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Modification of Fuel Failure Detection System at Multi-purpose Reactor
RSG-GAS, BATAN

Mitsuo HARUYAMA, Hajime SHITOMI" and Kiyoshi NAKAMURA"

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received January 30, 2003)

As one of the technical cooperation activity based on the Annex III, the Cooperation in the Area of
Reactor Physics and Technology, of the Arrangement between the National Nuclear Energy Agency
(BATAN) and the Japan Atomic Energy Research Institute (JAERI), the modification of the Fuel Failure
Detection System (FFDS) was carried out by the joint work at the Multi-purpose Reactor RSG-GA.
Siwabessy (RSG-GAS). The system takes the delayed neutron detection method. In normal state, as the
background, it measures the gloss delayed neutron concentration emitted in the primary coolant from the
fission product (FP) nuclides, which are resulted from a very small amount of fissile material
contamination on the fuel plate surface at the fabrication process. When a failure happened at fuel cladding,
FP leaks from the fuel meat into the primary coolant. The system shows so higher indication than at normal
state, then, the fuel failure can be detected at the early stage and be minimized the damages to the reactor
facility and to the environment. ﬂ

The system has been installed at first since November 1994 and applied for reactor operation. However,
recently it 1s not easy to maintain the system for aging degradation and shortage of the spare units and the
parts difficult to find in the markets. The modification of FFDS is required for safe and steady reactor
operation,

The design requirements of the modification are,

To save the system units currently used and the spares on hand as long as practicable, and / or
To replace the system units with those easy to maintain or to obtain at the markets.

The modified system obtained around twice of higher sensitivity for delayed neutron detection than
before and more reliable monitoring possibility with redundancy. The specification, installation, adjustment
methods and characteristics of the modified system and the modus operandi of FFDS at high power reactor

operation are descnibed in this paper.

Keywords : Fuel Failure, Detection System, BATAN, GRS-GA, Modification
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BATAN FFZE4RIZ 3517 2 BUREBHEHE R IR L 2 7 i3, IR ORSELRLHIET 5200
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3. EREHEBRE S 2T AFFDS)DA > A h—L

BEER O FFDS OZMHLIZED, FIZ2F v ZAVDFFD VAT A% A VA h—NLT 5,
VAR VIZHLERBREER - BETRIEBRMET 7 — 7 VSRR T DRSS 2 & LRt
%, 2t LB %5 L BATAN THTRF T 2 Tlidh & A DLE Il 2 F ¥ 240 FFD
VAT LERE - RBET S,

¥1FFD Y A7 ADA Y A M—LTiX, 85 - ®ETFr—7 VR, EFERORE OHERERR.
EFRIEROFBRBRR G FFD ¥ 27 LAOKRESHERRELITS.

3.1 RS
SEOWHS - XBICBWTUTOR—1 IR EHABREL I L,

F—1 #HL7- FFD ¥ 25 ABEHAE SIS

No Description of Goods )
proviso
[tem : Quantity
1 | He-3 Neutron Counter Ao
CENTRONIC 100 He3/304/25D pieces
2 | Pre-amplifier, model 240 3 units
Bin 4001A 1 unit
4 | Bin Power Supply Monitor
2 units
JAERI-RIL-HO07-2
5 | Count Rate Meter Log/Lin | wai
TENNELEC TC 527 unit
6 | Amplifier, TENNELEC TC 244 1 unit
7 | Counter, ORTEC 872 1 unit
8 | Oscilloscope, TEKTRONIX 2445 1 unit
9 | Timing Single Channel Analyzer )
2 units
ORTEC 551
10 | Polyethylene Sleeve 4 pieces
11 | Cables and Connectors 1 set
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3.2 5% - BESF—7 VEGER

HREHO FFDS 3R L1352 FFDS 2857224 v A =1 T3, RHEBERVFITSH 1
REHKBREDOH D774 <Y —&A(primarycel) 1 ENOL AL T U7 TAARAT Y IX—F
—, I ML= NA—F—EERETHAE YV F A R 7 (Marshalling Kiosk) 4 B¥ ¥ T,
¥ 130mDES T — TN 2EAB L OEEr — TN 2AKDEH A XD — T NEZEITo T,

