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~ Development of sodium small leak detection technique
Preliminary experimental study on sodium aerosol detection sensitivity
using laser induced breakdown spectroscopy

Keiichi Nagai*", Masahiko Ohtaka*?

*1) 3)

Hiroyuki Miyakoshi*", Takamitsu Onojima*

Abstract

A preliminary examination was carried out for evaluation of the detection sensitivity
of Laser Sodium Leak Detector (LLD) based on a principle of Laser Induced Breakdown
Spectroscopy (LIBS). Evaluation criteria and examination conditions were planned ‘
based on the results of preliminary experiments. |

The main results are as follows: ‘

" (1) Signal intensity of LLD was obtained with parameter of sodium concentration in
combustion aerosols. The signal infensity in the combustion aerosols was nearly
equivalent to that in case of sodium mist using carrier gas of nitrogen. It was
shown that LL.D was effective to detect sodium in the combustion aerosols.

(2) Diameter or chemical com’ponenf of sodium aerosols are one of significant facto;'s for
the detection sensitivity of LLD. Preliminary experiments were carried out with
parameters of humidity, 6xygen concentration, and pressure of carrier gaé. The
obtained expérimental data of a few cases showed that influence of these parameters
was limited on the detection sensitivity of LLD.

(3) Based on the preliminary experimental results, main conditions of a sensitivity

evaluation test plan were decided for LLD.

*D New Technology Development Group , Advanced Technology Development Division ,
O-arai Engineering Center.

*2 Tnnovative Coinponent System Research Group, Advanced Technology Development
Division ,0-arai Engineerihg Center.

*3 Community Relations Section, Administration Division ,0-arai Engineering Center.



JNC TN9400 2003-058

B R
L BEEBIE  ceeeeeormree e e .
2. REREMET AR OO URRRRURRURRUIS 9
91 BRUEREIEG  vveeee e ennmene e, -
R Ve — ST URURTRRRRRRPOOS 9
0.8 FUMBEE T TR < vveeeeemmreeeee e eeeeeeeeiee, 5
S PUBRERTIRE  «vevererenereesereerereen oo .
3.1 Na T7OV)VBEICHT S REBEOFHIERR - SERREE 5
5.2 RHBEICHE LS BEHRUTONROTMIHERR - 6
4. RUBETEHRBEORN oo
4.1 RERERE ceeeieeiiaians RS S e g
4.9 ?Kﬁﬁﬁ&(ﬁﬁ@ et eeeees ettt e aaa e s e s et ‘..‘.. 9
B SELED ettt ettt Q_” 12
51 BEICHAEE 5 BETIEONT  oormmmmreeeeeeeeieieeneasn, 12
52 MHBETRROEEEE  eeeeeenn . e, 13
6. BEEE o, 14
T BB o e 15

i



JNC TN9400 2003-058

% 2.1
% 4.1

B 2.1
& 2.2
X 2.3
X 3.1
& 3.2
X 3.3
X 3.4
X 3.5
X 3.6
3.7
3.8
& 3.9

KRUYRbB
LLD %\:ﬁﬂgéﬁg&hﬁﬁg .......................... T 16
BTG REERAE—E  crccrerrrrrer e 17

YRk
LLD RBAEREETMABREE OB oo 18
LLD SEBRESEER - F R RRLIETEE 19
REETRBEEBTRIE  crororerior e eveeaee 20
TV T HAOFEREEE Na TV IVIBEE ORISR -0 21
Na iﬁﬁﬁiﬁil?ﬁ‘j}b@{%gﬁtﬂﬁﬁ PN 29
Na SZNOBEBERHEE .- - eeeesaeae e iiere i 23
LLD Hjﬁ%%@ﬂ#%;ﬂ@jﬁ;_y ............................ 94
BETERBEBICB T BIRAEME e e 95
BESESEBLSEEEAORMEEME oo 26
ERFEBEATRES S Na I X FORIBE oo 27
WEH77° V) 1K D Na 1700 JIREE LHRBE Na I ZESFIE - 28
YT D UENEEE R EEORIMELE e 29 -



JNC TN9400 2003-058

1.

[FU®IC

BHIMADEREESES T MU A (Na) MORRERHTIENEL T, BFEEOH
FEOMNZ KB L — Na R X574 (LLD:Laser Sodium Leak Detector) D%
ZHEDTND, HEETSHL—Y Na BREREI AT LR, VL—THERETL—r 5724
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2. REBEFMAEFHER

2.1 HBEN

L—4 Na RIERHI A5 L (I LLD &) BFERFRORA LR,
FOFEERBOZOIT, NEEHAFMINTRRE I T/ Na I X M2 LLD RHEAN
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UL %% (il RE%) . RHEBRELCRLAREHFEIREING EEZISNS.,
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TR TERT NEHREHERZRETS2HDOTH S,
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ENBEEENS BGEEE2ELFI T ETEKRD Na EAHEE RO EHTEL
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BEOEEREELRT .
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3. FREHEBRERRURE

