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ABSTRACT 
 
This paper describes the development of the environmental qualification program for important electrical 

equipment (EQPEE) used for safety in Angra 1 Nuclear Power Plant (NPP). 
The environmental qualification program started in United States of America by the Nuclear Regulatory 

Commission (NRC) after the Three Mile Island (TMI) Nuclear Power Plant Accident in 1979. 
In that event, some equipment installed inside the reactor containment of TMI failed due the harsh conditions 

that occurred after the accident. 
Because of this fact, the NRC issued the Regulation 50.49 “Environmental qualification of electric equipment 

important to safety for nuclear power plants”. 
The Brazilian regulatory commission CNEN also asked Angra 1 to follow this regulation and to implement an 

EQPEE similar to the programs adopted by American and other NPPs around the world. 
Due to the importance to maintain the critical equipment operating in normal and abnormal environment 

conditions, the program aims to assure that this equipment remains qualified to work under the harsh conditions 

found inside the reactor containment. 
The aging of these components are also analyzed in this program that is important in the process to extend the 

operating life of Angra 1 for more 20 years, which is normally referred as Long Term Operation (LTO). 
 

1. INTRODUCTION 
 
Qualification is the process used to verify and assure if electrical equipment is capable of 

performing its intended safety function in a Nuclear Power Plant. 
Normally exists in the NPPs a structure named “containment” which function as a barrier to 

avoid radioactive materials to be released in the environment, in the case of an abnormal 

condition. 
Inside the containment are locate the main structures, systems and components (SSCs), like 

the reactor vessel, the steam generators, the pressurizer and other components related to the 

nuclear steam supply systems and also those components to assure a safe reactor shutdown 

and to mitigate the consequences of an accident condition. 
In case of an accident, the environment conditions inside the containment became severe, 

with high temperature, steam, radiation and caustic spray, so the components in this ambient 

are qualified for “harsh” conditions. 
Other SSCs that are located outside containment and which the environment conditions do 

not change in case of an accident are qualified for a “mild” condition. 
The instrumentation and control (I&C) components are also considered as “electrical” 

equipment and are included in the EQPEE. 
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As the qualification of a component for harsh environment is time limited to the qualification 
time, it is necessary a program to assure that the component is qualified to perform its safety 
function up to the last moment of the expected lifetime of the plant. 
 

2. QUALIFICATION PROCESS 
 
The methods used to perform a qualification process in a component normally follow some 
guides and standards cited in the references of this paper. 
Four methods of qualification process are used: 
• Type testing; 
• Operating experience; 
• Qualification by analysis; 
• Combination of above principles. 
The most common used principle for qualification is the type test. In the qualification process 
using this principle, some samples of the component being qualified are submitted to a 
sequence of simulated operation conditions that replicate those that are found in normal and 
abnormal environment situations. 
The performance of the component is evaluated before and after each phase to determine if 
any degradation occurred that could affect its operation. 
For this, a qualification plan is elaborated describing the sequence of tests, the environment 
conditions that will be simulated and the acceptance criteria. 
As the component to be qualified suffers aging of its parts during normal operation, an 
important step of the qualification process is to submit the samples to an accelerated aging 
due to temperature and radiation, simulating the conditions that are present in the 
containment during normal operation. 
Normally a qualified life is specified by the manufacturer of the component and this time is 
simulated in accelerate aging test. If the component fails in the test, a possible reduction the 
qualified life may be adopted. 
After this process, the samples are submitted to environment conditions that simulate a loss 
of coolant or high energy line brake accidents (LOCA/HELB) that can last the equivalent of 
one year after the accident. 
High level temperature, pressure and ionizing radiation are simulated in special test sets with 
the component being monitored to identify any deviation from its operating response. 
The samples are submitted to a seismic test too, that is not an environment condition but is a 
postulated event that can occur in the plant site. 
If the samples withstand all phases of the test and the performance results are acceptable, it is 
said that the component is “qualified” for use in safety function in harsh environment for the 
specified qualified life. 
A qualification test report is issued with all information obtained through the qualification 
test phases. 
It is important to note that the qualified component maintains its qualification for a 
determined amount of time if submitted to expected levels of normal ambient temperature 
and radiation. 
This point is important because the component shall withstand an accident condition that can 
occur in the last moment of the expected operation life. 
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3. ENVIRONMENT QUALIFICATION PROGRAM 
 
In order to assure that all electric and instrumentation and control component important to 
safety in Angra 1 NPP can perform its intended function during normal and abnormal 
conditions, an EQPEE is being implemented in this plant.  
This program will be active until the plant is decommissioned and the following items will be 
part of the EQPEE: 
• Electrical equipment related to safety required to remain functional during and after 

design basis events to ensure: 
a) The integrity of the reactor coolant pressure barrier; 
b) The ability to shut down the reactor and keep it in a safe shutdown condition; 
c) The ability to prevent or mitigate the consequences of accidents that could result in 
potential external exposure. 