321 B57—7NVROEEr—7 VAR
ES5r—7n
BiE3C2V A E—F R 500 axs%—:BNC
BES—T N
BHEE 59U AL E—H LR :90Q =xZF#—:SHV

3.3 ETRKOLR

331 7uy7rL.7
REEFHE B5i87% Pre-amplifier, model 240
3% He-3 AT : HN a2 #—
HHMES - TEST AN+ : BNC a7 #—
BEADMF  SHV a7 ¥ —
fit, 40X APPENDIX 0 2%,

332 AAVTT
TENNELEC #:8{ Amplifier model TC 244
AHIHMERHF : BNC a7 #—
H A{E25543K : Bipolar Unipolar =R
HHAE 548 : Positive., Negative iRR

333 TAAZYIR—HF—
ORTEC ## Timing Single Channel Analyzer model 551
AHHEEEWT : BNC axs ¥ —
HE B8 : Positive. Negative R FRFH F77]

334 IV ML —hFA—F—
TENNELEC #:%! Count Rate Meter Log/Lin model TC 527
AHEEWT : BNCax s ¥ —
H H1E B4 : Positive. Negative it R A S MNE ]
R : Log/lin  RIFFZRR [

335 HULE—|FA<—
ORTEC #% Counter/timer model 872
AHHEBWT : BNC 27 #—
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AJMEE IR T4 - 3 H(2~3ch) 1ch iX Preset Timer
ATME SRR : Positive, Negative mfEdEL H AN

3.4 BTRIEEROBEGER
He-3 %, VT AA T, FTAATZVIR—H— WO F— AT b—
R A—Z—FKOHV RO —Y 754 -6 TR &) I BEERT 5,

3.5 EEIERAROFEAR
FRABRTIL, RERRETERATED LTI MR, 7Y 7 FEIEBI. A1
770 GAIN REROT 4 27 U AR ZT -7,

35.1 77 bR
75 h—8M3R BT, CENTRONIC #:84 He-3 Neutron Counter 100 He3/304/25D &% 7V 7
v POREE 784 Pre-amplifier, model 240), * A > 7 > 7 (Amplifier, TENNELEC TC 244),
74 A2 Y 3% —%—(ORTEC ##{ Timing Single Channel Analyzer modeD R O’ 7 > 4 —
(ORTEC #:%¢ Counter model 872)(Z#5#55 L. Am-Be M FHIRE%Z AW o PHEFRHECKEIC B W
T, BEMNEEZEESE, ZOBECITIHEEOEELIRET D Z &I & > THREANE
EERRET D, HMMEE,
1000V 225 1260V ¥ T&Ak
&g, Bohi ST h—F—

"~ 55000 T T

ZER—1IZ7T, ’I26, 50000 —e—No.1 T
No.1~6 DR HERT~TH 45000 —#—No22

1210V % Tl UM &7 5000 s

23, 1220V T No.4 DR %S £ 30000 —e—No5

OFEES 2B/ L, i § 25000 ——No.6 ?
DRI L 1t - -l % s

T, ZOX DG E. FRE 10000

RT3 L E2FBETIUL., 5000

0

No.4 BHZRERL OBRT
HAHH, LEB-T, 4R
fit L7z He-3 #4813, No.1
~3 BT Nob D4 AL LI, X —1 He—siﬁﬂjiﬁoj’ih—ﬁfi

FEMEERBR ORE R, HINEE
OEMZ L BHBEMEOEBEMA TEE LEHBEZHA7-0HIE. 77 MR —ThbEE
HIMEE% 1150V IR ETH2DONREE TH D LI T& 5,

950 1000 1050 1100 1150 1200 1250 1300
H.V (V)

3.5.2 TVYT T EER

7Y 7 7 model 240 i He-3 B 23 2 H566: L. 1150V OEBEAHIINT B & T VARFEA
T3, Avara—7THRETHE, 7Y 77 model 240 DHFEFIE, K22 XK I,
BRIEERN 100mv, K 300usec D2=R—F—lFTHAIND Z Rbn5,
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M—2 U7 7 model 240 ¢k FH HIE
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3.6.3 AA LT 7" GAIN %

7V 7 7 model 240 O J1E B % TENNELEC #£5! Amplifier model TC 244 I AH L. T
LB 14T FINE GAIN, COARSE GAIN, Peaking Time # ¥ v 7 7 LT, A mRxa—7|C
SVERABIT 25 ER-31RT L9, mKRER 6V, K 1usec OIARFERBHTE 5.

