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Objectives To describe at a high level how PBMR has

applied an ostensibly LWR nuclear design code to a gas-cooled
reactor.

To highlight the constraints, challenges and shortcomings of
this approach in terms of LWR service conditions (operating
temperatures,

pressures, fluid etc.); LWR specific code rules and materials;
Gaps resulting from this approach; Special design features to
address shortcomings; Specific requirements for a gas-cooled
reactor

design code learnt from the current PBMR approach.
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What is a Pebble Bed Modular Reactor (PBMR)?

PBMR is a Modular High Temperature Gas-cooled Reactor (HTGR) One
of the Next Generation Nuclear Plants

(NGNP), categorized as a Generation IV reactor Modular

System level modular construction Plant level multiple units for
grid appropriate

power. Direct power conversion Brayton cycle Steel reactor
vessel not concrete

Facilitates passive heat removal
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HTGR Development History

Economies of Scale by Size

Concrete Pressure VesselActive Safety Systems

Economies of Scale by Numbers

Steel Pressure VesselPassive" Safety

Modular ReactorsFull Size ReactorsDevelopment Reactors

** Ft St Vrain 1974-89 320MWe USA** THTR 1985-89 330MWe FRG

"Full Sized HTGRs"HTR500 1985+ 500MWe FRGLHTGR 1975+ 1160MWe
USA

Modular Reactor Designs (Steam Cycle)* MODUL 1980's 80MWe
FRG

HTR-100 1980's 100MWe FRGMHTGR 1980's 171MWe USA

Research & Demonstration Reactors** DRAGON 1964-77 20MWth
UK** AVR 1967-89 46MWth FRG** Peach Bottom 1967-74 115MWth USA**
HTTR 1998-xx 30MWth Japan** HTR-10 2000-xx 10MWth China

** Built & Operated * Licensed^ Active Development

Modular Reactor Designs (Gas Turbines)^^GT-MHR 1996+ 300MWe
USA/Russia^^ANTARES 2004+ 280MWe USA/EU^ PBMR 2004+ 165MWe RSA

^ HTRPM 2X250MWt 08 Chinese

^^ Concept only

^^^^

^^^^
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Main Characteristics of PBMR

PBMR is designed to be passively safe Design characteristics
include:

Ceramic or carbon-based core and moderator, hence tolerant to
high temperatures and resistant to oxidation;

Helium is chemically and radioactively inert and only serves as
heat transport medium - no neutron absorber functionality;

Reactor geometry facilitates passive heat removal in accident
conditions;

Low power density for physical size; Fuel has a strong negative
temperature coefficient and

fission products are retained inside the coated particles; The
core cant melt this is the worst accident for a LWR.
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Pebble Fuel Elements

15 000 Coated particles in a sphere

450 000 Spheres in the reactor
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Recuperative Brayton Cycle
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GeneratorGearbox

Reactor Pressure Vessel (RPV)

Power Turbine

(PT)Compressors (LPC & HPC)

Recuperators

Conditioning System Hot Gas

Duct (HGD)

Inter-cooler

Pre-cooler

PBMR Layout
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Regulatory Requirements for Code Selection

The South African National Nuclear Regulator does not prescribe
design Codes or Standards;

For all Structures, Systems, and Components (SSC) relevant to
safety, PMBR must provide a formal justification demonstrating the
appropriateness of the code selection;

Selected Codes are required to be internationally recognized,
state of the art, conservative in approach, accepted for
application at nuclear facilities and integrated in an overall
self-contained concept.
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Challenges for Code Selection

PBMR opted to use the ASME suite of codes to be able to license
the plant in the US;

We cannot directly map LWR Code selection criteria onto HTGR
application;

Challenges that we encountered in establishing a set of Code
selection rules for PBMR: Section III nuclear codes were written
based on LWR

requirements and could not have considered HTGRs. Knowledge of
the history of the evolution of the Codes to

provide an explanation for their existence and guidance for
their appropriate.
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More Challenges Lack of specific HTGR design codes for metallic
and

graphite components; Lack of suitable Code permitted materials
with elevated

temperature properties; Perceptions regarding the safety of
nuclear codes versus

non-nuclear codes; Availability of non-nuclear codes appropriate
for this

application; Strong US Regulatory Framework for LWRs which

influences all code selection arguments; Embedded US
jurisdictional requirements within the Code.
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Code Selection OptionsDevelop HTGR specific Design Code with
appropriate materials for use at high temperatures Materials
suitable for use for extended periods (300000 or 450000

hrs) at elevated temperatures (in creep range) to be identified
and allowable stress values developed

Develop a design methodology based on current knowledge and not
necessarily an extension of existing rules

Suited for the long-term. Time frame for the Demo plant too
short.Allow Pressure Boundary to exceed 371 C (700 F) (ASME Section
III Subsection NH) Materials available in Subsection NH are very
limited, 2 Cr-1Mo: Design Stress Intensity values for temperatures
up to

648 C (1200F) are low, giving required excessive RPV shell
thicknesses based on a service life of 300000 hrs and 450 C.

Keep Pressure Boundary at temperature below 371 C (700 F) (ASME
Section III Subsection NB/NC) Requires additional gas
circulating/cooling systems to stay within

current temperature limitations.
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Keep Pressure Boundary at Temperature below 371 C (ASME Section
III )

In those sections of the Helium Pressure Boundary (HPB) where
vessels or piping are potentially exposed to helium at temperatures
greater than 371C, the hot helium is prevented from coming into
contact with the HPB by special design features;

Actions to optimize the design to stay within the constraints
imposed by the LWR service conditions, the following systems will
be discussed: Reactor Pressure Vessel (RPV); Hot Gas Ducting (HGD);
Turbine and Compressor casings (TGS); Recuperator.
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Reactor Pressure Vessel (RPV) Conditioning flow in the annulus
between the

RPV and the Core Barrel to remain within Code limits;

Conditioning flow at higher pressure then helium in the core.
Any flow will be from cool high pressure to hot low pressure;

During upset conditions, when the conditioning flow is not
available, the RPV wall temperature can rise up to 515 C (959F) and
Code Case N 499-2 is invoked to provide limited temperature
excursions above 371 C (700F).


