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ABSTRACT

ENFMS(Ex-core Neutron Flux Monitoring System) is divided into
source range, intermediate range and power range in accordance with its
measurement range whose measurements are carried out with BF;3
proportional counter, fission chamber and ion chamber respectively. There
have been lots of study to adopt the wide-range measurement method
which only fission chamber is used through the whole reactor power.

On this study, the whole system was considered using only fission
chamber as detector. With its adoption, the system consists of fission
chamber, wide-range amplifier and signal proceséing device. This
newly-consisted system was designed conceptually in accordance with
system requirements of KSNP, then it was found that it can be adopted
into KSNP without any impacts on other systems.

Also to support this configuration, it needs extending the power
measurement range which is covered by fission chamber to lower power
range. In lower power range the effect of noise in signal is greater
relatively than that of high power range. The existing signal processing
method to measurement plant power range in ENFMS in which the
individual neutron flux pulse can be countered as the reactor power
increased is MSV(mean square voltage) measurement.

In this paper the extended method from MSV(2nd moment) mode

to 3rd moment to improve the discrimination between neutron signal and



background noise was studied. The simulation shows that the accuracy of
power measurement in ENFMS using the method mention above would be
improved by 1.5 times.

On the other hand, the most thing is that noise effects due to EMI
should be overcome for the system assurance and the safe operation of
reactor. This effects can be minimized by careful consideration for overall
system, in view of system design, component design, preop test and so
forth.

Therefore, from a pointview of system designer, things to be
recommended and considered during system design are summarized, whose

results will be reflected on the conceptual and detailed design.



5]

A1 F M B oo 6
A2F B FE 9
A1 A7 3R AY oo e 9
A2A  AFEBY BEH e 10
A3A 3R AF e 12
M3 QT WG oo 13
A1 ATALY HFRE - 13
A2E FL APRE —————mmmmmmmmmmmmmmiem 3
A3 AT AF e 16
A4 BE e 17

¥ &

1. Conceptual Design Report for Wide Range ENFMS
2. 3 HEPE A% JHE dneEE ol &% AT Mo F} dAF
3. ZLPLE ¥ 4A Guideline



A1 A A8

TMI(Three Mile Islands) At3¢] ¥ USNRCE Reg. Guide 1.97
(Rev. 02)ol 4] PWRE 9A2&d9 AZo U3 24L& 7RI &
ZFHALe ZHYWSEE Type B, Category 122 FASIG A 299
1x107°% ~100%(8 Decades) ¥ 91 & 233 =2 3 Qot.

E3 ANSI/ANS-45-19801HE F4A&o W4 E Type
B2 FA8T glou, =AWMEE AoE Astd Hox A 299
1x10°% ~1x107°% & 23 @ AA sl & AL AdFs2 Uk, old
watd 2E PWRY =9 FAHAAL ZAAFL 1x10°%~200%7H A9 &
dHAE #FAE U

dutxos PRAWALANE dRAZIE WY FAdo
2 U¥o] AsD A, AFAd maH 2 £RGAdE 2ot A
ou g} HRYY, 3099 2 299902 UrD AT F dgolE
MaAsr], AEGY 2 HAFEL ALET Jn. 2y R
2 37tAe e P2 ALEHE 2L 474 % Bsg AnFuaE
294 Yulade] BT Ut

Hesl vAASs] R BAGL £Ho] BT 2~10d HEo|o]
H AF @Al e WAZE 2 wLedo GAY By opual
FARFAQY PAMNEE B70G AFolnh.

olol ¥hstol, ME AL +Ho] o 0dos WAL 47
23 ZAYOl ALE 4+ dom, vy Z HL5Y NARLHIME
Fe Zxe RED. gad 19804URH dF/NEEL 242 B
ALAHAE GEAYH VI TE ALE3to Fdi g (Wide Range) &3



L A e B A7 A9, 2N Gamma-MetricsA A <]
E A¥so 4dAl gL Hx g AL Y.

oo wWaElH FUFEFAFel 7T =dFHRE FAAFA
KSNPY w34 875 Adol dE d79 AFezH 19939 7l&
WY EHEIAM7 RGN, E JAE 53 M2 AF A
MEAAA R FAEAE #8382 x & Ad.

EY Ao dugdFE& 7Hsd 1 FAE Md H AAHAEA
o wgsnA VxHF7|Ed d 4P YL} AS.

FH A $HF AT FF 3, 43719 HA g A AA
EMI (Electromagnetic Interference)el &% WL EA7 gAsgedy,
olg HAFHY A BL AXFH ko] At LAH EAYL
QAeFAE HA ¢ AeolA Ao|@(Local Panel)ol gle A A 717t
EL 2898 EASAR, B o] AT AoEY AL AR
oty & ¥WaE R

o] EAE 9% 337|dAM AAFErS A3ZAMHGFAlY =
€ AZEAHd Common-Mode H#A7I& ME FAFgo=2HN HAFA2,
FY 4370 M e o PPz x HAHA XY Common-Mode o}
719] Aol£g HAHL, EY R7HA FEE N2 F/HoEZHN HAY
& AR

ety R&EANN =dFAHRE FAATY 4ee AL
7] A%t EANE B3 mofdte Aol "o, 2 AFE IA
AFE E R FHEANM M2l WwYsn =¥ &4 3457]F 7&
AL HE{nA AU



A2 R A3FAME B BA U AFHE R SRl
Bt FHF NEdAT, A7 Hed Fo ATNEd dE AT
ANBL BEo) 22 FEac



A 2

A13d 4732 A¥

€

R’

- W &

1Q

(A] A&7 24+
1. KSNPste] vlm
2. dAAE HE
3. KSNPol9] 84 a3

[eopp oty ————————————

[B] 34442471 A
1. €38 & Mg
2. KSNP2 9| 384 HE

P e e s

100 %

[Cl dz¥gga MIAdA
1. Module ¥4
2. AALAAN A
3. MEGHARTA 34

100 %

(D] FSA4 g AF
1. $ALAE HE
2. Fgol A3 a+
3 FAf i A
4 FZLFLUL 1
5. ofu] dAa8A 34

e e —— e 4

100 %

[E] 987} @@ A+
1. S/W V&V #d 43
2. A A% us

b ———r—y

% B 98

100 %

100 % | 100 %

" 80 %




A2d d7sddd 584

1.

2.

H| E¥ 7H] ALE
(¢$1 - 39)
vl &
2 s ] H Z] 8 e
v F A FH | 3 ¥ o} %)
et L 2,677 2,490 187 93 %
T oy 9,779 9,779 0| 100 %
Fdy| 500 270 230 M %
FA1Y] 240 18 222 8%
A =70 600 599 1| 100 %
TAQAH Y] 474 50 424 11 %
AR Fy] 36 36 0] 100 %
) 300 0 300 0%
|3y 2,355 2,355 0| 100 %
T A 17,000 15,597 1403 | 91.7 %
20908 MAD)
Hgd| A 89 | 5 | A E | 9 AR
NI 0 0 0
A998 | LOM/Y| 08MY 80 % | HA WA
4 ¥ 02 MY | 02 MY 100 %
Al 12 MY 1.0 MY

10



LA

28 AZLA ] 27X

T+ B g £ = =
[A] QFA14 S FALE Q1L
(B] d771AA

o Computer Sys.
- 7T5SMHz 586uP
- H/D : 500 MB
- MEM : 8 MB

o 9% H/D

B A SYEE SIS ALe AY
NRAYZH AE7TRE TS o f
3t Computer 248 & 8355t

o] A YL E3tel AA LAZE
Mutstn wAscle) HENE HAY &
AR,

dALA HER dolE & 47] 2
48L& £9% 23 dolgs ddE
AgE BT} FF AYAE37] A
Rolt},

11




A3d FAHF

1. & FAs &75&6 °1F357]99 HEE BERE FAHUY] dE) dAS
AZ AT 7171AFe] i [N £9& g KMRRY koF4AE &
A AE tid 71718 FALol 7|2 ¥ GAMMA-METRICSAK®]= San Diego £
A ;o8 GMelg F¥ThHel FUAQ Wxrt Basyh ool uaby YEE
& B3l HAAZATAE J171AFN e LA R AFY Architecture®& 7538
Art.

2. W 237% BAL AstdE YAEE F4AS g5 e4=HE AR
3 gfole Azol ¥ FAY olslyt Wasor), YuAELE ERE & A
$o) B4gozs st gAsdANe AEASS BN old) B B
Y 2od9e 712 $¥E $ANND. 29 SHLN A HolHE
YAHE FHAL AL YnhAA e HAY 4 §l7] BB 2
58 EANR 44 W2 & e A7 HRXT, Fo KMRRoIAH 0|8
7 A5HW 0@ Fate] Rojuys] AAE Verificationst2 A ST

3. ¥ & HA9 Fie A9 A& A% AoloA sy Auj2F

A/ESHS] QAA] EZEE ool AYJ HAJ 7beE 4 7] Wi, olg
o 3 56579 4ANHAHADF)L 2 AAIBATH

12



A 3 A A 7+ W &

A1@d ALY AFEE

FE7IZHN GEGYNE ojfste WAE =544 AAA T
e AFHACIE § FHEA e FY33, ols WA & AT o
B JeALE AT dAaWE ATE FEA ALEL. AFTHA +94 53
AZAFFA ] g FHMdAN FHE& T2 Agsiaa d@g.

AT AAEEME AF ATEIAN, AFLAAN, dAAEA & 717
AP BAY 44 FHEoID, o] AAE wioz T4 4 R A
122 Afdd HEYE 1 X2 o

Azd Fo ATUHE

1. Aldd 2% L1 3

Fd Y :FHAE FAATE THEHY] A5t A KSNPY 4ALX
o] JEHULH, o] aWL& uPog njF GAMMA-METRICSAIS] @3 A&
4& AEY FI, 21A, 2714, AN 2 1I&CH B AT AAEARol
KSNPel 2 4€¥ 4 U&€ ¢ 4 AT (JAae] adz fAd). ol u
24, KSNP¢] 4AzMz|¥d 2} Module74& E43d Rton, olg 7|FEe
2 $AFYE F3 9129 Qualification® 717)8 FHLE 7)7|1AFALS §A
MddAE A |

By =dF4AL FAAAETY MFgdA U Hode Bl PR
At

13



2. ZdY FAHAAEL AV Y

B x)FHAE FAARE A AN 2FPNE £IFGel mekA
Arg83 glonl, 2 QY Calibration A7 wh¢ #Asich. olo) weA, 9
2QYNoE ALANAE 2AHT Calibrationd BEB87) Aste] "B e
dneFe FAlT, 2RE F&50ld A4 & YTl U & 47
sl & A7E SRR

Agel AHE YA E A FAASAEE o83 ZABAA AL
syt 2E dice dY ¥ 99 FYAHE A3} H3o AFEE ol &
F 2odgE T3 FEHUT. BAAHdEE Ao BFe) A% d¥Az
' "2EZo| Imsolx AEHYAIHSampling Time) 200nsol ¥, HA Window
5000719 Az A A3t AZE F MY FHAA st ¢4 "
gao g A EE MEFSA V€ Az Asilen, 279 &
o] GAAIZEE B9z FAHAUL, FEAVIE FIASE LA AR
ot T Ze A3YHE Ao HAZ2 100008 ZA, 2 2
71 1/1,0002 433

E A3 AAges BE29 IJRE Yt
3 ASI2HY ¥4

A4  $AZFY AP 3, 4FJle  HA ¥ ALAA,
EMI(ElectroMagnetic Interference)/EMC(ElectroMagnetic Compatibility)

o S we EAZ ¢Asgon, ol HASI A we AN
o] YadAY. LAE EAFE HAs5FAE HA ¢ FeA

14



Aol gle AAZZ L &Y & EASYUL, B o] gk FAES
At 3ol gt & ¥AE XY

o] EAlE 9% 3&7|A AXNFE7| s dEANHAole RE AT
Ae] Common-Mode #3718 M2 Fygezx HAHRA2Y, 9% 4
F7NAAME o] woezx HAHA £39 Common-Mode §#71& 3
Astn, £ TR REFLE N2 FMgo2 A HfESAG.

gty FEHIVNN 9FARE FAAFT 4L AT 44
Al olgt B BAFE HAEAS A5t A& ¥ Guidelined ¥WLAY
o] AZIEA. WA HIHE EAIE AF3] E4HAL, FSEL R
Aol sty HEF ¥, 1 238 AT A4, g § LA
of wtgdstna & d7F7F 4 HAG.