• Electrical equipment not related to safety whose failure under postulated environmental 
conditions could prevent the satisfactory fulfillment of the safety functions. 

• Post-accident monitoring equipment important for monitoring the result of the accident, 
as described in Regulatory Guide 1.97. 

The EQPEE has the following phases: 
• Design input phase; 
• Establishment phase; 
• Preservation phase. 
The design input phase defines all the information that is necessary for EQPEE established in 
Angra 1. 
This activity determines the operating conditions (normal and accident) to the EQPEE 
equipment in the program. 
This information is provided by specific safety analysis in Final Safety Analysis Report 
(FSAR) and other documents of Angra 1. 
The qualification establishment phase involves all the activities needed to establish the 
EQPEE in Angra 1, as the survey of the items that should be part of the program, information 
about their qualification and the period in which such items remained in operation. 
When the qualification is established, the activities of installation, operation, maintenance, 
replacement or modification in critical equipment of EQPEE, if they exist, should be 
identified in the qualification preservation phase. 
 

4. DESIGN INPUT PHASE 
 
This phase considers that the EQPEE is a kind of aging management program because it uses 
the time limitation as the principal issue for determining the qualified life of the equipment, 
considering the aging degradation. 
When the equipment arrives its expected time of qualification, it should be replaced, or the 
existing calculations and qualification information shall be updated to demonstrate the 
validity of the limited time assumption for the extended use period. 
The approach adopted in EQPEE considers that events like LOCA and HELB only affect the 
environment inside the containment and no other area of the plant is affected. All unaffected 
areas are considered mild environment. 
The parameters that are considered as an stressor agent or aging mechanism in this phase are: 
- temperature and humidity in normal operating conditions; 
- pressure under normal operating conditions; 
- dose rate under normal operating conditions; 
- total integrated dose in normal operating conditions; 
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- temperature in accident conditions; 
- pressure in accident conditions; 
- dose rate under accident conditions; 
- total integrated dose in accident conditions. 
 
The Figure 1 shows the pressure versus time and temperature versus time profiles that will 

occur inside Angra 1 containment in case of LOCA/HELB accident. 
The qualification test profile used in the qualification process of each EPQEE component 

should be checked against these profiles. 
 

Figure 1: Pressure versus time and temperature versus time profiles forLOCA/HELB 

accident inside containment. 
 

5. ESTABLISHING PHASE 
 
This phase is characterized by several steps and consists in the establishment of the EQPEE 

considering the following facts: 
- definition of which electrical and I&C components is subject to the program; 
- identification of the individual data of each component, considering, in particular, the 

following parameters: model, serial number, installation location, date of start of operation 

and other relevant information; 
- data input in the Environmental Qualification Management System (EQMS) software; 
- verification of the qualification status of the component according to the EQMS. 
The following subsections describe the steps to be performed in this phase. 

5.1.  Elaboration of single line qualification diagrams 
 
To facilitate the identification of the components that will be in the EQPEE, the single line 

qualification diagrams (SLDs), were elaborated using the EPRI document TR1021067 as 

reference. 
These diagrams cover all components of electrical and I&C circuits inside the Angra 1 

containment, since the EQPEE is limited to this environment. 
Drawings showing the connections to the electric penetrations of Angra 1 were used as the 

basis for the elaboration of the SLDs. 
Since all the connections to an electrical or I&C inside containment component necessarily 

goes through an electrical penetration, evaluating all circuits connected to the various 

penetrations ensures that all components have been covered. 
In these diagrams the cables, penetrations, splices, connection boxes of any device, junction 

boxes, terminal blocks, sensors, process transmitters, limit and torque switches, solenoid 

valves, motors, heaters and other items were considered as components of the program. 
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The estimated total of items to be evaluated for their qualification in the EQPEE is over 1750. 
In Figure 2 there is an example of a SLD. 
 