(AL T HATE B

A R EE FruAa—F2Ar—L | FTYTLS He-3 M 1LER
FINE © 5 V : 2Vidiv Ser. No : 5866 | No c2
COARSE : 200 H : 4us/div H-V : 1150

Peaking Time : 0.75us

-3 AA 27T 7 model TC 244 DU H P
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3.5.4 Timing Single Channel Analyzer ORTEC 551 O###E

X —4 1%, TENNELEC #:# Amplifier model TC 244(Main Amp) D /11E 5 & £ DfEH% AJ)
L7 & %2 Timing Single Channel Analyzer ORTEC 551(Timing SCA)/» b D NE &2 A4 v n
Z a—7EEIC L BB LS D Th S, Timing SCA (T2 =R —F—TAN LIzim 2V,
W 21 sec @ Main Amp HHE S 2 WEAEIC L - THEE 5V, KK 14 sec DEFRICHBRLT
HHSEER > C\V B, F7-. Timing SCA i Low Level Discriminator(LLD) &% U Upper Level
Discriminator (ULD)%#4% L T3 ¥ .LLD OFFEIC LY /) A REPHFESERMNTHZLBT
XABF 4 A7 UMEER B L CA, LA, LLD ROV ULD © 7 4 A Z—% 1@l L5513,
APEEOWBERPHREICIZEDL LT ~ERKOERE NV ACEB L THNT 2, bbb, K
FFD S AT ADEHI, B Z—RH 7 b b— b A—Z—5% BT 2 1ET 5 5 80%
DANEEE L THBERFFLETH D,

[AA T THAOBEE BRI

BA R FinAa—F A — VT He-3 f Hi25
FINE 5 V : 1V/idiv (ch2) Ser.No : 5866 |[No : 2
COARSE : 100 H : 400ns/div (ch2) H:V : 1150
Peaking Time : 0.5u s

TSCA &EM FimAa—F Ay
ULD : 0O V : 5Vidiv (chl)
LLD : 1.8 H : 400ns/div (ch2)
Delay : 1

M 400ns ‘A Chz S 1.34V]
fviaizooons .

K—4 AA27 7 model TC 244 OHFE R &
5 ¢ 22 Y ORTEC 551 7 b O N1E B

_w9_
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355 F A7V MR
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94&/4%&$ﬁ%ﬂwxﬁﬁﬁféoLtﬁof\$%®¢ﬁ%ﬁ%&mv4b/4f%%
%L&Hhﬁ&%@woyN%%$&®~oka\?4x7u%ﬁﬁﬁﬁ%éo?4x&9%@
m\ﬁﬁﬁ%ﬁﬁm%wlbﬁﬁo?&b%ﬂﬂD%uN&EﬁLJLDm&%—E%E%%M
éﬁ\%@%EKNﬁTé%ﬁﬁ%%&é:kmiof/4ftvﬁfw&®ﬁ%ﬁ\T@b%?
4 A7 VEERET 5,

®—5ﬁ\%EWW%EH&NT\ﬂmmﬁEAwmﬁéduvwgQﬂMﬂ:ﬂWifﬁE
KH. FOHEER D VL Z—THE LEEIEEIHTH S,

ﬁ%btﬁ%ﬁ%ﬁﬁ?wﬁﬁ\2&%%&%&@%&Lfﬁbhéo%@W@ﬁ&%ﬁﬁk%
W TSR A XTHY . BOFIEIWNEVE 2EARTF VT TV TH D,

L= Ao T ®—b5 2 bE FFDS F¥ v 3V 1 ROF ¥ R 20 )/ A R &+ 570 LLD
fEix. "UA b A RL_AREL 0.9V N Thotr, —J7. HEMEA O FFDS TiIaA 74 b
/4%ﬁ#ﬁ@%<\9&<&%18V®%iﬁﬁ¥f%oto:@ﬁﬁ?%Z&U%Eﬁ&LT
ENRVENLDOTHD,

