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1.1 Background 
�

	����!��� �� !��� ���� ���3 ���&�/ ��&3���1�0 ��1� �1� �!��� �-��� �- � � =�!� ��1�� �
� �����!��1�
�� � �"�!3��3 � �-����-���� �- �1 �"!� �3!� � ��� �- �&3 ���>� ���!��� !���� �������� �-��� 1� �-��� ������
/!�-� �!0 � ���� �1 �� �-!1� � =�!� 1� ���� 11!��� ���-�&-
 1!��3� �� !��� ���1������� 1>�1
1� 01� ����
��0&�� ��1� 8%%�19>� � 1�3�!��� !�� � ������!��� ��� �- !� � & ����0��� � �-����� �!1�!�1>� ����
��1�3 1� �� ����%%�1>�!� ���- !��� ��0!�������������  �!����0&��!1���/!�-����� ������/3 �� >�
1�������1������ ��3��!��1>������ �-��3��
��

�
�- � � �� �"��!��1��&&����- 1����0���� �&-
1!��3��� ! ���!���- ����3 ���&�/ ��&3���1�8�,,19�
��� 	 0� �� %��� 1� ���� 1�0 � &3���;1& �!�!�� &�����00 1 � -�" � �  �� � " 3�& �� ����
!0&3 0 �� ��� �- 1 � &3���;1& �!�!�� &�����00 1� 0�
� ��� � ����0��!��33
� � � �  0 �� ���
���1�!��� � ��� &���3 � �� !��� 0���� 0 ��� &�����00 1� � ��� � � ��� &���3 >� �� &3���;1& �!�!��
&�����00 � 1-��3�� -�" � �- � � � 11��
� ����!��� 1�� �- � &�����00 1� �-��� �� � � 1��!� �� ����
 "�3��� �� !�� �- � �%� ���3 ��� � ��3����
� ��00!11!��?1� *  � �!�� )� !��� 4 11��1� 4 ��� ��
8*)449�� &������ ����0�33
��1 ���1� @�0&3 1������ !� ��0���� 0 ���&�����00 1��-���-�" �
�- � � � 11��
� ����!��� 1�� �- � 1��& � ��� �- 1 � &�����0 0 1� !1� ����1 �� &�!0��!3
� ��� ���;
� &3�� ��3 �1������� 1�������0&�� ��1�!���,,1��
�
� ����!A!��� �- � � " 3�&0 ��� !�� �� ��0� �� ��� !�1� 	 0� �� %��� 1>� �- � �)+)� !�!�!�� ��
+@������� ���
� ,�����00 � ���%�� �
� )1& ��1� ���4���� � �0� �& ���!���8%)4��9� ��� .�� ��
	�� ��� �� � �����1� !�� ���$�� �- � ��� ��!" � ��� �- � ,�� ���00 � /�1� ���  1���3!1-�
� ��00 ����!��1� ��� �- �1��& � ���� ���� ��� ��� ���!"!� ! 1� ���  �1�� �1�� �3���� � �0� �& ���!�� � �
84��9����/�� ��0�� ��� ��� �����1��
�
�- �0����!�
����	 0� ��%��� 1�-�" ��  ��!0&3 0 ��!�� ��� !���0���� 0 ���&�����00 1�!��
3!� � /!�-� "��!��1� �)+)� � ��00 ����!��1� B�>� $C� ���� - �" � 1��0!�� �� &3���;1& �!�!��
&�����00 1� �1� &���� ��� �- � � =�!� �� ����0 ����!��� �� �� �- � � ��3����
� ���! 1� ��� � ��3���
& �!��!��1�� �
� � "! /1�� �- 1 � ���!"!�! 1�&3�
� �� "�3 ���3 � ��3 � !�� !0&��"!��� ���� �&���!��� �- �
&3���1?����� ����& ���!����
��
���!��� �- � 3�1�� �/�� � ��� 1>� �- � ��0� �� ��� �)+)� 	 0�  �� %��� 1� �!"!��� -!�-� &�!��!�
� ���
����!��!����- ��& ���!���������3 ���&�/ ��&3���1�� 
�����- ��!0 ����0 ���!�!��33
����!�!&�� ��

�������������������������������������������������
1 Long term operation means operation beyond an established timeframe set forth by, for example, licence term, 
design, standards, licence and/or regulations, which has been justified by safety assessment, with consideration 
given to the life limiting processes and features of SSCs. If an operating organization decides to pursue long term 
operation, justification is supported by the results of periodic safety reviews, including review of management of 
ageing, and overseen by the regulatory body [1]. 
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��� �����- ����/!�����  �������3 ���&�/ ��&3���1����� �� ������- �
��!�� /��3�/!� �� �- � ��!�!��3�& �!��� ���3!� �1 �� �& � ��!��� ���� � �����1� � ��1� ��� � � ��1 �� ���
 ����0!�� ���1!� ���!��1� ���- �� �-��� �- � 3!0!���!��1 � ��� ���3 ��� � �-��3��
� ��� �- � �����3�
���1�����!��� 0�� �!�31�� 6�/ " �>� 0�� � � ��!3 �� !��� �0��!��� �  �1� ��� � � &��"!� �� ��� - 3&�
�& ���!��������!A��!��1������ ��3����
����! 1�� 0�� 1���� ��-����- � �� ��1������ !����� �� !���
0���� ���������- 3&��- 0��11 11� @!1�!���&3����&��� ��00 1��
�
�- ��)+)�%�� �
�*�!� ����)� !���	���� 0 ����������3 � ��,�/ ��,3���1�B
C������- ��)+)�
%�� �
� � &����% �! 1� ���%�� �4���� � �0� �& ���!��� ��� � ��3 ��� ,�/ �� ,3���1�B�C��� � �3�1 3
�
� 3�� ������- ��� �1�0 ��!�� �����" ��6�/ " �>��- 
 ���������!" ���0&� - �1!" �!����0��!���
����1 ������ ������!���0 �-��!101������ 3�� ��&���� �00 1����0!�!��� ��- �!0&���1����1��-�
&��� 11 1���� �1�� ��- �1�� ��& ���!�������,,1����� /��3��� �!0&����������&��"!� ��- ����3 ���
!���1��
� ���� � ��3����
� ���-��!�! 1� /!�-� ��!���� � � 1� ��� /-��� ���1�!��� 1� ��� &���3 � �� !���
0���� 0 ���&�����00 1� � & ��!��� ��� �- � �
& � ��� � �� ����!��� 0 �-��!101�� ��33 ��!��� ���
1��-�!����0��!���-�1����� ��1 ���1�����1!1�������!� ��� ������- �� " 3�&0 ��������-��0��!A ��
�&&����-� ��� � ������!��� 0 �-��!101� �-����-� �- � �&&3 !���!��� ��� � ����!A �� �� !���
0���� 0 ���&�����00 1�����1 3 �� �����3 ���1�� �
�� �0&�� ��1������31���1�����0&� - �1!" �
��1!1������- �0���� 0 ������&3������ !���&- ��0 ��� �����1���1���� �������/3 �� ���
�
���-�1��  ��� ����!A ���-�������" �"! /������ !����  ������!���0 �-��!101������ 3�� ���� !���
0���� 0 ��� &�����00 1� ���� ��!���� � !�� �-!1� �� �� /�� 3�� � � � � �!�!�3� ���� ��� �1 � ���� �33�
�,,1� /- � � �- � � �� � !��!���!��1� ���&-
1!��3� �� !�� � ��� 1������� 1�1
1� 01� ���� ��0&�� ��1�
8%%�9��%��-���!� 3!� 1��� �&� 1 �� ��!���- ����0���� ������ ����!���3�* � �!��)� !���4 11��1�
4 ��� ��*�!� 3!� ���

�
�-!1� *�!� 3!� >� /�1� &� &�� �� �1� �� 1�&&���� ����0 ��� � �� �- � %�� �
� *�!� � ��� )� !���
	���� 0 ��� ���� ���3 ���,�/ ��,3���1�B
C��� � ��!���� ���- �%�� �
�*�!� � ��
�  @!1�!���&3����
&�����00 �!�� �� ������ ��1 �����1�&&����3����� �0� �& ���!�������0���� ��- ��� !��� �� ��1�
!� ��!�! �� ���� 4��� 1-��3�� � � � "! / �� ��� � � �0!� � / - �- �� �- 
� 0  �� �- � � 1& ��!" �
� =�!� 0 ��1�1 ������-��
��- ��!� �����!��� 1�� �!�  ��!���- �%�� �
�*�!� ���- ������0 �����- �
� "! /�1-��3��&��"!� � � �-�!��3� ��1!1� ��� �3��!�
� /-  �- �� �- �&�����00 1�0!�!���!��� �� !���
 �� ��1� �� � � 3 "���� ��� 0�!���!�!��� !�� �� �� 1�� �
 � �����!��1� ���� �31�� /- �- �� �- � �� !���
 �� ��1�/!33�� �&��& �3
�� � �� �������-����� �!A � >����0��!�!���!��1����:���� /�&�����00 1�
�� �� � 11��
��

�
�- ��& ���!��������!A��!���1-��3��� 0��1���� ��-���� � !���!11� 1�����- �&3�������� �� ��-�" �
�  ���� =��� 3
����� 11 �������,,1� ��!� �3!� �!0 � �����-����� !���0���� 0 ���&�����00 1�
�� �  �� ��!" � �-����-���� �33�1��� 1� ��� �- �3!� �!0 � ��� �- �&3���>� !��3��!��� �" ��$�:(�� ����2��

 ��1� �& ���!��� 84��9�� ���1 =� ��3
� !�� !1� �31�� !0&���� ��� �- � �� !��� 0���� 0 ���
&�����00 1� 1-��3�� � �3 ��� ���� ��� � !���� �������� ���  /� �1& ��1� ���� ���3
1!1� ��� �� !���
 �� ��:0 �-��!101� ���� � 1�3�1� ��� � 1 ���-� ���� � " 3 �&0 ��� &�����00 1�� 5��� 0  �!��� �-!1�
� ��00 ����!��>� ��-����3 �!���-�&� ��(�&��"!� ��- � � 1 ���-������ " 3�&0 ���8�D�9��  ��
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0���� 0 ������!"!�! 1�������� 11�!��!"!���3��� !���  �� ��:0 �-��!10���� ��-���0&�� �������
1������� ���
 
