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FOREWORD 

In view of the considerable public interest in the Atomic Energy 
of Canada Limited proposal for an Intense Neutron Generator, the 
Prime Minister has authorized publication of the report of the Science 
Council of Canada to the Minister of Energy, Mines and Resources, 
and of the background studies to that report, carried out by the Science 
Council's Committee on the Intense Neutron Generator. 

The Science Council's report has already been published.* The 
present report, prepared by the Committee, with the assistance of 
Science Secretariat staff, provided the material on which the Science 
Council based their conclusions and recommendations. At the request 
of the Science Council this material is published as a Science Secre
tariat Special Study. 

].R. Weir,
 
Director,
 
Science Secretariat.
 

*Science Council of Canada Report No 2, 
The Proposal for an Intense Neutron 
Generator, Initial Assessment and Recommendations. 
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PREFACE 

In a letter dated September 22, 1966, the Minister of Energy, 
Mines and Resources (then Mines and Technical Surveys) asked the 
Science Council of Canada to review the proposal of Atomic Energy 
of Canada Limited for the construction of an Intense Neutron Generat
or as a basic facility for long-range research related to the atomic 
energy program. The Minister asked the Council to advise him on the 
merits of the proposal. 

The request was referred to the Council at its meeting on Octo
ber 4, 1966, whereupon an ad hoc committee was appointed, was asked 
to study the proposal in detail and report back in approximately six 
months. 

The Committee held five meetings, including one at Chalk River 
with the staff of the Chalk River Nuclear Laboratories. The Committee 
was greatly assisted by thorough documentation prepared by the staff 
of AECL and by replies recei ved from AECL in response to specific 
questions. An independent assessment of the technical feasibility and 
the cost estimates for the Intense Neutron Generator was prepared by 
two consultants engaged by the Committee - Dr. R. E. Taylor of the 
Stanford Linear Accelerator Center, Stanford, California, and Dr. ]. P. 
Blewett, of the Brookhaven National Laboratory, Upton, N.Y. An as
sessment of the immediate and long-term impact of the project upon 
Canadian industry was provided by officers of the Department of In
dus try. In addi tion, the Science Secretariat was able to prepare a 
forecast of possible trends in the future funding of research by the 
Federal Government. All of the above information was vital to the 
work of the Committee. 

The Committee presented its conclusions and recommendations 
in condensed form to the Science Council at their meeting on March 
17, 1967. After extensive discussion and the introduction of some 
minor modifications, the Science Council endorsed the conclusions 
and recommendations of the Committee and incorporated them in the 
Science Council Report to the Minister. Since the Minister had desired 
an early conclusion, this report was transmitted to him on March 31, 
with the full Committee Report to follow later as background material. 
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ics, and on the design and construction of the experimental facilities 
at the Stanford Linear Accelerator Center. 
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SUMMARY OF TH E COMMITTEE'S ASSESSMENT
 
OF THE PROPOSAL
 

The Committee has found the Proposal, to the best of its judge
ment, well-conceived and imaginative. The potential benefits of th-e 
Project are found to extend over a broad range of sciences and tech
nologies. An attractive feature is the way in which it would involve 
scientists and engineers from government, universities, and industries 
together in a common challenge. 

The cost of the project would be large, and is not at this stage 
fully defined, though the estimates appear to be reasonably sound as 
far as the present state of knowledge will allow. Some first reactions, 
that the financial and manpower demands might be out of bounds for 
the Canadian economy, have not been borne out by the analysis. It 
has been essential to recognize that the ING machine would not be 
brought into operation before seven or eight years from now, and the 
facility would not be fully operational until abou t 1980; projections 
of available technical manpower, and probable national expenditures 
oil research and development to those dates do not indicate excessive 
demands in the context of that time. However, the costs are large 
enough that a large escalation in expenditures, as might be required if 
serious unforeseen problems are encountered, would be cause for con
cern and could lead to an excessive allocation of resources to the 
sectors to which the benefits would accrue. 

The economic and industrial implications have been difficult to 
assess. The major short-range industrial effects over the period of 
development and construction appear to take the form of upgrading of 
engineering capabilities in Canadian industry over a fairly broad range 
of electronic, electrical, chemical process, and metals industries. The 
longer range commercial outputs from the research and development 
done with the facility are unpredictable at this time, though they can 
confidently be expected to occur since the project will be strongly 
tied in to industrial and technological interests. The outputs would 
be expected chiefly in areas rel ated to advanced power technology 
(e. g., electrical generation, superconductors, nuclear reactors, 
breeders, thermonuclear fusion) and radioactive isotope products and 
applications. The growing importance of those sectors to the Canadian 
economy, as measured by annual electric power revenues, plant 
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investment, and potential markets probably justifies research and 
development expenditures that could include the levels proposed 
for the AECL program and for the ING project. This assumes that the 
proportion to which the proj ect is used for basic research by the 
universities will be accounted against the national investment in 
advanced education rather than specifically in relation to the AECL 
program. 

The point of main concern is the question of feasibility, inter
preted as meaning feasibility within the estimated costs. The expert 
opinions at present are optimistic, but only further feasibility tests 
and experiments, particularly of RF power stages, ion source life, 
system reliability and control, and liquid metal target design, can 
resolve the doubts. These studies should be brought to a reasonable 
stage, resulting in firm cost estimates, before commitment to proceed 
to construction can be justified. The time needed to reach that stage 
is estimated at about two years. 

To realize the maximum benefits through university interaction, 
and in the form of industrial outputs, will require certain features to 
be incorporated in the design of organization, and will probably re
quire a location more generally accessi ble than Chalk River. To safe
guard the interests of universities and industries, a change in the 
project organization, specifically the creation of a senior managing 
board incorporating university and industry members, is recommended 
immediately. Further questions, as that of site, can then be subjected 
to detailed study during the period of con tinued feasi bili ty experiments. 

A careful review is recommended toward the end of the period of 
further feasibility study. Provided that the project still appears feasi
ble within the estimated costs, and provided that the proposed aims 
of the project have not changed greatly from those evaluated by the 
Committee, we recommend that the project should then be approved to 
proceed to construction. 
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PART I 

PROPOSAL AND BACKGROUND 

1.1 HISTORY OF THE AECL PROPOSAL AND THE SCIENCE 
COUNCIL COMMITTEE 

Iri the autumn of 1963, a series of informal meetings involving 
staff members was held at CRNL to discuss new areas of research 
which AECL might reasonably pursue. These areas of research were 
not to be simple extensions of the reactor development or other re- . 
search programs current at that time. It was generally felt that the 
amount of intensely interesting research and development associated 
with the CANDU reactor, or modifications of the CANDU reactor, 
would tend to taper off over the next 10 or 15 years, and it would be 
wise to inaugurate a major new program, involving new and different 
directions for basic research, so as to be able to maintain AECL's 
scientific viability in the field of nuclear science over the long term. 

Seven subcommittees were set up. Each subcommittee was re
sponsible for a working paper on a topic of potential interest. The 
topics considered, and the chairmen of the subcommittees, are listed 
below: 

(1)	 Fusion - E. W. Vogt 
(2)	 Fast reactors - E. Critoph 
(3)	 Intense neutron generator facility (proton accelerator) - G. A. 

Bartholomew 
(4)	 Long distance transmission of energy - W. A. Wolfe 
(5)	 Fuel cells - R. H. Betts 
(6)	 Magnetohydrodynamics - G. E. Lee-Whiting 
(7)	 Thermionics and thermoelectrics - ] .A.L. Robertson 

From these topics, which will be reviewed again in Chapter 2.8 
of this report, the staff leaders selected the intense neutron generator 
facility as being the most promising. They felt that a reasonable 
level of Canadian effort could make AECL the world ·leaders in re
search and development involving intense neutron fluxes produced by 
spallation. 
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Certain members of the staff, under the leadership of Dr. W. B. 
Lewis, Senior Vice-President of AECL, undertook a detailed study of 
such a facility, and from this work eventually evolved the present 
tentative design of ING. Many of the technical and other details about 
ING are given in the publication, AECL-2600,1 issued in July 1966. 
The accelerator defined in this extensive document is described with 
reference to both the original Separated-Orbit Cyclotron (SOC) design, 
and also more briefly with reference to the presently favored Linear 
Accelerator (LINAC) concept. The document presents much material 
relevant to any discussion of ING. 

During the period in which the concept of ING was evolving, 
CRNL invited certain interested members of Canadian university 
staffs to form the ING Study Advisory Committee. This body was 

'intended to provide lines of communication between those working on 
ING and the interested. university departments and faculties, and also 
to provide advice to CRNL in various areas in which the Committee 
members had expert knowledge. The Committee met seven times 
between November 1965 and February 1967, and the information ex
changed between the CRNL staff and the Committee was of great 
interest to both groups. 

On August 25, 1966, Dr. Lewis and his staff made a presentation 
of the ING Proposal to the Privy Council Committee and other Gov
ernment representatives in the West Block of the Parliament Buildings. 
This was the first formal presentation before a government body of 
what is essentially the current proposal. 

In May 1966, Parliament had passed the Science Council of 
Canada Act and the Council was formed shortly thereafter. In Septem
ber 1966, Mr. J .-L. Pepin, Minister of Mines and Technical Surveys 
(now Energy, Mines and Resources), whose responsibilities include 
AECL, asked the Science Council to consider the ING Proposal and 
to make recommendations to him as to whether or not the project should 
be approved by the Government. The Science Council agreed to under
take this task, and at the Science Council Meeting, which took place 
October 3-4. 1966, the Science Council ING Committee was formed. 

This Committee has, wi th the assistance of the Science Sec
retariat, held a number of meetings in the interim, travelled to Chalk 
River to discuss the project with Dr. Lewis and his co-workers, hired 
scientific consultants from outside the country to obtain separate 

1	 "The AECL Study for an Intense Neutron Generator; Technical Details". Publication 
AECL No. 2600, July 1966. 
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OpInIOnS on lNG, solici-ted briefs and OpInIOnS from members of the 
scientific communi ty who were in terested in the proposal, and generally 
attempted to plumb the scientific and technological significance of 
ING to Canada, to AECL, to the universities, to the scientific com
munity, and to industry. The financial and manpower requirements for 
ING simultaneously received the Committee's close attention. 

This report is the result of the months of investigation of the 
ING Proposal by the Science Council ING Committee, and expresses 
the opinions and conclusions that the Committee developed during 
this period. 

1.2 REVIEW OF CANADA'S PRESENT POSITION IN 
NUCLEAR SCIENCE AND TECHNOLOGY 

The remarkable thing is that Canada is a power in the field of 
nuclear science and technology at all. At the close of World War II, 
much of the industrial establishment built up for the war effort was 
being demobilized, to return, many thought, to something like its 
pre-war peacetime style. Canada then, as befitted a small country of 
only 12 million population, might well have chosen to shut down the 
embryo laboratories at Chalk River, and have been content to carry 
on as a supplier of raw material - uranium ore - for the needs of the 
U. S. atomic	 energy program. 

Instead, having risen to the challenge of participating jointly 
with the U.S. and U.K. in the urgent research leading to the atomic 
bomb, Canada elected to stay with it, completing the construction of the 
NRX reactor in 1947 and embarking on a program of research which, 
for Canada, was of unprecedented scale, sophistication, and expense. 
Where it would all lead, no one quite knew. Some believed atomic 
power might be not far away; some believed the uses of radioactive 
isotopes were likely to be more important; generally it was agreed 
that the unleashing of the energy contained in the atomic nucleus was 
a development of profound significance. It was Canada's chance to be 
in at the beginning of perhaps the major scientific development of the 
century, and the opportunity should not be missed. 

The circumstances requiring the U.S. to devote its major 
emphasis toward developing atomic weapons led to an agreement! that 
Canada should concentrate on complementary approaches to atomic 
reactors, using heavy water as the neutron energy moderator while the 

2 The	 details of this early history are to be found in "Canada's Nuclear Story" by 
W. Eggleston, published by Clarke, Irwin and Company Ltd, , Toronto, 1965. 
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u.s. concentrated on systems built around graphite and ordinary 
(light) water moderators. It appears to have been a fortunate choice 
for Canada since, of the few practical materials available for "moder
ating" or slowing down the neutrons from the fission of uranium 
atoms, so that the neutrons are then more likely to be captured by 
other uranium atoms, heavy water is the most "neutron-economic". 
That is to day, it accomplishes the slowing down with the least loss 
of neutrons to its own transmutations. The result has been the 
development of a line of reactor designs offering exceptional effi 
ciency in the burn-up of fuel and able to operate on natural un-enriched 
uranium. In the words of the Presiden t of AECL: 3 

"We feel that we have good reasons for allowing a rather narrow 
path restricted to the heavy-water moderated systems, cooled with 
water, capable of burning natural uranium effectively and efficiently. 
Great pains have been taken by the scientists and engineers to make 
most effective use of the neutrons born in the system, with the result 
that the Canadian plants being designed and built commercially 
today are the world's best 'advanced converters'. Such neutron 
economical reactors are remarkably flexible in their fuel cycle. They 
have not only the potential for improvement as uranium converters 
but also there is excellent promise for the reactors as near breeders 
on the thorium cycle." 

So it is that, as the world stands on the threshold of widespread 
acceptance of atomic reactors as economical sources of electric 
power," Canada finds herself in a strong scientific, engineering, and 
industrial position for the building of reactors of commercially 
competitive design.' Reaching the point of economic competition 
with hydro and fossil-fueled plants is not the end of the road, however. 
Development of still more efficient systems is continuing world-wide, 
and competition is keen. AECL is looking toward the CANDU-BLW 
(boiling-light-water cooled heavy-water reactor) being designed for 

3	 J. L. Gray, "The Future of Nuclear Power in Canada" an address to the Japan 
Atomic Industrial Forum, Tokyo, September 19, 1965. Publication AECL No. 2293• 

..	 The U.K., impelled early into nuclear generating plants by the Suez crisis, now has 
more installed nuclear generating capacity than the rest of the world combined, but 
is rapidly being overtaken. In the U.S., 60"70 of all new generating capacity ordered 
in 1966 up to October 1966 was for nuclear plants (Time Magazine, October 14, 
1966, p, 88), and France "will all but cease to build coal-fire stations by 1973, 
and from that date will rely almost exclusively on nuclear power" (]. O. Holt, 1966, 
see reference 7). 

5	 The three principal competitive types cost-compared by Dr. G. T. Seaborg, Chairman 
of the U.S. Atomic Energy Commission in an address to the British Nuclear Energy 
Society, London, October 24, 1966 (''Nuclear Power - Two Years After Geneva") 
were the Light Water Reactor (principally developed by the U.S.), CANDU (Canada), 
and the Advanced Gas Reactor (U.K.). Each shows advantages, depending on 
circumstances, such as initial capital costs, fuel inventory, cost of uranium, etc. 
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Hydro-Quebec at Gentilly as the next step forward from the successful 
CANDU types (heavy-water cooled) installed at Douglas Point, 
Ontario, and under construction at Pickering, Ontario, as well as in 
India and Pakistan. 

The next important development in the field is expected to be the 
"breeder" reactor, which is becoming the subject of particularly 
intensive work in the U.S., U.K., Russia, and France. The breeder 
concept makes use of reactions involving fast, or un-slowed, neutrons 
to convert a high proportion of the abundant Uranium-238. isotope in 
natural uranium into fissile isotopes of plutonium. Thus, a's it burns 
the small fraction of fissile Uranium-235 isotope in the original fuel 
to create the chain reaction, it breeds more fissile material than it 
consumes. In this way the quantities of raw uranium required for fuel 
will be greatly reduced, easing the problem of uranium supply in 
the future. However, some severe technical problems remain to be 
solved, principally connected with high temperatures and severe 
materials damage from the intense energetic neutron fluxes. Until 
those problems are solved in successful prototypes, the economics 
will not be known, and economics will determine whether breeders are 
'{best-buys" in the 1980's, or not for many decades. 

AECL has so far chosen not to enter direct competition to 
develop breeders, for the reason that the inherent neutron efficiency 
of the heavy-water types puts them already in the category of "ad
vanced converter" or "near breeder" and makes their operating costs 
much less dependent on the price of uranium than the other types. 
As a recent analysis by the GECD notes:" 

"Their capability of achieving high plutonium production with 
once-through cycles makes them also a good partner for a fast reactor 
programme. " 
It is essential, of course, that AECL keeps in close touch with the 
breeder developments in other countries, in order that it can modify 
its own program if circumstances dictate. 

Prediction of the future for atomic power, and the policy that 
Canada will or ought to follow is rendered difficult by the fact that 
the present situation is in a stage of rapid flux. It is barely ten years 

6 "Power Reactor Characteristics", European Nuclear Energy Agency, O.E.C.D., 
Paris, September 1966. Even if and when breeders prove economic, the converter 
types will still be needed to provide the initial fuel charges for the breeders. Under 
conditions of expanding world demand for electric power, the complementary rela
tionship may continue indefinitely. The ratio of needs for the two types will depend 
on the breeding efficiency or "doubling time" achieved by the breeder type s. 
Dr. W. B. Lewis has claimed that uranium is available in sufficient supply that 
breeders cannot really be economically justified for some centuries; by then 
thermonuclear fusion may be a fact. 
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since the first nuclear-powered electrical generating station was 
brought into operation (Calder Hall, in the U.K.) and the more wide
spread breakthrough in the economics of nuclear power has occurred 
only in the last two ye ars," Figure 1 reproduced from the 1966 report 
of the U.S. Atomic Energy Commissions (p. 32) illustrates the transi
tional nature of the present period in the U.S. This probably presages 
similar rates of growth worldwide, perhaps delayed or moderated by 
the rate at which other countries reach a state of development where 
their electrical grids can use nuclear plants of economically large 
size. The same report" (p. 273) offers an estimate of the way in which 
nuclear generating capacity will grow in the rest of the free world: 

Most Probable Cumulative Installed Nucl ear 
Generating Capacity (in thousands of megawatts}S 

Year Ending	 Foreign* Free World 

1970 14 
1975 51 
1980 130 
1985 280 

* outside U. S. 

Prediction of the longer-range future of atomic power must be still 
less specific. It is safe to predict that keen competition will continue, 
for greater economy, convenience, and safety. In the dri ve for economy, 
greater use will be made of the waste heat, for heating of buildings, 
wood pulp, and fish ponds, and for the melting of ice, the desalination 
of seawater, etc. In the dri ve for convenience there will be increasing 
use of automatic monitoring and control systems. Dr. W. B. Lewis of 
AECL suggests the possibility of correcting or adjusting reactor 
characteristics by feeding in modest numbers of additional neutrons 
generated by electrical means. Three engineers in Britain propose 
that a higher efficiency could be obtained by eliminating the steam 
turbine rotating generator stage, obtaining the electrical power 
directly by magnetohydrodynamic processes in the hot gas," 

7	 J. o. Holt, "Nuclear Power is Competitive", Engineering Journal, 49, pp, 25-30, 
October 1966. 

S	 "Major Activities in the Atomic Energy Programs", January-December 1966. 
United States Atomic Energy Commission. U.S. Government Printing Office, 
Washington, D.C. 

9	 "M.HD in a Nuclear Gas-Turbine Cycle", Engineering, February 10, 1967, pp; 
209- 211. 
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Licensing Trend. By the end of 1966, 12 central station nuclear powerplants had 
been licensed or authorized for operation; 10 others were in various stages of 
construction; and applications were under review for the construction of 16 more 
large nuclear power reactors. At year's end, there were indications that the current 
high rate of applications for construction permits would continue during 1967. In the 
chart, projections beyond 1966 indicate potential new applications for power reactor 
construction permits in 1967 and estimated total number of operating power reactors 
by 1971 if all applications currently under review and those for which plans have been 
indicated are approved. Licensed reactors continue under AEC surveillance through
out their lifetimes. 

Figure 1 TRENDS IN NUCLEAR POWER PLANT LICENSING 
1955-1971 (IN THE U.S.) (·Includes only central-station types) 

Taken from "Major Activities in The Atomic Energy Programs" Jan.-Dec. 
1966 USAEC, US Government Printing Office, Washington, D.C. P. 32 

Research is continuing in the U.S., U.S.S.R., U.K., and other 
countries toward obtaining electric power from thermonuclear fusion, 
wi th the hope that whenever that becomes possible the problem of 
fuel supply will disappear and problems of radioactive waste will 
greatly diminish. One feature is shared by these future possibilities: 
they seem to suggest an evolutionary trend away from thermal 
boiler-rotating machinery concepts and toward a more intimate involve
ment of electrical and electromagnetic techniques with the thermal 
and nuclear reactions themselves. Any research program that looks 
well ahead with the purpose of leading the way into future systems 
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for electric power generation obviously must beware of becoming 
too specialized or narrowly based. 

However, the generation of electric power is not the only 
important industrial or commercial outcome of research into the 
nucleus of the atom. The applications of radioactive isotopes and 
nuclear instrumentation techniques have become important in almost 
every other science and technology: radioactive tracers in biological 
research, chemical processes, studies of corrosion and wear, medical 
diagnosis, pipelining; thickness and level gauges; chemical analysis 
by activation methods; dating of archaeological finds; food processing; 
industrial radiography; isotope-fueled sources of heat and portable 
electric power; prospecting; irradiation for pasteurization, sterilization 
and polymerization; therapy; and so on. 10 

Over ten years ago, Commissioner Willard Libby of the USAEC 
made the statement.t! 

"Isotopes have already proven to be of great benefit to mankind and 
by them alone it is clear enough that we will be repaid for all of the 
effort and expenditures made to date on our gigantic atomic energy 
project. Even if atomic power and the other peaceful uses were never 
to materialize, and even if there were no use in armaments, we could 
still calculate our benefits from isotopes to be a fair return on the 
dollar investment made." 

The USAEC estimated possible annual dollar savings to the U.S. 
economy of as much as $5 billion by 1962. These benefits are, of 
course, diffuse and difficult to translate into dollar terms, but the 
International Atomic Energy Agency made an attempt more recently;'> 
Translating the findings of the IAEA study into the composition of 
Canada's industrial economy, AECL arrived at an estimate of dollar 
benefits to Canadian industries in 1966 totalling nearly $28 million, 
at a cost to those industries of $2.2 mil lion.P This does not attempt 
to put a value in the new knowledge being gained in basic research, 
or on the lives saved or prolonged by the medical use of isotopes 
in diagnosis or therapeutic irradiations. R. F. Errington, of AECL 
Commercial Products gave an estimate recently that 100,000 well

10 Commercial isotope applications are reviewed in some detail in "Major Activitie s 
in the Atomic Energy Programs, J ans-Dec , 1966", U.S. Atomic Energy Commission 
January 1967. 

11 W. Eggleston, "Canada's Nuclear Story", Clarke Irwin & Co, , 1965, P. 282. 

12 I.A.E.A., ''Industrial Radioisotope Economics", Technical Report Series No. 40. 

13 AECL Commercial Products Bulletin No. 48. 
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patient-years will have been added in Canada in 1966 from the thera
peutic use of radioisotopes. 14 

The Commercial Products Division of AECL was formed to 
exploit commercially the radioactive isotopes formed as a by-product 
in the research reactors at Chalk River. The sales of the Division 
over the past ten years have shown a consistent growth, averaging 
21% per year, and now standing at about $8 million per year, with 
over 90% in the export market. The largest item in sales has been 
Cobalt-60 teletherapy equipment. There are now between 2000 and 
3000 Cobalt-60 teletherapy units installed throughout the world. 
Over 600 of them have come from AECL.15 If such a rate of growth 
continues, the annual sales of this Division could reach $100 million 
by 1980. Some current rates of growth for fields of isotope application 
in which AECL Commercial Products Division is active are given as:16 

Cobalt-60 Therapy Units (World) 17% per year 
Radioisotopes (U.S.A.) 16% per year 
Radioisotope Gauges (U.S.A.) 39% per year 
Tracer Applications (World) 33% per year 
Neutron Activation Analysis (World) 52% per year 

It may be superfluous to remark, in the context of science 
policy, that new "growth" industries contain at least the possibility 
of new Canadian secondary industries establishing themselves, with 
their head offices in Canada, as a departure from the present wide
spread foreign subsidiary structure in secondary manufacturing 
industry in Canada. 

Large growth possibilities that have scarcely begun to be tapped 
are the applications of radiation for food preservation (at present 
under extensive test and evaluation)" and radiation chemistry, that 
is, the chemistry of excited or ionized molecules, the exciting agent 
being nuclear radiation. III 

14	 R. F. Errington, «Perspective. on the Scale of Future Radioisotope Programs", 
Eleventh AECL Symposium on Atomic Power, Toronto, October 13-14, 1966, 
AECL-2486, pp, 118-120. 

15 Canadian Nuclear Technology, Jan.-Feb. 1967. pp, l~ 16. 

16 AECL Commercial Products Bulletin No. 54. 

17	 A. B. Lillie, «Programs in Food and Industrial Irradiation", Eleventh AECL 
Symposium on Atomic Power, Toronto, October 13-14, 1966, AECL- 2486, pp, 94-105. 

III	 W. F. Libby, "Radiation-Born Chemistry", International Science and Technology, 
October 1966, pp , 3~43. 
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Other economic consequences of the Canadian nuclear program 
are: 

(a) The founding of a heavy-water industry. Plants are under 
construction in Nova Scotia and the first will soon begin production. 
The Economic Planning Committee of the Canadian Nuclear Asso
ciation made a careful study-" about a year ago of the expected 
demand and supply of heavy water throughout the world. An average 
demand of 600 tons per year through the period 1965-70 is expected to 
rise to 2150 tons per year through 1970-75, 4300 tons per year through 
1975-80, and 6750 tons per year through 1980-85. At $2'0 per pound 
that represents a total world market after 1980 of greater than $280 
million per year. Demand will probably exceed supply until at least 
1985, and the extent to which Canada's industry takes advantage 
of the situation is up to Canadian enterprise - allowing of course 
for some risk that other countries may choose to enter the competition, 
even for other than purely economic reasons. 

(b) The development of a nuclear fuels industry. From a period 
of over-production and idle capacity, uranium producers are suddenly 
moving into a situation of high demand such that exploration to find 
new ore bodies must begin immediately, or has already begun. Esti 
mates of world needs have repeatedly been revised upwards over the 
past two years. A recent figure (W.M. Gilchrist, Eldorado) places the 
world demand for U308 by 1980 at about 85,000 tons annually, 
implying a market in dollars of over $2.5 billion. Canada, with over 
one third of the known uranium reserves in the western world, should 
have a large share of that market. Much of this industry would have 
existed whether Canada had had a nuclear research program of her 
own or not. But the existence of the nuclear' research and reactor 
development program has helped the uranium industry to make the 
intelligent moves, to anticipate at an early stage the market demands, 
and to exploit its advantages and knowledge by moving farther into 
secondary processing and fabrication, instead of being more or less 
at the mercy of its sophisticated customers. The market figure quoted 
above, or Canada's presumed share of it, does not allow for any 
substantial "value added" in the form of fabrication of finished fuel 
elements, for which there is considerable capability developing in 
Canadian industry. Needless to say, the increase of exported value 
by secondary processing and manufacturing in Canada is a desirable 
objective for all the natural resource industries. 

19	 CNA Economic Planning Committee, "The Role and Requirements of Heavy Water 
in Canada and the World", Paper No. 66-CNA-30 1, Canadian Nuclear Association 
Conference, Winnipeg, May 1966. 
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(c) The stimulation and upgrading of Canadian secondary 
industry. The engineering challenges in the development and construc
tion of reactors have forced Canadian industries to upgrade their 
capabilities over a broad front and to move into new product areas. 
Demands for higher quality and reliability in pumps, tubing, valves, 
controls, etc., and in fabrication of metal and ceramic structures have 
improved the capabilities of Canadian industry for engineering, 
construction, and supply of components for many basic. process 
industries, where extremely high reliability and exact control are 
becoming more and more vital. These separate components and engi
neering capabilities are just as much products to be exploited in 
world markets as are complete atomic reactors. 

(d) The development of related manpower resources. Canada's 
early start and consistent program of basic research has meant that 
a strong corps of scientific manpower in nuclear physics, radiochemis
try, and related disciplines has been built up both at the Chalk River 
Nuclear Laboratories and throughout Canadian universities. This 
corps of experienced scientists and engineers, along with well
developed facilities for education and training built up over 20 years, 
has now the nature of a national resource. Nuclear physics was the 
first discipline to be stimulated to a pronounced degree by the atomic 
energy program. However, as the AECL program of research has 
evolved, and as reactor development has revealed real engineering 
problems and lack of knowledge in other areas, disciplines such as 
solid state physics, metallurgy, ceramics, control systems, etc., are 
also being stimulated and built up in universities and industry, both 
by the needs of AECL and by experienced staff moving out to teach 
or to seek new responsibilities. 

A key element in the success of the Canadian program has been 
the enterprise, daring to a degree, in building basic research facilities 
that were advanced for their time, and offered features not available 
elsewhere. Thus the exceptionally high neutron flux of the NRX and 
NRU research reactors brought scientists from the U.S., U.K., and 
other countries, to conduct experiments, and led to much valuable 
exchange of information. The high fluxes and designed convenience 
also made possible the production of isotopes of particularly high 
activity, creating the basis for much of the success of the Cobalt-60 
irradiator units sold by AECL Commercial Products. However, the 
design of NRU was begun in 1949 - about 18 years ago - and the 
facility began operating in 1957. Although the Chalk River Nuclear 
Laboratories have asserted leadership since in some smaller-scale 
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developments, such as the Tandem series of Van de Graaf accelera
tors, and the development of silicon and germanium nuclear radiation 
detectors, the NRU reactor was the last major research facility that 
has been built by AECL on what might be called a "national labora
tory scale". Consciousness of that fact was what led the research 
division of AECL in 1963 to take thought for what the long-range 
program might be, that would give a focus to their efforts, would give 
them a continuing reason for existing as a large organized laboratory, 
and would provide continuing leadership or advance intelligence to 
the development program over the long term. 

Speaking of the nuclear field generally, there is no doubt that 
the importance of its applications, and various broad benefits, has 
not been lost on other countries. Although Canada is still regarded 
as one of the five leading nuclear powers, almost every other indus
trially developed country in the world has, within the last 20 years, 
wisely or not, undertaken a program of nuclear research. Some of them 
share in cooperative efforts, e. g., CERN in Geneva for basic nuclear 
physics, ENEA under the GECD for development of atomic power.* 
Countries with a tradition of high quality heavy engineering, such as 
Germany, Sweden, Switzerland, feel they cannot afford to miss a 
share of the rapidly expanding business. France is spending nearly 
1% of her GNP on nuclear science, atomic energy, and atomic weap
ons, in a heroic attempt to recover lost ground and reinstate herself 
as a major power. Japan has a rapidly expanding basic research 
program, designed to place her in a position to undertake development 
as her own needs for atomic power grow, beginning about 1970. Some 
international comparisons are summarized in Table I. 

The figures in Table I must be interpreted with some reserva
tions , Because of the widespread ramification of the applications of 
radioactive materials through chemical, medical, electronic and other 
technologies, it is no longer possible to obtain accurate figures for 
total national expenditures under this classification. In several 
countries, however, the largest bulk of research and development in 
this area is still government-funded and managed under a single 
Atomic Energy agency, and the budgets of those agencies therefore 
give at least some measure of the national activities. 

Comparison is still not simple, because of the presence in some 
countries of a large military component. In the U.S. this is lumped 
into the total budget of the AEC, while in the U.K. it is not revealed. 
For purposes of comparison, the military part should not be taken at 
full value, because much of it may go to almost routine production of 

* Also Euratom, of the European Economic Community, and IAEA under the Uri. 
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Table lGlGOVERNMENT EXPENDITURES ON NUCLEAR SCIENCE AND TECHNOLOGY:\: 

Gross
COUNTRY	 CIVIL MILITARY TOTAL REFS.GNP Expend. 

Pop'n. $ Can. on R&D $ Can. $ Can./ '70 of $ Can. $ Can./ '70 of $ Can. $ Can./ '70 of 
millions millions '70 of GN P millions capita GNP millions capita GNP millions capita GNP 

U .S.A. (1964) 192 684,000 3.2 (est.) (1,632) (8.3) (0.22) (est.) (1,553) (8.0) (0.20) 3,176 16.3 0.42 a,b,c,i 
(1965) 194.6 747,700 (3.2) (e s tv) (1,682) (8.8) (0.24) 1,683 (8.8) (0.24) 3,365 17.6 0.48 

U.K. (1964-1i5) 54.2 91,800 2.3 300 5.5 0.30 not available (450) (8.2) (0.45) a, d 
ass ume 1/2 of civil 

France (est. 1966) 49 100,000 1.7 471 9.6 0.46 563 11.5 0.55 1,034 21 1.0 a, e 
F. R. Germany (1965) 56.8 120,000 2.0 146 2.6 0.12 -- -- -- 146 2.6 0.12 a, f 
Japan· (1964) 97 82,500 1.5 31.5 0.32 0.04 -- -- - 31.5 0.32 0.04 a, g 
Canada (1965) 19.6 52,000 1.2 59.8t 3.1 0.115 -- -- -- 59.8 3.1 0.115 a,h 
Sweden (1965) 7.7 20,400 1.7 29.0 3.75 0.14 -. -- -- 29.0 3.75 0.14 a, f

(962) 

GlSince the methods used to assemble the figures in this Table from other countries are unknown, these figures must be regarded as indicative 
rather than accurate. 

•	 Japan regards itself as conducting only basic research until about 1970, when its own needs for atomic energy and its activities will begin 
to expand. It is noteworthy that a given expenditure buys four or five times as many research workers in Japan as it does in Canada (OECD 
analysis). 

t This figure does not include loans against construction of productive facilities, evg ,; heavy water, or Douglas Point and Pickering power 
stations, or loans against future sales, as in the case of about $18 million per year in stockpiling of U"OIl. The accounting practices of the 
other countries in this regard are not known. It does include an estimate of the annual Douglas Point write-off. 

:tThese figures include R&D expenditures, but represent the total government budgets for nuclear science and technology including construction 
and manufacturing cos t s , 

a) U.N. Monthly Bulletin of Statistics, July 1966. 

b) U.S. Atomic Energy Commission "Major activities in the Atomic Energy Programs", January-December 1964.
 
c) Special Analyses, Budget of the U.S. Fiscal Year 1967.
 
d) U.K. Atomic Energy Authority, Eleventh Annual Report, 1964-65.
 
e) Le Pro gre s Scientifique, Octobre 1965, p, 4.
 
f) Atomic Handbook, Vol. 1: Europe, 1965 - e d, J. W. Shortall, Morgan Bros. (Publishers) Ltd., London.
 
g) Reviews of National Science Policies: Japan, OECD, Paris, 1966.
 
h) Atomic Energy of Canada Ltd., Annual Reports, 1964-65 and 1965-66.
 

I-" i) U.S. Atomic Energy Commission; 1965 Financial Report.(Jl 



atomic weapons, with not much relevance to civilian industry. On the 
other hand, it should not be ignored, since it contributes quite importantly 
to the industrial and technological base from which its civilian 
industry competes. Notably, the U.S. has immense (military) invest
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men t s in isotope enrichment plants that now supply the civilian 
reactor industry; and many of the smaller nuclear power plants, now 
operating in warships, submarines, and in space satellites have poten
tial civilian applications. 

In most countries there is a growing component of nuclear 
technological activity, including R&D, in the public utilities and in 
industry. 

With those reservations, the figures compiled in Table I show 
that, of the seven countries listed - U.S., U.K., France, West 
Germany, Japan, Canada, and Sweden - Canada ranks fifth in gross 
magnitude of government expenditure on nuclear science and technol
ogy, and sixth in expenditures relative to Gross National Product. 
In real terms, allowing for the much lower research costs in Japan, 
the figures for Canada's rank would change to sixth, and last, 
respectively. 

