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KJELLER'S IMPACT IN THE NETHERLANDS 

Lecture by J.A. Goedkoop at Institutt tor Energiteknikk. Kjeller, Norway, on 18 August 1992. 

This lecture is an attempt to assess the impact in the Netherlands of 
the bilateral co-operation with Norway in the field of nuclear energy 
during the fifties and sixties. Five kinds of impact will be considered: 
products supplied, research results reported, training provided, innova
tions introduced in science and, finally, cultural impact, in a sense to be 
explained later. 

First, however, the nature of the co-operation has to be explained, 
starting with the question why it was between those two countries rather 
than between, say, the Netherlands and Belgium or Norway and Sweden, 
combinations that would look more logical politically, culturally or 
historically. 

The emergence of JENER 
The answer is that the co-operation was largely the work of individu

als. Its roots may be traced to two scientists, each of whom took action 
upon learning of a new discovery in physics. For Leif Tronstad in Trondheim 
this was that of heavy water in 1932. He brought it to the attention of the 
firm Norsk Hydro who were producing nitrogen fertilizers from hydrogen 
obtained by electrolysis in water, pointing out that by a suitable rear
rangement of the process flowsheet a considerable enrichment in the heavy 
isotope could be obtained. Thus Norway became the first country where heavy 
water was produced on an industrial scale. 

In the Netherlands, the discovery of nuclear fission late in 1938 
moved the low-temperature physicist W.J. de Haas in Leiden to approach the 
government. He pointed out that uranium had now become a strategic material 
and at his suggestion 10 tons of yellowcake were acquired in great secrecy. 
They arrived just before War broke out in Europe and were hidden so well 
that the after the country was occupied the German authorities never found 
it. 

The War ended in 19*15 with the destruction of Hiroshima and Nagasaki 
by weapons based on the fission process. What information was released 
showed that in the United States a completely new technology had been 
developed to create these weapons, but did not contain the details the rest 
of the world would need to utilize nuclear fission for military or peaceful 
applications. Moreover, the U.S., together with its partners the United 
Kingdom and Canada, had created a virtual monopoly on uranium and other 
essential materials. Prospects that this situation would improve faded as 
the Cold War developed. 

As long ago as 1939 it had been realized that if one has heavy water 
available, only a modest quantity of natural uranium is needed to build a 
nuclear reactor. Therefore, after Norway had been occupied, the Germans 
tried to increase production at Norsk Hydro, and soon the Allies subjected 
the Rjukan plant to sabotage and aerial bombardment. When the War was over, 
production was rapidly restored, and soon two Norwegians, Gunnar Randers 
and Odd Dahl, joined forces to give their country a reactor. Both had spent 
many years in the United States and through old acquaintances they managed 
to obtain scraps of precious information. At Kjeller, east of Oslo, an 
Institutt for Atomergi (IFA) was founded, with Randers as its director, and 
it was there that construction of the reactor began under the direction of 
Dahl. 
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The reactor was be to fuelled with several tons of uranium oxide, to 
be obtained from a mine in Southern Norway. When production turned out to 
be disappointing, Randers started looking abroad for partners who would 
supply uranium. However, the American armies, in their advance through 
Europe, had appropriated whatever stocks of uranium they could lay their 
hands on. Only the French could offer some, but on conditions Randers was 
reluctant to accept. 

That Randers and Dahl for a long time did not know about the Dutch 
yellowcake is not surprising: its existence had been kept secret so well 
that it had not only escaped German, but also American scrutiny. Secrecy 
was maintained when after the War the new physics funding agency Stichting 
Fundamenteel Onderzoek der Materie (FOM) was requested to find some use for 
the material and as an obvious first step initiated work in Holland to get 
it purified. 

Meanwhile cautious approaches were being made to potential partners. 
It was in the course of these that in the first days of 1950 the Leiden 
theoretical physicist H.A. Kramers visited Norway and was brought to 
Kjeller to see the construction of the reactor in progress. The same day 
Randers and he wrote down the draft of an agreement under which the Dutch 
would make available 6 tons of their uranium oxide as their initial 
contribution to a Joint Establishment for Nuclear Energy Research (JENER) 
at Kjeller. Randers became its director. 

