, poplars) was carried 
out. The measurements were performed at the 
farm "La Chiappona" near Mortara, where the 
staff of the ENR have some controlled fields. They 
indicate that the masking effect of the atmosphere 
varied considerably from one day to another and 
that it is not negligible. These measurements pro
vide experimental data which enables us to elimi
nate the atmospheric masking effect from digital 
LANDSAT data prior to user's interpretation. 

Implementation of an interactive software package 

After a period of practice with the software 
for data processing, mapping and several sophisti
cated classification procedures, we found its most 
important drawback appeared to be the consum
ption of much machine-time and analysts' time. We 
therefore decided to develop an interactive system, 
compatible with the structure of the existing batch 
programs, which would permit a much faster and 
more flexible analysis of Remote Sensing data. 

The interactive system being developed takes 
into account certain limitations imposed by the 
teleprocessing at present operative at the J RC. 
These restrictions plus the requested flexibility 
towards future installation of more sophisticated 
terminals made modular programming imperative. 

The first programs developed up to now take 
care of the construction of subsets on disk-units, 
the maintenance of library files, the display of 
contents of disks and other book-keeping tasks. 

A second group of programs developed 
consists of service routines commonly used by all 
interactive programs. A third group of programs is 
characterized by the fact that they are independent 
of terminal input/output. The functions are: 
mathematical operations, data-checking . The last 
group of routines are the conversational programs 
themselves. They consist of a logical series of 
questions, they accept the responses of the user, 
test their validity and distribute the required 
actions. 

The operational programs developed up to 
now can perform construction of histograms, 
calculation of simple statistics, group-maps, auto
matic generation of level-slicing schemes and some 
organizational operations. The introduction of real 
statistical data extraction, cluster analysis and 
simple and sophisticated classification programs 
can be expected soon. 

71 



New Technologies 
Raw Materials Recycling 
C. Rinaldini · 

The activity on raw material recycling was 
concentrated in 1974 and 1975 on prospective 
studies, discontinuing for the time beinQ the ex
ploratory experimenta l work carried out in the 
preced ing year . This was due to the small total 
effort ava il ab le, as shown in the following tab le: 

Action Budget (u .a.) Manpower 
( man/years) 

System ana lysis stud ies 3,000 2.5 

Introduction 

Recycling of raw materia ls may be va luable 
not only because of the econom ic benefit for the 
industries concerned, but also because it can slow 
down the depletion of resources and lessen pollu
tion. 

System analys is studies yielded some quantita
tive find in gs on the three foregoing points, in 
respect of a few spec ific materials chosen from the 
field of non-ferrous metals. Th e materials cons ider
ed were: lead, tin, alumini um, chromium, copper 
and zinc . For each of these the sector ial consum p
tion trends were simulated and, where appropriate, 
various degrees of recycling and of subst itution 
were considered. The consequences to the eco
nomic balance, to conservat ion of resources and to 
the energy balance were assessed. 

The Approach to the Problem 

It has been shown recently t hat, w ith an 
exponent ial growth of consumpt ion at its present 
rate, the reserves ava ilab le at today's extract ion 
cost will, as to some materials, last only for a short 
period of t ime. 

A number of courses of action can be en
v isaged to improve th is situation: 

1. To use resources obtainable at a high er ex
traction cost. The reserves are increased by a 
factor of 10 in many cases if an extract ion cost 
higher by 50% is considered. 
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2. To replace graduall y, in some specific applica
tions, the material of interest with other more 
abundant materia ls. The consumpt ion growth 
rate w ill then be slower. 

3. To extend the li fet ime of the goods, therefore 
reducing the need to replace them. In this case, 
too, the consumption growth curve w ill be 
flattened . 

4. To increase the recycled fraction of the used 
material, therefore using less resources while 
sat isfy in g the same demand . 

5. To reduce the materia l employed in me tabrica
tion of each artic le, through skilfu l design and 
construction. 

6. To reduce the quantity of goods produced. Thi s 
presupposes a reduced demand due to a lower 
population level, a lower standard of liv ing or a 
change in the va lues of society. 

Courses 1 and 4 increase the reserves. Courses 2, 3, 
5 and 6 decrease the demand. Course 1 will solve 
the problem of scarcity of resources in most of the 
cases and for a long period of time. Actua lly it is 
the main so lution to such scarcity, but it goes in 
the wrong direction for the energy balance, the 
econom ic balance (in particular the ba lance of 
payments) and the pollution problems. Thi s course 
in any case will not be fo ll owed, under free market 
conditions, until the next four courses have been 
tr ied up to the point where they enta i I costs high er 
than those required by the new raw material 
resources. 

The other courses w ill all be undertaken at the 
same time, in different degrees, on the basis of cost 
and of sectora l and even casua l choices . 

Indiv idu ally , apart from th e first one, on ly th e 
second and to some extent the six th course can 
solve the ent ire problem. Recyc ling (course 4) 
alone or together with course 3 (extended lifetime) 
in most cases cannot substantially improve the 
problem of scarcity; nevertheless recycling coupled 
w ith a fair degree of subst ituti on may cons iderably 
exten d the l ifet ime of the reserves, especially when 
th e demand growth rate is low. As far as the energy 
balance is concerned , course 1 usua lly worsens the 
situation because of the use of poorer raw mate
rials; course 2 can improve the energy balance, 
depending on the kind of substitute used; cou rse 3, 
5 and 6 are energy-saving; course 4 has a potential 



for improving the energy balance and often allows 
substantial savings. 

As to pollution, courses 3, 4, 5 and 6 are ef
fective in reducing the amount of waste, but only 
course 4 can, in theory, eliminate it comp letely. 
Course 2 sometimes improves, sometime worsens 
the problem and course 1 worsens it, as said 
before, and may do so dramatica lly. 

Main Results 

A ve ry simple mathematica l model was 
employed for the var ious analyses. The DYNAMO 
language was used to write a simulation model. The 
results so far obta ined concern two kinds of cal
cu lat ion: the first refers to a parametric study of 
the influence of the extraction cost / recycling cost 
ratio on the depletion of reserves of an unspecified 
typical material; the second refers to an analysis of 
resources depletion as a function of var ious degrees 
of recycling and substitution for six specific non
-ferrous materials (lead, tin, alum inium, chromium, 
copper, zinc). Where relevant, the energy-balance 
var iati on has also been ca lculated. 

The purpose of the parametric study was to 
see what leve ls of recycling cost would be justified 
in order to delay the final depletion of resources. 
An idea l material was chosen and the relevant para
meters were varied in a range typical of some non
-ferrous materials. It was seen that, on the basis of 
a discounted balance over 20 years, taking the 
static index of the reserves as 10 and assuming a 
50% in crease of t he extraction cost after d8pletion 
of reserves, recycling is economically attractive 
where recycling costs exceed the extract ion cost by 
not more than 20%. For a discounted balance 
made over 50 years, the economic upper limit for 
recycling is at a recycling cost 26% higher than the 
extraction cost; for a static index of 30, the econo
mic upper limit for recycling is at a cost 7% higher 
than the extraction cost. 

The conclusion is that the purely economic 
incentive will stimulate recycling only when ex
haustion of resources is quite near (20 or 10 years 
ahead). 

For the analysis concern ing the six non-ferrous 
materials reference was made to the European 
Community f igures; where only world-wide data 

were available they were used for the Community 
by dividing them by a best-guess factor. The future 
trend of demand for the materials considered was 
assumed to follow the available forecasts, found in 
the literature, over a time range of 30 years. The 
trend was not analysed more closely, the main 
purpose of the work being to see the importance of 
recycling and substitution in any reasonable scenar
io, which could in principle be parametrica ll y 
va ried. 

It was seen that for lead recycling increases by 
more than 50% the ti me for which the reserves wi 11 

last; on the other hand no sizable improvement was 
found for tin, copper and zinc owing to the low 
feasible degree of recycl ing. For aluminium, re
cycling increases the quantity remaining after 30 
years by a factor of about 2, and for chromium by 
more than 30%. 

The possibilities of substitution were also in
vesti gated: no important easing of depletion is ob
tained by substitution for lead, tin, copper and 
zinc; but it is valuable for aluminium (more than 
80% increase in the residual reserves) and very ef
fective for chromium where the residual reserves 
after 30 years are increased bv a factor nf R 

When recycling and substitution are intro
duced at the same time, aluminium improves yet 
further: the residual reserves after 30 years will 
increase by a factor of more than 2. 

More intensive recycling, up to fu 11 recycling, 
was considered last. In this case the lead situation 
will be much better as, after 30 years, 50% of the 
present reserves will still be available. Even better is 
the situation regarding aluminium and chromium, 
with almost 90% of the reserves left. Tin was not 
included in this calculation as a high degree of re
cycling cannot be reasonably assumed. 

The energy needed to produce the various ma
terials under the various conditions of recycling 
was calculated for lead and aluminium. It was seen 
that as to lead an important energy saving is ob
ta'ined already with recycling at the present rate; 
further increase of recycling will not improve the 
situation very much . As to aluminium, it was 
found that the various degrees of recycling would 
have a notable effect on the energy balance; with 
full recycling there would be practically no in
crease in the annual energy requirement over ape
r i od of 30 years, even with aluminium con
sumption rising at a rate of 5.9%/year. 
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New Technologies 
Solar Energy 
J.Gretz 

In 1973 the Council of Ministers decided upon 
a four-year direct-action programme on new tech
nologies, namely, the use of solar energy and 
recycling of raw materials. Th e total budget for 
this objective for 4 years is 3.05 million u.a. The 
following table shows the effort (primary expenses 
and manpower) on Solar Energy: 

Manpower Primary expenses 

Action ( man/years) (u.a.) 

1974 1975 1974 1975 

Habitat 3.7 5 26,000 35,000 

Materials 2.4 2.7 19,000 20,000 

Photovoltaic 2 3 21,000 23,500 

Photoelectro-
chemistry and 

quantum 

conversion 3 3.5 25,000 20,000 

TOTAL -,, -14 91,000 98,000 

Habitat : Applications of Solar Energy in Housing 

In 1974 and 1975 our work on applications of 
solar energy in housing consisted primary in setting 
up test facilities for the determination of thermal 
performances of solar collectors and developing 
measurement procedures; studies of high-efficiency 
collectors; and preparation of a test facility for the 
study of combined heating, cooling and storage 
with solar energy. 

Installations for Solar Collectors/Performance 
Testing 

Three installations were built. The first 
consists of four water loops and one glycol loop 
for temperatures above 100°C. On this installation 
five collectors can be tested simultaneously. The 
second installation, on which one or two collectors 
can be tested, has a special mechanical device 
which allows for manual tracking of the sun. 

The third installation is a solar simulator in 
which collectors of 1 x2 m 2 can be tested with 
fluxes up to 1.4 kW/m 2

. Measurements consist 
essentially in the determination of temperature dif
ferences between inlet and outlet of collectors, and 
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of the mass flow of the transfer fluid. lnsolation 
leve ls are measured with SOLAR EX solar cells and 
a thermoelectric SOLARIMETER. Mathematical 
models based on a semi-statistical approach were 
used for the treatment and interpretation of ex
perimental results. These facilities are not only 
used for the J RC programme but have also pro
vided support fo r industry interested to acquire 
experience in testing in this field. 

Development of High Efficiency Collectors 

Conventional back-painted one-glass collectors 
have an efficiency of about 50% at working tempe
ratures of 50°C w ith an insolation of 800 W/m 2

. 

At wo rking temperatures of the order of 100°C or 
at low insolation levels, the efficiency of these 
types of collectors becomes very poor. High-effi
ciency collectors are collectors which aim at an 
efficiency of 50% at working temperatures of 
100°C. They are of particular interest for cooling 
applications w ith absorption cycles. Performances 
of solar collectors can essentially be improved by 
reduction of heat losses due to radiation and na
tural convection. 

Different types of solution were invest igated: 
selective surfaces, FRANCIA or honeycomb 
structures, partial vacuum, and corrugated geome
tries. Results showed that these types of collector 
are of interest on ly with high temperatures (= 
100°C). At temperatures below 50°C the increased 
cost is not offset by sufficiently enhanced perfor
mances. A report on the subject has been prepared 
and is ava ilable. Future activ ity should concentrate 
on long-term reliability and reduction of the cost 
of these different types of solution . 

These activities were carried out in co llabora
tion with outside organizations, institutes and 
industry (Prof. Francia, University of Genoa, 
C e n t re d ' E t u d e s N u c I ea i res d e G reno b I e, 
ALUM ET AL, etc) . 

Study of Combined Heating, Cooling and Storage 
Systems 

The study of complete systems in which the 
solar collector represents only a component is 
essential for technological and economical evalua-



tions. The study of whole systems involving heat
ing, cooling and storage will be carried out on a 
flexible test facility where components and sub
systems can easily be changed. The construction of 
this installation is starting. Its main characteristics 
are: 

space for heating or cooling: 500 m 3 

70 m 2 of solar collectors on a wall, facing south 
100 m 2 of solar collectors on the roof with 
variable orientations 
50 m3 available for storage studies. 

A lithium bromide absorption system has been 
purchased for cooling studies in connection with 
high efficiency collectors. 

Materials: Preparation of Selective Deposits 

The development of selective surfaces prepared 
by chemical and galvanic techniques was continued 
during 1975. The exploratory results obtained in 
1974 indicated clearly that excel lent reflectances 
could be obtained in the thermal radiation range 
for several industrial metal bases like copper, 
aluminium and steel. But absorption measurements 
in the visible range (which became operative in 
1975) showed very clearly that much of the 
advantage of the reduced thermal emission was 
offset by reduced absorption in the visible range. 
Much of the work of this year was devoted to 
improving the absorption of selective surfaces in 
the visible range. Two methods were explored: 1) 
destructive interference by the development of 
double layers on a copper base; 2) development of 
a specular selective surface on stainless steel for use 
on a corrugated collector (directional selectivity). 

Double Layers on Copper Base 

The double-layers concept was considered for 
the following reasons. Simmple one-layer selective 
surfaces are based on the principle that a semi
conductor behaves as a conductor for light in the 
solar radiation range, while it behaves as a di
electric in the thermal radiation range . Un
fortunately most semiconductors have a high 
refraction index and this results in considerable 
Fresnel losses, th is is the physical reason for the 
strong reduction of the absorption coefficient in 
the solar energy range. 

The situation can, in principle at least, be 
improved by the deposition of a thin layer of ap
propriate thickness and optical constants, such as 
to produce destructive interference at the maxi
mum of the solar spectrum . The optical constants 
of the galvanic layers were not at our disposal and 
no method for measuring was available at the time. 
So we tried empirically several combinations of 
CuO and nickel-black; deposition times for both 
semi-conductors were varied over wide ranges . An 

effort was made to measure the optical constants 
for both semiconductors by ellipsometric methods 
in order to relate quantitatively the absorption 
characteristics of the selective surface to the basic 
physical parameters of the semiconductors; the fol
lowing values were found for CuO ..;- n= 1.5 and K 
= 0.2. Measurements on nickel-black have not been 
reproducible up to now and our research effort 
next year will be applied in this direction. 

Nickel-Black on Stainless Steel 

Stainless steel is an ideal material for the 
construction of solar energy collectors from the 
standpoint of durability, corrosion resistance to 
the working fluid, workability etc. For these 
reasons we tried to develop a selective surface for 
use in conjunction with corrugated collectors; the 
corrugation offsets the reduced absorptance in the 
solar energy range of this simple selective surface, 
but has the drawback of increasing the emissivity 
in the range. The opening angle of the corrugation 
can be optimized as a function of the optical 
properties of the surface. Typical results obtained 
are reproducible and could be applied for industrial 
application. 

Exploratory Work on Paints and Varnishes, 
Miscellaneous 

Exploratory work was continued in the field 
of varnishes. The first problem was to find transpa
rent resins for thermal radiation. Several resins 
were tested for infrared transparency; the best 
values were about 60% in the thermal region for 
acceptable film thicknesses. The best of these 
resins were charged with a special charge which was 
absorbent in the visible range and reflectant in the 
IR range. Some reflectivity was obtained, which 
proves that the theoretical scheme for a reflective 
paint is valid . 

Measurements 

The specular and diffuse measurement attach
ments to the Cary spectrophotometer were in
stalled and tested during the year. The instrument 
is operative for determination of the absorptance 
in the visible region of the spectrum. 

Total Spherical Emittance for Thermal Radiation 

An experimental device was constructed 
during this year for the measurement of the total 
hemispherical emissivity. It was based on the well
-known relation 

M = Eo (T 4 - T 4) 

The determination of E involves precise measure-
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ment of M, T, and T 2 . The results on some 
standard materials are in good agreement with 
results obtained by NBS (USA) and PTB (Germa
ny). 

Photovoltaics: Photoelectric Conversion of 
Concentrated Solar Radiation 

The primary task of photoelectric energy 
conversion research is to cut down the cost per 
produced energy unit. Si nee the chief obstacle to 
economic utilization of solar energy lies in the low 
incident energy density, this could be done in two 
ways: 

1) by the development of low cost solar eel Is, 
and/or 

2) by concentration of the incident radiation . 

The latter case will still remain valid even if great 
progress were made in the former. On the other 
hand it may well be that by the first approach 
alone it will not be possible to reach the ultimate 
goal of competitive large-scale energy costs. 
Various discussions have shown that the necessary 
low cost for the converter material lies at the limit 
of technological feasibility. Moreover, it is not 
enough to lower the costs by increasing the market 
volume, since th is would require too large an 
amount of public money to subsidize that market. 
In the end, therefore, the concentration concept 
may really offer the only viable approach to a final 
large-scale use of solar electricity. 

Concerning the converter concentrator ap
proach we performed a cost analysis which shows 
the following, in regard to three cases which differ 
in the cost of available solar cells: 

cells at 2000 $/m 2 for applications between 0.5 
and 5 kW, 
cells at 500 $/m 2 for applications between 5 
and 100 kW, 
cells at 100 $/m 2 for applications above 100 
kW. 

For the first case, simple low-concentration devices 
will allow a cost reduction to about 40 c/kWh; this 
is a level at which autonomous diesel aggregates are 
used. High concentration could lower the cost 
eventually to 5 c/kWh, i.e. to the level of residen
tial electricity costs, but the optical system would 
probably be too expensive to meet this goal. 

In the second case, medium concentration 
could lower costs to 5 c/kWh, if suitable in
expensive concentration systems could be found. 
Finally, for the third case, medium concentration 
cou Id I ower costs to about 1 c/kWh and even low
-concentration devices could still have a substantial 
impact since large investments would be made at 
that stage, thus making any minor savings econom
ically attractive. 

On the basis of this analysis we set up an ex
perimental programme in order to perform a series 
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of proof-of-concept experiments. Any converter/ 
concentrator system confronts us with two kinds 
of probl em: 
• Converter problems : The use of standard solar 

cells at high concentration results in inefficient 
conversion, which is due to the decrease of 
conversion efficiency with increasing tempera
ture and to the increase of internal losses caused 
by the finite series resistance of solar eel Is. Both 
these effects were only of minor importance in 
space problems and therefore viable and 
inexpensive solutions do not yet exist, but they 
are feasible. 

• Concentrator problems : Since for the former 
problem solutions can be found by specialized 
laboratories (e.g. within the Indirect Actions 
Programme) we directed our efforts towards the 
concentrator part of the system. The general 
problem for energy concentrators is twofold : 
one has not only to find good effective 
concentration ratios but at the same time to 
optimize the collection time in view of the 
apparent solar motion. 

Within the scope of our actual programme we 
are mainly interested in two classes of concentra
tors: 
1. stationaty or quasi-stationary linear collectors 

for optimum low energy concentration (of 
immediate but also of very long-term interest), 

2. linear concentrators with 1-axis rotation (of 
medium-term interest and essential during the 
economic break-through phase of solar electrici
ty). 

So far we have been collecting data from the fol
lowing systems: 

a V-trough concentrator, 
a parabolic trough concentrator, 
a compound parabolic trough concentrator, 
a Ii near Fresnel lens concentrator, 
a standard Fresnel lens concentrator. 

The first four are linear quasi-stationary systems, 
the last one is a 2-axis system for comparison 
purposes. Alongside each of the five systems there 
is a reference converter without concentration. For 
the final assessment of the potential of the 
concentration concept, incident radiation will also 
have to be taken into account. For that purpose we 
have installed various radiation instruments for 
permanent monitoring of total and diffuse 
radiation falling on a horizontal surface. Another 
value registered is the radiation to a surface which 
is kept normal to the sun rays (total and direct 
component) by means of a heliostat. In addition, 
the spectral distribution of incident I ight can be 
obtained in fixed or tracking mode. 

Since one purpose of this study is the long
-term collection of data for concentrator systems 
under environmental conditions, we have to handle 
a relatively large quantity of data . For this reason 



we have developed a special low-cost multiple 
input coding interface which allows storage of all 
measurements on a small computer. 

Concerning first results we have seen that the 
amount of diffuse radiation at our experimental 
site is too high to use a simple trough collector 
with real advantage : effective energy gain factors 
are below 1.5 in the long-term average . For higher 
concentration ratios one should use at least a 
compound parabolic concentrator, although this 
has the disadvantage of needing curved mirror 
surfaces and a relatively large reflector area. From 
our present preliminary results we conclude that 
the Fresnel system offers probably the most 
promising solution (eventually after addition of a 
second stage concentrator for improvement of the 
collection time). 

The emphasis in executing the present study 
during the last year of the multiannual programme 
wil I be mainly on 

• a critical evaluation of obtained data, 
• an investigation of 1-axis rotating devices and 

finally on 
• a cost benefit analysis based on various opera-

tional systems. 

It is also hoped to include in the final assessment 
an estimate of the impact of new cell develop
ments, such as high-intensity silicon cells with and 
without conductive transparent electrodes, vertical 
junction cells, and perhaps also GaAs or CdTe cells. 

Photoelectrochemistry and Quantum Conversion 

Study and Development of Electrochemical Solar 
Cells 

A photovoltaic effect can be observed every
where at interfaces in which an internal electric 
field causes a separation of charge carriers; this is 
the case at semiconductor p-n junctions, at semi
conductor metal interfaces (Schottky barrier) and 
also at semiconductor electrolyte interfaces. So far 
only photo-cells and solar cells based on the first 
two types of junction have been developed for 
technical use, whereas there has been no effort to 
develop photoelectrochemical cells based on the 
last type of junction. The reason lies mainly in the 
fact that electrochemical cells have a higher weight 
factor than solid-state cells and therefore did not 
win financial and technical support in the various 
space programmes. 

Nevertheless photoelectrochemical cells may 
offer some advantages which could lead to 
substantially lowered production costs: 

- no p-n junction, 

a good prospect of using polycrystalline semi
conductors (Gerischer) 
no contacting problems 
possible use of the cell as a hybrid system with 
the electrolyte as the natural transfer medium. 

The aim of this research is to contribute to a 
fundamental study and to the technical develop
ment of electrochemical solar cells. The study 
opened with an investigation of the working 
principle of the Ti0 2 /0 .1 m Na2 S04 /Pt type of 
cell. Ti0 2 is a semiconductor with a band gap 
energy of 3.04 eV corresponding to a I ight 
absorption edge of about 4100 A. In spite of th is 
low absorption edge, the study of this semi
conductor indicates that it is chemically very stable 
and delivers at sufficiently high light intensities a 
photo potential greater than the water decompo
sition potential. 

The following results were found: under 
illumination with unconcentrated sunlight the cell 
works self-regeneratively, converting solar radiation 
into electrical energy only. At the Ti02 electrode 
oxygen is evolved according to the reaction p+ H2 0 
--+ 0.5 0 2 + 2~ (p+ being a hole generated 
together with an electron by illumination), whereas 
at the cathode the same amount of oxygen is 
consumed in the reaction 0 .5 0 2 + 2~ + 2e--+ 
H2 0. At light intensities corresponding to a con
centration of 500 suns, however, the cathodic 
reaction might be the hydrogen evolution 2~ + 2e 
--+ H 2 . Then the overall process would be 
photocatalytic water decomposition. Owing to the 
high concentration necessary for such a process it 
is more economic to work the cell as a direct light/ 
electrical energy converter and to produce hydro
gen conventionally in an electrolytic eel I. 

Chemical Storage of Solar Energy 

In the field of chemical storage of Solar 
Energy a study was undertaken concerning the 
possibility of transforming solar radiation in its 
natural diluted form (i.e. without concentration 
devices) into chemical energy (fuels) . The thermo
dynamic I imits for the conversion of solar energy 
into other energy forms, in particular into chemical 
energy, were established. These general energy 
considerations were then applied to the natural 
photo-synthetic system. General criteria for arti
ficial photochemical systems suitable for the 
storage of solar energy were formulated and some 
of the current proposals for their practical realiza
tion were discussed. In a published report on the 
subject the author expressed doubt concerning the 
feasibility of a single-phase photochemicalenergy 
storage system, believing rather that the combina
tion of photoelectric and electrochemical systems 
might will be the best way to an efficient chemical 
storage of solar energy. 
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Fissile Material Control 

M. Bresesti 

The 1974-75 activity of the Joint Research 
Centre in the field of R&D for fissi le material 
control was essentially a continuation of the work 
carried out in the previous years . The Joint 
Research Centre has been active in this field since 
1969 with the main objective of giving scientific 
and technical support to the Safeguards Director
ate of the Commission and with the further aim of 
providing methods for more eff icient fuel 
management in the nuclear industry. 

Support has been given to the Safeguards 
Directorate in different fields: system analysis, 
destructive and non-destructive techniques, sealing 
and iden tification techniques, and the training of 
inspectors. 

The activity of th e Joint Research Centre is 
coordinated with similar work carried out in 
national organizations, within the framework of 
the European Safeguards Research and Develo p
ment Association (ESARDA) which now comprises 
A EK (Denmark), CEN/SC K (Belgium), CNEN 
(Italy), EURATOM, GfK (Germany), RCN 
(Netherlands) and UKAEA (United Kingdom). The 
secretariat of the Association is held by lspra. 
Apart from th is, direct co llaboration in special 
fields has been established between J RC and 
industrial firms. 

The J RC Fissile Materia l Control Programme is 
mainly carried out at lspra with limited participa
tion by the Transuranium Institute, Karlsruhe, but 
there are, in the framework of other programmes, a 
number of act iv iti es going on at Karlsruhe and Geel 
which are also of considerable interest for f issile 
material control . 

The main areas of work during 1974-75 were 
the following: 

• System Analysis 
• Isotope Correlations 
• Non-Destructive Assay of Fissile Isotopes 
• Destructive Assay of Fissile Isotopes 
• Sealing and Identification. 

During 1974 a four-week training course, 
reserved for the inspectors of the Safeguards 
Directorate, was organized at Luxembourg and 
lspra. 

During 1975 a two-week course in Safeguards 
and Fissile Material Control for safeguards 
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inspectors, plant operators and governmen tal 
officers was organi zed at lspra. These courses are 
described under the heading "Training and 
Education Programme". 

On March 1974 the Sympos ium on th e Practi
cal Aspects of R&D in the Field of Safeguards was 
held in Rome under the sponsorship of ESARDA. 
The lspra staff ran the scientific secretariat and 
presented three rev iew papers. 

A breakdown of the budget (exc luding 
personnel charges) and of th e manpower (first line 
people) all ocated for the different actions of the 
programme is given in the following table: 

Manpower Budget (u .a.) 

Action 
(man/years) 

1974 1975 1974 1975 

System analys is 1 1.5 2,000 1,000 

Isotope correlations 1.5 2 - -
Non-destructive assay of 

fissile isotopes 9 9 85,000 110,000 

Destructive assay of fissil e 

isotopes 2.5 3 40,000 35,000 

Sealing and Identification 5 5.5 35,000 35,000 

TOTAL 19.0 21.0 162,000 181,000 

System Analysis 

The system studies, which are directed towards 
the development of safeguards systems for nuclear 
plants, are generally carried out in close col labora
tion with the Euratom Safeguards Directorate. This 
activity was strongly increased at the end of 1974 
w ith a view to th e coming into force of the Non
-Proliferation Treaty . 

The entry into force of the Treaty wil l signify 
the app lication of rules which have been establ ish 
ed, in fairly broad terms only, in the Verification 
Agreement between Euratom and IAEA, but which 
w ill have to be implemented through much more 
detailed procedures laid down for individual in
sta llations. For the actual implementation of the 
Agreement, there is a need for a series of studies, 
some new, some already in progress, and for the 
production of procedure manuals, sampling 
techniques, statistical testing, etc. for use by the 



inspection staff in the field. 

The contribution of the J RC was particularly 
important for the definition of contro l systems in 
nuclear reactors of different types (MTR, LWR , 
FBR) . 

In connection with work on the def init ion of 
con trol systems in reprocessing plants it is worth 
mentioning the experiment , concerning th e re-

. processing .of MTR fuel elements, whi ch is being 
conducted in co llaboration w ith CNEN on the 
EU REX reprocessing plant. The main objectives of 
th e ex per iment are the verif ication of the fissile 
material balance declared by the operator, the 
co llect ion of information on MU F and the study of 
isotope corre lat ions. 

Isotope Correlations 

Isotope corre lations are an extremely useful 
tool for checkina plutonium in the input of re
processing plants'. In t he JRC both experi
men tal and theoretical work has been ca rried out. 
In addition a data bank of isotopic compostions in 
irradiated fuels has been estab lished at lspra. 

Experimental Work 

Resu lts concern ing heavy- isotope and fission
-product co rre lations were produced in the post 
irradiat ion analyses of uranium fuels (LWR) and 
plutonium f ue ls (FBR and plutonium recyc le in 
LWR}. The analyses were carried out at the 
Karlsruhe an d lspra Estab lishments. 

Under a co ll aboration agreement with ENEL 
( Italy) a new gamma-scanning ex per iment was 
carr i ed out during 1974 on the spent fue l 
assem bli es discharged from the Tri no Vercellese 
reactor after the 3rd irrad iation cyc le. The aim of 
the work was to investigate t he possibility of 
co rre la ting information gathered th rough gamma 
spectrometry measurements with data on burnup 
an d plutonium content obtained from nuclea r code 
ca lculations and from chemica l analysis. 16 fuel 
assemblies, irradiated at a burnup leve l of between 
20,000 and 28,000 MWD/MTU, have been 
measured in the pond of the Trina Vercellese 
reactor. The relations between 137 Cs activity and 
burnup an d between 134 Cs/ 137 Cs activity ratio 
and plutonium content, observed in previous ex
perim ents carried out on fuel assem bli es of. t he 
Trina Vercellese (2nd cor.e) and Garigl iano 
reactors, were conf irmed. 

Theoretical Work 

A theoretical analysis of the correlations be
tween heavy isotopes and fission products rati os in 

LI/I/R 's fuels was carried out. Th e dependence of 
the corre lations on fu el en richment and modera
tion ratio was studied . The fo ll owing isotopic 
ratios were cons idered: 

l 34 Cs 1 54 Eu . 8 4 Kr 86 Kr 84 Kr 
--, 

1 31 Cs 131 Cs 86 Kr 8 3 Kr 8 3 Kr 

132 Xe , 1 34 Xe , 132 Xe 
1 31 Xe 131 Xe 134 Xe 

14 6 Nd 146 Nd 148 Nd 
,--, 

145 Nd 148 Nd 14 5 Nd 

Part of the results of this study are described by C. 
Foggi et al. in their contri buti on "Isotopic Correla 
t ions Based on Fission Product Nuclides in LWR 
Irradiated Fuels". 

Dur ing 1974-75, sensitivity stud ies were 
ca rri ed out fo r 104 fission products to study th e 
influence of the cross-sect ions upon their con
cen trat ion in irradiated fue ls. The errors in the 
fission-product concentrations arising from the 
uncertainties in the neutron cross-section were 
eva luated ana ly ti cally; it was generally possible t o 
define simple analytical ex press ions allowing th e 
ca lcu lations of these errors. The analyt ica l ex
pressions were checked w ith the ISOTE X- 1 code. 

Two reports were published during 1974 
describing the ISOTE X and t.h e improved 
ISOTEX-1 codes which are utilized for the 
ca lculation of heavy -isotope and f ission-product 
concentrations in irradiated fuels. 

Data Bank of Isotope Correlations 

For th e purpose of developing the isotope 
co rr e lation techniques with a view to their 
app li cations for safeguards, fuel management and 
physics ca lcu lat ions, it was decided, in accordance 
w ith t he decision of t he Steering Committee of 
ESARDA, to create at lsp ra a Data Bank whi ch 
w ill co llect the ava il able data on isotopic compos i
tions and fission products in irradiated fuels. Th ese 
data are obta ined either from post-irradiation 
experiments or from reprocessi ng -plant input 
analyses. Th e work is car r ied out in co llaborat ion 
with t he Karlsruhe Establishment. 

Collection of the data is in progress. The data 
bank software which is developed in co ll abora
tion with RCN, Petten, is composed of three sub
-p r og r ams w hi ch w ill m ake the following 
operations possible: 

- ca lcu lat ion of t he corre lati ons by means of th e 
ISOTEX code on the basis of the irradiation 
data 
Data retrieval and statistical treatment 
Pl otting of ca lcu lated an d experimenta l data. 

Collaboration has also been established w ith 
the IAEA in t he field of data bank preparation. 
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Non-Destructive Assay of Fissile Isotopes 

In many cases, for instance in that of finished 
fuel elements and heterogeneous materials only 
non-destructive measurements allow the determina
tion of fissile material content. In other cases 
non-destructive methods are largely superior to 
destructive ones, because of their rapidity or the 
ease of transport of the relevant equipment. Thus 
the application of these techniques is to-day a 
necessary condition for implementing an efficient 
and economic control system, and may on the 
other hand help the operators of nuclear plants to 
improve their own measurement basis for fuel 
management. 

The work on the development and practical 
application of neutron and gamma techniques was 
continued in collaboration with the Safeguards 
Directorate and nuclear plants . 

Neutron Techniques 

In the field of neutron techniques an im
portant experiment was carried out at the NU KEM 
plant on the use of a photoneutron interrogation 
device (PHONID) for the assay of non-uniform and 
bulky uranium-bearing samples. 
On th e basis of the results of the experiment the 
device was redesigned during 1975 and the first 
part is already in construction in the JRC work
shop. This prototype will be purchased by the 
Safeguards Directorate. 
Being a versatile bulk fuel assay device, it will be 
capable of measuring the fissile content (U, Pu) of 
samples varying in size up to 50 litres and ranging 
from a few tenths of a gram to several kg of fissile 
materials. 
The source neutrons are produced by an isotopic 
source (Sb-Be) and their spectrum can be readily 
adjusted by means of filters (hardening, softening). 
The detection system is based on He 4 recoil 
detectors. 

Other action to be mentioned concerned the 
installation of the SIGMA apparatus at the HOBEG 
plant and the continuation of the study on the 
spontaneous fission neutron measurements. The 
SIGMA apparatus, fabricated in 1973, was put into 
operation during 1974 for checking AVR and 
THT R fuel pebbles. The apparatus is based on 
neutron irradiation of the fuel pebbles by Cf252 
sources and detection of the delayed neutrons 
emitted after the U235 fission. 

The studies carried out in the previous years on 
spontaneous fission neutron measurements 
found during 1974-75 a large field of application 
for plutonium waste monitoring in the framework 
of the Nuclear Waste programme. 
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Gamma Spectrometry Techniques 

Th e experiments carried out on spent fuel 
assemblies are reported under the heading 
"Isotope Correlati ans". 

In the field of gamma spectrometry it is worth 
mentioning the CALGANE experiment which was 
carried out during 1975 at the BELGONU
CLEAIRE plant under a collaboration contract 
with CEN, Mal, and BELGONUCLEAIRE. 
In this experiment gamma spectrometry techniques 
were combined with neutron and calorimetric 
techniques in the measurement of different types 
of plutonium fuel pins (KNK, BR3, Venus). 

Considerable work was carried out during 
1974-75 for the preparation and automation of 
gamma spectrometry I ines. Meehan ical parts were 
designed and fabricated for the scanning of fuel 
pins and fuel samples having a cylindrical geome
try. 
For the automation of the gamma scanner two 
systems were des igned ;:ind fabricated according to 
the CAMAC standard; the first is based on the 
use of a LABEN 70 computer, the second on 
the use of a specially deve loped microprocessor. 
The first system was fully tested during 1975. 

During 1974 two portable multichannel 
analysers for gamma spectrometry measurements 
were fabricated and de/ ivered to the Safeguards 
Directorate. 

Preparation of Reference Samples 

In order to calibrate instruments to be used for 
non-destructive assay, the preparation of reference 
samples with a known content of fissile materials is 
required. 

A set of AV R and THTR fuel pebbles with 
known U235 content were prepared by means of 
non-destructive intercal ibration with neutron and 
gamma techniques, followed by chemical analysis. 
These reference pebbles are being utilised for the 
calibration of the SIGMA apparatus at the HOBEG 
plant. 

In collaboration with NU KEM work has begun 
on the preparation of a set of U/ Al cermet cores to 
be used as reference samples. 

Calorimetric, passive neutron and gamma ray 
measurements were performed on special pro
duction fuel pins of the type KNK and BR3. The 
characterisation of these samples is to be complet
ed in 1976. 

Destructive Assay of Fissile Isotopes 

Three main activ ities have been carried out at 
lspra in this field: development of sampling tech
niques, development of mass spectrometry and 
participation in interlaboratory comparisons. 



Sampling Techniques 

Under a collaboration contract with NU KEM 
an apparatus for UF6 sampling was fabricated. On 
the basis of the tests carried out in the NU KEM 
plant, a new version of the apparatus was designed. 
Two prototypes.,will be fabricated for the Safe
guards Directorate. 

A new version of a previously developed 
powder sampling apparatus has been constructed. 

Mass Spectrometry 

The possibility of uranium analysis by an 
easily transportable mass spectrometer was investi
gated. A quadrupole mass spectrometer was 
considered suitable to meet the requirements. The 
work will continue during 1976. 

lnterlaboratorv Comparison 

lspra partecipated in the GAE programme, 
which is an interlaboratory comparison organized 
by the New Brunswick Laboratory involving 
determination of the isotopic and chemical 
composition of U F6 samples. 

In the context of the I DA-72 experiment 
organized by Gf K, lspra participated in an alpha
-spectra evaluation test . 

Sealing and Identification 

Through the use of sealing and identification 
techniques the inspection effort in safeguards 
operations can be reduced considerably 

The techniques, used at lspra for tamper
-resistant sealing and identification, are based on 
the ultrasonic detection of randomly distributed 
inclusions in different materials. 
The 1974-75 activity comprised: 

Sealing of MTR Fuel Assemblies 
Sealing of LWR Fuel Assemblies 
Sealing of FBR Assemblies 
Development of Portable Apparatus for the 
Identification of Seals 

Sealing of MTR Fuel Assemblies 

In the light of the good results obtained during 
1973 in the irradiation of sealed fuel assemblies 
(rivet seals) in the HFR reactor at Petten, the 
Safeguards Directorate decided to start large-scale 
application of the seals on MTR fuel assemblies. 
Seals were put on al I the fuel assemblies of the 
HFR (Petten) and BR2 (Mol) fabricated during 
1974 and 1975. 
During 1975 the first seals were put on the fuel 
assemblies fabricated by CNEN (Saluggia). During 
1976 the application of seals will be extended 

to German reactors. 

Several problems connected with the sealing 
and identification of MTR fuel assemblies have 
been solved. Tools have been developed for the 
extraction of seals in the ponds of reactors and 
reprocessing plants. A modification of the identifi
cation method makes it possible now to identify 
the seal in the pond without removing it from the 
fuel assembly. 

Sealing of L WR Fuel Assemblies 

Four sealed fuel assemblies (cap seals) have 
been under irradiation since 1973 in the 
Gundremmingen BWR. Two sealed fuel assemblies 
have been under irradiation since 1972 in the 
Lingen BWR. 

A procedure for checking the fuel assemblies 
of the STADE PWR was studied, based on the 
sealing of the foot of the fuel assembly and on the 
identification of the upper grid. 

Remote-control devices were fabricated in 
order to read in the reactor pond the identity of 
the cap seals fixed on the BWR fuel assemblies and 
the identity artificially introduced into the upper 
grid of the PW R fuel assemblies. 

Sealing of FBR Fuel Assemblies 

For the identification of the fuel bundle a 
marked disc can be put in the thick part of the 
nozzle and the identity can be checked by means 
of an automatic device in the inspection cell of the 
reactor. 
Th is identification method was extensively studied 
at lspra during 1975, for the fuel assemblies of the 
KALKAR reactor with the collaboration of the 
firms responsible for the fuel design (BELGONU
CLEAI RE and INTERATOM) . 

Portable Apparatus for the Identification of Seals 

During 1974 the first portable apparatus, a 
miniaturized ultrasonic identification system 
contained in a small suitcase, was completed and 
delivered to the I AEA. 
During 1975 a new version of the instrument, with 
a higher degree of automation, was designed. 
Two prototypes are now in construction and will 
be delivered in 1976 to the Safeguards Directorate 
and the IAEA. 
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THE SCIENTIFIC 
DEPARTMENTS 





Introduction to Department A 

Informatics, System Analysis and Information 
H.J. Helms 

The Department A is mainly composed of the 
former CETIS (Centre Europeen de Traitement de 
!'Information Scientifique) Division, and relevant 
components of the former Nuclear Studies Divi
sion. Its activities encompass informatics, applica
tion of informatics, mathematics and systems ana
lysis, as well as activities in the information and 
documentation fields. The disciplinary compe
tences of the staff are available to a substantial 
number of the J RC research objectives and to a 
certain extent to the Commission services. Further
more, a few of the Department's activities have the 
character of public services. The Department also 
includes in-house service activities such as the 
central library with the text service, and the large 
JRC Computing Centre installation. 

The period covered by this report has in 
general been characterized by a need to adapt to 
changing circumstances in the form of new 
demands both from the research objectives and 
from the clients of the more service-oriented acti
vities. To cope with these demands there has to be 
a continuous process of consolidation of the skills 
of the available human resources, of building up 
competences, and of establishing an adequate 
framework within which to operate. This process is 
not yet complete, and will in any case be conti 
nuous. 

Excellent progress can be reported so far, with 
the staff accelerating new areas of activity. Credit 
must certainly be given to all members of the staff 
for their enthusiastic involvement, both in acti 
vities established at an earlier stage, and in the 
newer areas, and particularly in those cases where 
demands have exceeded the resources - a situation 
which is not unfamiliar to this Department. As 
always in the past, results are documented in 
scientific journals, Euratom reports, presentations 
to scientific meetings, and in reports prepared for 
the Advisory Committees for Programme Manage
ment. Members of the Department have, however, 
also had the pleasure of an increasing number of 
scientific visitors who, over shorter or longer 
periods, have contributed to professional discus
sions and have helped to build up contacts with 
colleagues in national institutions, universities and 
industry. Moreover, the highly appreciated scheme 
of stipends has provided an opportunity to work 

together with young scientists pursuing their 
advanced studies here . This has constituted a 
healthy challenge to our own knowledge and 
abilities. 

The following paragraphs are a survey of some 
of the activities carried out during the two-years 
under report, up to the end of 1975. 

Informatics 

The J RC Computing Centre provides a global 
computing service covering all J RC scientific/ 
technical activities, the administration, and In
frastructure services. It also serves the NEA 
Computer Program Library located on the premises 
of the Establishment, certain Commission services 
in Brussels and, to a limited extent, a few outside 
users (mainly those with whom the J RC already 
enjoys some form of collaboration). To meet all 
these demands, a user-oriented advisory and con
sultancy service has been amplified and reshaped, 
and will remain an area for further developments. 
Although the Centre has been equipped since 1972 
with an I BM 370/165 system there have only been 
limited configuration developments. Those 
implemented so far have increased the disc storage 
space to cater for the needs of the data banks, and 
have also developed the terminal park. In 1975 
plans were made, however, for short term develop
ments aimed at a more balanced configuration in 
1976. This envolved acquisitions from several 
different firms. The systems support staff has 
continued to improve the basic software, thus 
ensuring highly reliable operations. The workload, 
which increases by about 20% per year has made it 
necessary to introduce two full shift operations in 
1975, as compared to the former arrangement of 
one shift extended in over-time. While many have 
contributed to the achievements of the Computing 
Centre, special acknowledgement is due to the 
operating staff, in particular because there have 
been difficult negotiations at Council level for a 
shift-work remuneration scheme which only partly 
meets the proposal made. 

In the field of basic informatics systems work 
also continues for the COST-11 action, European 
Informatics Network. We are participating in the 
management of the project, in the complex 
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technical work of defining the features of the 
network and in the preparations for installation of 
the computer as a nodal centre. This should occur 
in early 1976. Under this project the staff will not 
only exploit its own scientific-technical compe
tences, but will also participate in a truly European 
collaborational effort involving not only the other 
nodal centres, but also colleagues from several 
other institutions belonging to the countries con
tributing to this action. In late 1975 one staff 
member was made available to the Executive Body 
of the action on a one-year basis. 

The longstanding competences developed in 
the fields of software adaptation, program porta 
bility and efficient software sharing and software 
transfer are being exploited not only for the 
benefit of the Establishment, but also, in parti
cular, for the action EUROCOPI (European 
Computer Program Institute) which forms part of 
the objective Applied Informatics. The operation 
of this flourishing public service activity encoura
ges continuing research into the underlying skills, 
increasing contacts with similar groups in the 
member countries, which are about to become 
more formalized, and has led to further develop
ment of a database management system (SIMAS) 
now in use in other lspra data banks as well as a 
modular program system. Service requirements and 
developments go forward steadily, hand in hand, 
thus ensuring an adequate level of competence. 

Informatics Applications 

The Informatics support to administrative pro
blems furnishes technical support in the 
administrative data processing field to the J RC 
and, upon request, the Commission services. The 
activities range from problem analysis to pro
duction of the computerized results, and also 
include pilot experiments. The main achievements 
to be reported are the completion of the system 
for the management of the functional budget by 
objectives (CORIG), which has demanded a great 
effort on the part of the staff concerned and has 
now reached the stage of regular and reliable pro
duction with an important series of new facilities 
and improvements. Another significant result is the 
implementation of the Personal Data Base. This, 

86 

amongst other things, has made possible the setting 
up of an on-line inquiry procedure on the Per
sonnel File-using terminals. 

Several new procedures and programs have 
been developed for the automatic telephone 
invoicing procedure, the workshop procedures etc. 
A pilot experiment to summon staff members to 
periodical medical checks is also in progress. 

Work has been done outside lspra for the J RC 
Geel Establishment and several Directorates 
General in Brussels, including DG V, DG VI, DG 
IX, and DG X 11, and has involved the running of 
statistical programs, implementation of library 
systems and consultative work. 

During the period under report there has been 
occasion to perform interesting studies and chal
lenging experiments in advanced software 
techniques in response to client requirements. 

In order to ensure contacts with the Com
mission data processing activities the Director of 
the Department has ta ken part, when necessary, in 
the meetings of the Management Committee for 
the Commissions Computing Centre in 
Luxembourg. 

In Information Science the major efforts have 
been towards an integrated system of automatic 
documentation with software developments for a 
generalized system of language processing and 
automatic indexing. The work carried out in the 
objective Applied Informatics also involved close 
contact with the Directorate General for Scientific 
and Technical Information and Information Mana
gement (D.G. XI 11). To this end there is also 
regular participation in the meetings of the Com
mittee for Information and Documentation in 
Science and Technology (CIDST), and its 
Technical Aspects group. In addition Methodo
logical support and assistance has been provided 
for the data bank development at lspra. Emphasis 
is being increased, both on this activity, and on 
collaboration with the EURONET project (DG 
XIII). 

The mathematicians have developed methods 
in mathematical models, numerical methods, sto
chastic processes, Bayesian techniques and classifi
cation methods which are being applied in several 



research objectives and also in studies on computer 
systems' performance evaluation. The great need 
for applications of mathematics has also led to 
course activity in statistics and to collaboration 
with national statistics institutes, in particular the 
lnstitut de Statistique, Paris, including several 
seminars and visits. 

Involvement in the research objectives on 
Remote Sensing of Earth Resources has led to the 
successful building up of competences and soft
ware to treat and exploit satellite data by graphical 
methods, and, while the equipment possibilities are 
still rather limited, firm plans are being made to 
build up a complete laboratory for image process
ing and accurate data interpretation. Such a facility 
will go a long way towards fulfilling the long-felt 
need of graphics developments for several present 
and future research objectives. 

As far as mathematical methods for physics 
and engineering are concerned, modelling methods 
and numerical techniques are being further de
veloped for theoretical reactor-accident analysis. 

Substantial work is being performed on the 
Lagrangian code R EXCO-H and on the Eulerian 
code SURBOUM. A research activity to obtain a 
more adequate constitutive law for water has been 
started. 

Comparison between code results ( R EXCO-H, 
ASTARTE, ARES, SURBOUM), and small scale 
model experiments is systematically being per
formed with the aim to validate codes in the 
context of an European program, COVA. 

The results obtained have led to periodical 
contacts and to meetings for discussions with 
experts in national establishments. The first results 
on code evaluation have already been published. 

ESIS - INDAC 

The ESIS-1 NDAC staff are concentrating on 
the highly specialized scientific area of radiation 
physics, and on computational physics. 

A number of advanced shielding codes have 
been assessed, technical consultation is expanding 
and information dissemination has become current 
practice; the quarterly ESIS-Newsletter provides a 

worldwide perspective of shielding events and the 
Shielding Data Bank has proved to be a valuable 
information retrieval tool. Due to the closure of 
the ISPRA-1 reactor, a new improved shielding irra
diation facility was built at the TRIGA reactor of 
the University of Pavia. 

The accuracy of radiation transport methods is 
improving and there is a corresponding escalation 
in data requirements, both as to quality and quan
tity. As a result of this situation the INDAC acti
vities have shifted towards the retrieval, processing 
and evaluation of nuclear data for shielding appli
cations. Data requirements are also intimately 
connected with the sensitivity methods developed; 
these studies provide a rational guide for defining 
priorities in measurements and evaluations of 
cross-sections. 

System Analysis 

The work of the Division has concentrated 
upon the analysis and computer modelling of 
physical and technological systems, including 
technico-economic aspects. 

The main part of the activity during 1974 and 
1975 has been devoted to the analysis of technical 
and engineering systems and contributions in this 
field have been made to the various proqramme 
objectives. 

In particular, extensive efforts have been made 
on safety analysis, by performing a study of the 
evolution of major accidents in nuclear reactor 
power plants: Light Water Reactors (LWR), High 
Temperature Gas-cooled Reactors (HTR) and 
Liquid Metal Fast Breeder Reactors (LMFBR) were 
considered. For LWR's, besides the improvement 
of the series of computer programs COSTANZA 
for the calculation of reactor core transients, a 
special effort has been made in the field of analysis 
of the blowdown accident. Existing computer pro
grams have been implemented, tested and used for 
sensitivity studies and a new approach to the ana
lysis of the accident has been proposed; the related 
model has been programmed for the computer 
(NICKY computer program). 

HTR's safety studies concerned the adaptation 
of COSTANZA programs for the specific core 
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geometries of this reactor type and the extension 
to the study of the water gas accident. For the 
latter purpose the coupling of COSTANZA with 
the English program TUBER made possible an ana
lysis of the behaviour of the whole neutron
thermohydraulic system under accident conditions. 
The investigation of the whole core accident for 
LMFBR's has led us to perform an assessment of 
the various approaches of the national laboratories 
of the EuropeanCommunities to the analysis of 
this accident. Further work is in progress to arrive 
at a common understanding of the physical phe
nomena and, later on, to establish a common calcu
lation method. 

System analysis of various reactor types for 
Safeguards purposes was continued and further 
improvements of isotopic correlation techniques as 
a tool for the control system have been achieved, 
covering not only the heavy isotopes but also a 
selection of stable and unstable fission products. 

Some of the calculation methods developed for 
Safeguard studies were adapted to the analysis of 
the radioactive waste disnosal problem: new calcu
lation tools were also acquired and assessment 
studies performed on the technical-economic feasi
bility of disposing of actinides by recycling them in 
nuclear reactors. 

A model of the hydrogen production system 
by thermochemical water splitting was studied and 
programmed for the computer. 

In support of the activities of the General 
Directorates for Energy and for Industry, a number 
of studies of the electrical energy system of the 
Community were performed, covering the analysis 
of various alternative policies for the installation 
and use of conventional and nuclear power plants. 
For the latter, LWR, HTR and LMFBR were consi
dered and the implications for primary energy 
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sources, industrial infrastructure and costs were 
studied. 

Analysis of the sea transport system was per
formed for two main purposes: to assess the role of 
nuclear merchant ships in future European fleets 
and to evaluate the consequences of recent events 
on the shipbuilding industry. The problem of 
scarcity of mineral resources was tackled by a 
model study of the importance of recycling for a 
selection of non-ferrous metals. 

On the subject of systems analysis, work on a 
dynamic model for simulating future EC energy 
demand and supply on a very long-term basis 
should also be mentioned. 

Library, Text Service 

The central library, which is available to the 
Establishment and also to some outside users had 
at end of the report period an inventory of 51,000 
books and more than 200,000 reports. In 1975 
there were around 1300 subscriptions to journals 
and holdings of some 25,000 journals volumes. The 
library, which also provides a documentation ser
vice, counted in 1975 almost 15,000 visitors, 2500 
telephone consultations and 4500 loans. 

1975 saw the organisation of a new text service 
which involved the unification of the publication 
office whose tasks are to register the lspra publica
tions and ensures liaison with DG XIII, and docu
ment preparation, composition, reproduction and a 
photographic laboratory. The new service, which 
also includes a much appreciated translation and 
manuscript revision service, has proved to be a very 
valuable instrument in meeting the ever-increasing 
demands, and in particular has given great assis
tance with various papers and reports, prepared 
often at very brief notice, in connection with the 
planning of the J RC Future Programme. 



Isotopic Correlations Based on Fission Product Nuclides 
in LWR Irradiated Fuels. A Theoretical Evaluation 
C. Foggi , F. Frenquellucci, G. Perdisa 

Introduction 

"I so topic correlation technique" is that branch of 

reactor physics which investigates the relationships (com

monly termed corre la tions) between accumu lation and 

dep letion of the different isotopes in nuclear fuels 

subjected to irradiat ion. The isotopes which are ta ken into 
account are those of the heavy elements (U , Pu) and those 

of the fiss ion product elements. 

Correlations are mainly used as a tool for the pred iction 

and verification of the fissile content in irradiated fue ls. 

The consistency of isotopic analyses performed at the re

processing plant can also be verified by use of the correla
tion technique 1). 

Isotopic correlations are general ly divided into three 

main classes, depending upon the isotopes which are taken 

into considera t ion: 

• Heavy Isotope Correlations: only isotopes of t he heavy 
elements (mainly U and Pu) are considered in this class: 

one of the terms of the correla tions may be the burn-up 

of the fuel. 

• Stable Fission Product Correlations: one term of the 

cor relation is based on stable isotopes of fi ss ion-produ ct 

elements; the other term is based on isotopes of the 

heavy elements or sometimes the fuel burn-up. 

• Radioactive Fission Product Correlations: one term of 

the correla tion is based on isotopes of the heavy ele

ments ( or sometimes the fuel burn-up); the other term is 

based on radioactive isotopes of f ission product s. 

The three classes of correlations ex hibit marked differences 

in respect of: 

- their present state of developmen t 

- the techniques applicable for experimenta l determ ina-

t ion 
- their fi eld of application 
- their dependence upon the reactor characteristics and 

power history. 

Correlations are the subject of both theoreti ca l and experi 
mental investigation 1

). Theoreti ca l investigation is general

ly carr ied out by performing accurate burn-up ca lculations, 

from which correlations are derived . Experimental investi
gation is based on deta iled measurement of irradiated fuel 

isotopic composition, from which correlations are de
rived 8,9, 10, 12) . 

This paper describes the theoretical investigations which 
are being carried out at the System Analysis Division, on 

the correla tions based on fission-product nuclides. Some 

results are reported. 

Choice of Fission Products 

The radioactive fission products which ca n be consi 

dered for correlations are few in number. The nu cli des 

which are retained must exhibit the following character

istics: 

reasonable long half-I ife (at least 2 years) allowing the 

recording of the whole power hi story of the rea ctor 

reasonably large fission yield (at least some tenths of one 

percent) so that the nuclide wil l be produced in suffi 

cient amounts 

wel l defined r -l ines, at energies greater than 100 keV, 

with reasonably large bran ching value to allow easy and 
accura te measurement. 

On carefu l analysis of al l radioactive fission products, we 

found that only three nuclides are suitab le for estab lishing 

correlations in LWR fu els, namely,: 134 Cs (half -life 2. 1 y), 
137 Cs(half-life30y), 154 Eu (half-life8.5y) 

On the other hand, stable f ission products which can be 

considered for correlations are numerous. Experimenta l ists 

have, up to now, confined their attention to the isotopes of 

Kr, Xe and Nd only. The reasons for this cho ice are: 

Kr and Xe are gaseous and so may be eas ily separated 

from the bulk of the irradiated fuel and analysed in a 

mass spectrometer . 
Nd is routine ly separated from the bu lk of the fue l, since 
148 Nd is common ly used as a burn-up indicator: the Nd 

is therefore easi ly ava ilable for analysis in a mass spectro

meter. 