3.1Na .7 /IVIREEIT R 5 1R R EE O T Al sl 3R
Na BEEERTY VT LD Na iBE & LLD E5REORBRERAS DT, T
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K33tk CNETICEMRLZ Na ZRES VT IKERH AP TERER L= Na
IZRDUYTF LI RAF—IN5ROENa BEE LLD S5REOBEOERER
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7= LLD EEREOHEGEREHETS L, Na BEICHTS LLD E5REDHEE
FOERCETFOERND 5. LLD FEREDEITDVTIL, HFEROHBME/LIT
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RET— 5 DEBHEOEMZEITDOVTIE, Na B5ERTY O/ VoK (LEY. K
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/e, BEELT, K34 NaBEERT Y OV IV ZE AW RIZERERKREO LLD
HAEEORRFIF—F £57¥, HPMiZ LLD /{85 (Counts) %. M
SRR ZRL, RO L2 RY 5713, Na BEBRHBIZED Na B Ehiz
£% (Na) RO Na ¥HEEBEONv I TV REF BG) ENvITS U REE
UBIW/ZIEBROD Na BHEE (Na—BG) ZRL TS, A TR, Na AREILAD
5% 7 41212 Na 5 & Na—BG EE50RKCEA L. Na BEZERENIC 10
9g/cm3~10 " Ug/ems IZE{L I B HAORERFIT—F ZRL TS, INHERS
F—FE, BRESUEERBICNGT 3. RBRT7T—F OFHiI. 5k Na BEREIC
Na T7OVIVBERE T A VIIRE>TH TV URREE (30~404)) @
Na—BG /15 % Counts fE& L 7z,

32 RHEBRETHEEEX 2EHERUTTOHRO T MR
LLD OBRHRBRECHEERE5X 5 I ENFRIN 27 OVILOHER, RAITDNT,
FOBNOERELTEAONDES. BERUVITOVIERENOEEIZIDONT
HEL~.

(DB DR

OBHFRESE &AW EE OB EE
RREBEA DRERLEY—RA T 52012, K 2.3 ORETFRRRERRHK
CRINBEHFALE AV HE ORETERRERICB T 2B OHEMSE
ZHEATHB L 7=,
WARAEEEL, BEKEANOKEHTRAETNTY L, KD EGLEHRE
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BE) KXo TREFHOKEIEDOEE L TENS, RBRIT. KEHOKER 4.7
0. MEA A ZEMEEIEMEH, FLHLUKEIIW 0.50/min —ERHFELL. ZOK
OKRESEBEZELSEZHEEGOBN ZRIE Lz, M. KRIZEREZHNT
RERIEZTY, REASENEEIZRBAZARVERE—F ZHANWTREL .
By ORER, BREMEHRRERICREL TWIESE (EFNEEER) O#fxt
WEFEREHN (g/n) OEZERAVWTES (ppm) ZXRD7E.

3.5 1. BENFMAREBEICB 2B OHEHEEFRYT. KHHEIEs. B
KB TH D, BREMMEABREBRICBTZEDE. # 10,000ppm 55 30,000ppm
DHEPATRERBER I EMNHENTRE L=, £z, ZRDHES D& 30,000ppm DR
BT, KIBER 30C. KHRRER 32°C. BAK25CTH V. 30,000ppm & DK
ERBAITT D LR EREEHOEEHMER) SEETH 5 72, |

. RRUYIE. BOREZENSMRBECESZ a2 TR E—F THREL
S[EDREZ ERIETLD ERAN, HEELTHAEEIRO M a—)LT52EN
TERaho%, 0D, BRERREELZHZEL TWIERELEKOTHKEER
ZERABICIOHEETS I L TEBREREREERAZTIENTER,

@ BT 3 Na iBE & LLD E85E & OBREYE
B 3.6 IZ. Na MBEERIY OV OFHKES 2 HIBEICLZHED LLD 5
MELS Na BEOHEREERT., FRKESVEBEOSRHETI. LLD E5HRE
OFMET. FARPICRUEBASZIZEAEMATHRNWEEE (8 500ppm B TF)
DR DRI & IZEF—HK L TV 3,
Eiz. ZFRRTIE. £ 25,000ppm (KR 25°C. HIBE 82% BT B#ERHES
- HEE) TREREERLE.

