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THE MAN-MACHINE-ORGANIZATION SYSTEM ANALYSIS 
IN ACCIDENT CONDITIONS FOR NUCLEAR 

INSTALLATIONS 

Mita FARCASIU1, Ilie PRISECARU2 
 

În această lucrare a fost dezvoltat un nou model de analiză a sistemului om-
maşină-organizare astfel încât sa fie posibilă identificarea şi evaluarea problemelor 
reale care ar putea conduce la erori umane în secvenţele de accident. Alt scop 
propus este dezvoltarea unui cadru de lucru predefinit pentru a investiga cauzele de 
bază ale accidentelor. Rezultatele obţinute în această lucrare sunt recomandate a fi 
utilizate în proiectare, planificare (mentenanţă, testări, etc.) şi studii de evaluare 
probabilistă a securităţii pentru instalaţiile nucleare.  

 
In this paper, a new man-machine-organization system analysis model was 

developed. The main objective of this model is to perform the identifying and the 
evaluation of the real problems which could lead to human errors in the accident 
sequences. Other proposed purpose is the developing of a pre-designed framework 
to investigate the root causes of the accidents. The results of this paper are advised 
to be used in design, scheduling (maintenance, tests, i.e.) and probabilistic safety 
assessment studies for nuclear installations.  
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1. Introduction 
 

 In the last years, the industry domain (chemical, air, nuclear, i.e.) was 
marked by events which were attributed the human errors. Failures in human 
actions, in organization or in the management of nuclear installations contribute to 
48% of events reported in the IAEA/NEA Incident Reporting System (IRS) [1]. 
Few events due to only technical causes or new phenomena which led to 
unexpected behaviour of NPP occurred.  

The operating experience of the complex systems demonstrates that the man is 
only a component of the Man-Machine-Organization System (MMOS). The 
errors cannot be evaluated individual. A general conclusion of the achieved 
studies on the occurred incident or accident can be so and so formulated: “nuclear 
facility represents a combination between systems and humans in an organized 
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manner”. In [2] is specified that: “we can’t change the human condition but we 
can change the conditions under which people work”. Also in [3] is specified that 
“it is necessary to try to change the situations, not the human”. All these 
arguments determine many researchers direct one’s attention to the human and 
organization factors research.  

Although, many methods were developed to evaluate the human and 
organizational factors, the human error appears yet and the human and 
organizational factors research is an actual research field.  
 The estimation of the contribution of the human factor and organizational 
to the complex system operation is a difficult process. This difficult appears both 
by the installation complexity and by the human complexity.  

In this paper a new MMOS Analysis (MMOSA) model was developed so 
that to be possible the identification and the evaluation of the problems which 
could lead to human errors in the accident sequences. The developing of a pre-
designed framework to investigate the root causes of the accidents is another 
purpose proposed. The results of this analysis are used in design or/and 
Probabilistic Safety Assessment (PSA) study. The model is developed using the 
studies of the individual capabilities and characteristics of the man, the machine 
and the organization in the man-machine-organization relationship. Also the 
Human Reliability Analysis (HRA) techniques and methods (THERP, SPAR-H), 
the scientific literature and the conclusions of the studies on the happened 
accident (Three Mile Island, Chernobyl, Bhopal,) are used.  The results of this 
paper are the interfaces of MMOS and their circumstances, the multiple factors 
estimation of the negative and positive influences on the human error probabilities 
to be incorporated in PSA study.  
 

2. The Man Machine Organization System (MMOS) 
 

The studies of the major accidents from nuclear installation denote the fact 
that rare this result from chance failures of the equipments, but for the most part 
result from a combination between human and the organizational errors and 
equipments failure. In the last years it have been agreed that many technical issues 
from nuclear field were resolved but the issues of the human and organizational 
factors are yet in the identification, study and research phase. 

To ensure safety of nuclear power plant operation it is necessary to address the 
issues associated with human performance within socio-technical system in which 
human factor is embedded [4]. 

Thus the need to study and model MMOS appears as obvious. The 
essential elements of MMOS are shown in figure 1.   
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There are:  the man, the machine and the organization. In this paper they 
are defined as: 

- the man is an employee in any position of an organization with a clear role 
 and a responsibility well defined. The individual characteristics of the human are 
the anthropometrical particularities, the psychic state, the professional education 
and the aptitude. In [5] the human behaviour represents what a human does and 
says. It is a noticeable act which can be seen and heard. It is measurable  

- the machine represents the instrument by a function or a process carried  
out in a complex system. The individual characteristics of the machine are: the 
constructive elements (components, systems and structures), the technical and 
economical parameters and the reliability).  

