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ABSTRACT 

 
Safe operations of nuclear power plants (NPP’s), their lifetime extension beyond 40 years as well as new 
designs require better knowledge on material and equipment ageing. Electrical cables located inside as 
well as outside the containment building are critical components due to their amount and highly 
complicated replacement. These cables have to maintain required electrical and mechanical properties 
during their entire life not only during normal operation but also during accidents. Managing the ageing 
of installed cable requires new approaches on testing and condition monitoring techniques with proven 
capabilities. Estimating the actual cable condition and assessing its residual life time require a good 
ageing model and appropriate end-point criteria. 
The paper summarizes the research effort and main gaps in the area of NPP cables for reliable life time 
prediction. The main activities are focused on following topics:  

! Assess the actual cable condition at NPP. 
! Define appropriate end-point criteria. 
! Find a reliable ageing model for life time prediction. 
! Perform reliable qualification. 
! Simulate design basis events and design extension conditions (includes severe accidents). 
! Investigate the influence of polymer additives on cable ageing. 

 
All these issues are complicated by the fact, that cable insulation material is not a pure polymer. It always 
contains a lot of other additives, like stabilizer, filler, fire retardants, pigments, etc. Any small variation of 
their concentration or manufacturing process may influence the ageing very much. Moreover, typical 
problems for old cables are variations between polymer batches which result in variation of properties 
along the cable.  
All these facts make the study of the cable ageing and assessment of the residual cable life time at NPP 
quite difficult; especially if you are mostly not allowed to remove samples for laboratory testing. 
 

INTRODUCTION 

 
Safety of NPP is totally dependent on the smooth running of the measure and control equipments. 
Without instrumentation, operators are blind and without power and control systems, they can’t pilot 
anything. In the view of extending the NPP operation beyond 40 years and construction of new NPP with 
60 years life time, a lot of research in the area of ageing management and equipment qualification (EQ) is 
needed. 
In the context of NPP, electrical cables are critical components due to their very high amount, installation 
within the whole facility and highly complicated replacement. Moreover, cables have to maintain required 
properties during their entire life (much longer than for other industries) including, for some of them, in 
accident conditions. This paper focuses on NPP cables. Nevertheless, the proposed actions and 
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conclusions have a general validity for almost all instrumentation and control (I&C) equipment and 
components. 
There are two main areas, where actions have to be done: 

! At NPP on cables: detection and evaluation of defects, cable condition testing, predictive 
maintenance programme etc. These actions can be generally included in ageing management 
programmes. 

! Outside of NPP, mostly in laboratory: studying the ageing mechanisms, models evaluation, 
testing of cables etc. Part of these actions is done within ageing management programmes and 
part within the cable qualification. 

 
Identified research needs are concerned in: 

! Research needs in cable qualification   
! Research needs in cable ageing management 

Nevertheless, both parts are very closely related and the proposed actions can often be applied in both 
areas. 
 

AGEING SIMULATION AND AGEING MODEL 

 
To estimate the cable life time with sufficient accuracy, it is necessary to know how the cable ages in 
different conditions that may occur at NPP. Such knowledge is based on accelerated ageing tests 
performed in laboratory and phenomenological models that are able to extrapolate results to any 
environmental conditions.  
 
A typical procedure for cable life time assessment is as follows: 

! Cables are aged at elevated temperature for some period of time. Irradiation may be included. 
! Properties are measured at specific intervals. Properties change of jacket and insulation are 

trended. 
! Actual condition – above mentioned property – of installed cable is assessed at NPP or by 

removing representative samples. 
! Environmental conditions are measured in all area containing cables. 
! The delay to reach the end point criterion can be calculated by applying appropriate ageing 

model. 
 
