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( Performance Analysis of Emergency Communication System of
Nuclear Power Plant using Markov Model )
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Abstract

In Fukushima accident, when the severe accident such as a natural disaster happens, it is impossible to monitor the
plant status due to a extreme environment and station blackout and most I&C systems break downs. Finally, these cause
the loss of emergency cooling function and thus results in a hydrogen explosion and radiation leak. In this paper, the
emergency response system is introduced that monitors and controls properly when the sever accidents like Fukushima
accident happen, And the performance requirements of a wireless communication system used in the emergency respons

system is described and the performance of emergency communication system is analyzed using the markov model
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Table 1. Monitoring and Control Parameters.
T =
Az | Az | 22 4 o
Alo]) o
A& A CTMT Humidity 1
AZ A CTMT Pressure 1
. AZ A CTMT Radiation 1
CTMT A= A CTMT Temperature 1
A= A H; Concentration 1
AZ A CTMT Sump Level 1
A= A CCWS Temperature 1
CEWS el | D | CCW Pump 1
SIS AZ A Accumulator Pressure 1
AZ A | Core Outlet Temperature 1
= Reactor Vessel Water
A= A | Level 1
= Sub-cooled Temperature
AS A Margin 1
= PZR
A= A Pressure(Wide/Narrow) 2
AZ A PZR Level(Wide/Narrow) 2
. Az A PZR Pressure Relief Tank 9
RCS - Pressure/Temperature
A= A Hotleg 1~3 Temperature 3
A A | Coldleg 1~3 Temperature 3
A= A Temperature Average 1~3 3
AZ A Delta Temperature 1~3 3
AZ A RCS Flow 1~3 3
A A | PZR Spray Flow 1
A& D RCP 1~3 Status 3
AZ A SG 1~3 Pressure 3
A A | Steam Flow 1~3 3
MSSS A D SG PORV 1~3 Position 3
A& D SG PSV 1~3 Position 3
SG 1~3 Level
FWS A5 A (Wide/Narrow) 6
AZ Feed Flow 1~3 3
AZ A Return Temperature/Flow 2
AZ A RWST Level 1
A& A | RHR Hx Bypass Flow 1
A A | RHR Hx Discharge Flow 1
RHRS Ao} D Valves 10
Ao D CTMT Spray Pump 1
Ao D | RHR Pump 1
Ao D Charging Pump #1~#3 3
AZ A RHX Outlet Temperature 1
AZ A Boron Concentration 1
= Charging Outlet
A A Temperature 1
A= A Charging Flow 1
= Makeup Water Tank
AS A Discharging Flow 1
CVCS A S A | Batch Flow 1
Letdown Hx Outlet
A= A | Flow/Temperature/ 3
Pressure
AZ A | VCT Pressure/Level 2
Ao D Valves 20
Ao} D Makeup Pump #1 ~#2 2
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At Analog / D : Digital

CCWS : Component Cooling Water System
CTMT : Containment

CVCS : Chemical Volume Control System
FWS : Feed Water System

Hx : Heat Exchanger

MSSS @ Main Steam Supply System
PORV : Pilot Operated Relief Valve

PSV :
PZR :
RCP :
RCS -
RHR :
X RHX : RHR Heat exchanger

Pressurizer Safety Valve
Pressurizer

Reactor Coolant Pump

Reactor Coolant System
Residual Heat Removal System
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0.7Mbps, Bt A7 Ao oA FgaA A 07]7] =

o] "% dlgF 0.3Mbpse] ME8Fo] aFHh
WA v T A e v S

(ERF, Emergency Response Fac111ty)«] dlo] g Ho] 2~
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C}. HE 2F8(BER, Bit Error Rate)

HE o F&2 HxVY, Aldad, 48 594 541
A2 (EIRP, Effective Isotropically Radiated Power), 4=
Aol etHL o] 5, FAltke] T (Sensitivity) ]
T2 guibog TA A HE 0FLES 107

