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Table2 BHEHIIHFET 2 y ML ZO T 4L F—

Gamma ray emitted nuclides and their energy.

Isotope ]E:Irézr\%;/ Isotope ]E:II;Zr\%;/
Ux-rays 13.0,13.3 31Cs 661.6
sy 25.6 24Bj 727.2
¥Cs 31.8,32.2,36.4 Z4mpy 766.6
219pp 46.5 A 911
4Th 63.3 28Ac 969
4Th 92.6 24mpy 1001
35U, 2%Ra 185.7,186.2 214Bj 1120.3
212Pp 238.6 “Co 1173
21Pb 295.5 214Bi 1238
21Pb 351.9 “Co 1332.5
FHR 511 “K 1460.8
20871 583.1 24B;j 1764.5
214Bj 609.3 2087 2614.5

GM FHEE, 8kt 2%, SOBER 2 FA L 72 Nal (T1)
YryFL—Tariami (LT, Nal g Emd
%), BEOGHERT (TLD), LW 7 AMERT, TEAME
MAxERHATHT74IVLNy V955 (Table3), b
DL, yROZANF— (AT V) 2llET
& % DI, Nal Wi & AR (Ge (Li) M 25
Th b, PEMAHRMEILZ, TAVF—SHEEIEL, B
BHAET B MG OFE & 28158 L TW 575,
Mg, kT v RCHRLHFLEH L 2 0UE % 5%
% EBG ORI L OEENLETH D, T2, M
RIS, BRI 02 5 7 EDOREND 5,
AR X A EAREAR & LTIE, Ea At
JE@FHA|Z, Winkelmann et al. V7 25, ¥EHa%H & O Rk
BHEORHEOE=5 1) ¥ 7L T2, BATHESRE
HTHEERBEAHNONL Z LI3HTH S,

Nal iR T, ==X =5 L L b AHS
RRSERETIE, A XL VB D4 T 3L E—FillE

LTWT, Bz ETER WV, TORILTIE, y#Ho
IANF— (pMARZ ML) ZHE (FB) TE5D
D% yMANRY PO X—F LIEY, pfANRY PO X —
FIZL o THEONLVSIVAEBESTADZ & % y EARY
L& wvw, AT MVIIERHB L Oy AR
MVOT—F BT AR L Ty AR ha X M) —&
MR yMRANRZ b A MY —ZEWGEIZBWTHA
DHWTHWLNTWSA, ZOMILTIE y OV Ak
BN EAT O BRI LT o ZAUSx L
A XLV PED y 4T 7V ¥ — 2858 T 5 G RETE
a4y FRGTRERA & A,

2 NaltEHssIc &3 yiRANRT ML

AR MV OFIE LT, Ge(Li) PEARKHZF & Nal
BIERCHE L 722X o1 y AT L%
Fig.10 (27897 BRI T, Bikd25 7+ PE—
DTy ¥ — 7T, AR P& LTHRHENT
Wk, LY Pb, MMPb, *TI, *Bi, Ac, “K »°
EINTLIEDbrb, —H, Nal iHE Tl
DE=ZREPD 2L > T, EFELAY—2I3EA
EbEoTLE). 1HHE LTHETE SDIE B,
YK, BTHZBRS NS,

Nal BligRiE, FEARBR L IRICEN T AL F -5
RENH 505, WM CHENTE, BEyHOART b
XAV F RO EFG ORERHEZEDO B L Z0
FEDHRETH Do Nal iligeid, BURTIIE DR L
VBB THUETREER D 720D y AT PV EHEIETE
HME—DRIEEZ L 5N TV,

y BAS Nal MHIZEIC ST L 2B, M o M EAEM Ot
BRNE, T2 T b AL BT ICX o THEAL
7o RETAS Nal FERME Z R L, Z OB, bER
REICEABIZ, BFBYvyFL—areEnst
RREAET L, Nal BHIRIE, o2& 2FHLNEE
Thr, LEHMRLEF -BEFRAERL y oz
IA)VF—E y PEF(BLUBETF) IIBITTL20T