These comparisons suggest, if other countries' policies can be 
taken as any guide, that Canada at the present time is not spending 
excessively on research and development in nuclear science and 
technology. In the civilian sector alone, Canada's expenditures in 
1965, to be comparable on a basis of percentage of GNP, would have 
been $155 million to match the U.K., $125 million to match the U.S., 
and $240 million to match France. The Canadian Government expendi
tures in 1965, including research grants to universities, the operating 
budgets of AECL and other Government departments involved in 
nuclear research, and including some anticipated write-off of loans 
and advances against development costs of the Douglas Point reactor, 
were in fact nearly $60 million, in fairly close company with West 
Germany, Japan, and Sweden. 

Figure 2 shows the past, present and projected AECL expendi
tures in the context of Canada's annual expenditures on electric 
power, and other bench-marks such as potential AECL isotope sales, 
and total world markets for uranium and heavy water. The Canadian 
need for electrical generating capacity is increasing, along with the 
rest of the world, approximately doubling every ten years. Demand in 
Canada might rise still more rapidly, depending on such factors as the 
introduction of electric automobiles, greater use of electric heating, 
growth in population, and lower cost of power. Of the $700 million 
now being invested annually in new generating plant and distribution, 
about $125 million annually is being spent by the provincial utilities 
on nuclear power stations. This is expected to more than double over 
the next ten years, as the construction of nuclear power plants 
increasingly displaces the construction of new coal, oil, and gasfired 
plants. 
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These various statistics are being discussed at some length 
because much of the problem of evaluating the merit of the ING 
Proposal comes down to questions of scale. Will it be too costly a 
program in relation to Canada's size or in relation to the value of the 
benefits expected from it? 

One of the Committee's problems has been that the policy and 
aims of the Canadian nuclear program have never been very clearly 
defined and, even if they had been, they should now or very soon be 
re-examined in view of the rapidly changing world situation for 
nuclear power. Under the circumstances, it has been necessary for 
the Committee to make some working assumptions. 

The scale of expenditure on the nuclear power development 
program that will be appropriate for Canada will depend on whether 
the program is aimed primarily at satisfying Canada's own needs, or 
whether it is aimed at exploiting in world markets Canada's early 
start and present strong position in the field. Without extensive study 
of the potential markets, and their relation to political factors, indus
trial capabilities, and so on, the Committee cannot presume to pass 
judgement on the question. However, even if the purpose should be 
directed only to Canada's internal needs, the reactor designs must 
continue to be competitive.* There will increasingly be an incentive 
in the developed countries to meet their electrical power needs 
construction, and fuel - from their own industry and their own resour
ces as far as possible, because of the sheer and growing magnitude 
of their power use; to do otherwise might easily create a balance of 
payments problem. Nevertheless, the utilities must be expected to 
look after the interests of their customers, and there would be limits 
to the degree of uneconomic activity they, or the economy as a whole, 
could tolerate. 

On the other hand, Canada's economy lives or dies with its 
export trade, and as the economy grows a growing proportion of the 
exports must be manufactured goods. Consequently, if a native 
Canadian industry did develop a product or a capability that would be 
competitive in world markets, it would be inexcusable not to exploit 
the commercial opportunity. Meeting the competition of the open 
market has implications for expenditure, however. The rewards are 
higher, the risks are higher, and the stakes are higher. The absolute 
magnitudes of competing countries' expenditures on research, develop
ment, and manufacturing plant become the factors to be reckoned with, 

* The design need not be home-bred. In other words, the first objective of the 
Canadian program should be to develop and maintain the capability of building 
reactors of the most economical design for Canadian conditions, wherever that 
de sign may have originated. 
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rather than their expenditures relative to GNP. To compete in export 
markets across the total field of nuclear science and technology, 
Canada's rate of investment in research and development would almost 
certainly have to increase very considerably. The Canadian Govern
ment magnitude of expenditure on nuclear science and technology in 
1965, as shown in Table I, was only 1/28 that of the U.S., 1/5 of 
the U.K., 1/6 of France, less than 1/2 of West Germany, all in the 
civil sector alone. Besides that, Canada lacks any fall-out from a 
military program, and competes from an industrial base that has many 
deficiencies in its development, compared with some technologically 
advanced countries with a more variegated base of advanced capabil
i ties built up by large programs in space research, military systems, 
computers, industrial commercial products, etc. 

It is clear enough that whatever success Canada may have in 
the export market will depend heavily on intelligence, astute manage
ment, and canny selectivity. But, to the extent that industrial export 
competitiveness in nuclear technology is or will be national policy 
for Canada, it is hard to escape the feeling that the Government 
expenditures laying the base for the future industry are, if anything, 
excessively modest. Particularly must this be the conclusion when so 
few other Canadian Government agencies have been working effective
ly to challenge and consistently develop advanced capabilities in 
industry over the last 20 years. 

1.3 THE ING PROPOSAL 

The proposal", 21, 22 is to build a machine that will create a 
thermal neutron flux, accessible to experimental beam tubes, of 
10 1 6 neutrons/cmv' sec. It will do this by accelerating an intense beam 
of 65 milliamperes of protons to nearly 1000 MeV, directing the 
protons into a target of circulating liquid metal, an alloy of lead 
and bismuth. The design of proton accelerator now proposed will 
be a "linear accelerator" - an evacuated pipe about 5000 feet long, 
wi th electric field structures down its length, the main part driven 
by some 150 amplitron vacuum tubes, each developing 500 kilowatts 
of power at 800 or 900 megahertz. 

The key to the high neutron flux is the spallation reaction, by 
which many neutrons at once are "boiled off" from the nucleus of 

Technical details and full description as of July 1966 are to be found in: 

20 AECL.2600, "The AECL Study for an Intense Neutron Generator", July 1966" 

21 AECL-FSD/ING-67, "The AECL Study for an Intense Neutron Generator - Recom
mendations and Costs", August, 1966. 

22 Appendix II, from G.A. Bartholomew, P.R. Tunnicliffe, "The ING Study", Physics 
in Canada 22:5, Winter 1966. 
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a heavy atom as it absorbs the energy of impact by a very energetic 
particle. This process is quite distinct from the process of fission, 
by which all nuclear reactors so far operate. In fission, a particular 
isotope of a heavy element such as uranium, plutonium, or thorium, 
may absorb an extra neutron, become unstable, and split apart, 
releasing a considerable amount of energy and, usually, extra 
neutrons among the fragments. Studies and experiments by the Chalk 
River physicists have shown that, as the energy of the impacting 
particle is raised toward 1000 MeV or higher, the spallation reaction 
becomes more efficient, and yields more neutrons for a given amount 
of energy released or expended than does the chain reaction process 
using fission. Since the feasible intensity of neutron fluxes is 
becoming limited by the rate at which heat can be extracted from the 
reacting volume, this higher inherent efficiency of neutron production 
opens the door to new levels of intensity above those achievable by 
further refinements in the fission reactor approach. 

While most other accelerators have delivered particles in pulses, 
the ING is required to develop a continuous beam. The principal 
reasons for this are two: some of the new or improved experiments that 
would become possible depend on the total flux of neutrons over a 
given time, rather than on peak values; and one of the important uses 
of the machine would be the economical production of isotopes, which 
again is dependent on total neutron exposure. The continuous power 
entailed is therefore quite large, namely, 65 megawatts in the proton 
beam itself (most of which must be dissipated in the target) and 
something like 140 megawatts for the total machine. That is enough 
power to supply the ordinary electrical needs of a city of 100,000 
inhabitants, though it is still considerably less than the power used 
by some of the larger industrial plants. Because of the large power 
use, the possibility of economically competitive isotope production 
hangs on the achievement of new heights of efficiency in the genera
tion of high power RF at very high frequencies, along with high 
reliability. The technical problems are formidable, and will be dis
cussed at greater length in Chapter 2.2. 

The facility is estimated to require seven or eight years to 
develop and construct, at a total cost over that time of about $155 
million (1966 dollars). As well as capital construction costs, that 
sum represents the continuing effort of a large team of scientists 
and engineers, who would carry through their valuable experience 
into the operating phase, in which the facility would reach an annual 
operating budget of $15 or $20 million dollars by 1975 or 1980 (see 
Chapter 2.4). 
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The facili ty would require a total staff of about 700 for the basic 
machine in 1974, growing to 900 or 1000 for the fully developed 
facility by about 1980. Of the latter about 150 would be research 
scientists (for details see Chapter 2.3). 

Because of the large scale of the project, AECL proposes that 
the use of the facility not be confined to the AECL organization, but 
that it should take on the character of a national laboratory with 
strong participation by the university scientists. The facility would 
thus serve as a focal point for improving the interaction between re
search in AECL and in the universities, to the benefit of both. It is 
claimed that the scale of the project, and its engineering challenges, 
would be such as to stimulate a broad range of advanced technological 
and engineering capability in industry and in universities to a signifi
cant degree and over a sustained period of time. 

Uses of the Facility 

The proposed uses of the facility are summarized here. In 
assessing these it must be recognized that the importance and 
timeliness of some would be bound to have changed by the time 
the machine came into operation, since scientific research would 
progress continuously in the interim, and other ideas for important 
experiments to be done with the machine would have arisen. The main 
criteria to be applied are that the proj ect should be a genuine break
through or upward step in experimental capability, and that the 
direction of the breakthrough be fertile and open-ended in its scientific 
aid technological possibilities. Many experiments are proposed, and 
are discussed in detail in references", 21, 23. Those documents are 
freely quoted from in the following. 

Solid State Physics 
o 

Thermal neutrons (energy - 0.025 eV wavelength - 1.8 A) are 
powerful tools for investigating solids and liquids. They can be used 
to study the structure of materials and in particular to pinpoint the 
location of hydrogen atoms and determine the arrangements of magnet
ic atoms in crystals. They may also reveal the motions of the atoms 
and the magnetic moments in crystals. Neutrons give the most detailed 
information of this type and provide unique experimental results for 
direct comparison with 

2] G.A. Bartholomew, Need 

December 8, 1966. 

modern theories of collective excitations 

Re-Affirmed for Intense Fluxes of Thermal Neutr

in 
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crystals. Among phenomena already being studied are: lattice vibra
tions (phonons), magnetic vibrations (magnons), electronic excita
tions, and interactions of each of the former with each other. Liquids 
may also be studied with neutrons. Among experiments of far reaching 
fundamental importance is a detailed examination of neutron scattering 
from liquid helium-4 and helium-3. Such a study would contribute to 
an understanding of the fundamental interactions in quantum systems, 
which are basic to an understanding of all condensed matter. Many of 
these measurements have already led to a much improved understand
ing of familiar macroscopic physical properties such as specific heat, 
thermal expansion, thermal and electrical conductivities, rnagnetic 
and dielectric susceptibilities , ferroelectricity, magnetism, super
fluidity. Beams of "cold" neutrons (wavelength -10 A) produced by 
passing the neutrons through a cold moderator (20 0 K, say) can be used 
advantageously in many experiments. The fluxes of. cold neutrons may 
be increased substantially by conducting them to the experiment by 
total reflection in internally polished copper or nickel pipes. Among 
experiments that would benefit from these neutrons are: structure 
studies near phase transitions in crystals, magnetic structure studies 
in ferromagnetic or antiferromagnetic materials near phase transitions, 
studies of atomic clusters in non-equilibrium liquid or solid solutions, 
studies of impurity defects in magnetic materials, studies of defect 
clusters, dislocations, etc., in cold worked metals and in irradiated 
materials, studies of the array of magnetic flux filaments established 
in certain superconductors of the type used in superconducting mag
nets (the spacing of these filaments is of the order of 1000 A). Exper
iments using neutrons of energies above the thermal range (energy 
greater than 0.1 eV, wavelength shorter than 0.9 A) are also of con
siderable interest and could be carried out with neutrons moderated 
by a hot (e.g.,-2000°C) block of beryllium in a beam tube, or with 
undermoderated neutrons from a pulsed source such as the storage 
ring proposed as a later development of the ING. Such facilities would 
make it possible to study more efficiently intramolecular vibrations, 
magnetic excitations in ferromagnetics, and high frequency lattice 
vibrations. These studies now are limited by the pemissible tempera
tures of present-day reactor moderators. Beams of polarized neutrons 
(neutrons with spins aligned in one direction) can be produced by 
reflection from Co-Fe mirrors, and a method of producing a beam of 
polarized cold neutrons has been suggested in which a magnetic field 
is applied to the neutron guide tube. Such beams are useful for studies 
of the structure and dynamics of magnetic materials, and for measure
ments of nuclear magnetic hyper fine interactions in magnetic mate
rials. Many of the neutron scattering experiments are only justpossible 
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with present fluxes and techniques. Experiments with the increased 
fluxes that would be provided by the ING would undoubtedly provide 
new insights into the theory of solids and liquids and would lead to 
new materials of technological interest. Neutron fluxes near 10 16 cm- 2 

sec- 1 are by no means near the limit required for the complete inves
tigation of the above and other problems of solid state physics. Ap

101 7 10 18 plications requiring fluxes in the range to or higher can be 
clearly seen, for example, in the study of organic crystals and biolog
ical molecules. Operation with ING near 10 1 6 cm-2 sec-1 will give 
fruitful results for a number of years, during which time techniques 
may be developed for coping with the intense bursts from storage ring 

101 7 pulsing to thermal neutronsZcmVsec , and for still higher contin
uous fluxes that may be anticipated from further development of the 
ING concept. 

Nuclear Physics 

The above experiments all involve the use of neutrons as a 
probing medium for the structure of materials, analogous to the way 
X-rays have been used for several decades; no nuclear reactions or 
transmutations are involved. When reactions and transformations of 
atomic particles are the concern (nuclear physics) the uses of ING 
would be many and varied, since it would make available beams of 
all known elementary particles, except electrons, that can be produced 
with energies below the "strange-particle threshold" at 1100 MeV, 
and it could make them available with intensities and purities that in 
most cases would be "superior to those available on any existing or 
proposed machine" (Ref. 20 V. 2). There would be neutrons at ener
gies ranging from a few hundredths of an electron-volt to 1000 MeV, 
protons at a number of energies between 50 and 1000 MeV, several 
types of mesons at energies from zero to about 700 MeV, all four 
types of neutrinos, beams of monochromatic gamma-rays from 1 to 10 
MeV, and a continuous gamma spectrum from 0 to 500 MeV (from 77° 

meson decay). Much information about nuclear structure has come from 
experiments in which target materials were bombarded with neutrons, 
in particular information on neutron-capture gamma-rays, and fission. 
Although, as time goes on, more use will probably be made of reso
nance neutrons (neutrons of precisely defined energy, which is varied 
to find particular resonance regions where reactions occur with 
greater probability), the work with thermal neutrons will be stimulated 
by any new techniques that give improved sensitivity or resolution. 
The improvement in sensitivity made possible by more intense fluxes 
will be particularly important for multi-parameter measurements, where 
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accumulating enough data for accurate analysis of all the cross-cor
relations between the parameters may take a long time. Recent ad
vances in solid-state gamma detectors have accelerated studies of 
thermal-neutron-capture gamma-rays, and recently developed techni
ques in photo excitation, which employ thermal-neutron-capture gam
ma-radiation as a probe, provide useful ways to explore the excited 
states of nuclei. Fundamental information concerning the mean life 
and beta-decay properties of the free neutron has beerr obtained 
with neutron beams from reactors. A high-flux source would give more 
precise data in this and in other fundamental areas of nuclear physics. 

Intermed iate Energy Phys ics or Meson Phys i cs 

This can be regarded as a division of, or extension of, nuclear 
physics, though there has been a trend toward applying this designa
tion to distinguish the range of investigation where the bombarding 
particles have energies roughly from 500 to 1000 MeV, s ince this is 
the range where the mesons begin to appear. Another threshold is 
reached at about 1000 MeV, the realm of so-called "high-energy phys
ics", where many more of the "strange particles" appear that are 
involved in the substructure of matter. In their eagerness to pursue 
the fascinating phenomena that have been revealed by the very high
energy accelerators, the physicists have tended to bypass the de
tailed study of the role of the mesons in nuclear structure, and there 
is at present a certain amount of backtracking to fill the gap. So
called "meson factories" are being proposed in the U.S.S.R., West 
Germany, Switzerland, U.S.A., and Canada (B.C.). These are acceler
ators designed to generate a relatively intense beam of particles 
(usually protons) in the 500 to 1000 MeV range, that strike a target 
and create sufficient numbers of mesons for detailed experiments on 
their interactions with nuclei. The outstanding machine under develop
ment is probably the American one at Los Alamos, which will accel
erate 20 milliampere pulses of protons to about 800 MeV in a linear 
accelerator. Since ING is required to accelerate a continuous 65 mil
liamperes of protons to even higher energy, it is proposed, in order 
to exploit the capabilities of the machine to the utmost, to split off 
a small fraction of the ING beam into a separate target to generate 
mesons. One percent of the ING beam at half energy would yield a 
meson flux within a factor two of the average of the Los Alamos ma
chine (LAMPF) and 10 to 30 times the meson flux of the proposed 
facility in B.C. (TRIUMF). The ING meson facility would therefore 
be of considerable interest to physicists abroad. The "intermediate 
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energy" region is where the interests and techniques of nuclear phys
icists and high energy physicists overlap. The advantages and im
portance of research in this realm have been persuasively argued by 
Lomon.j" Rosen,2S and the TRIUMF proposal. 26 The exact nature of 
the ING meson facility - at what energy and by what means the 
meson-producing beam would be split off - is still under di scussion 
(April 1967). 

Isotope Production 

This section is quoted verbatim from Ref. 23. "Neutron capture 
by the bismuth target of ING will lead to an estimated production of 
two megacuries of polonium-210 per year (equi valent to 63 thermal 
kilowatts). At present polonium-210 is much in demand for radioiso
topic power sources and costs about $4,500/Wt • Projected costs for 
the future (circa 1972) range from -$15/W t to $190/Wp Thus the value 
of polonium-210 from ING_ could be $1 to $12 million per year, less 
anticipated processing charges. The production of polonium in a 
facility such as ING has several advantages over conventional pro
duction methods in nuclear reactors. The major one is that polonium
210 is available as a gratuitous by-product from the bismuth target 
in large amounts. To produce the same quantity in NRU some 30 tons 
of bismuth-209 would have to be irradiated in a thermal neutron flux 

10 14n/cmVsec.of Another significant advantage occurs because the 
target alloy is liquid and at a high temperature thus introducing the 
possibility of continuous separation of the volatile polonium-210 
from the flowing metal stream. Since the product from ING should be 
cheaper, therefore, than the reactor-syn thesi zed isotope it should 
find a ready market. Additional revenue potential from cobalt irradia
tion in ING will come not only from the high flux region (greater than 
2 X 1015n/cm~/sec) but from lower flux areas within the moderator 
and from the blanket as well. Estimated revenues to ING for the co
balt-60 product approach $4 mil lion.yyear, Gross returns to Canada 
would be much higher. Many other valuable isotopes such as plu
tonium-238, curium-242 and curium-244 could be produced to meet 
the growing demand for portable power sources for space and bio
medical uses under conditions which are difficult to match in nuclear 
reactors. A typical example is the conversion of americium-241 to 

24 E. Lomon, Physics in Canada, 21 No.6, 8-11, (Winter, 1965) 

25 L. Rosen, Physics Today, 19 No. 12,21-36 (December, 1966) 

26 "TRIUMF; Proposal and Cost Estimate", University of British Columbia, Simon 

Fraser University and University of Victoria; November 1966. Edited by E.W. Vogt 

and V. V. Burgerjon. 
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curium-242. The yield of curium for a given integrated neutron flux 
can be multiplied five-fold by increasing the flux from the levels nor
mally available in power reactors (3 X 10 13n:/cm1/seC) to those near 
the 10 1 5 level which would be readily accessible in ING. From avail
able cost predictions for plutonium-238 and curium-242 about 1c}72, 
one can estimate that the gross revenue from such materials produced 
in ING may well be several tens of millions of dollars per year." 

Nuclear Data for Reactor Development 

(Ref. 20, Section V.A., p. 26). "A pulsed neutron source for time
of-flight measurements of cross-section could provide better data for 
nuclear reactor design. It is very difficult to forecast which of the 
many data involved will still be insufficiently well known at the date 
ING becomes operational. The field of interest includes absorption 
(or total) and radiative capture cross-sections for atoms of fuel, 
structural and other materials present in reactors, as well as the 
average yield of neutrons from each fission event. These quanti ties 
vary with neutron energy and, in the resonance region especially, 
high-resolution measurements are required. A time-of-flight facility 
with an intense, short-pulse, neutron source would be very useful for 
such measurements. Recent trends in the needs of such measure
ments are illustrated by a series of EANDC compilations of the data 
requested in North America and Western Europe. While the data of 
primary importance for designing reactors such as CANDU are now 
known reasonably well, higher accuracy being desired only for a few 
of these data, it appears that the sophistication of methods used for 
designing advanced reactor types (such as high-temperature or fast 
reactors) is still increasing, so that additional data are likely to be 
called for, much of it in the resonance region.· The measurement 
program will probably remain unable, for some considerable time, to 
provide all the data requested. The high intensity of ING renders it 
capable of measuring these quantities up to quite high energies (l00 
kev, 1 Mev, or even higher), so its capabilities nearly complement 
those of Van de Graaf accelerators." 

Materia Is Research 

While related to the basic solid state physics research de
scribed above, research under this heading is concerned more with 
the changes wrought in the materials by the energetic, and damaging, 
radiation, The bombardment by fast neutrons, protons, etc., knocks 
atoms from their original sites in the alloys, crystals, or whatever, 
and the resulting vacancies, interstitial atoms, dislocations, clus
ters and other forms of defect may have pronounced effects on the 
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properties of the materials. Since most components in power reactors 
must be designed to last five to thirty years, it is quite important to 
have testing facilities with radiation fluxes a hundred or more times 
as intense, so that investigations to comparable levels of damage 
can be done on a particular material in a period not longer than a 
few days or weeks. In addition, for basic studies, many effects are 
difficult to study at present because of the long irradiation times 
required to bring the effects to clearly observable levels. Such an 
effect is the radiation-enhanced diffusion of one element through 
another, the understanding of which is important for predicting the 
stability of alloys or ceramics in high radiation fields. More cases 
are discussed in Ref. 20, Section V.C., pp. 67-71. Two illustrative 
samples are: 

"The build-up of hydrogen and helium in metals probably always has 
a deleterious effect on mechanical properties. With reactor fluxes of 

10 1 3 n/cm 2/sec, significant quantities of helium are produced only in 
beryllium, lithium and boron. However, at fast-neutron fluxes of 10 15 

to 10 16 
, the (n.p) and (n ,«) reactions can produce appreciable quanti

ties of hydrogen and helium in many other metals. lNG's neutron flux 
would permit studies of gas build-up not possible in the current ex
perimental facilities at CRNL. 

"Power reactors are now being designed to employ zirconium 
alloys for critical components and operation is at temperatures at 
which these alloys are strengthened by neutron irradiation. Strength, 
however, is of secondary importance to ductility (or toughness) when 
the possibility of catastrophic failure is considered, and there is now 
considerable evidence that the deleterious effects of irradiation may 
effecti vely be saturated at integrated fluxes in the range 10 20 to 10 2 1 

n/cm 2. The possibility exists, however, that the apparent saturation 
is only a plateau in the property/flux curve. Thus, experimental 

10 2 2 evidence of integrated fluxes of greater than n/em 2 is urgently 
required by reactor designers. Such a total neutron irradiation of a 
material could be accomplished in ING in a period of 10 to 100 days. 
In reactor operation, hydrogen pick-up can reduce ductility more than 
irradiation does. It is desirable, therefore, to hold hydrogen uptake 
to a minimum by keeping the irradiation period as short as possible. 
ING promises to permit irradiation to high integrated fluxes with a 
minimum hydrogen pick-up and thus should lead to improved accuracy 
in the estimation of in-reactor component life. 

"The transmutation rates of possible ING structural materials 
will be appreciable. For example, in a thermal flux of 10 16 n/em 2/s ec 
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aluminum is converted to silicon at about 7% per year. The conse
quent effect on the mechanical properties of aluminum-silicon alloys 
would make an interesting study, since the transmuted atoms are 
deposi ted and may remain in a non-equilibrium configuration; that is 
to say, solid solubility limits may be exceeded by a wide margin and 
metastable clusters of silicon might form to produce changes in 
strength and ductility. Another reaction of practical interest is the 
conversion of zirconium to molybdenum, at 0.4% per year." 

Nuclear Power Technology 

(Ref. 20. Section V.B., pp.50-58)."The Intense Neutron Gen
erator has an important role to play in nuclear power generation; 
however, the nature of this role will depend on the efficiencies 
achieved in the proton beam production and in the specific neutron 
production. It will also depend on - or alternati vely, will influence 
the course of evolution of the expanding nuclear power complex. 
This potential application of high-energy, high-current particle ac
celerators was early recognized by Lewis (DR-23, 1952, and AECL
968, 1960) and in the MTA project (Lawrence Radiation Laboratory, 
LRL-I02, 1954). The importance of ING in the nuclear power field 
arises from two of its properties. First, it produces a large number 
of free neutrons that are not 'committed' to use in keeping a reactor 
critical, and therefore may be used to convert fertile atoms to fissile. 
Second, the high-energy protons may be used directly to produce 
fission in fertile materials with a net gain of energy. Either of these 
properties, or possibly a combination of the two,may be exploitable 
for the production of cheaper nuclear power, and for the expansion 
of our nuclear energy reserves. Consider first the production of fis
sile material from fertile. Known Canadian resources of uranium and 
thorium are roughly equal, though little intensive prospecting has 
been done for thorium. Of this only about 1/140 of the uranium (the 
uranium-235) and none of the thorium may be fissioned immediately 
in a thermal-neutron reactor to produce power. However, adding one 
neutron each to the remaining uranium (uranium-238) atoms or to the 
thorium atoms will produce the new fissile isotopes plutonium-239 
and uranium-233 respectively, which may then be 'burnt' in a thermal
neutron reactor. Thus if the necessary free neutrons were available, 
the energy that could be extracted from our nuclear fuel resources 
would be increased about 300-fold.Within a thermal-neutron reactor 
of the CANDU type, some excess neutrons are available, and these 
are used to produce plutonium-239 some of which is then burnt in 
situ and increases the energy yield but only by a factor of <2 above 
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what could be obtained by burnin g the natural uranium-235 com
pletely. By recovering and re-using the plutonium in discharged fuel, 
the energy extracted may be multiplied a few times further, but if the 
reactor operates so that fewer new fissile atoms are produced than 
destroyed, the limit of fuel exploitation by this scheme is soon 
reached. For example, in CANDU reactors with an average conver
sion factor of 0.8, the theoretical maximum energy that can be ob
tained by recycling is only five times that from the U-235 contained 
in natural uranium. 

"If enough extra neutrons are available in a power reactor sys
tem, the con version factor may be increased still further and under 
some circumstances actual 'breeding' will occur - that is, more 
fissile material will be produced than destroyed•. In principle this 
condition enables the total utilization of the reserves of fertile ma
terial to produce power; however, some limitations must be placed 
on this simple picture. 

"Breeding ratios high enough to cope with processing losses 
and with the requirements of an expanding power complex are pos
sible only with fast breeder reactors operating on a Pu-U cycle, since 
only in the fast fission of Pu are sufficient excess neutrons produced 
to achieve the necessary breeding ratio (1.2 - 1.3). Fast reactors 
are being developed in a number of countries to exploit the possibil
ity of complete burning of uranium reserves; however the economics 
of such reactors are still uncertain. 

"In contrast, U-233, the fissile isotope produced by the neutron 
irradiation of natural thorium, cannot be efficiently burned in fast 
reactors - since the neutron yield per fission does not increase 
appreciably at the neutron energy that is characteristic of fast re
actors. On the other hand at thermal and intermediate energies the 
neutron yield per neutron captured in U-233 is greater than for the 
other two commonly available fissile isotopes (U-235 and Pu-239). 
The 233 U-Th cycle is potentially the best for thermal-neutron react
ors since, with careful attention to neutron economy in the reactor, 
the conversion ratio may be increased to the point that marginal breed
ing occurs. The rate of such breeding, if achievable, will most likely 
not be sufficient to offset reprocessing losses and increasing power 
demands; moreover the frequent reprocessing required to effect the 
necessary neutron economy may raise the power costs prohibitively. 
Thus it is probably preferable to operate such a reactor on a 'near
breeding' or 'advanced-convertor' fuel cycle. This cycle requires 
'make-up' fissile material from an external source and it is here that 
ING could playa part as a U-233 producer. 
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"The second nuclear power aspect of ING derives from the fact 
that the absorption of a high-energy proton in a fertile material such 
as thorium or U-238 will in most cases result in fission reactions 
with their attendant release of energy as well as with double the 
number of neutrons that would have been produced in a lead-bismuth 
target. Thus one has the possibility of producing useful quantities 
of nuclear power directly from the fission of fertile atoms at the same 
time as one is converting large numbers of other fertile atoms into 
fissile reactor fuel. 

"Thus, having chosen to develop the natural-uranium heavy
water-moderated line of power reactors in Canada, and, in addition, 
being so fortunate as to have (in the Elliot Lake district) the major 
known North American resources of both thorium and uranium, the 
development of the nuclear power potentialities of ING forms a natu
ral next extension of our power reactor studies." 

The proposal goes on to analyze the efficiencies, yields, and 
economics of a power generating system using "electrical breeding" 
and concludes that it should become economically promising at some 
stage in the development of nuclear power, as costs of uranium or 
thorium ore rise, and as methods of accelerating particles gain in 
efficiency. While some progress in the evolution of systems can be 
made by paper studies and small-scale analogue experiments, eventu
ally experience has to be gained with the problems of real machines, 
and tests made with actual particles accelerated to high energies. 

"Thus while the exercise of designing and building the ING accel
erator will be a major step in the technology, the facility itself will 
provide an important means of proof-testing new accelerating struc
tures...." 

Other Uses 

The use of the facility as a proving ground for new develop
ments in high-power RF generation, control systems, superconducting 
magnets, cryogenics, instrumentation, vacuum systems, etc., should 
not be ignored. Also proposed are chemical studies of the Heavy 
Elements, made possible by the substantial quantities produced of 
various isotopes; efficient activation analysis, and new advances in 
radiation chemistry, both made possible by the high fluxes of neu
trons and also of protons, mesons, gamma-rays, etc.: and research in 
biology and medical therapy. 
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PART 2 

EVALUATION 

2.1 SCIENTIFIC AND TECHNOLOGICAL SIGNIFICANCE OF ING 

(a) Significance to AECL 

To recapitulate from Chapter 1.2, we assume that Atomic Energy 
of Canada Limited has the central mission of developing atomic re
actors for the economical generation of electric power, with particular 
emphasis on the Canadian conditions. It has also its Commercial 
Products Division, formed to capitalize on the radioactive isotopes 
produced more or less as by-products in the power and research re
actors. In keeping wi th the general Government obj ectives for Canadian 
industry, AECL is expected to develop, and encourage the development 
of, industrial products for export, to whatever extent this is a sound 
economic proposition. 

The Canadian need for electrical generating capacity will con
tinue to increase, approximately doubling every ten years (or going up 
more rapidly if use of electric heating, electric automobiles, or 
growth in population accelerate their present trends), with a larger and 
larger fraction of new capacity being provided by nuclear plants. The 
projected scales of annual revenue and annual investment in electrical 
generatin g plants (including transmission lines) in Canada, plotted in 
Figure 2, reach figures of $2.2 billion and $1.4 billion annually, 
respectively, by 1975. The inference is clear that fractional savings 
in costs, such as are expected to be achieved through research and 
developmen t, may yield large dollar savings to the economy. There 
will be no special significance in the future to the present cost of 
electricity from coal-fired plants as being an "economical" figure. 
In fact, the more cheaply an industrial society can obtain its basic 
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electrical energy, the better off it will be. 27 The growth in Canadian 
needs parallels a world-wide growth at similar rate, creatin g the 
environment in which aggressive sales effort and astute management 
should be able to build new export markets for nuclear reactors or 
associated materials and components. 

In the field of Isotope applications, the AECL marketing of 
medical and industrial irradiation equipment using Cobalt-60 has been 
a particular success, and new lines, such as food irradiation, tracer 
applications, neutron activation analysis, and isotopic power sources, 
offer growth projections which, if optimistically interpreted, show 
sales volumes possibly reaching $100 million a year by 1980. At pres
ent 90% of sales of the Commercial Products Division are for export. 

In the light of those considerations, there seems hardly any 
doubt that AECL should continue its program of research and devel
opment. There may come a point of diminishing returns in achieving 
lower cost generation of electrical energy, or new exploitations of 
radioactive materials, but there is no evidence of that point being yet 
in sight. Assuming, therefore, that AECL will have a continuing 
mission, we believe that AECL has been wise to formulate plans for 
a long-range scientific research program that will serve to keep a top
quality nucleus of scientists in the establishmen t. The importance of 
basic research scientists to an industrial or industrially oriented R&D 
organization is well enough known that it does not need to be labored 
here. 2 8 

In relation to the long range mission of AECL, the proposed ING 
program combines several desirable features: 

(1)	 It exploits and builds upon the present outstandin g research 
facilities and reputation of the Chalk Ri ver Nuclear Laborato
ries in neutron physics. 

27	 This point has been enlarged upon by Dr. W. B. Lewis, in a submission to the 
Board of Directors of AECL in July 1964, viz: ..... the continued provision of 
ever-increasing amounts of cheap electric power to Canadian Industry is an 
essential base for the growth and prosperity of the whole economy. It does not 
seem to have been generally appreciated that until the advent of economic nuclear 
power, industry over the long term (except in Alberta) was facing the prospect of 
an ever-rising cost of electric power. In any given area the cost of hydro power 
would rise as the cost of reaching out to develop the more remote sites and the 
cost of long distance transmission took effect. The cost of fossil fuel and its 
transportation was also rising. These circumstances would have restricted general 
growth because the more the growth, the higher the cost of power for those already 
established. Now the position is reversed; there is every prospect that the more 
generating capacity installed, the lower will be the unit cost of power. In good 

conscience we can all urge each other to "live better electrically". Moreover, 
this is not merely a temporary phase but for centuries ahead a falling real cost 
of power can be predicted, provided the technology of atomic energy is allowed to 
develop and respond to economic pressure." 

28. See, for example, Dr. L. R. Hafstad, Vice-President in charge of Research, General 
Motors Corp., in Science Joum"l, September 1966. 
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(2)	 It maintains a unique place for AECL (and Canada) on the 
world scene, keeping Canada in an advantageous trading 
position for new developments in nuclear science and tech
nology as they appear anywhere in the world. 

(3)	 Assuming that it is organized as a national institute, it will 
improve the interaction of AECL with other- laboratories in 
Canada and particularly with the uni versities. 

(4) Whatever	 refinements or concepts are developed in power 
technology over the long term, it is virtually certain that 
electromagnetic phenomena will be involved to a greater 
exten t than heretofore. AECL experience in this area has 
been very limited. ING will take AECL into electromagnetic 
technology of the most advanced kind. This could develop 
into electrical breeding as a technique, central or auxiliary 
in power generation, or could serve as an en tree or jumping
off point for an approach to fusion if a feasible method 
materializes from basic research elsewhere. 

(5)	 The technical challenge of the ING target, with its problems 
of rapid extraction of heat from a small volume, liquid metal 
cooling, and behavior of materials in extremely intense 
proton and neutron fluxes, will place AECL in an advanta
geous position in technology of direct relevance to advanced 
power reactors, including fast breeders. ING could well be
come a center for severe materials testing for numbers of 
other establishments in the world, just as the NRX and NRU 
reactors at Chalk Ri ver have been in the past. 

(6)	 The intense neutron flux proposed will make possible the 
production of certain radioacti ve isotopes in commercial 
quantities - isotopes that would be produced at much lower 
efficiency and higher costs by other methods. These isotopes 
would be of considerable interest to the Commercial Products 
Division, and substantial sales could develop. 