105 24t [EEE 802154 7|%&®®9] A9
20 HlolE 9] dloly HF Al 1% HA LFE(PER,

T 13} o], 7 v R A W 2 Aol Packet Error Rate)2 &8t IEEE 802.11b¢] 7
IE F UIAR giFioe] ofg2a Alsolr} YAE 9= 400 BlolEQ HlolE HE Al 3% =l oF
WA o] obdy AHEH AlA F ARjEL vz A 4(FER, Frame Error Rate)& Spati? o)1= nje
A, Aduwroz 4 Adz AAAG wapy g SH&= tsd 77 62X10° 95X10° ok 9A
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HES A7) fsiAe 4 AdS agslop s #& 1dste] 1000812 aTetw® A4ty
A/D(Analog to Digital) 7AW E 9] Eal5o] 16bite} 7}

A3}aL, oq%ge w#shd Aeja o] 729 610Byte, 2. HTH|ESHALY S
Aoz el B4 150Byte”t LTFHTE 3 7 MAE ¥ 2 BAAY e FAEA Ve 2okt A
o] 100mse] AETF7Z Hdx FHE S438ka, 7 o= AN EFAAILEe] H9 oF oA BT A
E 2 AHgo 2 FHY ZF dH|W
Table 2. Wireless Standard Comparison.
FA4 WAN F4 MAN | %4 LAN 4 PAN
T& -WiMax . Blue :
2. 1F Z
5G 3G MBWA WiF1 tooth UWB 1gbee
be w g | GPRS cdma EV 802.16¢ 802,11 _
71 R ET | gma1x | WCDMA 802.20 (abgn | 2151 802,153 802,154
800MHz 25GHz
s e - 2GHz 24GHz | 24GH 51~
Fu4 g9 | 17~18 =) (FFW) GHz Z L06GHy 2.4GHz
7] GHz 2~66GHz :
. 1~
& | A% 554kbps ~ 1Mbps(a), 100~ 20~
= | &% FHEDDS | on s sy | NP2 G0Mbps | 250kbps
3 B 15Km 15km ok 0~100m | 1om oo 10~
A Uil el 100m
Adhoc
MEAZ T aggs | mone | mada | dagd | Adwee | 299 star
}\6] A= A= A= A= A= meSh
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o} FTAAZ 30kmE s WWAN(Wireless
Wide Area Network)®} WMAN(Wireless Metropolitan
Area Network) W& o]&3fof AT F41 AFAA}
wiAskaL, AP e R A o8
WLAN(Wireless Local Area Network) %)<

=

=

[ R=
P
e

L

3. ATHINSUALY K52

R

7t. S8 3 HA(Link Budget) %! HIE 278 =4
ISM(Industrial, Science, Medical) t]H¥& Al&3l=
BN 2" HY E72 10mW/MHz, tH L o
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Table 3. Analyzed Communication Link Budget.

AMB|MSAAIAH | AW 2A T

e g w9 7
AT GHz 2.4
A km 4
s MHz 20
SA
= W 0.2
() {\_E‘j’—j] dBm 23
Qe o] 5 dBi 20
Aol & &4 dB -1
AE T EAY dBm 42
HEEA
A3 7k dB -1296
A2 dB -05
F ARE dB -130.1
TAI
e o] 5 dBi 6
HFeATF dB 6
Aol & &4 dB 1
TA e
(@6Mbps) dBm %
#5-%(Noise Floor) dB -101
Fade Margin dB 3

a8l 2. BPSKel E,/N,oll UtZ BER

Fig. 2. BER of BPSK depending on E,/N,.
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Fig. 4. DCF RTS/CTS Media Access Method of DCF.
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T = H+ P+ SIFS+ 6+ ACK+ DIFS+ §(20)

T = H+ P+ §+ DIFS (21)

TETSICTS — RTS+ SIFS+ 5+ CTS+ SIFS )
+ H+ P+ SIFS+ 6+ ACK+ DIFS+§

(23)

TSI CTS — RTS+ DIFS+ §

H= PHKLf:a(ler' + MA Cyheader% 'O/]D] 6_}_1’ 0 %
AR A7 ol g,

=Rl A md HAFS 95t Fuid
[(24]el A AAgE 2Ez yEA AlEHolEHQI
OPNET= ©]&3ato] 3% 59F o] mhetnel& AA s,
m=1, W=32, Packet payload = 8184 bits, *}'2 bit rate
= 1Mbpset 7HA4sta, n=10, 159 i, A4fstd
throughput2 3% 49} 2t}