The isotopes which we retained for correlations are : 83 Kr, 
a4Kr , s6Kr; 131Xe, 132 Xe, 134Xe; 14sNd, I46Nd, 

14sNd. 

Choice of the Terms of the Correlations 

A correlation shows the re lationship between two quan

tities. In our ana lys is the f irst of these two quantities is the 
fuel burn-up (expressed as the fraction of initially-present 

heavy atoms which have been burnt) . The second quantity 
to be used in the correlation is based on the concentration 

ratio of two f iss ion-product nuclides. The choice of a con

centration ratio instead of an absolute concentrati on is 

dictated by considerations of ease and accuracy of measure
ment . In order to produce corre lat ions which represent 

strai ght-line relationships, thi s second quantity must be an 
in crea sing fun ction of the fuel burn-up; this requirement 

imposes a limitation on the number of quantities that can 
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be taken into consideration . After analysing all possible 

ratios, we retained the fo ll owing: 

1 34Cs 1 s 4 Eu 

131 Cs 131 Cs 

84Kr 86 Kr 

8 6Kr 8 3Kr 

132Xe 1 34 Xe 

131Xe 1 31 Xe 

146Nd 146 Nd 

14 s Nd 14sNd 

84 Kr 

8 3Kr 

132Xe 

134 Xe 

l 48Nd 

14sNd 

direct fission yield 

isotope 
name 

Calculation Procedure 

The decay chains which include the fission product 

nuclides considered in our analysis are shown in Figs. 1 and 

2. The ca lculation of the concentrations of the various 

nuclides was performed with the point burn-up codes 

ISOTEXl 2 ); the resulting correlations were compared with 

the experimental results by means of the code 

ISOCOR R 3). The nuclear data used in the calculations are 

taken from the following sou rces: 

fission yields, decay constants, branching ratios : values 

reported by Sola 2 ) 

cross-sections: average values cal culated with the GGC- 11 

code 4 ) , or derived from the Westcott therma I cross

sections and the resonance integral reported in Ref. 11. 

As is well known, some of the nuclear data found in the 

neutron 

capture 

EXPLANATION 
OF SYMBOLS 

radioactive decay 

s1 8 , 

'r---.... "---.... 

Fig. 1 
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CHAIN OF ND 

CHAIN OF 154EU 

147Nd 

147pm 

Fig. 2 

148mpm 

148Pm 

144ce 

143Nd 144Nd 

149Pm 

149sm 150sm 

literature are not accurate enough for an accu ra te ca lcu la

tion to be made. T he inaccuracy of fission yields· is in 

general not very large; the same holds for the decay 

constants, wi th the sole exception (as far as we are aware) 

of 1 54 Eu, whose ha lf-life was quoted as 16 y 5 ) but is more 

li kely to have the va lue 8.5 y 6.7) . The main sou rces of 

error in the ca lculation are the average cross-sections. Thi s 
is so for two reasons : the values of the cross-section as a 

funct ion of energy may not be known to sufficient 

accuracy and the neutron spectrum used in the averaging 
procedure may not have been evaluated accurate ly enough. 
Fortunately, not al I the cross-sections which appear in the 

decay chains play an important role in the ca lcu lat ion . A 
carefu l analysis showed t hat on ly the fo ll owing cross

sect ions are important (and must therefore be known with 

good accuracy): 

for calculation of Kr isotopes concentration : cross

section of 8 3 Kr 
for ca lcu lation of Xe isotopes concentrat ion : cross

sect ions of 1 2 9 1, 131 Xe, 1 3 5 Xe 

151pm 

151Sm 153sm 

153Eu 

for calcu lat ion of Nd isotopes concentration: cross

sections of 141 Pr, 143 Nd, 145 Nd , 147 Nd 
for calcu lat ion of Cs isotopes concentration: cross

sect ions of 1 33 Cs and 1 34 Cs 
for ca l cu lat ion of 154 Eu concentration : cross-sections of 
1sosm, 1s1sm, 1s2 sm, 1s3Eu , 1s4Eu. 

Parametric Analysis 

With the codes and the procedures described in the 

preceding section, a parametric survey was performed. Only 

PWR fuels were considered (U0 2 type, zircalloy cladding), 

with enrichments ranging from 2 w/o to 4 w/o, and mode

rator-to-fuel volume ratios between 1.2 and 2.2. A total of 

nine cases were analysed. 

The various corre lations obtained are presented in Figs. 

3- 16. The parameter FT represents the fraction of initial 
heavy atoms which have been burnt (and is roughly propor-
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tional to burn-up). The label on each curve shows the fuel 5+---------11------- +----

enrichment (w/o) and the moderator-to-fuel volume ratio 
to which the curve refers. 

Figs. 3 to 6 show correlations based on Kr isotopes; 

Figs. 7-10 show correlations based on Xe isotopes; Figs. 11 
to 14 show correlat ions based on Nd isotopes; Fig. 15 

shows the 1 3 4 Cs/ 1 37 Cs cor relati on. Fig . 16 shows the 
154 Eu/ 137 Cs correlat ion. 

As can be seen, there is a marked dependence of the 

corre lations on fuel enrichment and moderator-to-fuel 

volume ratio. In the case of the 134 Cs/137 Cs cor relat ion, 
there is also a strong dependence on the fuel power history; 

this effect is now being analysed. It must be remarked that 

one consequence of this dependence is that the correlation 

for a sing le fuel pellet is substant ial ly different from the 

corre lation for comp lete fuel batches. 

Comparison with experimental results from Trina 
Vercellese 8 , 12 ), Gar igliano 9 l and VAK 1 O) reactor fuels 

was sa ti sfactory, with some minor corrections to a few 

nuclear data. 
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Totem: a Computer Program for the Analysis of 
Power-Station Installation Policies 
F. Conti, G. Graziani 

Introduction 

Various calcu lation methods are common ly employed 

to eva luate the power-plant insta llation policies which 
might be fol lowed to satisfy a given electric energy demand. 
They can be grouped into optimization methods and simu

lation methods. 

Optimization Programs 

These rely on mathematical optimiza tion techniques. 
The objective func tion is in general the present-worth total 
cost of the electric energy production in the period under 
investigation; it can, however, be another function of the 
installed capacity and of the energy produced by different 
types of plant (i.e. total expenditures due to imports from 

outside the system, total fuel consumption, and so on). 

Simulation Programs 

These calculate the materials balance sheet and eco
nomics for a given instal lation policy. With these codes the 
optimization of the policy can be carried out by performing 
a set of parametrical investigations. 

Both types of program are available at the JRC lspra, 
the most commonly used being the optimization code 
I NT AT and the simulation code POPE. Unfortunately these 
codes work with simplified hypotheses, mainly concern ing 

the load-duration curve and the fuel cyc le scheme, and use 

input data which require previous elaboration. In particular, 
difficulties arise from the fact that the input to the problem 
is usually the total electrical energy demand, whilst these 

programs use the generating capacity as an input. Further
more, they do not distinguish between plants of different 
ages and a maximum utilization as function of age cannot 
be imposed. 

The code TOTEM was written to overcome these draw
backs and to introduce other improvements described 
below. In TOTEM the sp litting of the total energy produc
tion between various types of station is assumed to be given 
(with the exception of an option, described below, where a 
certain degree of freedom is left to the fast breeders in 
order to make full use of the available plutonium). The 
code evaluates the installation policy, fuel consumption and 
fuel production, separative work, fabrication and repro
cessing capacity requirements, expenditures and capital 
investments consequent to any given repoduction patterns. 

Description of the Program 

I ts first task is to deduce from the energy requirements 
given as input the generating capacity that must be installed 

in order to sat isfy that demand. This calculation is not 

straightforward, for a number of reasons, e.g .. 

1. The energy required is distributed in time according to 
a given load-d iagram (load duration curve). 

2. The max . utilization (max . availability curve)of any type 
of station is a function of its age (load factor history) .. 

3. A minimum power reserve to be provided. 

TOTEM splits the load diagram amongst the var ious sta
tions, which are divided by type and age-group. The sp lit
ting is performed according to the following rules 

for a few type of station the position in the load 
diagram (average load factor) is given (hydroelectric 
stations, privileged base-load stations, peak-load sta
tion s) . They are cal led here "FATAL" stations; 

for the other stations the position in the load diagram is 
allocated according to a given priority list (per type and 
age-group), establ ished accord ing to economic competi

tivity. 

Having done this, the code knows the age and the load 

factor of each type of station . 
A few main options are worth mentioning: 

a) Plutonium Balance 

Although the energy produced by each type of station is 
given in input, the plutonium produced does not necessarily 
match with the plutonium consumed. Therefore there will 
be a positive or negative plutonium stock . An alternative 
way to operate the code is possible, in case the system is 
cons idered to be closed ( no Pu sale or purchase): a part of 

the energy demand is left free for the fast breeders ( or any 
plutonium burner) to satisfy it, according to the plutonium 
available, the starting year and the industrial constraints 
(maximum installation rate). The rest will be filled by 
another type of station defined in the input: in the event 
that the fast breeders cannot be installed at the necessary 
rate, the other types of stat ion contribute to satisfy the 
demand, according to a given preference list and to con-. 
straints on their maximum installation rates. 

b) Decision not to Install New Power Stations of a certain 

Type after a Given Year 

A typical use of this option is to evaluate the maximum 
feasible increase of nuclear capacity, if a given type of con
ventional power station is not built any more after a given 
year. 
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The minimum values of energy production by the remain

ing types of station are given as input. The difference 

between this and the total, resulting from the closing down 
of the obsolescent conventional stations, is distributed 
among the other stations according to a preference I ist and 
to constra in ts on their i nstal la ti on rate. 

c) Storage of Energy by Pumping Water into Reservoirs 

Having performed an estimation of the available reservoirs, 
one can then give as an input the energy provided by them 
and its position in the load diagram. 

This being a "secondary" form of energy, the correspond

ing area of the load diagram is actually not directly required 
from the system, and it is shifted to another part of the 
load diagram, to the extent permitted by the existence of 
non-uti I ized capac ity. In other words, the load diagram is 
modified, a flatter and more convenient shape being 
obtained. 

d) Input Correction 

This is actually not an option, but a permanent feature of 
the code. The installation policy conceived as an input may 
be unsatisfactory, since a few details cannot be appreciated 
without previous calculations; the installation required for 
one or more types of station may be larger than admissible, 
taking into account the minimum doubling time. In this 
case more energy production is assigned by the code to 
other types of stations, following a given preference list: 
the next type is assigned a larger demand as far as is 
compatible with installation constraints, then the next type 

and so on. 

e) Calculation of the Reserve 

In every year, the reserve is defined as the percentdiffe
rence between the total installed capac ity and the total 
peak power demanded. Once the allocation procedure and 
the installations have been comp leted, the program calcu
lates the reserve, the value of which can be different from 
the one required and given in input. If it is larger, no pro
blems arise; the safety margin for the power system is 
satisfied and the reserve va lue, larger than required, is due 

only to the installation policy followed up to that year. If, 
on the contrary, the calculated value of the reserve is 
smaller than the input value, more power plants have to be 
installed in order to match this value. 
To avoid a situation in which the new plants are allocated 
only for reserve purposes, the allocation procedure must be 
comp lete ly repeated for a modified load diagram, obtained 
from the original one to which is added a power step with 
zero utilization hours. As a result a lower utilization of the 
more aged and priority unfavoured plants will be obtained, 
whilst the new plants are in any case placed in the base 
load. 

f) Reprocessing Plant Constraints 

The lack of construction of a sufficient reprocessing 

capacity may be a serious bottleneck in the development of 
the nuclear power stations and as well as leading to a much 
higher requirement of natural uranium it may affect the 
introduction of fast breeder reactors, if the plutonium fuel 
is not available in time and in suffic ient quantity . 
The code simulates that the heavy metal discharged is 
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stockp iled, separately for each reactor type. Up to 5 repro

cessing plants are envisaged, to process various types of fuel 
elements. The reprocessing capacity of each plant as a step
wise function of the time must be given in input. In each 
year, each reprocessing plant processes the stockpiled HM 
quantities, according to its capac ity. It the HM stock 
exceeds the reprocessing capacity, the difference is added 
into the stock of the succeeding year. 
Each outflow from the reprocessing plants (U nat equi

valent, U depleted, Th , S.W., Pu ,2 33 U) is added to each mate 
rial stock, taking into account the time lags. 

g) Possibility of Evaluating Pollution Charge 

If required, the code ca lculates the pollution associated 
with a given power-sta tion strategy, The contribution that 
each plant in the whole fuel cycle (fabrication, reactor, 
reprocessing plant) makes to pollution is taken into 
account. 
The total pollution quantities (annual and cumulati ve) and 
the associated radio-activities are li sted out. 
The annua l and cumulat ive pollution due to the S02 

produced in conventional oil-field power stations is also 
quoted. 
Another output item of interest is the total amount of 
waste heat from power plants. 
These data are very useful in the evaluation of the coo ling 
needs and the plant siting problems. 

h) Use of Excess Plutonium in the LWR Cycle 

In some calcu lations it can occur that an excess of pluto

nium is stockpiled in the final portion of the period under 
investigation. 
If at that time plants are still present which employ 
enriched uranium for their refuelling charges, it might be 
desirable to employ the plutonium stock created, in order 
to reduce the separative work and the exploitation of natur
al uranium resources. 
Using this opt ion the cycle of one plant (i.e. LWR) can be 
replaced in part or wholly by the correspondi ng plutonium 
cycle. 

Input Data 

Among the various input options, there are two which 
are worth mentioning here. 

Detailed Evaluation of Specific Reactor Data on 

Material Flow 

Specific reactor data on material flows are not always 
available in the form required by the code. More usually 
such data as burn-up, specific power, efficiency and charge 
and discharge enr ichments are available. These reactor data 
are processed in a subroutine that gives, as output, the 
specific consu mption and production averaged over all 
reactor zones. 
Furthermore, the fuel requirements for the first core can be 
eva luated from specific power, effic iency and enrichment 
data. Consequently the material flows are now computed in 
terms of the first core and no longer in terms of inventory 

as previously done, in the version 1 of the code. 



Detailed Evolution of Economic Data 

Optionally, the proportional costs of a power plant can 

be either given as input data or calculated in detail, sta rting 

from the typical fuel cycle cost data (uranium enrichment, 

fabrication, reprocessi ng costs, and so on). The cap ital 

investments are assumed to be distributed over the plant 

construction time according to an S-curve. 

Output Results 

In the output the following results are printed. 

a) for every reactor type 

1. inventory-dependent fuel requirements 

2. energy-dependent fuel requirements 

3. total fuel requirements 

b) total differential fuel requirement summed over all 

plant types, including conventional stations i.e. coal, 

fue l oil and natural consumptions. 

c) total integrated fuel requirement for all plant types. 

Fuel Requirements and Production 

Once the whole strategy has been determined as to both 

energy and capac ity, the calculation of the fuel requirement 

and production is quite straightforward, the specific values 

for each plant type being fed in as input. 

The loading and discharging scheme of a reactor is well 

known, but it was decided to simp lify the model. 

After the first core loading, a reactor is assumed to run 

without any fuel discharge for a period 8 B, which is 

different from the normal reloading interval r. As the code 

in general deals not with a single reactor but with a huge 

number of power stations, and moreover because it is not 

true that the reloading interval is constant, (the reloading 

time may vary with the plant load factor, it depends on an 

integra ted fuel management for the whole net that cannot 

be considered in this code, etc.), it is assumed that from the 

first reloading time (0 8 ) onwards every reactor works on a 

continuous charge-discharge scheme, under equi l ibrium 

conditions. 
The following items of general interest are ca lcu la ted by the 

code: 

1) fabrication throughput, at entry to fabrication plant 

2) reprocessing throughput, at entry to reprocessing plant 

3) natural uranium requirements, at mine 

4) thorium requirement, at mine 

5) separative work requirements 

6) depleted uranium, at exit from enrichment plant 

7) artifi cial fissi le (plutonium and U-233) stocks, at exit 

from reprocessin ~,plant 

8) running cost 

9) capital investments 

The expenditures can be converted to a present-worth basis, 

the discount rate being one of the input data . 

The specific data for inventory and consumption must 

include the losses, if any, that occur in the fuel cycle 

operations between the reactor and the point of the fuel 

cycle where the requirement or produ ction quantities are 

eva luated . 

The times required for each fuel cycle opera t ion must 

be given in input for a proper evaluation of the year in 

which the material throughputs and stocks, as indicated in 

items 1-7 are affected by the installation policy and by 
energy produced in the current year N. 

The TOTEM computer program is operating on the I BM 

370 computer. It allows detailed simu lations for as many as 

10 different plants and for a maximum period of 60 years. 

Computer times are of the order of 1 to 2 minutes for a 
single run. The program has been successfully tested and it 

is now a useful tool for the analysis of policies on future 

power-station installation in the Community. 
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The Angular Flux of Gamma Rays in a 
Plane Iron Shield 
H. Penkuhn 

In a previous paper (to be published as EUR -E SIS 

report) the author treated the problem of the angular flux 

of gamma rays in a normal concre te shie ld . In a bulk 

reactor shie ld , however, there are often steel I iners and 

plugs. 

A good knowledge of the angular f luxes in steel will 

allow a realistic estimate of the gamma streaming in the 

narrow toleran ce gaps between the plugs and I iners. In 

order to simplify the problem, we rep lace the steel by iron 

of density 7.8 g/cm3 (this is Ju stified for pure gamma 

problems) and consider source energi es from 0.662 to 6 

MeV and penetrat ions from 6 to 60 cm . Let the source be 

an iron slab, 15 cm thi ck, with isotropic and homoge

neously distributed sources . The unscattered angular flux 

¢ 10 l (x,w ) (w = cos '{) , '.fJ = angle between shield axis and 

photon direction) is for positive w • 

¢ lo) (x, w) = A wkexp (- µ x/w) c:.c 
0 

Aw k ex p(1 -/w ) µox 

where A= normal isation constant; k = 0 means (as here) an 

isotropic angular flux at the boundary at x = 0, k = 1 means 

a cosine-source at x = 0, etc.; µ
0 

= attenuation coefficient 

at the source energy E . We develop 1/ w and then 
0 

exp( -1 / w ) in powers o f ( 1 - w) and get fina lly, using the 

polynom ial series 

¢10 ) (x,w) ~ Aexp(- µ
0

x) 

wk+µox [1 - ~ < 1 - w >2 ..... ] 

We integrate this approximation over the whole solid angle• 

.p Io) ( x ) ~ _2rr_A_e_· µ_o_x_ [ 1 _ 
k + µ

0
x + 1 

(the last approximation is val id for very great k +µ
0 

x). 

The exact resu lt is 211 A • Ek + 2 (µ
0

x); our approximation is 
exact at x = 0, and for great µ

0
x it agrees we l l with the 

asymptotic expJnsion of the ex ponential integra l E
1 
(z). 

We com pute the scattered angu lar energy f luxes <PE Isl (x,w ) 
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with our numeric transport program Pl PE (EUR 4624.e); 

they cannot be calculated analytica lly. 

Fi g. 1 shows the angu lar behaviour of the scat tered 

gammas fm the highest and lowest source energies (6 and 

0.662 MeV) and the greatest and smal lest penetration ( 60 

and 6 cm) . <PE I si ( x ,w ) changes by a factor near 500 for 6 

MeV at 60 cm , but ,·nly by a factor near 30 for 0.662 MeV 

at6cm,if w= cos'{J changesfrom+ l to -1.Near w=l the 

angular energy flux is strongly space-dependent; we 

approximate for 6 cm,;;;; x,;;;; 60 cm and w ), wL • 

¢Elsi (x, w) I ¢El si (x , 1) = w n (si (x ), with 

(p here and p i later are the maxima of the deviations, no 

averages) . Table 1 shows the parameters a, ,~, 1 , and p as 
functions of E 

0 

Table 1 : Para meters defining n(s) in iron 

EolMr. Vi a ~ 'Y p WL 

6 1. 25 0.992 0.8 9 0.8 

3 1.53 1.257 0. 7 14 0.8 

1.25 1 .% 2. 14 0.6 11 0.9 

0.662 3.00 5 .24 0. 5 18 0.9 

A comparison of these "di rec tional exponents" nlsi in iron 

and concrete y ields identi ca l curves for E
0 

= 3 MeV and 

max imum di ffe rences of ±5% for E = 6 MeV and E = 
0 0 

1.25 MeV. Only for E = 0.662 MeV so the deviations 
0 

become impor tant for µ x ), 4 nl si is higher in Fe than in 
0 0 

concrete by 10-15%. For great '{) ('{)), 50 ) the form of the 

spectrum tends to be independent of the spatial coordi nate 

x, as shown in Fig. 1. We approximate 

r/>E (si (x , w) 

¢J si (x , 0) 

6 cm ,;;;; x,;;;; 60 cm 

= I ex p(cw ) .( 1 ± p 2 ), o,s;;; w,s;;; 0.6 ! 
(1 - - w)d (1 ±p3 ), - 1 ~,s;;; o.o 

12 cm ,;;;; x ,;;;; 60 cm 
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Fig. 1 : Angular Energy Flux in an Iron Shield 

Table 2 shows a, b, c, d, p 1 , p 2 , and p3 vs E
0

. 

Table 2 : Parameters for the angular fluxes in iron for w,;;; 0.6 (Values in parentheses refer to light concrete) 

Eo(MeV) a b P1!%) 

6 0.0649 -0.888 

!0.0667) (-0.888) 

3 0.0949 -0.737 

(0.1098) (-0.722) 

1.25 0.137 -0.52 

(0.166) (-0.433) 

0.662 0.152 -0.395 

(0.7) (0.207) (-0.332) 

Here again we note substantial differences between iron and 

concrete only at low E
0

. The high deviations - up to 34% 

- from our fits in the range O ,( w ,( 0.6 are due to the fact 

that the space dependent spectrum near w ~ 1 conditions 

this range in its neighbourhood, especially if E
0 

is high, and 

this makes a space-independent fit difficult. 

A last question: all these curves and fits describe the 

angular energy flux ¢E (s), in MeV/(cm2 sec sterad) , but 

what about the dose-rate angular flux 7 Table 3 shows the 

minima and maxima of the differences between 

D~~ L = ols) (x, w)/D(s) (x, 1) 

and 

The changing signs of the differences are a conseL1uence of 

the form of the energy-dependence of the dose-rate 

5 

5 

5 

6 

C P2!%) d p3( %) 

3.66 34 -1.88 11 

(3.6) (-1.65) 

2.89 23 -1.76 8 

(2.8) (-1.55) 

2.31 16 -1.55 4 

(2.23) (-1 .3) 

2 12 -1.44 5 

(1.8) (-1.14) 

weighting coeff icient µ EA (E) it has a f lat maximum at 0.5 

MeV and a minimum at 90 keV. 

All these relative scattered fluxes can be normali zed by 

using the well-known and often tabulated build-up factors; 

with ¢E (o) (x) = unscattered total energy flux and BE (x) = 
energy buildup factor, one can write: 

BE (x) ¢E(o) (x) = JJ41T d S1 (¢k0
) (x, w) + ¢~5 )(x,w) J 

[ BE (x)-1] ¢k0
) (x) = 2 1T 1: dw ¢ ~) (x, w) 

w- ranges 

Eo(MeV) -1 to -0.3 0 to 0.3 0.6 0.8 0.9 to 0.97 

6 29 to 41 8 to 42 0 to 31 0 to 13 0 to 5* 

3 11 to 20 7 to 22 1 to 18 0 to 10 0 to 5* 

1.25 -2 to -7 -1 to 2 1 to 3 1 to 3 0 to 2 

0.662 -7 to 13 -3 to -5 -1 to -3 0 to -1 0 to -0.5 

* for w=0.97 only 0-2%, for w=0.9 0-5% 
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and a simi lar equation is val id for the dose-rate fluxes if 

related to the dose-ra te ("exposu re") build -u p factor 

B
0

(x) . 

In the meantime two EUR -ES IS reports about these 

ca lcu lations have been published (5286 and 5373e). But all 
these resu lts refer to thick sources ( 15 cm); in order to 

know more about thin slab sources , the calculations were 

repeated w ith the source th ick ness D = 1 cm (of iron). We 
def ine 

<t>t ~) (x, w) = </)~· D) (x, w) /</> ~' D) (x, 1) 

(= scattered angular energy flux normali zed on the shield 

axis direction at w = 1, from a sou rce of thi ckness D). 

We compare the cases D = 1 cm and D = 15 cm and obtain 

(the common variables x and w are omitted) . This 60 is 

pos it ive for all our x from 6 to 60 cm penetration depth 

along the ax is (x = distance from dose poin t to sou rce 

surface plane near the shie ld) and for al l our wi ( - 1 ,;:;; W ; 

,;:;; 0.97). But at w i = 1, 60 vanishes since 

for all x and D (by def initi on). A positive 60 means t hat 

the thin source causes a less anisotropic energy flux than 

the thick source (at least for X;;. 6 cm). 

Fig 2 shows some resu lts for E
0 

= 6 MeV, and Ta ble 4 

shows at w hi ch source distances x (in cm) and µ ox (in mfp) 

the relative difference 60 fal ls be low the limits 9%, 15%, 

31% and 51%. 60 decreases with increasi ng x and w ith 

decreasing sou rce energy E
0

. 

1+-------+-----+------,---------,r-' 
·1 

Fig. 2 : 

· . 5 0 .5 1 
w 

(</> (S,l)_ </> (S,lSl;; <f> (S , lS)(in °/oo; Abscissa= W = di-
E,R E,R E,R 

rectional cosine. Source energv = Eo = 6 Mev. Parameter: 

penetration x- in cm 

Table 4 : Source distances (rounded) in mfp (values in cm in parentheses) above which t.0~5
·~

15) is below the limits (in ~o ) 
given in the first line; spec ified for different angular (cosine) ranges and so urce energies Eo ' 

Limits for !lo 9% 15% 

0.9 -1 al l 0.87* -1 
wrange to to to to 
Eo(MeV) ~ 1 0 w 1 0 

2.6 8 11 1.4 5.2 
6 

(11) (34) (46) (6) (22) 

2.3 6.8 9 1.7 5. 1 
3 

(8) (24) (32) (6) (18) 

2.5 5.8 6.4 2.5 4.6 
1.25 

(6) (14) 116) 16) 111) 

3.4 5.7 6.2 3.4 3.4 
0.662 

(6) (10) 111) (6) 16) 

* If Eo,,;; 1.25 MeV this limit applies alreadv for 0.8 ,,;;w,,;; 1 

An example of how to read Table 4: for E
0 

= 3 MeV, 

the form of the scattered angu lar energy flux spectra of the 

th in sou rce is higher than that of the thick source by at 
most 9%; a) in the range w ;;. 0.9, if x;;. 8 cm~ 2.3 mfp; b) 
in the range w ,,;; 0, if x ;;. 24 cm ~ 6.8 mfp; and c) in thP. 

whole w range, if x ;;. 32 cm ~ 9 mfp. The va lue x = 6 cm 
appears often in Table 4 since it is the lowest of the discrete 
source-distances considered; if x-values below 6 cm were 
also to be included, most (not al l) of the entries "6 cm" 

100 

31 % 51 % 

all 0.77 -1 all 0.65 -1 all 

to to to to 
w 1 0 w 1 0 w 

7.8 1.4 2.8 4 1.4 2. 1 2.6 

(23) (6) (12) (17) (6) (9) (11 ) 

6.2 1.7 2.8 3.6 1.7 1.7 2.5 

(22) (6) (10) ("12) (C) (6) (9) 

2.5 2.5 2.5 2.5 2.5 2.5 2.5 

112) 16) (6) 16) (6) (6) (6) 

3.9 3.4 3.4 3.4 3.4 3.4 3.4 

17) 16) 16) (6) (6) 16) 16) 

wou ld have to be lowered. But Table 4 says nothing about 
the spatia l range under x = 6 cm. The highest occurring 

60-va lues are for 6 MeV 112%, fo r 3 MeV 73%, for 1.25 
MeV 31 % (all at x = 6 cm and w = 0.3), and for E'.l = 0.662 

MeV 18% (at x = 6 cm , w = 0.6). 

The results in Table 4 and Fig. 2 can be exp lained 
qualitatively· on ly if µ ox is not great and if also w i"s not 

near unity, the dose point in the shield "sees" that the 1-cm 

source is optically thin in the direct ion w = 1 (shi el d axis), 



but tends to be optically thick in thew-directions far from 

unity: if D = 1 cm, we have µ
0 

D << 1, but µ
0 

D/w is no 

longer much smaller than unity. Thus in one direction the 

dose point sees a thin source, in the other a th ick one, if D 

= 1 cm; but if D = 15 cm, the dose point sees thick sources 
everywhere towards the source slab; this exp lains the diffe

rence. But if w is near one, the dose point sees thin sources 

for w = 1 and~ 1, in both directions the source strength 
is reduced by a nearly equal factor, compared with the 

thick source with D = 15 cm. And the same reasoning holds 

for all w if µox >> 1, since then nearly all photons are 

generated by those which have travelled near the axis 

Table 5 

w.=-1 
Eo I 

(MeV) A B p A 

6 0.225 1.1 6 0.307 

3 0.171 1.1 4 0.208 

1.25 0.084 1.25 15 0.103 

0.662 0.046 1.35 17 0.056 

We see from Table 4 and 5 that the lower the source 

energy E
0

, the lower is the sensitivity to the source 

thickness change. The main reason is that for E
0 

= 6 MeV 1 

cm is optically thin - 1 cm = 0.24 mfp - but for E
0 

= 

0.662 MeV we have 1 cm = 0.57 mfp , the 1-cm slab tends 
already to get optically thick and approaches the 15-cm 

slab source (but if the sh ield material changes, ~~~ (x, w) 
is more sensitive at lower E

0 
.) . 

direction with w;::;; 1 (the others with w far from 1 - more 

precisely those with µox/w - µox >> 1 - are absorbed 

much faster). 

For - 1 :s;;;; wi:s;;;; 0.3 the following fit is possible 

6 Q(s ,l, l 5 l (x,w)=A(12cm/x )8 (1 ± P%) 
E,R 

Table 5 shows A, B, and P as fu nctions of E
0 

and w ; (the 

deviations P ), 15% are due to rounding errors, and they are 

of small importance where 60 is below few%). 

w. = o w. =o.3 
I I 

B p A B p 

1.25 2 0.405 1.41 6 

1.3 7 0.256 1.337 9 

1.46 11 0.118 1.46 9 

1.55 8 0.062 1.585 9 

Table 6 shows, for E
0 

= 6 MeV and 1.25 MeV, limits 

for the difference between the scattered relative angular 

dose rate - D~· 1 l (x, w) - and <N 5R1 l (x, w ) . A comparison 

with Table 3 shows neglig ible differences for E = 1.25 
0 

MeV the corresponding limits for D = 1 cm and D = 15 cm 
differ only by ± 1 %. For E

0 
= 0.662 MeV the deviations 

should be sti l l lower. But for E
0 

= 6 MeV only the upper 

lim its co incide within ± 1%; the lower limits are below 

Table 6: DR(s,1) - OE R(s,l) in %, upper and lower li<;:its vs. E
0 

and wi; for 6 cm :s;;;; x :s;;;; 60 cm 
' w. 

E I -1 
0 

-.7 -. 3 0 

30 30 31 23 
6MeV 

36 38 41 41 

-6 -4 -1 0 
1.25 MeV 

-7 -5 -2 1 

those of D = 15 cm by at most 7 % for 0.3 :s;;;; wi :s;;;; 0.6 and 

by at most 4% for wi:s;;;; 0; for wi ), 0.8 they differ again 
only by ± 1%. But if only the range x), 12 cm is regarded 

for D = 1 cm, the same upper and lower limits(± 1%) can 

be applied as for D = 15 cm and 6 cm :s;;;; x :s;;;; 60 cm. For E
0 

= 3 MeV one can interpolate in E
0

· between 6 MeV and 

1.25 MeV. 

In order to interpolate in the sou rce thickness D one 

should plot <Jt:.(~R 0dver the "satura ti on degree" of the source 

slab : 

SD= 1 - exp (- µoD) 

0.3 0.6 0.8 0.8 0.97 

2 -7 -1 -1 0 

42 30 13 5 2 

1 0 0 0 0 

2 3 3 2 0.5 

(SD is proportional to the unscattered angular flux for w = 
1). Table 7 shows that the case D = 3 cm is nearer to D = 15 
cm for E

0 
= 0.662 MeV, but nearer to D = 1 cm for E

0 
= 6 

MeV. 

Table 7 : Saturation degree SD vs. Eo and D 

~ ) 0.662 6 

1 0.43 0.21 

3 0.82 0.51 

15 0.9998 0.972 
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Data Processing and Interpretation 
for the remote Sensing of Earth Resources 
J. Megier 

Introduction 

To meet t he needs of the AGRESTE project 1) - appli 

cation of remote sensing of Earth resources by sate I Ii te to 

agricu lture and forestry - a data-processing team was 

formed at lspra to handle the data from the LANDSAT 
satellite. The matter was so urgent that it was decided to 

adopt, at any rate for a start, conventional methods of 
automatic data processing and se lection that had, in the 

main, been proven in other fields. The algorithms for 
applying these methods were either already available at 

other laboratorie 2) or were developed at I spra. 

One of the pri mary aims of AGRESTE is to determine 

how far it is possib le to obtain an inventory of the acreages 
under rice and poplar in European farming and forestry 

conditions; this is the problem that we shall consider in the 

following pages, after briefly reviewing the techniques 

employed. 

Methods Used 

With the LANDSAT sate I I ites, the resolution of the 

data on the ground is of the order of 80x80 m2.and each 

resolution element (RE) is represented in the measurement 
space by the values of that element's spectral responses to 

the ground in the four optical channels avai lable on the 
satellite , i.e. in the wavelength bands (inµ) 0.5 - 0.6; 0.6 -

0. 7; 0. 7 - 0.8 and 0.8 - 1.1 (near-infrared). The spectral 

responses are digitalized into discrete integer values 

between O and 127 for the first three channels, and 

between O and 63 for the last one. 

Data Processing Using Single Channels 
or Channel Ratios 

I n th is simple case the R Es of the zone to be processed 
have to be classified according to their spectral response in 

the se lected channe l. The classes are intervals in the field of 
variation of the response, which are chosen, for example, 
after examination of the histogram of the channel values 
for the zone. T he same technique can also be applied to the 
ratios of the values in two channels. 

"Learning" or "Supervised" Classification 

Al l these methods use prior knowledge of certain zones 

of the scene to be processed, the identity of which is 
known . The statistical parameters of the distribution in 

those zones of the RE values (in the four channels) are then 
determined and they define the classes that will thereafter 

be used in the classification. 
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Euclidean or Angular Dis tance between Classes 

Each of the different classes to which the vectors (RE) 

will be assigned is represented by its mean vector estimated 

in the respective reference zone and is Ii m ited by a member

ship threshold. We define a distance between vectors in the 
measurement space and assign each vector to the class to 

which it is nearest in this scheme, provided that it is not 

excluded from that class by the membership-threshold 

value; if it is so excluded from all the classes, the vector will 

remain unclassified . 

In the simplest methods the distance employed is either 

the Euclidean distance [ (X-Y.) T (X-1'.) ]112 between the X 
and Y. co lumn vectors, or the angular distance (25, .'{) which 

is related to the Euclidean distance ON between the norma

lized vectors X/IIX II and Y. / IIY.11 by the relation (X.r'.) = 
2 sin- 1 

( ON /2). The membership threshold is chosen as a func-

tion of the dispersion of the points (or vectors) round the 

mean vector of each class, expressed for example, in angular 

distance. 

Non-parametric Linear Discrimination Functions 

From the formal point of view the foregoing method 
may be characterized by the fact that it uses discrimination 

functions which are linear (for each class) and parametric in 

that the coefficients of the linear forms are provided by the 

mean vectors of the different classes. Hence, a formulation 

equivalent to the one described above consists in defining 
for each class C. a discrimination function f.(X) = M.T X -

T I I I -

1 /2 M. M., where M. is the mean vector of class C., and X 
----t --t - I I -

is assigned to class Ck for which fk (25) ~ fi(~), 'Ii i. 

From this sta ndpoint we can also at the outset define 
linear discri mination functions for each class, the coeffi
cients of whi ch will then be determined by iteration over 
the reference zones; more precisely, the coefficients of the 
linear forms are gradually modified in keeping with the 

results of classification of the reference vectors (whose 
membership class is known) by certain familiar techn iques 

which would take too long to describe here 3 ) . Al l the 
reference vectors are thus "fed into the classifier" once and 

then a second time and so on until the classification results 

are stable, i.e. unti l all the vectors are correctly classed, on 

the hypothesis that Ii near separation of t he classes is 
feas ible, and in this case the convergence of the process is 
demonstrable 3 ) and effective. The discrimination functions 

thus defined are subsequently used to classify the unknown 

vectors. In the majority of cases t he above hypothesis is not 
strictly valid, and then we can use for the discrimination 

function the set of coefficients that has given the bes· 



classificat ion results during a certain number of "learning" 

iterations over the reference zones. 

Non-parametric Quadratic Discrimination Functions 

The same viewpoint of "learning" by iteration over 

reference zones can be generally extended to include discri 

mination functions defined by quadratic forms of the 

vector coordinates in the measurement space. The linear 

class-separation hypothesis is thus avoided and the results 

w ill in general be better, at the cost of longer computing 

ti mes ( 15 coefficients to be adjusted for each class, instead 

of 5 in the linear hypothesis, and with a measurement space 

of dimension four). 

Maximum Likelihood for Normal Variables 

In this context the probability distributions (or likeli 

hoods) for each class P(~/ Ci) are assumed to be known and 

normal. The decision rule concerns the reciprocal condi

tional probability P(C/2$) that the unknown vector K 
belongs to the class Ci, and this can be ca lculated by Bayes' 

formu la, P(C/2$) = (P(2$/Ci) P(Ci)]/P(2$). The decision rule 

is then written: 

P(X/C) P(C.);;;, P(X/C.) P(C.), '<::/ . i= i-+ X EC. 
- I I - J J J - I 

where, if we write the law P(X/C.) more explicitly and, for 
- I 

convenience, use the logarithms of the above expressions: 

h. (X) ;;;, h.(X), 'v .i= i-+X E C. 
I - J- J - I 

with 

hi(2$) = log P(Ci) - 1/2 log I~) - 1/2[(2S - .M/ 
r:' (X - M.)] 

I - -1 

where Li is the covar iance matrix of class Ci, estimated over 

the sample constituted by the reference zone for that class, 

and .Mi is the mean vector, sim ilar ly estimated. 

The eva luation of P(Ci), the a priori probability of 

existence of the class Ci in the scene to be processed, opens 

the door to a controversial problem of statistics, but a 

reasonable cho ice in the case of "supervised" class ifi cat ion 

consists in admitting equal a priori probabilities for all 

classes and therefore el iminating them in the decision rule. 

Another controversy casts doubt on the normality of 

the vector distributions in the different classes; but here it 

shou ld be remarked that although the decision rule given 

above is no longer theoretically optimum for non-normal 

distributions, nevertheless it defines a quadratic parametric 

classifier within the meaning of the sect ion above. 

Classification without Learning or Unsupervised 

In this case the vectors of the scene to be processed are 

exam ined with no prior knowledge of the classes of in

terest. The classification algorithm defines a logic for aggre

gating the scene vectors into classes by means of a measure 

of inter-vector simi larity (which may be the Euclidean or 

angu lar distance in the simplest cases) and a threshold of 

aggregation in the classes, similar to the membership thre

shold mentioned in section "Euclidean or angular distance 

between classes", which evolves during the working of the 

algorithm and may, for instance, be a function of the 

variance of the classes being constituted . The process may 
involve all the points (vectors) in the scene or only some of 

them chosen at random; in the latter case the remaining 

points are then classed, by one or the other of the tech

niques set out in " Learning or Supervised Classification", in 

the classes defined beforehand on the random sample. The 

points involved may be processed once only by the aggrega

tion technique or severa l times in the course of successive 

iterations in order to obtain relative stabil ity in the classes 

constructed and in the decisions on membership of points. 

Auxiliary techniques are also employed to reject poorly

representative aggregations, to amalgamate neighbouring 

aggregations, to increase the variance of the sample in cases 

of random sampling, and so forth . Needless to say, the 

various parameters governing the intensity of the agglome

ration process, and hence the number and extent of the 

classes identified in the scene, remain subject to control and 

interpretation by the user. 

Two simple methods that use these techniques have 

been tested; one uses the Euclidean or angular distance as a 

measure of sim ilarity, performs a random samp ling , does a 

single pass over the selected points and then classifies the 

whole of the scene as described above (C LUS method 4 )); 

the other uses a Euclidean distance weighted with the 

variance of the classes being formed, processes the whole 

set of points whilst applying a rejection criterion to the 

already aggregated points in accordance with the evolution 

of the classes, and performs severa l iterat ions (C LUSW 
method) S) . 

Data Compression: Selection of Linear 
Channel Combinations 

The aim is to construct linear transformations of the 

measurement space which wi l l reduce the dimension and 

yet detract as I ittle as possible from the performances of 

the class ifi cation algorithms; this will save computing time 

and facilitate data handling and storage. 

Criterion of Minimum Loss of Information from the 

Standpoint of Data Variance: Karhunen-Loeve 

Factorial Analysis 
In th is method the variance of data is represented by 

the covariance matrix r and the transformation is the 

matrix r/l in which </)is the matrix of the eigenvectors of i. 
The channel values become independent in the transforma

tion and the transformed covariance matrix is the diagonal 

matrix A= ("1 ·. ~ 0 ) of the eigenvalues X. of i. If we then 
0 . /\11 I 

choose as the transformation matrix F the first m rows of 

the matrix n.n t (where m < n) this means that we re

present a n-dimensional vector~ by am-dimensional vector 

'f_ = F_X_ on the basis of the criterion of the least mean

square error equal to 

(ref. S)) 
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The data variance fraction retained in the transformation is 

L can be estimated overall in the scene or calculated by the 

weighted sum of the covariance matrices Li of the classes of 

interest Ci estimated over the respective reference zones, as 

matrix Win the next section. 

Criterion of Maximum Separation between Classes: 

Canonical Analysis 

The method employed here uses a matrix of covariance 

inside the classes, W, which is defined by 

h 

w=[ 
i=1 

N. - 1 
I 

N-h 

where Ni is the number of elements (vectors) in the refe

rence zone of class C., N = .t1 N. and h is the number of 
I 1=1 I 

classes, and a dispersion matrix P which is a function of the 

Euclidean distance between the mean vectors M. of the 
---l 

classes Ci and is defined by 

h 

P=[ N. 
I (M. - M) (M. - M)T 

_J - _I -

i=1 

where 

N. 
I 

N 
M. 
-1 

(Ref. 2 )) 

The criter ion of maximum separability between classes 

leads us to determine a transformation matrix C such that 

the transform of P, CPCT will be maximum with the addi

tional constraint CWC T = I which ensures uniqueness of C 

and also independence and unity variance of the trans

formed variables 6 ,7 ). This problem is reduced to a classical 

problem of eigenvalues find F such that FVF T is maxi

mized under the condition FF T = I, with F = cw 112 and V 

= w- 1/ 2 P(w- 112 )T;w 112 being defined by (W112)Tw112 = w 

and cal cu lated by w- 112 = A A: 112 where A is the matrix of 

the eigenvectors of W and J\. is the matrix of the eigen

values. The transformation sought is then C = Fw- 112 . It is 

a m.n matrix with m,( n and m,;;;; h - 1. If we take the first 

m rows of C, the data variance fraction retained in the 

transformation is equal to 

*) 

where the Ai are the eigenva lues of matrix V. The conse

quence of choosing the maximum separability criterion will 
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be seen in the fact that the linear transformations defined 

by the successive C rows (i.e. the successive axes of the 

transformed space that are taken into account) operate a 

decreasing class-separation from the first to the last row, in 

terms of classification. 

Results Outlined 

These preliminary results concern two scenes from 

LAN DSAT-1, one of 10 May 1973 and the other of 7 

October 1972, concerring one of the Italian AGRESTE test 

sites which lies north of the Po between two of its conflu

ents, the Ticino (at the Pavia Level) and the Sesia. This 

region includes, in particular, the towns of Pavia, Novara, 

Vercelli and, north of the Ticino, Milan. The initial object 

of the study was to sound out the performances of the 

classification methods for the purposes of an inventory of 

the acreages under rice, which are very extensive in the 

triangle bounded by the Po and the Ticino, and of the 

poplar groves, mainly grouped along the Po. What is re

quired, therefore, is not so much the "land use" type of 

integral classification of a given region into very large 

classes, but rather a selective classification into specific 

classes. 

Inventory of Rice Acreages 

The LAN DSA T-1 scene of 10 May 1973 concerns the 

rice-field zone at the moment when these fields are flooded, 

and it was found under these conditions that the simplest 

and most rewarding method of discriminating the rice-fields 

is a simple level-slicing of LANDSAT channel 7 (near

infrared) where water is assigned the lowest class of values. 

By this process streams and the roofs in large towns (Milan 

or Pavia for instance) are classed in with the ri ce-fie lds, but 

it is easy to deduct them from the overa ll result by proces

sing the same scene again at a time when the rice-fields are 

no longer (or not yet) flooded, or by a more elaborate 

treatment involving all four of the LANDSAT channels. 

Table 1 shows the results of classification by different 

methods and the computing times (CPU) with an 

I BM 370/165 (central memory 1000 K bytes), for a typical 

zone of about 50 km 1
, compared with the evaluation done 

on the ground for the same zone. 

The reference map (Fig. 1), where the rice-fields are 

shown as black, was made by grouping together the 1/6000 

scale survey maps of a number of rice-growing communes 

updated to 1973 as regards rice by the I talian Ente 

Nazionale Risi. The evaluation of the area percentages on 

the map thus formed was done by counting points on an 

overlay grid (44,000 points counted). The evaluation error 

should thus be less then 2 per cent. 

The calculations using the Euclidean distance between 

the mean vectors of the classes showed high sensitivity in 

the results at the threshold chosen for the "water" class; 

this makes it a tricky method to use in a selective classifica

tion context. With the non-parametric linear method it was 

necessary to define two other fairly large classes as well as 

"water" - "high vegetation" (trees) and "low vegetation" 

(fields and meadows) - which were not linear ly separab le, 

*) This variance is an overall measure of the separation between the 
classes represented by their mean vectors. 



Table 1 : Percentage of land under rice. Comparison of results obtained with the different methods 

% of points 

Method classed as 

"rice" 

Level-slicing on channel 7 39 .6 
(I.R.) 

Mean vector (Euclidean 38.5 
distance) 

Non-parametric I in ear 34.9 
classification 

Unsupervised classification 34.8 
(CLUS) 

Maximum likelihood 3 1.9 

Channel 7 / channel 5 43.7 

Reference value 40.73 

Fig. 1 : Distribution of rice-fields (black) in the reference zone 
studied 

and we used the technique described in par. "Non-parame
tr i c Ii near discrimination functions" for such cases. 
Actually the CLUS aggregating technique identified five 
classes of water in the rice-fields; this fact illustrates the 
wide dispersion and irregular distribution of the compre
hensive "water" class, li kewise the relatively poor perfor
mance of the maximum-likelihood method in cases of 
excessively irregular distribution . The performance of the 
method of level-slicing on channel ratios is also poor, 
considering the high percentage of wrongly-classed points. 

Figs. 1 and 2 show, respectively, the rice-field distri 
bution in the zone studied and the best classification 
obtained, photographically worked up by an Optronics in
stallation from results stored in magnetic tape. It should 

Difference % of these points Computing time 

from reference, wrongly classed for 11160 points 

in% as "rice" (sec) 

- 2,8 < 1 5 

- 5.5 <1 5 

-14.3 <1 7 

-14 .6 <1 11 

-21.7 < 1 35 

+ 7.3 13 .6 -

- - -

be noted that we were able to establish an al most perfect 
match between the limits of the studied zone on the refe
rence map and the corresponding limits on the classified 
map, with an error of certainly less than 2% on the areas. 
The distortion in Fig. 2 is due to a further processing done 
after the classification in order to correct the wel I-known 

geometric deformation of LANDSAT data ( on magnetic 
tapes at al l events) . These two comments app ly equally to 
what fol lows. Corrections were also made to the value given 
by the reference map to take account, first, of flooded 

meadows, and secondly of rice-fields not yet flooded on 10 
May 1973. ExamplPs of these two effects can be seen if the 

two documents are compared. 

,' 
... -~ • 

. ' 
~-··.~ 

Fig. 2: Classification of rice-fields (shown in black) in the same 
zone by level slicing on channel 7 (near-infrared) 
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Inventory of Poplar-Grove Acreages 

This study used the same LANDSAT scene as before 

with, as reference document for the poplar distributi on, a 
photo-interpretation by conventional methods of an aerial 
near-infrared photographic cover, scale about 1/8000, 
dating from early June 1973, i.e. one month after the 
LANOSAT-1 passage utilized. The photo-interpretation 
was done by the Italian lstituto Sperimentale per la Pioppi
coltura, on a zone of about 30 km 2

; it concerned the 
poplar groves distributed along two big bends in the river 
Po southwest of Pavia and was checked by direct on-the
spot inspection in cases where interpretation was uncertain . 

The area eva lua tion , done by the same method as in par. 
"Inventory of rice acreages", used some 62,000 points and, 
besides the poplar groves, dealt with the rice-fields and 
streams in the zone, the river Po and its tributary the 
Terdoppio , and the natural wooded areas comprising 
mainl y poplar and willow. The research workers at the 

lstituto Sperimentale per la Pioppicoltura grouped the 
poplar groves into three classes by percentage of ground 
coverage (poplar groves "viewed" from a point situated 

vertically above them): 

adult groves (age ~ 7 years) with over 75% ground 

coverage; 

intermediate groves (age 4-6 years) with 25-75% ground 
coverage; 

young groves (age < 3 years) with less than 25% ground 
coverage. 

They estimate the interpreting error to be about 1 to 2% of 

the grove area. 

Fig. 3 is a black-and-white reduction of the original 
co loured document. It shows the river Po with its two 
bends, its blind creeks, its tributary that winds along in the 

Fig. 3: Reference zone for inventory of poplar grove acreages. 
The adult groves are surrounded by a black line 
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Fig. 4: Result of classification by maximum likelihood 
Black: streams 
Dark grey: rice-fields 
Light grey: poplar groves 

upper half, and the rice-fields on the left bank (the Po 
flowing from west to east). The adult poplar groves are 
shown in black, the intermediate groves are edged with 
black lines. The young groves are also shown, in dark 
grey, but the present status of the study did not allow of 
identifying them by any method, because the spectral signa
ture of the bare portion of ground varies extremely from 
one grove to another since it is customary to grow a wide 
variety of secondary crops in the young groves. The results 
of classification of rice-fields, rivers and poplar groves are 
given in Table 2. 

The maximumlikelihood method, which on the whole 
gives the best results, actually used for the three classes 
statist ical parameters estimated on samp les scattered over a 
wide area of the AGRESTE test site between the Po and 
the Ticino; it also used two very broad auxiliary classes, 
with wide variance, into which were grouped those points 
in the zone that were of no interest to the study - fie lds, 
meadows, vi llages etc . The non-parametric methods on the 
other hand used learn ing samples, taken in the zone under 
study, for the three classes and for an additional wide-va
riance class . The methods as a whole demonstrate that it is 
difficult to discriminate between streams and flooded rice
fields; shallow edges of streams, in particular, tend to be 
classed as ri ce-fie lds. 

As to recognition of poplar groves one can see from Fig . 
4, which shows the result of the maximum likelihood 
method, that the big adult or intermediate groves are 
successfu lly located, whereas th e long narrow groves 
(average width 25 m) are very hard to detect, owing to the 
average resolution of LANOSA T. The adu It groves lying 
east of the Po near the edge of the photograph were in fact 



Table 2 : Different classification methods applied to rice-fields, streams and poplar groves. Comparison of results 

Rice-fields Streams Poplar groves 

Method 
% of points % of these % of points 
classed as points wrongly classed as 

" rice" classed "streams" 

Max . likelihood 10 .9 27 8.0 

Mean vector - - -

(Eu cl. distance) 

Non-parametric 13.5 35 8 .0 
linear classif. 

Non -parametric 11.8 27 8 .4 
quadratic class if. 

U nsu perv ised 8.4 33 3.7 
classif. (CL USW ) 

Reference va lue 10.3 - 8 .6 

recogni sed but were subsequently cu t out during th e geo

metri ca l rectif icat ion process. The percentage of poin ts 
wrongly cl assed as "poplar" is eq uiva lent to 1.6% of the 

area of the region studied and corresponds to t he eva luation 

of natural forest zones done by th e lsti tuto Sper imenta le 

per la Pi oppi coltura. The overall practi ca l result is that 70% 

of al l th e adult and intermediate poplars were recognised. 

The CLUSW unsupervised cl ass ifi cati on method proved 

good at loca ting classes, alth ough the percentages found are 

insuff icient. Non-parametri c quadrat ic cl ass ificati on gives 

resul ts very close to those given by max imum likelihood. 

The method usi ng chan nel rat ios is not included in the table 

becau se, alt hough on the whole it does loca te the zones 
w ith popl ars, it is affected by qui te a wide di spersion of the 

resu I ts. 
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Fig. 5: Result of unsupervised classification by CLUSW method 
Black: streams 
Dark grey: rice-fields 
Light grey: poplar groves 

% of these % of points % of these Computing 
points wrongly classed as points wrongly time for 

classed •poplar" classed 6248 points (sec) 

15 7 .5 21 18 

- 8.0 20 4 

15 12 .4 45 4 

18 8. 1 31 9 

2 4 .0 6 77 

- adults : 6 .3 -
intermed. : 2.0 

Fig. 6: Poplar groves along the river Sesia. Reference photo
-interpretation. Adult groves in black, intermediate groves 
out lined in black; the three zones marked by a central 
dot in the biggest grove are treeless. The dark-grey areas 
are rice-fields 
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Another study that we may briefly mention here, done 

in an easier context, gave results which were slightl y better 

though err ing on the high side this time. For thi s study we 
used the LAN DSA T-1 scene of 7 October 1972 and , as 
reference, a photo-interpretati on of poplar groves as they 
stood in 1972 on part of the course of the river Sesia before 
it joins the Po. The comparison, which concerned the zone 
def ined by the irregular quadrilateral drawn on Fig . 6, used 
maxi mum-li kelihood classification. The statistical parame

ters of the classes "poplar groves", "streams" and other 
auxiliary classes were estimated outside the study zone. The 
overall resu lts were as follows (Fig. 7): 

est imate of areas of adult or intermed iate poplar groves: 

25-28%; 
classification by max imum likelihood: 32% of the 
points, i.e. an excess of about 20%, which may in part be 
due to possible imprecisions in the interpretation done 
by correcting a June 1973 document. According to the 
experts there is a probability that some unidentified 
adult groves, cu t down between October 1972 and May 
1973, were not put back into the photograph. 
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Fig. 7 : Result of maximum-likelihood classification. 

Black; stream 
Dark grey: poplar groves 
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Fig. 8 : Result of linear selection of two dimensions out of. four 
by factorial analysis followed by classification by maxi
mum likelihood 

Linear Selection of Channels by Factorial and 

Canonical Analysis 

The results obtained by factoria l and canonical analysis, 
for the same zone as th at stud ied in par. "Inventory of 
Poplar-Grove Acreages" (and using the same classes defined 
by the same statistica l parameters) are su mmarized in 

Table 3 . 

Table 3 gives on ly the overa ll results of class ification, 
excluding the percentages of wrongly classed points, which 
were of the same order as those in Table 2 except in the 
case of select ion of a single axis for the pop lar class, and for 
the stream class in one case. On average, channel se lection 
by either method conserves the same classification resu lts. 
Overal I, the two methods appear to be equivalent, factorial 
analysis is not very sensitive to the choice of covariance 
matrix (overall or weighted) except in one case, but 
canonica l analysis, coupled with a class if ier using Euclidean 
distance between mean vectors, displays considerab ly less 
tendency to degrade the results when the dimensionality 
goes from four to one. Thi s, of course, is the consequence 
of the se lect ion criter ion adopted. Fig. 8 illustrates the 
result recorded in the second row of Table 3, Fig. 9 shows 
the results of class if ication by Euclidean distance between 

mean vectors done after canon ica l analysis keeping the 
dimensionality; it is perhaps th e best result obtained from 
the standpoint of class separation with the shortest 
computing time. Fig. 10 shows the degradation of results 
with this method when the dimensionality is reduced from 
4 to 1 - though th is degradat ion is substan tially less than 
with the other methods. 



