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ABSTRACT

Assessment of the Embalse Nuclear Power Plant (NPP) against current standards was performed by 

Candu Energy and included an assessment of the in-service examination and testing of the Embalse 

containment structure against Standard CSA N287.7-08 “In-Service Examination and Testing 

Requirements for Concrete Containment Structures for CANDU Nuclear Power Plants”.  

CSA N287.7-08 requires integrity of the post-tensioning system used as principal reinforcement of the 

containment structure to be evaluated periodically, which is in line with the requirements of other 

standards (e.g. ASME and European) as well as IAEA safety guidelines.  

Results of the assessment have indicated that an in-service examination program for the Embalse Reactor 

Building (RB) containment structure does exist. Leak Rate Tests (LRT) and visual inspections of the 

internal surface of the RB wall are performed with established frequencies. However, evaluating the 

integrity of the RB post-tensioning system is challenging.

INTRODUCTION

Review of current standards forms a part of the Periodic Safety Review (PSR) process which is intended 

to identify major differences between the status of the NPP and the current safety codes, standards and 

regulatory requirements, so that practical improvements may be implemented.

The objective of the codes and standards review is to determine the extent to which an existing NPP

conforms to current safety standards, regulations and practices. As part of the PRS, an assessment of the 

in-service examination and testing of the Embalse containment structure was performed against CSA 

N287.7-08 [1]. 

CSA N287.7-08 is the fourth addition of the standard that provides uniform rules to ensure that the 

structural and leak-tight integrity of a concrete containment structure can be assessed by systematic and 

periodic examinations and testing. A number of changes were incorporated into the 2008 edition of the 

code including the following: 

! Requirements for trending of the observations performed during in-service examinations and tests; 

! Requirements for in-service examination program and acceptance criteria; and 

! Requirements for pre-stressing system integrity evaluation were enhanced.
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Embalse NPP (Figure 1) located near Córdoba (Argentina) started commercial operation in 1983. It is a 

CANDU 6®
1

design. The containment structure consists of a base slab, perimeter wall, ring beam and 

upper dome (Figure 2). These are all post-tensioned reinforced concrete elements. Figure 3 shows 

prestressing system of the containment structure.

Figure 1 Embalse NPP

Figure 2 CANDU 6 Containment Structure

1
® Registered trademark of Atomic Energy of Canada Ltd. (AECL) used under exclusive license by Candu Energy 

Inc., a Member of the SNC-Lavalin Group.
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Figure 3 CANDU 6 Containment Structure Prestressing

Functions of the containment structure include providing:

! structural integrity;

! biological shielding; and

! leak-tightness.

A Life Assessment (LA) of the RB containment structure was performed by Candu Energy (formerly 

Atomic Energy of Canada Ltd.) in 2007 to establish the condition of the structure and provide a health 

prognosis with associated recommendations for life extension. The aging mechanisms that can affect the 

performance of the RB were identified.  Main concerns were associated with the difference between 

design and operational conditions and material properties.

The performance of the containment structure largely depends on effective pre-stressing force. The initial 

prestressing force applied to the containment structure undergoes progressive reduction due to time 

dependant factors including relaxation of the steel and volumetric changes in concrete such as creep and 

shrinkage. Degradation of concrete and joint sealants may facilitate corrosion of the tendons, which in 

turn may result in a decrease in the prestressing force. To ensure long term performance of the 

containment structure, integrity of the containment prestressing system shall be confirmed.

EMBALSE ASSESSMENT

Aging-related degradation mechanisms applicable to the containment structure prestressing system 

include corrosion of tendons, concrete degradation and prestressing force losses. A grouted (or bonded) 

prestressing system was used for Embalse containment structure. Cementitious grout provides corrosion 

protection of the tendons and provides a bond between the tendons and concrete. However, it eliminated 

the possibility for replacement, re-tensioning and direct inspection.
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Concrete Investigation

A petrographic analysis of concrete of the containment structure was performed (Figure 4 and Figure 5). 

The results have indicated that there is a good contact between the cement and aggregate, there are no 

macro or micro cracking and no anomalies. No signs of Alkali Aggregate Reaction (AAR) or other 

degradation mechanisms were present.

Figure 4 Petrographic Analysis Sample

Figure 5 Microscopic Examination

Pulse-echo tests of the RB perimeter wall were performed. The results are shown in Table 1. Average 

Velocity (Vp) was calculated using the equation below [2] to be 4270 m/s indicating good concrete 

quality.
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Table 1 Results of Pulse-Echo Test of RB Perimeter Wall

Location Average Vp (m/s)
E (tn/cm

2

)

A 4311 418

B 4239 404

C 4254 407

D 4290 414

E 4254 407

Concrete crack width and depth measurement on the containment wall were performed during scheduled

reactor shutdown by means of pulse-echo test and optical method. 

The results have indicated that cracks’ depth is within concrete cover (i.e. superficial). The cracks’ widths

increase when the ambient temperatures decrease. This behaviour is consistent with surface cracks’

response to thermal variations.

Life Span Forecast Study

Prestressing force losses can be categorized as short term losses due to friction, anchorage set and elastic 

shortening and a long term losses due to relaxation of tendons and volumetric changes of concrete such as 

shrinkage and creep (Figure 6).

Figure 6 Prestressing Force Losses
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Relaxation of tendons is a property of the steel material that can be categorized by the force required to 

hold a highly stressed wire at a given elongation. The value is typically based on the tests performed 

under general conditions: 20°C and 70% Relative Humidity (RH). However, these conditions may not be 

representative of the environment that the containment structure is exposed to. 