+�� ��!" � �� !��� 0���� 0 ��� �-����-���� �- � 1 �"!� � 3 !� � ��� ��� %%�� � =�!� 1� �- � �1 � ��� ��
1
1� 0��!�� �&&����-� ��� 0����!��� �� !��� �-��� &��"!� 1� �� ���0 /���� ���� �����!���!��� �33�
&�����00 1� ���� ���!"!�! 1� � 3��!��� ��� �- � ��� �1��� �!��>� ������3>�0��!���!��� ����0!�!���!���
��� �� !���  �� ��1� ��� �- � &3���� ��0&�� ��� ��� 1������ � �� �- � �& ���!��� �����!A��!��� �  �� ���
-�" �  ����-� ��� �1����!��� /-��� �!��� ��� 0�!�� ���� > � �� ��� 0��!���!��>� ���� 0!�!���!���
8&� " ��!" � 0�!�� ���� 9� 1-��3�� � � ��� � ��� ���� 11� �� !���  �� ��1� ���  ��-�
��0&�� ��:1������� ���

�
��� 0  �� �-�1 � �  �1>� �-!1� ��!���� � &��"!� 1� ���� ��3
 � �- � !�1& ��!��� ���:��� 0�!�� ���� �
� =�!� 0 ������� ��-���0&�� ��:1������� �8�� �:� �! ��9������31��� �-�!��3������0��!�����1!1�
8���9�����- 1 ����!"!�! 1���-!1�� 1�3� ��!��!�� ���� !���3�!����0��!���1- ��!������!0&����������31�
���� �� !��� 0���� 0 ���� )31�� &��"!� 1� ���3!� � ��� ��� �� &����!� 1� ��� � " 3�&!���  �� ��!" �
�� !���0���� 0 ���&�����00 ��
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1.3 Scope 
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��!���� �����11!1��� ��3����1������& �����1�!��� �3 !���/!�-���!=� ��-�33 �� 1������ !��� �� ��1�
���%%�1��11��!�� ��/!�-�3����� �0��& ���!����
�
Note: Currently, most of the Member States do not have a process to collectively and 
systematically document and analyse research results and operating experiences. A process 
needs to be in place to gather information to be systematically analysed by an organization 
such that the information could be shared by all Member States. This information gathering 
effort should be inclusive of all types of water-moderated reactors in nuclear power plants. It 
is for this reason that the current project of developing an International GALL (note: title of 
the report will be agreed-upon later) was initiated. This project is focusing on providing 
technical information on ageing management practical and useful to all Member States with 
various types of water-moderated reactors. The first phase of the project is expected to be 
completed in two years. The goal of the project is to develop a database that can be 
continuously updated to include the most recent information on operating experience and 
ageing management from, and be used by, every participating Member State. 
�
�

2.2  Why do we need Ageing Management Programmes 
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2.3  Generic attributes of an effective AMP (to be further developed) 
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2.5  Introduction and development of US GALL approach  
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3.1  Description of degradation mechanisms (examples of typical degradation 
mechanisms are presented) 
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3.1.1  Irradiation embrittlement of RPV 
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3.1.2  Degradation of cabling   (to be extended and edited) 
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I  Consequence of ageing degradation and failures 
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I  Inspection/monitoring/maintenance history 
	 �!�0� "�3��� �  =�!&0 ��1J� !�1�3��!��� �!����1!1>� 1� �-� �1� ���� ��� 3 ��� ��� � � 1�!��>�
���� ��� � 3��>�!��3��!��� !�1�3��!��� � 1!1���� � � 1� �� ��- ��  3 ���!��3� =�!&0 ��1J�!�1�3��!���
� 1!1���� �� 1���
�

I  Current status, condition indicators 
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3.1.3  Low cycle thermal fatigue (incl. environmental effects)     
 (to be updated)�
 

3.1.4  Flow accelerated corrosion (FAC) / Erosion corrosion 
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3.1.5  Stress corrosion cracking  (to be updated) 
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3.1.6  Loss of pre-stress of concrete structures  (to be extended and edited)  
 
Strength and Shielding Degradation of Concrete Structures 
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Table 4.1 – Description of degradation mechanisms and recommended ageing management practices for BWR type of reactors – examples 
Degradation Mechanism 

/ Ageing Effect Typical SC Critical location Material Environment Generic AMP Further action Reference Remarks 

Irradiation embrittlement 
/ Loss of fracture toughness RPV Shell (Belt Line) 

Base metal (HAZ) 

Low alloy steel, 
cladding stainless 
steel inside surface 

298°C High-purity 
water reactor coolant  

ISI: Volumetric Inspection 
Planned: Monitoring TLAA 

JNES Review Manual (JNES-SS-0507-1) 
"Neutron Irradiation-Induced Embrittlement 
of Reactor Pressure Vessel" 

The Japan Electric Association (JEA) Code, 
JEAC 4201-2007 “Method of Surveillance Tests 
for Structural Materials of Nuclear Reactors”  

Shell 
Low alloy steel, 
cladding stainless 
steel inside surface 

298°C High-purity 
water reactor coolant  

ISI: Volumetric Inspection 
Periodic: LT TLAA JNES Review Manual (JNES-SS-0509) 

"Fatigue"   

RPV 

Nozzles (Feed water) Low alloy steel 298°C High-purity 
water reactor coolant  

ISI: Volumetric Insp. 
Periodic: LT 

TLAA (including 
evaluation of effect of 
the exposed water 
environment) 

JNES Review Manual (JNES-SS-0509) 

JSME Codes for Nuclear Power Generation 
Facilities 
- Environmental Fatigue Evaluation Method for 
Nuclear Power Plants -, JSME S NF1-2006  

Low cycle thermal fatigue 
(incl. Environmental effects) 
/ Cumulative fatigue 
damage 

Recirculation 
piping Welds Stainless steel 298°C High-purity 

water reactor coolant  
ISI: Volumetric Insp. 
Periodic: LT TLAA JNES Review Manual (JNES-SS-0509)   

Piping and weld 
metal > 100 A scheduled Stainless Steel  

and / or Ni Alloy > 100°C 

ISI: Volumetric 
Insp.Periodic: LT(water 
chemistry) Preventive 
action* 

International research 
activity(NULIFE, EPRI-
BWRVIP, SCAP, etc) 

JNES Review Manual (JNES-SS-0508-01) 
"Stress Corrosion Cracking (SCC)" 
 
IAEA TECDOC “Good Practices to 
Manage Stress Corrosion Cracking of 
Austenitic Alloys in LWRs (draft)” 
 
NUREG-1801, Section XI M7 

Small bore piping less than 100A is also within 
scope of the evaluation in Japan.  

Reactor vessel 
attachment 

Attachment welds 
between the vessel 
wall and vessel ID 
brackets that attach 
safety-related 
components to the 
vessel (e.g., jet pump 
riser braces and core-
spray piping brackets) 

Stainless Steel  
and / or Ni Alloy > 100°C 

ISI: VT 
Periodic: LT 
(water chemistry)  
Preventive action* 

International research 
activity(NULIFE, EPRI-
BWRVIP, SCAP, etc) 

JNES Review Manual (JNES-SS-0508-01) 
 
IAEA TECDOC 
 
NUREG-1801, Section XI M14 

  

Stress corrosion cracking  
(+ other specific types?) 
/ Cracking 

Reactor internal 

Core shroud**, shroud 
support, core plate, 
top guide**, core 
spray, jet pump 
assembly, CRD 
housing, lower plenum 

Stainless Steel 
and/or Ni Alloy > 100°C 

ISI: VT 
Periodic: LT 
(water chemistry)  
Preventive action* 

**: TLAA (IASCC) 
 
International research 
activity(NULIFE, EPRI-
BWRVIP, SCAP, etc) 

JNES Review Manual (JNES-SS-0508-01) 
 
IAEA TECDOC 
 
NUREG-1801, Section I M9 

  

RPV Nozzles  
(feed water) Low alloy steel 298°C High-purity 

water, reactor coolant 
Appropriately: thickness 
measurement N JNES Review Manual (JNES-SS-0510) JSME Code, JSME S NH1-2006 

Flow accelerated corrosion,  
Erosion corrosion  
/ Loss of material Feedwater 

piping Bent pipe and elbow Carbon steel 298°C High-purity 
water, reactor coolant 

Appropriately: thickness 
measurement N JNES Review Manual (JNES-SS-0510) 

"Piping Wall Thinning" 

JSME Codes for Nuclear Power Generation 
Facilities 
- Rules on Pipe Wall thinning Management for 
BWR Power Plants -, JSME S NH1-2006  
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Table 4.1 – Description of degradation mechanisms and recommended ageing management practices for BWR type of reactors – examples (continued) 
Degradation Mechanism  
/ Ageing Effect Typical SC  Critical location Material Environment  Generic AMP Further action Reference Remarks 

Low-voltage 
(600 V or less) 
cable  
 
(CV cable) 

Primary containment 
Vessel 

Cross-linked 
polyethylene 
(XLPE) 

~ 65°C 
0.5 Gy/h 

At inspection; carry out 
insulation resistance 
measurement and 
insulation diagnostic test, 
and verify the soundness 
of cable insulation 
function in system 
apparatus operation test 

TLAA 
 
International research 
activity(SCAP) 

JNES Review Manual (JNES-SS-0511-01) 
 
"Insulation Degradation 
of Electrical and Instrumentation 
Equipment" 

  

Low-voltage 
cable 
(600 V or less)  
 
(Flame-
retardant PN 
cable) 

Primary containment 
vessel 

Flame-retardant 
ethylene propylene 
rubber (EDPM) 

~ 65°C 
0.5 Gy/h 

At inspection; carry out 
insulation resistance 
measurement and 
insulation diagnostic test, 
and verify the soundness 
of cable insulation 
function in system 
apparatus operation test 

TLAA 
 
International research 
activity(SCAP) 

JNES Review Manual (JNES-SS-0511-01)   

Degradation of cabling 
(degradation organics)  
/ Reduced insulation 
resistance 

Coaxial cable  
 
(Flame-
retardant single 
braid coaxial 
cable) 

Primary containment 
vessel 

Radiation-resistant 
cross-linked 
polyethylene 
(XLPE) 

~ 65°C 
0.5 Gy/h 

At inspection; carry out 
insulation resistance 
measurement and 
insulation diagnostic test, 
and verify the soundness 
of cable insulation 
function in system 
apparatus operation test 

TLAA 
 
International research 
activity(SCAP) 

JNES Review Manual (JNES-SS-0511-01)   

Radiation degradation / 
shielding degradation of 
concrete structures 

Reactor 
building Biological shield Concrete Radiation 

Round inspection or 
periodic: VT Periodic: 
NDT 

TLAA 
JNES Review Manual (JNES-SS-0512-01)  
"Reduction in Strength and Reduction in 
Radiation Shielding Capability of Concrete" 

  

Neutralization / strength 
degradation of concrete 
structures 

Reactor 
building Wall without cladding Concrete Atmosphere (CO2) 

Round inspection or 
periodic: VT Periodic: 
NDT 

TLAA (evaluation by 
sampling (core drill)) JNES Review Manual (JNES-SS-0512-01)  Some NPPs implement sampling (core drill) 

evaluation as routine maintenance in Japan.  

