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Operational effect leak detection (High frequency
signal)
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LEAK DETECTION TEST 1 (TANK W/ PLATES):

==

A 36 inches diameter and 36 inches height stainless steel tank with five perforated plates at 10”,
147 187, 227, and 26” elevations is used for this series of tests. Data acquisition system was set-to
50,000 scans/sec for mid-range frequency sensor and 200,060 scan/sec for high frequency sensor.
The tank was filled with water up to 24 inches above the mid-range frequency sensor. The
following tests were conducted using the mid-range frequency sensor by moving the leak source

from the sensor level stage-wise up to a level 34 inches above the sensor:

Source at 0” above sensor level (Baseline: with source turned off)
Source at 0” above sensor level

Source at 57 above sensor level

Source at 10” above sensor level

Source at 20” above sensor level

Source at 24” above sensor level (water level)

NSy AL N

Source at 31” above sensor level (in the air)
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The following tests are conducted using the high frequency sensor by anchoring the source at 31”
above the mid-range frequency sensor level:

The Hi-Freq sensor attached at location 1-1 (Baseline with source turned off)
9. The Hi-Freq sensor attached at location 1-1
10. The Hi-Freq sensor attached at location 2-3
11. The Hi-Freq sensor attached at location 3-3
12. The Hi-Freq sensor attached at locat.ion,3-2 )
13. The Hi-Freq sensor attached at location‘3-l
14. The Hi-Freq sensor attached at locs;tion 1-1 (Repeat 7)

31
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'LEAKJ?ETECTION TEST 2 (PLAIN TANK):

In this series of experiments, in order to eliminate any potential signal distortion, tests were
conducted in a 23 _i;xches diameter with 34 inches height tank without any platé. The Mid-range
Frequency Sensor was used and the data acquisition system was set at scan rate of 50,000
scans/sec. All experiments wére carried out with the leak source submerge in water. Since only

one sensor was available, tests were conducted by moving the source to the following location

-

and gathering data in a éequential order:

AR e B L R T o

‘Source at Level L3 and in Hole H1

Source at Level L3 and in Hole H2
Source at Level L3 and in Hole H3

"Source at Level L3 and in Hole H4

Source at Level L3 and in Hole H5
Source at Level L3 and in Hole H6
Source at Level L3 and in Hole H7
Source at Level L3 and in Hole H1
Source at Level L2 and in Hole H3

~
5
5 %
:

(Repeat
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LEAK DETECTION TEST 3 (PLAIN TANK):

.....
...

........

In this series of tests, the same tank as in test series 2 was used. The Mid-range Frequency
Sensor was used and the data acqmsmon system was set at scan rate of 50,000 scans/sec. The
water level of the tank was above the sensor. The expenment was started by placing the leak
source in Hole H3 and at the same ]evel as the sensors. The source was then moved up 5” ata
time until it is completely out of the water (20” above the sensor level).

, Wby
Soﬁfce ét-O” abové the =s';r.nsor and in Hole H3
Source at 5” above iﬁé sensor and in Hole H3
Source at 10” above the sensor and in Hole H3

Source at 15” above the sensor and in Hole H3

SRk LN

Source at 20” above the sensor and in Hole H3



[ Jp2

Freq. Sensoc "__ res

The High Frequency Sensor with a magnetic base was used for this series of tests. The data
acquisition system scan rate was set at 500,000 scans/sec. The source was anchored in Hole H3 -
and above water level. The experiments were conducted by placing the sensor at different levels

and positions as illustrated in the above figure.

6. Sensor place at Level L3and Position P1
7. Sensor place at Level L3 and Position P2
8. Sensor place at Level L3 and Position P3
9. Sensor place at Level L3 and Position P4
10. Sensor place at Level L3 and Position P1 (Repeat 6).
11. Sensor place at Level L1 and Position P1
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Leal l on (ow fr conal
1&38 -The low frequency signal be used to detect the leak event
(the occurrence of leak).

& #1395 -The advantage of the signature signal is unique and the
frequency is low (or wavelength is long) which is much less prone
to interference (or high penetration capability).