1.0E+07
—e— Currently used FFDS
1.0E+06 —m— New FFDS Chi -
4~ New FFDS Ch2
1.0E+05
)
[}
S 1.0E+04
S
3
£ 1.0E+03
O
(&]
1.0E+02
1.0E+01
1.0E+00 ‘ ' . ' : L : L
0.0 1.0 20 30 40 5.0

Discriminator (Voltage)

E—5 BATAN FFDSOIES RS FIERNER
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3.6 HBEMREMAER

D FFDS (2%, FZ2F v FADFFDSOA VA M= %179 1=, # 130m D5
F—TNROEEr —7 VR AXOBBREITV, He R, IV T VT, ALV TU7, T4
A7V IX—F—ROIT L hL— M A—F—%RBL., EHREREIToT,

B TH%., HFFDS ORFENPEFICEHTHIZL2ERRUA VR R a—T 2 L 2 EFEH
THERL. EARELXITo .

YRR 7 — T, PHTFRIEEZFAE L T R2WEDZ & T, PHFRIHMERICIT
FRAFEMNCL D 1 REANROERPHETFEZRET S LOFERehoT, TOHRETFHFORE)
ZRH, B 1I5MW B0 PMF2FAT5 2 L CRETRROKBEDCFHZRELITo -
FHRECBWT, &FEHNEEORETIRT 7 b—TFT—F#RB L, RBHMEEZRETD &
HiZ, 77 b—HHOREERSCREAMEEDREHEIC OV TEREEERXITo -,

AA LT 7D GAIN BRETIR. A YRR 2= 285 PHF L AFEFREENIC X Y & GAIN
REEEREL, TOFEXEE L,

Low Level Discriminator(EA F LLDYEDREILX, /A AEH L PHTESTESBL. PHT
NWARIT EoBERE T A2 EFERIRE T, FHREOBWEHEES BRI T-DICEERFETHD, £0
-8, ZEBICEPEESAT — 2 BBEIE, 207 —F%2 77738 L LICL>TSINF
BRERESE, LLD I, 0.9V THH /A X2 KT HHEREZE-N. AFFD FHE R
TALATIERERHI DV LEBMICOEAZREAREBELTRETHD EEL, FH /) A XFDOH
)4 RBAOEEBY R ERET 500 20V CRETHONLY BN Z LR EE L,

INHHERDFE®, Discriminator OUT OHIMES R IV ML — A —F—IZASITS
TR EoTHHAAKFTOBEIHFORELERE L. PHFHEREMEEEAIL -, HAEFRALT
W5 FFD v 27 ADFHEE 13cps ThH o723 S EFRE L7 FFD 332 27 A% 23cps Z/R L,
H2EORE2 LI ENyhotz, ZTOERE LT, BERADFFD #HEI AT AIZLATYT
VTDOSINBEHORERUBELTHFETL—FOFERAIZEIZLOEEZXI LN,

SEIZE LT, HFFD #HE AT LAOHMHAV EE, ATy 70D GAIN RKOT 4 27 V&
BIZOWTEHELELOEER 2177,
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4. IHFFD ##&v 27 A

IH FFD #H#& 27 A%, RI—T7I1RT & 9512 JAERI-module CHRE L7=HL DT, M2 DER
ERTEVEMEBEA TS, T2, BERLHMAOER L H Y World Standard (21372 > TV A2
WRLEERDA VT T RACKEEREZTRRE LR 5 5,

4.1 HBEAREOHE

R TIC 16MeV O —EH A TR B EP TOPHFHEMEBEESIC, UTo kS 8%
MEZ ~7,

O FHEEA BFERI(13cps—40cps—Theps)il LA T 2 BE MR & 7=,

COFRREZRELILEZA TAARAZ UV IF—F—M1T9A DRRBIZLE D /A ZAORETH S
TEMBHHALYE, FHROT AR Y IR—F LR LI ZAEERETREICE- T,

@ RFFRZ— 20 R TENEETL., AEELRBEEN/EE »7-,

VT THEOEREA VB R a—FICELVBELEZER, HFFD VAT AIEALTWS
TVT o FIHARETA b A ZBREVMEQLV EEIZH Y . SIN EER 0/ ) BUVREETH - 7=,
F72AA T 7D GAIN OFRERR(A—X—GAIN) & LLD R EEORERBARR S T b,
CHONRHBEORFEROAREDRR EZEX b, RUA b A ADEENEL hoT-B
HELT, BREERICED SV T TFOEHBELLND,