Salt damage / strength 
degradation of concrete 
structures 

Water intake 
structure – Concrete Salt atmosphere 

Round inspection or 
periodic: VT Periodic: 
NDT 

TLAA (evaluation by 
sampling (core drill)) JNES Review Manual (JNES-SS-0512-01)  Some NPPs implement sampling (core drill) 

evaluation as routine maintenance in Japan.  

 
*: The detailed information is included in Appendix 2. 
 
AMP element of "preventive action": Material selection of low-carbon grade austenitic SS and weld metal, with a maximum carbon of 0.035 wt.% and a minimum ferrite of 7.5% in weld 
metal and cast austenitic stainless steel (CASS), is an effective to prevent this ageing effect. For nickel-alloys, Inconel 82 is the only commonly used nickel-base weld metal considered to 
be resistant to SCC due to no failure experience. For other nickel-alloys, such as Alloy 600 are need to be evaluate for resistance on an individual basis.      
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Table 4.2 – Description of degradation mechanisms and recommended ageing management practices for PWR type of reactors – examples  
(to be updated) 
�
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Table 4.3 – Description of degradation mechanisms and recommended ageing management practices for VVER type of reactors – examples 
Degradation Mechanism  
/ Ageing Effect Typical SC  Critical location Material Environment  Generic AMP Further action Reference Remarks 

Beltline welds Welding metal 
Surveillance programme, 
Neutron flux monitoring, 
In-service inspection 

TLAA     

RPV 

Maximum flux area Carbon steel 
Surveillance programme, 
Neutron flux monitoring, 
In-service inspection 

TLAA     
Irradiation embrittlement 
/ Loss of fracture toughness 

Core basket Maximum flux area Stainless steel 

Reactor coolant 

Visual inspections, 
Microhardness 
measurement 

–     

Reactor coolant 
pipelines 

Branches to 
pressurizer 

Fatigue monitoring, 
Vibration monitoring, In-
service inspection, Loose 
part monitoring 

TLAA     

Reactor coolant 
pump Pump shell 

Stainless steel Reactor coolant 
Fatigue monitoring, 
Vibration monitoring, In-
service inspection, 
Preventive maintenance 

–     

Low cycle thermal fatigue 
(including environmental 
effects) 
/ Cumulative fatigue 
damage 

Pressurizer Pressurizer body incl. 
Nozzles  

Carbon steel / 
stainless steel 
cladding 

Reactor coolant / 
steam / nitrogen 

Fatigue monitoring, In-
service inspections TLAA     

Heat-exchanging 
tubes Stainless steel Secondary circuit 

coolant 
In-service inspection - 
ultrasonic, Plugging  

Research of micro-
environment effects     

Primary collector bolt 
nest Stainless steel Secondary circuit 

coolant 
In-service inspection - 
ultrasonic, capillary 

Research of micro-
environment effects     

Stress corrosion cracking  
(+ other specific types?) 
/ Cracking 

Steam 
generator 
 

Primary collector bolts Stainless steel Secondary circuit 
coolant Visual inspections Research of micro-

environment effects     

0,7 MPa 
steam collector  Welded elbow Carbon steel 

(11 375) Steam 
Flow accelerated 
corrosion 
(CHECKWORKS) 

–     

Condensate 
pipeline from 
low-pressure 
heaters to feed-
water tank 

Straight part of 
pipeline behind orifice 

Carbon steel  
(12 022) Condensate 

Flow accelerated 
corrosion 
(CHECKWORKS) 

–     
Flow accelerated corrosion,  
Erosion corrosion  
/ Loss of material 

Steam heating 
pipeline of 
separator 

T- part of pipeline Cr-alloy steel  
(15 128) Steam 

Flow accelerated 
corrosion 
(CHECKWORKS) 

–     
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Table 4.3 – Description of degradation mechanisms and recommended ageing management practices for VVER type of reactors – examples (continued) 
Degradation Mechanism  
/ Ageing Effect 

Typical 
component / SC  Critical location Material Environment  Generic AMP Further action Reference Remarks 

Transmission 
conductors, 
cables 

Containment 

Polymers used in 
electrical 
applications - 
PVC/PVC 

Temperature threshold 
of 70°C for thermal 
stresses in 
elastomers, 
Containment 
environment (inert), 
Adverse localized 
Environment 

Cabling AMP, Equipment 
Qualification, Preventive 
maintenance 

TLAA   
Embrittlement, cracking, melting, discoloration, 
swelling, or loss of dielectric strength leading to 
reduced insulation resistance; electrical failure 

In-Core 
temperature 
monitoring 

Core 
Polymers used in 
electrical 
applications? 

Temperature threshold 
of 70°C for thermal 
stresses in 
elastomers, 
Containment 
environment (inert), 
Adverse localized 
Environment 

Equipment Qualification, 
Preventive maintenance –     

Degradation of cabling 
(degradation organics)  
/ Reduced insulation 
resistance 

Connector SNC Containment 

Polymers used in 
electrical 
applications - 
PTFE or PFA  

Containment 
environment (inert), 
Adverse localized 
environment 

Equipment Qualification, 
Preventive maintenance –   Increased resistance of connection 

Reactor 
building - 
hermetic area 

Concrete Pre-stressed 
concrete 

outdoor and indoor air 
in space of building 
around of reactor 
building 

Surveillance programme, 
geodetic measurement, 
testing of strength by 
Schmidt impact hammer 

–     

Reactor 
building - flat 
foundation 

Concrete Pre-stressed 
concrete Soil, ground water Surveillance programme, 

geodetic measurement –     Loss of pre-stress of 
concrete structures 

Reactor 
building up to 
13,2 m 

Concrete Pre-stressed 
concrete 

Outdoor air, soil, 
ground water 

programme of reference 
samples, geodetic 
measurement, testing of 
strength by Schmidt 
impact hammer 

–     

�
�
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Table 4.4 – Description of degradation mechanisms and recommended ageing management practices for CANDU type of reactors – examples 
Degradation Mechanism  
/ Ageing Effect Typical component / SC  Critical location Material Environment  Generic AMP Further action Reference Remarks 

Irradiation embrittlement / 
Loss of fracture toughness Pressure tube 

High neutron flux and 
high creep strain 
regions 

Zirconium (Zr-2.5Nb) 

Neutron Flux; OD-
Annulus Gas CO2; ID-
Primary Heat 
Transport Coolant 
(D2O) 

Material surveillance 
(periodic PT removal, 
destructive examination & 
testing) per Periodic 
Inspection Programme 
and Plant Specific Fuel 
Channel Life 
Management Programme. 
PT material specifications 
and manufacturing 
processes. 

Industry R&D  
 
Pressure tubes are 
replaceable items. 

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components;  
CSA Standard N285.8 Procedures 
for In-Service Evaluation of 
Zirconium alloy Pressure Tubes in 
CANDU Reactors;  
D.K. Rodgers et al. "In-Reactor 
Performance of Pressure Tubes in 
CANDU Reactors", J. of Nuclear 
Materials 383 (2008) 22-27. 

Irradiation embrittlement / loss of 
fracture toughness  

Low cycle thermal fatigue 
(including environmental 
effects) 

Steam generator shell Seismic restraint lug-
to-shell weld Carbon steel Reactor Building Air 

Periodic Inspection 
Programme (PIP) 
Supplemented by Plant 
Specific SG Life Cycle 
Management Programme; 
Fatigue Cycle monitoring; 
Operating Guidelines for 
PHT heat up and cool 
down rates 

No 

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; EPRI TR-
104534, MRP-132 

Low cycle thermal fatigue 
(including environmental effects) 

Low cycle thermal fatigue 
(including environmental 
effects) 

Pressurizer and / or Bleed 
Condenser 

Vessel shell, welds, 
nozzles, thermal 
sleeves 

Carbon steel Reactor Building Air / 
PHT Coolant (D2O) 

Periodic Inspection 
Programme (PIP);  
Fatigue Cycle monitoring 

Fatigue TLAA to be 
reviewed for the period 
of extended operation, 
and, for Class 1 
components, 
environmental effects 
on fatigue are to be 
addressed. 

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; EPRI TR-
104534, MRP-132 

  

Low cycle thermal fatigue 
(including environmental 
effects) 

PHT Auxiliary Piping 

Thermal sleeves for 
mixing tee where cold 
feed stream mixes 
with hot purification 
return streams 

Carbon steel Reactor Building Air / 
PHT Coolant (D2O)  

Periodic Inspection 
Programme (PIP);  
Fatigue Cycle monitoring 

  

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; EPRI TR-
104534, MRP-132 

  

Intergranular Stress 
Corrosion Cracking PHT outlet feeders 

Tight Radius Bends 
and at repaired welds 
with high residual 
stresses 

SA 106 Grade B carbon steel Feeder Cabinet Air / 
PHT Coolant (D2O) 

Periodic Inspection 
Programme (PIP) and 
Plant Specific Feeder Life 
Management Programme 
and PHT Chemistry 
Control Programme 

Repair / replace 
affected feeder bends 
ensuring reduced 
residual stresses. 
Industry Feeder 
Integrity Joint 
Programme 

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components;  
Industry Feeder Fitness for Service 
Guidelines 

  

Intergranular Stress 
Corrosion Cracking Steam generators tubing 

Outside surface of SG 
tubes at the top of the 
hot-leg tubesheet 
(TTS) 

Alloy I-600 OD - Secondary 
Coolant (H20)  

Periodic Inspection 
Programme (PIP) 
supplemented by Plant 
Specific SG Life 
Management Programme 
and Water Chemistry 
Control Programme 
(shutdown / lay-up) 

International research 
activity, EPRI, 
International Steam 
Generator Tube 
Integrity Programme  

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; 
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Table 4.4 – Description of degradation mechanisms and recommended ageing management practices for CANDU type of reactors – examples (continued) 
Degradation Mechanism  
/ Ageing Effect Typical component / SC  Critical location Material Environment  Generic AMP Further action Reference Remarks 

Flow Accelerated Corrosion 
(FAC) / Erosion Corrosion PHT Outlet Feeders 

Adjacent to Grayloc 
hub and 1st and 2nd 
bends  

Carbon steel (SA 106 B) PHT Coolant (D2O) 

Periodic Inspection 
programme (PIP) 
supplemented by Plant 
Specific Feeder Life 
Management Programme 
(PHT chemistry control, 
UT inspection, thickness 
evaluation, fitness-for-
service evaluations) 

R&D – Industry 
Feeder Integrity Joint 
Programme; 
Repair / replace 
feeders with higher 
chromium content 
specified carbon steel 

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components;  
Industry Feeder Fitness for Service 
Guidelines 

FAC 

Flow Accelerated Corrosion 
(FAC) / Erosion Corrosion Steam generator  

Upper tube support 
plates, hot leg of 
steam generator 

Carbon steel 

Secondary feedwater / 
steam 256 C (High-
purity H20, Chemistry 
Control: initially 
ammonia addition 
only, 8ppm morpholine 
with some ammonia 
and hydrazine, 
Current: 20 ppm 
morpholine with some 
ammonia and 
hydrazine 

Periodic Inspection 
Programme (PIP) 
supplemented by Plant 
Specific SG Life Cycle 
Management Programme 
(feedwater chemistry 
control, UT inspection, 
thickness evaluation, 
fitness-for-service 
evaluations) 

Industry R&D.  

CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; 
Proceedings of the 12th International 
Conference on Environmental 
Degradation of Materials in Nuclear 
Power Systems, “Assessment of 
Amine Specific Effects on the Flow 
Accelerated Corrosion Rate of 
Carbon and Low Alloy Steels”, 2005 

FAC 

Flow Accelerated Corrosion 
(FAC) / Erosion Corrosion Steam generator Primary side divider 

plate Carbon steel PHT Coolant (D2O) 

Periodic Inspection 
Programme (PIP) 
supplemented by Plant 
Specific SG Life Cycle 
Management Programme 
(PHT chemistry control, 
UT inspection, thickness 
evaluation, fitness-for-
service evaluations) 

No. 
CSA Standard N285.4 Periodic 
inspection of CANDU nuclear power 
plant components; 

Erosion-Corrosion 

Degradation of cabling 
Cables power, 
instrumentation & control 
(EQ) 

FM Vaults, Moderator 
Enclosure 

Polymers used in electrical 
applications (e.g. 
XLPE/FRXLPE; 
PVC/FRPVC, EPR, Peek) 

Adverse localized 
environment caused 
by heat, radiation, or 
moisture in the 
presence of oxygen 

Environmental 
Qualification per CSA 
N290.13;  
Cable condition 
monitoring programme 
(walkdowns, visual 
inspections, testing); 
Replacement 

Yes, one time 
inspection. EQ to be 
re-validated for 
extended operating 
life. 
R&D on cable ageing, 
development of NDE / 
test technologies. 

CSA Standard N290.13 
Environmental qualification 
of equipment for CANDU 
nuclear power plants; 

Degradation of cabling 

Loss of pre-stress of 
concrete structures Pre-stressing system  Anchorage at ring 

beam and base slab Steel Indoor or outdoor air 

Plant specific Concrete 
Containment Structure 
Inspection and Integrity 
Test Programme. 

TLAA. 

CSA Standard N287.7 In-Service 
Examination and Testing 
requirements for Concrete 
Containment Structures for CANDU; 
 
K. Philipose et al. "Ageing 
Management of CANDU Concrete 
Containment Buildings" 
NEA/SEN/IAGE (2008)7 

  

Loss of Material (spalling, 
scaling) and cracking / 
freeze-thaw 

Upper dome, ring beam, 
girder, perimeter wall, 
base slab. 

Upper dome, ring 
beam, base slab Concrete, steel Outdoor air (weather 

elements) 

Plant specific Concrete 
Containment Structure 
Inspection and Integrity 
Test Programme. 

Yes, for inaccessible 
areas. 
 
Industry R&D on 
concrete and sealant 
ageing management 
for LTO. 

CSA Standard N287.7 In-Service 
Examination and Testing 
requirements for Concrete 
Containment Structures for CANDU; 
K. Philipose et al. "Ageing 
Management of CANDU Concrete 
Containment Buildings" 
NEA/SEN/IAGE (2008)7 
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APPENDIX 1   
 
COMPREHENSIVE EXPLANATION ON TERMS USED IN 
CHAPTER 4 TABLES FOR STRUCTURES, COMPONENTS, 
MATERIALS, ENVIRONMENTS, AGEING EFFECTS, AND 
AGEING MECHANISMS 
 
 
For consistent use of the ageing management review tables presented in Chapter 4, the 
definitions of the most commonly used terms are provided in this Appendix. The users of this 
report should ensure that a structure of a component under question has similar characteristics 
(i.e., materials, environments, ageing effects, and ageing mechanisms) as the items described 
in this report. Before adopting the recommended ageing management programmes provided 
for the subject item. Should a structure or a component under question does not have similar 
characteristics to any item in Table 4, a new ageing management programme (AMP) should 
be developed in accordance with the acceptable AMP criteria described in [1].  
 
 
This Appendix contains the following sections: 
A. Introduction 
B. Structures and Components 
C. Materials 
D. Environments 
E. Ageing Effects 
F. Ageing Mechanisms 
G. References 
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A  INTRODUCTION 
 
The format and content of the ageing management review (AMR) tables presented here in this 
Appendix have been developed to provide simplification and generalization of terms used 
within this report. The line items are made more generic and less prescriptive. As a simple 
example, the phrase " Piping, piping components, and piping elements" is used to replace 
various combinations of “piping, fittings, tubing, flow elements/indicators, demineralizer, 
nozzles, orifices, flex hoses, pump casing and bowl, safe ends, sight glasses, spray head, 
strainers, thermowells, and valve body and bonnet." Further associated with this 
simplification is the need to define what these simplified terms mean and how and where they 
are used. An electronic version of this final report will be made available, in which each 
expression defined in these tables is linked to the specific chapters where they occur.  
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B  STRUCTURES AND COMPONENTS 
 
This report does not address scoping of structures and components for long term operation. 
Scoping is plant-specific, and the results depend on individual plant design and its current 
licensing basis. The inclusion of a certain structure or component in this report does not mean 
that this particular structure or component is within the scope of long term operation for all 
plants. Conversely, the omission of a certain structure or component in this report does not 
mean that this particular structure or component is omitted from the scope of long term 
operation for any plant. 
 
B1  Selected Definitions & Use of Terms for Describing and Standardizing 

STRUCTURES AND COMPONENTS 
 
Term Definition as used in this document 
Bolting Bolting can refer to either structural bolting or closure bolting. 

Within the scope of license renewal, both Class1 and non-Class 1 
systems and components contain bolted closures that are necessary 
for the pressure boundary of the components being joined/closed. 
Closure bolting in high-pressure or high temperature systems is 
defined as that in which the pressure exceeds 275 psi or 93�  C 
(200�� F). Closure bolting is used to join pressure boundaries or 
where a mechanical seal is required; bolting includes closure 
bolting and all other bolting. 

Ducting and components Ducting and components include heating, ventilation, and air-
conditioning (HVAC) components. Examples include ductwork, 
ductwork fittings, access doors, closure bolts, equipment frames 
and housing, housing supports, including housings for valves, 
dampers (including louvers and gravity dampers), and ventilation 
fans (including exhaust fans, intake fans, and purge fans). In some 
cases, this also includes piping. 

Encapsulation 
components/valve 
chambers 
 

These are airtight enclosures that function as a secondary 
containment boundary to completely enclose containment sump 
lines and isolation valves. Encapsulation components and features 
(in systems such as emergency core cooling system, containment 
spray system, and containment isolation system, and refueling 
water storage tank) can include encapsulation vessels, piping, and 
valves. 

External surfaces In the context of structures and components, the term “external 
surfaces” is used to represent the external surfaces of structures 
and components such as tanks that are not specifically listed 
elsewhere.  
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B2 Selected Definitions & Use of Terms for Describing and Standardizing 
STRUCTURES AND COMPONENTS 

  
Term Definition as used in this document 
Heat exchanger 
components 

A heat exchanger is a device that transfers heat from one fluid to 
another without the fluids coming in contact with each other. This 
includes air handling units and other devices that cool or heat 
fluids. Heat exchanger component examples may include, but are 
not limited to, air handling unit cooling and heating coils, 
piping/tubing, shell, tubesheets, tubes, valves, and bolting. 
Although tubes are the primary heat transfer component, heat 
exchanger internals including tubesheets and fins contribute to 
heat transfer and may be affected by reduction of heat transfer due 
to fouling [1].The inclusion of such components as tubesheets is 
dependent on manufacturer specifications. 

High voltage insulators An insulator is an insulating material in a form designed to 
physically support a conductor and separate the conductor 
electrically from other conductors or objects. The insulators that 
are evaluated for license renewal are those used to support and 
insulate high voltage electrical components in switchyards, 
switching stations and transmission lines. 

Metal-enclosed bus 
 
 
 

“Metal-enclosed buses” (MEBs) is the term used in proper 
electrical and industry standard (e.g., US IEEE and ANSI 
standards) for electrical buses installed on electrically insulated 
supports that are constructed with all phase conductors enclosed in 
a separate metal enclosure or a common metal enclosure. 

Piping, piping 
components, 
and piping elements 
 

This general category includes various features of the piping 
system that are within the scope of license renewal. Examples 
include piping, fittings, tubing, flow elements/indicators, 
demineralizer, nozzles, orifices, flex hoses, pump casing and bowl, 
safe ends, sight glasses, spray head, strainers, thermowells, and 
valve body and bonnet. For reactor coolant pressure boundary 
components in Chapter IV that are subject to cumulative fatigue 
damage, this can also include flanges, nozzles and safe ends, 
penetrations, vessel head, shell, welds, stub tubes and 
miscellaneous Class 1 components, such as pressure housings. 
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B3  Selected Definitions & Use of Terms for Describing and Standardizing 
STRUCTURES AND COMPONENTS 

 
Term Definition as used in this document 
Piping elements This general category includes components made of glass, such as 

sight glasses and level indicators. This “piping elements” 
designation is used in the AMR tables only when the material is 
defined as glass. 

Pressure housings The term “pressure housing” only refers to pressure housing for 
the control rod drive (CRD) head penetration (as indicated in 
GALL’01, it is only of concern in Section A2 for PWR reactor 
vessels). 

Reactor coolant pressure 
boundary components 
 

Reactor coolant pressure boundary components include, but are 
not limited to: piping, piping components, and piping elements; 
flanges; nozzles and safe ends; pressurizer vessel shell heads and 
welds; heater sheaths and sleeves; penetrations; and thermal 
sleeves. 

Seals, gaskets, and 
moisture barriers 
(calking, flashing, and 
other sealants) 

Elastomer components used as sealant, or as gaskets. 
 