To perform such a calculation it is necessary to have an appropriate ageing model, to know all 
environmental parameters and to be able to determine the actual cable condition at NPP. 
The simulation of long-term thermal ageing is performed at an elevated temperature and is mostly based 
on the Arrhenius approach, JNES (2009), IAEA (2012). This assumes that the short-term simulation of 
thermal ageing at high temperature causes the same degradation as the service long-term ageing at low 
temperature. To apply this approach, following parameters must be known: temperature of accelerated 
ageing (usually 100 to 130 °C), required simulation period (e.g. 20 to 60 years) and service temperature 
(typically 40 – 60 °C). This approach is easy to understand and simple to apply. Nevertheless, several 
approximations associated with this method cause, that the predicted service lifetime need not be 
fully justified. Even if the validity of Arrhenius equation has been proved on a large variety of chemical 
reactions like chemical bonds scission, oxidative degradation or depolymerization, it is only an 
approximate expression of how the rate constant (degradation rate) depends on temperature. Indeed, 
polymer, especially commercial, ageing is always a combination of different reactions occurring in 
parallel or consecutively.  
Applying Arrhenius approach requires another important parameter: the activation energy (EA). This 
governs the acceleration rate. An established and generally acceptable method for EA estimating, IAEA 
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(2012), consists in accelerated ageing of cable materials in thermal chambers at various temperatures for 
different times. This matrix of ageing conditions and related properties levels allows to draw ageing 
curves. For EA determination, 50% change of elongation at break is often plotted with respect to the 
inverse of the test temperature. From the slope of obtained curve and Arrhenius equation, one can easily 
calculate the EA. This approach is not the best one in all cases. Indeed, EA can vary with temperature, 
extent of conversion (degradation) and the macroscopic property that is measured (elongation, at break, 
hardness, oxidation induction time, etc.). Therefore, the Arrhenius concept and related EA appears to be 
not adequate in some cases because of the multi-step nature of solid-state reactions, which are in fact the 
degradation process of commercial polymers.  
The necessity to have a verified ageing model with known accuracy and limitations becomes more 
important with the qualification requirements for 60 years. As the maximum temperature for ageing is 
limited and thus the acceleration factors cannot be increased above a certain level, the ageing simulation 
could be quite long. But this can be demanding for NPP or cable manufacturers.  
Consequently, further study on thermal ageing of commercial polymers is necessary. New models should 
take into account changes in oxygen permeability and diffusion coefficient with respect to the extent of 
degradation, Cabalka M. Bartoní"ek B. and Pla"ek V. (2013). A possible way of increasing the 
degradation rate without reaching a too high temperature is ageing under oxygen pressure. Nevertheless, 
appropriate model has not been verified yet. 
However, a quite important issue that should be solved is the synergistic effect of combined thermal and 
radiation ageing of semiscrystalline materials. They indeed often show an inverse ageing behavior, like 
e.g. crosslinked polyethylene, IAEA (2012), Przibytniak G. et al (2015). For such material, the ageing at 
elevated temperature has a lower degradation rate than what is predicted by Arrhenius methodology if 
aged at low temperature. 
 
Other important questions concern ageing of cables loaded during operation. In this case, the stressors 
coming from the high voltage and/or ohmic (Joule) heating need to be taken into account during the 
qualification. The temperature rise due to ohmic heating can be calculated for normal service conditions 
and then simulated by increasing the ageing temperature. This can however lead to tricky situation if the 
cable jacket needs to be aged to simulate a 60°C operating temperature while the insulation requires a 
90 °C simulation. In fact, the NPP designer will never let the cable operate all the time at rated current 
and thus at such a temperature. The real average temperature for insulation ageing will be, therefore, 
lower. Ageing of the full cable to simulate long term operation at 90 °C may disqualify some cables due 
to failure. New model and ageing prescription on how to deal with this issue has to be developed. A 
possible solution to simulate at best the temperature rise due to ohmic heating could be loading cables 
with current, while simulated normal operation temperature. Concerning voltage stress, the same issue 
should be solved. 
 
