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ABSTRACT 

The objective of the project is to develop a procedure validation system that is able to 
simulate the effect of operator actuations. This tool consists of the combination of a plant 
transient simulation code TRETA, a computerized procedure system COPMA-III, adapted for 
simulation and a software interface that provides the communication between COPMA-III 
and TRETA. During the first stage of the project three principal tasks have been carried out: 
the plant model for TRETA, the interpretation and computerization of the Emergency 
Operating Procedures (EOP), which was done concerning the steam line break as a pilot 
application, and the COPMA/TRETA connection and the definition of the communication 
protocol developed using the Software BUS data communication system. 

1 INTRODUCTION 

Operator actions play an important role in accident sequences. However, design 
analyses summarized in safety analysis reports seldom include consideration of operator 
actions. This is so because this kind of analysis is mostly oriented to the verification of 
automatic protection performance. Nevertheless, operators are required by compulsory 
Emergency Operating Procedures (EOP) to perform some checks and actions from the very 
beginning of an accident. On the other side, Probabilistic Safety Analysis (PSA) studies, 
which include situations going beyond the design assumptions of automatic protection, 
include operator actions as important contributors to the plant protection, but the dynamic 
effects of these actions on the process evolution are not usually analyzed in detail. The 
conclusion is that, in most cases, the safety verification studies lack of an adequate 
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consideration of operator actions, especially regarding how they may enhance the automatic 
actions or conflict with them. 

An increasing trend in the nuclear industry is to implement operating procedures in 
computational environments able to be integrated in control rooms. Some of these 
computerized procedures systems have also the capability to continuously monitor the plant 
conditions related with the procedure execution and even to issue the component 
manipulation orders included in the procedure, usually upon operator acknowledgement. 
These features can also be used in simulation environments to communicate the procedure 
system with a plant simulator in order to include in the simulation the effects of the operating 
procedures. The joint tool so obtained is applicable to a variety of analyses, including 
procedure verification and global plant safety assessment. 

2 ACCIDENT SEQUENCES SIMULATION APPROACHES 

Accidental sequences begin at normal operation, either at power or shutdown modes. At 
the first stages, especially when the sequence starts from power operation, the plant behaviour 
is characterized by a high number of working systems and a global behaviour dominated by 
the performance of the control systems. Physical processes are usually within their optimal 
design conditions and a number of assumptions and approximations can be done in the 
simulation models. The main simulation concern at these stages is to take into account all the 
interactions between involved systems and/or processes. 

When the accident is already in progress, the number of interacting systems and 
processes is significantly less, but the phenomenological complexity is usually much higher. 
New systems that were in standby or passive modes at normal operation come now into play 
and new interactions become important. 

In order to cover all the stages of the accident sequence, the simulation models should 
meet one of the following requirements: 

 
• They are detailed enough as to cover all the situations. 
• Different models are used in each situation and smooth transfer mechanisms are 

guaranteed when switching from one model to the other. 
 

The solution adopted is to implement a computerized procedure system and an operator 
decision model able to decide when each instruction in a procedure should be executed. This 
method allows for a systematic analysis of the effects of the procedures on the plant state 
evolution. An implementation of this approach using TRETA/TIZONA as plant simulators 
and COPMA-III as computerized procedure system is described in this paper. 

3 AUTOMATIC WIDE-RANGE SIMULATION APPLICATIONS 

Our group is interested in the possibility of using a simulator driver able to generate 
tree-structured simulation sequences. This technique, when combined with suitable methods 
for fault tree quantification, allows for the application of risk-based methodologies for various 
purposes, including the evaluation of Emergency Procedures and Severe Accident Guides. 

An example of such methodologies is the Integrated Safety Assessment (ISA), Figure 1, 
a systematic verification approach that can be considered as an extension of PSA and accident 
analysis techniques. It replaces the PSA static event tree with a generalized dynamic event 
tree concept based on the theory of probabilistic dynamics. The mathematical support of this 
methodology has been described in [1] and [2]. Both components of the risk, damage and 
probability are considered in this approach in a balanced and simultaneous way. 
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Figure 1: ISA schematic representation. 

4 SIMULATION PACKAGE 

The programs that compound the simulation package, Figure 2, are: 
 
1. A plant transient simulation code TRETA for PWR, or TIZONA for Boiling Water 

Reactors (BWR), developed by the CSN and UPM, [3]. 
2. A computerized procedure system COPMA-III, [4] and [5], developed by the 

OECD-HRP and adapted for simulation with the contribution of our group. 
3. A software interface that provides the communication between COPMA-III and 

TRETA, [6]. 
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Figure 2: Schematic representation of the simulation package. 
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4.1 TRETA and TIZONA codes 

TRETA and TIZONA are modular simulation programs able to simulate virtually all the 
plant systems, including control, protection and balance of plant. TRETA is a code which 
includes the necessary models to simulate PWR plants and TIZONA for BWR ones, [3].  

