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Diagnosis of NSRR Based on Reactor Noise Analysis (II}

Koji HAYASHI, Ritsuo OGUMA*, Junya SHIMAZAKI, Koichi WATANABE,
Yoshikuni SHINOHARA, Yoshihiro SUZUKAWAT, Shoichi OHTOMOT,
Hisao UNOT, Shigeyasu YACHIT and Ohichiro HORIKIT

Department of Reactor Engineering,

Tokai Research Establishment, JAERI
{ Received July 10, 1984 )

This report is concerned with the diagnostic experiment (Phase-II)
which has been made to investigate the cause of remarkable fluctuations
in reactor power of NSRR.

The Phase-II experiment was performed with the aim to evaluate the
dynamics of automatic control system and to investigate the disturbance
caused by the operation of diffuser system.

The results show that damped oscillation or persisting oscillation
of reactor power occurs when any disturbance is applied to the automatic
control system because of the transfer function of the slave servo system
which has a relatively remarkable peak at about 0.3 Hz, in addition to
the effect of a dead band in the driving mechanisms of control rods.

Further, it has been found that coolant temperature fluctuations
around the reactor core as well as the reactor power fluctuations

increase remarkably when the diffuser pump is in operation.

Key Words : Reactor Diagnosis, NSRR, Reactor Noise Analysis,

Automatic Control System

t Department of Nuclear Safety Research, Tokai, JAERI
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Table 2.1 Measurement variables in the Phase-II experiment

Number Variables Name

Neutron Flux {( Linear )

Neutron Flux { Log )

Neutron Flux { Safety#1 )

Neutron Flux ( Safety#2 )

Fuel Temperature ( #1 )

Fuel Temperature ( #2 )

Control Rod Position ( Bank Indicator signal )

Control Rod Position ( Rod#1 Indicator signal )

R SR N, B ORI R

Inlet Temperature of Reacter Core

=
(]

Coolant Temperature of Reactor Core Side

—
|l

Qutlet Temperature of Reactor Core

270 kW

Reactor
Power 15 W////r

Reactor
Operation

Auto Manual

¥ - 4

Diffuser

System OFF

Time ¥ ; . + 1
14:00 15:00 16:00 17:00

b

Fig. 2.1 Time table of the operational conditions of the NSRR

reactor and the diffuser system in the Phase—I1 experiment
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—_ a
Control Rod \\\\ — Control Room=—
Drive Assembly :
@,®
- R - a
Diffuser Water Level Od,POSltlon
Pump Indicator
( Bank )
T ( Rod#1 )
P—
Reactor Poole— Experimental
Loading Tube
Detector
Support
- Control Rod

Guide Plate

O~0

Thermocouple
Detector i - Diffuser
Guide Tube ' Nozzle
Neutron &——— Reactor
(:)’“ Detector Core
=
Instrument
Fuel
ONO0,

Fig. 2.2 General view of NSRR and locatiom of sensors
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Experimental
Cavity

SARANID
0064809060
(TEGA O

2

Control Rod

Diffuser
Neozzle A ¢ Regulating Rod
B : safety Rod
3 C H s
} //// 1 I ) Transient Rod

Fig. 2.3 Location of neutron detectors, control rods and diffuser nozzles

Experimental
Loading Tube

@ Thermocouple #3
{ Outlet )

Upper Grid Plate
@ Thermocouple {2

{ Core side )

(:)Thermocouple #1
( Inlet ) -
h ml Core Shroud
Fuel Elements Lower Grid Plate

Fig. 2.4 Location of thermocouples for coolant temperature
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SHEMBEESEODVWTAZ L, AOTRIIEFLEI»THLIOHEL, FLMAETRENL S
POEGHALESNE, 35, HOTEEEHNKEZLESIEEG LD KDL LALABETAS
N5,

{(3) Case—1II

ﬁ&ﬁzmmw@ﬁﬁﬁ¢ T4 Ta—HW— e RYTEREBLA1IL: 3] FhG, 7%
%é%@%#% ELTERELAZI6: 06 EETOHNLGSHOKXME% Case—~11 &7 5, Fig.
43uwm—1,2)mmuifmaa»~%(15.51~16.02J%Ebﬁﬁéo

LRr=ATEELFRET 47 2~ F—DERCLLLIBEEDPSEFRDOENTS 2o
4T A e BT OEREEE, T4 72— -/ XLDKEBEEH VTR S
od  Lipcssh (15 53 T, DHTE, SIEBLBOSES, TNCANMEES
SOOI CKEBEFHLEA NS,