 

 
Figure 2: Example of a single line diagram for Angra 1 EQPEE 

5.2.  Field inspections 
 
The field survey of the EQPEE component data defined by the SLDs is necessary for this 
data to be entered into the program database. This stage is called field inspection or 
“walkdown”. 
The survey is carried out to gather the basic information of the EQPEE components, which 
are: location of the installation, photograph of the item, manufacturer and model of the item; 

serial number, nameplate data and any other available information. 
Since the control of what is effectively installed in the field is very important, collecting the 
data from what is installed ensures the quality of EQPEE information. 
The best opportunity for the survey is during the scheduled outages of Angra1, when the 
components that are located in the containment building can be accessed. 

5.3.  Filling the database 
 
The data obtained in the previous phase is compiled and stored in a database. 
Eletronuclear uses the Environmental Qualification Management System (EQMS) developed 
by the Electric Power Research Institute (EPRI) as software tool to support this project. 
The Curtiss-Wright Company actually supplies the EQMS software. 
The EQMS is a state-of-the-art software tool for integrated management designed to help 
plant users to manage their environmental qualification programs more efficiently and 
economically. 
The EQMS integrates the calculations required to support environmental qualification 
documentation directly into the software, which simplifies the process of evaluating 
environmental qualification. 
In this phase all data related to the qualification of each component is collected, as well as 
when the component came into operation. 
With the information of the EQPEE components obtained by the field inspection, the 
qualification data of each component is surveyed and retrieved from the Purchase Orders and 
documents that accompanied the delivery, like Qualification Reports, Conformance 
Certificates and others. 
These documents are part of the Environmental Qualification Reference File (EQRF) for each 
EQPEE component and the management of the available documentation is executed with the 
aid of EQMS. 
If the information is not obtained from existing documents in the Eletronuclear, this data may 
be obtained from the Equipment Qualification Data Base (EQDB) or directly from the 
component manufacturer, if possible. 
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Similar to the EQMS, the EQDB is maintained by Curtiss-Wright Company that gathers 
multi-component qualification information, including manufacturer qualification reports or 
information regarding qualification processes performed by other nuclear power plants. 

5.4.  Component qualification assessment 
 
With all data of the components related to the EQPEE included in the EQMS and the 
qualification information obtained, the evaluation of the qualification of the components 
begins. 
Using the data defined in the design input phase, the necessary parameters are compared to 
the information in the Qualification Report for each component. 
The temperature versus time and pressure versus time profiles for LOCA/HELB accidents 
(Figure 1), the dose rate and total integrated dose of radiation, the containment spray 
resistance for each component are analyzed in order to determine if the component is 
qualified or not for the accident conditions. 
A comparison should be done between the conditions which the components were submitted 
during the qualification tests and present requirements. 
Since the components have already been subjected to the environmental test conditions 
considering margins, if the qualification data is beyond the needs, they are considered as 
meeting the necessary requirements. 
It should be considered at this time the period that the component should remain functional or 
mission time. 
If it is verified in these analyzes that any condition above is not met by the component, it is 
considered as non-qualified. 
As the qualification of each component is defined for a given aging time period due to 
exposure to temperature and radiation in operation at normal conditions, the values defined in 
the design input phase for temperature and radiation inside the containment is compared with 
those existing in the Qualification Reports of each component of the EQPEE, in order to 
determine what would be the theoretical period for which the component maintains its 
qualification for Angra 1. 
The Qualification Report also evaluates how long would be the defined qualified life of the 
component in relation to the operating temperature, if there is a reduction or an extension of 
the qualified life, using the Arrhenius formula. 
The description of the EQMS shows that it has tools to simplify this analysis. However, this 
evaluation may need to be done component by component. 
 

6. PRESERVATION PHASE 
 
This phase is subdivided into three types and consists of the preservation of the qualification 
of PQAEE components considering the following: 
- monitoring of environmental conditions, especially temperature and ambient radiation; 
- adoption of maintenance procedures in order to maintain the qualification of components; 
- actions for requalification of components; 
- actions to replace non-qualified items. 
The preservation phase is to be maintained until the last day of operation of Angra 1. 
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6.1.  Preservation of qualification due to environmental conditions 
 