The implementation requirements respond to the specifications of the capability to 
perform tree-structured simulation, including event-tree automatic generation, and the 
capability to incorporate as modules other single-application oriented codes, using parallel 
techniques. 

The connection capabilities are of two non-exclusive types, devised to: provide initial 
conditions to another code, so that it can start in the course of a simulation, providing 
simulation capabilities not present and not needed at the beginning of the simulation. Also 
should exchange boundary conditions with other codes. 

A code can be connected using both types of connection. Thus, if in the simulation of a 
physical system, its evolution needs a different set of models for some portion, a new code 
can be called in for this situation, in such a way that it can interact with the existing model. 
For a code to be connected to the TRETA and TIZONA systems, certain communication 
routines must be inserted into it. The code should also have a structure compatible with some 
specifications. This part of the work is described in the section 4.3. 

 
4.2 COPMA-III 

COPMA-III is a software tool for supporting computerized procedures. It has been designed 
to be as flexible as possible and can handle most procedure types and structures. The Human 
Computer Interface (HCI) can be configured to give the operator different kinds of support, 
[4] and [5]. COPMA-III can act as a standalone system with the purpose of only browsing the 
procedure text or it can be connected to the plant process computer, or to a plant simulator, 
from which it receives the information needed for procedure execution. 

 
Thus COPMA-III can be configured to give the support needed by the operator. This is 

implemented using a set of scripts that translate the XML procedures into other 
representations of the procedure. One such script translates the procedures into a data 
structure that contains additional information that COPMA-III can use to assist the operator in 
implementing the procedure. Typically, the operator may be assisted in identifying the next 
instruction to execute depending on the choices made by the operator or data received from 
the plant computer or simulator. Another script translates the procedures into HTML where 
all the possibilities that lie in HTML for presentation of the procedures can be used. Different 
layout of the procedures or assistance from COPMA-III may be used for different operator 
roles. The COPMA-III system may also do component manipulations directly, with or 
without the possibility of operator intervention. 

 
COPMA-III does not have a XML procedures editor. It is possible to use general-

purpose XML editors to write procedures, utilizing the strengths and flexibilities of XML, but 
translations into HTML and XML with execution instructions must be done by manually 
editing the translation scripts. The migration from COPMA-II to COPMA-III must bring off a 
translation from the COPMA-II procedure format (PROLA, a non XML compliant format). 
To this end an automatic translation mechanism has been made that will take the old 
COPMA-II procedures into a format respecting the XML standard. 
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COPMA-III has two features that make it very close to a simulation system: the abilities 
to receive process information and to send manipulation orders to the outside. With little 
effort, COPMA-III can be used as a true procedure simulation system. In its standard use, the 
interaction between the operator and COPMA-III is performed through a graphical interface. 
This interface is a computer process that runs independently of the so-called kernel. All the 
operator interventions are received by the kernel as function calls resulting in instruction 
execution, information generation, etc. Moreover, the kernel may communicate with any 
other software module and its functionality may be applied even without the presence of the 
operator interface. If any other external process has the capability of automatically generate 
the same function calls that the operator would, COPMA-III can be used as an unattended 
simulator.  

 
Figure 3: Overview of COPMA-III, showing clients communicating with the kernel, 

and the PDB for connecting COPMA-III to external sources. 
 

4.3 COPMA-III/TRETA communications 

The adopted solution to connect COPMA-III and TRETA has been the Software Bus 
(SWBus), [6] and [7]. The developing team at the Halden Reactor Project (HRP) have 
modified the COPMA-III process data base to implement the same functionality existing in 
COPMA-II, and that was used to connect it to TRETA. The process data base (PDB) is the 
COPMA-III module in charge of the communications between the COPMA III kernel and 
external codes. The communication functionality of COPMA-III is implemented and its 
testing has been done by means of a console program working as a dummy external simulator. 

The TRETA module responsible for the SWBus communications with COPMA-III is 
copma3. At present, we are working in its implementation and evaluation. 

The role of each communication element in the simulation process is described in 
section 5.2. 
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5 SEQUENCE SIMULATION 

The new combined system allows simulation of transients with operator actions 
distributing the simulation tasks among the different software programs in the way that is 
described below. 

 
5.1 PWR model simulation 

TRETA takes the responsibility of the simulation. It has a complete representation of 
plant systems including detailed automatic control. Also, TRETA sends to COPMA-III 
information about process variables, needed to follow applicable operating procedures. 
COPMA-III, in turn, sends to TRETA the requests for operator actions derived from the 
procedures. Manual controls have been included in the plant model, able to receive the action 
requests from COPMA-III. TRETA knows at every moment what parts of the simulations are 
being computed by each code. When a manual action request is received from COPMA-III, 
TRETA addresses it to the right destination. The capability for manual operation is not 
limited in TRETA. The user may build as many manual controls as desired.  