Deviations from ideal laboratory studies are expected at NPP, where other ageing phenomena can occur 
for different material-environment couples. Knowledge of installed material and plant environmental 
conditions is therefore important. Polymers are often the week material in cables and it’s important to 
know which property degrades the most with time. Tensile testing is usually sensitive enough to monitor 
the ageing and the results are easy to interpret. These reasons explain, among others, why elongation at 
break is often used for the ageing kinetics simulation. 
Representativity of the accelerated ageing done to obtain ageing models is critical to be able to produce 
useful results. Combined effect and relative importance of stressors also has to be taken into account. In 
order to do so, descriptive models can be found in literature, Gillen K.T., Celina M., Clough R.L., 
Bernstein R. (2002), Pinet B., Boutaud F. (1999). 
Besides, several defects due to the placement of cables in the NPP can have an impact on the materials 
ageing kinetics. These can be excessive bending (inducing internal mechanical stress), pressing cables by 
cable clamps, external damage (reducing the thickness of the jacket) or chemical contamination. 
Respective impact of these elements on the ageing model should also be considered. It is quite important 
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to perform studies on the influence of mechanical stress due to wrong installations and/or chemical stress 
on already installed cable life-time and especially their behavior during accident. 
 
Because cables often go through different rooms with different environmental conditions, the degradation 
rate may differ along a cable. Developing an ageing model being able to assess the changes of properties 
(rate of ageing) locally is thus needed. This should also take into account differences between the 
degradation rate of the jacket and the insulations and between different batches of the same cable type. 
 

ACCEPTANCE CRITERIA 

Setting appropriate acceptance (end point) criteria are the most difficult and controversial part of cable 
ageing management programme and qualification. Acceptance criteria are usually limit values of certain 
properties beyond which the degree of deterioration is considered to reduce the equipment ability to 
perform its function properly. Acceptance criteria determine if the cable passes the qualification or if the 
cable in operation shall be changed. Replacing cable due to too conservative acceptance criteria can result 
in a tremendous amount of work and should therefore be avoided. 
In order to define some guidelines for the end of life criteria determination, it is needed to evaluate the 
link between the function of a cable and its measurable properties. Four major families of properties can 
be defined: 

! Mechanical: Sufficient strain/strength at break is required to avoid cracking of jacket/insulation. 
! Electrical: Specific values for resistivity of conductors, insulation resistance, leakage current, 

breakdown voltage, characteristic impedance or attenuation (coax) are linked to the function of 
the cable.  

! Chemical: Additives for fire resistivity, thermal stability, UV protection, radiation resistance are 
important for an appropriate behavior of the cable in its environment. 

! Physical: Uptake or loss of oil/plasticizer/water by the polymer results in physical ageing. Such 
phenomena are very important to determine the compatibility of cables with other materials. 

The requirements for these parameters will vary from a cable to another according to its type 
(instrumentation, control, power or specialty), function, environment and functionality requirement during 
accidents. 
Measured properties and related acceptance criteria generally depend on NPP design but sufficient 
electrical and mechanical properties are always important to ensure the functionality. Usually, an 
engineering analysis should be performed to justify critical characteristics with respect to specific NPP 
applications. For new cable, all requirements described in related technical specification shall be met. 
Nevertheless, cable properties may degrade with time during service but never to the extent which may 
compromise its proper function.  
In order to illustrate the complementarity of ageing management to the qualification process, one can 
refer to LOCA tests performed at Wyle Labs US, OECD (2010). They showed that most cables aged 60 
years (accelerated ageing) exhibited high leakage currents and failures during LOCA tests. These results 
suggest that environment monitoring and methods to assess cable conditions are needed during the 
extended plant life. Moreover, the new generation of plants and the digital upgrades to the existing 
designs are increasingly less tolerant of leakage currents. 
The qualification type tests include a number of measurements at the beginning, in the course of and at 
the end of the testing procedure, and results of such tests determine whether the cable passes the type test 
or not. However, standards and regulations do not always contain sufficiently accurate specification for 
the parameters to be measured and limit values which shall not be exceeded.  
 
