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PRESENT. AND FUTURE OF THE U.S. NUCLEAR SUPPLY INDUSTRY

Francesco Costagliola,
Commissioner, U. S. Atomic Energy Commission

This address consists generally of three parts: the present size
and nature of the U.S. nuclear supply industry; the projected increase
through 1980 in narkets for nuclear goods and services offered by the
U.S. supply industry; and consideration of policy questions of national
and industrial importance in the 1970-1980's.

The present U.S. nuclear supply industry is broken down into four
general industry sectors for analysis. These sectors cover the nuclear
steam supply system, the nuclear fuel cycle, turbine generator and
associated equipment; and the remainder (whiqh consists principally of
plant engineering and construction). The estimated annual U.S. business
volume for each of these sectors is approximately $300 million in 1970.
Competition in the supply industry, factors which tend to increase or
limit the number of suppliers, and governmental interest are discussed,

In considering the nature of the future supply industry in the
U.S., the megnitude of the future market for the various sectors of the
nuclear business is presented. The latest AEC projection of the
cumulative U.S. nuclear market through 1980 is: capital value of
installed nuclear power facilities~-25 billion; UBOB requirenents—-

4 billiong to UF6 conversion-—400 million; uranium enrichment——

7.0
U3 5
4 billion; fuel fabrication--4 billion; chemical reprocessing~-500 million.
Needs in these categories for U.S.-type reactors expected to be installed

abrozd by 1980 will be discussed. The capital investment for these power

SgpiRHE — 4 ~(2)



plants by that time will exceed $15 billion. U.S. Government interest
in maintenance of a competitive industry within the U.3S. and in fair
and free competition in future domestic and international markets will
be described.

The magnitude df the growing world-wide nuclear power market will
engender industrisl and international situations which will require
careful considerstion and resolution. Without proposing solutions, the
paper enumerates sand discusses some of the more important of these
questions, for which governments and their respective nuclear industries

nust find workable solutions.
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GAS~COOLED REACTORS

R. V. Moore

Mangging Director, Reactor Group,

U.K. Atomic Energy Authority
1. Gas—-cooled reactors have been the main line of development for
nuclear power production in the U.K. for the past 20 years. The first
generation plants - G.C.R. Mik.I - were based on the original Calder Hall
concept using natural uranium fuel, metallic form, clad in & magnesium
alloy can called 'magnox'. The reactors are known as the Calder type
or magnox type.
2. The second generation of gas-cooled reactors - G.C.R. Mk.II -~ are
now under construction. They are based on enriched uranium oxide fuel,
clad in thin stainless steel. The fuel elements have been developed
in the Advanced Gas—cooled Reactor - the A.G.R. - built at Windscale in
the north of Bngland, mainly as a fuel test bed. This generation of
reactors are known as A,G.R's, after the experimental reactor at
Windscale,
3. The +third generation of gas-cooled reactors - G.C.R, Mk.III - are
now in an advanced stage of design. These reactors will be based on =
new fuel concept, the so-called coated particle fuels. Since they
operate at high temperature, these reactors are sometimes known as High
Temperature Reactors or H.T.R's. These three generatioﬁs of reactors
are regarded in the United Kingdom as all of one family; indeed the
characteristics of the family are easily traceable from one generation
of plants to the next.
4. The operating experience with gas—cooled reactors now goes back

more than 10 years, and is being accumulated with some 30 reactors, of

WEFMRERR—13)



which 25 are in daily operation in the United Kingdom. The paper
summarises this experience and emphasises certain lessons learned which
eare being incorporated in the design of new reactors.

5. The peaper traces certain importantidesign features and improvements
of the gas~cooled reactor family using the Tokai Mura station as an
example of an early type. It compares its features with one of the
later designs now under constiruction — the Hunterston 'B' station in
Scotland. The expected performance, including reliability and long life,
is wore open.

6. Or the basis of this accumulated design, construction and operating
experience, the paper next outlines the probable characteristics of the
third generation of gas-cooled reactors. The paper indicates how the
new fuel technology will be expleited to improve the performance and
reliability of gas~cooled reactors, retaining as much as possible of

the plant features which have been proved by cxperience. The paper also
indicates some areas of longer term development which are now being
studied.