¥ A7 Adde ¥ 530 IFHA YT

4. Q%718 A FE ¥ AR

E A AW A%yl BA YEE B ATE AASIA LA
A gARPdes TURE A% S/W V&V U AssAee FE B 3
57 A% AR T} & A £9F =AFHAE FAAS OA”
gag 4P e ol RAel usd BYR $UHol AFHA YR,
288 HFAgol Hg FUsly WEd UAggHoze yge zHsA AN
.

olo] weld, S/W V&Vl e Badel H4=gen, 4B Code &
Std. o AETE FPHYT

15



A3d dF 4%

1. ¥4 A 9 343 e ¢dL9 =F4AE FAATE A F/Y
A&71® AHSSE Slor, O FAM AEARE At F& £ (A
F719] A9 < 33, oA B¢ 108 AR) & AP Uk o2 ¢
ol e A, BA B2E 2AUE R ALYF GB, aNAdH YAE
Exo gL EAFE /AT . & FAE 5o dAFFol 4080 uEH=
HEGYgto 2 KSNPY k:954x4E AAATLANEEE AXNE 5+ A2,
olg Efi2dtd F&£F70AN A7) EAFE AAY 4 dokedd € 9uist
Acta s

2. 9% 3457|0AM AYIHARC =AFHAS FAATA FEEA 243
o ol& /Aol B UYo] AaHUTt. o] EAE A4FU € AAE
E3ld o] EAlE AYI EAn FSAA udy gule 44 % 4A
Guideline®& AANFe2H A=AH%0E 4T 4% FAAFTE 7HE 5 4.

3. KSNPY ZFgd&udl g AXNFZI7} AHEEHT Qith o2 Uso 2=
o] mA oFE, FAY §Fo2 AW =F39 27 g F& uFIRAEYT
EAAE 7HA3 Qo & BAE §3 RE AAFEVE Fd0E 9 4
ALEZN L AL AEF U

4. AZHNAYST ARH2 HAxFHE A3 FEAIIL AHIT /A
Hol B3 M2 MIY =FHAE AAATE At A9 Yz
<& ASY22A B EAE HE} I 9njd sy &1
33U

16



Al 4 F 42 &

2 FAE F£37] 99 4L BEE £YHAH, IAEEAA
3 AgAe g 714 FE R AZHSFAE THH AN 544 7
ANAE g MILAE $959c. 2 B, $3IGY 2x10°9%~200%2]
gL AR GYTez 2o AL ¢ 4 AU, oo B AFLAE
9% 4 A}t AA AFel 4P VAR System Architectured FEIFHAI
1 71%& Aesisi

Y 2H7|E ZdME SALAZRE 238 doldrt g0l A
43 FFE ZJUYL FPEA EaYo 33 2HEY MSVY Uy ¢4
e 45T F UNT, =Y o9 F=sdo] TA dsldx HESS wE@
T3 e 48 4 AT Y wAXdA ASE AA HolEHE uge
2 AR A5 L EMo] HS BaFL & £ AN AYY HFo|xd 4
Aol Wy} HES ool & Aoz AEHUG

Feps SdgqME Feo 99, AP € AAF PP JEL
sttt I A3, A3AHte wAHe) e FaPL ¢ F AN, A F
ol I AFY FAPEo st B FLL ALY 4+ ULE U £ AN
. 2y AR R AL RF0E U3 o] A4 FQU WAL R F
S&ddA FESHA EE ool AR FF o] REd BF AxglE
HE g £40] agdc} AT

17



5 1 Conceptual Design Report for Wide

Range ENFMS



Conceptual Design Report
for Wide Range Ex-Core Neutron Flux

Monitoring System



TABLE OF CONTENTS

Section Title Page No.
1.0 Introduction 3

2.0 References 4

3.0 System Requirements 5

3.1 General Design Requirements 5

3.2 Functional Design Requirements 7

4.0 Proposed System Architecture 13
4.1 System Descriptions 13
4.2 Detectors 13
43 Cables 15
4.4 Junction Box 16
4.5 Wide Range Amplifiers 16
4.6 Startup and Control Signals 19
4.7 Plant Protection System Signal Processor 20
5.0 Evaluation Between Wide Range and KSNP ENFMS 23
5.1 General 23
52 KSNP ENFMS 23
5.3 Detector Comparisons 24
54 Cables and Amplifiers 27
5.5 EMI/RFI Concermns 28
5.6 Flexibility and Reliability Comparisons 29
5.7 Summary of Differences 31
6.0 Conclusions 33



1.0 INTRODUCTION

This report contains the conceptual design of the Wide Range
ENFMS (Excore Neutron Flux Monitoring System) which is based on the
feasibility study conducted by KAERI in 1995. The feasibility study
concluded that the WR ENFMS system based on the Gamma Metrics
product can be adopted and implemented into KSNP.

First of all, the WR ENFMS system is reviewed and compared with
that of KSNP from the stand point of functionality. The new architecture is
established by considering the system requirements of KSNP and, based on

that, the conceptual design is prepared.

In Section 3.0, the system requirements of KSNP ENFMS are
reviewed and modified in order to apply to the new system design in
global. Then in Section 4.0, the WR ENFMS is reviewed in detail, in
Section 5.0, the current Wide Range design is compared with that of KSNP
to setup new system architecture. Finally in Section 6.0, the conceptual
design report are concluded.



2.0

2.1

2.1.1

2.1.2

2.13

2.14

2.15
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Stations.

IEEE Std 384-1981, Standard Criteria for Independence of Class 1E
Equipment and Circuits.

USNRC Reg. Guide 1.75, 1978, Physical Independence of Electric
Systems, Rev. 02.

USNRC Reg. Guide 1.97, 1983, Instrumentation for Light-Water-
Cooled Nuclear Power Plants to Assess Plant and Environs
Conditions during and following an Accident, Rev.03.



3.0 SYSTEM REQUIREMENTS

3.1 General Design Requirements

3.1.1 Safety Classification

All Safety channels shall be classified as Class 1E and Startup and
Control channels shall be classified as Non-Class 1E respectively.

3.1.2 Seismic Classification

All Safety and Startup/Control channels are classified and qualified
as Seismic Category I and II respectively. Therefore, all safety channel
equipment shall be designed to operate before, during and after five(5)
OBE (Operating Basis Earthquake) followed by one SSE(Safe Shutdown
Earthquake). Also, all startup/control channel equipment shall be designed
to withstand OBEs and one SSE without loss of physical integrity.

3.1.3 Design Basis

3.1.3.1 Startup Channel Design Basis

The Startup Channel shall provide source level neutron flux
information to the operator for use during (1) initial reactor Startup, (2)
extended shutdown periods, and (3) Startup after extended periods of
shutdown and following reactor refueling operations.

3.1.3.2 Control Channel Design Basis

The Control Channel shall provide, in the power operating range,
control grade signals to (1) the reactor operator for the power operation and
(2) the RRS(Reactor Regulation System) for use during automatic turbine
load-following operation.



3.1.3.3 Safety Channel Design Basis

The Safety Channel shall be operable to monitor the neutron flux
level over its anticipated ranges for normal operation, for Anticipated
Operational Occurrences (AOO), and for accident conditions as appropriate
to assure adequate safety functions.

Two Post Accident Safety Channel shall be designed to provide the
neutron flux information during and after an accident. The Post Accident
Safety Channel shall have the operating range of at least 10-°% ~ 100% of
full power and shall be designed to operate as long as the information it
provides is needed by the operator in accordance with the requirements of
Reference 2.1.5.

3.14 Redundancy

For the Startup/Control Channels, two independent channels shall be
provided. On the other hand, for the Safety Channels, four independent
channels shall be provided and in particular two of them shall monitor
neutron flux during and following the accident.

3.1.5 Separation/Isolation

Startup/Control Channels shall be designed to comply with (1)
separation between control and protection system and (2) separation
between Class 1E and Non-Class 1E in accordance with References 2.1.3
and 2.1.4. Safety Channels shall be electrically isolated and physically
separated from each other and from equipment not classified in accordance
with References 2.1.3 and 2.14.

Each Startup/Control and Safety channel shall be powered from a

separate Non-Class 1E and Class 1E vital instrument bus (VBPSS)
respectively.

3.1.6 Failure Consideration



For all ENFMS channels, neither a single credible equipment
malfunction nor a single operator error result in failure of more than one
channel. In particular, for Safety Channel, at least two channels shall
monitor the neutron flux continuously. And also, the removal from service
of any component or channel shall not result in loss of the required
minimum redundancy unless the acceptable reliability of operation of the
safety channel can be otherwise demonstrated.

3.1.7 Accuracy Requirements

The accuracy for the Count_rate and the Rate of Change of power of
the Startup channel Signal Processor shall be + 3% of equivalent linear full
scale output and + 0.2 DPM under the entire operating conditions
respectively.

The accuracy for the Control channel Signal Processor shall be + 1%
of full scale output power under the entire operating conditions.

The accuracy (Linear and Logarithm output) for the Safety channel
shall be + 3% of equivalent linear full scale output and the accuracy for the
Rate of Change of power over the full range shall be + 0.2 DPM under the
entire operating conditions.

3.2 Functional Design Requirements

The ENFMS shall measure reactor power level by monitoring
neutron flux leakage from the reactor vessel. This system continuously
monitors the neutron flux from source level through full power operation,
and provides signal outputs for reactor protection, reactor power control
and for information display.

3.2.1 Startup Channel-related Functions

The system continuously shall monitor the neutron flux in the range
of 1~2,000 CPS(Counts Per Second).



3.2.1.1 Indication Functions

(a)

(b)

(©)

The indication for Startup neutron flux level is provided to the
MCR.

The indication for the Rate of Change of power is provided to
the MCR.

Audible Count_rate indications in the form of tone bursts at a
division of the count rate are provided to both MCR and
Containment.

3.2.1.2 Alarm Functions

(a)

(b)

(c)

The High CPS alarm is provided to the PAS (Plant
Annunciation System) for warning the operator when the
HV(High Voltage) to the startup detectors must be eliminated.

The system shall provide the alarm signal for the annunciation
of the Inadvertent Boron Dilution.

The Startup/Control Channel Trouble alarm is provided to the
PAS when the Startup Channel is in a test mode or when one
of the interlocked PCB(printed circuit board) and/or module is
removed.

3.2.1.3 Test Function

The Startup channel shall have the capability to test to ensure its
proper operation.

3.2.1.4 Other System Input Functions

(@)

The Count_rate signal is provided to the PMS (Plant
Monitoring System) for its application programs and data
display available for the operator.



3.2.1.5 Local Indications

The Startup/Control Channel Signal Processor shall be able to display
to the operator the following parameters:

(a) Startup Ch CPS and DPM(Decades Per Minute)
(b)  Startup/Control Ch HV
(c) Control Ch Power level (Percentage power)

3.2.2 Control Channel-related Functions

The Control channel continuously shall monitor the neutron flux in
the power operating range of 0% through 125% of full power (FP).

3.2.2.1 Indication Functions

The indications of power operating range are provided to the MCR.

3.2.2.2 Alarm Functions

Startup/Control Channel Trouble alarm is provided to the PAS to
indicate that the HV for Control channel is low or that one of the
interlocked PCB and/or module is removed.

3.2.2.3 Test Function

The Control channel shall have the capability to test to ensure its
proper operation.

3.2.2.4 Other System Input Functions

(@) The Power level signal is provided to the system responsible
for the automatic turbine load-following operations.



(b) The Power level signal is provided to the PMS for its
application programs and data display available for the
operator.

