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ABSTRACT 
 

The application of the leak before break (LBB) methodology was permitted by the Canadian regulator (Canadian 
Nuclear Safety Commission, CNSC) as a means of justification to relieve the requirements for protection against postulated 
pipe ruptures since the licensing process of the Darlington CANDU plant in early 1980s.  The methodology is expected to be 
applied for new constructions of nuclear power plants as well.  The LBB approach is also intended to be used in plant life 
extensions, in lieu of plant modifications, to meet the requirements of postulated pipe breaks.  Meanwhile, there have been 
efforts by the Canadian utilities to apply the LBB concept, as a defense-in-depth, in order to demonstrate fitness for service of 
degraded components such as pressure tubes, steam generator tubes and feeder piping of CANDU’s.  In this paper, the 
applicability of the LBB concept to existing plants as well as to new construction is discussed from the regulatory perspective 
highlighting its limitations and conditions.  
 
1. APPLICATION OF LBB FOR OMISSION OF PIPE RESTRAINTS  

 
History 

In 1980’s, the LBB methodology was applied for large diameter primary heat transport (PHT) piping at the 
Darlington Nuclear Generating Station (NGS) as an alternative approach to satisfy regulatory requirements for protection 
against postulated PHT pipe ruptures [1].  The requirements for the postulated pipe break were explicitly specified in the 
construction license for the Darlington NGS.  The regulatory position, as expressed in the later published CNSC INFO-0170 
[2], was that the plant should be designed to ensure that the consequences of pipe rupture remain acceptable wherever 
practicable.  The suggested means of achieving this was, in order of desirability: i) separation of equipment, ii) providing 
barriers and iii) restraining piping.  Among these features, restraining piping was considered by the utilities as the only 
feasible means for the PHT piping.  However, a request was made to reconsider the regulatory requirements for installing the 
pipe restraints based on the following rationales: i) probability of piping failure was very low, ii) restraints may have 
increased that probability, iii) restraints were difficult and costly to install, iv) some restraints would have impeded or 
prohibited inspection and v) piping would always leak for a considerable time before rupturing. 
 

It was agreed by the CNSC staff to review the licensee’s proposal given that the elimination of pipe-whip restraints 
could improve access to pipe welds for in-service inspection, thereby reducing occupational radiation exposure and, at that 
point, the in-service experience with SA 516 Gr. 70 and SA 106 Gr. B materials had been sufficient to support the argument 
that there were no active degradation mechanisms affecting components made of those materials.  Excluded from the 
assessment were the ruptures that would have a high probability of breaching containment, damaging essential safety systems 
or disrupting fuel cooling.  The licensees’ proposal was limited to: 1) ferritic steels used in class 1 piping, 2)class 1 welds that 
were stress relieved and 3) pipe and welds that did not include defects.  In addition, the following items were requested for 
inclusion in the LBB assessment:  

 
- Breaks postulated at any location 
- A description of the consequences of the breaks 
- The reasons why protection was impractical 
- Test data to show that for piping and weld material, the ductility and fracture toughness were adequate to ensure 

leak-before-break behavior 
- An increased in-service inspection program 
- Fracture mechanics analyses demonstrating that leak-before-break would occur for design transients causing the 

greatest stress at the point, and in the direction of interest 
- Fracture mechanics analyses that considered residual stress, material degradation, circumferential through-wall 

cracks and axial cracks 
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- Reliable leak detection systems capable of responding to the leak rate through a crack 
 

Furthermore, a number of regulatory action items were placed on the Darlington NPP associated with the application 
of LBB.  In general, they required validation of the elastic-plastic fracture mechanics analysis and leak rate model being 
utilized in the LBB assessments as well as detailed material characterizing testing.  In 1990, an operating licence was granted 
for the plant with the licensee’s commitment to continuing efforts to resolve some outstanding issues.  Among the 
commitments was participation in international projects like the International Piping Integrity Research Group (IPIRG) 
program [3] to validate the elastic-plastic fracture mechanics analysis methodology used in the LBB assessments and to 
investigate the effects of dynamic and cyclic loading on material properties.  Meanwhile, the recent discovery of degradation 
mechanisms in carbon steel CANDU feeder pipes has raised questions regarding the on-going assurance of integrity of all 
carbon steel pipe afforded by in-service records and operating experience.    
 