(b)	 Significance to the Scientific Community 

In the present day, the research institute is the means to Big 
Science, and Big Science - that is, the concerted scientific effort 
made possible by a full-time staff assembled around a major experi
mental project or facility - is the effective means for working at the 
research forefront in certain fields of science and technology. The 
history of the major nuclear laboratories of the world - Argonne, 
Brookhaven, CERN, Chalk River, Dubna, Harwell, Lawrence Radiation 
Laboratory, Oak Ridge, etc. - exhibits a kind of performance and 
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leadership to which no amount of diffuse activity on the individual 
scale would have been equivalent. The fact that the Chalk River 
Nuclear Laboratories have attained international recognition as a 
contributing member in that league attests to the value CRNL holds to 
the Canadian scientific community generally. The Chalk River Labo
ratories have served as the mainspring of Canadian effort in nuclear 
science and technology, and have established the Canadian nuclear 
scientific community in close dialogue with the leading nuclear sci
entists of the world, particularly in the fields of atomic energy, low
energy nuclear physics, and neutron physics. As Derek de Solla Price 
points out in his book ("Little Science, Big Science", Columbia 
Uni versity Press, 1963) there are differen t levels of scientific com
munication. The level open to the average individual scientist, the 
level of the published journals, is as much as a year or two behind 
the direct verbal and informal communication that goes on among the 
hundred or so leaders in a field in their "invisible college". To work 
truly in the forefron t of a science requires that one reach the condi tion 
of informal communication wi th the other leaders in that field. This is 
not a position that is to be attained cheaply, either in finances or in 
intellect. Thus, in this respect, the value to the Canadian scientific 
community of the Chalk River activities in the past has been high. 

The AECL establishment, from its challenging problems and 
outstanding facilities, has provided the conditions under which many 
members of its staff have been able to develop into scientists and 
engineers of acknowledged reputation, and many29 of those "alumni" 
are now to be found in industries and uni versi ties. 

The above arguments establish the case for the existence in 
Canada of the Research Institute or National Laboratory type of 
institution. There is no dou bt that the ING Proj ect would provide a 
challenge of sufficient technical magnitude, scientific interest, and 
international stature to motivate a National Laboratory that would 
continue to playa valuable role in the Canadian scientific community. 
Whether or not the technical challenge, or the cost, would be of too 
great a magnitude will be discussed below under Technical Feasibility, 
and Financial Scales. Whether or not the Institute would best be or
ganized and operated as simply a continuation and extension of CRNL 
will be discussed below under Organization and Location. Whether or 
not the proj ect would be a good choice for the interests of the sci
entific community will be discussed in the following few paragraphs. 

29	 CRNL records show about 50 scientists with several years of research experience 
at Chalk River are now on university staffs across Canada. 
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The Committee takes it as accepted that Canada should maintain 
at least one concerted research institute type of endeavor in the 
general field of nuclear science. The impression that seems to be 
prevalent in some parts of the scientific and technical community, that 
support for such an en terprise will necessarily preempt funds from 
being available to support higher levels of research in their own 
disciplines appears to have a certain amount of basis in past history, 
but cannot be allowed to play a rational role in future policy. The 
financial analysis later will show that even as large. a financial 
obligation as ING would be, need not exclude the support of many 
other large Canadian projects. The apprehension of some scientists 
has its basis in the undoubted fact that some fields of science and 
engineering in Canada, including some related to the development of 
atomic power, ·have not been able in the past to attract as much finan
cial support as their protagonists felt they deserved. Whether the lack 
of development has been the result of a lack of good ideas, or a lack 
of good scientists in those fields, or whether it may have been brought 
about by defects in granting policies, is not for us to judge here. 
Whatever the causes, the present state of affairs carries the implication 
that the granting of support to ING would have to be accompanied by 
the as~urance to other sectors of the scientific community that funding 
would be available in principle to other proposals of comparable merit. 

The evaluation of ING with respect to some alternative possibil
ities in the nuclear field is complicated by the feature that ING would 
be a multi-disciplinary project. For example, with the approach pro
posed, it turns out that in order to achieve the desired intense neutron 
flux it is necessary to build a proton linear accelerator that exceeds 
by 65 times (at a similar terminal energy) the average current of the 
proton linear accelerator for the proposed Los Alamos Meson Factory 
(LAMPF). It then seems wasteful not to build into the facility by the 
way, as it were, facilities for research with meson beams. (The con
struction cost of the LAMPF, as a specialized meson facility, has been 
estimated at $55 million, exclusive of much of the construction for 
particular experiments.) 

Again, comparing other specialized facilities, the USAEC is 
proposing to start construction in 1968 of a fast flux test facility for 
the primary purpose of testin g materials and components in fast 
neu tron fluxes in connection with their program for developin g breeder 
reactors, at a cost of $87.5 million. This reactor will have a fast 
neutron flux of about 10 16 neutrona/cm v'sec over some volume of the 
core, generated at a power level of about 400 thermal megawatts. It 
will not achieve the same level of thermal neutron flux as planned for 
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lNG, nor the control and flexibility for experimental purposes. The 
U.S. has already built a high flux reactor specifically as an essay into 
the manufacturing of radioactive isotopes (HFIR, Oak Ridge) at a 
cost of $22 million and annual operating cost of about $4 million. A 
reactor approach to providing comparable thermal neutron flux to ING 
would require a 1000 Mw "super flux" reactor estimated to cost at 
least $100 million to build, with $15 million a year operations bill. 30 

To assist in evaluating such a multi-faceted proj ect, attempts 
have been made to assess its scientific and technological benefits to 
the various disciplines and interests, on the basis of relati ve use, and 
on the basis of costs of equivalent facilities. 31 This is an approximate 
exercise at best, and scientific developments between now and the 
date when the machine came into full operation (estimated commis
sioning at full power, 1973, full experimental use, 1980) could well 
change the choice of emphasis to a considerable degree. With that 
reservation, the main fields involved are shown in Table 2, with the 
interest to each shown as a rough percentage of the total. 32 Basic 
nuclear physics and basic materials science are of similar order, and 
together make up about 60% of the total (actually, nuclear physics 
was estimated by CRNL to be less than 25% at the beginning of oper
ation; whether its growth would be more or less rapid than material s 
science over the followin g few years would depend entirely on the 
topography of the scientific terrain at the time; we have used a figure 
of 30%). The remaining benefits are of applied-scientific, technolog
ical, and industrial nature, contributing to advanced power tech
nology, reactor de sl gn, isotope production; and research and devel
opment on high-voltage D-C generators, super-power RF generation 
and control, superconductors, high-current ion sources, and applied 
plasma physics. The Chalk River sci en ti sts place a particular empha
sis on isotope production, since they expect that the revenues from it 
will materially reduce the annual operating costs (by an estimated $5 
to $10 million annually after five or six years of operation) besides 
providing the basis for substantially expanding sales of the AECL 
Commercial Products Division. 

30 G. A. Bartholomew (CRNLL Memo of November 28,1966. 

51 Memos from CRNL: G. A. Bartholomew, November 28, 1966, 
T. G. Church, November 29, 1966. 

32 The figures have been modified somewhat from those in the memos cited, in the 
light of later discussions with the authors and with the Committee consultants. A 
particularly high number of university nuclear physicists on the meson facility was 
explained by Dr. Bartholomew as representing the numbers of people that could be 
accommodated - from anywhere in the world - and not necessarily the number of 
Canadian university physicists who would appear. The number was therefore 
reduced to represent better the probable interest of Canadian nuclear physicists. 
At the same time additional scientific staff were placed as working on basic 
accelerator science, in line with experience on the Brookhaven and SLAC machines. 
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Table 2. - Scientific and Technological Sub-Fields and their Interest 
in ING 

BASIC NUCLEAR PHYSICS Approx. 30% 

Nuclear Physics - fundamental neutron interactions with electrons, 
protons, other neutrons, gamma-ray resonance fluorescence, 
particularly with polarized neutrons, (1], y) reactions. 

Meson Physics - beams of 17 and f1 mesons, "intermediate energy" 
proton and neutron beams for study of nuclear reactions up to 1 
Ge v, 

MATERIALS SCIENCE Approx. 30% 

Solid State Physics, Metal Physics, Nuclear (Transmutation) Chem
istry, Radiation Chemistry - thermal neutron scattering from 
solids and liquids, lattice vibrations, electronic and magnetic 
excitations in crystals; "cold" neutron beams for structure 
studies near phase transitions, dislocations, impurity defects, 
atomic clusters; polarized neutrons for structure and dynamics 
of magnetic materials; structure of organic crystals and bio
logical molecules; new isotopes; chemical reactions in ion
ically excited solids and liquids. 

MetaIIurgy, Reactor Materials, Shielding, Liquid-Metal Technology, 
Superconductors - materials in high radiation fluxes, radiation 
damage, creep, liquid metal corrosion, cavitation. 

NUCLEAR POWER Approx. 10% 

Reactor Data - basic data to support AECL studies of future systems, 
and experiments toward future systems (high-flux reactors, 
fast-neutron reactors, sub-critical power reactors, electrical. 
breeding). 

ENGINEERING AND PRODUCTION Approx. 30% 

Advanced Technology - high-voltage D-C generators, high power RF 
generators, precision control and monitoring systems, high
vacuum technology, cryogenics, superconductors, high current 
ion sources, applied plasma physics. 

Isotope Production - new isotopes and enhanced capacity for AECL 
commercial products program - Cobalt-60, Polonium-210, 
Curium-242, Curium-244, Plutonium-238, etc. 
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The interest of the scientific community at large in the prin
cipal objective of an intense neutron flux has been attested to at two 
international conferences within the past year, and has been set out in 
some detail in a memo from CRNL. 33 An excerpt from one of the prin
cipal conference conclusions bears repeating: 

"In contrast to the immediate needs, and after considerable devel
opment, the high current proton accelerator, using the neutron evap
oration-spallation principle, could provide the most powerful source 
of neutrons at all energies up to about 1000 MeV (thermal neutron 
fluxes of the order of 10 17 to 1018 n/cm 2/s could be achieved). In view 
of the great interest in more intense neutron sources there are con
siderable incenti ves to develop such systems." 

The case for "intennediate energy" research with mesons has 
been extensively and enthusiastically set out by L. Rosen, of the Los 
Alamos Laboratory. 34 

In relation to research in advanced electromagnetics, Kapitsa, 
the great Russian physicist and director of the Institute of Physics 
Problems in Moscow, was asked by the press about his own research 
in terests. Sci ence" reported hi sremarks as follows: 

"Kapitsa urges that much more work be done on transmission of 
large amounts of electric power - say, 1000 megawatts - through use 
of wave guides. But he also acknowledges that the use of wave 
guides for transmitting power will not come into its own until ·'one 
invents superconductors at room temperature or temperatures close to 
it'." 

"Kapitsa sees a 'terrific future' for such applications of low
temperature physics as the development of superconductors which will 
permit economical production of strong magnetic fields in accelerators 
or electric power systems, microwave transmitters, and magnetohydro
dynamic generators... " 

However, the intense neutron flux should not be lost sight of as 
the main scientific objective of ING. There will be other facilities 
providing copious numbers of mesons within the next six or seven 

33	 G. A. Bartholomew, "Need Re-Affirmed for Intense Fluxes of Thermal Neutrons", 
10 pp ,; December 8, 1966. The conferences referred to were: - Panel on Research 
Application of Repetitively-Pulsed Reactors and Boosters, Dubna, USSR, July 
18-22, 1966, under the auspices of the International Atomic Energy Agency. 
Seminar on Intense Neutron Sources, Santa Fe, N.M., Sept. 1966, under the auspices 
of the European Nuclear Data Committee, and the European-American Committee 
on Reactor Physics 

34 L. Rosen, "Meson Factories", Physics Today, December 1966, pp , 21-36. 

35 Science, August 12,1966, p, 726. 
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years. The rising cost of nuclear accelerators precludes widespread 
duplication, and requires a philosophy of international cooperation 
among facilities which complement one another. The Committee there
fore endorses the approach by which Canada would develop a dis
tinctive specialization, and allow for foreign visitors, in exchange for 
Canadian scientists carrying out some of their experiments at major 
facilities abroad. This approach must apply particularly to high
energy physics; rather than building a large high-energy machine, of 
similar order of cost to ING (not less than half, at least), but inferior 
in performance to the 200 GeV u.s. machine about to be built, and 
possibly not improving much on existing machines at CERN, Brook
haven, Daresbury, Stanford, Cambridge, Princeton, DESY, Argonne, 
etc., the Committee favors ING as the better choice. This depends of 
course on Canadian high-energy physicists continuing to be supported 
to carry out experiments at some of the U.S. facilities and being 
welcome there. Their welcome might be assured by substantial Cana
dian financial parti ci pation in the American machines, but a prefer
able alternative, as long as we can afford it, is to maintain a reciprocal 
trading position, where Canadians contribute som.ething unique, and 
have at least one facility over which they have control. 

To gain some perspecti ve of the financial magnitude of ING as it 
might affect other basic scientific activities in Canada, the total 
expenditures in basic nuclear physics, including the appropriate 
proportion of lNG, are plotted in Figure 3, with projections to 1980 
based on the fin din gs of the NRC Forecasting Committee for the 
universities, along with reasonable assumptions for growth of programs 
within NRC and AECL. The proposed TRIUMF facility on the west 
coast is included, along with later possible growth of a Western 
Ontario inter-university accelerator facility developing from research 
on high voltage generation, and increasing participation of Canadian 
physicists in high-energy experiments outside Canada. The total of 
federal and provincial funding of the university research has been 
estimated, to place the figures on an additive basis with the govern
ment laboratories. The U.S. support of basic nuclear physics (including 
high-energy physics) has been sketched in as a reference. 

Some further explanation of how the figures were derived is 
necessary, since it is important to realize their limitations and not to 
read overmuch significance into the comparison of the Canadian and 
U.S. curves. To estimate the total costs of Canadian university re
search, the formula arrived at by the NRC Bonneau Committee, for 
general university support, was adopted, and the federal grants were 
simply doubled. The figures arrived at for estimates of future needs by 
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the uni versi ties as they reported them to the NRC commi ttee were 
very approximate, and attempted to foresee expenditures farther into 
the future than uni versity professors are usually wont to do. The 
estimates were interpreted to be in 1966 dollars throughout. The AECL 
figure was taken as a constant $3 million (operating and capital), 
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Figure 3	 PROJECTED EXPENDITURES ON BASIC NUCLEAR 
PHYSICS (Including High Energy Physics) 

Note: Canadian figures include 11 university facilities, CRNL, NRC, lNG, TRIUMF, 
S.W. Ontario Project, some use of U.S. High Energy facilities. Indirect costs of 
university research have been estimated, to place figures on an additive basis 
with government laboratories. 

U.S. figures include estimated indirect costs and non-Federal contributions to 
place on comparable basis. 
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implying a gradually declining effort on present types of project (in 
pure nuclear physics) as the ING program grows. The proportion of 
ING costs ascribed to basic nuclear physics was 30%, following the 
breakdown given in section 2.1 (b). The ING costs, in 1966 dollars, 
were taken from section 2.4. Finally the total figures were escalated 
at 5% per annum to follow the U.S. practice, so that the curves would 
be on a roughly similar base for comparison. 

The U.S. figures were nowhere available in this form, and had to 
be constructed from available statistics with the aid of considerable 
inference and estimation. The chief uncertainty is the amount of 
basic nuclear research supported by the U.S. universities themselves 
under the heading of "Departmental Research and Teaching". This 
has never been broken out in U.S. surveys, and we do not know the 
basis for the U.S. Physics Survey (Pake Reportp6 comment that in 
low-energy nuclear physics the non-federal support has been about 
one-third of cost of construction and one-sixth of operating costs at 
the universities. This may apply only to the usual U.S. definition of 
"separately budgeted research in universities", which does not 
include "departmental". Another noteworthy feature of the U.S. curve 
is that the future projection past 1968 is rising at only 10% per annum 
while, in the past, for quite a long time, nuclear physics in the U.S. 
has maintained an average growth rate of 16% per annum. We cannot 
be certain whether this si gnifies a new policy, deriving from the 
Vietnam war and other concerns, or whether it is simply the familiar 
over-modest projection that will not be followed in fact. There are 
some indications that the former is indeed the case, but also it is 
unlikely that the latter factor is entirely absent. This uncertainty has 
been suggested in Figure 3 by the extrapolation to the U.S. curve 
tagged with an interrogation mark. 

The U.S. expenditures have been divided by the ratio of U.S. 
Gross National Product in 1965, over the Canadian, both in Canadian 
dollars, to bring the figures to a comparative basis. 

It is noticeable that the projected Canadian curve would be 
approaching close to parity (0.8) with the U.S., on a basis of GNP, 
by about 1972. While the priorities assigned in another country are not 
necessarily good models for ours, and while the estimated figures may 
be considerably in error, the comparison is close enough to invite a 
second look. The Committee sees two reasons for concern. Firstly, 
Canada carries on a much lower relative level of associated applied 
research and development than the U.S. Secondly, there have been 

36	 "Physics: Survey and Outlook", National Academy of Sciences - National Research 
Council Publication 1295, Washington, 1966. 
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fairly frequent complaints from Canadian nuclear physicists that their 
research producti vi ty has been limited by insufficient operating funds 
to get the most out of their present accelerators. In other words, the 
nuclear phy sicists may be suffering now for past policies of too many 
accelerators and not enough operating funds - one or the other, or 
both. While there are some undoubtedly deserving groups, who should 
not be penalized for the sins of the undeserving, the Committee 
suggests that the Government might well exercise some caution, and 
take these factors into account, before proceeding to support all 
elements of the proposed expenditures. 

Against the above notes of caution, it is tair to set the observa
tion that the close approach to parity is mainly brought about by the 
transient construction costs of ING and TRIUMF, and farther in the 
future the curves might diverge again. Both curves are, of course, 
projections into the future and might be substantially modified by 
events and policies in the in terim. 

The Committee observes the very considerable growth of nuclear 
physics research in the universities, exhibited by the curve, and 
shown more clearly by the chart Figure 4 in the next section of this 
chapter. Chalk Ri ver no longer dominates the scene. In fact, by 1975, 
even with lNG, over 80% of basic nuclear physics research in Canada 
would be done by university staff. Under such circumstances, the 
point noted earlier - that, relative to the U.S., Canada supports a 
comparable level of basic nuclear research but a much lower level of 
applied - leads the Committee to favor ING over some other proposals, 
because of its considerable involvement with nuclear technology 
and the applied research and development groups of AECL. Though it 
would have a strong involvement of university research, it would be 
far from being a "purely academic" machine. 

Similar comparisons were not practicable for the other principal 
areas of scientific interest in lNG, because comparable data were 
unavailable. Nuclear physics was singled out also because it is one 
area of which assertions have been made now and then that it receives 
excessive emphasis in Canada. Other areas - solid state physics, 
materials technology, electronics, electromagnetics, - have shown up 
in any comparative surveys so far (viz. the CAP Statistical Survey in 
1964 - Physics in Canada, Special Issue, 1965) as being factors of 
two to four below parity wi th the U.S., and have been causes of 
concern to the Canadian scientific community for that reason. Conse
quently, the various effects of the ING Project in building up competent 
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scientific effort in those areas should be welcomed and are in no 
danger of being excessive on a "balance of disciplines" basis.* 

In sum, the Committee feels that ING makes a good case on the 
basis of breadth, and depth, of scientific interest, and on the basis of 
the range of technologies that it would challenge and develop. It would 
provide the basic facility for a Canadian national laboratory that would 
make a major and distinctive contribution to world science, and thus 
would help to maintain Canada's position as a participant in the 
wor ld-wide exchange of ideas. 

(c) Significance to the Universities 

There has been a growing recognition that, by coupling a govern
ment research laboratory into the uni versi ty system, two values can be 
gained. The interaction with the young inquiring minds and high mo
tivation of the graduate schools can help to prevent the govemment 
staff from lapsing into those occupational hazards of basic research 
in govemment laboratories - stagnation of ideas, and preoccupation 
with bureaucratic procedures. On the other hand, in those cases where 
exceptional leadership, scientific challenge, and high sense of mission 
have developed a high quality of staff and the excitement and drive 
characteristic of the best examples of the research institute type of 
organization, the govemment laboratory has something to offer to the 
universi ties. The laboratory can provide the opportuni ty for uni versi ty 
staff and students to use its unique facilities and to participate in the 
excitement of high-quality full-time research, and its leading scientists 
can be exchanged or given time off to communicate their ideas in the 
uni versi ties. The case for this kind of interrelationship has been well 
argued in a paper prepared by the OECD 3 and the trend is illustrated7 

in practice by the success of the Rutherford Laboratory in the U.K., 
and the Brookhaven, Lawrence, Oak Ridge, and Argonne Laboratories 
in the U.S, 

It is not surprrsmg, therefore, to find AECL desirous of setting 
up an organization for the ING Project, in which the universities would 
have a greater degree of participation than they have had in the Chalk 
River Nuclear Laboratories in the past. The Committee sees no reason 

•	 It is not to be construed from this that the Committee regards 'balance of disci
plines' as in itself a sound basis for science policy. Dr C. J> Mackenzie has 
said, "the small countries such as Canada will realize first that no country can 
hope to cover all the possible fields of scientific development; any country that 
tries to do this is doomed to scientific mediocrity as spreading scientific resources 
of manpower too thin is disastrous to any first rate production". 

37	 "Fundamental Research and the Policies of Governments", Organization for 
Economic Cooperation and Development, Paris, 1966 
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to doubt AECL's sincerity in this regard. The problems of designing 
features of the organization that would ensure a harmonious and effec
tive working relationship will be discussed in a later section. 

The appropriateness of the ING Project for university research 
participation is dependent upon the following factors: 

(1)	 it must be large enough, unique enough, and scientifically 
important enough that university researchers will travel many 
miles from their campuses to use the facilities 

(2) it	 must not be so large in its needs for money and people 
that it will reduce the funds available for the important 
"little science" on the individual campuses or force the 
participation of scientists whose best ideas are in other 
directions 

(3)	 it should preferably be related to topics for which facilities 
do exist in at least some of the universities; a healthy 
dialogue is preferable to an entire domination. 

On the first count, the criteria are not different from those 
discussed already under significance to the scientific community. A 
facility of international stature should certainly .qualify as a center of 
interest for scientists within the country. 

In discussing the second count, it is essential to distinguish 
between the roles that the project would have (1) in relation to AECL, 
(2) as a National Laboratory, and (3) as a facility used by the uni
versi ty research communi ty. 

With respect to the university community the first concern is 
whether the project would excessively dominate the scene, possibly 
inhibiting the growth of good research on individual campuses by its 
demands for funds and manpower. Nuclear physics has been the only 
relevant area of research about which the question of possibly exces
si ve Canadian emphasis has been raised, and therefore is the only 
area in which policy might impose limi ts on rate of growth, leading to 
the interference effects feared by some uni versity staff. 

To analyze the extent to which such fears might be justified, 
the total curve (Figure 3) for projected Canadian expenditures on 
basic nuclear physics was broken down into its main components to 
show the percentage each would occupy of the total, as a function of 
time. The result is shown in Figure 4. The projections must be rec
ognized as no more than very approximate guesses at this time. The 
proportion of ING to be accounted to university participation in basic 
nuclear physics would be about half of the component shown which, in 
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turn, is about 30% of the total cost of ING. Thus, in the stable (?) 
period shown after construction of ING and TRIUMF (not yet approved 
as of April 1967), say in 1975-76, about 80% of the national expenditure 
on basic nuclear physics would be for university research and, of the 
university research, about 10% would be for use of the ING facility. 
This would not appear to place an excessive demand against the 
indi vidual campus facilities. It might be noted, on this chart, that 
TRIUMF would constitute about 20% of the university total. 

The principal university interests anticipated, as they have 
appeared in the discussions of the ING Advisory Committee, are the 
following: 

(1) Meson	 physics - carrying nuclear structure investigations up 
into the "intermediate energy" (100 to 1000 MeV) region. If 
TRIUMF is built, it will be the only other Canadian facility 
where work in this range of phenomena could be done. There 
would be some reciprocation of interest, since even 1% of the 
ING beam at full energy diverted to a meson facility would 
provide over 30 times the mu-meson flux of TRIUMF. Cana
dian meson physicists have been divided in their preferences, 
some preferring a smaller facility for their own use, with 
precisely variable control and minimum background of extra
neous radiations; others preferring the freedom to travel to 
set up their experiments on whichever machine is optimum for 
their purpose (and available) including such machines as 
LAMPF (Los Alamos) and ING. It is not in the Committee's 
terms of reference to judge whether the Canadian physicists 
should be provided with one, two, or all of the opportunities 
in the triangle ING-TRIUMF-Foreign. With respect to lNG, 
there seems little doubt that the ING facility would be ex
tensi vely used by a large fraction of the uni versi ty re
searchers interested in meson physics. 

(2)	 High-Energy physics - defined, in common parlance, as 
studies of elementary particles, requiring energies of one Gev 
and up. Actually, the objective is to understand the sub
structure of the neutrons, protons, and electrons - the par
ticles that some years ago were regarded as the ultimate 
constituents. The phenomena that reveal features of this 
sub-structure begin to appear with the appearance of the 
various types of mesons, at bombarding energies of 400 MeV 
and up, and some useful studies in the category of hi gh-energy 
physics can be done in the energy range 400-1000 MeV. in 
particular studies of the "muonic X-rays". Thus, while ING 
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would be far from satisfying all the needs or desires of the 
Canadian physicists interested in the hi gh-energy regime, it 
would provide the facility for some of the significant experi
ments. 

(3)	 Fundamental neutron physics - the linear electron accel
erators at the universities of Saskatchewan and Toronto can 
produce very short, very hi gh intensity bursts of neutrons 
and, depending how those machines develop over the interim, 
could well lead to some sharing of interests - for example, 
in (.", y) reactions. 

(4) Solid	 State physics - the investigation of the liquid and 
solid states of matter by the elastic and inelastic scattering 
of neutron beams achieved world-wide recognition at Chalk 
River, and was carried to McMaster University by one of 
Chalk River's alumni, Prof. B. N. Brockhouse, who has 
established a strong school of graduate workers in this 
field. A strong interest can be expected to continue from 
this quarter. Interest has been expressed by the solid state 
group getting under way at Dalhousie, and a mild interest 
from Simon Fraser University in B.C. In general, solid state 
physics has been slow to develop in Canadian universities, 
and interest can be expected to develop considerably, in the 
neutron scattering and other materials-science concerns of 
lNG, as the university faculties gain in strength in those 
areas. 

(5)	 Materials, metallurgy - the problems of the ING target, the 
containing and pumping of hot metal alloy (hot in temperature 
and hot radioactively), are formidable and, as studies and 
experiments develop, can be expected to present metallurgists, 
materials experts, and physical chemists across the country 
with a wide range of fundamental and challenging scientific 
and engineering problems, Several of the experts involved 
would be on university faculties, and would involve their 
graduate students. 

(6)	 Engineering aspects - the department of Electrical Engi
neering at the University of Toronto, with encouragement 
from CRNL, has begun a program of research in particular 
approaches tohigh voltageD-C generation, with the possibility 
that the results would be used for the first accelerating 
stage of ING. Other problems in advanced engineering, e.g., 
the design of the amplitron stages, are already involving 
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members of the engineering faculties at the Ecole Poly tech
nique, Montreal, and the University of Alberta. Some design 
aspects are being worked on at the University of British 
Columbia and the University of Saskatchewan. 

It is to be expected that the interest from the universities would 
grow substantially and become much more specific as the project 
became a firm intent rather than a proposal, and as it approached 
operation. 

In spite of those assurances and expressions of interest, how
ever, academics have a strong inclination to confine their interests to 
their own campuses. This is natural enough, considering their lecture 
timetables and their many duties and preoccupations, but it means 
that an effective involvement of university staffs in the problems and 
experiments of a national facility is not easy to obtain. It requires a 
great deal of encouragement, financial and other. Convenience of 
access is likely to be a critical factor, and will be considered later 
wi th the question as to whether the location should be el sewhere 
than Chalk River. 

(d)	 Si gni fi cance to Industry 

By letter from the Chairman of Science Council on December 13, 
the Department of Industry was asked for their assistance in assessing 
the implications the ING Proposal would have for Canadian industry. 
The Department of Industry very kindly responded by forming a study 
group under the Office of the Industrial Research Adviser. The study 
group, comprising specialists from several Branches, held detailed 
discussions with the staff of the Chalk River Nuclear Laboratories 
and with as many representative industrial firms as time would permit. 
Their report was transmitted to the Committee early in March. With the 
permission of the Department of Industry, it is published as Appendix 
III. 

The report has been of considerable assistance to the Committee 
and has been given prime consideration among the various inputs to 
the discussions. 

Consideration of the effects on industry of the ING project can 
be divided conveniently into three periods, (1) during construction, 
(2) immediately post-construction, (3) long term. The first is concerned 
with the immediate effects of the expenditure, and of the demands on 
Canadian capability. The second is concerned with the extent to which 
industry can exploit the new capabilities or technologies that it has 
had to develop in the course of developing and building the machine, 
into continuing business or new markets. The third is concerned with 
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potential new industrial products or technologies generated from the 
use of the machine, and their effects on Canadian industry. Unless 
otherwise noted, statements in quotation marks are taken from the 
Department of Industry report. 

(1) Impact during construction 

(a) Buildings, grounds, and supporting services 

"The buildings and grounds and supporting services represent 
construction and service industry requirements which in general pose 
no particular problems and are entirely within the capability of existing 
Canadian industry. Some special requirements will be encountered 
concerning radiation shielding, ventilation and filtering and other per
sonnel safeguards but Canadian industry has met these requirements 
before in many installations for facilities involving high radiation 
levels and should have no difficulty in doing so again. 

" ... The total expenditure [for non-machine construction costs] 
is $47 million which, spread over five years (if we assume building and 
services must be complete two years before the facility goes into 
operation) means $9.2 million per year. The economic impact of this 
spending upon the industries involved will not be appreciably different 
from that produced by the same amount spent on any other form of 
construction such as housing or office units. The buildings will, of 
course, be considerably more sophisticated as regards temperature, 
humidity and ventilation with built-in devices for providing warning 
when the environmental control" fails in any of the sensitive areas. 
This will shift the costs relative to current housing and office practice 
toward more emphasis on environmental control and require the heating, 
ventilating and air conditioning industry to meet much tighter speci
fications. " 

(b)	 Engineering and management costs 

Engineering and management costs in total were estimated at 
$11. 7 million, or about 16% of the cost of the machine. These are made 
up of management costs, estimated to be 4Y2% for all components of 
the ING machine, and engineering costs, estimated between 7Y2% to 
20%, depending on the engineering uncertainties or amount of devel
opment expected to be involved. These estimates have been made for 
CRNL by the Shawinigan Engineering Company on the basis of pre
vious experience on other large nuclear engineering projects. The 
system and detailed design is expected to be carried out in two phases: 

"CRNL will establish a team of about 30 engineers who will do con
ceptual design and include enough detail to enable them to oversee 
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the work effectively. The bulk of the design work, however, will be 
done under contract to AECL by a number of firms - one for each major 
subsystem. It is estimated that these firms together will employ about 
120 engineers for the work. The total engineering staff - CRNL and 
industrial - is forecast to build up from 60 in 1968 to a peak of 150 
in 1970 and fall off to 25 by 1974. It is intended that only Canadian 
firms will be considered for the maj or contracts and CRNL does not 
expect to have any difficulty finding acceptable contractors .. Several 
U.S. firms have approached CRNL and they have told that the work 
will go to Canadian fi rms. It may be necessary, however, to make use 
of one U.S. firm to undertake some very difficult specialized design 
problems. " 

(c) Machine components and subsystems 

The proportion of the machine itself that Canadian industry feels 
it could manufacture would cost $51 million, which represents 78% of 
the value. This result should be treated with some caution, however. 
While there is no doubt that Canadian industry could develop and 
manufacture the major part of the machine, the achievement of high 
Canadian content would require jhe installation of additional capital 
equipment, the upgrading of technical capability, and the performance 
of applied research and development to solve unexpected problems. 
Information from industry suggests that some development work will 
be required in connection with 75% to 80% of the items (in terms of 
value). 

The additional capital equipment requirement has been estimated 
at $4 to $8 million. It is more difficult to assess the accuracy with 
which Canadian industry has assessed its own ability. 

"As with projects involving space technology, the tight specifications 
and high performance requirements for both components and complete 
equipment will catch anum ber of industries by surprise. They will 
believe that they are fully capable of meeting the ING requirements in 
certain areas, and will so state. When it comes to delivering the 
equipment, however, the company involved may well find that it is 
unable to do so without further design and development, or better 
quality control of manufacturing, or both." 

There have been instances in the past, e.g., the Canadian manufacture 
of nickel-cadmium batteries for Alouette-I, and fluid circulating pumps 

for nuclear reactors. In fact, AECL from their experience can cite 
numerous instances, where the advanced technological demands of 
the research and proto-type installations stretched and at times over
extended the capabilities of the industry - sometimes to the financial 
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embarrassment of both parties. This problem is not peculiar to Cana
dian industry, however. It has been characteristic of all advanced 
projects in the U.S., such as space research, defence systems, and 
high...energy physics; the Committee's technical consultants cited 
numbers of examples from their own projects at Brookhaven and Stan
ford. 

While this situation admittedly is an embarrassment to one's 
ability to predict costs, it is otherwise a good thing. The forced up
grading of industrial capabilities - managerial and professional staff 
with improved competence, strengthened quality control, improved 
manufacturing methods, development of new techniques - is recognized 
as one of the most important forms of benefit from such major govern
ment programs. Without doubt, the new level of capability opens doors 
to new business - it is in itself a marketable asset. 

Our chief concern is with two important provisos, (1) have the 
costs involved in this technological upgrading, which is fundamentally 
an educational process, been adequately allowed for in the cost esti
mates?, (2) will the improved technical capabilitite in fact be in such 
directions as to be marketable for other purposes, e.g., other than 
building more nuclear accelerators? 

On the first point, the Committee places a certain amount of 
confidence in the judgment of AECL, who have acquired considerable 
experience over the past 20 years in working with Canadian industry 
on advanced nuclear engineering projects. Nevertheless, some reser
vations remain, based on the Committee's views, expressed in Chapter 
2.2, that the magnitude of effort that may be necessary to solve some 
of the development problems will not be appreciated with sufficient 
definition until some further design studies and feasibility trials have 
been made. Until that time, no satisfactory basis exists on which to 
resolve the differences of opinion that can be found on the subject. 

The second proviso, on whether a market will exist for the new 
capabilities developed over the short term, will be covered in the 
following section. 

Taking the figures for Canadian content at face value, the pro
portion of the total expenditure that would be spent in Canada, for 
engineering, components and systems, buildings and site development, 
would approximate 86%. 

(2) Impact shortly after construction 

A canvass of industries likely to be involved with the engi
neering and construction of ING yielded little optimism from industry 
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spokesmen about future benefits. Only two or three of the specific 
items were seen as having a potential market elsewhere. These were: 
high power RF generators (for defence, UHF transmitters, and RF 
heating and drying), production and fabrication of zirconium parts (for 
the chemical and nuclear industry), and vacuum pumps (which, in view 
of the competition, might or might not be a sound bet for export). 

For the manufacture of about $2.5 million worth of vacuum pumps, 
subsidization to the extent of several hundred thousand dollars to set 
up new facilities for development, test, and production, would be 
required to achieve Canadian content in excess of 50%. The viability 
such an improved Canadian production capability would have, in the 
face of strong continued competition from U.S. and overseas suppliers, 
cannot be ascertained without a considerably more detailed study, 
though it might be noted that vacuum pumps are coming to be very 
basic items of machinery in metallurgical, chemical, and food process
ing plants as well as in scientific research laboratories. 