(c)  Signals suitable for use with a reactivity computer are provided

during Startup and Reload for Low Power Physics Test below
1% of full power.

3.2.2.5 Local Indications

The Startup/Control Channel Signal Processor shall be able to display
to the operator the following parameters (Same as item (b) and (c) of
Section 3.2.1.5) :

(a) Startup/Control Channel HV
(b) Control Channel Power Level

3.2.3 Safety Channel-related Functions

The Safety Channel continuously shall monitor the neutron flux from
near source level (about 2 x 10-*%) to 200% of full power.

3.2.3.1 Indication Functions

(@) The indication for Log power level (Class 1E) is provided to
the MCR.

(b) The indication for Calibrated Linear power (Class 1E) is
provided to the MCR.

(c) The indication for Rate of Change of power (Class 1E) is
provided to the MCR.

(d) The indication for Log power (Safety Channel A and B only)
is provided to the RSP(Remote Shutdown Panel).
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3.2.3.2 Alarm Functions

(a)

Alarm signals are provided to the PAS for High Rate of
Change of Power and Safety Channel Trouble Alarm.

3.2.3.3 Input for Trip Functions

(a)

(b

(c)

A Log power signal is provided to the DIPS (Digital Integrated
Protection System) for the High Log Power Trip.

A Calibrated Linear power signal is provided to the DIPS for
the Variable Overpower Trip.

Three Segment linear power signals are provided to the DIPS
for the Low DNBR Trip and the High LPD Trip.

3.2.3.4 Input for Bypass/Interlock Functions

(a)

(b)

A Log power signal is provided to the DIPS for the High Log
Power Trip Bypass and for DNBR/LPD Trip Bypass (below
10%%).

A Safety Channel Trouble signal is provided to the DIPS for
the Power Trip Test Interlock when the Safety Channel is in a
test mode or when one of the interlocked PCB (Printed Circuit
Board) and/or module is removed or when highflow voltage is
lost.

3.2.3.5 Test Function

The Safety channel shall have the capability to test to ensure its
proper operation.

3.2.3.6 Other System Input Functions

11



(a) Three Segment linear power signals are provided to the
IVMS(Internals Vibration Monitoring System).

(b) PA(Post-Accident) Safety Channels (Safety Ch A and B)
provide to the PMS(Plant Monitoring System) signals needed
for its application program and data display available for the
operator.

3.2.3.7 Local Indications

The Safety Channel Signal Processor shall be able to display to the
operator the following parameters :

(a) Log Power

(b)  Calibrated Linear Power
(c) Safety Ch HV

(d) Rate of Change of Power

12



4.0 Proposed System Architecture

A Wide Range(WR) ENFMS system architecture is established on
the basis of the following assumptions:

1) The functional requirements are to be maintained.

2)  The interface with other systems than I&C system is to be
maintained.

3) The change for interface with A/E is to be minimized.

4.1 General

WR ENFMS has quite different configuration with that of KSNP. It
will provide only four(4) channels for power level coverage, from complete
plant shutdown to 200% of full rated power. (See Figure 1)

4.2 Detectors

WR ENFMS requires only four detector assemblies since each
detector assembly provides Source Range, Wide Range and Power Range
information.

Each Detector Assembly in each channel will have three guarded
fission chambers, vertically spaced in the Detector Assembly in order to
facilitate linear measurement of nuclear power in the power range.

Each Detector Assembly has four coaxial cables that transmit the
common high voltage for detector excitation and individual signals acquired
from the three fission chambers. All three fission chambers will provide
both source range and power range level signals, resulting in a very high
sensitivity. Only the center fission chamber will provide the wide range
signal under normal conditions.

The guarded fission chambers used in the Detector Assembly are
designed to have 99% saturation when operated at a detector excitation
voltage of 700 volts at a neutron flux of 3 x 10"nv. Because the plateau for
fission chambers is so broad, adjustments to excitation voltage are not
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required in contrast with BF, Proportional Counter. The guarded fission
chambers used in the Detector Assembly normally operate at a detector
excitation voltage of 870 volts, thereby providing an output signal which
has 99.7% linearity due to high detector saturation. No adjustment is
needed in excitation voltage once the unit has been calibrated and set in the

factory.

Each fission chamber in the Detector Assembly will provide the
signal for a power range, linear current measurement of the neutron flux to
200 percent reactor power.

Each section can also provide a signal for a Wide Range logarithmic
measurement of the neutron flux up to 200% reactor power. Normally only
the center fission chamber would be used for this wide range signal.

The startup range signal will be the sum of all three fission
chambers. A pulse signal that is the sum of the pulse signals from three
fission chambers is available on the high voltage coaxial cable. This signal
is used to obtain the maximum sensitivity at low flux levels in the startup
range.

4.3 Cables

The cable assemblies from the Detector Assemblies to the WR
Amplifier Assembly consist of three parts; Detector Cable(integral to the
Detector), In-containment Cable, and Amplifier Cable. The cables will be
of triaxial configuration, using a specially designed coaxial cable inside of
a flexible metal hose as the second shield of the triaxial configuration. The
Detector Cable utilizes a coaxial cable that is mineral insulated for 20'-30’
to provide higher reliability in the high radiation area. This mineral
insulated cable is factory-spliced to an organic cable outside the high
radiation area. The Detector Cable is connected to the In-containment
Cable at a Junction Box(Junction Clamping Assembly), where the coaxial
signal cables are joined through type N connectors. This configuration is
extremely modular and simplifies installation, maintenance, and component
replacement, if necessary.

The organic cable for the In-Containment cable is a special coax
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cable that was designed to solve many problems that have been associated
with the use of organic cable in radiation area. It has a hard-line coax
shield that helps keep any atmospheric contaminants (such as ozone) away
from the cable dielectric. In addition, the coax is placed inside a sealed
flexible metal hose that eliminates damage caused by beta radiation, further
eliminating any hazards from atmospheric contaminants and providing
structural support for the cable and increased protection from EMI/RFI
noise.

The elimination of Electro Magnetic Interference(EMI) and Radio
Frequency Interference(RFI) was a prime consideration in system design.
The detector, cables, and amplifier were considered as a system in the
design, including shields, grounds, and impedances. The cable provides
noise attenuation of greater than 200db over the pass band of the signal.
The WR Amplifiers have individually shielded, plug-in modules to
eliminate noise pickup and cross-talk. Independence of circuit ground and
shield ground is also maintained from the WR Amplifiers through the
Signal Processors to allow the system to be installed in a noise free
configuration. The High Voltage Power Supplies have been positioned
inside the WR Amplifiers to improve the system’s immunity to EMI/RFI.

4.4 Junction Box (Junction Clamping Assembly)

The Detector Cable and In-containment Cable for each channel
penetrate the Junction box through pressure tight fittings where they are
connected together using Type N connectors. Each connector provides a
solid coaxial connection isolated from the junction box.

4.5 Wide Range(WR) Amplifiers

The signal conditioning and signal processing circuitry has been
divided between the WR Amplifiers and the Signal Processors to require
only shielded twisted pair wires to be used for transmitting signals between
them. This avoids the use in the MCR of costlier/fexpensive coaxial,
triaxial, or other specialty cables that are difficult to properly install,
handle, and maintain. This also avoid its associated hazards in the PPS
Signal Processors.
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The proposed WR Amplifier in each channel is designed for
operation outside of containment and is connected to the Signal Processor
in PPSC via twisted shield pair(TSP) wire.

Mounted on the motherboard is the High Voltage D.C. filter. The
Amplifier Assembly houses the power supplies and the electronics that
condition the detector signal for transmission to the Signal Processor. The
Printed Circuit Assemblies(PCAs) necessary to condition the Wide Range
(source range and intermediate range) signals include the Preamplifiers,
Source Range Discriminator, the Wide Range Discriminator and Band Pass
Filter, the High Gain Bandpass Filter (for use in reactor physics testing),
the source Range Log count Rate, the Wide Range Test Generator and
appropriate isolators. The Source Range level and rate signals are sent via
TSP to the Emergency Equipment Room for Source Range indication and
to meet the requirements of 10CFR50 Appendix R and also to the Main
Control Room via the Signal Selector.

The WR Amplifier Assembly also contains the necessary components
to condition the Power Range signal. These components include three
Linear Amplifiers (one for each guarded fission chamber in the associate
Channel Detector Assembly), a PR Rest Generator, a Summing Card and
appropriate isolators. Power Range signals are sent via TSP to the
Electrical Equipment Room for control and the Main Control Room to the

PPS Signal Processor for display.

The signal conditioning electronics in the WR Amplifier Assembly
provide amplification, pulse shaping, discrimination against alpha, gamma
and electronics noise, and other signal conditioning to provide the required
output signals of Source Range, Wide Range and Power Range. Circuitry
in the WR Amplifier provides continuous self-diagnostics of the integrity of
the associated Detector Assembly, cables and power supplies. (See Figure
2)

17



81

Isolator

Level———m——

-Rate——>

Figure 2 Amplifier
Upper<-——<« Pre-Amp '
I
T SR SR —Leve|———o|
Discr. LCR
I—~Ratem——*—
Middle< 4 Pre-Amp
L WR
Discr. Isolator
* BPF -
Lower-=—}-—d Pre-Amp
| WHR Isolator
TestGen| ] °°
Upper- > SO
Lin-Amp > lIsolator Average

Middle——=| 180

Lower—

Lin-Amp

SO

=

Lin-Amp

PR
Test Gen

To EER
for SR and
10CFR50 App R

To
MCR
PPS

To
EER
Control

To
MCR
PPS



4.6 Startup and Control Signals

The Startup and Control (average power range) signals are sent to the
Electrical Equipment Room(EER) where all four channels enter a Signal
Selection Panel. The purpose of the Signal Selection Panel is to allow the
operator to select two signals from the four incoming signals available to
provide the required outputs. The Signal Selection Panel is designed to
mechanically prevent the same channel from being selected for both
Startup/Control 1 and Startup/Control 2. This design ensures redundancy
and, at the same time, increases the number of signals available to the
operator, which maximizes the Startup and Control Channel integrity and
reliability.

The output signals from the Signal Selector Panel are as follows:
Startup:

® Counts per second for MCR display and the PMS

® Rate for MCR display

® Audible Count Rate for MCR and Containment

o Startup High Voltage Low for PAS

® Trouble Circuit Annunciator for PAS

® QOutput Test Signal

Control:

® Power level for MCR display, the PMS and turbine load following
operations

® Trouble Circuit Annunciator (same as for Startup function)

® Output Test Signal (same as for Startup function)
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4.7 Plant Protection System(PPS) Signal Processor

The signals from all three fission chambers are summed to provide
greater sensitivity. The counting region covers the lower five-and-a-half
decades of power level while the MSV technique covers the top four-and-a-
half decades of power. Each signal is monitored well beyond the range in
which it is used for an output signal, resulting in over two decades of
overlap information. the WR Level signal is displayed as 2 x 10® to 200%
of reactor power in a logarithmic scale. The output signals from the Signal
Processors cover from O to 10.0V with 2 x 10°% equating to 0 volts, 200%
to 10.0 volts, yielding 1 volt/decade. The rate of change of the WR Level
signal is continuously monitored and displayed as the rate, from -1 to +7
DPM. A 0 to 10 volt signal is available at a rear panel connector
corresponding to -1 to +7 DPM.

The PPS Signal Processors also receive the upper, middle and lower
linear current signals from the WR Amplifiers. The percent power meter
displays the computed average of the three signals over the range from O to
125% power. High precision components are used throughout the power
range circuitry to eliminate the need for adjustments except for the upper,
middle and lower power gain controls on the front panel. The gains are
adjusted via locking. multi-turn potentiometers conveniently located for
easy access on the front panel. This design precludes reliability problems
with additional potentiometers and avoids possible mis-alignment of PR
gain. (See Figure 3)

The following Safety function outputs are available:
® Logarithmic power

® Rate

® Linear power

® Scaler

® Trouble bistable
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® Rate bistable
® Log bistable
® Linear bistable

® Output Test Signal
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5.0 Evaluation Between Wide Range and KSNP ENFMS

5.1 General

The intent of this section is to briefly discuss the standard ENFMS
currently used in KSNP so that it can be compared to WR ENFMS
described in this report.

