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1. Introduction

The independence between safety system and non-
safety system is one of the important design
requirements in the nuclear power plant’s
instrumentation and control (I&C) system. The non-
safety system shall not prevent the safety system from
performing its intended safety functions [1].

If there exists any connection between safety system
and non-safety system, the connection may challenges
the independence. The connection may have the
potential safety loss which interference the safety
function of safety system. Therefore, connections
between safety system and non-safety system must be
deemed and the benefit of the connection should be
obvious despite of the potential independence
degradation. In the APR1400 human system interface
(HSI) design, each operator console is designed as a sit
down workstation type with four information flat panel
displays (IFPDs) and four soft control module (ESCMs)
to control individual safety components in the
engineered safety features component control system.
All IFPDs are designed as non-safety system and
ESCMs are designed as safety system. There are data
communication links between IFPDs and ESCMs. The
safety benefit of these communication links has been
evaluated in this paper.

2. HSI design for safety component control

The IFPD provide various operator supporting
functions such as system mimic display, computerized
procedure system (CPS) and alarm system. Operator
uses IFPD as primary operational means during normal,
abnormal, and emergency operation. When operator
control safety component, operator uses IFPD and

ESCM.
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Fig. 1. The interaction between operator and HSI

Fig. 1 shows the interaction between operator and HSI.
When operator selects a safety component in a IFPD,
the identification signal for the safety component

(Component ID) is delivered from IFPD to
corresponding ESCM. Then the ESCM provide the soft
control page for the component. This data
communication link from IFPD to ESCM helps
operator to call soft control page in ESCM. If there is
no link between IFPD and ESCM, operator should call
the soft control page in ESCM by using ESCM display
navigation menu. It means that the operator should
navigate the ESCM display from starting page to
selected soft control page according to the display
hierarchy in ESCM. The safety benefit of the data
communication from IFPD to ESCM has been
evaluated with comparing operation without the data
communication from IFPD to ESCM.

3. Sequence of operation for safety component
control

For the safety benefit evaluation, sequence of
operation is modeled with sequence diagram in united
modeling language (UML). The sequence diagram is
one of interaction diagram which focuses on the
message interchange between a numbers of lifeline [2].
Each lifeline represents the operator and HSI system
events.
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Fig. 2. Sequence diagram of a component control with
link between IFPD and ESCM

110 : Control the compobent

Fig. 2 shows the sequence diagram of a component
control with link between IFPD and ESCM. Operator
uses CPS for the procedure execution. During the step
execution in the procedure, operator needs to control a
component. Each step displayed in CPS provides link to
the system mimic page. Operator calls the system
mimic for the component by using the links in the CPS
page. and system mimic page is provided at an adjacent
IFPD. When operator selects the component in system
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mimic page, then IFPD send signal to ESCM, and
ESCM provides soft control page. Fig. 3 shows the
sequence diagram of component control without link
between IFPD and ESCM. The sequence for the CPS is
same with Fig. 2 but operator do not use IFPD to call
soft control page. Operator need to memorize the
Component ID in his/her short term memory and
navigate ESCM display according to his/her long term
memory of ESCM display hierarchy. This increase
operator mental workload and there is potential of error
to select wrong component.
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Figj. 3. Sequence diagram of a component contrbl
without link between IFPD and ESCM

4. Evaluation of safety benefits of communication
between IFPD and ESCM

Table 1 shows the numbers of operator action and
ESCM processing for the modeling. When there is link
between IFPD and ESCM, only one operator action is
needed to call soft control page. If there is no link
between IFPD and ESCM, then maximum six operator
actions are required for the navigation. One other
noticeable benefit of IFPD-ESCM link is reduced
ESCM processing times to display a page. Therefore,
required time for operator control action is reduced and
it allows more time margin for operator actions. Also
operator’s mental workload will increase to memorize
the component identification and to use the knowledge
of ESCM navigation menu hierarchy.

Tablel. Time based workload analysis result for the
sample scenario

Without link between | With link between
Number of IFPD and ESCM IFPD and ESCM
(from identification (from identification
to control page) to control page)
Ope.rator 6 1
actions
ESCM 5 1
processing

5. Evaluation of safety loss of communication
between IFPD and ESCM

For the evaluation of safety loss of communication
link, the requirements of DI&C-1SG-04 are reviewed,
which is interim staff guideline for highly-integrated
control rooms-communications issues by U.S. NRC [4].
DI&C-1SG-04 requires that the communication faults
should not adversely affect the performance of required
safety functions in any way. Also it provides examples
of credible communication faults caused by such as
message corruption, repeat, lost, delay, high rate and so
on. ESCM only receives the Component ID from IFPD
for the soft control page display, therefore the worst
communication fault of ESCM may 1) display wrong
soft control page or 2) out-of-service of ESCM by such
as data storming.

For the first failure case, ESCM does not generate any
control command before operator generates the
command action. If operator fails to notice about wrong
component selection display, he may take one
commission error. But immediate feedback check by a
procedure or co-worker will rend him to take a
subsequent recovery or repair action.

For the second failure case, ESCM will be stuck and
operator notices that ESCM does not working.
Operator will stop any command trial for this failure
case.

From these failure analyses, there is no significant
affect to the safety functions in both cases.

6. Summary

The safety benefits evaluation of data communication
link between IFPD and ESCM are provided. The
evaluation shows that the safety loss is considered as
small enough to trade off the safety benefit of the
operator supporting.
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