Table3 —fAY 2 AHE DM T & Hitids

Typical measurement methods of radiations and detectors
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Fig.10 2 IEHOLEONal BBZRIZ L S y FEART MV (a) & Ge (LI PEABRMEFIZE S y AT ML (b)
Gamma-ray spectrums of the soil in Tsukuba city by the Nal detector (a) and Ge(Li) semiconductor detector (b)
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a7 b ARELERSy SRER ARy
a7 b
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nO | mhE
E—z
0 Ec Er A ]"&l{ -

HARR 2 = N ¥ — SRRE AR OE S OBHRD
2R AR ALY b,

“(b) PR —
B \
WA _
o 27
0 Ec Er :r.,#;b:‘\—’:

EEROBE D VA AT B,

(Rt L ERE—2 L ar 7 b CFERSOW G IET5)

Fig.1l H—I AV F—Dy SAMERIZE 25 T4V F =57 2 m 3
(a) 1, BAHMZ AN F— 3L FEOHE OMIEO /SN AP FEANRT PVERTHTH S,
(b) &, EBEO/IVAPEEANRT MV ERTHERKTH 5,
Schematic figures showing gamma ray spectrum by nuclide emitted a discriminated energy.

(a) Gamma ray spectrum using ideal detector. (b) Gamma rya spectrum using real detector.

IANVFEF=GMIE y NETLIE—2Ehb, T
&I Y — 7 (full-energy peak) F 7217+ FE—2
LES (UTF, [7+ b E—=2] £E9), Figll %, #
—IZANVF =Dy OG- 2 5 T ANV F =54 D
PN 56 L EROGE R EAMITR LAENTH %,
MmN R, B = AV F—TH D, 7+ PE—TIT,
HARIIHIRO G TH 55, EBRIIMFTRES &
WZ&Y, HBEDY 2F->TWb,

—Ji, a7 UEEDSRIAE, Ey O—FH Ly
BTICIANVEF=2BIT L2V T, BELEhzy #

DM OIMIEIFT T L F o 25 A101E, BELAREE 0
DA U TN 2 A VE =54 (a7 b0
7 b—=) &Y (Figll), EHmoMo (W] 2327
h>xvF (Comptonedge) £ EHo Iv Ty
X, KETORKIANVTF—2ETIOTHY, yif
DIFNF=PLUTOXT—ENIIROLNS,

¢ 2Er+0.511

SZT, Be MeV) 1t, av Ty VICHIET S
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IANVF—, Er MeV) EyBOZANVEF—-TH 5,

2V 7N UEELCEED T a = FAEBICIE, B
B XLk -2, BhMELIcES (-7,
escape peak AFIET A A%, Nal £ #5F TILXak B S <
Hbo

Table 4 |3, HE—T A VF—D yHEHEOIL T
Iy IVDIANF—%RTHEDTH D, FEBITIE, —H
Oa v T b UEELT y Bt S RITTLE T
12, £Ea 7 b v#dEL (multi-Compton scattering) %
MHEBATEST I L HY), 7+ b= bar T o
Ly FLOMIZLERMZGANRON, K25
CHEZL Y, E—rkar TS UM E 7T —
FIZLTwa (Fig1l(b)),

FAL o — BB T oy MEH T, KA U,
PTh, "R »ASDEHKD y e, BEICE > TIKFER
HEDT =T 7 hDTCs 5D 0.662MeV D p #EDS
Eo THIME NS, Nal HIZFICBWTIY, =24
HWOHETZWOT, Rty ozhEhofrF—
KRB LZE=2 205 0nHT I 3—RICES Th
Ve ZO72, AT N VEAITIE, IR HAEZ p
T 5, BONEBOBHBOFAICOABHA SN
bo —HEICIE, FHOE—2IZEHT AL D, &5
AT NFFANRT PVIZHIEREL, W{22DF ¥ ¥ %
Ve FbDIZLzANVF =Ty 7 T2
T EDEG B, R REEA T O ZAETIE, YK
=137~ 1.5MeV (K D 1.46Mev D ¥ — 2 ), U F
721% *Rn = 1.66 ~ 1.86MeV (*“Bi ® 1.76MeV @ ¥ —
2), Th = 2.42 ~2.81MeV (C®TI ® 2.62MeV D ¥ —2)
BMET Bo A TN, BB O y MIEA T,
YT RO MPh, MBI ALD y R, ) T LRYO
BACOTINL D y METRIEL T2 L 2EL TV,
Table 5 2744 %8 %15 L TV B T 4L F— il % 7R Yo
W HPFTIE, UFICm~<za> 7 s #iEz2fioTw
QU

