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Résumé

Le réacteur CANDU est réputé dans le monde entier pour la fiabilité
de sa performance. Cette réputation est due, entre autres, a l'attention
spéciale ayant été apportée a la fiabilité et a l'entretenabilitë des
composants utilisés dans les circuits d'eau lourde. Les périodes hors
service dues ä des défaillances de composants sont coûteuses. Par ailleurs,
la pénalité des fuites d'eau lourde précieuse et l'exposition aux rayon-
nements durant l'entretien des équipements doivent être minimales. Des
programmes ont été mis en oeuvre par le Département de développement des
équipements mécaniques au premier stade du développement du réacteur CANDU
afin d'améliorer l'efficacité des joints de pompe, des robinets et des
joints statiques, car la performance de l'équipement alors disponible dans
le commerce était insuffisante. Ce développement a été tel que des joints
de pompe ayant une durabilitë de cinq ans semblent maintenant réalisables.
Quant aux robinets et joints statiques, ils ne donnent plus lieu a de
graves problèmes dans les réacteurs CANDU. Le détail des travaux effectués
sur les joints, les robinets, les soufflets, la friction et l'usure a été
publié. La technologie mise au point a été transférée aux entreprises
canadiennes oeuvrant dans le domaine nucléaire. Le Département de dévelop-
pement des équipements mécaniques concentre maintenant ses efforts sur les
instruments et les systèmes de fabrication télécommandés, destinés aux
environnements radioactifs. Comme précédemment, le savoir-faire acquis
sera mis a la disposition de l'industrie canadienne pour fins d'exploi-
tation commerciale et pour que les composants des réacteurs CANDU aient
la fiabilité voulue.
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ABSTRACT

The CANDU reactor has achieved worldwide distinction because of
its reliable performance. To achieve this, special attention
was given to the reliability and maintainability of components
in the heavy water circuits. Outages due to component failures
are expensive. Also, the penalties of leakage of precious heavy
water and radiation exposure during equipment maintenance must
be kept to a minimum. Development programs were initiated by
the Mechanical Equipment Development Branch early in the devel-
opment of the CANDU rector to improve the effectiveness of pump
seals, valves, and static seals because of unacceptable perfor-
mance of the commercial equipment then available. As a result,
pump seals with a five year life now appear achievable, and
valves and static seals are no longer a significant concern in
CANDU reactors. Details of the work on seals, valves, bellows,
friction and wear have been published. This, and related tech-
nology, has been transferred to Canadian industries working in
the nuclear field. The Branch is now increasing its efforts
towards remotely operated tools and fabrication systems for
radioactive environments. As before, expertise gained will be
available to Canadian industry for commercial exploitation and
for satisfying the reliability requirements of CANDU system
components.
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INTRODUCTION

The CANDU reactor has achieved worldwide distinction for two
basic reasons. First, it uses heavy water as coolant and
moderator, which gives high neutron efficiency and the ability
to burn natural uranium for fuel. Second, the commercial
reactors now in operation with Ontario Hydro have achieved
exceptionally reliable performance. The first four units of the
Pickering station which went into service between 1971 and 1973
have achieved a lifetime capacity factor of greater than 80%.
One of these 500 MW(e) units in 1977 achieved a capacity factor
of 96%. During the past three years the station capacity factor
has averaged about 88%. Similarly, the first four Bruce station
units, starting between 1977 and 1979, have achieved about 75%
of their 3000 MW(e) total installed capacity. This compares
with world nuclear averages of only 60-70%.

The performance of CANDU reactors can be credited to the close
cooperation between the AECL research and development
laboratories, the AECL reactor design organization, Canadian
industry and Ontario Hydro.

The 25 MW(e) Nuclear Power Demonstration (NPD) station went into
service in 1962, with the 200 MW(e) commercial prototype Douglas
Point station five years later. These AECL-owned stations were
operated by Ontario Hydro and provided a learning experience of
great benefit to all parties. Subsequently, the Pickering
station was built with emphasis on reliability and maintain-
ability. The efforts were obviously successful. Through the
interchange of information in the CANDU program, Canadian
industry has gained confidence to meet the technological
challenges ahead.