(2 BRITHNTIRHEESTE

X 3.7, EERERFHSATERBICLORESIEZNaI A MO Na BEZE(LER
J=B D LLD SEREOHERELRT. EREZEKTO NaIX MO LLD £8
BREEI, STEED Na BEICH LEMRMEERL., Z0BRESEME. ARFICRL
ERRITEWREZEIEL SR EBEOMREE 4 1 ELEBATAS (Bl
FHEMWT) TREIHESE Na BREERI 7OV ZAWZBORHEHEELERDES
STHD., BE—HKLTWS,

ZZT Na A MEHAWTHRLUZBORREBEQOHRELRLEZITOVWTET 3,
Na 3 X M2, BREFGHBREBORERBNTH 5 D Na 2IMEBET 22 &1
Lo TREZRAE, Na IR M. Na BREEERT Y OV AT BRI/
EWnd, BEREAREERETTICRREEANS Y1 LY NIOH I ETE
FRHTHELE, £, Na S XA NORERIZ, Na OMBEEICKET S 2 &8
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M0, Na BENK 280CEBERICELA Na 7 OVIVOREMNERIZ/RD, Na
B EE % 280°C~300COEHEAMNIZT S I &ICE>T Na BEZ 10710 g/lemd 205
10 " 9g/emd OHEFHTRIE I BB T LN TE,

BV L7 OV IVEHRE /TN 2R HRERE
QEEFIH> 7 > 7 HRD Na IBEZCHHA S HREBERERHGORE

B> T S TARICED Na BFEER T 7 OV NV 087U X713, K 0.1g
@ Na ZHRBERIENTH 320CETMRL . HRRBAKIES I LKL > T Na A%
ERTY OV VRS (RERBNENK - 4KPa) Lz, T7 OVIVORER. i
FEY 7Y D FAROES R Na BEERLT T OV 2 BERRARICEE,
FAABRANTY Y TY T HARERIFIOI/TBHIECL->T Na BEEE(LE
i, R38ic, U2 TUTHARD Na MBEERTT OV IR 5D 2 HREDE]
EEBLITR-EED Na BEOBBKRERT. NaBER, 327U 2T H AP OMREE
Na Z7 VIV HADHBHRITKEL . NaiBE 101 g/em3 /N5 10 9g/cm? O
FETIE, WELBZER 5~25%ICH/ETRIELIL>oTaA> P O—ITHIEM
TE&E=,

@ Y FYU T HAENCHT SRHBRERYE
B 3.9 i2.Na BEFER LY OV )V OMIEEBICBT 589> 7 D VENZEE K
B> 7 2 TAR) KLEHEO LLD E5BEL Na REOMERRERT. K
FiZid. HBOZDY T X TEANEE MEY 7Y X TAR) OBaoHl
ERRBR U, MED LLD E5®ER. HEED Na BEICH LEREZRLT
W3, £z, AECEERAFEOETBRENESNTVDY, TOEMITETOZE
BRIEEINS,
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4. BRHEREERTAN A BRETE O R
4.1 BBRER
HEEITE I D 5% Na MOBREREZHELHEO LLD OREBRERIBET S~
DIT. BUFOHEERDWTHBK UG Z E RS 5.

(DNa 7 IV JVIBEIT XS 5 H R EE e
Na BREEERTTY OV IV 2 HWT, Na IBEZ(LITHT 2R HISE B (B .
EEHEINE (S/N) R Na BEORBEREET 5.

QOBRHBEICHEL S5 X 55407
LLD ORHBREICHEZEZ 3 ZENTFRIEINAZ 7 OVILOMEIR. BaicD0n
T, ZOBLOERE L TEASNBUFOEREICOWTRET 5.

Q7 0V IIVERKEHIT L 5 RHREREN
Na BEERI7 OV OFBEKEN (BE. B%E. B, REHABES) ot
T AHRGERE (RUEE) ROESHRIME (SIN) 2563 5.

QL7 OV IVEEL I L B RBRERST
Na BEEERTY OV ) OEERRIC BT 2 8%l (RE. B, BEE) oxtd
SPBENa L7 OV I OHRELCEBERESE 2EE U R HEE RS EEE.
EBHANSE) 2iHEY 5.

4.2 HBRHERURNE
AR L7 Flad B R 2B E X, BRE LREHBEHMERREE I TOED TH 5,
& 4.1 TRHEBRENMORROBREHE—EEZRT.

(DNa =7 OV IVIBEITR T 2 BRI E

Na BEEERIT OV IV ERAWEHEED Na BEELICHT 5 LLD E8%EDH
BRI, FHREROERENSMEMED Na BEICHUERETH 2 EXHSMITR
D, €D Na BEIZBOWTHEHERSDEN T ENSREBRESEOMI. T
HTITD T E2RET 3,
BRG]

B Na BEEIE, 10 11~10 8g/emd D& E L. Na RIEERFTESRAT 7O
VIVEESRE I —E LT D, (BRBE : 20vol%. 85 : % 500ppm BALF. =7
O )VEESM - HAMEAR., FHE 20/min)
(il 7]

- Na JBE & LLD £ 8%E & ORI 25ET 5.

* Na JRE & LLD OfERERE BREFRED) . SB35 (S/N) XU Na BE
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OBRERRRZFMET 5.

@) RIREICHEE 5 X 5L40OTE

Q7 OV IVEHEKEEI L B RHBERHE -

INETLLD ORHBER LBNYEE 2TV ETFRL TWEES S KR
ROBESEHEICOVTIR, THRROGEED S HE VHENENT EARENE,
FHARTIE, BH EBRE TN ThEMEHE TS TIHERT> 2% Ei
DERSIREROREIHLEDE > ABICRB I EBTFREING, TORD,
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