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ABSTRACT 
 
In 2009, the Canadian Nuclear Safety Commission (CNSC) prepared “Guidelines for Risk-Informed 
In-service Inspection for Piping,” which provided guidance and acceptance criteria for licensees to 
develop an RI-ISI program as an alternate to the current CSA N285.4 and augmented programs for 
piping inspection.  A project was initiated by the CANDU Owners Group (COG) to develop a best-fit 
RI-ISI methodology for the CANDU design and evaluate plant risk levels between current and RI-ISI 
inspection programs.  The traditional EPRI RI-ISI methodology was selected as a starting point, and 
four plant systems were evaluated.  Once the risk associated with each component was established, 
elements were selected for inspection based upon the sampling percentages of the EPRI RI-ISI 
methodology, and as a final check a comparison was made between plant risk under the current CSA 
N285.4 (and augmented) inspection program and under RI-ISI.  The project was successfully 
concluded, and results confirmed that the EPRI RI-ISI methodology can be adapted to the CANDU 
design and the degradation mechanisms evaluated under RI-ISI are consistent with CANDU operating 
experience.  The original CSA N285.4 basis for the CANDU Periodic Inspection Program (PIP) was 
validated, and potential improvements to the station inspection programs have been identified. 
 
OVERVIEW OF CSA N285.4 
 
CSA-N285.4 [1] defines requirements for the periodic inspection of pressure-retaining systems, 
components, and supports that form part of a CANDU nuclear power plant.  Compliance with CSA 
N285.4 is required under a Power Reactor Operating License. CSA N285.4 provides certain criteria to 
specify the inspection requirements under the Periodic Inspection Program.  System or portions of 
systems subject to inspection under CSA N285.4 include: 

(a) Systems, and systems connected thereto, containing the fluid that, under normal 
conditions, directly transports heat from nuclear fuel, and other systems whose failure can 
result in a significant release of radioactive substances; 
(b) Systems essential for the safe shutdown of the reactor and/or the safe cooling of the 
nuclear fuel in the event of a process system failure; and 
(c) Systems and equipment whose failure or dislodgement could jeopardize the integrity of 
systems in Item (a) or (b), or both. 

 
CSA N285.4 allows excluding systems (or portions of systems) from inspection when the subject 
piping: 

(a) Has adequate barriers between fluid boundary and nuclear fuel, 
(b) Has adequate barriers between fluid boundary and the outside atmosphere, 
(c) Has acceptable level of dose release in the case of system failure and without operation of 
the containment system, or 
(d) Is dormant and is subject to periodic testing or continuous pressure monitoring all the 
time. 
 

Inspection categories in CSA N285.4 are determined based on failure size, fatigue usage and stress 
intensity.  Inspection categories are A, B, C1 and C2, with category A being the highest and category 
C2 the lowest (no inspection required).   
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CSA N285.4 provides an implicit risk-related rationale for selection of inspection locations by: 
(a) Selecting high risk areas (high inspection categories) with high failure consequence 
(failure size) and high failure potential (fatigue usage and stress intensity) for inspection; 
(b) Minimizing inspection scope, effort and dose by reducing inspections in areas with low 
failure potential and low consequence; and 
(c) Including provisions such as exempting systems or portions of systems from inspection if 
they are periodically tested or system pressure is continuously monitored. 

CSA N285.4 sampling criteria differs from RI-ISI methodologies, where a percentage of welds from 
each risk category are selected. 
 
OVERVIEW OF THE EPRI RI-ISI METHODOLOGY 
 
The EPRI RI-ISI methodology [2] includes:  

(a) Selection of RI-ISI program scope, 
(b) Failure modes and effects analysis (FMEA) of pipe segments, 
(c) Risk characterization of pipe elements, 
(d) Selection of inspection locations and examination methods, 
(e) An evaluation of risk impacts of inspection program changes, and  
(f) Final RI-ISI program definition.   
 

The FMEA process includes two independent evaluations.  One evaluation addresses the 
consequences of pipe failures at each location.  The second (completely independent) evaluation 
addresses the pipe failure potential based on degradation mechanism susceptibility.  