- FHREES LHHBMEESCRON ZHEBMRKE LEHNE, Case— I OHBEGEHELT
FORBEEZIERBETH 20, TOHEEHEH AT 2I0WERELL>TholdAh ol
W -hEBETHL, Libdh, COEHRIF—BHAAHHLH0MED 16 00EICHUERED
NFEDORIZEFHMBREALZOFFILTA 16 49 (Case—V)IETHAZS I L@ UL/, TD
EBHER, Fr72-F-—0BELFEAZHRFLOMCMOHADEESH L LETRRLT
WA,

—%, BHMEEESIIODVWTALE, BEBEET 47 a— ¥ —HEpi$ TRIEWICHE
LT dois, ﬁ%ﬁ%(ﬁ%%wt)%K%C&DMTkE@@ﬁﬁtkﬁ@ﬁﬁbnkc
WMEZDOSA YERBOBEGRTEFDE — 7 458 b (85 ) MELTLE TV AN, o
FESOLEEIEIE = 2°CHIBESADLN D, T/, ALBS Case—-1 OBEGICH~NBE LEEZDET
BRKELCHETLEHBICAHLZDL, HOfTCORFBVCEHLSBASINLIEAR, 747
F— OBETHL EFOKFEHECEENA TS EEI NS,
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NH56DTHb, TIT, KBIETHHIZPHETIOLBEEICEMEE,L S, mEBAMOD YT
A-Fo , 0, TL28FELTAEL I,

Fig. 4.23 387 — 2075 4 YERAEETLHIC20dB 23 oL T7Tey P LAEBDT
Hbe By —ALbE-—TTHBEEHIZIHLTWAI LDh 5, €07, BIEREEH 3

o

L f = 08Hz e (4.7)

2 n

EHETEDNTE L, T/, BERRIEIRLS/NEDRVER ( Case-I~ID DG, ¢
— 7 DRI SFEAT,

¢=0056~0.1 v (48)
CHTETEEELNDE) CoLs, BERT, (46 XM oFHELT,

T,=513~25Tsec e (4.9)
LHETE B,



JAERI-M 84-137

DlFA% E$Hde, Rod# 1 OB VR 7 43K 03HZICHBH AL -7 0H 5 EERK
AELTWATLE, CORBREBEBOANEEINHME N 5 LHERCRINED 5
Bansds Edbins i,

2) WFWHAOES EOMFR

Phase — ] BEA T, HEMNP - DL LAKKREBOFBNEHR IO EFDER, HEHE
ﬁz;ﬁmﬁﬁﬁmsom&wzm%ﬁénéc&ﬁ%éﬂfwanca@m,Cﬂ%@%ﬁ
N — v EHBHEROEESEEORICEDODE T 20 EERE T L,

LMW ER TH S EREROFEHAES Y, BEAREE 0.31Hz (832 secAf ) &5 5
EHIAZVEEABE-AREERTH), TORKEZEFLAEDLN S LU IRALERL, &
R F B L NI AERE > T b, RIROBEHIER X, Phase—I TR EN//ZT TS, 1.6
sec~40 H sec (NI LTLp 5 08BN ) ERRETH - 1o

COESERHEOERARAVALROBRICHHETE S, £¢, AopDRERTEL £ 030z
R IC R B S A B o - A BB BERE v 2 7 L iEIIE N & § 5, COY AT LBESR
A 03Hz S 2 2 IEHEZTHERIN TS0, LEAbBERRIPLEDNSODL,
HAE S 03H 2 HEABBEE S L THBVERRED 25 2T, T TIRERBRORR
Badh 2 3 Hl T X 70025, Phase—1 OM&ICH 3B ICHEEOREME IO LK NBRE S ART
(@M ) PEETH L, THFRNIEHOREELE MY o &~ HRETHRESIRS
NTWAZ LAZETLE, AHORESICE s TRPHDEEFEEE LIRS AL DT EN
D55,

AERERNEGHOLS 1205 — v THEFEBEROEBHICOVWTATAHL I, TOK
BbElICEE L L EROTH AL HBHAZORECES Fb > TV 54, TOLE
ERSEMAETREROBH ALV EOERD DEARFERS 0.12Hz (K 8sec A ) TH
27 E0E, P THERALLAABERS Y X7 208, SERHTELVWESTHLL LN
H b,

&55?,%8%C%QQEQK%LTH,N%R@ﬁﬁﬁ%%@ﬁﬂﬁﬁﬁ%(wmﬁ’
Db cHBHAROHERRBICHTEUTFOBRLERECHESLIATL S,

