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Yoshifumi ITO*, Nobuo OTANI*
Abstract

In a case of a nuclear accident at nuclear facilities, radiation such as y-rays
and neutrons might radiate at a burst in the initial stage. For the
establishment of dose estimation system for such accidents, the experiments
were carried out using the Tandem/Synchrotron accelerator. The following
results were obtained:

(1) Measurements of the y-ray emission using the Nal detector together with pile
up rejection system revealed that the good signals without the pile up
phenomena could be obtained in case of count rate less than Tke/s. On
assumption that energy distribution function of the y-rays was proportional to
be E exp(- E/T.p), the effective temperature T, was estimated to be 0.8~0.9
"MeV by use of non-linear least squares.

(2) Doses of yrays were measured using the TLD elements shielded by Pb sheets
with various widths. The effective temperature T, estimated under the
same experimental conditions described in (1) was 0.6~3 MeV.

In an accident occurring in nuclear facility, radiation monitoring will be
required with high degree of accuracy such as radiological mapping around the
facility. Use of the unmanned helicopter is thought to be one of most possible
way to get the mapping. The compact system of y-ray measurements with high
sensitivity was developed for addition to the helicopter. The measurements of
the y-ray radiation with low level emitted form KCl manure were demonstrated
by use of the unmanned helicopter with the yray system constructed. The
quiet small variation of radiation occurring near sea side could also be detected.
From above results, availability of the remote controlled helicopter was
confirmed for radiation monitoring.

This work was performed by The Wakasa-wan Energy Research Center under
contact with Japan Nuclear Cycle Development Institute.
* The Wakasa-wan Energy Research Center
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512MeV & L7235 & OB MEDHEKIFEEE 2.1.26 (LR T, BohiT—5a
DFEENE IMeV < Ty <4 MeVATH B, L, HBHEFT oA Ty TERER Y, &
NIEH Y B ARY P VHBEHMICRG)TREST, EHROEDERET, T, ... ¢F
DA

fUD=&Em%}§J+@Em{—§J+ ..... (6

1 2

AL TWAEZREL TV,




211 FFAMESEERHNE LD IC X 5B R HE OEREH.
&~y b ERR AR IR 3. 6.

Tandem (H131024)

Tandemn (H131025)

Y— L& He® i

E— AR NF— 15 MeV 10 MeV
Y¥—LhER 12. 6 pA (DC) 10 uA 00O
&2y bk Ee kg (Faraday Cup) #ER {8 (Faraday Cup)
B B R 0.6 EFid 0. 62 FFRG




%212 BERORBZHPWTI—IV RLETLD 2 AN THEE L BEHREHE.

12. 6pd, 15MeV ANV T AE— L% (. 6 FFEEER{LEIC RS,

HE El E2 (E1+E2) /2| E3 E4 (E3+E4) /2 Neutron IDE=
(nm) (mSv) (mSv) {mSv) (mSv} | (@Sv) (nSv) (mSv)

0.0 3. 580 3. 840 3. 710 0. 409 | 0. 350 0. 380 0.072 1000001
0.5 3. 290 3. 860 3. 575 0.370 | 0. 320 0. 345 0. 070 1000002
1.0 3. 520 3. 270 3. 395 0.347 | 0.370 0. 359 0. 066 1000003
1.5 3. 500 3. 780 3. 640 0.320 | 0.311 0.316 0.072 1000004
2.5 3. 430 2. 950 3. 190 0.297 { 0.305 0. 301 0. 063 1006005
3.5 3. 280 3. 380 3. 330 0.291 [ 0.284 0. 288 0. 066 1000006
4.5 3.210 3. 440 3. 325 0.280 | 0.270 0. 275 0. 066 1000007
5.5 3. 160 3. 340 3. 250 0. 261 | 0. 251 0. 256 0. 065 1000008




%213 FA—ORHTOMOFABNRERERT (D KCHTA) 2RAVE

B R,
1 2
(mSv) (mSv)
TLD y 0. 32 0. 28
TLD thn 0. 036 0. 032
HIX v 0.3 0.4
HIA n 1.2 6. 2




%9 1.4 BERrOBREZBKRTI—IVRUZETLD 2 BWTHE L ZRARREHE.
10ud, 10MeV 7’0~ E—A% 0. 62 RrRERLHICEH.

;e El E? (E1+E2) /2 E3 E4 (E3+E4) /2 Neutron ID_1
(mm) (mSv) (@Sv) (mSv) (@Sv) (mSv) {mSv) (mSv)

0.0 20. 600 20. 100 20. 350 2. 660 2. 340 2. 500 0. 388 1060001
1. 0 19. 000 21. 200 20. 100 2. 440 2. 150 2. 295 0. 387 1000002
2.0 22. 000 20. 100 21. 050 2. 240 2. 350 2. 295 0. 408 1000003
3.0 20. 100 21. 900 21. 000 2. 030 2. 010 2. 020 0. 413 1000004
4.0 20. 800 17. 900 19. 350 1. 900 1. 930 1. 915 0. 379 1000005
5.0 17. 700 19. 200 18. 450 1. 930 1. 780 1. 855 0. 361 1000006
6. 0 18. 700 20. 200 19. 450 1. 820 1. 770 1. 795 0. 384 1000007
7.0 18. 400 19. 300 18. 850 1. 680 1. 490 1. 585 0. 375 1000008
8.0 16. 100 19. 100 17. 600 1. 520 1. 420 1. 470 0. 351 1000009
9.0 18. 6060 16. 500 17. b50 1. 460 1. 430 1. 445 0. 350 1000010
10. ¢ |- 16. 300 17. 100 16. 700 1. 400 1. 380 1. 390 0. 333 1000011
11. 0 14. 400 16. 900 15. 650 1. 330 1. 410 1. 370 0. 310 1000012
12. 0 13. 900 15. 700 14. 800 1. 540 1. 330 1. 435 0. 291 1000013
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Dose measured by CaS0, {(mSv)
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Neutron dose estimated by Li,B,0; (mSv)
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Normalized dose
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0.4

B12 1.25 T=0. 1~ 1MeV & LB EORERBE DR BE&KAFHE
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Hormalized dose
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22 YrrabuyiESRE — LT FVT v E

(4221 12BHE 3, BEE4L)EMARLIE—LF 4 X ERT, BEE 313D
ABEEROI—ATHY, KE - BE2ADE—-L54 YPERESN TS, BET
Bid, PABELSADOS Vs R - LA AV ERETIE—LT AV
THhY ., MEOBSHAEER, RELBEO-DOEYIEETER, BEAY —LEESR
DERER, H4HTbhTn5,

M221IRTEIE, FrvBREBETENZEL4OE - AT 1V ORFEICERE
XN —LFy T (ETay ) B 5m BN /-fIEIZHRE L7z, Nal &>~
F L — FEROMEHEY — IV Fid, 22 Hi0 5 ¥ FLAMBGEY — AFEHRBICHWFE
LR TH L, FRLEZY =L FFHE, EX 2mm DA F=v 4, EE 5em DEn
70y 7, RUEE 5~10ecm DRB Y AN R) = F L > 780y 7 Thbhb, Nal ¥~
FL— HOREIZIE, EE S5SmmoDRDFAVZE S 5em D70y ZHEITHON
TBY, =Ly S TERENT Y <#iE, COREBALTOAY VFL—FE
WA B, H Vv HBERP SV FL— 58 E RALTAAEIE~63x10°TH 5,