YRRDOART MV, LB AVE—KE»LL D
a7 EEEEMIROE - HP O L, ¥ —
JfiiE (ch: 7NVADWEEORERE) X, yHIT A ILF—
WIEIZRFILTHB Y, ¥ —2 OmkEIL y SEREICIT
BILTWBEDT, ARZ VNN, BEIROE—2
IZOWTIThILD, Nal A7 VORI HEL, T
IANVF = Z L VHIEICED, <~ ) v 7 AT
RAMN) v ¥ U TEICL DN AT A CCERHAA,
1990), WMATREIRACIEIA MY v ¥V ZENRL SIS H
WHNTWAS,

AN v ¥y FEREHIEESS A OBIANVFE—F v
YAIVICKHIBT A HE—Y — 7 DL AR A E IR
BN SEFE, BIANVFE—F ¥ A LVOMHEEITIT
0129 % &) FfEr BRI ANV F—MICHEH T 5 F
FECThDH, VAR AT R & IR OB E I E A
DHDOTHb, VARV ARBEHRET S HFEICE, 1)

Table4 IV 7 hU Ty VDIALF—
Energy of Compton edge from various nuclides emitted gamma ray

Type Ey,MeV Ecompton,MeV
203Hg 0.279 0.146
22Na 0.511 0.341
137Cs 0.662 0.477
54Mn 0.835 0.639
88Y 0.898 0.699
65Zn 1.115 0.907
22Na 1.275 1.061
24Na 1.369 1.154
40K 1.461 1.244
88Y 1.836 1.612
208TL 2.614 2.381
24Na 2.754 2.25

Table5 #4(1999) DAY K — > Ol 5 T F b 5 — FEI
Energy ranges of gamma ray prospecting by Heri-bone
(from Ochiai, 1999)

F ¥ 4 JUNo I AR K T O —FEIE
SCA 1 214Bi 609KeV * 100KeV
SCA2 228Ac 907KeV * 100KeV
SCA3 40K 1461KeV = 100KeV
SCAB I 7214Bi 609KeV * 100KeV

FEERINCPRET P, 2) ErFAMVAY I al—
TaviiiahEENH DB X

Fig.12 |¥, FEERIICL ARV ABBERE L HBED
AN ¥y TEOBERTRTH D, T T s
o9 HEEL L 72 T O BRI = A L ¥ — 0 *“Bi
EVYKDF X ANDH T MIEST A, BELL 7
B, YK OF v AN DOAREET B,

T=Tl, e (2)
Bi=Bi,-a-Tl, e (3)
K=K, B Tl,-y-Bi  =ee-- (4)

SZT, M7 qa vz A0¥TR, YA v Y (B
TEIRRELT v AV (ch) OIE) Oo&itE (7
OU2hw ) 2RFe a, B, yidA M) v Er TR
Bemizh, 74 v Py ol mitioRE s, ¥ B
BIKEST A DT, HEGICSEMEOEERF % VT
FEERCTRD Do T T b UHELARO BT 7z 2B,
YK ZIEBEEER (v AT U N) LIRS (Figd2),

AN v ¥y 7R, W, MBS X VBT S
WS, —EIIZIEEE L TlEbN D D TREDERK & %2 5,
COMEEMIET A 7204 RAM 2 1E, Figd3 (IR
BaViEEREL TS, TOHPEE, 2Bl & YK D
IANVFE—HiFOF v A NVEEE X, ~X,) L, 7
T2y (T) Z#Kdb, T2 7+ VEELER (B) 13,
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Correction of the data by Stripping method. The stripping

ratios are determined by experiment using standard nuclies.