THE CANDU REACTOR

To appreciate some of the factors that contributed to CANDU's
success, it is necessary first to look at the CANDU reactor and
its primary circuit. Figure 1 is the schematic of a reactor.
The calandria is a large steel tank which has an array of 400-
500 fuel channel assemblies extending through the end shields
and the calandria. The fuel channels contain the uranium fuel
bundles with flowing heavy water coolant that takes the heat
generated by the nuclear reaction to the steam generators
(boilers). The coolant is about 300°C and 10 MPa pressure.
The calandria contains heavy water moderator at about 60°C and
low pressure. This is separated from the hot fuel channels by a
calandria tube and an insulating gas gap. The components of the
primary circuit are shown in Figure 2. The reactor is the heat
source. This heat is transferred via steam generators to the
secondary circuit, producing steam for the turbo-generator.
Also shown in Figure 2 is the moderator cooling circuit. In
addition to the main circuits, there are numerous auxiliary
circuits, each with components that must be reliable if forced
outages due to equipment failure are to be avoided.



Another feature of the CANDU reactor that has contributed to its
reliability is its fuelling machine system for installing fresh
fuel and removing spent fuel while the reactor is at full power.
In contrast to reactors used by most other countries, CANDU
reactors have no periodic outages for refuelling. This in-
creases the incentive for components that are (a) more reliable,
(b) require less maintenance and at longer intervals.

The special importance of high quality sealing in the CANDU
heavy water systems was recognized from the beginning. Heavy
water is expensive, currently about $250/kg; leakage and loss
must be kept to acceptably low levels for economic reasons.
Also, water which has circulated through the reactor contains
some radioactive particles and tritium. Leakage can result in
high radiation fields in work areas, making maintenance
difficult- Experience at NPD and Douglas Point showed that the
pumps, valves and other components that were suitable for
service with ordinary water were not necessarily suitable for
service with heavy water.

Successful nuclear power required components of a quality that
industry was unaccustomed to supplying. As a result,
development work began in the Mechanical Equipment Development
Branch at Chalk River Nuclear Laboratories (CRNL) on pumps,
seals, valves and sealing of fluids in general, and on friction
and wear of mechanisms operating in hot pressurized water.

PUMP SEALS

Since 1962 many varieties of seals have been upgraded through
Canadian efforts. The work on valve stem seals, gaskets and
bushings is essentially complete, but end face seals for
rotating shafts represent a continuing challenge (Ref. 1).
Predominant among these are seals for the primary circulating
pumps -- the "heart" of the primary circuit (Fig 2). This
"heart" consists of only four pumps in present CANDU station
designs, all of which must operate to transport full power
reactor heat to the steam generators (Fig. 3). If a pump fails
in service, that p'jmp must be stopped and the station penalty is
(a) immediate shutdown, or (b) reduced power and a delayed
shutdown.

Earlier CANDU stations were designed with standby pumps in order
to avoid the shutdown penalty of each failure. Each pump was
relatively small. The success of the progression to fewer,
larger primary circulating pumps shown in Table 1 was contingent
on achieving greater reliability than in previous stations; and
seals are distinctly the prime maintenance item in such pumps,
as in most other nuclear and non-nuclear pumps. A mean seal
lifetime of 1.3 years was reported from a survey of 19 nuclear
stations in the US from 1972 through 1975. After early
problems, the mean lifetime of primary circulating pump seals



replaced since 1973 in the Pickering station has been 3.3 years.
For newer CANDU stations a target of 5 years shows signs of
being achieved from the start with a Canadian-modified seal
design (Ref. 2). Development effort is being amply rewarded by
improved service.

The seal development program at CRNL has been able to maintain
an optimum balance between the theoretical and the practical —
and to follow a logical progression towards full understanding
of seal problems. Hydrostatic lubrication theory was developed
in the 1960's and applied successfully to seals for the first
CANDU station, NPD, and then to Pickering. The importance of
seal component deformations due to pressure and thermal effects
was appreciated at this stage but could not easily be calcu-
lated. This situation was rectified by the mid 1970's with
sophisticated finite element computation techniques for complex
seal assemblies. Seals that were designed using this technology
are performing successfully in the largest CANDU, the 4 x 750
MW(e) Bruce A station, and are expected to be used in the
similar Bruce B and in the CANDU 600 MW(e) Point Lepreau and
Wolsung stations (Fig. 3). Recent effort at CRNL has
concentrated on the dynamics of seal operation, particularly