100MeV H*p k7 0y 7 2 HE LABIIREB Sy <ifie, FROBICEE
L7z Nal et FZ % HWCHIE L7z, Naligiligg, 7 77, A4 YTy FI3RHE
APIZEB LI A4 Y7 7o UNIES (BEEM. ~2us) RUFBIEEZ
IEEHIHE E TEEL, BIESZFIH L TES 72 gate §5 (77— FMI, 2~3us)
L b UNLEFDOEEIE% R E%. Analog to Digital Converter (ADOIZ & D E D
WaiFole X, v o7a hu MDY A IV FDESEFEEL LT, lms EE
DAY M ERELEL, My BOBBE{LEEI L, I THERLGERTIE, &
HEN I FEON v E R LD 2R X ) ~4us DRI, Y <HEAMREERICA
BL7EE, ERD/SVA%EET S pile up rejection T &5 TITo72, M. &
EFBIIBWTIE, BRHE /A XMWRATE FF T ML L b o7,

Nal MURATEON-EELE 2.22~F 2211 12" T, 2BEICY Y7ot uy
BRI ESNAENSVAETD 1 (one spill) # @12, EFIFHERICIE-> TNEL
7273V A {25 (summation of spills) % (b}Z, pile up rejection %175 7235& (FRFN)
BROERLI-EES (FH) OIAVFEF—ART MV%E (o) IRT, X, BEDDIT,
REBRFOFY L EREICBERE 4 AFSOC L5 8L, BEZE4RONNy 7 7
7Y FEFIZLBIRANVF—ART PV ERDIZ,

BEEES (@QEW) &b, KRERTOY Y2700 E-L03V AR (3
) 13% 250 msec TH B I EDVTD B, 2HEBO/NNVA Y — AUNOE L,
Ty FHEHE LB LNy 2 7SV FRFIC L BEF LRV TH L, /S
AWETDE— 7 EIZART 110 UTTHE I D55, H 2.220~F 2.2.11()




IBVWT, F2.2.11c) BT pile up rejection 217 o 72354 (FREN) RUEFL
7oA (FEHD) QAR M VICANT EOZREBBEO OV, RAFFETHALLY
YIBBE YA FAIBNWT, REERONA T v ITHREDRED count rate
LRELT, TAVF—-ART MEEBLH 25 PERET A0,

2%
X (Y,,in)= ¥, (n)
;L—zﬂr—}} (7

ZETE L. T TY,, it pile up rejection TR 2o 72BON T ¥ MY, 134T
ot EOBROAY Y ML, NEZALVE—F ¥ YA NOEHTH Y, Mlide2n il
FeF xR MIOWTITH, BTEEREZH 2.2.12 107" T, BIL b, Tkels TIERIE

DNE L DD B, ~10ke/s ZHBA B L pile up DBEHHID B LEHENS,

1

N

Nal MR THESIRAZAVF—ZANT PV LD, 100MeV 70 b 37Oy
7 EEFETABIIRE S NE Y U TBOIINE—ARY DVOEY ., BT & FiE
BREN2EEERHCTITo /2 Ty viBOZAINVF—ANRT P IV FE f,(E) L5 L,
Nal HRICE WS N D TRV F— X7 MV Fu(E) i,

F, (E)= T f,(E")-S(E",E)dE’ (8)
0

THEZOND, ZZTSE,E) X Nal B RADIERBTH 5, X 2.2.13~K 2.2.22
WEYFHNVOY Ialb—3ara— FEGS4 FHWTEE Lz, AT ¥ =it
THREEESE, EY ERTETETII ARERTHER U RMEEE R U Nal
BEROD I AN —DREREER SN TV A AT YOI I VEF L E, EE)
=0.1 MeV 225 10MeV T T 0.1MeVRERTE X, FL4DANT PNV THIAN
F—TdE, i 0.01MeV & L7zo YYD IANT AT % £(E)NI, 215
& [k

f,(E;a,b)= aEexp(-bE) (9)

ERELT2e NG A—F b {EXRVT, ¥ vBHREHEDEDN 2 IRE T, (= 1/b)
DEFTRETH D, FHEMTERIAL, T X —F a,b% a,bPEH TFr—F—
BBEL (a,=a,+Aa, by=b,+Ab) SROEZEM L THIBILLRE, BYELED
CREZEALTNTIA-F a, b EFRE LR,

FEF— % (F2.2.2(c)~F 2.2.11(c)) DRV F—E%E 0.01MeV MR TEH L
L. B2t @A L7 sTEICHW - ZANF -7 bV (REa) RURERE



a, b HWTEHESNZARY ML (Fa) £) 2.2.23@ 0~ 2.2. 27(@)OIR T,
= = T (a)it pile up rejection #4T o 72 H/ED T — ¥ 2 AVAEERRTH Y. b &
pile up rejection Z {7 RP o BED T~ 5 EAVIHERRTH S, BE4DGE
DHEEINTH ¥ T HIEHED ER 2 BE T,p % K 2.2.1 IZ7R Y Count rate %% 7.3
kels Tid pile up rejection DM L & THE SN BHIRE Ty I2FREERHN, 12
ke/s Tid pile up rejection ZiTh L b o 7285E. O M AFEL 72 %, pile up
PREZ o TVBEE, BBIANF—OF P AS L EEARAET 5700
LEILNE, £221 LY. RUETON < HEHEDFER 2IREI 1 Bioi
BEixRELES., HESNIZEDERE T, 1£0.8~0.9MeV Th 5 LiFm SNod,

[ 2.2.23@)0)~E 2.2. 27@MOPRT L) T, E> 3 MeV DFEHETO, FHHEICH
W ARY MLREUEESNIARY PVOEBENKE W, B 2FEDOFETR
B DT =5 DODHUDSEEBEINTED., count FAVNSWITEBRENKELL L BEL
KL T, count OV L WEIBTIINEWT A T4 v I EL 2D, E>3MeVD
FIRL SO TCHEF—FE—BT A 71574 Y 7HBEERLIZIE, RE)TEINLE
HOEDHEET, Ty, ... 2 BOMEEZRET HLEFDH S,

#2222 TLD 2 & AR EFTABRERT. THLERIMETHSL0IC,
FO M- LADEBEEREE 5 90 & L. IR AARN—F VIO &I
64x107 7 — T THotz, FIEKLZEILV AV FrbELR/{E, E3-E4 DFEHE
(v owmE), HERTPHTREHREIRT. [ 2228, K 2.2.29 ZZThTihy
BRABEBERCEEHIETFREINEREOHRERFEEZ R T yRERIE~
0.11mSv, (B2 : ~0.11mSv/h), HFEHAETHEHEIL~0.04mSy, = | ~
0.04mSv/h) TH o720 FI—DFFTIFRE SN 7 AMEFHIZL AR T, Xy
HOMEIL 0.1mSv, PHEFHRER 1.3 mSy TH o7

B FAEIC, YOI AN F— A7 PR TEREINS EREL T,
e DEPRE T, & 1b) LT, EEOR2GTBABBROBIMELFEL
({EL. 0.7mm DR &), ©2230270y b L7z, &ZT, Ty=0.5,0.6,0.7,
0.8, 0.9, 1.0,2.0,3.0 MeV & L7z BEDBRIMEOHERFEZR T, 22T &
SREE . NS B4R d AT zero DTESREMETHEL TH L, SaDIFE S 6mm L
TOF— 5 ORIZEBTIIE, 0.6MeV< T <2MeVERELHEESNELY, RO K
32, 1S OENRETCHETADIIEMTH S, EED 6mm L EDT— 525,
KO EDBFIHETADR, S THRALAFEBECT D ITOERLTWA
#EZHNA,




%= 991 pile up rejection QPUR) ZiT-/BHELThRM-EHRED, WHHT
VTBHME RO EGBE T, 0 22T T i3 1 ROBEZFEE.