7. The paper concludes that although in Japan difficulties have been
encountered with the construction and start-up of the Tokai Mura power
station, nevertheless this experience is not typical of_gas—cooled
reactors. Indeed very favourable experience has been gained elsewhere
in the world. The adverse experience with Tokai Mura may be more
typical of early nuclear plants whatever the type of reactor.

s. World experience with the gas-cooled reactor, when considered. with
its current and future potentialities, suggests that Japanese industry
might consider the continued exploitation of this important class of
nuclear power station in the future, regarding the hard experience gained

with the Tokai Mura plant as the foundation from which to bulld a programne.
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The Hieh Temperature Reactor

~ its Potential and Status of Development in Germeany -

H. ¥, Miller
Menaging Director, Brown Boveri/
Krupp Rezktorbau GmbH
Whereas initially the signifiéance of the High Temperature Reactor
(HTGR) was recognized as part of an intermediate reactor generation
between Light Water Reactors and Fast Breederé, at present the
potential of HTGR's is being reevaluated as a result of = number of
decisive development stages:
- coated fuel pafticles show very good fission product
retention prbperties
- the technology of both helium as coolant gas and graphite
as structural material has been provén in operating HTGR's
- the successful dévélopment of concrete pressure vessels
provides a favourablé combination with the good inherent
nuclear Safetj characteristics of this reactor type.
In the econoﬁic assessment of High Temperature Resctors the decisive
factors are:
- high fuel burn-up, thus good utilization of fuel
~ high specific power requiring small fuel inventory
—‘high coolant gés temperature resulting in high efficiencies.
In the Federal Republic of Gérmény gince 1956‘Brown Boveri/Krupp
Reektorbau GmbH (BBK) have been mainly working on the development and
design of the High Temperature Reactor with spherical fuel elements.

In 1961 BBK started with the construction of the 15 MWe AVR experimental
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power station in Jiilich which for the first time delivered electric
power to the grid in December 1967. Uﬁ to now its performance has
been very satisfactory. With i/B of‘the ébécified burn-up of 12%
fima reaohea; the AVR fuel still shows excellent fission product
retaining properties.

For further development of. this conéept’EURATOM, The Nuclear Research
Center Jlilich, and BBK formed an association. Its essential task was
the design of & 300 MWe prototype power plant, the construction of
which is expected to start early next year.

An economic assessment of Thorium High Temperature Reactor power
stations with 600 - 1000 MWe capacity leads to capital cost of roughly
130 $/kWe. Fuel cycles based on both Th/U and low-enriched U have
been studied. Due to the high rating, the initial charge of fuel
inventory for 600 - 1000 MWe HTGR's will be on the order of 15 $/kWe.
In case large reprocessing capacities can be provided, fuel cycle
cost as low as 1 mill/kWh will be achievable.

Encouragedfby the promising results from operating reactors, it was
soon realized that the core design of  the High Temperature Reactor is
not fully exploited and even higher gas temperaturcs can be expected.
On the basis of this aspect, a German developument program is directed
towards the commercial operation of a single cycle HTGR plant coupled
with helium turbines, which should both lead to higher thermodynamic
efficiencies and further reduction of capital cost.

In conclusion an outlook is given on the applicafion»of HTGR heat for
other purposes than electricity generation. Although basic problens,
such as the design of large heat transfer units, must be overcome,

most economic use could be made of their potential by integrating
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HTGR's into the iron production process, e.g., into & combined iron
smelting and electricity generating plant.
In addition, investigations were started in Germany tc apply nuclear

process heat for coal gasification.
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SCENT ADVANCES IH HIGH—TEMPERATURE,'GASnCOOLED
NUCLEAR POWER GENERATION

Prederic de Hoffmsnn,

Vice President, Gulf 0i} Cnrporastion,

President, Gulf General Atomic Incorporated;

Corwin L. Rickard,

Vice President, Gulf General Atomic Incorporated

The High Temperature Gas-cooled Reactor (HTGR) was underteken as a

means to achieve low electrical power generating costs through: (l) the
production of high temperature, high pressure steam to meet the require-
ments of efficient superheat steam cycles, (2) mazimum utilization of
fissionable nuclear fuel by providing high neutron economy, high
conversion ratio and high puclear fuel burnup, and (3) a high degree of
operational reliability and safety. These objectives have been
fundamental in the development work of the HTIGR, which can now be classed
as having reached the stage of the practical operating power reactor
system.