Steel elements: liner; 
liner anchors; integral 
attachments 

Steel liners used in suppression pool or spent fuel pool. 
 

Switchyard bus Switchyard bus is the uninsulated, unenclosed, rigid electrical 
conductor or pipe used in switchyards and switching stations to 
connect two or more elements of an electrical power circuit, such 
as active disconnect switches and passive transmission conductors. 
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B4  Selected Definitions & Use of Terms for Describing and Standardizing 
STRUCTURES AND COMPONENTS 

 
Term Definition as used in this document 
Tanks Tanks, in deference to piping and piping components, are large 

reservoirs used as hold-up volumes for liquids or gases. Tanks 
may have an internal liquid space and/or vapour space and may 
also be situated in proximity to soils or concrete on the exterior 
surface. Tanks are treated as a separate commodity due to the 
potential need for a different ageing management regime for 
piping. The following is one example of ageing management for 
tanks. Steel tanks with bottoms in a soil or concrete environment 
have general corrosion as the ageing effect for the interface 
between soil or concrete and the bottom of the tank. Degradation 
of the tank bottoms in these aboveground steel tanks can be 
managed by, for example, the US GALL AMP XI.M29 
“Aboveground Steel Tanks.” 

Transmission conductors Transmission conductors are uninsulated, stranded electrical 
cables used in switchyards, switching stations, and transmission 
lines to connect two or more elements of an electrical power 
circuit, such as active disconnect switches, power circuit breakers, 
and transformers and passive switchyard bus. 

Vibration isolation 
elements 

Non-steel supports used for supporting components prone to 
vibration. 
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C  MATERIALS 
 
The following table defines many generalized materials used in the nuclear industry. Different 
countries may not have the same material composition. Users of this report should carefully 
compare the materials used and the materials in the following tables before reaching any 
conclusions. 
 
 
C1  Selected Definitions & Use of Terms for Describing and Standardizing 

MATERIALS 
 
Term Definition as used in this document 
Boraflex Boraflex is a material that is composed of 46% silica, 4% 

polydimethyl siloxane polymer and 50% boron carbide, by weight. 
It is a neutron absorbing material used as a neutron absorber in 
spent fuel storage racks; degradation of Boraflex panels under 
gamma radiation can lead to loss of the ability to absorb neutrons 
in spent fuel storage pools. For example, the US GALL AMP 
XI.M22 is used as a reference for Boraflex monitoring. 

Boral, boron steel Boron steel is steel with boron content ranging from one to several 
percent. Boron steel absorbs neutrons and thus is often used as a 
control rod to help control the neutron flux. Boral is material 
consisting of boron carbide sandwiched between aluminum. Boral 
refers to patented Aluminum-Boron master alloys; these alloys can 
contain up to 10% boron as AlB12 intermetallics. 

Cast austenitic stainless 
Steel (CASS) 
 

CASS alloys, such as CF-3, CF-8, CF-3M, and CF-8M, have been 
widely used in LWRs. These CASS alloys are similar to wrought 
grades Type 304L, Type 304, Type 316L, and Type 316, except 
CASS typically contains 5 to 25% ferrite. CASS is susceptible to 
loss of fracture toughness due to thermal and neutron irradiation 
embrittlement. 

Copper alloy <15% Zn The broad purpose of this material category is to collect those 
copper alloys whose critical alloying elements are less than certain 
thresholds that keep the alloy from being susceptible to ageing 
effects. For example, copper, copper nickel, brass, bronze <15% 
zinc, and aluminum bronze <8% aluminum are resistant to stress 
corrosion cracking, selective leaching and pitting and crevice 
corrosion. They may be identified simply as copper alloy when 
these ageing mechanisms are not at issue. 

 
 



 

__________________________________________________________________________________________ 
 ��������	
����

������������������������

�������
�������� �
�
�
�����������
�����  $!  

C2  Selected Definitions & Use of Terms for Describing and Standardizing 
MATERIALS 
 

Term Definition as used in this document 
Copper alloy >15% Zn The broad purpose of this material category is to collect those 

copper alloys whose critical alloying elements are above certain 
thresholds that make the alloy susceptible to ageing effects. 
Copper-zinc alloys >15% zinc are susceptible to stress corrosion 
cracking, selective leaching (except for inhibited brass), and 
pitting and crevice corrosion. Additional copper alloys may be 
susceptible, such as aluminum bronze > 8% aluminum. The 
elements that are most commonly alloyed with copper are zinc 
(referred to as brass), tin (referred to as bronze), nickel, silicon, 
aluminum (referred to as aluminum-bronze), cadmium and 
beryllium. Additional copper alloys may be susceptible to these 
ageing effects above the threshold for the critical alloying element. 

Elastomers Elastomers are materials such as rubber, EPT, EPDM, PTFE, 
ETFE, viton, vitril, neoprene, and silicone elastomer. Hardening 
and loss of strength of elastomers can be induced by elevated 
temperature (over about 35°C), and additional ageing factors such 
as exposure to ozone, oxidation, and radiation. 

Galvanized steel Steel coated with zinc usually by immersion or electrodeposition. 
The zinc coating in galvanized steel protects the underlying steel 
and the corrosion rate of zinc (coating the steel) in dry clean air is 
very low. 

Glass Any glass materials. Glass is a hard, amorphous, brittle super-
cooled liquid made by fusing together one or more of the oxides of 
silicon, boron, or phosphorous, with certain basic oxides (e.g., Na, 
Mg, Ca, K), and cooling the product rapidly to prevent 
crystallization or devitrification. 

Graphitic tool steel Graphitic tool steels (such as AISI O6 which is oil-hardening and, 
AISI A10 which is air-hardening), have excellent non-seizing 
properties. The graphite particles provide self lubricity and hold 
applied lubricants. 
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C3  Selected Definitions & Use of Terms for Describing and Standardizing 
MATERIALS 
 

Term Definition as used in this document 
Gray cast iron This form of cast iron is an iron alloy used in nuclear plants. Cast 

iron is made by adding larger amounts of carbon to molten iron 
than would be used to make steel. Most steels will have less than 
about 1.2% by weight carbon, while cast irons typically have 
between 2.5 to 4% by weight carbon. Gray cast iron has flat 
graphite flakes, which reduce its strength and act as crack formers, 
initiating mechanical failures. They also cause the metal to behave 
in a nearly brittle fashion, rather than experiencing the elastic, 
ductile behaviour of steel. Fractures in this type of metal tend to 
take place along the flakes, which give the fracture surface a gray 
colour, hence the name of the metal. Cast iron is susceptible to 
selective leaching resulting in a significant reduction of the 
material’s strength due to the loss of iron from the microstructure, 
leaving a porous matrix of graphite. 

Insulation materials (e.g. 
bakelite, phenolic 
melamine or ceramic, 
molded polycarbonate) 

Electrical fuse holders are composed of insulation materials, e.g. 
bakelite, phenolic melamine or ceramic, molded polycarbonate. 
 

Low-alloy steel, yield 
strength >150 ksi 
 

High-strength Fe-Cr-Ni-Mo low alloy steel bolting materials with 
maximum tensile strength <1172 MPa (<170 Ksi) may be subject 
to stress corrosion cracking if the actual measured yield strength 
Sy = 150 ksi. Examples of high strength alloy steel designations 
that were earlier referenced in GALL’01 that comprise this 
category include SA540-Gr. B23/24, SA193-Gr. B8, and Grade 
L43 (AISI4340). Low-alloy steel SA 193 Gr. B7 is a ferritic low-
alloy steel bolting material for high-temperature service. Low-
alloy steel includes AISI steels 4140, 4142, 4145, 4140H, 4142H, 
and 4145H (UNS#: G41400, G41420, G41450, H41400, H41420, 
H41450). Bolting fabricated from high-strength (actual measured 
yield strength Sy = 150 ksi) low-alloy steel SA 193 Gr. B7 is 
susceptible to stress corrosion cracking. 

Lubrite® Lubrite® refers to a patented technology in which the bearing 
substrate (bronze is commonly used, but, in unusual environments, 
other materials, ranging from stainless steel and nodular-iron to 
tool-steel, are used) is fastened to lubricant. Lubrite® is often 
defined as bronze attached to ASTM B22, alloy 905, with G10 
lubricant. 
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C4  Selected Definitions & Use of Terms for Describing and Standardizing 
MATERIALS 
 

Term Definition as used in this document 
 Even though Lubrite® bearings are characterized as maintenance-

free, because of the differences in installation, fineness of the 
surfaces, and lubricant characteristics, they can be subjected to 
mechanical wear and fretting. Though experience with the use of 
Lubrite® bearings has not shown adverse conditions related to the 
use of Lubrite®, the unique environment and tight installation 
tolerances required for installing the bearings would require the 
bearing specific examinations. The general vendor’s (Lubrite® 
Technologies) literature shows 10 lubricant types used in the 
bearings; ranging from (G1) “General Duty,” to AE7 (temperature 
and radiation tested) lubricants. Depending on the plant specific 
specification, lubricants of various requirements may have been 
used. Any deviation from the required tight tolerances for 
installation of the bearings could give rise to functional problems 
during the challenging loading conditions (DBA, SSE). Thus, 
ensuring the general installation conditions, and clearing out any 
obstruction to its functioning will ensure the proper functioning of 
these bearings under challenging loading conditions. The 
associated ageing effects could be malfunctioning, distortion, dirt 
accumulation, and fatigue effects under vibratory and cyclic 
thermal loads. The potential ageing effects could be managed by 
incorporating its periodic examination in, e.g., ASME Code, 
Section XI, Subsection IWF AMP (XI.S3) or SMP AMP (XI.S6). 

Malleable iron Malleable iron usually means malleable cast iron, characterized by 
exhibiting some elongation and reduction in area in a tensile test. 
Malleable iron is one of the materials in the category of 
“Porcelain, Malleable iron, aluminum, galvanized steel, cement” 
as shown in AMR line-items LP-07 and LP-11. 

Nickel alloys Ni-Cr-Fe(Mb) alloys are those such as the Alloys 600/690. 
Examples of Ni alloy designations that were earlier referenced in 
US GALL’01 that comprise this category include Alloy 182, Alloy 
600, Alloy 690, Gr. 688 (X-750), Inconel 182, Inconel 82, NiCrFe, 
SB-166, SB-167, SB-168, X-750. [2] 

Polymer (e.g., rubber) Polymeric materials, such as rubber. 
Porcelain Hard-quality porcelain is used as an insulator for supporting high-

voltage electrical insulators. Porcelain is a hard, fine grained 
ceramic that essentially consists of kaolin, quartz, and feldspar that 
is fired at high temperatures. 
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C5  Selected Definitions & Use of Terms for Describing and Standardizing 
MATERIALS 
 

Term  Definition as used in this document 
Polymers used in 
electrical applications 
 

Polymers used in electrical applications include EPR, SR, EPDM, 
XLPE. XLPE is cross-linked polyethylene in the category of 
thermoplastic resins as polyethylene and polyethylene copolymers. 
EPR and EPDM are ethylenepropylene rubbers in the category of 
thermosetting elastomers. 