TABLE l

Primary Circulating Pumps
in the

Primary Heat Transport Systems of CANDU Stations

STATIONS i

NPD
(Ontario)

Douglas Point
(Ontario)

Pickering A & B
(Ontario)

Bruce A & B
(Ontario)

CANDU 600 MW(e)

Number of
Operating &

2

8

12

4

Point Lepreau 4
(New Brunswick)
Wolsung, (Korea) 4
Cordoba, 4
(Argentina)
Gentilly 2 (Quebec) 4

Darlington
(Ontario)

4

Pumps
Standby

1

2

4

0

o
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o

0

Drive Power
Per Pump (MW,
Approximate)

h

I

Us

7

7 '

7
7
7

7

Number of
End Face
Seals per
Pump

2

1

2

2

3

3
3

3

3

Effective
Diameter of
Largest
Seal (mm)

105

127

130

187

197

197
216

254

197



with regard to inevitable pump running inaccuracies such as
misalignment, eccentricity and runout. It has been seen that
these can cause premature failure, but the factors that
datermine what are tolerable levels of these inaccuracies for a
particular seal design are only beginning to be understood. The
validity of a proposed model of dynamic behaviour is now being
investigated by high speed measurements of seal motions in test
rigs at CRNL (Ref. 4).

Although the main thrust of rotary seal development for CANDU
reactors has been to increase the reliability of primary
circulating pumps, practical improvements have been achieved in
many other pump seal applications — in nuclear stations, in
heavy water plants, and even in conventional industry.
Technology, computer programs, design and design review services
have been sold to several pump and seal manufacturers. This has
gradually led to better hardware being more widely available.
For example, as a result of such technology transfer, end face
seals for high speed boiler feed pumps are now available to
replace the less effective but traditional labyrinth seals.

Much more could be achieved within the Canadian context if
benefits of the lead established in nuclear seal technology
could be transferred directly to other Canadian industry, rather
than through foreign manufacturers. In the petrochemical
industry particularly, there is scope for massive savings of
maintenance time, downtime, energy, health and environmental
pollution. At the Polysar petrochemical plant in Sarnia, the
cost of end face seals in 1978 was reported in excess of
$250,000 for maintenance only. Other costs may have been much
more. Sealing of some common process fluids such as benzene,
acrylonitrile and styrene, for example, was of particular
concern (Ref. 5). New regulations are constantly being evolved
for maximum human exposures to hazardous chemicals. Today's
seals must be better. Vintage seal designs are not like vintage
wines.

VALVES AND BELLOWS

There are about 300-700 valves of various types and sizes in the
primary and related circuits in a reactor. Experience at NPD
and Douglas Point showed that conventionally packed valves
leaked excessively and required frequent maintenance under
difficult conditions. The sort of stem seals that had been used
for a century in other processes turned out to be inadequate for
CANDU. Two approaches to the problem were investigated: (a)
radical redesign of valve and stem seals, (b) study of stuffing
boxes and packings with a view to making improvements. The less
radical approach prevailed because it involved no basic change
to existing valve bodies.



Valve development has included fundamental studies to determine
the influence of stuffing box dimensions, gland pressure and
fluid conditions on leakage, stem friction and packing life. In
all tests some means was used to maintain gland pressure; the
packing was live-loaded. Tests were done of the effects of heat
and stress on load relaxation and creep in Belleville springs
used for live-loading (Ref. 6). Calculations were made of the
comparative forces due to disc and packing friction for
different valve sizes. The frequency response of control valves
and its relation to variables such as packing friction was
studied. Tooling and procedures were developed to speed packing
and gasket replacements. The theory for predicting valve gland
leakage and friction has been published in a reference book for
design of valve packings for sealing high temperature water
(Ref. 7).

Tests to compare packing types were conducted as a cooperative
effort with Canadian valve manufacturers (Ref. 8). This has
enabled suitable packings to be chosen for the numerous types of
valves in CANDU stations and in heavy water production plants,
where corrosion conditions are severe. Of particular interest
was work to replace bonnet gaskets and packings on large gate
valves in the primary circuit of Douglas Point. Maintenance
surveys of reactor valves in heavy water service have shown that
valves are no longer a serious cause of unavailability of a
CANDU reactor, or a major maintenance problem.