The consequence analysis task focuses on the impact of a pipe-section failure (loss of pressure 
boundary integrity) on plant operation.  This impact can be direct, indirect, or a combination of both, 
as follows: 
(a) Direct impacts - A piping failure results in a diversion of flow and a loss of the train and/or system 
or an initiating event such as a loss of coolant accident (LOCA). 
(b) Indirect impacts - A piping failure results in a flood, spray, or pipe whip, spatially affecting 
neighboring structures, systems, and components; a failure may also result in the depletion of a tank 
and loss of the systems supplied by the tank. 
 

The consequence category is determined from the plant-specific PRA by calculating the 
conditional core damage probability (CCDP) and the conditional large early release probability 
(CLERP), as follows: 
High = CCDP > 1E-4 
Medium = 1E-6 < CCDP < 1E-4 
Low = CCDP < 1E-6 

For CLERP, the boundary values are one order of magnitude smaller. 
 
The failure potential analysis task is to identify which degradation mechanisms are potentially 

operative in a piping segment within the selected system boundaries.  Industry experience [3] has 
shown no correlation between original design stresses and failure probabilities.  In most cases, failures 
resulted from the presence of an active degradation mechanism not identified in the design process 
and directly related to system operating conditions. The degradation mechanism procedure was 
developed to evaluate each system by comparing the actual piping design, system functions, and 
operating conditions to a set of material and environmental attributes. The failure potential category is 
determined using a predetermined set of degradation mechanisms and evaluation criteria based on 
these attributes.   

Once the consequence evaluation and failure potential evaluation have been performed, each 
piping system is divided into segments based on pipe rupture potential and consequence. Each 
segment, including all elements within the segment, is then assigned to its appropriate risk category in 
the EPRI Risk Matrix (Fig. 1).   

As shown in Fig. 1, the seven risk categories are combined into three risk regions for more robust 
and efficient utilization.  For Risk Category 1, 2, or 3 (High Risk), the minimum number of inspection 
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elements should be 25% of the total number of elements in each risk category (rounded up to the next 
higher whole number).  For Risk Category 4 or 5 (Medium Risk), the number of inspection elements 
should be 10% of the total number of elements in each risk category (rounded up to the higher whole 
number).  Risk Category 6 and 7 (Low Risk) locations are not subject to NDE. 

 
OVERVIEW OF THE CNSC DRAFT RI-ISI GUIDELINE 
 
CNSC’s viewpoint on the necessary guidelines to support development of a RI-ISI program is 
provided in [4].   Key points are summarized below, along with results of the assessment on whether 
the existing EPRI RI-ISI methodology [2] needed to be adapted or additional confirmatory analyses 
conducted in order to meet the guidelines. 
 
Determine Scope of RI-ISI Program 
 
A review process for piping exempt per CSA N285.4 was developed.  CSA N285.4 has two means of 
classifying piping as exempt from inspection.  The first has to do with defining the extent of the 
system that requires inspection.  Piping remote from the nuclear fuel (i.e. beyond two equivalent 
barriers as defined in CSA N285.4) is exempt from inspection.  The second means of identifying 
exempt piping is related to “failure size,” with smaller failures having less importance than larger 
failures.  Piping whose postulated failure size is small (per CSA N285.4) does not require inspection. 

Per the review process, equivalent CCDP values were determined and used to generate 
Consequence Ranks for all exempt piping under CSA N285.4.  Segments with a Low Consequence 
Rank did not receive a failure potential evaluation, since these segments would be categorized as Low 
Risk regardless of whether there was an active degradation mechanism.  Segments with a Medium or 
High Consequence Rank were evaluated for failure potential, and risk ranking and element selection 
were also performed for these segments as necessary. 

 
Assess Failure Consequence 
 
The consequence analysis aims at evaluating the impacts of any events caused by failure of the 
pressure boundary on overall plant risk.  The consequence evaluation consists of the following main 
steps: 

(a) Determination of the plant impacts from piping failure, and 
(b) Evaluation of failure consequence by using the probabilistic reliability analysis (PRA). 

All considerations provided by the CNSC guidance document were consistent with the principles 
contained in the EPRI RI-ISI methodology.  These include addressing a spectrum of break sizes, 
direct and indirect effects, automatic as well as manual isolation and recovery, and their impact on 
both core damage and large early release.  PRA technical quality is also discussed in these sections, 
including the use of complementary analyses (e.g., quantitative, qualitative), as well as piping failures 
that are typically not modeled in the plant PRA. 