Run number Count rate T.s with PUR) T.;; (without PUR)
H124001 1.8-2.5 ke/s 0. 795 MeV 0. 798 MeV
H124004 2.9 ke/s 0. 821 MeV 0. 825 MeV
H124006 4.3 ke/s 0. 848 MeV 0. 855 MeV
H124013 7.3 ke/s 0. 876 MeV 0. 889 MeV
H124015 12 ke/s 0. 775 MeV 0. 907 MeV




#2222 BELORLBZHWTI—NVRLUAETID ZHWTEE LR BEEE. (>>r7obOorE—n)

$HE El E2 (E1+E2) /2 E3 E4 (E3+E4) /2 Neutron ID
(mm) (mSv} (@Sv) (mSv) @mSv) {mSv) (mSv) (mSv)
0 1. 770 1. 900 1. 835 0.112 0.104 0. 108 0. 0375 1000001
0 2. 000 2. 070 2. 035 0. 122 0.103 0. 113 0. 0418 1000002
0 2. 210 1. 940 2. 075 0. 112 0.123 0.118 0. 0426 1000003
0 2. 120 1. 950 2. 035 0. 106 0. 094 0. 100 0. 0421 1000004
0 2. 160 1. 750 1. 955 0. 093 0. 095 0. 094 0. 0405 1000005
0 1. 740 1. 610 1. 675 0. 107 0. 104 0. 106 0. 0341 1000006
0 2. 180 1. 820 2. 000 0.115 0. 110 0. 113 0. 0410 1000007
0 1. 670 1. 690 1. 680 0.104 | 0.103 0. 164 0. 0343 1000008
1 1. 890 2. 030 1. 960 0. 102 0. 092 0. 097 0. 0405 1000009
2 2. 090 1. 680 1. 885 0. 089 0. 077 0. 083 0. 0392 1000010
3 2. 360 1. 910 2. 135 0. 077 0.074 0.076 0. 0448 1000011
4 1. 790 1. 870 1. 830 0. 081 0. 088 0. 085 0. 0379 1000012
) 1. 570 1. 660 1. 615 0. 088 0. 084 0. 086 0. 0332 1000013
b 2. 000 1. 800 1. 900 0. 081 0. 078 0. 080 0. 0396 1000014
T 1. 850 1. 720 1. 785 0. 065 0.072 0. 069 0. 0373 1000015
8 1. 620 I. 640 1. 630 0. 090 0.073 0. 082 0. 0337 1000016
9 1. 570 1. 610 1. 590 0. 075 0.076 0.076 0. 0329 1000017
10 1. 540 1. 370 1. 455 0. 073 0. 065 0. 069 0. 0301 1000018
11 1. 880 1. 590 1. 735 0. 069 0. 066 0. 068 0. 0363 1000019
12 1. 670 1. 500 1. 585 0. 067 0. 076 0.072 0. 0329 1006026
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<Introduction>

In an accident occurring in nuclear facility, radiation monitoring should be
required with high degree of accuracy such as radiological mapping around the
facility. We consider that the use of the unmanned helicopter is one of the most
possible ways to get the mapping of radioactivity such as the y ray. We have
examined to make a plan to use the small size helicopter for the above monitoring.
So, we have a great interest in your monitoring system utilizing the unmanned
helicopter and your activity.

Would you please answer the following questions?

(1) About SYSDRON:
Q1: What is the aim to develop a SYSDRON system? How long did it take to
develop the SYSDRON system?

Al BIASIEE o 72 & & VILHEBEICEEER 2TV, FHRR e LT 5, RIS
UGVAEEWAZEIZEID, ADPESLZENHELVWEZABEZY ) VT TE A,
WELREFRTH S,




Q2: What is the performance of SYSDRON system? When you make a plan of
SYSDRON system, what is the criterion about its performance?

A2 AU TON) 2T —%ERATEObNTHo W, BREEFOIVAVL R
MEDD 2720, REHEEON} 27— ICEETLHEL N TH L,

Q3: What kinds of detector for the radioactivity measurement do you use in
SYSDRON?

A3:LSiPIN ¥4 4 — F, TN I 2T LABEIIA Twb, ED D5 %, EURISYS
Measures H#, A1 v ¥ 3 Fid 30keV,

2. NOVELE ft#, AL v ¥ 3 Fid 50keV,

Q4: We suppose you detect mainly the gamma ray. Do you also detect neutrons?
Ad: Po TV

Q5: Do you measure the radioactivity in the dose rate or in counting rate?

A5: Ay PL—bEIZRNF—,

Q6: We suppose that you measure the radioactivity in the highest level in case of
accident at the nuclear facility. What is the dynamic range of the measurements?
Do you measure the radioactivity in the back ground level using the same
detectors?

A6:50keV AL, Ny 7755 FLNLLEINE,

Q7: What is the energy range of the measurement? Can you select the radio
nucleus emitted in the nuclear accident?

AT ZEANFE—ANRZ PVOE =7 b, Hry<BBEORENTE S,

Q8: How do you transfer the data form the helicopter to control station? What
frequency of the radio wave do you use?




A8 H U< FT— 5134 XY b4 A XY T 100ms BEDOAEER DD 5, Hnik
Lr— }‘ \'{j: 9600bp50 2-2GHZO

Q9: How do you display the output of data in the control station?
A9: MELSA & BT THRTR.

Q10: We are afraid that the helicopter engine becomes the strong noise source for
the detectors in the measurement of the radioactivity. Have you experienced
such kind of noise troubles?

A10: BV, F— T NVER -V FLTWwWA, Z0MOEFHHLF —ALOHOLR
TEYH, HEMIIY— NV FERTWAEOTRILER,

Q11: We suppose that other kinds of measuring system such as the CCD camera
and the thermal imager are also loaded on the helicopter. Is it correct or not?

All: IE Ly,

Q12: If it is correct, please answer the next question (otherwise skip the next one).
How do you use the data of the CCD camera and the thermal imager in connection
of the radicactivity mapping?

A12: CCD 33 LT % BB 7280 FRIMURKE L ¥ — RE S € B LIZ< v
EX 7 ¥ %,

Q13: Have you ever used the SYSDRON system in the exercise of disaster
protection carried out by government or by the company?

Al13: W, T RFFICELMBL TRV,

Q14: We suppose that, if you used it, you measured the dose distribution around
the nuclear facility. How many km did the area of the distribution cover roughly
from the center of the nuclear facility?




A14 20kmo
Q15: How many persons do you need to operate the SYSDRON system?
Als: Ty ¥V 7Y AT AL ERBEROERD 247205, BE1AT. 3 A

Q16: Where is the helicopter arranged now?
Where is the SYSDRON system equipped now?

AlT: 415 1] 7,
Q18: When will you use the SYSDRON system? In the case of accident in level 2
and/or level 3, will you use it? Who is commander in use of the SYSDRON

system?

Al8: (T +9) BEEOFRL— 5 —DHIFICL Y EROLF L —F — DR 2 EF
T5,

Q19: Did you experience any troubles in the SYSDRON system? What parts did
not work?

A1 N ATy —D T TN,

Q20: Do you have a plan to improve the SYSDRON system? What parts will you
replace (or improve)?

A20: KEHEAN) TSI —%EBEATHFETH b,

(2) About the helicopter

Q21: Firstly, please show us the outline of the CAC company.




A2L BEASRATHABGE L), ENEHBLRETLODHELED S AT L i
LA T2 LT\ 5,

Q22: What is the role of your company in the SYSDRON system?

A22: TV R IDLFIEL, VAT AR RUHMALTEIT ) HLDLD (HIRIE,
AN Ty —RRBBRLEY) 13, BULLNTRATE ) . —MICARKZEATHS
2iE, FOEYICEET B,

Q23: Do you use the unmanned helicopter except the SYSDRON system?