If a certain component is qualified for normal and abnormal operating environmental 
conditions, it maintains this qualification for a certain period of time, defined in the 
qualification tests carried out and recorded in the Qualification Report. 
Initially the EQPEE uses the data for the environmental conditions defined in the design input 
phase. 
However, the actual environmental conditions may differ from the theoretical conditions 
defined in the input design phase. This explains why the preservation phase is necessary 
considering the actual conditions existing in Angra 1 containment. 
In this type of preservation, the normal environmental conditions of operation, such as 
temperature and radiation, are monitored in order to verify, using the information in the 
Qualification Report of each component, the actual aging rhythm that each component is 
subjected to. 
The qualification period depends on the working temperature of the component and the total 
integrated dose (TID) of radiation absorbed by the component. 
With real data it is possible to evaluate how long the qualification time remains for the 
component. 
A pilot program for this monitoring was carried out in the Angra 1 operating cycle, between 
the 1P21 and 1P22 refueling outages (2015 to 2016). 
Active data loggers have been installed which, through an electronic circuit, register 
temperature data with a predetermined sampling rate in the internal memory. 
This data can be retrieved in spreadsheet format after the operation cycle. 
To monitor the TID, alanine dosimeters are used to register the radiation doses which the 
environment was subjected during the operation cycle. 
Each dosimeter is installed together with a data logger, so can be evaluated the temperature-
radiation conditions of each monitored area. 
Approximately 20 environment representative points were selected close to EQPEE 
components or near selected components for the first collecting period. 
For the operating cycle between outages 1P22 and 1P23 (2016-2017) 40 sets were installed, 
20 of them were installed in the same locations already monitored and the others in new 
places not yet monitored. 
The purpose of installing monitoring sets in previously monitored locations is to verify that 
the behavior pattern of these variables repeats for more than one cycle. 
This monitoring will be repeated for several cycles of operation, so that a mapping of 
temperatures and radiation in areas where EQPEE components are installed is obtained. 
At this point it could be evaluated whether the monitoring can be of a comprehensive form, 
for example conditions of a wide area like room or corridor, or if the same should be done for 
a specific component, installing the sets in the body or very close to it. 
Manual analysis may be required for specific components that are not in typical 
environmental conditions. 
Figure 3 shows some typical installation of monitoring devices near components inside 
containment and Figure 4 shows some temperature data obtained near an EQPEE component. 
It is possible to see the temperature variation during an operation cycle of Angra 1 due to the 
external seawater temperature and other factors. 
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Figure 3: Typical installation of monitoring devices. 
 

 
Figure 4: Temperature versus time near an EQPEE component. 
 

6.2.  Qualification preservation due to maintenance 
 
The qualification of the components is only guaranteed if a series of physical conditions of 
the components recommended by the manufacturers are preserved during the time in which it 
remains in operation. 
As an example we can mention the seals, existing in a series of types of components of the 
EQPEE, that ensures the steam that occurs during an LOCA/HELB accident does not 
penetrate inside the equipment. 
These seals may be affected in the event of preventive or corrective maintenance which the 
component is subjected, which could cause malfunction during an accident condition. 
In order to maintain the function of these seals, manufacturers usually define procedures in 
the component manuals, which must be followed in case of maintenance. 
Another situation is the periodic replacement of certain parts of components that deteriorate 
with time, also defined in the manuals. 
All actions required to preserve the qualification recommended by manufacturers should be 
identified for all EQPEE components, and are added to existing maintenance rules and 
procedures in Angra 1. 
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6.3.  Component requalification 
 
For those components that are identified as having ended the qualified life or that will have 
their qualified life expired in a short time, two alternatives are possible: replacement or 
requalification. 
Replacement by a new component is the apparently simplest solution, but it implies in high 
costs, because normally qualified items are very expensive, or the physical difficulties of 
replacing the existing component, a typical case of the latter being the electrical cables. 
Requalification involves a more complex process, since it consists of extending the qualified 
life of the component for a period beyond the one defined in the Qualification Report. 
As an example, in other NPPs some items originally qualified for 40 years have their 
qualified life extended to more 20 years. 
To do this, it is necessary to perform new tests on components that have already undergone 
real aging to prove that their qualified life can be extended for another period of time. 
However, this approach does not guarantee that this extension can be achieved because the 
component may not pass the additional tests. 
So this decision shall be evaluated in many aspects considering the aging of the equipment 
and the economic feasibility. 
The EQDB contains information that will help us perform the requalification without the 
need for new tests. 
 

7. CONCLUSIONS 
 
The EQPEE is an important program to assure the safe operation of Angra 1 and shall be 
active until the last day of operation of the plant with the documentation organized in an 
auditable form. 
It is the intention of Eletronuclear to extend the license of Angra 1 from the original 40 years 
of operation to 60 years. 
Several plants around the world have applied for license renewal to their regulatory bodies 
and were successful. 
To do this the plants implanted a Long Term Operation program that covers several aspects of 
the plant SSCs and the EQPEE is one of the several actions that shall be active to achieve this 
goal. 
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