4.2 BEFF FFD #¥&v A7 ARGERE

BIIR 4.1 OREDOHER, AT 7O GAINIZ 2205 1I2HEL, B8 L7z LLD 3O &S
DHORERNPS 1.8V THO L Bbhld, 7V T 7FDRIA b ) A XD, 4 Rz k
LHREHRTFZEAW L CEELEETMEZBOND LT 2VIIRELE, 20X 5 2 RiREER
WCEREET A7k, HEW 2T BEY A 2V B)ICHESES SRR RY . FHFER L
Al ) AR ERNTHOORERT A A7 VEZEHRETHZENET LY, SERELE.
BETF FFD T A7 LOHMHV BE, A A 7270 GAIN RUF 4 27 Y EZIZ >N TE—
SITHHE LT,
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5. JPEERIZEIT 5 EH

5.1 FFDS #ER&HI - FIR

$PEEL T O FF PR O BER (BL T A RHIEAR) & OB & OB RAE R (FPIRIRCLT FP R
B BB TRETSD, MW A— 4% -l EOoEHAHEERs ZfT 258 X F OE8EFIC
FFDS ZfIEREIZT B, VAT A=y hONRTA—F—FREIIFR -2 RV 3.5.1 THEET HHE
A,

HFLOWERTF ¥ > T, PHEFREBER YV ZF L AR THAA—TEZLI2L D, kb
DIZHA_RTIRE 2EOREZFSOT, 2@OHATF ¥ IANLHBOLNHHEEREMET S L
72 RN L CHIBIE D 2 ~ 0 XEEekE CRRRERER T 5 AREHE S, ZHICEV VAT AICRE
P MSIHEETE L, RO FOF v o RVEEEIC XA HREERE., EEICER®RIEESES
DAFEXEHETE D,

W, PEETOHINMKEFENNY 7 7T 70 RBQ) LA EHGENICRIERE L., EEFRFOEREE
HEEET S, RIBTHERS BGHEROEH*ZE L. BEFREZRN LS TOFIEIC
o,

@ FFDS 512 BG #H8E0 2EBU EICELEZGA. B THREL L & LUREIDN L OTFP
RROTEEM ] 2 SBEICATEDAEZRIBET S,

Q@ 1KRBAMPICHEELFPEBEARHLEGA. GRAOFEEGREZEEL, #3 BA%. BARME
BAHNKE CIREDEEEEZITV, Av c RNU—« Sy U TERVT L BATZ fa A b
U—iz &Y [FPIREBREIER] 255E - BEET 5,

@ FFDS #6-EM BG 3tEED 10 fZLL EICE L 256, BEbICFELRZEEL, OICETLF
NEIZ & 0 THHBAELER ) 245 E - IRBET 5,

52 Ny 7T vr NEH#E

BG FHERTFE H A LSMIREI A, PR R CF SRR L 82T 5.

PRELSHIT 1 507 DREIEESR 5 (K1 424 7 » BEMR R EAEH 22,000cm2) X U HERE 1 14
(AR EFERK 16,000cm2) %2 ANEZ 5, BEIRUERROREMREZ TR EHD BIHRE EOFFHEIT 1
1 gU-235/100cm2 LAF TH B0, BUEAR Y FIZ L Y KIBREBNH S 1-DFENICER LB,
BG VANWVICHEREREBEERITTZENDH D,

BEHON, HREMEEIRY RS OIIBESERIEICLY Mo-99 28ETHHE T, mRKTHS
FALD I3%EFET T ERAT VLA T EANGICERA - BHLEZLOERAWS, h7ELE
DR B 15 E O REITRERRIC L~ VIZE < . 1BMW TRL 72 0fFR RSt
B, FFDS 53R 20—30cps BE LR T3 I ENBEIN TV 5,