B4 b B 8% & i -can be used for very quick, true on-line, real-
time leak detection as well as location determination by differential
time of flight to different sensor locations.

%3, 1% #8 -the basic problem is to detect a signal of relatively short
duration and low frequency (around 1 Hz) in a noisy environment.
This requires an on-line real time continuous monitoring and
processing of the detector signal to ascertain the existence of a leak.
2 A58 o B B BL4%-The general shape of the signal can be
obtained from field collected data, literature available data, and
laboratory measurement of leaks in a relatively low noise
environment.

= # B 2L T fi-the differential time of arrival among different
sensors (situated at different axial and azimuthal locations) will
allow us to derive the signal source (or leak location) based on time
of flight calculation. For a three dimensional component such as
steam generator, a topography type re-mapping technique 1s
proposed to calculate.the leak location.

Operational effect leak d on (High fr renal)

% #8-high frequency signals (from a few kilo-Hz to hundreds of
kilo-Hz) are usually associated with the existence of leaks.

43 %k F 1% % 43 #& 7&-the wavelength is relatively short and maybe
within the order of magnitude of the characteristic length of many
structures, components, and particles in the vessel, the potential of
interference caused by various deflection, reflection,.. from the
tube bundle, vessel wall, steam bubbles, as well as other structures
and components inside the system will make it impossible to
determine the time of arrival for this type of signals.



4% S€ & ¥A-with proper data processing techniques, the special high
frequency acoustic signals generated by the release of high
pressure fluid to the low pressure system will allow us to identify
the leak from other type of noises.

% 98 5% B Y& 7k A -due to the high attenuation rate associated
with the high frequency signal, it is possible to determine the leak
location (or signal source) by differential degree of attenuation (or
signal strength) among different sensor locations.

%,4% k -this type of high frequency signal is associated with the
existence of the leak (different from the background noise without
leak), the signals exist as long as leak is present. Therefore, there is
no need for an extremely high speed data processing.

% B B5-The data collected over a certain representative time period
(window) will be processed on a continuous basis (a moving
window). There is no need for continuously recording all the data
(only the current window plus several previous windows maybe
needed) because there should be no change on the leak associated
signature signals unless the type (e.g. size ) of leak changes or
disappears.

% & 188] % -In order to confirm the existence of the event as well
as to estimate its location in the tube bundle, multiple detectors
should be used, at least three coplanar detectors in each section
bounded by tube support sheets. These multiple signals serve to
confirm the existence of the leak.

- #7 78 ¥ - Efforts will be made to search and collect available data
for signature signal or similar acoustic signal resulting from flow
induced vibration (flow-structure interaction) taking place in a
system with similar thermal-hydraulic conditions.

Li S Data Search & Collection:



£ % # 4% -The preliminary investigation results showed that
there are limited amount of related data available in the area of
acoustic leak detection for Steam Generator. A few data base sets
were obtained from leak detection tests performed 1n a long pipe.

Hydraulic Tests:

ok 13 38 3 B4 2% 5 - The current shock wave propagation test
facility at CU-HTRF will be modified slightly to conduct a simple
leak test to obtain some initial information on the leak signature
data in a confined environment with different obstructions as well
as the pressure effect on the signal pattern. there will be no heating
applied to this test.

rmal-hydr r
HoK IR L Z % BB -A second set of tests are being
designed in order to obtain acoustic data under similar thermal
hydraulic conditions as in the steam generator or other heat
exchangers.

Early leak warning detection in a thermal-hydraulic environment:
BRI 2 T B0 % R T8 % {8 8] -a test will be design to

simulate flow induced tube-plate interaction under thermal-

hydraulic conditions. This test will be also performed in the

mixing tee in the CHF test facility with conjunction with other

CHEF test program.

HTRE %(%‘%5‘*531 ?« % Spemal low frequency AcoUStic sensors
and very fast response piezoelectric pressure sensors will be used
to detect the event and operating effect leak signals respectively.
Both types of data will be collected through the HTRF data



acquisition systems (Opto-22 and HP) and recorded for data
analysis and processing later.

for the event related low frequency signals,
-to filter out background noises,
-to recognize the signature signals,
-to locate the source (leak location),
-to process the data efficiently, _
-to perform all these functions on-line on a real time basis.



