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"JOYO" 75MW Start-Up Test Report

In-Core Acoustic Monitoring

Kenichi Sano*, Hideji Ohtani*,

and Seiji Tamura*

Abstract

In the experimental fast reactor "JOYO", in-core acoustic
monitoring has been continued, in order to detect in-core abnormal
condition like sodium boiling at an early stage.

Three in~core acoustic detectors are situated in the core
addressed [5A2], [5C2] and [5F2]. The following facts were derived
from the measuremehts and the monitoring by these detectors through
the first 75 MW duty cycle operation.

(1) The background noise at several ten kHz range} which is
suitable range for sodium boiling detection, is mainly composed
of electromagneticrnoise from the primary sodium flow control
system. The power spectral density of the noise has a broad
peak at about 22 kHz. The signal level of the noise are
independent of reactor power and primary sodium flow (primary
sodium pump in operation).

(2) Since this in-core acoustic detection system has poor SN
ratio, the analogy of the result of the local sodium boiling
test conducted at off-site may resulted in difficulty for
detection of local sodium boiling by this system.

(3) Insulation resistance of the detectors became lower as sodium
temperature became higher. Over about 330°C, however, the
resistance of [5A2] in-core acoustic detector suddenly increased
more than 300 times of its normal value.

(4) Abnormal core condition has not been found until now according

to the in-core acoustic monitoring system.

* Reactor Technology Section, Experimental Fast Reactor Division,

O-arai Engineering Center, PNC.
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Fig. 2.2 Block Diagram of Acoustic In-core Malfunction Detection System.
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Fig. 3.1 Block Diagram of the Measuring System



PNC TN941 80—146

4. HERREE L 25

1 EFFHDOER

1) [5A2 JFATEBESO N7 -7t

(5A2 IFRNEBESO 7 -2 trviFig, 41CRT, 50 kHz ¥ (A)
EL5kHz v ¥ (BB 3, TEMWEBERFFERBORNI PV ERKRLTHS,
(A)Tit, W22 kHZz W 1 RBEHHAFZENAR LSO/ A XL LBE-7HRGN 508,
T5MWOFDRRI FHBETFTLTHS, Chit, RUEBOHEBRENRO LR CHE T 2 8
BLEIOND, HBENKBLTELLT, L 1RSAHMKREHORZRLSD /4 XICH
LTHMGE L CEEMicE~3, (B)TWE, BFFMARCLBERSZ b2 - DELL
FIEREAENR Y, CORBEHLVyoTR, HIEEPRIEES 778 HB7T -2 2 -7 77
DEEOREFZSHAAEELNHED, 7 -2 42 T 7 A2ERLTVET5MW R LE&K
LTOBOOMWE TSI bve 2 —vpBEBBEAERVWCERLS, [(5A2]F
RNEERHRRT 242 - 77 VEBEOESBLRLALZTIR VI LEDR S,

5O0MWH O ERABTIZ, L5 kHz Vv YYD -7 pATEOMWORRZ P
DBETF Licds, EHEB7T5MWTHETLTLRY, CORAIIRHAPTS 2.

@2 (5C2IFABEBESD/ YT -7 b
[(5C2IFANESBEED ST -2 % Fig. 421CRT, 50kHzL v Y (A)
Tid, HOFATFEESLABKCH 22 kHz T 1 RBAAREBEHAR P50/ 4 XL kbE
~IMEBNB, O -3, BFFLAKC, BEALKELTWRWNWT &dibhsd, Lb
kHz v v o (B) TR, TEMWEOZXRJ bArTHE650H2 KHEEL Y~ 8E AT
WAY, ThERBE7 7 7BHAT7 -2 8 77 VOBEORETH S, B8, MWK K
B7-28 « 77 VEBEBEIRLTOEL, '

SOMWH A LERBORRTIZ, L5 kHz Ly ydT -7 baic, 650Hz 0
@E—ﬁﬂﬂK%%BSOHz&%QOOHsz%HE—JﬁﬁELTWéi SEOFHERT,
BHERC—00650Hz O~ 7 0A N oLRRELT—BAREDS S0, il
FORMTHRE (FEHNEEOEE~ORAF CHL, ABEHEBFGTr 202 70LBCH
WE)DBNBEALLND,

