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The NEA Nuclear Science Program and the NEA NSC

Statement by the NEACRP.

The NEACRP commended the NEA, and pa.hicularly J. Rosen, and E. Sartori for their strong
support of reactor physics technology development over the past several years. It was noted that
many advancements would not have been possible without the unique framework of the
NEACRP, which enabled in-depth technical discussion on an international level for a wide range
of reactor physics problems. The NEACRP provided 2 forum for a rapid exchange of ideas and
informations, helped organize cooperative cfforts to resolve discrepancies in both calculations and
measurements, and helped guide new methods developments to assurc the accuracy and
cfﬁcicncy of advanced reactor core design. The NEA's role is well recognized by the reactor
physics comrr{unity and is greatly xppmciatcd.

In scveral arcas the NEACRP has in progress activitics which must be continued since significant
resources have already been allocated by a number of member countries. These arcas and

activities are:

Nuclear data * - US-European-Japancsc Evaluation Cooperation

- The Joint Evaluated File Project (the first version alrcady
distributed worldwide, the second being validated for use by
" industry and rescarch organizadons throughout Europe)

- Validation of delayed neutron data (experimental benchmark)

Code verification - Benchmarks on pin-power distribudon in LWRs, 3D spacce
dynamics in LWRs with planned extension to LMFBRs, radial
* C/E trends in large LMFBRsS

Shiclding and criticality
studices - Radiation shiclding experimental data base
- Bumnup credit data validadon

Fusion technology - Benchmark 6n tritium production rate experimental techniques

In addition, the committee has initiated a task to issuc a report on all NEACRP benchmark

excrcises completed to date.
The NEACRP considers that the following additional arcas need priority attention:

—  On-linc monitoring technology for nuclear systems and installadons
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(Anailyﬁis a.nd proéés;sing of cor’&uim'xods‘and dyna:nic signals fro_r_n pl;nt insuﬁmcﬁtaﬁion)
- kCn'tica'l‘ evaluation of advanced rcactoi' coﬁcéi)ts
- —  Physics issues of plutonium recycling and of high burnup fuels in LWRs and HWRVS
— Transmutation of actinides and fission products using reactors and accelerators |

— - Fusion téchnology : , :
(Radiation transport in shields, radiation transport in micro pellets could also be of interest)

— Physics and shielding aspects of accelerators and targets -

—  Physics and shielding aspects of irradiation facilites

In addition the NEACRP strongly recommends for the Steering Committe's and the Nuclear
Science Committee's consideration, several basic principles which the NEACRP has found
provides cfficiency and.effectiveness in the conduct of its work. '

First, the NSC should consider including among its membership persons who are personally in
charge of broad areas of technical .work in their country in fields of interest to the Committee. We

have found that this provides the following benefits:

— The capability to discuss technical details of issues which come up spontaneously during the
course of the meetings of the Committee.,

— Most importantly, the capability to commit on the spot the technical resources to address
action items and to.assure their completion during the following year.

— In the case of countries with small programs this provides for cost effectiveness in that one
individual can monitor the evoludon of technology worldwide over broad areas and can serve

as the point of contact for the whole program within his country.

Second, these technical members should be encouraged to retain continued involvement in the
Committee's activitics. We have observed that this provides the following benefits, as a result of

interpersonal relationships which develop naturally:

— The ability to discuss informally the rationales which support the directions taken in national

programs - which are not discussed in formal communications.

— The ability to disseminate key technical developments quickly and efficiently throughout the

international committee - well in advance of formal publication.
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Out-Line of ICENES 93' (Draft)

1. Scope

The main objective of the Conference is to discuss new con-
cepts of nuclear energy prodﬁction.and utilization system, now
just emerging, but foreseen to be realized in future. With per-
ception of the world to be cultivated, the required key tech-
nologies are made clear. The Conference will contribute to
»identify the targets of the nuclear developments on which our
efforts should be concentrated for future.

Topics
(1) Roles of nuclear energy in a future energy system, which is
most suitable to the prosperity of human society with ac-

complishing environment preservation.