Table 3 : Effects of linear channel s,election on classification results (FA=factorial ana lysis; 
CA= canonical ana lys is) 

Method Selection % of variance 
(CA or FA) of axes retained 

Max. li ke lihood - -

see table 2 

FA, overa ll L + max. 4~2 99.3 
likelihood 

FA, overal l L + max. 4~1 60.6 
li kel ihood 

FA, weighted L + max. 4~2 98.4 
likelihood 

FA, weighted L + max . 4~1 78.2 
likelihood 

CA+ max. li kel ihood 4~2 98.0 
(matrix V) 

CA+ max . likelihood 4~1 93.6 
(matrix V) 

CA + Eucl. distance 4~4 98.0 
(matrix V) 

CA+ Eucl . distance 4~1 93.6 
(matrix V) 

Reference value - -

Conclusions 

Our investigation of the commonly used classification 
methods applied to data from the LANDSAT-1 sate l lite 

enabled us to evaluate precisely the percentages of rice-field 
areas. The eva luation of poplar-grove areas proved to be 

more difficult under the European cond itions of fairly 
smal I pl antat ions; nevertheless the average recognition of at 
least 70% of groves w ith a ground coverage of over 25% is 
an encouraging result for purposes of inventory and eva-

a • I 

I - ~ 

Fig. 9 : Result of classification by mean vectors (Euclidian 
distance) performed after a canonical analysis that did 
not affect the dimensionality 

% of points classed as 
rice-fields streams poplar groves 

10.9 8.0 7.5 

11.3 7 .9 8.4 

12. 1 7.2 23.7 

11 .2 7.9 8.4 

13.1 28.5 23.5 

11 .6 7.9 7.8 

12.3 7.3 23.4 

11.6 7.3 8.9 

12.2 8.0 18.6 

10 .3 8 .6 6.3 +2.0 

~r 

Computing time 
for 

6248 points (sec) 
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Fig. 10 : Result of linear selection of one dimension out of four by 
canonical analysis followed by classification by mean 
vectors (Euclidian distance) 

luating amounts of timber. In this context , fairly simple 
unsupervised class ifica tion techniques merit \lttention. 
Lastly, the statist ical conformation of the LANDSAT-1 
data, which were analysed over a sma ll but quite typical 
zone, suggests that we may we l I be able to operate a 
selection of linear combinations of channels with a view to 
shortening computing times and reducing data hand ling and 
s'torage problems. 
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Introduction to 

Engineering Sciences 
S. Finzi 

In the reorganized structure of the lspra Esta
blishment, the following divisions: 

• Heat Transfer and Fluid Mechanics 
• Applied Mechanics 
• Process Engineering 
• Electronics 
• ESSOR 
• Design and Fabrication 

formed the Department B. 

The fields of competence covered by this 
Department are clear from the titles of the various 
divisions, known collectively as "ENGINEERING 
SCI ENC ES" . 

A small group of biologists, who are members 
of the lspra Staff but attached to the Biology 
Division of the DG XI I, belongs also to this Depart
ment. They contribute to the Environment Pro
gramme in the field of eutrophication of lakes and 
consequences of water pollution. 

The contribution of the Engineering Sciences 
department to the different programmes assigned 
to the lspra Establishment is roughly the fol
lowing: 

- Safety 90% 
- Hydrogen thermodynamic 40% 
- Remote sensing and Earth Ressources 90% 
- Solar energy 50% 
- Protection of environment 20% 
- BCR 25% 
- Safeguards 20% 
- Fusion 
- Materials 

Continuous support is also given to all the acti
vities of scientific divisions, by the Workshop and 
Design Office on the one side and by a part of the 
Electronics Division on the other, in terms of 
mechanical design and construction and electronic 
instrumentation. 

The ESSOR Division is responsible for oper
ating the ESSOR complex (including the reactor, 
the attached facilities and the hot labs). Under the 
agreement signed by the Commission and the 
Italian Government in virtue of article 6 of the 
Treaty of Rome, ESSOR has the task of executing 
the programme financed by the Italian Govern
ment on LWR fuel behaviour. 

Department B 

The main achievements of the different 
divisions during these two years were: 

Heat Transfer and Fluid Mechanics 

The activities were essentially developed in the 
following areas, related to the Safety and Solar 
Energy Programmes: 

Nuclear Reactor Core Thermohydraulics 

The HERA computer code treating Fast Breed
er Safety problems was applied to study the decay 
of coolant temperature perturbations downstream 
of a failure zone in a subassembly. This work has 
shown that even relatively small blockages give rise 
to an anomalous time-average temperature distri
bution at the bundle outlet. Preliminary measu
rements were made of thermal noise and time
average temperature fields in the plenum of an 
8-rod linear bundle. 

A new fast method was developed for comput
ing transient fuel -rod temperature fields. The de
velopment of methods allowing the theoretical 
prediction of 3-dimensional velocity fields in 
bundles was started. The studies on emergency 
core cooling were continued. An experimental 
facility was set up for studying quenching effects. 
In the context of contractual collaboration be
tween Euratom, CN EN and BM FT the subject of 
boiling mixing in 16-rod clusters is being studied. 

Depressurization and Slowdown 
Most of this work is now done under a four

year R&D contract concluded in December 1973 
between the Federal Minister for Research and 
Technology of the Federal Republic of Germany at 
Bonn (BMFT-Bonn) and the Commission of the 
European Community. The work is concerned with 
the construction of a rather large blow-down loop 
system and the performance of a certain number of 
loss -of-coolant experiments defined by the 
BMFT-Bonn (programme A). After that a similar 
experimental programme B defined by experiments 
of all the member countries of the Community will 
be performed on the same and/or a more or less 
modified test rig. 
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The experiments to be carried out with this 
two-loop system, which simulates the four-loop 
primary cooling system of a 1300 MWe PWR, are 
concerned with the investigation of LPWR-LOCA's 
caused by tube rupture at different positions in the 
primary cooling system of the reactor, taking into 
account the intervention of different emergency 
core cooling systems. The results will be used for 
checking and improving blowdown computer codes 
and associated theories for safety analysis of 
LPWRs. 

After a phase of execution of the detailed pro
ject of the loop, the main orders were placed and 
the loop is now being installed. A paper on this 
activity is included among the Selected Topics in 
this report. 

Liquid Metal Activity 
Research on the thermohydraulics of liquid 

metals was essentially devoted to the investigation 
of factors influencing the incipient superheat and 
the transient following the inception of boiling. 
Systematic studies were performed to find out the 
importance of various chemical treatments of heat
ing surfaces and the degree of turbulence in forced 
convection flow on the amount of superheat. 

Detailed studies were executed, and terminated 
as regards the experimental part of modelling the 
transient flow pattern in a fast reactor geometry 
following boiling inception, to measure the influ
ence of spacers on the liquid film left on the wall 
upstream and downstream of a spacer. A further 
subject of activity was the search for instrumen ta
tion methods for the detection of small quantities 
of gas in flowing sodium. In collaboration with the 
UKAEA Risley Laboratory, an acoustic Doppler 
method and ultrasonic travelling time measurement 
method were tested. 

Thermal Applications of Solar Energy 
Work is centered on the design and develop

ment of high-performance solar collectors with an 
efficiency of 50% in the range of 100°C. Different 
solutions are under study, using selective surfaces, 
or anti-radiation systems such as the FRANCIA 
system, or vacuum, to reduce heat losses by radia
tion and natural convection. These collectors are 
being developed mainly for housing applications in 
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the field of combined heating and cooling, for 
which a bromide lithium absorption cycle will be 
tested. 
This activity is being carried out in close collabora
tion with various firms and institutes, such as the 
CEA for whom experiments are being performed 
on several test installations including a solar simu
lator. 

Applied Mechanics 

The Division's activities essentially come under 
the head of support to the Commission in connec
tion with the programmes on Safety, Information 
Analysis Centres and Systems studies for fusion 
reactors. 

Safety 

In the field of Fracture Mechanics, the experi
mental work concerning the behaviour and the sig
nificance of cracks was pursued, with the accent on 
austenitic stainless steels for LM FB R application. 
A project concerning the significance of toughness 
degradation due to thermal aging was completed. 
The results of this project, pursued under a co
operation contract with I nteratom (Germany), are 
summarized in a "selected topic" of this report. 
Fatigue crack growth tests in sodium environment 
have been successfully conducted. In cooperation 
with CEA (France) a project was started to eva
luate radiation-induced embrittlement of materials 
for LMFBR and LWR applications. 

The activities to determine the constitutive re
lations between stress, strain and strain-rate of 
steels and equations of state of concrete were 
pursued, with a view to providing input data for 
the analysis of LM FB R core deformation problems 
related to hypothetical D.B.A. In cooperation with 
Belgonucleaire, CNEN and UKAEA various steels 
for LMFB R applications were tested by means of 
Hopkinson's bar type of equipment; they inlcude 
AISI 304, AISI 304L, AISI 347 and some mild 
steels in the strain-rate range of 10-2 to 103 sec-• 
at RT and in some cases up to 500°C. Hydro
pneumatic devices able to perform tests at the 
lower strain-rates (0- 100 sec-•) have been 
developed; these allow of an extension to bi-axial 
states of stress and deformation rates. For the very 



high strain-rate range, over 1000 sec- 1
, a shock

tube device was converted. 

With a view to confirming the validity of com
puterized mathematical models designed to simu
late hypothetical accidents in LMFBR, a research 
programme called COVA (COde VAiidation) was 
decided upon, consisting of DBA modelling expe
riments and fuel coolant interaction experiments. 
A 50-ton base was constructed in a new bunker, 
intensive work was done to ensuring reliable cali
bration of pressure transducers and strain-gauge 
type measuring devices, and new data-processing 
equipment was set up, allowing work with 42 
channels in a frequency band of 0-160 KHz, after 
which the series of tests covered by this program
me was started in collaboration with U KAEA. 

Project-oriented studies were also carried out, 
including large-scale explosion testing of the vessel 
Balen SNR and tests to simulate plug loading in a 
1 /6 model of the PEC reactor using bare charges. 

Fuel coolant interaction experiments in the 
Applied Mechanics division are carried out by 
dropping hot molten fuel into colder coolant in a 
tank geometry. (The converse experiments, i.e. 
dropping coolant onto molten fuel in channel 
geometry, are done in the Heat Transfer and Fluid 
Mechanics Division). As regards steel sodium inte
ractions, experiments were performed with steel 
heated up to 1600° C and sodium temperatures 
between 400 and 500° C. The U02 sodium experi
ments were continued, varying the mass of U02 (2 
to 3 kg) and the sodium temperature (350, 400, 
and 500° C). In all these tests only mild interac
tions occurred. In cooperation with BMFT this 
type of experiment is being extended to include 
LWR fuel coolant interactions. To this end an 
experimental facility was built and the experiments 
were started in 1975. 

Information Analysis Centres 

In the context of ESM IS (European Structural 
Mechanics Information Service) the 3-b benchmark 
analyses of current LWR pressure vessel compo
nents were continued, in particular on BWR pump 
nozzles (in cooperation with the DAEX) and PWR 
nozzles (in cooperation with TUV Stuttgart). The 

analyses were extended to include hypothetical 
3-D corner cracks in nozzles, uaing substructuring 
techniques. 

Fusion 

In cooperation with the CNEN group of 
Frascati and the University of Naples, conceptual 
design studies were carried out concerning the mi
nimum size of an electromagnetic containment for 
a fusion process (FINTO R project). 

Process Engineering 

Activities were developed in the following pro
grammes: Remote Sensing of Earth Resources, 
Hydrogen Production, Standards and Reference 
Substances, Reactor Safety, and Materials Science. 

The Process Engineering division has been 
involved mostly in activities which are fairly new at 
the J RC. This situation has imposed a particular 
effort to acquire and develop new techniques and 
to organize new laboratories. 

To cope with the emergency needs of the pro
grammes the Division was structured into three 
main branches: 

• process identification and evaluation techno
logies 

• physical technologies and 
• chemical technologies 

We summarize here their main achievements in 
terms of techniques or methods acquired or deve
loped. 

The work of the process identification and eva
luation branch is both experimental (equipment 
surveillance for operational safety) and theoretical 
(process modelling and reliability evaluation). The 
outstanding achievements can be considered the 
successful introduction of heuristic approaches in 
flowsheet evaluation and optimization and the use 
of advanced statistical approaches in high
frequency random noise signature analysis. Details 
of these techniques as applied to stress wave emis
sion will be found among the Selected Topics in 
this report. 
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The physical technologies branch is working 
mainly on surface physics and on electromagnetic 
wave (visible and infrared) physics. 

In the first of these subjects, experimental 
facilities for studying surface phenomena for 
fusion reactors (blistering and gas desorption) were 
put into operation. In the second, an outstanding 
competence was developed in radiometric techni 
ques for studies on radiance and spectroreflectance 
in connection with remote sensing applications. 

The chemical technologies branch deployed its 
main effort in equipping new laboratories, for 
physicochemical measurement (thermogravimetry 
and high-temperature viscosimetry) and for deve
lopment of chemical reactors. 

The contribution of the Process Engineering 
division in terms of results useful for the various 
programmes can be found in the corresponding 
programme reports. In particular : 

• Earth Resources: 
all the activities, in collaboration with CETIS 

• Hydrogen Production : 
Flowsheet Wave Emission and Reliability 

• Nuclear Safety : 
Stress Wave Emission and Reliability 

• CBR: 
Viscosity and Tribology 

• Materials Science: 
Plasma Wall Interaction Studies. 

Electronics 

The highlights of the different activities per
formed in the Division are listed in the following. 

Secretariat of Specialized Working Party 
on Research in the Field of Biomedical 
Engineering (CRM!CREST) 

Four conferences of the Working Party, composed 
of national representatives of the Community 
countries, were held at lspra and in Brussels. 
Fields of main interest were identified for a pro
gramme of dissemination of knowledge and pre
paration of workshops, summer schools and fellow
ships. 
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Electronic Support to the Scientific Programmes 

Considerable effort was devoted to the specifi
cation of a large and complex data acquisition 
system (more than 250 signal channels) for the 
lspra Blow-Down experiment. By using mini
computers we can today solve problems in a simple 
way where yesterday the cost was still prohibitive. 
Consequently the request for interfaces and con
trollers covers a wide range which includes such 
demands as: 

a special-purpose processor for mass-spectrome
try (PEGASO), (see Selected Topic) 

a sequencer with high reliability for reactor 
safety experiments (COBAL) 

a controller for automatic evaluation of par
ticle distribution in liquids 
a high-precision measurement system for tem
perature and viscosity. 

Parallel with the hardware development a soft
ware group was set up. Since the ratio between 
hardware and software effort will in the future 
shift even further towards software, the need for 
effective support in this field is evident. 

The study on the introduction of microproces
sor in CAMAC systems has been undertaken. The 
occasion was given by the development of a mini 
computer that should control the instrumentation 
for fissile material determination in fuel elements, 
through gamma ray spectrometry. The mini com
puter will be provided with a direct memory access 
both for the sequential input and for the incre
mental memory for fast data acquisition. 

Protection of the Environment 

The construction of the Raman Lidar system 
for remote sensing of atmospheric pollution measu
rements was practically completed. 

The characteristics of a new compact mono
chromator for measurement of Raman scattering 
were defined and the instrument ordered. Preli
minary in-field measurements of Mie and Rayleigh 
scattering were performed. 

The software is still being developed, subpro
grams have already been tested. The assembling 
program is not yet completed. 



IR Absorption 

The study on the use of an IR tunable semi
conductor device laser made substantial progress .. 
The testing apparatus was completed and equipped 
with a gas cell for spectroscopic measurements. 

Two devices emitting in the 5 µm and 8.5 µm 
region respectively were tested and their tuning 
characterisitics examined. Preliminary results of 
high-resolution spectra of NH 3 and S0 2 lines were 
obtained. 

Biotelemetry and Biomedical Transducers 

For the measurement of subacute effects of 
pollutants in air and water on small laboratory 
animals, the microminiaturized devices for bio
signal transmission were further developed. 

A prototype of a small transmitter with long 
operation time was constructed in thick-film 
technology and tested, and the receiving equip
ment was completed. 

During animal experiments it was found that 
even very small identification circuits fixed to the 
legs of rats are not tolerated by the animals. This 
problem needs still to be overcome. 

Design and Fabrication 

The aim of this unit is to give technical and 
scientific assistance to the research activities 
carried out by the different laboratories of the 
Establishment, providing the design and construc
tion of the experimental mechanical and electro
mechanical devices. The unit relies on: 

a design office 
a main workshop (about 80 people) 
11 small workshops (about 30 people) attached 
to the main laboratories in the centre 
a Private Firms section, which is responsible for 
ordering, supervising and commissioning of 
work placed with the mechanical and electro
mechanical firms outside the Centre. 

During 7 4- 75 the design office received 
requests for about 50 studies of various magnitude. 
The main achievements that deserve mention were: 
the designing of the new EU RACOS experimental 
device, a neutron converter which had to be re-

moved from the ISPRA-1 Reactor to a TRIGA
type reactor at the University of Pavia; a substan
tial contribution to the design of the Blowdown 
loop, the important experiment in the field of 
thermohydraulics evaluation of LOCA in LWR's 
which will be carried out by the HTFM Division; 

irradiation devices for the ESSO R Reactor; an 
automatic sampling device for polluted air, deve
loped in the context of the Environment Pro 
gramme research carried out at the Centre. This 
last device was considered of interest for i ndustria I 
applications and a licence will be granted to in
dustrial firms. 

Furthermore the Design Office produced or 
commissioned and supervised the production of 
about 6000 hours for graphs, diagrams and artists' 
views needed by scientists for conferences and 
publications. The main workshop, the laboratory 
workshops and the Private Firms section make 
pieces of equipment according to the requirements 
of the Scientific Departments. These requirements 
vary from major construction jobs to short inter
ventions for maintenance. 

In the main workshop about 500 orders of 
some importance were executed. Work of a certain 
interest from the standpoint of technology and 
importance included the following: 

a rig in ESSOR for capsule irradiation and 6 
pressure tubes in Zr .Nb alloy; 
a shielding structure for the above-mentioned 
EURACOS converter; 
a mechanism for the experimental zone of the 
RB2 reactor at Bologna (Italy) in which a cri
tical experiment was performed by the J RC 
staff; 
a series of apparatus for safety experiments in 
fast breeder reactor containment models; 
a vertical scanner for the 'Y spectroscopy mea
surements on fuel elements; 
equipment for melted-fuel water interaction 
experiments, in the field of safety research. 

During these years, despite the difficult finan-
cial situation, we were able to improve the poten
tiality of the workshop, and consequently the 
quality and efficiency of production, through the 
installation of some special apparatus - a panto
graphic table with photoelectric reading device, a 
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large-capacity profile projector, a guiding machine 
with continuous optical control of intricate forms 
and a numerically controlled lathe. 

A small professional school continued its acti
vities: a dozen students obtained their diplomas. 
The Private Firms section supervised about 200 
orders of varying importance placed with private 
industrial firms. 

ESSO R Division 

During 1974 and 1975 the principal activities 
of ESSOR continued on the basis of the impulse 
given by the first meeting of the Steering Com
mittee which took place on 20th December 1973. 
The objectives which were then fixed were the fol 
lowing: 

to complete, if possible before summer 1974, 
the essential modification of the reactor in 
order that the irradiations might be launched as 
soon as the test sections were available; 
following this, to study as soon as possible the 
most important modifications which would 
permit of adapting the handling installations to 
the requirements of the experimental pro
gramme; 
to prepare the irradiation devices and the test 
sections of a complementary or transitional 
nature in order to start the irradiation pro
gramme in September 1974 and to continue it 
until the middle of 1975; 
to continue the installation of the second 
channel of the CART circuit; 
to continue the studies regarding the new irra
diation circuits as specified in the reference 
Italian programme. 

Modification of the Systems 

These modifications were initially the critical 
point in the intricate complex of work envisaged in 
order to permit irradiation of test sections of a 
transitional nature as early as the middle of 1974; 
they were in fact completed in June. The loading 
of the reactor and the nuclear test at full power 
took place as foreseen before the summer of 1974. 

During 1975 the hoisting devices of the two 
loading and unloading machines were changed and 
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a design study for a storage and handling pool 
inside the containment building, of great impor
tance for the future experimental programme, was 
undertaken . 

Irradiation Devices and Test Sections 

Various complementary sections were called 
for by the experimental programme, as follows : 

the liquid safety rods, which are formed of two 
groups of 3 rods installed in two channels of 
the experimental zone. The functional tests 
were terminated in April 1974 and the circuits 
were ready for commissioning with demine
ralized water as soon as power operation of the 
reactor should begin. The test programme for 
these rods under irradiation, the study of the 
neutron transient and the measurement of the 
real insertion time and of the antireactivity 
took place according to schedule. 
The Calibri test device, inserted in a Zenon fuel 
element of the driver zone. 
The Zenon device was built in the Centre work
shops and was available in September. The 
Calibri 1 device, of interest to the DRAGON 
project, was built by the CEN Saclay, delivered 
to lspra at the end of September and intro
duced into the reactor and irradiated with the 
1st cycle of November. After 98.54 irradiation 
days a helium loss was noted in the external 
circuit which insulates the capsule. The test 
was terminated after a second leak was disco
vered in an internal circuit insulating the 
capsule, after 132.74 irradiation days. In spite 
of these technological problems, due to a 
defect of fabrication, we can conclude that the 
particle coating gives very satisfactory results 
since no appreciable activity was detected in 
the primary circuit. 

The Gioconda device, inserted in one of the 
sub-channels of the Modeste device in a 
channel of the experimental zone. The Modeste 
device was connected to the moderator circuit 
in December. The Gioconda test, wh.ich con
cerns measurement of the thermal conductivity 
in a fuel rod, was built by the CEN Grenoble. 
The test was introduced into the reactor in 
January and the irradiation continued normally 
until the shutdown of the reactor in July. 



The irradiation of two specimens of CIRENE
Spiedo structural elements placed in a Zenon 
device in September 1974 and in January 
1975. 
The test concerning the doping of silicon in 
order to transform a certain part into phospho
rus by an n, r reaction and the utilization of 
the product for the fabrication of semi-con
ductors. This is an operation for industrial 
purposes and is an interesting example of diver
sification of reactor utilization. 
Irradiation of collectrons and Zenon capsules 
in the driver zone and reflector, for physics 
parameters. 
The hydraulic pneumatic Rabbit device, which 
can be loaded and unloaded with the reactor in 
operation and is designed for the irradiation of 
different materials in non-instrumented 
capsules, was loaded into channel 10 of the 
experimental zone. It will be used to produce 
radioelements and for activation analyses for 
the J RC. 

The Second CART Channel 

The on-site assembly of the second channel and 
the modifications effected on the CART circuit 
were restarted in July 1975. They continued at the 
accelerated rythm until the end of 1975 and the 
circuit should be again operational in February 
1976. 

The New Circuits 

The design and fabrication of four major new 
circuits, provided for in the reference Italian pro
gramme were continued in parallel. At the end of 

1975 the status of these projects was the fol
lowing: 

I RA: the study contract which was launched in 
March 1974 allowed the start of the fabrication 
stage in September. The difficulties in the 
supply of the Zircaloy and a substantial in
crease of the overall cost of the circuit required 
a reexamination of the situation at the end of 
1975. 
The I arge circuits (Cleopatra and Ca bi ria): the 
study contracts were launched in March 1974; 
with the FIAT and PMN organizations, with 
which the UKAEA Harwell was associated in 
September 1974 on the basis of an expert con
s u It in g con tract. The construction speci
fications were approved early in 1975. The 
fabrication dossier and the tender have been 
received, and the fabrication contracts should 
be initiated at the beginning of 1976. 
SARA: this contract was given to UKAEA 
Harwell, which has good experience in the 
fabrication of this type of circuit. The work 
originally was concerned with a primary and 
secondary feasibility analysis and led to several 
changes in the specifications of the project. 
The preliminary design study was initiated in 
September 1975. 
The ESTER project: the specifications for the 
fabrication of this device were ready in March 
but the work was held up because of delays in 
the signing of the contract. 
The reactor, after its reconversion as described 
above, operated continuously from 6 No
vember 1974 to 7 _July 1975. 
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Experimental Investigation of the Influence 
of PWR-Loops on Slowdown 
W Riebold * 

General Remarks 

The LOB I ( Loop Blowdown Investigat ions) Project 

activities at lspra are performed ma.in ly under a four-year 

R&D contract between the BMFT~Bonn and the Commis

sion of the EC. This contract (RS-109/ 143-73-PIHOD), 

concluded in December 1973, concerns the construction of 

a rather large blowdown loop system and the performance 

of a series of loss-of-coolant experiments which are defined 

by the BMFT (programme A) 

A similar experimental programme (programme B) 

which is to be defined by experts of the Community 

countries, w i ll be performed afterwards on the same and/or 

a more or less mod ified test rig. 

The objec tive of this LOB! Project is the experimenta l 

investigation of the role of the different components of a 

PWR primary cooling circuit during a blowdown by the 

measurement of the ma in thermohydraulic quantities, 

especially those which influence the core cooling, i e. the 

flow and heat-transfer conditions and the pressure diffe

rences. The expe,-imental results will be applied to check 

and improve the blowdown codes and assoc iated t heories 

used for the safety analysis of LWR 's 

The scaling conditions for the test faci I ity design from a 
1300 MW(e) PWR reference plant are the fo llowing 

a 4-loop PWR primary cooling system is simulated by a 
2- loop experimental system, one loop representing 
three intact "reactor" loops and the other rep resenting 

the broken "reactor" loop; both loops are active loops 

containing pumps and steam generators; tube ruptures 
of different rupture sizes are to be simu lated at 
t h ree different positions within the broken loop 
(F ig. 1); 

the scaling factor of 712 for power, mass flow and 

vo lume leads to 5 MW heating power input to a 

64-heater-rod bundle as reactor core simulator; 

si ze reduction mainta ining the power-to-volume ratio; 

1 design (with respect to reactor situation) of 

- pressure drop distribution 

- f luid temperature distribution 

- components volume ratio 

- elevations of the components 

- lengt hs of the heat transfer surfaces 
( core rod bund le, steam generator). 

over who le 

the loop 

system 

*) Project manager. 

**) BMFT: Bundesminister fiir Forschung und Technologie, 
Federal Republic of German y. 
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The project work started in January 1974 with the 

revision of the preliminary design of the ex perimental loop 

system (proJect phase 11 according to the planning of the 
total project). 

Description of the 1974 and 1975 Activities 

The activities during 1974 and 1975 were ma inly 

concerned with the final designing of the entire experi 

mental test system (including electrical power supply, regu 

lating and control system, measurement instrumentation 

and data acqu isit ion system) and the placing of orders. 

1. Design of the LOBI Test Facility 

During the first year of the project work two major 

modifications were made to the loop system design, which 

led to mu ch more comprehensive revision work ( phase 11 of 

the project planning) than previous ly planned 

In January 1974, the BMFT-Bonn had changed the 

reference plant for the experimental loop system from a 

600 MW(e) to a 1300 MW(e) PWR. Maintaining the heating 

power input and the number of heater rods, t he sca l ing 

factor increased from 500 to 712 The reference plant 

change led to a greater heated length (3.9 m instead of 

3.0 m), greater height of the reactor model, greater height 

of steam generators and higher mass flow rates. Two 

separate steam generators had to be provided instead of the 
sing le one previously planned, in order to avoid thermo

hydraulic coup I ing of the two experimenta l loops by the 
secondary-circuit water. Design and sca li ng of the steam 

generators had to ensure that (a) the ratio between the 
secondary water vo lume in the steam generator downcomer 
and in the core part, and (b) the ratio between the second

ary water vo lume in the core part, and the primary water 

volume in the U-tubes, are the same as in the reference 
plant. Finally, the double-ended rupture devices had to be 

designed in such a way that the pressure and f low cond i
tions ups.tream of the rupture sect ion were the closest 

possib le to those expected to occur in reality. 

In August 1974 , information obtained from a discus

sion between USA EC and BM FT representatives about 

specia l thermohydrau l ic phenomena which occur w ith in the 

reactor downcomer duri ng blowdown, st rongl y in f luencing 
the t ime delay for ECC water delive ry to the lower plenum, 

made it appear reasonab le to design the experimental down

comer in the same geometrical shape as the real one, i .e. an 
annulus instead of the previously conceived circular tube. 
This change led to a significant modification of both the 
reactor model and the configuration of the tu bing system. 
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Because of all these modifications, the final design and 
the ordering of the who le loop system has been delayed. 

2. Mechanical Loop Components 

P. Mork-Morkenstein, G. Friz, H. Geist, K.H. Guenther, 
F. Peters, L. Piplies, R. Rota 

In April 1974, the most recent results of the computer
code calculations on pump behaviour during blowdown 
were made available to us by the German reactor industry 
(KWU -Erlangen). These results, showing the time history of 

the pump mass flow, pressure head, speed and torque 
occurring during blowdown, necessitated fresh technical 
discussions with the manufacturers in order to revise the 
specifications for the required pump design performances 
before inviting new tenders. This, together with rather 
heavy internal administrative procedures, led to great delay 

in ordering the pumps, which again lengthened the delivery 

time So the pumps, being on the critical path of the 
project time schedule, have up to now delayed the proJect 
by about 10 months. 

Three pumps of the same type and size have been 
ordered; their special performance feature is that the 

required two different ( 1 • 3) rated mass flows at the same 
pressure head are achieved by operating the pumps at two 
different speeds. Two pumps will be delivered directly to 
lspra to be installed into the LOB! loops. The third pump 
wi ll be de! ivered to the G KSS-Geesthacht (W. Germany) 
and used there for investigating the two-phase f low pump 

characteristics under a separate R&D contract from the 
BM FT-Bonn. Thereafter the third pump will be availab le as 
a spare for the LOB I experimen ts at I spra. These two-phase 
pump character istics are needed to control the pump speed 
during a blowdown experiment so that the hydraulic 
behaviour of the experimental pump will be sim ilar to that 
of the reactor pump during a reactor blowdown. 

Al l mechanical parts of the LOB! test facility (two 
primary loops, the secondary loop and the auxiliary 
systems) were finally ordered in March 1975 and wi 11 be 
delivered to Jspra in March 1976 for mounting. 

The reactor model, consisting of the pressure vessel, the 
core barrel tube and three heater rod bundles, were ordered 
in May 1975 and will be delivered to lspra in June 1976 to 
be assembled and then mounted into the loop system . As 
the manufacturer constructing the reactor model had 
specia l workshop facilities and machining know-how, it was 
possible to use lnconel 718 as the pressure vessel material. 
This all owed us to obtain an extremely small wal l thickness 
of 8 mm on ly, which contributed remarkably to minimizing 
thermal stresses during blowdown. 

Long - term solubility tests with quartz glass and 
ceramics in water at temperatures up to 270°C indicated 
that 99.7% Al 2 0 3 ceramic is the best insulator and filler 
material between the heater rod bundle and the core barrel 
tube. 

Thermal shock tests with closed and open annuli of the 
same material have shown that open annuli cou ld be used 
for varying the downcomer gap width by slipping them over 
the core barrel tube. This alternative would strongly reduce 
the stored heat effect within the downcomer during blow
down; that effect is much bigger with the other alternative 
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using core barrel tubes of different wall thicknesses. The 
final decision is sti ll to be made and depends also on ope
ration reliability features. 

The two "experimental" heater rod bund les (for the 
blowdown experiments) wil I each be composed of 64 

directly heated stainless steel tubes, with stepwise varying 
wal l thickness to give a cosine-shaped axia l heat flux distri

bution. Each heater rod will be instrumented with three 

0.8 mm OD sheathed thermocouples for outer surface 
temperature measurement during blowdown. The thermo

couples are mounted at four sets of axial positions, i.e. 16 
rods have their thermocoup les at one set of 3 devations, 
another 16 at another set of 3 elevations, and so forth, 
giving in all wal l-tem perature readings at 12 different 
elevations over the heated length of the rod bundle. 

The third or "commissioning" heater rod bundle (for 

commissioning the loop system) will be composed of 64 
directly heated stainless stee l tubes with constant wall 
thickness and 8 instrumented rods for control measure
ments only. 

The tube ruptures will be effected in special inserts 
installed at three different positions in the tubing of the 

broken loop. The ruptures themselves will be simulated by 
fast-opening flaps having an opening time of less than 
20 ms 

The rupture inserts will be housed inside concrete 
bunkers allowing simulation of the containment back
pressure of up to 4 bars which occurs during blowdown. 

3. Electrical Power Supply and Loop Controlling Systems 

L. Fritz, P. Mork-Morkenstein, H. Heiter, H. Hu/ser 

In the LOBI experiment the effect of stored heat 
release from the reactor fuel rods during blowdown cannot 
be simulated, owing to the much sma ller heat capacity of 
the hollow heater rods in the experiment. In order to 
compensate at least to a certain extent for this lack of 
simulation, it is intended to appropriate ly control the 

electrial heat input to the heater tubes during blowdown . 
The required time function for this heat input was deter
mined by special heater rod calculations with a blowdown 
code, which were performed by the LRA-Garching. The 
results from these ca lcu lations were used to spec ify the 
required power control performances of the 5 MW rectifier 
system. Furthermore, in order to reduce disturbing pulses 
coming from the power control system, the power is 
control led by switching binary-graded power subgroups. 

The final specification of the comp lete power supply 
system was achieved only through close contacts with the 
manufacturer. The order was placed in April 1975 and the 
delivery will be in July 1976. 

After completion of the final design of the loop system, 
the loop contro lling and regulating system was finally 
specified; this again was only possible through frequent 
discussion with the supplier. The complete system was 
ordered in June 1975 and will be delivered by June 1976. 

4. Measurement Instrumentation and Data Acquisition 
System 

J. Eder, F . Wind, H . Scheuf/er, G. Friz, L. Piplies, 
W. Schulze, G. Weste 

The accuracy and reliability of the information to be 



obtained from these experiments are strongly dependent on 

appropriate instrumentation of the experimental loop 

system and the ava ilability of suitable measuring techni 

ques. 

The signif icant thermohydrauli c quanti ti es of th ese 

experiments are the fluid temperature, the absolute and 
differentia l pressures, the fluid density (void fraction) and 

the mass flow rate. The measurement of all these quantities 
will be done at the boundaries of each loop component, 

where specia l spool pieces are placed, into which the 
measuring probes will be installed. Further quantities to be 
measured during this exper iment are the wall temperatures 

of the heater rods, the wa l I temperatures of the loop 
system, and the pump power, speed and torque. 

One general requirement to be met by all measuring 
dev ices is a rather fast t ime response, ranging from less than 

1 ms for absolute pressure up to about 100 ms for differen

tial pressures. To sat isfy this condition the transduce rs 
(thermocoupl es, pressure transducers and other measuring 
probes) must have appropriate performance characteri st ics 
and spec ial attention has to be paid to their installation. 

A special pressure transducer with an integrated 
hydraulic signal transmiss ion column was deve loped in close 
cooperation with a manufacturer. Comprehensive tests with 
different prototypes finally led to the most appropriate 
design, showi ng an overal I error band of less than 1.5% FS 
over the whole temperature range from 20 to 350°C. The 
com plete pressure measuring channels have been ordered 
and will be delivered in January 1976 . 

For the differential pressure measurements two particu
lar difficulties had to be overcome. First, to prevent the 

formation of a two-phase mixture inside the signa l transmis
sion I ine between the measuring location and the trans
ducer, a specia l water-cooled pressure tap adapter has been 

designed for instalia tion at the measuring location. 
Secondly, the occu rrence of wide pressu re differences 

within the first instants of a blowdown means that the 
differentia l pressure transducers must withstand two-direc
tional overloads up to 15 times the measur ing range 
without caus ing an error increase. Severa l preliminary tests 

did not yie ld sat isfactory results; further tests are sti ll under 

way. 

For the fluid and wall temperature measurements 
spec ial adapters for the thermocoup le installation have been 

designed and tested and are now under construction. 

To ca librate the pressure and temperature measuring 
channels a small autoclave has been constructed and 
mounted, by which pressure and temperature transients can 
be produced . 

For the mass flow-rate and f luid density measurements 
at present no su ffi c ien tl y clear and developed measuring 
techniques for both quantities are availabl e. The density 
measurement w ill be done by ')'-ray absorption technique, 
even though at present the obtai ned signal revea ls a rather 
broad uncertainty band as regards the fluid density because 
the signal does not depend on the fluid phase distribution 
along th e detect ing ray , whereas the density does, rather 
strongly . Further development work is necessary, and 

partially already under way, to improve th is method espe

cially with respect to thi s point. First results from 

theoreti ca l considerations about multi-beam arrangements 

showed that a two-beam measuring device represents the 

best comprom ise with respect to the equipment effort 
required and precision to be obtained. 

For the two-phase mass f low measurement there are 
some effo rts actua ll y under way in the GfK-Karlsruhe I RE 
to develop a "true mass flow meter", which allows the 
direc t measurement of the desired quantity but 

unfortunately causes a rather strong flow disturbance. Any 

other existing and more or less directly appli cable 
techniques do not direct ly yield the desired quantity; 
always two out of three different measurements are needed 
to determine the mass f low. The two most suitable and 
mature techniques are that of an average volume-rate or 
ve locity measurement by a turbine flow meter and that of a 

local ly-averaged flow momentum measurement by a drag
disc. It is intended to use both methods together in the 
LOBI facility. 

The use of turbine flow meters is conditioned by two 
essen tial difficulties given by a rather limited measuring 
range and an even more limited lifetime of the bearings. A 
further restraint is caused in our case by the presence of a 
strong and time-variable magnetic field. It has therefore 
been decided to do preliminary tests with one such probe 
before giving the final spec ification for the performances 
required. 

For the flow momentum measurement the Battelle
Frankfurt design of drag-body will be used, which is a 
special development for the LOBI exper iment done under a 

R&D contract from the BM FT-Bonn. A first prototype will 
be tested in December 1975. 

Two further measuring method and device development 
works are under way since September 1974 under R&D 
contracts from the BM FT - Bonn, too. They are concerned 
with the appli ca tion of the radio tracer technique (LIT of 
the GfK-Karlsruh e) and with the use of correlation 
techniques for transit time measurements from temperature 
noise signals (I KT of the TU Berlin). An experimenta l 
feasibi lity study on the application of nuclear magnetic 
resonance techniques will be done during 1976, again under 
a R&D contract from the BMFT- Bonn (RWTH Aachen). 
Finally, on a joint measuring-methods test facility, now 
being const ructed at the GfK -Karlsruhe I RB under a further 

R&D contract from the BMFT-Bonn, al l t hese methods 
will be tested against each other and possibly even 
calibrated. 

It is intended to use also these methods, if successfully 
developed right in time for being taken into account, for 
the LOB I experiment. 

The si gnals from the measurement instrumentation will 
be recorded by a specially tailored data acqu isition system. 
To meet the requirements of the present experiment, 
namely high data throughput rates and consequently an 

extensive storage capacity, the whole system is d iv ided into 
two main sub-systems. The first of them is concerned with 
the signal process ing (digitalization of the analog signals 
com ing from different sources) and the data storage tasks 
using PCM and FM recording techniques. The second part 
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consists of two separate process computers; one of them 

tailored to evaluate conventional experimental data and to 

control heating power input and pump speed versus time, 

the other one representing the basic component of a time 

series analysing system which is needed for the evaluation 

of the mass flow and density data. 

This latter computer also monitors DNB in the heater 

rod bundle, using as criteria the temperature gradient and a 

temperature set-point. 

The time series analyser was delivered in July 1975 and 

put at the disposal of the IKT, TU Berlin, which will set up 

the evaluation programs mentioned above. 

The data acquisition system is ordered and will be 

delivered in April 1976. 

5. Theoretical Work 

G. Friz, W Kolar, L. Piplies, W Brewka 

Theoretical work for the Blowdown project was mainly 
concerned with calculations supporting the loop design and 

instrumentation work. 

Loop tubing and container dimensions were determined 

by volume and pressure-drop distribution according to 

simulation requirements. The influence of stored wall-heat 
release was determined, in order to obtain a cr iterion for 

the choice of material to vary the downcomer gap-width. 

Special heater rod calculations done by the L RA

Garch ing yielded the required time function for electrical 

heat input to the rod bundle during blowdown. Optimiza

tion calculations gave the required deviations from exactly 

binary-graded power subgroups of the 5 MW rectifier 

system to reach fairly smooth power curves. 

Slowdown ca lcu lations for the reference reactor were 

done to obtain information about the required measuring 
range and time gradients for the different thermohydraulic 

quantities to be measured and recordered during blow

down. 

Theoretical considerations about the influence of 

velocity and density profiles on the signals from turbine 
flow meters showed that rather high errors can occur in the 

volume flow rate determination. 

Slowdown calculations with the RELAP4 code with 

different closing times for the isolating valve between the 
break branches showed that closing times shorter than 

100 ms do not influence blowdown history within the first 
second. 

BERSAFE-code calculations for determining the stress 
fields in the upper power-connecting plate of the test 
section (reactor model) due to temperature and mechanical 

loads showed that shear stresses of 800 kp/cm 2 can occur 
in the welding layer between the two materials of the 

sandwich -type plate; these stresses are tolerable. 

Sl"RUDL-11 code calculations were done to determine 
the thermal dilatation of the total loop system: the results 

introduced into an isometric loop representation showed 

the magnitude and direction of displacements at the diffe
rent positions. 

For the time being, the STRUDL-11 program is used to 
calculate the natural frequencies of the different compo

nents of the blowdown loops. The next step will be the 
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determination of the hydraulic forces acting on the diffe

rent components of the loop during a blowdown. 

The device to be used for simulating 2-A breaks will be 

employed also to simulate the 1-A and smaller breaks. This 

is possible because theoretical assessments have shown that 

the influence of asymmetric flow towards the rupture 

section is negligible 

The ECC injection lines from the accumulators had to 

be redimension ed in keeping with the scaling laws . This was 
necessary as a result of adding non-return valves and 
altering the junctions between the injection lines and the 

hot legs 

In collabora tion with Battelle-Frankfurt the work on 

the "drag body" development co ntinued. Owing to the 

Ii mited measurement range three different types are 

needed, for the broken loop, the intact loop and the lower 

plenum 

The program REDU4, which allows redimension of all 

variables in the 64 COMMON blocks of RELAP4, has been 

completed. 

This program allows: 

a "general" redimension of RELAP4 by choosing new 

values for certain basis variables such as number of 

volumes, number of junctions, number of pumps etc., 

a "specified" redimension of a variable within a 

COMMON block, without changing the dimension of all 

others, 
the addition of new variables, which may be dimen

sioned or without dimension. 

These possibilities may be chosen all together or in any 

combination of two of them. 

In December 1973 the Advisory Committee for Mana

gement of the Safety Programme (ACMP) of the Commis

sion of the EC had charged an ad -hoc working group, 
composed of experts of the member countries of the 

Community, to set up an experimental programme 
(programme B) which will be performed for the Commis
sion with the same test rig when programme A has been 

completed for the BM FT - Bonn. 

Proposals for such a programme had been elaborated by 
the project group and submitted to the ad -hoc working 

group for their views. They have agreed to the execut ion of 

programme B in two main steps: 

a) about seven reference tests ( repetition of tests of pro

gramme A) which at the same time constitute repro

ducibility tests; 
b) components studies, to be done with this test rig after 

having modified certain components; the purpose of 
these tests is to investigate the influence of the geome

tri ca l shape or the elevation of these components on the 

blowdown. 

Seven such modifications of the programme A test rig 

have been agreed upon: 

variation of the depth of the loop seal (U -tube between 

steam generator and pump) in the intact loop, 
variation of the steam generator elevation in the intact 
loop, 
variation of the volume of the lower plenum (higher 1/d 

ratio), 



two separate accumulators, one for each loop , instead 

of one accumu lator for both loops, 

simu lat ion of a primary tube rupture within the steam 

generator (of t he broken loop), 

simu lation of a small ru pture with in the lower plenum, 
ECC water inject ion di rect ly into the upper plenum. 

The costing of these modifications was done on the 
basis of feasibility studies. The necessary funds from the 

Commission's budget, allocated to the project budget in the 
beginning of 1975, enab led orders to be placed for these 
modifications and for all the mechanica l loop components. 

6. Planning 

The time schedu le of the en ti re project, according to 
the plan made dur ing preparation of the tender for th e 

BM FT-Bonn, is as fo ll ows: 

Project Phase/: elaboration of the preliminary project and 
of t he tender to the BM FT - Bonn for performance of th is 
project at the JRC l spra November 1972 - April 1973. 

Project Phase II : revision of the preliminary project: ask 
suppliers for confirmation of existing tenders and invite 

new tenders; pl ace orders: January 1974 - September 
1974, meanwhil e ex tended up to beginning of 1976 for 
mater ial w ith short delivery time. 

Project Phase Ill: construct ion and mounting of the test 

facility; preparation of computer programs for process 

contro l, data acquisit ion and eva luation; prototype testing 
and construction of fac ilit ies for ca l ibrat ing measuring 

devices; blowdown code design and pre-predict ion calcu-

lat ions October 1974 - December 1975, meanwhile 

extended to November 1976. 

Project Phase I V-1: commissioning of the whole test facility 

and performance of prel im inary tests; pre-pred iction ca lcu 
lations, preparat ion of eva luation programs January 1976 
- December 1976, meanwhile postponed to November 

1976 - October 1977 . 

Project Phase IV-2 : performance of programme A test 
(BM FT - Bonn); pre-predict ion ca lculat ions and evaluations: 

January 1977 - December 1977, meanwhi le postponed to 

November 1977 - October 1978. 

Project Phase V: performance of programme B tests (CEC); 
pre-prediction calculat ions and eva luations: January 1978 

- December 1978, meanwhile postponed to November 

1978 - October 1979 
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A Fracture Mechanics Evaluation of the Toughness Degradation 
of Austenitic Stainless Steel Due to Temperature Aging 
B. Henry 

Introduction 

The safety evaluation of LMFBR requ ires the demon

stration that env ironmenta l degradation of the structural 

material propert ies wil l remain tolerable and this demon

stration has to be expressed in terms having an engineering 

significance. Thi s problem has ar isen in regard to the frac

ture-toughness degradation of austen itic stee l due to long-

term temperature aging at LMFBR temperature The 

experimenta l work described herein was undertaken to 

obtain precise data concerning t hi s phenomenon and more 

generally to develop a materi als eva luat ion method based 

on fractu re mechanics which could be of help for other 

such problems (irradiat ion embrittlement, in -p ile sur

veillance) 

When brought to temperatures higher th an 500°C, 

austenit ic sta inless steels are known to suffer precipitation 

of brittle phases, like carbides and intermetallic compounds 

- the best known among them being the sigma phase -

wh ich causes a decrease of the ductility. For a given ag ing 

temperature and duration , the in tensity of this effect 

depends on t he stee l com position ( for instance it is more 

significant in molybdenum-conta ining grades, and their 

welds) and on the test ing procedure used to characteri ze 

the loss of duct ii ity: one of the most sens itive parameters 

seems to be the absorbed energy in impact testing, whereas 

deformat ion characterist ics under tensile tests of short or 

long du ra ti on are far less influenced . 

Precise ly for that reason, character iza tion methods 

based on fracture mechanics appeared to be of interest here 

beacuse, within the present limits of the ir theoreti cal deve

lopment, t he measured parameter enables one to estab l ish a 

practical relationship between the load and the maximum 

tolerable defect length in a given stru cture; thus the 

material degradation can be judged in terms of engineering 

safety . It must be stressed, however, that linear elast ic 

fracture mechanics (LEFM) can not be applied in practice to 

LMFBR structures (high toughness, low thickness) and that 

approaches ab le t o cope with a large degree of yie lding at 

fa ilure have not reached the same degree of development 

and acceptance as LE FM. 

A very concise summary of the basis of two such 

approaches, the C.0.0. approach and the J-integral 

approach, which are used in the present work, is given in 

the following sect ion. 

General Yielding Fracture Mechanics Theories 

The Crack Opening Displacement Approach 

Plastic ity at a crack tip leads to a separation of the 
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crack flanks even at the very end of the crack . Thi s 

quantity ca l led "crack opening displacement" (o : Fig. 1) 

PLASTIC ZONE 

Fig. 1 Definition of C.O.D. 

was proposed ten years ago by Wei Is 1 l as a fracture 

cri terion for the situat ions where plasticity develops signi

fican t ly before fracture. According to this cr iter ion , crack 

instabil ity is reached when the C.0.0. reaches a criti ca l 

va lue, o , a mater ial constant under ce rtain cond it ions. 
C 

Well below general yield, the C.0.0. is close ly related to 

the I inear elastic parameters K - the st ress intensity factor 

- and G - the strain energy release rate, provided that both 

the latter are corrected for local plasticity. The fo ll owi ng 

relations hold for the current values of th ese parameters and 

their criti ca l values (at crack instability): 

G 0 = --- ( 1) 

where E is Young's modulus, ay is the material yield 

strength , v' is the Poisson coeff icient in plane strain and is 0 

in plane stress, and n is a contraint factor (approximately 2 

in plane stra in and 1 in plane stress). The validity of the 

approach can , however , be extended to the cases where the 

linear elastic parameters loose- their significance owing to 

large-sca le yie lding , up to and including situations of gross 

plasticity. 

For the appli cat ion to a pract ica l structu re, one needs 

(a) to know the criti ca l C.0.0. in env ironmental conditions 



relevant to the structure and under the same conditions of 

"constraint" or triaxiality at the crack tip: this requires 

testing on a specimen of thickness equal to that of the 

structure. A tentative British standard of the measurement 

method is avai lable 2 ); and (b) to know the "design re

lationship" between C.O.D., load, defect dimensions and 

bulk geometry. The corresponding analyt ica l methods have 

not been developed to the same degree as linear elastic K 
calculation methods, but 20 finite-element elasto-plastic 

methods have been used successfu lly, at least in the case of 

simple specimen geometry and loading, e.g. 3 l. 

A pract ical guide for the use of the approach has been 

proposed in 4 ): the to lerable defect dimension Qc is given in 

terms of: 

fie 
Qc = constant x --

ay /E 

where the coristant is tabulated vs. the ratio of the working 

stress to the yield stress (or working strain to yield strain). 

The J-integral Approach 

The J-integra l is defined 5 ) for a crack in a bi-dimen

sional stress/strain field by: 

where 

f_ ~ a"J" 
J = W dy - T . - ds 

I' ax (2) 

W = [ t~ ~ deij = strain energy density 

I' any contour surrounding the crack tip 

Li displacement vector 

T stress vector on the element ds of the con-

tour: if ri is the normal vector to the 
~ 

contour, the components of Tare: 

Ti= La ij . nj (i, j = X, y) 

The following properties of J have been demonstrated: 

a) it is independent of the chosen countour r for elastic 

(linear or not linear) and in practi ce also for real plasti c 

materials when loaded monotonically 16 ). 

1 au . . f h b) J = - - • ~ U being the total potential energy o t e 

monot~nicaNy loaded body 5l. 

Note that for elastic (linear or not linear) materials 

only, this ex pression may be related to the energy avai

lable for crack extension and has exactly the same 

meaning as the strain energy release rate G. 

c) J characterizes the stress-strain field singularity, at least 

for monotonically loaded bodies 17 ). 

d) The J-integral and C.O.D. parameters are linearly re

lated, by a relationship of the form 3 , 16 ) _ 

(3) 

where M depends on the structure configurat ion ( 1-< M

<2) 

Properties a and c are the basis for J t o be a fracture cri 

terion under large-scale y ielding conditions, at least for 

crack initiation, whi le property b provides a basis for an 

easy experimental determination 6 ) or finite-element 

computation 3 • 6 l of J. 

The use of J as a fracture cr iterion will be based on: 

J = J 
C 

How far Jc is only material-dependent is sti ll a problem 

under investigat ion. For the purpose of specimen testing, 

the condi t ions: 

~ > 1. 
b 

(b ligament width of the specimen, B thickness) have 

been proposed to guarantee geometry-indenpendent values 

rel evant to a plane strain situa tion. 

Experimental Work 

Specimen Preparation and Testing Procedure 

8 mm, 23 mm and 38 mm thick C.T. specimens were 

machined from as-received 10 mm, 25 mm and 40 mm 

thi ck plates of an AISI 304 austenitic stainless steel of 

German origin ( X 6 Cr Ni 18-11. Werkstoff N r. 1.4948), the 

crack being in the longitudinal direction of the plates. 

Furthermore, pieces of the 10 mm and 25 mm thick plates 

were heat-treated under vacuum (< 10"5 mm Hg) at 700°C • 
for 4.000 h, and 8 mm and 23 mm thick C.T. specimens 

were then machined out after the heat-treatment. Note that 

in both series the 8 mm thick specimens had the in-plane 

dimensions of 25 mm thick C.T . specimens, only the thick

ness being at sub-sca le. 

The thermal aging conditions were so specified because 

it had been shown experimentally that the impact rupture 

energy went through a minimum at an aging temperature of 

700°C and was not significantly influenced by the aging 

time between 4.000 h and 20.000 h. Whether such a 

treatment simulated the actual aging embrittlement in 

LMFBR structures working at 550°C during many years 

may be questioned: it looked reasonab ly pessimistic for an 

eva luation of the significance of the phenomenon. 

The metallurgical effects of this treatment in our 

specific material were investigated by micrographic 

examination ( Fig. 2): comparative results of various etching 

techniques showed M23 C6 carbides transformed in sigma 

phase at the grain boundaries and untransformed carbide 

precipitates inside the grain 19 ) 

The tensile properties of the material, both in the as -

received and aged states, were evaluated by tests at 20°C, 

380°C and 540°C on cylindrical specimens cut in the trans

verse direction of the plates, i.e. the loading direction of the 

C.T. specimens. All the results are set out in Tabl e 1. 
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Original Material 

After 1 hr at 700°C After 400 hrs 700° C 

Fig. 2 Effect of Heat Treatment at 700° Con the 10 mm Thick Plate Material 

Table 1 : Results of tensile tests on the plate materi a1(1)(2) 

materi a l 'as-received' 
0 

700 C - 4000 h aged materi a l 

test plate ao.2% aR CR SR ao.2% aR CR SR 
temperature thickness (kglmm 2

) (kglmm 2
) 5.65Vs (¢6 mm) (kglmm2

) (kglmm 2
) 5.65 Vs (¢6mm) 

(°c) (mm) (3) % % (3) % % 

10 25.3 60.5 61.9 70.8 19. 1 63.6 53.6 59.1 

20 25 27 .1 59.9 65.2 76.6 22.6 64.4 51.1 59.8 

40 28.0 59.0 65 .9 74.4 23.1 64.4 51.1 57.7 

10 14.9 48.7 46.5 62.9 11 .7 43. 1 33.3 55.4 

380 25 15.1 48 .4 48.3 69 .0 12.7 43.5 33.4 55.5 

40 16.6 48.1 46 .2 64.0 13. 1 43.9 33.1 55.5 

10 14.2 45. 1 45.4 65.2 10.0 39.6 33.8 54.3 

540 25 12.9 44.5 46 .7 70.0 11.7 40.0 32.7 55.4 

40 13.7 43.7 46.8 66.4 11.0 39.9 32.5 54.9 

(1) each value is the average result of at least 3 tensile specimens 

(2) specimens cut in the transverse direction of the plates 
(3) incorrect operation of the high-sensitivity strain gauge was discovered after the tests: these values of the yield strength are indi-

cative only 
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The properties of the three plates appear essentially 
similar if one expects a tendency for the 0.2% off-set yield 
strength to be lower in the 1 0 mm thick plate. 
The aging effect is a general decrease of the strength (yield 
and ultimate) and the ductility (elongation and striction), 
·excepting a slight increase of the U.T.S. evidenced by the 
tests at room temperature. 
A fatigue crack was grown at the bottom of the notch of 
each specimen, approximately up to the half-width (a/w == 
0,5), using an lnstrom 6 T cycler, in the following condi
tions: 

thickness Pmin Pmax frequency number of 
(mm) (kg) (kg) (cpm) cycles 

8 300 900 1800 -400,000 

23 625 1875 1500 -450,000 

38 750 4250 1200 -500,000 

The specimens were then pulled beyond their instability 

load on a 20 T Amsler hydraulic traction machine. The load 
was monitored by a Bofors load transducer (capacity 5 T 
for the 8 mm and 23 mm thick specimens, capacity 1 OT 

for the 38 mm thick specimens). The notch flank separa
tion at its free end was measured by a Hottinger transducer 
(Fig. 3) and plotted vs. the load on a x-y plotter. For high
temperature testing (380 and 540°C), the specimens were 
heated by regulated infrared lamps. During both cold and 

hot testing, the crack tip region was observed with a Zeiss 
field microscope that permits of taking Polaroid pictures at 
(x 5) magnification of the crack flanks, which were marked 

by m icrohardness indentations thus permitting local 
discrete measurements of the crack flank separation. 

Fig. 3 Experimental Arrangement for the Measurement 
of the Crack Flank Displacement (t:,) 

The C.O.D. at initiation of the cracking at the end of 
the pre-fatigue crack, <\, was calculated from the notch 
flank separation at initiation 6i using (Fig. 4): 

6 = 6 r(w-a) 
i i r(w-a) + a + z + Z 

(4) 

The value of r depends on the position of the apparent 

center of rotation of the notch flanks, for the determina

tion of which the following procedure was used 

UJ UJ I-z (.9 Za: 
z _J 0 UJ UJ 

UJ ~u 0 10 0 z UJ:::, 
i= mm <! UJ uo 
<! 0 ~ <! U) 
I- 0.. 