 
Assess Failure Potential 
 
Determining the failure potential of piping segments, either with a quantitative estimate or by 
categorization into groups, is based on an understanding of degradation mechanisms, operational 
characteristics, potential dynamic loads, flaw size, flaw distribution, inspection parameters, 
experience databases, etc.  When using this approach, it is important that: 
 

 (a) The criteria used to decide whether or not a degradation mechanism could occur are 
conservatively set such that if the criteria are not met, one can confidently rule out the 
potential for that mechanism; and 
(b) An in-depth review of plant service history and plant-specific experience is conducted due 
to the uniqueness of particular plant configurations, service conditions and maintenance 
practices that may influence the occurrence of a damage mechanism. 
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A CANDU-specific review of the EPRI RI-ISI degradation mechanism listing and evaluation criteria 
was conducted, and concluded that the existing set of degradation mechanisms and evaluation criteria 
are generally consistent with the CANDU experience. 
 
Categorize Risk 
In Section 6.4.5 of [4] it is discussed that the risk characterization and ranking process is performed 
by combining the information from the failure potential assessment and the failure consequence 
analysis. This characterization and ranking forms the basis of inspection groups and controls the 
proposed extent of inspection by non destructive examination (NDE). This is consistent with EPRI 
RI-ISI, and no change to the methodology was required. 
 
Select Elements for Inspection 
 
The CNSC document discusses various considerations that can be used (e.g., severity of suspected 
degradation) in developing a robust inspection population.  These discussions are consistent with the 
EPRI RI-ISI methodology, as discussed in section 3.6.5 of [2].  Additionally, as part of the pilot study, 
an element selection meeting was conducted with knowledgeable site personnel to assure that 
inspection history, dose and access considerations were explicitly included in the element selection 
process. 
 
Specify Inspection Requirements 
 
In Section 6.4.7 of [4] it is discussed that for selected inspection locations, an inspection-for-cause 
process is performed to specify the examination methods, techniques, inspection volumes, inspection 
interval, acceptance standard, and evaluation standard used to identify and evaluate each credible 
mode of degradation. This is consistent with EPRI RI-ISI, and no change to the methodology was 
required. 
 
Evaluate Risk Impact 
 
In Section 6.4.8 of [4] it is discussed that a risk impact evaluation process is necessary to identify 
whether the changes from an existing ISI program to a RI-ISI program pose favorable changes in risk 
reduction, as determined by changes of core damage frequency (CDF) and/or large early release 
frequency (LERF).  The purpose of the evaluation is to confirm that the proposed RI-ISI program 
does not adversely affect plant safety. This is consistent with EPRI RI-ISI, and no change to the 
methodology was required. 
 
SCOPE OF SYSTEMS EVALUATED 
The scope of this pilot application includes piping pressure boundary welds for the following four 
systems at Darlington Unit 2:  

(a) Main and Auxiliary Primary Heat Transport (PHT), including all related subsystems (e.g., 
Pressure and Inventory Control, Shutdown Cooling) 
(b) Emergency Coolant Injection (ECI) 
(c) Main Steam, and  
(d) Boiler Feed 

The scope of application is limited to piping welds, consistent with the vast majority of RI-ISI 
applications conducted to date.  The scope of the four systems: 

(a) Includes both nuclear and non-nuclear systems, 
(b) Includes both systems selected and exempted per CSA N285.4, 
(c) Includes systems outside the scope of CSA N285.4, 
(d) Includes systems where augmented inspection programs (e.g., FAC) exist , 
(e) Includes systems with significant impact on core damage frequency (i.e. systems 
considered to be risk significant in the PRA), and 
(f) Provides an opportunity to compare the risk levels between the existing CSA N285.4 
program, augmented inspection programs and the RI-ISI program.  
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The PHT, Main Steam and Boiler Feed systems are normally operating systems that experience 
high pressure and temperature operating conditions.  The ECI system is normally in standby and 
experiences low pressure and temperature operating conditions.  The PHT and ECI systems have 
piping located both inside and outside containment, while the Main Steam and Boiler Feed system 
piping is entirely outside containment.  All systems are also both safety related and non-safety related 
with the exception of ECI, which is safety related only. 