FNENOFMED ¥ — 7 MR 10Ch X OF355Hk
(a&b) LF¥ AV (X, - X)) »HRIZHEL
LThed, 2y by bd (N) #N=TB 2 5HaET
LHETH 5,

VI y BRESIREREREDFREEL

WA REIRE OB LA R EREL,S L &, 1940 ~
1965 £ F TO4& y MBFAREHFEER B O T HIFMR L,
1966 SELIRED y FEA X7 b o A — & 0% TR IX
nENnD Y,

WaTREEA L, SR ORI KA Y Ty I VR
BEDOI2, BERZES TN OP R TH
5 Y5 1944 4E121%, GM FHEE O y MLIRST B R4 5 1
MHEEN, TT7 K= AFFTHOTHbR S,
1950 4E 124, 71 F F OWEEEE &L, &£ (o) 21
VFXEES 24T (0.177) O Nal Mg x B L7,
COMEEHL, bR TWwWiT7 v TR RO
3R GHME) 2R L7, RIS, ¢4x240F
(0.477) O Nal iR B L, LEFHEEELHBERD
FEMEB AR L2 2A, (RO LD 8 FEORIR
PO NT, T OFEIEE Z MZEHIZHER L, 17300 <
AVHAL, SS5EATTy MOBRFWEER LN, ¥
I UHIRDIERIIZ VS e h o 72 5 #ER, 1950 4
ROTSUVHEDT— LTI, TTR-—VIZLBEy#
WSTREIRA L, RE LY I VHEROERIZIZE A LSS
TELDPoTe FDI2O, 7T VFET— L0 ¥b o1z
L&, TR HOBEEEEORENITILA LIS
nr

1960 EACENIAI KA R CREEBRPITDONS L) 1%k
LE, BRI X o TES N7K 5 B B O B 20
T ERERFARL2OOLT R— v Otgtiet =5 — %
BORENPRKD SN, ZNEZITT, TT7R—-VHD
PRRANRY PO X —F DEASEDT 1966 FFIZFH UM E - 72,
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Correction of the data by simplified Cobele method

COFH, PERDEZ B LI o7 EDENLTC,
IT7R=VOJRBICIHZ SN y AT b A=F D
AL THTREN R o720 SHDETMOBET Y TH D
(Darnly, 1972) 6

Z Ok, O REL L 508 O BAHEA 72,
Winkelman et al. “7 1%, 12 770 Nal M52 L 5 27 K —
YT, KA Y oY T IO 0 22 il E F AT
vy, P°Ra, PTh, “K OGRERE 54 % B S 2012 L7z,
H5EIX 100m DEEH S, 100km/ B CRAT L, 1 B4
WsE Lze MRS, KREWilo L2 RITHEL, 2o
WEMzE Ny 7277 F (DUFBG) fie L7z WEM
% YK, Ra, **Th O REIREICEIR T 272012, 7
VoL w5y, M)y ADO—FEwmr &t KB OBIE Ny
FABZESN, TOWEERTA N v ¥y 7 RED
PusE &7z, Rybacha etal. ' iE, 16.7 11 Nal 5
L 256 F vV AIVOFHTEET, XA ZADRTIIHEH
BONTHEREDIRME=5) v 72N R—2I2&D
To T2, MWL 90m DE S S, 90km/ FETIRAT L
1 BIZI5E L 72 Winkelmanetal. “ &R L LH12, K
%M EOBEENS BGH & B ERERK Rk, 2
WERE R & MBEORASTREICEIE L2, 15 1E, AT
BWEORME=5 ) Y 7igfEL LT, AL7axsy
YIRERELTCWD, ZUE, ETISEEI 554
T2 “Co, "'Cs, U % &A%, 1.4MeV LLF DT AV
F—THhoLILERFBLAFET, NLryuxsry b
I (Vawge) 1&, DFoXTRES NS,

GC
V. e (5)
MMGC GC2
ZZT,
1400keV
GC= YL (cps); L 6)

400keV
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3000keV
GC,= YL (eps);, L 7)
1400keV
Thb,

HAIC BT 5 BT e 4 13, Hatuda et al. ® 5%, A H
Wik ¢, WA AORETRER BHEFIC L D IIEL 22
EVUEE D TH Do 1955 FREICHEFAEFIE, V7 v
BEEZPHWMELT, 7 R— eI —K— 2554
Y BT RE IR 2 B L 7o T 7 R — 213 1956 4E~
1960 £ D12 17 #IX, 61,000k i DFHEDEE S 1L
72 B, F 72— R — 2 1F 1956 4E~ 1965 4F O [ |2 F AT
A& 151,000k i 23R S 7z % 2 2 THW S /-2
B, ¢5x24F (1.91}) Nal i 2% T, 50KeV
PDED&ET A VEF—-%MEL TV 5,