5.2 KSNP ENFMS

A total of eight channels of instrumentation are used in KSNP's
current system. The neutron detectors are located in instrument wells
external to the reactor vessel. Eight instrument wells are required (one per

channel).

Two Startup Channels provide source level neutron flux information
from 1 to 2000 cps. Each Startup Channel consists of a dual section
proportional counter assembly with each section containing multiple, short
lived BF, proportional counters, one preamplifier located inside
containment, and a signal processor containing high voltage power supplies.

Two Control Channels provide power range neutron flux information
from 1 to 125% of full power. Each Control Channel consists of a dual
section Uncompensated Ionization Chamber (UIC) and a signal processor
containing high voltage power supplies. Each Control Channel shares the
same signal processor with one Startup Channel.

Four Safety Channels provide Wide Range neutron flux information
from 2 x 10°% to 200% of full power. Two of the Safety Channels are
qualified for post accident operation to satisfy RG 1.97. Each Safety
Channel consists of a three section fission chamber detector, a
preamplifier/filter assembly used to distribute the high voltage to the three
fission chambers and a signal processor. The three fission chambers in each
detector are lined up vertically to measure the axial power distribution. The
preamplifiers for the two channels qualified for post accident are located
outside containment. However, the other two preamplifiers are located
inside containment. Each fission chamber is operated in the current mode
and feeds a linear amplifier to provide power range neutron flux
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information from 0 to 200% power. The center fission chamber is
additionally used in the log mode to provide wide range neutron flux
information from 2 x 10°® to 200% of full power. Both indications are
provided on the same signal processor.

5.3 Detector Comparisons
5.3.1 Startup Detector Comparisons

The KSNP design uses BF, proportional counters as Source Range
detectors. WR ENFMS detectors use fission chambers which have a much
longer expected life than BF, or B,, proportional counters. Industry
experience indicates the need to replace BF, and B,, Source Range
detectors every two to five years in many nuclear power plants. WR
ENFMS detectors have a qualified life of 40 years. Very few failure of its
detectors with mineral insulated cable have been seen to date.

Assuming a five year life span, each BF,; Startup channel would
require seven detector replacements over a 40 year period. The material,
labor and associated radiation exposure required to remove, install, and
calibrate a detector are quite expensive. The most serious effect is that
detector replacements are unplanned, they tax available manpower and,
invariably, they end up on the critical path where they have the potential to
delay the entire outage.

All neutron flux detectors are also sensitive to gamma flux. The
degree to which the gamma sensitivity can be suppressed before it
interferes with the neutron sensitivity varies by detector type. In a B,, or
BF, proportional counter like the KSNP Startup channel, neutron sensitivity
can be completely overcome by a gamma flux level between 200-1000

R/hr.

In a fission chamber based system such as WR ENFMS, there is less
than a 1% instrument error for gamma flux levels as high as 10° R/hr at a
neutron flux level as low as 10° nv.

In the KSNP instrumentation, the Source Range discriminator is set
to provide rejection of electrical interference/noise due to power plant
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equipment and the signal due to gamma radiation incident to the detector
assembly, up to 10° R/hr. See Table 1.

Table 1 Startup Channel Detector Comparisons

COMPARISON WR ENFMS KSNP

Total Number 4 2

Sensor Type Fission Chamber BF,

Frequency of 40 Year Qualified Life | Approx. Every 2 - 5
Replacement Years
Maximum Gamma > 100,000 R/Hr 200 R/Hr
Flux

Always Have Yes No

Indication of Source

Range Operability?

Range 0.1 to 10° CPS 1 to 2000 CPS

5.3.2 Control/Safety Detector Comparisons

WR ENFMS uses Guarded Fission Chambers as the sensors for
Power Range detectors while the KSNP Control Channels uses UICs.
Fission chambers exhibit a much longer useful operating life compared to
UICs. In theory, fission chambers should have a lifetime of 2 x 10 NVT
for a 10% decrease in sensitivity. In actual practice, these fission chambers
experience a typical lifetime of greater than 6 x 10°NVT. The failure
mechanisms are similar to those of B,, lined UICs, except that the neutron
capture cross-section for B,, is approximately seven times greater than the
fission cross section for uranium. Therefore, failure mechanisms associated
with burnup will occur faster in UICs than in fission chambers.

Fission chambers, when utilized as Power Range detectors, have a
small but measurable inherent alpha current, due to the decay of the
Uranium coating. After the first fuel cycle of exposure on the fission
chamber, the current from the detector also includes the effects of
radioactivity decay from the fission products produced within the fission
chamber. This represents an error of less than 0.2% of full scale current.
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UICs have several advantages and disadvantages, when utilized as
Power Range detectors for nuclear power plants. The major advantage is in
the low leakage current from the chamber. The UIC has a useful range over
at least four decades of current measurement. These chambers have the
ability to measure neutron currents down to 1 x 10" - Amperes, except for
the error introduced by gamma ionization of the gas.

In theory, B,, lined chambers should have a lifetime of 2 x 10° NVT
for a 10% decrease in sensitivity. However, in actual installations, these
UICs experience a typical lifetime of approximately 3 x 10*NVT. The
failure mechanisms include not only the burn-up of the B,, sensitive
coating, but also the degradation of insulation resistance of internal
insulators and connectors, increased leakage current, and reduced sensitivity
or poisoning of the fill gas internal to the chamber.

In short, use of UICs will result in a shorter lifetime and greater loss
of sensitivity than will result from the use of Guarded Fission Chambers.
See Table 2.

Table 2 Power Range Detector Comparisons

COMPARISON WR ENFMS KSNP
Total Number 4 6
Sensor Type (s) Fission Chamber Control Channels:UIC

Safety Channels:
Fission Chamber

Lifetime for 10% Theory:2 x 10° NVT | Theory:2 x 10 NVT
Decrease in Sensitivity | Actual:6 x 10° NVT Actual:3 x 10" NVT

Axial Flux 3 Sections 3 sections

Percentage of Signal < 3% 10% (for UICs)
Generated from
Gamma Reactions
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5.4 Cables and Amplifiers

5.4.1 Amplifiers

WR ENFMS approach uses only four WR Amplifiers whereas the
KSNP has two different type of amplifiers and a total of six amplifiers
(two Startup/Control and four Safety). The reduced number of components
will reduce the initial capital expenditure and required spare parts
inventory. Fewer parts also improves the overall reliability of the system.

The WR ENFMS design avoids another common problem-the failure
of the in-containment preamplifiers due to the harsh environment. Some
plants have experienced frequent failures of their Source Range
preamplifiers. The KSNP design has four preamplifiers (both Startup
Channel and two of the four Safety Channels) inside containment while
WR ENFMS approach has all of its amplifiers outside of containment.

The WR ENFMS approach eliminates failures due to harsh
environment, facilitates maintenance when necessary, and significantly
reduces radiation exposure to maintenance personnel.

Thus WR ENFMS WR Amplifiers can be placed outside of
containment where others cannot because of their resulting signal loss. This
location outside of containment permits the WR Amplifiers to be serviced
with the reactors with more flexibility in scheduling maintenance and ease
of maintenance.

Another enhancement of the WR ENFMS system is the separation of
the WR Amplifier Assemblies from the PPS Signal Processors. This design
feature eliminates coaxial and triaxial cables from the Main Control Room
(MCR), traditionally a source of maintenance problems and noise. The
design also removes the high voltage and compensating voltage power
supplies from the MCR, eliminating a potential major source of heat from
the electronics. Signals to the MCR are transmitted over conventional,
twisted shielded pair cable.
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5.4.2 Cables

All WR ENFMS in-containment cables are qualified for use in post
accident monitoring and eliminate problems of electrical noise pickup for
improved sensitivity. The detector and cable designs allow the channels to
operate without interference from electromagnetic fields provided
appropriate installation precautions are taken relative to proximity to other
cables.

The design allows the Detector Assembly to be located up to 1000
feet(300m) from the WR Amplifier without any reduction in performance
ratings.

WR ENFMS design is very careful to match the impedance of its
special cables with the detectors and WR Amplifiers. This helps to provide
protection against erroneous indications of power level or startup rate due
to detector locations; i.e., difference in temperature and moisture which
change cable resistance. It also minimizes the degradation of the signal and
protects it from severe EMI interference.

5.5 EMI/RFI Concerns

Counting and Campbelling, both A.C. phenomena, are exploited in
the WR ENFMS to avoid the D.C. signal changes caused by the effects on
cables (e.g., decreased insulation resistance) of high temperature and
gamma flux. There is uncertainty in accounting for these changes in D.C.
signals, especially at low levels of neutron flux. Problems experienced with
the KSNP during commissioning of Yonggwang Unit 3 led to the addition
of Common Mode Filter on the signal line. WR ENFMS design includes
such features as the following to ensure greater immunity to EMI/RFI:

@®  The cables provide proper impedance matching between the fission
chambers and the WR Amplifiers thus minimizing the degradation of
the signal and protecting it from severe, EMI.

® The WR Amplifiers and PPS Signal Processors have noise filters on
the AC line input. They require a good power ground and they have
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a terminal for this purpose.

®  Signal grounds (or commons) are isolated from plant ground to avoid
creating ground loops which cal allow noise currents to flow in the
signal common wiring.

@®  The shield associated with each twisted, shielded pair interconnecting
the WR Amplifier and PPS signal Processor is designed to connect
to a common point on each assembly.

5.6 Flexibility and Reliability Comparisons

The KSNP ENFMS uses BF; proportional counters for its Startup
Channel, UICs for its Control Channels and Fissions Chambers for its
Safety Channels. This equates to three different detector types with three
different sensors. WR ENFMS uses one detector type and one sensor type.
The KSNP system has eight detector assemblies while WR ENFMS uses
only four.

Another important point to be made is that WR ENFMS are factory
aligned before they are shipped. This factory alignment is reproducible in
the field as a single point alignment when it is necessary to do alignments.
KSNP equipment requires frequent alignments to establish the curve which
matches indicated power to actual power.

5.6.1 Four WR Channels

KSNP approach only provides two Startup Channels with a range of
1 to 2000 CPS while WR ENFMS provides four channels covering a larger
range of 0.1 to 10° CPS. The User has the flexibility to select any two of
the four channels available for Source Range indication.

KSNP requires two Safety Channels qualified for post accident
whereas all four of WR ENFMS channels are qualified. Thus the WR
ENFMS provides greater coverage and better sensitivity in a system that is
already qualified for post accident use.
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WR ENFMS has the flexibility to use any two of the four Control
Channel isolated outputs for Control Channel signals, if desired to control
reactor power from the sum/average of the three guarded fission chambers.
A change in reactor power would be detected by any of the three fission
chambers. Even in the worst case scenario of having an entire detector
assembly fail, there would still be three channels providing Startup (Source
Range), and Safety (Wide Range) and Control (Power Range) information.

WR ENFMS detector also provides the following advantages:

@®  Greatly reduced initial capital expenditure and installation costs (only
four detectors and associated cables and penetrations rather than 8)

@®  Reduced spare parts inventory - one detector, amplifier and Signal
Processor type rather than 3 detector types, 3 amplifier types and 3
Signal Processor types

The combined detector approach offers a Detector Assembly that will
provide adequate source range sensitivity. The reduced number of different
types of components lends itself toward a higher reliability.

In the unlikely event one of the three fission chambers failed in one
of the Detector Assemblies, the source range sensitivity would be slightly
reduced because only two of the fission chambers would be summed to
provide the source range information. Assuming the one fission chamber
that failed was the one providing the WR signal, the coaxial signal cables
going into the WR Amplifier could be switched so that an operational
fission chamber could still provide the wide range signal. With a failed
fission chamber, full axial power distribution of the core could not be
measured with that detector, which is also true for the KSNP Control
Channel detectors if one of its UICs failed.