The early valve stem leakage problem led to greater interest in
the use of metal bellows to seal small valves. Their first
significant application to CANDU was in Pickering. Bellows
valves have given excellent service, although the complexity of
factors influencing their lifetime was then relatively unknown.
An improved understanding of bellows characteristics and
performance capability through in-service experience, bellows
examination, testing and analysis has now given confidence in
their suitability. In their range of application, bellows
valves have been preferred to packed valves in all subsequent
stations.

Specialized bellows have found application in CANDU stations as
fuel channel annulus seals as well as valve stem seals. These
bellows possess enhanced axial flexibility due to deep con-
volutions and thin-wall material. Pressure resistance can be
obtained by multi-ply construction. Both applications require
bellows to survive a finite number of cyclic load applications
over the lifetime of the station. Failures from low-cycle
fatigue or manufacturing defects could be costly.

Bellows for CANDU were initially supplied from foreign sources.
Fabrication technology and performance data were considered
proprietary. Work at CRNL has filled this void (Ref. 9).



Another major accomplishment has been the promotion of bellows
fabrication technology in Canada (Ref. 10). As a result, over
7,000 CANDU fuel channel annulus bellows of about 22 cm diameter
have been domestically supplied to date. A number of innovative
bellows applications are currently being patented, and some
development is continuing.

FRICTION, LUBRICATION AND WEAR

Friction, lubrication and wear (tribology) in water has been
part of the Branch effort at CRNL since 1964. Information on
pistons, slides, ball bearings, rams, threads, etc. has
contributed to the reliability of critical reactor components
such as the fuelling machines and reactor control mechanisms.

The CANDU system has many moving parts that operate in water
with no other lubrication. Results of more than a thousand
tests of wear compatibility in water of commercial materials,
organized for easy reference, now allow suitable material
combinations for such moving parts to be chosen with confidence
at the design stage.

Threaded joints have been the subject of special tests of
susceptibility to corrosion and to galling, i.e. adhesive wear
characterized by gouging and embedding of particles of one into
the other sliding surface (Ref. 11). As a result, it is now
known how to design threads that do not seize, even in the most
difficult moist CANDU environments. This contribution to
station maintainability is clear.

STATIC SEALS

Starting as a response to heavy water leakage at Douglas Point
in the late sixties, the work on static seals has achieved more
than just the solution to this problem. Leakage from static
seals is no longer a significant concern in any CANDU station.

Spiral wound gaskets for high temperature sealing were the major
interest (Ref. 12). Tests have now quantified the important
design parameters for reliable sealing at primary circuit
conditions. Lower pressure and temperature applications have
also been investigated for Canadian heavy water production
plants. Equipment design specifications for CANDU have been
progressively upgraded to provide the known conditions for high
integrity sealing. A small effort is being maintained for
curther clarification of these (Ref. 13).



POLYMER APPLICATIONS

Polymers are widely used in CANDU stations. Besides being used
in elastomeric form as static O-ring seals, they are used in
flexible hoses for fuelling machines, in electrical cable
insulation, and sometimes in sliding bearings. Their resistance
to degredation in the relevant reactor conditions is important
for reliable performance.

Candidate polymers for CANEU applications were extensively
tested at CRNL for resistance to heat, moisture, oils, ozone and
ionizing radiation (Ref. 14). Concurrently, a survey of reactor
environments was undertaken, measured at the locations where
polymers are used. This data subsequently has been used to
choose the most suitable polymer for each application,
particularly in areas of high radiation.

With much of the guesswork taken out of static polymer
applications, recent work has concentrated on dynamic
performance of elastomers. Stiffness, damping, friction and
fretting damage information for various materials and conditions
is enabling lifetimes of the axial seal components of pump seals
to be increased.

RELIABILITY AND MAINTAINABILITY

As CANDU developed from prototypes to production units, design
and development shifted from what was essential to operation to
what would improve the system. It became necessary to assess
accurately the economic worth of such improvements to justify
design changes and research expenditures. This required
capability in reliability and maintainability analysis and
gathering of equipment performance data. The Mechanical
Equipment Development Branch has been a major contributor in
these fields (Ref. 15). Maintenance and failure rates for
reactor components and systems have been surveyed. This
information has been used to plan an optimum strategy for valve
maintenance, for example, in each CANDU station.