 Regulatory Perspective on New Construction 

The requirements for the protection against postulated PHT piping breaks expressed in the construction licence for 
the Darlington NGS have been elaborated on in three CNSC regulatory documents, R-7 [4], R-8 [5] and R-9 [6] which apply 
to containment, shutdown systems and emergency core cooling systems, respectively.   While the Canadian regulatory 
position on the application of LBB to justify exemptions for pipe whip restraints for new plants is in the course of 
development, it will be essentially in-line with the previous practices applied for the licensing of the Darlington NGS and 
with U.S. practices and associated criteria specified in USNRC SRP 3.6.3 draft [7], Regulatory Guide 1.45 [8], and NUREG-
1061, Vol. 3 [9].   Revision 1 of USNRC SRP 3.6.3 issued recently is under review for its applicability to Canadian reactors.  
 

The applicant’s LBB assessment for new plants will be reviewed only for the acceptability of elimination of 
protection for local dynamic effects induced by the postulated guillotine-type pipe breaks.  The global effects of the break 
shall be taken into account in the design of containment design, ECC sizing, environmental qualification and so on.  The 
LBB shall be applied only for high-energy piping with size limitations dependent on the capability of leak detection systems 
with the safety margin specified in Reference [9].   The redundancy of the leak detection system shall comply with the 
requirements given in Reference [8].  The LBB shall not be applied to any piping system where active degradation 
mechanisms, such as stress corrosion cracking or flow accelerated corrosion, are credible.   
 

In addition, LBB assessments are expected to include the following items to justify the omission of pipe restraints: 
1) Enhanced pre-service and in-service inspection programs focused on the unrestrained piping.  
2) Prescribed quality for the materials and fabrication.  The weld material should confirm as closely as possible to the 

test materials and the assumptions in the fracture mechanics analysis.   
3) Statistics supporting the low level of leakage expected for the service conditions 
4) Statistics supporting a low rupture probability for the service conditions 
5) Analysis showing that leaking cracks will not cause consequential damage and will remain stable for a sufficient 

period of time to permit operators to shutdown the plant and avoid a pipe break. 
6) Prescribed leak detection capabilities with three different detection methodologies.  
7) Prescribed responses to leaks 

 
2. APPLICATION OF LBB FOR DEMONSTRATING FITNESS FOR SERVICE OF DEGRADED COMPONENTS 
 

While the classical concept of the LBB, as mentioned above, has been applied to justify the elimination of pipe whip 
restraints and jet impingement shields which provide protection against breaks of high energy pipes, there have been efforts 
to apply the LBB concept for the justification of continued operation of piping with detected flaws or postulated flaws for a 
specified operating period.  
 
 Pressure Tubes 

The concept of the LBB has been utilized, as a defense-in-depth, in the fitness for service assessment for CANDU 
pressure tubes which are susceptible to delayed hydride cracking (DHC) [10].  The utilities’ procedures for the in-service 
evaluation of pressure tubes [11] require a LBB assessment when the bulk hydrogen equivalent concentration in the pressure 
tube is at, or exceeds, the threshold level at which the material is susceptible to the DHC at any service level A sustained hot 
condition.   Either a deterministic or probabilistic evaluation is allowed.  For the deterministic case, the LBB assessment shall 
demonstrate that the leak detection system of the annulus gas system (AGS) provides the operator with sufficient warning 
time to shut the reactor down before the crack grows to a critical crack size.  The major concerns of the regulator are the 
change in fracture toughness and crack growth rates as the material cools down.  The parameters used in the evaluation, such 
as penetration crack length, critical crack length, DHC velocity and crack growth rate, are all functions of the state of the 

 2

SMiRT 19, Toronto, August 2007 Transactions, Paper # WG/3



material, which is affected by the radiation and more importantly the local hydride levels.  In addition, the leak rate and 
operator’s response to leaks are key elements because a sub-critical flaw would be subjected to worsening conditions and 
could become critical during detection and shutdown.  
 
 Steam Generator Tubes 

The LBB concept is embedded in the tolerance to permit continued operation of steam generators of some CANDU 
stations where active degradation mechanisms have been, or could be identified.  Utilities’ fitness for service guidelines for 
steam generator tubes [12] include acceptance criteria based on the possibility of leakage, where a possible through wall 
penetration of a flaw is permitted provided LBB is demonstrated.  
 