WR ENFMS equipment has been designed for high reliability and
maintainability . WR ENFMS design approach ensures the use of highly
reliable components and conservative designs, and it reduces circuit
complexity as much as practical. In addition, it is designed with
components which are a conscious design effort to avoid part obsolescence,
extending the maintainable life of the system. Because this approach also
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simplifies and reduces calibration and maintenance requirements, it also
reduces equipment failures that can be introduced through maintenance.

5.7

Summary of Differences

Table 3 below summarizes a number of major differences between
WR ENFMS and KSNP. (See Figure 4)

Table 3 Summary of differences
COMPARISON WR ENFMS KSNP
Number of Amplifiers 4 6
Number of Amplifiers in 0 4
Containment
Coaxial Cables or High No Yes

Voltage in Control Room?

Sensor Types

1(Fission Chamber)

3(BF;s, UICs, FCs)

Number of Detector Assys

4

8

Number and Range of source
Range Channels

4(.1 to 10° CPS)

2(1 to 2000 CPS)

Number of Channels 4 2
Qualified for Post-Accident

Monitoring

Number of Wide Range 4 4
Channels

Number of Power Range 4 4
Channels

Axial Flux Monitoring 3 Sections 3 Sections
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Figure 4 Summary of Differences
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6.0 Conclusions

In this report, WR ENFMS was scrutinized in accordance with the
system requirements of KSNP. It is found that WR ENFMS can be applied
for KSNP without changes on mechanical and electrical design
requirements of ENFMS for ICD(Initial Core Design) resulting in no affect
on safety analysis. Also, interface requirements with other 1&C systems can
be preserved as KSNP.

But during this stage, the accurate configuration of EER and MCR
cabinets, based only on the functional requirements, could not be decided.
This should be determined during the detail design stage.

By adopting WR ENFMS, the following benefits are anticipated:

(a) Detector lives for Startup and Control Channel are greatly
improved enabling reduced material, labor and associated radiation
exposure required to remove, install, and calibrate a detector.

(b) Greatly reduced initial capital expenditure and installation costs
using only four detectors and associated cables and penetrations.

(c) Using only four WR Channel Amplifiers, initial capital
expenditure and required spare parts inventory can be reduced. This
improves the overall reliability.

(d) The Flexibility and Reliability of the system is much higher by
using only one detector type and one sensor type. It also provides four
qualified channels for post accident..

(e) Far greater protection from degradation of the signal caused by
severe EMI/RFL.
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ABSTRACT

ENFMS(ex-core neutron flux monitoring system) is divided to
source range, intermediate range and power range in accordance with its
rar;ge and the output signal measurements of that are carried out with
BF3 counter, fission chamber and ion chamber. There have been lots of
study to adopt the wide-range measurement method which use only
fission chamber through the whole reactor power. To do that it needs
extending the power measurément range which is covered by fission
~ chamber to lower power range. In lower power range the effect of noise
in signal is greater relatively than that of high power range. The
existing signal processing method to measurement plant power range in
ENFMS in which the individual neutron flux pulse can be countered as
the reactor power increased is MSV(mean square voltage) measurement.

In this paper the extended method from MSV(2nd moment) mode
to 3rd moment to improve the discrimination between neutron signal and
background noise was studied. The simulation was shown that accuracy

of power measurement in ENFMS using the method mention above would

be improved.
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GAMMA-METRICS NUCLEAR INSTRUMENT RANGES
OF THE EX-CORE NEUTRON FLUX MONITORING SYSTEMS
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CAMPBELL'S THEOREM
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1.841805e-01
3.456001e—-01
4.828727e-01
1.138557e+00
1.586363e+00
1.912048e+00
2.177134e+00
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A1 # A&

A1d W A

AAA U B ARYTA2AN =3RS FAA
5 2e A Az A3A$AENN EMI (Electro-Magnetic
Interference)o] 9% e Moz Al AE BMY HS5As%E TE,
ol ARNNZ] o $uFoz UxEyF WWI BAFAHAA A
A7 ARAQAL, FAE V30 243Uz ARz FFLH Fue A3
A A B FAHe AriFHn de Aoz BuHI g Fudl
MNE A2 AUSAL AR 9% 3457004 TYS Ao e
Az Fo A7, o|F ssted e A} x=Yo| YWasoh

B EuNE ol¥¥ EMI o ZsdLe AP AR
Hatn 2 AU E AN, ALA 2 GANNREH A HA
8 wgdEE AASs) dstd AAHAG. FSE4 wHLe zAF
A BAT A9HA "oz THHM, Fet4d Y AM2H 2 4
2 2HAGHA o] AFdrlole AEse Ao W HFsn Ay
A%® Y2 dede gl olsAst gt mN 2ok uy
AgAye oA A Aol TALNN A sAHoz EAP
e A ALAZY BAMSHY dA4AE HIHo2 YL
24 oud Feddel s TAY A HEE JASD o] JFgg
Hagse Aol 53AA dARHolg & & AT EE o HF AM
He 2rFoz AT AT JANARRS NZHASANNEY 2



ol e ¥ S HAas] AT dAE FFEoF ste Aol dEHY
of & 7|23 HdAad0 Y. A, & Euxe J7AFAY =y
AgAdoA Bt AA AFHAAY dAGHAA ol i@ MY A
E3RAH.

A 23 IHEAANA F2LTY Bd

9% 3457 33 B2Y AsAL WAL IR/ FIE S
A e AN B ATY Aojwd UE AZANN 2 Y4
o AAE EAHAL, o] ANBERE AolB9 AL MU ¢
G4 @ W3E BYY. o 2AY HFL A8 9T 3rd4E AR
ZZ71¢9 AFZAePArole] 2E A5 M9 Common-Mode B394 7]2
Mzol FAgozs Ang HFL HoY 4F 457 dME o By
o2% #2897 23Hd Common-Mode A%7]¢] Aoj2E FAshm, A
Y WRol A2 ALAAL RES 24802 AHUEHRE A
St old@ FSAYES I w4 A BEYST, 2 AAo] o
Jotm BHHozZ AHAPY WAL YU HEo, 1 AAL A
B3 FRsedE NEH02 ostA oA gl AL, old) W HH
@ AuY 7ol 228 Yot 4P 3457 FPAM ola @ 24
wayel 2rAde] Gg gol 28U

- NzAsHzd A3FE L ARH: WY ALAAINB

(Conduit)E A}-&3t3 Aot



- Class 1E Vital 120Vac AYRAAN AFH£9 JFnzae
Harmonic &&°] 9% IA=FAE SAY/ts4dol 9.

-2 A% HALEY 717 R AHLEAHA A RF AT FEHA

. ZE A

- B3 717 HANYEFE B 2F2 Adste &7 T ojgdo] AY
3l S LA A7 AAJ G

- 2171A3 AsAEEA G AFAEAGAANA B AFY FEUEA
AlgdA e 2 Ao A F43 ATl AU

LM dFHez BAe A7 FH FIEAY Hitdq n
Fatxn, 2 LAY A=AFE Ao A=UA FEI}A AFTHAAY
FAHAM a2 ALXHE AAEZ] Hetd A7A RuHn e FTH
o WAL ZFPAcG, 4B AL HABEIIBAA o FAF F
ARE AEdT Al SH, AZIeTd5E A& 2 H2ELE AAE
o, A AAAA HEsna . FH, FAFY A2 =4 L]
e ddr A AFAA £33 FHde IFHAILY AopgArded o
T FAAE HE27dAY IR ASAse A2 2974 4ol 4€F
¢ 2719 AZFA2 dEdn. ©2AM JF[F BAE 98 FFRBe

Aol 7 Hopdd o5 YA A2, & BuXdAM HF3

M

H713 #2E @4%e 29322 #AV A EAoERE B HuAd

rir

He AERA dedh



A2 F FETEH4 54 2@

A14d HEYHT R 7AIR

AEA$NZAM 329 EAE FA%7 98 BEPFE F
2 R/FHAEN HE ol A AFZMgA FAAR2Y ARLAE FA
33 HAFZ A AP Aol AY, TLF EH YHFHEE
A & AFd= FHEol stedit. AALACN HE3}e YA F=2
oEl JFE 58344 HEH Ue 4FAAH gFFH 2 YUTFE &
AFS dAG 71714 A HE o AFA.

1. FCC (Federal Communication Commission) Regulation

~ FCC Conducted Emission Limits (Class A)

Frequency Regualtion Limits Remarks
045 - 1.6 MHz 1000 uV
1.60 - 30 MHz 3000 uV

- FCC Rediated Emission Limits (Class A)

Frequency(MHZ)Measuring Distance(m)|Field Strength(tV/m)
30 - 88 30 30
88 - 216 30 50
216 - 1000 30 70

2. U.S. Millitary Standards @ (F#33<Q FAUNEL Fd ¥ F=x)
7}.  MIL-STD-461B : EMI Characteristics & Limits Requirements



\}. MIL-STD-462 : EMC Test Method and Procedures

t}. MIL-STD-463 : EMC Test Equipment

3.  IEEE Std. 518 : IEEE Guide for the Installation of Electrical
Equipment to Minimize Electrical Noise Inputs to Controllers from

External Sources : (7 dQ W& #d YFHF=x)

A2A e LHLAH LYY

Azdeld F2 dA3e FS 4L ‘A VZHAF (Low

Level Signal Processing System)ellA &3 ¥ 4A| A3 A3 &e
FEA4 37 AAVNEH HE T FE4e2 EYdFH ARANE F
2 28430 YguA 7 A" FL 77 AAY 4TS AH3A)T)
3 Hojdgd. YAZE Ao € BE AFA AF, ol#HT AA

==

=
Zo 93t NI AR2 o EYMNETE FLAY, BFEHE W
o dAEAL AHA V=& AFAIlE FA KL ¥ FA dd.
F, ol 4 Az B HER AEL AAAY m@AI= Aol
o ol FFFLL YA FFAHA AAZIZHEMDEZA 9
 AHZATE e UYeyr] fE, 2 dAE B3 #F38de A
& vj$ @ g 97], ol EMIQ UAL A AIEHAZ 7Y
T AAFHA TALET & e @HHF ARy A5 2752 A8
AHQ FHAIAY F Ae ez vUro A £ k. watA, EMI

—



FARAIY 1 LA ARG JY 4 Y= TAE 2dFyesz
AASAY, ALAZAN AF2AE B¢ dANDE Dan AATA
AN FEHOZ AT + Wl U EQ, NY 4 Y& oA A
o, AL B0l duE FYZEA BHAGE RS, ol WP o
g2 Hadste ddy AHAL TIY. FLY AeAZE L LA
AAMRE AW TIPS PHE BE MAAL P IR NzH I
e AYPozRE ASso] BHE LE JEAYY IF A2 ol
At 29 194 e ALY, AeHP, 29n AL o8

FAE F3A359 #d FHE HogF Y. o] EMI HALH} T4
£ e 717} e dAZ 933 22 3 7R ¥ AV FH ez
iedo.

- ZA71AAT AF FxA} T - FT FL HAVIAR R
Al ARz AL g3 F e

- FEEF FHoly o]BA FHdor JF FFEHY VAR
T 543 Galvanic Actiond 23 &

- A7 A7 A g% AVARF LA ME JAHE Az

71719 FE Ao AT A AR AP A=FE

1. A714 s 24 d

A2 H A 2AEL AoEAY EGFHA @4 JAA YA,

343

Al Hoz AZ/AA RaoA AG £ AF7E ATHLRE F45



: s — — ] N
Surface )
Controls /”/,/" J
f ) (N
R :
AUTOPILOT
L.@_ CONTROL TQ—
(@) SERVOS
®

=V R
s e s e

GENERATOR &
REGULATOR

POWER
SUPPLY

]

¥

/

.