SA508-Cl 2 forgings 
clad with stainless steel 
using a high-heat-input 
welding process  

Quenched and tempered vacuum-treated carbon and alloy 
steel forgings for pressure vessels. 
 

Stainless steel Wrought or forged austenitic, ferritic, martensitic, precipitation 
hardened (PH) martensitic, or duplex stainless steel (Cr content 
>11%) are grouped for AMRs under the term “stainless steel.” 
These materials are susceptible to a variety of ageing effects and 
mechanisms, including loss of material due to pitting and crevice 
corrosion, and cracking due to stress corrosion cracking. In the 
context of long term operation, in some cases, when the 
recommended AMP is the same for PH stainless steel or cast 
austenitic stainless steel (CASS) as for stainless steel, PH stainless 
steel or CASS are included as a part of the stainless steel 
classification. However, CASS is quite susceptible to loss of 
fracture toughness due to thermal and neutron irradiation 
embrittlement. Therefore, when this ageing effect is being 
considered, CASS is specifically designated in the AMR line item. 
Steel with stainless steel cladding may also be considered stainless 
steel when the ageing effect is associated with the stainless steel 
surface of the material, rather than the composite volume of the 
material. Examples of stainless steel designations that were earlier 
referenced in US GALL’01 that comprise this category include A-
286, SA193-Gr. B8, SA193-Gr. B8M, Gr. 660 (A-286), SA193-6, 
SA193-Gr. B8 or B-8M, SA453, Type 304, Type 304NG, Type 
308, Type 308L, Type 309, Type 309L, Type 316, Type 347, Type 
403, and Type 416. Examples of CASS designations that were 
earlier referenced include CF-3, CF-8, CF-3M, and CF-8M. [2] 
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C6  Selected Definitions & Use of Terms for Describing and Standardizing 
MATERIALS 
 
Term Definition as used in this document 
Steel For a given environment, carbon steel, alloy steel, cast iron, gray 

cast iron, malleable iron, and high strength low alloy steel are 
vulnerable to general, pitting, and crevice corrosion, even though 
the rates of ageing may vary. Consequently, these metal types are 
generally grouped for AMRs under the broad term “steel.” Note 
that this does not include stainless steel. However, gray cast iron is 
also susceptible to selective leaching, and high strength low alloy 
steel is susceptible to stress corrosion cracking. Therefore, when 
these ageing effects are being considered, these materials are 
specifically called out. Galvanized steel (zinc-coated carbon steel) 
is also included in this category of “steel” when exposed to 
moisture. Malleable iron is also specifically called out in the 
phrase “Porcelain, Malleable iron, aluminum, galvanized steel, 
cement” used to define the high voltage insulators. 
 
Examples of steel designations that comprise this category include 
ASTM A 36, ASTM A 285, ASTM A759, SA36, SA106-Gr. B, 
SA155-Gr. KCF70, SA193-Gr. B7, SA194 -Gr. 7, SA302-Gr B, 
SA320- Gr. L43 (AISI 4340), SA333-Gr. 6, SA336, SA508-64, 
class 2, SA508-Cl 2 or Cl 3, SA516-Gr. 70, SA533-Gr. B, SA540- 
Gr. B23/24, and SA582. [4] 
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D ENVIRONMENTS 
 
The following table defines many of the standardized environments used. Some new technical 
criteria, such as temperature thresholds for ageing effects in common use by the industry, are 
added to clarify further applicability of the results. 
 
Temperature threshold of 35°C for thermal stresses in elastomers: In general, if the ambient 
temperature is less than about 35°C, then thermal ageing may be considered not significant 
for rubber, butyl rubber, neoprene, nitrile rubber, silicone elastomer, fluoroelastomer, EPR, 
and EPDM [3]. Hardening and loss of strength of elastomers can be induced by thermal 
ageing, exposure to ozone, oxidation, and radiation. When applied to the elastomers used in 
electrical cable insulation, it should be noted that most cable insulation is manufactured as 
either 75°C or 90°C rated material. 
 
Temperature threshold of 60°C for SCC in stainless steel: Stress corrosion cracking (SCC) 
occurs very rarely in austenitic stainless steels below 60°C. Although SCC has been observed 
in stagnant, oxygenated borated water systems at lower temperatures than this 60°C threshold, 
all of these instances have identified a significant presence of contaminants (halogens, 
specifically chlorides) in the failed components. With a harsh enough environment (i.e., 
significant contamination), SCC can occur in austenitic stainless steel at ambient temperature. 
However, these conditions are considered event-driven, resulting from a breakdown of 
chemistry controls [5, 6]. 
 
Temperature threshold of 250°C for thermal embrittlement in CASS: CASS subjected to 
sustained temperatures below 250°C will not result in a reduction of room temperature 
Charpy impact energy below 50 ft-lb for exposure times of approximately 300,000 hours (for 
CASS with ferrite content of 40% and approximately 2,500,000 hours for CASS with ferrite 
content of 14%). For a maximum exposure time of approximately 420,000 hours (48 EFPY), 
a screening temperature of 250°C is conservatively chosen because (1) the majority of nuclear 
grade materials is expected to contain a ferrite content well below 40%, and (2) the 50 ft-lb 
limit is very conservative when applied to cast austenitic materials. It is typically applied to 
ferritic materials, e.g., US Federal Regulation, 10 CFR 50 Appendix G. For CASS 
components in the reactor coolant pressure boundary, this threshold is supported by the US 
GALL’05 AMP XI.M12, "Thermal Ageing Embrittlement of Cast Austenitic Stainless Steel 
(CASS)," with the exception of niobium-containing steels, which require evaluation on a 
case-by-case basis. 
 
Specification of External or Internal Surface: Surface conditions of systems, structures, and 
components are monitored through visual examinations and leakage inspections to determine 
the existence of external and internal corrosion or deterioration. For some environments listed 
below such as air-indoor controlled, air-indoor uncontrolled, air outdoor, condensation, air-
indoor uncontrolled > 95° the component information description should identify whether the 
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surface is external. This information is important, because it indicates the applicability of 
direct visual observation of the surface for ageing management. For the remaining 
environments, this distinction need not be made, since the environment must be internal to 
some barrier that precludes direct observation of the surface. 
 
 
D1  Selected Definitions & Use of Terms for Describing and Standardizing 

ENVIRONMENTS 
 

Term Definition as used in this document 
Adverse localized 
Environment 
 

The conductor insulation used for electrical cables in 
instrumentation circuits can be subjected to an adverse localized 
environment. This can be due to any of the following: (1) exposure 
to moisture and voltage (2) heat, radiation, or moisture, in the 
presence of oxygen (3) heat, radiation, or moisture, in the presence 
of oxygen or >60- year service limiting temperature, or (4) adverse 
localized environment caused by heat, radiation, oxygen, moisture, 
or voltage. The term “>60-year service limiting temperature” 
refers to that temperature that exceeds the temperature below 
which the material has a 60-year or greater service lifetime. 

Aggressive environment 
(steel in concrete) 

That occurring when concrete pH <11.5 or chlorides concentration 
>500 ppm. 

Air-indoor air-indoor is synonymous with “Air-indoor uncontrolled 
(internal/external).” Indoor air on systems with temperatures 
higher than the dew point, i.e., condensation can occur but only 
rarely, equipment surfaces are normally dry. 

Air-indoor controlled The environment to which the specified internal or external 
surface of the component or structure is exposed: indoor air in a 
humidity controlled (e.g., air conditioned) environment. 

Air-indoor uncontrolled Indoor air on systems with temperatures higher than the dew point, 
i.e., condensation can occur but only rarely, equipment surfaces 
are normally dry. 

 
 
 
 
 



 

__________________________________________________________________________________________ 
 ��������	
����

������������������������

�������
�������� �
�
�
�����������
�����  %� 

D2  Selected Definitions & Use of Terms for Describing and Standardizing 
ENVIRONMENTS 
 

Term Definition as used in this document 
Air-indoor uncontrolled 
>35°C 
(Internal/External) 
 

The environment to which the internal or external surface of the 
component or structure is exposed. Indoor air above thermal stress 
threshold for elastomers. If ambient is <35°C, then any resultant 
thermal ageing of organic materials can be considered to be 
insignificant, over the 60-yr period of interest. However, 
elastomers are subject to ageing effects from other factors such as 
exposure to ozone, oxidation, and radiation. 

Air-outdoor The outdoor environment consists of moist, possibly salt laden 
atmospheric air, ambient temperatures and humidity, and exposure 
to weather, including precipitation and wind. The component is 
exposed to air and local weather conditions, including salt water 
spray, where applicable. A component is considered susceptible to 
a wetted environment when it is submerged, has the potential to 
pool water, or is subject to external condensation. 

Air with borated water 
leakage 
 

Air and untreated borated water leakage on indoor or outdoor 
systems with temperatures above or below the dew point. The 
water from leakage is considered to be untreated, due to the 
potential for water contamination at the surface. This is germane 
to PWRs. 

Air with leaking 
secondary-side water 
and/or steam 
 

Steel components in the pressure boundary and structural parts of 
the once-through steam generator may be exposed to an 
environment consisting of air with leaking secondary-side water 
and/or steam. 

Air with metal 
temperature up to 288°C 

In the context of GALL’05, synonymous with the more 
commonly-used phrase, system temperature up to 288°C. 

Air with reactor coolant 
leakage 

Air and reactor coolant or steam leakage on high temperature 
systems. This is germane to BWRs. 

Air with steam or water 
leakage 

Air and untreated steam or water leakage on indoor or outdoor 
systems with temperatures above or below the dew point. 

Air, dry Air that has been treated to reduce the dew point well below the 
system operating temperature. 
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D3  Selected Definitions & Use of Terms for Describing and Standardizing 
ENVIRONMENTS 
 

Term Definition as used in this document 
Air, moist Air with enough moisture to facilitate loss of material in steel 

caused by general, pitting, and crevice corrosion. Moist air in the 
absence of condensation is also potentially aggressive, e.g., under 
conditions where hygroscopic surface contaminants are present. 

