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ABSTRACT 

In the course of stage-by-stage deuelopment, introduction and 
pilot operation of a prototype COSS, followed by development and 
implementation of a full-scope COSS at Novovoronezh Unit 5, 
including creation of a local computer network and filling it with 
data, cirtain experience has been gained in the human factor 
effect at all stages of COSS development - from the COSS idea to 
its introduction and performance at an operating Power Plant Unit. 

Basing on an actually existing standard procedure of 
implementation of any technical idea, a concept of an associated 
"human factor" chain is introduced in this paper. Each element of 
the chain is discussed in detail, in terms of problems encountered 
and practical ways of their elimination. 

Necessary and sufficient prerequisites are c sed for successful 
achievement of goals, established at each staga of COSS creation. 

Specific examples are given of problems arising and methods 
adopted for their solution, one of them being establishing working 
groups, consisting of experts from mutually complementing areas 
(e.g. programmers and process engineers), development of a common 
acceptable "communication language" for the working group, 
application of a "deep feedback" method between software designers 
and users-process engineers over the entire process of COSS 
development and stage-by-stage introduction. 

In the analysis of problems arising in the "User" element of the 
"human factor" chain, a special attention is paid to ways of 
overcoming "computer incompetency" of operating personnel, effect 
of personnel adaptation to the old means of data presentation,, 
upon their response to the new information facilities, as well as 
upon technical and organisational measures for establishment of 
users discipline, following the installation of computer hardware 
in the operator work stations. 

In this respect, the experience is considered as rather 
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interesting, of COSS development and stage-by-stage introduction 
at an operar t.ng Nuclear Power Plant Unit, without any negative 
effect on th& Unit technological process. 

The Technical Task development for the prototype of a Computerized 
Operator Support System (COSS) at Novovoronezh Unit 5 was started 
in October 1992. In December 1992 a group of 2 process engineers 
was established by order of the Novovoronezh NPP Plant Manager, 
with the aim of their participation in the development and 
implementation of the COSS prototype, jointly with personnel of 
the Central Scientific Research Institute of Cybernetics and 
Automatics (UHMMKA) - group headed by A.A.Bashlykov. 

The development of the COSS prototype for Unit 5 was completed in 
the middle of May 1993, and the COSS prototype was demonstrated on 
a computer at an IAEA meeting held in Moscow. 

After the 2 required computers had been purchased, the COSS 
prototype was installed at Novovoronezh Unit 5 for pilot 
operation. Basing on the results of the COSS prototype pilot 
operation, a decision was made of development and implementation 
at Novovoronezh Unit 5 of a full-scope COSS, based on the local 
network (the agreement with LJHHHKA was signed in September 1993). 

The development and implementation of the full-scope COSS were 
divided in 3 stages: 

- development and implementation of a local computer network at 
the Unit; 

- development and implementation of the data part of the 
full-scope COSS; 

- development and implementation of advice programs for operator 
(analytical part of COSS). 

The first two stages of the full-scope COSS implementation program 
were completed successfully by May 1994. Further works were 
considerably delayed due to suspended financing (related to the 
deep "non-payments" crisis in the Russian Federation) and 
procurement for the program. Nevertheless, at the stages of COSS 
prototype pilot operation, development and implementation of the 
local network and data part of the full-scope COSS, the authors 
have gained certain experience in terms of "human factor", which 
is described in the present paper. 

First of all, the authors would like to -remind the standard 
sequence of implementation of any technical idea: proposal of the 
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idea — > compréhension and. examination of the idea — > adoption of 
the idea by a wide range of specialists — > availability of 
required and sufficient means (financial and material) for 
implementation of the idea — > availability of experts capable of 
development and implementation of the idea — > availability of 
trained users — > availability of required and sufficient 
prerequzites for practical application of new technologies (see 
Figure 1). 

Even from consideration of this standard sequence, its direct 
connection becomes evident to the "human factor" - the presence of 
the second chain, rigidly connected to the first one: "idea 
generator" — > "idea distributor" — > availability of "critical 
mass" of certain experts — > "idea designers" — > "idea promoters" 
— > "sponsors" — > users. Of course, the proposed division of the 
second chain elements is quite arbitrary: actually, the "idea 
generator" is most commonly its distributor as well (but not 
necessarily), the idea designers in most cases have to promote its 
implementation. Regardless of the actual distribution and 
combinations of "human factor" chain elements, there is one 
objective condition for successful progress of the idea 
implementation - the availability of required and sufficient 
prerequisites for idea arisal and implementation. 

In case of COSS, such prerequisites are complication of the Unit 
technological process due to increase of their unit power, more 
severe safety requirements for nuclear power plants - on the one 
side, and appearance and development of computer engineering up to 
the level of personal use (required speed of response, large 
memory, operational reliability, small size of hardware, advanced 
software, etc.) - on the other. 

