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Abstract

In 1995 the South African Electricity Utility, ESKOM, was convinced of the economical advantages of
high temperature gas-cooled reactors as viable supply side option. Subsequently planning of a
techno/economic study for the year 1996 was initiated.

Continuation to the construction phase of a prototype plant will depend entirely on the outcome of this
study.

A reactor plant of pebble bed design coupled with a direct helium cycle is perceived. The electrical
output is limited to about 100 MW for reasons of safety, economics and flexibility. Design of the
reactor will be based on internationally proven, available technology. An extended research and
development program is not anticipated.

New licensing rules and regulations will be required. Safety classification of components will be based
on the merit of HTGR technology rather than attempting to adhere to traditional LWR rules.

A medium term time schedule for the design and construction of a prototype plant, commissioning and
performance testing is proposed during the years 2002 and 2003. Pending the performance outcome
of this plant and the current power demand, series production of 100 MWe units is foreseen.

UTILITY INTEREST

Load demand forecasting in South Africa includes a fossil-fired power plant under construction as well
actioning the de-mothballing of a number of out-of-service boilers. In a worst case load growth
scenario (3-4% load growth) the 20% reserve margin will be jeopardized by the year 2006. This
suggests that serious consideration must be given to the immediate planning of additional power
plant. Should ESKOM, South Africa's single largest utility, decide to construct a new large-scale coal
plant, they would commit to a substantial capital intensive project with a construction lead time of 5-8
years. Economic viability dictates that such a plant be located in close proximity to the coal fields on
the arid Highveld area. The latest plant under construction is fitted with dry cooling towers, hence
adding to the enormous capital investment.

Keeping all of the abovementioned in mind, a logical solution would be to build lower capital cost
intensive power plants, with 18 to 24 months' construction time and the freedom to be erected at
coastal regions or as single plants in more remote areas eliminating the considerable costs
associated with transmission. If the unit capital cost of such plants compare favorably with the bigger
plants, then this would certainly become part of ESKOM's supply side options.

Indications are that modular, high temperature, helium-cooled, direct cycle nuclear power plants could
be viewed as a strong contestant, hence the willingness to support a feasibility study to establish the
PBMR viability.
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South Africa, and ESKOM in particular recently completed studies on alternative electricity supply
side options e.g. gas, hydro, wind and solar. Large, constant flowing rivers are lacking for producing
hydro-electric power. Gas that must be imported from neighboring countries proved to be highly
uneconomical. Wind, even at the coastal areas is insufficient for economical power production on
large scale. The South African government, however, recently decided to spend a considerable
amount of money on the supply of solar units to schools, clinics, and individual households, etc., in
remote lying regions, such as Kwazulu-Natal.

Political perceptions

The politically sensitive nature of nuclear projects from a public acceptance point of view is well
acknowledged. Open publicity right from the onset of the project should be handled by a public
relations team, supported by the technical experts in co-operation with the client. This is largely
possible due to the local need for electricity supply, the safety characteristics of the high temperature
helium-cooled reactor and the economic advantages offered by the direct cycle power conversion.
Support is found in a list of potential benefits, such as high local content, export development,
desalination, exploitation of the existing skills base, minimal environmental impact, etc. The initial
goal is to employ this beautiful technology to benefit the South African population at large. Mounting
public awareness of the fact that the environmental impact of power sources derived from coal
energy, is not negligible, contributes towards greater acceptance of nuclear as energy source.

Support will be sought from South Africa's Department of Minerals and Energy Affairs for the
proposed techno-economic study.

TECHNO-ECONOMIC Study 1996

The decision to base a cost evaluation on a preliminary design rather than deriving it from costing
models was derived from the fact that cost references are firstly, not direct cycle specific and
secondly, deviates from existing design bases.

1ST will compile a works proposal document identifying work packages to cover a broad spectrum of
disciplines from the fuel acquisition right through to the civil structures. Indications of the limited
funding available, will limit the depth of investigation. It is sincerely believed that expert involvement
from all over the world in basic design, reviews, comments and costing, will however, enable arrival
at a sound technical proposal with realistic cost estimates.

OWNER AND USER REQUIREMENT SPECIFICATION

The study is strongly driven by technical and financial objectives. ESKOM recently "published" the
first draft of two PBMR-specific reports, namely:

• User's Requirement Specification (URS), and
• A Owners' Requirement Specification (ORS).

These documents specify, for example, reactor availability, reactor and target unit capital and
operational costs.

The main and only real objective for this year's techno-economic study is to measure the results
against the objectives as spelt out in the ORS/URS. Certainly a first prototype plant will cost more
than the unit in series production, therefore the costing will be done for the design, prototype plant
costs and for series production plants. The same applies for fuel.

252



!00 MWE REACTOR CONCEPT

The anticipated plant main characteristics are:

• Performance

Cycle
Power
Overall efficiency
Fuel

Enrichment
Power density
Reactor Temperature
Average burnup
Maximum allowable fuel temperature
Maximum He mass flow rate
Pressure ratio

Fuelling
Defuelling
Generator speed
Turbo/compressor speed
Decay heat removal
Control System

Physical

Safety

Core height
Initial height
Maximum height
Core diameter
Number of control rods
Control rod system
Support of rotational parts
Building size
Position

= Brayton direct cycle (recuperated)
= 200 -+ 220 MWth; 100 MWe
= Better than 45%
= Triso particles in 60 mm diameter
spheres
< 20%
= 3 -» 4 MW/m3

= 900 °C outlet, 604 °C inlet
= 130MWd/kgHM

= 1600 °C
= 130 kg/s at 7 MPa System Pressure
= 2.2 (2 stage compression with inter-
cooler)
= Continuous
= Batch (once every 2-3 years)
= 3000 rpm
= 12000 rpm
= Passive
= Non safety class. Industrial high
standard with redundancy.

