
IAEA-CN-194-1P43 

 
   1    

 
 

Experiences in the TC IAEA MEX4/058 project: RCIC Ageing Management Review.  
 

Á. Díaza, G. Mendozaa, J. Viaisa, C. Arganisa, A. Contrerasa, G. Fernándezb, G. Medinab 
 
aInstituto Nacional de Investigaciones Nucleares 
  Carretera México – Toluca s/n, La Marquesa,   
  Ocoyoacac; México. 
 
bCentral Nucleoeléctrica de Laguna Verde 
  Veracruz, México 

 
Abstract 
The present paper, describes the experiences in the Technical Cooperation Project with the IAEA 
MEX 4/058 related with the Licensed Renewal Process, according with 10 CFR 54, NEI-95-10, 
NUREG 1800 and NUREG 1801. A domestic data base using Microsoft ACCESS was made following 
the methodology suggest by 10 CFR 54, and the Reactor Core Isolation Cooling (RCIC) System was 
selected like a pilot system. The mechanical components within the scope of license renewal and their 
intended functions were selected and the components subject to Aging Management Review (AMR) 
were identified. Commodities groups of similar material, environment and intended function were 
used and the main Ageing Mechanisms were identified. The results were compared with the NUREG 
1801 rev. 2 experiences and the possible AMP was addressed. In the case of Laguna Verde Nuclear 
Power Plant (LVNPP) U1, some of these programs are according with the Generic Aging Lesson 
Learned of NUREG 1801, while others AMP require modifications. It is important to mention that the 
application of this methodology will support activities related with long term operation in LVNPP. 

 
1. Introduction. 
 
Nuclear power plants in the United States are authorized to operate for 40 years. However, this 40-
year period was chosen based on economic considerations rather than technological restrictions or 
safety aspects.  
 
As in any other conventional industry, in the nuclear industry the equipment and components are 
subject to the operation conditions as temperature, variations of loads, flow, aggressive environments, 
etc. that can modify the original performance properties of the materials. These time-dependent 
changes are considered ageing processes associated with the conditions of service, and in a nuclear 
power plant, the effects of ageing have been evaluated very conservatively to secure specifications. 
This situation has been recognized by the regulatory agency who has received numerous requests for 
license renewal, and which in turn have given their approval. License extension processes are mainly 
based on periodic safety assessments to ensure that systems, structures and components continue 
fulfilling its specifications meet all safety requirements associated, and is supported in two key 
principles: 

1. The regulatory process, continued into the extended period of operation, is adequate to ensure 
that the current licensing basis of all currently operating plants provides an acceptable level of 
safety, with the possible exception of the detrimental effects of aging on certain systems, 
structures, and components, and possibly a few other issues related to safety only during the 
period of extended operation, and  

2. Each plant's current licensing basis is required to be maintained during the renewal term. 

10 CFR Part 54 or License Renewal Rule [1] establishes the procedures, criteria, and standards that 
governing nuclear plant license renewal, so any plant that choose to submit its License Renewal 
Application, has to cover the requirements of this Rule. In the case of LVNPP the plant has two 
Boiling Water Reactors, from General Electric that began commercial operation in July 1990 for U1 
and in July 1995 for U2; by a conservative situation, the original license was granted only for 30 
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years; so, according with the American Regulation, LVNPP U1 has to present its License Renewal 
Application in 2015, five years before the end of the current license. Throughout the life of the plant, 
LVNPP has implemented different kinds of programs in order to prevent and control the aging effects 
in structures and components; but according with the Rule it has to show that is capable of maintain 
the intended functions of the passive and long live structures and components, during the extended 
period, especially now when LVNPP has carried out its Extended Power Uprate. 
 
Regulatory Guide 1.188 [4], endorses NEI 95-10 as an acceptable methodology to meet 10CFR54 
requirements. So, as part of the activities development in the MEX4058 Project with the IAEA, and 
following the NEI 95-10 [2] methodology this paper presents the Aging Management Review carried 
out to RCIC system of LVNPP-U1 that was selected as a pilot system to implement the general 
requirements of 10 CFR 54. 
 