[ =) Bs 2SR RRAE

1. T8+ B AFFAMALEETH,

(1) g AT # i B PR AR AR 2 3 A8 5 BB AR A A
vtz B Y HERRE AR AMETE TS
£x -

(2) H—wEpmHe R A BR AR ES  SMR TR
et EARA E 0 AAH TR AN ARE TR
G R ERR 5%

T EE AR AETRAAELBZZRER
(1) A i AR A AT R MOKIR AR S EMAFIT T
MR o RRRATAE T RARE U L R B

[=) HEBMA Bz AERHRFR

Jn

10



[w]) #A038E4ER

1. T+ B RFHEZHBREETH,

% =B KEF M B RE ) SR EM AR
B3R Bk B B 2 koA R B ECR AN
BT A B A e 0 R B A EBT R T A
R R ECR AR R 2 8 0 AR AR A B3R EMRAER
HHER o

o TERABRITEMEETRARALEZZER ¢

(. iifﬁ?if‘:’r%%”"Qfl%ﬁié%f&lff’ﬁﬁ%?ﬁi"fﬁﬁ% ~EES
FEXRTHREAET  BAOEAR  BRRE B =M
BEMAB SRR ARRRERTLE - &=
5 F b b AR AT A5 R AL IR 5 BOR IR B 2 AR AR
MpiE s 0 B bR ERFA LT @ BT -

(2). & — P& T4F KRBT 4T > EHIEATE M A
(3). B AL EE R IARTAEMCTRZER
WA BT Ak FARES  BAURFRRTATRAR > 5
sk A Al RAE B AR T B B AR A K B AR A
&, °

11



Mt & —
¥ XA H | "The Windows-bases PC Simulator for
Taipower’ s Nuclear Emergency Experises" # &7 T-3C :
Nuclear Safety and Regulation



foueby ABaug SIUOYY [BUOITRLIBNY|
[eiBUSY) J010au( epelegiy palleyny
$S2IppY QJ0UAIY
unissag fuisor

SINFLNOD 3HL OLNi SNIMOOT 340434
WOH-QO SIHL NO ,, U003 kY4, TIVLSNI LSO NOA

¥ ¥ JOLLON ¥ ¥

ABisuz Jeany o
ssouaaniaduon dwouody (Gg- |
uoieziin Ableug

JBS[OnN JO UO|oWOld

m‘_DwU@DE me_ODZ Sjueld Jomoy

2mny pue pIUBADY ( get-L IBRPNN JO LORINISUOY
uoijeipey pue sadojosiolpey pue Buussubuz ‘ubisag .
jo suopeoyddy [eaIpap 6 JUBWABEURY a)SEM
SluE|d Jemod SAIOROIPRY pUB (N4 Wadg OG-
JEaONN JO UOISUSIXT Y] vonejnbey pue A1ajeg Jea)ony @
pue juswabeuey Buby (g0}~ SJuBld 1eMOd JBBjonN jo
juswabeuey 1SEM aoueugjuieyy pue uopesadg  0z-1
SARJEOIDRY PUE j@r4 jusds (UOOWIOLE) UOISSOS (aRIE SUEld JaMOd
U A JRBONN JO UCHANASUCH
(LooupyR) LOISEDS [B||RIRd pue Buusslifugy ‘ubisag  yg-1
AbBiaud Jeg|anN Jo wob 158
S10}3eay 1eldnN ssauanihed JUOLASUEA DIEM
HRBCWO] JWIbUOYY ¥B-1  sapoeoipey pue and Jusds VG-
8nmng pue paduBARY yil-l uoneziin AbJsug wwawabeuey P4 JesPnN V-
ucneipey pue sadojosiopey JE3[ONN {0 UOROWOId V/-1  uoneinBoy pue Alojes {es|anN  YE-L
Jo suones|ddy [eopap viL-1 SIUBl4 48MOd SIUB|d JBMO4 JBSIONN JO
Sjue|d fomod B3NN Jo LojoNRSUC) aoueUSIUEY puE UONEIBdQ YZ-L
188NN jO UOISUAXT B pue Suussybuz ‘ublseg ge-1 Buipyng asuapyuUO] 10}
pue juawsbeuepy Buiby yQoL-1 Juswebeuey aisem suopEUIWWoD Jland Abisul
o990 LoNBIpEY @m T SADJBCIPEY PUB [Bn4 W8dS  g6-1 JEQONN UYIM WIUUBHIN MON @
Wwawabeuey 31SEM wowabeuesy [Bn4 JesONN (gy-t UoISSaS (R|eIR
aAjoBOPRY puB [an4 Juadg  ag-).  uonemnBay pue AIBJES JesonN  BE-L _ uolessjijosduoN pue uohelsdood
S)uBld J9MOg JBJONY 10 siugld JomOd JesiIny JO saibojouysa | feuchewsaiy Joj 1oefold OQ3IN -
30UBUDIUERW PUE uonELsdQ @ aoueuolutely pue uopeiedy  gZ-1 Jes|any o s1oadsoxd wieibuoT ¢ | Uoissas Lieusld

