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Abstract 

IPSN in conjunction with EDF has been developing for the last few years an approach for 
the diagnosis and prognosis of the Source Term during an accident on a PWR. Intended for 
the off-site emergency teams, this methodology is implemented with dedicated manual and 
computerized tools within the frame of the SESAME project. 

It is necessary to have access during the accident to various information dealing with the 
state of the plant. These information needs and the various means available to pick up data 
from the plant are described in this paper. 

Emphasis is given on the analysis of data that is needed to avoid any failure in the 
assessment of the state of the safety barriers and functions. This analysis deals with : 

the quality of the information depending on the environmental conditions and 
on the availability of the supply systems, 

the cross-check between measurements of same type, 

the cross-check between measurements of different types. 

OECD(NE4) CSNI specialist meeting on instrumentation to manage severe accidents. 
Cologne, Germany, 16th-17th March 1992. 
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Introduction 

The instrumentation needs in case of accident on a PWR are twofold. They cover on the 
one hand the accident management by the operating team and, on the other hand, the 
follow-up of the accident by the national crisis teams. After recalling the tasks and 
resources of the ÎPSN Emergency Technical Center (ETC), this paper reviews the 
information necessary to the crisis teams. 

The measurements - existing and to be developed - essential to provide a diagnosis and a 
prognosis of the state of the installation are described. 

Finally, the needs in matters of management of the data provided by instrumentation are 
defined, as regards their acquisition, their organization, their control and their use within 
the IPSN ETC. 

1 .INSTRUMENTATION NEEDS ANALYSIS FOR THE CRISIS TEAMS OF THE 
FRENCH PROTECTION AND NUCLEAR SAFETY INSTITUTE. 

1.1. The national emergency organization. 

In case of accident in a nuclear installation, it is necessary to evaluate the situation and in 
particular to forecast its possible consequences in terms of release into the environment. In 
France, this information is elaborated by a national emergency organization and provided to 
the local government representative (the head of the Prefecture) who takes it into account in 
order to implement the decisions concerning the protection of the population. 

The national emergency organization consists mainly of a decision-making level (the 
Emergency Managing Centers) and a reflection level (the Emergency Technical Centers of 
the utility - one located in the plant, the other in the Paris area - and of the IPSN). 

The IPSN Emergency Technical Center (ETC) is organized round a management unit 
receiving analysis data from two working parties, one studying the situation within the 
damaged plant (Plant Assessment Unit) and the other concerned with assessing the 
radiological consequences of the accident (Radiological Consequence Unit). 

1.2. The Plant Assessment Unit. 

This paper focusses on the instrumentation necessary for the work performed by the Plant 
Assessment Unit. During an emergency, the experts working in this Unit have to face the 
challenge of making, in real time, an operational synthesis of the available information. In 
particular, they have to make the discrenpancy between essential and subordinate 
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information, detect the errors and raise the judicious questions at the right time. Finally, 
their synthesis aims at providing a diagnosis and a prognosis of the situation. 

Although this synthesis is elaborated by the IPSN ETC on its own side, it is periodically 
confronted through a phone conference network, with the diagnosis and the prognosis 
performed by the ETCs of the utility. In order to structure the dialogue between the three 

\, M, » ^ j ^ ETCs, a think grid has been jointly designed (fig. 1). According to that grid, the surveyed 
YUA '^" items are : the physical state of the safety barriers (fig.2), the availability of the safety 
I ' t l ,yi- ? ,- U A systems and the margins to critical states. 

Various means are available to pick up the information needed for filling up the think grid : 

- the terminals existing in the plant are duplicated in the ETC. These tools 
allow the access to logic and analogic signals available for the operators. 
This information is structured within synthesis images describing the state of 
the plant. These data are transmitted through the French national network 
TRANSPAC. 

- specific messages are used in case of unavailability of the plant computer. 
In this case, the information is transmitted to the ETCs by fax or through 
phone conference. 

These data being obtained are structured in a pre-formated think grid designed with the 
national operator. This message describes the state and the evolution of the safety barriers, 
of the safety functions and of the safety-;?lated systems. The answers to the quantitative 
questions are calculated with manual or computerized tools developed within the frame of 
the SESAME project (fig.3). 