2. Development 

The first activity done in the Project MEX4/058 related with the Aging Management Program of  
LVNPP was to identify the documents applicable to License Renewal; and establish agree with the 
staff of the plant, the official use of 10 CFR54. Between the most important documents using for this 
work are: 

- NEI 95-10, Revision 6 [2] 
- Final Safety Analysis Report [3] 
- R.G. 1.188 [4] 
- Standard Review Plan (SRP) or NUREG 1800 [5]  
- Generic Aging Lessons Learned (GALL) or NUREG 1801 [6] 
- Diagrams  

In November of 2009 México receive the IAEA expert mission represented by the Aging Management 
Manager from Santa María de Garoña Nuclear Power Plant (SMGNPP), who gave the general 
procedures and the most important recommendations to carry out the process of License Renewal. 
Supported in his experience he suggested a schedule showing the times and the main activities related 
with the implementation of the Rule that in a general way includes the next points: 
 
- Identifying the systems, structures and components within the scope of the license renewal  
- Identifying the intended functions of systems, structures and components within the scope of 

the license renewal  
- Identifying the structures and components subject to ageing management review and intended 

functions. 
- Assuring that the effects of ageing are managed.  
- Application of new programs and inspections for license renewal.  
- Identifying and resolving time-limited aging analyses (TLAA)  

 
The development of the above points was made according with NEI 95-10, and RCIC system was 
selected as a pilot system. It is important to mention that IAEA expert also recommend to use a 
database that would permit the easy correlation of the aging information; so considering the 
experience in NUREG 1801, as well as experience shared by SMGNPP, ININ proceeded to adapt a 
database formulated in ACCESS, which was filled up using information provided by LVNPP from 
RCIC system. This database identified as PCA912, was designed with the fields for information 
mentioned by NEI 95-10 as: kind of components, material, environment, if the structure or component 
is passive or not, if it is long live or not, the kind of degradation effect, the aging mechanisms 
associated, and the associated references. This database permitted to initiate the implementation of the 
Rule and was enough for generate the Aging Management Review of the pilot system. 
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FIG. 1. Components for the RCIC System in ININ DB 
 
2.1 Identifying the Systems, Structures and Components (SSC) within the scope of the license 
renewal 
 
According with the Rule, it is necessary to identify the SSC within the scope; that’s mean, SSC that 
meet at least one of the three criteria of 10 CFR 54.4 (a): 
 
(1) Safety-related systems, structures, and components which are those relied upon to remain 
functional during and following design-basis events (as defined as in 10 CFR 50.49 (b)(1)) to ensure 
the following functions: 
  

(i) The integrity of the reactor coolant pressure boundary; 
(ii) The capability to shut down the reactor and maintain it in a safe shutdown condition; or 
(iii) The capability to prevent or mitigate the consequences of accidents that could result in 
potential offsite exposure comparable to the guidelines in § 50.34(a)(1), 50.67(b)(2), or § 
100.11 of this chapter, as applicable. 
 

(2) All nonsafety-related systems, structures, and components whose failure could prevent satisfactory 
accomplishment of any of the functions identified in paragraphs (a)(1)(i), (ii), or (iii) of this section. 
 
(3) All systems, structures, and components relied on in safety analyses or plant evaluations to 
perform a function that demonstrates compliance with the Commission's regulations for fire protection 
(10 CFR 50.48), environmental qualification (10 CFR 50.49), pressurized thermal shock (10 CFR 
50.61), anticipated transients without scram (10 CFR 50.62), and station blackout (10CFR 50.63).  
 
2.1.1 Utilization of Existing Programs in LVNPP 
 
The Guide NEI 95-10 recommend to use the existing programs in the plant, for example: the 
maintenance rule documentation can be used to help identify the functions of safety-related and 
nonsafety-related (affecting safety-related) systems within the scope of the license renewal rule. 
LVNPP has implemented the Maintenance Rule (MR) since 1998, so using its information; the 
intended functions of the RCIC system were identified and are showed in the next paragraphs: 
 
Description of Reactor Core Isolation Cooling [3] 
 
RCIC system provides makeup water to the core during a reactor shutdown in which feedwater flow is 
not available. The system is started automatically upon receipt of a low reactor water level signal or 
manually by the operator. Water is pumped to the core by a turbine-pump driven by reactor steam. 
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Intended Functions of RCIC according with MR of LVNPP: 
 
F1 
- Providing means to isolation the primary containment if is required 

 
F2 
- Inject water to reactor from condensate storage tank or from the suppression pool 
- Providing steam to RCIC´s turbine and control the exhaust steam as well as leak steam and 

condensate  
- Providing cooling flow for RCIC´s turbine oil 

 
The Table below presents the evaluation of the RCIC, considering the criteria of 10 CFR 54.4 
 
Table I.  Compliance Intended Functions RCIC with the Criteria of 10 CFR54 [3] 
 

 
According with this analysis RCIC system is within the scope of License Renewal Rule and is 
necessary to identify its Intended Functions 
 
 
2.2 Determining Structures and Components Subject to Aging Management Review and   their 
Intended Functions 
 
Once the intended functions of RCIC were defined, the next step suggested by the methodology is to 
identify the structures and components involved in each intended function. The identifying was carried 
out marked up with different colors the portions of the system that are necessary to meet the intended 
functions of the RCIC system (Figure 2). 
 