(Buluiow) uoissas |a|eled

2 JaquaaoN 'Aepsinygi

dun 7 s JOULIY IHIBTY 7 J8A0Y

(Bumiouny uoissas (aleleq

| tOqUIDAON ‘AEDSBUDOA

(2-d) uolsses Aueus|d

LE logoio ‘Aepseny

uaissas Buadg

0F J9qoIaQ ‘Aepuopy

aoua1ajueD JDAION




BAIOY] ‘[N03S ‘0007 DNId

0007 ‘[ 1OqUIAON

Ado[ouyda I, uone[nwiS-oIAl
AUUIY| SURL puy

NUry A uyor ‘od "D D]

Auedwo)) 1Mo uemie
SUBA UdYD-3ue]

SASIOUHAXH
AIDNHDTYANA AVATONN SiIANVJINOD HIMOd
NVAIV.L HOA HOLVINNIS Od ddSYVA-SMOUNIA HH.L



s101e19d0 pasuddl| Aq pajerado oq IsniA -

QI Joje[nwiIs 303 03 INIJI(] -

SULID) 92JNOS PUB [POUL JUIPIIIL JIJAIS ON -
sjojenwiIS Suruiel] e

UOI1ENOBAS AOUSSIOWS
[e10U93 10] (9SBI[21 [BOIS0[0IPRI) SULIY) 90INO0S POPWI]
Aigeded JUIpIdOE QIIAJS PANTWI]
(Jonuod [enuBW ON]) QANORBIIIUL JON
1uasaxd o3 ynoyyp dingo
3oop ndur aredard 03 3yI0M JO 101
(910
dAVVIN dV 1A ‘NVILAY) sopod 1ondwod sisAjeue JudIsuel], e

i

ISIIIIXD AJUISIIWI 10] SOLIBUIIS JUIPIE d.aedaad 01 D .



V¥ d pue 3uruies) ‘sisAjeue A19Jes 10] Pasn Os[y e

3S1010%d AouaFiown 10y A[[eoyyroads poudisa(] e
s[jopowr Aemiied

9sea[aY pue (SIY) WAISAS SULIOJTUOA] UOTJBIPEY 9PN[OUl 0] PIPUIIXH e
S[opout
SMOPUIA UL (AN 006XZ MM d doO[-¢ asnoy3urisapy ) ueysueey pue

(uononnsuo)) Ul MIN 00€1XZ MGV dD) uswidun| pajo[dwod SABH e

WIJSAS JUSWUTBIUO)) PUR JUR[00)) 10JOBIY J0J SPON PonNpay e
(Suaysony) 7 'ON pue

(ueyssSury)) [ "ON Jue[d 10J SUOISIOA SO(] A[189 Ul oudLIddXa sey DJ.L e

VSN JO 1SN AQ padojaaap apo)) so1SAYJ 10108y pue SOINBIPAH
-[eudy 1, (10ZATRUY JudIsues ], 19indwo)) [euosIdg) NV ULDd Sunsixs e

(IND) 2oepRUT J9s) d1ydern
‘10ss3001d 119-7¢ ‘WsAS Funerdd() N IO S SMOPUIA\ 1JOSOIDIIA e