A special study of piping failures has been completed recently,
using the more extensive documented data from U.S. nuclear
stations. Failures were classed according to severity of
failure, pipe size, location on the pipe and in the station,
effect on the reactor, station age and date of occurrence. Good
estimates of pipe failure rate were required in reliability and
safety analysis of CANDU stations, particularly the analysis of
consequences of cracking or complete breakage of primary circuit
pipes. A failure rate of one per several thousand plant years
appears to be consistent with the data.



REMOTELY OPERATED EQUIPMENT

The Mechanical Equipment Development Branch it now increasing
its efforts towards remotely operated tools and fabrication
systems for radioactive environments. Around any reactor there
are areas where radiation fields are too high for manual work.
Occasionally, repairs are required on piping, flanges or other
parts that cannot be removed from the high radiation area.
Therefore, remotely operated tools using television viewing have
been designed and developed to cut, grind, inspect, weld and do
many other operations.

In 1976/77, an overpressure relief device on the Douglas Point
calandria was remotely repaired. At present, some fretted and
leaking low pressure pipes are being repaired below the Douglas
Point calandria. With an increasing number of reactors in
service and maturing, remote techniques are expected to become
more important in sustaining the excellent reliability record of
CANDU stations.

Eventually, to extend fuel resources, advanced fuel cycles using
plutonium and thorium may become part of the CANDU system.
Reprocessing of radioactive fuels will be required. The Branch
has been involved in the development of process equipment for
fabrication of fuel containing recycled fissile and fertile
materials. Work is in progress on powder flow, sintering
furnaces, pellet pressing, pellet inspection, stacking of
pellets into sheaths, and assembly of fuel bundles. Because
equipment must be serviced remotely, evaluations of robots,
manipulators, and remote viewing devices has begun, along with
techniques for remote equipment replacement, and connection and
disconnection of pneumatic, hydraulic, electrical and mechanical
equipment. For remote fuel fabrication, reliable operation and
good maintainability are essential.

SUMMARY

CANDU reactors have achieved high performance. Part of the
success of CANDU can be attributed to the development of reliable
components in the heavy water systems of the raactor.

At CRNL, experts have gained an excellent reputation for their
contribution to the design and development of mechanical equip-
ment to meet the high standards required in the nuclear
reactors. This expertise is available to Canadian industry.
The objective is promote and improve the capability of Canadian
industry. Knowledge gained through the CANDU program can be
applied to many industrial problems and can improve the
performance and reliability of commercial equipment. The
mechanical engineering expertise at CRNL is well supported by
other engineering and scientific disciplines, all with
industrial and consulting services experience. With continued
cooperation, there is much to gain.



ACKNOWLEDGEMENTS

The authors wish to acknowledge the assistance of all in the
Mechanical Equipment Development Branch who helped prepare this
presentation and are primarily responsible for success of the
overall program.

REFERENCES

1. Metcalfe, R., and Watson, R.D. "Pump Seals for Nuclear
Service — Understanding and Improving Their Performance".
Paper to be presented at the Fifth Symposium on Engineering
Applications of Mechanics, University of Ottawa, 1980 June.

2. Metcalfe, R. "Development of a Better Seal for CANDU Primary
Circulating Pumps". Proceedings of the Canadian Nuclear
Association 19th Annual International Conference, Toronto,
1979 June.

3. Metcalfe, R. "End Face Seal Deflection Effects -- the Problems
of Two-component Stationary or Rotating Assemblies". American
Society of Lubrication Engineers, Paper 79-AM-4C-1, presented
at ASLE 34th Annual Meeting, 1979 April.

4. Kittmer, C.A., and Metcalfe, R. "An Inside View of Rotary Seal
Dynamics". Paper to be presented at the Fifth Symposium on
Engineering Applications of Mechanics, University of Ottawa,
1980 June.

5. Shepherd, K. "Sealing in the Petrochemical Industry".
Lubrication Engineer, 36, 1, pp 40-44., 1980 January.

6. Pothier, N.E. "The Application of Belleville Springs as Energy
Storage Devices on Packed Valve Stem Seals in CANDU Power
Reactor Service". Report AECL-5555, 1976 June.

7. Doubt, G.L. "Reference Book for Design of Valve Packings
Sealing High Temperature Water". Report AECL-5120, 1975
October.