The principal market for very high power amplitron-type RF 
generators would be industrial users of microwave power, who now 
have available to them vacuum tubes with power outputs of only 25 
kilowatts. Tubes having an output of 500 kilowatts would be very 
attractive and would result in new industrial applications. Another 
potential market would be in the counter-measures field, a defence 
application. The company interested in undertaking the development 
of these devices estimates a potential combined market for these two 
fields of $1 million per year, and has indicated willingness to set up 
expanded manufacturing and test facilities at its own expense. The 
initial volume of business in supplying amplitrons and klystrons for 
ING would amount to a total between $4 and $10 million, followed by a 
continuing business of replacement and servicing which is expected 
to stabilize around $100,000 to $200,000 per year, assuming that the 
expected tube service life is achieved. 

On the whole, however, the response from industry regarding 
expectation of new products resulting from participation in the cons
truction of ING was rather sparse. This can be interpreted in various 
ways, but the interpretation that takes these first reactions at face 
value is particularly likely to be unsound. It would be naive to assume 
that a brief opinion survey over a number of present industries would 
yield a true and complete picture of the probable effects five or ten 
years from now. The following factors must be taken into account: 

(a) It is characteristic of industrial managers to consider new 
markets very much in terms of present capabilities, or modest extra
polations thereof. Ventures into new markets and new technologies 
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are rarely embarked on without extensive prior studies. Only by the 
largest corporations are plans for entry into new markets made as far 
as five or ten years ahead, and then only in conjunction with a program 
of activity in their research organization. Final commitment will only 
be possible from the vantage point of the new technology, after devel
opment and pilot testing by the research organization. In a situation 
like lNG, where the Government would be exerting the leadership, 
such an unenterprising or almost negative reaction from industry re
garding commitments to potential future markets is exactly what would 
be expected, and would constitute a poor basis - an inherently self
defeating basis - for policy decisions. Members of the Committee 
noted that two or three particular Canadian companies would probably 
have expressed no enthusiasm whatever, from the potential industrial 
product point of view, for the creation of the Chalk River Nuclear 
Laboratories, if they had been asked in 1942. Yet today they are 
heavily involved in supplying Canadian and world markets with com
ponents for nuclear reactors. 

(b) Where a government takes the initiative in opening up a new 
avenue of research for purposes of generating new industrial products, 
or entices and persuades an industry into new lines of work on the 
argument that, after the government's initial orders there will be large 
other markets, the government is exercising the prerogative normally 
regarded as belonging to industry - that of choosing what market to 
enter. Under those circumstances some of the onus for doing the ad
vance market research should fall on the government, as well as some 
of the responsibility for seeing the enterprise through to final market 
success. Indeed this principle must apply to all government research 
expenditures, to the extent that entry into specific new industrial 
product areas is used as justification for the expenditure. On the 
other hand, of course, governments can usually assume that, if they 
have chosen well, the industry at some point will recognize a profi
table opening, will take over willingly, and impelled by its own self
interest will maximize the returns. We shall not enter the debate at 
this time, as to whether the public investment will be sufficiently 
repaid by the increased tax monies from corporate profits and the 
higher level of Gross National Product, or whether additional levies 
should be made on corporate profits realized from new products or 
capabilities developed on government purchasing or research support. 
The principle elucidated here, though fundamentally no more than that 
the government should behave as a responsible corporate investor, 
has some implications for the management of the program, which will 
be taken up again in the chapter on Organization. Briefly, even a large 
industrial corporation would not expect new products to "happen" 
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automatically in its various divisions simply because it had a few 
well-chosen research programs going on in its central research labo
ratories. Whether contracts for the development and construction of 
ING will lead Canadian industries successfully into new markets, or 
whether they will have a diversionary and disrupting effect, will 
depend not only on the chosen technological directions, and not only 
on the whims, preferences, and motivations of present and future in
dustrial managers, but very much on the policies and methods followed 
by the ING Project Authority. That is one reason why the sampling of 
industry opinion, while it provides a useful indication, cannot provide 
a fully satisfactory answer to the question of potential significance. 
Further, the element of project management policy is a factor modi
fiable by positive action. 

(c) Under the first point above we essentially rejected the public 
opinion poll as a sound basis for predicting the technological future. 
Under the second point we asserted that a Government Agency must 
carry some responsibility when it leads Industry into new technical 
areas. We now must face that responsibility as we try to assess the 
extent to which the technological problems involved in the ING cons
truction are likely to develop Canadian industry in directions that 
will generate economic returns. 

In the area of vacuum pumps, liquid pumps, and heat exchangers, 
to a total of about $3 million in value, a representative industry opi
nion was to the effect that there would be no new design or develop
ment required and that potential new markets would be small. It some
how seems doubtful that the industries in Canada would find so little 
new or different about the requirements of ING. In fact the past history 
of the atomic energy program suggests that it would be quite otherwise, 
and gives only a hint of the unusual problems that would be presented 
by the liquid lead-bismuth circulatin g and cooling circuits. The most 
reasonable interpretation of the industry reaction is that no specific 
new items of machinery would be expected to be developed that would 
then be put into mass production and marketing. This would be quite 
consistent with the present character of the type of industry involved, 
which does mostly system design around standard available compo
nents, and custom engineering and fabrication where required. Thus 
the major benefit would likely be the upgrading of staff experience and 
capability, which could be put to good use afterward over a broad 
range of chemical process industries. 

A similar situation applies in the category of low level elec
tronics, data processing, instrumentation, and control systems (to a 
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value of $5 million). It is predominantly a systems technology, apply
ing a common arsenal of more or less standard components to a very 
broad range of problems. The comment in the Department of Industry 
report "no appreciable industrial design nor development" unfortuna
tely appears to miss recognizing the extreme sophistication of the 
control systems that will be required to keep the high power beam 
focused, to keep the RF drive in exact phase relation down the length 
of the machine, and to protect the system against transient faults (any 
scattering of the beam at high energy, due to a momentary distortion, 
even for times as short as a millisecond, could cause awkwardly high 
levels of radioactivity in parts of the machine). On the other hand, 
referring to the application of new technology, the comment "only to 
similar projects" seems to miss the characteristic versatility and 
translatability of electronic solutions from one system to another. 
Again, the value gained is likely to be mainly in upgraded staff, and 
that value should remain to be exploited as long as challenging elec
tronic control system and data processing problems are to be found. 

The largest single item is the RF system, which accounts for 
about $23 million, without the high power vacuum tubes. Here there is 
definitely industrial involvement in design and development, but the 
table in Appendix III makes no comment about potential markets or 
applications of new technology. The work would be fundamentally 
custom engineering, in this case much of it at high power level. It is 
difficult to guess what engineering jobs might arise for closely similar 
systems generating high power at very high frequencies after five 
years or more. Such jobs might be anywhere in the world - Canadian 
consulting firms and some Canadian electronics firms have been 
establishing reputations and making a successful business out of 
specialist work in other countries. Again there would seem to be no 
problem where the most important after-effect is the improved knowl
edge and skill of the engineering and technical staff. The problems 
involved in building a system to generate high power RF at very high 
efficiency will be very basic problems in electromagnetic theory and 
engineering, in high fields and insulation, and in electrical circuitry. 
Some problems in high voltage A-C and D-Celectrical power generation 
and transmission would not be strange to a team of engineers who had 
worked on the ING. On the other hand, a continuing use for precision 
waveguide fabrication jigs and specialized test equipment required 
for the development and construction phase would be in doubt. 

The RF vacuum tubes, to a value of $10 million or more, was 
one of the areas in which the Department of Industry did receive an 
encouraging response from exi sting Canadian industry. A market for 
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about $1 million a year of high power RF tubes was foreseen, though 
no specific dates or projections of growth were indicated. 

In Materials Fabrication, the value to be gained by industry 
would lie mostly in the acquired skills for precision construction (of 
waveguide sections, resonant tanks) and the shaping, alloying, and 
welding of exotic materials such as zirconium, niobium, beryllium, etc. 
These techniques are known to be needed and used in the nuclear 
industry, but should find application in the chemical engineering in
dustry also. 

The Committee concludes that the industries that would be 
invol ved and challenged by the IN G project cover a broad range of 
technologies, and would develop new capabilities in such areas as 
mechanical and electronic systems design that would have wide appli
cability to other problems. There is no doubt that some specialized 
companies or products that might be called up (such as precision 
electromagnets) might not find themselves assures of a continuing 
need for their services, but these appear to be a minority element 
in the general picture. Specific products or innovations cannot be 
predicted at this point, though they are bound to arise in any engi
neering project that makes radical demands. Arguments favorable 
to ING are that its expenditures would be sufficiently large, and 
sustained over a sufficiently long time, to raise reasonable prospects 
that new products and capabilities would be generated and launched 
into new business. It is extremely important, however, that mechanisms 
should exist to watch out for, to encourage and, if necessary invest 
financially in such new ventures to safeguard their viability. 

(3) Long-term	 effects of ING research on the 
Canadian industrial economy 

As might perhaps have been expected, industrial opinion to date 
has had very little to contribute, other than a profound skepticism, to 
the assessment of the long-term prospects for new industrial devel
opments resulting from the areas of research described in the IN G 
proposal. The practice of technological forecasting, especially on a 
scale of 10, 20 or 30 years ahead, is almost unknown in Canada. 

Three of the more likely general areas out of which new techno
logy, new processes, and new products may develop are materials 
research, isotope production, and electric power generation. 

An outcome of the operation of ING and, in part, of the research 
will be the development of more and new isotopes. Isotopes, which 
are processed and marketed by the Commercial Products Division of 
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AECL, represent a current market of about $8 million per year. Of this 
amount the raw product, the isotope, represents about 20%. Continued 
growth at the present rate, 20% per year, would achieve a market of 
$100 million for isotope products by 1980. If such a growth rate were 
achieved by vigorous marketing for even seven years, the sales at 
that time would amount to about $28.5 million. The proportion going 
for purchase of raw isotopes might then be about $5.7 million, of which 
a substantial part would go to the ING facility. Thus the prospect of 
substan tial revenue to the ING project from isotope production is 
within the realm of possibility on the basis of fairly short range extra
polation from present performance. New applications, new devices, 
and new services would require such isotopes, and would be actively 
developed as the means for enlarging the market. One of the prime 
applications for "tailor-made" isotopes will be in radioisotope-fueled 
electric power generators - in all sizes from milliwatt-powered cells 
for heart pacers to kilowatt-powered units for undersea, Arctic, and 
space use. The potentialities of these devices have been usefully 
reviewed by a committee of the European Nuclear Energy Agency. * 

In relation to the generation of electric power, the comment in 
the Department of Industry report appears to minimize excessively the 
intended relationship of ING to the atomic power program: 

"Finally, it has not been possible to identify any direct rela
tionship between this project and the future exploitation of nuclear 
power by AECL or Canadian industry. There is, of course, always a 
chance that a breakthrough in nuclear physics would open up new 
possi bilities for nuclear power applications, but this does not appear 
to be a primary objective in this instance." 

The ING proposal (see Chapter 1.3) treats at considerable length the 
possibility of "electrical breeding" of fissile fuel, and points out 
the value of the high neutron flux for a test facility for reactor mate
rials, and for the acquiring of more accurate nuclear reaction data for 
reactor design. Furthermore, the cross-connections of technology are 
potentially valuable features: the experience with intense fast neutron 
fluxes and liquid metal cooling systems would be a direct bridge to 
the technology of breeder reactors, and the experience with electro
magnetic systems of high energy and current would establish links 
with research on thermonuclear fusion, possibly preparing the way for 
an entry into the field when the time was right. Further cross-links 
would develop, indeed are already developing, with research on high
voltage D-C power generation. Thus the long-term implications for the 

*OECD Observer, No. 24, October 1966, pp, 49-53. 
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Canadian nuclear power industry, and electrical power industry gene
rally, are far from negligi ble. 

As remarked above, under conditions that place radical demands 
on engineers, and where technology is pressed to its limits there are 
bound to be new inventions. And where research makes new appli
cations possible which were not possible before, as by creating new 
"tailor-made" isotopes in substantial quantity, there are bound to be 
new products conceived. It is impossible to predict exactly what they 
might be 15 years or more ahead. However, new ideas and new inven
tions, even good ones, do not always result in new commercial pro
ducts and thus in economic returns. If we, as Canadians, remem ber that 
the future is ours to shape, we can do more than simply try to predict 
what might happen. We can take constructive action to make things 
happen. Since in our society we are beginning to understand the tech
niques of technological innovation, we can deliberately encourage 
and where necessary create the conditions, e. g., the market research, 
the entrepreneurial function, the risk capital, etc., that will help move 
good inventions, technical arts, processes, etc., from their inception 
on a large research and development project, to their commercial 
exploitation. Provided such action is taken, the negative or pessi
mistic elements in the opinions and reactions from industry need not 
presage the future. 

It is worth remembering that the so-called short-term benefits 
will last seven to ten years, and the annual expenditure of $20 to $30 
million will undoubtedly produce many secondary beneficial effects 
on industrial technology, even though they will be too various an d 
unpredictable at this time to allow the calculation of a cost-benefit 
ratio. There is no doubt that the project would make a substantial 
contribution toward attracting and retaining highly qualified scientists 
and engineers in Canadian industry, as well as in university and 
government laboratories, and this in itself would be an important first 
step towards improved ability to compete in a technological world. 

In conclusion, we can be optimistic about beneficial effects on 
Canadian industry, particularly if we hedge our bets with positive 
action. At the same time we make no pretense to predict that specific 
industrial payoffs discernible at this time will provide sufficient 
justification, in themselves, for the construction of ING. Recalling, 
from Chapter 2.1 (Table 2), the breakdown of the principal purposes of 
the project, it will be clear that such a sanguine result would be over
much to expect, and that a large part, over half, say, of the project 
would be expected to yield economic and other benefits of the less 
predictable and more long-term nature that follow generally from in
vestment in education and basic research. 
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(e) Significance to the Nation and the Public 

It was the hi gh quality of research at the Chalk River Labo
ratories, following on Canada's early involvement with atomic energy 
during the Second World War, that resulted in Canada being one of the 
six members of the original International Atomic Energy Commission, 
and now one of the permanent members of the Board of Governors of 
the International Atomic Energy Agency. Canada's prestige in this 
field has led to her effective participation in Nuclear Disarmament 
conferences and other international negotiations concerned with the 
difficult problems of con trol of nuclear materials and weapons. 

Without a strong research effort making internationally respected 
contributions to scientific knowledge in nuclear physics, solid state 
physics, reactor design, etc., and without offering unique facilities to 
which scientists from the U.S. and other countries brought experiments 
and contracted tests to be made, Canada would long ago have dropped 
out of the circle of communications in which the "nuclear powers" 
participate. Instead of enjoying cordial relations wi th the U.S. Atomic 
Energy Commission, prompt exchange of information and reciprocation 
of favors, Canada would be an "inferior power", with no bargaining 
position, and at the mercy of the other nations for buying her atomic 
power. It is difficult to place a value on such factors, and some nations 
may be suspected of placing too high a value on these "nationalistic" 
considerations. Nevertheless, on balance we believe that Dr. C. ]. 
Mackenzie was right when he urged Canada to make the most of her 
opportunity to be in at the beginning of one of the major scientific 
and technical developments of our time. 

It is to be emphasized, that it is not only a degree of commercial 
success in design and sale of atomic reactors that ensures prestige 
and participation in international councils but, even more, a high 
reputation in fundamental scientific research. Others judge, with good 
reason, that a sound scien tific reputation is a good indication that 
people from that organization or that country know what they are talk
ing about. Consequently, if the values mentioned above are to be 

sough t, a strong national laboratory with a continuing basic research 
effort in nuclear and related sciences is almost essential. 

However, the price tag on facilities of major stature has been 
rising, and the proposal for the ING involves such sums of money as to 
arouse widespread expressions of concern. Some of this concern comes 
from scientists who fear only that their own budgets will be affected; 
some of the concern comes from unimaginati ve men who do not see the 
value of long-term research; some of the concern comes from people 
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whose mind for dollars has not expanded with the growth of their 
country's income; but most of the concern is well justified and pru
dent. 

Regardless of the particular reasons for concern, right or wrong, 
however, it is most important, when such scales of expenditure are 
required, that the public (including the technical community generally) 
should be properly informed, and that the public should be prepared to 
support the project with enthusiasm and on a continuing basis. Nothing 
would be worse for the Canadian scientific community than a project 
that became a public controversy or a political football, and that 
consequently dragged out and failed in an atmosphere of uncertain 
funding and declining morale. The Committee feel that a warning note 
is in order: if the ING project is undertaken, it must be with full 
appreciation of its costs and values, and with the firm intention of 
backing it to its successful conclusion. 

We believe that the ING project is sufficiently unusual, daring, 
and even spectacular, that it can excite the public imagination and 
the national pride. It is then a question principally whether the fi
nancial implications are reasonable, and this will be eli scussed in 
the following chapters. 

2.2 TECHNICAL FEASIBILITY. 

In one sense, there is no doubt that ING is feasible. But what we 
really mean, and what we have to judge, is how feasible - whether the 
remaining technical problems are likely to be soluble within the costs 
estimated. This is a difficult task, even for the technical experts, 
since any such machine is bound to be near the borderline of techno
logical possibility. If it were easily feasible, the machine would in 
all likelihood have been built somewhere before now and, besides, 
would have little value in the form of engineering challenge. For this 
chapter, the Committee has had to depend heavily on the judgement 
of the technical experts, including those at Chalk River. The main 
technical problems to be solved are reviewed as follows. 

(a) Beam Spi" 

Because of the very high beam current of high-energy particles, 
problems of radioaetivation of accelerator parts are severe. The beam 
must be very well focussed and confined, and the vacuum in the sys
tem must be very good, so that a minimum of the proton beam is scat
tered into the walls and electrodes of the structure. A few microamperes 
spill of high-energy protons, or a spill of the full beam for as short a 
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time as one millisecond, may induce such levels of radioactivity in 
machine parts that repairs will not be possible for severa l days, or 
only with the aid of complicated remote-handling equipment. Having 
to make provision for the latter to get to all parts of the machine could 
add considerably to the expense. Therefore careful studies are required 
of the control mechanisms that will guard against all transient 
aberrations of focussing magnets, RF field amplitudes and phase ad
justments, ion source current, and so on, with systems studies on the 
possible consequences of every type of fault. 

(b) Accelerator 

The prototype design for the main proton accelerator until July 
1966 was the separated-orbit-cycloton (SOC), a concept proposed by 
F. M. Russell of the Rutherford Laboratory in 1963. This in principle 
offered the possibility of accelerating high currents to high energies, 
with easy extraction of the beam, and low scattering or spill of the 
beam within the machine; however, no working model had yet been 
built. In the meanwhile, work had been proceeding at Los Alamos to
ward a high intensity proton Linear accelerator for their meson-produc
ing facility, and a new idea of L. Rosen opened up the possibility of a 
considerable improvement in RF efficiency of the LINAC. Quoting from 
the "ING Newsletter" of October 4, 1966: 

"Originally the LINAC was rejected because of the high copper loss
es in the system. The new side-coupled design from Los Alamos prom
ises to halve the power loss for an accelerator of a given length. By 
increasing the length to 4000 feet the losses are reduced to an accep
table level of 15 to 30 megawatts. The design of such LINACS has 
evolved from a travelling wave concept. Using a disc-loaded waveguide 
the slower the particles the greater the circulating current and there
fore the copper losses. Moreover all the power for both the beam and 
the losses has to the supplied along the tank from one end. The Los 
Alamos side-coupled structure avoids this by feeding power in parallel 
to a structure that is essentially a series of pillboxes. It is then not 
at all clear what the optimum operating configuration would be since 
there is no need to establish a travelling wave but only a correct 
phase relation between successive boxes. It is conceivable that lower 
losses may be attainable by the use of systems with energy storage 
in ferrites or dielectrics and a wide ranging study may therefore be 
necessary. " 

The history of this phase of the ING design study is summarized in 
the following extract from the Minutes of the meeting of the ING Ad
visory Committee on November 18, 1966. 
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"(a) At the time of the ING Symposium in April 1965 both the LINAC 
and SOC had been considered and the SOC was favoured. With its 
low frequency, RF generators would be easier to obtain and power 
efficiency would be higher. The LINAC design appeared to require 
too long a beam path and too high power consumption. No RF 
generator with reasonable efficiency seemed to be available; at 
that time the use of amplitrons was not favoured by accelerator 
experts. 

(b)	 Shortly afterwards, at an Accelerator Conference, Los Alamos 
reported current work on their LINAC concept for LAMPF. This 
showed progress on the LINAC design. 

(c) During a	 visit to LASL in the fall of 1965 the following favourable 
developments were noted: 

(i)	 Development of 17/2 mode side coupled structure of improved 
shunt impedance and insensitivity to loading and errors. 

(ii)	 Confirmation of low power measuremen ts by electron analogue 
acceleration up to 300 rna equivalent current with no anom
alies. 

(iii)	 Raytheon development of 100 kw amplitron at 800 Mc/s and 
purchase of one by LASL. 

(d) At the SOC Conference at Gatlinburg in the fall of 1965, Oak Ridge 
reported studies on problems of fabricating magnets and magnet 
poles which indicated that CRNL had been too optimistic about 
aperture tolerances (these were later increased, see AECL-2600). 
There was also concern about achieving and maintaining cavity 
voltage. 

(e) Farly in	 1966 it was decided to devote some fraction of the CRNL 
effort to re-examination of the LINAC in more detail: 

(0 We prepared a tentative reference design based on adaptation 
of the LASL work and MURA design to CW operation, and 
asked SECo to cost it. 

(i i)	 We also asked Raytheon Co. to prepare a technical document 

justifying the suitability of Amplitrons for our purpose and an 
outline of an RF system design using them. 

(iii) In comparing LINAC and SOC we found that - No clear choice 
could be made on the basis of cost. - Civil and mechanical 
problems appeared easier with the LINAC, particularly with 
respect to alignment and repair. - The Linear machine began 
to look an attractive alternative particularly since two LINAC 
projects exist, LAMPF (in progress) and SLAC (complete) to 
draw on for experience- and relevant design information. 
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(f)	 We paid a second visit to LASL in May this year and reviewed their 
work again. Their expectations were still being realized - good 
results were coming out of their structures programme and their 
amplitron had just been delivered and was in preliminary operation. 

(g)	 A further SOC meeting was held in Oxford in July. 

Russell reported on their study for a SOC booster injector for 
NIMROD. Their study also included a comparable LIN AC for the
 
job. It was significantly cheaper.
 

Hagerman of LASL reported satisfactory operation of their am

plitron - they were (and still are) very pleased with it.
 

Russell's latest super SOC proposal did not solve any of the mag

netic problems and indeed generated a new question mark in possi

bility of D-C generation.
 

(h) At	 this stage it became clear that a choice had to be made where 
our major study effort went - we had insufficient effort to consider 
detailed study of both schemes. 

We	 made that choice at the end of July - after AECL-2600 had 
gone to press. 

In summary we reversed our earlier decision. The LIN AC was 
chosen and the SOC shelved for these reasons:

(i) Improved high-energy accelerating structures of demonstrated 
performance at LASL. 

(ii)	 Acceptance of the amplitron as a suitable and feasible high 
efficiency RF generator.. 

(iii)	 Achievement of >100 rna in CERN P.S. injector, demonstrating 
feasibility of low-energy section. 

(iv)	 Civil and mechanical engineering problems of founding and 
alignment easier. 

(v)	 Easier reparability and realignment. SLAC is virtually built 
on the St. Andreas fault and earth tremors are not expected to 
be a severe problem. 

(vi)	 Demonstrated engineering feasibility in successful completion 
of SLAC at estimated cost and time. 

(vii) Relevanttechnical and engineering information is available 
from SLAC and LAMPF projects and from the advanced stage 
of theoretical and experimental studies at Los Alamos. 

(i)	 The recent LINAC conference at LASL gives no reasons to doubt 
our choice. The SLAC machine is operating up to the limit of a 
transverse instability. This problem is understood and, while 
detailed calculations were not yet done, the effect is expected to 
be much less severe in a non-relativistic proton machine like ING 

65 



where the structure changes continuously and coherent effects from 
tank-to-tank will not occur." 

The decision against the SOC was confirmed as it became clear 
that the tolerances on the precision of the large magnets would be 
very tight indeed, and could only be relaxed by making them much larg
er, at considerably higher cost. Thus the SOC design probably would 
not h ave been feasible. 

The LINAC approach continues to look relatively straightforward, 
except for possible problems of high power RF tubes, and some unre
solved doubts about beam stability. To keep RF losses low, the ING 
accelerator would be made very long and the electric fields in the cav
ities would be well below the breakdown region. Thus the construc
tion of the basic structure would be a large job, and repetitious, but 
the problems of alignment, electrical insulation, vacuum joints, and 
so on should not be too severe. However, 'as Dr. Blewett points out 
(see Appendix II), there remains some uncertainty about the possibil 
ity of oscillations or' instabilities developing in the beam. The Stan
ford two-mi le-Iong electron linac is a pulsed machine, as is the CERN 
linac proton injector, and the present design for the Los Alamos 
linac. With a continuous beam at high intensity, some of the mathemati
cal terms which appear to be insignificant in the first analyses may 
with time build up into troublesome amplitudes. The build-up times 
might be long enough that the oscillations could be removed by pe
riodic interruptions of the beam, but only much more detailed calcula
tions, and model or analogue experiments will answer the question 
- and then never completely. As the Stanford experience " demon
strated, the final machine may still contain some surprises. 

(c) RF System 

The feasibility of the present ING prototype design depends heav
ily on the development of the Amplitron tube to a higher efficiency 
and power level. The Amplitron, which is an amplifying version of the 
magnetron, has been developed by Raytheon in the U.S. and is so far 
the only device that promises to deliver the desired 500 kw of power 
at 800 MHz (a 1.25 Megawatt 800 MHCWz klystron has been said to be 
feasible, but has not been built, and would probably not give an effi 
ciency of better than 60% - AECL-2600, Section XIV.C, p. 13). As 
AECL-2600 says: 

"Of the crossed field devices the Amplitron is the most prorrusrng. 

The largest unit built for service at 800 MHz delivers 100 kw CWo 

311	 A transverse instability appeared at lower current than predicted, and at present 
limits the beam current to half the design value. The cause is now understood. 
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The development of a 500 kw unit is considered to be straightforward.
 
An efficiency of 74% was obtained in the early development stage of
 
the 100 kw unit and 85% plate efficiency for a 500 kw unit is con sidered
 
possible. The tube structure is rugged, having no fragile grid or ther

mionic cathode - both sources of tube failures in other devices. A
 
water-cooled platinum secondary-emission cathode is used. Reliabil 

ity in accelerator service should be high.
 

"The Amplitron is, however, unproven in accelerator operation. Expe

rience in operating it into a narrow band load, such as a linac cavity,
 
is limited."
 

Again, from the ING Newsletter of October 4, 1966,
 

" ...conversations have been held with the Raytheon Company con

cerning the prospect of highly efficient and long life amplitrons. These
 
appear quite promising but very considerable development is necessary
 
since the attainment of high efficiency involves empirical changes
 
in the structure. Only incomplete guidance is obtainable from past ex

perience of amplitrons designed for other duties."
 

It must be remembered that the extrapolations to 85% efficiency at
 
500 Mw are essentially manufacturer's claims, and therefore a cer

tain degree of credence must be held in reserve. On the other hand,
 
the 100 kw model at Los Alamos is said to be performing well.
 

One drawback of the Amplitrori is a relatively low power gain of 
about 10 db. This means that each tube will have to be driven by a 
100 kw klystron. 

Outside of the development remaining to be done on the 500 kw 
Amplitron, the most serious problem may be the extreme reliability 
required of the system. The Stanford linac uses 240 klystrons down 
the length of the machine, and a s many as half a dozen are usually 
out of action at any given time. Because it is an electron linac and 
the electrons are travelling at almost constant velocity down most of 
the machine, the occasional missing klystron is not critical to the 
acceleration of the beam. For a proton linac, however, the parameters 
must change down the length of the machine, and a breakdown of any 
one of the 150 Amplitrons, or their drive klystrons, might force the 
shutdown of the machine. At present CRNL believe that breakdowns 
could be allowed, without interruption of the beam, if the control sys
tem provides for automatic adjustment of the phase of the RF drive to 
the other cavities in the system. It can be seen, however, that it will 
be impossible to assess the magnitude of the reliability problem until 
sufficien t experience has been acquired with the 100 kw and 500 kw 
Amplitrons to obtain reasonable estimates of their service life. Dr. 
Taylor comments (Appendix II): 
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"The Stanford linac has been in partial operation for nearly one year, 
with nearly 500,000 klystron hours of operation logged. Some 600 tube 
failures have been recorded, but the life of the tubes is still very dif
ficult to estimate with precision. Since the design life of the arnpli
tron is near 10,000 hours (two years), it is clear that no reasonable 
test program can be mounted to determine this number. Large efforts 
to estimate this reliably by other means are fully justified. 

"Fundamental decisions on the RF system should be made very early 
in the design, i.e., whether single sections are fed by single tubes, 
or whether effective standby systems can be built at reasonable cost, 
or if multiple feeds from a source fed by multiple tubes can be made 
to work. This is a most important decision for the reliable operation 
of the machine. 

"It may well be that parallel RF programs should be carried forward 
for as long as possible, although this tends to increase R&D costs." 

It is worth noting that the high reliability, or high proportion of 
time in operation, is particularly important to ING for its materials 
testing and isotope production functions. 

(d) Ion Source and Injector System 
The ion source is required to deliver a continuous positive ion 

current of about 150 to 180 milliamperes. The current must be consid
erably larger than the final current in the beam, because (1) not all 
the current in the ion source, perhaps only 60%, is carried by protons, 
(2) not all the protons are available to the acceptance aperture of the 
beam, (3) the protons can be picked up into the accelerating electric 
field only during the appropriate fraction of the RF cycle (phase ac
ceptance efficiency). Since the present prototype design calls for an 
"Alvarez section" of linear accelerator working at an RF frequency 
of about 268 MHz, before the main linear accelerator at 805 MHz, there 
is some further loss of acceptance at the transition from one dri v
ing frequency to the other. That is one reason why there is attraction 
to the idea of developing a D-C generator that could directly acceler
ate the ions to a high enough energy (s~y 20 MeV or higher) to make 
the Alvarez section unnecessary. A contract has already been let by 
AECL to the Electrical Engineering Department at the University of 
Toronto to explore the development of such a generator, based on an 
idea for a rotating magnetic structure suggested by the late Prof. Van 
de Graaff. If it does not appear feasible to develop the D-C machine 
in the time available, the design could still proceed on the other ar
rangement, which follows the design of proton linac at Los Alamos. 

The ion source specifications are in some ways beyond those of 
ion sources now operating, but in other ways are exceeded by present 
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devices. The type of ion source being considered is called a "duo
plasmatron". Ion sources of this type have been operated at CERN, 
Brookhaven, and Los Alamos, giving pulse currents in excess of the 
current required for ING. The currents were not continuous, but the 
pulses were long enough that space charge equilibrium was reached 
during the pulse, and the filament was on continuously in any case. 
This suggests that there should be no inherent difficulty in obtaining 
the current needed for ING - it may require only additional cooling. 
Sources used for fusion experiments at Oak Ridge have been working 
at arc currents up to SO amperes, delivering continuous ion currents 
up to one ampere." The filaments generally last some tens of hours, 
though a life longer than a few hours has not been a concern for their 
experiments. The current is not concentrated in a small enough volume 
for lNG, i.e., the emittance or "brightness" is not as high as desired, 
but the total current exceeds by many times the current needed for 
ING. 

Thus the indications are that present ion source technology is 
within sight of the goal, though development would be needed. The 
biggest problem would be to obtain a reasonable service life - say 
a few days at least. The prototype design of ING has dual sources, 
so that one ion source can be switched in while the other is being 
serviced, nevertheless it would be very desirable to keep the proce
dure as infrequent as possible, since each such transient of starting 
up and tuning a fresh ion source would carry the risk of beam spill in 
the machine, with consequent radioactivity induced on various parts -
as well as the risk of upsetting some long-term experiments. CRNL 
expects that a design of duoplasmatron or hollow cathode discharge 
source could be used that would not need a thermionic filament, thus 
eliminating one cause of rapid deterioration. 

Other problems are mentioned in AECL-2600, particularly having 
to do with a good regulation of the current. Since 80% or 90% of the 
RF power delivered to the resonant cavities would be absorbed by the 
beam in being accelerated, any transients in the beam current could 
cause large fluctuations in RF voltage, with possible de-focussing
and beam spill. The plasma in the ion source may be subject to instab
ilities and oscillations, which again could cause beam fluctuations. 

(e) Target 

The only feasible target for the intense proton beam appears to 
be a target of flowing liquid metal of the nature proposed. For the 

39A recent re-view of such sources has appeared. See o. B. Morgan, G. G. Kelley, 
R. C. Davis, "Technology of Intense DC Ion Beams", Review of Scientific Instru
ments 38: 4, pp , 467-480 (April 1967). 
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spallation reaction a heavy element is desirable, and so an alloy of 
lead and bismuth has been chosen. This is liquid at temperatures 
above 125°C and the target system would contain some 50 or 60 tons 
of this material, circulating at a velocity of 12% feet/sec in the 
pipes, and 20 feet/sec in the target tube. The minimum temperature 
of the lead-bismuth in the system would be about 325°C, and the maxi
mum 450°C. 

The entire target design would be quite complex, of the nature 
described in AECL-2600, Section VILA, though the design is by no 
means final. The main problems center about the lead-bismuth fluid 
and its corrosive effects on the pumps and piping. This material was 
early considered as a coolant in reactor systems, though work on it 
has been quiescent for some time with the widespread acceptance of 
liquid sodium for the purpose. Much of the original work was done at 
Brookhaven, and thus Dr. Blewett and his colleagues can speak with 
some authority on the subject. As they point out in some detail (Ap
pendix II, 2-5) the problems in choice of materials and methods of 
construction are formidable and will require a great deal of study and 
experiment. 

Not only may some of the components corrode or dissolve to 
some extent in the lead-bismuth, but the corrosion processes may be 
very sensitive to small amounts of certain impurities - impurities 
that may be formed in the liquid by -rad ioact ive transmutation in the 
intense radiation field. Further, solubilities of components to a few 
parts per million may be quite important as the different temperatures 
around the circuit result in a material being differentially dissolved 
from one part of the circuit and deposited in another. The temperature 
differentials will add electrolytic effects to the direct corrosion by 
solvent action and by mechanical effects such as cavitation, 

However, CRNL are not unaware of these problems. They are 
drawn to attention here to convey some general appreciation of the 
nature of the problems that remain to be solved. 

<f> Alternative Des igns 
Besides the main effort on the linear accelerator design, CRNL 

has been continuing a small effort on alternative systems that possi
bly might accelerate the protons more directly or more economically. 
One machine being considered is the "prototron" - a proton analogue 
of the betatron, which accelerates electrons in bursts by a "transform
er action", where the ele ctrons circulating in the machine serve as 
the secondary conductor or winding of a transformer. The prototron 
appears to have some interest because it might lead at once to a mag
netic storage-ring type of structure, which is envisaged as a poss i
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ble future extension to ING. However, the possibility of any saving 
in cost appears doubtful. 

A second alternative possibility being considered is a "plas
madrag" device, using extremely intense pulses of electrons, formed 
by highfield emission to drag protons in their wake. By this means, 
large currents of electrons accelerated to relatively modest voltages, 
such as a few million volts, might cause the protons to acquire much 
higher energies (in the ratio of their masses, if they reach the same 
velocity). A preliminary exploration of this idea has been reported in 
a memo by Dr. Lewis:'o It would be fundamentally a plasma device, 
and might suffer from various difficulties from instabilities, electron
ion recombination, and so on. It is a "long-shot" idea that would re
quire a great deal of further study and experiment, but some such idea 
as this might provide a breakthrough to a more economical method of 
building an intense neutron generator. 