ISIIIX - 10} J0je[nwWIS PIseq-Dd



uonosaloid asop
9)ISJJO I0] SIBMPOS UOISIdASI(] 9SO(] 01 PIRTWSULRL) A[JORIIP TEWLIO]
$S900Y Ul (W], 92IN0S) BT 9[qOou Pue JUIPOI UL ISBI[IY [BIIZO[0IPEY e
uoneIUasald pue UOIIBIUAWNOOP
I0J JUIOJI9MOd Pue [90XH St yons 90130 SIA 01 9[queduio)
Zumord-a1 10J $S900Y UI PoAdIyoe 9q ued IdinQ e
seni[iqedes uonIpuo)) [enIu] mau e deug pue 1eIssy “SPen-yoeqg e
SOAIND
Juatsuen) Jo Sumjord unijsod pue ourj-uo ‘nuowr umop-3ei(] pue dn-doJ e
[013U02 M1[9-pue-jurod Yrm SOTWIW ISO(] put SSSN @
9seqeIe(J $$900Y JOsoWIA ul indinonduy e
0°9 JIseq [BNSIA JOSOIJIIA Ul USYJLIA e

3INJINIIS AIBMIJOS



K19ye8
10} $19]00)) pue Ae1dg JudwuIBiuo)) ‘SONH ‘WIISAS UOI1IJ01J J010BIY e
'0J0 ‘MOTJ J91BMPIS) pue aInssald DS [oAd] pue danssaid
19z1mssaxd ‘puewop 10M0d 1010831 9] JOJ S[OJU0D UO1IeIodO [BWION e
311 ye podwn| sdoo] om) Yoy 18 1ozunssaid yiim dooj o[3UIS e

(MIN 006 X 7) M d doOJ-¢ 9SnoySunsop e

[PPOJA JUB[ UBYSUBBIA]



(JuoUWIdO[9ASD UT 21 SULID [, 90IN0S PISTADY SOP |

DHTINN) +'1 pue ¢'1 9pinn A10jenSoy SN SN IsLI[aI [2O130]0IPRY e

aInsodxe 9100 I uoneIUST USS0IPAY I0] 1SN[-1oNeg e

JUSWIUTRIUOD 10] Sa[qIsuapuod-uou snjd NI e
SYeaIq Wolf 931eyoSIp

pmyj pajeinjes 10J ApOOJA] Pue pa[00o-qns 10J MOJJ [BONILIO JAPNO[e7 e
suonenba

A3I0U3 pue WNUSWOW ‘SSBUW JO UOIJEAIISUOD IPOU-PIONPIY e
A1BpUu023s HY

pue SO oseyd-om) 105 (JNHH) [OPOIA WNLIGI[INb SN03USFOWO e

| Aeids pue 19189y ypm JozLnssaid wniqiyinba-uopN e
NoBQP9J PIOA pue drnjerddwsa J 1018I0pPOIA

‘Torddo( “mdur A11An9RaY UOIOg PUE POY YIIM 310 SOIIOUIY JUIO] e

SPPOIAl [Ed1 B WAL



d1oydsownyy oy 03 ase[aI AN PUL SOAJBA A19JeS QUI[ WedlS e

JUSA Suip[ing AIRI[IXNY e

surp[ing ATerjrxny

oy oyur dwns @y oY) W0l UOLR[NOIONY SODH Pue dul] UMOPIRT]

JOSUIPUO.) WOLJ SISLI[Y JUIN[JJH QUINOY e

SOA[BA UOIBJOSI 9S0[0-0]-Pa[Ie] pue o3ex e[ siseq USISOP JUSWUIBIUO)) e
JUSWUIBIUO))

Syl 0] JUB[00) 9yl wol} jodsuel] JUIPIOOY JUB[OO)) JO SSOT e

1UR[00]) Y} OUT FUIPPE[O [oN,] oY) WOl Modsues ], Ipionu-oIpey

deny a3 oju] spoy [on,] Ay wol Hodsuel], apIONU-0IpLY e

sAeM)eJ 9SBI[IY qISso]