Shrinkage is a time-dependent volumetric change associated with drying and moisture transfer, thermal 

effects and gradient and autogenous behavior of restrained reinforced concrete. Shrinkage is affected by 

many parameters including the ambient conditions, (i.e. humidity and temperature), concrete restraint 

conditions, size and geometry of the element, concrete composition, moisture content and initial curing.

Creep is a time-dependent increase in strain and deformation under permanent stress. In addition to the 

factors affecting shrinkage, creep is also affected by the loading conditions.

A life span forecast study was performed by Nucleoeléctrica Argentina Sociedad Anónima (NASA)

including analyzing the design calculations, making appropriate assumptions of the loss of prestressing 

forces, considering current properties of materials and actual operating environment. 

In order to consider all scenario combinations (compression and tension), four scenarios were analyzed.

Two scenarios considered design assumptions of prestressing force losses increased by 50% for 

conservatism. An additional 25% prestressing force losses was considered in the remaining two scenarios 

to account for life extension. The structure was analyzed using design temperatures as well as operating 

temperatures.

Analysis results indicated that the containment structure fulfills the originally defined design criteria 

under the least favorable updated design parameters.

MITIGATION STRATEGIES

A number of international activities took place in recent years indicating concerns with a containment

post-tensioning system degradation as well as evaluation and monitoring strategies to mitigate such 

concerns as summarized below.

An OECD NEA Committee on the Safety of Nuclear Installations (CSNI) status report was prepared in 

1995 indicating loss of prestressing force in tendons of post-tensioned concrete structures as the first

priority [3]. As identified in a summary statement of the workshop that took place in 1997 [3], while for 

majority of containments, prestressing losses were less than predicted, there were instances where 

prestressing losses exceeded predictions. 

Recently, an activity was initiated by the CSNI with the objective to produce guidelines to address 

consequences of the technology choice for containment post-tensioning system including design, 

construction and operation (monitoring and in-service inspection). It was identified that the choice of 

bonded (or grouted) post-tensioning system should be associated with the dedicated program including 

specific and appropriate instrumentation and tests during the operating life of a plant.

In 2011, IAEA initiated the International Generic Lessons Learned (IGALL) Project (refer to IGALL 

website http://www-ns.iaea.org/projects/igall/ for further information). As a result, proven Aging 

Management Programs (AMPs) were documented including AMP 313 on Containment Prestressing

System. This AMP is intended to provide reasonable assurance of the adequacy of prestressing forces in 

prestressed concrete containment tendons for Long Teem Operation (LTO). In case of containments with 

bonded tendons, the data for loss of prestress is obtained from:



23
rd

Conference on Structural Mechanics in Reactor Technology

Manchester, United Kingdom - August 10-14, 2015

Division VII

! Lift-off and flexural tests on the test beams;

! Lift-off tests on the few unbonded tendons installed in the containment with bonded tendons;

! Measurement of strains and stresses in the bonded tendons recorded by instrumentation described in 

AMP 311; and

! Displacements of the containment structure measured during periodic containment pressure tests.

IAEA TECDOC 1025 [4], first issued in 1998 to address assessment and aging management of concrete 

containment structures was recently revised to incorporate lessons learned and expanded to include other 

concrete structures besides containment. A revised document (NP-T-3.5) contains guidelines for aging 

management of concrete containment structures including those using grouted post-tensioning systems 

and is planned to be released in 2015.

In order to mitigate the effects of aging degradation mechanism on a concrete containment structure,

several activities were already implemented by NASA since 2007. Those activities consist of repairs or 

replacements of components during an outage or normal operation, plant systems enhancements and plan 

programs enhancements as briefly encountered below.

Repairs and Replacements of Components

In connection with the containment function of the RB and considering that the Leak Rate Test during the 

plant shutdowns indicated possible continuous liner deterioration; a containment liner reparation plan has

been implemented. Ninety percent of the containment wall liner has been repaired and all Thiokol joints 

in accessible areas have been replaced. During the upcoming refurbishment outage, remaining surfaces 

and joints are planned to be repaired.

Plant Systems Enhancements

Based on the results of the LA study, it was recognized that operating temperatures adversely affect 

integrity of the joint sealant and non-metallic liners facilitating aging of these components. In order to 

minimize effects of operating temperature on concrete and aging of the liner and sealant materials, a 

cooling water feeder program to local air conditioner unit were implemented that results in lowering 

operating temperatures inside the RB containment structure.

Plant Programs Enhancements

An AMP for the RB will be implemented. It will include periodic condition surveys and testing in order 

to ensure timely detection and mitigation of aging related deterioration. Results of studies performed will 

constitute a baseline for further surveys.

CONCLUSIONS

An in-service examination program for the Embalse RB containment structure exists. The LRT and visual 

inspections of the internal surface of the RB wall are performed with established frequencies. A number 

of repair and replacement activities for the RB containment structure components were implemented 

recently to mitigate effects of aging. Enhancements to plant systems were performed to minimize 

negative effects of operating conditions. It is planned to implement an AMP for the RB containment 

structure to ensure timely detection and mitigation of aging related deterioration.  

Based on results of a petrographic analysis and pulse-echo test of the perimeter wall, the quality of 

Embalse RB containment concrete is good and modulus of elasticity exceeds design values. A lifespan 
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forecast study performed using operating temperatures and conservatively assumed prestressing force 

losses concluded that containment structure fulfills the originally defined design criteria under the least

favorable updated design parameters.

Concrete containment structures with grouted post-tensioning systems should be monitored to ensure that 

they will continue meeting their functional requirements and have adequate margins available during the 

life of the plant (including life extensions). In existing concrete containment structures with grouted post-

tensioning system, the tendon forces cannot be directly measured by non-destructive means, but 

instrumented monitoring of the concrete containment structure can ensure the integrity of the post-

tensioning system and provide indication of abnormal behaviour.
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