Further possibilities may reside in the use of superconductors. 
to reduce RF losses and thereby shorten the length of the accelerator. 
Promising results have been obtained recently with a small prototype 
superconducting electron accelerator at Stanford. The lower losses 
allow the acceleration of electrons in a continuous beam instead of 
in pulses. 

Over 200 papers on the program of a recent conference on Accel
erator Engineering and Technology (Washington, March 1-3, 1967) 
testify to the constant evolution of ideas on accelerator design at the 
present time. 

(g) Cone Ius ions on Feasibil ity 

The above selection of problems makes no attempt to be exhaus
tive. It suffices to show that the problems remaining to be solved in 
the development of ING are of such severity, and the proof experi
ments needed to take a reasonable measure of some of the problems 
are in such preliminary stages, that the estimates of cost and time to 
completion must be interpreted as quite tentative at present. In most 
respects, however, ING does not appear to be out' of step with the 
main stream of developments in accelerator technology, We judge, with 
the advice, of our consultants, that ING is probably feasible - to the 
extent that studies and experiments should continue toward a firm 
prototype design. After a y-ear and a half to. two years further study, 
say, the question of feasibility should be much more clearly answer
able, in relation to much firmer cost estimates, and a clear decision 

40W• B. Lewis, "Proposed Experiments to Test New Principles for a High Energy 
Accelerator" DM-87 Chalk River February 1967. 
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should then be possible as to whether to proceed at that time with 
construction. 

2.3 MANPOWER CONSIDERATIONS 

(a) Manpower Needs 

Total staff required for the facility is estimated to be about 
650-750 for the Basic Machine in 1974, growing to 900 or 1000 for the 
Full Facility by about 1980. A sketch of the way the staff might grow 
year by year from the beginning of construction is shown inFigure 5, 
taken from FSD/ING-75, p. 8. 

Two comments can be made about this graph. First, the need 
for a few research scientists from the beginning to plan the experi
mental capabilities of the machine has been overlooked, or at least 
it has been assumed that they are needed only in a part-time con
sulting capacity. Second, though the title says "in-house personnel", 
it is not strictly so, since the curve for "research scientists" includes 
the visiting scientists, who are expected to number about 15 for the 
Basic Machine and 50 for the Full Facility. This has been indicated 
by the dashed-line revision on the graph. 

The involvement of external contract personnel is approximately 
suggested by the curves in Figure 6, again taken from FSD/ING-75. 
Neither set of curves shows the involvement of university staff on a 
consulting or contracting basis, which could be an important com
ponent, and it is to be hoped that the project would be more effective 
at stimulating external research (applied research, at least) in indus
trial and consulting firms than seems to be suggested by the lowest 
curve in Figure 6. These criticized features are assumed to be in
advertent errors in the preparation of the curves, since they do not 
reflect the intentions expressed in the text of the proposal, or verbally 
by AECL staff. 

Another important component of manpower using the facility 
might be the graduate students working with the university staff. For 
example, if 30 out of the 50 visitors on the full machine were from 
Canadian universities, and if each had an average of two or three 
graduate students, there would be 60 to 90 graduate students working 
on the scientific experiments, not to mention many more in engineering 
faculties who might be working on contracted applied and engineering 
problems. The extent of graduate student involvement can only be 
speculative at this time, however, because the relatively inexperienced 
research students are not always welcome at advanced experimental 
facilities where there is a chance that a mistake in judgment can lead 
to very expensi ve breakdowns and inconvenience to others. 
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Table 3. - ING Project Professional Staff 

During Development 
Basic Machine Full F acili tyand Construction 

ca. 1974 ca. 1980 ca. 1970 
Type of Activity Comments 

Appl, Sc, Appl, Sc, Appl, sc.Research Research Research& Eng'g & Eng'g & Eng'gScientists Scientists ScientistsSupport Support Support 

Basic Nuclear Physics 

Reactor Physics (incl. 
advanced nuclear power 
technology) 

1 

1 

21 

2 

15 

3 

70 

10 

20 

11 

40 
visi tors 

Basic Solid State 1 15 7 23 7 
Materials, Metallurgy 1 2 14 15 14 
Electromagnetics (incl. 

advanced accelerator 
concepts, high voltage, 
superconductors, 
plasmas, etc.) 10 85 5 45 10 30 

Chemistry, Isotopes 1 3 3 6 10 
Life Sciences 2 3 6 3 

Total R&D 15 85 50 90 140 95 

Operating Staff 10 55 58 

--.:] 
Ul 

Total Professional 

Visitors included above 

110 

15 

195 

50 

293 
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To give some idea of the compo si tion of the workforce, and the 
emphasis of their activities, a chart has been drawn up showing the 
disposition of the professional personnel among the various activities, 
for three representative stages in the evolution of the project, Le., 
during construction (ca. 1970), early operation with the Basic Machine 
(ca. 1974), and the full facility (ca. 1980). The figures and their dis
position are based on the manpower figures in FSD/ING-67, and 
FSD/ING-75, on the memos of G. A. Bartholomew and T. G. Church 
(November 28, 29, and December 8, 1966), and have been further 
refined by discussion with the CRNL staff. Needless to say, the 
numbers cannot be exact at this stage, and are compromises among 
various opinions. They can be interpreted as indicative only. 

It may be noted that the numbers of professional staff are not in 
exact agreement with the relative "benefits" assignments made in 
the chapter on Significance of ING. This is because the benefits 
assignments are partially subjective, involving not only the number 
of direct users, but also the numbers of people and sizes of operations 
indirectly related. Thus, the number of scientific staff involved in 
the chemistry and production of isotopes may be very few, but ING 
may become the main input into the isotope application and marketing 
operations of the Commercial Products Division, where it would 
result in a development, processing, and marketing staff of perhaps 
several hundred and gross sales of as much as $50 million by 1980. 
Or, the unique results obtainable in solid state physics with the 
intense neutron fluxes may serve as inspiration for a considerably 
larger research effort in solid state not directly using the machine, 
both on the ING site and in nearby laboratories. Still a further factor 
reflected in the subjective judgements is that, for example, scientific 
interest at the time might bring a particularly large number of physi
ci sts to work at the meson facility, while in the proposal the meson 
facility is not accorded such a hi gh priority among the reasons for 
building ING. 

The question has been asked whether the numbers of people in 
the various specialties are large enough to con stitute a severe drain 
on the resources available, and so inhibit the availability of qualified 
technical manpower for other proj ects. To take the measure of thi s 
possibility, it was assumed that physicists would be the most numerous 
among the disciplines represented* and rough estimates were made 

* This is not true of the present staff of the AECL Laboratories. despite a prevalent 
myth that everyone in the organization is a nuclear physicist. In fact the profession 
most numerous is chemical engineering and, out of a tota·l professional staff of 803, 
only 171 are physicists. Of them 70 are working in applied research directly con
cerned with development of power reactors, and only about 29 are working in basic 
nuclear physics research - advance data from the C.A .P. Physics Survey in progress. 
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Table 4. - ING Professional Personnel
 
Approximate Breakdown by Discipline
 

Basic Machine 
1974 

Total PhD 

Full Machine 
1980 

Total PhD 

Physics 
electromagnetics 
electronics 

15 
30 

5 
10 

15 
60 

5 
10 

elem. particles 
nuclear physics 

2 
27 

1 
20 

3 
106 

2 
70 

solid state 22 15 30 22 
thermal 2 1 2 1 

-

98 52 216 110 

Note: Increasing numbers of professionals, including PhD's, are coming into 
electromagnetics, and electronics, through faculties of Electrical Engi
neering, rather than Physics, and people who formerly graduated in 
courses called Engineering Physics are now graduating in courses with 
other names, such as Engineering Science. For present purposes, it is 
assumed that the traditional patterns continue, though these semantic 
adjustments are rapidly making the conducting of surveys by discipline 
a lost cause. 

by the Science Secretariat of the numbers from the relevant physics 
subfields (as used in the 1964 C.A.P. Statistical Survey) that would 
reasonably be present in the workforce tentatively tabulated for ING 
in the years 1974 and 1980. These figures are to be compared with 
the expected total numbers of physicists in Canada in those subfields 
at the time. 

Enrolments in Canadian graduate schools in science and en
gineering have been rising rapidly - 20% per annum or greater for 
several years. Projections of the rates of graduation of Bachelors, 
MSc's, and PhD's, based on the Michener and Sheffieldv - 42 projec
tions, are plotted in Figure 7. On the basis of the growth rates shown, 
which fall between 10% and 20% per annum, and projections of the 
growth rate of the total physicist population in the U.S., 43 the follow
ing assumptions were made: 

1. Growth rate of numbers of physicists in Canada in fields 
where numbers per capita are reasonably comparable with the U.S., 

4IR.D. Michener, "First Degrees Awarded by Canadian Universities and Colleges 
projected to 1976/77". Canadian Universities Foundation, 1964. 

42E.F. Sheffield, "Enrolment in Canadian Universities and Colleges to 1976/77" 
(1966 projection) A.U.C.C •• Ottawa. 1966. 

43Physics - Education, Employment, Financial Support - A Statistical Handbook, 
American Institute of Physics, 1964. 

77 



20.000 

10,000 

8,000 

6.000 

4,000 

2.000 

1,000 

800 

600 

400 

200 

100 

80 

60 

40 

1956 58 60 62 64 66 68 70 72 74 76 78 80 

Figure 7	 ANNUAL RATES OF GRADUATION FROM CANADIAN 
UNIVERSITIES PROJECTED TO 1980 

Based on R. D. Michener. C.U.F. 1964. but with margin of error increasing with time. 

Note:	 MSc participation from class of 1st degree 1:5 in 1964 increasing to 1:3 
in 1975; PhD participation 1 :10 in 1964- 1:6 in 1975. 

78 



60,000 

40,000 

20,000 

10,000 

8,000 

75
1964 65 66 67 68 69 70 71 72 73 74
 

Figure 8 POPULATIONS OF PHYSICISTS PROJECTED TO 1975
 

79
 

6,000 

4,000 

2,000 

1,000
 

800
 

600
 

400
 

200
 

100
 



o 200 400 o 200 400 600 800 1000 a 200 400 600 800 1000 1200 1400 1600 1800 1900 
I I I • I I , I I I I I , I , I , I I I I I I I I I I I I I , , I I I I I 

ELECTROMAGNETISM [11--,D__ .J 

. ~----lc=I .J ' il [J 
ELECTRONICS 

[1
D 

, 
.J ~ [--------------,-----------_--1 ~ 

- : 

~'~---------------------~[--------------------l ____________________________--J oJ 

ELEMENTARY PARTICLES 
(HIGH ENERGY PHYSICS) 

IT]
[J (5:

,
_L_: 
___..J 

O=~~l----,D .J 

NUCLEAR PHYSICS ITL_
CI_~1 ~ ~ -----1 

ill [---' 
l1li.----- ! C~~=~~~~~~J 

-----~ 

SOLID STATE ~ 
.., 

'-----1 
_____ J I 1---1 

L-__ 
r----------, 

_ oJ I [-1 [__~:::=] 

THERMAL PHYSICS ~ ~J ~=TI
 
1964 1974 1980 

Total Canadian physicists PhD physicists shown by U.S. numbers reduced per Physicists using 
shown by lower bar of each pair upper bar of each pair capita shown by dashed lines ING shown shaded 

Figure 9 NUMBERS OF PHYSICISTS IN CANADA IN SUB-FIELDS RELEVANT TO ING 

rl
 



i.e., in nuclear physics and thermal physics, was assumed to be 10% 
per annum. 

2. Growth rate in other fie Ids, where Canadian effort is said 
to be relatively deficient, Le., in electromagnetism, electronics, and 
solid state, was assumed to be 15% per annum. 

3. Growth rates in the U.S. were assumed to be uniformly 10% 
per annum. The projections of graduation rates imply, of course, that 
the proportion of physicists in the total professional graduating class 
will remain roughly constant. It is perfectly possible, however, that 
social goals and scientific and technical interests in Canada will 
shift, bringing about increases or decreases in the numbers entering 
physics, electrical engineering, nuclear chemistry, life sciences, etc. 

The results are plotted in Figure 8 and compared in the histo
grams in Figure 9. Immediately apparent is the very large growth in 
numbers implied by the present trends. The total population of Cana
dian physicists is projected to increase about six-fold, from about 
1300 in 1964 to a bout 7500 in 1980. In consequence, the staffing 
needs of ING appear fairly small relative to the total numbers of 
Canadian physicists in the relevant subfields. For example, the ING 
staff in 1980 would employ 60 electronics physicists out of a national 
total of nearly 900, Le., 6 or 7%. In discussing the manpower esti
mates, Dr. Lewis has warned that the scientific interests at the time 
(i.e., which topics are "hot" in the decade from 1970 to 1980) could 
lead either nuclear physics or solid state to exceed the other in use 
of ING by 1980. Following the assumption favoring nuclear physics, 
the substantial use is made of the meson facility, particularly by 
visitors, the nuclear physics total might be about 106 in 1980, out 
of a total population of 920, or 1070 including the high energy physi
cists. That is to say, 10 or 11% of all the nuclear physicists in 
Canada might use ING for all or most of their experiments. On the 
assumption that ING would be regarded as the major Canadian research 
facility in the field of nuclear science, that does not seem an exces
sive proportion. 

The total population of all scientists and engineers in Canada 
has not been projected, but of course would be far higher than the 
numbers of physicists, and ING staffing could not be expected to 
present a problem in that context. 

Thus there is nothing in the statistical analyses that would 
indicate an excessive demand for technical manpower by the ING 
project. This does not mean to say tha t there might not be severe 
shortages of certain kinds of specialists, experienced persons, or 
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persons of exceptional quality. For specialist manpower needs, how
ever, there is no reason to depend only on the Canadian supply. In 
fact, one of the strong arguments for an exceptional facility like ING 
is that it would be sufficiently exciting to draw scientists and tech
nical specialists from any country in the world. If it can draw from 
the world technical pool there is no problem of supply. Furthermore, 
if the facility were the instrument by which another Rutherford or 
group of Rutherfords could be brought to Canada, its value would be 
very hi gh indeed. 

Rather than the conclusion that ING would constitute an exces
sive drain on the available manpower, an alternative conclusion to 
be drawn from the projections is that, with the output of higher educa
tion rising so rapidly, Canada may be hard put to provide the challeng
ing opportunities that will keep the brighter graduates in the country. 

Michener-' remarked: '·It is not too soon to ask now how 
we will employ the 95,100 persons who might graduate in 1976-77, and 
how the three-quarters of a million persons who are estimated to 
graduate from 1963-64 to 1975-76 may best be utilized." 

Against those considerations, the economist's warning must be 
kept in mind at the same time, that we must not be led by such argu
ments into supporting projects that are merely make-work projects. 

(b) Role in Developing the Scientific and Technical Workforce 

Looked at another way, a National Laboratory or Project, such 
as ING would be, need not function as a sink, draining off scarce 
manpower, so much as a source or training ground by which the 
scientific and technical workforce is upgraded. 

Young scientists at the postdoctoral level would be given the 
opportunity to develop their abilities, working full-time with experi
enced cohorts at the front line of research. After they had found their 
own feet, so to speak, and perhaps made major contributions, many 
would move on, to university posts, or to other laboratories, including 
industrial. This has been the pattern in the past with CRNL, NRC, 
and major laboratories in other countries, and it has been a valuable 
adjunct to the formal education system. 

Similarly, at the other levels - applied science, engineering, 
technical assistance, technical trades - the problems of developing, 
constructing, and operating ING would provide challenges in advance 
of present industrial needs and capabilities. The experience of work
ing in top quality teams under capable scientific leadership is 
equivalent to schooling at an advanced level - in management, and 
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in the methodology of organized R&D, as well as in particular subject
matter and techniques. This kind of technical internship can have 
far-reaching effects, as its graduates spread through the nation's 
industrial, governmental, and educational establishments, as many 
scientists and engineers today will testify, who served their intern
ships in the MIT Radiation Laboratory, the Manhattan Project, the 
U.K. Telecommunications Research Establishment, and other co
ordinated major R&D projects of World War II. 

To optimize this role while at the same time preserving a strong 
establishment and morale, requires a judicious balance among various 
factors, such as organization, salary scales, types of appointment, 
management policy, location of laboratory, and so on, and we would 
recommend that the experience of other organizations be carefully 
studied. 

To operate a school, of course, has no point if there is no need 
for its graduates. It is futile at this point to attempt to predict the 
exact specialties for which industry will have need in the next two 
or three decades, other than to say they will have higher and higher 
scientific content, and will probably involve extensive use of com
puter and information technology. The breadth and variety of tech
nologies involved in the ING project would provide some assurance 
of alternative careers for its alumni - as much assurance as could 
be hoped for at this time, and more assurance than could be provided 
by some other projects that have been suggested. 

2.4 COST ESTIMATES 

The following analysis is based on the information provided by 
AECL in the documents AECL-2600, FSD/ING-67, FSD/ING-75, and 
the Preliminary Cost Estimate (December, 1966) prepared for AECL 
by the Shawinigan Engineering Company Ltd. Some checks were made 
and comments expressed by the Committee's technical consultants, 
but no detailed independent costing could be attempted in the time 
available, nor would it have been appropriate at the present incom
plete stage of the design studies. 

(a) Development, Engineering and Planning Costs 

The proposal document FSD/ING-67, on page 28, section XI.A, 
states: 

"It is expected that the development program for ING will evolve in 
much the same way as that for other major AECL projects even though 
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the research content is much higher. Thus there will be three main 
channels leading to development work. The first will be applied re
search throughout the Science Divisions, supported to some extent 
by research contracts at universities, directed towards supplying ad
ditional information on specific problems in the ING concept. It is not 
practical to segregate the portion of this research effort devoted solely 
to ING and any costs are included in the operating budgets of the 
Science division concerned." 

Committee comment: While recognizing that it would not be the 
most efficient use of personnel if a separate group were created, rather 
than using existing AECL scientists more or less in a consulting 
capacity, the Committee sees the use of such people and their facili 
ties as a real cost that should be charged against the project. It should 
not be difficult to devise a simple accounting system by which ap
proximate costs could be attributed to those spending more than, say, 
a third of their time on the project. Casual and irregular consulting, 
on the other hand would be recognized simply as one of the less tan
gible benefits deriving from a large and ongoing organization. 

To desi gn, develop, and supervise construction of the machine 
will require an in-house development and engineering task force esti 
mated at about 95 professionals (FSD/ING-67 XI.B, p, 30) with sup
porting staff. During design and construction the group will be re
sponsible for: 

"Providing basic understanding of the accelerator and target, and
 
preliminary desi gn of lNG, including the injector, the accelerator, the
 
experimental areas and the thermal-neutron facility.
 

"Carrying out applied physics and engineering research for lNG, in

cluding improvements in accelerator, magnet and radio-frequency
 
technology.
 

"Preparing engineering studies and cost estimates for all the com

ponents of ING.
 

"Providing liaison with contractors and consultants."
 

The cost of this work has been broken down into R&D, involv
ing about 40 professionals, and Engineering, the remaining 55. Esti 
mated costs are shown in the Table of Annual Budget Estimates (FSD/ 
ING-75, p. 27) under headings of "R & D", "Personnel", "Adminis
tration" , "Maintenance", and "Operating" until the completion of the 
basic machine about 1973-74. After the machine came into operation 
there would be some re-allocation of personnel, some of the group 
moving to support of the research program, some continuing on ad
vanced studies, improvements to lNG, and engineering development, 
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and some moving to supervision of the operation and maintenance of 
the machine itself.* 

TABLE 5. - Estimated R&D and Engineering Costs of ING During
 
Construction of Basic Machine 1966 dollars
 

Fiscal R&D Personnel Admin. Mtce. Operating Total
 
Year $M $M $M $M $M $M
 

1967 1.5 0.41 .02 1.93 
1968 3.0 1.0 .03 4.03 
1969 4.5 1.98 .04 .02 6.54 
1970 4.5 2.08 .07 .03 .10 6.78 
1971 4.5 2.08 .15 .10 .20 7.03 
1972 3.0 2.08 .30 .30 .40 6.08 
1973 1.5 2.08 .65 .60 .70 5.53 
1974 1.5 2.08 .75 2.52 3.84 10.69 

Note:	 These figures are taken from the Table in FSD/ING-75, p, 27, except 
that the Committee has added 50% to the figures in the R&D Column to 
cover the costs of the applied research referred to at the beginning of 
this section. Because of the nature of the development problems, and 
the desire to develop Canadian industrial capability in the course of 
solving them, the Committee considers that these revised figures still 
may underestimate the costs. However, there is also some allowance for 
development included in the direct construction costs. Until further 
development and design studies have been made there is not sufficient 
basis on which to judge whether the total has been over or under
estimated. 

(b) Construction Costs 

The construction costs for the LINAC approach have been esti 
mated in detail by the Shawinigan Engineering Company Ltd. Their 
summary is reprinted here: 

CONSTRUCTION COST SUMMARY 

A. Direct Cost 

1. Site Development 
2. Injector 
3. RF Gallery 
4. Accelerator 

1,748,900 
1,648,400 

40,580,000 
15,945,600 

* The description and estimates given for accelerator R&D on pa ge 28 of FSDjING-67 
XI.A applied to the Separated-Orbit-Cyclotron prototype design; the development 
problems of the SOC have been superseded by other problems in the LINAC approach, 
but with similar estimates of cost. 
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A.	 Direct Cost (Cont'd) 

5. Mechanical Equipment
 
Rooms 606,100
 

6. Main Control Center 247,400 
7. Meson Experimental
 

Facility 652,300
 
8. High Activity Tunnel 4,921,200 
9. Thermal Neutron
 

Facility Tunnel 1,738,400
 
10. Thermal Neutron
 

Facility 14,273,200
 
11. Offices and Laboratories 3,000,000 
12.	 Cooling Water System 1,260,000 
13.	 Utilities & Support
 

Services 4,920,700
 
14. Sales Tax	 210 000 

,	 91,752,200 
B. Contingencies 15 577 500 

,	 , 107,329,700 
C.	 Engineering and Management 18,337,400 

125,667,100 
D. Escalation	 17,580,700 

143,247,800 
say 143,000,000 

E. Unforeseen Items (10%) 14,300,000 
157,300,000 

F. Design Improvements 15,730,000 
141,570,000 

Rough expenditure year by year is given in the Table in FSD/ 
ING-75, p. 27, the relevant part being reprinted here: 

TABLE 6. - Annual Expenditure on Construction 

Expenditure on Construction 
Fiscal Year 

$ Million (current)* 

1967 0.3 

1968 2.8 

1969 18.9 

1970 23.6 

1971 31.4 
1972 34.0 

1973 26.0 
1974	 4.6 

cumulative total 141.6 

* escalated at 4'70 per annum. 
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In view of the uncertainties in the amount of development re
quired in some items, the above figures cannot be regarded as more 
than indicators of the magnitudes. Contingencies of 30% have been 
allowed for most items in which uncertainties are present, so that it 
cannot be said that the total is an artificial minimum. Unexpected 
problems might raise the total as much as 25% but, equally, aggressive 
effort, brains, good management, luck, and simple over-estimation 
might combine in various proportions to lower the cost from the figure 
estimated. The Committee's consultants found occasional items ap
parently overlooked, but also found some items costed excessively 
high, compared with their experience. On balance, they felt the esti
mated total cost was as realistic as it could be at this stage and not 
likely to be greatly in error. Only further development, particularly 
on ion source, RF system, and liquid target, can provide the basis 
for a more accurate estimate. 

Following the completion of the Basic Machine, additional con
struction would be required to complete the facilities for the research 
users. "These estimates [the basic construction estimates] cover the 
accelerator and initial research facilities. It is estimated that a further 
$27 million could well be spent extending the research facilities to 
support more research teams." (FSD/ING-67, Ch. IV, p. 2). These 
expenditures would depend considerably on the types of experiments 
proposed, and would probably be largest if most of the scientists who 
came forward wanted to experiment with mesons. What seem to be 
reasonable estimates are shown in the Table in FSD/ING-75, p. 27, 
as construction costs continuing through 1975-1980. 

Table 7. - Estimated Construction Costs for Completion 
of Full Facility (from FSD/IHG-75) 

Fiscal Year $ Million (current) 

1975 2.0 
1976 6.5 
1977 8.8 
1978 9.0 
1979 9.3 

(c) Operating and Maintenance Costs 

The Shawinigan Engineering Company have made detailed esti
mates of the operating and maintenance costs of the basic machine in 
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full operation. The manpower figures were based on the staff break
down gi ven in FSD/ING-67. Their summary is given here: 

Table 8. - Estimated Manpower and Costs for 
Operation and Maintenance 

Manpower Annual Cost 
(including labor 
and material) 

$ Million 

Research [support] 118 2.478 
Engineering 62 0.599 
Works 334 5.072 
Administration, Finance, and 

Health Physics 81 0.745 
Power 5.331 

595 14.225 

Of the 595 staff, 144 are professionals. The estimates include ex
penditures for facility upgrading; and "expenditures for additional 
capital equipment necessary for experiments and general operations." 
Thus there may be some overlap with the costs allowed under Con
struction for completion of experimental facilities. However, since the 
figures do not include the salaries of the research scientists * or the 
costs of the research use of the facility, it must be assumed that the 
allowances for "experiments and general operations" are not inclu
sive of all the equipment for the research users. 

At this point in time, the true measure of the problems is so 
uncertain that it is pointless to seize upon details for criticism. Some 
problems that appear formidable now may turn out to be easily solved. 
Others that appear manageable might grow to dwarf all others. The 
Committee notes only that the list of equipment replacement costs 
used by SECO as a basis for part of the Operations estimate includes 
an excess! vely small "miscellaneous" or contingency item. This 
might better be $100,000 than $2,200. 

* Even CRNL staff are not in complete agreement on SECO's intentions on this point, 
but the SECO manpower numbers are roughly consistent with the interpretation used 
here, Le ,; that this is total research support. Otherwise, we feel the professional man
power figures on the basic machine would be unrealistically low, and not in agree
ment with the manpower schedule as developed in FSD/ING-67 and as reviewed in 
the previous chapter. The fact that the power bills are estimated to be lower for the 
LINAC than assumed for the SOC in FSD/ING-67 helps to allow the costs of the total 

research user staff to be included within the figures in the Table on p, 27 of FSD/ 
ING-75. 
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Another relatively minor point on which the Committee feels 
need for revision is the matter of salaries. SECO have assumed the 
following salaries. Beside them are placed figures that agree more 
closely with present rates. according to the experience of NRC and 
from recent salary surveys. 

Table 9. - Assumed Salary Scales 

SECO Realistic 
assumption present rates 

per year (1966) 

Branch heads $ 15.000 $ 18.000 
Professional staff 10.000 13.000 
Technicians and draftsmen 7.000 7.200 
Tradesmen 6-7.000 7.000 
Clerks 4.000 4.800 

The use of the higher figures raises the total salary budget by about 
11% and. since the major items in the estimate (other than power) were 
reckoned as percentages of salary, the total estimate should be higher 
by approximately the same, say 10%. 

Against that can be set the probable overlap between SEeO's 
estimates for facility upgrading and additional capital equipment, and 
the costs allowed for continuing construction in FSD/ING-75. The 
overlap could be as much as $1 million. On balance. there is not a 
strong reason for changing the final figure. 

A substantial fraction of the operating cost is the power bill. 
This is expected to mount gradually from first turn-on until the ma
chine is running almost continuously (80%) two to five years later. At 
that time the cost has been estimated at about $5.3 million annually. 
However. the power bill could be higher if the expected efficiencies 
in RF power generation are not achieved, and might be lower if agree
ments can be reached with the electric utility company involving the 
programming of peak loading. 

(d) Research Operating Costs 

Addi tional to the basic cost ot running and maintaining the main 
machine. as shown in the SECO estimate. are the costs of salaries of 
the research scientists, research technicians. their small equipment. 
and overheads associated with their activities. A rough guide is to 
draw on the experience of CRNL. NRC. and industrial laboratories 
where the complete cost (1966) of supporting one scientific research 
professional under "ordinary" laboratory circumstances (no extra
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----------------
ordinary or major facility) in the physical sciences is about $40,000 
to $50,000 per year. 

The basic research users increase from about 50 in 1974 to 140 
about 1980, implying additional operating costs of $2.5 million, say, 
rising to $6 or $7 million (1966 dollars). Sufficient has been allowed 
in the first two columns of the Table in FSD/ING-75 to cover these 
cost s , though the costs have been arri ved at in a different way. * 
Nearly a third of the research users are expected to be visitors, and 
therefore the total operating figure shown mayor may not be the "in
house" operating budget, depending on whether the visitors are fi
nanced from the Project budget or not. :In any case, the total figure 
shown appears to be a reasonable estimate of the total entailment of 
funds for research wi th lNG, except for the additional costs of the 
graduate students, which some visitors would bring with them. The 
costs of the latter could reasonably be accounted against educational 
grants and academic research as, for that matter, could some of their 
supervisors. In other words, a large fraction of the visitors would be 
uni versity researchers who would in any case have to be supported in 
their research somewhere, and in some cases at greater cost than if 
they used the ING facility. 

Thus, to a certain degree, which will be discussed further in the 
next chapter, a large facility like ING need not appear as a large 
additional expenditure to the nation, but rather as a coagulation of 
scattered efforts that would have been going on anyway, and perhaps 
with less efficiency or less important results. 

(e) Revenue 

AECL puts strong emphasis on the obtaining of revenue - from 
isotope production and from leasing of special test facilities. Past 
experience with the NRX, NRU, and Whiteshell reactors has been 
quite successful in this regard, and has reduced costs to a very use
ful degree. Thus there is good precedent for expecting a similar pat
tern to hold with ING. The amounts estimated in FSD/ING-75 are: 

Table 10. - Estimates of ING Annual Revenue 
ING RevenueFiscal Year 

$ Million 

1975 - 1 
1976 1 - 6 
1977 3 - 10 
1978 3 - 12 
1979 5 - 15 

* See note in section (c). 
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(f) Summary of Cost Estimates 

The costs discussed in the foregoing sections are brought to
gether in Table 11 and Table 12, summarizing the total annual budget 
estimates, in 1966 dollars and in escalated or current dollars. 

Construction costs are escalated at 4% per annum, following 
SECO's interpretation of the recent trend of the construction price 
index. Research and Development costs are escalated at 7% per an
num, which allows about 2'12% per annum for general price increase, 
and 4Y2% per annum for rising research costs, due to "sophistication 
factor" and other terms. Operation and Maintenance costs are escal
ated at 6% per annum, continuing the trend of the base-wage rate index 
over the past few years. The estimates of revenue have likewise been 
escalated at 6%, on the grounds that the estimates were made in the 
1966 context of values; what we pay one dollar for today, we shall 
probably spend two dollars for in 1979, without any conscious reali
zation that our scales of value have changed over the interim. 

Table 11. - Summary of Annual Budget Estimates for ING 
(1966 Dollars) 

$ Millions (1966) 

Development Operation Net 
Fiscal Con-Research Engineering & Total Revenue Cash 
Year struction

& Planning Maintenance Flow 

1967 * 1.9 0.3 2.2 2 
1968 4.0 2.7 6.7 7 
1969 6.5 17.5 24.0 24 

1970 6.8 21.1 27.9 28 
1971 7.0 26.8 33.8 34 

1972 6.1 27.9 34.0 34 
1973 5.5 20.6 26.1 26 
1974 2.1 3.5 3.8 9.4 9* 
1975 4.0 1.5 11.2 16.9 0.5 16 

1976 4.8 4.6 11.8 21.2 3.5 18 

1977 5.6 5.9 12.4 23.9 6.5 17 

1978 6.4 5.8 13.0 25.2 7.5 18 

1979 7.4 5.8 14.1 27.3 10.0 17 

1980 

*each of these columns contains a minor component of the adjacent; they are 
disposed according to the main emphasis. 
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Table 12. - Summary of Annual Budget Estimates for ING 

$ millions (current)* 

Development Con- Operation	 Net
Fiscal 
Year Research Engineering struction & Total Revenue Cash 

& Planning Maintenance Flow 

1967 + 1.9 0.3 2.2 2 
1968 4.3 2.8 7.1 7 
1969 7.4 18.9 26.3 26 
1970 8.3 23.6 31.9 32 
1971 9.1 31.4 40.5 40 
1972 8.5 34.0 42.5 43 
1973 8.2 26.0 34.2 34 
1974 3.4 + 4.6 5.7 13.7 14 
1975 6.9 2.0 17.8 26.7 0.8 26 
1976 8.8 6.5 19.9 35.2 5.9 29 
1977 11.0 8.8 22.2 42.0 11.7 30 
1978 13.5 9.0 24.6 47.1 14.3 33 
1979 16.7 9.3 28.3 54.3 20.1 34 

* Construction costs escalated at 4% per annum R&D costs escalated at 7% 
per annum 
Operation & Maintenance costs escalated at 6"l"o per annum 
Revenue escalated at 6% per annum 

+ See note on previous Table 

(g)	 Other Cost Implications 

If a large proportion of the equipment for ING is to be obtained 
in Canada, some Canadian manufacturers may require capital assist 
ance to set up facilities. CRNL estimates that "from $4 million to 
$8 million will need to be spent on capital equipment to develop the 
capabilities in Canada to reach a 75% Canadian content for the ING 
equipment." (FSD/ING-75, p. 23). The report from the Department of 
Industry shows so far no indications that that estimate would be ex
ceeded. 

Under the Department of Industry programs, requests might come 
from industries for cost-sharing or other assistance in exploiting ideas 
from the ING Project, or capabilities acquired through working on 
Project tasks, into commercial products. Presumably, expenditures of 
this nature would be based on reasonable expectations of commercial 
success and would therefore be welcomed. 

The AECL cost estimates have been based on the assumption 
that the ING facility would be located at Chalk River. If a site were 
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chosen elsewhere, some additional costs would be involved. The ad
ditional costs are impossible to estimate without considering a specif
ic site, but the real difference would probably not exceed a total of 
3 to 10 million dollars. 

2.5 QUESTIONS OF FINANCIAL SCALE 

(a) Projections of National Expenditures on R&D 

The Committee is very conscious that deficiencies exist within 
Canada's present national activities in science and technology. New 
policies must be shaped and new programs initiated that will correct 
the weaknesses in certain sectors, and lay the foundations for a 
strong technologically based economy in the future. The question as 
to whether or not the fairly large annual expenditures proposed for 
the ING Project (roughly a continuing average of $20 million per year, 
1966 dollars) will inhibit or interfere with funding that will be needed 
to implement new programs has been of prime concern. 

To gain some perspective regarding the effects ING would have 
on total national R&D expenditures and on budgets for other programs, 
the Science Secretariat carried out the following exercise. 

A set of reasonable guesses was made, as to what general 
principles might guide Canadian science policy over the next decade. 
On the basis of those principles, expenditures by Government, 
universities, and industry on R&D were projected to 1975, including 
several possible major national programs. The expenditures were 
summed, and the implications examined, relative to proportion of 
Gross National Product, federal budget, and division of effort between 
Government, university, and industrial sectors. The procedures and 
the outcome are given in more detail in the following paragraphs. 

Based on international comparisons related to GNP, the levels 
of basic research, and research in Government laboratories are 
roughly adequate in Canada, but the gross national rate of investment 
in R&D is low. Consequently, a major growth in expenditure should 
occur, but outside Government laboratories, and for applied goals. 