_J _J z 
0 u 0.. <! 
a: I- UJ ~a: 

~ 0.. 01-LL (/) 

0 u 
<! a: a: 

UJ u 
I-
z 
UJ 
u 

x = r (w-a) z z 
a 

Fig. 4 

For one specimen of each set ( 1 temperature, 1 treatment, 
1 thickness), x = r(w-a) was determined on the basis of the 
transducer data and of the crack flank separation at 10 mm 
from the crack tip 6 1 0 measured on each available photo
graph, using the following relationship (Fig. 4); 

x = r(w-a) 

where X = a + z + Z. 

= L',1 o • X - L', • 10 
L', - 610 

(5) 

A plot of r vs. L', could thus be determined (Figs. 5, 

6,7). Taking into account the field of interest for L',i, the 
following values were chosen for r: 

8 mm thick specimens r = 0.46 (± 0.04) 

23 mm thick specimens 

38 mm thick specimens 

r = 0.50 (± 0.06) 

r = 0.51 (± 0.02) 

Crack initiation was monitored using the "electrical 
potential method" 7 ) which was developed in this labora

tory especially for this programme. A 0.1% stability d.c. 
generator ( Lambda Corp.-60A max) supplies a constant 

current to the specimen through copper wire leads screwed 
onto the specimen. Potential pick-ups made of 304 stainless 

steel wire (in order to avoid thermoelectric effects) are 
welded near the crack tip on each side of the specimen and 
connected th rough a x 1000 d.c. amp I ifier to the x-input of 
an x-y plotter, whilst the signal of the Hottinger transducer 
measuring the crack flank separation L', is sent on the 
y-input. The start of cracking at the bottom of the pre
fatigue crack (blunted under the load) causes a variation of 
the potential (U) increase rate and a corresponding increase 
of (dU/dL',) on the x-y plotter. 

In the case of the 8 mm thick specimens very clean po
tential displacement x-y records (Fig. 8) were obtained, 

which displayed a pronounced departure from linearity, in 
the region where optical observations and photographs of 
the crack revealed crack initiation. In the case of the 
23 rnm and 38 mm thick specimens, and especially the 
untreated specimens, the U-6 records were sometimes more 
complex and more difficult to interpret (Fig. 9). 

127 



0,6 

0,5 

r 

0,4 

0,3 
0 

I 
L'lj SCATTER BAND 

·.,.........,-.. 
A 

• • - -
[;] [:]- -

8 lO 8 A 

• ... -- • ........ . ... 0 0 - -e-- -

<ill ... 
8 

5 L'l(mm) 

A NT-9 20°C 

• T-2 20°C 

0 NT-4 540°C 

• A - -- - -
' 

0 

10 15 

• T-4 540°C 

El NT-5 380°C 

• T-8 380°C 

Fig. 5 Value of the Rotation Factor r for the 8 mm 
Thick Specimens 

0,6 

0,5 

r • ... 
0,4 

0,3 

-
~ -

A • • a~ 
- 1:1 • - o ... 

• • 

,~ -61; SCATTER BIAND 

5 10 
L'l(mm) 

• 1:1 

A 0 
0 • 
... 

aNT-3 20° 
"'T-1 20° _ 

0 NT-8 540° 
• T-6 540° 
l:JNT-10 380° 
•T-10 380° 

I 

15 20 

Fig. 6 Value of the Rotation Factor r for the 23 mm 
Thick Specimens 

0,6 

0,5 

r 

0,4 

0,3 
0 

0 

6 ; SCATTE ~ BAND 
A 

~ 
~ 
8 

'I!!' 
0 
~ 

___.P- I!; 

l,. 

5 

______. 

::: 

10 
L'l (mm) 

0 NT-6 
A NT-2 

15 

540° C 
C 20° · 

I 
20 

Fig. 7 Value of the Rotation Factor r for the 38 mm 
Thick Specimens 

128 

Generally, these records demonstrated a first du/d6-

decrease transit ion, fol lowed by the expected du/d6-

increase transition. The first transit ion was not always 

present and is not clearly understood . The second transition 

was takoen as the signal of init iation, even if some minor 

cracking sometimes appeared ear lier on the surface of the 

specimen. As a matter of fact, it was shown, looking at the 
whole crack front in side the specimen dur ing the loadi ng of 

the 38 mm thick specimens at 20°C , that this cracking stage 

concerned only a small surface skin of the specimen and on 

the other hand that the ~-increase accompa nied the more 

severe cracking starting inside the specimen and developing 

then on the whole crack front. The same find ing was seen 

in 23 mm thick specimens, the loading of which was, in 
preliminary tests, interupted at various leve ls; after a 

comp lete separation obtained by fatigue, the rupture facies 

cou ld be observed normal to its plane and it was observed 
that only those spec imens that ran past the second d.U-in

crease transition had suffered cracking at the bottom i~ the 

pre-crack. A certain degree of confidence was therefore put 
in the method, even if it is considered tri cky to use and 

interpret as regards the largest specimens. 

The value of the J-integral at inc ipient crack in g was 

based on the relation given by Rice, Paris and Merkle 8 ), 
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val id for specimens essentially deformed in bending 

2 A. 
(6) J. 

I B (w- a) 
where Ai is the area under the curve load/corrected d is
pl acementof the load, at the instan t of crack initiation and 

8, wand a are respectively the thi ckness, the width and the 

crack length of the specimen. Paral le l tests 9) showed that 

th is formul a gave resu lts qui te simi lar to those obtained by 
the direct measurement of g u using specimens w ith di f fer
ent crack length 6 ) and thal t he correct ion to be made to 

the displacement of t he load was inferior to 1% in this 

practi ca l case and cou ld therefore be neg lected. The Ii mi ta

t ions in t he va l id ity of th is measure due to the l imited 
spec imen dimensions are d iscussed in sect ion 4. 
The load d isplacement which enters in A i in (eq. 6) was 
deduced fr om the measurement of di splacment of the crack 
flan k separation 6, by an experimenta l ca libration on one 

speci men of each type. 

Results and Discussion 
The va lues of 8 and J at crac k initiat ion, determ ined as 

ex plai ned in secti on 3, are summarized in Table 2 and in 
Figs. 10 and 11 . Some data are mi ss ing owing to some 
instru mentat ion failures or some unexpl ained distu rbance 
in t he U- 6. plots which prec luded a sufficiently reliabl e 

determinati on of the transiti on in correspondence with 

initi ati on. 

All specimens fail ed by ductile teari ng fo ll owed by 
plast ic instabi I ity. Typica l P- 6. curves are represen ted in 
Figs. 12 and 13, where it ca n be seen that init iat ion of 
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ducti le tea ring not icea bl y precedes the maxi mum of the 

load . The impl ica ti on of such a feature for t he sign ifi cance 

of t he tests is discussed in secti on 5. 
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Table 2: C.O.D. and J values at cracking initiation 

Spec. Jj lij av a 
J/a/ii 

u J/aoi Temp. 
kg/mm -2 kg/mm -2 

ref. kg/mm mm 

NTS 23.22 0.693 1.32 0.78 

NT9 23.96 23.4 0.72 0.701 25.3 60.5 1.31 1.32 0.77 0.78 

NT10 23.13 0.687 1.33 0.78 
20 

Tl 12.60 0.392 1.68 0.78 

T2 13.06 12.7 0.408 0.405 19.1 63.6 1.68 1.64 0.77 0.76 

T3 12.31 0.416 1.55 0.72 

"' NT 1 12.24 0.524 1.57 0.73 C: 
(l) 

NT2 16.85 14.6 0.669 0.601 14.9 48.7 1.69 1.63 0.79 0.76 E 
·c:; 

NT5 14.45 0.609 1.63 0.77 
(l) 

~ 
380 -"' 

T7 (1) (1) (1) (1) 
.':! 
£ 

TS 9.30 9.37 0.420 0.408 11.7 43.1 1.89 1.96 0.81 0.84 E 
E 

TlO 9.44 0.397 2.03 0.87 co 

NT3 10.88 0.540 1.42 0.68 

NT4 8.09 9.49 0.395 0.467 14.2 45.1 1.44 1.43 0.69 0.69 

NT7 (2) (2) (2) (2) 
540 

T4 (3) (3) (31 (3) 

T5 6.33 (6.33) 0.325 (0.325) 10.0 39.6 1.95 (1.95) 0. 79 (0.79) 

T6 (4) (4) (4) (4) 

NT2 (5) (5) (5) (5) 

NT3 94.25 94.4 1.723 1.83 1 27.1 59.9 2.91 1.91 1.26 1.19 

NT4 94.59 1.940 1.80 1.12 
20 

Tl 58.20 1.276 2.02 1.05 

T2 63.97 60.6 1.373 1.308 22.6 64.4 2.06 2.05 1.07 1.07 "' C: 

T3 59.62 1.274 2.07 1.08 
(l) 

E 
·c:; 
(l) 

T7 29.03 0.929 2.46 1.11 C. 
"' 
-"' 

TS 39.20 38.8 1.148 1.154 12.7 43.5 2.69 2.63 1.22 1.19 380 .':! 

TlO 48.19 1.387 2.74 1.24 
£ 
E 
E 

NT7 (6) (6) (6) (6) C') 
N 

NTS 40.61 50.0 1.405 1.591 12.9 44.5 2.24 2.42 1.01 1.09 

NT9 59.33 1.777 2.59 1.16 
540 

T4 15.50 0.608 2.18 0.99 

T5 17.91 18.3 0.662 0.689 11.7 40.0 2.31 2.27 1.05 1.03 

T6 21.54 0.797 2.31 1.05 

NT3 61.40 1.564 1.40 0.90 

NT4 76.28 74.9 1.873 1.835 28.0 59.0 1.45 1.45 0.94 0.94 20 "' C: 

NT5 87.11 2.067 1.51 0.97 (l) 

E 
·c:; 
(l) 

NT9 (71 (71 (71 C. 
"' 

(7) (71 
16.6 48.1 

(71 
171 (71 (71 380 -"' 

NT10 .':! 
.s: ... 

NT6 41.12 1.642 1.83 0.87 E 
1.81 E 

NT7 40.73 39. 1 1.622 1.573 13.7 43.7 1.83 0.87 0.86 540 co 
±2% C') 

NTS 35.48 1.454 1.78 0.85 

(1) Unexplained disturbance of the U-1!,. curve. Optical value of Iii= 330 - 690 µ 

(2) Failure of the potential measurement chain 
(3) Unexplained disturbance of the U-A curve 

(4) idem. Optical value of the C. 0. D. at initiation: 290 • 450 µ 

(5) Failure of the A-measurement chain 

(6) Three slight transitions on the U-1!,. plots 

(7) Unexplained disturbance on the U·A curve 
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In the 8 mm thick specimens, the crack extended 

generally in its original plane, excep t for the heat-treated 

specimens when tested at 380°C and 540°C; in these, crack 

growth at the specimen surface developed slantwise to the 
initial crack plane (formation of shear lips). For both un

treated and treated specimens, the C.O.D. and J values at 
initiation decrease slightly when the test'ing temperature is 
increased. On the other hand the heat treatment has a per

ceptible effect on both parameters at room temperature 
and 380°C. At 540°C, in spite of weaker experimental 
evidence due to the lack of data for the heat-treated 

specimens, the emerging trend is similar to that at 20°C and 
380°C. 

In the 23 mm thick spt!X:i mens, the crack extended 
slanted on both sides of its original plane in all the heat

treated specimens. In the untreated specimens at 20°C, the 

crack remains in its initial plane while for the untreated 

specimens tested at 380° C and 540° C the two situations are 
present, depending on the specimen . The trends of the 
cracking mode are therefore the same as for the 8 mm thick 
specimens. The C.O.D. and J values are definitively higher 
than those relating to the 8 mm thick specimens. The 
trends of the temperature and heat-treatment effects are 

however the same, the strongest influence of the latter 

being evidenced by testing at 540° C. 

In the 38 mm thick specimens, for which on ly resu lts 

relating to untreated specimens are availab le, the crack 
extended in its original plane. The C.O.D. val ues are sub
stantia lly the same as for the 23 mm thick specimens while 

the J va lues are slightly lower. 

In these resu Its some features deserve spec ia I attention: 

a) the variation of J. vs. temperature, thickness and heat 
I 

treatment is quite simi lar to that of<\; 

b) the C.O.D. (and J) at initiation increase considerably 
when the specimen thickness increases from 8 to 

23 mm. 
From 23 to 38 mm, no further increase appears (J even 

decreases slightly); 

c) for al I the temperatures and thicknesses, the heat

treatment significantly dim inishes the C.O.D. (and J) at 
initiati on, the strongest effect being noted in 23 mm 

thick specimens at 540°C. 

The first of these findings is quite noteworthy when 
one considers that the values of both parameters, J. and o., 

I I 

result from independent measurements. As a matter of fact, 
it is supported by (eq.3), valid for a non-strain-hardening 
material. For a stra in-hardening material, one could hope 

that (eq. 3) wou ld hold, replacing av by some arbitrary 

flow stress, for instance: a= (av+ au)/(2). 

The values of (J.)/(a o.) and (J.)/(a o.) are given in Table 2. 
I V I I I 

The va lues of the second expression are more constant and 

fa ll in the range 0.8 - 1.2. 

In order to better understand the finding under b), it 
should be noted from Table 3 that the current ly proposed 
criterion of validity for the measurment of the critical 

J-integral value - i.e. thickness B and ligament width b > 
25 k _ are sat isfied only by the 8 mm thick specimens as 

av . 
far as b is concerned and not at al l by the larger specimens. 

If again a is substituted by a in the above criteria, 
V 

both are nearly complete ly satisf ied for the 8 mm and 

38 mm thick speicmens, but not for the 23 mm thick speci

mens (excepted for the aged specimens when tested at 
540°C). This apparently paradoxical situation cal ls for the 
following comments. 

Table 3: Values of 25 Jj/ay (or 25 Jj/a) to be compared 
to band B 

25 J/ay 25 J./a 
I 

(mm) (mm) 

NT 23* 13.6* 
0 

20 
B= T 16.6* 7.7** 

8mm NT 24.5* 11.5* 
380° 

b == T 20.0* 8.5* 

25 mm NT 16.7* 8.0* 
0 

540 
T 15.8* 6.4* 

NT 87.1 54.2 
0 

20 
B= T 67.0 34.8 

23 mm NT - -
380° 

b == T 76.4 34.5 

25 mm NT 96.9 43.5 
540° 

T 39.1 17.7** 

B= NT 20° 66.9 43.0** 

38 mm 0 
NT 380 - -

b == 
40 mm 

0 
71.3 34.1 ** NT 540 

(*) valid for b 
(* *) valid for b and 8 

Irrespect ive of the fact that the 8 mm th ick specimens 
fulfil the crite rion for a sufficient in-plane constraint 

(b > 25 J/av), it is suggested that the correspond ing Ji 
va lues characterize the elasto-plastic toughness for this 
particular thickness. As a matter of fact, it was demon
strated in the tests mentioned ab0ve 91 that the variation of 
the in-plane dimensions of 8 mm thick specimens of the 
same material was without influence on the J. va lues for 

I 

ligament widths b greater than about 25 mm, a range in 
which the present C.T. specimens are included. In this range 
of toughness decreasing with thickness, the fulfilment of 
the cr iterion B > 25 f by the 8 mm thick specimens 
obviously loses its sigiificance in terms of out-of-plane 

constraint. 

As far as the 23 mm thick specimens are concerned, 
neither the in-plane nor the out-of-plane constraint criteria 
are fulfilled and the Ji corresponding values cannot even be 
considered as characterizing the toughness for this parti
cular thickness. If one accepts the same trend of variation 
of J. vs. ligament width as that found for 8 mm thick speci
men1s 91 , the apparent Ji val ues reported here would be 

greater than those characterizing the 23 mm thickness. 
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Fi nal ly, for the 38 mm th ick specimens, the crite ri a for 

in-plane and out-of-plane constraint are fulfilled and the 

correspond ing Ji values are accepted not only as character

izing the 38 mm thi ckness but also as re levant to a p lane 

strain reg ime. This understanding of the evidenced vari

ations of Ji (and <\) vs . thick ness is summarized in Fig. 14. 

Val id measurements (i.e. in-p lane const ra in t sufficient to 

al low a t hickness-characterizing measurement ) are ava ilable 

at 8 mm and 38 mm. In between, two different trends of 

variat ion can be postulated: a continuous increase or an 

increase - max imu m - decrease in analogy with the postu

lated vari at ion of K vs. t h ickness. 
C 

T he result under c) above means that the presence of 

br itt le components both in side the grai ns and at the gra in 

bou ndaries, whi le not producing a change of the rupture 

process from duct i le to brittle even in the presence of a 

sharp crack , causes a decrease of the material's resistance to 

ductil e tear ing. One ca n observe that th is dim inution is 

much more perceptib le than that of t he rupture elongation 

or the reduction of area measured in t he tensi le tests 

(Table 1 ). The struct ural signi f icance of t his effect is 

discussed in the fol lowing section. 
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Practical Significance of the Results 

50 

T he question to be answered at th is po int is : in engi

neering term s, what is the practi ca l mea ning of the damage 

result ing from thermal ag ing characteri zed by the tests 
reported above 7 

A first point to comment on is the fact t hat th is charac

ter iza t ion was based on the C.O.D. (and J) va lues at crack 
initiation, and not at max imum load , due to the geometry 

dependence and/or t he loss of significance of these para-
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meters after crack initiation 11 • 6 l. As a result any predi c

ti on based on these o. or J. values w i ll be relative to the 
I I 

init iation conditions in the structure and not to the fai lure 

or instabi li ty condit ions. This remarks seems pertinent as it 

may be seen in Figs. 12 and 13 t hat the in itiat ion signifi

cantly precedes the instabili t y and one cou ld therefore 

argue that a prediction based on o i (or Ji ) is too pessimistic . 

I t has, however, found by experi ment on a ser ies of 8 

mm thick specimens of the same materia l, statica ll y 

loaded at 550°C at a level corresponding to in itiation under 

monotonic loading, that the creep lifetime is below 100 

hours 12) . One can therefore suspect that if in a rea l aus

tenit ic steel structure at 550°( - e.g. a LM FBR primary 

pipe - a crack reached a dimension correspondi ng to that 

of initiat ion under monotonic loading up to a leve l corre

spond ing to the operating stress, failure wou ld follow very 

rapi dl y as a resu lt or creep crack growth. Th id fi nding 

just ifi es our accepting init iat ion as the cri ti cal point to 

characteri ze fa il ure in ou r specimens for th is specific app li

cation. On the ot her hand, it shou ld be recognized that t he 

impl ications of creep crack growth could go we ll beyond 

this particular conc lusion and deserve more attention in the 

futu re. A practica l example of the appl icat ion of the 

preced ing results w ill be given now, once more considering 

the case of a pri mary p ipe of a LMFBR reactor loop oper

ating at 550°C, having the fo l lowing approximate di

mens ions: external diameter 600 mm; thickness 8 mm . 

It is desirable to know how much the cr iti ca l crack 

length under the operating primary membrane stress , 

assumed to be 4 kg/mm 2
, is dim inished as a resu lt of 

therma l aging embritt lement. To determine th is it would be 

necessary to know the "design re lationship" between 

C.O .D. (or J), load, and defect d imensions relative to this 

geometry. However, no elasto-p lasti c analysis or results of 

experimenta l ca li bration are ava il ab le for t his practical 

situati on. One has therefore to rely on a formulation of the 

stress in tensity factor K applicable to a cy li ndr ica l shell -

such as that of Hahn et al . 15) - and to accep t some re la

tionship between K and o (or J). ·1n a previous work 13 · 
14 ) , crack instabi li ty in through-cracked tubes in A ISI 304 

sta in less stee l was investigated by hydraulic burst tests and 

a crit ica l st ress in tensity factor value, Kc , of about - 370 
kg/mm-312 

- fair ly independent of the tubing geomet ry 

and the crac k dimensions - was found to descri be the 

fa il ure cond it ions (at 20°C) , usi ng the above mentioned 

Hahn correlation. 

On t he other hand one may re tain from (eq. 1) and 

(eq. 3) that for other mater ial propert ies a proporti onality 

re lati onship should be maintained between K2 and the 
C 

product Ea oc (or aga in the product EJc). Therefore 

(K ) 540°C 
c tube 

or 

20°C 
Kc tube x 

(K ) 540°C = K 2d'C x 
c tube c tube 

- 540°.C 
(Ea o) specimen 

- 20°C 
(E O O) specimen 

E 540°C 
( J) specimen 

20° C 
(EJ) specimen 



Note that these two calculations are practi ca lly equivalent 

as J. =a5. within 20% scattering in our specimens. 
I I 

The corresponding K values for the tube at 540°( are: 
C 

untreated material ( E = 13375 kg/mm 2
, a = 29,6 

kg/mm 2
, 5. = 470 µ): 204 kg • mm-3 12 

I 

temperature-aged material (E = 13375 kg/mm 2
, a = 

24,8 kg/mm 2
, 5. = 325µ) 155 kg· mm-3 12 

I 

Using the Hahn and al. correlation again, these values 

may be used to predict the critical crack length / hoop stress 

relationship for the differen t states of the materia l. The 

corresponding curves appear in Fig. 15. It can be seen on 

these curves that the critical crack length corresponding to 

an operating stress of 4 kg/mm 2 at 540°( would be 

reduced from 230 mm to 180 mm as a result of the thermal 

aging affect. 

The approximative and empirical character of this pre

diciton should be emphasized. However, its conservative 

character has been demonstrated by burst testing of part
through cracked tubes at 540°( 18). It seems sufficient to 

show that the temperature aging of the austenitic steel - as 

represented by the simulation treatment involved in our 

tests - would not significantly increase the danger of un

foreseen large-scal e rupture. 

Acknowledgements 

This work was done under a contract of cooperation 

with I nteratom - G.m.b.H. - Bensberg (contract 

30~-~~-~--~-~--~-~--~-~ 
ORIGINAL MATERIAL - 20°C 
Kc= 370 kg mm-3/2 - T = 42,9 kg mm·2 

~ 20-+----+<0RIGINAL MATERIAL· 540°C_+---+-----< 
"'E Kc= 204 kg mm·3l2 - T = 29,6 kg mm·2 

]' 15 \ 

.c -, 
\ 

\ TEMPERATURE-AGED MATERIAL. 540°C 
10>+-----t-..__,Kc = 155 kg mm·312 - T = 24 ,8 kg mm·2 

' ' 

5 
OPERATING 
PRIMARY STRESS 

0 100 

u 
"' N 

200 

2a [mm] 
300 400 

Fig. 15 Prediction of the Effect of Temperature Agin on 
the Hoop Stress - Critical Crack Lenght Relationship in a 

600 mm Dia. - 8 mm Thick Tube in Aisi 304 Stainless Steel 

074-72-PI PGD) The author is indebted to his colleague J. 

Bernard for a number of fruitful discussions, to Mr J.M. 

Sprauel for hi s help in the processing of the results and to 

Mr Manzott i, Mr Roumengous and Mr Tognoli for their 

technical assistance. 
The contribution of Dr. Matera and Mr Cazzan iga who 

investigated the micrographic effects of the heat treatment 

is gratefully ack nowledged. 

References 
1) A.A. WELLS, British Welding Journal, November 1963. 

2) "Methods for C.O.D. Testing". BSI Document DD 19 (Draft 

for Development). 

3) E.F. BOYLE, Ph. D. thesis - Ouee's University of Belfast, 

1972. 

4) BURDEKIN & DAWES, "Conference on Practical Application 

of Fracture Mechanics to Pressure Vessels" London, 1971, 

Paper C5/71. 

5) J.R. RICE, J. Appl. Mech. June 1968. 

6) BEGLEY & LANDES, The J-lntegral as a Fracture Criterion, 

STP514, ASTM. 

7) J.M . LOWES and G.D. FEARNEHOUGH, Eng. Fract. Mech., 

Vol.3,1971. 

8) J.R. RICE, P.C. PARIS, J.G. MERKLE, Some further Results 

of J-1 ntegral Analysis and Estimates . ASTM - STP .536. 

9) R.F. MONTGOMERY, J-lntegral Measurements of Various 

Types of Specimens in AISI 304. JRC lspra, Technology, EUR 

Report to be published. 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

J.E . STRAWLEY and W.F. BROWN, ASTM-STP 381. 

G.D. FEARNEHOUGH et al., Conference referred to in 4 )_ 

Paper C33/71. 

B. HENRY, Creep Crack-Growth Screening Tests. 1974, lspra 
Safety Programme Report (not available). 

G.T. HAHN et al., Criteria for Crack Extension in Cylindrical 
Pressure Vessels. Int. J. of Fract. Mech., Vol. 5, no. 3, 

September 1969. 

B. HENRY, J. BERNARD, Fracture Criteria for AISl-304 
Tubing, Annual Report lspra 1972, EUR 5060 . 

J. BERNARD, B. HENRY, Etude experimentale de l'effet de la 
carbure sur la valeur du facteur d'intensite de contrainte dans 
les coques cylindriques, EUR 5137 f. 

D.J . HAYES, Ph.D. Thesis, University of London, 1970. 

Mc. CLINTOCK, HUTCHINSON, RICE and ROSENGREN, 
referred to by 6) 

B. HENRY, Application of Fracture Mechanics to the Pre
diction of Rupture Behaviour of Thin Cylindrical Structures. 

3rd SMIRT, London, 1975, Paper L715. 

19) R. MATERA and E. CAZZANIGA, Material Department, JRC. 

Private Communication. 

133 



-
)1190 

CZ: 
w 
cc 
:E 
:::) 
21180 
w 
> < 
~ 

1170 

I 

0 

0 

• . 
• 8 
0 0 . . a 0 

0 . . 

I I I 
PbSe 

DIODE CURRENT: 0.7A ., 
•' 

0 . . 
g 0 

0 . 0 

i 
0 

I 
•STRONG MODES 
oWEAK MODES 

0 5 10 15 20 25 30 
MAGNETIC FIELD (k Gau•) 

Fig. 4 Dependence of a PbSe Laser Emission Modes on 
Magnetic Field at a Fixed Diode Current 

Point Sampling 

The IR absorption spectrum of a pol luted atmosphere is 

at best comp I icated. Especially at moderate or low reso
lution (atmospheric pressure broadened lines) serious over
lapping of the apparent spectral lines preclude even the 
qualitative identification of a particular molecular species in 

an unknown mixture. 

In order to extract the ma xi mum infomation from the 
absorption technique, high-reso lution spectroscopy has to 

be performed . This can be done in a closed cell by suitab ly 
reducing the total pressure down to few torr, and in open 

atmosphere at high altitudes; for in such conditions the 
molecular absorption lines are Doppler-limited (30 - 100 

MH z) as against ground-level (atmospheric pressure 
broadened) line widths of 2 - 3 GH z. The narrow line
width of the absorption spectrum at low pressure, strongly 
reduces the possibility of overlapping and hence of inter
ference from the other gases present in the mixture. 

There are a number of important , uses for point 
sampling and laboratory spectroscopy (ambient air pollu 
tion monitoring, automobile exhaust analysis, etc.) that 
profit from the extremely high spectral resolution and 
specificity of tunable diode laser spectroscopy. 

I n-cel I measurements were undertaken in thi s labora
tory, chiefly to determine the diode laser characteristics 
and the suitability of an absorption line to in-field moni 
toring. Fig. 5 shows typical scans of wavelength regions of 
S02 and NH 3 absotption spectra. 

Fig. 6 gives a view of the apparatus used for in-cell measu re
ments, together with a diagram of the system. 

Remote Detection and Long Path Monitoring 

The purpose of this programme is to develop tunable 
diode laser techniques for "in field" continuous ambient air 
monitoring. Unlike "in-cell" experiments, open-air ope

ration is affected by considerable handi caps primarily re
presented by the pressure broadening of the molecular 
absorption lines and by the atmospheric transmittance and 
noise. 
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Wavelength Considerations for Long Path Monitoring 

The adverse effect of increasing the total gas pressure 

on the absorption spectrum is illustrated in Fig. 7 The 
direct transmission spectrum and the derivative spectrum of 
a low pressure (1 torr) NH 3 gas in a 30 cm cell are shown in 

the upper part of the figure. Note that one torr in a 30 cm 

eel I corresponds to a mean concentration of 400 ppb over 
one km path length. 

The total gas pressure in the ce ll was then increased by 
adding nitrogen to the values indicated; the corresponding 

derivative spectra are shown. The derivative detection 

method is used to increase the sensitivity of the measure

ment. 
At atmospheric pressure (760 torri the absorption lines 

of the original spectrum appear completely useless for 

in-field monitoring. Thi s demonstrates that absorption 

spectra in atmospheric pressure broadened regime have to 

be analysed in order to select the most suitable wavelength. 
An ideal absorption line or band should in fact maintain in 
atmospher ic pressure broadened regime a sufficiently high 
effect ive absorption coefficient and should be reasonably 
free from interference from other pollutants or atmospheric 
const ituents. This is the case of the P(4) and P( 3) lines of 

CO as demonstrated by Ku et al. 2 ). 

It is planned to use one of these two lines for preliminary 
"in-fie ld " experiments. 
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Fig. 7 Direct Transmission Spectrum of NH3 and 
Derivative Spectra at Different Total Gas Pressures 

Obtained by Adding Nitrogen in the Cell 

Atmospheric noise 

In long-path measurement, the laser beam must travel a 

path of some hundreds of metres in the atmosphere. It is 
then necessary to account for the effects due either to the 
standard constituents of a clean atmosphere or to meteoro
logical conditions. The first effect depends upon the fact 

that water vapour and carbon dioxide absorption black out 

some regions of the spectrum (2.5 - 2.9 µm ; 4.2 - 4.4 µm ; 
5.5 - 7.5 µm; above 14 µm). The effect of H 2 0 and CO 2 

even in the atmospheric windows has to be carefully 

considered, since sizab le attenuation of the beam can result. 
The second effect arises from the presence of thermal fluc

tuations in the atmosphere (turbu lence) which result in 
fluctuations of the received signal strength. The problem of 

beam defocusing and steering can be minimized by suitable 
design of the optics (s2e below). The effect of atmospheric 

turbulence can be minimized by performing the measure

ment of the signa ls ON and OFF resonance in a sufficiently 

short time, so that the atmospheric transmittance will be 
practically unchanged during the scanning of the absorption 

line. 
Ku et al. 2

) have demonstrated that short-term turbulence 

and scattering effects are reduced considerab ly by scanning 
the absorption line in a time not longer than 0.1 msecond. 

The procedure followed by those authors will be used in 
this work . The diode current, set for a laser emission wave
length corresponding to the absorpt ion line, was modulated 
with a small superimposed sinusoidal current at high fre
quency (- 10 kHz) . Since this method modulates the laser 
emission wavelength was well, the derivative of the ab

sorption spectrum was obtained by synchronous detection 
at 10 kH z. As above indicated, at this frequency the 
atmosphere is effectively frozen. To take into account flu c
tuations in the laser emiss ion intensity, the direct transmi s
sion signal is obtained by intensity-modulating the laser 

beam at a lower frequency (chopper at - 170 Hz) and 
synchronou s detection. The derivative and the direct trans
mission signal are then ratioed. Mathematically it can be 
shown that the final signal is independent of the turbulence 

and scattering parameter, so that displayed on a strip-chart 
recorder it provides a continuous record of the averaged 
pollutant concentration along the path of the laser beam. 

The received laser power I can be expressed as 

I= lo exp (-av· c · L) exp [ - (3 (t) · L] 

where av is the line absorption coeffic ient of the specific 
pollutant whose average concentrat ion along the beam path 
L is c, and (3 (t) is an extinction parameter caused by 

atmospheric effects other than the pollutant absorption. (3 
(t) is depe.ndent on time and, for the small wavelength 

region around the selected absorption line, independent of 
laser emission frequency v. 

The derivative signal dl/d = I' is equal to 
V 

By rationing I ' and I (I' is calculated at a given frequency 1/ 

where the derivative signal is maximum) it can be shown 
that 
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R = l'/1 =Q
0 

• L · c · constants 

Q
0 

being the absorption coefficient at I ine centre. 

The schematic layout of the experimental apparatus is 

shown in Fig. 8. 

Measuring Apparatus 

We have designed and constructed a suitable optical 
system for IR laser beam handling over a beam path of 

some hundreds of metres. For this experi ment we intend to 

col Ii mate the beam towards a corner-cu be retroreflector 
situated at a given distance from the source and to co llect 
the reflected light by means of suitable opti cs. Experiments 
performed with a He-Ne laser at the JRC 3) have shown 

that beam steering and defocusing effects are eliminated if 

the dimensions of the retroreflector and the collecting 

optics are suitably chosen. 

The JRC lspra optical system for long-path monitoring 
is schematically illustrated in Fig. 9, which also shows 
pi ctures of the telescope system and of the retroreflector. 

We use a Cassegrain telescope as co llimator (7 cm diameter) 
and a 25 cm diameter 86 cm focal length Newtonian tele
scope as collector. Each is in a Coude mount permitting 
wide mobility of the telescope without moving the laser 
source. The corner cube retroreflector is triangular with a 
side of 30 cm. 
We are having some diffi cu lty in coupling the laser source 
to the tel escope, owing to the presence of the monochro
mator imposed by the multimode emission of the laser 

source. 

Work is also in progress to mount the laser source on 

the closed-cycle cryogenic cooler (Fig. 10). This device 
should allow of temperature-tuning the diode laser (in th e 
range 12° - 50° K or more according to the laser characte

ristics) with only household current. In operation at 
constant temperature a stab ii ity better than 0.01 ° K (equ i
valent to about 0.01 cm-1 laser frequency fluctuation) can 

be achieved. 

Additional advantages are: 

the system can run continuously without logisti c 
support or operator attendance; 

the coo l-down time and room temperature recycling 
ti me are considerably reduced; 

the cold head containing the diode is relatively small 
and rugged. 

MOOULATION 
CUA AENT 

10 1dSi 

Fig. 8 Schematic Layout of the Experimental 
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Fig. 9 JRC Optical System for Long Path Monitoring 

a. Schematic System 
b. Telescope and Laser Source 
c. Retroreflector 



Fig. 10 Cryogenic Technology Mod. 21 Closed-Cycle 
Cooler System: Temperature Controller, Cold Head 

and Compressor 

Future Outlook 

Of all remote sensing systems for global and regional 
monitoring of ambient concentrations of atmospheric 
pollutants, the technique of resonance absorption in the 
infrared range appears capable of giving the highest speci
ficity and sensitivity. 

Up to now only one laboratory in the world (MIT 
Lincoln Lab.) has applied this technique (tunable diode 

laser) to the monitoring of CO and NO over a 300 m region 
(double beam path for 600 m total length), ca lcu lating a 

minimum detectable concentration of about 3 ppb of CO 
over a beam path of 1 km. The same group has demon
strated the operat ion of a mobile monitoring system 

utilized at the last St. Lou is regional air pollution study 

campaigns. Proposals for operation of a system based on 
resonance IR absorption technique with tunable diode 

lasers from satellite or aircraft platforms have been 

discussed by NASA (Allario et al., 1973)
4

!1n regard to our 

own research, it is hoped that mWatt lasers, which became 
commercia lly available in the second half of 1975, will help 

to overcome some difficulties encountered with the present 
diodes ( 100 - 200 µwatt) . 

The applicability of the technique to CO and NO has 
al ready been demonstrated; its extension to other 

important pollutant gases like S0 2 , 0 3 , NH 3 , CH 4 , C2 H4 

etc. stil l demands close investigation of the molecular absor
ption spectrum in relation to the atmospheric transmittance 

for wavelength selection. We also expect to gain some help 
with this problem from the results of the studies done 

under the EEC Environmental Research Programme 

(DG-XII), during the years 1974-1975. 

A detailed analysis of the technique of remote detec
tion of atmospheric pollutants by IR resonance absorption 

using tunable diode lasers has been published as EUR 
Report 4598 e. 5 ) . 
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High-Power Water Loop 

J. A Bekkering 

Introduction 

Two high water loops, to be installed in the ESSOR 
Reactor , are now under construction . One loop, called 
Cleopatra, is for pressurized water operation, the other, 
Cabiria, is for boiling water operation. Each loop is 
connected to one experimental channel position in the 

ESSOR Reactor. 

The objectives of the irradiation tests that can be 
performed in those test channe ls can be divided into three 

main groups: 

a) study of fuel bundles under stationary conditions; 
b) study of fuel bundles under dynamic conditions simu 

lati ng power-plant operat ion transients; 
c) study of fuel bundles under dynamic conditions simu

lating, power-plant accidents. 

Each loop will be installed in its own bunker. 

The Test Channel 

Proceeding from inside to outside, at the mid-core 
plane , the channel is co mposed of the following com
ponents: 

the pressure tube in Zr -2.5% Nb 
the Co2 -filled gap, acting as a thermal insulation 
between the pressure tube and the safety tube 
the safety tube in Zr -2.5% Nb, designed to withstand 
the full primary pressure 
the 0 2 0-filled gap in forced ci rcu lat ion to cool the 
safety tube 
the posion sleeve, acting at the same time as a guide 
tu be for the heavy water 
the moderator heavy water. 

The dimensions of t he test channels are essentially 
limited by the bore of 170 mm diameter in the upper 
reactor shield . 

The pressure tubes envisaged at present do not cater for 
the maximum conceivable space inside the test channel, 
owing to techno logica l difficulties, but in the futu re a 
slightly bigger test channel might be possible. 

Th e reference fuel element, constituted of the 

ma ximum number of rods that can be fitted into the test 
channels at present, is based on present PWR and BWR rod 
diameters and pitches. 

To avoid the possibility of hot spots on the pressu re 
tube, and for safer manipulation, the test elements will 
always be equipped with an external shroud. 

This shroud might be of poisoned material to provide 
for a flux attenuation when ever requested . 
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Another means of obtaining a flux attenuation is with 

the poison sleeve situated ou tside the safety tube. 

The main parameters of the test channels and the 
reference elements are listed in Table 1. 

Cleopatra Cabiria 

Pressure tube ID mm 104.0 120.4 

Pressure tube OD mm 126.8 134.1 

Safety tube ID mm 135.3 142.5 

Safety tube OD mm 152.3 152. 1 

Poison sleeve OD mm 160° 
0 

160 

No. of rods in ref . element 37 32 

Rod OD mm 9 .5 12.52 

Pitch mm 12.6 16.26 

Active height of core mm 1500 1500 

Figs. 1 and 2 show, respective ly, the Cleopatra and 
Cabiria test channels with reference element. 

</) 104 

</) 126,8 
(/> 135,3 
(/> 152,3 
(/> 156 
(/> 160 

SAFETY TUBE 

PRESSURE TUBE 

Fig. 1 Cleopatra - Test Channel with Reference Element 



POISON SLEEVE 

SAFETY TUBE 

PRESSURE TUBE 

cf> 120,4 

134,1 
142,5 

<f> 152,1 
(/> 156 

160 

Fig. 2 Cabiria - Test Channel with Reference Element 

Short description of the circuits 

The main parameters of the circuits are listed below: 

Cleopatra Cabiria 

Maximum power generated in 

test channel MW 3.1 5 3.15 

Pr imary pressure, nominal bar 182 9 1.2 
0 

Out let temperature C 335 302 

Maximum f low kg/sec 28.6 18 

Maximum pumping head m 216 220 

Pressure drop over test channe l bar 5.6 6.1 

Design pressu re bar 213 115 
0 

Design temperatu re C 370 320 

Power of electri c preheater kW 315 

Power of electric steam generator kW 1500 

Purificat ion flow kg/sec 3.3 10.-

Max imum qual ity at channe l in let 

with total flow of 6 kg/sec 11 % 

The Cleopatra Circuit 

T he flow sheet of the circuit is represented in Fig. 3. 
T he primary circuit is composed of the fo llowing com

ponents: 

the test channel 
the full-flow fi l ter to reta in debris 

the main heat exchanger, 3.5 MW 
two canned main circulators in series 

the preheater 
the aux ii iary heat exchanger, to cool the element during 
handling or in case of fai lure of the ma in heat exchanger. 

the purifi cation circuit, composed of three mixed-bed 

ion exchangers, a degassing tank operating at low pres

sure, and two piston recharge pumps. 

The main hea t exchanger is cooled by a fu lly -closed inter
mediate circuit which in its turn is coo led by the atmos
pheric cool ing tower circuit. The main ci rcu lators are 

cooled by a fu l ly-closed components coo li ng ci rcuit, in its 
turn coo led by industrial water. 

In this way all components essentia l from the safety 
point of view have a double barrier between the primary 
liquid and the outs ide atmosphere . 

The Cabiria Circuit 

The flow sheet of the ci rcu it is represented in Fig. 4. The 
primary circuit is composed of the fo ll owing components: 

the test channel 
the full-flow filter to retain debris 

the steam separator 
the expansion tank to compensate for therma l expansion 
and steam co ll apse 
two condensors in parallel, 1.8 MW each 
the condensate col lecting tank 

two canned condensate return pump (necessary while it 

was impossib le to instale the condensors over the 
expansion tank) 

two subcoolers in parallel, 580 kW each 
two canned main circulators in series 
the steam generator, composed of 7 electric boilers in 

paralle l with a total power of 1.5 MW. 

the mixer, where subcooled water and steam are mixed 
to obtain the required test-channel inlet conditi ons 
the au xi I iary heat exchanger to coo l t he test element 
during handling or in case of failure of the intermediate 
circuit 
the purifi cation circuit, composed of the mixed-bed ion 
exchangers, a degassing tank operating at low pressure 
and two position recharge pumps. 

The main heat exchangers are coo led by two fu lly 
closed intermediate circu its (one for the condensors, and 
one for the subcoolers) which in their turn transmit the 

heat to the atmospheri c cooli ng tower circuit. 

The main circu lators are cooled by a fully-closed com
ponents cooling circuit, in its turn coo led by industria l 

water . 

General Characteristics of Both Loops 

Each main circu lator is fed from its own motor
generator set, equipped with a fly wheel, The motor

generator sets are ve locity - control led, and consequently 
the ve locity of the main circu lators can be varied. 

The fly wheels are dimensioned to bridge the switching 
intervals of the electric supp ly system without significant 
flow variat ion in the test channe l, and to provide for a safe 

coast-down in case of a power failure. 

The concept of variable speed pumps together with 

control valves has been adopted to provide for a wide range 
of control of the flow in the test channel. 

In case of a prolonged power failure, the circui ts are 
designed to transfer the decay heat by natural circulati on . 
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Pressurized accumulators and pumps are connected to 
the inlet and outlet of the test channel to provide for e

mergency cooling in case of an unscheduled loss of coolant. 

Each loop is installed in its own bunker. These bunkers 
are not accessible during power operation . A small shie lded 
room was been constructed in a corner of each bunker, 
with direct access from outside, and here samples can be 

taken. 
At present the loops will not be equipped for the 

execution of safety tests ( loss of coolant accident, loss of 

flow accident etc.). 

In future, however, valves can be installed to allow the 

6 

7 

1. Test section 

2. Pressuriser 

3. Condenser - vapour generator 

4. Primary circulation pumps 

5. Preheater 

6. Aux ii iary heat exchanger 

7. Drain tank 

8. High delivery pumps of emergency 
cooling system (E.C.S.) 

9. High lift pumps of E.C.S. 

test channel to be isolated from the circuit and to provide 

blow-down lines from both ends of the test channel to the 

quench tank. 

Further more, space will be reserved to allow for the 
installation ·of additional components necessary to simulate 
the conditions occurring during a reactor accident (f.e. and 
additional tank simulation the lower plenum, pressurized 
accumulator and pumps simulating the emergency cooling 
system in a reactor) . 

The contract for construction of the circuit was signed 
recently ( February 1976) and the loops are expected to be 
operative for nuclear use around the beginning of 1979. 

11 

10. Water tanks of E.C.S. 

11. Depressuriser 

12. Demineralisers 

13. Control volume tank 

14. Change pumps 

15. Intermediate condenser 

16 . Intermediate circuit pumps 

17. Cooling tower 

18. Tower circuit pumps 

19. Filter 

20. Heat exchanger 

Fig. 3 Simplified Schematic of CLEOPATRA Loop 
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CLEOPATRA 

2 

12 

1. Test section 8. Emergency reservoirs 
2. Vapour separator 9. Heat exchanger 
3. Expansion tank 10. Recondenser 
4. Pumps 11. Charge pumps 
5. Electrical heater 12. Dem ineral isers 
6. Electrical superheater 13. Drain tank 
7. Mixer 14. Aux ii iary heat exchanger 

15. Condenser 

Fig. 4 Simplified Schematic of CAB/RIA Loop 
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Pegaso- A Special Purpose Processor for Smoothing 
and Peak Elaboration in Mass Spectrometry 
S. Amie, F. Sorel, A. Termanini 

Introduction 

PEGASO (_Eeak ~laborati on and ~ain _6dap tat ion for 
~pectrometry Qn-line) is used in mass spectrometry with 
high data output rate to perform a fast data reduction in 
hardware. Thi s reduction is required since the high data 
sample rate does not allow a computer to process the infor
mation during the acquisition phase and on the other hand 
the storage of all incoming data is uneconomical con
sidering the redundancy of the information and the amount 

of data accumulated during long measurement periods. The 
re levant part of the information in thi s appl ication is given 
by the peak position and intens ity. The PEGASO processor 
not only elaborates these va lues but additiona lly performs 
digital averaging and smoothing in order to correct errors 
introduced by the measurement procedure. 

System Description 

The mass spectrometer delivers the va lue of the ion 
current to a programmable ga in amplifier the gain of which 

is selected by a fast autoranging logic. These two units are 
required to follow with sufficient precision the high 
dynamic range of the spectrometer outpu t ( 105 - 106 ). 

The analog signal is converted by an analog/digita l con
verter in to a 12-bit binary word . Thi s convers ion takes 
place at a programmable sampling rate given by the mini
compu ter . 

The ar ithmetic unit during any sampli ng in terva l 

1-----------, 
I MASS 
I SPECTROMETER 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I L _________ J 

Current 

Programmable 

Amplifier 

Autoranging 

Logic 

PEGASO 

( 100 µ s) ca rri es out the fo llowing funct ions: 

Div ision of t he A/D output va lue by the selected gain of 
the programmable amplifier to recover the or iginal 
output va lue of the spectrometer. 
Calculation of the average of a programmable number 
of samp led signal s followed by a normalization ach ieved 
through the division by the number of accumulations. 
This procedure improves the signal -to-noise ratio at low 
sampling rate having the effect of bandwidth contro l. 
Smoothing of the spectrum by a least-squares poly

nomial approximation. The basic idea is to choose a 
polynom ial approximation p(x) to the data function 
given by the samp les y(x.) in a way which minimizes 

I 

the squares of the errors. 

p(x) = ao + a1 x + a2 x 2 + ... ... .. + amxn 

N 

~=o [ y(x .) - p(x.)] 2 = Minimum 
I I I 

The polynomial p(x) gives a smoth l ine in place of the 
noisy data f unction. A seven-point least-squares 
parabola is used; since the mu lt ipli ca tion factors of 
seven success ive data va lues are programmable on the 
front panel it is also possible to use a five-point least
squares parabola or another polynomial approx imation. 

Area ca lcu lati on of smoothed spectrum portions 
including 7 sampled va lues. 
Determination of peak value by comparing success ive 
area portions taking account of the sens itivity factor 
programmed on the front panel, and transfer of the 
peak va lue to the computer . 

Aritmetic 
Un it 

PEGASO 

D/ A 
Converter 

MINI 
COMPUTER 

Fig. 1 System Configuration 
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Fig. 2 PEGASO Units and Minicomputer 
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Arithmetic Unit 

This unit performs the different arithmetic operations 

such as addition, multiplication and division required for 
the execu tion of the mentioned functions. The average 

register (accumulator) with a 32-bit word length capacity 
can add up to 128 sampled values. 

The smoothing and area calculation are carried out in 
the following way (see Fig. 3) • 

the seven data shift registers are connected in series to 

store seven successive average va lues given by the accu
mulator; 

each value is multiplied in serial-parallel mode by a 

2-d i git factor selectable on the front panel by 

thumbwheels; 

the seven resulting products are summed up and the 

sum is stored in the output register; 

simultaneously with these operations the data is shifted 
from one register to the next so that at the end of the 
operations the (n+ 1)th data replaces the nth data; 

the accumulator loads a new value into the first register 

and a new cycle starts. 

Two output registers of 24 bits each are provided; one 
contains the actual area result, and the other the result of 
the preceding calcu lation cycle. 

The peak detection circuit now compares the values of 
these output registers; the comparator accepts on ly the 
values which are equal to or greater than the threshold 
value given by the sensitivity factor programmed on the 
front panel. If the new area result is small er than the pre
ced ing value, as occurs at the start of the decreasing slope 

of the peak form, the circuit defines the preceding value as 

peak value. The circu it generates an interrupt to the 
computer and transfers the 24-bit peak value in two blocks 

Fig. 4 Arithmetic Unit PEGASO 

of 16 and 8 bits to the computer since the word length of 

the computer is 16 bits. 

The Autoranging Logic 

The autoranging logic selects the appropriate gain factor 
in the range from 1 to 1000 in keeping with the output 
signal of the amplifier. The autoranging mechanism is 

designed to work both upwards and downwards at high 
speed in order to be able to fol low al I signal variations. The 

selected gain is also communicated to the arithmetic unit. 

The output signal of the p°rogrammable gain amplifier is 
sensed by two discriminators; the first has a low threshold 

to select a higher gain, the second a high threshold for a 

smaller gain. The two discriminators control an up/down 
counter the output of which represents the digital gain 

factor. Since it is necessary to take account of the amplifier 
settling time, a logic ci rcuit interrogates the discriminators 
after a programmable digital delay each time the gain factor 
has changed. 

A holding register stores the gain factor transmitted to 
the arithmetic unit during the operation time of the latter. 
It will be updated as soon as the arithmetic unit has picked 
up the new value. 

Conclusion 

PEGASO is a fully synchronous operating machine. It is 
able to perform digital averaging, smoothing and peak ela
boration (which correspond to 7 multiplications, 7 addi
tions, one division and one comparison) in 34 machine 

cycles. With a clock frequency of 10 MH z the total 
execution ti me is 3,4 µ s. 

The computer interface (at present to SPC-16) needs 

only a few contro l signals and therefore can easily be 

adapted to any minicomputer model. 

• 

• 

Fig. 5 Autoranging Logic PEGASO and Programmable 
Gain Amplifiers 
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On the Interpretation of Acoustic Emission Signals 

A.C. Lucia 

Introduction 

One of the main problems, or perhaps the main pro
b I em, in the application of acoustic emission (AE) 

techniques is the interpretation of the signals. By "interpre

tation" we mean the extraction of information about the 
nature and extent of the defect causing the signals, in order 
to identify and characterize the source itself . 

Like many other natural phenomena AE is a random 
process but, unfortunately, a non-stationary one, because 
its statistical properties are not constant in time but vary, 
for example, with variations in the loading conditions to 
which the material is being subjected. 

We know that, from a theoretical point of view, non
stationary data should be analysed by "ensemble" averaging 
procedures; i.e ., by averaging over a co llection of sample 
records at specific instants of time. In fact, non-stationary 
ra'1dom processes cannot be ergodic. 

Ensemble averaging would require data from a large 
number of repeated experiments, and, above all, a time 
non-sta tionarity would mean that the AE signal recorded 
during one test cannot be considered representative of the 
signals which would be found in other similar tests. 

However, it is known intuitively as well as from experi
ence that this implication is not necessarily true. For 
example, if we consider the mean square values of the 
signals from several different tests of the same type under 
the same conditions, we would intuitively expect these m.s. 
value time histories to be similar from test to test, and 
indeed they will be. 

This means that the non-stationary data from one test 
are at least somewhat representative of the data from other 
similar tests: hence something similar to an ergodic 
hypothesis appears justified. In fact the AE process is a 
special type of non-stationary random process, where each 
sample record has a common underlying time-varying 
characteristic. A deterministic factor appears to be present 
in the nonstati onary random process describing the evo
lution of the AE source during test. This nonstationary 
random process could be represented by means of a station
ary random process affected by a deterministi c time
varying parameter. Assuming the time-varying parameter 
can be identified, the signal from one test should supply the 
properties of the signals from al I other tests . 

Special Nonstationary Models 

Various types of nonstationary random processes have 
been considered in the past as "models" for specific 
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physical phenomena, in order to allow an analytical treat
ment of the phenomenon. 

For example, a common model used to describe a non
stationary random process with a time-varying mean square 
value is given by the process { y(t)} where each sample 
record is of the form: 

y(t) = A(t) x(t) ( 1) 

where A(t) is deterministic and x(J:) is a sample record from 
a stationary random process x ( t). 
This is the model that we apply to our study of AE signals. 

Extraction of A(t) from the Signal 

Having hypothesized this mathematical model for the 
AE process, let us see how it is possible to extract, on this 
basis, information on the deterministic component A(t). 

Up to now, we have carried out 3 types of analysis: 

i) mean square value 
ii) probability that the signal will cross a given level 

iii) probability that the signal will exceed a given level 

Analysis of the Mean Square Value 

Let us consider the nonstationary process represented 
by expression ( 1). The autocorrelation function for th is 
process at the ins:ant tis given by: 

lim 

'-Pyy(T, t) = 
N~ 

N 
-N1 ~ A(t) A(t+r)xk(t)xk(t+r) (2) 

1 k 

where N is the number of occurrences of the process. 
This expression is equivalent to: 

'-Pyy(r,t) = A (t)A(t + r) '-Pxx (r) (3) 

where '-Pxx(r) is the autocorrelation function of the station
ary process x(t) and as such is independent of time. 

If the fluctuations of A(t) are very slow relative to the 
fluctuations of x(t), then 

A(t) == A(t + r) (4) 

For all the values of r in which lf!xx (r) is other than zero, 
we can therefore write: 

(5) 

Nonstationary random processes of this form are referred 



to as being "locally stationary". 

We know that the power spectrum is the Fourier tra nsform 

of the autocorre lation function, thus, in this case, it can be 

expressed as: 

<I> (t, w) = A 2 (t) <I> (w) 
yy xx 

(6) 

where <I> (w ), being the power spectrum of the stat ionary 

rand om x~rocess { x(t)}, does not vary with time. Ex

pression (6) means that the mathematical model ( 1) corre

sponds to a process having a power spectrum whose geome

tric fo rm remains constan t and whose area varies in time 

according to the factor A 2 (t). 

The area of the power spectrum corresponds to the mean 

square value VI 2
, so that: y 

VI 2 (t) = J°0 
<ll (t w) d W = A 2 (t) V1 2 (7) 

Y -00 YY ' X 

where VI 2 (t) and VI 2 represent the mean square va lues of 
y X 

y(t) and x( t) respectively. Thu s the behaviour of the mean 

square value of the nonstationary random process { y(t)} is 

equal to that of A 2 (t), the VI 2 acting as a proportiona lity 
X 

consta nt. 

This statement remains valid as long as the dependence 

upon time of A(t) is reduced enough , in comparison with 

f luctuations of x(t), to make relation (5) acceptable. In this 

case A(t) acts on the power spectral density as an amp lifi ca

tion factor (variab le with time), which as such, does not 

alter the frequency content of the spectrum. 

Probability that the Signal Will Cross a Given Level 

The propability p
1 

(r) that a stationary random process, 

with normal distribution and zero mean, w ill have a zero 

cross ing between t and t + r is given by: 

2 [ 'Pxx (O) - 'Pxx (r) ] 

'Pxx (O) 
(8) 

where the subscipt 1 in the probability symbol means that 

it is the probability that there is one and onl y one zero 

crossing; .p (r) is the correlation function of the sta tion 

ary, norm:1 \andom process { x (t)} and r is small w ith 

respect to t he periods of frequencies present in the process. 

In the case of a nonstationary process, the probabi I ity 

p
1 

(r) will vary with time. The expression ( 11) can be 

applied to a loca lly stationary process of the type y(t) = 
A(t) x(t). 

In fact, if the varia tions of A(t) are slow with respect to 

the random fluctuations of x (t), we.can presume that, in a 

given interval of time, the process y(t) will be stationary 

and characterized by a constant factor A(\, T) where T is 

the interval considered. In the successive interval of time, 

we can once again suppose the process to be sta tionary , but 

characteri zed by a new factor A(\
1

, T) . 