The CSN has made two plant models for TRETA that has been validated with several 
transients, Ascó and José Cabrera Nuclear Power Plants (NPP). On the other hand, the DSE-
UPM group performed the Cofrentes NPP model for TIZONA code. At present, the DSE-
UPM group is developing the model of the Almaraz NPP [8]. A schematic representation of 
the RCS model can be seen in Figure 5. 

 

 
 

Figure 5: Scheme of the RCS model of TRETA (PWR). 
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This model is composed of the following sections: 
 

1. Vessel model. 
2. Three reactor coolant loops model. 
3. Reactor cooling pumps model. 
4. Pressurizer model. 
5. Secondary model (three steam generators and steam lines). 

 
The engineered safeguards modeled are the pressurizer and SGs relief and safety valves, 

steam and feedline isolation, safety injection and auxiliary feedwater systems. Additionally, 
the possibility of failure of one or more of these systems or its main components is 
considered. 

Finally, the protection system model includes the automatic protection signals, 
including the capability of interaction with the operator. 

 
5.2 EOPs simulation 

In the implementation that we have performed, Figure 7, COPMA-III is configured to 
define and to establish flags representative of the state of the plant and/or selected systems or 
component sets (operational states of valves/pumps) and to declare the variables that support 
the information exchange with the external simulator, TRETA, and the operations derived 
from EOPs instructions. This information is transferred to TRETA and returned to COPMA-
III by the copma3 module, as it has been explained in the section 4.3. 

Previous to this project, COPMA-III has been used only in an interactive mode. 
However, completely automatic simulation is possible with the interface module copmacrew. 
The tasks assigned to this module include: 

• To assign to each operating instruction an execution time. 
• To take care of the task load of the operation crew in order to avoid excessive 

number of simultaneous instructions and issuing the execution order of the new 
instruction among all the open procedures. 

• To synchronize the plant simulation and the procedure simulation. 
Future development will include tree-structured sequence simulation and a better 
implementation of the previous functions assigned to each module. 
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Figure 7: Schematic representation of the COPMA-III/TRETA connection. 
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6 APPLICATION OF THE NEW SIMULATION PACKAGE TO THE 
SECONDARY SIDE BREAK SEQUENCES 

The application of the new simulation package has two differentiated parts, a generic 
one that corresponds to the methodology and a specific one that corresponds to the transients 
selected as pilot application. 

With respect to the generic issue, a review of the previous experience in these kinds of 
simulations was performed and, in a second stage, we selected a generic methodology to 
perform the procedures computerization [9]. 

The sequences selected as a pilot application were the secondary side breaks sequences. 
So, we made a review of the bibliography about these kind of transients [10] (Safety Analysis 
Reports, PSAs and Emergency Response Guidelines Basis), and later we began to 
computerize the EOPs related with this kind of sequences: Reactor trip (E-0), loss of primary 
or secondary coolant (E-1), faulted steam generators (SG) isolation (E-2), loss of heat sink 
(FR-H.1), uncontrolled depressurization of all SG (ECA-2.1), safety injection termination 
(ES-1.1), post LOCA cooldown and depressurization (ES-1.2) and transfer to safety injection 
recirculation (ES-1.3). During this process it has been necessary to interpret some steps of the 
EOPs [11], especially those that require some operator judgment of the plant conditions, like 
in manual control of the auxiliary feedwater flow during a loss of feedwater, in order to 
perform this computerization. This task has allowed to detect the need of adding new 
functions to COPMA-III. 

 

7 CONLUSIONS AND FUTURE EXTENSIONS 

In its current state of implementation, the TRETA/COPMA-III system is capable of 
simulate any kind of single sequence with all the requirements of testability and repeatability. 
However, Emergency Operating Procedures need to be evaluated in a PSA context where 
multiple sequences starting from the same operating conditions and triggered by the same 
initiating event must be considered. In this context, the ISA approach provides a systematic 
analysis methodology allowing for the verification of the procedures under a great variety of 
circumstances. 

Since the ISA methodology is based on the dynamic generation of event trees, the 
simulation tools must be adapted for this purpose. In particular, the simulation codes must be 
able to communicate with a general driver, known as the simulation scheduler and to receive 
from it some signals asking for storing or retrieving a particular simulation spot, or to 
suspend, finish or restart the simulation of a particular sequence. In its current degree of 
development, COPMA-III does not include these features yet. It is expected, however, that 
they will be incorporated in a near future and that the applicability of the combined tool can 
be extended to the automatic simulation of dynamic event trees. 

The project will be finished by the end of the year 2004 and new applications will be 
scheduled from then on. 
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