The reactor, now called JEEP for Joint Establishment Experimental 
Pile, first became critical in June 1951* Soon half a dozen young FOM 
employees were using it for experiments, but also starting on what was to 
be the next step in the co-operation: the design and construction of a 
second reactor, to be built in the Netherlands, which like JEEP would be 
noderated with heavy water, but produce much more heat, to be used for 
generating electricity. Again under the leadership of Dahl a design was 
made: NUPOP, the Natural Uranium Power-Only Pile. FOM applied for 28 
million guilders to finance the project and in 1953 the Dutch government 
incorporated this grant in a law it submitted to the national assembly. 

Meanwhile the possibility to work at a nuclear reactor, found nowhere 
else in the world, also drew visitors from other countries. This soon made 
Kjeller an embarrassment for the US policy of secrecy, more so when in 1953 
JENER organized the Kjeller Conference on Heavy Water Reactors, the first 
international conference on nuclear technology. Such initiatives contribu
ted to a change in the American policies, culminating in the Atoms-for-
Peace initiative of President Eisenhower. A curious competition ensued 
between East and West in releasing information, most massively so in the 
first United Nations Conference on the Peaceful Uses of Atomic Energy in 
Geneva in 1955- Similarly, both the US and the USSR began offering, each in 
its sphere of influence, bilateral agreements allowing the supply of enri
ched uranium and heavy water, as well as the transfer of technical informa
tion. 

Going separate ways 
Thus within a few years the main aim Kramers (who in the first UN 

deliberations just after the was had pleaded for openness in nuclear 
energy) and Randers (who nearly tens years later skilfully helped engineer 
the Geneva Conference) had in mind when they set up JENER had been 
achieved: secrecy and monopolies had all but gone. But this success also 
took away the raison d'etre of JENER and that soon became apparent in the 
Netherlands. The appropriation law for what was called the "reactor centre" 
was passed, but on the condition that a new body be created solely devoted 
of nuclear energy. Thus in July 1955 Reactor Centrum Nederland (RCN) was 
founded and soon took over the nuclear energy work of FOM, including the 
participation in JENER. This meant that, apart from, through FOM, the 
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academic world, now also manufacturing industry and the electric utilities 
(at that time belonging to local governments) got a say. The utilities, 
traditionally Jealous of their independence from the national government, 
maintained that all current ideas about power reactors were wrong and went 
in for semi-homogeneous systems, soon mainly the aqueous suspension 
reactor. But also the academics developed misgivings towards NUPOP after it 
became clear to them that the heavy steel pressure vessel would not, as did 
the thin aluminium vessel of JEEP, let through beams of neutrons. What 
united the two groups was that in the US one could now obtain enriched 
uranium to build and run a compact materials testing reactor, which would 
be useful for research on the fuel suspensions and also allow physics 
experiments. Thus, almost unnoticed by the outside world, the centre piece 
of the "reactor centre" became not NUPOP, but this High Flux Reactor (HFR), 
and the 28 million guilders would be used to build it. A site was found in 
Petten. 

This left the Norwegian partners in a somewhat awkward position. 
However, also they were having second thoughts about NUPOP, realizing that 
it might be out-of-date when completed. A new idea presented itself: the 
boiling water reactor. Thus the NUPOP design, in which the heavy water was 
to be kept under pressure so as to prevent boiling, was changed so as to 
allow it. A paper and pulp factory in Halden offered a site and undertook 
to buy process heat from the reactor, and IPA managed to get funding from 
the government (against stiff opposition from the academic world). 