Hence, some effort and research has to be done to improve the knowledge in this area. Furthermore, 
accurate monitoring of important properties during the qualification process could also help to define a 
Condition Base Qualification which can after be considered as the most accurate acceptance criteria. 
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TESTED VERSUS INSTALLED CABLE 

When the lifetime of existing nuclear reactors is extended, ageing of polymeric materials and change of 
their properties will impact on cables behavior. This is of particular importance for cables used for safety 
function, where all new polymer materials would require a new qualification.  
For the type testing qualification process of electrical cables, a “representative sample” has to be used. 
The IEEE 383-2003 standard defines such a sample as follows: 

! Manufactured by a specific manufacturer using the same processes and controls. 
! Contains the same materials, including insulation, jackets, fillers, binder tape, shields, and factory 

splices (if appropriate). 
! The same or higher service rating. 
! The same or higher volts per mil operating level.  
! Construction or configuration features (e.g., number or type of conductors) that conservatively 

represent the features of the cable styles being qualified." 
There is thus no place for any change in material composition even if evidence can be given that the new 
material has equal or better properties. There are numerous examples of incidents that have resulted in 
failed components due to lack in quality control of polymeric materials. For example new pigments or 
stabilizers in a polymer can dramatically decrease cable service life. There are also incidents where cables 
with safety function showed failure due to changes in raw materials or manufacturing process. These 
incidents can also result in major costs if the plant has to be shut down for a long time. 
The unsatisfactory quality controls of polymeric materials are related to a lack of detailed material data 
information (ageing data, thermal and radiation degradation) for component and/or polymer suppliers. 
This results in an unsatisfactory book keeping and lifetime estimations that may have an impact on 
component integrity in normal operation conditions and particularly in accident and post-accident phases.  
Polymer material properties varies greatly with additives, recipes or manufacturing procedure and evolve 
differently with environmental conditions like temperature, vibrations, radiation, etc. It exists a lot of 
negative experience when suppliers changed base material, additives or manufacturing procedures of a 
polymer material which then have resulted in material properties deviating from the original and caused a 
severe impact on material life time. 
The main reasons for these changes have usually been: 

! New legislation and/or requirements, maximum allowed concentration of elements (e.g. Cr, Pb 
based pigments), 

! Attempts to improve polymer properties, usually higher long-term stability, 
! Chemical compound availability, some are no longer available on the market, 
! Cost reduction, attempts to find less expensive raw materials. 
! Change or faults of the manufacturing process,  

An improved understanding of the mechanism of the polymer ageing and how additives are influencing 
material properties is of relevance for long term operation of operating plants as well as for new ones. 
Some nuclear facilities in Europe require, together with qualification report, also polymer “finger print” to 
be able to compare with future batches. Developing a simplified methodology for material qualification is 
therefore very welcome. This methodology should be based on identification (finger print) of the polymer 
material in order to check and compare with previous qualified polymer material and to allow a qualified 
judgment if the material would pass a qualification test, NULIFE (2011). 
 