(2) ©Prominent energy production system, utilizing the fusion

- reactions.

(3) Advanced energy production and utilization systems based on

fission reactions.
(4) Application of large scale accelerator.

(5) Exotic energy strage and conversion.

2. Conference Organization

(1) Committee
Organizing Committee --- Scope and Organization
Programme Cbmmittee --- Programme
Scientific Advisory Committee --- Advisory
(Local Executive Committee)
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(2) Organization ‘
Sponsored by JABRI'(Japan Atomic Energy Research Institute)
Co-sponsored by
PNC (Power Reactor and‘Nuclear Fuel Development Corp.)
The Institute of Phyéical and Chemical Research
Osaka University, Institute of Laser’Engineering
NIFS (National Institute for Fusion Science)

In collaboration with ANS
CNS (Canada)
CNS (Chines)
Soviet Academy of Science
ENS J
AESJ (Atomic Energy Society of Japan)

3. Place and Time
1993, Autumn
Mito ( 120km north of Tokyo) or Tokyo
Oral presentation 1 room

Poster Sessioen _ 1 room

4. Participation
Outside Japan 100
Japan 100 - 150

5. Income and expenditure
(1) Income »
Support of Government (Science and Technology Agency,
Japan), Registration fee ‘
(2) Expenditure

Conference room charge

Committee's travel expense
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Banquet
Documentation

6. Tour .
Technical Tour : JT-60 (JAERI) ?
Sight-seeing : Nikko ( 160km north west of Mito)

7. Secretariat
"~ Dr. Y. Kaneko |
Director, Department of Reactor Engineering, JAERI
Tokai-mura, Naka-gun, Ibaraki-ken, Japan
Phone  81-292-82-5517
Fax 81-292-82-6122
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Early Days in the Nuclear Industry

M. C. Edlund
Professor Emeritus
Mechanical and Nuclear Engineering
Virginia Polytechnic Institute and State University
Blacksburg, Virginia, USA

| wentAt‘o'Oak Ridge National Laboratory (ORNL) after receiving my
degree in physics during 1948. ‘Of course, | am only going to talk about those
things with which | was directly connected. My first job in the nuc‘lkear field
was on the aircraft nuclear propulsion project (ANP). At that time the reactor
system plus shield was limited to about 40 metric tons. | remember meeting
Hans Bethe, a qonsultant to ORNL, and we were discussing how we could
pred_ict the shield weight. Dr. Bethe’s reply was simply to hang a swimmihg
pool reactor up in the air and make direct measurements. And we did that at
ORNL during the years 1950-_1953. Can you imagine our ever doing this
today?

The ANP project used 65 w/o LiF and 35 w/o BeF, as the carrier solution
with highly enriched uranium. The melting temperature was about 400°C. At
about 800°C we could drive a jet engine with about 15% efficiengy. The
metallurgy part of the ANP project developed INOR 8 which ié over 90% nickel,
7% chromium and the rest is molybdenum.

The molten salt reactor came out of the ANP project except that it used

thorium and uranium-233 in the carrier solution. Graphite is the moderator. It

is also a breeder with a breeding ratio of 1.05-1.08. The funds to build a
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prototYpe of this reactor at ORNL were removed and no p”rototype has ever
been built; as a result Alvin M. Weinbefg, Director of ORNL, resigned in bfotest
in 1974. | |

During 1950-1951 | was the first lecturer in nuclear reactor theory at the
Oak Ridge School of Reactor Technology. Out of these lectures came the

book, The Elements of Nuclear Reactor Theory by Glasstone and Edlund. As

a result, | met Sigvard Eklund who invited me to givé a six-week course in
Stockholm, Sweden at AB Atomenergi during 1953. One of my students was
Kare Hannerz, the inventor of PIUS.

: In the meantime, | had become a section head of nuclear reactor physics.
In 1954, | worked on a desalination plant using a nuclear reactor. Part of the
0utp'ut was to generate electricity and the rest was used in a salt-water
distillation plant. | also worked on the aqueous hdmogeneous reactor. The
homogenedus reactor test was operated at ORNL in the mid-1950’s.