The major engineering goals of national defence, and space 
exploration, which in other countries have been serving as foci for 
the development of advanced technology, are on a much lower scale 
in Canada. This offers an opportunity for Canada to choose other 
major goals, perhaps more directly related to the basic needs of 
society. Therefore, it has been assumed here that the major growth 
in R&D would occur through large directed programs with objectives 
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.related to the social needs of the Canadian people or to the strength 
and productivity of the industrial economy. The programs must be 
large in scale if they are to generate effectively large groups of 
scientists, engineers, and technicians over a sufficient period of time 
to become productive and viable, and if the programs are to develop 
the whole government-university-industry complex into a functioning 
organism. 

Canadian proposals for major national objectives, or major 
programs in R&D, other than the "me-too" variety, have so far been 
few and slow to appear. So, for lack of anythin.g more specific, 
programs have been assumed, in such areas as electric power, in
formation transfer, transportation, adaptation of environment, bio
engineering, space, materials, fuels, food, etc. - topics related to 
very basic needs in an industrial society, or related to particular 
Canadian conditions. For each postulated program, "educated 
guesses" were made as to the rate at which studies could be made, 
the program organized, and expenditures built up. In all, 13 programs 
were constructed in this way, including a contingency program that 
grows more rapidly farther in the future, to allow for the increasing 
error of the prediction. 

At this early point in Canadian science surveys and science 
policy, these procedures are subject to wide error, and certainly the 
assumptions made are not intended to be construed as recommenda
tions or prescriptions for national policy - except, at the most, as 
departure points for discussion. To repeat, it is a hypothetical 
exercise for the purpose of gaining a "feel" for the way in which 
future programs might affect the national budget, or be affected by 
proposals now under consideration. 

The various government departments were not directly consulted 
for their own ideas regarding plans and policies for future growth 
(though their intentions were usually known in a general way) on the 
grounds that it would be inappropriate for the Secretariat, for the 
purposes of this exercise, to get involved in disputatious matters 
departmental ambitions, opposing views on basic principles, seem
ingly corrective prescriptions in the assumptions finally adopted, 
aId so on. For the same reasons, the projections assumed for each 
department or agency are not given here. Later or under other circum
stances it may be appropriate, either within Government or in the 
Science Council, to carry out a similar exercise in detail, department 
by department, as a basis for discussions of policy and as a basis 
for predicting the long-range budgetary implications of implementing 
certain principles that might be recommended by the Science Council. 
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The existing government departments active in research were 
considered in turn. In general, a basic growth rate of 7% per annum 
in expenditure was assumed as necessary to keep a research estab
lishment roughly at strength. For example, 7% represents the sum of a 
monetary inflation of about 3% per annum and a rising cost of research, 
due to "sophistication factor" and other terms, of approximately 
4% per annum. Alternatively, such a rate would very roughly keep 
up with the growth of GNP. In some fields of research where the 
uptake of instrumentation and sophisticated techniques is very high, 
such a rate might be too low to maintain a constant number of scien
tists at work; in other fields that are more settled or do not require 
the same degree of instrumentation, 7% per annum might represent a 
real growth. 

It was assumed as a general principle that most of the govern
ment departments in the future would support, to a modestly increas
ing extent, research in universities, institutes, and industries in 
areas directly related to their missions. This would be beneficial 
for improving liaison, for improving the flow of fresh ideas, and for 
recruiting. The support to universities might often take the form of 
contracts for work in particular problems, often to faculties of applied 
science and engineering. This assumption is mentioned here because 
the principle must be applicable, to a degree, to present types of 
departmental research activity; it has been assumed to apply strongly 
to the conduct of the postulated major new programs. 

Some exceptions to the general rule were made in the case of 
present government departments having active programs for encourage
ment of research in industry, e.g., NRC, Department of Industry, 
AECL, or having responsibility for grant programs related to the 
rapidly expanding enrollments in university graduate schools, e.g., 
the university research grants from NRC, AECB, and MRC. But in 
any case the projections made of particular departmental budgets did 
not necessarily portray the expected actual future budgets of those 
departments, since no assumptions were made about which depart
ments or agencies might appropriately be responsible for conducting 
one or other of the new major programs. 

Figure 10 then shows the results of carrying through such 
procedures for the projection of present departmental activities. It 
may be noted that Government in-house R&D expenditures would be 
held to a growth rate of 6.6% per annum, compared with an average of 
7.6% per annum over the period from 1958 to 1966. Government 
expenditures on R&D in industry plus "other" would rise at nearly 
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16% per annum, and in the universities at 20% per annum, with the 
total federal R&D expenditures rising at just over 11% per annum. The 
figures include capital expenditures. 

New Programs - A number of new major R&D programs then 
were postulated, of the general nature described above. The nature 
of each topic led to assumptions about how much time might be 
required for preliminary studies, how fast the program could be made 
to grow (under reasonable control), how much of the federal expendi
ture might be required for in-house research to provide intelligent 
leadership, and how much of the effort might be appropriate in univer
sities, university-managed institutes or non-profit institutes, indus
trial laboratories, and so on. The decisions were fairly arbitrary, 
though based on considerable personal experience. The estimates 
may, of course, be subject to wide error, as will any attempts to 
predict the future. The intention was to err on the optimistic side as 
to the speed with which new programs could be organized, funded, 
and staffed. 

The new program topics are listed as follows, with figures for 
the projected annual federal expenditure (current and capital) on each 
by the year 1975-76 (given in current dollars). 

Space (as per recommendations of the Chapman Report, including 
R&D for satellite communication systems) $80 million. 

ING (as per proposal, two thirds of the project being regarded as 
"new", the remainder being accounted against the R&D budget 
of AECL, since without ING some alternative program of such 
a magnitude would be undertaken within the AECL program) 
$17 million. 

TRIUMF (as per proposal from West Coast Universities, estimated 
federal component of funding) $5.3 million. 

Iniotmetion Transfer (R&D on the use of computers and other data 
handling and display technology in research, teaching, and 
business; and cybernetics and automation) $70 million. 

Electric Power (generation, storage, and transmission) $25 million. 

Environment (advanced technology applied to environmental control, 
urban design, etc., particularly toward development of econom
ically viable northern communities, possibly also under-sea 
operations) $60 million. 

Transportation (systems and vehicles optimum for Canadian situations) 
$50 million. 
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Materials (mostly toward development of secondary industry based on 
Canada's natural resources) $80 million. 

Fuels (optimum use of resources) $5 million. 

Food (efficient production, whether by farming or by synthesis) 
$25 million. 

Bioengineering (application of knowledge and technology from phy
sical sciences and engineering to medical and biological needs) 
$70 million. 

Biology (basic and applied research in molecular biology, biophysics, 
etc., toward genetics, human health, etc.) $20 million. 

Contingency (important new programs not foreseen) $60 million. 

Projected expenditures on each program year by year were 
plotted in total and by sector of performance. From the separate 
curves the curves shown in Figure 11 were built up, showing the 
federal funds expended annually in industry, universities, and in
house. The total expenditure (current and capital) on new programs 
would show a steep rate of increase at 49% per annum, reaching 
$570 million in 1975-76, with the largest part of the funds going to 
support research in industry. A substantial component rising from 
about $8 million in 1968-69 to $108 million in 1975-76 was envisaged 
necessary within government to establish the agencies and minimum 
levels of research to guide the programs, but represents less than 
20% of the total. 

Figure 12 shows the assumptions made for the amount of 
funding in total from universities and industry plus "other". Industrial 
and "other" expenditures (current and capital for industry, current 
only for "other") of their own funds were assumed to continue ap
proximate recent trends at about 12% per annum increase. University 
expenditures (current only) of their own funds on research, from 
private or provincial sources, were assumed to decline somewhat 
relative to federal funding (pressure is on the provinces to increase 
facilities for undergraduate teaching), rising at only 14.3% per annum. 
This assumption is open to some question, since the total rate of 
increase of research funding in the universities, shown in the next 
graph (Fig. 13) then is only just 20% per annum. If graduate student 
enrollments continue at their present rate throughout the next decade, 
and unless Canadian graduate schools can bring down their research 
costs per graduate student, 20% per annum will not be enough, and in 
a second run-through of the exercise the implications will have to be 
considered of still higher levels of funding to the universities - and 
whether the source is provincial or federal. 
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The total funding to each sector is shown in Figure 13. It May 
be noted that the total national expenditure on R&D would be $2.5 
billion in 1975-76 of which $1.6 billion would be government funds. 
Of that amount, $1. 25 billion (54%) would be spent in industry, 
$550 million (23%) in universities, and $540 million (23%) in house. 
About $108 million of the government in-house expenditures would be 
associated with the new programs. 

Projections of the Gross National Product by G. T. McColm 
of the Science Secretariat (Figure 14) predict a GNP in 1975-76 of 
between $103 billion and $117 billion. Thus the projected policies 
and new programs add up to a total national expenditure of between 
2.1% and 2.4% of GNP, which would seem a quite reasonable level for 
1975. To reach that level requires total annual expenditures to 
increase at about 15% per annum, with the federal government compo
nent at 16.4% per annum. Following present patterns, the total federal 
budget in 1975-76 would be expected to be about $19 billion. Thus the 
portion on the federal budget expended on R&D would have increased 
from the present 3.5%, to 8.4% in 1975-76, again what seems to be 
a reasonable result. 

The implications for manpower are of interest. The growth in 
total financial expenditure at an average rate of 15% per annum would 
imply a related growth in the workforce engaged in research and 
development. Allowing for the rising costs of research at about 7% per 
annum, the implied rate of manpower increase would be about 7~% per 
annum. Compared with the projected rates based on U.S. growth and 
on Canadian university enrollments, such a projected growth rate is, 
if anything, excessively modest. 

Conclusions - The conclusions that can be drawn from the 
exercise, rough as it is, appear to be the following. The national 
budget, assuming what some would say is a modest goal of a little 
over 2% of GNP invested annually in R&D by 1975-76, would have 
room in it for several large programs directed to national objectives 
- programs directed to meeting the particular needs of the Canadian 
society in the main areas that can be envisaged at the present time 
(the particular examples used were intended more to be illustrative 
than specific). Allowing for feasible, though rapid, growth-rates from 
the present base, where most of the suggested programs barely exist 
even in proposal form, a number of years must pass before expendi
tures on the programs can grow to substantial size - say annual 
amounts of greater than $10 million each. Indeed, we must recognize 
that it will be foolish to increase expenditures at any greater rate 
than good ideas can be found, or high-quality personnel developed. 
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The rate of appearance of those vital elements cannot be guaranteed, 
and we may find that programs in some of the desired areas will not 
be made to grow as fast as we would like. 

In that context, the ING proposal does not appear so much as an 
excessive expenditure draining off the funds by which other programs 
could grow. Rather, it appears as one of the few projects .on the 
scene that has the idea, and the nucleus of scientific personnel, 
about which a major program could grow in the near future. Figure 15 
shows the size of the ING perturbation, relative to the other postulated 
new programs. TRIUMF is also shown, as a related item of interest. 
It may be noted that the effect on the total government expenditures is 
rather small. The totalING expenditure (including the one third that 
was regarded as included in the AECL departmental program) ap
proaches a peak of 4.65% of government expenditure on R&D in 
1971-72, then declines (as other programs get under way) to less 
than 2% of the total by 1975-76. 

(b) Expenditure on ING in Relation to AECL Program 

As projected in section (a), the R&D budget of AECL at 11% per 
annum would grow to about $117 million in 1975-76. Presumably the 
business volume of the total Canadian atomic power and isotopes 
industry would be very much larger (for example, Ca nadian annual 
uranium sales would probably be above $300 million, heavy-water 
sales above. $50 million, isotope applications above $30 million, 
reactor sales an undetermined share of a world market of about $10 
billion, Canada's own needs being as much as $300 million annually 
for construction of nuclear generating plant). The industry would still 
be rapidly growing. 

For a rapidly growing industry of high scientific content, a basic 
research component of 15%, even 20% of total R&D would be justified. 
The present proportion in AECL is within that range. (The budget of 
the Bell Telephone Laboratories, now employing 14,700 people in 17 
locations in the U.S., is accounted at 15% to basic research, the rest 
specifically oriented toward communications - Electronic News, 23 
January 1967.) A level of 15% to 20% of $117 million would be $17.5 
to $23 million. 

The total operating cost of the ING facility in 1975 is estimated 
at about $26 million (current dollars). In the allocation of benefits 
(Chapter 2.1), about 60% was accounted to basic research, about one 
third of that being used by "visitors", mostly Canadian university 
users. This rough computation would thus leave about 40% of the 
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basic research operating cost, or $10.5 million to be accounted 
against the basic scientific in-house research program of AECL. 
Such an amount is not out of scale with the figures for the total AECL 
R&D expenditure noted above, assuming that the ING project would 
take up at least half of all AECL basic research activity. 

The remaining 40% of the ING budget to be accounted for would 
be divided between the applied research program of AECL (advanced 
reactors, materials testing, etc.), applied research in university 
engineering faculties, commercial isotope production, and benefits to 
industry in the form of R&D contracting, technological stimulation, 
and product innovations. Again, a figure of $10 or $11 million, spread 
over those areas, would not appear out of scale for the year 1975. 

(c) Expenditure in Relation to Social Goals 

It may be appropriate at this point to review briefly the social 
purposes of the financial expenditures being considered. 

The atomic energy program of AECL is concerned directly with 
the provision of economical electric power. Low-cost electrical 
energy is one of the most basic needs of our society, contributing 
immeasurably to our comfort and convenience, and serving as a funda
mental substrate to our industrial productivity and economic viability. 
The magnitude of Canada's growing investment in electrical energy 
was indicated in Chapter 1. 2. 

The isotope applications program of AECL has contributed 
substantially to the world-wide benefits following from the use of 
radioactive isotopes. These benefits have been widely diffused 
through every kind of industry and technology, and therefore are 
difficult to evaluate in monetary terms. There is, nevertheless, no 
doubt that the benefits to the economy as a whole, in opening up new 
knowledge (by radioactive tracers), new technical advances (radiation 
processing), improvements in productivity (gauging, radiography, 
automation), cost savings over other methods (activation analysis, 
pipelining indicators, prospecting), improvements in health (cancer 
treatment, diagnostic methods, food preservation), and so on, far 
exceed the actual dollar volume of commercial activity in supply of 
isotopes and associated equipment. These benefits have been further 
discussed in Chapter 1.2 in relation to financial magnitudes. 

Aside from such diffuse industrial and humanitarian benefits, 
however, research aimed at the production and application of new 
isotopes need have no other justification than that it is financed as part 
of a successful commercial operation. A profit-making manufacturing 
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operation is a social good in itself, in that it contributes to high 
productivity and thus to the general economic prosperity. After 10 or 
15 years of slow growth preparing the foundation, the indications are 

for the AECL Commercial Products Division that a period of rapid 
growth into substantial sales volumes is now in prospect. The AECL 
at some time could easily find it appropriate to set up its Commercial 
Products Division as a separate commercial corporation. As mentioned 
in previous chapters, a large fraction of the operating cost of the 
Intense Neutron Generator, variously estimated at up to one half, is 
expected to be paid for by revenues from isotope production. 

The goals of basic research are extremely broad and non
specific. The understanding of the universe we live in is a basic 
human need and, at its most profound, takes its place with literature, 
music, art, and even religious aspiration among the highest expres
sions of our culture. Active participation in the extending of the 
boundaries of basic scientific knowledge is essential to the vitality 
of our entire system of higher education. Thus the expenditures on 
basic scientific research are justified by society in various ways: as 
part of the total educational system; as an overhead on related applied 
research toward practical objectives; as a cultural activity for its own 
satisfaction, along with theatre, music, ballet, sports; and for strategic 
purposes of information flow, international status, and so on, as 
developed in Chapter 2.1. 

Since a given basic research program has no specific objective 
to be attained, other than the adding of an undeterminable amount of 
scientific knowledge, it is difficult to evaluate what it should cost, 
and whether a given proposal costs too much or too little. All that can 
be done is to choose the highest possible quality of scientists, then 
impose rough check-points to see that whatever experimental facilities 
as are needed for work in their topics of interest are used to the 
optimum, so that the costs per individual scientist are not excessive. 
Again, this is difficult to do, since different sectors of research have 
inherently different costs. Biology, for example, requiring large 
numbers of experimental animals and facilities for their care, or many 
technicians to make painstaking chemical analyses or bio-assays, 
often needs large supporting expenditures for each scientist-investiga
tor. Or oceanography, and other geological sciences, may require 
large field expeditions with ocean-going vessels and their crews and 
logistics, or even rocket-launching facilities. Elementary-particle 
physicists typically require large particle accelerators. Although the 
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typical present annual cost of a completely-paid-for scientist in small 
laboratory investigations in the physical sciences is between $30,000 
and $50,000, the costs in some topics of the nature of the above can 
run upwards of $200,000 per scientist (counting the scientist as the 
research leader or idea-man, rather than including all professional 
supporting personnel). 

For the ING Project, taking 60% of the total operating cost of 
the full facility in 1979-80 as for basic research, and the estimated 
number of users as 140, the cost per research scientist would be about 
$73,000 (1966 dollars). With only half the isotope revenue assumed in 
the summary in Chapter 2.4, the cost per research scientist would be 
$96,000. These figures are reasonably in line with present costs in 
similar types of research. For example, the total operating costs of 
the Brookhaven National Laboratory in 1965 were $44.8 million. 
Averaged over the full-time scientific staff (which includes many 
juniors) the cost per scientist was $84,300 (U.S.). In particular 
sectors, such as the forefront of high-energy physics, the cost per 
scientist is currently quoted about $160,000. 

In current dollars in 1980, of course, the average cost of 
research per scientist will have doubled if present trends continue. 
However, this would be characteristic throughout scientific research 
and would apply for a scientist whether he worked at the ING Project 
or elsewhere in Canada. All that we can assume is that by then we 
would be accustomed to it, and still consider that scientific activity 
was worth the cost. 

2.6 ORGANIZATION 

(a)	 Relationship to AECL 

It has been proposed that the entire complex around the ING 
facility might be referred to as the Nuclear Research Institute (NRI). 
This name will be used for simplicity in this chapter without any 
prejudice for or against its adoption should ING be built. 

There would be two phases during the completion of the Basic 
Machine. The first would involve further research, development and 
design with a view to firming up cost estimates; it would be expected 
to last 18 to 24 months. The second would involve the construction of 
the facility and would last from 1969 to 1973. It is assumed that re
search and development associated with the project would continue 
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during construction, but this work would not be so crucial to determin
ing costs as the research and development done during the first 
period. 

During the initial 18 to 24 months no separate large-scale facil
ities would be constructed. Since the ING proposal originated from 
within AECL, the work during this period would probably be best 
continued within CRNL. This would provide the project with a desir
able and necessary level of continuity during this crucial period. We 
suggest that the managing director of the project should be chairman 
of an ING Board, which should be formed immediately. This Board 
would oversee the design aspects of ING as well as considering the 
details associated with the location and organization of NRI; it would 
be responsible to the Board of AECL through the President. It is 

believed that the ING Board should be appointed by the Government 
(with the exception of the chairman) on the recommendations of an 
impartial body (perhaps drawn from the Science Council and Science 
Secretariat). This impartial body would make its selection from per
sons nominated by the universities, industry and government. 

It is obvious that this Board should not be installed in the direct 
line of command, since it would not be present to handle day to day 
concerns. However, on questions of major policy* and design, the 
managing director would report to the ING Board and this Board would 
have direct access to the President and his Board of Directors. 

In the long term, however, the Committee considers that the 
organizational objective should be the formation of an independent 
national institute for nuclear science. This institute (NRI) might 
best be formed at the commencement of major construction and be 
spun off from AECL at that time. The details of the organization should 
be worked out by the ING Board already formed, but presumably NRI 
would be under a Director and a Board to which the Director would 
be responsible. The Board of NRI would contain impartially appointed 
representatives from the universities, government and industry. 
Because of the potential number of university users and because of 
the large-scale involvement of industry, the Committee believes NRI 
would function most effectively as an independent institute, com
pletely apart from the mainstream of government in-house research. 
After the formation of NRI, arrangements with AECL could be drawn 
up with respect to certain aspects of the construction, further de
velopment, and operation of the facility. 

*Such questions would nonnally include budgetary reviews, and approvals of senior 
staff appointments. 
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(b) Relationship to the Universities 

The organizers of the ING proposal have recognized from the 
beginning the necessity of a large university participation." They have 
also recognized that the full and equal participation of the university 
scientists and engineers would require an approach somewhat different 
from what presently exists at CRNL. 

During the period preceding the commencement of major con
struction, the interests of the universities might best be served by 
strong participation of their representatives on the above-mentioned 
ING Board. Besides concerning themselves with major technical 
matters and with the details of the organization and location of NRI, 
they would be in a position to ensure that proper account would be 
taken of the experimental facilities desired by potential university 
users. 

After the formation of NRI as an independent institute, presum
ably at the commencement of major construction, the interests of the 
universities and the university users in ING would be directly ensured 
by the presence of university representatives on the Board of NRI. 
This would be particularly true since the Director would be respon
sible to the Board. 

With further respect to the interests of the universities the 
Committee believes that university users should have rights and 
privileges equivalent to those enjoyed by the NRI in-house research
ers. An adequate part of the NRI budget, which would include funds 
for travel as well as for equipment and experimental expenses, should 
be earmarked for their use. Full-time technicians within the institute 
should be as available to the university users as to the in-house 
personnel. The latter convenience would have the advantage of help
ing the university users overcome their initial unfamiliarity with the 
facility. 

(c)	 Relationship to Industrially Oriented AECL Groups and Industry 

Not all R&D contributes to the economy of the country in which 
it is performed. An extreme example would be the minute effect on the 
economy if the maj ority of Canadian scientists were to work on trop
ical biology. R&D in industry has, usually, a potentially direct effect 
on the economy, R&D in the universities contributes largely as a 
necessary and desirable overhead on education and training of skilled 

44	 "The AECL Study for an Intense Neutron Gen era to r; Recommendations and Costs", 
FSD/ING-67, Chalk River, August 1966; III A, pp. 3-5. 
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scientists and engineers. The R&D done in government laboratories, 
in general, has not always been noted for the magnitude of its direct 
contribution to the economy. ING is an undeniably large investment in 
time and money; no matter how noteworthy its research objectives are, 
it is necessary to be sure (if the facility is to be built) that a maximum 
benefit to the economy is derived from the R&D done during and after 
its construction. 

In order for R&D to have a real effect on the economy, a com
plete innovative mechanism must exist for any development. It is not 
enough to bring a development to the prototype stage. The need and 
potential market must be clearly defined, the prototype must be mould
ed to the market and means for getting the product directly to the 
market place must be available. 

Dur ing the initia I per iod of the des ign and deve lopment of lNG, 
the maximum awareness of the project by industry would be unquestion
ably desirable, and this might be best accomplished, in part, by the 
above-mentioned representation of industrial personnel on the proposed 
ING Board. The industrial representation on the later Board of NRI 
would help to ensure a high level of awareness in industry of the work 
being done at NRI (both developmental and experimental) and should 
help maximize the transfer of advanced technology and capabilities 
to the industrial sector, though it would be at too general a level to 
be most effective. 

To ensure further a real and rapid transfer of all new technology 
associated with lNG, an innovative mechanism could be built into NRI 
by creating a group with both marketing knowledge and developmental 
means and ability. The mission of this group would be to maximize the 
benefits to the national economy derivable from the operations of NRI. 
This it would do by: (1) assuring the maximization of the revenue 
from the production of isotopes by ING; (2) contracting the use of NRI 
testing facilities to industrial firms and government agencies in 
Canada and abroad (which could include negotiations with AECL for 
the use of ING by their applied divisions); (3) exploiting for profit the 
ideas, research discoveries, and technology developed within the 
whole of NRI during and after the construction of ING - by negoti
ating agreements with various industrial companies (or commercial 
divisions of AECL), which could involve both further research and 
developmental work (if necessary) and actual production (i.e., this 
innovative group must adopt an active role, with funds to invest, with 
market research capability, and with a definite interest in commercial 
profits); (4) looking ahead to future markets and encouraging the de
velopment of Canadian companies along lines that would place them 
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in an advantageous position to enter those markets as they develop 

this might involve cost-shared or direct contracting of R&D to 
industries in certain areas of concern;* (5) functioning as the business 
office for letting contracts to industries, universities and consulting 
firms for solving the technical problems involved in the design and 
operation of ING - this would help to develop good liaison with all 
interested groups. In general, adequate liaison should prevent any over
lap in objectives between this group (or division) and organizations 
outside NRI. It is hoped that the formation of such a group as de
scribed above would help obtain a :naximum return on the govern
ment's R&D investment through providing a direct mechanism for the 
involvement of industry in new and profitable fields of technology. 

J 
J 

2.7 LOCATION 

(a) Reasons for Chalk River Site 

In considering the possible locations for the proposed facility, 
the Committee believes that its recommendation on this point should 
be limited largely to indicating a reasoned preference for the con
struction of ING either at Chalk River, or, alternatively, at a yet 
undetermined site away from Chalk River. Beyond this, the various 
considerations involved are thought to lie outside the scope of the 
Committee. 

There are a number of good arguments for locating ING at Chalk 
River. Many of these arguments stem from the staff of CRNL and 
reflect their interest in the project as well as their familiarity with 
the complexities of nuclear research. Broadly, these arguments fall 
into three categories; the convenience to the scientists and engineers 
presently at CRNL of having ING at Chalk River, the possible increase 
in cost that might result if ING were located away from Chalk River, 
and the benefits of mutual interaction between the people associated 
with ING and those associated with the CRNL programs, particularly 
the nuclear power program. 

On the first point, CRNL argues that many of their present 
professional personnel who would turn their major interest to ING 
would still have concurrent interests in the various programs at CRNL 
and would wish to make periodic use of the present or future facilities 

*These activities should be accompanied by an adequate liaison with interested govern
ment departments such as the Department of Industry. 
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at Chalk River. Examples of these include the neutron physicists 
working on ING who might have subsidiary experiments for which 
NRX and NRU fluxes would still be adequate, and nuclear physicists 
working on ING interested in doing experiments using the Tadem Van 
de Graaff- 4

\ It would be more convenient. for these people if ING 
were located at Chalk River. 

The above argument could also be applied, to a lesser extent, 
to those new professionals hired to work at the ING facility, in that 
they might also develop concurrent interests in some of the projects 
at CRNL and find the proximity of CRNL facilities convenient. 

The use of the CRNL facilities by university researchers has 
not occurred on a large scale in the past. However, those university 
users of ING doing research at the facility free from university commit
ments for a year or two might well find their involvement in the 
proposed facility leading them to a subsidiary interest in some of the 
CRNL facilities, which they would not have had otherwise. Under 
these conditions they might find the proximity of CRNL desirable. 

The second category of CRNL arguments for constructing ING at 
Chalk River consists mainly of various economic considerations. They 
indicate, for example, that the cost of obtaining and developing land 
at some other location would be probably more expensive thandevel
oping a section of the land around Chalk River. The land available at 
Chalk River has adequate water available for cooling and good rock 
foundation with sand overburden for shielding, although they note that 
the terrain is rough with some bog- 4 6 CRNL believes that an exclu• 

sion area of approximately 3000 acres will be necessary for ING from 
a safety point of view. The area under AECL control at Chalk River at 
present is about 10,000 acres, and a large and adequate part of this 
would be available for the ING construction site. 

CRNL also argues that many of the facilities and services at 
their establishment would be available to those working on lNG, and 
these facilities and services, in many cases, would have to be built 
around or made available to ING if the facility were constructed away 
from Chalk River. These include radioactive shipping facilities On
eluding caves), radioactive waste management, purchasing and admin
istration services, certain engineering services and development 
facilities, a health physics group, shielded cells, underwater storage 

41	 Further examples as noted in '<The AECL Study for an Intense Neutron-Generator", 
FSD/ING-75, Chalk River, 1966; p 30 

46	 "The AECL Study for an Intense Neutron-Generator; Recommendations and Costs", 
FSD/ING-67, Chalk Riyer, August 1966; III-B, p 8_ 
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and handling facilities, chemical and metallurgical laboratories 

for radioactive materials, and library, information, and computing 
s ervices-v. If ING were built at Chalk River, it is obvious that many 
of the CRNL facilities and services would have to be enlarged if they 
were to be used mutually. However, G. A. Bartholomew-r" notes that 
"by locating ING close to CRNL the capacity required to cater to the 
two together, while greater than either alone, (would be) less than the 
sum". This, presumably, would be reflected by an increased cost of 
locating ING away from Chalk River. What the actual difference in 
cost would be between expanding the facilities and services at CRNL 
and establishing these at another site is very difficult to determine at 
the present time. Additional to this sum would be any difference in 
cost between developing a site at Chalk River (including the un
retrievable portion of the costs of expanding the housing and com
munity facilities at Deep River) and obtaining and developing a site 
away from Chalk River. 

The third category of CRNL arguments in favor of constructing 
ING at a Chalk River site involves a consideration of the potential 
mutual benefits that would be derived from the close interaction of 
ING with the present and future CRNL programs. In particular, the 
research and development needed for the design and construction of 
lNG, as well as the later experimental work, might be expected to 
make significant scientific and engineering contributions to the 
nuclear power program. If AECL is to continue to playa key role in 
the Canadian nuclear industry, then the maximum interaction of those 
involved in the various development programs at CRNL, with the ING 
personnel would be desirable since the former have a knowledge of 
pressing practical problems, and the latter would be leading the way 
into new areas of nuclear science and technology. 

(b)	 Reasons for Site Elsewhere 

The Committee recognizes the convenience to the AECL 
scientists and engineers working on ING of having CRNL's experi
mental facilities close at hand. However, since the ING proposal has 
always included in concept a large anticipated university involvement 
(professors, graduate students and postdoctoral fellows), the conven
ience of these people must also be considered. 

47	 "The AECL Study for an Intense Ne utrorr-Gener-at orj Recommendations and Costs", 
FSD/ING-67, Chalk River, August 1966; III-B, pp 7-8 "The AECL Study fOJ' an 
Intense Neutron-Generator", FSD/ING-75, Chalk RiTer, December 1966, pp. 31-32 

411 "The AECL Study for an Intense Neutron-Generat or!", FSD/ING-75, Chalk RiTer, 
December 1966; p 31 
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As mentioned earlier, university users relieved of commitments 
to their home institutions might also find some interest in using the 
reactor or other experimental facilities at CRNL. Some convenience 
would be gained for these people by having CRNL close at hand. 
However, it is believed that few university users would be able to 
appear as long-term visitors and more would show up for shorter 
periods of time when they had specific experiments to perform or when 
they wished to consult briefly with their graduate students or post
doctoral fellows. This is the past experience of large accelerator 
facilities in the United States and might be expected to apply to a 
Canadian facility. These university researchers would be coming 
from all parts of Canada to the ING site and returning home with 
moderate frequency. It would be much more convenient to them if ING 
were located close to a large international airport with direct flights 
to a number of major Canadian cities. 

On the question of relative convenience it can be argued that 
AECL research personnel are usually more flexible with respect to 
scheduling their activities than are the members of university staffs, 
and, therefore, the location of ING at Chalk River would be more 
inconvenient to the university users than the location of ING away 
from Chalk River would be inconvenient to AECL personnel from 
this point of view. 

The above points are further emphasized when one considers 
the available transportation to Deep River. The most convenient way 
to reach Deep River at present is by CPR train from Ottawa, a three
hour trip. There is only one train in either direction per day and both 
leave in the late afternoon. There are also three buses a day leaving 
from Ottawa for Deep River (enroute to North Bay) and the trip lasts 
3 to 3-~ hours. This transportation picture illustrates constraints and 
inconveniences a busy university user or a visitor would encounter 
if the facility were located at Chalk River. 

The present picture of public transportation to and from Deep 
River seems unlikely to change in the near future to a significant 
extent. The location of a commercial airport near Deep River or any 
of the neighboring towns seems unlikely for many years to come. A 
more rapid and convenient train or bus service to Deep River from 
Ottawa or any other large city awaits either a major change in the 
present systems of transportation or a much larger shift of population 
to the Deep River area than would be occasioned by the construction 
of ING. 

The scientists and engineers employed at the ING facility might 
well be expected to have concurrent interests in CRNL programs and 
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facilities and to find greater convenience in being close to Chalk 
River. However, their main interests would be in ING and their primary 
responsibility should be to that facility. During the construction of 
lNG, it would be of paramount importance to have a maximum of 
interaction between the personnel responsible for ING and the indus
trial companies making the components for the entire facility. This 
interaction is necessary to ensure to the greatest possible extent that 
the components meet the required specifications, and also to create 
an atmosphere conducive to the maximum interchange of ideas leading 
to potential industrial innovations. After the construction of lNG, the 
interaction between the staff of ING and industry should remain at an 
intense level if the maximum economic benefit from the R&D done 
employing ING is to be obtained. There can be no doubt that the 
desirable level of interaction both before and after the construction of 
ING would occur more readily if ING were located at a site near a 
large industrial area than if it were built at Chalk River. 

Sound arguments can also be made concerning the desirability of 
a maximum interaction between the scientists and engineers working 
on ING and the university engineering departments, both during and 
after the construction of the facility. Such an interaction would un
contestably be of great mutual benefit to the ING project, AECL, and 
the universities, as clearly demonstrated in the U.S. by the interaction 
between MIT and the Lincoln Laboratories and between the University 
of California at Berkeley. and the Lawrence Radiation Laboratories. 
This interaction would occur best if ING were located near one or 
more large universities as well as being near a maj or airport.* 

If ING is to be built, it is expected to generate a great deal of 
international interest and comment. There is no question that a maxi
mum of interaction between scientists and engineers working on ING 
and their counterparts in projects like CERN, SLAC, LAMPF, and the 
200 GeV accelerator (to be built at Weston, Illinois) would be very 
beneficial. It seems reasonable that this interaction would exist to a 
greater extent, in real terms, if ING were located near an international 
airport rather than at Chalk River. 

If ING were built at a site away from Chalk River, AECL might 
reasona bly look into the economics of buying a small private passen
ger plane for the purpose of conveniently flying CRNL and ING per
sonnel back and forth between the two sites. If ING were located at 
Chalk River, it would be difficult to devise such a service from a 

* The proximity of a major university would also provide ING with potential library and 
c omput ing facilities to make up for those that would be lost by p Ia c Irrg the facility 
away from CRNL 
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major airport that would be convenient to university users trom diverse 
parts of the country. 

An advantage, in addition to those mentioned above, of locating 
ING near a large urban center would be the greater ease with which top 
scientists could be attracted to such an area as opposed to more 
isolated locations. The success of ING would depend upon the quality 
of the people taking part in the project. Many scientists and engineers 
of today prefer to live, and even insist on living, in an area that has 
cultural attractions such as a university, a concert hall and orchestra, 
museums, art galleries, and theatres. Since the top people will always 
have many possibilities and opportunities open to them, which fulfill 
both their professional and cultural interests, it seems likely that ING 
would have a better chance of attracting a greater number of these top 
scientists and engineers if it were located near a large urban center. 

There are good arguments, if ING is to built, for locating it 
near a center possessing bi-cultural amenities, since few French 
Canadian scientists and engineers are readily willing to live apart 
from their cultural milieu. The Chalk River area is not satisfactory 
from this point of view. 

In the previous chapter it was indicated that a new approach to 
organization would be needed to ensure both the fullest university 
participation and the maximization of the economic benefits of ING. It 
can be argued that such an organization would grow and thrive best 
away from the present administrative set-up of CRNL simply because 
the example of the old and established could easily permeate the new 
structure from the beginning and divert it, without meaning to, from 
its objectives. 