{PEEREFRMEIE D BG LRI, 1 IRGHM OFF LA b PHETRIEEE F TORERBZESNIC
55, TR REFREREDEITF LN THE TR S BRPHFEITELEL FP 23 1
WERMPIZER T3, RIBELITES Br-87 & L, ¥EH 08 Br88 XU 1-137, WNZIE
FP T2 N- 1T O OFEBEMA 570 PHTREIIT 1 REGEAM B 60 DR ICEET HMEE
B 80m? OBIEMOTIICERBE L Th s, 1 RHAMITFELTNRI N, BEEIHAT D LBEF
Ze R RN - T 5., BRITFEEFMIIC ON TBIEFNRRICEH I, HHMREBEED.
BIESREPIK TS5, BIEMIR L 7IGAMICRITONTEY . R 7EGEFIIECAETHD
7. R T, ERITFEERBRB L LCERH L, BE/EMT 5, 1 ROV OPHEFR
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% ¥ TORERFMIIR 2 ICERSNDOT, FERITHEFIBMT 5,

tFEER R OREEAR - FP IRBER O, EOREZERI L, EFEBOERT — 7 551 - A7
21TV, BGHHERERETILENH S,
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%9 3 FFD it3& 27 AREME [New FID System] 2002.07.06

 Main. Amp ~ TENELECTC 244 TENELECTC 241
Fine Gain 0.5 ‘ 0.5
Coarse Gain 200 200
Peaking Time 0.75us 7 -
Shaping Time | 03bus -
Input Signal Posi Posi
Output Signal uni uni
Pileup Rejecter neutral -
: ~ | TimingSCAORTEC | Timing SCAORTEC
b ModelBBL. 1 ~ Model 551
Upper Level 10.0V 10.0V
Lower Level 2.0V 2.0V
Input DC DC
Output Nega put Posi put

'y‘,]‘FafSt‘Cﬂﬁnﬁe‘r‘ e
Connection i .

1ch Timer
2ch No. 1 Signal from Timing SCA Nega out
3ch No. 2 Signal from Timing SCA Posi out
4ch Any Exp. Output from OLD FFD system.

R mecwcEE
Rang | 100cps

Time constant 30

Recorder cutput 0 — 10V

Nega Signal from No. 1 Timing SCA

Input

Posi Signal from No. 2 Timing SCA




#—3

: 'Maixii Amp |

IR FFD §t¥v A7 ARE
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i [Conventional FFD System]

JAERI Model 163

 LINEAR AMPLIFIER

2002.07.06

JAERI Model 163

' LINEAR AMPLIFIER

Gain

Shaping Time

08us

08us

Input

Nega (unip) from
preamplifier

Nega (unip) from
preamplifier

Output

Dir Output

Dir Output

Output

Posi 93Q

Posi 93Q

Upper Level

10.0V

Lower Level

2.5V

Input

Signal from mixer Cutput

. Rate meter '

Rang
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APPENDIX I it B9 2 BAR A

1. He-3 BRINZFROFMFRHIFEE

He-3 BHBIIFig 1 ICTRT O REiE L 2o T b, ATV L AMF 2 —7OHITid 3He H A
NEEINTNWD, ATV LRARF 2—THLERCEIBEBR(T /) — K7 A NIRRT v VAM
Fa—T RS NRECTHEENTWS,

He-3 BHBIC AT L= THFIIHAHRTIHe RFRELER L, pRIEFELZ L, 3He (X701
FoP)EHBEL MY FLACHICR D, MBENRTPIX, SHe AT ERITTHEE3He YA 2 A
FoAbT B, A FALENTZH—~Y TLAHRIZFDOFEDOERB~BET L, A AL OBICLD
MPHERLBELHRL, PHEF VAL LTHLZ TS,

2. He-3 BRHZROHERMRER L OREFMT

FFDS TAEf#ER 3 % He-3 12313, 3 He F X 4 [IENKEINTEY . EDRKEIT 1000 cps+
nv T3, 3He O PHEFT R F—RISEMRT Fig-2 ISR T X 212, BPMFaEEO PHEF IR
L CRIGKEESRRE 2252 b > TWD,

FOED EPHEFERAMEFE TREL TH ORI LB EEBIC P TFREBREE 2
B, Lo T, BELEFHFESREIREL L ) &5 & BERO T R NLX—F TH BE
TAHZENEEERD,

3. BHUKP OBF PR

BHKFOBEDUTFEFHERBRNT IO, BEhlFL2 AP FERE THRESE S5
EAERD, FOFEL LT, He3RHBEZEEM THEO Z&0nEL2ONhD, ERAHEL LT
T4y T T7 74 MNE WL ODDOWERETONEN, SEIERY = F LR —TEERML
TW3, RYUxFLrid, CRUOH O{LEWTHETHEM L L TR fibh, ZDEIZEX
5L THERYAETXS,