FORRBIE AT — - KROF A e H AV ET = FNy 7 e 4 Y (Fig. 417TR
Kuéggmﬁgwﬁﬁ%@@f,ﬁmﬁ@mW15wwmuﬁwMWT%mgntuC@
%%.@ﬁ—ﬁ-i%V%ﬁ%<¢6ﬁﬁﬁﬁ@@@<ﬂéﬁ,%8wc%ﬂ®%ﬁ%ﬁﬁﬁ
Kmé,®74~Fﬂvﬁ-54V%k%<¢é&m%®jgﬁﬁbﬁﬁﬁﬁ&%én%®§
EHAE LT 2, BEBBEBLALELRY, ORORLERFHNTEELTRE(X
3, 0O ENELPITENT,

CORBTREON/Z SHEPEORBEHRZFEHE 150kWO &5 (300kWZE 100%£LT)
25 BDRT » TAHEAMLABEGCRONLEDT, EREGEKBERTS -7,

Cllo#EEL<2s —« +—FROEERUBRIERELEEATHOIEEEZEALEGE S
L ZOFREEHE, ETFHES0BEE (ELHEE ) PN~k D ELT SHREE
o TR NI A AROBESHEECHARLENTHELZHDDLDOTHLLHERT
X3, BEDTRAF — « 4 —RKFDHF 4 VREMIT, TICBNIEERR, RICFHT 150kW



JAERI-M 84-137

DREBICEWVWT, 2°o0FXALHE (REEFCHTIR/BOEREL, BEREOEEFOD
EEBHORE )DNT VARELEBEREINLEDOTHE, TD7¥H, Phase—IFLERD
B 300kWIiEVWH A ToERE T, BHHBMRCHMsn2AELOREFIRETRHEI LKA
HEEN > DRREE LD T L0ERGTIHLRTH S,

Phase— T EZBTA LN A S B EAFEOLE B OEBBTHE LT L3 nid, EHER
HRARRRTH 2HEHRFHIBEROHE AN 3 v 5y —BIRAEBOIREFHRAZYU T 57
BEWHIRTE S, COBE, PUHALHORIBIE L 1 BLT TRICEE LA 031Hz O IEKE
RZEH (2 BETHE )i 3 &0y, BEOBSE 2 REFERICLIZHORRNLE
BEAaondhofli) vy — KL BIREBHBEZE LALPNMENTSIERBROED
KILBDIEBEZLLEDTE b,

4.4 SAMEBEDLEESORF

Phase | EBOBER A LHARNEH A 2 TEBOFRRNRIEIFHEROR/HRITH L T &0,
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WeHz T 5 EFATR Y,

XLREE,PS, COERSOBRE T« 72— F—ORMEBICKEL TV L L bbb,
Frbh, BE0 (7,7 a—¥—BLERE)ADE, THK2ERECHEIOREVR NS
PRSI LT ndbhb, 2L, HE2 L 2% b DI 2% DIRAET OHIR O
£— F ( Auto ¥ 7 it Mamal ) TOERBBE EAESHLNL D,

KiC Fig. 4250 0B OMEDRENHIBES 5 FICO0THTAE S, 237 bADORRE
ADBEOES IKRENLL, FHRAF2HRZUTEDTEL T 2008005, ELAD, AT
FLRADTF 47 2 —F—REECHTAREETRIREGEVEAEONG, THEHE, T
EAMLTVC S, BELTH ZH U FORSB—FIHAL, §5KHEEET ESREY
TP LT LS ERAERF > T 50 Th b,



JAERI-M 84-137

ﬁ%KF@.M6®ﬁ@%ﬁ@@mﬁﬁg@%§mOmféféiﬁoM®ME§®x&7
ke d, EEABNOBS EeRNEL, FEESORMECE - THRLEVEFC03
m~ﬂﬂ¢0ﬁwﬁﬁﬁwﬂ%ﬁﬁﬁwaéwﬁbméo?47a—ﬁ#®ﬁﬁﬁéﬂ%®
OB, AORDOEE0E6RTD, MENS AL 2ETARY PVRGEEALT
bE, BEAS S 2L ST A LETRMAT S LV D HE AR > T 5o -

9 BEEWLEETF, 72— F-ORHEEOHE

ST A I, SMEOREMEEET 72— F-OFRME (52037 X SHEH
éﬂ%*%)m@(ﬁﬁtfﬁ@tfwéo%CT,%E@?47Jwﬁ~®#%gmmbf
BIEEDLENREOBICELL TS AEALDLLLILT So

NSRR TR MABOFELEHEEAREBTCELCHATE 7 - vkERBLTY 28, Hi
QW@HT-V:%GFT@%MTEC,fHWKﬂﬁET%5%%uﬁ®M@®%D%&W
:DLM@t%VUvFﬁm%ﬁ?é¢u%mﬁmm5ﬂ1m%(FgﬁAﬁ%)oamtm,ﬁ
Hﬁwﬁﬁaﬁmﬁ®VNw@?47;—ﬁ—-/fwmemﬁﬁmﬁmﬁﬁmmtf@@@
T A EMRTFRENE,