- the organization is a function of a people group who have a clear mission,  
resource and planes to turn the human behaviour toward a sure and reliable 
operation. The individual characteristics of the organization are the 
communication, the make-decision, the standardization and the culture.  
 

3. The Man Machine Organization System Analysis (MMOSA) model  
 
The MMOSA model is developed to analyse qualitative and quantitative 

the human performance in the MMOS context for the accident conditions. The 
qualitative analysis model developed in this paper evaluates the interfaces 
between the organization and man, organization and machine and machine and 
man in the contextual medium of the event. The man-organization, the 
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Fig. 1 – MMOS and the relations between its elements 
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organization-machine and the machine-man interfaces accomplish the function 
which assures the safety and reliability of MMOS.  

For each interface, the circumstances which can be at the given moment 
are identified. The circumstance of an interface represents a condition at the given 
moment and context.  

The quantitative analysis model of the human performance in the MMOS 
context developed in this paper uses both HRA techniques and methods and new 
techniques. This model contents the following phases: 

(1) The investigation process of the human actions (documentation, procedure  
interviews, i.e.);  

(2) The appraisal of the possible human errors (human interaction types and 
human errors types); 
According to [6] the human interactions are classified in five types to 

understand how human interactions are treated in PSA studies: 
• Type 1 – before an initiating event (activities during testing, maintenance) 
• Type 2 – by committing some error, plant personnel can initiate an 

accident  
• Type 3 – by following procedures during the course of an accident, plant 

personnel can operate standby equipment that will terminate the accident 
• Type 4 – plant personnel, attempting to follow procedures, can make a 

mistake that aggravates the situation or fails to terminate the accident  
• Type 5 – by improvising, plant personnel can restore and operate initially 

unavailable equipment to terminate an accident  
The categories of incorrect human outputs related to human reliability 

analysis are the following [7]: 
(a) omission errors :  

• omits entire task 
• omits a step in a task 

(b) commission errors 
• selection error  
• error of sequence 
• time error (too early, too late) 
• qualitative error (too little, too much) 

(3) The estimation of Basic Human Error Probabilities (BHEP) from generic 
 or/and specific data base; 

(4) The determination of the dependence level between actions using a  
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positive dependence model in which five dependence levels are evaluated as 
distinct points situated on continuously spectrum of the positive dependence. The 
estimation of Conditional Human Error Probability (CHEP) is performed using 
the equations from table 1 from [7] in according to the established dependence 
level.  

 
 

(5) The comprehension of the action in MMOS to identify  of the MMOS  
interfaces using our qualitative analysis model: 

- Man-machine interfaces; 
- Machine-organization interfaces; 
- Man-organization interfaces.  
The positive or negative conditions which can influence the human action 

at the analysis moment are identified for each interface.  
(6) In this paper was developed a  quantitative  analysis technique  of the  

influences of the negative or positive conditions using the limits of human error 
probabilities according to [7]: 

- BHEP = 0.1 (pessimist situation) 
- BHEP = 0.0001 (optimistic situation)  

In order to develop this technique the following situations were considered: 
(I) In order to the pessimist situation where BHEP = 0.1 and CHEP = 0.55 

 for high dependence level supposed that all conditions have a negative influence. 
Then:  

HEP = CHEP * k1
i                                                                       (6)  

Where: 
k1 is the multiplication factor of CHEP for each condition with negative influence 
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i is the number of the conditions with negative influence 
The maxim value of the Human Error Probability (HEP) is equal with 1. Then: 

1 = 0.55* k1
i 

55.0
1

1 =
ik         (7) 

(II) In order to estimate the multiplication factor for positive influence  
conditions take into account: 

CHEP (optimistic) = CHEP (pessimist) * k2
j   (8) 

Where: 
k2 is the multiplication factor of CHEP for each condition with positive influence 
j is  the number of the conditions with positive influence 

To optimistic situation where BHEP = 0.0001 and CHEP for zero 
dependence = 0.0001 take into account that all conditions have a positive 
influence. Then: 

 
0.0001 = 0.55* k2

j 

 

55.0
0001.0

2 =jk        (9)             

 
(7) The human error probability estimation 

 
           (10) 
 

Where: 
i is the number of the negative conditions 
j is the number of the positive conditions  
Note: If CHEP = 1 then the analysis is not performed.  
(8) The documentation is a final phase. It is a report which will contain all 

elements considered to analysis and all results to be incorporated both in PSA 
study and design process.  