With this hypothesis, expanding ex press ion (8) in Mc 

Laurin series around the origin and for the process ( 1), we 

can write: 

(r, t) ~ -{- j - .p"Y."i. (0, t) 
P1 <Pvv (O,t) 

• r= 

[ J°o w 2 i [., (w)dw (' 1 _oo xx 
(9) 

Vl2 
. r 

7[ 

X 

This is the same result as will be obtained in the stat ion

ary case, which means that, with the model we have 

hypothes ized, the probability of a zero crossing between t 

and t + r is the same for the nonstationary process y(t) and 

for the stat ionary x( t). This is obvious since the hypothesis 

A(t)x(t) corresponds to an amplitude modulation of the 

process, and not to a frequency modulation or a change in 

average value, in w hich case we shou ld have a variation of 

the probability of a zero cross ing . As has, in fact, already 

been observed, the power spect rum of the locally stationary 

process y(t) var ies in the area and not in the form . 
This situation changes complete ly if we consider the 

probability that the signa l crosses a thresho ld other than 

zero. I t can be shown that for a norma l sta t ionary process 

the probability that a threshold at an arbitrary level L will 

be crossed is given by 11 ): 

-.p"xx (0) 

'Pxx (O) 

2 'Pxx(O) 
• e · T ( 10) 

By considering once again the nonstationary process y( t) 

defined by ( 1) and introducing the density 11.L (t) of leve l L 

cross ing , we obtain: 

p (r,t) = 11. (t) • r= _l_ 
_ .p" (O t) 2.Pyy(O,t) 

~~Y~Y'--'- e ·r 
1,L L 7r 'Pvv (O,t) 

( 11) 

In this case both the probabi l ity and the level crossing 

density vary. Their behaviour is linked, through the auto

correlation functi on .p (0, t) appeari ng in the exponential, 
YY 

to the deterministic A(t) factor of nonstationarity. 

I t is advisable to remember here that the above-shown 

expression was obtained under the hypothesis that the 

signal is loca ll y stationary and has a normal distribution. 

It is ev ident that the leve l-crossing density is propor

tional to the value of counts/sec when measured with a 

trigger leve l on the coun ter (or the pulse shaper) equal to 

the level to w hi ch the crossing density refers . Therefore we 

can find the behaviour in time of t he crossi ng probability 

by measuring the counts/sec value and its behaviour. 

An exper imental verif icat ion of the exponentia l be

haviour of the leve l crossing density 11. (t) can be made by 

means of cou nts/sec measurements. The counting rate, eval

uated with a gi ven trigger leve l, can be thought as being 

proportional to the probability of cross ing the same level. 

We can therefore write: 

11.Lk(t) = P1 Lk (t) = CLk(t) 
(12) 

II.LO (t) P1, LO (t) CLO (t) 

where 11.Lk (t) and 11.LO (t) are the cross ing densities for the 
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level Lk and for a reference level, L0 respectively, CL k ( t) 

and CLO (t) being the counting rates measured with trigger 

levels Lk and L0 respectively. 

This means that measurements of counting rates allow 
us to determine the behaviour of the ratio ( 12), wh ich is 

theoreti ca ll y given by: 

- e 

L2 - L2 
k 0 

21Pyy(O, t) 

(13) 

Figs. 1 and 2 show six diagrams of coun ts/sec, measured 
with six different trigger levels, on the signal from a tensile 

test on a carbon steel compact tension spec imen. 
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Fig. 3 shows the behaviour of the ratio XL k /XLO, 

plotted against the va lue of (Lf - Lb). at a time t = 200 

sec with reference level L0 = 5.7 µV. 

The val ues of the threshold levels are referred to the 
input of the conditioning chai n. With linear coordinates 
(curve a) the diagram is clear ly exponential. For further 

verification, the same poin ts have been plotted in semi -log 
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coordinates (curve b): of course, a straight line is obtained. 

Les us now cons ider furthe r details of the results we 

obta ined by measuring mean square values and cou nts/sec. 

Tensi le tests were made on compact tension specimens 

of two different material s: 

i) carbon steel 

ii) stainless steel, austenit ic, A ISI 304 

At the beginning of the exper iment, there was already a 

fatigue crack in the stainless stee l specimens. 

Fig. 4 shows the results obtained with a carbon steel 
specimen: 

Curve a): counts/sec 

Curve b) : mean square va lue 

After a first almost l inear rising area, a maximum is 

reached corresponding to the first signs of cracking. 
Analyses carri ed out on signals from many other identica l 

spec imens gave results quite close to those shown here. 

For the measurement of the counts/sec , the signal was 
sent to a shaper which supplies a pulse of constant ampli 

tude and duration each time the signal exceeds a threshold . 

This thresho ld is regulated in such a way that most of the 

background noise exceeds it. In th is case the trigger level 

was about 3.5 µV, referred to the input of the conditioning 
cha in . 

Furthermore, the duration of the pulse given by the shaper 

is chosen in such a way as to be longer than the average 

duration of the strong emission bursts in order to reduce 

the effects of ring ing (in this case t = 2,5 ms). 

This technique was adopted in order to reduce the 

influence of the big bursts and extract more information 
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from the "continuous emission". 

For the stainless steel specimens (precracked by fat igue 
treatment), Fig. 5 shows the resu lts from test 2.38. In 

contrast to the carbon steel, the behaviour here is not so 
easy to interpret. Nevertheless one can see that there is a 
first linear rising area, w ith a net slope-variation when the 
plast ic zone is reached (t == 70 sec). A second slope varia

tion, although less evident, can be noti ced at t'== 250 sec, 

corresponding to the probable time of crack propagation. 

This indication of the time of crack propagation agrees 
very we ll with resu lts obtained by other peop le by the 
methods of electr ica l res istivity variation. 

It shou ld be mentioned here that the time we found for 
the crack propagation satisfies the J integral method of 
verif ication. 

Probability that the Signal Will Exceed a Given Level 

The third type of analysis that we carried out is that of 
the "probability that the signal w ill exceed a given level". 
The mathematical model we hypothesized expresses the 
evolution of the AE phenomenon by var iations in signal 
amplitude, so that, if it is sufficiently close to reality, the 
above-mentioned probability shou ld be ab le to supply 

information on the evolut ion of the AE source. 

On the other hand, it is possible to find a mathematical 

relationship between the crossing dnesity :\Lk (t) for a level 

Lk and the probability plk (t) that the signa l wil l exceed 
the same level Lk. 
If T denotes the time of analysis, andµ the mean value of 
ti me of sojourn of the random function above the given 
leve l, we can write: 

(14) 

In th is relationsh ip we can see two ti me-dependent 

var iables, so that we may expect a behaviour perhaps more 
difficult to interpret but at any rate conta ining information 

on the process under test. 

Fig. 6 shows the temporal behaviour of this probability, 
for a carbon stee l specimen . The peak is, as in the mean 
square and counts/sec diagrams, just before the first signs of 

cracking. 

For the case of a stai nless steel spec imen, Fig. 7 shows a 
probability behaviour. The two slope-variation instants 
correspond ing to the passage from li near to plastic be

haviour and to the crack propagation respective ly, are quite 

clear. 
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It is necessary here to stress the importance, in this 
method, of finding a length of the time of analysis which is 
a correct comprom ise between the necessity of eliminating 
the random variations and that of following the nonstation
ary trend. 

Some Remarks on the Threshold Level 

A few cons iderations have to be made, at this point, on 
the value of the threshold leve l utilized, in analysing the 
signal. 
If the threshold is placed above what is defined as back

ground noise, all the information which the latter contains 
is ign ored. At first in our analyses we wholly disregarded 
the background noise, in order to take into account on ly 
the big emissions, or bursts. This is what we called "discrete 

emission analysis", where the "continuous em ission" was 
neglected. 

The results we obtained in this way seemed ab le to 
supply information on the beginning of cracking whereas 
no information was supplied as regards the evolution of the 
phenomenon between the commencement of the load and 
the instant of propagation or formation of cracks. That is 
to say, by this type of analysis it seems impossib le to 
discern that deterministic behaviour which would appear to 
be more useful to us. For th is reason we decided to carry 

out analyses on the whole signal, adopting a threshold level 
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lower than the background noise in order to take most of it 2 • I 

i into account as well. In particular, we wanted to extract 
from the noise the continuous emission which, though 
difficult to emphasize at least in the types of experiment 
carried out by us, is certainly detectable with appropriate 
methods of signal analysis. 

We have seen the results obtained by the analysis of the 
"whole signal", that is by taking the background noise into 
account as well . 
Let us look now at some results obtained, on the same 
signals, by taking into account the strong emissions on ly. 

Fig. 8 shows the m.s. va lue of the signal from a test on a 
ca rbon steel specimen. 
We can see a first area with large emissions probably due to 
a spurious settling noise of the tensile machine and to 
situations of loca l concentration of stress caused by the 
mechanical treatment of the sample. The l inear zone is 
character ised by a low m.s. value whereas as soon as the 
plastic zone is reached, the energy of the emissions begins 
to increase, reaches a maximum and then starts to decrease. 
The maximum is reached immediately before the crack 
opens, as can be seen by other methods. Bu t the overal I 
behaviour of the phenomenon from the commencement of 
loading to the first signs of cracking is not very clear. 

Fig. 9 (carbon steel test 3.38) shows a diagram obta ined 
after a narrow-band filtering of the signal, eliminating most 
of the initial spurious noise. 

Fig. 10 concerns a stainless steel specimen (test 2.38). 

In this case, too, the method provides an indication of the 
instant when the plastic zone is entered (first peak) and of 
the crack propagation instant (second peak), but does not 
succeed in discriminating the deterministic behaviour. The 
interpretation of this diagram is, however, rather difficult. 
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I f we look, for compar ison , at the diagram of the 
counts/sec (Fig. 11 ), measured with a threshold within the 
background noise, we can see that the passage from linear 
to plastic zone and the instant of crack propagation are 
much more evident. 
The same can be said for the m.s. value diagram, Fig. 12. A 
great drawback in the analysis of the strong emissions only 
is that, owing to the large difference in the amplitude of the 
emissions, the contribution from many small em iss ions to 
the m.s. va lue of the signal in a given time-interval can be 
overwhelmed by the contribut ion from only one large 
burst, which could be due not to the evolution of the 



process but , for example, to detachment of an inclusion. 

Another big drawback is that of ignoring the noise and all 

the signal s contained in it; this is one reason why it is 
impossible to exactly follow the behaviour of the deter

ministic component of the acoustic emission. 
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Conclusions and Perspectives 
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The conclusion we car:. draw is that analysis of the 
whole signal, mainly based on the analysis of the continu
ous emission, seems to be more promising than analysis of 
the discrete emissions only; for the latter·:seems only able to 
detect dramati c phenomena Ii ke the crack opening, whereas 
whole-signal analysis can su pply information on the evolu
tion of the AE source. 

It is reasonable to think that by further improving the 
methodology of analysis, it will be possible to extract the 
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behaviour of A(t) more clearly from the signals. The aim is 
to find a quantitative correlation between A(t) and some 
meaningful paramet er of deformation or fracture 
mechanics. 

On the other hand, the model ( 1) (which is a model 
generally used also in statistic descriptions of the damaging 
processes) represents a process having a power spectral 
density diagram vary ing in its area (overal l energy instantly 
released) but not in its shape (frequency range and energy 

ratios between frequencies). It has been suggested, as a 
working hypothesis, that this sort of model could be very 

su itable for bulk deformation processes, while sudden local 
fractures can contribute to the va ri ation in the frequency 
content of the signal. 

It would be usefu l to con t inue in this direction, intro
ducing more sophisticated models which, by also consider

ing variations in the frequency content of the signal , would 
lead to a better representa tion of the phenomenon. The 
fact is that the mathematical mode l adopted, wh il e agreeing 
with the experimental resu lts, is nevertheless too simplified 
and does not take account of va riations in the signal fre

quency, but only of variat ions in amplitude. 

A mathematical model which takes into account the 
possible frequency variations as well can be constructed 
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either by using the model already considered and intro

ducing other parameters into it, or by tack ling the problem 
from an entirely new point of view, for instance by using 
the "random points" theory . 
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Automation of Data Processing in Routine 
Mass-Spectrometry Isotope Measurements 
M. Combet, A. Morell, S. Facchetti 

Evaluation of analogue recorded spectra requires much 
time for graphical interpolation, manual reading of inter

polated peak-heights and computation of isotope ratios. 
This is not normally possible immediately after completing 
a chart recorder scan. 

If one can evaluate the spectrum at the time of 

measurement, i.e. by automatically transferring the 
measured ion currents directly into the core memory of a 
desk calculator, the assessment of the qua I ity of the 
measurement becomes easier and the measurements may be 
terminated when sufficiently high precision has been 
attained . 

The flow-sheet below shows electronic equipment 
suitable to measure currents in the range 1 (J9 and 1 (J5 

amps from the electron multiplier of a M.A.T. mass spectro
meter. 

Automatic ranging within 4 ranges and an integrating 

digital voltmeter with variable integrating time of 0.2 - 2 
sec guarantee 1 (J3 precision throughout the input range. 

The preamplifier converts the input cu rent into voltage 

R 

-i 

I 
I 
I 

_L 

u 

With an infinite input resistance and low input off-set 
voltage we have 

V= R i 

As i is in the range 1 (J9 
- 1 (J5 amps we have two possible 

values for R 
R V 

,a·9 2,5 mV 
2,5· 106 

250 mV 
1 cr 1 

2,5· 105 25 mV 

1 Cf5 2,5 V 

The current amp I ifier is fol lowed by the voltage 

amplifier, which will match the output of the current 
amplifier to the input of the voltage to frequency con
verter. 

Three ranges of gain ( 1, 10, 100) may be selected. 

The automatic range selector consists of two level 
comparators and a logic circuit that decides the position of 
the relays for the different ranges. 

Integrating Digital Voltmeter - V/F Converter 

1.D.V. consists of a voltage-to-frequency converter, the 
output frequency feeds a counter of six decades. 

A gate permits feeding of a counter during a prede
termined time of 0.2, 0.5, 1, or 2 sec, 

The output numbers are given in scientific notation. 
The six decimal digits of the numbers (five significant digits 
+ exponent) are stored in an intermediate register and 
displayed. The values are in the following ranges. 

T 0. 2 sec from 9999 E O to 

T 0.5 sec from 2500 E O to 

T 1 sec from 5000 E O to 

T 2 sec from 9999 E O to 

Timer: 

99999 E 3 

25000 E 3 

50000 E 3 

99999 E 3 

The timer controls the operations sequentially as 
follows; it 

sets the isotope counter, which sets the HT power 
supply to the value corresponding to the desired 

isotope, 
sets the automatic ranging, 
starts counting the integrating voltmeter, 
stops counting after the predetermined time 

transfers data into the computer. 
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Core Memory: 

The desk ca lcu lator used is a Wang type 700 C. I ts core 
memory is organ ized into 121 data registers numbered 

consecutively from 000 to 120. 

Registers 000 - 11 9 are used for storing either program 
steps or data. Register 120 is on ly for data storage. 

Each programmed operation is represented by a four
digit code which consists of two halves - a higher-order 

two-digit number and a lower-order two-digit number. A 
programmed code step occupies two digits of storage, one 
digit in each of two adjacent registers. The registers of the 
core memory are 16 digits long. Consequently two registers 
can accommodate 16 program steps. 

The numbers coming from the interface are a maximum 
of 6 decimal digits and are always integers. Since the 
mantissa of the registers is of twelve digits one can store 

two of these numbers in a single register, using a splitting 

Table 1 

Intensity ratio value measured by recorder chart 

- o% R Int. ratio a 

23su12Jsu 0.05172 0.00025 0.5 

Intensity ratio value measured by data processor 

m/e 

2Jsu 235 U 23SU 23SU 23SU 

Intensity 

113223 57982 58172 57882 57992 

113263 57892 57512 57252 57592 

112273 57152 57042 56892 56462 

110573 56612 56772 56382 56272 

110203 56262 55252 55062 54962 

108173 54912 54802 55282 55282 

107763 55112 55022 55452 54872 

107463 55162 54982 54912 54682 

107363 54852 54592 54652 54622 

106943 54322 54432 54472 53992 

106283 54272 54342 54242 53862 

105833 53982 53742 539 12 53572 

105413 53412 53452 53042 53412 

104103 52842 53002 52742 52582 

103133 52512 52212 52372 52102 

102393 51882 51972 51732 52092 

101843 51782 51782 52122 51822 

101683 51982 51662 51662 51442 

101513 51542 51532 51692 51772 

101113 51392 51192 50912 50932 

-
o% R Int. ratio a 

23su123su .05101 .00016 .31 
23su;23su .05096 .00017 .34 
23su123su .05100 .00019 .38 
23su;23su .05095 .00014 .28 

I 
-
R = .05098 ±.00003 
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technique. 100 readings (data) can be located in 50 

registers. Hence for an isotope measurement of uranium it 
is possible to make an average of 20 measurements on each 
single isotope, there being a maximum of 5 U-isotopes. 

Program: 

The program is divided in two main parts; 

a) it addresses the incomi ng data into different data blocks 
and recalls them for further treatment after the 
measurement is finished; 

b) it transforms the numbers into real values, i.e. separates 
the last figure and multiplies the five significant figures 
with 10 exp. figured in the last position . 
It makes the interpolation of the measured peak 
amplitude, since the ion current may rise or fall during 

the measuring period . 
Finally it calculates the isotope ratios, with their 
standard and relative standard deviations. 

Tables 1 and 2 show the comparison of isotope ratios 

eva luated manually and by data processor. The samples 
considered are uranium and neodymium. The total time 
required is in first approximation 

by recorder chart: U = 560 sec. 
Nd= 650 sec. 

evaluation 30 min. 
evaluation 30 min. 

by data processor: U = max 200 sec. eva luation 4 sec. 

Nd= max 200 sec. evaluation 4 sec. 

Table 2 

Intensity ratio value measured by recorder chart 

-
o% R Int. ratio a 

143Nd/ 142Nd 0.4499 0.0032 0.78 
144Nd/142Nd 0.8764 0.0064 0.72 
145Nd/ 142Nd 0.3036 0.0022 0.72 
146Nd/ 142Nd 0.6289 0.0046 0.74 

Intensity ratio value measured by data processor 

m/e 

142Nd 143Nd 144Nd !45Nd 146Nd 

Intensity 

90603 401432 77683 274902 554302 

88733 395602 76663 264592 539202 

86823 385542 74573 262252 531162 

85653 383222 75133 260932 526152 

84453 378172 74853 256532 529602 

83753 376712 73673 253282 520192 

83803 380312 74173 253702 521602 

82743 377042 72943 249852 517232 

83233 377802 72373 250912 518202 

82253 371502 70933 246432 510202 

-
R Int. ratio a o% 

143Nd/142Nd 0.4504 .0037 0.83 
144Nd/ 142Nd 0.8756 .0091 1.05 
145Nd/142Nd 0.3030 .0015 0.51 
146Nd/ 142Nd 0.6215 .0048 0.77 



Introduction to Department C 

Physics, Chemistry and Materials Science 
G.R. Bishop 

Department C is composed of the Divisions of 
Physics, Chemistry and Materials, which names 
illustrate their disciplinary character and the basic 
nature of much of the work performed within 
them. In all three of the Divisions the work con
tent can be recognised as short-term purpose
oriented, or long-term phenomena-oriented, 
although the proportions of those components 
differ in each of them. The purpose of the group
ing together of these scientific divisions in one 
Department is more far-reaching than that of 
satisfying mere administrative constraints, 
important though these are. The purpose is to 
accelerate and consolidate the changes in the skills 
and facilities available within the Department, 
which are required by the current and future 
multi-annual programmes. Consolidation is 
required within those regroupings of scientists and 
technicians which have reached their critical mass 
as effective and viable units, with great credit to 
each of the individuals involved. Those embryonic 
activities not yet arrived at maturity or a recogni
sable finality must be reassessed, and decisions 
made to continue with them or not. 

Within the current programme the Department 
contributes to almost every one of the eighteen 
objectives. The topics chosen for expanded pre
sentation in this report were selected from thirty 
others presenting similar features of timeliness or 
promise which merit the attention of a wide 
audience. They are to be considered as typical of 
the much larger flow of results which appear in the 
recognised scientific journals, in Euratom reports 
and. in the reports made to the Advisory Com
mittees for Programme Management. Since the 
inception of the current four-year programme the 
number of publications shows a steady, impressive 
increase, which indicates the enthusiasm and adap
tability of the staff, many of whom were faced 
with acquiring fresh mental resources and recon
ciling tliemselves to different life styles. It must be 
a goal for the Departmental structure to capitalize 
as efficiently as possible on these invaluable human 
assets, and to provide an environment permeated 
with the most desirable aura to be found in a 
research laboratory, the scent of discovery. 

Physics Division 

Whilst all three Divisions were obliged to revise 
their activities in some measure as a result of the 
closure of the lspra-1 reactor, the impact was most 
strongly felt in the Physics Division. For some 
actions the effects were compounded by a disas
trous fire which destroyed apparatus and archives 
of the group engaged on precise measurements 
with X-rays and Mossbauer sources. The effort to 
recovery here has been remarkable, with newly 
equipped laboratories ready to launch again into 
studies of lattice imperfections and phase transfor
mations. Otherwise the work in solid state physics 
has continued across a wide spectrum of actions 
including point defect properties and radiation
enhanced diffusion in body-centred cubic metals, 
order-disorder phenomena in face-centred cubic 
metals and alloys, thin film studies by optical 
ellipsometry. Through the addition of a high-reso
lution nuclear magnetic resonance spectrometer 
working at 270 MHz, the NMR group has added 
the examination of biological materials to its 
impressive list of investigations, which include 
thermally induced polarization, high-temperature 
relaxation of fluorine atoms in crystals, anisotropic 
diffusion of small molecules in liquid crystals and 
diffusion coefficients of hydrogen in transition 
metal hydrides. The work on biological materials is 
complemented by the flourishing installation of an 
electron spin resonance apparatus coupled to a 
pulsed electron beam delivered from a Van de 
Graaff accelerator, to study the behaviour of 
radiation-induced free radicals. 

The connection of the Division with neutron 
physics continues to be upheld by the contri
butions of detached staff to I LL-Grenoble, who 
develop and test new types of monochromators for 
neutron scattering, with ingenious use of crystals 
having a gradient in the lattice parameter, or a 
curvature produced by growing oxide or nitride 
layers on the crystal face. Other groups take 
apparatus prepared at lspra for measuring 
campaigns on I LL beams, phase transitions in 
ferroelectrics, differential transport of hydrogen 
isotopes and the energy losses of fission fragments 
selected by the mass spectrometer Lohengrin. 
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Rising phoenix-like from the ashes of previous 
preoccupations are the contributions to the Solar 
energy objective made by former neutron 
physicists. Studies are close to completion on the 
conversion efficiency and spectral response of 
different photovoltaic converters, and are in course 
on the development of photon energy converters 
based on electrochemistry or photobiology for 
direct or storage uses. 

Some reactor physicists have pursued their 
science on reactors outside the centre making 
integral cross-section measurements on fast reactor 
structural materials, and others have shifted their 
allegiance to the field of reactor waste disposal 
making measurements of the integral fission cross
sections of the actinides. Finally several theorists 
have turned their attention to actions in the envi
ronment objective, providing analysis for air and 
water pollution studies in conservative and non
conservative systems. 

Chemistry Division 

Excel lent progress must be reported with the 
actions executed by the Chemistry Division in the 
objectives Waste Processing and Storage, Control of 
Fissile Materials, Standards and Reference Ma
terials, Hydrogen Production, and Protection of 
the Environment, supplemented by contributions 
to all the objectives where chemical analysis and 
know-how is required. Within environmental science 
is included the multidetection unit for the analysis 
of organic micropollutants by coupled gas chroma
tograph and mass spectrometer both under de
dicated computer control, which is shortly to be 
supplemented with a high pressure liquid chroma
tograph to extend the range of organic substances 
under examination. In parallel the development of 
the data bank ECDIN has been accelerated by 
reinforcing the staff, so that a unique combination 
of experimental and theoretical activity is being 
forged. Nonetheless the other actions on chemical 
pollutants have been pursued vigorously concern
ing the electric charges of aerosols, the removal of 
sulphur dioxide from the atmosphere by plants and 
soil, and the analysis by X-ray fluorescence of lead 
in gasoline and air particulates. We have under way 
a comprehensive study of the pathways of lead 
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introduced into the air by internal combustion 
engines, which depends on the introduction, in the 
refining stages, of special lead with an isotopic 
ratio identified by mass spectrometry techniques. 
Several difficult ion source and control problems 
have been solved prior to launching the extensive 
sampling campaigns. 

Before leaving environmental science we must 
mention the measuring campaigns on air pol lutant 
dispersal, which used chemical tracers and studies 
of the photochemistry of air pollutants. Another 
heavy metal pollutant to receive attention is 
mercury occuring in various matrices, which is 
detected and assayed in an atomic fluorescence 
spectrometer. 

For hydrogen production by thermochemical 
splitting of water, data have been collected for 
cycles based on the decompostion of HI and in the 
Fe-Cl family. Within the Waste Processing objective 
attention was concentrated on pyrochemical 
methods for head-end treatment, and on actinide 
separation by solvent extraction and ion exchange 
methods. The latter studies have been made on 
simulated solutions reinforced by explicit radiation 
damage experiments, but preparations are under 
way to adapt some hot cells available elsewhere in 
the Department which are necessary for extending 
the work to real waste solutions. An extensive 
analysis of waste disposal hazards by the concept 
of barrier efficiency has been made, and indicates 
the areas of ignorance on which much new work 
remains to be done. 

Materials Division 

The work of the Materials Division is an inti
mate blend of basic and applied research with the 
former on occasion extending through several years 
before the applications are resolved. Much
esteemed investigations of heat pipes are in this 
class, where the principles are now applied to the 
fine control of temperature in isothermal enclo
sures; the same group applies its skills to the prac
tical problem of measuring the thermo-physical 
properties of core melts. A considerable expertise 
in the use of ultrasonic techniques for seals on fuel 
elements in the Safeguards objective is polished 



into an act1v1ty of standardization of the equip
ment used in many other fields, for instance in 
medicine as aids to diagnostics, therapy and real
ti me surgical intervention. Contractual work on 
vacuum brazing and composite thermocouples 
reflects past interests of the same group who show 
a capacity to appreciate fundamentals beneath the 
short-term objective. 

Composite materials receive extensive study by 
phase dispersion or unidirectional eutectic cooling 
techniques. Again the work has practical results in 
demonstrating how to tailor mechanical properties 
to defined needs, or to illustrate the connections 
between material properties at the microscopic and 
macroscopic levels. Fracture studies have made 
good progress through extensive use of electron 
microscopy and stress wave emission, whilst a 

long-term goal of reaching simultaneous acoustic 
and microscopic indications of material behaviour 
seems closer to attainment. Work is completed on 
the observation of super-plasticity in the electron 
microscope, and on deformation-induced cavita
tion in AISI 310 stainless steel. We link such 
studies more closely with the stress engineer 

examining the practical problems of structure 
loading in reactor assemblies, by developing codes 
such as the successful EURDYN for non-linear 
dynamic finite element analysis. Finally mention 
must be made of an action brought to a successful 
close, namely the long-term corrosion of zirconium 
alloys in terphenyls. Such work imposes the main
taining of chosen experimental conditions over 
very long periods of time, requiring stability and 
continuity of a very high order. 
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Ways to a Chemical Storage of Solar Energy 

G. Blaesser 

Introduction 

Practically all applications of solar energy require a 

transformation of the incident radiation into other energy 

forms. Even in nature the largest part of solar energy is 

transformed into differences of temperatures and latent 

heats which cause the circulation ~of the atmosphere and of 

the oceans and maintain the cycling of water which is used 

partly as a source of hydroelectric power Much more 

important for our technological civilization, however, is the 

use of fossil fuels and hence the exploitation of solar energy 

stored in the form of chemical energy during the millions of 

years of earth's history. Industrial methods for chemical 

storage of solar radiation would thus be of enormous 

importance at a time of shortage of the natural fuel re

serves. 

All technical applications of solar energy either con

centrate the incoming radiation by means of focusing 

mirrors or lenses in order to generate high temperatures and 

pressures in some technical system, or else use the radiation 

energy directly in its natural concentration, which is of the 

order of 1 kW/m 2 tor vertical incidence at the surface of 

the earth. Concentrating methods permit the use of well

known procedures of chemical eng ineering; their problems 

are related mainly to the necessity of precisely tracking the 

sun with extended mirror arrangements. Also, some of the 

most important processes of chemical engineering require a 

continuous supply of energy and cannot be directly 

adapted to the intermittent availability of solar energy. 

In this report we shall consider only methods without 

energy concentration, which can use a part of the scattered 

radiation in the atmosphere and which can be operated 

without tracking devices if one accepts a certain loss (up to 
about 40%). As nature has already provided a reliable ar

rangement for the conversion of unconcentrated solar and 

scattered atmospheric radiation, namely the photosynthetic 

system of the plants, all artificial systems should be 

compared as to their efficiencies with the natural system, 

since one could also use the natural photosynthetic process 
by selecting suitable plants of opt imum conversion effi

ciency (perhaps further improved by breeding) for the 

production of fuels. It turns out, however, that even in the 

best case only about 1% of the incident solar energy is 

converted and stored in the plant in form of chemical 

energy 1
). This is related to the fact, that the energy 

absorbed is used for the synthesis of rather comp I icated 

substances, and these reaction cycles entrain losses of 
energy. Since artificial synthesis of such products by our 

present chemical technology is even less efficient, the 
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economic importance of natural photosynthesis in times of 

energy shortage would be primarily the re-replacement of 

synthetic products by natural ones, as in the case of rubber; 
in particular, it appears not to be economic to synthesize 

food ( carbohydrates and fats) if there is a shortage of 

energy On the other hand one can hardly justify growing 

plants for mere energy production as long as a sufficient 

supply of food for all mankind is not assured. A "food

calorie" is worth more (economically and morally) than a 

"heat-calorie". 

In th is article we wi 11 first discuss the thermodynamic 

limits to the conversion of unconcentrated solar radiation. 

We shal l then apply these general energy considerations to 

natural photosynthesis. Fina l ly, we wi 11 present general 

criteria for artificial photochemical systems for solar energy 

storage and sketch some ideas for their practical realization. 

Thermodynamic Limits for Photochemical 
Energy Conversion 

Photochemical reactions generally occur in two steps. 

Excitation of a molecule M due to the absorption of a 

quantum of light (primary process - step 1) is followed by 

a chemical reaction involving the excited Molecule M* 

(secondary process - step 2). Part of the excitation energy 

will be stored in the form of the chemical energy of the 

reaction products while the rest is lost as heat. 

We first consider the primary process in which the 

molecule M absorbs a quantum of energy E = hv and 

thereby passes to an excited state M* which differs from 

the ground state mainly by a changed electronic configu
ration. In both states, Mand M*, the molecule can perform 

rotational and vibrational motions without appreciable 

change of the respective electronic configurations. The 

energies of these motions are much smaller than the mean 

energy difference L"iE between ground state and excited 

state, but their superposition with the main transition gives 

rise to a broadening of the absorption line in the spectrum 

into an absorption band which can be analysed in its indi

vidual components only by means of highly resolving 

spectrometers. In this way it is seen that the ground state 

consists of a number g0 of sub-states, and simi larly that g1 

sub-states contribute to the excited state. 

The excited molecule can return to the ground state by 

emission of a quantum of light or by a "radiationless" 

transition in which the excitation energy is transformed 
directly into heat. Thus the excited state has a finite life
time T. 



In the dark at temperature T there exists a thermal 

equilibrium in which owing to statistical fluctuations a 

certain number (AT) of molecules passes per unit time to 

the excited state by absorption of heat, while on average an 

equal number AT of excited molecules returns to the 

ground state. Under these conditions the ratio of the mean 

number n1 D of excited molecules to the number of mole

cules in the ground state n
0 

is given by the Boltzmann 

formula: 

n1 D /n = (g 1 /g )exp {- 6E/kT) = exp(- 6F/kT) 
0 0 

( 1) 

where we have used the definition of the entropy difference 

between the two states, 6S = k • ln(g 1 /g ),and theexpres
o 

sion for the free energy, F= E - TS. We also find that AT = 

n, 0 /T (c.f . Fig. la). 

An irradiation with light of a certain intensity, spectral 

distribution and direction induces As transitions per unit 

time to the excited state; under stationary conditions a 
mean number n1 = As T will be found in the excited state 
(Fig. lb), and this number will exceed the corresponding 

dark value n 1 D by many orders of magnitude (n 1 >> n1 °). 

The irradiation has thus the same effect as an increase of 
th e free energy per molecule (also ca lled chemica l 

potential) by the amount. 

(2) 

µq ca n be considered as the mean gain-in free energy per 

radiation induced transition ; it is in general smaller than the 

energy of the incident light quanta, si nce practically every 

absorption of light by molecules exc ites molecular vi

brations in addition to the main transition, so that a part of 

the radiation energy is converted into heat. The quantities 

As and AT can be written in the form 

(3) 

where D
0 

represents the effective solid angle into which the 

photochemical system can emit radiation and Ds the 
effective solid angle under which the excit ing radiation 

enters the system, while As and AT are given by integrals 
over the spectral distribution of exciting and thermal radi

ation, respectively, weighted with the absorptivity a(v) and 
the quantum efficiency <j>(v) (i.e. the number of radiation

induced transitions per absorbed quantum of frequency v) 

of the system 2). In this way we find: 

(4) 

where: 

(4') 

i.e. the free energy obtained by the system as the result of 
the absorption of a quantum is given by the sum of two 
terms of which the first one (µ) contains the spectral pro

perties of the radiation and of the system, and the second 
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Fig. 1 : Schematic representation of the distribution of molecules 
between ground state (index OJ and excited state (index 1} 
a} in thermal equilibrium in the dark 
b} in the stationary state under constant irradiation 
The width of the errors symbolizes the number of transi
tions per unit time in the direction of the arrow and the 
sizes of the rectangles represent the number of molecules 
in the corresponding state 

(µD) the geometrical effects (sol id angle effects). The 

geometrical "d ilution " of solar rad ia t ion, i.e. the reduction 

of intensity in proportion to the inverse square of the 

distance from the sun, reduces also the "thermodynamic 

quality" of the radiation in a way similar to the reduction 

of temperature of a heat sou rce 3). Conversely, a concentra

tion of radiation by mirrors increases the solid angle Ds 
under whi ch radiation enters the photochemical system and 

raises in that way not only the radiation intensity per unit 

surface of the system, but also t he "quali ty " of the radi 

ation. For uncon centrated solar radiation and an isotro

pically absorbing and emitting system, Ds /D
0 

is given by 

the fraction D of the sky covered by the sun as seen from 

the ea rth: 

D = D5 /41T = 0.54 · 10-5 

this gives for T=300°K: 

µn = - 0.30 eV 
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The conversion properties of a given photochemical 

system can be expressed most conveniently by the "conver
sion efficiency" 4l: 

(number of quanta absorbed per unit of time) 

1/ = µq · (radiation energy incident per unit of time) 
(5) 

For a monochromatic rad'iation and a photochemical 
system which absorbs completely at that particular fre

quency v the incident radiation energy is equal to hv times 

the number of quanta absorbed, so that in this case 

On the other hand, if the radiatiofl source can be con

sidered as a black body of temperature T
5 

(as it is the case 
for solar radiation, with T = 5800° K) then the total radia-

s 
tion energy passing the unit surface per unit of time is given 

by the law of Stephan and Boltzmann; it is (D5hr)aT4 s 
with a= 5.7 • 10-~ W/m 2 /° K4

. Under the assumption that 

the quantum efficiency for the transition M--+ M* equals 1, 
the number of quanta absorbed pe,- unit time becomes 

equal to the number of transitions per unit time As, so that 

(6) 

/\ y~ " 2 The quality As= ls(v)a(v)dv (where 15(v)=(2v) exp (-

hv/kT) is the radiation intensity in the Wien approximation 

which is valid for all visible frequencies v as long as the 

source temperatures are less than 10,000° K, and a(v) is the 
absorptivity of the system) wi 11 be given here for two 

limiting cases: 

Case 1: narrow line absorber: a(v) is assumed to be equal to 
1 in a narrow frequency interval 8v centred at v

0
, 

and equal to O outside that interval. 

Case 2: broad band absorber: a(v) = 1 is assumed to hold 

for all frequencies above a threshold v
0

, wh.ile below 

that threshold a (v) = 0. 

-
We .then find the following expressions for As: 

(7a) 

Case 2: As = (X 2 s + 2Xs + 2)pT\exp(-Xs) (7b) 

with p = 2k 3 /c2 h3 and XS = h v 
0
/kT

5
. For AT we find 

corresponding expressions with XT = hv
0

/kT instead of XS . 

In Table 1 numerical values are given for a frequency v
0 

corresponding to a wavelength /\
0 

of 700 nm. In case 1 a 

line width DA of 35 nm was assumed so that 
(bvlv ) = (DAI/\ ) = 1 /20 - such values constitute already a 

0 0 
relatively wide I ine I The other parameters are T = 

0 0 5 s 
5800 K, T = 300 Kand D/D

0 
= D = 0.54 • 10- . 

One can see that a line absorber has a conversion 
efficiency which is by at least an order of magnitude 
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Table 1 

Case 1 Case 2 

µv 1.68 eV 1.76 eV 

µq 1.38 eV 1.46 eV 

1J 2.8% 27.3% 

inferior to that of the corresponding broad-band system. 

In the secondary process (step 2) the excitation energy 

is transferred from the molecules M * to other molecules 

and thus removed from the primary system. As a result, the 
equilibrium concentration of the molecules M* at the same 

irradiation level is reduced from n1 to n1 ', so that z = (n 1 -

n1 ') / n1 gives the fraction of the (free) excitation energy 

which is removed from the photochemical system by the 

secondary reaction. The free energy of the M* molecules is 

thereby reduced by the amount. 

!:,µ = kT • ln(n 1 /n'i) = - kT • In (1 - z); 

it thus has the value 

µ = µ - 6µ = µ + kT · In ( 1 - z) q q 
(8) 

Consequently, the free energy € removed from the system 

M* per quantum absorbed is given by € = zµ, where, in 

accordance with eq. ( 15), µ has to be considered as a func

tion of z. € has a maximum for z = zm, where (d€/dz)z=zm 
= 0. It is thus found that 

(9) 

For z =z ,wethenhaveµ=µ =kTz /(1-z ).zmcan m m m m 
easily be determined from eq. (16) by means of iteration . 

Forµ = 1.47 eV and T = 300° K, for example, we find zm 

= 0.982, i.e. about 98% of the primary free excitation 

energy is channeled into the secondary process in the 

optimum situation. The corresponding reduction in che

mical potential then amounts to !:,µ = 0.10 eV, i.e. we 

obtainµ= 1.37 eV. 

In more physical terms the optimization expressed in eq. 

( 16) can be described as fol lows. If the fraction z of the 

excitation energy is to be removed from the system M*, 

this system must be brought into contact with another 
system, S, of lower chemical potential; the difference in the 

chemical potentials then acts as the driving force for the 
transition of the energy from M* to S until, in equilibrium, 

the potentials of M* and S become equal at the new value 
µ, at which a fraction z of the excitation snergy, 

determined by means of eq. ( 15), has been transferred to 

the system S. If a system with low a chemical potential is 
chosen for S, unnecessarily large amount of free energy is 

lost in the transition form M* to S. On the other hand, if 
the chemical potential of the system S is too high, then too 
large a fraction of the excited molecules M* will return to 
the ground state M through fluorescence or rationless 
transitions, instead of transferring their excitation energy to 
S. The optimum determined by eq. ( 16) is somewhere 

between these extreme cases. 



Photosynthesis in the Higher Plants 

In th is section only those aspects of natural 

photosynthesis are briefly reviewed which are of particular 

significance for the energetics and as model fo r artificial 

systems. Comprehensive accounts of t he modern 

conceptions of the chemica l structure of photosystems and 

the process of photosynthesis can be found in b iochemical 
k 5) textboo s, e.g . . 

The higher plants possess two photosystems, of which 

photosystem I exh ibits a somewhat longer wavelength limit 
(A0 ""'710 nm), i.e. a somewhat lower threshold energy, 
than photosystem 11 (A0 ""' 680 nm). Photosystem I can 

emit electrons on a higher energy leve l (i.e. it has a reducing 
effect), while photosystem 11 takes up electrons (oxidi zes) 

and thus releases oxygen from water. The electrons taken 

up in photosystem 11 are fed via intermed iate stages 
("electron transport chain ") to the oxid ized chlorophyll 

(chlorophy ll -ail of photosystem I , so that th is then returns 
to the initial neutral state (c .f. Fig. 2) . The chemical energy 
released in the individual stages of the electron transport 
cha in (i.e. the d ifference in the redox potentials) is used in 

an as yet unknown manner for phosphory lation, i.e. fo r the 
formation of energy-rich adenosine-triphosphate (ATP) 
from adenosine-diphosphate (ADP) and free phosphate 
ions. By no means al l the intermediate stages of this process 
have been identified, the energy fi xa tion mechani sm in the 
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first stages fol lowing I ight absorption in both photosystems 
is also unexplained to a large extent. 

The energy situation is somewhat easier to survey in 

photosystem I than in photosystem 11 since in the former 

abou t half of the captured quantum energy is used for the 

forma tion of a wel l-defined product, that is, for the 
formation of the reduced form, NADPH, from the oxidized 

form, NADP*, of the nicotinamide-adenine-dinucleotide 

phosphate. The potential for this electron transition is in 
the region of - 0. 32 V, while that of the electrons in the 

initial state (ground state) of the chlorophyll (CHl-a
1

, also 

ca lled P700 ) amoun ts to + 0.43 V. The final result is thus 
that photosystem I provides a storage of light energy in the 
form of chemical energy at a value of 0.75 eV per quantum. 

From our est imations in the preceding sect ion, however, it 
cou ld be expected that, of the 1.75 eV quantum energy 

correspond ing to the threshold, about 1.35 eV could be 
stored in the form of chemical energy. Now, the 
photochem ica l system of plants appears to be designed for 
optimum exploitat ion of scattered light rather than of 
direct solar radiation, since photosynthesis also occurs 
when the sky is overcast, and with bet ter conversion 

effic iency than in bl az ing sunshine. Cons~queritly, a va lue 
one order of magnitude lower of the ratio As/ A , and thus a 
µ va lue 0.07 eV lower, shou ld be reckoned with. More 
precise calculat ions S), taking into account the detailed 

spectral shape of the chlorophyll absorpt ivity, also yield a 
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Fig. 2 : Simplified scheme of electron transport in natural photosynthesis 
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value of 1.26 eV for the avai lable free energy per quantum 

in photosystem I. Thus about 0.5 eV have been lost on 

the way from the first fixation of the light energy to the 

reduction of the NADP. It is also known that a pre li minary 

stage of the NADP reduction is formed by a redox reaction 
of ferredoxin, which has a redox potential of - 0.49 V. 

Consequent ly, 0.17 eV have already been used up fo r t he 

last steps of the electron transport chain, which lead from 

the exc ited Chl-q
1 

to the NADP. Whether the rema in ing 

0.34 eV are also lost in this manner or are used fo r the 

formation of further energy ri ch substances 

(phosphorylation7) is not yet known. If we accept that 

only the energy E1 = 0.75 eV stored in the NADP is gained 

In the I ight absorption in photosystem I, then the 

conversion eff iciency of photosystem I is equal to µ
1 

= 
14.5 % (using eq (7b)) 

The reactions occurring in photosystem 11 will certa inl y 

not exhibit a better effi ciency, so that, in toto, a storage of 

about 10-15 % of the inci dent light energy in chemical form 

(NADPH and ATP) can be reckoned with. These chemical 
energy carriers are then used by the plant as energy sou rces 

in normal biochemical reactions (dark react ions) and thus 

are co nverted back into the energy-depleted forms NADP* 

and A DP. In t hese dark react ions, the carbohydrates are 

sy nthet ised as final products from CO 2 and H 2 0 (Ca lvi n 
cycle). Since these dark reactions also occur in a 

thermodynamica lly irreversible manner, they are associated 

with further losses of free energy . If the fact that the plant 

also absorbs a large portion of the I ight in substances other 

than the photochemica lly active pigments is taken into 

account, it becomes clear that the total efficiency of the 

conversion of light into chemical energy , relative to the 
energy content of the ca rbohydrates , is only of the order of 

(at best) a few per cent. 

In certain algae, the energy contained in NADPH and 

ATP is not converted in the carbon dioxyde cycle , but is 

used for the d irect release of hydrogen from water 7l . 
Nonetheless , the total efficiency of energy conversion in 

th is system also seems to be no better than in the 

carbohydrate product ion of the plants. 

To achieve substantially better energy conversion, 

natural photosynthesis would have to be stopped just after 

the formation of the first energy-r ich products (e.g. 
NADPH), which would then be used in suitable fuel ce lls as 
energy carriers, and the resulting energy-depleted forms of 

the substances used (such as NADP*) would have to be 

recovered without noticeable losses and fed back into the 
photosystem. 

Even if the practica l d ifficu I ties associated with such a 

process would appear to preclude a direct appl ication of the 
natural photoprocesses for the production of energy, it may 
be hoped that better understanding of the natural systems 
will provide hints for the development of optimum 

arrangements of artifi cial photosynthetic systems. 

A fact of cons iderab le significance is that the 
photo-active chlorophyl l molecul es in the leaves of the 

plants are not randomly distributed but display a lamel lar 

structural arrangement: they are found imbedded between 
the lipid molecu les in the membranes of the thylocoids, 
which are lens-shaped vesicu les of about the order of 
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magnitude of the wavelength of l ight (diameter"=' 500 nm). 

Th is ch lorophy l I conf igu ration enables rap id energy 

exchange to take place between the molecules; in this way, 

the excitation energy taken up by one chl orophyll molecule 
on absorption of a light quan tum is passed on w ith in a time 

in terva l of less than 10-9 seconds to a photochem ica lly 

act ive centre ("trap"), where the first photochemical 

secondary reac tion (redox reaction) occurs. Only 0 .1 % of 

all chl orophyl l molecules form photochemically active 
centres; the other chlorophyl l molecules and th e other 

pigments (carotinoids, for instance) serve as an "antenn a 

structure" for these reaction centres. The photochemica l 
reactions lead to a charge separation in the thylacoid 

membrane, and an electric fie ld is thus formed, during 
illumination, across the membrane Bl, which - as in 

electrolysis - brings about the transport of ions through 

the membrane, by means of which, after illumination has 

ceased, the field decays aga in . This ion transport seems to 

play an essential role in phosphorylation. 

The chl orophy ll structure within the thy lacoid 

membrane is apparently essential for the effective fu nction 

of photosynthesis. In random form, ch lorophyl I as a 

photocatalyst shows only a quantum yie ld of less than 0.1% 

(as compared with almost 100% in the natu ral membrane 

system) and is thus no better than other dyes of sim ilar 

st ructure ( phthalozyan i ne). 

Feasibility of Technical Conversion of Solar 
Energy into Chemical Energy 

The most important cr iteria 9 l for a suitabl e system for 

exploi t ing solar energy are: 

a) The system must undergo, under illu mination, a ser ies of 

photochemical and chemi cal reactions of such kind that 

the final reaction products are richer in energy than the 
initial products. 

b) The quantum yield for the process cons idered must be 

sufficiently high . 

c) The system must absorb in a broad band of the 

spectrum, and the threshold energy for the process 

considered must be adapted to the spectru m of so lar 

radiation at the Earth's surface (i.e. I ie in the interval 
between 1 and 2 eV). 

d) If the transfer of energy in the system to the co-reactants 

takes place by means of a photocatalyst ("sensitizer"), 

this ca talyst should be of a type that w ill not be used up 
to any noticeable extent in the course of time; either it 

shoul d not undergo any chemical change whatever, or it 
shou ld be comp lete ly regenerated in a subsequent 
reaction (as is Chl -a

1 
in natural photosynthesis). 

e) The initial products of the process must be clearl y 

availabl e in sufficient quantities (as are CO 2 and H 2 0 in 

natural photosynthes is). 

It is not easy to find a system that fulfils these 
conditions. The very f irst condition, that the final products 

of the photochemica l process have to be compounds richer 
in energy than the initial products, is not met by the vast 
majority of photochemica l reac tions. 

A process for the photochem ica l decomposition of water 



into hydrogen and oxygen has been studied by HE IDT 

since 1948 1 Ol . This process uses a redox system of Ce( 111 ) 

and Ce( IV) ions in water. The photochemistry of these 

so lutions is strong ly dependent on the pH va lues and on the 
presence of other ions. Thu s in the presence of strongly 

oxidizi ng agents (perox ide), oxygen is released under 

illumination 11 l A measu rable release of hydrogen on a 

larger scale has not, however, been ach ieved with any 

arrangement or configuration . I t is debatable whether a 

technical ly usable output of chem ica l energy carriers can be 

attained at all w ith such homogeneous systems, since the 

energy-rich substances form ed change back too rap idly, 

through dark reactions into the initia l substances. 

Rabi nowitch 121 suggested that, to avoid such dark 

react ions, redox systems with two phases shou ld be used, 

th rough which the substances formed cou Id be separated 

from each other. As an example, he studied the 

photochemica l reduction of th ion ine by complex Co( 11) in 

a water-ether emulsion. Under the action of l ight, thionine 
is reduced to leucoth ionine and the Co( II ) complex is 

oxidi zed to a Co( 111) complex. About half of the 

leucothionine fo rmed passes over into the ether phase and 

no longer reacts with t he Co( l 11) complex remaining in the 

water phase. By separat ing the ether after irradiation, the 

leucothion ine can be removed from the system and then be 

reduced back to th ionine under energy production in a fuel 
cell. This system, wh ich sti ll d isp lays a very low conversion 

efficiency, was only studied to i ll ustrate the idea; the 

report 131 therefore conc ludes with the statement that the 

search for more ef fective systems and optimum conditions 

must be continued. 

The fact that natural photosynthesis is performed in 

membranes with an ordered pigment structure suggests tnat 

appropriate investigations might be carried out with 

artific ial phospho-1 ipid membranes en r iched in suitab le 

pigments. Considerable progress has recently been made in 

the "technology" of artificial lipid membranes; it is even 

possible to create artificial lipid-membrane vesicu les of 

dimensions similar to those of the thylacoids by means of 

ultrason ic t reatment 14) . When such an artificial membrane 

with a suitable configuration of the electron-emitting 

pigments on one side and of electron-absorbing substances 

on the other is brought between two redox systems of 
different potent ials, elect ric tension develops under 

illu mi nation in t he membrane, which can be used d irectly 

as a source of electrica l energy or to initiate electrochemical 

reactions. 

The analogy of such a process to the photoelectric 

effects in t he thy laco id membrane is st ri k ing, but it may be 

wondered whether t he same resu lts can not be obta ined if 

the membrane is replaced by a sem ico nductor with a pn 

boundary layer, in which - as with sem iconductor 

photoelements - the charge sep?ration occurs under 

irradiat ion . I t is, in fact, possib le to construct in teresti ng 

photo-e lectrochemical configurations with semiconductors 

and aqueous redox systems, with which, if necessary, direct 

decomposition of the water can be achieved under 

irradiation 151. Unfortunately, the cond:tion requiring 

stability of t he semiconductor in contact with the aqueous 

solution of the redox system considerab ly reduces the 

choice of possible systems. 

Substantially better possib ilities of optimization are 

obtai ned if the charge-separat ing sem iconductor system is 

separated from the electrochemica l system, i.e. if a 

semiconductor photoelement designed for maximum 

electrical output is connected to an appropriately 

optimized electrochemica l eel I (electro lys is eel I or 

accumu lator). In th is way, conversion eff ic iencies can be 

attained which approach the va lue of 10-15% of t he first 

stage in the natural process and which have never yet been 

attained with any other photochemical system. Such a 

system, in fact, ful f ils practica lly all the criteria which were 

li sted at t he beginning of t h is sect ion as essential for the 

convers ion of light into chemical energy. The high costs of 

both the photo-semiconductor and suitable means of 

electrochem ical energy storage are indeed an obstacle at 

present to economic exploitation, but it is hoped that such 

costs w ill drop considerably as a resu lt of technological 

progress. In any event, there is current ly not even an 

indication of an alternative, similarly effective 

photochemical process that cou ld be employed for the 

utilization of solar energy. 
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Uptake of S02 by Plants and Soil 
A Avogadro, M. Payrissat-Chemistry Division (JRC lspra) 

E. Levi , P. Reiniger- Biology Group (D.G. XII)** 

Introduction 

I t was es timated by Kellog et al. 1 ) that 108 tons of 

sulphur are introduced by man each year into the atmos

phere . Robinson 2l calculated that 150 x 106 tons of S0 2 

were emitted each year, and Meetham 3 l concluded from 

studies in the United Kingdom that of the S0 2 emitted, 

14% was deposited by rain or as part icu lates, 22% was 

blown out to sea and 64% was removed from the atmos

phere through "reaction wi th surfaces". Disregarding the 

meteorological or geographica l distribution of the gas, it is 

obvious that vegetation , soi ls and water surfaces, offer by 

far the largest "s inks" for its remova l. 

Pl ant stud ies reported in the I iterature have cons idered 

the uptake and fate of su lphu r, mostly as the S04 ion; 

re la tively litt le is known on the quantities of S02 removed 

by plants and soils or its fa te in them . Dreisinger and 

McGovern 4 l for instance calcul ated that 14 tons of S0 2 

cou ld be tak en up per day by vegetation, on a 2000 sq 

mi les area in Canada; Hill 5l calcul ated that as much as 562 
tons of S0 2 coul d be removed daily by a hypothetical crop 
of lucerne in a similar area in the U.S. Values for soils w ill 

also vary, but up to 89 tons per day cou ld be removed by 

the same surface of a bare ca lcareous soil 6l. 

A review of the information avai lable shows that stud ies 

have been made on a w ide assortment of plants and soils in 

a broad range of conditions, and it is at t imes difficult to 

extrapolate the values ava il ab le to forecast for possib le 
situations. It is true that su lphur is an essentia l element for 

plant growth and is ava ilab le in every soi l , it is also true that 

the flora and fau na have adapted through the years to a 
certain S0 2 concent ration in the atmosphere, but w ith 
modern developments man is continuall y introducing more 

S0 2 into the atm osphere. It is therefore of paramount 
importance to ascertain the toxic levels beyond which 

irreparable harm would be done to man's environment and, 

th erefore, to man himse lf . 

The di stribu tion of S0 2 in the atmosphere is influenced 

by its dispersion and by its physicochemica l evolution such 
as chemical conversion, adsorption and absorpt ion which 

ultimately will remove it from the atmosphere. 

Studies on most of these topics are ca rried out in a 

number of European countries and scientific exchanges and 

col laborat ion on this broad subJec t are fostered by a 

Committee of the European Commu nities for Cooperation 

**) The following also contributed to this research : 
X. Da/schaert, A. Hoffmann, I. Johnson, L. qan der Eerden, 
F. Van Zeland. 
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and Coordinafon of Scientific and Technical research 

(COST) u nd er a project ent itl ed " Physicochemical 

behaviour of S0 2 in the atmosphere". 

The contr,bution of the lspra Jo int Research Centre to 

this project is made through the Chemistry Division in 

cooperation with the D.G. XI I Biology Group, l spra, and 
has two main objectives: 

a) to determine the uptake of atmospheric .S0 2 by plants 

and soils, as a con tribution towards assessment of the 
ha lf -li fe of that po l lutant, and 

b) to estab lish the cycle of S0 2 in the air-so il-plants-air 
system. 

Since the other parts of the larger COST project 

consider aspects related to chemical conversion and disper

sion of S0 2 and to its adsorption and absorption by water 

surfaces and building materials, the programme proposed 

and contributed by the JRC was purposely restr icted to 
studies of absorp ti on of su lph ur dioxide by plants and so ils. 

Material and Methods 

The stu dies are carried ou t under controlled conditions 
in orde( to separate the var ious experimental parameters 

with greater accuracy. The experimenta l scheme consists in 

placing plants and/or soils in contact with a constant or 
controlled S02 concentra tion at desired environmen tal 

condit ions. Three main types of exper iments are scheduled: 

S0 2 is in contact on ly with the aer ial parts of plants 

growing in media of varyi ng su lphur content and varying 

environmenta l conditions. In al I cases the growth solu

tion or so ils are protected from S0 2 contamination; 
S0 2 is in contact only with different soils vary ing in 

physica l and chemica l character ist ics incl ud ing micro
bian activi ty ; 

S0 2 is in contact both with the plants and with the so il s 

used as growth media. 

Test plants will be annuals and perenn ials, mainly trees, 

chosen as representative spec ies growing in Europe. Simi
larl y, the soi ls considered wi II be of representative types 

found in the European Community countries. 

Plant Studies 

The tests are carr ied out on plants growing in so lution 

or so il , and the following parameters are studied in rela tion 
to the presence of atmospher ic S0 2 : inorganic nutrition, 

age and deve lopment of the plants and their leaves, in 
parti cu lar leaf area and stomata! di stribution and move
ment. The environmenta l factors to be var ied are ambient 
temperature, re lative humidity, wind speed, cultu re media 



Fig. 1 : Simplified scheme for Plant studies 

( 1) Plant gorwth room 

(2) S02: F.P.D. analyzer 

(3) S02: recorder 

(4) S02: electrovalve 

(5) S02: flow meter 

(6) S02: totalizer 

(7) CO2: JR analyzer 

(8) CO2: recorder 

(9) CO2: electrovalve 

(10) CO2: flow meter 
(11) CO2: totalizer 
( 12) Dew-point analyzer 

(13) D.P. recorder 

Fig. 2: Set up for Plant studies. (ND 12032/66 Sew riproduz. CCR) 

and sul phur dioxide and carbon dioxide concentrations in 
the air. To this effect an installat ion has been designed and 
set up. Figures 1 and 2 show the general scheme and a view 
of the installation . 