. The Peach Bottom HTGR Atomic Power Station has been in commercial
operation on the sysﬁemfof the Philadelpbia Blectric Company in south-
eastern Pennsylvania since June 1967. Peach Bottom produces commercial
electric power at modern steam conditions of 1000°F temperature and
1450 psi pressure. It was also the first commercial plant to demonstrate
the use of an all~graphite core which is designed for a peak fuel burnup
of 75,000 MWD/MT of fuel. There have teen two extended shutdown periods
foliowing each 150 equivalent full power days to make a thorough
inspection of reactor internals and fuel and to make various tests since
the Peach Bottom reactor is a prototype and we wanted to make maximum use
of the facility for gaining information about the system. During the

operation period, the nuclear steam supply system had an availability of

85% and a gross thermal efficiency of 37.1%. The performance of the
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HTGR system has been exce11ent from %he standpoint of reactor physics,
equipment components, control of coolant impurities and radioactivity,
and response to both steady state-and transient operating conditions.

The 330 Mw(e) HTGR Fort St. Vrain Nuclear Station of the Public
Service Company of Colorado, is now well a}oné in the construction stage.
This project, including certain supporting research and development work,
is part of the USAEC's Power Demonstration Reactor Program. The Colorado
HTGR will be the first HTGR to employ the safety and economic advantages
of a prestressed concrete reactor pressure vessel to contain all
components of th@ primary coolant loop. It will produce 2400 psi, 1000°F
superheated steam, plus 1000°F reheated steam, and will have a net
overall efficiency oanboﬁt 40%., Construction work began in September
1968 for the Colorado planf and since has progressed rapidly. To date,
approximately 16;000 cubic yards of concrete have been poured.
Construction of the turbine pedestal is 85% complete., The PCRV support ring
and all interior walls and columns up to ground level fér the reactor
buildiﬁg are nearing completion. The 400 ton‘PCRV bottom head liner,
including bottom head penetrations and core floor support éolumns, has
been assenmbled and is ready for installation in February. Construction
completion for the Fort St. Vrain station is scheduled for 1971.

Development and design work is also proceeding rapidly for HTGR's
in the 600-1100 Mw(e) range. These laerger HTGR plants utilize the same
fundamental principles demonstrated in the Peach Boftom prototype, élus
majof?combonents'and systems based on the same ftechnology being employed
inbthev06lorado plant.

A natural adjunct to the development of the HTGR system is the
utilization of helium as coolant and HTGR components in alfasf breeder

reactor. Work on the Gas-Cooled Fast Reactor (GCFR) concept began in 1961



and since then, its development has been pursued on a steadily increasing
scale. The design work has indicated that the GCFR has both practical
and performance advantages. The use of ges cooling not only provides
escape from the practical engineering and maintenance problems associated
with liquid metal cooling, but also has positive features leading 1o
excellent breeder performance. TFactors enhancing performence are high
breeding ratio, low inventory doubling times, and ability to sustain
reactivity throughout core life. Factors enhancing safety are absence

of coolant activity, absence of the need for positive voild coefficient
override, and impossibility of complete loss of coolant or local void
formation.

Factors enhancing maintainability and relisbility include developed
coolant technology, ability to water flood the core, compatibility of
coolant with air and system materials.

A two-year cooperative program with 37 U. S, utilities representing
over 60,000,000 kw of generating capacity was initiated in June 1968.

The objective of this program is to evaluate the GCFR program and
perform the conceptual design work necessary 10 accelerate the eventual
construction and operation of a GCFR prototype plant in the U, 3. during
the mid-1970's Jcading to & large commercial GCFR plant by the early
1980's.

In another complementary GCFR development program a joint program
initiated in late 1967 with the Swiss Federal Institute for Reactor
Research is investigating the possibility of converting the Lucens
reactor in Switzerland into a gas-cooled fast-reactor experiment, as well
as the direct cycle application of a gas turbine with the GCFR. GCFR fuel

development is proceeding in a program with the USARC.
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. HEAVY WATER PREPARATION

Henfiiﬁiatier
Director of Nuclear HMaterials -
French Atomic Energy Commission.