A23: NEITRATHER O 7 v bo

Q24: What kinds of outdoor robots do you produce expect the unmanned
helicopter?

A24: ¥ —7 v N AT L E T BTATHE,

Q25: Please fill up the following right column about the characteristics and
performances of the unmanned helicopter.

A25: BEFEEN, —IoEBEVWTBHE{,

Trade name: HELIOT

Type: AFVT - F5T0 754 HBENIDWTIIAE)
Rotor diameter: 6.7m

Length: 6.0m

Empty weight: 230kg

Max take off weight- 450kg

Payload capacity: 120kg

Cruise speed: 35m/s

Rate of climb: 6.6m/s

Max altitude: 300m

Q26: Do you use GPS in order to decide the position of the helicopter?




A26: fioTnab,

Q27: In the GSP, do you collect the position by taken account of the difference
between the position of the control station and one of the helicopter?

A27 1%0 ’C‘I‘Z)o

Q28: Before the helicopter flies at the position from which the radio wave cannot
reach the control station, dose the helicopter return automatically?

A28 EARMICBENEI» 2L b 3w, vy YTV AT AICERICHE T —
FHEADLTHY, BENBIEVEZAELLN LG Tnasd b, ZO%5RT
IIRATWHA L WESIZR > T b,

Q29: How many antennas do you equip on the ground around the nuclear facility
in order to receive the radio-wave form the helicopter?

A29: iy (vo ¥ LTwAEIA) IZUEDE) L—FUED,

(8) Others (to INTRA)

Q30: What is the purpose for establishment of INTRA?

A30: BRTHEIREL &, EA (EEET) TERTE 2T 24 RN
TkLEt. ABLEETFAVICKHG £ WISl H D, £2 & bHNERIC
Hbo

Q31: What is the mission of INTRA?

A3L: M EERL CTBE, ThoEBfz 75, EROTREZHET 4,

Q32: How many personnel work in INTRA?

A32:20~21 N, ®R¥ ./ VIilwab,




A33: Do you have other kinds of the outdoor robots for monitoring the nuclear
accident?

Q33 Yo Fal—y oM (ERI ), v v ¥y /A7 IUEE (ERAS
E), KEIZ7VF—¥— (EBULL) %&&,

A34: Do you have the relation with IPSN?

Q34: V>, 7272, IPSN XAV E, BEFHHLELH 5,

Thank you very much.

CAC SYSTEMS ##%%% L7 SYSDRON Program (Nuclear & Environment
Monitoring by Remotely Piloted Helicopter) 75 Dz &R 3.1 17876




% 3.1 SYSDRON Program (Nuclear & Environment Monitoring by Remotely
Piloted Helicopter) & D

1) INTRA Presentation

The three main operators of the French nuclear system — EDF, CEA,
COGEMA, decided to put their resources together and created, in 1988,
an economic interest group, GIE Group Intra.

Today, Groupe Intra has decided towiden its range of actions to other
types of interventions in dangerous or even lethal environmental
conditions for human beineg.

GIE Groupe INTRA CEA (37.5% Nuclear R & D
EDF (50.0%  Electricity Production,
Nuclear Power Plants
COGEMA (12. 5%) Nuclear fuel extraction
& reprocessing

2) INTRA’s main activities

As a results, Groupe Intra has defined 3 new areas of applications:
by extending its interventjioms to possible incidents
occurring in a nuclear installation which would require
remote operated or robotised means.
by enlarging its actions to other non-nuclear industries
such as the chemical industry or by carrying out civilian
rescue operations in conditions which could endanger human
Iives.
by intervening on foreign nuclear sites by the signature of
a contract.

3) Main Requirements of the SYSDRON System
In case of nuclear event, the SYSDRON system should be the FIRST to
penetrate the suspected area
® High degree of availability & reliability
® Compact system, quick operation concepts
@ [High payload capacity
® VWide range of sensors simultaneously
@ Fully integrated in the existing system of UGV's




® (ost effective solution
The concept of the Unmanned Helicopter was highly required in order
to avoid exposure of Pilot to unacceptable levels of radiation.

4) The Principles of Nuclear & Environmental Monitoring

Ground Monitoring (Local area)

® Visual assessment of the situation

@ Hot spots monitoring

e Support to UGV's (Ground Pobots)

@ Magnitude of contamination
Atmospheric Monitoring (Extended area)

® Magnitude of contamination

@ Extension of the cloud

® Altitude of the cloud

@ (rientation & tendency

5) The HELIOT Drone: main characteristics of the DF 333 helicopter
MAIN CHARACTERISTICS:

~ Rotor diameter: 6. 70 m
- Length: 9. 60 m
- Empty weight: 260 kg
~ Max take-off weight: 500 ke
- Payload capacity: 120 kg
- Piston engine: 105 HP
MAIN PERFORMANCES:

- VNE: 80 kts
- Cruise speed: 65 kis
- Rate of climb: 6.5 m/s
~ Max altitude: 2000 m
- Endurance: 2h30

6) The SYSDRON Ground Station
Piloting Control Station
® Full computerized
@ Analog High Quality Video displays
o Autonomous Navigator Mgt
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@ Pre-programmed behaviors:
Loitering
Homing
Recovery
® DGPS trajectory monitoring
NBC Equipments
® Fully NBC protected shelter (o, B)
® Air conditioning: -20C~+45Cexternal
® o, B & ymonitoring & alarms internmal/external:
o: 0.2 Ba/m’® at 3 Ba/m* radon
B: 4 Ba/m® in 30’ at 10 pSV/h
v: full span of 1 mrd/h~1000 mrd/h
Mission Control Station
® Fully computerized
@ Multi sensor handling:
- Optronic Sensors
The CCD Camera
Pixel arrangement: 768 x 494
Resolution: 600 x 350 TY lines
Sensitivity: 1.0 lux at /1.4
Frame rate: 25Hz
Video format: PAL
Interlace ratio: 2:1
Aspect ratio: 4:3
Lens focal lengths: 12 ~ 120 mm
Auto-iris range: f2.1 ~ 22
Effective diameter: 58 mm
Wide FOV: 29° x 22°
Narrow FOV: 29° x 22°
The Thermal Imager
Detector type: HgCdTe
Number of elements: 4
Spectral range: 8§ ~ 12 un
Sensitivity/resolution: MRT (typ. °C, cy/mR)
0.32 at 0.375 ~ 0.25 at 1.5
Type of cooling: closed cycle
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Active IR lines: 445 / frame
Video formai: CCIR
Magnification: 1.5 x ~ 12.0 x {4 steps)
FOV: 18.6° x 14.0° ~ 2.3° x 1. 75°
[FOV: 1. 2mR ~ 0.3 mR
Nuclear sensors
GAMMAGONIO IV
Manufacture: EURISYS Measures
Amplification gain: 5. 6 mV/keV
Detection threshold: 30 keV
Counter capacity: 65536 impulses
Count time: 250 ms
Isotropy: <20% in orthogonal planes
Detector: Si PIN diodes in Al sphere
Detector sensitivity: 45.6 impuls/s/mGy/h
under Co60 radiation
Weight: 4.9 kg (1 sphere)
Operational temperatures: -20C ~ +60°C
Qutput: RS 485, 192000 bds
DG5
Manufacture: NOVELEC
Detection threshold: 50 keV
Responses: +/-10% 100 keV — 700 keV
Linearity (C060): 10% loss at 3000 c/s
Isotropy: +/-10% in orthogonal planes
Detection time constant: 0.1 s
Measure time consfant: 2 s
S/N ratio: 50 — 500 nGy/h (5 — 50 prad/h)
Size: 190 x 138 x 68 mm
Weight: 1000 g with batferies
Operational temperatures: -20C~ +50C
Qutput: RS422, 9600bds
Radio relay
® DGPS trajectory monitoring
® Multi level report generafion
® Real time Recording capacities
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7) Data Exploitation