Any Could be any environment indoors or outdoor, ageing effect not 
dependent on environment. 

Closed cycle cooling 
Water 
 

Treated water subject to the closed cycle cooling water chemistry 
programme. Closed cycle cooling water > 60°C allows the 
possibility of stainless steel SCC. Examples of environment 
descriptors that comprise this category can include, but are not 
limited to: 
• chemically treated borated water; and treated 
• component cooling water 
• demineralized water on one side; closed-cycle cooling 
• water (treated water) on the other side 
• chemically treated borated water on tube side and 
• closed-cycle cooling water on shell side. 

Concrete Components embedded in concrete. 
Condensation 
(internal/external) 
 

The environment to which the internal or external surface of the 
component or structure is exposed. Condensation on the surfaces 
of systems with temperatures below the dew point is considered 
raw water, due to potential for surface contamination. The terms 
“moist air” or “warm moist air” are enveloped by condensation to 
describe an environment where there is enough moisture for 
corrosion to occur. 

Containment 
Environment (inert) 
 

The drywell is made inert with hydrogen to render the primary 
containment atmosphere non-flammable by maintaining the 
oxygen content below 4% by volume during normal operation. 

Diesel exhaust Gases, fluids, and particulates present in diesel engine exhaust. 
Fuel oil Diesel oil or other liquid hydrocarbons used to fuel diesel engines. 

Fuel oil is used for combustion engines with possible water 
contamination. 
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E  AGEING EFFECTS 
 
The following table defines many of the standardized ageing effects descriptors used.  
 
 
E1  Selected Definitions & Use of Terms for Describing and Standardizing 

AGEING EFFECTS 
 

Term Definition as used in this document 
Changes in dimensions Changes in dimension can result from void swelling. 
Concrete cracking and 
spalling 

Concrete cracking and spalling can result from freezethaw, 
aggressive chemical attack, and reaction with aggregates.  

Corrosion of connector 
contact surfaces 

Corrosion of exposed connector contact surfaces can be caused 
by borated water intrusion. 

Crack growth Increase in crack size, attributable to cyclic loading. 
Cracking This term is used in this document to be synonymous with the 

phrase “crack initiation and growth” in metallic substrates. 
Cracking in concrete can be caused by restraint shrinkage, creep, 
and aggressive environment. 

Cracking, loss of bond, 
and loss of material 
(spalling, scaling) 

Cracking, loss of bond, and loss of material (spalling, scaling) 
can be caused by corrosion of embedded steel in concrete. 

Cracks; distortion; 
increase in component 
stress level 
 

Within concrete structures, cracks, distortion, and increase in 
component stress level can be caused by settlement. Although 
settlement can be occur in a soil environment, the symptoms can 
be manifested in either an air-indoor uncontrolled or air-outdoor 
environment. 

Cumulative fatigue 
damage 

Cumulative fatigue damage is due to fatigue, as defined 
by ASME Boiler and Pressure Vessel Code. 
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E2  Selected Definitions & Use of Terms for Describing and Standardizing 
AGEING EFFECTS 
 

Term Definition as used in this document 
Degradation of insulator 
Quality 
 

The decrease in insulating capacity can result from the presence 
of salt deposits or surface contamination. Although this derives 
from an ageing mechanism (presence of salt deposits or surface 
contamination) that may be due to temporary, transient 
environmental conditions, the net result may be long-lasting and 
cumulative. 

Denting Denting in steam generators can result from corrosion of carbon 
steel tube support plates. 

Embrittlement, cracking, 
Melting, discoloration, 
Swelling, or loss of 
Dielectric strength leading 
to reduced insulation 
resistance; electr. failure 

Embrittlement, cracking, melting, discoloration, swelling, or loss 
of dielectric strength leading to reduced insulation resistance, 
electrical failure can result from mechanisms such as thermal or 
thermoxidative degradation of organics; radiation-induced 
oxidation, radiolysis and photolysis (UV sensitive materials 
only) of organics; moisture intrusion; and ohmic heating. 

Expansion and cracking Within concrete structures, expansion and cracking can result 
from reaction with aggregates. 

Fatigue Fatigue in copper fuse holder clamps can result from ohmic 
heating, thermal cycling, electrical transients, frequent 
manipulation, vibration, chemical contamination, corrosion, 
oxidation. 

Fretting or lockup Fretting is an ageing effect due to accelerated deterioration at the 
interface between contacting surfaces as the result of corrosion 
and slight oscillatory movement between the two surfaces. In 
essence, both fretting and lockup are due to mechanical wear. 

Hardening and loss of 
Strength 
 

Hardening and loss of strength can result from elastomer 
degradation of seals and other elastomeric components. 
Elastomers can experience increased hardness, shrinkage, and 
loss of strength, due to weathering. 

Increase in porosity and 
Permeability, cracking, 
Loss of material (spalling, 
Scaling), loss of strength 
 

Concrete can increase in porosity and permeability, cracking, 
loss of material (spalling, scaling) due to aggressive chemical 
attack. In concrete, loss of material (spalling, scaling) and 
cracking can result from freezethaw processes. Loss of strength 
can result from leaching of calcium hydroxide in the concrete. 

Increased resistance of 
connection 
 

Increased resistance of connection in electrical transmission 
conductors and connections can be caused by oxidation or loss 
of preload. 
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E3  Selected Definitions & Use of Terms for Describing and Standardizing 
AGEING EFFECTS 
 

Term Definition as used in this document 
Ligament cracking Steel tube support plates can experience ligament cracking due 

to corrosion. 
Localized damage and 
breakdown of insulation 
leading to electrical 
failure 
 

Localized damage in polymeric electrical conductor insulation 
leading to electrical failure can be due to a number of ageing 
mechanisms including moisture intrusion, and the formation of 
water trees. Based on operating experience, localized damage 
and breakdown of insulation may be exacerbated by 
manufacturing defects in the insulation of older electrical 
conductors, external damage, or damage due to poor installation 
practices. 

Loosening of bolted 
connections 

The loosening of bolted bus duct connections due to thermal 
cycling can result from ohmic heating. 

Loss of fracture 
toughness 
 

Loss of fracture toughness can result from various ageing 
mechanisms including thermal ageing, thermal ageing 
embrittlement, and neutron irradiation embrittlement. 

Loss of leak tightness Steel airlocks can experience loss of leak tightness in closed 
position resulting from mechanical wear of locks, hinges, and 
closure mechanisms. 

Loss of material Loss of material may be due to general corrosion, boric acid 
corrosion, pitting corrosion, galvanic corrosion, crevice 
corrosion, erosion, fretting, flow-accelerated corrosion, MIC, 
fouling, selective leaching, wastage, wear, and aggressive 
chemical attack. In concrete structures, loss of material can also 
be caused by abrasion or cavitation or corrosion of embedded 
steel. For high voltage insulators, loss of material can be 
attributed to mechanical wear or wind-induced abrasion and 
fatigue due to wind blowing on transmission conductors. [10] 

Loss of material, loss of 
form 

In earthen water-control structures, the loss of material and loss 
of form can result from erosion, settlement, sedimentation, frost 
action, waves, currents, surface runoff, and seepage. 
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F SIGNIFICANT AGEING MECHANISMS 
 
An ageing mechanism is considered to be significant when it may result in ageing effects that 
produce a loss of functionality of a component or structure during the current or license 
renewal period, if allowed to continue without mitigation. 
The following table defines many of the standardized ageing mechanism descriptors used. 
 
 
F1  Selected Definitions & Use of Terms for Describing and Standardizing 

AGEING MECHANISMS 
 

Term Definition as used in this document 
Abrasion As water migrates over a concrete surface, it may transport 

material that can abrade the concrete. The passage of water may 
also create a negative pressure at the water/air to concrete 
interface that can result in abrasion and cavitation degradation of 
the concrete. This may result in pitting or aggregate exposure 
due to loss of cement paste. 

Aggressive chemical 
attack 
 

Concrete, being highly alkaline (pH >12.5) is degraded by strong 
acids. Chlorides and sulfates of potassium, sodium, and 
magnesium may attack concrete, depending concentration in 
soil/ground water. Exposed surfaces of Class 1 structures may be 
subject to sulphur-based acid-rain degradation. Minimum 
degradation thresholds are 500 ppm chlorides and 1500 ppm 
sulfates. 

Boraflex Degradation Boraflex degradation may involve gamma radiation-induced 
shrinkage of Boraflex and the potential to develop tears or gaps 
in the material. A more significant potential degradation is the 
gradual release of silica and the depletion of boron carbide from 
Boraflex, following gamma irradiation and long-term exposure 
to the wet pool environment. The loss of boron carbide from 
Boraflex is characterized by slow dissolution of the Boraflex 
matrix from the surface of the Boraflex and a gradual thinning of 
the material. The boron carbide loss can result in a significant 
increase in the reactivity within the storage racks. An additional 
consideration is the potential for silica transfer through the fuel 
transfer canal into the reactor core during refueling operations 
and its effect on the fuel clad heat transfer capability. [14] 
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F2  Selected Definitions & Use of Terms for Describing and Standardizing 
AGEING MECHANISMS 
 

Term Definition as used in this document 
Borated water intrusion Influx of borated water 
Boric acid corrosion Corrosion by boric acid, which can occur where there is borated 

water leakage in an environment described as air with borated 
water leakage. See also Corrosion. 

Cavitation Formation and instantaneous collapse of innumerable tiny voids 
or cavities within a liquid subjected to rapid and intense pressure 
changes. Cavitation caused by severe turbulent flow can 
potentially lead to cavitation damage. 

Chemical contamination Degradation due to presence of chemical constituents. 
Cladding breach This refers to the ageing mechanisms comprising breach of the 

stainless steel cladding via any applicable process. Unique 
problems with stainless cladding have been identified for HHSI 
pumps as discussed in NRC Information Notice 94-63, “Boric 
Acid Corrosion of Charging Pump Casings Caused by Cladding 
Cracks.” It is only used to describe the loss of material in PWR 
emergency core cooling system pump casing constructed of steel 
with stainless steel cladding and the PWR chemical & volume 
control system pump casing constructed of steel with stainless 
steel cladding. 

Cladding degradation This refers to the degradation of the stainless via any applicable 
degradation process. It is only used to describe the loss of 
material due to pitting and crevice corrosion (only for steel after 
lining/cladding degradation) of piping, piping components, and 
piping elements fabricated from steel, with elastomer lining or 
stainless steel cladding. 

Corrosion Chemical or electrochemical reaction between a material, 
usually a metal, and its environment that produces a 
deterioration of the material and its properties. 