Heavy water is required for reactors in quantities of the order
of 0.7 tons per MW of electrical power installed. To make heavy
water reactors economioally-attractive. It should be .available at a
cost of about 18 U.S. Dollars per Pound. |

- A new development in heavy water preparation during the past two
years has been the successfull'operatiqn of the first plant using the
NHz--H2 exchange process to concentrate deuterium. Located in the
north of France at Mazingarbe. This plant was built for the
Commissariat a 1'Hnergie Atomique by the Societe chimique des
Caarbommages (coal industyy) with the help of two French constructors:
compagnie de construqtion nmecanique—procedes sulzer and air liquide.

The latter have been associated with the gociete Chimique des
Gharbonnages and the Commissariat a 1'Bnergie Atomique in the process
studies,

AThe author outlines the various advantages of the process, sketches
its economy and compares it with the H,;S-H,0 exchange process, a very
rapid development of which can be seen in Canada. An attempt is made to define
the specific realm of each process. In highly industrialialised areas and regions
where agriculturé ' uses large .amounts of fertilizers, the ammonia production
is large enough to bring the NL-H, Process to be operated in an
attractive way.

A 7plant producing 1000 tons of ammonia per day can offer from

60 to 70 tons of I»O per year as a by—product. In Great—Britain,Germany,
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France, ammonia plants exist, to which unite producing 100 to 150 tons
per year could be attached. A total prodqction of several hundred tons
per year of P20 could e obtained by equifping only the most modern
feftilizer;plants;&miﬁmukfenaﬁhaa,moderately rapid program of heavy
water reactors to bé’éustained.

ThB‘MQZihgarbé‘ piéﬁ;ﬁiéspriefxy described, especially the very
efficient type of, ~contacting equipment used.

The V@fi@u$:fiﬁWf~§h5§ts_ that can be used to put the NHz-H, exchange
into operation ' ‘;a'r"e' 8180 -présented. The "one temperature exchange" of
Mazingarbe which gﬂ the most well known, requires the smallest number
of contacts. The "two témperatures exchange" is simpler in many
agpects, particularly with respect to the connection between the D,0
and the NHz plants, it also leads to reduced energy costs. Both flow
sheets are being continuously reassessed while complementary engineering
data are supplied by the Mazingarbe plant and experimentation on pilot
plant scale, in Mazingarbe and Grenoble.

The analysis which is presented shows that the large heavy water
guantities which would be required by & rapid heavy water reactors
development, can be produced at comparable costs, either by one single
plant using the H4S5-Ho0 process, or several units using the NHz-H2
process., Moreo%er the latter is advantageous to initiate a heavy
water reactors program because 1t allows the production capacity to
be closely adapted to the successive requirements of the reactors,

avoiding thus an expensive storage of heavy water.
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REVIEW AND ANALYSIS OF FAST BREEDER REACTOR DEVELOPMENT

S5.L. Sibley
President, Pacific Gas & Electric Co.

The widespread interest in the fast breeder reactor is strongly
indicated by the fact that tﬁe world's leading industrial nations are
all actively engaged in its development. These countries include the
United Kingdom, I'rance, Germany in association with Bélgium and Holland,
Japan, Italy, the Soviet Union, and the United States. In the United
States, as elsewhere, most emphasis is on the godium cooled breeder.

All of the countries mentioned ezcept the United States have made definite
commitments for prototype plénts.

The programs in the United States involve the U. S. Atomic Energy
Commission (AEC), manufacturing companies, and electric utility
companies. The AEC has conceived a program which anticipates proposals
from industry on prototype or demonstration plants in the 1969-1971
period. A minimum of three such plants is anticipated at approximately
two--year intervals. The first of these plants probably could not be in
operation before 1976, The United States has a number of facilities for
fast breeder experimentation. The AEC's EBR~II reactor is the principal
operating fast reactor and the Fermi reactor with a design capability
of 450 MWt is expected to be operating again soon. The SEFOR reactor
has recently been licensed for low power operation. The next major
facility in the AEC's program is the Fast Flux Test Facility (FFIF),

a 400 MWt design.

The AEC®s program encourages private industry to undertake

significant breeder development work on its own and, where necessary,

industry is to solicit financial support of the federal government
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through the AEC. Comsequently, we have not only the AEC program but
industry programs as well,

There are five major industry programs, each centering about one of
the major reactor manufacturers. Four of these deal with sodium fast
reactors end the fifth uses helium gas. Each of these has a number of
utility company sponsors.

The paper will include a review of these programs and a discussion
of such matters as anticipated plant costs, the long range availability
of plutonium, integration of fast breeders into power systems, and the

urgency of breeder development.
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