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P B M R ESKOM Selection Criteria 1995
—

« Competitive Economics (with CCGT/Eskom coal)

* Distributed Generation (close to load centers)

 Short Lead Times (reduce risk of capacity missmatch)
* Load Following (increased commercial pressures)

* Reduced Environmental (no emissions)

Impact
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P B M R History of PBMR Technology

AVR (1967-88)
15 MWe

4 bl
-

THTR (1985-89)
300 MWe
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< @ > Application of German Technology Base

P B M R to PBMR Design
.

« AVR (15 MWe)
» Pebble Bed core configuration
» Pebble Fuel

« THTR (300 MWe)
» Reactor and Auxiliary component design rules
» Proven component designs

« HTR-Module Concept (80 MWe)
» Inherent safety concept certification
» Steel reactor vessel instead of RCPV
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P B M R Plant Target Specifications
.
 Rated Power per Module 165 MW(e)

* Net Efficiency > 41%

* Four-pack Power Plant 660 MW(e)

« Continuous Power Range 20-100%

* Module Construction Schedule 24 months (1st)

* Planned Outages 30 days per 6 years
« Seismic 0.4g

- Aircraft (Calculations to survive) 747 | 777

« Overnight Construction Cost < $1500/kWe

* Fuel & O&M Costs < 15 mills/kWh
 Emergency Planning Zone <400 m

- Availability > 95%
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PBMR NPP Design Process
——

\_

/- Top Requirements\
*User/utility
*‘Regulator
*Supplier
Government

j

ﬂ . Generate Poweﬁ

. Select power
generation type, size,
cooling, load & economic
characteristics

. Add features for

normal operation modes
& states

Sept 21, 2005

6. Protect Public

. Select fuel,
moderator, coolant w/
inherent characteristics

. Specify fuel quality &
performance

~

. Size reactor for inherent &

Qassive safety

-

3. Protect Plant

. Add features and / or
requirements to those for
safety and power generation

to protect investment

-
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4. Provide

Emergency Planning
. Specify emergency

planning zone as needed

.




P B M R Inherent Characteristics
e
Definitions
Inherent:

« “Existing in something as a permanent or essential attribute”
Concise Oxford English Dictionary 11th Edition 2004

« “Existing in someone or something as a permanent and inseparable
element, quality or attribute”

Random House Unabridged Dictionary 1997

Permanent:

« “Lasting or remaining unchanged indefinitely, or intended to be so”

Concise Oxford English Dictionary 11th Edition 2004
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P B M R Fuel Quality and Form

Fuel developed to provide fission product
retention at relatively high surface
temperatures

Fuel is melt-down proof -

Spherical form offering the ideal Fuel Sphere & 2
geometry for heat removal and stress Section
distribution @

Coated Particle ur Eé.urﬂ%m’“

Physically strong matrix which ensures Fuel Kerne!
low damage potential during handling
operations

Fuel good for storage in tanks during
operation or during long term storage
following final shutdown

Provide for uncomplicated on-line fuel
integrity and burn-up checking
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P B M R Fuel Quality and Form
-

5mm Graphite layer

Coated particles imbedded
in Graphite Matrix

Dia. 60mm
Fuel Sphere

Pyrolytic Carbon 40/1000mm

Silicon Carbide Bamer Coating 35/1000mm
Inner Pyrolytic Carbon 40/1000mm

P orous Carbon Bufferss/1000mm

Section

Dia. 0,92mm

TRISO
Dia.0,5mm

Coated Particle uranium Dioxide
Fuel Kernel
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P B M R Core DeSign
..

All ceramic core
Low power density in core
Large thermal capacity of core

Annular core geometry
provides for short heat transfer
path to the outside of RPV
resulting in lowering of
maximum fuel temperature
during a loss of cooling event

No coolant phase changes

Prompt negative temperature
co-efficient of reactivity

Low excess reactivity

Ingress of water into core
eliminated by design

RCCS Citas
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P B M R Low Power Density Core Design

Resenve Shutdown System
(RSS)
Reactivity Control System
(RCS)
Core Structures Fuel Line
]

Fuel Core—__| |

Reador Pressure Vesﬁel-—h_\_‘__h A~ Control Rod

Centre Reflector—__[}

Side Reflector—]

[T —————SAS Channel

Bottom Reflectar——|

Core Unloading Device

(CUD} SAS Extraction Point
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S Core Design for Passive Heat Removal

RCCS Citadel

A
v
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Centre Reflector ebble Bed Side Reflector Core Barrel

—

L

" Convection |

AN

Conduction

- ..
Radiation Convection
Convection Convecn

Conduction
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P B M R Module Dimensions
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P B M R On-LoadFueIing

. . FUEL HANDLING AND STORAGE
* Reduction of required SYSTEM

excess reactivity Process Flow - Normal Operation

MEASUREMENT [,

-
Fresh fuel feed
ISOLATION
BLOCHK

 Dynamic core
movement ensures that l
temperature profile [ I
through fuel spheres

changes continually A

 Fuel form and closed B
system provides Py
substantial non-

SPHERES CORE UMLOADIMG
DEYICES

proliferation assurance

ISOLATION
BLOCKS
SF SF | —i|
Q Q Q BUFFER=
SF SF | =--] SF
IDERTIFICATION
BLOCKH

UISED FUEL § GRAPHITE ¢

SPEMT FUEL TAMKS | l l
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P B M R Fuel Handling and Storage System

Passive cooling Burn-up & activity
system chimneys measurement | Fr:s_h flucte_l ch;:’gek
system ock isolation bloc

Fresh fuel storage &
loading device

. Scrap fuel
Sept 21, 200¢ pDust filter Core unloading storagpe tank
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» 8 v r Inherent High Availability Characteristics
.
On-line fueling avoids frequent refueling outages

Turbo machines and other critical components designed for 6
year inspection cycles

Designed for replacement of complete units during scheduled
maintenance

Large thermal inertial creates slow thermal transients

Relatively simple design with fewer operationally significant
components
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Main Power System

Recuperators
Reactor

Turbine Generator
System

Pre-cooler

Inter-cooler

Shut-off Disk

CBCS
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Helium Inventory Control System

HICS Valves,
HPS, DSRS

Sept 21, 2005 18



Site Buildings (Demonstration Plant)

Administration Cooling

Building Water Cooling

Plantroom Towers

Module
Building

Services
Buiiding

Ancillary
Building s Transformer Bay