The scope currently inspected under the CSA N285.4 Periodic Inspection Program (PIP) include 
portions of the Main and Auxiliary Primary Heat Transport system and related subsystems (6 inch and 
larger) as well as portions of the Emergency Coolant Injection system (6 inch and larger).   All other 
piping in the scope of this pilot application is excluded from inspection under the PIP per one or more 
of the criteria of CSA N285.4 (e.g., small pipe size, possesses adequate barriers).  Such excluded 
piping is referred to in this evaluation as Non-PIP piping.   
 
IMPLEMENTATION OF THE RI-ISI METHODOLOGY 
Consequence Evaluation 
 
The Darlington Unit 2 PRA was recently updated and was used for this evaluation.  The Darlington 
PRA includes a comprehensive set of pressure boundary failures as initiating events, including 
failures in the PHT system, connections to the PHT system, and secondary system breaks in the Boiler 
Feed, Condensate, and Main Steam systems. 

A somewhat unique aspect of the Darlington design is the open communication between multiple 
units outside containment.  As a result, a large Main Steam or Boiler Feed system line break outside 
containment can have impacts on adjacent units.  Specific initiating events were evaluated to assess 
CDF for these events and they were considered in this pilot study.  Large secondary system breaks in 
the Main Steam and Boiler Feed system result in a High Consequence Rank.  In contrast, for many 
LWR plants, these types of failures are assigned a Medium Consequence Rank. 

The piping on top of the pressurizer was determined to have a Low Consequence Rank.  
Otherwise, breaks in the PHT system and connected piping prior to an isolation valve were 
determined to have a Medium Consequence Rank based on the fact that small LOCA breaks result in 
a Medium Consequence Rank.  For the LWR fleet, especially the pressurized water reactor LWRs, 
these types of failures are typically assigned a High Consequence Rank.  The lower ranking for the 
CANDU plant is due to the relatively high level of redundancy available to respond to these types of 
events (e.g., ECI). 
While not an initiating event, some piping failures may degrade a plant’s mitigating ability. The 
standby mitigating systems identified for evaluation in this pilot study (e.g., ECI) do not have 
significant separation; therefore a pressure boundary failure will typically fail the whole system.  
Also, as stated above, ECI is important in reducing the conditional consequence of PHT failures. As 
such, failure of this system has a large impact (High Consequence Rank) on the mitigative ability of 
the plant. 

 
Potential Conservatisms in the Consequence Results 
 
Piping outside containment in the ECI, Main Steam and Boiler Feed systems has been initially 
assigned a High Consequence Rank based on the current Darlington Unit 2 PRA. Potential 
conservatisms exist whose elimination could reduce the conditional core damage probability (CCDP) 
for these systems (or portions of these systems) 
 
Failure Potential Evaluation 
 
Consistent with the requirements of the EPRI RI-ISI methodology, the pilot study piping was 
evaluated for degradation mechanism susceptibility under normal operating conditions as well as all 
Level A (Normal) and Level B (Upset) plant transients.  Level C (Emergency) and Level D (Faulted) 
events are outside the scope of the evaluation. 

The degradation mechanisms evaluated, and the results of the failure potential evaluation for the 
in-scope systems, are summarized below. 
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Thermal Stratification, Cycling and Striping (TASCS) 
For all systems within the pilot study scope (with the exception of portions of the PHT system), 

TASCS was shown to be not operative, primarily due to the lack of sources for hot/cold fluid mixing.  
This conclusion is also consistent with the conclusions of a preliminary COG evaluation of thermal 
fatigue in CANDU stations [5]. 
Thermal Transient (TT) 

The PHT Main Circuit primarily encounters thermal shocks via the branch lines and branch 
connection welds from the reactor inlet and outlet header lines to other systems.  ECI can only inject 
into the PHT following a significant PHT pressure-drop (i.e., under Emergency/Faulted conditions 
outside the scope of this evaluation).   

The pressure and inventory control (P&IC) feed lines to the PHT Main Circuit can experience a 
thermal shock upon restoration of flow following a flow stoppage.  However, any flow stoppage of 
reasonable duration will not result in a sufficient temperature differential to result in a Thermal 
Transient to the PHT. 

When the shutdown cooling (SDC) subsystem of PHT is circulated by the HT pumps at the 
initiation of SDC operations, the SDC return lines and the region where they connect to the reactor 
outlet header balance lines experience a thermal shock, particularly during an abnormal cooldown 
(Upset) transient.  However, plant service history shows that the SDC subsystem at Darlington 2 has 
been valved in once at a differential temperature of 110˚C, once at 50˚C, and several additional times 
at differential temperatures of 25˚C or less, none of which is as severe as any of the abnormal 
cooldown design transients.  Based upon the relatively small temperature differentials and low 
number of cycles, the service history indicates that the SDC system and associated PHT lines are not 
susceptible to TT. 