Thus NUPOP had in a way split in two: financially it had become the 
HFR at Petten, technically the Halden Boiling Water Reactor. It is ironic 
that soon both were found to be too large for the national context: in 1958 
the HBWR became the subject of a successful multilateral co-operation under 
the aegis of the Organization for Economic Co-operation and Development and 
in 1961 ownership of the HFR was transferred to the European Community for 
Atomic Energy. Apart from the involvement of RCN staff at Kjeller in the 
design of the HBWR, Dutch participation in Halden was at first through 
Euratom, but from 1964 to 1985 RCN/ECN has been directly involved as a 
signatory. This second link with Norway would need a separate discussion 
and will not be considered further here. 

Even though the original justification for JENER had disappeared it 
was not abolished right away: in 1955 IFA and RCN concluded a new agreement 
enabling JENER to continue existing, but recognizing that both parties had 
other activities. In fact, JENER kept on expanding. Utilization of JEEP 
continued, including experiments aimed at the HBWR, for which also experi
mental heat transfer studies were done. However, the main expansion was in 
nuclear fuel technology: construction began of a pilot plant for the 
reprocessing of JEEP fuel and a metallurgical laboratory was built. 

JENER ceased to exist in the middle of 1959* but the co-operation was 
continued in the form of Joint Projects. Areas with strong RCN-participa-
tion (e.g. those in fuel chemistry) were continued as K(jeller)-projects, 
against which P(etten)-projects developed mainly around the HFR. By 1967 
their financial volume had become comparable to that of the K-projects, 
after which both were wound down. The Joint Commission that had overseen 
the cooperation since 1951 had its last session in 1970» although one It-
project, the Reactor School (about which more is to follow) went on until 
1980. By that time the energy situation of both partner countries had 
become quite different from the one they started from: Norway now rich in 
oil and gas from the North Sea, Holland in gas from mainly the Slochteren 
field. This allowed a painless growth of the anti-nuclear movement and made 
both national organizations change the offensive words in their names, 
becoming IFE and ECN, respectively. 
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Finances 

After this account of the co-operation, and before coming to its 
impact in the Netherlands, the more business-minded reader may want to know 
the financial outlay. Expenditure of FOM and RCN on JENER totalled kNkr 
7867» to which one should add the Dutch government grant of kf 355. or* at 
the then exchange rate, kNkr 710 in connection with the reactor school. 
Contributions to the K-projects up to 1966 totalled kNkr 11178, against 
which IFA contributed to P-projects kNkr 7146. Neglecting imbalances after 
1966, one finds for the net total flow of money from the Netherlands to 
Norway about 13 million Norwegian Crowns. 

Products 
The order in which the various types of impact will be discussed is 

that of increasing abstractness. Hence it is that material products come 
first, but it will be clear that they cannot constitute the most important 
impact, since the co-operation was in research and not in manufacture. In 
fact, the only kind of production that has gone on in Kjeller all the years 
is that of radioactive isotopes in chemical forms suitable for application. 
This was done on a commercial basis and involved the firm Philips- Roxane, 
later Philips-Duphar, who bought the radioactive isotopes to use them in 
Amsterdam for incorporation in products for the BeNeLux market. 

During the sixties the fuel rods of JEEP (which was finally closed 
down in 19^7) were reprocessed, with the recovery of about 200 gram of 
plutonium. 88 gram were sent to Petten and used in the development of mixed 
U-Pu-oxide reactor fuel, after which the plutonium was sold. In the final 
days of the P-projects, a small quantity of plutonium was recovered from 
fuel from a high-temperature, gas-cooled reactor and used in experiments 
RCN was doing at Petten in connection with the development of the sodium-
cooled breeder Reactor. 

It is likely that Kjeller would have supplied special hardware if 
NUPOP had been built in the Netherlands. 

Research results 
The last remark applies much more strongly to this item. The experi

ence with the HBWR shows that the construction and operation of NUPOP would 
have required a great number of desk-studies and experiments at Kjeller. 
resulting in the flow of many research reports to Holland. As things 
developed, the only experiments in reactor technology carried out at JENER 
for a specific Dutch interest concerned neutron absorption in the fuel of 
the suspension reactor, which in a sense was to be the undoing of NUPOP. 