 Feeder piping 

CANDU utilities have claimed the applicability of the LBB, at least as a contributor to defense in depth, for the 
demonstration of the fitness for service of feeder piping with possible active degradation mechanisms, more specifically with 
the susceptibility to stress corrosion cracking and highly localized FAC wall thinning near feeder welds.  It was claimed that 
the safety concerns may be alleviated if the nature of the failure can be mitigated by practical considerations such as LBB.  
Utilities have performed a variety of tests to ensure the conservatism in the parameters used in the LBB assessment.  This 
argument on the LBB application for degraded feeder pipe has not been accepted by the regulator as regulatory criteria for 
the continued operation.  Instead, the operation of the plants was approved based on the repair of detected flaws, augmented 
inspection programs and conservative assessments of inspection results.    
 
 Regulatory perspective 

Application of the concept of LBB for justification of continued operation of pipe with detected flaws or credible 
degradation mechanisms appears to be un-realistic, particularly in the case of small diameter pipes and the flaws caused by 
IGSCC or FAC wall thinning.   The feeder pipes may be too small to postulate a leaking crack with a sufficient margin 
against capability of leak detection systems and also against critical crack size.  If the degradation mechanism is FAC wall 
thinning, sudden breaks may be the final failure modes far from leak before break as shown in several actual incidents in 
some other plants.  As for the IGSCC which will likely have long surface cracks, the criteria for the conventional LBB would 
be violated in the first place.   Tight and twisted crack morphology resulting in very small leakage rates is another concern 
from the leak detection capability point of view.  
 

However, it is the regulator’s view that the concept of the LBB, if there is concrete evidence that LBB is the only 
credible failure mode, may be considered as a supplementary safety measure for enhancing the defense-in-depth for a 
prescribed operating period unless it compromises other safety features or is intended to form the basis for continued 
operation with detected service induced cracking.   Regardless of application of LBB, detected cracks will not be 
dispositioned if there is any doubt of its growth during service, under the current limited understanding of degradation 
mechanisms.  Discovery of a service induced crack at a station will trigger expansion of inspection scope and requires the 
development of comprehensive ageing management plans.  Probabilistic evaluation may be helpful in confirming that an 
augmented inspection scope will be sufficient for maintaining the incremental of risk associated with the degradation 
mechanism at an acceptable level.  The LBB argument should be used to confirm that a pipe break is an unlikely event even 
when cracks are missed during the expanded inspection scope and remaining cracks could grow through wall during 
operating period.    The regulatory review of an LBB assessment for this purpose will be carried out with consideration of the 
following criteria: 
- Criteria for safety margins shall be maintained the same as those required for classical LBB.   
- The time shall be demonstrated to be sufficient for the operator to take action to shutdown the reactor from the time a 

leak is detected before the crack reaches critical size. 
- Redundancy and diversity of leak detection systems shall be the same as those required for the classical LBB. 
 
3. APPLICATION OF LBB TO CANDU PLANT LIFE EXTENSION 

Canadian licensees intend to use the LBB, in lieu of plant modifications, as a means of demonstrating the adequacy 
of piping systems of existing CANDU plants for the requirement of protection from rupture of PHT piping.  The primary 
regulatory concern with this approach is ensuring that the degradation mechanisms, such as IGSCC and erosion/corrosion 
recently discovered in some CANDU piping, are appropriately addressed in the assessment.  Accordingly, application of the 
LBB methodology in plant life extension shall require operating experience and condition assessment to confirm that there 
have been (and will be) no such active degradation mechanisms.   
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4. CONCLUSIONS 
 
1)  For the application of LBB for justification of omission of pipe restraints, the Canadian regulatory position is in the 

course of development, but it is expected to be in-line with the practices previously applied for the licensing of the 
Darlington NPP in 1980’s and also with U.S. practices and associated requirements, criteria and recommendations.  The 
LBB methodology shall be only for local dynamic effects induced by the postulated guillotine type pipe breaks.  The 
global effects of the break shall remain a design requirement for containment, emergency core cooling system, 
environmental qualification and so on.   

 
2)   For the application of the LBB concept to justify of continued operation of degraded components, the Canadian 

regulatory staff is looking at it as a possible supplementary safety measure to enhance the defense-in-depth for a 
prescribed operating period unless the intent of the applicant is to replace other safety features or use LBB as a basis for 
continued operation with detected service induced crack.  Concrete evidence shall be provided to show the LBB is only 
credible failure mode of feeder pipes.  

 
3)   For the application LBB for life extension, Canadian regulatory staff expects assurance that there have been (and will be) 

no active degradation mechanisms supported by operating experience and condition assessment of the reactor. 
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