2. NECESSARY MEASUREMENTS. 

2.1. Diagnosis of the plant. 

The diagnosis provides information on the state of the three safety barriers. It gives also the 
state of each safety function and associated systems. Fission product releases out of the 
fuel, activity suspended into the containment, leak path and releases in the environment are 
thus estimated. 

2.1.1. First barrier. 

The state of the first barrier, the fuel, is determined by two measurements : 

- the core exit temperature, 

- the dose rate in the containment. 
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The subcriticality safety function is followed up using the intermediate nuclear measuring 
channels. 

The water-inventory safety function is followed up using the reactor vessel, containment 
sump and pressurizer levels with the saturation margin. 

2.1.2. Second barrier. 

The state of the second barrier, the primary circuit, is determined by two measurements : 

- the containment pressure, the saturation margin, a primary circuit mass 
balance and the dose rate in the containment for a primary break within the 
containment, 

- the same parameters associated with the activity measurements in the 
surrounding buildings for a break out of the containment on a connected 
circuit, 

- the activity and steam generators blowdown measurements associated with 
their levels for a steam generator tube rupture. 

The heat removal safety function is followed up using the temperature and the pressure of 
the primary circuit. 

2.1.3. Third barrier. 

The state of the third barrier, the containment, is determined by the follow-up of : 

- position switch on the isolating valves of the mechanical penetrations which 
are useful to detect a leak path, 

- the activity through the stack, in the auxiliary sumps and buildings 

for the assessment of the containment integrity, 

- the state of the steam generator and condenser steam dump valves 

- the damaged steam generator pressure and the mass balance 

for an accident with steam generator tube rupture and steam 
pipe rupture. 

The associated function, the confinement, is followed up by the containment building 
pressure and an activity balance between the containment and the environment. 
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2.1.4. Quantifications. 

The filling-up of the synthesis grid needs the quantification of various parameters or 
phenomena. This is done with correlations or computerized tools using simplified models. 

The BRECHEMETRE software is dedicated to the assessment of the primary break size 
by means of a mass balance based on the pressurizer level and the input and output flow 
rates. The water inventory is compared with critical flow rate correlations to assess the 
break size dealing with this thermohydraulic environment. 

The criticality margin is assessed with the boron concentration measurement and the 
thermohydraulic characteristics of the coolant by means of the CRAC software. A mass and 
concentration balance is used in case of unavailability of the boron direct measurement to 
determine the anti-reactivity associated with the burnable poison. 

The clad rupture or core meltdown fraction is estimated with the exit core temperature or 
the containment dose rate. This is done using correlations introduced in the SINBÀD 
software. 

The containment leak rate is assessed from a leak size and the containment pressure using 
the SINBAD software. The ALIBABA expert system provides an early diagnosis of 
containment leakage using the instrumentation associated with the containment isolation and 
the activity measurements. 

The containment building pressure and temperature measurements associated with particular 
assumptions such as steam saturation or core meltdown fraction allow the hydrogen risk 
assessment using the HYDROMEL software. 

The release into the environment during an accident without containment bypass is 
quantified in the PERSAN software. It is obtained from other softwares results and 
particular information such as the use of the spray system or of the sand-bed filter. 

The release into the environment during an accident with containment bypass and without 
core damage is quantified in the RTGV software using simplified models of 
thermohydraulic and of fission product transfers. 

2.2. Prognosis on the accident progression. 

The prognosis on the state of the plant deals with the state of the safety functions and with 
the availability of the associated functions. The necessary information can be provided 
directly by the instrumentation such as it is the case for reliable or foreseeable losses due to 
defaults on the supply systems. The information can also be picked up through the control 
team for the procedures to be followed or through the on site operating teams for the repair 
or substitution of devices. 

Some quantifications are necessary as for the diagnosis. 
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The SCHEHERASADE software deals with the delay before core uncovery by means of a 
mass and energy balance. The necessary information is the thermohydraulic environment 
and the input and output flow rates in the primary and secondary circuits. 