8. Dixon, D.F., Farrell, J.M. and Coutinho, R.F. "Valve Stem
Packing Seal Test Results for Primary Heat Transport System
Conditions in Canadian Nuclear Generating Stations". Report
AECL-6183, 1978 June.

9. Janzen, P. and Gentili, H. "Evaluation of the Performance of
Bellows for Nuclear Valves". Proceedings of Third Symposium
on Engineering Applications of Solid Mechanics, Toronto, 1976
June (Report AECL-5975).



10

10. Janzen, P. and Astill, C.J. "Development of Nuclear Quality
High Pressure Valve Bellows in Canada". Proceedings of the
Canadian Nuclear Association 18th Annual International
Conference, Ottawa, 1978 June (Report AECL-6211).

?. 1. Wensel, R.G. "Galling of Unlubricated Close-Fitting Metal
Parts". Report AECL-6547, 1979 September.

12. Stevens-Guille, P.D., and Crago, W.A. "Application of Spiral
Wound Gaskets for Leak-Tight Joints". Journal of Pressure
Vessel Technology, Vol. 97, pp 29-30, 1975 February.

13. Crago, W.A. "AECL Research and Development in Engineering",
Section on "Low Leakage Mechanical Joint Development".
AECL-5550, 1976 August.

14. Wensel, R.G. and Cotnam, B.M. "Evaluation of O-Rings of
Various Elastomer Compounds for Service in Hot Water". Report
AECL-6214, 1978 June.

15. Melvin, J.G. and Maxwell, R.B. "Reliability and
Maintainability Manual, Process Systems". Report AECL-4607,
1974 January.



11

I CALAMMU
J DUMP TANK
j INO nnmos
4 PEIDIIS
3 INO SHIELD OU7II
* (ND SHI ID COOUNQ

mint AND ourtns
7 IND SHIELD
• (APPLES
f INO SMIID mum TUIE SHIET
10 INO SWIID KIT UNO
II ANCHOI flAlt
11 IND IMHD UNO
13 UNO THHMAL SHIIID
14 COOIINO PIPIS
13 CAIANDIIA SUPPOIT 1009
I* CAIANDIIA SHtU
17 CALANDHA TUIIS
II CAIANDIIA SMEU tHIttDS
If CONTtOl ANO SHUT.OFF «OD5
M 0 : 0 SFIAT COOLING
31 MCLHJM tAlANCI AND

HOW OFF UHES
21 OjO INIIT MANIFOLD
31 OjO INIIT NOZZELS

14 DUMP P0«n
33 SHELl SHIILD

SUPPOIT PLATES
3* HELIUM IALANCI LINE
37 DlO OUTLIT
3( HELIUM fUlGE AND

• UIILEI LINfS
J» DUMP TANK SUPPOITS
30 DUMP TANK DKAIN LINE
31 IIHEAISAL FACILITY

FIGURE 1: Reactor Assembly - Pickering Generating Station



12

STEAM PIPES

LIGHT WATER STEAM

LIGHT WATER CONDENSATE

HEAVY WATER COOLANT

HEAVY WATER MODERATOR

MODERATOR HEAT EXCHANGER

FIGURE 2 CANDU reactor flow diagram



FLANGE-
GASKET

SPACE
COUPLING

THROTTLE
BUSHING

HYDROSTATIC
-~ BEARING

IMPELLOR

TYPICAL PUMP SHAFT ASSEMBLY BRUCE PUMP AND MOTOR ON TEST STAND

FIGURE 3 Primary Circulat ing Pump for CANDU Reactor Service



ISSN 0067 - 0367

To identify individual documents in the series

we have assigned an AECL- number to each.

Please refer to the AECL- number when re-

questing additional copies of this document

from

Scientific Document Distribution Office

Atomic Energy of Canada Limited

Chalk River, Ontario, Canada

KOJ 1J0

ISSN 0067 - 0367

Pour identifier les rapports individuels faisant

partie de cette serie nous avons assign^

un numero AECL- a chacun.

Veuillez faire mention du numeVo AECL- si

vous demandez d'autres exemplaires de ce

rapport

Service de Distribution des Documents Officiels

L'Energie Atomique du Canada Limitee

Chalk River, Ontario, Canada

KOJ 1J0

Price $2.00 per copy Prix $2.00 par exemplaire

© ATOMIC ENERGY OF CANADA LIMITED, 1983

2745-83


