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1.0 OBJECTIVE 

The objective of this document is to identify the key design requirements for the Pebble Bed Reactor (PBR) 
concept for the Next Generation Nuclear Plant (NGNP). The design requirements will include significant plant, 
system and component requirements.  The AREVA team will use these design requirements to support the PBR 
technology status assessment effort.  

1.1 Acronyms 
ALARA As Low As Reasonably Achievable 
AOO Anticipated Operating Occurrence 
ASME American Society of Mechanical Engineers 
B&PV Boiler and Pressure Vessel Code 
CTF Component Test Facility 
DBA Design Basis Accident 
DC Direct Current 
DOE Department of Energy 
EAB Exclusion Area Boundary 
EPA Environmental Protection Agency 
FHS Fuel Handling System 
FIMA Fissions per initial metal atom 
FOAK First-of-a-kind 
HTGR High Temperature Gas-Cooled Reactor 
IAEA International Atomic Energy Agency 
INL Idaho National Laboratory 
ITAAC Inspections, Tests, Analyses, and Acceptance Criteria 
LEU Low Enriched Uranium 
LWR Light Water Reactor 
MHC Main Helium Circulator 
NEPA National Environmental Policy Act 
NFPA National Fire Protection Association 
NGNP Next Generation Nuclear Plant 
NHSS Nuclear Heat Supply System 
NOAK Nth-of-a-kind 
NRC Nuclear Regulatory Commission
PBR Pebble Bed Reactor 
PCS Power Conversion System 
RCCS Reactor Cavity Cooling System 
PGA Peak Ground Acceleration 
RPV Reactor Pressure Vessel 
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SCS Shutdown Cooling System 
SG Steam Generator 
UPS Uninterruptable Power Supply 

2.0 BACKGROUND 

The ideal method for developing the key PBR design requirements would be to use a full functional analysis 
process. A full functional analysis process starts with top level requirements, which are imposed on the design 
process at the beginning and then gradually develops more detailed and more specific requirements in the 
proceeding sections.  In general, the process for developing the full functional analysis is as follows: 

• Decomposing requirements into subordinate parts 

• Allocating resulting subcomponents to different subsystems and components, and  

• Deriving required lower tier requirements necessary to meet the higher level requirements. 

As stated in the statement of work [1], AREVA will not do a full functional analysis process to develop a new set 
of requirements.  Instead AREVA will screen the current NGNP System Requirements Manual [2] and Key 
Design Requirements for the High Temperature Gas-cooled Reactor Nuclear Heat Supply System [3] to identify 
key requirements for the purpose indicated in the project statement of work.  However, in some cases it may be 
appropriate to derive new requirements. 

3.0 REQUIREMENT SELECTION PROCESS/CRITERIA 

The NGNP System Requirements Manual [2] and Key Design Requirements for the High Temperature Gas-
cooled Reactor Nuclear Heat Supply System [3] contain a wide range of requirements.  Not all of these 
requirements are applicable to assessing the PBR technology.  Therefore, the following selection process was 
used to screen the key design requirements [2] & [3] and pull all applicable PBR functional key requirements.   

The first step was to remove all requirements that were not applicable to the PBR technology.  These 
requirements consisted of the following: 

• Programmatic requirements not clearly linked to the PBR technology or design concept. 

• Prismatic reactor concept requirements. 

• Generic requirements that any design would satisfy when complete. 

Next, all of the remaining requirements were screened and all applicable requirements were collected based on the 
following selection criteria: 

• Discriminating Requirements - a requirement that clearly discriminates whether or not a design is 
adequate. 

• Core Requirements - a requirement for a characteristic that is central to the NGNP concept (i.e. process 
heat/steam) 
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• Relevant Requirements - a requirement relevant to the level of detail in the current design and assessment 
process. 

• Inherent Characteristics/Capabilities for the Design - a requirement that establishes the fundamental 
aspects of the desired design concept. 

Finally, any requirement that AREVA felt was important to assessing the PBR technology was derived and added 
to the requirements list.  Appendix A and B of this document contains the resulting set of design requirements 
required to assess the PBR technology, which is based on selection process illustrated above.   

4.0 SUMMARY OF KEY PBR REQUIREMENTS 

The Key PBR Requirements were generated using a similar approach as described in section 3.0 “Requirements 
Selection Process/Criteria” of this document (i.e. started with the INL project requirements [2] & [3], screened for 
relevant PBR requirements, derived new requirements as required).  Once the NGNP requirements were generated 
(Appendix A and B), then the critical key PBR requirements were selected.  The critical key PBR requirements 
are the requirements that are central to driving the PBR design.  The following list contains all critical key PBR 
requirements that the PBR design must meet.  These critical key requirements define the basic essence of the 
HTGR concept. 

• Must have a heat source based on the HTGR concept. 

• Must use forced circulation helium as the heat transport fluid. 

• Must have a plant design lifetime of 60 years. 

• Must meet NRC regulations (as agreed upon for HTGR technology). 

• Must be designed such that it can be design certified for a broad range of applications and sites. 

• Must meet all applicable federal, state and local codes and standards. 

• Must support complete design, licensing, construction and startup testing for initial operation by 2021 
(per EPACT 2005). 

• Must supply high temperature steam. 

• Must be applicable to a broad range of cogeneration application supplying, singly or in combination, 
electricity, steam, and hot gas. 

• Must have a reactor gas outlet temperature in the range of 750ºC to 800ºC. 