ACCIDENT SIMULATION 

Design basis accidents (DBA) simulation consists of irradiation with accident dose and simulation of 
thermodynamic profile of the accident and post-accident period.  
The DBA thermodynamic profile is characterized by steam environment, chemical spray, high 
temperature and pressure. The profile is defined according to nuclear power plant design. Typically it 
takes 0.5 to 5 days and it is followed by the post-DBA simulation. A typical 1-year post-DBA may be 
simulated within 30 days according to IAEA (2012). In many cases, the cables are flooded with spray 
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solution. Dependent on the fluid height, hydrostatic pressure may play an important role, so it is simulated 
where appropriate. 
Test chambers used for simulation of the DBA profile for qualification are often quite small and with a 
limited partial pressure of oxygen. Diffusion limited oxidation effects can then become significant in 
terms of restricting the total degradation that will occur during the profile. Oxidation will not necessarily 
be heterogeneous, but is likely to be significantly less than what would take place in case of an actual 
DBA, where the oxygen content is not restricted. This means that the degradation produced by the 
simulated DBA may be significantly underestimated. In order to avoid it, consideration should be given to 
supplementing oxygen to the test chamber during the thermal profile and ensuring that diffusion limited 
oxidation does not take place. Oxygen enriched air or oxygen alone could be inserted in the chamber to 
better simulate DBA. 
Following the accident reproduction, a post DBA period in submerged conditions has to be simulated. 
Because it may take one year and even more in some cases, this long period needs to be accelerated to 
meet industrial requirements. This is commonly achieved using the Arrhenius approach at elevated 
temperature. During this test, the cables are loaded with appropriate voltage and current. Several 
questions about appropriate time for simulation, Arrhenius model, influence of voltage on cables in spray 
solution at elevated temperature and similar topics still have to be studied. 
During accidents, the equipment is also exposed to gamma, beta and neutrons radiation. Moreover, related 
energies and the dose rates change as the accident goes on. Together with these changes, the accident 
temperature and pressure decrease. Therefore, the effect of irradiation on the material may be strongly 
dependent on the accident phase. Some research institutes have therefore proposed to simulate accident 
irradiation in two regimes: a high dose rate at high temperature and a lower dose rates at a lower 
temperature, Bartoní"ek B., Pla"ek V. (2002). Nevertheless, some studies should be done on this open 
issue. 
Another uncertainty is the role of beta radiation on cable degradation. Considering that full beta rays 
absorption is achieved within cable jacket, we may suppose that the cable functionality will not be 
jeopardized. Indeed, beta radiation with energy of 0.45 MeV will be absorbed in a polymer thickness of 
less than 1.5 mm, while 0.2 MeV rays will only penetrate 0.3 mm. If the average cable jacket thickness is 
1.5 to 2 mm, it is obvious, that influence of beta radiation on cable degradation is limited on jacketing 
material which has a usually secondary importance for cable functionality. However, this has to be taken 
into account for a better understanding of cable behavior under accident conditions Bartoní"ek B., Pla"ek 
V., Hnát V. (2007). Similar situation can be found for neutron irradiation where more studies on the 
influence of accident irradiation with neutrons of different energies are needed.  
Another very important issue, that shall be clarified is qualification to design extension conditions. These 
are conditions that are not considered for design basis accidents, but that are considered in the design 
process of the facility in accordance with the best methodology, and for which releases of radioactive 
material are kept within acceptable limits. These conditions include also severe accidents. The 
qualification has not been standardized yet, IAEA (2014). 
 

CABLE AGEING MANAGEMENT 

The purpose of the ageing management program’s (AMP’s) is to provide reasonable assurance that the 
intended functions of electrical cables and connections that are exposed to adverse localized environments 
caused by temperature, radiation, or moisture are maintained consistent with the current licensing basis 
through the period of extended operation.  
In order to address properly cable ageing management actions, following elements must be known at 
least: 

! The actual condition of the installed cables. 
! Environmental parameters affecting cable material ageing. 
! Phenomenological ageing models describing properties evolution with time for a given 

environment. 
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Typical steps for implementation of a cable management programme include on-site and laboratory 
studies. Concerning laboratory studies, adaptation of condition monitoring (CM) techniques to installed 
cables is very important. Besides the study of CM tools, development of ageing models is required with 
acceptance criteria to define safe test intervals. Concerning on-site work, one should always consider the 
characterization of the environment as a priority. Indeed, this input is mandatory to prioritize walk downs 
and find most degraded cables. Knowledge of environment can also be very helpful for reviewing EQ of 
equipments and extend their validity (if actual environmental conditions are milder than foreseen). When 
CM techniques are validated in laboratory and workers trained, the condition assessment of most 
degraded cables can start. If acceptance criteria are (almost) reached, scheduled replacement of equipment 
should be considered. If not, a monitoring programme can be set up. This can use following elements to 
define inspection intervals: environment agressivity, cable state, historical evolution of properties, system 
function and material ageing models. 
 