@ [(5F2JFATEESO N7 —2XF b
[5F2 JFAEBEED T -2 briEFig, 43KRT, 50kHz Vv >Y (A)
T, MOFNEEESLEARICHN 22k ~25 kHz L I REAHMRERBE»SD/ 4 X
K&%E—ﬁﬁﬁenaoc@E~ﬂm%mﬂﬁmmﬁmﬁ%KENTﬁTLTméocn



PNC TN941 80—146

i3, tHOFATRESLENE BT 26DTH S, L5 kHzv o (B) Ti,05 kHz
UETHEARCEIERABICHENT AT 227 pudi bR LTS, CHEEEZ 77
BHB7 24 - 77 vOBREOREBILLELDTH B,

TSMWE2HA /OB ALRBICAIELLS0 kHzL Yy P DT -2 7 b %Fig
441RT, 24 kHe HREOBEVE - /RBREFEBNCEBKELTEST, (5A2 )
BLULSC2 IFATBESLA-EMILS 3, M8 kHz R FHFIMAICEKEL T
E—7850, 14 kHz WM ALRT I LERANBLBDE -7 ddb b, Chid, OF
ABTEBESKS, T5MWE 1YV 1 72 TO(5F2 JFRBEESCOLR AN o &
-77TadYH, RERKRIEDTEH 5,

4@ [5A2)BLU(S5C2IFASEEESD rmsfE

C5A2])BLT(5C2IFATEEESED 10k 550kHzESD rmsBOREFH
HMAOEFEREEFig, 45WFRY, (5A2 JIFRTEESTR, OMWHS 10MWic 23
ErmsEHEFEL, 10MWUETIRIRIFZI—ETHE, 2hid, BRICLIBH B0
EROBBEHIOMWLETTELACLE, 1 ABIAMERBHBAZ LD/ 1 XDF 5B
FHREHED (TOMWEE ) ICREBLAERELLIOC Ehbh 3, [(5C2 ) FASEES
T, imsEOERBELTVROD, ThBAR(5A2 JEAKETH B,

10k 550 kHzBAW, WY F e« 740245 8RLTRIBELEEBDHDD,
COFREREHEFTERABOHBKEBAKRICELL,

6 L[6F2IFAEEESO rms#

(5F2)FAERBESD, 5kpo10kHzKAD rms EDRFFH HikGEREAFig
4B6IKTRT, OMWH S 10MWIECREE mmsfBHRDLERLTVS, chid, cOficE
E7F7 BT 28 2 77 UHBEHBINTORERLDT, WY Fes¥ e 7 4080 TFR
5 kHz il Fccbitd, 7—2 4% + 77 VEBENBA LD EEZLRZ, 10
MWHL?MHMEM&&—ﬁT%%OC@C&#B,NVF-NR-74w?éTE@B
BALTCAB7 —24 « 77 VRAEDHEE, LE®SEALTL 3 1 RADHKREHNASR
oD/ AXOFEHERBEFFHAA(10MWELL) i3, BEAESKRELEWCEib® S,

T, MmsECEREHILIUEREROSBEUE L TR NI Ebbh 5,

CDNY Fev?R e 742 QFBEFHIEI, 10 kHzHET, BOSNEBTH Y v
BETEERUATEEIDICBEARGOTHY, BABRABLUERAEN»S D/ 4 X DR
ARED B8, +HCHBDRRERERTS 5.



PNC TN941 80—146

107

(A) 5A2  75mM

1o-2 | S

1072

APSD (ARBIT. UNIT)

10-*

10°%

0 10 20 30 30 50
FREQUENCY (kHz)

107!

(B) 5A2

oy e oMl |-

1074

107"

APSD (ARBIT. UNIT)

10-3

FREQUENCY (kHz)

Fig. 4.1 Auto Power Spectral Densities of [5A2] In-Core Acoustic
Signal; 100% Flow, Amp. Gain x10.



PNC TN941 80—146

g

(A) 5c2

APSD {ARBIT. UNIT)

1074 I
] 1 ] L{
0 10 20 30 40 50
FREQUENCY (kHz)
1071
(B) 5C2  75mM
1073
;N
=
= 1073
o
[n'
=
A 1074
fa'
(=1 il
l| 1 :
]0-§— :u: 1‘\\ '“‘ A
It!' ‘J WA ‘I 1_
1 ] 1 ]
/ R i
' § AN
0 0.6 1.0 1.5

FREQUENCY (kHz)

Fig. 4.2 Auto Power Spectral Densities of [5C2] In-Core Acoustic
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Fig. 4.7 Auto Power Spectral Densities of [5A2] In-Core Acoustic
Signal; Reactor Shut Down, Amp. Gain x10.