BHXE LT3 1 KANRE T TRAT IERPHFIT. AHKEHIZL Y HEBEREINT
WADT, EVWEEMELEL L2V EEZOND, BEMPBETELLHIIRY = F L FOH
ORIHVERNEL RO REIZTHRBERELRD, bRAKZ, FEvT ANy Ialb—Ta s fHFRT
X, ZOHA 10~15mm BPHRBEREI L FHEH) ShTwD,
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Flg-1 Principle of counting neutron by He® Detector

Utlllzed ’He(n, p) reaction. ‘Hetn — "'H-!-p
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APPENDIX @ 7V 7 7 DOifMttek

AFFDSIEALZ2 4 08 £ &BHIEBREN FY—U T 7k Bty v o F g =

TREREL L OO THMIRE TR E LTRAT 5.

I.#% %

AL, A—N—p— RIS T o TITF ¥y —VENT-ERNE2H L - EREMT 4 A F ¥
—UFTBRIEIEY YT T DA N —a— RREN S EERREBIE L [IET A RIKRE

RRAT-BREIVT LT THSH,

o. £ %k
1. F—_"—uo— FEEHE
T 4 AF v — VREH]

AS 7OV ZRITIRTE

MY TES +2.5V~+5V
2. HV A% = +2000 VDC
3. IEEHAN +3V (A—7BF)
4. AT Y RFEH 1m Sec
5. HhA v E—F R 93Q
6. FEYIFERME =+0.04% +3V HAZHRLT
7. A4 - RY 7k <+0.005%.C 5 ~45C
8. ERIURE # 0.1V, pC
9. /A4 X <0.19mV (Cin = 1000pF)
10. HF157 E v BERY <30n sec (Cin = 1000pF)
11. BEBEaxs ¥ Amphenol 17—20090
12. Sig. INPUT =2 %7 ¥ SHV
HV INPUT " "
Sig. OUTPUT » BNC
TEST INPUT » "
TRIG. INPUT » ]

13. ¥4 X 1000W) X 50(H) X 150(D)
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M. #fEREA
@® INPUT B ax 7 ¥ (SHV)
BRHBEERT S,
@® BI1AS 1IN NAT AR 7 % (SHV)
RAREHNEE 200V
® TEST IN FAMEGASIaxs Z (BNC)
ZBIEE—1V OB, 1 a7 —a U |JfY
@ TRIG. IN ZBBIEER N V—1EB5Ahaxs % (BNC)
TR —REIEIEIBDETEAND,
2 IERERRIE. AJI2VLV RBETRET 5,
B t8 : +25V~+5V
2NNV ANE  : 1upSecllE
& ® SIG. OUT Estifaxs % (BNC)
1, 2 HAORE © BK+3V (F—7 K
HAhA o e—F0 2 0 93Q
@ POWER EBIRESE 2 %7 ¥ (17—20090)
¥y No. 1 ov
2 N. C
3 N. C
4 +12V
5 N. C
6 — 24V
7 +24V
8 N. C
9 —12V
V. BREEEE
BB AT RAEBRERF— T NVEERERTHEHT, LTS TRABRROT  7EREZY)
SThbiTH,
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PREAMPLIFIER
MODEL 240

TOYO DENSHI KEISOKU
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EERAR O L mER