FEORIEOBHAMEED - X, WD LM OEEY S X L FHMAAE L, FLNE
CHIRE NS T — v AR LA RO AR ERBETOREEYG M OWMDIL > T 5L
ﬁ@ﬁz&ﬁfgéoC@&%,ﬁb@%ﬂﬁﬁ%mﬁﬁmmkmﬁmﬁﬁﬂﬁUﬁﬁtwé
FEal, ANBEQ LS PLAFOREY L E LFARE, FAHOBED SERAORE
WLEFEDBRELANY P AEREE2RTTH L,

Fig. 427 & Case—I ( F 4 7 2 — — « & TEE )V DBREERLEDNT — s AT b
w%%ﬁoﬁzméﬁ&bf,Cn;@%mﬁﬁﬁﬁuﬁ<%%ﬁ&%nﬁm@mﬁbf,c
NENECEBEETE AT - LRAVDERNAON S, ¥10.1Hz 2 5 2Hz DA T, AO
ﬁﬁ@eguﬁmwﬁw&NT%km%ﬁﬁmﬁv—%%cfmac&,it%oﬂ&x@ﬁ
h%ﬁfﬁﬂﬁﬁ@%¥HAD&RNT%Z%EEQNU—%ﬁcfhéiaﬁbﬂ%o%%
MAEEE L TR, IR DNT — o LRADERFETNEERELLV LI EHOAL D,

Fig. 428 [4Case—T { F 4 7 2 — ¥~ FHEL ) DEETH 5. HIKLHBEL TR 5K
i, BOBEDLENERILRKERNNT-—2RH-TED, HBOEH R THRK 1000 518
ﬁ@%%ﬁaenéoCnmﬁLTADM&@@M@&@%%M@&AE&énf.hf@m
au&@éaﬂﬁ@ﬁﬁméwﬁa%n%ﬁﬁéﬂafwéouLw%,?47;—$“&ﬁﬁ
+ L EHOMOEECLEFNFELIHAKRTEONDN S,

Fig. 4.29 (4 Case—Il ( FBAE 2 ) DHEETH 5, Case—ll LT sL, HOAOREDY S
SRHLEEICRDT 5 OIH LTANS SOFLHEORED 5 FREBIERL, FICA
OfloBE® X FHOMEE UL ED/NT - - AR EHE ST EDHRHP 5,

Fig. 430 4 Case IV ( B 25 ) DIBETH B, Case—l LB LT, AOMEHOHO
vaoV&wQ%M%&k§<ﬁD.Aﬂm@ﬁﬁ%w%§ﬁ§<ﬂvfwéc&.§tﬁ
DM&%@M@Q%Q@UJﬁBLM&@%@T%kN%EE@%ﬁ%%ﬁHKEﬁTLi5C
E, WEMBOLDP L, :

Mg4muﬁavw(#ﬁﬁﬁﬁm&mb)@%é@%aoE@ﬂm%%mw&utﬁﬁ



JAERI-M 84-137

Case—IVERN BN TH D, Fig. 435 MBI T, BEALE T LW I Ebhsb,

F/, Case—I S VETOZBEW O ETHOMBEARIT (28— Ly 28T ) AW,
FOHBRBZOLERFEREVICEAMTH S LM N, COBR, Bz -EEDLE

HBHFOFRMB IS Y Y FTRECL - TAELLLDTH 2 EEANEHRENS, Licdis
T, SREPLEFIEER (N7 - ) WHTLIBHRLTEZUR > TOLEEFELL LNTE B,

VIEOBERL, 747 2a—#F—-0BRICELSBHSPLEADDKFEENEZLUTORICEL
5 &M HESEIEE LB,

2T, T4 7a2a—F—IZEF( Case~1 ) DBEE, PLEAODOKRIERBERICL S DK
JTHb:, TIT, PLABOEOE L SPLICHNAALNL 7 - vKEIBEEROMBE A EA
TABEmEENn, EEIY y FHROREBUTHELATE~mt ., PLaBiBKET
WIETEF THECR ERBHILE - THNA TV, Fig. 42T TAOEHINOBED L E D07 —
LR EAEEEASNL DR, FLEADOKENEABERBILLIZBDOTHLILLBOTY -
CDEBFELIEDTHEEZEEALN, TORBEHAARENOEIH DT — vk DEEJER
BhE{HD, BRI # v v VHBRBTEULLIBREGLEFE/NSLBEILNEEZEZLDHI LR
TZ 5,