Otherwise, there were hardly people in the Netherlands who knew what 
to do with the reactor they had all of a sudden gained access to. An early 
exception was Philips Research Laboratories, from where, after neutron 
diffraction had been established as a technique for solid state research, 
samples of magnetic materials and hydrogen getters started arriving in 
Kjeller. Although results were always first reported confidentially, almost 
all eventually appeared in the open literature. After 1959 the centre 
at Petten became staffed by people who knew what questions to ask, and 
often also, since they had worked at Kjeller before, whether research there 
was likely to answer them. This influenced the formulation of the K-
projects and led to a keen interest in the reports that emerged from them. 
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Training 

FOM tended to manage its group at Kjeller more as less the teams it 
had at Dutch universities, i.e. it was in no hurry to move people onto new 
tasks. The attitude of RCN, after it took over in 1955, was quite differe
nt: it knew it had to staff a large laboratory and also shared the belief 
prevailing in Holland that nuclear power would be introduced rapidly and 
require many trained people. Soon it began recalling members of the 
original FOM team, sending a larger number of new graduates in return, so 
that the Dutch presence grew. 

Similar considerations in other countries had engendered the concept 
of the "reactor school", offering amongst other courses a basic one in 
reactor technology of a few months duration. In 1956 RCN estimated it would 
want to about 45 students to take such a course in each of the following 4 
years. By that time the idea of establishing its own reactor school had 
come at Kjeller. The Netherlands government was found willing to finance 
the building as well as a guesthouse, the Nederland Hus. The Netherlands-
Norwegian Reactor School started its first Standard Course in Reactor 
Engineering in April 1958. In was to be followed by 18 more, the last one 
in 1974. Initially they lasted 12 weeks; later on this was reduced to 9. 
Total participation was 152 from Norway, 145 from the Netherlands (close to 
the RCN estimate, although spread over a longer period) and 57 from other 
countries. Far more cosmopolitan were the Advanced Courses, usually lasting 
about one week, organized by the school, but elsewhere in Norway: the 24 
that were held between 1959 and 1979 had a total attendance of 1327, of 
whom 270 from Norway and 132 from the Netherlands. 

It is much more difficult to quantify the on-the-job training 
provided by Kjeller. Several Dutch polytechnics had more or less permanent 
traineeships; arrangements with universities had a much more ad hoc 
character. In addition, as already mentioned, there was a fairly rapid 
turnover of ECN staff seconded to JENER and later the K-projects (as a rule 
in combination with attendance of the Standard Course). Their total number 
has been about 70. 

Certainly in the difficult and sometimes unsettled beginning years of 
ECN some of its secondees at Kjeller, rather than being recalled, decided 
to stay on in Norway, or took employment elsewhere. Host of them, however, 
heeded the call and joined the staff at Petten, or the engineering depart
ment in the Hague, headed by M. Bogaardt, who had been the first FOM 
employee to come to Kjeller. 

Quantitatively, the influx from Norway may appear small compared to 
the total RCN complement of about 900. More fairly, however, it should be 
compared with the number of RCN staff holding a degree from a (technical) 
university, which was about 120. Moreover, it was the largest group in RCN 
with a common professional experience: most other members of the group had 
come straight from the university, the remainder from a great variety of 
previous employers. 

As will be shown in the next section, one can identify several areas 
of new scientific or technical activities that staff returning from Kjeller 
brought with them. But the first few were recalled because they were 
urgently needed in the construction phase of RCN. Thus J. Peiser, assisted 
by C.H. Meijer, played a key role in specifying the HFR design and later in 
its construction, eventually to become technical director. Later returnees 
often joined ongoing activities, making it more difficult to trace their 
influence. Suffice to say, therefore, that the imprint of Kjeller on the 
RCN-staff, from management down, has remained visible until far into the 
eighties. 
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Mobility from RCN to Dutch industry has turned out much smaller than 

had been expected when it was still believed that a considerable number of 
nuclear power plants would be built. In reality there have been just two: 
the 60 MW(e) one at Dodewaard, with a Boiling Water Reactor for which 
design and fabrication know-how were purchased from the General Electric 
Corporation, and the 480 MW(e) plant at Borssele, purchased from Kraftwerk-
union. RCN was not involved in the construction of these plants, but A. 
Tiktak, who had started at Kjeller, eventually became director at Borssele 
and now has a more general responsibility in the company owning the plant. 
0. Wijnstra has a similar position with one of the distributing companies 
and C. Hubers until his death worked at the KEMA laboratories of the 
electric utilities. 