® IR Analysis
Visual identification of “hot spots”
Graphical enhancement of temperatures monitoring
Video recording

® Radiametry
Color enhancement of DGPS trajectory of the Drone
Text printing of digital data
Recording of trajectory, telemetry & radiometry data

8) Extension of SYSDRON applications
® HELINUC
Spectromeiry
Ground contamination measurement
Radioisotopes characterization
® C(Chemical
Samples collection
Real time monitoring
® Bacteriological
Samples collection
Real time monitoring
® Police / anti-terrorism
Nuclear devices / weapons research (gamma, neutrom, ...)
Proof images (Visual, IR) |

9) Operational Conditions
In France:
Very short time of availability (2 hours)
Short delay of intervention in all the ferritory (< 24 hours)
Support to all the other means
Quick damage assessment
Complete radioactivity monitoring
Abroad:
Requisition upon agreement wiih foreign governments
Short delay of intervemtion in European countries (< 3 days)
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BEHEREE Y v NEBO/NEA) 27y —BEBSA ST RRERICEET 5
KB L R L v HRBBEOHBOMEZX 3.2.1 12, MEHZK 3.2.2
VR A BB HO TS AF vy 7 v FL—FDRESX 270 (W) X300 (D)
X20 (t) mm. & FTWMIZIZ 7696 (EME b7 ZAE) AHVWLR TS, NN
VI Ty = ~ORY T, AN 2Ty —BEEEO ) f AE @R T HOIUTOL
IR L7,

1) YINBOAEN) I T —OBEY 7 N TEZEBFTVEETREE 2 5%
WIESREY 7 P EEHE,
2)Y TrTEERE/ A XITEWERICEE,
3) BETEEL,OHEBTAFICER,
4) BN 2T 5 (BB R ARERE L T 5,
INEIAY) a7y —BETORERRICEL D, LTOEBIZOWTH VR bR
OHERERERZIT o 720
1) REFERER
2 FU 7 hRER
3) EHDHE
4) BEANFEOEE
5) ERK /A X

3.2.1 EEHERAER (JISHKERICHER)

Ny 72759y FRUBAEE LOZENTFEHRTE L2HEFEDy (137Cs,
100pCi) #FEET L ¢, MHBOREFEZRR L, RN efz BiREAIiRE L,
20CITBIT A IERME (i) 225—10C, 30CRT 40CIIBITAHEREEZZELTIW
FEOEEFICTTAESERERD S, HiEid. REMIERMADIRE & 17 F
WELTH 6Tl BB, sHEEIZ 20mAEL, ZOFEHETHE L2, £3.2.1
ICEERERBOKEER T, MREORENEI%LUATH S Z L ERETDH
D, E321ITREND X112, Back Ground 5B & UF GROSS 5 & & IZHAERN
ThbILHEGhs, (I 2 T,GROSS i3 BB &N EHEFDHDTH D Back
Ground b & E TV 5,)
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3.2.2 F1U 7 bh#HE

Co B0 C)F VT, MHBOT Y 7RO KR Y 7 FIZowTHE L2, &
AN A7 d ok N T AREESZ 1 BT LI/ a2 TRHET 5, 24
FRLER L CEMES Y, 2OBDIGTRE (GROSS 8H) #EBEMIWZ SV I VIZLDE
815, AuliiFid, Nv 27990 FOBLRUHKEIEEIPS 0 EETE S, 1
FFMEOREEL R 3.2.2 IIRT, 24 BEOHRMEOFY © LHEMEIX, 3238.56 s
Th o7z, BRINDIBROBAER Ni/MED b HEEZE L5\ W EOEEE I
TAHESEIE,

RMEOEDE= ((3238.56-3201)/3238.56) x 100 = 1.160%

RAEOEHSTE= ((3276-3238.56)/3238.56) x 100 = 1.156%
Th oz, HEHEMEITHME (FHEE) D2%LlNE L2EE, ToHEICERS
ETHo7z, LEOHERD» SHMERTERNICERSETH, FHEEHI S BN
BOHETORELLBEET 22 L5945, £3220E4K 3.23 1270y b
[ A

#3292 FU7MBOER

FRBEEE (hour) | EHEE () PB s (hour) | EHECE (1)
0 3236.0 13 3232.0
1 3247.0 14 3201.0 (F/ME)
2 3244.0 15 3276.0 (FFfH)
3 3251.0 16 3234.0
4 3208.0 17 3299.0
5 3259.0 18 3272.0
6 3261.0 19 3223.0
7 3225.0 20 3217.0
8 3259.0 21 3249.0
9 3233.0 22 3225.0
10 3231.0 23 3229.0
11 3251.0 24 3229.0
12 3243.0 SR (FLHE{E) 3238.56
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#3.2.1 BERESABRER

BE (C) BG (s #Hig (51 GROSS (s | ##& (s
20 186.32 3309.5
40 189.55 177.0~195.6 3299.5 3144~3475
30 186.40 (20°CD+ 3336.0 (20C D £5%
-10 186.75 5% EAPY) 3340.5 EAAD)
20 187.75 3362.0
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3.2.3 RHFHOFTE

BMEBROARAY) 275 —OEREEEL.400cc DN 7 2wz,
IVVVRERHEBRTLY YV ERRERICREET ARG BLUVEAN /4 X
WEAMBRAOZEZHERL 2, 3.24 1R T LI, ERIBIREFR
INA OB — b EICERE LEE T o 2,

RV I E YIRS, S O B EHE BRICRESETB A, v YV VIR
2 BG DSWEt  BREEUATH AP 2RB L2, TORERER323I1IFRT, /
£ RPAOHIFEREL, SHEAESERENLTH A E L, KLY, 0V ViEHE
2 BGEHRICBENWENS LGP b, T Y VIEHEBED ) 4 XRBAREHTES
ERGh ol BIER 3TV, BRiFeHRE®,

LYY EREHERD ) 4 XRB TR, T Yy OmEEEiE 2000rpm, 4000rpm.
6000rpm. 8000rpm. 10000rpm ZIZFFE L, £NENOFHEEE 10 E#E L7z,
BHEFEHTANEANY I Ty -T2 6000rpm BETERE T 5729,
tHRoRFEREE BA, Ly ERREROREL UTOR(LETHRETL
yA

o & EEEH TOBGE L — 1" VZ LR DBGETEK
Zie (%) = %7y LB OBGE i x10

#3240, EREMEHR T Iy PRE SR TS & EDORBRT, BILEL
T, 6000rpm OB EN —BFRELEMEL LI LA, 4L TFTTHD,
WETENDOBEROBATIRTRERENONT VX LEEIZ LN D,

0
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#3823 ITVHREE/ A AHBRER

BRI e
BG & #H=| >—bLE (EE) 259 053
(s1) PEBE 50cm 250
#£324 LV IEERIEO/ A AHEDOKR
[EELE (rpm) BG &t BHE (%)
A RN 234.2 —
2000 238.8 1.96
4000 235.1 0.38
6000 242.8 3.67
8000 234.9 0.30
10000 233.7 0.21
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3.2.4 BRAWHEY

325 CRTEET, b7y — (2TMHz KU 145MHz), #5585 %
VT, BG BHEERE 10 EHIEL % Lize B4 OBHE D BG SHEOTHES L U%
b EF 3.25 IRT o bT v ¥ —NRUEFEFEIZIESE 10em T, R HEH LA
T 2 HFTICHE L CHIER T o720 BA SUDEALETH 2 20>, RECIHER
hoRVEEZ HND,

¥ 3.25 BRINFEABROER

BG & (sM) A= (%)
BE BG 314.8 2.48
e s &R 275.4 3.53
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b7y (145MHz) e 314.9 61
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Gt 1Al 314.9 0.03
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3.2.5 BRI/ OFE

Iy VY OEERE 6000rpm (2 L7zE 0, RIBED BG FEEA~OE(LE HEE
FEATHUEL 20 NA 75 60MEMEE 1, 2, 3, 4 BXU bm & L7z, BGEHEE
A BT 10 EElE L7, BG SH RO FHER FEILFEZ K 3.26 12
Tto T, RPKRELRBEMIZHHD, TOVTROEBIBEEFEATH 2.