3 4olA e Zo] AlEdely AAgs V|EoE,
=R ANG welo] 71E AnEde) wun A
A7t & 8 A9 & 5 Ak AAT, nol FUHREE
Ha} Aol FolEx, AEHIATY HxE Fold
E 4 =2 AHAS
Table 4. Model Validation.

o e R e Basic RTS/CTS
Al B o] H 0.687526 0.73212
Y
; 0.6882 0.7307
AA G 2
n=10 | ¥z} -0.098% 0.194%
A1 53 [24]9]
0.6898 0.7332
2
HA} -0.154% -0.343%
BRI 0.734195 0.66558
2 = A
. 0.6617 0.7357
A A g REl
n=15 | #|A} -0.205% 0.583%
e [24]19]
0.6695 0.7358
%)
HA} -0.216% -0.595%
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5. Throughput &4= ¢/t of2fojg MY
Table 5. Parameter Setting for Throughput Analysis.

T2hr] E 7k
Packet Payload 1000/4000/8184(Max)bits
MAC header 272 bits
PHY header 128 bits
ACK 112 bits + PHY header
RTS 160 bits + PHY header
CTS 112 bits
A bit rate 1/5.5/11Mbps
Slot time 220us
SIFS 28us
DIFS(SIFS+2 &5EY) | 468us
AR AR ZH 100us(@30km)

—0O=—RTS/CTS, 8184bits
— 0= RTS/CTS, 4000bits
- -0- -RTS/CTS, 1000bits
—O— Basic, 8184bits
= O= Basic, 4000bits
- -O- - Basic, 1000bits

Normalized throughput

5 10 15 20 25 30 35 40
Number of stations
ag 6. m{zl =Z70of wE MtEtE Throughput.
Fig. 6. Normalized Throughput depending on Packet
Size.
EE
o= A A4 LAt

A 2=¥ throughput ¥4
HEHE A4

a9 62 9zl A7) wE A53tE Throughput<
UEl= 28 o2 A9 bit rate=1Mbps, W=32, m=3°]
2t 7Hgsksieh sl 27)7F A2 49 Basic WHAl H
H2lo] RTS(Request to Send)/CTS(Clear to Send) =i
A2H2 B} Throughpute] © =1, 3§53 =77}
d9-ol= RTS/CTS®| BasicEtt ¥ 595 &
At
a9 7L backoff @Al w2 AH3+3td Throughput
HolFe afo® Afd dAEEE=1Mbps, 44 €
A71=32, Z  A7]=8184bitse} 7G5t
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0.75
0724 = - .- -RTSICTS,m=5
- . - o- RTS/CTS,m=3
3 0.69- . : —0— ;TS/CTS.;nﬂ
c NG - +O- - Basic, m=
§1 NO) . - o— Basic, m=3
S 0.66 DA —o— Basic, m=1
£ \8 S8 8 0— Basic, m
5 ~UO
§ 0.63- O Qwe
: >
5 0.60
4
0.57
5 10 15 20 25 30 35 40
Number of stations
% 7. backoff EtA0l 2 M SHE Throughput.
Fig. 7. Normalized Throughput depending on Backoff
Stage.
0.75
0724 — -7 T o.pgee-ecDeont
2 0.69- 77 O~ MR
=
[=)]
=
© 0.66
£
3 R
80634
g E - -0- -RTSICTS, W=128
< 0.60 - - o— RTS/CTS, W=64
2 —0—RTSICTS, W=32
©- - Basic, W=128
0.57 - o— Basic, W=64
—Oo— Basic, W=32
T T T T T T
5 10 15 20 25 30 35 40
Number of stations
a2l 8 A™ Az 37|of wE ™FstE Throughput.
Fig. 8. Normalized Throughput depending on Contention
Window Size.
RTS/CTS wjA] A2 2HolA 7o A3glo]

A48k Throughputg YWeEbH 1 QA9 Basic =iA 4
LA e AgolA A4t F7hetel wel Throughput
& Ag

% 8 v A4 9= A7) e Aafshe
Throughputs HoF= IHOE Aqd HAF &=
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