No other in-scope piping systems encounter thermal shocks during Normal and Upset plant 
transients. 

 
Intergranular Stress Corrosion Cracking (IGSCC), Transgranular Stress Corrosion Cracking 
(TGSCC) and External Chloride Stress Corrosion Cracking (ECSCC) 
 
None of the in-scope pilot study systems were identified as susceptible to IGSCC, TGSCC or ECSCC.  
For much of the piping this was due to the pipe material being carbon steel. There was, however, 
some piping made of austenitic stainless steel operating at elevated temperatures and with possible 
tensile stress. These piping systems were not susceptible to IGSCC or TGSCC due to being controlled 
for dissolved D2, sulfate, fluoride, and chloride during normal operation and unit start-up. Also, with 
regard to ECSCC, no outside piping surface is exposed to wetting from concentrated chloride bearing 
environments (i.e., sea water, brackish water or brine) and any thermal insulation used over austenitic 
stainless steel is tested in accordance with ASTM C692 to establish that there is no SCC potential. 
This is comparable to the insulation chloride concentration limits specified in NRC Regulatory Guide 
1.36 referenced in the EPRI methodology. 
 
Pressurized Water Stress Corrosion Cracking (PWSCC) 
Most in-scope piping systems were not susceptible to PWSCC due to their lack of Inconel piping 
(Alloy 600) or weld material (Alloy 82/182).  At locations where Alloy 82/182 weld metal is present, 
there is no PWSCC concern since the normal operating temperature is too low for the mechanism to 
be active. 
 
Microbiologically Influenced Corrosion (MIC) 
Most of the piping in the pilot study scope was not susceptible to MIC since their full load operating 
temperature is too high for this mechanism to be active.  In the case of the ECI system, many lines are 
typically stagnant at low (ambient) temperature and fluid sources are not treated with biocides.  
However, Appendix B of [6], which lists all locations inspected under the Darlington 2 Service Water 
Reliability Program, does not include any ECI System locations. Therefore, this system is not 
considered susceptible to MIC. 
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Pitting (PIT) 
Most of the pilot study piping is not susceptible to PIT since it sees constant, high flow during normal 
operation.  For other piping, control is provided for dissolved D2, fluoride, and chloride during normal 
operation and unit start-up, and therefore the level of contaminants is maintained very low and PIT 
would not be active per the EPRI methodology. 
 
Crevice Corrosion (CC) 
Creviced locations associated with thermal sleeves do not exist in the in-scope piping.  Therefore it is 
not susceptible to CC.  
 
Erosion-Cavitation (E-C) 
Throttled valves and flow orifices represent potential cavitation sources. For most locations within the 
in-scope piping, there are no throttled valves impacting system lines. Where throttled valves exist, 
even under the most conservative conditions, the maximum flow velocity is insufficient to represent 
an E-C concern. 
 
Flow-Accelerated Corrosion (FAC) 
The EPRI RI-ISI methodology points to the plant FAC program for identifying locations potentially 
susceptible to FAC. Most in-scope piping was identified as not susceptible to FAC under the plant 
FAC program, while other piping was considered susceptible to FAC but dispositioned (modeled in 
CHECWORKS). Since the plant FAC program identifies the inspection locations and the periodicity, 
FAC-susceptible welds are not identified in the weld list, since they do not factor into the Risk 
Ranking or element selection process. 
 
Failure Potential Classification 
 
Once the degradation mechanism(s) applicable to each piping segment were determined, segments 
were classified according to their pipe rupture potential as follows: 

FAC = large potential (large leak) 
Any other mechanism(s) = medium potential (small leak) 
No mechanism = low potential (no leak) 

 
Risk Ranking 
 
Once the consequence evaluation and failure potential evaluation were completed, each piping system 
was divided into segments, with each segment including welds with a common pipe rupture potential 
and consequence.  Each segment, including all elements within the segment, was then assigned to its 
appropriate risk category in the EPRI Risk Matrix (Fig. 1). 