£ SIEAWMELURBIRGL *2 SlEftHah 384 &5 SlixdAE
&’ # R i 5 % Fr L 5 [r:3 HRIRE i 5
K E|A = b m 4, B, B | min, h, d 10 = 7 % E
T R|+o0735 4 kg g, 5. B L 10~ 3
By fis} 173 s ) v b L, L 10 7 7 T
5 wlr o7 A b vt 100 ¥ # G
BOPHRE |7 v E v K E(ELL ]| eV 10° | # il M
Y H B|® w mol B PERBA | u 10° * =] k
x Elh v F 3 cd 102 | ~ 2 b h
v @ B35 v 7 v rad 16V=1.60218x 10"*J 0|7 #] da
v W BRI | s 1u=1.66054x 10" kg 0| F v d
1072 € v F c
107° N ] m
£3 MAOTHE b SIHTHE 0 | w420 u
x4 SIEHHEMIIC e
1 | D SIELL 10 + / n
& % *'/T‘ ull’j iz L 5§E ﬁﬁéh% Eﬁf\.f 1072 e 2 P
& 04 B~ n~ V| Hz| s % % I 107" 7= 4k f
5 = a=tv| N | mkeg/s +VrZbo—L A [ a
£ h , 6 |l x A | Pa N/m* - _ ) b .
Tind— (t4, BB Y 2 - 4| J | Nm ~ = | bar GE)
L%, BRME|7 » | W[ Js 5 +l Gal L& 543 TEBHGR] B5RR, R
AR, Bulr -0 | | As + .0y = Ci HR&R 1985 EHTIck 5, 7272, 1eV
B %ltj;%ﬁ K " b v W/A I N 2 R BLT 1 uDfiiiz CODATA O 1986 432
pEgaronel o i@ e
25 & . - %% L rem e
AV g s VR|U=4vR| S AV 2. RAKRBRE, /o b, T ~78
B fly = — x| Wb | V-s L A= 0.1 nm=10"""m “EETOTVAHOEORMIEDOTL
B & % E|7 =2 7 T Wb/m?* 1 b=100 fm?=10"2* m? CTIIHBLT,

- > “~ ~ — - - i = {x]
R R J] H Wb/A | bar=0.1 MPa<10°Pa 3. barid, JISTRKEDIENEEDTIS
vy ARE | eryyRE) C L Gal=1em/s® = 10~ m/s? BBV L2077 —ICHREATL
3 Hinv — 2 v Im cd-sr al=lcm/s = m/s 2
] e 1Ci=3.7x10'°Bq °
® E|v 7 A x| Im/m B 4 ECHBMELISHTE bar, barnbk
m &t g~ 27 L | B s 1 R=2.58x10"*C/kg ) , )

i e a . O [MFEO#A] mmHg%%&2D4 5 37
WO ® ®|7 v 4| Gy | J/ke Irad=1cGy=10"Gy CRARTN
BB M B|ly-~wib| Sy J/kg 1 rem=1c8v=10 *Sv °
1% q Fd
71| N(=10°dyn) kgf 1bf [T | MPa(=10 bar) kgf/cm? atm mmHg(Torr){ 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 71| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ 1Pa-s(N.s/m?)=10P(£7 x)(g/(cm:s)) 1.33322 x 107 | 1.35951 x 10% | 1.31579 x 107* 1 1.93368 x 1072
BHEE 1 mYs=10'St(R F — 7 2) (cm?/s) 6.89476 x 107° | 7.03070 x 10°% | 6.80460 x 10"? 51.7149 1
x| J(=10"erg) kgf*m kW+h cal (it&75) Btu ft « Ibf eV 1 cal = 4.18605 J (3t#3)
8
w 1 0.101972 | 277778 x 107" 0238889 | 9.47813x 107" 0.737562 | 6.24150 x 10'* =4.184J (BfLE)
¥
| 9.80665 1 2.72407 x 107 2.34270 9.29487 x 10°° 7.23301 6.12082x 10" =4.1855J (15°C)
%; 3.6%10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 102 =4.1868 J (FMEELRR)
. 4.18605 0.426858 | 1.16279 x 107 1 3.96759 x 10°* 3.08747 261272 10" {p4i2 | PS (ILE )
[ 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 102! =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 10~ 0.323890 | 1.28506 x 10* 1 8.46233 % 10'* = 795.499 W
1.60218 x 107" | 1.63377 x 1072"| 4.45050 x 1072°| 3.82743 x 10" | 1.51857 x 10722| 1.18171 x 107" 1
b4 Bq Ci 4 Gy rad G} C/kg R B Sv rem
W e gt &
1 2.70270 x 107" 15 1 100 ] 1 3876 ‘.“1 1 100
fig it & 154
3.7 x 101 1 0.01 1 2.58 x 107 1 0.01 1

(86 F 12

A 26 ABTE)
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