#3.26 BEM/ A ARBOER

B (m) BG & & xE (1) EAZE (%)
1 296.3 2.0
2 294.4 1.34
3 301.8 3.89
A 296.3 2.00
5 289.6 -0.31
vyt A= Ik B 290.5 —
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FERIICFRERLEE LTz,

1) SERTRORETELL, BAN) 2T Y —ORITEELHRENTH Y 2T (K
AT 5o

2} 100m FICHLEERET ) WHEHAT ALK VELR VT ERHETE 5,
3) MBBLIZTA OV EEL EEREFOER o 1B OFHESFFREINL,

4) BUTHERE ORI TV I 4 ATEREN S,

5) BRENLXMEC YO r—VELICHBRICELZ S EPHKD,

5) HMEHEMENNERRZES 7 7 THRRT 5,

FHEAPF—FEHEBTETRSNRAMNETF— 7 HHRiL. GPS HBEL, BEREAM
+920cm. FFAHH+30cm /8L, 5Hz DA TH ERBICEESI N TS 5, A
AT — T BHR LSRR ED S ORERBET - b)) a7y —RE
EERE FRICBREREE S TIEEL, K333 IRT LI, 7FAMT—FH
EFEEICERITRE L L, . BT — 7 BB RE LIy ) o 3h,
ZRBEHIE GPS 7F— 7 MU 5BHz Th b,

— 122 —-




BRI SRR OB ERDEREI, NEEr bR EhEF— 55254 VE2Y
ROy arz@ L TOMENREE L2272 CPUPEHEINTWEEROANE
B4V THY, SAVEZFRUNSVIVZHELLE, BERTLIEBREEDR
RPBERTICL Y EEFHELRVWI L8357, BE3.3.1, BEE332IIRT LY
2, CPUBEBHENTWAERD AN ERICHA S 5VEHE L, EERBELTREL
L7

N, AN T T =D 754 MCBELT, REGVRET L MREEID S LED
NBEEOPOBEATICH LT, WESHREZBEWNE LAUTORRZERKL 72,

TR EoTWNAEN=FADTEBZFDET Fv M IR TV, ABWF
ZEBMLT, AAwEIdcBEE LR, (BHE 3.3.3 %)

HERIRED - DFIRERTTWA T L — M EEBS LT 2iEE & o Tz, I
EHRRIER~D /) A XDWA BT 5720, BMES QBT ARV IERRL
720 (BEE 3.3.428)

HEFICERSETWARMT — 7 VOREFEEENTVWE &3, IRENT X 2
ERETBI2OFR Y AL MLEZEINL, (BEX3.3.5%MH8)

BEOBREORELDD 160m EVWO Y7 — 7OBEICHEZ  ES3xMxE S
130cm x 450cm x 300cm DFFFHAR—AZMER L2, SO L I IZRREF L /- BLREH %
& 3.3.4(a). [ 3.3.40)ICRT, BRITKENL P 2R TCHETRE L 7 L — ANR— A2
AX =5 4 7OBHEREM A4 L THFTOR TS,

— 123 —




— ¥l —

BAEAHE

100ns HBOMBERTES.,
HEA2ARTSC LD, &
AR 0 Sty e )

BT 57

TEh, Y ihdkic
HHICEED

B AV IR B &3
e — 2

2 2

R Ric 7 A2 2B EERER
SO BELRTWAEFOEEHE

BEIEND

X 3.3.2 BSHRSHAANSRINEZEDY —EE




— 871 —

21331 HEE

Q.6VNRyFU) &0

X

3.2 SVICERU At



THEE

iz

HIGH. <3w..ﬂ.;
noprt HPM-14PE

kAL b

7

o

3

BE3

=

N
w4
i X

EE333
Owi-F385n




]
|
|
!
]
1
!

1

— el —

rRET-%

0.0006000000,
0.0000000GCUD,
0.0003000000,
0.0000000C0D,
0.0000000000.

G.o000GO0O000,
0.0000000000,
0.o000000000,
0.0000000000,
0.000000CO0G,
0.0000000000,
0.00C0000000%0,
0.0000000000 .
0.0000000000,
0.0a000C0B0D,
e.0C00Q0C0B00,
D.0s0boOOOOAD,
0. 0000000000,
9.0005000000,
8.0000000000,
9.00600000800,
0.0000000000,
0.,0006000000,
0.000R0OCOODD,
nanannnnnn

0.0000008000,-1400.2000000000 ,
0.300000B000, -1400. 8000000008 .
0.8000000000,-1400.8000000000,
0-0000600000,~1400.8000600000,
. 0000000000,=-1400.50000000G0,
oZ\ZOQOR0BA0G, ~14D0.3000C000RD,
0D.RNG0R00000,.~1400.-5000006G0C0
0.0QE80000000,-1400.800000000,

0.008QRG000G,.-1408.50000
o.ooceodc0000,. ~i400_9000000000,
0.0Q0P0R0B0D,.—-1400.89000000000,
0.0000000000,.~1400.8000000000 .
0.0000000000,-1402.3000000000,
0.0C0000000D,-1400.900000CG000,
0.0002090000,~1400.9000000000,
0.0000000000,-1400.30040000300 .
0.0000000000,-1400,.3000000000.
0.000C000000,-7400.9000000000 .,
. 0000000000,-1400.93000000000,
0N\0000G0000D . —-1400.5000000000,

36.0800000000,
ge.ag

atitudeo,Loneltudo, Holght,  Yaw, Detel, Patel ,Data2, . Datald, Datad,Datab.Datas, Data?

| L
G.0003000000, 0.00000009000,-1400. 2000000040,

2B1.0008000000

38.08 .
as.ocqo0cooone .
85.0000000000.
85.0000000000,
85.0000000000,
a§.0000000000,
88.0080008000,

8E&.0000000000,
dE.0000000000,
46.0000008000.
26.00000000G00,
36.0000000000.
96.0000000000,
aB.0no00DOODODT,

0.000000 ﬁg?‘—&

a.qoaona - = g
U.0000000000,.~-1400.8000000000.
0.0000000000,=-1400.8000000000 .
0.0000000000,~-1400.8000000000,
0.0000000000.-1400, 3000000000,
0.0000000000,.~1400.300RG0000D,
0.0000R0Q0BR0, - 1400, 5000000000,
nonn

g.0000000000,
6€.0000000000,
£.00000000090 .,
€.0000000000,
s-o0po000o000,
'g.0000000000.
8E.0000000000.,
36.0000000000,
2€.0000000000,
8g.00D0000000,
g8.0000000000,
340000000000,
nannn.