PNC TN941 80—146

FLOW RATE

(A) 5C2

50

10-2

10734

107
107

(LINN "L1I8¥Y) QSdy

FREQUENCY (kHz)}

100% FLOW

(B) 5C2

PONY MOTOR
(~16%)

1071

10-%

(LINN "LIQ¥Y) asdy

FREQUENCY (kHz)

Fig. 4.8 Auto Power Spectral Densities.of [5C2] In-Core Acoustic

Signal; Reactor Shut Down, Amp. Gain x10.



PNC TN941 80—146

10-2
(A) 5F2
107348
—
=
.. 107
|._
@
o
=
o 1075 I
4
=T
107 ——100% FLOW |
1ST CYCLE - oy FLow
| 13 T i
0 10 20 30 40 50
FREQUENCY (KkHz)
102
I8 (B) 5F2
BT ]
= I
p=ad
: ‘r
= 1074 l'.'"'u i 1 : i
@ N |
o " ! ,': H Al / F A
= P iy Y AT Y Wy
PHR VAR APNE VAV |
2 107 ’ I
el
-b .
o —— 100% FLOW [
1ST CYCLE e 0% FLOM
0 0.5 1.0 1.5

FREQUENCY {kHz)
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Table 5.1 Sound Intensity(g)

Non-Boiling Boiling
(Back Ground Noise)
] ] 15 ubar 150 ubar*
Microphone on Wave Guide . 6 /1.98 m/s Sk
— , 487 °C
(Near the Boiling Point) (i o :)
487 °C 237 W/cm?
Microphone in Sodium 15 ybar ad floan=
0.98 m/s \ **
: 0.98 m/s\**
<13 m Far from the) ( ) 469 °C
. . . Q
Boiling Point 469 °C 127 W/cm3

*  Max. Yalue in This Test

** Flow Velocity, Inlet Temperature and Heat Flux of Heater Pin
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1 V/div, bms/div, No-Filter
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0.5 V/div, 50us/div, 10k~50kHz Filter

Fig. 1 Signal Shape of [5A2] In-Core Acoustic Signal;
250°C, 20% Flow, Amp. Gain x10.



PNC TN941 80—146

2
E
“: )
E; 0 v&/ A fy NhﬂﬁfVVT‘ AARAP~ ﬂpvﬁqf ﬁvﬁﬂd
L.
Q
S

~2

0 ' 0.5 1.0

LAG TIME [mS]

Fig. 2 Auto Correlation Function of [5A2] In-Core Acoustic Signal;
250°C, 20% FLOW, Amp. Gain =10, 10k~50k Hz Filter.
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Fig. 3 Auto Power Spectral Density of [5A2] In-Core Acoustic Signal;
250°C, 20% FLOW, Amp. Gain x10, 10k~50k Hz Filter, Af=500Hz.
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Fig. 4 Induction Motor Contro] System (Servius Method)
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Fig. 1 Reactor Pit



PNC TN941 80—146

MIZ—7nd, BHEFLRALHBEIELTNET LN B,
ﬁﬁ%%%%mﬁﬁﬁz®N7—z&ﬂbwbﬂﬁ—Vﬂ.ﬁﬁ%@&&%?ﬁ@<.ﬁﬁ
BESCKFELTWVWAZ LED, FREBES 22 -ITHOVTWE &, BT 7 7 LT
KELTOL2PEHRAMIATC LMD LYo, AIBEBRB LT, ThLDFIR
ORI —7VEMIF~70T, BREHESCEBRINTHEITLRBRETSHZ, T LT,
CoLI, REBLUAOESITERINTRBALTL 3%TO, FATERES T 294
2, PROZFOTAEENDHE, LL, FAOTEZRUBLUA Oy THIRBT S &1,
Ak, AOMEENR Y, X BE TR, BEFS76HA7T —24 « 77 vOBES kS
TEZOT, SNEHEEC TARRET TS,

B E X B
(1) REERF[RARCIFOFEORTHRBE | 27
@ <7/P-eABERAREARE BFTZHE
8 BERODA® FH—-(55)-—-13
@ BREBRFI G EEABHEE - FRATEE® — PNC SN 941 79-227
6 HaBx [ERESHEEE ] $1H, $1=