For the Non-PIP scope, results were determined for two cases.  In the first case, the current PRA 
results were used as an input.  In the second case, potential conservatisms in the PRA (previously 
discussed under the Consequence Evaluation) were removed, and alternate means were used for 
addressing the risk for other piping segments.  The removal of these excess conservatisms resulted in 
reduced CCDP values for Non-PIP piping outside containment in the ECI, Main Steam and Boiler 
Feed systems, all of which was assigned a High Consequence Rank based on the current Darlington 
Unit 2 PRA.   
 
Risk Impact Assessment 
 
In the EPRI methodology, it must be shown that changes in plant risk due to changes in the number 
and locations of the inspections do not pose a significant adverse risk impact, as determined by 
changes in the CDF or LERF risk metrics.  Large release frequency (LRF) was the risk metric used 
for this pilot study. 

The COG RI-ISI pilot study showed that application of the RI-ISI methodology to the selected 
systems (PIP scope only) showed either a risk reduction or a very small increase in plant risk.  Taking 
all systems together, the results showed a very small increase in plant risk consistent with the criteria 

110



 

 

of [2] and [7].  In other words, the change in plant risk due to implementing the RI-ISI results for the 
PIP scope only meets regulatory acceptance criteria.  It should also be noted that the inspection of any 
Non-PIP components would result in a reduction in plant risk, as these components do not currently 
require inspection under CSA N285.4. 

In general, risk reduction possibilities are a function of having a sufficiently large number of 
High Consequence sites, High Failure Potential sites, or a combination thereof. There were no High 
Risk sites (i.e. Risk Category 1, 2, or 3) and only a limited number of Medium Risk sites (i.e. Risk 
Category 4 or 5) in the PIP scope. As such, there is a relatively small potential for significant risk 
reduction opportunities for this scope. This is primarily driven by the relative absence of postulated 
degradation mechanisms and the low consequence of failure of this piping.   

Having a low number of welds identified as potentially susceptible to some type of degradation 
is consistent with light water reactor (LWR) experience.  However, from a consequence of failure 
perspective, the LWR fleet typically has a number of welds with a high consequence of failure (e.g., 
CCDP > 1E-04) and therefore a relatively higher potential for risk reduction as compared to the 
results for the CANDU systems. 

For the Non-PIP scope, three insights dominate the results. The first is that the majority of this 
piping is shown to be low risk and therefore risk reduction possibilities are remote. This is consistent 
with other RI-ISI applications performed in other countries and on other plant designs.   

The second insight has to do with high energy piping penetrating the containment into the main 
turbine hall. This is both similar and different than some other plant designs.  Many plants have high 
energy piping penetrating containment whose postulated failure may have the potential to fail multiple 
sets of equipment. In some instances this piping has been termed no break zone (NBZ) or break 
exclusion region (BER) piping, and specific programs (e.g., augmented inspection programs) have 
been defined for this piping. Additionally, for some of this piping, there is the potential to impact 
other units.   

The third insight has to do with the ECI system.  410 welds were classified as Risk Category 4 
(i.e., a high consequence of failure combined with a low failure potential). The ECI system is 
important in maintaining the PHT piping as Medium or Low Risk piping. That is, postulated PHT 
failures have a CCDP less than 1E-04 due to the high amount of redundancy (i.e., number of pumps) 
provided by the ECI system.  However, from a pressure boundary perspective, failures at a number of 
locations within the ECI system will fail large portions of the ECI system due to the lack of separation 
and/or location isolation capability.   

Table 1 provides the RI-ISI results for the PIP scope, as well as a comparison between the 
number of RI-ISI program selections required and those required under the existing CSA N285.4 
program.  The risk impact column of Table 1 shows the change in risk associated with moving from 
the current CSA N285.4 program to RI-ISI.  Table 2 provides the RI-ISI results for the Non-PIP scope 
with conservatisms removed.  Since there currently no CSA N285.4 selections required for the Non-
PIP scope, including these RI-ISI selections would result in a risk reduction versus CSA N285.4. 

 
SUMMARY AND CONCLUSIONS 
This paper was developed in support of the CANDU Owners Group (COG) and documents the pilot 
study results of the application of the EPRI RI-ISI methodology to four systems at a CANDU reactor 
site (i.e., Darlington Unit 2). 