Of the ex-Kjeller staff the mechanical engineers W. Hofman and 0. 
Vrijburg, after having taken part in the building up of the Petten site, 
moved on to engineering and construction companies; H.J. de Haan joined 
Philips Duphar to run the cyclotron it had built on the RCN site. 

The follow-up of the reprocessing pilot-plant at Kjeller was not in 
Holland or Norway, but at Mol in Belgium, where under the direction of T.J, 
Barendregt (who had joined IFA in 1953 to head the Chemistry Department at 
Kjeller) Eurochemic was built under the auspices of the OECD. C.J. Joseph 
and L. Gehem followed him there. When after a period of successful oper
ation the project was discontinued, Joseph, as well as B. Kouwenberg. who 
had been working on remote handling at Petten, to joined the firm Ultracen-
trifuge Nederland, which, under the direction of Bogaardt, was building the 
Urenco enrichment plants at Almelo. Their design and construction was 
largely in the hands of the engineering firm Comprimo in Amsterdam, now 
directed by Barendregt. It would be a simplification to say he had by now 
settled in the Netherlands, in fact, after retiring he became an advisor to 
the President of Brazil on nuclear energy affairs, and until his recent 
death was involved in uranium supply. 

Innovations 
As indicated in the previous section we shall now consider fields of 

science and engineering that were imported from Kjeller, or at least 
strongly stimulated by the return of FOM/RCN staff. The earliest instance 
is that of reactor physics, first brought over by Bogaardt and M. Bustraan. 
By that time also some work had started at KEMA. and independently of RCN a 
school has developed later at the Delft Technical University. Reactor 
physics is still alive at Petten, partly directed at the research reactors 
there, but also in connection with modern developments such as fusion 
reactor blanket physics and incineration of fission waste. 

The HFR, even at its original power of 20 MW, was to provide neutron 
beams much more intense than those from JEEP. In order to properly transfer 
the considerable knowledge acquired in utilizing those, after the demise of 
JENER joint projects in neutron physics were maintained at both Kjeller and 
Petten, where it comprised the use of neutrons for elucidating the struc
ture and dynamics of crystalline solids. In succession B.O. Loopstra, J. 
Bergsma and C. van Dijk, who had all started in Kjeller, have directed this 
activity. Once the equipment had been installed at the HFR many promovendi 
joined the group for shorter or longer periods. At least 30 doctoral theses 
are largely based on this work. Loops tra left to become a full professor at 
Amsterdam, more recently another Kjeller graduate, E. Frikkee was appointed 
to a part-time chair in Leiden. Despite its strong roots in Kjeller, the 
group became best known internationally for its methods to interpret 
scattering by polycrystalline samples, called after H.M. Rietveld, who had 
come to Petten from Australia. 
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Recently ECN has decided that it no longer wants to shoulder the 

financial burden of this work. Attempts have been made secure other funds 
and make it a responsibility of the Interfacultair Reactor Instituut (IRI) 
in Delft, where, quite independently of the work at Kjeller, a school of 
studies of non-crystalline condensed matter has developed around a 2 MW 
reactor, but these attempts have failed. 

Some years earlier, another line of work at the HFR had been discont
inued: nuclear physics using reactor neutrons. This had been a joint 
activity of FOM and RCN, the key scientist on the RCN side being K. 
Abrahams. In i960 he had joined Georg Trumpy to study gamma ray emission on 
the capture of polarized neutrons from JEEP, and after 4 years went on to 
Denmark to study a new polarisation method before taking up his task at 
Petten, This activity ended when FOM decided to concentrate its nuclear 
physics work around two large accelerators. By then it had produced 22 new 
Dutch doctors. Some of the techniques used survive in a boron neutron 
capture therapy project at the HFR. 