The predicted time between core uncovery and clad rupture or core meltdown is calculated 
with the residual power using the SINBAD software. 

The prognosis on the releases calculated with the PERSAN software does not need 
additional information from the instrumentation. 

2.3. Measurements to be developed. 

Some limitations exist in the available instrumentation dealing v/ith the implementation of 
the diagnosis-prognosis method : 

- the dose rate measurement in the reactor building does not allow an 
accurate assessment of the activity of the various families suspended in the 
containment. 

- the direct hydrogen measurement is not available in all foreseeable 
conditions. 

- finally, the containment leak is not directly measured. 

Specific phenomena dealing with the accident progression in case of core meltdown such as 
core slump, bottom head failure and corium-concrete interaction cannot be followed up by 
an appropriate instrumentation. 

3. DATA MANAGEMENT. 

3.1. Data collection. 

As described under 1.2., various means are available in order to catch the required 
information. Manual and automatic tools have to be separately mentioned : 

- the local treatments allow the storage of 100 measurements important for 
safety every minute. When they are available, these data allow the diagnosis 
of the plant state (mainly safety barriers and functions). It is automaticaly 
reassessed with the reception of a new set of values. The advantage of this 
device is the exhaustivity while its main disadvantage is the leak of reliability 
which demands the results validation by an expert. The pre-defined messages 
sent by fax are used in place of this tool while the plant computers are 
unavailable. 
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- the other means allow to pick up more precise but less general information 
which deals with specific questions. 

3.2. Data organization. 

The set of data necessary for the implementation of the diagnosis-prognosis method in the 
IPSN ETC is structured in three main parts : 

- the data dealing with a standardized plant series. They describe the 
buildings and main equipment geometrical characteristics ; these basic data 
are not modified during the crisis, 

- the data dealing with the initial conditions of the unit such as power 
history, fuel features and various information on particular aspects of the 
plant before the accident, 

- the data changing during the accident, mainly the thermohydraulic data of 
the primary and secondary circuits and of the reactor building. They are re
assessed automatically when local treatments are available or manually when 
periodic messages sent by fax are used. 

The use of this organization allows the crisis team to follow up the accident in a better way 
by taking into account the new values more quickly. 

3.3. Data control. 

Each data has to be checked in order to assess its validity. The reception of an 
alphanumerical data means that the sensor, the transductor and the processing functions are 
available with their supply systems. If not, a specific code is sent meaning that this 
measurement is unavailable. The sensor qualification, its physical environment and 
electrical supply are described. In cass of availability, the value is compared with its up and 
down limits. 

The consistency between the measurements of the redundant chains or of the same type of 
sensors is checked. Such controls are : 

- the cold and hot leg, core exit and between legs temperatures , 

- the pressurizer, reactor vessel, refueling water storage tank and sump 
levels, 

- the various activity measurements. 

Finally, the more sophisticated control deals with the cross-check of measurements of 
different type. Such controls are : 
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- exit core temperature with containment dose rate, 

- reactor vessel level and saturation margin, 

- refueling water storage tank level and safety injection flow rate, 

- reactor vessel and pressurizer levels with the temperature before the 
pressurizer valves, 

- boron concentration and intermediate nuclear measuring channel. 

This analysis allows to re-assess a data or to detect a particular event such as a bubble at the 
top of the reactor vessel or a primary breach through the pressurizer valves. 

This set of control is structured by means of rules dealing with periodically received values. 

3.4. Data processing. 

The collected, structured and controlled data are used in different ways : 

- position and displacement in the state grid, 

- use in the various SESAME softwares, 

- filling-up of the think grid. 

This data management is semi-automatic. Each diagnosis proposal has to be validated by the 
crisis team of the Plant Assessment Unit. 
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Conclusion 

The present direction of the IPSN tasks in matters of accidental instrumentation deals with a 
more efficient follow-up of a severe accident by the crisis teams. However, the 
instrumentation is assessed to be fully available under the qualification conditions and 
unavailable beyond. The next step will deal with the behaviour *r:d response beyond these 
environmental conditions and with the complementary instrumentation needs. 
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