The in sta l lat ion allows continuous recording and 
contro l not only of the S0 2 removed from the atmosphere 

by the plants, but also of the amounts of CO 2 in photo
synthesis. A moisture detector allows us to determine very 
accurately the transpiration of the plants during the exper i
mental period. Its three measuring points shou ld also enable 

us to obta in the water vapour profile above a definite leaf 

surface. Coupled with the measurement of wind ve locity by 
a hot wire anemometer , these data should permit the ca lcu 
lation of the gas transfer from the leaf surface to the bulk 
air and vice versa. 

The walls of the experimental chamber are in stainless 
stee l and the ceiling is made of Plex iglas. Adsorption of S02 

to the walls and ce iling was found to be directly related to 
ambient temperature and humidity ; when these factors are 
kept constant, a constant concentrati on of S02 can be 
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(1) Gas cylinder 

(2) Overflow system 

(3) Flow meter (Barton cell) 

(4) Totalizer 

(5) Electrovalve 

(6) Centrifugal fan 

(7) Experimental chamber 

(8) Fan 
(9) Soil sample 

(10) Manometer 
(11) Hygrometer 
(12) S02 - analyzer 
(13) Chart recorder 

Fig. 3 : Simplified scheme for Soil studies Fig. 4: Set up for Soil studies. (N° 12032/40 Sew riproduz. CCR) 

maintained in the gas-tight chamber, so that when plants 

are present their uptake of the gas can be measured accu

rately and the kinetics of this phenomenon ascertained . 

In post-treatment harvests a series of analyses will assess 

the total sulphur, nitrogen, potassium, iron and possibly 
additional elements found in the various fractions of the 

plant material. These analyses are necessary because the 
uptake of the pollutant gas may be influenced to a greater 

extent by the metabolism of the plants and their chemical 
composition than by the leaf resistance to gaseous diffusion 

through stomata! movements. 

Soil Studies 

The velocity of transfer of S02 from the atmosphere to 

ground is commonly expressed as its reciprocal, the total 

resistance to t ransfer , R(z), which may be defined as the 

sum of three resis tances: 

where: r a = aerodynamic resistance, or resistance 
to turbulent transfer in the atmosphere 

rb = resistance to transfer, in the boundary 

layer above the soil surface 

rs= resistance of the so il. 

While t he va lue of ra depends en tirely on atmospheric para

meters, rs and r b depend on the characteristi cs of the so il 

and of the so il surface. 

Table 1 : Soil characteristics 

Specific 
surface Organic Exchangeable 

Name Symbol Geographical location area pH matter CaC03 Clay cations _
1 (m2g·l) (KCI) (%) (%) (%) m-equiv( 100 g) 

Rendzina RE Allonville (Amiens), France 70 7.6 7.6 67.0 17 21 

Alluvial gley PO Porto Tolle (Veneto), Italy 99 7.4 3 12.3 70 24 

Parabrown earth LO Allonville (Amiens), France 86 7.3 2.6 0.4 37 18 

Podzol Pd Hannover, BRO 56 6.4 6.6 0.0 8 17 

Terra fusca TR Corato (Bari), Italy 144 6.2 5.2 0 .0 171 28 

Pseudo gley GL Ahrzeiler, BRO 53 6.2 2.1 0.2 49 10 

Fen Fen Emmen, Netherlands 96 4.5 24.6 0 .0 6 46 
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* 

constant fl ow rate 
through the soil 

decreasin9 
concentration 
experiments 

I 
dC ~ kCdt -

S = soil surface, V = volume of the chamber, K = kinetic constant 

Fig. 5 : Chamber measurements of Soil resistances for S02 
transfer (present work) 

In the present experiments, the influence of soil para
meters on the uptake of S0 2 by soi ls, i.e. their effect on rb 
and rs, is studied under constant environmental conditions, 

making use of the installation shown in Figs. 3 and 4. The 
soils chosen for this study represent a samp ling of European 
soil types, and their characteristics are given in Table 1. The 
theory under lying the two experimental methods employed 
is shown in Fig. 5. They are respectively based on decreas

ing concentration experiments and on the introduction of a 
constant flow of S0 2 into a closed system. 

In the constant flow rate experiments a pre-established 
flux of S0 2 is introduced into the chamber whilst its con
centration at a point z is recorded continuously; thus the 
deposition flux (q) and the total resistance to transfer, 

R 
1 
(z), may be ca lcu lated . 

In the decreasing concentration method, a prede
termined S02 concentration is establ ished in the fumi 

gation chamber where the soil is present but covered by a 

perspex lid . At t ime zero it is uncovered and the S0 2 is 
monitored as a function of time. The concentration 

decrease being exponential with time, the total resistance to 
transfer R 

11 
(z) is given by the slope of the time concen

tration line on a semi-logarithmic plot. 

A soil impregnated with NaTCM (sodium-tetrachloro
mercurate) was used as a perfect sink for S02 , giving rs =cc 

r b =cc 0. We were thus able to eva luate the aerodynamic 

resistan ce r . a 

Experimental 

Plant Studies 

Some preliminary studies, carried out with bean plants 

in a closed chamber where the S02 concentration was set 
by a single initial immission, aimed at determining the rela
tion between the sulphur nutrition of the plants and S0 2 

absorption by their aerial parts. They ascertained the 
capability of the test plants to take up large quantities of 

sulphur in the S02 form, determined the kinetics of this 

uptake and indicated the importance of the metabolic 

activity. Results obtained confirmed the influence of leaf 
development and type on the accumulation and export of 

sulphur in the various parts following its uptake from solu
tions. The foliar uptake of 35 S-traced S0 2 from the atmos

phere was compared for plants grown in a normal or 
deficient cu lture medium. Leaves of S-deficient plants accu

mulated less sulphur than those or normal plants: 20 
compared to 230 ppm for primary leaves and 240 com
pared to 500 ppm for trifoliate leaves. However the average 
uptake was increased by a factor of 2.5 for bean plants 
when the total area avai lable was taken into account. The S 
absorbed from the S0 2 -enriched atmosphere reached al I 
plant parts but its concentration varied in the different 

parts. A field study was carried out to determine the total S 
accumulated by leaves of green oaks (Ouercus ilex) growing 

on the slopes of mount Etna volcano where areas exposed 
to predominant winds may have an abnormally high S02 

air content. Resul ts available showed an increase in total 
sulphur for plants growing closer to the crater and located 
in the windward direct ion. 

From the values recorded, it appears that no significant 
difference (less than 1% in total S content) ex ists between 
plants growing on the "leeward" side of mount Etna at 

heights of 900 or 1200 m altitude. On the "windward" 

side, a difference of 5.6% was found between plants 

growing at 400 and at 700 m altitude. Comparing leaves of 
plants growing in a windward or leeward situation one finds 
a difference of 26% in favour of the windward, very pro
bably due to a large extent to S0 2 present in the air. For 
wild plants, the total sulphur found in leaves of Senecio 
chrysan themifolium growing on the "windward" or 
"leeward" sides was for the 1974 growth 3723 and 3012 

ppm respectively, an average difference of 23.6% compa
rable to that of 26% reported above for Ouercus ilex. 
Rumex scutatus leaves harvested on the "windward" side, 
the edge of the wind path and the "leeward" side averaged 

total S contents of 3084, 27 44 and 2544 ppm respect ively , 
a difference of 21.2% between the opposite sides of Mount 
Etna . Despite the drawbacks of this lack of information, 
and the caution necessary when dealing with field studies, 

results indicate a clear difference of r1ore than 20% total S 

content between leaves of Ouercus ilex, Senecio chrysan
themifolium and Rumex scutatus plants growing in a zone 
continuously receiv ing winds with a higher S0 2 content or 
growing in a much less exposed zone. 

The main general programme of research will cons ider 
the total uptake by plants annual or perennial, of S0 2 

pollutant supp lied in an acute or chronic form in different 
environmental conditions. The influence of the S02 on the 
photosynthetic activity, transpiration rate and mineral 
uptake of the plants will also be considered. So far, tests 
have been carried out on beans growing in complete 
Hoagland nutrient solution, to determine the S0 2 uptake 
by plants of different age and stage of development. An 

example of results recorded is shown in Fig. 6 where the 
S0 2 taken up is indicated as total sulphur present following 
analysis by X-ray fluorescence. A further confirmation of 
the difference in uptake by primary or trifoliate leaves, 
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Fig. 6: S02 absorption by beans (phaseolus vulgaris} 
Experimental conditions: 25°C - 10% R.H. - Light: 40000 
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reported in the 35 S studies above, can be seen in Fig. 7 

where bean plants were placed for 6 hours at a constant 1 

ppm S0 2 concentrati on and the leaves analysed for total 

sulphur by X-ray fluorescence. 

The studies with annual plants now in progress will, upon 
completion, be followed by a series on perennials, using 

trees to assess the capab i I ity of vegetation to act as a sink 
for atmospheric S0 2 . 
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Fig. 7 : Increase of sulphur content of bean leaves after fumiga
tion with S02 (1 ppm x 6 hrs} 

A short study also rel evant here was ca rri ed out to 
determine the effect of S0 2 fumigation on lichens and 
bryophytes, and its interaction with lead uptake from water 

solution. 

Lichens and bryophytes are considered good indicator 

organisms with respect t o S0 2 in the air; they are also 
usefu l in monitoring metal immissions. The possib le interac
tion of these pollutants on the react ivi ty of these organisms 

is of particular interest. 

The aim of the study was to determine whether S0 2 

presence in higher than normal concentrations may alter 

the ability of the I ichens and bryophytes under investiga-
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tion to take up lead. The response was measured by changes 

in dark respiration rate (Oo
2

) usi ng a Warburg respiro

meter. The effects of incuba t ion in Pb(N0 3 ) 2 solutions as 

well as any changes brought about by previou s or subse

quent treatment with S0 2 were investigated, and of course 

the reacti on to S0 2 fumigation was also considered. 

Respiration of lichens and bryophytes was generally 

increased by S0 2 fumigation. The Oo
2 

of Hypogymnia and 
Lecanora conizaeoides exposed to S0 2 levels of 0.75 ppm 

for 12 h increased by 30-40%. Usnea florida , known to be 

present on ly in areas of low air po l lution levels, showed no 

such increase. 

The ef fect of Pb ( 10 ppm) on dark respiration rate was 

insignificant though indicating a positive trend; no syner

gi sti c effec t of Pb and S0 2 was observed. 

Furn igation by S0 2 at the 0. 75 ppm level for 12 h did 

not change the metal uptake from 10 ppm Pb so lutions 

during 4. 5 h in Lecanora conizaeoides and Hypogymnia 

physodes. Further experiments will al low definite conc lu
sions. 

Soil Studies 

The resu lts of the experiments are presented in the 
Figs. 8 and 9 and in Tabl e 2. For the constant flux expe-
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riments, the total resistance to transfer, R1(z), is presented 

as a function of fumigation time in Fig. 8. The function has 

the form of saturation curves, a constant resistance being 

reached when the influx of S0 2 equals the deposition flux. 

The inflow rate of S02 used in this series of experiments 

was of the order of 0.1 ml.min- 1 and was established from a 

mixture of 0.1% S0 2 in nitrogen. Th ree characteristics of 

thecurves should be noted: 

1. A constant resistance was reached fastest with a 

"perfect" absorbent (soil + NaTCM) i.e. after about 160 

min and most slowly with an acid organic soil (fen), 

after about 500 min, while no equi li br ium was reached 

for a podzol low in clay. The other soils took an inter 

mediate position. 

2. The total resistance R1(z), increased in the same order, 

the lowest being soil + NaTCM with R(z) = 0.47 sec 

cm- 1 and the highest fen with 3.55 sec cm- 1
, while an 

extrapolated value for the podzol would reach 4.8 sec 
cm- 1 . 

3. The inflow rate of _ S0 2 being equal for al l soils, 'the 

concentration at equilibrium of S0 2 for the various soils 
followed the same order as the resistances, i.e. lowest 

(0.5 mg m-3
) for soil + NaTCM, highest (2.5 - 3.0 mg 

sistance. It is close to zero for soils with a low resistance 

and reaches a value of 3.15 for the podzol with a high 

resistance to transfer. 

Searching for an explanation for the va lues of 6R( z) 

one may arrive at the following tentative interpretation: 

1. Differences in the aerodynamic resistance between the 

two methods can be ru led out, as the total resistance 

values, R( z), obtained for a "perfect" absorber by the 

two methods are in good agreement. 

2. One may infer that the absorption of S0 2 by soi l is 

characteri zed by two resistances. The first resistance, r b, 

is attributed to the absorption process at the soil sur

face. It is tentatively defined as R
11

(z) - R
0

(z) and it 

may be shown to be a function of soil pH as represented 

in Fig. 10. 

3 

m-3 ) for fen and more than 4 mg m-3 extrapolated for 2 

the podzol. 
rl .... Fen 

·e 
u 

Table 2 : Comparison of the experimental results ~ 
-~ 

Pd 

R1(z) R11(z) 

Water Constant Decreasing Ll R(z) 
Soil contents flow concentration 

Sample '/ol.w/w) experiments experiments 

TR 3 1.36 s.cm -I 1.35 s.cm -I 0.01 s.cm·I 

Pii 2 1.61 - 1.53 - 0.08 -

Re 1.8 1.64 - 1.44 - 0.20 -
GL 1.1 1.97 - 1.59 - 0.38 -

Lo 1.5 2.17 - 2.12 - 0.62 -
Fen 3 3.55 -(*) 1.65 - 1.43 -(*) 

Pd 1.5 4.8 -(*) 3. 15 -(*) 

Soil+ -1 -1 - 0.47 s.cm R
0

(z) 0.53 s.cm 
NaTCM 

(*) extrapolated values 

For the decreasing concentration experiments, the S0 2 

concentrations in the chamber, c(z), plotted as a function 

of time and for the various so il s, are shown in Fig. 9. In this 

method the duration of the measurements is much shorter 

than in the constant flux experiments, i.e. 8-16 minutes 

only. The differences between the resistances R 11 (z), i.e. 

the calculated slopes, are fewer and smaller but more or less 

of the same order as in the first experiment. 

Comparing the total resistance values R
1 
(z) obtained by 

the two methods and presented in Table 2, one notes that 

the values of R 
11 

(z) derived by the decreasing concentration 

method are equal to, or smaller than the values of R
1
(z). 

The difference between the two resistances 6R (z), given in 

the last co lumn of Table 2 increases with the total re-

~ 'x-"Zo Pii 
X Xv 

GL x, ' 1 

X RE ....... ..... 
TR ..... ....... 

0 
2 4 6 8 

Soil pH 

Fig. 10: Boundary layer resistance as a function of the pH 

The second resistance, rs, is due to the process of diffu 
sion of S0 2 into the soil and it is, again tentatively, set 
equal to 6R(z). In soils with a high sorption capacity like 

terra fusca, with the fumigation times employed all the 

absorption will have taken place close to the soil surface 

leading to a 6R(z) close to zero. In soils with a low sorption 
capacity, e.g. podzol, deeper soil layers were affected by 

the sorption process. This assumpt ion is supported by the 

inverse relation between clay content of the soi Is and rs· 
shown in Fig. 11. 

In conclusion, a short comparison should be made 

between the resistance values found by the gradient me
thod G) , and those calculated in the present work. When we 

designate both rs and rb as resistances depending exc lu

sively or largely on soi I properties, our values exceed th ose 

measured by the gradient method by a factor of 3 or more. 
Future work should help to clar ify the reason for this 
discrepancy. 
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Acoustic Stress Wave Emission in Aluminium and 
its Alloys during Plastic Deformation at Room Temperature 
P. Fenici , N. Kiesewetter, P. Schiller 

Introduction 

Acoustic stress wave emission is be ing cons idered in 

non-destructive testing as a possible tool for early failure 

detection. The locating of emission sources by triangulation 

has been fairly well developed and can be applied even in 

complex structures, but up to now no comprehensive 

investigation has been made into the possible sources of the 

emission and the physical processes which give rise to 

acoustic emission. It is the aim of our investigation to 

provide information on the origin of the phenomena. 

Acoustic stress wave emission was observed during 

deformation. Starting from the simplest material, a single 
crystal, step by step structural defects such as grain bounda

ries, impurities and second phase particles were introduced 

in the material. The difference in the signals between two 
consecutive steps could therefore be attributed to the 

change in structure. It was possible to clarify the way by 

which moving dislocations contribute to the acoustic stress 
wave emission in aluminium. 

It was further found that grain boundaries in aluminium 

during deformation at room temperature do not emit 

acoustic signals and that the presence of second-phase 

particles strongly alters the character of acoustic emission. 

Apparatus and Type of Signals 

The signals generated in a material during plastic de

formation are in general rather smal I and can be detected 

only by undamped piezoelectric transducers. The amplified 

output signal can then be recorded or elaborated by electro

nic devices. The block-scheme of the electronic equipment 

used for our experiments is shown in Fig 1. 

The signal is received by the piezoelectric transducer 

attached to the head of the tensile specimen (Fig. 2). The 
preamplified signal passes through an electronic filter which 

eliminates the background noise of the tensile testing 

machine and other low-frequency disturbances. This signal 

goes to a level recorder with an integrating time-constant of 

0.1 sec; its indi cations correspond to the sq uare root of the 

energy received by the transducer. In para I lei to the level 

recorder there is a second line with a further amplifier 

which furnishes its signal to a demodulation stage which 
eliminates the high-frequency content of the signal deriving 
from the eigenfrequency of the transducer, and leaves only 

the envelope of the signal. On a multichannel analyser it is 
possible to count the single bursts originating from the 

deformed material and to measure their amplitude 

distribution. The signal can be also registered on a galvano

meter displaying the time distribution of bursts during 
deformation. 

RMS 
LEVEL 

RECORDER 

Fig. 1: 

PRE FREQUENCY 
AMPLIFIER t-------1 FILTER 

MU LT ICHANNEL 
ANALYSER 

AMPLIFIER 

DEMODULATION 
STAGE 

Block-scheme of electronic equipment 

Fig. 2: Mounting of the specimen in the tensile machine 
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As anti cipated above, the signals arriving from the 

transducer contain ma inly two components, a continuous 

part (Fig. 3a) and bursts (Fig. 3b) Depending on the 

materials, and probably on the temperature, the signals 

emitted during deformation contain the two components in 

different ways. It is the task of this investigation to deter

mine the possible sources for the different signals. 

a CONTINUOUS EMISSION 

0 0,5 m sec. 1,0 

b BURST-SIGNAL 

0 0,5 m sec. 1,0 
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Fig. 3: a) Example of registration of continuous emission 

b) Example of registration of burst emission 
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Fig. 4: Dependence of acoustic emission ( --- ) and flow stress 
( -- ) on plastic strain in aluminium single crystals 
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Results 

The phylosophy of these measurements was to start 

with the simplest material in an alloy series and to introdu

ce structura l defects step by step in order to be able to 

ident ify the sources of the acoustic signa ls Measurements 

were therefore done at room temperature on specimens of 

the following aluminium-base alloys 

• pure sing le crystals; 

• pure polycrystals with different grain sizes; 

• impure polycrystals; 

• aluminium-4% copper alloy in different aging stages; 

• eutectic composite alloy A I-A l3 Ni, unidirectionally so

lidified . 

Aluminium Single Crystal (99.99%) 

The signals observed in aluminium single crystals with 

transducers with resonance frequenc ies of 140 kc and 900 

kc do not contain bursts and are of the continuous type 

only Emission is only observed during p lastic deformati on 

and varies with the plastic strain (Fig. 4). T he emission 

increases very rapidly during the first two stages of defor

mation, reaches its maximum at the end of stage 11 and 

decreases slowly during stage 111 . 

In the ex perimen t shown in Fig. 5 the plastic deforma

tion was interrupted several times in order to prove that 

acoustic emission appears only dur ing plastic deformation 

and not during elastic loading or un loading of the specimen. 

The intensity of the acoustic signals and the va lue of the 

flow-stress before and after unloading are exact ly the same. 

As th e flow stress is a measure for the dis loca tion structure 

in the materi al, the close relation between emission and 

f low stress in every part of the deformation curve clearly 

shows that the intensity of the acoustic emission is related 

to the dis location structure. 

In F ig 6 the RMS signa l of an Al single crystal de

formed at different strain rates is reproduced. The ratio 

between the signa ls at high and low velocities is abouh/10, 

the ratio between the two ve loc iti es being 10. Thi s result 

holds good for both frequencies invest igated, i.e. for 140 kc 

and 900 kc. 

Different cry stals deformed at different strain rates can 

be compared at stages of the deformation curve where they 

have the same flow stress, which means roughl y the same 

dislocation structure. 

In Fig 7 itisshownthat thenorma li zed signal (URMS/ 

i:1/2) is independent of the strain rate over a very broad 

range of strain rates. This means that the proportionality 

between t he RMS signal and the square root of the velocity 

is maintained over a wide range of strain rates, frequencies 

and dislocation structu res. 

Pure pol.ycrystals (99.99% Al) 

Measurements on polycrystals were introduced in order 

to determine whether there are signals coming from grain 

boundaries. At room tempera t ure the emission of poly

crysta ls is still of t he cont inuous type with some burst

signals. The intensity is somewhat smaller than for single 

crystals (Fig. 8) at the same flow stress. Due to the harden
ing caused by the grain boundari es we cannot observe the 
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strong emission at the ear ly stages of single-crysta l deforma

tion. Measurements on specimens with different grain size 

show once more the strong re lationship between defect 

structure, f low-stress and acoustic emission. In Fig. 8 it can 

be seen that different crystals with different grain size em it 

the same signal, if we com pare the states characterized by 

the same f low stress. 

Of course the deformation in materials with coarse 

grains sets in at stresses much below the yield stresses of 

fine-grained specimens. 
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Impure polycrystals (99.5% Al) 

Because of the change from pure to impure crysta ls the 

signal is modified in several ways. The RMS signal becomes 

smaller than the signal in comparable pure specimens (Fig. 

8) It has its maximum value at the yield point (Fig. 9) and 

the emission now conta ins a remarkable number of bursts. 

Their integrated energy is, however, still small compared to 

the energy contained in the continuous emission. T he 

findings on the dependence on ve locity shown for the single 

crystals are valid in this case too. 

Aluminium-4% copper alloy at different aging stages 

The alloy, manufactured in the Materials Division, was 

quenched from different temperature stages, namely 520°( 
and 590°(, and then aged at a constant temperature of 

190°
0

( for different lengths of t ime. 

In age-hardened alloys, maximum hardening is associ

ated with the presence of zones or intermediate pre

cipitates, whi lst averaging corresponds to growth of an 

intermediate phase and to the appearance of the equ i Ii

brium precipitate In general, hardening effec ts wi 11 be 

related to the vo lume fract ion of the dispersed phase. The 

quenching from 590°(, a temperature higher than the 

eutectic tempera ture of 548°C, was done in order to have 

large precipitates of the second phase at grain boundaries 

and consequently less second phase in the matrix itself. 

With such a material it was our intention to investigate the 

influence of the second phase, its structure and its di

mensions, on th e emission of ultrasonic signals during de

formation at room tempera ture and to correlate acoustic 

stress wave emission measurements with hardness measure

ments. 

The experiments gave a very small continuous 
emission and a total number of bursts much higher than in 

single crysta ls and po lycrystals of aluminium. T he results 

are plotted in Fig. 10 and were obtained in this case via the 

part of the electronic equ ipment which utilizes the de

modulation stage, as shown in Fig. 1. The experiments were 
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performed at constant strain rate, at room temperature and 

using a piezoelectric transducer with a resonant frequency 

of 140 kc. 

The data show a peak of emission at an aging time of 60 

min (Fig 10), in contrast with hardness measurements 

where maximum values are reached af ter one day of t reat

ment at 190°C. In these alloys the hardening observed is 

attributed to local ized concentrat ions of copper atoms 
forming zones At aging temperatures higher than 100°C , 

the zones designated GP [2] sometimes()", have a structure 

which although only a few layers thick is considered to be 

three-dimensional and to have an ordered atomic arrange

ment Increasing the aging time a transition phase,()', 

ex hib iting coherency with the solid so lution lattice, forms 

after GP [2] but coexists with it over a range of time. The 

fina l stage in this sequence is the t ransformat ion of(}' into 

the noncoherent precipitate (). Maximum hard ness and 

st rength occur when the amount of GP [ 2] is essentially at a 

max imum, although some contribution may be provided by 
()' 

In F ig 10 the difference in number of bursts emitted 

during deformation from the samples quenched from two 

temperatures is related to the number of second-phase pre

cipitates 

Eutectic composite alloy 
AI-Al 3 Ni unidirectionally solidified 

Measurements were performed on samples, manu

factured in the Materials Divi sion, prepared under con

trolled solidification conditions in order to obtain a cel lular 

morphology. 

Two types of dependence of the acoust ic emission on 

deformation were observed (Fig 11 ). The first type of 

0+-----+--------1-----+------+-~ 

0 5 10 15 
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(a) Al 99.99% single crystal 
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Fig. 8 : Dependence of acoustic emission on flow stress in differ
ent Al specimens 
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specimen shows a dependence of the emitted energy on the 

deformati on very similar to that of aluminium, with a rapid 

increase at the very beginning of the deformation and a 

maximum at the onset of plastic flow. The second type of 
specimen is characterized by a much lower value of energy 

em ;tted, which reaches a plateau before rupture. 

The difference in acoustic emission between the two 
types of specimen is parallel to the difference in the elasto

plastic behaviour, the first t ype of sample having a much 

greater plastic zone t han the second one. 

These observations can be related to the quantitative 
differences in morphological parameters (cell sizes, 

percentage of eel lularity, interfibre spacing). 

Discussion 

The results described above can be explained qualita-



tively in the fo l lowing way 

• There is no doubt that in pure aluminium sing le crystals 

acoustic emission occurs only during plastic deformation 

(Fig 5).This means that acoustic emission is caused by 

moving d islocations. The dependence of the acoust ic 
emission on the sta te of deformation clearly denotes the 

fact, that the d islocation structure of the m.aterial is an 

important parameter for the in tensity of the emi ss ion. 

Higher deformation velocit ies mean more dislocations 
moving and therefore higher emission (Figs. 6 and 7) . How
ever, the emiss ion is not due to dislocations moving with 
constant velocity, otherwise the observed ma xi mum of the 
emiss ion would appear at the begi nning of the deformation 

in stage I , where the dislocations move over the longest 
path with constant ve locity, and not at the end of stage 11 

as observed (Fig. 4). Following a theory of Eshelby de
veloped in 1962 1 ) we may attribute the emission to those 

dislocations which are moving with changing velocity. 
Owing to the increasing dislocation density the number of 
such dislocations increases during deformation. The 
Eshelby theory gives also a square dependence of the 
emitted energy on the length of th e moving d islocat ion 
segments This is the reason why at high stra in s the emis
sion decreases, since then the deformation results from a 
great number of short dislocation pieces. 

Curves of the type shown in Figs. 9a and 9b can there
fore be explained by the fact that at the beginning of the 

deformation the emission increases because of the increase 
of dis locations, wh ich move in a non-uniform way, and 
later decreases because of the shortening of the moving 

dislocation segments. 

• In polycrystals no new emission was observed. This 

means that, at any rate in aluminium at room temperature, 
the grain boundaries do not contribu te to acoustic amis
sion. In polycrystals the length of dislocations is I imited by 
the grain size, hence the emission is smaller than in single 

crystals. The same reasoning accounts for the still smaller 
emi ssion in impure mater ia ls (Figs 8 and 9). 

en Iii 104 
a: 
:::, 
Ill 
u. 
0 
a: 
w 
Ill 

~ 10
3 

2 

2 
10 

101 

, 

/ 

- - QUENCHED FROM 520°C 

-- --- QUENCHED FROM 590°C 

_.,,-- r---.. 
............. 

I"-.... ..... _ ............ 
r-,..... / 

/ 
/ 

-... , 
............. ...... .......... 

................. 

102 103 
AGING TIME (min) 

r----... 
-....... ... 

... , 

104 

-

Fig. 10 : Total number of bursts in Al-4 % Cu after different heat 

treatments and aging times 

> 10 

3-
cn 
:ii: 
a: 
:::> 20-t--;'--+-- -+----t--'-"~'lfi",,-\.;,x..J.,o,i,l"'-t-t--l 

_ 10 

> 
3-
cn 
:ii: 
a: 
:::> 20 

/ 
.,-

0 0.02 0.04 

..... 

0.06 0.08 0.10 0,12 
STRAIN f 

Fig. 11 : Acoustic emission in unidirectionally solidified AI-Al3Ni 
alloy with different morphological parameters 

• In the alum in ium-copper alloys and in the fibre
reinforced materials the emiss ion is mainly composed of 

bursts. The total number of bursts decreases with decreas
ing ductility, i.e. in these materials the acoustic emission is 
also related to plast ic deformation. 

In t he Al-Cu alloys both the hardness or strength and 
the number of counts depend on the aging time. Both 
va lues exhib it a maximum. But the maximum of the counts 
of acoustic bursts appears after a much shorter aging time 
than the maximum of the strength. The st rength is highest 
when the greatest number of precipitates, GP[2], is present 
in the matrix. Therefore one possible conc lu sion is, that the 
parti cles are not the source of bursts, but the bursts are 
generated by tra ins of dislocations wh ich move together 
and give rise to signals which are much greater t han the 
signals generated by single dislocations. In the tensile expe
riments we observed in this material a rather strong Port
ev in-Le Chatelier effect, wh ich can be attr ibuted to trains 
of moving dislocations and may tend to support our ex

planation. 

The difference of the tota l emission in the two classes 
of fib re-reinforced materials shown in Fig. 11 can be 
attributed to a difference in ce ll size which allows the first 
materials to have large pieces of aluminium matrix, which 
can undergo plastic deformation by moving dislocations. 

Under the condi t ions of our experiments it appears that 
the only sources of acoust ic emiss ion in aluminium and its 
alloys are moving dislocations. 
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The Tensile Properties of a New Superplastic 
Aluminium Alloy: AI-Al4Ca Eutectic 
D. Beerman, R. Matera, G. Pellegrini, G. Piatti 

Several metals and alloys exhibit superplastic behaviour. 

A survey on these materials is given in various extensive 

reviews 1-4 ) . I t can be observed that in the case of Al-base 

alloys, only those containing intermetallic Al 2 Cu reveal 

superp last ic effects, which are characterized by abnormal 

elongat ions and high strain-rate sensitivity (temperature ~ 
400°C) 5-8 ). Other systems such as Al-Si g) and A l-S i

Cu 1 O) show high strain-rate sensitivity but l imited elonga

tion. The Al -Zn superplastic all oys are considered as 

Zn-base alloys. 

In recent research concerning the potentia l use of Ca 
metal 11 ) it appeared that superplasti ci ty is attainable also 

in Al -Ca alloys con taining a high percentage of the Al 4 Ca 

second phase. Subsequent detailed investigations on a wide 

range of composit ions and using different preparati on 

methods led to the development of a new superplastic 

aluminium alloy, the AI -Al 4Ca eutectic 12 ). In this note 

some preliminary results concern ing the tensile properti es 

of this alloy are reported. The A l-Ca eutecti c (7.6 wt% Ca) 

presented here was prepared by induction melting in a 

graphite cruci ble under a positive pressure of argon, starting 

from slightly impure elements, respectively 99.9 Al and 

99.0 Ca. The as-cast ingots were first extruded into 55x5 

mm plates and then unidirectionally so lidified in a rectan 

gular graph ite crucible in order to minimize porosity and to 

ob tai n the fine regular lamellar structure (Fig. 1a) already 
described previously 13 ) . Fin ally the plates were hot roll ed 

(temperature ="' 300°C) into 1 mm-thick sheets with the 

end effect of producing an intimate mixture of the two 

phases Al and A l4 Ca with a very fine grain size (- 5µm) 

(Fig. 1b) . The volu me fraction of the Al 4 Ca second phase 

was 31%. Tensi le spec imens of 8 mm gauge- length and 1x2 
mm gauge section were machined from the sheets. Tensile 
tests were carr ied out at temperatures varying from 20° to 

600°C on an lnstron machine (model TTCML) capable of 

var ious constant cross-head speeds between 0.83 µm f 1 and 
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Fig. 1 : a) Microstructure of Al-7.8 wt% Ca eutectic alloy (x 500) 
Unidirectionally solidified (transverse section) 

Fig. 1 : b) Microstructure of A/-1.8 wt% Ca eutectic alloy (x 500) 
Superplastic (after casting and heavily hot-working) 

Table 1 : Superplastic tensile propert ies of the AI-Al 4 Ca eutectic 

Total plastic Maximum Strain-rate 

Temperatu re Cross-head speed elongation engineering stress sensitivity index 
(%) (MN m-2 (m) 

oC (µms-') (maximum values) (mean values) (maximum values) 

300 33.3 220 39.2 -
400 33.3 35 1 14.7 -
450 1.6-3.3-8.3-16. 7-33.3-83.3-166.6 385 8 .8 0.4 

500 1.6-3.3-8.3- 16. 7-33.3-83.3- 166.6 532 4.4 0.72 

550 1.6-3.3-8.3-16. 7-33.3-83.3-166.6 850 2.9 0.78 

600 33.3 540 1.9 -
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8.33 mm f 1
. An Adamel air furnace was used with a 

constant temperature zone (± 2°C). The strain-rate sensi

tivity was determined at 450, 500 and 550°C by calculating 

the slopes of the flow stress/true strain-rate curves fo ll ow
ing the method develeoped by Dunlop and Taplin 14 ) and 

used recently by Ducheyne and De Meester 15 ). 

A summary of the superplastic tensile properties of the 

AI-Al 4 Ca eutectic is given in Table 1. It appears clearly that 

the optimum temperature range for superplasticity lies 

between 500 and 600°C. This is actually expected for an 

eutectic alloy near to the melting point 4 ) (in our case 

616°C). At lower temperatures the superplastic behaviour is 

still evident. A beginning is observed around 300°C = 0.64 
Tm, Tm being the homologous temperature in Kelvin.This 
value is slightly above the minimum temperature for the 

occurrence of superplasticity, which is 0.5 Tm = 
171.5°C 1-4 )_ The maximum elongation (850% at 550°C) 

corresponds to a strain-rate of 1.3 x 1CT2f 1
, while the 

maximum strain-rate sensitivity index (m = 0.78) corre

sponds to a strain-rate of 1.3 x 1CT3 f 1
. At this moment we 

cannot confirm the statement that maximum elongations 
occur frequently under conditions of maximum m 3 l. 

The superplastic behaviour emerges clearly also from 
Figs. 2 and 3. Fig. 2 represents some typical engineering 
stress-strain curves obtained at different temperatures (400, 
450 and 500°C) with an initial strain-rate of 4.1 x 1 CT3 f 1

. 

Fig. 3a exhibits a sigmoidal relationship between log-stress 

and log-strain at 450, 500 and 550°C, with a region of high 
strain-rate sensitivity (m > 0.3) (m = 8 log a/8 log [ 16 l 
where a is the flow stress and e the true strain-rate), in 
which superplasticity occurs. This region is bounded by two 
regions of low strain-rate sensitivity ( m - 0.1), both corre
sponding to conventional plasticity. This trend is typical of 
many other superplastic systems 3 l, e.g. the eutectic AI
Al2 Cu 5-6 ). Fig. 3b shows the dependence of the strain-rate 

sensitivity m on the true strain-rate at different tempe
ratures. As for other systems 3 ), the strain-rate sensitivity 
increases with increasing temperature and goes through a 
maximum with increasing strain-rate. A point worth noting 

is that the peak of m occurs at decreasing strain-rate as the 
temperature increases. On this point AI-Al 2Cu 5 ) and AI

Al4Ca behave differently. 

The tensile properties of the AI-Al 4 Ca eute.ctic at room 
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b) Dependence (derived from 4a) of strain-rate sensitivity 
index rri, on true strain-rate 

temperature are given in Table 2 together with those 
obtained on the material after superplastic deformation 

(elongation 15%) at 400°. For reasons of comparison the 
tensile properties of an AI -A l4 Ca unidirectionally sol id ified 
eutectic al ready described elsewhere 17 l are also reported 

in the Table (column 4). Lastly, Table 2 contains some data 
regarding the hardness and the density of the specimens 
used in the present investigations. 

The eutectic AI -Al 4 Ca was also prepared by use of a 

second method based on a random solidification technique 
(chill cast into a graphite crucible) and subsequent hot 
working (extrusion and hot rolling). It is interesting to note 
that the specimens prepared in this way revealed a very fine 
equiaxial-grain duplex structure with superplastic 
behaviour. In this case however, the superplasticity was 
tested on sheets at 500°C following the method developed 
by Jovane 18-19 ). a primary vacuum (1CT 1 mm Hg) is 
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Table 2 : Room temperature characteristics of the AI-Al 4 Ca eutectic 

Properties Superplastic structures 

Ultimate tensile strength (MN m-2
) 245 - 323 

Total plastic elongation (%) 3-6 

Hardness (kg/mm2
) 60-90(H) 

Density (g/cm 3
) 2.59 

applied to one side of a test disc to form a dome, the 

increase in height of the dome being measured by a trans

ducer and the depression by a vacuum gauge. The stress/ 
strain rate curves (Fig. 4a) were obtained from the theo

retical approach of the deformation of a dome in super
plastics materials 18-191 . Fig. 4b shows the dependence of 

strain-rate sensitivity index, m, on strain-rate. In Fig. 5 we 

show finally a) a dome obtained from a test disc of 0.3 mm 

thi ckness at 500°C; b) a cup of 0.07 mm thickness made 

from an analogous disc by deep-vacuum forming at the 

same temperature. 

Fig. 5: A dome vacuum formed (a) and a cup vacuum formed (b) 
into a 

0
die, both from superplastic AI-Al4 Ca eutectic 

at 500 C 
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Structures after Cast structures 
superplastic de0 (unidirectionally 

formation at 400 C solidified ) (ref.17) 

196 - 235 225 - 255 

7- 11 7- 35 

74 (H) 38 - 52 (H
8

) 

- -
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Metallobiochemistry of Heavy Metal Pollution 

E. Sabbioni, E. Marafante, F. Girardi 

Introduction 

Development of nuclear and radiochemical techniques 
in environmental biochemical research at the JRC lspra was 

described in the Annual Report 1972 1 l. The study was 

continued during 1973. During 1974 the technique was 
essent ially dedicated to in vivo experiments on the metal lo
biochemistry of heavy metal pollution, in the context of 
the Environmental Protection Programme. The aim is to 
elucidate the biological effects on mammals of daily 

exposure to environmental heavy metal s (basically long
term low-level exposure, LLE) . 

In parti cul ar, the objectives of the research were ,(a) to 

study the distribution of. labe ll ed metal pollutants in 
organs, subcellular fractions, with a view to identifying 
specific cellular metal-binding components; (b) to study the 
effect of heavy metals on the metal-binding component, 
such as influence on its biosynthesis, saturation level, 
antagonistic effects of other metals. 

In vitro studies were also carried out on potential 
metal-binding co mponents, such as metalloenzymes and 
nucleic acids. 

To meet the foregoing objectives biochemical studies 

must be carried out at the concentrations normally present 
in polluted environment. At such low concentrations the 
heavy metals accumulated in the body may be elused when 

investigated by classical biochemical means. Therefore to 

solve the exper imental difficul ties associated with these 
studies we app lied highly sensitive nuclear and radio

chemical techniques, such as: 

labelling in vivo nanogram or subnanogram amounts of 
metals (this may be difficult even with sensitive 
techniques such as radioactive tracing); 
detection and quantitative determination of trace 

amounts of metals in microsamples of subcel lul ar 
components after long and complex biochemical frac
t ionation procedures. 

The complete procedure for each met.al involves: 

- preparation of radiotracers 
- administration of the tracer to a group of laboratory 

animals 
sacrifice of the animals at various time intervals and 
measure of radioactivity in various biochemical fractions 
(organs, purified subcellular fractions and their 
components). 

Fig. 1 : Special modular cages for "heavy metal intoxication" of rats 
in long term-low level exposu~e experiments (1a). Cold-room 
radiobiochemical area at +4 C to work with high level of 
radioactivity (1b) 

Development of Special Techniqaes and 
Equipment 

Biochem ica l studies on heavy metals at typical environ
mental concentrations ca ll for rather sophisticated ma
terials, equipment and facilities which must largely be 
developed "ad hoc". The most important realizations of 
1974 and 1975were: 
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Fig. 2: Automatic dialyser developed for night-time dialysis of bio
chemical metal-binding components with relatively high ra
diation level 

a) Stabularium and Cold-Room Radiochemical Facilities: 

a stabularium radiochemi cal area which can contain 100 
rats in special modular cages was developed for long

te rm experiments. The cages have a special water-supply 

device which minimizes radioactive contamination of 

cages and rats by the radiotracers which are adminis

tered via drinking water (Fig. l a). 

A co ld-room radiochemical area at + 4°C equ ipped with 
gel chromatography apparatus and designed to work 

with high levels of radioactivity was set up to minimi ze 

the temperature-dependent artifacts during biochemical 
fractionations (Fig. 1 b). 

b) Development of an Automatic Dialyzer : 

th is apparatus was constructed for automatic extensive 
dial ysi s during night periods in order to minimize 
operator time and to diminish the risk arising to persons 

from relatively high radiation levels. The apparatus can 

simultaneously dial yse a number of samples (depending 
on size) agai nst six different buffers (Fig. 2) . It is used 
routinely in the systematic study of the interaction of 
heavy metals and macromolecules. 

c) Preparation of Special Radiotracers with a Very High 
Specific Activity 

The radioactive isotopes used for this study were pre

pared: 
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by proton irradiation at the cyclotron of Milan 

University. The same laboratory measured the exci

tation function for each radioisotope, while isolation, 

purification, preparation for biological use and analy
tical controls were set up by our laboratory. The 

experimental exc itation function for the production 
of 203 Pb, whi ch was also used for other environ
mental stud ies on lead pollution, has already been 
reported in a previous paper 2 ) . Fig. 3 shows the 

experimental excitation function for the production 

of carrier-free 65 Zn and 48 V. 
by neutron activation in nuclear reactor . 

Table 1 shows the tracers used and the production and 
detection modes. 

d) Development of Radio-biochemical Techniques for the 
Fractionation and Purification of Subcellular Fractions: 

the estimate of the biochemical purity of the subcellular 

fractions from organ homogenates and of molecular 

metal binding components from fractioned subcellular 

fractions requires great caution. We have adopted in vivo 
incorporation of radioact ively labelled precursors into 

biochemical fractions as " markers" of subcellular 

compoents, such as 14 C-arginine as marker for histone 

and 3 H-triptophan for non-h istone nuclear proteins, 
3 5 S-cystei ne as marker for cadmium-binding protein 
(see in vivo experiments, cadmium) and 3 H-orotic acid 

as marker for ribonucleic acid. 
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Table 1 : Radiotracers involved in the metallobiochemistry of heavy metal pol lution . Preparations were performed at the 
cyclotron of the Milari University or atTriga Mark II of Pavia University reactor. The other tracers were supplied by 
Radiochemical Centre, Amersham (England) 

Specific activity 
Radiotracer T 1/2 Principal emission (MeV) Source (mCi /mg) Counting method adopted 

106Ag 8.3 d 0.5 1 Cyc lotron c. free "{-ray spectrometry 

1.05 

74 As 26.5 h 0.66 Nuc lear reactor 10 Cerenkov count ing 

198 A u 2.8 d 0.41 Nuclear reactor 100 Cerenkov cou nt ing 

7Be 53.6 d 0.48 Cyclotron c. free "{-cou nting 

206B i 6.4.d 0.18 Cyclotron c. free ')'-ray spectrometry . 
0.34 

10 9Cd 450 d 0.022 Ag X-ray 

0.088 via 109mAg Rad.Centre - Cyclotro n c. free ')'-counting 

60Co 5.3 y 1.17 Nuclear reactor 20 Cerenkov counting 

1.33 

SI Cr 27.8 d 0.32 Cyclo tron c.free "{-counting 

64c u 12.1 h 0.5 1 Nuclear reactor 10 "{-ray spectrometry 

1.34 Cyc lotron 

203H g 45.8 d 0.28 Nuclear reactor 2 "{-count ing 

192 Ir 74 d 0.31 Nuclear reactor 15 Cerenkov counting 

0.46 

54M n 314 d 0.84 Rad.Centre c. free ')'-cou nt ing 

99Mo 2.8 d 0.7 4 Nuclear reactor 1 Cerenkov counting 

0. 14 

63 Ni 80 y . 0.067 Rad . Centre 5 L iqu id sc intillation 

count ing 

203 Pb 2.2d 0.28 Cyclot ro n c. free ')'-ray spectrometry 

0.40 

75 Se 127 d 0. 14 Nuc lear reactor 10 "{-counting 

0.27 

113Sn 119 d 0.39 .v ia 11 3ml n Rad . Centre 15 "f·COU nti ng 

12smTe 58 d 0:11 Rad. Centre c:free "{-ray spectrometry 

0.035 

201T I 3 d 0.03 Cyc lo tron c. free "{-ray spectrometry 

0.135 

4S v 16.2d 0.99 Cyclotron c.free "f·COU nti ng 

1.31 

6Szn 245 d 0.5 1 Cyclo tron c. free Cerenkov count ing 

1.11 5 

In the squares: elements recognized as of prime importance in the declaration on the Environment Action Programme of 22.11. 1973 
by the Council of Ministers (29) and selected as a first priority in our study 
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In Vivo Experiments 

Cadmium 

Cadmium progressively accumulates with age in liver 

and kidney tissues 3). It has been demonstrated that 

administrat ion of Cd2
+ stimulates the biosynthesis of a 

cytoplasmatic cadmium-bind ing protein (Cd-BP) which 

cou ld act as a detoxifying agent for cadmium 4 l. The 

following studies have been carried out. 

a) interaction of heavy metals with rat liver CdBP: the 

study was performed by using a combinat ion of 

neutron activation analysis, radiochemical methods and 

ge I chromatography. The gamma-ray spectrum of 

neutron-act ivated microsamples of CdBP demonstrates 

the presence of Cd, Zn, Cu, Hg and Ag at significant 

levels. 

M 
b 
)( 

E 
Cl. u 

This was confirmed by in vivo radiotracer experiments, 
in which 21 labelled meta l ions were administered to 

Cd-treated and control rats: only 109 Cd , 65 Zn, 64 Cu, 
2 0 3 Hg, 106 Ag and 1 1 3 Sn were found incorporated into 
Cd BP (Fig. 4), as confirmed also by electrophoretic 
experiments 5 l 
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Fig. 4: Distribution of Cd, Zn, Hg, Cu, Ag and Sn in Cd-intoxica ted 

and control rat liver soluble fraction after Sephadex G-75 
chromatography 
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b) Studies on the biosynthesis of CdBP: rat liver CdBP 

contains an unusually high number cysteine residues 

(21 g atom per protein molecule) 6l. Incorporation of 
35 S-labelled cysteine together with 109 Cd served as a 

marker of the "de novo" biosynthesis of CdBP. The 

results can be summarized as follows: 

both the incorporation of cadm ium and the bio

synthesis of CdBP are unaffected by the presence of 

42 different metal ions; 

the Cd content of the "de novo" biosynthesized 

CdBP following injections of single doses ot 
cadm ium increases as a function of the app lied dose 

and reaches a maximum concentration of about 

240 µg of cadmium/rat liver after a single i.p. dose 

of 3 mg Cd/kg b.w. It remains unchanged for more 

massive cadm ium adm in istrati on (Fig. 5a); 

repeated doses applied at 24-hour interva ls for at 

least 8 days give a similar dose-proportional increase 

in both CdBP biosynthesis and Cd inc_orporat ion, 
thus resulting in an additive accumulation 
(Fig 5b) 7l ; 

long-term low-leve l exposure exper iments (L.LE): 
19° Cd - labelled Cd 2

+ is administer':!d daily 
via we ll -character ized mineral water in a concentra

tion of 50 ppb. The diet of the anima ls was also 



characterized as to its heavy metal content by 

neutron activation analysis (cadmium con tent 

0.01 ppm). The lay-out of the experimental pro

gramme, which will continue during 1976, was 
reported in a previous paper S) . After 6 months 

from the start of the experiment liver, kidney, 
gastrointestinal tract and pancreas are the organs in 
which cadmium accumulate. 

Cadmium in these organs was always bound to 
proteins with a molecular weight of 10.000 -

11 .000 (as shown by gel filtration of the soluble 

fractions from the homogenates). The LLE 

experiment on cadmium will be cont inued for two 

years. 

c) Rat intestine CdBP: the toxic effects of cadmium on 
the gastrointestinal tract are well known 9 ) as well as 
the presence of CdBP in the duodenum 1 O) . No data 

have been reported on the induction of CdBP in the 
intestine of mammals. We have investigated this 
important question. 109 Cd Cl 2 was given oral ly to rats . 

The animals were at the same time injected with 
3 5 S-cysteine and the Cd BP was isolated by gel filtration 

from the intestinal mucosa. Results show that in gel 
chromatography a cadmium peak appeared associated 

with a35 S-cysteine peak in the position of CdBP. The 
inductive effect of cad mium in the intestine was fully 
confirmed. 

This important conclusion could account for the poor 
absorption of dietary cadmium from the gastrointesti
nal tract in mammals. 

Lead 

The distribution of lead in organs of man is still being 
debated 11 ). In addition, very few works are reported on its 
subcellular distribution 12• 13 ). Our study on lead has been 

essential ly carried out by using 2 0 3 Pb radioisotope to 
identify the lead-binding components in the hepatic subcel

lular fractions, and with a view to eventual long-term expe
riments 14 ) 

Male rats were injected intravenously with 18µg of 
203 Pb2+/rat as well as with radioactively labelled precursors 

such as 14 C-arginine and 3 H-tryptophan. The 203 Pb radio
activity was measured in the tissues as well as in nuclei , 
mitochondria, lysosomes, microsomes and soluble fractions 
from liver and kidney homogenates (Table 2). The subcel
lular fractions from the liver were purified and fractionated 
into macromolecular components by ultracentrifugation, 
gel filtration, ion exchange chromatography and solvent 
extraction. Nuclei were subfractionated into membranes, 
chromatin proteins (histone and residual non-histone 
proteins) and DNA. About 70% of the lead was detected in 
the nuclear membrane fraction exclusively bound to 
membrane proteins, and absent in phospholipids (Fig. 6). 
Most of the intranuclear lead was found to be associated 
with histone fractions isolated from ion exchange chroma
tography and representing histones, other basic or very 
weakly acid proteins as indicated by the incorporation of 
[
14 C] arginine and [3 H] tryptophan (Fig. 7). Lead was 

E 
C 

0 

!!3 
<l: 

Table 2 : Distribution of lead, selenium and vanadium in 
tissues and subcellular fractions from liver of rats intoxi
cated with 18 µg of Pb as nitrate, 22 µg of Se as sodium 
selenite and 10 µg of V as vanadyl chloride 

Organs 

Liver 

Kidney 

Testicles 

Spleen 

Lung 

Heart 

Brain 

Subcellular 
fraction from liver 

Nuclei 

Mitochondria 

Lysosomes 

Microsomes 

Soluble fraction 

Distribution in tissue 
(% of the dose administered) 

Lead Selenium Vanadium 

4.06 5.6 1.5 

8.6 1.7 1.17 

0.03 0.3 0.0006 

0.075 0.1 0.0005 

0.11 0.2 0.0004 

0.016 0.08 0.0002 

0.0067 0.03 0.00004 

Intracellular distribution 
(% of total homogenate) 

Lead Selenium Vanadium 

28.3 50.8 44.3 

9.5 7.2 11.3 

10.8 10.4 14.2 

10.9 21 4 

39.2 10.1 26.1 

nuclear membrane 

1\-~H--4-+~~-+~~-l-~-l-'1000 

fraction number 

E 
a-
f ,,, 

0 
(\j 

Fig. 6: UV and 20 3 Pb elution profiles, from Sephadex G· 150, of the 
non-delipidated nuclear membranes from rat liver 

significantly contai ned in the chromatographically purified 

DNA fraction, but whether the lead was really bound to 
nucleic acid is not clear from this study. Fig. ·s summarizes 
the results and the procedures used for the identification of 
rat liver nuclear lead-binding components. 

Mitochondria were fractionated into heavy, soluble and 

light subfractions representing the inner membranes, the 
intramitochondrial matrix and the outer membranes 
respectively. All these subfractions contained appreciable 
amounts of lead, in the order inner membranes> soluble> 
outer membranes. No appreciable amount of lead was 

present in I ipids of the mitochondrial membranes. 

A significant amount of lead was found associated with 
endoplastimatic reticulum. Fractionation of microsomes 
into rough and smooth membranes showed that most of the 
lead was bound to membranes of rough-surfaced micro
somes associated with the heavy rough membranes sub
fraction. 
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Fig. 7: Ion exchange chromatography of the 20 3 Pb, 14 C-arginine and 
3 H-tryptophan bulk chromatin from rat liver. OAE: anion 
exchange chromatography. The unadsorbed proteins (histone 
fraction) were collected after washing with equilibrqting buf
fer and the adsorbed components were eluted by a linear 
gradient of NaCl (dotted line). The arrow indicates the elution 
stepwise with 3M NaCl. SP: cation exchange chromatography 
(see OAE). The unbounded components (non-histone fraction) 
were eluted only with 3M NaCl 

No signifi cant lead was present in the free polysomes 

microsomal subtraction or in lipids of the endoplasmatic 

reticulum. 

More than one lead-binding site was identified in the 

so lubl e fraction, the high molecular weight components 

representi ng the most important lead-binding site. 

Dia lysis experiments showed that lead was removed 
from the nuclear, mitochondrial and microsoma l mem-

r• Solubil if~tion Lipids extraction 

(2 r SDS,0 .01 r 2-mercaptO· 
-ethanol, 50mM HEPES, pH = 7.5) 

Lip idic organic 
phase : 3 ng 

I 
Non lipidic 
aqueous phase : 
146.8 ng 

Dialysis Dialysis 
(Sm Urea, 2M NaCl 

branes with more difficulty than from soluble cel lular 

components such as bulk chromatin, so lubl e mitochondrial 

subfraction and soluble cytop lasmatic fraction. 

Selenium 

I t has been observed that the relatively high levels of 

selenium in t he tissues, and essentially the brain, of seats 

may very well represent a hazardous body burden 15 ). 

Recent ly it has also been shown that one form of muscu lar 

deg eneration is a se lenium-responsive myopathy 16 )_ 

Tabl e 2 shows the distribution of 75 Se-labelled se lenite, 

after a single i.p. injection in organs, subcellular fractions 

and various nuclear components of the hepatic cel l. As can 

be seen: 

the highest concentrations of se len ium in rats were 
found in liver, kidney, followed by testic les , spleen and 

lung 

Most of 7 5 Se radioactiv ity is present in the nuclear 

fraction. About 50% of 7 5 Se radioact ivity was associated 

with membranes, while 50% was present in the 

chromat in. Th e radios e lenium associated with 

membranes was not bound to lipids after subfraction

ation and gel chromatography of the membranes. 

Dialysis experiments showed that 7 5 Se is strongly 
bound to the nuclear subfractions in which it has been 

recovered. 

Vanadium 
Whilst it has been suggested that the toxic effects of 

vanadium in the rat are re lated to the accumulation of the 

metal in the l iver and kidneys 17 ) , the intracellu lar distri

bution of vanadium in these organs is not adequately 

studied. Tab le 2 gives the findings on the distribution of 
vanadium ( IV) in rat tissues as we ll in the subcel lular 

I 
Dialy zed 
8.73 ng 

Pellet : 
DNA fraction r-39ng 

Dialysis 

I 

I 
Undialyzed 

49 .5 ng 

I 

(198000 X Q, 8 h.) 

Supernatant : 
Chromat in proteine 

46.0 ng 

I 
Dialysis (0.5 •; sos.gii~v~2-mercapto

·ethanol, SOmM ~ EPES, 
pH = 7.5 

I 
15m~51 1 mM phosphate buffer, 

pH = 6.81 

(2M NaCl , 5m HEPES, 
pH = 7 .5) 

I 
(SM Urea, 5mM HEPES, 

pH = 7.51 

I 
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Dialyzed 
23.4 ng 

I 
Undialyzed 

125f ng 

Sephadex G-150 
203pb recovery : 91 •; 

114.5 ng 

MEMBRANE 
PROTEINS 

114.5 ng 

see figure 6 

Cialyzed Undialyzed 

3.0ng ~ng 

Sephadex G-75 
203pb recovery : 89r; 

41 .3 ng 

HIGH MW 
COMPONENTS 

37.5 ng 

I 

I 
Dialyzed 
40.7 ng 

Undialyzed 
17.Sng 

I 
Hydrox ylapatite 

203pb recovery : 85 r; 
14.9 ng 

I 

HtSTONE FRACTION 12.7 ng 
NON HISTONE FRACTION 2.2 ng 

I 
Dialyzed 
0 .14 ng 

I 
Sepharose 4 B 

203pb recovery : 71 r; 
2. 4 ng 

NUCLEIC 
ACIDS 
2.4 ng 

I I I 
Undialyzed 

3.35 ng 
Dialyzed 
0 .92 ng 

Undialized 
45.1 ng 

I 

Anionic QAE-Sephadex 
203pb recovery : 86 ?: 

38.8 ng 

Cationic SP-Sephadex 
203Pb recovery: 80 7, 

36.1 ng 

HISTONE FRACTION 34 .5 ng 
NON HISTONE FRACTION 4 .3 ng 

see figure 7 

HISTONE FRACTION 34 .6 ng 
NON HISTONE FRACTION 2 .9 ng 

see figure 7 

Fig. 8 : Flow-diagram and results of the experiments on identification of the nuclear binding components from rat liver 
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Fig. 9: a) column chromatographic fractionation on Sephadex G-150 i, serum proteins obtained from rats intoxicated with 
V-labelled V (IV) 

b) ion exchange chromatography on DEAE column of pooled 
4

~ V peak indicated in a 

c) analytical disc electrophoresis of the serum vanadium
binding component obtained by DEAE chromatography 
indicated in b 

fractions from I iver homogenate 24 hours after a sing le 
intraperitonea l injection of 4 8 V vanady l chl oride. 