• Must support process steam, electricity, and cogeneration. 

• Must be able to distribute electricity on the commercial grid. 

• Must be capable of co-location with process heat users. 

• Must be economically competitive with long-term fossil fuel prices. 
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• Must have passive decay heat removal to cool the core from full power to safe shutdown conditions. 

• Must be safe for plant personal, general population, and the environment. 

5.0 TRACEABILITY 

The requirements in appendix A and B are structured in the same manner as the NGNP System Requirements 
Manual [2].  For traceability reasons, the object numbers and requirement identifications can be linked back to the 
NGNP System Requirements Manual [2].  New derived AREVA requirements are shown with an “A” in the 
object or requirement field following the specific ID number.  

6.0 REFERENCES

1. Statement of Work for Modular Pebble Bed Technology Status Assessment, SOW-9139 Revision 1, 
September 10, 2010. 

2. NGNP System Requirements Manual, INL/EXT-07-12999 Revision 3, September 10, 2009. 

3. Key Design Requirements for the High Temperature Gas-cooled Reactor Nuclear Heat Supply System, 
INL/EXT-10-19887, September 2010.  
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APPENDIX A: NGNP PROGRAMMATIC REQUIREMENTS 

A.1 Regulatory Requirements 
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A.2 Legislative Requirements 

No Requirements currently exist. 

A.3 End User Requirements 

No Requirements currently exist. 

A.4 Stakeholder Requirements 
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APPENDIX B: NGNP FUNCTIONAL, OPERATIONAL, AND TECHNICAL REQUIREMENTS 

B.1 Nuclear Heat Supply Requirements 

B.1.1 Reactor Pressure Vessel 
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B.1.2 Reactor Vessel Internals 
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B.1.3 Reactor Core and Core Structures 
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B.1.4 Nuclear Instrumentation 
Currently, no requirements exist. 
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B.1.5 Fuel Elements 
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B.1.6 Reserve Shutdown System 
Currently, no requirements exist. 

B.1.7 Reactivity Control System 
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B.1.8 Core Conditioning System (Shutdown Cooling) 
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B.1.9 Reactor Cavity Cooling System 
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B.1.10 General 
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B.2 Heat Transport System Requirements 

B.2.1 Circulators 
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B.2.2 Intermediate heat Exchangers 
Currently, no requirements exist. The FOAK NGNP concept will not have intermediate heat exchanger.  

B.2.3 Cross Vessel 
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Currently, no requirements exist. 

B.2.4 Mixing Chamber 
Currently, no requirements exist. 

B.2.5 High Temperature Valves 
Currently, no requirements exist. 

B.2.6 General 
Currently, no requirements exist. 

B.3 Hydrogen Production System Requirements 

B.3.1 Hydrogen Production System 
Currently, no requirements exist. 

B.4 Power Conversion System Requirements 

B.4.1 Steam Generator (Secondary Side) 
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B.4.2 Power Conversion System Equipment 
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B.4.3 General 
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B.5 Balance of Plant Requirements 

B.5.1 Fuel Handling System 

�������	� 
���
���������� 
���
�������������������
�� �� ��(�"�����
���))�"�	*���
��+��
")����
�
���,�-�"� "����	� ��
���
�������
���� �� ������"��"��"�����(�"�����
������

�� �������
4#������#���
������
�����������
��"�����$%$&������������������������������#���

���������!
�
���������������� �������+�-��������

�� �������

/������������������� ��#��
�!�����+�-����"�����$%$&����������!�����
��
���!�
��!�!
�������!��������������
���!���������������!������#�����#��������
�!����
���
�
����

�� ������
����!��
 ���������$%$&�������
����#�������������������
�������
���
!�����
��
��
� ���!�!�������
���
��������#����
�������

'� �� ��(�"�����
���))�"�	*���
�������	��:�	
�����������
'��� �� ��	�
�����))��
��
�
������
'����� �� >����:	� �"����
�
�����

�� .�����8�

)�������#��������!���������!��
 �"�����)����?��!�
� ��-�����0)?�2����������
!�1���#�!��������������������#������������
�������!������ ���������������������
����
���#�����������
� ���

�� .������+�
����)?��������#��1
!����
��!
� ����#����������C�����������!
��
���!��
� ������
��
��������!�
� ��#����
���"�����##�
���������

�� .��������
����)?���������
�
������
� ��������#�����
���������
������
��������#�
���-����
���
�
���
����������#��������������)?���9��������������#�
���-�?&D���

�� .������.� ����)����?��!�
� ��-���������������1����!���#�����������������������������������
�� .������,� ����)����?��!�
� ��-�����������#��#���������������������
����������������������
�� .������'� ����)����?��!�
� ��-������������������#��������������

.������>/�
����$%$&����������!��
 ��!�����������+�-���������#�������������
��"���
���

����!���
�
�
���������#���!��#����
�����

'����� �� �)��
�>��������"����
�
���



Document No.:  12-9152036-000 

Key Pebble Bed Reactor Design Requirements 

Page B-11

�������	� 
���
���������� 
���
�������������������

�� .�����.�
�����#�������������
� ��-��������������!��
 ��!�����#����������
������-�
�����1����#���������
��������!�
������� �����

�� .�����'/� ?��
��=/
������
�-�����
�������������������
���
��!���������
���������

B.5.2 Instrumentation and Control 
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B.5.3 General 
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