/AR
®

Outside World
(Exclude)

4—.__»
' ANTENNA

Other On-Board
Equipment

——

Power Cable Conducted Emission
Power Cable Conducted Susceptibility
Interconnecting Cable Conducted Emission

Interconnecting Cable Conducted Susceptibility 10,

Antenna Lead Conducted Emission
Anteanna Lead Conducted Susceptibility

l/ -
-4 ! \ \ \*\ — e ——
) OUTPUT S N O B
-1 @ Ly NAVIGATION
- DISPLAY N —+ - RECEIVER
) 7— — — —
—~ DEVICES a /
GD C) (:) <7 Q:)()
eI 27 //VV\f 17771777747
Ground / ®
7. Common Ground Impedance Emission Coupling
8. Common Ground Impedance Suscept. Coupling
9., MU-Fileld Radiation
E-Field Radfation
11. H-Fleld Susceptibility
12. E-Fleld Susceptibility

(28 11 EMI g9 283 Agny

W 3L (dV/dt or di/dt)ste BEdEAAe dAdoz Qsia AzEp, 2 W
AL 5T Zo] sofdH.

F=dEsley 4% A3 (Switching)

Thyristore} 22 AY{ ¥tz H o) o3

¥ ¥ 3 Switching 5%

$471719 ALgol 9@ oforz AF 24

QAFEF Bo%at ALgol g WA AEAR

A

FGF, UE7]79 2 nZxy HRAIZ,

d A el At (Thermal Voltage) LA

318 A <A HYA (Chemical Voltage) LA
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2. F2LA A=Yy
7}. Normal-Mode %2 (Transverse)

o] AL FAHA Nz F& Mo 3H A¥H
SAZYHZ I FA7 ¥ Ad&Ho 2 Ugvde FASold. olyd &
=9 AL 5T 771 AM N2 g8 FE=ATY AFYelyt 3
Zo] o IAHHA(Thermal Potential), ¥& HAAS ] o4& FHAF
A g8 F2 gAdg. wgA olaF FFol AAHA Y& #/A
7171 A FARAG §7159] JAE A= F 3te AAF Fd AL
o] gastot

of

. Common-Mode &2 (Longitudinal)

L
o
AN

of Y H=A ZNELe2 AIR Fod a8 2 9 Zol
FAHY & FAFLA = AR7t Asde AgsHo F&o e
2 Yy 3" A3d Hr7bHo] IR FEHe A5 F ol
ol g g YA GFHAN 435n Aol o WREHA
o 3§02 HAARE, 3o 34, AYG ZEl g Ty
gGetA, 359 ddo] He dFHAY 4 AN 4 U RcBAF
b AR REE HA AZHATY d=AHHdM FLHAE {4

i
fr

SE2 AA 2 AR AAE Fo7 Basio
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CIRCUIT j % CIRCUIT
! ) 2
N
Vi = —jwMIg + joLgls + Ryl . /_7[7 Vo L
(W) AxFe Wt ALS
s Ve,
Vin - d i .
]
——Is . CIRCUIT St cIRCUIT
NOISE CURREN A= ! IA0e 2
N To!
PHYSICAL REPRESENTATION /717 Vo L

(c}) Common Mode Filter A}&

£
A ‘J\N\I'i_i_ A" . cmeur E%LK‘L:} antz:m

[ ST ——— |
EGUIVALENT CIRCUIT

L]
i
{/

Vg —

hH Z&o T4 () BAE A7 A%
(24 2] §5AMclE AY=HA Loopol 9% FL w4z MMt

Intra-System
EMI Control

[ [ [ |

Circuits & . - . ]

Components Filtering Shielding Wiring Grounding
Rotatin Power .

] Devicesg 1 Mains H Housing [ M Cabling HStructures
Arc - i Chassis & . Sy
Suppression Fﬂdte/r; d Cabinets Grouping -Buildings
Induction & Eg:ss L?ns Rooms Types -Roo?xs
Solid State ¥ e Matrials Ground L Cabinets

Connectors Thickness Loops )  Chassis
| SRe‘h)’S'd& Isolation hielding | |circuity
olenoids
- Transformers || Packaging Connectors Cable
l:Fﬂters Low Level LJ Bonds
Clamps Gaskets l:Shielded -
Electronic LLp, 8P, HP Seals Filter Type hszr?::ces
Circuits % BR Filters J
Apertures Corrosion

(29 3] EMI 3¢ JAE 9% uyrse 25



3. #3294 O3

G AFTNE oHE JZAF J2aA LTAHE A5 YL
2213 @4 s YA=HE T F §ir‘5 ddez EAE olgg I
2] 4FE Aoty Fagsn AL F A= ot EMIA 9@
REE JAdE 7€ dAL ¥ 29 3 oA He v} o] A
AE2YEE A FEED.

7b. A& A (Signal Cable)d] & Z2Hd JA Ay

41 3 4 (Signal Cable)2 dWtH o2 A2 HA Hols} 2
T ST qHI}A x&2H7] 47 Wi, A=E FEHolY # =
3 ZA3E dA FAU%A ol AFde ¢HY F4HE A H=E2 IS
AAZHAN W$ FoF g0l o A3 Mo FSo] ALHE

3
e oS3 #Z2 AZAE Ys £ U

ok

(1) %4 2% (Capacitive Coupling)

aAFAA o3 FAHE BrIFol Y VZ M HIEHR
¥ E T3 Az YR FEHe Hold. ol AZHE BRIde F
FANETE HASIH FHANEY d=4HE A} F vz =
F8&%F 278 FAA Fo=zH H2HRY £ A9, 23U BFHHA L
AelE HYAE 10 dB o4 A= E71537] A& Hd=7 A
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F YRl Ho A3ZHE &Y AAAA}ES =38 &3 A
Aol o FEIFITE Asdd AEHA ged. BaA, =9 F42
& AF7 AFTA FFIY AE AH A3 § AELHL AY=4HE
7t FFAERZ HAFFHol v Asiv. ok 28 &FAH AR
g A EAE JEIT A o

\L!

PHYSICAL EQUIVALENT
REPRESENTATION CIRCUIT

(28 4] &34 A% 248 EMI A3 AU=E Az
(2) F =4 Z% (Inductive Coupling)

£ A o4 =zt ey g B4dY FFEA
AN DHF T AFRAYUE 2 9 AVY 2R F3AYL2E F3
o g AIZ=AZd fFrsHo B FEY FH2d A gde
FEJYEEe 4822 O3 FHO2 FAHD FEHTY o4 A

glo] F¢EE & 571 A

M=4x10"In(L) b:T=d09 A, a: =4 B3
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2.
=

e

oj2@ AZ1AH ZY¥L H23r] AdMe ZAFAY Ao
ARHoz H=A4ddtd AFUAA WAHE A7H & FH3q A3 A
A 2 F¥E H2Hde Yot F, dEF T LARFEY Aol
Aol Ad=E HELNE A Fade] AHARANA FfoE o AEd=
A Jag FANH R4y AFE HoFoz ANY=HE FI9 &
g, F3do] HARAA Agodle FYFAA AU=EE HASIH =4
77 M2 B gez AYENS F3d 2AFEN AAfEHe
4714 dge M2 4d3te 2HE A€ 7 Ao H2AM, & FH3
E& AR} AolE ANI=EHAE FIEdA HAMY @ Ad=
A AARHE Adgsiordte]l Zxdg. O¥ 5 XA fF=A 2R 4%
EMI #5323 A¥= HA9 AHEFHAE R4FT A, OF) 282 MY
dell {7 522 &L ZAF AL Alole A5 2 YAZL HUy 2

|n

g (BelAMe AdELE Tt ot AFE EHoEN AoE
Rz WaEe AHPHo] A2 FAH glodAe HHE ERogFa 3
ot b AP e A5 0 Y HFAE 2 Ae o= FH9
golM Ad= HAE FA HdAgezH ArH Ags aAFHez

Ao g 471 Aok AwHoz AsHel FEANEL FVRE AWEHY
2wk obUg AYE WeHEol N2 HAH Yol FHE Mz ol A
£3 w4sE A ENED (Skin Effectd] 98 £BHF A7)
MEDE Jde Hol ¥ol WAHDL A £E A7 YL A@se
e Sohe ABHE NE oA sel ArH ARVRE N2 44
e ot @9 MolEY 58 ol mA AzHE ASFo A
AFs AzHN EHH Bl 2Y 6 AN FSANLAN Y
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SAe BAA Al P EHHY wEe v 23 A% 39 b
AN ZEAF FANE ASlE NU=HE 2E77)9 AW Az
gol EHHolTL 29 () AH N AW AAE Aot Az
A9 QAo BHHo|o |

VN =iwM gL

Rz

2
I -
1 \ My3
' ,/ ‘z

s —

~ § I
~
M
TG vmjomyl,

EQUIVALENT
CIRCUIT

Iy
~ MAGNETIC

FIELD

PHYSICAL
REPRESENTATION

(2 5] /&4 2@ AT EMI 333 ANYeE 2AHAH

(3) Az Mo ez A
Az A FEAEOY mYM(Twisted Cable)el wL
(Termination)ol Y AZA YRl AY=He Hele A7aH FHAA
S Fadg. 2¥ 6A Mg ANU= Ade JAFFHZH2H]
ESAG Ad=Aue gH[(WH2E]ld S By F1 g, A
349 Eogd G AL=de HAG FLHEIL Feod ARE F
231 F ez, g3 22 A3H9 dTHAYYA ot ALF
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of urgAs,
- AAFY dud2e Has 2
- AQYENOE EHE 3605 S SPH BE

TERMINAL
OUTER  BRAIDED STRIP
SHEATH SHIELD
' \
\ \
—

N=—c \
/ \

7 CENTER
DIELECTRIC - CONDUCTOR

CRIMP OR SOLDER BRAIO
OIRECTLY TO EYELET

(Zh) B3¢ A G2 4 S A48 d2dAd

(2d 6] Aol &9 ASTET Ay

A32 A4S 59 LHFA B AA

HAAe A7t A71Hd29 AZH2ZAFTAA 712398 022
dAY, AVAZA & AFE dx2 TIHEYUAY, 3¢ g8 =
g AL E A2 FA dAE EId] AY ez 2 ol
2ot gagAM, BAE AEEHFLE JA HAUFH GHFAIRE HE G
ot 4 2] (Safety Ground)s} A3 MM 7IZHAE LAY A4 A3
A Z%HA (Instrument Common Ground), Z& 1 A& A9 A 7]x}

g 323 AYE= HA(Shield Ground)E2 EFE. olaFd HA= Ant
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Nez HASAH AASAS HEAG ¢ 4B A7) FANAAE
27 3o odW AAAAE I AASAA Wt B4 YD AA )
24 olat7t =S 27930 & ASBHA B AN FES A
Asior ANANAG a8l AVHE WREBAF 8ol W} wasE
28e 498 AT & Aok -

1. 71719) B¢t H A (Equipment Security Ground)

71719 B <¢FY A (Equipment Security Ground)e B % ‘7171 A" &
sted, ol dAAL FAIYY JAME AANHA FHY ZAARZ
B 2337 98 Adulsle Aot nd/AStY AddEdo) we =
AN71719 Agoly ChassisE AT 279 YFHoz FAMH

]

o

ddstn HFEENY 4779 ZHdAE YFHez A 0FHe
2 gFHAN HAA HAs It

of AL HAAZol 23 GFHAAZLC HA A7 FA &
AsHA HEZ AsdY 7IEHAE 27 A% VS HAY Ad=E HAA
Be H7Ho2 M2 AYHEE HAGAHF .

o] Ao EHL FAgIAY 22 HAUA R A M- F Use

ro

Aol AP H71H FZ(Shock)E N7l AT Aoy, =& 77| dA
A A) BAF BIAATE FF80] A R dHolds 2 E TE
Z MLARE 58 F UEF T4

dwrH oz HAIZE Rackely AvIY iRl g§AHD, o] Rack
5o AL A3t HASO AT 28y o] Racke FF 2 AFP2 Y
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ABEOEZ A8H7) WEol ol Bol WHSHA H5, Rack EE A
2 W% Drawerdld 92% 2 ol§52 Astel we AYAE 2A B
9. med, AR-AF7)7e 4A Rackdl A AANZE oF WA
g 559 998 93 YES Rackol} Ao R(PanehTHE HAMoE
dAdsA FEE ot aYY, 1FHAAE Racky ZFLAFIT &
F4 2% e 99e F & A7) WFo o $34 ¥e AL