As a result of the Atomic Energy Act of 1954 which allowed utilities to
lease enriched uranium from thé United States government | had decided to
leave ORNL and seek my fortune elsewhere. | told Manson Benedict, a
consultant to ORNL of my plans, and he told me that they were planning a
nuclear engineering department at MIT and invited rﬁe to come to MIT and
present a lecture to the engineering college. At about the same timek William
Shoupp, téchnical director of the Atbmic Power Department at Westinghouse

wanted me to visit him and consider taking a position with Westinghouse. |
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arranged a trip to Boston where MIT was located and a trip to Westinghouse
at Pittsburgh. | gave my talk at MIT and received an offer to teach and to
become director of their research reactor which was under construction at that
time. The reason | did not accept their handsome offer was that | would have
had to commute one to two hours to find decent housing that | could afford.

Since | was born near Buffalo, New York, | stopped to see my parents.
My mother had a heart attack that night and | called Dr. Shoupp that | Would
see him later. After my mother was out of danger, | received a call from John
Landis of the Babcock & Wilcox Company (B&W). | agreed to meet him the
next day in their New York office. Later on | talked to Mr. Iddles, President of
B&W and Mr. Gay vice president of the Atomic Energy DiQision of B&W. They
were both engineers and the made me a salary offer that | couldn’t refuse.
That is how | ended up in the Nuclear Industry.

B&W had the first commercial contract from Consolidated Edison of New
York to build a thorium 135 MW(e) nuclear reactor at a fixed price of
$45,000,000. This included containment. The fuel assemblies are similar to
those used by the United States Navy in submarines. The fuel assemb|ies
contained a plate of highly enriched uranivum containing about 65% zirconium
clad with zircaloy. Every other plate was thorium metal clad with zircaloy. The
water layer betWeen the plates was about 3 mm.

‘During 1955 B&W received the first license for a critical experiment

laboratory (CEL) which was built near Lynchburg, VA. We mocked up the
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experirhentusing alternate plates of thorium and highly enriched uranium in
zirconium which were placed in a water tank. We achieved criticality in early
1956. | had talked With Alvin Weinberg, the research director of ORNL, in mid-
1956 and he pointed out that zircaloy was perhaps not a good cladding for tﬁe
thorium metal plates.

Since thorium and zircaloy metals do not stick together, a small hole in
the zircaloy cladding may lead to the formation of oxides of thorium an could
swell into the water gap and lead to multiple failure of the fuel assemblies.
When | told B&W that this could possibly happen tests were run at the Alliance
Research Center and what | had predicted did indeed happen.

In late 1956 B&W received a contract to build a nuclear reactor for the
merchant vessel NS Savannah under President Eisenhower’s "Atoms for Peace
Program." In Lynchburg, VA we added another bay and a swimming pool
research reactor in 1957 to B&W's CEL.

Nobody had done critical experiments at high temperatures. So at one
end of the research reactor we built a pressure vessel and did exponential
experiments at temperatures up to 250°C. The research reacfor was used on
many projécts inlcluding a thermionic device for Radio Corporation of America,
a test reactor which B&W was trying to sell in Italy and also hot exponentials
with mixtures of D,0 and H,0.

B&W also had a contract with the Atomic Energy Commission (AEC) to

do research with a bismuth coolant carrier of highly enriched uranium and
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graphite as a moderator. A large number of critical experiments were done at
the CEL in 1957-59. This was also a high temperature reactor concept since
the melting temperature of bismuth is about 271°C.