RICT 47 2= —%#& ﬁzbﬁbc‘sf)ﬁ;ﬁﬁ% ELAEE (Case— ] VE2EA B, T4 7 a2—Y
-/fwmngZJsCmiﬁmﬁmt%cﬁgénTméﬁ,30@/fw®mgmﬁﬁ
HTIEPD PRSI, $4AKERTERORPPLEIDICEESN T B0, HBhan sk (#§
KIEFZN oy FIREDBT THRADBRICE 2TV B, SOk, 70y FREETEFELRES
FRLTRBEBEKRET 47 a—F—« /XD OBEHEENZEBKETH LI F Y TEET
LEZOND, COBIKELZNL, Fig- 428 THNOBER S EFD NN T — WAz KE{T 57
UM oNGE, T, PSSO LRESHT SN, FLE D OBIKMHIER TS
HEM G, HFLAODPRECRERLEFDANT & F 4 72— -FIERBIENTARE{(LD
EEZDBLENTE D,

éém?47;kﬁ—®#%§%ﬁﬁ<Lfffwm%®@ﬁK§%%Lt%é(&%ﬂH
~VAEL D, COES, WEADHEEES LB EL EH S, KD 0ERERICE
HiEKD ERBASABRIRICHETONAT LK, HOBEWSEFOBHNATET 47 2 —F —

XA LDEBKBERN LB EELGND, 4, FLATOMOKETE, HiRom
BB FREABUTHBLTW A SEH S SICBKPARRELE T /25, AUBEW
SEQHRBATREKRKEBKD I v v B LisLELIONS, T H2FEANIE, Fig.
429,430,431 THIBERLEFRENTALNBEYR LEOFHBRELANV—EZFH TS
EVWHHRASGENICRIATE 5,



JAERI-M 84-137

( 1-3ag ) Q-98E)

94yl 103 s3urpioosal BIBP mWﬂoz () 1*% *314

T Tgpon )

iupryrsod poa TOIIUC) B

e

m yuey
of3ysod pol Tox3

()

-]

(1#)

=ity

Juswlsnkpe seTg

——= ( 14433375 ) ;
= X0y 10XInaf g

EasEs Laxuil

afumg uren

T

snipe setgi

T2d G AVHS

{ 3esuyy )
¥NT3 VOIINBR ‘T

4

[T G

L Wiyl . i

£EyT

i
S TETHT

B S T

TR
< TEYT -

joLieT It {6251



JAERI-M 84-137

( z-32e3 ) (Q) 1% *814

{ TaPOY ) i
poa TOIFUOD ‘g

| uoraysod
T
¢ ueg )

agsod poai Toxjuo] "/
e

Cz¢) ,
@1njwIadma) Tang ‘9

LuiiSNY Javheivss BB <pdavd TOWATHL

(1#)

aanjeradway Tang ‘g

H( zefaeges )
= X0TJ UOIInAY ‘4
Rt L LT EEE T T

PR b ]
5 ( T§Aaeges )
XOTJ uoiin2y "¢

HEH

Exs

e e
dH05 Eindmnuisr agvevivn D

T uﬁwﬁuwﬂ.ﬁﬂ,m se1q . T

( aeaury )
ROTJ ucainey 1
e Bt B AR Sk




JAERI-M 84-137

( g-1aeg ) () 1% *814

7 ( T#4POY )
junfyrsod pex Tealuoy g

{iueg )
woT3Esod poa joialnen *

{ z#ka=3es )
¥nf3 ueiinay °

R —
A Ieauty )
2 RO UDIAANIY T4

IR
or3eiede 21815 ApEaig
Rt e




JAERI-M 84-137

:15:11 T 15:12 |
I [ T
1. Neutron flux
.. { Linear )

e

R N
- HPF=0.01Hz ( 48dB/oct )
i LPF=200Hz ( }2dB/oet ) -

7

2. Neutronm flux "'y~

( Log )

LPF=200Hz{ 12dB/oct }

L-3E LMICON THERRMAL, PAKER 0 WATANABE INSTRUMENTE CORM CHANT NO. PZa14-8R 1« MCOH

I

i
|

3. Neutron flux
( Saferyfl )

LPF=200Hz{ 12dB/oct

4. NWeutren flux =
{ Safetyf2 )
| |

LPF=2C0Hz{ 12dB/eoct )
< s

5, Fuel temperature =

(#1)

+ LPF=lHz{ 12dB/oct
a-88 CRICOM THERMAL AP,

6. Fuel temperature

7. Control rod position:
{ Bank )}

HPE=0.01Hz ( 48dB/oct )
LPF=2Hz, 200Hz( 12d4B/oet )

2/100 Velt

8. Control rod pasition
{ qu#l )

9. Coclant temperature
( Inlet )

T X

HPF=0.01Hz { 48dB/oct )

LPF=10Hz ( 18dBfoct }
{RICON_THERMAL PAFER?