HEE HAHez2 dZdxe A9 9o
2. A3ZF5HA (Instrument Common Ground)

AZIFAR AZAFFHAE JL8A 1FHAE T8 A3gd
NNEFAE 022 423 Foj7] YEd HE ANEFFHA 2 o

o] A5 ¥FHAE ve HAAA M2 ArFHez ALl HAA A%
AIAE 71 AIANER HASNA HAAFOY HAAAXA g
1A 4FEA FEF oo, ole AE F-Z(Loop)lA BH
A3 AARe ¥ £ ey, {7 ddeg EASE A ddold
2 Nz 988 4.

g FFHAE dAste B¢ Wy FoF dALLFY e
AALAY AAE oFA =y ot o FFHAT A3 HZAAN 9o
FE M2 A BES FHAFHSF R N2 ey o} mesior &
Holr. 4z FFAAE AAAN 24 ¥Hd g 3A 95 F7HA
o ¥z Y= + UG
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7. ¥ A (Single-Point) A A
ole A@WAHY BIYH FrAAZ vdE & UAD% (™ T F
Z) FFAHL 2L viay AdsAt, A A9 vie} Po] Uz
A YEe] ANE FH37] AEA {liﬂ 2E AZHo=z g
d¥ L 2 5 A o] YE F2AAFHNNE FA 2 BP0
o BEWo] AFHAZTAA M3 updAE J5PYPolz ¥ + L
U4, A AclEe 7 Bokde €3l UG

CIACUIT CIRCUIT CIRCUIT
] 2 3

CIRCUIT cracur CIRCUIY
' 2 3

) Al T Y
A
[NV AN — WA
= Iy 1y ey Iy ¢ h Iy

ZhnAE & (4) 484 %

(2" 7] 43 AAGH2} AP

b, o (Multiple-Point) 7 ]
2Eg AsHolN FAHY Bolst 1/4 He Tauirt I 2
Hz Adold2F 7HAA Hof o] AAH2ZI FEE FAUsE FH YR
2234 Hol F5& AR BEA FANLE %HFY 1/12 |87 H
£ 2 stejol @} kA 2 WA ZolE FA st d2 Y
old2g ZA SES Fol wBAso

gtz o 2 RFI (Radio- Frequency Interference) #2347}
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IMHzol3lql Z$dle dddAA, 10MHzol A ASole dAHA 2
Aol ZEY. 1~10MHzolA e 743 2 AAHo #%9 /1280 &
o YHAAI AHEE + YA, 293 god gAY Alge] AR
4. 93HAA A+ HAH(Grounding Point)ts} NP L Aase
RFI 384135 539 1/88t Holof @,

23y dAZE FSAARLRE 7HAEA AojBY F§ Z0)7)
st 2R AF g 23 W HAE Ba oo FTIFFHos
2t Hol YFHAE ol FE WHo] Yol BF AT, 1Y 8oA A
FALN AFHI UE AFAYY7 2 AFY Y ZHEE 19

F3 3o,
I——wsuurso CABLE rNSULATED CABLE ~
— - r DIGITAL
Lo ol == J EB0RENT  EQUBNEnT o —° ads .
M= — RACKS RACKS |
p—C E }—O
—=——JtANALOG SIGNAL -DIGITAL SIGNAL
INSTRUMENT | INSTRUMENT
GROUND BUS L] || GROUND BUS
L -
— 4 — A R
i A
U_gare copper BARE, COPPER
EQUIPMENT QUIPMENT .
FROM QTHER __._J CROUND 8US ROUND BUS FRIM OTHER
RS TROGENT A ‘ BARE_COPPER RS TRUMENT
X ———— NS TRUMEN
CROUND BUSES \ ~————J | Wi ateD CABLE GROUND BUSES
CABLE
FACLITY
GRGUND GRID
WATER—>
\ggLL = —-—INSULATED
e o
MAIN
INS TRUMENT

’ GROUND BUS

ZREMOVAL LINK
(28 8] 944 $d2d) HEHe AFA) AL H&=
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t}. Al Y =(Shield) A=A

AZng A2 NYEE A H24 FBE A= FZMT
Aol #ch ot B A2oA a8 HAM NS AAHE Fe
AANANAZ A Y& ARV 224 YD, o] SBAF A8 A
SH) ol BANE T2 20 £ 4B FFHAN N FE
2 443 A0 HAY FE s1edoF ¥ RRog

239, “AYEHe A3 AT $A82 SN odo] W& ojol
#e7t7 7t 2290 A3A(YPUR) T FAH27 AL A2
SA827 42 29 9 OB 9 (Bb)e) Lrshsleh,

2EFoz A S48z o AW A$ AY=E F4Y=
o 2% AVA Aol 30, AsABo] AW Aol 454
9 2% AAGAd ddsedol B =@, FH47t IMHz o] 4ol A
Mz Aozt By /128 ¥E AgdE A8 HoA ALY =
e BAE nEHdA 583 gsd HA Looprt BAH 447
2o ol APt e WG BN 2FEF ASHAME A
cHe FEE WASE F$E AT o e, AAAR 9P FLL
1Az & FHF ZAolE UYEHUEZFIA 2 Filterd A 43
A2 #okeoh.
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:i: [ [\
Vs@ =4z Ca AMP, >

L :ﬁ-:c:‘ - = 2
2 1' HG
le ol
s Va1
~
M >

I
|

VG2
CONNECTION B CONNECTION C CONNECTION D
I ) IL It '
(et B it ' S
s c -] [} ofN 1
BN _I_ z 1 2N A
Wi C2 ZN ~C2 £R ~C2
% E Ca “ E Ca N Cs
3 [ l. It 2 NI 2
L) ‘ LY n
VG2 vai v vG1 vai
G2 v
62
al N} , v Sy
Vizm g, Ve tvey Viz=0 12" grre; Vo

ChH A2FF71& AAF 3 (“C"-24 ¥yel 2HHY)

_l_c‘ t

—_— S

E S AMP. >
ey
>1iCa 3 /

Vs

g
v |
Gt )
0
]
CONNECTION 8 CONNECTION D
C Cy
, It .
3 Y LY
o af] a
3 bl Y @
E £N SE- ¢2
I ] ; C3 BN Cs
—4, N/ l 2
I\ N
Var Y6
—e
= Vg2 = VG2
Cy C
Vi2egivE, Vet vizrgire; Ve tVe2)

(4) dzde AAF 3¢ “A"-ZFH B AHAY)

(28 9] A ANg=d9 HAL ¥y
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A3 A =9F4%% BANATY WY Yo}
A13d x0F4A% ANATY FHFH Al

F% 3, 437 =9FHAE BAAFTY A2 FTAH A
7 AREY 20 F&H UG, o] AFL HALAA dAR BIJF
7 422 AoJAF R FAAT AEHE A2 2Y¥UTY FHY S
Agste VZAGAFLE G2 go| THEY.

- Y2287 A HAHe FAA A&7 (AT 3B)

- QA2 87] wgdAM AZE7 ZAA AoEFYol &Iz
& AZo] 7tsd Fol AXF AJEHI Junction Box}
AAE Ay de AAFE7

- AZAFAN AFE AFLALGE A3 HE7 FF3E)
A AL A7)

- FA AU AAGL FHE JSE Y4BT I Z W3
oq o AT AFste AxAI.

o] A% Fxdelc WA AzHAFAAM FF 800V. (&
2,000V (dc))e] n@gte] BEO An, BAFZ7 Je 1AY HF47=2
B, o388 o AL Z HE7d JA7HA & (+), S (-)AFY
AE L AT, % HEVIY VI AFAHYY g2Fo|n, 0 2

2L ZAE7dA FAHAASY=(v)d vl EY. o] A MY Hx2e HF
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FE71AM FEHo, o 200~300tHE A A& Nz A=A F
F A o] £(Coaxial Cable)& F3tdq R ot AZAHHAYPME U d
A5 E ENZ 9AZ %(Percent) 23 & A3 AA 7o EAF}IE
31, a2 3e 4F #d Aojedg Y2 of&¥d. I 10 M &
AT P AW 74 2 B3dE A48 FEVNE BAE

STARTUP CHANNELS SAFETY CHAMNELS CONTROL CHANNELS

’Fg X Y FISSION A 1Y c D X Y

PROPORTIONAL . CHAMBERS uics
COUNTERS (3 PER (2 SECTIONS
PER

(2 SECTIONS CHANNEL)
PER CHANNEL) l - 1 CHANNEL)
FILTER FILTER FILTEN FILTES
PRE- PRE-
AMP AMP L} FAE.- PRC. PRE. PRE-
AMP AMP AMP AMP
' CONT.
| WALL
—

HV HV HV HV HV HV HV HV
POWER POWEN POVIER POWER POweR | | rPowen POWER POWER
suppLY | | surPLy sureLy | | suerLy | | surrLy | | suppLy sureLy | | suerLy

LOG LOG LOG LOG LOG LOG LINEAR | | LineAR

cA cn POWER POWER POWEN | | POWER POWEN POWEN

TEST TEST RATE AATE RATE RATE
CIRCUIT | | cincuiT

LINEAR | | LINEAR | | LINEAR | | LINEAR TEST TEST
POWER POWER POWER | | POWER CIRCUITS| [cIrculTs
TEST T€ST TEST TEST
cincuITs cmcun# cincuits| [eircuirs
10 THE MCB T0 THE PPS T0 THE RRS
1 10 10° CPs 2 x 1077 % To 200 % OF FULL POMER | % T0 125 % OF FULL POMER

(28 10) =92 4AE ZAASY FHE
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%

R

A2A AFH Ae A& A

1. AL AY (High Voltage)

AzHe el BEAN nAYAYL Triaxial Cabled F319
Junction Boxol %+ Common-Mode Filter (¢]3} CMF2g} &) & B
Ak, o] dof, Triaxial Cabled] FAHAH YZAH=HL 1z nHAYAL
Y FEHAN H& o

FH v E AY=HE A3 AP Chassisd] HEHD, =3
CMF9 Chassisol H& ¥t o] CMFE AX 2AYAYEL A o337
of A=, g% d=4de CMF % 93719 Chassisol & " 1
ALAAL oA AH7E A F, ANy d22 BuiEHo 44 AAY
AE712 FFEY, 2 Z749 Hd5EALe 4ris 2o o B e Agd
g9 A BEHR (o3t BF R o) 7AA Asd

A E R B Triaxial Cable©] Quadraxial CableZ I M2 # o] &9
%7} 8# v, Quadraxial Cabled 9] nlgZ& S749 AY=XHL G2of
A gA FEH 2RFHOR Triaxiald 2931 & F Ao, =3, 2 A
AL A e AY=HL BER 4R 2E A=dF P& HA

%o melAM Floating® ol o3 & 4 o, Transition Joint¥ E &

3~

t} A} Quadraxial Cable©] Triaxial CableZ HEHo 12 H &£ o)A

X

o] Az 2t olg AR E Aol Z4 FUE A5 A7 AF
2ol 2%, 3% L 459 47 0& FFAEo AddT.
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2. A& XA (Upper, Middle, Lower 4% &, Test)

FEENASAEWNANA Aol ASEHL A 1 N 498 A
3 g a23d, dYsSE MAAY A5FHAH Middle 43E AANZ
Z7)9} CMFE AMAN AZHNAYLE B, AL=He) ASPYL
HRZ Jd=do| AXNZFE7] R CMFY Chassisl 928

ANZZ71e YYsE o] W5 & o] 88 d Log 43 ¥ Linear A3
S wESo] CMFE AX AzNagoz yun, 2 HSPAE 99 y
3 o,

3 H Upper @ Lower A3 58 CMFUE AF3std 2H N5Aag

T

o

74 dZEHY, 2 g% d=de CMF 2 A3 389 Chassisell 3
S¥o.