As mentioned earlier, CRNL argues that ING would require an 
exclusion area of about 3000 acres from a safety point of view. How
ever, one of the consultants to the Committee writes from his experience 
with SLAC as follows: 

"As an accelerator, an exclusion area of 500 - 1,000 feet should 
be allowed with the higher figure applying to the target area. This will 
give a minimum area of somewhat under 1,000 acres. Other consid
erations such as future expansion and room for other facilities should 
also be allowed for. It is generally thought that 500 - 1,000 feet is a 
practical distance based on the attenuation of radiation worker toler
ances near the machine, outward to the boundaries. A small exclusion 
area would probably involve some extra shielding costs so there is an 
economic balance to be made. 
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"ING has, however, an additional problem which is somewhat 
different than the conventional accelerator in the neutron target 
facility. This facility is much more closely allied to reactors and 
should probably be sited in accordance with reactor practice. There 
is one mitigating circumstance for ING - the potential for a really 
major energy release which exists in some reactors is absent for the 
target. " 

It might also be added, that if the facility is to be truly safe for the 
personnel working on it, then it would be sa fe for the people living 
just outside the exclusion area. 

CRNL has suggested that the price of a reasonable location 
away from Chalk River would run about $3,000 per acre-v. The Com
mittee believes this figure may be too high. For instance, reasonably 
flat land on the Quebec side of the Ottawa River, 45 minutes' drive 
from downtown Ottawa sells for about $50 per acre. The latter figure 
is undoubtedly low for most locations under usual circumstances-50 , 

but it is not unreasonable to expect communities to offer land in
expensively (and possibly cheap power) in return for the economic 
benefits to the area of having such a facility located there. This has 
been the experience that the scientists .and engineers in the U.S. have 
had in locating large facilities. If ING were to be built away from 
Chalk River, it might be possible to choose a particular site by allow
ing communities to submit "bids" for the facility, such as was done 
in choosing the site of the 200 GeV accelerator in the U.S. The Com
mittee is not inclined to recommend this procedure, however, since it 
could bring an overbearing element of political considerations into 
the inherently difficult and delicate problems of site selection. There 
are many of these problems, since the ING site, wherever located, 
would have to have the advantages mentioned previously as well as 
being reasonably close to both a rail line (for the safe transportation 
of radioactive materials) and a high voltage power network. 

In considering a site for ING it is worth remembering, as CRNL 
notes-51 , that "The Ottawa and St. Lawrence valleys are liable to earth
quakes although disruptive earthquakes that would crack buildings are 
very rare, probably less than 1 in 500 years at Chalk River". If ING 
were to be built in the general area of the Ottawa and St. Lawrence 

49	 "The AECL Study for an Intense Neutron-Generator; Recommendations and Costs", 
FSD/ING-67, Chalk River, August 1966; III-B, p. 9 

ICI In some areas, however, adequate Crown land mrght be available 

11 "The AECL Study for an Intense Neutron-Generator; Recommendations and Costs", 
FSD/ING-67, Chalk River, Aug uat 1966; III-B, p. 8. 
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valleys this concern should perhaps be regarded as serious only when 
considering the actual design and construction of the facility. Modern 
construction techniques are such that earthquakes should cause little 
damage to a well-constructed facility. For instance, a dam in California 
is being built across the San Andreas fault with confidence that it 
would survive a major earthquake. Also, the Lawrence Radiation 
Laboratories in Berkeley, California, are located very close to another 
"active" fault (there are often one or two noticeable earthquakes a 
year in this area). 

In the previous section, CRNL's concern was expressed over the 
potentially greater expense of creating new services and facilities 
away from Chalk River as opposed to enlarging some of those already 
in existence at CRNL. However, it should be noted that the proposed 
reference site of ING at Chalk River is 3-1/2 miles from CRNL-52 along 
a proposed access road. This distance would reduce to some extent 
the convenient mutual use of enlarged CRNL facilities and services by 
both CRNL and ING personnel. It would seem reasonable that the users 
of ING should be provided with convenient facilities and services aimed 
at maximizing the efficiency of their research. This would not be 
entirely the case if they had to go 3-1/2 miles to make use of facilities 
and services vital to their work. Thus there is some question attached 
to the supposed economic advantages of locating ING near CRNL in 
order to make mutual use of enlarged CRNL services and facilities. 

Undoubtedly, there would be some overall additional costs 
attached to the construction of ING at some site other than Chalk 
River. However, it is suggested that this increase in cost* would be 
far out-weighed by the advantages of locating ING near a large urban 
center where there are industries, one or more universities, cultural 
attractions and an international airport. 

2.8 ALTERNATIVES TO THE INTENSE NEUTRON GENERATOR 

Evaluation of the merit of a proposal that in vol ves the use of 
financial and human capital can never be done in absolute terms, but 
only relative to other possible courses of action. Thus it has been 
essential to consider the merits of any alternatives that have been 
suggested. 

• 2	 "The AECL Study for an Intense Neutron-Generator; Recommendations and Costs", 
FSD/ING-67. Chalk River, August 1966; II-A, p. 4. 

* It is impossible presently to estimate the overall increase in cost without c ons Idering 
a particular site, but it is hoped that the real difference would not exceed a total of 
3 to 10 million d ol lars ;' 
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It is not possible to compare the merits of projects that have 
not been suggested. This is not an empty remark, because it draws 
attention to the point that in scientific research a good proposal is 
unusual. Not only does it require an element of scientific inspiration 
or originality, but also an appreciation of the total context of progress 
in related fields, an appreciation of relevance to the aims of the 
laboratory (or nation, or industry, etc.), an appreciation for the potential 
of in-house capabilities against the competition, and an appreciation 
of the probable costs involved in achievin g success. An appeal in g 
and realizable conjunction of the necessary elements cannot be called 
up at will. Thus the Committee has not presumed that it could (a) sit 
down together and conceive other comparable ideas, or (b) ask CRNL 
for a list of equally developed alternative proposals. CRNL was 

asked for the list of other general topics that were studied by their 
"Future Systems Committee" in 1963-64 and out of which the ING 
proposal was selected for detailed study. This list, with a summary 
of the conclusions reached at the time, was transmitted to the Commit
tee by Mr. T.G. Church in November 1966. The topics are reviewed 
below, along with one or two additional possibilities on which the 
CRNL personnel were questioned by members of the Committee on 
their visit to Chalk River on December 21, 1966. These are reviewed 
principally in relation to the AECL program, in keeping with the 
original purpose of the CRNL exercise, although ING has since 
grown to a larger conception. 

(1) No Long-Term Research Project 

AECL could concentrate on the engineering development of 
CANDU-type reactors, perhaps maintaining a small basic research 
group on moderate-cost facilities comparable to those in individual 
universities. The consequences would be a gradual decline of leader
ship position and reputation, a loss of the better members of staff to 
the universities, and over the long term a retirement from a position 
of contributor to the evolution of advanced power systems and/or 
isotope technology, to a position of consumer. Without the excitement 
of participating in major projects at the forefront of science and 
technology, and without the outstandingly talented people who are 
attracted to such operations, a certain quality of spirit would disappear 
from AECL, and perhaps from Canada. The Committee did not consider 
this to be a desirable alternative. 

(2) A Low-Cost ING 

There is little doubt that, if some technical breakthrough made 
feasible the generation ofthe desired levelof neutron flux by spallation 
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at, say, half the cost estimated for lNG, the proposal would be very 
attracti ve indeed, not only to AECL but to several other establish
ments in other countries. 

To economize by accepting a lower neutron flux would still 
provide for meson beams and would still allow investigation of the 
spallation process and the idea of "electrical breeding", but would 
offer no advance over existing high-flux reactors for neutron research, 
solid state research, or materials testing, and no advantage for isotope 
production over the reactors. It appears that as the flux is pushed 
up past the capability of the reactor approach, the benefits rapidly 
multiply. Similar considerations apply if the average flux is lowered, 
with the desired 10 16 n/cm-/ sec being achieved only in pulses. Many 
of the experiments gain in feasibility, speed, and accuracy, with the 
total neutron flux, not simply with peak values, and again materials 
testing and isotope production suffer. Dr. Lewis sets considerable 
store by the expectation that the commercial advantage in producing 
certain isotopes cheaply and in quantity would virtually pay the cost 
of going to the higher flux. 

(3) A Longer Study Period, or Step-by-Step Development 

The view of CRNL is that the time is ripe for buildin g the ING 
machine, and that, if they do not, some other group before long will. 
Much of the excitement, and the credit for the first research results, 
would be lost by coming in second, as well as useful lead-time in the 
event of new applications. Dr. R.E. Taylor remarked that, depending 
on the nature of the development problems, an intensive program over 
a shorter term would often build such a facility for a lower total cost. 
A highly capable crew working at a high pitch of enthusiasm is likely 
to do a better job, in less time, and for less money, than a crew with 
a methodical, orderly, and workaday approach e- However, this is a 
di fficult altemative to evaluate. It can equally well be seen th at a 
premature commitment to a certain approach could get a project hung 
up in difficulties that would require large expenditures to solve. 

(4)	 AJoint Project 

It was suggested that another country, such as the U.S., might 
be interested in collaborating on the ING project, thus reducing the 
cost to Canada. This has happened to a useful degree in the past, as 
with the U.S. buying plutonium produced by the NRU reactor, and 
contracting for the use of test loops in NRX, NRU, and Whiteshell. In 
fact, the possibility was explored with. the USAEC by the president of 
AECL last year . .In Mr. Gray's words: (( ...although they are extremely 
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interested in the ING project and are pressing us to move ahead with 
it, they could not consider a joint project if it required U.S. funding 
for at least two years ...• They apparently have some limitations on 
budgets and are so heavily committed in this general field that they 
could not undertake to support another project without eliminating one 
of their existing commitments." Staff at CRNL were not in any case 
favorably inclined to this alternative because of the inevitable prob
lems of joint control, particularly where potential commercial appli
cations, including isotope revenues, are in prospect. Such problems do 
not arise to the same degree with a pure research project such as 

CERN. The problems might be manageable as long as one of the 
collaborating parties was in a clearly dominant position, but CRNL 
wanted to be sure that the dominant partner would be Canada, and 
could not be sure that a partnership on such a basis would be accept
able to another country. It was agreed that this alternative was pref
erable to avoid, but the possibility was left open. 

(5) Thermonuclear Fusion 

The CRNL conclusions in 1963 were: 

"The research into the problem of controlled fusion is still far from 
demonstrating that the large scale production of fusion power is fea
sible. However, an active program in this field, carried out in many 
countries, is making important strides toward this goal and is s imul
taneously producing many technological by-products and much knowl
edge about the behavior of plasmas. The CRNL committee recommend
ed that AECL set up a small group to do research in this area and 
consider a good sized machine. However, no new ideas were forth
coming and the probability of success was not known." 

In 1966 there seemed to be a slight current of optimism again among 
fusion researchers after the initial discouragement, but there is still 
no indication how many years are likely to pass before some practical 
breakthrough is achieved. Thus, to enter the field at this time CRNL 
would be starting from scratch, hoping that an idea for an original 
approach would in time appear. On the other hand, ING would share 
much of the basic technology in common. The technologies of high 
current ion sources, intense high energy beams of particles, intense 
energy release in small volumes, high-power RF fields, large elec
tromagnets, vacuum systems, etc., are all closely related to fusion 
technology as it has developed so far. Thus ING would put CRNL in 
a good position to enter fusion research if a practical method appear
ed, and the experience of ING might even suggest a new approach to 
practical fusion. 
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(6) Breeder Reactors 

CRNL concluded: 

"The fast reactor field is one of potentially very great importance 
throughout the world. At this stage a major, self-sufficient, Canadian 
effort in this field is not recommended. The reasons for this are as 
follows: (i) It is uncertain when a definite need for fast reactors will 
arise in Canada, but it would seem to be at least several decades 
away. (ii) There is considerable uncertainty as to the competitive 

position of fast reactors in Canada over the next three or four decades. 
(iii) Even if the competitive position of developed fast reactors were 
favorable, very large sums of money must first be spent on the develop

ment. The sums involved in a self-sufficient Canadian effort would 
be too large to justify at present. It is desirable that Canada should 
support a minor effort on fast reactor problems in order to keep close
ly in touch with the field and to be in a position to shift relatively 
quickly to a larger effort if and when this becomes clearly desirable." 

As CRNL papers have pointed out, efficient converter reactors, such 
as the CANDU types, will be needed in any case in complementary 
association with fast or breeder reactors for a very long time. Since, 
furthermore, the economics of breeders for the Canadian situation are 
so far rather unconvincing, it would appear to be poor research strat
egy at this time to invest large resources in breeder development. 
Since Canada cannot hope to compete internationally across the en
tire spectrum of nuclear technology, the more attractive strategy 
would appear to be to specialize in the heavy-water efficient con
verters or near-breeders as long as a continuing market can be fore
seen and as long as they can be foreseen to meet Canada's needs 
while at the same time investing in a program of research that might 
lead to innovations that would bypass or leap-frog the breeder de
velopments in the longer term. However, ING can usefully serve to 
keep the doors open to breeder technology. It shares similar pro blems 
of materials damage, pumping of liquid metal for coolin g, extraction 
of intense heat from small volumes, and it can con tribute very use
fully to the testing of materials and components in intense fluxes of 
fast neutrons as needed for breeder reactor design. 

(7) Long Distance Energy Transmission 

"The oil and gas pipe-lines are such efficient conveyors 0 f energy 
that generation of electricity at the oil or gas well and transmission 
by electrical transmission lines is not competitive with the conveying 
of the fluids to the area of power consumption and generation of power 
at that point in thermal stations. For the transmission of large blocks 
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of power (greater than 1000 Megawatts) over distances probably in 
excess of 1000 miles, a high voltage DC line should be more econom
ic than an AC line. Very few combinations of hydro-generating sites 
and load centers exist in Canada where DC transmission is needed. 
If power were to be exported to the U.S., then EHDVC lines seem to 
be indicated. Although the superconducting materials have fantastic 
power transmission capabilities, the cost of processing the helium or 
nitrogen used for cooling is so high that they cannot be considered 
as economic competitors with the conventional lines. As long dis
tance transmission is a well studied field and its development would 
be primarily to utilize remote hydro-generating sources, advances in 
this area would not necessarily contribute to the improvement or ex
pansion of nuclear power. Research in this area would more properly 
seem to be the responsibility of the utility systems. Direct participa
tion of AECL is not recommended." 

Some recent studies show (R.L. Garwin, J. Matisoo, Proc. IEEE 55, 
538-548, April 1967) that superconducting transmission lines may 
become economic for transmitting powers of the order of 100,000 Meg
awatts over hundreds of miles. Other studies have presented good 
arguments for linking Canadian power systems in a national grid (D. 
Cass-Beggs, "Economic Feasibility of Trans-Canada Electrical 
Interconnection", Engineering J ournal, January 1961). Nevertheless, 
while the existence of such possibilities suggests that some research 
and development on transmission systems should be proceeding some
where in Canada, perhaps even within the AECL organization, it is 
difficult to make a good case for it as the principal long-range re
search program for CRNL. It would mean essentially opting out of 
nuclear power research in the long term and abandoning the commer
cial exploitation of isotopes, - except for peripheral operations 
around power reactors (the potential of the business to expand already 
will soon be limited by production facilities). Furthermore, such a 
program, in a non-nuclear-related field, would do nothin g to build on 
or exploit present advantages - in staff, faci li ties, experience and 
repu tation , 

(8) Fuel Cells* 

"The literature on fuel cells gives a distinct impression that the 
technology, hardware, estimated costs of power, and in general the 
applications side, are all in advance of the understanding of the basic 
underlying physics and chemistry. This is particularly marked for 

* The technical status of this and the following topics is also reviewed briefly in 
"Resources for Man". by w. C. Leith. pp. 113-121. Lindsay Press Ltd•• 1966. 
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high temperatu re fuel cells, for which virtually no basic study of the 
nature and course of even the simplest electrode reaction is a vai la
able; even the mode of ionic transport in the various electrolytes 
used is very incompletely understood. Again, the nature of the proc
ess by which oxygen is activated at the surface of the electrode is 
still very much in doubt. The nature of the slow stages at the hydro
gen electrode have not been fully elucidated, and no satisfactory ex
planation is available for the marked variation in the exchange cur
rents at various electrodes. There is thus no lack of significant and 
potentially rewarding topics for research in this field. Formation of a 
small research group at CRNL to study these fundamental problems 
would therefore seem desirable. One physical chemist working closely 
with a metal physicist is probably the critical size. Some of the prob
lems are directly related to those in electrolytic production and up
grading of heavy water, so that apart from fuel cell applications, the 
research would form a 'natural' area of continuing interest to AECL. 
Such a group would be able to maintain a continuing surveillance of 
an expanding field, and this would enable AECL to move effectively 
into more technological aspects of fuel cells, if this were indicated 
by future developments here or elsewhere." 

Although a rather larger group than the minimum proposed would be 
advisable to move forward in the field, the subject has two drawbacks 
in relation to AECL. First, it encounters the same arguments as 
above for being unrelated to nuclear power or radioactive materials 
technology. Second, since some types of fuel cell potentially have 
very wide application for trucks, buses, automobiles, domestic dwell
ings, etc., the commercial motives should ensure an effective applied 
research effort by large industrial firms, and government action may 
not be appropriate. In other words AECL would not be well advised 
to choose a program that would lead it in to direct competition with 
General Motors or Ford. 

(9) Magnetohydrodynamics 

"For a system using combustion gases in the duct, adequate conduc
tivities can be achieved, with suitable seeding, at temperatures near 

2500° K; such temperatures can b~ reached by known combustion 
techniques. Large programs of this type are under way in the U.S. 
and in the U.K.;" there appears to be little reason why AECL should 
become involved with combustion-gas MHD devices. The only reactors 
which appear to be able to produce emergent coolant at anywhere near 
the temperature required for gas-cycle systems of improved efficiency 
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are of the gas-cooled type. The highest coolant temperature of any 
proposed reactor design that we have heard of is 2400° F (-1600 0 K). 
If any other type of reactor were used, it would appear that the system 
would have to work on a Rankine cycle. In either case, there would 
be difficulty in getting adequate conductivityvThe equilibrium con
ducti vities of seeded gases (e. g., argon or helium) are insufficient 
below 2000° K. The prospects for reactor-heated devices thus depend 
on the possi bility of using electrons which are not in thermal equilib
rium with the gas. Much work in this field is currently in progress 
and there is considerable hope of success; the most favoured mecha
nism is the heating of the electrons by the induced electric field of 
the duct. The problem of providing suitable materials for duct walls 
would be less severe for a device using reactor heat than in the case 
of combustion gases, but it would still be formidable." 

"u seful, but small scale, research could be undertaken by AECL on 
the non-equilibrium conductivities of static gases subjected to elec
tric and magnetic fields. This subject is not altogether unrelated to 
work on ion chambers which has been done here. The more interesting 
problems associated with gases flowing in a magnetic field would 
require more extensive equipment. Any engineering research on MHO 
generation would require large scale apparatus. It is probable that 
the work on gas dynamics necessary for the development of an MHO 
energy-conversion system would lie well outside the fields familiar to 
any AECL group, either theoretical or experimental." 

Thus, the use of MHO techniques to extract marginal improvements in 
efficiency from fossil-fueled power plants is not of much interest, 
even should it prove feasible. The nuclear reactors that appear most 
potentially suitable for MHO conversion techniques are the gas-cooled 
types, which are not the types with which AECL has had its main 
experience. 'Nevertheless, the question of the eventual importance of 
MHO energy-conversion in relation to nuclear power plants remains 
unresol ved •. Though doubts have been expressed over the last two 
years about the future of MHO research, a recent paper ("MHO in a 
Nuclear Gas-Turbine Cycle", Engineering, February 10, 1967, pp. 
209-211) suggests that the possibilities are still open. Aside from the 
above points, the issues are very similar to those in the case of ther
monuclear fusion. 

(10) Thermionics and Thermoelectrics 

"In those areas of direct conversion that appear to have greatest 
potential, a lot of research has already been done without achieving 
competitive efficiencies. It is probable that any technological ad
vance that might significantly alter the situation would soon become 
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known. Thus a major expenditure of effort cannot be recommended at 
this stage. However, there are certain aspects where relatively small 
investigations could make a worthwhile contribution or, at least, rule 
out an approach. Work should be initiated on studying the high-tem
perature thermoelectric properties of some compounds, including the 
effects of radiation and dopin g. Work already in progress at CRNL 
should be continued to establish definitely whether or not U02 can 
be considered a candidate for the topping application. Exploratory 
work should also be started on electrical contact, electrical insula
tion, and interdiffusion under conditions existing in reactors, since 
a knowledge of these factors will be necessary for any in-reactor 
con verter;" 

The Committee cannot differ with those conclusions. With thermo
electrics there is basically a materials problem, but when and if ma
terials of sufficient efficiency are found (it is not known whether they 
can exist) there will be great commercial interest, and considerable 
industrial technology, particularly in the U.S., waits to exploit im
mediately any such breakthrough for many small-scale applications. 
A research laboratory might look forever for the magic material wi th
out finding it or, having found it, might suddenly find itself empty
handed as other laboratories rushed to apply the discovery. It is 
therefore not at a suitable stage for a major directed effort and, even 
if it were, the applications are such that the research would probably 
be most effective in industrial laboratories. Thermionics, as an ener
gy-conversion technique, is in a similarly doubtful stage. However, 
ING could be regarded as a giant thermionic device, and would keep 
AECL in a state of "technological preparedness" for most major 
developments in the field. 

Conclusions 

Thus the Committee has been led to conclude that, among the 
alternatives considered, the ING proposal stands out as the most 
sui table for a major long-range research program related to the present 
circumstances and future program of AECL. Here AECL is used to 
represent, as a focus, the entire field of applied nuclear science and 
technology in Canada. While a number of the alternatives have been 
considered, as they were by the CRNL committee, only in relation to 
the AECL program, the ING proposal has developed into a larger 
concept, involving the universities as well, and this has given the 
ING proposal additional advantages, as a potential focal point for 
developing a more effective interaction between research in the uni
versities, research in AECL, and the nation's engineering objecti ves, 
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The ING Study 

G. A. BARTHOLOMEW and P. R. TUNNICLIFFE 

The AECL Study for an Intense Neutron-Generator is now three 
years old and the proj ect will be familiar to many readers of Physics 
in Canada. The technical details of the study are given in a recent 
docum ent-; the present article will present the highlights. The study is 
the work of many people within AECL and major contributions have 
been made by colleagues in Canadian universities and industry. 

The ING is a multipurpose facility. At the heart of the system is 
the neutron source formed by bombardment of a Ph-Bi eutectic target 
continuously with 65 rnA of 1 GeV protons. A tank of heavy water 
surrounding the target moderates the spallation and evaporation 
neutrons produced to yield a thermal neutron flux of 10 16 cm- 2 seer". 
But the same beam, or portion of it, can be used simultaneously for 
other purposes, notably for production of secondary beams of fast 
neutrons, mesons and neutrinos. Provision of proton beams of lower 
energy is also being considered. 

The project is within, but close to, the limits of present tech
nology. Considerable development in a wide range of applied sciences 
and engineering will be necessary. Thus not only will many fields of 
fundamental research be served but also considerable stimulus will be 
given to industrial technology. 

Completion of the first phase of the project consisting of accel
erator, thermal neutron facility, and pion beam facility, by 1974 is 
envisaged. The other facilities would be added over the next five 
years. 

The results of the ING study and a proposal to begin full devel
opment has been presented to the Government. The Science Council is 
studying the proposal and is expected to make recommendations soon. 

The ING was conceived to fulfil a need for neutron beams with 
source fluxes greater than provided by hi gh flux reactors (NRU, 

lThe AECL Study for an Intense Neutron Generator, Atomic Energy of Canada Limited 
report AECL 2600 (1966), Scientific Document Distribution Office, Atomic Energy of 
Canada Limited, Chalk River, Ontario. 
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2 x 10 14 ; HFBR, 7 x 1014,HFIR, 2 x 101 5 em _2 secr '). Studies of the solid 
and liquid state by inelastic neutron scattering and of nuclear matter 
by fission, neutron capture, and other reactions require higher fluxes 
for continued progress. Higher fluxes are also needed to meet demands 
for radioactive isotopes for medicine, industry and research. Beam 
tube fluxes of the order of 10 16 cm- 2 sec-1 are difficult to produce 
with reactors due to limitations by core heating and fuel consumption. 

The spallation process has several advantages, the principal one 
being a substantial decrease in the heat production per available 
neutron. 

Since the proposal ' went to press, a linear accelerator has been 
selected as the most suitable machine to produce the proton beam. 
Study is now concen trated on adapting the Los Alamos Scientific 
Laboratory designs for their Meson Physics Facility to 100% duty 
factor at 65 rnA. The optimum machine is about a mile long and will 
require some 125 MW of electrical energy; it will be about 50% efficient 
in converting this to beam power. Table I lists the principal parameters 
of an initial design. 

Tab Ie 1 Accelerator Parameters 

Ion Source: DC Duoplasmatron, current 130 rnA 
Injector DC voltage 750 kV 

LINAC SECTIONS ALVAREZ SECTION WAVEGUIDE SECTION 

Length (ft) 600 4200 
Energy (MeV) 165 975 
Frequency (MHz) 200 800 
RF Losses (MW) 6.9 20.9 
Magnet Power (MW) 0.5 1.2 

After leaving the accelerator the beam enters the target and 
experirnen tal area illustrated in Fig. 1. Almost all of the 65-mA beam 
passes to the thermal-neutron facility. Thin meson-producing targets 
are placed in the beam in the High Activity Tunnel. About 1 rnA is 
split from the main beam and diverted left 90° into another tunnel to 
form beam-Z, This beam is used for meson and fast-neutron physics 
experiments. Beam-3, about 0.1 rnA, or less as required, is split from 
the main beam and bent 45° right and delivered to the resonance-neutron 
time-of-flight facility. A second splitter in beam-3 delivers about 1 
/lA to the Advanced Power Technology facility. Secondary beam chan
nels in the high-activity and beam-2 tunnel walls allow beams of 
mesons, neutrons and if desired, protons, to be extracted. 
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Typical performan ce fi gures for the secondary beams are given 
in Table II. 

Table II Meson and Energetic Nucleon Foci I ities 

CONTINUOUS MESONS (Beam 1) 
Targets	 0.1 g ern"? Be 

Pion Channel, Yield for 65 rnA	 lOa - 109 S-l (300 ± 14) 
MeV 1T± at 40 ft 

Muon Channel, Yield for 65 rnA 108 - 109 cm- 2 S-l
 

(300 ± 14) MeV/l± at 100 ft.
 

PULSED MESONS (Beam 2) 

Target	 - 100 g cm- 2 C 

Yields for 1 rnA average	 109 - 1010s-1(150 ± 8) MeV 
1T± at 40 ft 
10 7 -10 8 cm- 2 S-l stopped 

/l± at 50 ft 

FAST NEUTRONS (Beam 2)
 
Target
 liquid 0 2 , 400 g cm- 2Bi 

cm- 2s-1Yield for 1 rnA average	 5 x 10 7 in 14 MeV, at 
1000 MeV, at 20 ft 
5 X 10 7 cm- 2s-1> 200 MeV at 50 ft 

RESONANCE NEUTRONS
 
Target Pb + thin H2 moderator
 

Neutron intensity at end of
 
66-meter flight path 0.3 crrr" sec'" eV- 1 at 1 keV
 

Flight paths to 1 km length 
available 

The pulsed meson and fast neutron sources are comparable with 
those of the Los Alamos Meson Physics Facility but the continuous 
meson sources are a unique feature of ING. Investigations of nuclear 
structure and nuclear interactions will be greatly facilitated by these 
various high intensity beams. The resonance-neutron source will out
perform all facilities in this field today and will compete well with 
others now planned. The advanced power technology facility served 
by Beam-3 in Fig. 1 will be used for studies of electro-nuclear breeding 
of fissile materials. Other facilities for radiation damage studies, for 
medical research with energetic nucleons and rr-meson s, and for neutrino 
experiments could be accommodated in various areas of the complex. 

The thermal neutron facility illustrated in Fig. 2 is a cylindrical 
reactor-like structure with vertical irradiation tubes and horizontal 
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beam tubes emanating from a central D20 moderator vessel. An annulus 
for cobalt irradiation surrounds the vessel. The Ph-Bi target is molten 
and circulates through a vertical Zircaloy tube passing axially through 
the moderator vessel. A beryllium annulus surrounding the target pro
vides some neutron multiplication. The proton beam is guided by the 
beam-transport sys tern to the top of the shield and thence downward 
into the target. The liquid metal is circulated through an heat-exchanger 
located below floor level. Principal pa rameters of the facility are 
gi ven in Table III. 

Table III Characteristics of Thermal-Neutron Facility 

Facilities 
5 tangential beam tubes (4 with vertical access) 10 em diameter 
1 through-tube with vertical access 20 ern diameter 
1 radial beam tube 10 ern diameter 
2 pneumatic carriers 10 ern diameter 

45 hydraulic carriers 4 cm diameter 
5 vertical thimbles 15 ern diameter 
1 cobalt blanket 

Maximum available flux 10 16 n cm- 2 S-l 

10 1 11
Source Strength 8 x n S-l 

Target Diameter 20 em 

Beryllium multiplier thickness 20 cm 
D20 moderator thickness 100 cm 
Shield thickness at beam tube elevation 450 em, iron 

Pb-Bi inventory and flow rate 105,000 lb. 4560 lb s-l 

Pb-Bi temperature 450°C max,; 325°C min. 

Beam power 65 MW 

Target power 39 MW 

Moderator power 16 MW 
Shield power 9 MW 

Charged particle binding energy 1 MW 

In the more distant future, there are several intriguing paths of 
development leading from ING including a storage ring for pulsing the 
full 65 rnA beam, a power-breeder target for large scale production of 
electricity and fissile materials and the possibility of adding an 
accelerator section to accelerate part of the beam to high energies. 

Both design and use of ING should benefit from TRIUMF which 
will operate earlier. Experience in handling and shielding energetic 
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proton beams and in the techniques of intermediate-energy experi
mental physics will be valuable. Both projects should benefit from 
exchange of ideas during design and construction. In operation, the 
accelerators will be complementary in their areas of application as 
exemplified by the different ranges covered in beam current and 
energy. 
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Appendix II
 

REPORT OF THE CONSULTANTS 



BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC. 

REFER:UPTON, L.I., N.Y. 11973 

TEL. AREA CODE 516 YAPHANK 4-6262 

ACCELERATOR DEPARTMENT 

February 13, 1967 

Dr. R.W. Jackson 
Privy Council Office 
Science Secretariat 
Ottawa, Ontario, Canada 

Dear Dr. Jackson: 

Since I wrote to you last I have asked the metallurgists in our 
Nuclear Engineering Department to review the AECL plans for a 
liquid metal target for the ING accelerator. Dr. Gurinsky and Dr. 
Weeks have written a memo on this subj ect; a copy is enclosed. I am 
sending a copy also to Dr. Lewis at Chalk River. 

I continue to feel some concern about the possible build-up of 
long-term instabilities in a continuous beam. New instabilities of 
quadrupole or higher order character are now under discussion in 
various centers. I would recommend that CRNL's theorists maintain 
contact on this subject with such experts as Fred Mills (University 
of Wisconsin), Ernest Courant (Brookhaven), Andy Sessler and Jackson 
Las1ett (Lawrence Radiation Laboratory), Bob G1uckstem (University 
of Massachusetts), and the group at the Stanford Linear Accelerator 
Center. These people hold irregular periodic meetings at which I am 
sure your representatives would be welcome. 

At the moment I do not feel that there is much more I can con
tribute without going in much further detail into your project. My best 
wishes for its success. 

Sincerely, 

J;--'0Q'4 
John P. Blewett 

JPBlyew 

cc: R. Taylor 
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BROOKHAVEN NATIONAL LABORATORY 

MEMORANDUM 

DATE: Jan. 31, 1967 

TO: J. P. Blewett and J. M. Hendrie 

FROM: D. H. Gurinsky and J. R. Weeks 

SUBJECT: Bi-Pb Target System Proposed for ING 

In our opinion, the materials compatibility between the Ph-Bi 
target and the target tube will make or break the ING concept. The 
present proposal seems reasonable, based upon the limited informa
tion available on the corrosion resistance of Nb to Ph-Bi eutectic. 
The temperatures and temperature differentials are not excessive. 
However, the rapid heating of the liquid metal in the target area and 
its high velocity indicate that a serious corrosion problem could 
occur, even if the solubility of Nb in Pb-Bi is -n.1 ppm at 450 oc. 
Also, Fe and Nb form several stable intermetallic compounds which 
might adversely affect corrosion by forming on the Nb or steel surfaces. 
We suggest that the materials problem be carefully investigated 
before the final design of the ING is settled, and that alternate 
materials be investigated that are known to be more corrosion resistant 
to Ph-Bi than Nb, especially Mo; the possibility of using an Fe 
surface on the Zr should also be considered. 

In our opinion, the only acceptable target tube would be one 
that is coextruded and bonded by heat treatment; the Be braze would 
be likely to produce a very brittle joint in service due to He produc
tion at the interface. A wrought product for the liner is much to be 
preferred over any deposited corrosion barrier layer. The Ph-Bi must 
at all costs be kept away from the Zr-2 tube. Perhaps this target 
tube could be designed to be replaceable. The addition of Mg + Zr 
to the Pb-Bi to clean up the circuit would be desirable. 

The suggested use of a "cold trap" to precipitate solutes is 
open to question. The reference given to Cygan's success at AI is 
not germane, since Cygan worked with dirty (oxide-full) systems, and 
his cold trap merely eliminated Bi20, plugs in the cold leg. The 
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writers have discussed this w ork;' The use of a cold trap, if it is 
effective in removing solutes from the liquid metal, increases the 
system ~ T, which, in turn increases the corrosion potential in the 
high temperature areas. The use of a soluble getter for oxygen such 
as Mg, to reduce its activity to a level at which it will not react with 
the Nb is to be preferred over the use of a cold trap. The addition of 
Zr - by a Zr insert at the coldest portion of the loop - as a soluble 
corrosion inhibitor should also be investigated. 

The selection of steels for use in non-inhibited Pb-Bi .circuits 
based upon their behavior in Hi in the presence of corrosion inhibitors 
at much higher temperatures, as was done in reference to Figures 
VII-24-6, is not advisable. The carbon activity observation, for 
example, is related to the ability of the carbon in the steel to migrate 
to the interface to react there to form inhibiting films of ZrC, so that 
in the absence of inhibitors, carbon activity may be much less impor
tant. The effect of Cr in these figures, likewise, is partially due to 
the reduction in carbon activity with increased Cr content and only 
partially due to the slightly higher solubility of Cr than Fe in Hi. 
The increased stability of the oxide films on the steel surfaces with 
increasing Cr content of the steel have in fact led many workers to 
recommend higher Cr steels for non-inhibited systems. If Zr is to be 
added to the Ph-Hi, however, as suggested above, the steels selected 
are probably good choices. 

The use of a Ph-Hi secondary coolant rather than the NaK 
proposed is suggested, since it eliminates the danger of NaK-H 20 
reactions and NaK contamination of the primary coolant. It also 
eliminates the possibility of the strongly exothermic NaK-Ph-Bi 
reactions. A minimum T of 150 0 c in this system during shut down 
should not be difficult to guarantee, and the liquid metal-water ex
changer design would be greatly simplified. 

Minor specific comments are listed below: 

Page 46: Target tube: Ni liner should be Nb liner. The flow of 
20 ft/sec in the target could produce severe cavitation damage under 
vacuum. This problem should be carefully investigated. 

Page 51, top paragraph: Reference 21 is to work with inhibited 
Bi, not to Ph-Hi. 

Page 51, 4th paragraph: Ta is a better material for making 
bellows and is equally insoluble in the liquid metal. This comment 
also applies to Page 75 near bottom. 

1	 J. R. Weeks and D. H. Gurinsky, Solid-Liquid Reactions in Bi and Na, Liquid 
Metals and Solidification, ASM Cleveland (1958) p, 113-114. 
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Page 76, top paragraph: How would the liquid metal system be 
drained out of the bellows? Ph-Bi should readily wet Mo or Ta, 

Page 77, 2nd and 3rd paragraph: See above general comment 
concerning the use of a cold trap. The cold trap should not remove 
Nb from the Pb-Bi! 