The first of them is the prerequisite of necessity, the second 
one - prerequisite of sufficiency. It is evident, that in the 
presence of these two prerequisites the condition is automatically 
met of availability of "critical mass" of experts, capable to 
comprehend, examine, develop the idea, promote it and eventually 
to establish efficient creative groups of specialists, capable of 
implementation of the developed idea in practice. This concept was 
used as a basis for setting-up a creative group of specialists, 
mentioned above, for development and implementation at 
Novovoronezh Unit 5 of first a prototype, and later - a full-scope 
COSS: group of programmers from 1JHHHKA, headed by A.A.Bashlykov, 
and two process engineers from the Novovoronezh NPP. 

The first task of the creative group was the development of a 
language of communication between the process engineers and the 
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Figure 1. Flowchart for implementation of a technical idea 
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programmers which could be used by the process engineers to 
transfer tho i.r knowledge to the programmers. Such a "communication 
language" wa.-.s developed in the form of an algorythm, using the 
method of successive approximation (see Figure 2). The development 
of such an algorythmic language allowed the groups of the process 
engineers and the programmers to work independently, and check the 
results of their work in the course of periodic meetings, making 
necessary corrections both in the programs, and in the algorythms. 
We called this working method a "deep feedback". Using the method 
of "deep feedback" between the software designers and the users -
process engineers during the whole process of development and 
step-by-step COSS implementation, allows to achieve an optimal 
result in terms of neccessity and sufficiency: feasible for the 
prograsmmist, and sufficient for the process engineer. Although 
one can imagine, not only theoretically but also practically, a 
specialist, having a sufficient, knowledge of both a programmer and 
a process engineer. For instance, a Novovoronezh specialist 
V.V.Kirillov managed to develop and to program the mathematical 
model of the Novovoronezh Unit 5 at the Training Department of NV 
NPP. But in the general case, the idea of creation of operator 
support systems by programmers only can not be accepted as 
productive, since in the course of the task implementation the 
appropriate flexibility can not be achieved in selection of 
efficient decisions, and difficulties would arise in formalization 
of professional knowledge of the operators. 

Putting the COSS prototype in pilot operation at Novovoronezh Unit 
5 should be considered as a critical moment in the program of 
step-by-step COSS implementation. Several major problems were 
encountered, some of which were anticipated, and others arose at 
the stage of the COSS prototype development. For instance, 
availability of accustomed information and management means, 
meeting the criteria of necessity and sufficiency in terms of 
technological process management, to which the operators are 
adapted. 

In order to overcome the "computer incompetency" as soon as 
possible, a task was set up at the stage of the COSS prototype 
development to create the most "user-friendly" interface. The task 
was fulfilled successfully by the designers (as a reactor operator 
said, after he started working with the COSS prototype for the 
first time, "It took you several months to make it, and we learned 
to use it in five minutes!"). Of course, prior to such learning, 
they studied the simple procedures, written for the COSS users, 
and listened to the oral explanations given to the shift crews. 



Figure 2. Algorythm of process conditions for spent fuel pond 
cool i n sub-system 



Figure 2 (continued). Algorythm of process conditions for 
spent fuel pond coolii sub-system 
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A task was given to the software designers to protect COSS against 
unauthorized access to the files by means of programming. Besides, 
measures ar>: being considered for COSS hardware physical 
protection and its optimal location. 
Even in the process of the COSS prototype development it was 
revealed, that a certain number of primary and secondary circuit 
parameters, which should be entered in the computer according to 
the design, actually remain not required, because the operating 
personnel do not use them in their work and do not require 
entering them. It's interesting, that in this case the operators 
use indirect information, e.g. replacing the make-up-blow-down 
flow balance with levels balance in case of primary leaks 
detection. Nevertheless, the lack of complete set of measurements 
of make-up-blow-down in the primary circuit limits considerably 
the COSS possibilities in leak analysis and generation of specific 
recommendation for the operator. 

It was found out, that during the COSS prototype operation and 
partially during the full-scope COSS operation, sufficient time 
period is required for introduction of the new system to operating 
practices, since the main reason why the operators did not use 
actively enough the information possibilities (despite of the much 
better quality of data presentation on the COSS displays), was 
that the personnel were adapted to those forms of the information 
support, which they were used to working with during long periods 
of time. This can be demonstrated by the fact, that in the process 
of creating a local network for the full-scope COSS, one of the 
computers was installed in the Plant Shift Superviser*s office, 
but nevertheless, every time when a warning alarm was actuated, 
one of the authors of this paper, who works as a Plant Shift 
Superviser, went to the main control room to find out the cause. 
On the other hand, the COSS information was used willingly by 
engineers of various operations support services, having COSS 
computers. Therefore, at that stage of COSS implementation the 
Operator Support System was actually used as Operations Support 
System. 
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Basing on tho experience gained, the authors came to the following 
conclusions : 

1- Due to the professional psycological orientation at 
conservatism of actions, in his actual activities the operator 
prefers to use the information system, he is adapted to. 

2. In order to overcome such conservatism, the information 
function of the newly created system should provide the user with 
a qualitatively new information, which could not be acquired by 
the operator from the standard system. 

3. Introduction of new information systems 'at operating Power 
Units in the process of their backfitting and modification is the 
most practicable possibility to achieve the goal. 