Corrosion of carbon steel 
Tube support plate 
 

Corrosion (as defined above) of the carbon steel tube support 
plates, which are plate-type components providing tube to tube 
mechanical support for the tubes in the tube bundle of the steam 
generator (recirculating) system of a PWR. The tubes pass 
through drilled holes in the plate. The secondary coolant flows 
through the tube supports via flow holes between the tubes. 
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F3  Selected Definitions & Use of Terms for Describing and Standardizing 
AGEING MECHANISMS 
 

Term Definition as used in this document 
Corrosion of embedded 
Steel 
 

If pH of the concrete in which steel is embedded is reduced (pH 
< 11.5) by intrusion of aggressive ions (e.g., chlorides > 500 
ppm) in the presence of oxygen, embedded steel corrosion may 
occur. A reduction in pH may be caused by the leaching of 
alkaline products through cracks, entry of acidic materials, or 
carbonation. Chlorides may also be present in the constituents of 
the original concrete mix. The severity of the corrosion is 
affected by the properties and types of cement, aggregates, and 
moisture content. 

Creep Creep, for a metallic material, refers to a time-dependent 
continuous deformation process under constant stress. It is an 
elevated temperature process and is not a concern for low alloy 
steel below 370°C, for austenitic alloys below 540°C, and for 
Ni-based alloys below 980°C. [18, 19] Creep, in concrete, is 
related to the loss of absorbed water from the hydrated cement 
paste. It is a function of modulus of elasticity of the aggregate. It 
may result in loss of pre-stress in the tendons used in pre-
stressed concrete containment. 

Crevice corrosion Localized corrosion of a metal surface at, or immediately 
adjacent to, an area that is shielded from full exposure to the 
environment, because of close proximity between the metal and 
the surface of another material. Crevice corrosion occurs in a 
wetted or buried environment when a crevice or area of stagnant 
or low flow exists that allows a corrosive environment to 
develop in a component. It occurs most frequently in joints and 
connections, or points of contact between metals and non-
metals, such as gasket surfaces, lap joints, and under bolt heads. 
Carbon steel, cast iron, low alloy steels, stainless steel, copper, 
and nickel base alloys are all susceptible to crevice corrosion. 
Steel can be subject to crevice corrosion in some cases after 
lining/cladding degradation. 

Cyclic loading One source of cyclic loading is due to periodic application of 
pressure loads and forces due to thermal movement of piping 
transmitted through penetrations and structures to which 
penetrations are connected. The typical result of cyclic loads on 
metal components is fatigue cracking and failure; however, the 
cyclic loads may also cause deformation that results in 
functional failure. 
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APPENDIX 2   
BASIS FOR THE RECOMMENDED AGEING MANAGEMENT 
PRACTICES  
 
 
The example to be added:  BWR SCC 
 
 
FLOW-ACCELERATED CORROSION / EROSION CORROSION 
 
This appendix provides a basis for recommended ageing management practices for FAC / 
erosion corrosion according to the nine generic attributes of an effective ageing management 
programme in [1]. Additional mandatory requirements for FAC ageing management and 
inspection may be specified by applicable national regulatory and code requirements.  
 
1. Scope of Ageing Management Practice 
The scope of the FAC ageing management practice includes procedures or administrative 
controls to assure that the structural integrity of all carbon steel lines containing high-energy 
fluids (two phase as well as single phase) is maintained. Valve bodies retaining pressure in 
these high-energy systems are also covered.  
 
2. Preventive Actions to minimize and control ageing degradation 
Effective preventive actions in reducing FAC include careful monitoring of water chemistry 
to control pH and dissolved oxygen content, design of piping configurations and 
hydrodynamic conditions to reduce bulk-flow velocity, turbulence and impingement effects, 
and selection of material with higher chromium content.  
 
3. Detection of Ageing Effects:  
The principle ageing effects from FAC is wall thinning of piping and components. Ultrasonic 
and radiographic inspection techniques are used to detect wall thinning. The extent and 
schedule of the inspections must assure detection of wall thinning before the loss of intended 
function or code allowable limits are exceeded. Industry standards and guidelines provide 
recommended approaches for (a) conducting an analysis to determine critical locations, (b) 
performing limited baseline inspections to determine the extent of thinning at these locations, 
and (c) performing follow-up inspections to confirm the predictions, or repairing or replacing 
components as necessary.   
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4. Monitoring and Trending of Ageing Effects 
Where appropriate, predictive computer codes, such as CHECKWORKS, COMSY, BRT 
CICERO and RAMEK, can be used to predict component degradation in the systems 
conducive to FAC, as indicated by specific plant data, including material, hydrodynamic, and 
operating conditions. The computer code should be validated and benchmarked, using data 
obtained from many plants, to provide a bounding analysis for FAC predictions.  The 
inspection schedule developed on the basis of the results of such a predictive code should then 
provide reasonable assurance that structural integrity will be maintained between inspections. 
Inspection results are evaluated to determine if additional inspections are needed to assure 
that the extent of wall thinning is adequately determined, assure that intended function will 
not be lost, and identify corrective actions. 
 
5. Mitigating Ageing Effects 
Where practical, effective mitigation methods and technology for FAC include: 
(a) Controlling water chemistry pH and dissolved oxygen content; 
(b) Repair or replacement of affected piping and parts with materials less susceptible to FAC, 

such as increasing minimum chromium content in the replacement steel; and  
(c) Possible changes in design and materials of the component to control ageing degradation 

of the structure or component. This can include increasing wall thickness, or modifying 
pipe / component configuration to reduce flow velocities.  

 
6. Acceptance Criteria 
Inspection results are input to a predictive computer code (see item 4) to calculate the number 
operating cycles or time remaining before the component reaches the minimum allowable 
wall thickness. If calculations indicate that an area will reach the minimum allowed wall 
thickness before the next scheduled outage, the component is to be repaired, replaced, or re-
evaluated. 
 
7. Corrective Actions 
Prior to service, components for which the acceptance criteria are not satisfied are re-
evaluated, repaired, or replaced. Long-term corrective actions could include adjusting 
operating parameters or selecting materials resistant to FAC (see item 5). 
 
8. Operating Experience Feedback and Feedback of R&D Results 
Wall-thinning problems in single-phase systems have occurred in feedwater and condensate 
systems, and in two-phase piping in extraction steam lines, and moisture separation reheater 
and feedwater heater drains, and CANDU outlet feeders. The ageing management program 
for FAC should include a mechanism that ensures timely feedback of operating experience 
and provides objective evidence that the operating experience is taken into account in the 
FAC program. Operating experience shows that FAC ageing management practices, when 
properly implemented, is effective in managing FAC in high-energy carbon steel piping and 
components. 
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9. Quality Management 
FAC ageing management practices include administrative controls for documenting 
implementation of FAC program and results, confirmation/verification processes, and 
indicators of effectiveness of the program to facilitate its evaluation and improvement to 
assure that the structural integrity of all carbon steel lines containing high-energy fluids (two 
phase as well as single phase) is maintained. 
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ABBREVIATIONS �������������	  
 
AMP Ageing management programme 
AMR Ageing management review 
AMTA Ageing Management Technical Assessment 
ANSI American National Standards Institute 
ASME American Society of Mechanical Engineers 
ASTM American Society for Testing and Materials 
BM Base metal 
BWR Boiling water reactor 
CANDU Canada Deuterium Uranium (Atomic Energy of Canada Ltd) 
CFR Code of Federal Regulations 
CNSC Canadian Nuclear Safety Commission 
CRP Coordinated research programme 
DBA Design basis accident 
EC European Commission 
ECC Emergency core coolant 
ECCS Emergency core cooling system 
EdF Electricité de France 
EPFM Elastic plastic fracture mechanics 
EQ Equipment qualification 
FAC Flow accelerated corrosion 
FE Finite element 
FEM Finite element method 
GALL Generic Ageing Lessons Learned 
HAZ Heat affected zone 
IAEA International Atomic Energy Agency 
IASCC Irradiation assisted stress corrosion cracking 
IEEE Institute of Electrical & Electronics Engineers, Inc. 
IGSCC Intergranular stress corrosion cracking 
ISG Interim staff guidance 
ISI In-service inspection 
ISO International Organization for Standardization 
JEAC/JEA Japanese Electric Association 
JNES Japan Nuclear Energy Safety Organization 
J-R J-integral-resistance 
JRC Joint Research Centre 
JRQ Japan Reference Quality 
KCV Impact strength (measured value in CVN impact test) 
KEPCO Kansai Electric Power Company 
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K� Stress intensity factor 
K���� K��  Fracture toughness 
KTA Nuclear Technical Commission 
KWU Kraftwerk Union AG 
LEFM Linear elastic fracture mechanics 
LER Licensee event report 
LOCA Loss of coolant accident 
LOFA Loss of flow accident 
LTOP Low-temperature overpressure protection 
LWR Light water reactor 
MEB Metal enclosed bus 
METI Ministry of Economy, Trade and Industry 
MOV Motor operating valve 
MS Member States 
NDE Non-destructive examination 
NDT Non-destructive testing 
NISA Nuclear and Industrial Safety Agency 
NPP Nuclear power plant 
NRC Nuclear Regulatory Commission 
NUMARC Nuclear Management and Resources Council 
NUSS IAEA Nuclear Safety Standards 
PLiM Plant life management 
PSA Probabilistic safety assessment 
P-T Pressure-temperature 
PTS Pressurized thermal shock 
PWR Pressurized water reactor 
R&D Research and development 
R�  Ultimate tensile strength 
R�	
�  Yield strength 
RPV Reactor pressure vessel 
SALTO Safety Aspects of Long Term Operation 
SAR Safety analysis report 
SCC Stress corrosion cracking 
SER Safety evaluation report 
SG Steam generator 
SI Structural integrity 
SRP-LR Standard Review Plan for License Renewal 
SSC Structure, system and component 
SSM Swedish Radiation Safety Authority 
STUK Finland Radiation and Nuclear Safety Authority 
TEPCO Tokyo Electric Power Company 
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TGSCC Transgranular stress corrosion cracking 
T�

  Irradiation temperature 
T�  Ductile-brittle transition temperature; critical temperature of brittleness 
T�	  Initial ductile-brittle transition temperature 
T�

�  Maximum allowable critical brittle fracture temperature 
T��  Initial value of critical brittle fracture temperature 
TLAA Time limited ageing analysis 
T�  Reference temperature 
TRS Technical Report Series 
TT Transition temperature 
TWCF Through-wall cracking frequency 
UK United Kingdom 
US United States 
USA United States of America 
USE Upper shelf energy 
VVER Water-water energy reactor 
WM Weld metal 
WPS Warm pre-stress 
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