Page 77, 4th paragraph: 2 ppm is the saturation value for Fe 
in Bi at 32S oC. The 0.3 ppm given in Table VII-A-9 is the better 
estimate for Fe in Pb-Bi eutectic. 

Page 81, 3rd paragraph: A Be braze should not stand up well 
under neutrons! 
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REPORT ON ING COST ESTIMATES 

BY 

R. E. Taylor 

SUMMARY 

Present cost estimating procedures for ING appear quite ade
quate. Design changes that will change cost estimates are presently 
taking place, especially in the area of beam handling after the accel
erator proper. Unit costs appear to be somewhat higher than similar 
costs in the U.S. It appears possible to build ING for the budget given 
in FSD/ING 67 and it is quite conceivable that costs could be re
duced from those shown. 

Construction of ING and experimental areas implies the further 
construction of experimental apparatus and facilities that are not 
included in the present estimates. Considerable monies will be ex
pended on these items during the construction period of ING. 

If ING is not located at the Chalk River Site, present estimates 
will require revision, and the schedule of construction will no doubt 
be affected. 

Better cost estimates should be available when certain funda
mental design concepts have been clarified. This will require some 
time, and some R&D. 

GENERAL COMMENTS ON ING COSTS 

The majority of the study effort to date has concerned the S.Q.C. 
concept, now abandoned in favor of a mile-long Iinac. In my opinion, 
the cost estimates will be subject to considerable error until more 
detailed engineering on the linac has been accomplished. This is not 
to say that the present estimates will necessarily escalate as engi
neering proceeds. If this were solely a physics research facility in 

the U.S. I believe that construction costs could be somewhat lower 
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than indicated (if built with the aim of minimum cost for the facility, 
and not considering secondary benefits to industry, e tc. ), The pro
duction aspects of ING complicate the picture for me, and might re
quire higher capital costs to obtain lower operating costs in the fu
ture. 

In the cost figures given forthe basic machine only actual con
struction costs for the accelerator, a simple beam transport system, 
and the neutron target are developed. There are other costs implicit 
in the construction of ING that are not covered. For a project of this 
size financed by the USAEC, money would be available in 4 cate
gories: 

1)	 "Study" money - Small contracts for the development of con
cepts and investigations leading to proposals. Some overlap 
with: 

2)	 R&D - The research and development on components neces
sary for the construction of the accelerator. 

3) Construction - The actual costs of the facility (and asso
ciated plant where applicable). This is the cost often quoted 
as the cost of the facility, e.g., at SLAC this number is $114 
million. 

4) Pre-operations R&D - The costs of developing and building 
necessary research equipment and facilities for the effecti ve 
use of the accelerator. 

All these costs are incurred before the completion of construc
tion. At SLAC, the sum of R&D and Pre-operations R&D ran to 
just under 50% of item 3. While I would not expect this ratio to be 
quite so large for the projected facilities at ING since the lower 
energy experiments should need somewhat smaller equipment, there 
will be very considerable costs in these categories. 

Some costs in category no. 4 may be covered in the regular pro
gram of AECL and represent only a re-direction of money within that 
body. In this connection, a change in the location of the machine 
might increase costs in this category. 

I would expect that R&D costs on the accelerator and neutron 
target could be rather high, considering the large extrapolation in 
beam power in vol ved, Again, it is possible that much of this money 
may be derived from AECL operating funds. 

During the interview with the committee, I mentioned the effect 
of "style" on the construction costs of the machine. An accelerator 
can be built in different ways for different costs. A machine may be 

150 



5 

designed for minimum usage where reliability and ease of use are not 
made primary considerations, over a spectrum to a machine of "Na
tional facility" character, where great stress is placed on reliable 
production of beams with many services available, geared to maximum 
utilization of the facility. It is my impression that the present atti 
tude of the AECL people at Chalk River lies between these extremes, 
where considerable stress is being put on reliability of the accelera
tor, but at least in the basic machine, it has not been thought useful 
to develop a great deal of the experimental aspects of lNG, other 
than the neutron facility. It is clear that the people there are giving 
careful consideration to future flexibility which would allow develop
ment of various other experimental programs as they become desira
ble. The estimates for the expansion of the beam handling systems to 
the full machine configuration are much less definite than those for 
the basic machine at the present time and new design concepts will 
probably cause radical alterations in this part of the budget. I would 
expect the costs to decrease somewhat for the transition to the full 
machine compared with the present estimates in FSD/ING 67. 

In my opinion, -there are two major sources of uncertainty in the 
cost estimates at present. 

1. The short time which has elapsed since decision to adopt the 
linear accelerator. More engineering and tests of major com
ponents such as an amplitron into a waveguide, and the Pb-Bi 
eu tectic system should allow more accurate estimates. 

2. Any	 set of estimates is necessarily tied to a given site. A 
change in site would require restudy of many aspects of the 
cost estimates: might involve redesign of some features if the 
geology is greatly different; mi ght involve land acquisition 
costs; and in this particular case separates ING from several 
necessary facilities which in FSD/ING 67 are assumed to be 
available at the Chalk River Site. 

PARTICULAR QUESTIOt-4S RAISED BY THE COMMITTEE 

A) Technical Feasibility 

I can see no fundamental reason why ING as presently contem
plated should be impossible to build. There are several areas where 
the present technology is insufficient for ING and development will 
have to be undertaken. It seems to me that the most important of these 
questions on the accelerator is the question of radio-frequency power. 
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The need for exceptional efficiency in the conversion of D.C. to R.F. 
and at the same time rather stringent reliability requirements are not 
presently satisfied by any device. An intense study should begin very 
soon (and steps are already under way at Chalk River) on the ques
tions of amplitron suitability and reliability. The suitability can be 
determined by the tests into resonant load stressed by Dr. Blewett. 
Reliability figures will be much harder to ascertain. The Stanford 
linac has been in partial operation for nearly one year, with nearly 
500,000 klystron hours of operation logged. Some 6~0 tube failures 
have been recorded, but the life of the tubes is still very difficul t to 
estimate with precision. Since the design life of the amplifron is near 
10,000 hours (2 years), it is clear that no reasonable test program can 
be mounted to determine this number. Large efforts to estimate this 
reliably by other means are fully justified. 

Fundamental decisions on the RF system should be made very 
early in the design, Le., whether single sections are fed by single 
tu bes, or whether effecti ve standby systems can be built at reasonable 
cost, or if multiple feeds from a source fed by multiple tubes can be 
made to work. This is a most important decision for the reliable oper
ation of the machine. 

It may well be that parallel R.F. programs should be carried for
ward for as long as possible, although this tends to increase R&D 
costs. 

The other feature of the ING design which strikes me as very 
difficult is the neutron targeting device employing a liquid metal as 
the stopping material. I see no alternative to this type of system, and 
believe that a large experimental program needs to be mounted as 
soon as possible testing the circulating system and target tube de
sign, and a simulation of the impurity problems to be expected under 
proton bombardment. It is evident from AECL 2600 that questions 
about the targeting have received careful consideration by the people 
at Chalk River. 

Dr. Blewett has mentioned the ion source and possible beam 
instabilities as further areas where above-average development is 
desirable. 

The only other concern which I have, and this is certainly not a 
feasibility question, concerns the high reliability which will be most 
desirable in the completed machine. This will require a good deal of 
advanced electrical engineering, and may result in high initial cost 
of some components. 
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B) Isolation Oistance 

This question was raised in connection with new sites, possibly 
in populated areas. 

As an accelerator, an exclusion area of 500 - 1000 feet should 
be allowed with the higher figure applying to the target area. This 
will give a minimum area of somewhat under 1000 acres. Other con
siderations such as future expansion and room for other facilities 
should also be allowed for. It is generally thought that 500 - 1000 
feet is a practical distance based on the attenuation of radiation 
worker tolerances near the machine, outward to the boundaries. A 
small exclusion area would probably involve some extra shielding 
costs so there is an economic balance to be made. 

ING has, however, an additional problem which is somewhat 
different than the conventional accelerator in the neutron target fa
cility. This facility is much more closely allied to reactors and 
should probably be sited in accordance with reactor practice. There 
is one mitigating circumstance for lNG-the potential for a really 
major energy release which exists in some reactors is absent for the 
target. 

C) Schedule 

The committee asked for opinions on the length of time neces
sary for R&D and for the project. These are probably not neatly 
separable and some R&D will no doubt still be under way on the 
commissionin g date. I would guess that the bulk of the R&D will 
take place in the first 3 years after approval, and that there now 
exist areas in which R&D effort could be increased over that now 
taking place at Chalk River. Given the present status of things, and 
assuming speedy approval, my guess would be that a schedule would 
show completion in 1974, and that 1975 would certainly be a reason
able expectation. I believe that a successful effort to build the ma
chine on an even faster schedule would reduce the overall costs. 

A change in site would certainly alter the completion date. 

Note: Both in the areas of costs and schedule, I have assumed that 
the bulk of the responsibility for development of hardware 
would be the responsibility of an in-house laboratory group. I 
heard comments both in Ottawa and Chalk River that ING could 
be a vehicle for the development of Canadian industrial re
search, and that this is a worthwhile objective even if it leads 
to increased costs. It is possible to expend rather large sums 
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of money if the intent is to provide expansion of Canadian in
dustry sufficient to produce a large fraction of the compo
nents of ING. 

It has been my unhappy experience that many industrial sup
pliers do not exhibit the same ability in the development proc
ess as the basic science laboratories. This may well be due 
to the practice of letting contracts by low bid and the writing 
of specifications which rarely describe either the product 
desired or the final product. This does not, of course, mean 
that no developments should be undertaken by industry or that 
basic science laboratories are uniformly successful in develop
ment. However, I do feel that costs on a project of lNG's mag
ni tude could be increased substantially by a policy which 
encouraged the responsible group to indiscriminate develop
ment projects on the outside. 

D) Manpower 

I find it difficult to comment on the questions raised concerning 
manpower and operating costs. Manpower is crucial in successfully 
meeting budget and schedule. The staff outlined in FSD!ING 67 
seems somewhat small during the construction, but there is a state
ment that much detailed engineering will not be done by the engineers 
at ING. The operating numbers also seem rather low to me but they 
are derived on the assumption that ING is a part of an already operat
ing laboratory, and do not seem to include support for the experiment
al users. I do feel that ING in the full machine configuration is capa
ble of supporting - 150 PhD scientists. 

I do not feel that I can contribute much to this subject without 
considerably more information. 

COSTS OF BEAM TRANSPORT SYSTEMS AND
 
EXPERIMENTAL AREAS
 

My main "charter" was in the area of beam transport. This has 
become a vanishingly small part of the basic machine, and the design 
of the full facility is changing radically, so that review of transport 
costs for the full machine does not seem fruitful. I have in eluded 
this section on the basic machine beam transport, which shows that 
AECL estimates are not far from similar costs at SLAC. 
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A) High Activity Tunnel, Thermal Neutron Facility 

I remarked to the committee that several areas in the cost esti 
mate seemed unreasonably high. During my visit to Chalk River, I 
found that they were reviewin g both costs and designs for the beam 
transport systems included in the basic machine. There are some new 
ideas under active discussion which could modify the present ideas 
considerably. I was given some new preliminary estimates for the high 
activity tunnel, the thermal neutron facility tunnel, and the transport 
costs associated with the thermal neutron facility. These new esti 
mates show much reduced figures for magnets and D.C. power supplies 
and are based on a more reasonable design. The new estimates and 
designs would reduce the costs for the above named facilities by 
abou t $3,000,000. 

I believe that some of the savin gs effected will be offset by the 
following considerations. 

1)	 Buildings tend to become more complex and expensive as 
the design progresses. 

2)	 Sophisticated support and alignment will probably be necessary 
for the system. This might add - $200,000 to the system costs. 

3)	 It is not entirely clear whether or not cable costs for D.C. 
distribution and I &. C wiring have been included. No firm 
estimate of these costs can be made before the topology of 
the accelerator is clearer (location of control rooms, for 
example). This could amount to a maximum of 10% of the 
total cost of the beam handling facility. 

4) While the unit prices quoted are equal or higher than com
parable costs in my experience, I am not convinced that some 
allowances should not be made for radiation hardening of the 
system. It is also possible to control the input beam well 
enough to prevent appreciable beam loss in the transport 
svstems, Either of these approaches will cost money. 

In summary, I believe that an adequate beam transport system 
for the "basic machine" could be obtained for considerably less than 
the amounts shown in FSD!ING 67 - perhaps as much as $2 million. 
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B) Comparison of Unit Costs in Beam Transport System. 

ING SLAC 

Building and Shielding Walls $3000/ft $3500/ft 

Note: I believe that the present ING de
sign would be somewhat more 
expensive than the SLAC design. 
Costs may well be lower in Cana
da for this type of work. 

D. C. Power Supplies $200/kW Various 
$50-$350 

Note: Cost depends 
$200/kW figure 

on siz
seems 

e of unit. 
high, but 

lack of Canadian suppliers may 
raise price. 

Vacuum Various >$400/ft 
$157-182/ ft 

Note: I find it very difficult to justify 
SLAC costs. ING cost may be 
somewhat low depending on de
gree of remote manipulation as
sumed. 

Magnets 

Note: ING prices are catalogue prices. 
If radiation hardening is required, 
cost will increase considerably. 

I & C 10% of total -10% of Beam 
Transport SysNotes: This is perhaps the most dif- cost ~f beam 
tem total cost.ficult	 category to estimate. handling, 

SLAC costs increased greatly 
from estimate to actual costs. 

Support and Alignment No separate -5% of 
estimate total 

Cranes 

Notes:	 Very similar cranes, and very 
similar estimates. 
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Engineering Design	 10·15% of 13% of
 
total total
 

Cable Plant	 No separate -8% of
 
estimate total
 

The similarity between these numbers gives me confidence in 
the methods of estimating costs. Nevertheless, the main determinant 
of costs is the design, and as noted above, the design is not yet 
complete. 

The contingencies quoted in FSD/ING 67 are probably adequate. 
None of the ING unit costs quoted above include contingency. 

C) Full Facility 

Since many new ideas are still being investigated it is not fruit
ful to try and investigate the costs shown in FSD/ING 67. I have 
reasonable confidence that an adequate system to perform the functions 
outlined for the transport system could be constructed for a cost near 
to that shown in FSD/ING 67. I believe that some of the costs now 
attributed to the expanded facility should be transfered to the basic 
machine, in order to make the transition to the final machine as simple 
as possible. When the designs are more fully developed for the basic 
machine perhaps 5-10% of the cost differential between full and basic 
should be included in the original construction. 

Some formidable R&D problems exist in the area' of beam 
splitters, the severity depending somewhat on the specifications 
desired for the split beams. 

D) Thermal Neutron Facility 

This device is a very complex form of target and most of its 
technology is derived from the reactor field rather than the accelerator 
field. The use of liquid metals in beam stopping devices was consider
ed at SLAC, and dropped as the R&D necessary seemed too great. 
There seems to be no altemative to the use of such a system with 
ING. I believe Dr. Blewett is asking some of the reactor people at 
Brookhaven to comment. Prototype work on such systems should be 
started very soon, with a careful look at corrosion problems. 

E) Experimental Areas 

The estimates shown pertain to buildings which contain little 
or no apparatus. I am sure that SECO is much more competent to 
estimate such structures than I am. 
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D 

THE IMPACT OF THE ING PROJECT
 
ON CANADIAN INDUSTRY
 

Summary 

1.	 The cost of the site preparation, buildings, and supporting services 
is estimated to be $47 million, all of which can be done by existing 
Canadian companies. 

2.	 The cost of the ING machine is estimated to be $67 million of 
which about 80% could be provided by Canadian companies. 

3.	 Engineering and management for the ING machine will cost $11.8 
million and it is considered that Canadian companies have the 
capability to undertake the bulk of such work. 

4.	 The above costs are subject to a probable escalation of 25%. 

5.	 New design and development will be required for $48 million 
worth of ING machine components representing 75% of total cost. 
An additional outlay of $6 - $10 million to cover the cost of 
capital equipment and development work would appear to be needed 
to support this requirement. 

6.	 Canadian industry is willing to take part in the development and 
manufacture of the ING subsystems on a fully funded basis but, 
with one significant exception, sees little opportunity for a 
continuing market outside the field of nuclear physics arising 
from ING technology. 

1.0	 Introduction 

This report has been prepared in response to a request from 
Dr. O. M. Solandt, Chairman of the Science Council, that the Depart
ment of Industry assist the Science Council in its study of the propo
sal from the Atomic Energy of Canada Limited (AECL) for the con
struction of an Intense Neutron Generator (ING) for research in 
nuclear physics. 

1.1 Scope of the Report. - The Department of Industry was 
requested to assess the impact which the project might be 
expected to have on Canadian industry both in the course of 
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development and construction of the facility and from the sub
sequent results of the research program. Our study has been 
directed to this facet of the ING assessment only. 

Due to limitations of time and effort it has not been possible 
to contact and obtain information from all the industries which 
might be affected. Contact has been made with, and information 
obtained from, 13 companies comprising those considered by 
this Department most likely to be involved. The lack of detailed 
specifications, and limitations on the time available prevented 
those who made the survey from examining in detail the specific 
problems which might be expected to arise during the design and 
production of the subsystems for ING. Consequently, many items 
of information presented in Appendix B are estimates based on 
only a superficial knowledge of the requirements. The estimates 
of cost of the various subsystems are based mainly on information 
obtained by Shawinigan Engineering and are considered to be as 
reliable as can be expected at this stage. 

2.0 The ING Facility 

The proposed ING facility is large and complex and for purposes 
of this study it will be di vided into two major segments: 

(1)	 The building and grounds wherein the facility is housed 
together wi th the supporting services. 

(2)	 The device itself including the target and auxiliary 
experimental facilities. 

2.1 The buildings and grounds and supporting services represent 
construction and service industry requirements which in general 
pose no particular problems and are entirely within the capability 
of existing Canadian industry . Some special requirements will be 
encountered concerning radiation shielding, ventilation and filter
ing and other personnel safeguards but Canadian industry has 
met these requirements before in many installations for facilities 
involving high radiation levels and should have no difficulty in 
doing so again. 

The details of costs under Part (1) (buildings, grounds and 
supporting services) are shown in Appendix A. The total expend
iture is $47 million which, spread over five years (if we assume 
buildings and services must be complete two years before the 
facility goes into operation) means $9.2 million per year. The 
economic impact of this spending upon the industries involved 
will not be appreciably different from that produced by the same 
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amount spent on any other form of construction such as housin g 
or office units. The buildings will, of course, be considerably 
more sophisticated as regards temperature, humidity and ventila
tion with build-in devices for providing warning when the environ
mental control fails in any of the sensitive areas. This will shift 
the costs relative to current housing and office practice toward 
more emphasis on environmental control and require the heating, 
ventilating and air conditioning industry to meet much tighter 
specifications. 

2.2 The lNG Machine. - In considering the device itself, we have 
separated the cost of procurement and installation of the machine 
components from the engineering management costs. The former, 
which is estimated to be $66 million, represents about 50% of the 
estimated cost of the total facility ($126 million before escala
tion). The major subsystems of the lNG, further subdivided, where 
applicable, are shown in Appendix B. 

In attempting to obtain the information for this purpose, in 
addition to the Science Council questions (see Appendix C), 
a number of supplementary questions were formulated. The expand
ed list (Appendix D) was used as the basis for information 
gathering and, where answers could be obtained, these are shown 
in Appendix B against each subsystem. Because reliable answers 
to a number of the questions would require a study extending over 
several months, these are not included in table. However, a 
general discussion of such items is included in Para. 3.0. 

The item for engineering and management, $11.7 million, 
represents about 16% of the cost of the machine of which manage
ment costs account for about 4~%. Engineering refers to system 
and detailed desi gn of all subsystems. It is anticipated that 
there will be two phases for this work. CRNL will establish a 
team of about 30 engineers who will do conceptual design and 
include enough detail to enable them to oversee the work effect
ively. The bulk of the design work, however, will be done under 
contract to AECL by a number of firms - one for each major sub
system. It is estimated that these firms together will employ about 
120 engineers for the work. The total engineering staff - CRNL 
and industrial - is forecast to build up from 60 in 1968 to a peak 
of 150 in 1970 and fall off to 25 in 1974. It is intended that only 
Canadian firms will be considered for the major contracts and 
CRNL does not expect to have any difficulty finding acceptable 
contractors. It may be necessary, however, to make use of one 
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U.S. firm to undertake some very difficult specialized desi gn 
problems. 

It should be noted with reference to Appendix B that the 
headings have the following meanings: 

(1)	 Value - estimated cost (usually by either AECL or Shawi
nigan Engineering). This does not include the factor for 
escalation which has been estimated at 25%. 

(2)	 Canadian content - this is an estimate of the fraction (in 
% of value) which can be made in Canada with existing 
development and manufacturing capability. The one 
exception is R.F. tubes shown in Appendix B. One Cana
dian company stated that it would be prepared to add 
20,000 sq. ft. of floor space and make capi tal expenditure 
for furnaces and pumping stations at its own expense. 
Since this was a definite offer concerning speci fic items, 
it was considered desirable to include it in the Canadian 
content. 

(3)	 Industrial Involvement in Design and Development - this 
refers to involvement based on existing capability both 
equipment and personnel. 

(4)	 Potential Market - Canada and world export possibilities. 

The fraction of the total machine which Canadian industry 
feels it could manufacture would cost $51 million which repre
sents 80% of the value as indicated in Appendix B. This result 
should be treated with caution. While there is no doubt that 
Canadian industry could develop and manufacture the major part 
of the machine, the extent to which such a high Canadian content 
would depend upon the installation of additional capital equip
ment, the upgrading of technical capability, and the expansion of 
existing design and development teams, has not been determined. 
The additional capital equipment requirement has been estimated 
at $4 - 8 million and the information obtained from industry 
suggests that some development work will be required in connec
tion with about 75 - 80% (in terms of value) of the whole machine. 
The extent to which such development would increase the costs 
beyond that of equipment obtained outside Canada has not been 
determined. 

3.0 Requirements for Additional Capability 

Answers to questions concerning the above requirements for 
scientific and technical manpower, research and development support 
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and manufactu~ing.and test facilities were always conditional. In 
gen.e~~l, Canad~an industry was quite prepared to set up new R&D 
faci lities, acquire new personnel and manufacturing facilities if, and 
~nly if, the Canadian .Governmen~ v:'0uld pay the full cost. An example 
IS the vacuum pump field where It IS estimated that cc subsidization of 
several hundred thousand dollars" would be required to achieve 
Canadian content in excess of 50%. 

There were two exceptions to this reaction to development requi
rements. The first, mentioned earlier, concerns the development of 
high power RF tubes. A Canadian company has offered to expand its 
floor area and make large capital expenditures at its own expense. 
The development costs amounting to $1 - 2 million would be the 
responsibility of the Federal Government. 

The second case concerns the electro-magnets (quadrapole 
magnets) for the accelerator and beam transport. There is at present 
no Canadian manufacturer. One Canadian company would consider 
manufacturing this item. Although some authorities feel that these 
magnets could be made without further development except that 
required for the anodized aluminum insulation, this opinion is not 
shared by those responsible at CRNL. The remarks made in Section 
4.2 are pertinent here, and it is believed that the potentional suppliers 
have no idea of the very demanding requirements for a magnetic field 
which must be highly stable, highly uniform, and highly repeatable 
from magnet to magnet. It is expected that considerable development 
will be necessary for this application. 

In addition to the three specific items discussed above, there 
will probably be further requirements. It seems likely that there will 
be a need for work on special welding techniques, on the handling and 
pumping of the lead-bismuth eutectic, and on production and fabrica
tion of zirconium. No study of these requirements has been made. 

4.0 Potential Markets 

4.1 Only two of the products resulting from the ING project are 
seen as having a potential market elsewhere.They are: 

(1)	 high power RF generators in the areas of defence, UHF 
transmitting tubes, and RF heating and drying, and, 

(2)	 zirconium production and fabrication for the nuclear 
industry. 

With reference to (1) above, the main commercial market would be 
industrial users of microwave power who now have available to 
them tubes with power outputs of 25 KW. Tubes having an output 
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of 500 KW would be very attracti ve and would result in new 
industrial applications. Another potential market would be in the 
countermeasures field, a defence application. The company 
estimates a potential combined market for these two fields of 
$1 million per year. 

A third product - vacuum pumps - would experience some 
market expansion in Canada but strong competition from U.S. and 
overseas suppliers exists. The potential for competition in world 
markets for this i tern should be examined. 

4.2 New Technology. - Other than the two examples noted above, 
no exploitable new technology is foreseen to result from the 
manufacture of the ING machine. However, the upgrading of 
of existing technology should not be overlooked as an exploitable 
commodity. The effect upon the technical skills and quality of 
production of those companies participating in the design, devel
opment, and manufacture of the ING will be substantial. 

As with projects involving space technology, the tight speci
fications and high performance requirements for both components 
and complete equipment will catch a number of industries by 
surprise. They will believe that they are fully capable of meeting 
the ING requirements in certain areas, and will so state. When 
it comes to delivering the equipment, however, the company 
involved may well find that it is unable to do so without either 
further design and development, or better quality control of 
manufacturing, or both. Two illustrations are worth reporting: 

(1) Nickel-eadmium Batteries for Alouette 1 
The supplier was provided with a detailed specification, 
both on paper, and by lengthy personal discussion between 
the DRTE' power engineer and the Chief Engineer of the 
company and agreed to supply batteries to meet the specifi 
cation. Despite this, initial deliveries resulted in 75% 
rejects. Only after pointed discussions with the manager 
of the company did he agree that the product was unsatis
factory. Improvement was not achieved until the company 
production techniques and quality control were heavily 
modified as directed by DRB engineering and scientific 
personnel. 

(2)	 Fluid Circulating Pumps 
The majority of the fluid pumps supplied for nuclear power 
reactors installed in Canada have failed initially to meet 
specifications and modifications have been necessary. 
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Numerous other examples of the same problem are readily 
available. These are not intended as a criticism of Canadian 
industry - the situation is identical in the United States. How
ever, the net result of such experience will be a considerable 
upgrading of company technical capabilities due to increased 
staff with improved competence, strengthened quality control, 
and improved manufacturing methods. Such improved technical 
capability is, without doubt, a marketable asset. 

5.0	 Canadian Industrial Interest 

Canadian industry is willing to take part in the development 
and manufacture of the ING machine if the project is fully funded by 
the Government. In addition, there is considerable optimism concern
ing potential markets in the two areas listed in Para. 4.0. However, 
the use of knowledge and skills acquired during the production of ING 
as a stepping stone to long-term expansion and new product lines is 
viewed with considerable reservation and uncertainty. In this respect, 
it should be noted that the reaction is not peculiar to Canada. Identi 
cal reactions concerning large scientific research tools have been 
experienced with industry in other countries. 

The consensus of industry reaction is that few long-term benefits 
will accrue to Canadian industry from the ING project. 

6.0	 Potential Effects of ING Research 
on the Canadian Industrial Economy 

No information has been obtained during this study which would 
provide an insight into this question. Materials research using the 
intense neutron flux probably provides one of the most likely outputs, 
but such results, when fortuitous, can rarely be predicted. 

An outcome of the operation and, in part, of the research will 
be the development of more and new isotopes. Isotopes, which are 
processed and marketed by the Commercial Products Division of 
AECL, represent a current market of about $8 million per year. Of 
this amount, the raw product, the isotope, represents about 20%. 
Continued growth at the present rate, 20% per year, would achieve a 
market of $100 million for isotopes by 1980. If such a growth rate 
were achieved by vigorous marketing for even seven years, the sales 
at that time would amount to about $28.5 million producing an income 
for the ING facility of about $5.7 million per year. New applications, 
new devices, new services would have to be developed to provide a 
market for these isotopes. 
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Finally, it has not been possible to identify any direct relation
ship between this project and the future exploitation of nuclear power 
by AECL or Canadian industry. There is, of course, always a chance 
that a breakthrough in nuclear physics would open up new possibilities 
for nuclear power applications, but this does not appear to be a 
primary objective in this instance. 

7.0 Conclusions 

7.1 The short term impact resulting from the desi gn, development, 
fabrication and construction of the ING facility can be assessed 
wi th some con fidence. 

7.1.1 A high proportion, approximately 80% of the dollar 
value of the ING machine could be supplied by Canadian 
companies. Time did not permit a determination of the com
ponents and materials required for this part of the work 
which would have to be obtaired from outside Canada. To 
achieve this target would require additional capital equipment 
estimated to cost $4 - 8 million and the completed machine 
would cost considerably more than if acquired on the open 
market. 

7.1.2 Equipment representing about 75% of the cost of the 
machine will require some development to meet the require
ments. The use of Canadian suppliers will necessitate some 
additional development and familiarization beyond that which 
would be required if procurement were in the open market. 
These costs are not reflected in the summaries in Appendix B. 

7.2 Assessment of the long-term impact resulting from acquired 
new skills and technology during construction and from the 
results of the research carried out with the facility is much 
more difficult, and consequently less confidence can be placed 
in any conclusion. 

7.2.1 In a project of this type with high system design and 
engineering content, one of the main industrial benefits is 
the development of additional skills in large system design. 
This background skill can be exploited on other projects if 
the team is kept together and if the organization concemed 
is in a position to undertake or acquire development work in 
related areas. On this particular project, it is difficult to see 
how maximum benefit could be derived from the development 
of the project team. 
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7.2.2 With one exception there is very little optimism among 
the industries contacted that work directed toward the ING 
project will open the door to new markets of any magnitude. 
This may be a reflection of their difficulty in relating this 
project to industrial interests and needs in the nuclear power 
field. 

7.3 The so-called short term benefits will last seven to ten years 
and the annual expenditure of $20 - 30 million will no doubt 
produce some secondary beneficial effects on industrial techno
logy. 
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(Ref. ING 78 ING COST ESTIMATES - BASIC FACILITY APPENDIX A 
Dec' 66) 

A. DIRECT COSTS 
1. Site Development 
2. Injector 
3. RF Gallery 
4. Accelerator 
5. Mechanical Equipt. Rooms 
6. Main Control Centre 
7. Meson Exp'l Facility 
8. High Activity Tunnel 
9. Thermal Neutron Facility Tunnel 

10. Thermal Neutron Facility 
11. Office & Laboratories 
12. Cooling Water System 
13. Utilities & Support Services 
14. Sales Tax 

B. CONTINGENCIES 
(unforeseen changes) 

TOTAL ING MACHINE COST .....
 
~ C. ENGINEERING & MANAGEMENT
 

GRAND TOTALS 

Bldg. &
 
Civil Eng.
 

Work
 

.3393 
1.6135 
3.6158 

.6061 

.2474 

.3109 
1.4966 

.4899 
3.7804 
2.700 

2.5423 
.9271 

(millions $) 

Mechanical 
Services 

(heat. vent 
& cool) 

.0957 
5.787 

.203 

.0361 

.1001 
1.1745 

.300 

2.3089 

Electrical 
Services 

(AC supply 
& dis t.) 

.0434 
1.6135 

.7798 

.0384 

.0375 

.0346 

.2514 

.8396 

Total
 
Bldg. &
 

Grds.
 

1.7489 
.478 

9.014 
4.3956 

.6061 

.2474 

.5523 
1.5702 

.6246 
5.2063 
3.000 
1.260 
4.9207 

.210 

6.6279 

6.5778 

47.0202 

ING Machine
 
Components
 

1.170 
31.566 
11.550 

.100 
3.351 
1.1138 
9.0669 

8.9596 

66.8773 

11.7696 
78.6469 

Item
 
Total
 

1.648 
40.580 
15.9456 

.6061 

.2474 

.6523 
4.9212 
1.7384 

14.2732 
3.000 
1.260 
4.9207 

.210 

15.5775 

18.3374 
125.6671 



SUMMARY OF INFORMATION OBTAINED APPENDIX B 
FOR MAJOR ITEMS OF ING MACHINE 

Value 
($ million) 

Canadian 
Content 

Industrial 
Involvement 
in Design & 
Development 

Potential 
Market 

New Tech
nology 

Application 
of new 

Technology 

MACHINERY BRANCH 
Vacuum Pum ps 2.5 

% 

50% 

s 
1.25 U.S. Technology 

is available 
small 

Pumps .16 85% .14 None, U.S . 
technology 
available 

small 

Heat Exchangers .38 85% .32 None, U.S. 
technology 
available 

small 

TOTAL 3.04 1.71 

ELECTRICAL & 

~ 

'J 
U'l 

ELECTRONICS BRANCH 
Low level electronics 
Data Processin g 
Instrumentation 
& Control Systems 

5.0 60% 3.0 No appreciable 
industrial 
design nor 
development 

n/a - - only to 
similar 
projects 



~ 

....:] 
0"1 

Electromagnets 

Power Supplies 

R.F.	 System 
(less R.F. Tubes) 

R.F.	 Tubes 
Amplitrons 
Klystrons 
Low Fr equency 

TOTAL 

MATERIALS BRANCH 

Accelerator (Alvarez 
& Waveguide Sections) 
Materials & Fabrication 

SUMMARY OF INFORMATION OBTAINED
 
FOR MAJOR ITEMS OF ING MACHINE (Cont'd)
 

Industrial Application 
Value Canadian Involvement Potential New Tech- of new 

($ million) Content in Design & Market nology Technology 
Development 

% $ 
2.5	 0 0 Yes, to develop minimum - - very 

anodizing on both limited 

sides of aluminum 
strip 

2.12 70% 1.48	 None reg'd n/a n/a n/a 

23.0 95% 21.9 Yes 

High Power same$1.0 M/yr.3.-8. } 
.6-2. 95% 12.4 Yes UHF Power RF Tubes
 

1.-3. Generators
 

45.6 38.9 

8.0	 90% 7.2 Yes Zirconium Producing & Fabricating 
will serve Nuclear Industry 



Target 
Lead Bismuth .38 100% .38 
Shielding 

(iron & concrete) 3.68 100% 3.68 
Moderator tank 
(Zr. pipes & tubes) .42 100% .42 

Target Pb-Bi Tube .29 100% .29 
Heavy Water 1.30 100% 1.30 
Beryllium .094 

TOTAL 14.16 10.29 

GRAND TOTAL 62.80 80% 50.90 

.......
 
--.J 
--.J 



APPENDIX C 

Sc ience Counci I Questions 

1.	 What proportion of the expenditure for the ING would be made 
within Canada for products and services within the existin g stocks 
and capabiIi ties of Canadian industry? 

2.	 What proportion of the expenditure would be wi thin Canada to 
develop product and service capabiIi ties (including R&D capa
bilities) which do not now exist? What would be the capi tal costs 
of establishing such capabilities, and by what means would they 
be funded? 

3.	 What proportion of the total expenditure would go to the U.S.? 

4.	 What would be the fate of such new capabilities as were developed 
in Canadian industry? Would there be continuing business of the 
same type? Would there be new outlets? 

5.	 What are the views and intentions of present Canadian industry 
toward involvement in the ING program? 

6.	 What is your opinion on the potential effects on the Canadian 
industrial economy of the research done employing the ING fad Ii ty? 
Over 10 years? Over 20 years? Over 30 years? 
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APPENDIX D 

SPECIFIC INFORMATION REQUIRED FOR 
001 SURVEY OF THE ING FACILITY 

1.	 Dollar value 

2.	 Possible sources 

3.	 Canadian content 

4.	 Extent of industrial involvement in design and development. 

5.	 Requirement for additional research and development support. 
Type, nature and cost. 

6.	 Requirement for additional manufacturing and test facilities. 
Type, nature and cost. 

7.	 Requirement for additional scientific and technical manpower. 

8.	 Potential market for products, 

9.	 New technology involved. 

10. Potential market for technology in commercial application. 

11. Canadian industrial interest. 
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