Condition assessment 

When reference to condition is made, it’s very welcome to define the scale used to assess it. 
Unfortunately, no common view exists on this point but a good condition can be understood as being far 
from the end of life/acceptance criteria. A cable in good condition is thus able to perform its function 
properly during a long enough period of time. All properties usually change with time and result in ageing 
of the cable polymer. In order to select the most appropriate condition monitoring technique, it is 
important to know which property will change the most and which one will reach its related end of life 
criterion at first. 
Condition Monitoring (CM) techniques are therefore very important. These can be divided between the 
qualitative and quantitative tests. Qualitative methods give a global appreciation of the cable without 
producing useful data (visual and tactile inspection or voltage withstand test) but quantitative ones result 
in values that can be compared to the acceptances criteria and can be trended (elongation at break, 
insulation resistance, OIT/P, solvent uptake factor, …). 
The ideal CM technique should have following characteristics: 

! Monitor a trendable property evolving monotonically with the ageing state of the cable. 
! Have a well established acceptance criterion. 
! Be accurate enough to identify batch variation (useful for old cables). 
! Be easy to use on site with the limitations of the nuclear environment. 
! Not be subjected to environmental interferences like temperature or humidity changes. 
! Detect local degradation as well as overall degradation 

 
At present, it does not exist an overall accepted CM technique that would be able to assess the condition 
of cables with satisfactory accuracy. The uncertainty associated with limited knowledge on actual cable 
condition is the major problem when giving predictions about cable life time. Of course, all ageing 
models also contain uncertainties and are therefore another important limiting factor.  
 

Environment characterization 

Temperature is the catalyst of many ageing reactions for polymers. It is therefore important to detect 
thermal hotspots. Besides elevated ambient temperature, three sources of hot spots can be encountered on-
site: contact with a hot part, infrared radiation from overheated elements and Joule’s heating of the 
conductors. In this last case, the temperature can be much higher for the insulation than for the jacket. 
Radiation is a stressor very specific for the nuclear facilities. Among #, $, % and neutron radiation, only % 
is encountered in significant amount in controlled area of nuclear power plants excepted in accidental 
conditions. 
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Moisture impacts cable properties by corrosion of metallic components and chemical/physical ageing of 
some polymers (like hydrolysis of ester bonds). A monitoring and management of this environmental 
parameter is therefore important if sensible materials are installed. 
Next to these stressors, chemical agents should also be considered in some locations. Among others, oil, 
hydraulic liquid or diesel can be found in technical areas like the turbine hall where small leaks can 
sometimes contaminate several cable trays before being identified. 
Mechanical damages are mostly linked to improper handling of cables. Exposure of the insulation to 
environment due to a damaged jacket or higher Joule’s heating due to drawing of conductors can speed up 
locally the ageing of cables. 
 

Definition of a monitoring programme 

The objective of a monitoring programme is twofold: follow up the ageing of cables and the 
environmental conditions in the plant. This last part is required if engineers want to be able to draw 
conclusions for non tested cables from the tested ones. Being able to deduce an assumed condition of a 
cable based on its composition and environmental conditions can spare a lot of resources by testing cables 
right on time. The actions should therefore be prioritized in order to monitor the most degraded cables 
made of the most ageing-sensitive material in the harshest environment. 
 
If the ageing sensitivity of the cables is not known, trending of functionality related properties can be 
used. In this case, only quantitative condition monitoring techniques should be used. If historic values are 
available for a cable which approaches its end of life criteria, testing intervals should be reduced in order 
to replace the cable right on time. 
 