10. Coolant temperature

( Core side )

& waTANAGE INGTRUMEMTS COAP,

[ A Mt
PF=0.01Hz ( 48dB/oct )=
PF=10Hz ( 18dB/oct )

11. Coolant temperatur
| { Outlet )

L

THPF=0.01Hz ( 48dB/oct ) -

PF=10Hz ( 18dB/oct }

Fig. 4.2 (a) Noise data recordings of the Case-I ( Part-l )

—.24.*



JAERI-M 84-137

15:22

- 1. Weutron flux :
¢ Linear )

¢,2/10 Volt

. Neutrom flux
( Log )

3.“ﬁ;utrnn flux
( Safetyfl

I 4. Neutren £lux
( Safetyf2 )

;5. Fuel teﬁ%eta:ure
Ry

e

6. Fuel temperature ————— ==
z (#2) = e H
e EE% SE e o
e = =y jﬁﬁ =t

=

7. Control réa positio
( Bank )

. Control rod positioe
{ Rod#l )

WATANABE INSTAUMENTS CORP. CHART NO. PZ414-BB ARERS

T T TTEETTET
10, Coolant
{ Core sid

AR L]
11. Coolant temperature- [l b
( Outlet ) N

éIZO VYolt

Liielless

Fig. 4.2 (b) ( Part-2 )



JAERI-M 84-137

15:51 . 1552, 15:53 . 15:54

© Diffuser pump
TTow T

F 1. ¥eutron flux
| ( Linear }

2710 Volt

= 2/10 Volt

;=

3. Neutron flux
( Safetyfl )
R S

e —n f T
i 4. Neutron flux

: ( Safetyf2 )

8. Control to& positio
( Rodfl )

- 9. Coolant temperature
{ Inlet )

i-HB CRICOH THERMAL PAFERT

- 10. Ceolant p
: ( Core side )
i

11. Coolant temperature
{ Outlet )}
T

Fig. 4.3 (a) Noise data recordings of the Case-1I ( Part-1l )




JAERI-M 84-137

}l. Beutron flux -
i { Linear )

£ ( Log )

CHMAKRT MNO. PZa14-Ba

WATANABE INSTRUMENTS CORP. (MoK THERMAL PAPERY

EB. Neutron flux
( Safetyffl )

gzt—EZutrun flux
E ( Saferyf#2 )

ES. Fuel temperature

! (#1)

THERMAL EAFER T B WATANASE INSTRUMI

%6. Fuel temperatur
: (#2)

§7- Control rod position
H ( Bank )

{8, Control red position
( Rod#l }

Coolant temperature
( Inlet )

FARERS

WATANAHBE INSTAUMENTS CORP. CHMART NO. FZ414-88

Coolant temperature
{ Core side )

{ Outlet }

Fig. 4.3 (b) ( Part-2 )

-_— 27 —_



JAERI-M 84-137

| 156:06

: ﬁ:w) '

Va

- 1, Neutron flux
( Linear }

S

1 0.2/10 Volt

b [

- 2. Neutron flux
{ Log )

3

2/10 Volt

T NQ PZaia-g8

3. Neutrem flux
( Safety#l

! ]

- &, Neutron fiux
{ Safety#2 )

B AN

- 5. Fuel tempera
(41 )
T NO PZatd-RE ¢ Ao

- &, Fuel temperatur
(#2)

- 7. Control rod position
( Bank )

8. Control rod
( Rod#1 }
3

;

} 9. Coolant temperature
: ( Inlet )

T T i

L PZ414-8B

10. Coolant tempefature =
{ Core side ) AAi/EEﬁZSlP

‘ ) i

< : ;. )- AV
i 11. Coolant temperature
' ( Qutlet }

2/10 Volt

Fig. 4.4 (a) Noise data recordings of the Case-IIIL ( Part-l )

— 28 —



JAERI-M 84-137

16:12 16:13 - - . 16:15 R 1 TS L 1 I N T N A2

-1, Neutron flux
: ( Linear ) 0.2/10 Vol

:2, Neutron fl; : e S e =
(log) B U - -~ =

THERMAL PAFER
ol

3 Neutron flux
( Safetyfil

{ Red#l1 )

$%. Coolant temperature
{ Inlet )

—
-

CRICON THEWMAL FAPIR}

10.- Coolant tp;m'perature
( Core side )

2/10 Volt

11. Coolant temperature——i
{ Gutlet )

Fig. 4.4 (b) ( Part-2 )