 
 

FIG. 2. Flow Diagram of the mechanical components involved in the intended functions of RCIC  
 
 

RCIC 
Functions 

Criteria 
1 

Criteria 
2 

Criteria 3 
ATWS 

10CFR50.62 
QA 

10CFR50.49 
FP 

10CFR50.48 
SBO 

10CFR50.63 
INTENDED 

FUNCTIONS 
F1 Yes   Yes  Yes Yes 
F2 Yes   Yes  Yes Yes 
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The structures and components subject to Aging Management Review (AMR); need to meet with 
§54.21(a)(1)(i) and (ii). 
 
§54.21(a)(1)(i) and (ii) 
 
(1) For those systems, structures, and components within the scope of this part, as delineated in §54.4, 
identify and list those structures and components subject to an aging management review. Structures 
and components subject to an aging management review shall encompass those structures and 
components  
 
(i) That perform an intended function, as described in §54.4, without moving parts or without a 
change in configuration or properties.  
 
(ii) That are not subject to replacement based on a qualified life or specified time period. 
 
All long-lived passive structures and components that perform or support an intended function without 
moving parts or a change in configuration or properties are subject to aging management review. 
Table II presents as example a list of structures and components within the scope of the Rule that 
require an aging management review, and it is very important to mention that in the case of valves and 
pumps, the valve bodies and pump casing may perform an intended function by maintaining the 
pressure retaining boundary and therefore would be subject to an aging management review. 
 
Table II.  Example of components involved in an Intended Function of RCIC within the scope of 10 
CFR 54.4 and that meet 10 CFR 54.21(a)(1)(i) (passive) and (ii) (long live) 
 

To Inject water to reactor from condensate storage tank or from the suppression pool 
 

Component  Intended Function Category  Material  Internal  
Environment  

External 
Environment 

1-RCIC-P-001  Pressure Retaining 
Boundary 

Category 2  ASME SA- 105, 
GR 11  

Treated Water  Air indoor 

2-4”-RCIC(2)-4-S1  Pressure Retaining 
Boundary 

Category 2 SA-106 GR.B 
  

Treated Water  Air indoor 

2-3/4”-RCIC(64)-4-S1  Pressure Retaining 
Boundary 

Category 2 SA-106GR.B  
 

Treated Water  Air indoor 

1-RCIC-V-29  Pressure Retaining 
Boundary 

Category 2 ASME SA-105  
 

Treated Water  Air indoor 

1-RCIC-V-31  Pressure Retaining 
Boundary 

Category 2 ASME SA-105  
 

Treated Water  Air indoor 

2-4”-RCIC(2)-4-S1  Pressure Retaining 
Boundary 

Category 2 SA-106GR.B  
 

Treated Water  Air indoor 

2-3/4”-RCIC(50)-4-S1  Pressure Retaining 
Boundary 

Category 2 SA-106GR.B  
 

Treated Water  Air indoor 

RO-8140  Pressure Retaining 
Boundary 

Category 2 AISI 304 
  

Treated Water  Air indoor 

2-2”-RCIC(9)-4-S1  Pressure Retaining 
Boundary 

Category 2 SA-106GR.B  
 

Treated Water  Air indoor 

1-RCIC-V-66  
 

Pressure Retaining 
Boundary 

Category 2 ASME SA-105  Treated Water  Air indoor 

1-RCIC-MV-8142  
 

Pressure Retaining 
Boundary 

Category 2 ASME SAT105  Treated Water  Air indoor 

2-3/4”-RCIC(51)-4-S1 
  

Pressure Retaining 
Boundary 

Category 2 SA 106 Gr. B  Treated Water  Air indoor 

1-RCIC-V-35 
  

Pressure Retaining 
Boundary 

Category 2 ASME SA-105  Treated Water  Air indoor 

2-3/4”-RCIC(52)-4-S1  
 

Pressure Retaining 
Boundary 

Category 2 SA-106 GR.B  Treated Water  Air indoor 

2-3/4”-RCIC(53)-4-S1  
 

Pressure Retaining 
Boundary 

Category 2 SA-106GR.B  Treated Water  Air indoor 
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There are two steps required to perform an AMR. First, aging effects that require management are 
identified and evaluated. Then aging management programs are identified to manage the effects of 
aging such that the intended component or structure function can be maintained consistent with the 
current licensing basis (CLB) for the period of extended operation. It may be beneficial to create 
commodity groups of like structures or components with a single AMR. The basis for grouping 
structures or components can be determined by such characteristics as similar materials and 
environments. The commodity groups materials-environments found for RCIC are showed below: 
 