Another activity started by Trumpy was the investigation of electron 
momentum distributions in solids by measuring angular correlation of 
positron annihilation photons, the positrons coming from copper irradiated 
overnight in JEEP. P.E. Mijnarends was seconded to this work and upon his 
return was put in charge of starting similar experiments. It soon turned 
out using the HFR would be impractical and so sodium-22 bought in England 
was used. Eventually FOM also joined this activity, until a few years ago 
it was given low priority by ECN. Mijnarends then joined a group using 
different positron methods at IRI. His equipment will be used with a copper 
positron source permanently installed in the Delft reactor. Four physicists 
earned their doctors degrees with this work. 

One final physics activity to be mentioned is plasma physics. After 
in 1956 the possibility of thermonuclear fusion in a magnetically confined 
plasma became the subject of open discussion, a working group was formed 
consisting of physicists of JENER (including Gunnar Randers, who after all 
was an astrophysicist) and the University of Oslo, with also Swedish 
participation. L.Th.M. O m s tein was one of the RCN staff members taking 
part. After it had become apparent that it was not RCN but FOM who would be 
in charge of Dutch fusion research he joined their new laboratory set up 
for this purpose in Rijnhuizen. He is now a professor of plasma physics in 
Eindhoven. 

Radiochemistry had after the War been developed in Holland under the 
vigorous leadership of A.H.W. Aten Jr. As a result the flow of knowledge in 
this area, through students of Aten such as J. Kooi and W. Kraak, was 
mainly from Holland to Norway. The specialty they brought back with them 
was actinide chemistry and this has produced a handful of doctor's degrees, 
including that awarded to K.A. Nater for work on radiation damage to ion 
exchangers. Although no experimental work in this area is done any longer, 
knowledge of it is still an important asset of ECN. 

It is difficult to trace all the lines along which the art of 
handling large quantities of radioactivity reached Petten. Apart fron H.J. 
Wervers, who took charge of the Petten hot-cell laboratory, a group of 
people (including L. Smeets and C. Koning) should be mentioned who joined 
others setting up waste disposal facilities at Petten, which for many years 
has been the main recipient of radioactive waste arisings in the Netherl
ands. This function is now being assumed by COVRA, the Centrale Organisatie 
voor Radioactief Afval, who are building their own facilities close to the 
Borssele power plant. 
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Culture 

Obviously the FOM/RCN staff returning from Kjeller, some married to 
Norwegians, brought with them habits they acquired there, and so a cultural 
influence. The discussion here, however, will centre on culture in the 
managerial sense. 

When in the late fifties RON set up its internal organisation it more 
or less followed the example of JENER: a central management drawing up the 
programme of work and overseeing its execution by scientific departments 
(for physics, chemistry, etc.) and technical units (e.g. reactor operat
ion) . Such a structure may have been obvious at Kjeller, with management 
that during the War had become familiar with the Anglosaxon way of doing 
things. However, when somewhat later nuclear energy research was started in 
Germany, the academic tradition prevailed, in which a professor in, say, 
physics cannot be told what to investigate. In that tradition Grossfor-
schungszentren were formed, loose conglomerates of Institute whose leaders 
(as a rule also university professors) would together form a Wissenschaft-
liche Rat to which the site management would report. After RCN was organ
ized one could hear regret expressed in Dutch academic circles that this 
model had not been adopted. However, when later it got involved in the 
development of the fast breeder reactor, the organization was much more 
easily adapted to such a large, interdisciplinary programme than was the 
case with its German partners. 