In 1956 | had the idea that we cduld improve the neutron economy by
using a spectral shift control concept. The concept is to start out with a ratio
of D,0 to H,0 and gradually reduce it to 98% Hy0. Since D,0 is not as
effective as a moderator as H,0 the neutron spectrum is shifted towards the
resonance region and- hence the term "spectral shift control.” Our original
concept was to do this with thorium and uranium-233. However, to do this
quickly we had to use the fuel available which was low enrichment uranium
oxide fuel rods. B&W wanted to protect its patent rights'and finally after four
years the Atomic Energy Commission gave up and we obtained a contract from
AEC to do a series of critical experiments on this concept. We started in June
1960 and finished all the criticals done at the CEL by July 1963. Unfortunately
they were done on low enrichment uranium. If the original idea had been
carried out, we believe that a conversion ratio about 0.9 could have been
obtained. Since there is no reprocessing in the US, the net advantage for using
low enrichment is about 10% increase in lifetime for the same enrichment. It
turns out now, with a displacement of H,0 only, we can increase the lifetime
by about one-third for the same enrichment. | am now working on this with
the B&W Fuel Company to see if we can do this with one of their existing

nuclear reactors.
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In 1958 we had a new president, the chairman of Consolidated Edison
had died and our president renegotiated our contract with Con Edison. -B&W
was reduced to supplying the normal steam supply system at cost under the
direction of Con Edison’.

When | first received the offer from B&W, the Company was a member
of Atomic Power Development Associates which was formed to design and
build Fermi I. B&W had W. T. Moore and-W. C. Gumprich on the Fermi |
project. Moore became our division manage.r and Gumprich became our chief
engineer. Today W. T. Moore is about 88 years old and W. C. Gumprich has
been dead for almost twenty years. | also worked on Fermi |I. This was a
sodium cooled highly enriched uranium reactor which starfed upin 1965. This
was a forerunner of the breeder reacthor. But it had an accident and the Atomic
Powér Development Associates failed to come up with enough money to restart
it. Again no‘onev was hurt, except the Project.

Right after we had received our order from Consolidated Edison, there
were many companies in competition with B&W. The two prime competitors
were General Electric and Westinghouse. The others were ‘Allis-Chalmers,
American Machine and Foundry, Atomics International and General Dynamics.
About 1959, Combustion Engineering bought out General Nuclear Engineering
Company and Walter Zinn became a vice president in charge of their nuclear
division. Walter Zinn was formerly Director of Argonne National Laboratory.

Westinghouse received a contract in 1956 from the Yankee Atomic
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Electric Company to construct 167 MW(e) pressurized water reactor {PWR) at
Rowe, Massachusetts. They were first on line with commercial operation in
July 1961. At about the same time General Electric received a contract from
Commonwealth Edison located in Chicago, lllinois for Dresden |, a boiling water
reactor (BWR). They came on line about a year later. The great break through
in nuclear power was when General Electric bid a turnkey BWR to General
Public Utilities for $64,000,000. This plant would produce 620 MW(e). Of
cburse Westinghouse followed General. Electric and bid turnkey PWR’s in
competition with General Electric. Finally, Combustion Engineering_got its first
nuclear project with Omaha Public Power District. It is a 480 MW/(e) PWR.
Finally, B&W got its contract to build three PWR’s from Duke Power. This
occurred about two years after | had left the compahy. |
The High Temperature Gas Cooled Reactor (HTGR) was designed in the
early 1960’s and was sold by Frederick de Hoffmann, President of General
Atomics as a part of General Dynamics to Public Service of Colorado. Well Gulf
Oil bought General Atomics and my friend John Landis became president of
General Atomics. Part of his duty was to build Fort St. Vrain reactor to fulfil
the contract with Public Service of Colorado. According to Landis, the design
of the components was not the best, but the reactor core design was excellent
including the fuel pellets. John Landis has been a Senior Vice President and
Director of Stone and Webster Corporation for 16 years.

As you all know the Three Mile Island accident put the nuclear steam
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'supply corporations out of business in the United States. Westinghouse and
General Electric have continued to sell a few rkeactors in other parts of the
world since the accident occurred. In the United States we hope that we will
see utilities ordering new nuclear power plants within the next year or so. This
depends very much on whether the US Congress will pass an act that
essentially allows the US Nuclear Regulatory Commission to hold all hearings
before construction is started. | believe it will be done this year and shortly

thereafter some nuclear utilities will be ordering nuclear power plants again.
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