� Carbon steel / Treated Water (CS/TW)  
� Carbon steel / Lubricant Oil (CS/LO)  
� Carbon steel / Air Indoor  (CS/A)  
� Stainless steel / Treated Water (SS/TW)  
� Stainless Steel / Steam (SS/S) 
� Stainless steel / Lubricant Oil (SS/LO) 

 
There are various techniques used to identify and assess aging effects. For some structures and 
components, design margins and/or material properties are known and can be reviewed. For other 
performance or maintenance history is available and can be reviewed to assist in demonstrating that 
the effects of aging are managed. An appropriate level of assessment should include the following 
activities: 
 
- Assemble information relative to the structure or component material properties and design 

margins. If the components are made from different materials or are subject to distinctly 
different aging effects, a separate review of each may be needed.  

- Internal and external environments to which components subject to AMR are exposed should 
be identifying to establish the environmental parameters or conditions that are applicable to 
the environment. 

- Based on material and environment combinations, identify the aging effects potentially 
affecting the structures’ and components’ ability to perform their intended function. Of 
particular interest are parameters such as corrosion allowance, fatigue cycles, loading 
conditions, fracture toughness, tensile strength, dielectric strength, radiation exposure and 
environmental exposure. 

- Operating experience review  
 
2.3 Demonstrate That the Effects of Aging Are Managed 
 
The Rule requires an applicant to demonstrate that the effects of aging will be adequately managed so 
that the intended function(s) will be maintained consistent with the CLB for the period of extended 
operation. In performing the demonstration, an applicant should consider all programs and activities 
associated with the structure or component. Plant programs and activities that apply to the structures, 
components or commodity groups should be reviewed to determine if they include actions to manage 
the effects of aging. The external operational experience is collected in the GALL Report [6]. In the 
case of RCIC the Chapter V of this document presents Engineered Safety Features, including 
Emergency Core Cooling System involved in the safe shutdown of the reactor, followed by a design 
basis accident, i.e. the HPCI, RCIC, HPCS, ADS, LPCS, LPCI and RHR.  
 
NUREG 1801 also presents the main aging effects of each material-environment combination and the 
generic aging programs which have showed a good management in the American plants. Using as a 
guide to information provided by NUREG 1801, and the material-environment information specific 
CNLV, Table III shows the conciliation between the effects, mechanisms and programs applicable to 
the RCIC in LVNPP and the generic information from NUREG 1801. 
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Table III.  Conciliation of the programs from LVNPP with NUREG 1801 or GALL report 

Component  Intended  
Function 

Material Environment Internal/External Aging Effects 
that require 
management 

Generic Program 
GALL 

Program in LVNPP 

Piping, piping 
components, 
and piping 
elements  
. 

Pressure 
Retained 
Boundary 

Steel Treated Water  Internal. Loss of material  
due to general, 
pitting, and 
crevice 
corrosion  

Chapter XI.M2, 
“Water Chemistry,” 
and  
Chapter XI.M32, 
“One-Time 
Inspection”  

The water chemistry program may 
not be effective in low flow or 
stagnant flow areas. GALL Report 
recommends verification of the 
effectiveness of the chemistry 
control in susceptible areas as 
stagnant zones. For these specific 
cases, an acceptable verification 
program is a one-time inspection of 
selected components at susceptible 
locations in the system. 
 

   Air indoor  
 

External  Loss of material  
due to general 
corrosion  

Chapter XI.M36, 
"External Surfaces 
Monitoring of 
Mechanical 
Components"  
 

Some activities in the plant could  
integrate  this program  

   Steam 
288°C 

Internal Wall thinning  
due to flow 
accelerated 
corrosion  

Chapter XI.M17, 
“Flow-Accelerated 
Corrosion  

ERO-CORR program 
Considering that RCIC in normal 
operation is in standby, this system 
can be excluded from management, 
only if is showing that there is not 
wear inside of the pipes. 