The objective of this project was to evaluate the impact of CNSC’s guidelines [4] to support 
development of a RI-ISI program for the CANDU design, and included the following: 
(a) Selection of a CANDU best fit RI-ISI methodology, 
(b) Implementation of the selected methodology on several systems at a CANDU reactor site, 
(c) Performance of a change-in–risk assessment to compare and evaluate the risk levels between the 
RI-ISI program and the existing inspection program (e.g., CSA N285.4/augmented inspection, as 
applicable), and 
(d) Exploration of overall risk reduction strategies (e.g., by moving existing inspections to other 
locations, adding inspections). 
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The results of this project show that the EPRI RI-ISI methodology can be adapted to the CANDU 
design, the adapted methodology can be applied to CANDU systems, and the results obtained are both 
reasonable and well-documented. 

The pilot study also concluded that the systems selected for this pilot study provided a valid and 
comprehensive assessment of EPRI RI-ISI application for the CANDU design.  This included 
evaluating both nuclear and non-nuclear systems, systems selected for inspection per CSA N285.4 as 
well as systems exempted or outside the scope of CSA N285.4, and systems where augmented 
inspection programs exist. 

Since the pilot study assessed piping beyond the scope of the PIP, insights from these results can 
be used to further refine the inspection program and/or identify effective risk management strategies 
for this piping. 
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TABLE 1 
RI-ISI RESULTS FOR PIP SCOPE 

System 
Risk 

Category 
Degradation 
Mechanism 

Number 
of Welds 

RI-ISI 
Selections 

PIP 
Selections Risk Impact 

PHT Main Circuit 
5 TASCS 34 4 4 0.00E+00 
6 None 213 0 19 9.50E-12 

PHT Rx Inlet/Outlet 6 None 28 0 6 3.00E-12 
P&IC Bleed & Relief 7 None 47 0 5 2.50E-14 

P&IC Pressurizer 
5 TASCS 13 2 1 -1.00E-11 
6 None 4 0 0 0.00E+00 

Shutdown Cooling 6 None 516 0 28 1.40E-11 
Emergency Coolant 
Injection 

6 None 143 0 6 3.00E-12 

Total   998 6 69 1.95E-11 
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TABLE 2  
RI-ISI RESULTS FOR NON-PIP SCOPE 

System Portion of System Consequence DM 
Risk 

Category 

Estimated 
Weld 
Count 

RI-ISI 
Selections 

PHT Main Circuit 

Lines L23 through L26-D6 Medium None 6     
Bleed PHT to PV33 & 34, 35 & 36 (NC) Medium None 6     
3/4 inch connections & connections to 
SDC Medium None 6     

PHT Autoclave 
PHT to V1, V2, V7, V8 (NC) Medium None 6     
Beyond 1st isolation valve Low NA 6 or 7     

P&IC Feed 
PHT to NV23, NV24 (CV) Medium None 6     
Upstream of 1st isolation valve Low NA 6 or 7     

P&IC Bleed 
Bleed PHT to CV3, CV4 (FC, auto on 
ECI) Medium None 6     
Downstream of 1st isolation valve Low NA 6 or 7     

Bleed Purification PHT Bleed purification Low NA 6 or 7     

P&IC Pressurizer 
Line L08-D2 Medium None 5     
Bleed & other connects to PZR bottom Medium None 6     
Connection to top of PZR Low NA 6 or 7     

D2O Recovery D2O Recovery Medium None 6     
Gland Seal PHT Gland Seal Circuit Low NA 6 or 7     
D2O Leak 
Collection PHT D2O Leakage Collection Low NA 6 or 7     
D2O Storage PHT D2O Storage Low NA 6 or 7     
D2O Transfer PHT D2O Transfer Low NA 6 or 7     

D2O Sampling 
Sampling 3/4 inch and less tubing Medium None 6     
Downstream of 1st isolation valve Low NA 6 or 7     

Main Steam 
From SGs to Turbine Chest High None 4 62 7 
From SGs to Turbine Chest Medium None 6     
Connections (smaller piping) Low NA 6 or 7     

Boiler Feed 

Upstream of LCVs High None 4 77 8 
Upstream of LCVs Medium None 6     
Downstream of LCVs Low NA 6 or 7     
Upstream connections (smaller piping) Low NA 6 or 7     

ECI 

Inside Containment from Pen to NVs Medium None 6     
Outside Containment High None 4 123 13 
Outside Containment Medium None 6     
Outside Containment pump suction Medium None 6     
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