2 HET—%

R

240.0000000008,
243.080000000G00,
243.0000000008,
243.0000000000
249.0000080, .
249 _000000 o,
£43.0800000000,
245.0000000000,
242.0090000008,
248.0000CG00000,
226.0000000000,
28.0060000000,
6.00Q00000000.,
- 0020000000,
2220080000000,

0.0000R000G00,
p.nonoanpanag,
0.9000000000,
0.0000000000,
0.9000000000,
0.00000000

0.02000C0000,
0.00000C0O00CT,
g.000c0B0000,
0.00000000CR .
0.0B00CGDUDGD,
0.0000¢000G0 .,
0.0000002000 .,
G.0030C00000,
g.0000006000,
G.Qgoca0008000,
0.0G000000000,
0.00000000900,
2.0000000D000,
..D000000000,
B.00gDOOGOOD.

0.0990009000000,

0.0000000000.

0.00008005:%

| BN RET -5

- 0R0OB0AC -}
.IJDIJUBIJEI(?.AE‘

L oosonanc
L ooeosoocs;::
| 0oeogooc

[ oooogang™

B gifedipryipigne g
aooo0Bsoo0o.
0.0005000000,
0.0000C00000,
a.00a0coonog,
g8.0000000000,
g.anpopooono,
0.9000000000,
f.0000000000,
C.0000000000,
0_0000000000,
0. 000G0g00ng .,
0_gogRDo0oon,
0.0000000000,
0_0Q000B0000,
0.000000000D.
0._000000000D,
0.o0g000000an,

Z28. ooD
228. an
239.0000000%0

238.000000000
289.000000000

FhrF—%

oQouooo.
00000060,
0Go00a0o0,
0000007,
aogaoQn.

23g.0dnp00DGOD.
Z288.00000000093.,
283.0000000000,
238.0000000000,
283.0000000G00,
235.000G000000 .,
2399.0000000800 ,

ZRR _ONAARAOANT

D.DoRooOBADA.
G.0000000000,
0.0000000000,
o.e0000000040,
B.0006000000,
0D.-000G000G00,
D.000G000000

g.00pGoOaOBG0.,
5.00C0000000 .
p.g0g00000C0D,
B.0000000000,
0.0000000000.,
0.0000000GODO,
D.ofoQouoRDO,
n._ an in

K3.3.3 BEREHEANBKRINETFAIT—FH

TITTT o T T,
0.0000008000,
0.0000GO0S000,
0.00000GD000,
0.0000000000
D.0000000000 .,
a.0aoo0paDORD,
0.0000000000.
g.000000g0000,
¢.0000000000,
0.0000000000,
n.oopogonooane,
0.0000000000.
0.0000000000,
0.0000000000,
9.0000000000,
0.0000000000,
g.nnongnoasa.
d.0000000080.
o.Ggoanoonde,
9.0800000000,
0.0c00000000,
o.opoDoOGODD,
g.0g00000000,
0.00000000D00.
0.0000000000,
0.0Cc00000000,
J.6c0000C000,
g.0c0A00C000 .,
n.0CoDoDOOOOO,

tr. 00000001

0.0006000 Y
[T
o.000B0g0E

G.000GODBOL
a.000GB000C %

a.goRonog

o-nnooons(\g
0.000000aK:S)
0.0000000L:

0.00000001 2
0.0000000G:5H
0.0T0000065
0. nsunnno@ﬁ_g
u.uaooouu@%
0.0000000( "'i

0.0000000CE
a.usonouuﬁ?“
o.oncoannf
0.0800000("

u.opoDonoc 4
n.uuounougggg
0.00600008%
0.0000800¢ 52
o.00c0o0Dr;
806608001

Dggg E




~— 821 —

d

ged
300

e

-

—
— |

630.96 i
|

AT A50x300xI00Ty-A%E 436, 5KPTHE . TRFTER _ O0~D kgl
T AR, RRLAEHK REMORAEALT SERRIA=ATHE. )

3. 3.4(a AVIATF—AFFHAR-A




-

]

VARYAD
NN

fIR8RE

N BRI N TEE

I?Q\ F

—129—

A AT H —~H A

54 3. 3. 4 (b)



3.3.3 BHEHBMBEEANY I T Y & B0z I HRE N e

HEFHEEANY 275 —IIEERE y U EGeBEL. N3V F -V AT A
LI R EOE ) A X7 A b, A 275 —HIBEE, BSHREN EERE
SOEBNLREBEL T oo B, 7V BEEZ HWIBEREEET A P RUEBERIC
B ABRROBEHENEORBEL TR, BEFHREROERRIIDWTREZ
170720 RBRERSFTL, YNBEEBRAET7 4 7 X Mg (BREZETTZ
MEFE 1171 F4) ROENENGE (FFREEEIBERET) TH 5,

(1) /1 FEERHER

ANJ a7 —DT I OERE (E¥E% 5000-6000rpm) . HE#EE 20m K UTFEHE 1m
HERL/ALECTO O RERTEEN. RUBTFEFREER (V¥ 47, JuRt7)
TOH YRR O/Ny 7 7T Y PR ZHE Lo TORMRER 3.3.3 TR,
RIERAIBIEDEE /A X, TV EK) £ REDEEL ST TVWiENE
LG DD.

(2) BEMMITHERAR

BEAEZy —TRITV—rzREL, BEMTZT 2 ). NI TF—=HE2mD
BECTRITTAZ L ZHEZAT L, RIT/NV -2 335 IIRT LH)ICERARICERE
L7zo Eeh, #7077 ARERETH D, FPEBORTERTH L, HERD
FERIE,

EaE Om
ZIfEEE 3m

Tholz, BETZRITES, BEYEEBRIA T THOLA-E2 5 —THERT 535
%, & 3m, 5m, 10m TiTV, WTNOBEIHRWTORFTH o7

(E I EREN ImIZ o 7-DlE GO TOPOINT €— FTERE E--#H, A
L—XIELTEL LS50, BEAD SmUAIC o5k B 70l I MR- T
WedTh) . BET7IA4 FE— FEBEITIILEER(ELNBICRET %,
CHETOXINOEBRTEFILBETEIm, BIEFERACE - FICh X 555 2m/s
TH2miBETH 5,

HEFIHEEAANY) I 7Y — Y AF AR ER A AT LIZRNRHEE Y A 5573
AERINTVEOTHREHEZERN L 2275, 20O THEIRRZBUTETH 5,
AR, 1 BRETHRE, 1 53ETAmBIcHEY5, 39 1 H/IEEFVE,
INUIICERBITE X — A DA CEMISBRICZY PO -V TE L0 T, HIEWIE
BIEL TWwa,

—130—




— el —

#3333 BLORRTONIBRBEHZFONRAAT

AR ARV -3
Back ground 250 cps
T2 0N (EE% : 5-6000 rpm) 250 cps
7 of B FEER (B : 20n) 250 cps
7 oR BEFEER EEE: In 250 cps
EEHBERER (22, 7k B (FF) 250 cps




— T —

BRS A TRy 7 X

5335 HENTEARBRORGNS—>




(3) MEBEDRRERR
(3-1) W RIRRE A ER
MEHEEE LCh B E 2BRERQTUTO L ) IZ3R72Z,
TEB :4x4=16&
EE 4x3=121 (2m x 1.4m)
IHEETHNY VT EIFRV, 1~10m OBETH ¥ VORI ET 272, £4D
BETRE ShER, BTICRT, '

1m 5-8 x 100 cps
2m 3.5 x 100 cps
3m 3.0 x 100 cps
bm 2.5 x 100 cps
10m 2.2 x 100 cps

BRI U TR SN2 BB EN D R R b I e FDH B, BE 1 mTIE A VAR
ey )T I ANLRLED, BEPARETH o 22 OBONIAED N T
TEBPREDP 272,
(3-2) BB Y — FRIREHER