Even before RCN was organized in this fashion, thought had to be 
given to the research programme. As its name betrayed, RCN had been created 
to build a reactor, without much thought of what it should be used for. To 
address that problem Bustraan in February 1956 convened parallel expert 
discussions in The Hague on possible activities in a number of fields. 
JENER staff members (Norwegian or Dutch) were invited to each of these, but 
before going there they coordinated their written contributions, preceding 
those by a general vision, which stressed the importance of coherence, with 
as the central facility the High Flux Reactor. Apart from the fact that 
this humdrum name, which had only been used for want of an official one, 
unfortunately stuck forever, this integral approach can only have been 
salutary. 

Still, by the time the HFR approached completion, most of the staff 
in Petten were preoccupied with this process and the construction of other 
facilities on the site. Both the launching of the P-projects, almost all of 
which centred on utilization of the reactor, and the influx of staff who 
had become used to doing research at Kjeller, have done much to extract RCN 
from this building syndrome. 

In conclusion 
Looking back on these five types of impact, readers may judge 

differently as to which were the more important. Surely, that judgment 
would depend on the time-scale used. Since it is more than forty years ago 
the co-operation started, I tend to look at the long term, on which the 
supply of physical products or of research results would not score high. 
Also the cultural influences, which only may have speeded up developments 
by a few years do not look very important in retrospect. This leaves us 
then with the training provided to a large number of people who have 
diffused through Dutch society and the introduction of new fields of 
science. One may object that some of those have faded away, but then not 
without having contributed to the university education of many people. 

Still one may ask whether the principal idea of Randers and Kramers 
was not to open the way for the peaceful application of nuclear fission and 
then note that very little has come of that in the Netherlands, with just 
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two power stations operating. In 1991. of 71.3 TWh generated in the Nether
lands, they supplied 3*4 TWh, thus less than 5%. 

When the idea of giving this lecture first occurred to me, Gunnar 
Randers had just died. That had led me to get hold of "Lysår", the memoirs 
he wrote in 1975- I n the final chapter he recounts how one afternoon at his 
desk in Astrofysisk Institutt at Blindern, after pondering the energy 
situation in Norway, where any proposal for new power plants was meeting 
with opposition, he dozes off, to find himself in the year 1990. when 
everything has gone really bad and an acute energy shortage is imminent. 
Then there is a break: 

"... en meningsmåling på Utøya hadde gitt som resultat flere stemmers 
overvekt for å bygge et kjernekraftverk på øya, forutsatt at det ikke kunne 
sees eller høres." 

After reading that I realized I should have called Randers in 1990 to 
point out that things had not gone that bad, but that on the other hand 
there still was not the slightest prospect of a nuclear plant being built 
in Norway. However, I would have told him, in my own country we had found a 
way of getting electricity from nuclear plants "neither seen nor heard". To 
understand that one must go back to the 1991 figures and note that, in 
addition to the electricity generated in Holland, we used 9.8 TWh generated 
elsewhere, mainly in Prance, where 73% of electricity is nuclear. Thus the 
share of uranium in Dutch electricity consumption is not 5%. but about 13%, 
not much lower than the world average of about 16%. 

This makes me conclude that one should not only consider the impact 
of Kjeller in the Netherlands in bilateral terms, but take into account 
that in the time elapsed since the heyday of the Netherlands-Norwegian co
operation its products have diffused far beyond the national borders: the 
world-wide application of nuclear energy only became possible after that 
co-operation had helped break down the secrecy and material monopolies, and 
after a system of international safeguards had been created by the efforts 
of many, among them Randers and Barendregt. Of the uranium used, about 122 
is now enriched in Urenco plants, to the building and operation of which 
several Kjeller graduates have contributed, and, after it is spent, much of 
the fuel is processed in plants that, through Eurochemic, owe a debt to the 
early work at Kjeller. 

J A Goødkoop was trained as a chemist. He was seconded to JBNER in May 1952 and initially worked In 
neutron scattering. Subsequently he became head of the Physics Department and was involved In setting up 
the Netherlands-Norwegian Reactor School. He was recalled to Petten in 1959 and from 1961 to 1984 served 
as Director of Research of RCN/ECN. From 1958 to 1986 he also occupied a part-time chair at the University 
of Leiden. 