JAERI-M B4-137

16:35 16:3 . 16:37 . 16:38 16:39 . 16:60 .
e = - - T— : ; p———

;- Valve= 74

=1,

Neutron flux
{ Linear )

B 2, Neutren flux
Leg )
WO, PZ414-88

CRSOH THIKMAL PaFiR

3, Neutron flux
( Safetyfl

. 4, Neutron flux
: { Safety#2 }

- Fuel temperature
C#1)

cHark No Prata-eB

. Fuel temperature

($2)

Control rod positio
{ Bank )

. Concrel rod positio

2/100 volt
( Rod#l )

i
NN

lant temperature :
Inlet )
FZare-gB)

[l WATAMABE INSTRUMENTS CORP, THAKRT NO. PZald

ant temparatur
Core side )
!

( Dutlet ) :
I ) - T " g :

Fig. 4.5 Nolse data recordings of the Case-IV

— 30 —_



JAERI-M 84-137

: L

} 1. Neutron flux
( Linear
I

i 2. Weutrom flux
{ Log )

BE INSTRUMENTS CORP.

CHART NO. FZ414- EAMAL FAPERY

E 3. Neutron flux
: ( Safetyfl )=

: 4, Neutron flux
( Safety#2 )

===
! 5. Fuel temperature
i (#1L)

NTS CORP.

(LTI
HE INSTRUM

==
E 7. Countrol rod posit
: ( Bank )

¢ 8. Control rod position
i (Rodfl)

Coolant temperature
( Inlet )

BE INSTRUMENTS_CORF,

CHAAT NO. PZ314-88

10. Coolant temperature
{ Core side )

11. Ceolant temperature
( Outlet )
T

3/10 Volt

Fig. 4.6 (a) Noise data recordings of the Case-V ( Part—-1l )

_— 31 —_



JAERI-M 84- 137

- 1, Neutron flux
( Linear ) -

72710 Volt

3. Neutron flux
( saferyfl

7’4, Neutrom flux
: ( Safer.y#Z

- 5. Fuel tempera‘tur
(#1)

T NQ. PZL124-0B

: 6, Tuel temperatur:
(#2)

B WATANABE WETRUMENTE GCORP.

e ==}
e

CHANT NO PZ41d

B WATANARE INSTAUMENTS CORP.
e

7. Control rod pesition
( Bank )

. 8, Contfcl rod po; tio
( Rodfl }

Copolant temperature
( Inlet }

¥ NG PZASL-RB_

CRICOH THERMAL FAPER?

2/10 Volt :

M E Coolant
{ Core side )

2/10 Volt

L

Coolant temperaktur
( Outlect )

Fig. 4.6 (b) ( Part-2 )




SPECTRUM
( Arbitrary unit )

SPECTRUM
( Arbitrary unit )

102

Power ; 210~»270 kW
“ Mode ; Auto
9 Diffuser ; Off

10 7]

1072 7

1074 7

10—6 -

10-8 T T T I T T T

0.01 0.1 1.0 10 ' 100

FREQUENCY ( Hz )
Fig. 4.7 Power spectrum of the safety #2 channel neutron noise

in the Case-0 data

102
N Power ; 270 kW
Mode ; Auto
Diffuser ; Off
O -]
10
1072 7
107
10-6 -
10—8 ' 1 T 1 T T T
0.01 0.1 1.0 10 100

FREQUENCY ( Hz )
Fig. 4.8 Power spectrum of the linear channel neutron noise

in the Case-1 data

—33 -



SPECTRUM

SPECTRUM

( Arbitrary unit )

( Arbitrary unit )

102
i Power ; 270 kW
Mode ; Auto
Diffuser ; O
100 - 1
( Valve= = )
N 2
1072 7
1074 ]
1078 1
-8
10 T [ T I T r T
0.01 0.1 1.0 10 100
FREQUENCY ( Hz )
Fig. 4.9 Power spectrum of the linear channel neutron noise
in the Case-II data
102
i Power ; 270 kW
Mode ; Auto
Diffuser ; On
0 A
10 { Valve= 2 )
1072 ]
107 7
1076 7
1078 — . — T
0.01 0.1 1.0 10 100

JAERI-M 84-137

FREQUENCY ( Hz )

Fig. 4.10 Power spectrum of the linear channel neutron noise

in the Case-1II data




SPECTRUM

SPECTRUM

{ Arbitrary unit )

( Arbitrary unit )