AN AT —DEEY 2m ICEEL, 3REDAY - FTH U EHD FZET @8 S
HEH 4T 0720 B4 DAY — FTOREMEDRAEIR

0.5m/s 3.6 x 100cps
lm/s 3.6 x 100cps
2m/s 3.1 x 100cps

Thole AV — FAEBEWIIERERIEREORS Y PASHVEEPLEENS, 1 2m
DHEHEHE L% 2m/s PLEDA Y — FORITY S L, BFliE 22 ZEERT
BEEIMTREAYITI—DT T4 bHERRERLDUEMBIZNT Y ZNELT
A MEBIIEABEE B L IS 5mB LTSy 277 FELT L -oTLE

VDT A MEELT 2m IZEA T,

LFoFA Tk, AN 27%—A¥—FidIlm/s & L7

—133—




(4) ZREOHEZRY AT LAOBEERHKER

BE7S54 bRICHERIZ NS 7V ELRREREESEE L TREMEANTI TS
— B oz, FOEIIIIIZT—TV 2y —IENBI b AR ER
WCEEEROEREE Yo THIO I, BEHROERISY NN 275 —IZEBRE
E—FIZAD, 5BEOFR/NN) 7O, 5m L&, ZOBEE ZEBICAITERD
ICHERER A Y PO RIS o TE, TORET, 73MHz 70 R CRfiEL v =
TIVICR LERESE, '

FHRBCHEH L-BEREEEAN) 27—V AT LATE, BEFBE S AT LD
FCROBEEEFITBVERDREERE T 7ML TR, 2T TIEEELLZ
WY RTFLERSTWA, BEE, BOEREERTEHR2 . BEY AT AT
TWHEBRIET N TREEZLEL LEVWERETH L. 2OLOEBED 7T A MZHL
S TREEBEENREI > THRSICEMICERETE 2 HERE T — FOZEMRITYLHE
LB, BEUANOBRERIIOWTHITRT I I TN TE 07T L55 ER
TVBADT, AN ITF =% 4RV A M TBHANRENEBBRLCBLEN DB,

— 134 —




(5)  HoAT IR 2R 5Bk

FEAYEE AR RICREL, TOSFLARITIE NN 2T Y- EE
2m TY VY TWIRAT S ¥ e HEBRERETS S — ICREESA < v TRRPER
SN, MIZIEEYES B0t HIET AT Efm L 7

M3.36IC7BF7 7L LA7T4 MIBHEZRT, 10m AL T lm F%E), 10m
HELT ImEBBNZ5EBIELTIOmMUAEZAS =TT 535 — 7
TIGLhENTWE, 775 LDANOLEFEIAE - FxEROF A LRy a—N
RANTHI L THEBMERICITZ 5, 7UFI5LAT754 FTid, BEE TN a7
F—% kN ) Y FEETBE, U7 T LRBORY Y4BT LEBE Ty -V
NI a7 5 =754 ¥ 5,

EHRLIER7IA4MTIE, M33 704 —HAEmED ST 7R LAKIZIE-
ZDHVBBOBFHLFERSEL I EFEESL BREBT LNV TH L, EHC
EOCIERT, #fa, ALy, Croa, RELAETH Y HFBEENS VL
CAWRELFoTRRL, X, GLOBSHERRS 7 75 RTHEHO LEE8
LT BRI ETIMES LR35 2 L AL T & 5,

774 MLEFENTOHEIDE AT — VAP WZ EICERLTWA, EHEIRZ
DEETHIRFGEEZLND D, GIBADIRIC, BHEE7T A4 bE— FERETHIIN
BREIRESNS,

My 77 7DRREWOBHEILETLY, BHLTEAHEWMOERETRLTT5
ZLHHEDL, M33.8DE_y —EEIIKE, ., BEOFRET A7 LEL.
bDTH5b,

— 136 —




— 08T —

B 3. 3. 6

T T I AADE

BNBREERBERO T 51 MCHE




— LT —

BHESEN S —FR BEBRERRT 57

B3.3. 7 HEwFEEREBREROT=S/—BMH




|

— 86T —

Joedsmxane:

| @samximz.

@4 1004102
O 1 EIX 0L
s < 2ExI0T
RTTNTR

SRR ITE
O350 102 -

X338 K33TOKA B BEORREYAI LTS —HE




(6) WEHMIIBITBET 1 — NV FORSHENZEHER

EIN MR OFR I LIRS COEROEFNRIZ L 2EFHTE L, BRI
I L2Z% RGN0 % 0, BFNKEROKSHRNERO Y —VE LTH
SDLEBEEFAELTWAEELI LI EFHRLE2DOTH 5,

CORBNDT T4 P TIRBEBROMMEICE LB X, BB 74 b IRy
AT7OF5E= R TAN)ITI-noDMBEERLEPOEBS AL NI T I —%
FAT &7 RATHERIL, B 50m —E T HEZ B A THEAE 50m, FEE 50m %
VUWS B3 ERE RICAES THETNEL 25 100m FTEEL HITHET D
FTPICEICE D BB L 205 50m T TEEZ SITAEE L,

M 33.9 ICEHRERERT, WHHEDEERIZ, o Z NV EITEBROB/ TS S
TOENEPD Y HBENIBVTERDEFRGIRICL D EHEDKRT 35 2 L 5HE
IZIRENTW5D,

BEL EIF-BBTIE. AN a7y - OFEO LA L LS ICHEHEEN I (LB
T ENTERRTE 2,

<TYRAFA4TOIE— FIZonwT>

TYAFA TR E— VL, FAEBEICH A A7 Ry 72 ADOLET, EA, B
B, GEEOYREORY » &1V 2 ETT I AL VBRI L TEOEER 3¢
BE~FTHB, N IATY —DF2ADDEFEASHZIZT PO —VHIRE, #
TR WERY kB2 T2, 22 “E Ry 270y 215 LR
EARNEF—7 Lo E LIl lms DAY - FTERT S, T/, 220 LD
R v EZALAIELTEBETFOEAAHLEDERGIF RS, FIZIE £ “&” A0
% FRHCBRUEE ) A X4 =2 VCIEELRMER 21T LT ETH 5,

— 130 —




¢ 200107

Geamane

—o0vT—

£3.3.9 EMEEEHOERCSTHAFRNHRERHE




34 T &

REHRIBRMAEO 7 V—7 - 7~ 7(GROUPE INTRA), KU SYSDRON
Program # %% L 7: CAC SYSTEMS HAD @S HE TIZ, BEKR - Y7 S
T AAEPRONS LI, BRRERANT I 75— AVRFEIC L Y BEE
DORETRE= 5 1) » FHEEEITRIL SN B T L PR SN,

NEIANY a7y — BRI RE L R y ElER T, Y B EERTHE
AN a7y —IZHEE L, BATORMHENERER L, COoRBICLD, DT
DHERCBHIELWFTE,

() BERITHEAN) 375 — L RSHENERIRETHLIEL ALSYT,
Wz 794 b L ERGMEIT S,

(2) BAEAY) 27y -BEAIERLCEBRE y RENERIE. E50BEICHMER
B, MBENBEBEIL/ A XDRALELL, N 278 - 12BBRENIRETHY
BLA <R ETEFHITRE TH 5,

(3) HALH U EH z MEBRARATRIEE L7y — 2 75 4 MZBWT, REOTREH#E
BEeERL, FOMEZEETELZ LD o7,

(4) BEHRTOTAMILD, BAROBELZHITBEO T BB 2 LT A
AEBRELVATFLATHALAZ EHbhosl:

FEOBRICL ) BRFITEEAN) 2T 5 —REOBEBER T 5 4 N

CHEREE - FEDO 72— V- 7REBZFERTAI LI, EAKOE X
TSR ENEY AT LWL Bbh s,

— 41—