3. AAFEZ7) ALFS

"
%=

(]

o] AYPFFL sl A& F = Cable2 AN =ANAWG #16)
= oy AojB Mol npge) A7 Hol e Reolrh o] M T A
Z+zt 15V, -15V 2 FEHAE A&l Alg Y. o] AolE HA=H

Ar

rlo

CMF, A5 %71 2 A5 A2 #9 Chassisdll &5 A,
o] AlojE FFHALNL s ALY FFHAAAT =T DA

FE7qE ALY dAHA Fe



4. AE&ALdE 4 HE7] ¥ E(Thimble)

2714 RYAVTFH N3 A$ 4 F3AESL A F& AA
B A83d Agoz WRANAN AFZNYYAA dDF A}, o) A
§ FHAAVL AA Zojg 9 9P Fo= FAH Y,
AAEe 71713 EH5e] A48 A dAPPe 2
#)(Metal Clamp)$ & AH§3tedl H& 50 Yo},

M

A
s

e

5 AC d¥ =AY

2 AFdA A8 FYEe 4 98 MzEIHE 120Vac IFAF
A2 de mFHAY HaMetr] (Isolation Transformer) ¥ FAF R
% A &7)(Circuit Breaker)E %539 FIFUH Y. VZAHYFUAE
OA AEdFgFo WHEH e LR-FF JALHB7IE AX HAG
AfgAdeoz WS ol Line Filter® $3ld %7 2 Az xNdFd A

Hol FF A
6. 717) HA (Equipment Ground Bus)
Zt sAlde RE 29" F45E 9 ChassisE L dAZRIAEL A

sA e AeidolM # 40 AWG (107.16mm%) FUFHNE 539 937
A FASHA A
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7. AYE=E HAR2AH (Shield Ground Bus)

BE ANY=E #F AudolN 1/4” x 179) SR A& 2HE Copper
Bare] 298 AYE HARAd F&He A ot JNFASE ¢
3 A7lHoz WA ok o] HAEZHL # 4/0 AWG FAAEL
3o gAL AFZFLHA (Plant Instrument Common Ground)ol H&

35%7) AAY=2E BEE7) AT AHAY
T FE7 7€ 0 AAE A A2 AZIFHALNAN dd3do 7]
A ArHez N2 AYHA A28, =¥, FFHANEY ANY

A 3d #3594 UH

£ AT 3ZeA oln " HF=2E Fi F=8 HSE
Ast7l A Yoz F5AA P QA Decoupling Filter& AR 3ot o]
e AYHdAM Ax=He FE (Conducted Noise)E A A7 3
A2 B A3 MM FUHE Fx X YAYHE AgE FF
(Conducted and Radiated Noise)& A A37] 3 A3xfe dH=
UFolch o2l We e YutH 22 Reactive Filterdd L-C HE o] b
81 4] Passive Filterdd R-C7}F Bt E# A Aeg BuHy o

E= A9 Fogsy digde ot 10 - 150 kHzol A Normal



Mode ¥HE HEHe 5L AB2AYAE o/ &% ZY (Reactance)S
o] &3 "E7} AHFHolT, 150 - 10,000 kHz FI44 922 Common
Mode ¥el2 AgHE FF L Ferrite AAYAME AL T 2-2 3Y Py
7h AU Ao Bagn Yo

Hode AzddAM fUE FEE AART AAF /A4S
o AEHeS A2 AASE xolZWEHI §EF AFALHD glo
o, olg ¥ ko= "WEHY NI £ AFH Zol AAIZTHAM HA37]
AL S BAE H2d7 A F2 1€ 2o, & AFY 45
FAE A B2 7171AFz J71AFF dAGHAN B ook
g Atgolng 771 FujAtGM el A NdEHEE FAFET.

A 44 ZFISAA AA HYrb 2 AF ALY

UM AT A2 9F 34570 A BEF & AFY R L
Ae dr7tA] EEHYU 44U AP YeEd J4H @FeA o] E
83 AHszlde d7A o go] A2y HAZE g3 dde 9
M FAHe Aoz FHE F7F ARG
- AZHA, AZFH V3P ANI=HA g V71HAE
EHE HA AT FHAG HALA
- FAA Aer] B2 AzAoEY HEFAXNY FU1F e o]
39 34
- 53, ¥FAZ, vi2PZ, FHSH 2L IR IS A4
o285y 2Hdd NsHFol A%
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- Vital 120Vac 3 Q4F 342 RHAY 2 394
- AAE 71719 EMI g4l o AFASAY L Hx%
We Y B2EY.

1. BAAS A A Hre 3% Ay

A& Aol J77h AR VPSRN AAY AAATY 4AS
S3tel W ANARE AT 47 Aok Y AALAR £ ATAN
S Asde N1EANAA, NYSHABA 22 AP A) B 3R )
£33 BYAS FPHS TR
9% 3437 FHAAS A2NATY AAASE AEHE FFIA
AEAY 71FBN FANN 2% FPS AL £7 AL o AF
A AAE 23 ALAH} 4549 J1EH BYHe] NE FAEY FA
2 8§31 AR VYHAE RAHA 22 Atk gM, FA AHE vt
9 Zo] WA HzoH NYSHY GAHXE FAs] Hsted NaHe
gold DP/AANFES) HANSe JENY HANL o2 F2sjoy
o] A M= 2ty AASA FE 2 dldol 1. o] HAA=Me A
271N WEAFHABTG N5 Mol FEAAHDZ o] AT M
NYEHE AAZE N NsHANT Qdo] HEE s FANYE

o] Axjd @A AANMo 13
28 11 oA AdB FA/AZHAA, ADEFA 2832 771" A 9
A3 ZA=E BRAF 9. AdEAdY dFLS JAHeoz [IF

v

Q

1 AL FAFEE staiol B}

_31_



_Zg_

COAXIAL CABLE (RG-59 BAJ) -

COAXIAL CABLE (RG-71 BAY) S

-
3CON N6 W/SHIELD CABLE | ~~
~
~
TEFZEL TRIAXIAL CABLE ~
|
A

—_—— i —_——

CHAMBER OUTER SHIELD
{FLUX DETECTOR CASE)

{

GROUND

s
R

CONTAINMENT

) H ‘ PENETRATION

PREAMPLIFIER

r— T T T e - b
| ]
is gl
) INNER GUARD SHIELD )
ly ) ) b
mu—_— |
|

FAR LOGARITHMIC |
o) e |

N \
I I
) L. —_—— _- — - r’ |
} = |
o 3
4 EESEN
: r +15V 0 -15V —l I
HV. ! Low vl
: 1] voutaGe | :
| L
} - l
' |
HV. |, |
Lo =
i SHIELD |
GROUND |
= |
1
|
)
)
-

SIGNAL PROCESSOR l
CHASSIS —

GROUND -

(F) 1 BAAN AYENG @Y AQENR AP B4

[28 11]) AE AYY, AdE R A5H JA dHE



EF 37 ZL 4% $EANEY A% AYEHE UR A=
A 2o HA FA slok 32, of AR AY=NL GFHAS} &
gu 7171 8A e M2 FAHES FAD HEAA For dasd

CES 47 YRAY=AI 35 gF NdcHe ddL 7 sojEe
oM FEADL slof dh. B AF V3N ALHe] gE A
o83 Yoz sANA @A HI, YAF G ng§ ANFE
IEEE Std. 518914 #3% dAAY o4& Eestd J¥H ngts
Azl 9% FL 42 AABT. oE Az & Az MY
zg WAs7] At EMI 480 e A& ANBL Agsa gr
o AFL YES sopdct o] AL AHT MM W
ANAE AAST o] AL L 77AANN} dddo} I (A= A
AAFH A& FA).

2. Class 1E Vital 120V Busol] 3 A% At

Class 1E Vital 120Vac Bust HEAFAAM AFHLE IHHE o]
23y gA BFEZ P nFHFoz A3 1xH[E XTEFIF 759
nxadE X U7l W&o, B AT ALdHAA o] Xy 93}
o A % FYHE FLANZE 29522 AAs} 3.

120Vace AAFTFHFAA 2000dc (F& 800Vde)Z sUF AFE W
gEle=d o AEFY JFDAA R-C dAf7e) 3 FE AdA7 &=
Hol, R 7IANA B HAAY FE L HolA F+7] (Surge
Absorber)& A A3t AAE Farvt At of HAA FF71e RE AC
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AYASH 120Vace] 29N o] WP HRYoZH AYRAM 2
4 Molx4 ZLE ¥ S ENFMS 2% ofuzl, ols} #A1¢ Az
AEATAA TR d¢ VEFLEAE A% ARE AL

@A, AC AUASY AALALALE AN AFEY. W,
B ALY 2 39 AL FUF ZHAN A £AREES Fe A
Qe 4o ADAE Yaso

3. Asds AYde Aole 4AA

TS AF7Y A3 JRF L AMIAL S #4387 A3
o 71599 2 2L A3 HAAN AZEAY AHEEERE 2%
(F2 3%) ¥5AEY 95 ohm® RG-71 B/U & A& %, A5x4
M ARdHe TGP ALAL FFHAEU 75-0me] RG 59 B/UY A&
o] AFHE.

FH, AlF AL Adele FAFEZ77E AGAdERA HA8A
HAZ71A SAHE A5 dAGA dEde AN AzAHE B
dx Ao dAPE 4387 A3 75 Ohme 4F FF5HANES Al
3ol AFHY. olF FEHANEL FAEZAIN 4Z T APFFHo
o YR AY=EHE PAAGHE IR AT L AHE0 AT AN 9%
g 31 oF AdE AHAS 12 R M WAHEHE RIS S
A dte 4¥L o o AogMdd AF7IY FHol=ddHe dde
Amphenol Triaxial Connectorg& Al &3ld A FZ M3 Ald=dae 384

g olfm AY=HY AVH d&4He] BAHT AS¥Y HEHYo| ¥



27} HE=§ 3ta,

Junction BoxolA #ZALFE FHolu YR Frld 9¥E A &

=

Jol=d# A9Aclgne APHERY
=

=
=

opgct £ AFAAN AFEHE & AoEE AILEFHIER olYRE A
8. k3 Ao,

[B 1] 2444 BNAEY 2 H&Aold ¥F

Used Cables
Detector Detector | Detector | Pre-amp Penetration Evaluat [Remarks
Channel Type Lead to to -ion
Cable Penetration Signal Drawer
Start-up BF3 Integral [Coaxial Cable Coaxial Cable
and Counters | Triaxial |[-Signal : - Signal :
Control Cable RG-71 B/U RG-71 B/U Good
Channels -HV : RG-59 - HV : RG-59
B/U B/U
Ion Coaxial |Coaxial Cable Coaxial Cable
Chambers | Cable - Signal, HV - Signal, HV : | Good
: RG-59 B/U RG-59 B/U
Post- Fission Integral |75 Ohm Triaxial Cable
Accident [Chambers [ Triaxial [Quadraxial for| for Good
Safety Cable Signal & HV]| Signal and HV
Channels (Note 1) (Note 2)
Safety Fission Integral |[Coaxial Cable Coaxial Cable
Channels {Chambers | Triaxial |- Signal : - Signal : Good
Cable RG-71 B/U RG-71 B/U
- HV : - HV :
RG-59 B/U RG-59 B/U

Note 1 : Detector Junction Boxo) 4 Pre-Amplifier 7} X] 44 & Aol &Y.

Note 2 : Pre-Amplifierl A} Signal Drawer7t X} 82 & #HAol& Y.

A 54

RSAAE A ALY
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1. AASAAAN 22 A3
FEQe AT %L HAHRY 5 I=E 37 4H/A AN
of o2 AlgE HdAVIEsPe= sv.aﬁ}t}.

- 5EE @S 1AL ol HXsd Fedozry
Zede 98¢ A2 FE2 39

- %4 WY A& EHA Feo ALY £ ASE AR
o NEAANE HAN Fgol WHHA Y= Yry=sg
HA B,

- gnPge Az o FLE FLHAY AAs: y2s
dAse YeHze gHA] ZEE A9

- 23BAL dFHEd e Fde) FL d¥ol YolE
ge dAe 9L T3 A A5 A5AM IPo] o

=F AdAF.

2. 717) R AzAEY Hi olAdAY 24
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