JAERI-M 84-137

10%
q Power ; 270 kW
Mode ; Auto
l00 - Diffuser ; ?n
{ Valve= 2% )
. 2
1072 ]
1074 7
-
107° 1
10"8 T ! T I T -l T
0.01 0.1 1.0 10 100
FREQUENCY ( Hz )
Fig. 4.1l Power spectrum of the linear channel neutron noise
in the Case-IV data
10°
_ Power ; 270 kW
Mode ; Manual
Diffuser ;3 On
U 1
10 ( Valve= 25-)
1072
1074 ]
10—6 4
1078 T | = 1 ' | T
0.01 0.1 1.0 10 100

FREQUENCY { Hz )

Fig. 4.12 Power spectrum of the linear channel neutron noise

in the Case-V data



SPECTRUM

SPECTRUM

{ Arbitrary unit )

( Arbitrary unit )

JAERI-M B4-137
lO2
Power ; 270 kW
T Mode ; Auto
10° -
10-2 - Diffuser ; gn
( Valve= ZE }
-_—
1074 1 '
Diffuser ; Off
-
107 -
-
10*8 T l T l T | T
0.01 0.1 1.0 10 100
FREQUENCY ( Hz )
Fig. 4.13 Comparison of the neutron spectra with and without
operation of the diffuser system
10°
Power ; 270 kW
7 Diffuser ; Omn
1
- ( Valve= 2=
10° 5 )
-
10—2-
7 Manual
1074 -
1076 -
10_8 T l T | 1 1 1
0.01 0.1 1.0 10 100

FREQUENCY { Hz )
Fig. 4.14 Comparison of the neutron spectra

control and the manual mode

under the automatic



SPECTRUM

SPECTRUM

{ Arbitrary unit )

( Arbitrary unit )

JAERI-M 84-137

lO2
Power : 270 kW
. Mode 3 Auto
0 Diffuser ; On
107 -
10—2 ﬂ
10—4 .
1078 4
-8
10 — — — ;
g.01 0.1 1.0 10 100
FREQUENCY { Hz )
Fig. 4.15 Comparison of the neutron spectra for different
valve conditions of the diffuser system operation
-2
10 1 Power ; 270 kW
i Valve= 25- Mode ; Auto
Diffuser ; On
-
10—4 -
| Valve= ?
t
Phase-1 experiment
i 300 kW, Auto
) WYy
10 L] T T LI l Ll ¥ ¥
0.1 1.0 10

FREQUENCY ( Hz )

Fig. 4.16 Comparison of the spectral peaks of the neutron noise

for the different valve conditions of the diffuser

system operation



JAERI-M B84-137

uOT1oUnRy I9JSUBI] JO Swial uj

wo]SAS 10IJUOCD DIIeWoIne Y3 Jo weaBerp yooTd iy 214

T

e-—

(s)9

ﬂaq SOTWRBUAQ 1030E3Y t a
dv
= - — —— = —
u._h -1 oe P 940y T
i wa18LS OAIDG VABTS o7 aeaur]
e o e e = v
' . o1ty Oy
. .
. -
. -~ T T T T T r— T T T T T T TT A
L — —
: | > €7 tly :
m:mm. _ I
peag K t _
s _ s s s WM
_R < HmM = NWN+._” - HNM = < d M% 41 - HHM _h %
_ b b | p: |
WSTUBYORR SATIQ | T#POY | _ 191 TWT]
poy Toiiuo) wa384AS 0al19g 2aETg | Ww93sAg 0a19g 1918BR
S Rt B I I PR
v ) J
101BITPUT 101BITPU]
T4#pPoy Jueg

- d

Puews(



GATN ( dB )

)

PHASE ( deg.

JAERI-M 84-137

20

=40 4 power ; 210~270 kW

Mode 3 Auto
= Diffuser ; Off

-60
-80 T T T T T T T
0.01 0.1 1.0 10 100
FREQUENGCY ( Hz )
(a) Gain
180
0
.
=180 ! i T T T I 1
0.01 0.1 1.0 10 100
FREQUENCY ( Hz )
(b) Phase

Fig. 4.18 Frequency response function from the bank signal to
the rod #1 signal estimated from the Case-0 data
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Fig. 4.19 Frequency response function from the bank signal to
the rod #1 signal estimated from the Case-I data



GAIN ( dB )

PHASE ( deg. )

JAERI-M 84-137

20
O \/M
-20 '
—40 ~ Power ; 270 kW
Mode ; Auto
1 Diffuser ; On
1
( Valve= =

-60 7
-80 T i T T Y I 1

0.01 0.1 1.0 10 100

FREQUENCY ( Hz )
(a) Gain
180G
0]
1 T

~180 T ] !

0.01 0.1 1.0 10 100

FREQUENCY ( Hz )
(b) Phase
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Fig. 4.29 Comparison of the power spectra of three coolant
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