UOIBNOBAD BIIR PUB UOIIRIR[OP
AoUSBIoUIY [RISUAD) B 2JBAIIOE 0} 9)8Y ISO(] — APOq d[oym
IY/ASW €°() JO JOPIO Y Ul 9s0(J Arepunog 911 WNUITXB]A e
dIdysow)e 9y 01 AJIAIIOBOIPRI SB[ 0] AA[BA JOI[aI DS uado
3ON3s & Y 2anfie] 2109 pasned arnydni ogqny HS o[dnnjy e
ISIOIIXD
[enuue (pajipne [1ounoy) A310u3 JIWOTY ) O[BOS-[[N] V e
0007 ‘s 1oquedeg uo URYSUBBIA]
Je pasn sem OLIBUSIS PAdo[aAap-NV YLD QW) ISIIJ oY) 10, e

ISIIXY AU W



as1019X 5 damdny

AqN ], © 10 2InsSa1J AIBPU0IS DS pue AreWLl] € oINSy

WY S1#Z-LL DD/6Z/E

fzwoyby) 9954
fzwa/6%) yosd
[zwa/64) d

ues)ad
(oas) sw)
ookl opoze 0000k 0098 0009 ooo¥ 0002 1]
0
oy
S — ki e +
e ity e ..&uw,w;_.,« 08
...»
_rr [iF4}
a9l
ooe

asialax] 43 aimdny 8gnj DS UDYSUDBK




Arepunog eary
UOISN[OXF T8 'Y 9s0(] Apog 9]0y Pue proJAy[, { 231

. welydd

(oas) awn |
ooo¥l  Oo0Zk  DOQOL ooos coos ooo¥ 1]1]174 0

3100

| . Lo
¥ twd) gma e A EU——

3 | U} AHLG ——

’ .5&!9&....&»1; t

ool

asiaxy 43 aindny agqn] HS UBYSUBBY




uon9foad asop 10J
WIQ) 90INOS O} SB Pasn sem u1opjed 9sed[al pajeIoudd NV ILDd @
uoIsIadsIp
9SOP J0J UIBLID) (J-€ ‘UOIIIPUOD [BIIF0]0I0JOUI dUIT)-[€d1 UIS() e
018M1]OS PISBQ-MOPUIAN OS]V e
wo)sAs uonodafoad
asop awr-[eal & dojaaap 03 100foid soyjoue paiosuods D], e

[PPOIA U013d3{0.1g 3s0(] AISPO YIM UoNL.I3d)U]



UI9)SAS JUdWOSeURW JUIPIOOE
[enjoe PUB SISI0IOXS I0J JI0MIOU pazuxdndwod A[nJ B A[[enUaA] e

SJopowr SMOPUIA NV UL (1 31BN 9M d D) T 'ON pue (I
PN FIME D) [ ON W] $,Dd1 Jo Juswdoroasp ur Apuormy) e
JuswAoIdI JoyINy J0J pazAeue sanbni) e
9SI0JOXA [enUUR UL SN JSIIJ UI [NJSSO00NS

Judwdo[PAd (] 31nIn, pue UeISNIUO0))



S SSSN NVHLDJ Heysueey ¢ "ON Ue[] Dd.L

oidon | JeWaN | (31| tidms e {soooon ossoosf 1 | %) 373344

/). 5B98E .
Mol pagy

IEIEEES




OTUIJAL 2S0(] NV ULOJ UeUSUBeAl € “ON JUEld DdL



widoN | PHEN| 1a1] i dasou [engoag wesooe] 1 | 38,

ag l-30E5L'S
pamiliay . :

Y/ASW B0 334492 S/EW-20:30408
fipog 810 . - LA

ASW EL-305E Y §

sAg i )
seg Agpis
weig) SH

AW Z21-18i0b
peeIBa|

580 1O ao/al

SIWA 9500 NVILId YMHEV ¥ ONUB[d Dd.L



eldoN | PRoN | 191 ] L dois el | svomon 595 oog] e

us_aeu._aum‘ lio$saiddn

~ fwidsg weweieuo;
- i #501d MO

, STWIAL SSSN NVILDd YMEV ¥ ON HE[d DdL