= To be determined
= 5,8 meters
= 9 meters
= 3,6 meters
= 12
= Absorber rod + absorber chain
= Magnetic
= L = 40m, W = 20m, H = 40m
= Choice of depth based on economics
/safety.

No active safety system

Seismic design as required

Protection against external events (e.g. in case the reactor pit area above ground
level, the confinement should be bunkered)
No off-site emergency plan (preliminary investigation indicates this to be
possible).

Plant Layout

Indications are that the reactor, PCU, secondary systems, etc., most of the auxiliary control and
instrumentation systems could be housed within a concrete structure of size 40mx20mx40m. The
primary components could be housed in a protective reactor pit. One of the design packages should
include the finalization of design criteria for these components and housing.
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A manifold would be coupled to the reactor. The power conversion components are then coupled to
this manifold or to primary pipework located inside the manifold.

The Reactor core and Fuel

The proposed reactor design would be based on the HTR-Modul reactor. It could simply be described
as a pebble bed (sphere) core with graphite reflector, carbon insulation, steel core barrel and a steel
pressure vessel. The main deviations from the Modul reactor are antcipated to be:

• A higher outlet temperature.
• Design provision must be made for a higher gas return temperature.
• Flow channels are proposed inside the carbon insulation.
• Control rod drive mechanisms mounted externally to the reactor pressure vessel.
• A separate shut down system could be excluded.
• Provision would be made for off-line batch defuelling and on-line peO-a-peu fuelling.
• Reactor vessel could be cooled by a cold helium leak stream from the PCU side.
• Core provided with nibs to enhance heat decay heat transfer to passive cooling system.
• Average core power density and average bumup anticipated to be higher.

Reactor isolation, reactor support, core internal packaging method, etc., will be similar to the Modul
reactor. The fuel will be of the German design. The source will be available in the world and may
eventually be partly manufactured in South Africa.

Power Conversion Unit (PCU) and Generator

The PCU main components, including the generator is anticipated to operate inside a 70 bar pressure
boundary. This pressure boundary consists of a coupling vessel to the reactor (called the manifold)
and two separate pressure vessel towers (4 bells). The turbo-compressors and intercooler will be
housed in the tower nearest to the reactor while the power turbine, recuperator and pre-cooler are
housed in the other tower.

Interesting characteristics (features) in the proposal are as follows:

• Separate turbo machinery shafts.
• Power turbine operates on low pressure, low temperature side.
• Differential pressure across the primary piping is low, especially the hottest pipes.
• Small leakage on piping allowed for.
• The pressure boundary is low temperature (can be left uninsulated or use cold He leak as coolant).
• Thermal expansion unconstrained.
• Differential thermal expansion e.g. on pipes can be addressed with bellows.
• Water in the system always at lower than system pressure during operation.
• Access to the first turbo compressor and generator relatively easy. Other components also

accessible.
• Isolation between the reactor and PCU allows for enhanced access to PCU components.
• Size of the individual components makes manufacturing and handling easier.
• Testing and qualification of individual components is relatively simple.
• Easy replacement of components (especially in the prototype plant) is possible.
• Startup via a jet pump system. This allows for startup of the system in remote areas where the

electricity grid is unavailable.

As is previously mentioned, all operating and accident scenarios may not be accounted for in the
current engineering study.
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Secondary systems

Of the many secondary systems, some brief comments are made of:

The passive heat removal system: We believe that a specific active residual heat removal system
may not be required.

Defuelling system: Should be located externally to the reactor vessel. The defuelling chute must
physically be as short as possible. The respective design proposals in Germany and China will be
investigated.

Spent-fuel system: The use of an intermediate spent-fuel storage system consisting of multiple
containers, cooled by natural air circulation is envisaged. Removal of the containers need to be
investigated.

Primary loop clean-up system: Preliminary investigations suggest the use of an in-line filter. Active
gasses will be adsorbed by dust particles and subsequent plate-out is anticipated on the cooled
surfaces of the heat exchangers. A percentage of the gas will be filtered out in an anticipated bypass
system. The presence of a gaseous waste storage system must still be investigated.

Control and Instrumentation

The control system is anticipated to be of typical high standard industrial type. Redundancy will be
provided where required. Overall classification of the control system is anticipated to be non-safety
graded.

LICENSING AND REGULATION

An overall licensing and regulatory basis appears to be lacking. This is an issue which requires in-
depth resolution in the medium term. It is anticipated that the utility will undertake to develop in-house
the regulatory guidelines.

Documentation indicating the licensing process as well as providing a basis for licensing (modified 10
CFR 50/52) must be put in place. Discussions with the local Council for Nuclear Safety (CNS) is to be
scheduled on a continuous basis.

International contact will be established with relevant institutions and companies.

TECHNOLOGY

South Africa has for many years been involved in nuclear related projects. High as well as low
enrichment plants were designed, built and operated. Fuel had been manufactured for the Koeberg
Nuclear Power Plant and for the SAFARI materials test reactor. Isotopes, such as Molybdenum-99
are currently being produced and ongoing research and development work on laser enrichment
technology forms part of the Atomic Energy Corporation's (AEC) present activities. A center of
excellence on small turbines and small to large compressors resides within the AEC. Reactor studies
have previously been conducted including small to medium size PWR power plants and a small peu-
a-peu HTGR.
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TIME SCALE

Design

Study

1996

<-Comp. Manufacturing^

1997 1998 1999

Construct

2000

<- Comp. Testing ->

2001 2002

Commercial
Use

2003
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