In the same experiments more than 90% of the 4 8 V 
radioactivity was present in the serum of the animals. Work 
was therefore undertaken to identify the serum com
ponents for intravascular transport of vanadium. The results 
are illustrated in Fig . 9. The fo llowing conclusions appear: 

fractionation of tota l serum by co lumn chromatography 
on Sephadex G 150 shows that the serum vanadium is 
eluted as a single peak associated with serum proteins 
consisting of album in and some globulins including the 
/3 1 globulin transferrin. 

When this protein-bound vanad ium was pooled and 
fra c tionated by ion exchange chromatography on 

DEAE-ce llulose (Fig. 9b), the vanadium was found to be 

entirely associated with a single protein peak which is 
reported to be transferrin fraction 18). 

Analytical disc electrophoresis on acrylamide gel of the 
pooled transferrin fraction from DEAE shows that all 
the transferr in fraction-bound 4 8 V was cons istent ly 

associated with a sing le protein component (Fig. 9c). 

The identification of this componen t is under investi
gation. 

Distribution of Heavy Metals in the Subcellular Fractions of 

Rat Liver: Systematic Study in the Soluble Fraction 

The liver and kidney are important organs of accumula 

tion for many heavy metals 19). For th is reason, we started 

a study of their intrace llular distribut ion in the rat liver 

so luble fraction. Fig. 10 shows the results obtained after gel 
fi ltration of the soluble fraction from liver homogenate, 

showing the elution profiles of proteins and radioact ivities. 
The fol lowing conclus ion can be drawn : 

Cd and Ag were present only in the region of molecular 
weight about 10.000 - 11.000. 
All other metals were always recovered in association 

with the fraction of high molecular weight componen ts. 

Zn, Hg and Sn were present also in the region corre
spond ing to a mol ecu lar weight of 10.000 - 11.000 
whi le Tl, Cr, Be and Pb were bound to lower molecular 
weight. 

48v 

65zn 

500 1500 2500 500 1500 2500 500 1500 2500 

elution volume (ml) 

Fig. 10 : Distribution of 20 heavy metals in the soluble fraction from 
liver homogenate of rats intoxicated with a low dose of 
different metal ions 
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Au was also associated with a specific component (MW= 

5.000 - 6 000) and Cu with a specific protein, probably 

cytocup rein (MW= 30.000 - 35.000). 

I t appears therefore that high molecular weight 

components of the rat I iver soluble fraction are greatly 

involved in the metabolism of heavy metals. The study of 

the biochemical nature of th ese components is essentia l for 

identification of the metal-binding sites. 

In Vitro Studies 

Interaction of Lead with Metalloenzymes: 

a Lead-alkaline Phosphatase 

Radiotracing experiments with 203 Pb and neutron 

activation analysis show that Pb2+ ions can interact with 

calf-i ntestine alkaline phosphatase by different mecha

nisms: 

the purified native protein 20 ) does not bind a signi

ficant amount of additional Zn 2+ ions, whilst it binds 

Pb2+ ions in a molar ratio Pb/protein 1 5 without a 

significant exchange of enzymatic activity. 

The inactive apoenzyme binds Zn2+ ions in a molar 

ratio of Zn/ protein 4: 1 to give a Zn-enzyme recovering 

85-90% of the original activity of the native protein. 

The inactive apoenzyme is capab le of binding Pb2
+ ions 

in a molar ratio of Pb/pro tein 2: 1 to give a Pb-enzyme 
with a recovery of about 50% of the biochem ical 

activity, even when geneti c material such as ONA is 

used as substrate. 
The reconstituted Pb-enzyme can bind Zn 2

+ ions in a 

molar ratio Zn/enzyme 2 5. 
Pb and Zn atoms are not removed from the label led 
Pb-enzyme and Zn-enzyme when the proteins are 

incubated with an excess of Zn 2+ and Pb2+ ions respect i

vely. 

Neu tron activation analysis shows that Zn, which is 
necessary for the catalytic function of the native 
protein and for which the apoenzyme has a high 

affinity, is absent in the inactive apoprotein as well as in 
the reconstituted Pb-enzy me (Fig. 11). Cu, Fe and P 

were also found in stoichiometric amounts in the 

purified protein. The partial reaction of the mammalian 
apophosphatase with a metal pollutant (Pb) other than 
Zn and Co 21 ) may in part account for the observations 

of Kosmider, who has established a relationship 

between the toxic effect of lead and the diminished 
activity of the enzyme in experimental anima ls and 
man 22 ). 

Inhibition of Enzymatic Hydrolysis of End-phosphate DNA 

by Iridium Chlorocomplexes 

Iridium increases with age in cataractogenesis 23 ) and 

may act as a mutagen 24 ). It is also an irreversible inhibitor 

of mammalian eel I d iv ision in vitro even at concentrations 
as low as 1 Cf5 M 25 ). We have studied the inhibition of 

enzymatic cleavage of terminal phosphate from ONA by 

ca If-intestine alkaline phosphatase 26 ). The inhibitory 
effect is strongly influenced by the chemica l form of the 
iridium (Table 3). While hexachloroiridate (IV) and hexa
chloroiridite (111) strongly inhibit the enzymatic activity of 
the enzyme, no inhibotory effects was observed when these 
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Fig. 11 : )'·ray spectra of neutron-activated microsamples of native 
calf-intestine alkaline phosphatase, apoenzyme and reconsti
tuted Pb protein 

ch lorocomplexes were previously irradiated by I ight and 

transformed to their photochemical product. 

Interaction of Heavy Metals and Nucleic Acid 

Heavy metals can interact with phosphate and/or bases 

of nucleic acids by altering the structure and function of 
these bearers of genetic information. As dietary nickel was 

found in appreciable quantities in nuclei from rat 
kidney 27 ) we investigated in vitro the interaction of Ni 2+ 

Table 3 : Inhibition of calf-intestine alkaline phosphatase by 
iridium chlorocomplexes and its dependence on their chemi
cal forms 

Charge Valence Degree of 
Iridium of of inhibition 

chlorocomplexes complex iridium % 

(NH4)2 l rC l6 -2 IV 100 

(NH4) 3 lrCl6 -3 Ill 100 

Photochemical product 
from I rCl 6 

2-
0 IV no inhibition 

Photochemica l product 
from lrCl6 

3-
0 Ill no inhibition 



ions with nat ive and denaturated high poly meri zed ca lf 

thymus DN A previously puri f ied on Sepharose 4B . 

Pre I iminary results showed that the bind ing of Ni ( 11) to 

DNA was sensitive to changes in nickel concentration and 

was constant between pH= 6.5 to 7.5. At high Ni (11 ) 

concentrat ions b inding increased rapidly , probably due to a 
genera l electrostat ic attraction as observed with Mg2

+ 

ions 28 ) . 

Signi fi cant d ifferences were observed between nat ive 

and denaturated DNA in binding. A s therma l denaturation 
involves rupture of hydrogen bonds between pu r ine and 

py ri mide bases, one possible explanation is t o assume that 
Ni2+ ions b ind the native and denatu rated nucle ic acid in 

different ways. 
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Determination of Hg in Various Matrices by 
Atomic Fluorescence Spectrometry 
P. Cavalli , G. Rossi 

Introduction 

In connection with both the Environmental Pollution 

and the CBR programmes and as a consequence of the 

increasing interest in accurately assessing mercury concen

tration data, the need to determine this element in matrices 

of variable nature and at concentrations very often below 

the part per million level made it necessary to design and 

set up a general procedure to be used on a routine basis. 

Although flameless atomic absorption spectrometry in 

combination with the cold vapour generation technique is 

the most widely recogni zed method of carrying out these 

determinations, atomic fluorescence spectrometry has some 

unique characteristics which make this technique more 

attractive for routine applications. 

For example, compared to atomic absorption, atomic 

fluorescence requires much simpler and less expensive 

intrumentation, exhibits a w ider dynamic range because of 

the linear relationship between the fluorescence signals and 

the concentration of the fluorescent species, has a sensiti 

vity wh ich is not limited by the Lambert-Beer law but only 
by instrumental factors and, lastly, exhibits less tendency 

towards interference by spurious vapours. 

On the basis of previous experience in Hg determination 
by flameless atomic absorption 1 ) and of the applications 

of atomic f luorescence to th is problem as described in the 
litera ture 2-4 ) it was conc luded that this latter technique 

cou ld meet all the requirements, in particular as to sens iti

vity, if used with a better-designed fluorescence ce l l, a 
significantly improved light-gathering system, and a Hg 

vapour-generating system such that the fluorescence peak 

shapes wou ld not be dependent on the nature of the sample 

(liquid or so lid). In other words, the Hg vapours to be 

introduced into the fluorescence excitation area should be 

generated and transferred in a sing le, reproducible way. 

Experimental 

Apparatus 

Fig. 1 shows a diagram of the instrumental set-up. The 

light emitted by a 90 W Philips low pressure Hg vapour 
discharge lamp is focused by a short-focus quartz lens in 

front and at a distance of 5 cm from the en trance slit of a 

10 cm focal length monochromator (Spex M icromate). In 

order to increase the excitation energy, a spherical mirror 

(M 1 ) placed on the same optical axis, reflects the incident 
rad iation back into the excitation area . An el lipsoidal 
mirror (M 2 ) with two foci is placed in front of the entrance 

sli t of the monochromator, the first focus being placed at 
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M 1 Spherical mirror 
M2 Ellipsoidal mirror 

Fig. 1 : Diagram of the instrumental set-up 

the centre of the excitat ion area and the second one 

coinc iding with the monochromator entrance slit. The 
dimensions and the character isti cs of this optical system, 
along with details concerning its effectiveness in increasing 

the fluorescence signal, have been presented in a previous 
paper 5 ) . 

The fluorescence intensity at 253.7 nm isolated by the 
monochromator is monitored with a photomultiplier 
(RC A I P28) and associated electronics ( DC amp I ifier 

Kei thley 414 S and Hewlett-Packard 7127 A stri p chart 
recorder). 

It should be pointed out that the use of a monochro
mator is not essential for the best results to be obtained; a 
non-dispepsive system based on an interference fi lter 

peaked at the fluorescence wavelength is probably the most 
convenient basis for this type of measurement. In fact, slit

width studies on the signal and on the signal-to-background 

ratios led to the results graphica ll y represented in Fig. 2. 

Fluorescence signa ls were found to be linearly increasing 

with the monochromator band pass, while the signal-to

background ratio tends to stabi li ze at full slit width 
(2000 µm). In practice the use of an interference filter 

having an equ ivalent band pass coupled with a solar blind 
photomu ltiplier should allow the same results to be 
obtained. With the present equipment, a slit width of 
1000µm corresponding to a band pass of 8 nm was selected. 
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The effects of the pressure and flow-rate of the Ar 

carrier gas on the fluorescence signals were carefully investi

gated in order to establish the most appropriate working 

conditions. Higher fluorescence si.gnal s were obtained by 

increasing the Ar flow rate; however, steeper curves are 

produced by decreasing the gas pressure (Fig. 5). This 
behaviour could be related to the particular procedure used 

for transferring the Hg vapours to the fluorescence cell (to 
be discussed in the next sect ion) and to the more concen-

15 trated (undiluted with Ar) cloud of Hg vapours subjected to 
the excitation process when lower Ar pressures are used. An 

10 Ar pressure of 0.1 atm at a flow rate of 3 I/min was chosen 

for all the subsequent experiments. 
5 

20 40 60 80 120 140 160 180 
nm MONOCHROMATOR BANDPASS 

Fig. 2 : Variation of 20 ng Hg fluorescence intensity and of the 
related signal-to-noise ratio with increasing monochro

mator band width 

Under these conditions, a signal-to-background ratio of 

about 23 was obtained on sweeping 20 ng of Hg into the 

excitation area. 

The Fluorescence Cell 

Muscat and Vickers 3 ) used a pyrex vapour ce ll , with 

vycor windows, inside which the fluorescence excitation 
process takes place; it was felt, however, that the arrange
ment described by Thompson and Reynolds 4 ) consisting 
of a simple pyrex tube connected to the Hg vapour gene
ration system would be more attractive because of its better 
suitability to t he chosen optical system. Moreover, there is 
no opportunity for the exci tation I ight beam to be scatter
ed to any extent into the monochromator, and there are no 
optical windows to be fogged by vapours. Lastly, the 
recorded fluorescence signal should have a more regular 
peak shape because of the shorter residence time of the Hg 

vapour in the excitation area. Since air strongly depresses 
the fluorescence signal, however, owing to the quenching of 

the excited Hg atoms mainly by oxygen, and to a lower 
extent, by nitrogen molecules, greater effi ciency could be 
expected if mixing of the argon-entrained Hg vapours with 

air cou ld be avoided in the excitation area. 

Consequently, after a ser ies of tests with different 

geometr ies, the Hg vapour sprayer (Fig. 3) incorporating a 
gas shielding system was utilized in this study. It is made of 
black-painted perspex. With the geometry shown, laminar 
flow is obtained for both the shielding gas and the argon 
carrier, the mixing of the two gas streams taking place some 
3 cm above the sprayer tip, provided that the flow of the 
shielding gas is kept in the range of 5 - 7 I/m in at a 

pressure of 1.8 to 3.5 atm. 

The effectiveness of the gas shielding is clearly borne 

out from the working curves obtained without gas shielding 
and with He, N2 and Ar as shielding gases, Ar always being 
used as the Hg vapours carrier (Fig . 4). When Ar was used as 
the shielding gas, a 28-fold increase of the fluorescence 

signal was obtained. 

Hg Vapour Generation 

When solid samples are to be analysed for Hg content, 

two basic procedures are genera lly employed, i.e. oxidizing 

combu stion of the samples and trapping of Hg on a suitable 
amalgamator (Au or Ag), or dissolution of the samples 
fol lowed by the tin ( 11) reduction method. The merits and 
disadvantages of both these procedures have been ex
haustively discussed in the literature 6· 19 ). 

12 

q,8 

Dimensions are given in mm - Material: perspex 

Fig. 3: Gas-shielded mercury vapour sprayer 
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Fig. 4 : Effect of gas shielding on Hg fluorescence intensities 

On the basis of extensive investigations carried out in 
this laboratory, it was concluded that by the first procedure 
interfering substances can be trapped on the amalgamator, 
causing incomplete Hg recovery or spurious signals parti 
cularly when atomic absorption is used as the measurement 
technique. On the other hand, Hg losses have been expe
rienced during the dissolution of samples for which heating 
is required, or blank values by far exceeding the Hg con
centrations sought are likely to be introduced by the rather 
large amounts of different reagents introduced during the 
whole chemical procedure. Moreover it should be added 
that each of the procedures described in the literature has 
been specifically developed for a particular class of sample 
and cannot be considered as being applicable generally. 

The procedure established in this laboratory is a com
bination of both the combustion and the dissolution 
techniques, but it minimizes the difficulties discussed 
above. 

A solid sample placed in a platinum boat is burnt in an 
oxygen stream in a quartz tube heated externally by a 
tubular oven. The combustion gases are first passed over 
hot platinum wires to help oxidation and subsequently 
condensed in a liquid-nitrogen cooled glass trap in a similar 
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manner to that described by Aston and Riley 20 )_ Obvi

ously, depending on the nature of the sample, combustion 

conditions must be varied in such a way as to ensure 
complete oxidation of the sample. For instance, a CuO 
section in the combustion train may be required for 
organic-base materials. The trap is brought to room tempe
rature and the condensed substances are dissolved by 
adding 10 ml of 10% high purity HN0 3 . Continuous 
stirring and heating at 70°C of the solution for 10 minutes 
is recommended. 

The resulting solution is then subjected to the tin (11) 
reduction aeration procedure to I iberate the mercury 
vapour, Ar being used as carrier gas. Fig. 5 shows a diagram 

of the mercury vapour generation system. The gas stream is 
dried by passing it through a CaCl 2 -Mg(C104 h packed 
U-tube and the Hg vapour is collected on an Au amalgama
tor while other volatile compounds go to waste. 

After complete extraction of Hg from the solution 
(about 4 minutes of Ar bubbling), the amalgamator is 
further flushed with Ar for 1 minute to complete cleaning. 
The reaction flask is isolated from the gas line by means of 
a by-pass system during this time. Then the gas flow is 
stopped and the amalgamator is heated at 700° in a tubular 

oven for two and a half minutes. The heating time has been 
found to be critical if the greatest reproducibility is to be 

obtained. The gas flow is then restarted and the Hg vapour 
cloud generated in the amalgamator is swept instantane
ously into the windowless fluorescence cell. 

In this way a minimum dilution of Hg vapour with Ar 
takes place, as is demonstrated by the sharpness and the 
absence of any tailing of the peak recorded. Typical peaks 
corresponding to various Hg concentrations are shown in 
Fig. 6. The mechanism of vapour transfer also explains the 
role played by the pressure and flow of the carrier gas as 
well as by the shielding gas. 

With the exception of the combustion step, the same 
procedure is applied to the analysis of liquid samples. 

Results and Discussions 
Working curves were obtained using aqueous mercury 

standard solutions freshly prepared from a 1000 µg/ml Hg 
(11) stock solution. Both the stock and the diluted Hg solu-

Flowmeters 

Windowless ·•·· \~It 
cell ., ~-

Tubular 

Au foil 
amalgamator 

Fig. 5: Diagram of the mercury vapour generation system 
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Fig. 6: Variation of 10 ng Hg fluorescence intensity with Ar 
carrier flow-rate at different gas pressures 

tion were acidified with a few drops of high purity HN0 3 . 

200 µIt aliquots of the standard solutions were directly 

introduced into the reduction-aeration flask together with 
50 ml of bidistilled water and 5 ml of a 10% (w/v) solution 
of tin (11) ch loride in 2 M HCI in such a way as to cover a 
Hg content range from Oto 100 ng. Before the addition of 
the Hg standard solutions, the tin chloride solution 
conta ined in the reaction flask was purged with Ar for 4 

minutes to eliminate blanks assoc iated with the chemicals 

used . 

Alternatively, the same Hg standard so lutions were 
placed in the platinum boats and passed through the same 
procedure used for the real samp les. 

The two calibration procedures gave coincident values 

Table 1 : Comparison of flameless atomic fluorescence data 
with NBS values for Hg determination in 2 NBS SRM 

Sample 
Sample Replicate weight Hg {ppm) NBS 

mg value 

NBS 1 130.7 0.141 

SRM 1571 2 129.3 0.139 

3 112.6 0.152 

Ochard 4 131.0 0.152 

leaves 5 136.5 0.145 

mean value 

0.146 

S 0.006 0.155 

NBS 1 105.2 0.121 

SRM 1630 2 345.9 0.108 

3 207.5 0.134 

Trace mercury 4 105.0 0.119 

in coal 5 2 10.4 0.107 

mean va lue 

0.118 (0.11) * 

S 0.011 

resulting in a linear working curve. This fact indicates that 

the combust ion and the vapour cold-trapping technique did 

not introduce measurable Hg losses. 

In order to evaluate both the accuracy and the applica
bility of the proposed procedure, two standard reference 
materials from the National Bureau of Standards were 

analysed. These have certified Hg concentration and 

completely different matrices. Five repl icate determinations 

were carried out on each sample using different weights, 
with the resu I ts shown in Table 1. 

Sensitivity and Precision 

The limit of detection expressed as three times the 

standard deviation of the noise associated with the signal 
was equivalent to 0.03 ng. In practice, Hg deter mi nations 
below 0.5 ng could not be performed, this limit being set 
by a blank va lue which could not be eliminated and not by 
instrumental limitations. This blank was estimated to be 
0.25 ng Hg. The relative standard deviation calculated from 
a series of ten replicate determinations of 20 ng Hg 
( aqueous standard solution) was found to be 4.5%. 
However, it must be stressed that the reproducibility is 
almost independent of the Hg concentration. In fact, equi

valent signal variations were observed for Hg concentration 

both below and above 20 ng. 

Conclusions 

The described method has now been used for two years 

in this laboratory for Hg determinations in a wide-ranging 
variety of samples including rocks, sediments, sewage 
waters, plants and vegetables, etc., showing its applicability 

for routine survey. 

Taking into account the very high sensitivity which has 
been obtained, precautions must be taken to operate the 
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• New value recently set by NBS (21) concentration levels 

193 



instrumentation under carefully controlled environmental 

cond itions to m inimize any possibi li ty of Hg contami

nation. 

Summary 

An app lica tion of atomic fluorescence spectrometry is 

descri bed for Hg determination at the ng level. Soli d 

sampl es are burnt in an oxygen stream, the com bustion 

gases being condensed in a liquid nitrogen-cool ed trap. 

Following the d isso luti on of the condensed matter, Hg is 

extracted by the reduction-aeration method and co :lected 

on a Au amalgamator The combination of a high-efficiency 

light-gathering system with a gas-shielded windowless fluo

rescence cel l and with a particular procedu re for the re lease 

of Hg vapour from the ama lgamator perm its a detection 

limit of O 03 ng to be obta ined. A linear working cu rve 

covering the Hg concentration range from 0.5 to 100 ng 

was estab li shed with aqueous Hg standard solutions. 

The whole procedure has been chec ked with two 

differen t NBS Standard Reference Materi als, an excellent 

fit of the measured va lues with those certif ied being found. 
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Introduction to the Site Directorate 

H. Niemeyer 

As a direct result of the Pluriannual Research 
and Development Programme decided upon by the 
Council in the first half of 1975, the Administra
tion and Financial Services were, during 1974 and 
1975, one of the chief objects of reorganisation 
and rationalisation within the management of the 
research centre. 
The new Directorate took over in early September 
1974. 

As far as the Administration and Financial 
services were concerned, the new orientation, 
which went into force immediately the reorgani
zation was implemented, meant achieving a better 
ba I ance between the staff, the infrastructure 
(supporting services) and the research programme 
itself. 

The main problem, which had to be tackled 
first, was to reduce the social tensions which had 
developed over a considerable period of time. This 
was done through many discussions and negotia
tions with representatives of the staff. 

For the Financial sector, 1974 and 1975 re
presented the 2nd and 3rd years of the pluriannual 
research and development programme, during 
which the credit and debit composition of ~he 
structure hardly differed from that of the previous 
year. The genera I evolution of costs (inflation) 
during the financial year 1975 therefore made 
some economy measures necessary, and finally 
necessitated a supplementary allocation which was 
ratified towards the end of the financial year. 
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Administration and Personnel 

A de Briey 

Personnel 

On 31st December 1974, the staff of the JRC lspra 
Establishment totalled 1269 and the number of locally em
ployed personnel and auxiliary staff totalled 406. During 

the year 1975 there was a sma l I staff reduction, the total of 

officers being 1266 plus 403 locally employed staff. De
tailed distribution of the personnel by nationality and pro

fession is given in th e graphs below. 

GB 0.65 % 
IR 0.15 % 
D 0.15 % 
L 0.50 % 

A e 13.5 % 
Others 0.40 % 

19.2 % 

1874 

0 66.2% 
f;> 

7.30%C:,t> 

GB 1.10 % 
IR 0.10 % 
D 0.15 % 
L 0.80 % 

Others 0.35 % 
e 18.30% 

Breakdown by Nationality 

1 Scientists and Engineers 
2 Technical Staff 
3 Administrative Staff 
4 Craftsmen, Guards, Firemen 

and Service Personnel 

(including AE and locally employed personnel) 

18.8 % 

Breakdown of personnel at the J RC's lspra Establishment Breakdown of JR C personnel 
(including A.E. and locally employed personnel) 
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1875 

1.2% Ot> 
3.5 °/oC,t:>" 

~ 
GB 1.40 % .~ 
IR 0.13 % 
D 0.17% 9.9% t::. 

~'V 
GB 0.90 % o-.::J 
IR 0.15% S.S% 
D 0.15 % A 

L 0.74 % 8 17.8% L 0.50 % e 13.15% 
Others 0.48 % Others 0.50 % 

Breakdown by nationality 
(including AE and locally employed personnel) 

Scientists and En gineers 
2 Technical Staff 
3 Administrative Staff 
4 Craftsmen, Guards, Firemen 

and Servi ce Personne l 

18.8 % 

Breakdown of JR C personnel 
(including A.E. and locally employed personnel) 

Staff Training 

Technical Improvement Courses 

During the academic year 1973-1974 three courses were 

organized at lspra within t he framework of the CNAM 

courses. The corresponding examinations led to 12 certi 
ficates. 

"Ca lculus of Probabil ities and Mathematical Statistics B" 
"Numerical Analysis B 1" 

"Numerical A nalysis B 2" 
During the fol lowing academic year 1974-1975 five courses 

were organized at l sp ra within the framework of the CNAM 
courses: 

"Ca lculus of Probabilities and Mathematical Statistics B" 

19 .3 % 

Breakdown of personnel at the JR C's lspra Establ ish ment 

"Information Processing and Programming A" 
"General Mathemat ics A" 

"Stat istics Technique A" 
"Decision Theory (Fi rst Part)". 

Participation in External Training Activities 

In 1974, 154 people , and in 1975 11 9 peop le, par

ticipated in external activities including short periods in 

specia li zed laboratories, general corresponden ce courses and 

specific courses of technical and academic level. 

Language Courses 

361 staff members attended English, German, French 

or Italian courses taught in lspra during 1975. 

199 



Personnel breakdown by services and by categories (administrative and scientific) at the J RC lspra Establishment 
(including locally employed personnel) 

31 - 12 - 74 

A B C D Total E+F Total G Others Total 

Services (1 to 4) (5 + 6) (7 to 9) 

1 2 3 4 5 6 7 8 9 10 

Directorate , l spra Establishment 4 1 5 3 8 8 

D irector , Future Programmes 1 1 2 2 2 

Fut ure Programmes 3 1 4 4 4 

Director , Dept. A 2 1 3 3 3 

Director, Dept. B 4 2 6 6 1 7 

Prov. Secretariat CBR 3 2 5 1 6 6 

Director , Dept. C 2 1 3 3 3 

Directorate, General Service 1 1 2 2 2 

Organ ic Information System 1 1 2 2 2 

Public Relations 2 2 4 2 6 1 7 

Administration & Personnel 3 14 13 30 22 52 60 4 116 

Finances & Supp ly 5 12 3 20 19 39 20 2 6 1 

Accou nt ing 2 3 1 6 5 11 2 3 16 

Design & Fabrica tion 8 39 29 76 66 142 25 167 

Infrastruct ure 4 12 1 17 43 60 108 168 

Protection 7 15 1 23 25 48 19 67 

Security 5 5 19 24 16 40 

Loca l Perso nnel Committee 2 2 2 1 3 

Scienti f ic D irectorat e 6 3 9 1 10 1 1 12 

Bio logy 3 1 4 1 5 1 6 

CETI S 38 44 4 86 12 98 13 11 1 

Chemistry 46 56 3 105 3 1 136 36 2 174 

Nuclear Stud ies 15 6 2 1 1 22 1 23 

Materials 4 1 64 2 107 19 126 18 144 

Ph ysics 40 22 5 67 5 72 1 73 

Technologi ca l Studies 55 82 9 146 29 175 28 203 

Technology - El ectronics 18 26 1 45 9 54 54 

ESSOR 22 72 9 103 48 151 4 1 1 193 

TOTAL 334 484 90 908 361 1,269 392 14 1,675 

31 · 12 - 75 

A B C D Total E+ F Total G Others Total 

Services 
(1 to 4) (5+ 6) (7 to 9) 

1 2 3 4 5 6 7 8 9 10 

Directorate Estab lishment 2 1 2 5 2 7 1 8 

Direct or. Futu re Programmes 

Techn ica l St ud ies 4 1 5 5 1 5 

Planning & Resources 2 2 2 2 

D irect or Approved Programmes 8 1 9 9 9 

Direct or Dept. A 4 11 2 17 8 25 8 1 34 

Information Service 7 19 2 28 6 34 10 44 

A pplied Info rmati cs 2 1 13 34 1 35 2 37 

Systems A nalysis 25 10 1 36 4 40 1 41 

Director Dept. B 6 2 2 10 1 11 2 13 

A pplied Mechanics 14 27 1 42 6 48 16 54 

Heat Exchange 22 35 9 69 18 85 12 1 98 

Process Engineering 17 24 2 43 4 47 5 52 

Electronics 16 26 1 43 8 51 51 

ESSOR 23 73 11 107 43 150 40 1 19 1 
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Design & Fabri ca tion 

Biology 

Prov. Secretariat CBR 

Director Dept. C 

Physics 

Chemistry 

Materials 

Directorate, General Service 

Organic Information System 

Public Relations 

Admin istration & Personnel 

Finances & Supply 

Account ing 

Fabrication and Design 

Infrastru cture 

Protection 

Medica l Service 

Security 

Local Personnel Committee 

TOTAL 

Social Affairs 

Housing 

7 38 24 

3 1 24 

3 2 

2 1 1 

41 21 7 

42 64 3 

38 63 1 

5 1 

1 1 2 

6 15 10 

4 15 3 

2 3 2 

4 14 2 

6 15 1 

5 

1 

335 503 91 

The rate of occupancy of the housing available re
mained at a steady 95% through out 1974 and 1975. The 
undergraduate and postgraduate students occupied between 
45 and 50% of the furnished housing availab le. 

The reception office dealt with 637 missions in 1974 
and with 645 missions in 1975, and 14 permanent staff 

members were temporarily accommodated during 1974 and 
24 during 1975. 

The number of guests/vis itors who made use of our 

hostelry was 571 in 1974 and 583 in 1975, representing 

1230 and 1447 man/ nights respectively. 

Social Assistance 

The tota l number of attendances of children at the Day 

Care Centre increased by 33% with respect to those of 
1974. The average frequency of attendance was 47 during 
1975. 

In 1975 a school building was added to our faciliti es by 
the departure of the European School from lspra to its new 
buildings in Brebbia. 

The new Day Care Centre for children up to 3 years is 
nearing completion and will probably function in the be-

69 56 125 22 147 

4 1 5 1 5 

5 1 6 1 7 

4 1 5 5 

69 4 73 1 74 

109 28 137 37 2 175 

102 20 122 17 139 

6 6 2 8 

4 2 6 1 7 

31 20 51 60 4 11 5 

22 18 40 20 2 11 5 

7 4 11 3 2 15 

20 38 58 11 2 170 

23 24 47 17 54 

5 19 24 16 40 

1 1 2 3 

929 337 1.266 409 14 1.689 

ginning of 1976. 

The holiday centres organized by the Commission were 
sligh tly less we ll -a ttended 429 chi ldren participated against 
456 in 1974. Owing to rising costs the subsidy spent on this 
activity moun ted to 37.500 u.a. (against 34.000 u.a. in 
1974). 

During 1975 the personnel si tuation of the Social As
sistance Offi ce improved for a peri od of 6 months, because 
of the presence of an aux iliary social worker. The acti vities 
remained reduced, especia lly dur ing 1974, to emergencies, 
running the Day Care Centre and holiday homes. 

Canteen and Club House 

The number of meals served in 1974 was227,86 1 with 

a monthly average of 18,900 meals and low and high limi ts 
of 12,947 and 23,828 respectively. For 1975 these figures 
were 202,109 total, monthly average 16,842, low limit 
9,509 and high limit 23,001. 

The Club House continues to offer its fa cilities to va
riou s cu ltural and sportive activities. I ts opening hours had 
to be reduced in 1975 owing to restrictions on overtime. 

Visitors, Students, Fellows - Administration 

The breakdown of the number of students present at 
the I spra Establishment is given in the following tabl es for 
the years 197 4 and 1975. 

Table 1 : Number of trainees and sdlolars 

Student trainees Scholars Total 

1974 1975 1974 1975 1974 1975 

Present on the 1st of January 12 26 28 38 40 64 
Arr ived during the year 45 38 16 17 61 55 
Total of those present 57 64 44 55 101 119 
Contract ending in the period from 
the 1st of January to the 31st of 
December 32 36 10 30 42 66 
Present on the 31st of December 25 28 34 25 59 53 
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Table 2 : Break-down by nationality and division, trainees and scholars 

1974 BNL D F GB I IA /DK OTHERS TOTAL 

st. sch. st. sch. st. sch. st. sch. st. sch. st. sch . st. sch. st. sch. 

Biology 5 4 1 1 2 6 - - 12 7 

CETIS 1 1 3 1 - - 7 4 - - - 8 9 

Chemistry 1 3 1 - - 2 3 - - 1 - 5 6 

Nuclear studies - - - - - - - - - - -
Materials 1 2 2 1 1 - - 2 1 - 6 4 

Physics - 1 1 5 - - 5 - - 1 6 7 

Technology 6 1 4 1 1 - 1 8 2 - 15 9 

Electronics 2 1 - - - - 1 1 - 3 2 

Others - - - - - - - 2 - - - 2 -

Total 15 11 4 15 3 3 1 3 33 11 - 1 1 57 44 

1975 BNL D F GB I IA/DK OTHERS TOTAL 

st. sch. st. sch. st. sch. st. sch. st. sch. st. sch. st. sch. st. sch. 

Biology 4 1 - - - 1 1 1 8 - 1 13 4 
CETIS 2 - - 4 - 2 1 8 3 - - 2 12 10 
Chemistry 3 1 - - 1 - 5 3 - 5 9 9 
Nuclear studies - - - - - 2 - - - 2 -
Materials 1 - 2 - 1 - - 3 - - - 3 4 
Physics 1 2 5 - 13 - - - 1 14 8 
Technology 2 3 2 5 1 5 2 - - - 1 9 12 
Electronics 1 - - - - 1 - 2 1 - - . 1 4 2 
Others - - - - - - 3 - - - - 1 3 1 

Total 13 8 2 16 1 5 2 2 49 9 - 2 10 69 50 

Table 3 : Number of students present expressed in man-months 

1974 BNL D F GB I IA/DK OTHERS TOTAL 

NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH 

Scholars 11 103 15 138 3 36 3 19 11 88 - 1 12 44 396 

Student trainees 15 83 4 18 3 9 1 4 32 227 2 9 57 350 

BIOLOGY CETIS CHEM. NUC.ST. MATER . PHYSICS TECHN. ELECTR. OTHERS TOTAL 

NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH 

Scholars 7 60 9 75 6 58 - 4 38 7 69 9 76 2 20 - 44 396 

Student 
trainees 12 60 8 56 5 26 - - 6 30 6 49 15 103 3 16 2 14 57 354 

1975 BNL D F GB I IA/DK OTHERS TOTAL 

NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH 

Scholars 4 47 9 94 2 24 2 24 8 96 - - 1 6 26 291 

Student trainees 13 58 3 15 3 9 1 4 26 265 - - - 46 551 
-

BIOLOGY CETIS CHEM. NUC.ST. MATER. PHYSICS TECHN. ELECTR . OTHERS TOTAL 

NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH NP NH 

Scholars 7 57 12 84 11 88 - - 3 23 7 40 11 95 3 18 1 9 55 ii 14 

Student 
trainees 10 71 10 46 7 31 2 22 4 29 15 94 10 64 3 22 3 21 64 400 
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Finance and Supply Division 

K. Fuelster 

The Budgetary Administration was carried out by the 

Finance and Supply Division in close co llaboration with the 

Directorate of Forecasting Studies. This activ ity involved : 

regulari zing provisional booking opera tions carried out 

while awaiting programme decisions; 

establish ing the 197 4 and 1975 Sect ions of the Budget; 

preparing the 1976 Budget with in the framework of the 

4-year programme decided upon by the Budgetary 

Authority . 

The Financial Administration of the Establishment was 

carr ied out by the Finance and Supply Division. This acti 

vity involved 

the administrat ion of contracts, including contracts for 

the provision of services and conventional contracts, 

the administration of insurance policies for convention
al risks (fire, motor third-party liability, etc.), liability 

of the Centre towards its personnel and visitors, and 
public liability of the Centre for nu clear risks and trans

port of fissi le and radioactive materials, 

the Central Stores, for administrative and scientific ma

terials, with an Urgent Purchases Of fi ce in Milan, 

the Acceptance and Customs Office, for the customs 
clearance and technical reception operations for ma

terials enter ing the Centre, 

the Secretariat of the Advisory Committee for Pur

chases and Contracts, 

the Loca l Inventory Office for recording of in

ventionable items. 
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Infrastructure 

F. Sciuto 

As in previous years the Construction and Infra

structure Division has continued its work concerning air 
conditioning equipment, water and power supplies and tele
communication facilities; in addition, the Division has done 
any necessary maintenance work and carried out modifi

cations within the limits of the available funds. 

In 1975 the JRC was granted an allocation of 

1,244,000 u.a. for safety measures, which made it possible 
to remedy some of the Centre's more important short

comings in that field (protection against water hammer at 
the pumping station, protection of installations and person
nel at the electrical substation, protection against radiation 
following conversion of a laboratory for radio-chemistors, 
improved treatment of drinking water, better safety on 
boilers and the lines connected to them, etc.). The principal 

work done is described in detail below. 

Electricity and Telephones 

The main feature of the divisional activity in 1974 was 
the altering of the power sub-stat ion and completion of the 
first transformer bank, which can now receive a tension of 
130 kV instead of the former 45 kV. When carrying out 
this particular task the Division had to overcome consider
ab le technica l and administrative obstacles since the work 
had to be done without causing any interruption in the 

power supply. 

In 1975, the electrical fittings were installed in the new 
Nursery School, and work began on the construction of the 
second 130 kV transformer bank for the sub-station. The 
installation of emergency alarm circuits in the technical 

galleries was completed. 

During 1974-1975 various items of equipment were in
sta lled or modified to meet the requirements of the re
search sections. 

Considerable labour and material were employed to 
keep numerous installations working which are so old that 
they perpetually requ ire increasingly expensive mainte
nance. In the f ield of telecommunications several problems 
were tackled and to some extent solved, thus allowing 
greater flexibility in the use of such facilities. 

The new I BM 3750 System (te lephone switch, data col
lection and EDP) was in stalled and became operative in 
1975 with the cooperation of CETIS. 

Hydrothermal Installations 

The following is a list of the main work done on the 
various distribution networks: 
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Lake-water supply: Replacement of the three buffer tanks 

at the pumping station; filter circuit modification to im

prove distribution of industrial and drinking water. 

Drinking water: Replacement of nine electrolytic cells pro
ducing ch lorine for the water supply station. 

Superheated water: Brick-work to renew inner liners of 

Boilers 1 and 2; construction of an air intake pre-heater 
for Boiler 3. 

Waste water: Construction of a Venturi meter for final 
sewer discharge channel; start of construction of water
raising system for purification plant. 

Refrigerated water: Start of modifications to circu its of the 
refrigerator-plant absorber system. 

For the network as a whole 2,900 m of piping were re
placed . 

Other important work: 

Design and installation of the air-conditioning equip
ment for the Asi Io Nido (nursery school) and I spra 
Courses buildings. 
Replacement of stack; change of the incinerator burners. 
Setting-up of tool rooms for the new divisional work
shops. 
New washing facility for air-conditioning filters. 
Maintenance of al I heating, water-supply, sanitary and 
air-condit ioning plants. 

Design and Construction Work 

The Design Section brought ex ist ing drawings up to 
date and did the designing and costing for the following 
buildings: new Nursery school, bunker for COVA experi
ment, building for Blowdown project adjacent to building 
24 (complete with air-conditioning and internal bunker), 
en largement of Garage C 15/a; at 54/b: dressing-room for 
Hydrothermal Section workers; I spra Courses hal I, new 
premises for Solar Experiment; D 29/b: air intake; C 46: 
new radiochemistry laboratory. Furthermore a general 
survey was made to accomodate Project JET (Joint Euro
pean TOR US) at the I spra Joint Research Centre. 

The Buildings Section carried out all necessary mainte
nance on the buildings, roads, parking areas, woods and 
meadowland. 

It provided technicians and masons to carry out various 
work for the electrica l and hydrothermal sections. It also 
helped in the alterations to the electrical sub-station, laid 
the foundations for the new transformers, and made all the 
adaplations and changes requested by the research workers 
in various Centre premises. 



Protection 

A . Malvicini 

The Protection Division deals with: 

• health-physics protection of the employees of the Centre 

iind the population in the close vicinity; 

• conventional and nuclear risk prevention; 

• countermeasures in case of accidents; 

• transportation of radioactive material and book-keeping 
of fissionable substances; 

• the app lication of safety and radiation protection 

recommendations. 

In add ition to these tasks the Division has, during 1974-75, 
performed various studies and serv ices under contract , and 
held two radiation protection courses. 

Health Physics and Personnel Dosimetry 

The main activity of th is Section is to protect personnel 
working in areas with radiation risks ( laboratories with ra
diation danger, hot-eel I faci I ities, reactors) . In particular the 
Section has fulfilled the following functions: 

the evaluation of exposure levels, measurement of air 
and surface contamination in controlled areas; 
the determination of the individual dose due to external 
radiation, received by personnel professional ly and oc
casional ly exposed to radiation; 

the control and maintenance of health physics instru
mentation; 

the film-badge service for the Safeguards Directorate, 
Luxembourg; 

liaisons with the Loca l and Central Italian Author ities 
on radioprotection problems. 

The periodic controls and air-activity measurements per
formed revealed that the admissible levels were in no case 
exceeded. During 1974/75 no radiation or conta mination 
accidents occurred in which personnel were involved. 

A monthly average of about 2000 people were moni
tored with film dosimeters. Less than 0. 1% of the people 
checked absorbed a dose higher than 1 rem in 1974 and 
1975, and less than 0.5% a dose higher than 0.5 rem. 
During 1974/75 no dose over 5 rems was recorded. 

The monitoring of the gaseous radioactive emissions 
into the atmosphere from the nuclear insta llat ions showed 
that the amounts emitted were well below the limits fixed 
for the Establishment. 

In Autumn 197 4 and Spring 1975 the Section or

ganized the scientific side of two series of three radiopro
tection courses: 

"Fundamentals in Radioprotection" 

"Radioprotection in Hospitals, Industry and Research" 
"Radioprotection in Nuclear Plants" 

Site Survey and 
Radioactivity Measuring Laboratory 

The task of this group is to protect the populat ion 
living around the lspra Establishment from radiation and to 
measure th e radioactivity of various samples and in persons_ 

To perform this task the following activities were carried 
out: 

monitor ing of atmospheric radioactivity (air and rain 
water) by means of the stations located along the boun
dary of the Establishment; 

control of the radioactivity level in the I iqu id effluents, 
performed directly at the source before discharge, and 
at the monitor ing station on the Novellino brook; 
measurements of the radioactivity in water (Lake 
Maggiore, river T icino, underground water inside and 
outside the Establishment) soi I, vegetation and food
stuffs in the environment; 

measurements of the radioactivity of var ious samp les 
from the laboratories of the Establishment; 
measurements of the internal radioactive conta mination 
of employees by means of the human body counter. 

The main objective of these measurements is to keep a 
constant check on the radioactivity levels inside and outside 

the Establishment. The data obtained through the sur
veillance programme indicate that, as previously, in the ca
lendar years 197 4 and 1975, the environmental radiation 
ex posure in the area around the Estab lishment was due 
al most exc lu sive ly to natura l background and world-w ide 
fallout. 

The instrumentation of the laboratory was improved by 
the acquirement of a Ge(Li)-detector (60 cm3

) for the 
gamma spectrometric measurements of samp les, and of a 

surface-barrier detector for alpha spectroscopy . 

A new Nal (Tl)-detector (8".4") with low-leve l radio
activity background was put into operation at the total 
body counter . The measurements taken with th is detector 
provided very useful information about low- leve l radio
activity in human beings. During the years 1974 and 1975 
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about 2000 radioactivity measurements were made on em

ployees of the Research Centre and 600 measurements of 

radioactivity on employees for four externa l companies. 

500 of those measurements refer to the determination of 

low-enrichment uranium. 

Meteorology 

During 1974 and 1975 the Meteorology Group was con

oerned with two principal tasks. The first related to the 

"routine" of the Nuclear Research Centre (continuous re

cording of the wind at the Observatory and at the top of 

the 120 metre-high tower, measurements of other meteo

rological elemen ts). Apart from the special requirements of 

the Protection Department itself, many data were supplied 

to colleagues in other JRC laboratories at l spra . 

The second task, which employed nearly half the work

ing time of the meteorological team, consisted in work per

formed for third parties under contract. We processed all 

the meteorological strip graphs which had been recorded at 

the EUR EX plant, and returned them to Saluggia ready for 

printing as the Annual Meteorological Yearbook. 

The hydrography of Lake Lugano was studied, with 

almost two months of measurements fo ll owed by com
putation; this work constituted a large part of the annual 

report on "The Eutrophication of an Alpine Lake". 

Other Activities 

One member of the Division studied secondary standard 
dosimetry problems and participated as the Commission's 
representative on the Joint WHO/IAEA Panel on Secondary 

Standard Dosimetry Laboratory (SSD L) Activities in Rio 
de Janeiro, Brazil, at the end of the year. 

Various feasibility studies were performed concerning 
the introduction of thermoluminescence dosimetry for 

routine personnel monitoring. No final conc lusions have 

been drawn from those studies as yet. 
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Antifire Intervention and Prevention of 

Conventional Risks 

During 1974 and 1975 there were 27 internal fire inter

ventions and 40 external calls for fire intervention. 

169 persons were transported by ambu lance. 

There was a large fire in June in the Solid Phys ics La

boratory, which burned down completely as a result of the 

ex plosion of different gases provoked by a power fai lure. 

For 76 days in June, July and September 1974 the 

Snorkel was employed in the ricefields for measurements 

by the Remote Sensing Group. During 1975 the Snorkel 

was employed in 73 various interventions. 

Transport of Radioactive Material 

During 1974 and 1974, 20 international transportations 

of radioactive material were effected by road with trucks 

and staff of the JRC lspra. 112 international sh ipments 

were organ ized by air and railway . On Italian territory 

about 213 transportations of small quantities of radioactive 

material were made by road with trucks and staff of the 
JRC l spra. These movements of materials from Pisa, Pavia, 

Saluggia, Milan etc. enab led some research groups to con 

tinue their work after the closure of the ISPRA-1 reactor. 

Four lots of irradiated fuel-elements ( large sources) 

were transported, from I sp ra to Marcou le ( F ranee), from 

lspra to EU REX, Saluggia, and from the Garigliano plant to 

I spra. 

Inside the Centre about 550 transport operations in

volving radiactive wastes and about 850 involving radi o

active substances were carried out. 

Control and Book-keeping of Fissile Material 

Within the Centre there are about 35 tons of nuclear 

material subdivided into 200 lots. The Section carries out 

the surveillance and keeps account of this material in con

formity with the regulations of Euratom Safeguards and 
Control, Lu xembourg, and of the I talian authorities. To 
further this work the group lays down internal rules for the 

different laboratories concerning the movements and the 
utilization of radioactive materials. 



Medical Centre 

C. Vigan 

The work of the Medical Service is summarized in the 

Tabl es. 
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1975 J. F. M. A. M. J J. A. S. o. N. D. Total 

Radiotoxicology: 

Uranium and Thorium natural 30 1 19 15 33 29 . 6 28 14 3 178 

Tritium and Carbon 14 138 121 171 283 71 67 263 244 79 110 273 78 1898 

Personne l decontamination . 1 . . . 1 . 2 

Radionuclides: Beta 58 46 53 51 37 8 1 67 30 33 117 80 23 676 

Gamma 58 46 53 51 37 8 1 67 30 33 117 80 23 676 

Alpha 10 1 9 15 15 17 2 3 16 9 97 

Toxicology : Mercury 5 4 5 7 6 1 1 3 5 37 

Polyphenyls . . . 

Other toxics Pb . . . 6 3 3 4 2 18 

Sound levels 1 . 5 4 1 . 11 

1974 J. F. M. A. M. J. J. A. s. o. N. D. Total 

Recruiting and first examinations 9 19 23 16 33 39 27 8 22 27 5 7 235 

Periodic examinations 228 157 176 196 179 113 162 111 205 210 217 161 2115 

Examination on request 117 109 138 84 111 79 146 89 95 95 133 59 1255 

Examination at home 5 4 4 7 6 7 2 . 4 3 4 4 50 

Sight testing 42 47 41 34 36 35 33 49 53 48 58 39 515 

Miniature-radiography 75 99 171 60 114 76 47 83 63 93 80 52 1013 

Radiography 44 43 59 51 67 66 64 21 59 77 32 33 616 

First aid cases 552 629 612 944 736 402 503 373 537 706 571 363 6928 

Haematological laboratory 9 13 705 750 723 685 672 722 420 810 870 786 660 8716 

Biochemica l laboratory 1951 1630 1605 1446 1420 1304 1316 878 1557 669 1533 1609 17918 

1975 

Recruiting and first examinations 15 13 15 16 21 16 24 12 20 30 16 6 204 

Periodic examinations 188 155 182 221 163 214 212 151 212 197 166 146 2207 

Examination on request 98 107 98 124 79 82 109 67 121 98 82 75 1140 

Exam ination at home 6 4 4 4 6 5 3 . 9 7 7 4 59 

Sight test ing 45 41 . 27 28 26 50 22 32 56 42 37 406 

Miniature-radiography 81 117 51 . . 11 5 74 61 95 91 102 38 825 

Radiography 60 59 46 65 47 52 60 34 69 77 59 43 671 

First aid cases 398 522 557 610 425 57 1 438 364 546 863 594 438 6326 

Haematologica l laboratory 831 687 729 86 1 635 993 906 657 834 950 734 598 9415 

Biochemical laboratory 1566 153 1 1503 1935 1374 1995 1624 1219 1743 2010 1828 1205 19533 

Accidents at Work (Euratom Personnel) 

1974 J. F. M. A. M. J. J. A. s. 0. N. D. Total 

Contusions, simple strains, torn muscles 3 1 5 6 2 3 1 5 1 2 1 3 33 

Wounds 4 7 7 6 6 3 11 4 2 5 4 3 62 

Burns 6 . . 1 3 2 1 2 . . 3 1 19 

Eye lesions 4 2 2 2 4 3 3 2 . 1 1 . 24 

Fractu res . . . . 1 . 1 . . 1 . . 3 

Electric shocks . . . . . . . 1 . . 1 . 2 

Total 17 10 14 15 16 11 17 14 3 9 10 7 143 

1975 

Contusions, simple strains, torn muscles 2 4 3 6 2 . 6 2 1 3 2 . 31 

Wounds 4 5 7 9 4 14 8 4 5 6 8 3 77 

Burns . 1 2 1 . . . 1 1 1 . . 7 

Eye les ions 2 . 4 . 1 1 2 3 2 2 1 . 18 

Fractures . . . 1 . 1 . 1 . . . . 3 

El ectr ic shocks . . . . . . . . . . . . . 

Total 8 10 16 17 7 16 16 11 9 12 11 3 136 
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Press and Public Relations 

Maria-Piera Moretti 

The main task of the Press and Public Relations Service 

is to inform the pub I ic at large about activities at the I spra 

Nuclear Research Establishment and also to prepare and 

carry out meetings and congresses. 

Essentially this enta ils sending out folders, leaflets and 
assorted printed matter, extracting cuttings from different 
newspapers, attending meetings and exhibitions and looking 
after visitors and participants and conferences. 

Film shows play an important part in public relations 

activities at I spra; for visiting groups, they round off intro
ductory talks and also illustrate sections of the esta

blishment which, for lack of time or opportunity, it would 
not be possible to visit. 

In 1974/1975 the flow of visitors from the Community 
and other countries was regular and intense (especially 

groups of visitors from Italy and Germany) . 

Records for the years 1974 and 1975 show a total of 
3,242 and 3,480 visitors with the following breakdown 

1974 1975 

Secondary schools/universities 832 1167 

Political and scientific visitors, 
business 137 81 

Firms, industries and organizations 260 214 

Participants at meetings and scienti-
fie conferences 1407 1747 

Individual visits 184 222 

Representatives 12 49 

Total 3,242 3,480 

The Press and Public Re lations Service, during the 
period 1874/1975 took care of the following (approximate 
ti gures) 

1974 

Meetings 432 

Film and Slide Projections 204 

Recordings 94 

Likewise: 

2000 newspaper cuttings with dispatch of copies 

4040 dispatches of week ly information sheets 
2400 dispatches of monthly magazines. 

The major meetings of the year 1975 were: 

Second I spra Nuclear Electronics Symposium 

May 20-23, 1975 

1975 

579 

152 

124 

held at the Congress Hall of Stresa, with about 270 partici
pants. 

Fifth Symposium on Microdosimetry 

September 22-26, 1975 

held at the Grand Hotel Majestic at Pallanza, with about 
150 participants. 

In October 1975 the Press and Public Relations Service 

created a weekly Press Review ( 150 copies) giving a survey 

of the main article~ published in the most important Euro
pean newspapers. 

Moreover, a periodical calendar of the main meetings 

and visits held in the Joint Research Centre is being distri 
buted to the different departments and services of the 
Centre. 

During 1974/1975 close cooperation with the Cultural 
Committee of the establishment made it possible to carry 
out an interesting programme of concerts, exhibitions, 
lectures and discussions. 
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Security 

E.Wennig 

Security in a nuclear centre is a constant headache for 

the authorities responsible. Over the last few years the tech
niques of crime and the psychology underlying it, have 
taken on forms which impose considerable stresses on the 

faci liti es and manpower available for combating it. 

In 197 4- 1975 a start was made on conducting a com
plete overhaul of the security system at the lspra JRC. The 
reappraisals of the security arrangements required by the 
Council Decision of 31 July 1958 and by the Commission 
Decision of 9 October 1969 and 19 November 1975 were 

carried out in close co llaboration with the Secur ity Office 
of the European Communities and the national authorities. 
The application of the Euratom regulations governing classi
fied material was constantly verified by the JRC security 
serv ice and, where necessary, special permits were granted 
authorizing access to such material. 
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The security of the buildings and site and the checking 
of visitors and staff at the main gate were the responsibility 
of the guards, whose resources were tested to the full by 
the presence of· 1600-2000 persons in the Centre each day. 

There is a specia l team for the survei ll ance of the 

ESSOR and ECO reactors, and the training of these guards 
was intensified during the period covered by the report. 

In the overhau I of the physical secur ity systems, abso
lute priority was given to the introduction of radio means 

of communications. 

Modern alarms and monitoring devices were installed 
last year and now form an important part of the Centre's 

sophisticated security system. 



