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Fieldbus Communication Network Requirements for Application
of Harsh Environments of Nuclear Power Plant
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m Abstract m

As the result of the rapid development of IT technology, an on-line diagnostic system using the fieldbus communica-
tion network coupled with a smart sensor module will be widely used at the nuclear power plant in the near future.
The smart sensor system is very useful for the prompt understanding of abnormal state of the key equipments installed
in the nuclear power plant. In this paper, it is assumed that a smart sensor system based on the fieldbus communica-
tion network for the surveillance and diagnostics of safety-critical equipments will be installed in the harsh-environment
of the nuclear power plant. It means that the key components of fieldous communication system including micro-
processor, FPGA, and ASIC devices, are to be installed in the RPV (reactor pressure vessel) and the RCS (reactor
coolant system) area, which is the area of a high dose-rate gamma irradiation figlds. Gamma radiation constraints
for the DBA (design basis accident) qualification of the RTD sensor installed in the harsh environment of nuclear
power plant, are typically on the order of 4 kGy/h. In order to use a fieldous communication network as an ad-hoc
diagnostics sensor network in the vicinity of the RCS pump area of the nuclear power plant, the robust survivability
of IT-based micro-electronic components in such intense gamma-radiation fields therefore should be verified. An in-
telligent CCD camera system, which are composed of advanced micro-electronics devices based on IT technology, have
been gamma irradiated at the dose rate of about 4.2 kGy/h during an hour up to a total dose of 4 kGy. The degradation
performance of the gamma irradiated CCD camera system is explained.

Keyword : Fieldbus, Harsh Environments, Design Basis Accident, Gamma Radiation, Sensor
Network
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Location Dose Rate
. Gamma
Area Description [Rad/h]
Reactor Vessel 4
1 Primary Shield Annulus 1x10%a)
RCS Loop 50
(General area)
2
RCS loop
(Piping Area) 20
3 Outside RCS Loop 0.005~02
4 Operating Deck 0.006~0.05
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NPP Module Failure Rate
Lung- DTM 1.2x10°
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TLU .
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TLU BLC
DTM 4
(Safety System) 6x10
DTM/TLU and MUX 4
(Non-Safety) 910
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DTM : Digital Trip Module

MUX : Multiplexer

TLU : Trip Logic Unit

RMU : Remote Multiplexing Unit
EMS : Essential Multiplexing System
VLC : Voting Logic Card

BLC : Bypass Logic Card
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