   Air – indoor, 
uncontrolled  

 Internal Loss of material  
due to general 
corrosion 

Chapter XI.M38, 
"Inspection of 
Internal Surfaces in 
Miscellaneous 
Piping and Ducting 
Components"  
 

Some activities in the plant could  
integrate  this program  

   Treated 
water  

Internal Cumulative 
fatigue damage  
due to fatigue  

Fatigue is a time-
limited aging 
analysis (TLAA) to 
be evaluated for the 
period of extended 
operation.  
 

The RCIC piping are not designed 
to withstand cyclic loading because 
it remains in standby and does not 
require a specific TLAA, if any, will 
be assessed 

Heat exchanger 
components 

Pressure 
Retained 
Boundary 
And 
Heat 
Transfer 

Stainless 
steel 
Tubes 

Treated 
water 

Internal  Reduction of 
heat transfer  
due to fouling  

Chapter XI.M2, 
“Water Chemistry,” 
and 
Chapter XI.M32, 
“One-Time 
Inspection”  

The water chemistry program may 
not be effective in low flow or 
stagnant flow areas. It is necessary 
verify of the effectiveness of the 
chemistry control in susceptible 
areas as stagnant zones. An 
acceptable verification program is a 
one-time inspection of selected 
components at susceptible locations 
in the system. 

   Lubricating 
Oil 

External Reduction of 
heat transfer  
due to fouling  

Chapter XI.M39, 
"Lubricating Oil 
Analysis," and  
Chapter XI.M32, 
“One-Time 
Inspection 
 

The plant should to modified its Oil 
Program and  should to implement 
One time inspection  

Valve 
Bodies 

Pressure 
Retained 
Boundary 
 

Steel Treated 
water 

Internal Loss of material  
due to general, 
pitting, and 
crevice 
corrosion 

Chapter XI.M2, 
“Water Chemistry,” 
and  
Chapter XI.M32, 
“One-Time 
Inspection 

Water chemistry will be completed 
with One time inspection program 

   Air indoor  
 

External  Loss of material  
due to general 
corrosion  

Chapter XI.M36, 
"External Surfaces 
Monitoring of 
Mechanical 
Components" 
  

Some activities in the plant could  
integrate  this program  

   Steam 
288°C 

Internal Wall thinning  
due to flow 
accelerated 
corrosion  

Chapter XI.M17, 
“Flow-Accelerated 
Corrosion  

ERO-CORR program 
Considering that RCIC in normal 
operation is in standby, this system 
can be excluded from management, 
only if is showing that there is not 
wear inside of the pipes. 
 

   Air – indoor, 
uncontrolled  

 Internal Loss of material  
due to general 
corrosion 

Chapter XI.M38, 
"Inspection of 
Internal Surfaces in 
Miscellaneous 
Piping and Ducting 
Components"  

Some activities in the plant could  
integrate  this program  
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3. Discussion 
 
As it has already been mentioned: materials, environment, effects of ageing, and activities or program 
to management has been determined according with the NEI 95-10 methodology. The gathered 
information allowed establishes the GALL conciliation identifying the difference between some 
programs in LVNPP and the generic programs suggested by GALL. 
 
The use of a pilot system has permitted the easy knowledge of the aging process, establishing the 
scoping and screening for components of RCIC system, and identifying the structures and components 
which require an AMR. The conciliation with GALL report permitted identifies some improved that 
would be done in the current programs in LVNPP. 
 
At the present time, LVNPP asked to ININ training courses in the use of 10 CFR 54, NUREG 1800 
and NUREG 1801. This activity has permitted to transmit the experience previously shared by Santa 
Maria de Garoña Experts, forming a group of specialists who can start the process of Aging 
Management in the plant, not only to present its License Renewal Application, but also to establish an 
Aging Management Program in LVNPP to support its safe long-term operation. 
  
4. Conclusions 

 
- The support received by IAEA has permitted to learn and to follow the most important concepts 

related with Aging in the nuclear industry. 
- The selection of a pilot system allowed implementing the NEI 95-10 methodology in order to 

meet 10 CFR 54. This methodology would be applied in the rest of the systems in LVNPP. 
- According with the assessment to the RCIC system, the main aging effects that need management 

are: fouling, general corrosion, pitting and crevice corrosion, flow accelerated corrosion and 
fatigue. In the case of the heat exchangers was necessary to consider the tubes and the housing to 
stablish the different combinations. 

- The conciliation with NUREG 1801 identified some programs in LVNPP that should be modified 
or should be created. 

- The water chemistry program may not be effective in zones with low flow or stagnant flow. 
GALL Report recommends verification of the effectiveness of the chemistry control in these 
susceptible areas. For these specific cases, an acceptable verification program is a One-Time 
Inspection of selected components at susceptible locations in the system. 
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