	
October 07-08, 2008 ASME/NIASA, IDC Worshop, Sandon, RSA 15

Hot Gas DuctingDesign Principles:

High pressure, cold gas envelopes the low pressure, hot gas;
Supports only contact the high pressure, low temperature gas; No
failure modes of the ducting can challenge the integrity of the

HPB; Design concept is based on Interatom experience.

Helium Pressure Pressure Boundary boundary SA-533 (150C)

Insulation

900 C; 8.5 MPa

100C; 9.0MPaIncoloy 800H Liner liner(900 C)

Inner Pressure pressurePipe pipe SA-533 (200 C)

Design Rules: Cold pressure higher than hot pressure, leak
inwards

100 C; 9.0 MPa
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Compressor and Turbine Casings Turbines in LWR applications are
not

constructed to a nuclear code; Section III does not provide
rules for turbine

and compressor casings; Unlike BWRs, PBMR has no isolation
valves

in the helium pressure boundary circuit and also does not have a
containment.

Both the Turbine and Compressor casings are large castings that
form part of the helium pressure boundary;

PBMR has elected to comply with the Section III requirements to
be able to demonstrate a high integrity helium pressure
boundary.
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Recuperator Ideally, the Heat Exchanger cores

would form part of the helium pressure boundary. However,
Section III does not provide design rules or materials for this
application;

Therefore, the compact heat exchanger cores are placed in a
pressure vessel to provide a high integrity helium pressure
boundary

The pressure vessels are constructed to ASME Section III NB;

The heat exchanger cores are designed from first principles with
appropriate supporting qualification programs.

LP In

LP Out

HP In

HP Out

HXCores
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Selected Materials for HPBComponent Materials Applicable ASME
Design Code

Reactor Pressure Vessel (RPV) SA-508 Grade 3 Class 1 forgings,
SA-533 Type B Class 1 plate,

SA-540 Grade B24 bolting

Section III, Subsection NB + ASME Code Case N-499-2

Core Barrel Assembly(Internal to RPV)

316H Section III, Subsection NH ASME Code case N-201-5

RPV and PCU supports SA-36 and SA-533 Section III, Subsection
NF

Core Barrel Conditioning System (CBCS) Vessel

SA-335 Grade P1, Class 2 Section III, Subsection NB

Precooler and Intercooler Vessels

SA-508 Grade 3 Class 2 forgings, SA-533 Type B Class 2
plate,

SA-193 B7 bolting

Section III, Subsection NB

Recuperator Vessel SA-533 Type B Class 2 forgings, SA-533 Type B
Class 2 plate,

SA-193 B7 bolting

Section III, Subsection NB

TGS Casings SA-217 Grade WC9 casting Section III, Subsection NB
+ Section XI Appendix G

HPB Pipes Connecting PCU Components

SA-335 Grade P1 Seamless Pipe (to ~600mm)

SA-672 Grade J90 Welded Pipe (from SA-533 Type B Class 2
plate)

Section III, Subsection NB
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Code Selection Justification Process The code or standard
selection is done via a formal

code selection justification process, by means of an assessment
to confirm that the selected Codes and Standards comply with the
prescribed Code selection requirements;

Where no appropriate code or standard exists the process
identifies the need to compile an in-housedesign methodology;

Where a Code or standard cannot be applied in full, exceptions
and deviations are noted which can result in the identification of
the need for a Code Case or a Code Inquiry or ultimately in the
development of new Code such as the Inservice Inspection Rules for
HTGRs.
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ASME Code Development for HTGRs

ASME (SCIII) Code Section specifically for the construction of
Modular High Temperature Gas-Cooled Reactors (HTGR) and PBMR in
particular Neil Broom will present details during Session 8.

Design Code for Graphite Core Components Code being written by a
SG Graphite Core Components

under Section III. Inservice Inspection Code for HTGRs

SWG HTGR (SCXI) has the mandate to rewrite Division 2 of Section
XI to address Inservice Inspection, evaluation, and
repair/replacement activities for next generation high-temperature
gas-cooled reactors. First complete draft has been reviewed and
will shortly be submitted for a letter ballot.
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Questions??

ASME Section III Component Design and Construction Application
to PBMRObjectivesWhat is a Pebble Bed Modular Reactor (PBMR)?HTGR
Development HistoryMain Characteristics of PBMRPebble Fuel
ElementsRecuperative Brayton CyclePBMR LayoutRegulatory
Requirements for Code SelectionChallenges for Code SelectionMore
ChallengesCode Selection OptionsKeep Pressure Boundary at
Temperature below 371 C (ASME Section III )Reactor Pressure Vessel
(RPV)Hot Gas DuctingCompressor and Turbine
CasingsRecuperatorSelected Materials for HPBCode Selection
Justification ProcessASME Code Development for HTGRsQuestions??
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