RESEARCH AREAS 

Based on the elements exposed above, following topics should be considered in further studies or 
collaborative projects: 

! Improvement of sample preparation for testing.  
! Identification of the appropriate functional properties to be tested.  
! Development of ageing models taking into account all important stressors. 
! Improvement of normal operation simulation (temperature, radiation, mechanical stress, 

chemicals, voltage, ohmic heating, …).  
! Definition of reliable accelerated ageing models for semiscrystalline materials with inverse 

ageing behavior.  
! Improvement of accident simulation on the oxidation point of view. 
! Development of methodologies for a reliable post-accident period simulation. 
! Characterization of the relative influence of beta, gamma and neutron irradiation on cables. 
! Definition of appropriate acceptance criteria. 
! Evaluation of the influence of additives, recipes and manufacturing process on final properties. 
! Quantification of synergistic effects of different parameters (temperature, radiation, moisture, 

vibrations, …).  
! Development of simple methods for identifying polymer composition on-site (portable XRF, 

FTIR, NMR, …).  
! Selection of easy to perform quality check for additive identification (new material vs. reference).  
! Definition of acceptance criteria for replacement material (variation of carbon black or heat 

stabilizers performance) 
! Establishment of correlation between composition and properties.  
! Proposition of guidelines on how qualified material should be managed.  
! Adaptation of laboratory CM techniques to site testing. 
! Development a technique for defect detection in cable. 
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! Determination of the impact of different stressors during normal operation (temperature, 
radiations, moisture, chemicals, …) on cables properties. 

! Evaluate the influence of mechanical stress due to improper installation (excessive bending, 
scratches in the jacket or cable pressing) on cable life-time and especially on the behavior during 
accident.  

! Evaluate the impact of defects on the rate of cable degradation and cable behavior during accident 
and post accident period. 
 

CONCLUSION 

 
The paper tries to summarize some areas and topics, where research needs to be done on electrical cables. 
It is divided in EQ testing and EQ preserving in form of ageing management programme. Nevertheless, 
both areas overlap in many aspects. Main topics are following: 
 
Ageing model  
Development and validation of ageing models for reliable ageing simulation. These models also 
contribute to extrapolate results from accelerated ageing experiments (high temperature, radiation dose 
rate and humidity) to normal operation. They have to be available for materials with specific behavior, 
e.g. semicrystaline.  
 
Stressors simulation 
Simulation of NPP stressors effects are mainly supported by ageing models (see above). Nevertheless, 
some stressors are more difficult to simulate (accelerate) in a reliable manner e.g. voltage stress, ohmic 
heating, mechanical stress, chemical attack etc. 
This area also covers reliable simulation of accident and post accident periods and explains why severe 
accident simulation procedure should be developed 
 
Comparison qualified vs. installed 
Type testing qualification has to be carried out with a representative sample. Nevertheless, in the reality, 
the material used for installed cables may differ. There are numerous examples of negative experience in 
NPP when suppliers changed base material, additives and manufacturing procedures which resulted in 
cable failure. Hence a test method to check qualified vs. installed equipment shall be developed, 
especially for seals and electrical cables. 
 
Condition assessment 
Lifetime of equipment is mainly based on qualification test. Several approximations inherent to this 
method limit the ability to predict remaining useful life. Therefore, long-term monitoring (condition 
assessment) of the material degradation is recommended. Currently, no overall accepted method for 
condition assessment and residual lifetime determination is available. 
 
Acceptance criteria 
Definition of acceptance criteria is crucial for lifetime assessment. Criteria do not have to be needlessly 
conservative. Nevertheless, they must take into account possible variation of properties along the cable 
and differences between batches. Therefore, they must be conservative enough to cover these 
uncertainties. Selecting suitable properties for testing and their acceptance criteria has not been unified 
yet. Further research needs to be done. 
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