 
4. Results 
 

The study on the individual capabilities and characteristics for human, 
machine and organization and interdependence analysis between them has 
identified the interfaces and their circumstances. The dependence between 
machine and organization, man and organization and man and machine is given 
by elements which represent interfaces MMOS so that to be satisfied the needs of 

ji kkCHEPHEP 21 **=
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the machine, man and organization performance in the facility operation. Based 
on papers [8], [9], [10], [11], [12] and own consideration a qualitative MMOS 
analysis model was performed. The interfaces and their conditions in the man-
machine system regard to the equipment types on the human acts and the 
dependence level between action and the previous action (table 2).  
               

 
 

The dependence between machine and organization is given by elements 
which represent interfaces of the machine-organization system so that to be 
satisfied the needs of the machine performance in the facility operation.  

Each interface is characterized by circumstance which could fail the 
machine performance and lead to accidents. The circumstance of an interface 
represents a condition at the given moment and context. The interfaces of this 
system and their conditions are presented in table 3.  

The dependence between man and organization is given by elements 
which represent interfaces of the man-organization system so that to be satisfied 
the needs of the human performance in the facility operation. Each interface is 
characterized by circumstance which could fail the human performance and lead 
to accidents. The circumstance of an interface represents a condition at the given 
moment  and  context.  The interfaces of this system and their conditions are 
presented in table 4.  
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Using the equation (7) for a maxim number of the negative influences (i = 

74) resulted from qualitative analysis (the conditions from table 2, 3 and 4) then   
k1 ≅ 1.008. Using the equation (9) for a maxim number of the positive influences 
(j = 74) resulted from qualitative analysis then k2  ≅ 0,9.  
If   k1 = 1.008 and k2 = 0.9 then the equation (10) can be written so:  
 

jiCHEPHEP 9.0*008.1*=      (11) 
In order to present the human performance evolution (for BHEP = 0.003) in 

different contexts (in according to influences), the charts “BHEP = 0.003 in 
MMOS context” (1) and (2) are performed (fig.2 and fig.3). The evolutions of 
HEPs are achieved both in negative conditions and positive conditions for zero, 
low, moderate and high dependence levels.  

 
Fig. 2 - The evolution of HEP (for BHEP = 0.003) in the negative context 

of MMOS for different dependence levels 
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By the identification of the negative influence, the issues which lead to the 
events can be identified (corrective actions).  

 

 
Fig. 3 - The evolution of HEP (for BHEP = 0.003) in the positive context of MMOS for different 

dependence levels 
 

In these charts (fig. 2 and fig.3), the evolution and evaluation models of 
the influence degree of the interfaces on human performance for operation in 
accident conditions using MMOSA method are represented.  

By the estimation of the positive influence the sensitive analysis of the 
MMOSA is performed to estimate the degree of the attenuation of the human 
error and the improvement of the human performance after the modification of the 
conditions.  

 
5. Conclusions 
 
MMOSA model is a framework which was developed to investigate the 

root causes which could be the causes of the accidents in nuclear installations. . 
Therefore, this model helps to identify the circumstances of the interfaces of 
MMOS in condition at the given moment and context. A large number of the 
interfaces (11) and their circumstances (74) suggest the complexity of this 
analysis type.  

By evaluating the MMOS interfaces, the weakness in the designing of 
interrelationship between man, machine and organization which could lead to 
latent human errors may be identified.  
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The applicability of this model is ideal in real accident condition. It is 
difficult to be applied in hypothetical accident because the circumstances of the 
interfaces can vary from a context to other. Also the application of this model in 
the probabilistic safety assessment for the human reliability analysis and the 
identification of corrective actions are advised.  

The evaluation and the optimization of the MMOS context allow the 
understanding and the improvement of the operation in the complex system.  The 
results of this paper are advised to be used in design, scheduling (maintenance, 
tests, i.e.) and probabilistic safety assessment studies for nuclear installations.  

But it is important to be remarked that decreasing of the amount of human 
responsibility in the operation of the plant leads to increasing of the amount of 
human responsibility in the design and organization of the plant.  
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