LIST OF PU.BLICATIONS 

1974-1975 





TECHNICAL EVALUATION IN SUPPORT 
OF THE ACTIVITIES OF THE COMMISSION 

Reports 

CONTI, F., GRAZIANI, G., VISEUR, R., ZANANTONI, C. - Evaluation of Electrical Energy Production 
Patterns - EUR 5336.e (1975) 

CONTI, F., GRAZIANI, G. - TOTEM, a computer program for the simulation of an electric power gener
ation system - EUR 5421.e (1975) 

MARCHETTI, C., RINALDINI, C., SCHNEIDERS, A . - Model of a strategy for Europe's energy supply 
based on methane as the prime energy carrier - EUR 5140.e ( 1974) 

NEU, H. -A dynamic model for simulating future energy demand and supply in the European Communities. 
Scenarios for the year 2000 and beyond - EUR 5399.e ( 1975) 

Papers presented at scientific conferences 

CONTI., F., GRAZIANI, G., MAINER I, M., RINALDINI, C., ZANANTONI, C. - Effect of HTR's on power 
plant installation policies - 1st European Nuclear Conference, Paris (F ranee), April 21-25, 1975 

GIACOMAZZI, G. - // Centro di /spra de/ Centro Comune di Ricerca de/la Commissione de/le Comunita 
Europee - Riunione A.T.E.N.A. (Associazione di Tecnica Navale), Trieste (Italy), June 2-8, 1974 

CONCEPTUAL STUDIES ON FUSION REACTORS 

Papers presented at scientific conferences 

CASINI, G. - Thermomechanical and erosion effects in the first wall and blanket of power thermonuclear 
pulsed reactors - Proceedings of the Symposium on Pulsed Fusion Reactors, Erice (Italy), September 9-20, 
1974; pp 625-650; EUR 5307.e 

CASINI, G., CUN I BERTI, R., CASALI-FARFALETTI, F. - Preliminary design of a minimum size technical 
feasibility TOKAMAK fusion reactor - First Topical Meeting of the Technology of Controlled Nuclear 
Fusion, San Diego/California (USA), April 16-18, 1974 

CASINI, G., CUN I BERTI, R. - Nuclear blanket and shielding problems in demonstration fusion reactors -
Proceedings of the First Topical Meeting on the Technology of Controlled Nuclear Fusion, San Diego (USA), 
April 16-18, 1974 

BERTOLINI, E. et al. - Design of a minimum size toroidal D-T experimental reactor (FINTOR) - Plasma 
physics and controlled nuclear fusion Research - Fifth Conference Proceedings, Tol:yo (Japan), November 
11-15, 1974 

The FINTOR Group - Concentua/ design studies of an experimental power TOKAMAK reactor - 8th 
Symposium on Fusion Technology, The Netherlands, 1974 

RESEARCH UNDER CONTRACT 

Papers presented in scientific periodicals 

VERHEYDEN, L., KLEIN, K., OOMS, M., SCH INS, H. - Caratteristiche de/le guarnizioni MET-X ad a/ta 
temperatura (BOO-';- tOOd'C) - Vuoto, Scienza e Tecnologia, 8, 54-66 (1975) 

VERHEYDEN, L., SCHINS, H. - Die PriHung von Dichtungen bei hoheren Temperaturen unter realen 
Bedingungen mittels des Prinzips des Wiirmerohrs - Kerntechni k, 16, 23-24 ( 1974) 

Reports 

BORLOO, E., CRUTZEN, S. - Ultrasonic signature - EUR 5108.e (1974) 

KLEY, W ., MATTHES, W. - The inverted statistical chopper facility for elastic and inelastic neutron 
scattering experiments - EUR 504 7 .e ( 1974) 

KLEY, W. - Pulsed neutrons and their utilization - EUR 5046.e ( 1974) 

Papers presented at scientific conferences 

VERHEYDEN, L., FELIX, F., NOL TES, G. - Beitrag zum Diffusionsschweissen von lnconel 600 - 2nd 
International Conference on Welding in Nuclear Engineering, Dusseldorf (Germany), October 23-24, 1974. 
Deutscher Verlag fur Schweisstechnik, DVS-Bericht 32 

VERHEYDEN, L., KLEIN, K. - Comportement du joint MET-X en lnconel 600 pendant refroidissement de 
la temperature ambiante jusqu'a 78°K. - Journees de Technologie du Vide, Versailles (France), June 11-14, 
1974. 
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NUCLEAR WASTE DISPOSAL 

Papers presented in scientific periodicals 

GIRARDI, F., BERTOZZI, G. - I residui radioattivi: problema attuale - Euro Spectra, 13, 23-29 (1974) 

TOUSSAINT, C.J., AVOGADRO, A. - Concerning uranate formation in alkali nitrate melts - Journal of 
Inorganic and Nuclear Chemistry, 36, 781-784 (1974) 

Reports 

BERG, R., SWENNEN, R., BIRKHOFF, G., BONDAR, L., LEY, J., BUSCA, B. - On the determination of 
the Pu-240 in solid waste containers by spontaneous fission neutron measurements. Application to re
processing plant waste - EUR 5158.e (1974) 

DITTER I CH , K., SCHNEIDER, J. - Systems analysis as a tool for optimal process strategy - EUR 5372.e 
(1975) 

GIRARDI , F., BERTOZZI, G. - Long-term alpha-hazard of high activity waste from nuclear fuel re
processing - EUR 5214.e ( 1974) 

Papers presented at scientific conferences 

BERTOZZI, G., GIRARDI, F., MOUSTY, F. - Removal of long lived alpha emitters from aqueous high level 
waste - 4th International Transplutonium Element Symposium, Baden-Baden (Germany), September 12-18, 
1975 

BIRKHOFF, G. - On the determination of plutonium in solid waste containers by spontaneous fission 
neutron measurements - Proceedings of the Seminar on the Management of Pu Contaminated Solid Waste, 
Marcoule (France), October 14-16, 1974 

BRAUN, H.W.M., DITTERICH, K ., SCHNEIDER , J. - Zur Optimierung des Managements radioaktiver 
Abfiille in der Europiiischen Gemeinschaft mit Hilfe systemanalytischer Methoden - Jahrestagung des Fach
verbandes fur Strahlenschutz e.V., Helgoland (Germany) , September 23-28, 1974 

HAGE, W., SCHMIDT, E. - Concepts for the nuclear transmutation of radioactive waste from fission 
reactors at present under discussion - Joint Euratom Nuclear Data and Reactor Physics Community, Riso' 
(Denmark) 

MATERIALS SCIENCE AND BASIC RESEARCH ON MATERIALS 

Papers presented in scientific periodicals 

BASSI , A., MATERA, R., PIATT!, G., WENGER, D. - Structure et caracteristiques de l'alliage eutectique 
Ni-Ni3 Ta obtenu par solidification unidirectionnelle - Memoires Scientifiques Revue Metallurgie, 2, 171-181 
(1975) 

BETTINETTI, G.-F., FACCHETTI, S. - 3-Aryl-2-lsoxazolines: electron-impact fragmentation and substi
tuent effects - Organic Mass Spectrometry, 9, 753-762 ( 1974) 

BIGNOLI, G., RUEDL, E., MER LETTI, G. - Microanalisi a raggi X mediante ii microscopio a scansione di 
ossidi cresciuti su leghe di Ni-Mo - Journal Submicron, Cytol, 6, 135 ( 1974) 

BOEUF, A., GOBER, G., RUSTICHELLI, F. - A versatile neutron diffractometer - Nuclear Instruments 
and Methods, 124, 533-540 ( 1975) 

BOEUF, A., RUSTICHELLI, F. - Some neutron diffraction on curved silicon crystals - Acta Crystal
lographica, A30, 798-805 ( 1974) 

BONI. M., CAM AGNI, P., GIANI. E. - Enhancement of F-centre colouration during plastic deformation of 
alkali halides - Journal of Physics and Chemistry of Solids, 36, 883-891 (1975) 

CAPPELLANI , F., RESTELLI, G., SPIONI , L . - Isothermal anneal of arsenic-implanted silicon - J. Physics 
C: Solid State Physics, 7, 3, L50-L53 (1974) 

CARL I LE, C.J., KREBS, K . - Quasielastic neutron scattering and orientational motions in liquid crystals -
Molecular Crystals and Liquid Crystals, 29, 43-56 ( 1974) 

DIANA, E., GALGANI, L ., GIOGILLI, A ., SCOTTI, A. - On the direct construction of formal integrals of a 
hamiltonian system near an equilibrium point - Bollettino delta Unione Matematica ltaliana, 4, 11, 84-89 
(1975) 

GUARDINI, S. - Relative conversion ratio measurements in 020 moderated, U and U02 fuelled lattices -
Energia Nucleare, 22, 7, 374-381 (1975) 

HELCKE , G., FANTECHI, R. - Electron spin resonance and CND0/2 study of the radicals produced during 
fast electron irradiation of substances containing nitrogen - Journal of the Chemical Society, Faraday 
Transactions 11 , 70, 1-8 ( 1974) 

HOTZ, W., RUEDL, E., SCHILLER, P. - Observation of processes of superplasticiry with the scanning 
electron microscope - Journal of Materials Science, 10, 2003-2006 ( 1975) 
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HUEZ, M., RESTELLI, G., MANARA, A . - On the anodic oxide grown on silicon carbide - Thin Solid 
Films, 23, S33-S-36 (1974) . 

Kl ESEWETTER, N. - Acoustic emission from moving dislocations - Metallurgica, 8, 249-252 ( 1974) 

KOEKSAL, F., KRUEGER, G.J. - Electron spin relaxation of (diphenylr in dimethoxyethane - Zeitschrift 
fur Naturforschung, 30A, 883-890 ( 1975) 

KRUEGER, G.J ., SPIESECKE, H., VAN STEENWINKEL, R. - Nuclear magnetic relaxation and diffusion 
measurements in p-dodecanoylbenzylidene-p'-aminoazobenzene - Journal de Physique, 36, C1-91-C1 -92 
(1975) 

KRUEGER , G.J., SPIESECKE, H., WEISS, R. - A simple spin echo measurement of the anisotropy of the 
self-diffusion coefficient in a smectic a and b type liquid crystal - Physics Letters, 51A, 295-296 
(1975) 

MAZKEDIAN, S., MELONE, S., RUST I CH ELLI , F. - On the diffraction by cholesteric liquid crystals with 
a pitch gradient - Journal de Physique, Colloque C-1, suppl. n ° 3, tome 36, 283-287 ( 1975) 

PELLEGRINI , G., PIATTI, G. - Calcium: a possible substitute for geochemically scare metals - Euro 
Spectra, 13, 112-120 ( 1974) 

PIATTI, G., DEJACE, J., FOSSATI, C., MATERA, R. - The growth of the Ni-Ta-Cr-Mn system - Journal of 
Materials Sciences, 9, 1917-1925 ( 1974) 

PROVENZANO, V. SCHILLER, P., SCHNEIDERS, A. - Internal friction study of zirconium alloyed with 
hydrogen and deuterium - Journal of Nuclear Materials, 52, 75-84 ( 1974) 

RESTELLI , G., OSTIDICH , A. , MANARA, A . - Anodic oxidation of silicon carbide - Thin Solid Films, 23, 
23-29 ( 1974) 

RIEF, H., HARTMAN, J. - The effectivity of hydrogeneous moderators in pulsed neutron sources - Annals 
of Nuclear Energy, 2, 521 -539 ( 1975) 

RUEDL, E. - Phase transformations in the alloy haste/lay 8 - Materials Research Bulletin, 10, 1267-1272 
(1975) 

RUEDL, E., MERLETTI, L., PIZZINI , S. - Study of the high-temperature oxidation of NiMo alloys by 
means of electron microscopic techniques and thermogravimetry - Journal Submicron, Cytol, 6, 137 ( 1974) 

RUEDL, E., STAROSTE, E. - Transmission electron microscopy of cavities by means of focalized or 
defocalized images - Journal Submicron, Cytol, 6, 140 ( 1974) 

RUSTI CHE L LI. t= . - On the deviation from the Bragg law and the widths of diffraction patterns in perfect 
crystals - Philosophical Magazine, 31, 1 (1975) 

SCHERFF, H.L., SPRINGER , H. - Redetermination of the carbon-rich phase boundary of uranium monocar
bide - Journal of Nuclear Materials, 56, 153-160 ( 1975) 

SCHILLER, P., NIJMAN, H. - The orientation of the low temperature relaxation peak in NbOH - Physica 
Status Solidi, 31, 77-79 (1975) 

SCHUELE , W. - Self-interstitials in aluminium - Journal of Nuclear Materi~ls, 56, 368-370 (1975) 

SCHUELE, W., CRESTON I, G. - Short range order in gold-silver alloys - Zeitschrift fur Metallkunde, 66, 
728-736 ( 1975) 

SCHUELE, W., SPINDLER, P., LANG, E. - Entmischung in Kupfer-Nickel-Legierungen durch thermische 
Behandlung und durch Neutronenbestrahlung - Metal I ku nde, 66, 50-56 ( 1975) 

VAN DER VOORT, E. - Anion vacancy migration in CaF2 lattices and in monoclinic Zr02 - Journal of 
Physics C: Solid State Physics, 7, C395-C399 (1974) 

VAN STEENWINKEL, R. - Nuclear relaxation and slow diffusive motions in CaF2 and NaF - Zeitschrift 
fur Naturforschung, 29A, 278-281 (1974) 

VESENTINI, L., PELLEGRINI, G., SARACCO, G., ZUBANI, I. - Thermally induced structural modifi
cations in pyrolytic ·carbons and their relationship with the deposition temperature - Journal of Nuclear 
Materials, 52, 157-166 ( 1974) 

Reports 

BETTENDROFFER, E., EDER, J. - A digital system for speed and phase control of phased neutron chopper 
arrays- EUR 5112.e (1974) 

EDER, J. - MOSIF - A data acquisition system for the study of solids motion in fluidized beds - EUR 
5115.e(1974) 

EDER, J., BRACK, H. - Interface zur Steuerung einer Multichopperanlage - EUR 5121 .d ( 1974) 

FORTE, M. - Neutron spin precession in polarized nuclear targets - EUR 5054.e ( 1974) 

MAIER, K ., SCHUELE, W. - Niederenergetische lonenstrahl-Kathodenzerstaubung als al/gemein anwend
bares Abtrageverfahren zur Messung von Festkiirperdiffusion - EUR 5234.d (1974) 

REITER , R.W., CAMPOSILVAN, J. - Desorption spectra and adsorption states in the Mo-N2 system - EUR 
5404.e ( 1975) 

Papers presented at scientific conferences 

ALBERTINI, C., MONTAGNANI, M. - Testing techniques based on the split Hopkins bar - Conference on 
the Mechanical Properties of Materials at High Rates of Strain , Oxford (GB) , April 2-4 , 1974 Institute of 
Physics Conference Series, 21 , 22-32 ( 1974) 

215 



BASSI, A., CAMONA, G., WENGER , D., BOERMAN , D., MATERA, R., PIATTI, G. - Re/azioni tra 
struttura e proprieta meccaniche nell'eutettico Ni-Ni3 Ta solidificato unidirezionalmente - XVI Convegno 
Nazionale AIM , Pisa (Italy) , April 26-28, 1974 

BOERMAN , D., MATERA, E., PELLEGRINI , G., PIATTI, G. - Morphology and mechanical behaviour of 
aligned dendritic composites - Second International Symposium on Composite Metallic Materials, Smolenics 
(Czechoslovakia), October 29-31, 1975 

BOEUF, A., RUSTICHELLI, F. - Some neutron dynamical diffraction experiments on curved silicon 
crystals - Tenth International Congress of Crystallography, Amsterdam (The Netherlands), August 7-17, 
1975 

BOEUF, A ., RUSTICHELLI, F ., LAGOMARSINO, S. - White beam neutron topography - Tenth Inter
national Congress of Crystallography, Amsterdam (The Netherlands), August 7-17, 1975 

BOHDANSKI , J., GIUGE, M. - Influence of the oxygen on the workfunction of tungsten and its variations 
wi th the evaporation rate - 1975 Thermionic Conversion Specialists Meeting, Eindhoven (The Netherlands) , 
September 1-3, 1975 

BOHDANSKI, J., ROTZ, K . - Collector heat dissipation in a variable spacing diode - 1975 Thermionic 
Conversion Specialists Meeting, Eindhoven (The Netherlands), September 1-3, 1975 

BOHDANSKI, J., ROTH, J., POSCHENRI EDER, W.P . - The trapping of hydrogen ions in zirconium for ion 
energies between 0.3 and 6 keV - The Application of Ion Beams to Materials, Warwick (GB) , September 
8-12, 1975 

BURGEAT, J., PRIMOT, J., RUSTICHELLI , F. - Observation by dynamical diffraction of an anisotropic 
effect in the imperfections due to oxidation of perfect Si crystals - International Crystallography Con
ference, Melburne (Australia) , August 19-23, 1974 

CAPPELLANI, F., HUEZ, M., RESTELLI, G. - Meccanismo di attivazione e/ettrica di arsenico impiantato in 
silicio - Convegno C.N.R., Bologna (Italy), June 25-26, 1974 

DIANA, E., SCOTTI , A. - Some numerical computations related to Kolmogorov entropy - International 
Conference on Statistical Physics, Budapest (Hungary), August 25-29, 1975 

DIANA, E., SCOTTI, E. - Studies on the onset of stochasticity in a one-dimensional non-linear classical 
system - International Conference on Statistical Physics, Budapest (Hungary), August 25-29, 1975 

DI ERCKX, R., SANGIUSTI, V., McCRAKEN, V ., SCHNEIDER, W. - Unfolding codes for neutron spectra 
evaluation possibilities and limitations - lntercomparison of Neutron Spectra Evaluation Methods using 
Activation Detectors, Petten (The Netherlands), September 22-26, 1975 

FACCHETTI, S., BETTIN ETTI, G. - Retrocicloaddizioni e trasposizioni feniliche indotte da reazioni ione
molecola in alcuni cof(lpositi eterociclici - Terzo Convegno Spettrometria di Massa, Roma (Italy), April 
22-24, 1974 - Annali di Chimica, 64, 131-138 (1974) 

FREUND, A ., LUCAR INI, G., MAZKEDIAN, S., RUSTICH ELLI, F. - Theoretical and experimental studies 
of the deviation from Bragg's law in X-ray back-scattering experiments - International Crystallography 
Conference, Melbourne (Australia) , August 19-23, 1974 

HAUPT, J. - Thermally induced dipolar polarization in samples of 'Y· picoline containing impurities of 
helium and benzene - 18th Ampere Congress, Nottingham (UK), September 9-14, 1974 

HERVET, H., LAGOMARSINO, S., RUSTICHELLI, F. - Orientations/ order in smectic phases of TBBA 
liquid crystals by neutron diffraction - Tenth International Congress of Crystallography , Amsterdam (The 
Netherlands), August 7-17, 1975 

HUEZ, M., MANARA, A ., RESTELLI, G. - Ossidazione anodica de/ carburo di silicio - Convegno C.N.R., 
Bologna (Italy) , June 25-26, 1974 

KLEY, W. - Basic design criteria for a continuous medium-power (20-30 MW), low cost high flux research 
reactor and its associate equipment for scientific and technical research - 1st Scientific Conference of the 
Iraqi A. E.C., Bagdad (Iraq). April 7-11, 1975 

KRUEGER, G.J. - Kernresonanzuntersuchungen der Wasserstoffdiffusion in Vanadiumhydrid- lnstitut fur 
Physik und Chemie der Westfiilischen Wilhelms-Universitiit, Miinster/Westfalen (Germany) , January 30, 1975 

KRUEGER, G.J., SPIESECKE, H., VAN STEENWINKEL, R. - Nuclear magnetic relaxation and self dif
fusion in some liquid crystals showing smectic polymorphism - European Conference on Thermotropic 
Smectics and their Applications, Les Arcs (France) , December 15-18, 1975 

KRUEGER, G.J., WEISS, R. - Diffusion of hydrogen in vanadium hydride as studied by NMR techniques -
Proceedings of the 18th Ampere Congress, Nottingham (GB), September 9-14, 1974, pp 339-340 · 

LUCARINI , G., MAZKEDIAN, S., RUSTICHELLI, F. - On the deviation from the Bragg-law in the sym
metric Bragg case diffraction in X -rays and neutrons by perfect crystals - Tenth International Congress of 
Crystallography, Amsterdam (The Netherlands), August 7-15, 1975 

MARACCI , G., MERLINI, A ., PACE, S. - Diffuse Mossbauer scattering applied to the formation of omega 
phase in Zr-20f/d'-lb alloy - International Conference on the Application of the Mossbauer Effect, Bendor 
(France), September 2-6, 1974 

MAZKEDIAN, S., MELONE, S., RUSTICHELLI, F. - Circular dichroism and rotatory dispersion in cho· 
lesteric liquid crystals with a pitch gradient - Tenth International Congress of Crystallography, Amsterdam 
(The Netherlands), August 7-15, 1975 

MEISTER, H. - Evidence of phase mixing in the critical region of the ferroelectric phase transition in 
deuterated KDP- Riunione Scientifica Annuale 1975 del G.N.S.M., Catania (Italy) , May 28-30, 1975 

OLEOWNIK, G., SCHUELE, W. - Vacancies, interstitials, and crowd ions in copper gold alloys - Inter
national Conference on Fundamental Aspects of Radiation Damage in Metals, Gatlinburg/Tennessee (USA) , 
October 5-10, 1975 
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PIATT!, G. - Preparation of new multiphase oomposites - International School of Physics, Varenna (Italy), 
July 8-20, 1974 

PIATTI, G. - Attivita di ricerca sui compositi metallici fibrosi - Primo Convegno Nazionale Materiali 
Compositi, Sorrento (Italy), October 23-24, 1975 

PIATTI, G., PELLEGRINI, G., TRIPPODO, R. - Structure and properties of the A/-At4Ca eutectic - 6th 
International Light Metals Conference, Loeben (Austria), June 16-20, 1975 

SCHILLER, P. - Hydrogen in metals as observed by internal friction and magnetic disaccommodation -
Second European Conference on Internal Friction, Roma (Italy), September 3-5, 1975 

SCHILLER, P., SCHNEIDERS, A., NIJMAN, H. - Internal friction as a tool to study impurities: de
monstrated for the case niobium with hydrogen, oxygen - International School of Physics "E. Fermi", 
Varenna (Italy), July 10-12, 1974 

SCHUELE, W., LESSMANN, E. - Self interstitials in nickel - International Conference on Fundamental 
Aspects of Radiation Damage in Metals, Gatlinburg /Tennessee (USA), October 5-10, 1975 

SCHUELE, W., MAIER, K., LESSMANN, E. - Self diffusion coefficients in copper and nickel - Inter
national Conference on Fundamental Aspects of Radiation Damage in Metals, Gatlinburg/Tennessee (USA), 
October 5-1 0, 1975 

Papers related to the work done at the Petten Establishment during 1974 

Papers presented in scientific periodicals 

BRESSERS, R., CRETEN, R., VAN HOLSBEKE, G. - Preparation and characterization of high-purity 
vanadium by EBFZM - J. Less-Common Metals, 39, 7-16 ( 1975) 

CAMBI NI, M., SERNEELS, R., GEVERS, R. - Ordering of hydrogen in~ -vanadium hydride near to V2 H 
-Phys. Stat. Sol. (a) 21, K 57 ( 1974) 

CAMBINI, M. - Ordering of interstitial nitrogen and oxygen in vanadium near to VsN and VsO ·Mat.Res. 
Bull., 9, 1469 (1974) 

GUTTMANN, V. - Einfluss von Verformungsgrad und Korngrosse auf den Ort der Keimbildung bei der 
Primarkristallisation von Vanadium - J. of the Less-Common Metals, 38, 111 -118 ( 1974) 

Reports 

LANG, E. - Point defects in vanadium - The recovery behaviour upon coldwork - EUR 5145.e (MF) 
(1974) 

LANG, E., CANETOLI, S., D'AMICO, S., SARACCO, C. - Studio def comportamento def vanadio nella 
deformazione a bassa temperatura e net successivo recupero - EUR 5156.i (MF) (1974) 

LANG, E. - Ueber Messungen der gespeicherten Energie and kaltverformten po/ykrista//inen Cu-Proben -
EUR 5106.d (1974) 

NON-ELECTRICAL APPLICATION OF NUCLEAR ENERGY 

HYDROGEN PRODUCTION FROM WATER 

Papers presented in scientific periodicals 

BARBI, G.B., MONTI, P. - The voltammetric behaviour of H,r at solid microelectrodes - Analusis, 2, 
729-733 (1973-1974) 

BEGH I, G. - Produzione e utilizzazione dell'idrogeno con nuove tecnologie - La Termotecnica, 29, 3, 
179-194 (1975) 

BEGH I, G. - Prospettive dell'idrogeno nei sistemi energetici futuri - L'Elettrotecnica, 62, 8, 653-666 ( 1975) 

BEGH I, G. - Produzione e utilizzazione dell'idrogeno con nuove tecnologie - Gas, 3, 71-91 ( 1975) 

BEGH I, G. - Hydrogen production and high temperature reactors - Energia Nucleare, 22, 69-77 ( 1975) 

BEGH I, G., DEJACE, J., MASSARO, C., Cl BORRA, B. - Economics of pipeline transport for hydrogen and 
oxygen - Entropie, 59, 37-44 ( 1974) 

DE BENI, G. - Thermochemical processes for hydrogen production - Energia Nucleare, 22, 141-148 (1975) 

MARCHETTI, C. - The use of hydrogen as an energy carrier - Superconducting Machines and Devices, 8, 
549-562 ( 1974) 

RUEDL, E., PIZZINI, E., MER LETTI, S. - Metal-slag-gas reactions and processes - The Electrochemical 
Society, 448-463 ( 1975) 

Reports 

BEGH I, G., editor, Hydrogen production from water using nuclear heat - Annual Progress Report No. 3, 
EUR 5059.e (1974) 

217 



BEGHI, G., DEJACE, J., CIBORRA, B., MASSARO, C. - Hydrogen, oxygen and natural gas by pipelines: 
comparative transport costs - EUR 5103.e ( 1974) 

GAUTSCH, 0., HODAPP, G. - The specific heats of Ca8r2 solutions- EUR 5379.e (1975) 

GAUTSCH, 0., HODAPP, G. -Some thermodynamic data on Ca8r2 solutions- EUR 5444.e (1975) 

Papers presented at scientific conferences 

BEGHI, G. - L 'economia dell'idrogeno - Corso sull'lngegneria e Economia del Sistema Energetico, 
CESNEF, Politecnico di Milano (Italy), February 14, 1974 

BEGH I, G. - Produzione e utilizzazione dell'idrogeno con nuove tecnologie - Convegno Evoluzione ed 
lnnovazione delle Fanti di Energia, Milano (Italy), May 20-21, 1974; La Termotecnica, 29, 3, 179-194 
(1975) 

BEGH I, G. - Perspectives of thermochemical processes for water decomposition in a future hydrogen system 
-Wurenlingen (Switzerland), July 10, 1975 

BEGH I, G. - L 'idrogeno come vettore d'energia: prospettive di un contributo al/a soluzione dei problemi 
energetici - Meeting Accademia Patavina, Padova (Italy), November 16, 1974 

BEGHI, G. - Prospettive dell'idrogeno nei sistemi energetici futuri - 13th Nuclear Energy Conference: 
Nuclear Energy Perspective, Milan (Italy), December 12-24, 1974 

BEGHI, G., BROGGI, A., DE BENI, G. - Thermochemical water splitting as a method for hydrogen 
production - Proceedings of the BNES Conference: The High Temperature Reactor and Process Appli
cations, London (GB), November 26-28, 1974 

BEGHI, G., DEJACE, J., MASSARO, C., Cl BORRA, B. - Economics of pipeline transport for hydrogen and 
oxygen - The Hydrogen Economy Miami Energy Conference, Miami/Florida (USA), March 18-20, 1974; 
Hydrogen Energy, part A, 5, 45,560 (1974) 

BEGHI, G., DE BENI, G. - Processi termochimici di decomposizione dell'acqua: prospettive di un nuovo 
metodo di produzione di idrogeno con ca/ore nucleare - 26e Giornate della Chimica, Milan (Italy), April 
21-22, 1975 

BROGGI, A., BEGHI, G. - Method of evaluation of nuclear thermochemical processes for water decom· 
position - European Nuclear Conference, Paris (France), April 21-25, 1975 

COEN, F., IMARISIO, G. - Corrosion problems in the thermochemical hydrogen production from water-
7th Meeting of the European Working Group "Nuclear Corrosion", lspra (Italy) 

DE BENI, G. - L'idrogeno come vettore di energia - Riunione Periodica del Rotary Club, Bergamo (Italy), 
January 14, 1974 

DE BENI, G. - Considerations on iron-chlorine-oxygen reactions in relation to thermochemical water split· 
ting - THEME Conference, Miami/Florida (USA), March 18-20 (1974); Proceedings Hydrogen Energy, Part 
A, 471-4a2 

DE BENI, G., BEGHI, G. - Thermochemical decomposition of water as a method for hydrogen production 
by using nuclear heat - Meeting of the Working Group on Nuclear Heat Utilisation for Industrial 
Applications and District Heating, IAEA, Vienna (Austria), September 2-6, 1974 

DE BENI, G. - Considerazioni termodinamiche e cicli termochimici per la decomposizione dell'acqua -
Meeting Accademia Patavina, Padova (Italy), November 16, 1974 

DE BENI, G. - Procedimenti termochimici per la produzione di idrogeno da ca/ore nuc/eare - 13th Nuclear 
Energy Conference: Nuclear Energy in Perspective, Milan (Italy), December 12-14, 1974 

DE BENI, G. - Hydrogen production by water splitting: closed cycles of chemical reactions - European 
Nuclear Conference, Paris (France), April 21-25, 1975 

HAEFELE, W., DE BENI, G. - Other applications of nuclear energy - 1st European Nuclear Conference, 
Paris (France), April 21-25, 1975 

VAN VELZEN, D. - Gas and solids movement in spouted beds - Chemical Engineering Congress, CHISA, 
Prague (Czechoslovakia), August 25-29, 1975 

REACTOR SAFETY PROGRAMME 

Papers presented in scientific periodicals 

BERNARD, J., HENRY, B. - Evaluation of the degree of structural interaction between longitudinally 
slitted tubes and patches in cyclic and monotonic pressure tests - International Journal of Fracture 
Mechanics, 10, 272-275 ( 1974) 

COLOMBO, A.G., REINA, G., VOLTA, G. - Extreme value characteristics of distributions of cumulative 
processes - IEEE Transactions on Reliability, 23, 3, 179-186 ( 1974) 

DON EA, J., GIULIANI, S., PHILIPPE, A. - Finite elements in the solution of electromagnetic induction 
problems - International Journal for Numerical Methods in Engineering, 8, 359-367 (1974) 
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automatic performance - EUR 5125.e (1974) 
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Papers presented at scientific conferences 

BUSSE, C.A. - Recent advances in heat pipe investigation at Euratom - 5th CHISA Congress, Prague 
(Czechoslovakia), August 25-29, 1975 

BUSSE, C.A., LABRANDE, J.P., BASSANI, C. - The gas controlled heat pipe: a temperature-pressure 
transducer - European Conference on Temperature Measurement, Teddington (GB), April 9-11, 1975; 
Proceedings Inst. Phys. Conf. Ser. 26, 7, 428-438 (1975) 

CASALINI, TROMBINI, C., SIMONOTTI, L. - Analisi quali-quantitativa per spettrometria di massa di 
composti organo mercurici - XII Congresso Nazionale di Chimica, Santa Margherita di Pula/Cagliari (Italy), 
September 29 - October 4, 1975 

GIRARDI, F. - Accuracy of chemical analysis of airborne particulates: Results of an intercomparison 
exercise - 17th Materials Research Symposium, Gaitherburg, Maryland, USA, October 7-11 ( 1974) 

GUZZI, G., GIRARDI, F ., PIETRA, R. -Automated radiochemical separations, counting and data handling 
procedures in the analysis of biological specimens - Convegno sulla Determinazione di Radionuclidi in 
Campioni Ambientali a Materiali Biologici, Roma (Italy), October 15-17, 1974 

JEH ENSON, P., BREDAEL, I. - Necessita di caratterizzare gli apparecchi ultrasonici utilizzati in medicina -
Congresso Nazionale della Societa ltaliana per lo Studio degli Ultrasuoni in Medicina (SISUM), Ferrara 
(Italy), November 9, 1975 - Seminar on Perinatal Medicine; session on Technical Aspects and Perspectives, 
La Spezia (Italy), December 19, 1975 

LAURENT, H., LAUER, K .F. - Vers un Bureau Communautaire de Reference (BCR) - XVIII Colloquium 
Spectroscopicun International, Grenoble, France, September 15-19, 1975 

ROSSI, G. - L'uso de/le tecniche fotografiche nell'analisi spettroscopica - Congresso Nazionale A .T.I. 
(Associazione Termotecnica ltaliana), Florence (Italy), September 1974 

VERSINO, B., VISSERS, H. - Dual flame photometric detector (DFPD): Improvements for the selective / 
determination of Cl-containing organic compounds - Third International Congress of Pesticide Chemistry, 
Helsinki (Finland), July 3-9, 1974 

PROTECTION OF THE ENVIRONMENT 

Papers presented in scientific periodicals 

ARGENTESI, F., DI COLA, G., VERHEYDEN, N. - The modelling of biomass dynamics in aquatic 
ecosystems - R. Trappl and F.R. Pichler (Editors), Progress in Cybernetics and Systems Research, 1 : 
General Systems, Engineering Systems and Biocybernetics and Neural Systems, Hemisphere Publishing 
Corporation ( 1975) 

BECKER, W. - Zur Humanorientierung biomedizinischer Technik - Eurospektra, 13, 4, 121-125 ( 1974) 

GANDINO, C. - Primi risultati de/lo studio idrologico sul Lago di Lugano - Articolo presentato alla Ouarta 
Assemblea Generale dell'Associazione Geofisica ltaliana, Roma (Italy), April 3-5, 1975; Rivista ltaliana di 
Geofisica, 2, 1, 32-36 ( 1975) 

GIRARDI, F., GOETZ, L., SABBIONI, E., MARAFANTE, E., MERLINI, M., ACERBI, E., BIRATTARI, 
CASTIGLIONI, M., RESMINI, F. - Preparation of Pb:z03 compounds for studies on pathway and effects of 
lead pollution - Intern. Journal of Applied Radiation and Isotopes, 26, 267-277 (1975) 

GRANCINI, G., STIEVANO, B.M., GUZZI, G., GIRARDI, F., PIETRA, R. - The determination by neutron 
activation analysis of trace elements in sea water in sediment simplex collated in Northern Adriatic Sea -
Memorie di Biologia Marina e di Oceanografia, Nuova Serie, 5, 4, 77-97 (1975) 

PA YRISSAT, M. - Le dioxyde de soufre: son evolution dans /'atmosphere - Eurospectra, 13, 16-22 (1974) 

PAYRISSAT, M., BEILKE, S. - Laboratory measurements of the uptake of sulphur dioxide by different 
European soils - Atmospheric Environment, 9, 211-217 (1975) 

SABBIONI, E., MARAFANTE, E. - Inhibition of enzymatic hydrolysis of end-phosphate DNA by iridium 
chlorocomplexes - Bioinorganic Chemistry, 5, 39-49 (1975) 

SABBIONI, E., MARAFANTE, E. - Heavy metals in rat liver cadmium binding protein - Environmental 
Physiol. Biochem., 5, 132-141 (1975) 

SABBIONI, E., MARAFANTE, E. - Accumulation of cadmium in rat liver cadmium binding protein 
following single and repeated cadmium administration - Environmental Physiology and Biochemistry, 5, 
465-473 (1975) 

SANDRONI, S. - I laser nella misura dell'inquinamento dell'aria - Giornale dell'lngegnere, 17, anno 23 
(1975) 

TOEROEK, I. - Transient recorder CAMAC dataway interface module - Nuclear Instruments and Methods, 
126, 109-114 (1975) 

VERSINO, B., DE GROOT, M., GEISS, F. - Air pollution - Sampling by adsorption columns -
Chromatografia, 7, 6, 302-304 ( 1974) 

Reports 

AMIC, S., SOREL, F. -Program UNIT- EUR 5424.e 
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BLAESSER, G. - Propagation of coherent electromagnetic radiation in the atmosphere - EUR 5170.e 
(1974) 

BOLLINI, G., GANDINO, C. - 14° Annuario Meteorologico 1972- EUR 5067.i (1974) 

CAPPELLANI, F., MELANDRONE, G., RESTELLI, G., SANDRONI, S. - Remote detection of atmospheric 
pollutants by I.R. resonance absorption using tunable diode laser - EUR 5426.e (MF) ( 1975) 

DE BORTOLI, M., GAGLIONE, P., PECCHIO, E. - L'esafluoro di zolfo come tracciante atmosferico, 
Rapportodiattivita 1973-1974- EUR 5429.i (MF) (1975) 

DE BORTOLI, M., GAGLIONE, P. - Environmental radioactivity - lspra 1972- EUR 5118.e (1974) 

GAGLIONE, P., KOECHLER, C., STANCH I, L. - POLYP, an automatic device for drawing sequential 
samples of gas - EUR 5233.e ( 1974) 

HARTMAN, J. - RES/DU, a computer code for the evaluation of the mean residence time of water in 
monomictic lakes - EUR 5361.e (1975) 

MUELLER, K.H. - Meteorologische Tracer in der Regionalp/anung - EUR 5217.d ( 1974) 

MUELLER, K.H. - An air quality management system for an industrialized region - EUR 5290.e ( 1975) 

NORDMEYER, H., LANZETTA, L., NI COLLIN, B. - Redox- and pH- measurements on recent bottom 
sediments of Lake Lugano - EUR 5168.e (1974) 

SABBIONI, E., GIRARDI, F., MARAFANTE, E. -A systematic study of biochemical effects of heavy metal 
pollution - EUR 5333.e ( 1975) 

SANDRONI, S., BRAMBILLA, E., CERESOLI, M. - A calibration device from long path sensors of 
atmospheric pollutants - EUR 5472.e (MF) (1975) 

ZAMOR AN I, E., OTTO BR I NI, G. - Particle size distribution by a light scattering instrument - EUR 5400.e 
(1975) 

ZAMORAN I, E., OTTO BR IN I, G. - Electric charge distribution measurements by a mobility spectrometer. 
Part A - Instrument calibration - EUR 5449.e (MF) (1975) 

Papers presented at scientific conferences 

ARDENTE, V., DIANA, E., ROSSI, G. - Simulazione de/ processo di eutrofizzazione: ii ruolo di a/cuni 
componenti essenziali in un ecosistema lacustre - Primo Convegno lnternazionale sull'Ambiente e sulla Crisi 
dell'Energia, Torino (Italy), May 8-12, 1974 

ARGENTESI, F., DE BERNARDI, R., DI COLA, G. - Zooplankton population dynamics modelling -
Addendum note to the Proceedings of the First International Congress of Ecology, The Hague (The 
Netherlands), September 8-14, 1974 

ARGENTESI, F., DI COLA, G., VERHEYDEN, N. - Mode/Ii di dinamica de/la biomassa in ecosistemi 
acquatici - Primo Convegno lnternazionale sull'Ambiente e sulla Crisi dell'Energia, Torino (Italy), May 8-12, 
1974 

BECKER, W. - Aspekte bioelektrischer Signa/kopp/ung und der Humanorientierung medizintechnischer 
Entwicklungen - Lecture and Colloquium at Giessen University (Germany), February 18, 1974 

BECKER, W. - Aspekte der Humanorientierung medizintechnischer Entwicklungen - Arbeitstagung der 
Deutschen Studiengruppe fi.ir Nukleare Elektronik, Berlin-Steglitz (Germany), September 10, 1974 

BECKER, W., HAURIE, Y., KOBUS, L., VAN LOON, L. - Skinmeter, measuring electrical parameters of the 
skin with low irritation - Automatisation des Techniques et des Methodes de Mesures, Toulouse (France), 
March 4-8, 1974 

BENOIT, R., CAPPELLANI, F., PEDRINI, A., RESTELLI, G., SANDRONI, S. - Applicazione di sorgenti 
laser al/a rivelazione a distanza dell'inquinamento atmosferico - Primo Convegno lnternazionale 
sull'Ambiente e sulla Crisi dell'Energia, Torino (Italy), May 8-12, 1974 

BENOIT, R., PEDRINI, A., STANCH I, L. - The electronics associated with a LIDAR system for remote 
sensing of air pollution - 2nd lspra Nuclear Electronics Symposium, Stresa (Italy), May 20-23, 1975; 
proceedings 237-240; EUR 5370.e 

BERVOETS, A., HASENJAEGER, H. - Notes on experience gained during operation of an acoustic sounder 
and in interpretation of the records - Seminar on Interpretation of Acoustic Radar Records, Houston (USA), 
April 25, 1975 

DE GRANDI, G., STANCH I, L. - Comments on the use of microprocessors and minicomputers in nuclear 
biomedical and environmental fields - 2nd lspra Nuclear Electronics Symposium, Stresa (Italy), May 20-23, 
1975- Proceedings pp 14-16; EUR 5371.e (1975) 

FACCH ETTI, S. - Measurements of isotopic distributions in the surveillance of food stuff and investigations 
on the vegetation - Strumentazione Attrezzature a Applicazione del Vuoto nella Scienza e nella Tecnologia 
degli Alimenti, Bologna (Italy), May 15-16, 1975 

FACCHETTI, S. - Analisi isotopica per spettrometria di massa app/icata a/l'inquinamento e al/a 
contraffazione degli alimenti - XI Symposium International sur "Application de la R.M. dans les Industries 
Agricoles et Alimentaires, Bologna (Italy), November 12-13, 1975 

FACCHETTI, S., GARIBALDI, P., CAGLIONE, P., DE BORTOLI, M. - La spettrometria di massa 
nel/'identificazione de/le sorgenti dell'inquinamento ambienta/e da piombo - XI I Congresso Nazionale 
Chimica, Santa Margherita di Pula/Ca (Italy), September 29 · October 9, 1975 

FACCH ETTI, S., SI MO NOTTI, L. - Variazioni osservate negli spettri di massa di a/cuni composti in funzione 
de/la pressione - V Congresso Nazionale del Vuoto, Perugia (Italy), September 29-30, 1975 

GANDINO, C. - E/ementi di meteoro/ogia ed idrologia applicate all'eco/ogia - Conferenza del Corso di 
Ecologia, Milano (Italy), January 11, 1974 
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GANDINO, C. - Misure idrologiche sul Lago di Lugano - Terza Assemblea Generale dell'Associazione 
Geofisica ltaliana, Roma (Italy), April 18-20, 1974 

GARIBALDI, P., FACCHETTI, S., QUAGLIARDI, A., VANINI, G., GADDO, P.P. - Benzine addittivate 
mediante piombo isotopicamente differenziato - Recent Advances in the Assessment of the Health Effects 
of Environmental Pollution, Paris (France), June 24-28, 1974 

GIRARDI, F. - Radioanalytical methods in the study of pathway and effect of.environmental pollutants -
Centenary Celebrations of the Society for Analytical Chemistry, London (GB), July 16-19, 1974 

GEISS, F., BOURDEAU, Ph. - ECDIN, an EEC data bank for environmental chemicals - 3rd International 
Symposium on Chemical and Toxicological Aspects of Environmental Quality, Tokyo (Japan), November 
19-22, 1973 - published in: Environmental Quality and Safety, 5, ed. F. Coulston and F. Korte; G. Thieme, 
Stuttgart, Academic Press, New York, London 1976 

GUZZI, G. - Description of the research activity of the laboratory of applied nuclear chemistry at Euratom 
JRC lspra carried out during 1970 - Convegno sullo Stato di Avanzamento in Italia delle Ricerche nel 
Campo della "Fotochimica-Chimica e Nucleare-Chimica delle Radiazioni", Roma (Italy), January 19-21, 
1975 

KNOEPPEL, H., VERSINO, B., TOWN, W.G., SCHAUENBURG, H., PEIL, A., POELMAN, J., GEISS, F. -
Clerc type library search combined with a crossbow structural formula design as output of a 
GC-MS-computer system for organic micropollutant analysis - Diskussionstagung der Arbeitsgemeinschaft 
Massenspektrometrie, Schloss Reisensburg (Germany), September 29 - October 1, 1975 

Ml RANDA, U., FACCH ETTI, S. - Note on the determination of the origin of antique objects based on thP. 
isotopic composition of their lead content - La Moneta Etrusca, Napoli (Italy), April 20-25, 1975- Guinto 
Congresso Italiano del Vuoto, Perugia (Italy), September 29-30- October 1-2, 1975 

MUELLER, K.H. - An air quality management system for an industrialized region - IIMI Seminar on "Air 
Ouality Management Systems", Milano (Italy), October 14-18, 1974 

MUELLER, K.H. - Dispersion characteristics via tracer techniques - 6th International Technical Meeting on 
Air Pollution Modelling and its Applications, Frankfurt/M (Germany), September 24-26, 1975 

MUELLER, K.H. - Pollutant dispersion modelling in urban air quality control - Intern. Seminar on Air 
Pollution Modelling, Venezia (Italy), November 27-28, 1975 

ROSSI, G. - La simulazione matematica de//'eutrofizzazione dei laghi - Corso di lngegneria Sistematica 
Ambientale, Milano (Italy), April 1-5, 1974 

VERSINO, B., KNOEPPEL, H., DE GROOT, M., PEIL, A., POELMAN, J., SCHAUENBURG, H. - Organic 
micropollutants in air and water - sampling, GC-MS analysis and computer identification - Euroanalysis 11. 
2nd European Conference on Analytical Chemistry, Budapest (Hungary), August 25-30, 1975 

REMOTE SENSING OF EARTH RESOURCES 

Papers presented at scientific conferences 

CASSINIS, R., GUYADER, M., GALLI DE PARATESI, S. - Agricultural resources investigations in 
Northern Italy, Southern France and Madagascar - ESRO : Symposium on European Earth Resources 
Satellite Experiments, Frascati (Italy), January 28 - February 1, 1974 

DE CAROLIS, C., BALDI, G., LECHI, G., GALLI DE PARATESI, S. - Thermal behaviour of some rice 
fields affected by a yellow ·type disease - 9th International Symposium on Remote Sensing of Environment, 
Ann Arbor, Michigan (USA), April 15-19, 1974 

Authors of the JRC et al. - Agricultural resources investigations in Southern France and Northern Italy -
9th International Symposium on Remote Sensing of Environment, Ann Arbor, Michigan (USA), April 15-19, 
1974 

MEGI ER, J. - Classification automatique des donnees du satellite LANDSAT appliquee a /'agriculture et a la 
sylviculture - Viernes Journees d'Optique Spatiale, Marseille (France), October 14-17, 1975 

MEHL, W., STURM, B. - Ein Programmsystem :.:ur Verarbeitung und Auswertung von ERTS-Daten -
Arbeitstagung iiber Mustererkennung und kognitive Methoden - Karlsruhe (Germany), April 9-10, 1975 

STURM, 8.- Determination of beam transmittance and path radiance in the four optical bands of the ERTS 
satellite - Symposium Erderkundung, Koln-Porz, Linder Hohe (Germany), April 7-11, 1975 

STURM, B., HERZOG, J.H. - Preprocessing algorithms for the use of radiometric corrections and texture I 
Spatial features in automatic land-use classification - Tenth International Symposium on Remote Sensing of 
Environment, Ann Arbor (USA), October 6-10, 1975 

STURM, B., MARACCI, G. - Determination of beam transmittance and path radiance in the four optical 
bands of the LANDSAT satellite - Fifth Conference on Space Optics, Marseille (France), October 14-17, 
1975 

NEW TECHNOLOGIES- SOLAR ENERGY 

Papers presented in scientific periodicals 

GRETZ, J . - The conversion of solar energy without concentration - Energia Nucleare, 21, 504-510 (1974) 
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GRETZ, J. -Ancora arduo lo sfruttamento delta preziosa energia so/are - II Giornale, June 25, 1975 

GRETZ, J. - Elettricita ed idrogeno def sole - 11 Giornale, October 13, 1975 

Papers presented at scientific conferences 

GISSLER, W., LENSI, P.L. - Investigations on an electrochemical solar cell with a Ti02 photosensitive 
electrode - COMP LES International Meeting, Dhahran (Saudi Arabia), November 2-6, 1975 

GISSLER, W. - Working principle and practical problems of semiconductor-electrolyte solar cells -
Riunione Scientifica Annuale 1975 del G.N.S.M., Catania (Italy), May 28-30, 1975 

GISSLER, W. - Investigation of a Ti02 electrolyte solar cell and the question of the photocatalytic water 
decomposition - COMPLES International Meeting, Dhahran (Saudi Arabia), November 2-6, 1975 

GRETZ, J. - Energia so/are: obiettivo di ricerca o necessita - Energia Solare, Porto Cervo (Italia), September 
18, 1975 Energia Solare, Lugano (Switzerland), October 17, 1975 

FISSILE MATERIAL CONTROL 

Reports 

ADILETTA, G., BENATTI, N., GUIDOTTI, R., PAOLETTI-GUALANDI, M., PERONI, P., BRESESTI, 
A.M., BRESESTI, M., D'ADAMO, D. - Investigations on radioactive fission product correlations: Gamma 
spectrometry measurements on spent fuel assemblies of the Garigliano reactor - EUR 5289.e ( 1975) 

BORLOO, E., CRUTZEN, S. - Ultrasonic signature - EUR 5108.e (1974) 

BRESESTI, A.M., BRESESTI, M., CUYPERS, M., D'ADAMO, D., LEZZOLI, L., SANNELLA, R., 
GIURATO, A., PAOLETTI-GUALANDI, M., PERONI, P. - Investigations on radioactive fission product 
correlations: gamma spectrometry measurements on spent fuel assemblies discharged from the Trino 
Vercellese reactor at the end of the 2nd irradiation cycle - EUR 5334.e ( 1975) 

CRUTZEN, S., JEHENSON, P., BORLOO, E., BURGERS, W. - A rivet seal for safeguarding the MTR fuel 
elements - EUR 5110.e ( 1974) 

FOGGI, C., FRANDOLI, P. - Correlazioni tra gli isotopi pesanti dei combustibili irraggiati in reattori ad 
acqua leggera - EUR 5071.i (1974) 

SOLA, A. - ISOTEX code de ca/cul de concentrations isotopiques et de rapports de concentrations - EUR 
5048.f (1974) 

SOLA, A. - /SOTEX 1, code de ca/cul de concentrations isotopiques et de rapports de concentrations -
EUR 5111.f (1974) 

Papers presented at scientific conferences 

BERG, R., FOGGI, C., KOCH, L., KRAEMER, R., WOODMAN, F.J. - Value and use of isotopic 
correlations in irradiated fuels - Symposium on Practical Aspects of R&D in the Field of Safeguards - Roma 
(Italy), March 7-8, 1974 

BRESESTI, A.M., BRESESTI, M. - Applications of gamma-ray techniques in safeguards - Symposium on 
Practical Aspects of R&D in the Field of Safeguards - Roma (Italy), March 7-8, 1974 

COPPO, N., DE GRANDI, G., MONTAGNI, M., STANCHI, L. - Microprocessor based CAMAC data 
acquisition and processing system - 2nd lspra Nuclear Electronics Symposium, Stresa (Italy), May 20-23, 
1975- Proceedings 341-346; EUR 5370.e (1975) 

CRUTZEN, S., JEHENSON, P. - Surveillance and containment techniques - Symposium on Practical 
Applications of R&D in the Field of Safeguards, Roma (Italy), March 7-8, 1974 

CRUTZEN, S., HAAS, R., JEHENSON, P., LAMOUROUX, A. - Application of tamper-resistant 
identification and sealing techniques for safeguards - IAEA Symposium, I AEA-SM-201 /5 

CUYPERS, M., VAN DER STRICHT, E., BOURSIER, M., CORBELLINI, M. - The verification of the U-235 
flow at the output of the THTR fuel fabrication plant - IAEA Symposium, I AEA-SM-201 /73 

DE GRANDI, G., STANCH I, L. - Gamma scanning equipment for nuclear safeguards - 2nd lspra Nuclear 
Electronics Symposium, Stresa (Italy), May 20-23, 1975 

FINZI, S. - Problemi def ciclo def combustibile - Rassegna Nucleare di Roma, Roma (Italy), March 21, 
1975 - Energia Nucleare, 22, 6, 326-336 (1975) 

FOGGI, C., FRENQUELLUCCI, F., PERDISA, F. - Correlations between heavy isotopes and fission 
products in LWR irradiated fuels I A theoretical evaluation - Symposium on the Safeguarding of Nuclear 
Materials, Vienna (Austria), October 20-24, 1975 

FOGGI, C., ZIJP, W.L. - Data treatment for the isotopic correlation technique - IAEA Symposium, 
IAEA-SM-201 /39 

KOCH, L., BRESESTI, M. -Improved method for the verification of the reprocessing input analysis - Paper 
presented at the I NMM Annual Meeting, New Orleans, June 18-20, 1975 
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PAOLETTI-GUALANDI, PERONI, BRESESTI , M., CUYPERS, M., D'ADAMO. D., LEZZOLI -
Determination of burnup and plutonium content in irradiated fuels by means of gamma spectrometry 
measurements of radioactive fission products - Symposium on the Safeguarding of Nuclear Materials, Vienna 
(Austria) , October 20-24, 1975 

SIMONOTTI, L. - Molecular ion reactions: their application in mass spectrometry at different pressures -
Qu into Congresso di Scienza e Tecnologia del Vuoto, Perugia (Italia) , September 29, October 2, 1975 

OTHERS* 

Papers presented in scientific periodicals 

AGAZZI, A., BROGGI, A., GALLI DE PARATESI , S. - Meccan ismi a barre liquide per l'arresto rapido dei 
reattori nucleari - Li bro dell' Anno 1974, (De Agostini Ed.) 

GAGLIONE, P., GIORCELLI , P. - L'impiego de/la spettrometria gamma nel/e misure di radioattivita -
Collana Monografica del Giornale di Fisica Sanitaria e Protezione contro le Radiazioni. Minerva Fisionucleare, 
18, 4 ( 1974) 

GUARDINI, S., TASSAN , S. - Reactivity worth measurements of irradiated fuel clusters in a heavy water 
moderated assembly - Energia Nucleare, 22, 8/9, 444-448 ( 1975) 

OBERHOFER, M. - Zweites Symposium iiber Neutronendosimetrie in Biologie und Medizin - Ein Bericht -
Atomkernenergie 

OBERHOFER, M. - What is new in the field of luminescence dosimetry ? Report on the 4th International 
Conference on Luminescence Dosimetry, Krakow (Poland), August 27-31, 1974 - Atomkernenergie, 24, 
(1974) 

OBERHOFER, M. - Advances in biomedical dosimetry. Report on the IAEA lnternationa·1 Symposium held 
at Vienna (Austria), March 10-14, 1975 - Atomkernenergie, 25, 2, 10-16 (1975) 

SCHAEFFLEIN, 0 . - Esperienze relative al/a fabbricazione di anelli metallici di tenuta su un tornio -
Controlli Numerici e Macchine a C.N., 33, 1-4 (1974) 

STANCH I , L. - L'interfacciamento multiplex CAMAC - Automazione e Strumentazione, 22, 59-77 (1974) 

STANCH I , L., TOROK , I. - Extended use of X-line - CAMAC-Bulletin 

TOROK, I. - XIR-1 - X interrupt CAMAC module for borer 1533A - CAMAC-Bulletin 

TOROK, I. - CAMAC tips for IC makers - CAMAC Bulletin 

TOROK, I. - CAMAC interface module for the biometion type 8100 transient recorder - CAMAC Bulletin 

VAN VELZEN, D., FLAMM, H.J., LANGENKAMP, H., CASILE, A. - Motion of solids in spouted beds -
The Canadian Journal of Chemical Engineering, 52, 156-161 (1974) 

Reports 

ARANOVITCH , E., CRUTZEN , S., LE DET, M., DENIS, R. - Essais thermiques d'une structure isolante de 
reacteur - EUR 5256.f (1974) 

ARRIGH I, J., DANIELE, F. - Results of measurements of the thermal contact conductants - EUR 5443.e 
(1975) 

BETTENDROFFER, E., SOREL, F. - Terminal SMART for automation of experiments by minicomputer -
EUR 5142.e (1974) 

BOLLIN I, G. - Seconda statistica pluriennale de/le osservazioni meteorologiche a lspra - EUR 5337 .i ( 1975) 

BOLLIN!, G., GALVA, A ., GANDINO, C., MARANZANA, E. - 15° Annuario Meteorologico 1973- EUR 
5171 .i (1974) . 

BOLLIN I, G., GALVA, A., GAN DINO, C., MARANZANA, E. - 16° Annuario Meteorologico 1974 di lspra 
- EUR 5445.i ( 1975) 

CAMERA, V., GI UBI LEO, M. - L 'impiego di un'unica tecnica per la separazione e determinazione di attinidi 
nei materiali biologici - EUR 5407 .i ( 1975) 

COMB ET, M., EDER , J., PAGNY , C. - Interactive system for the automatic layout of printed circuit boards, 
ARAIGNEE - EUR 5285.e (1974) 

DIELS, H., SCHAEFFLEIN, 0. - Einsatz einer N.C.-Drehmaschine in der Zentralwerkstatt der GFS lspra 
(Euratom) - EUR 5367 .d ( 1975) 

DITTERICH , K ., SCHNEIDER, J. - Systems analysis as a tool for optical process targets - EUR 5372.e 
(1975) 

DOMINICI, G. -Misuredi radioattivita ambientale, lspra 1973-1974- EUR 5475.i (1975) (MF) 

DRAGO, A., KLERSY, R., SIMONI , 0 ., SCHRADER, K .H. - Interaction between U0 2 kernel and 
pyrocarbon coating in irradiated and unirradiated HTR fuel particles - EUR 5368.e ( 1975) 

*) includes delayed editions of former programmes, papers issued by the Health Physics Division and 
by the staff of the technical and scientific support. 
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EDER, J., HAMMANS, W. - A real time operating system for SMART data terminals - EUR 4967.e (1974) 

EURATOM-lspra - Joint Research Centre - lspra Establishment-Annual Report 1973- EUR 5260.e ( 1974) 

EURATOM lspra and ESONE Committee - CAMAC - Organisation of multicrate systems, specification of 
the branch highway and CAMAC crate controller tYPe A - EUR 4600.d.e.f.i. ( 1974) 

EURATOM lspra and ESONE Committee - CAMAC - a modular instrumentation system for data handling, 
specification of amplitude analogue signals within a 50 omega system - EUR 5100.e ( 1974) 

FAA YSSE, G. et al - SORA scientific experimental programme - EUR 5080.e ( 1974) 

HAGE, W., HETTINGER, H., HOHMANN, H., KUMPF, S., SCHNEIDER, J., TINAGLI, F., TOSELLI, F. -
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