REET AR (B RN TEUZERT) Tl 1956
ENSHTARAFBO-OMBENERAET Bi9E LT, ik
BYREIRAS & AR L 720 RO T KB IR SRR 5 (M1,
THWLRETRER) OB, IUISHEREE Y -
HHAFORFREDOWE TR L L) LAl KIZ,
GMEEER Y v FL—Ya vy 2HhERIEN
720, HipfLicwi T, —EREEERIS 2 ikl b
BEHNTHo B, INSDOFETIEEE AT S 2
LIEWNEETH - 720T, HE T IXEH y MEFHT 5
PUFL—Tavhyry s HEIEIZIU) AT, E
HETEX BRI L. W, 3P 5 %24
YF (1.9797) NalMibh#ra B L, 2O HME% 5l
LT Z0H,5F ¥ VAV y AR b A —5 5
I2EY, REPZIANTE—FTRIITONSL L) IZ% -
2o TNDHAETOE 2 OB R 5, T OEE
40 L EWEEZEL (Table5), L XVl 0z
o IANF—H#HFAZEITET S b DT, TRy AN
7 FEX=FTIE %R\, HE1E 1947 F~ 1981 £ TR2
SETARBERIG CAEEE L, BUTRER R L 728k 2 2 Hh oK
HEFEOREE T o 720

EEDHRET EHAAR 1, 1024 F ¥ > F )V (Ch)
DANRZ A X—=%%F%L, T 7 b VEERORIE
WWEA M) v By AR L7z, BiEisgfEs LC
2UBi OTL UBi/K ORI A R E L T\ b o KA, 71—
R— 2 C dkm/ B CEATH 30 BRI OZEM y #EWET S
DIZREDG 5 x 54 >F Nal g (193 %7) % F)
HAL7. Z0%, WFKRERZIEETIE, BILZHT 18
il (28.917) FTHIIESE, ¥ 7 Y EELOMIES
S T OVEDREbIL TV S

HEAIZ 1981 FED ST — AN 2T ¥ —DZehEf
Ffge i~ R T L, N R—r D720 Othe
HEEEBEOMEL T EHEXITo 72, kiE, Table5 DT
POV F— I %2 L, % { OFER % #Hi5 LT (1
ZAX, VEA, 19925 1999), AL, HIED SO y ik
HWHE LT, 1030 Nal#eitigz2 &L, LEOT M
ZHETH72012103 Lo Nal g1 & (=7 2Bi

MeHeE) ZMHALTWS, T7 Bi gL, HEL
S50y MOEELRPRT L7012, RO TEANZEW
SR CHER L T 5,

AR L7z &9 IS REEER EO R 2 Bl 5 &,
Nal HZRORKFULDFER L L TRLZENTE S, Y
WITHREN TN D924 v F, ¢ 54 »F OB
fibh, T0He¢5x54F (161 ZiEH &4,
MO KA S Tze T T, 10 1~ 16 1D
RO RIMBLEFH LN TV 5,

M TSRAFYvIIIFU—FERHEDRTE

1 FlLRHBORREOLE.

Nal B EOBEREE /NS LT D200 3MH R
KL, BtEELELaTNEL% 5 %\, Rybacha
et al. ¥ 23# o 72 Nal MiH %13, 16.7 17 (% FE 3.67g/em’
L3 B L613kg) ThHhY, FAKGEEZEOLRERT
200kg Pl b2 B E Bb b, AP O T K- T,
103 o Nal iligR 3 B2 ML, 1 Bl 2oy
WA T 2 72O E BTV 5, ZO8E, HRE
BT 100kg 125 THAH 9o DL B K Nal it
L, BHHERTH 2O TEMT, FIZANIZL v,

BRI R S SN2 y A llEL TWw b
DT, FUEREOBREZ SHEDIL WHIROILENH
FTHB, —fEICAFTES Nal FiddO~FELd 3 1~
FEREFP2x24F(017%) ¢ 3 x3 425035
W, ¢5x54rF (1.6101) THbo Nal lZ#EfmTH
A7z, BRI % 2 & 33, FRENICKEET
H5bo

ROy WHETREEEEEIRO SN0, AN
a7 —ICERTELEBOBETHS ). Ik dIER
BOREVEFEAEAN) 375 — B OEHEIL 60 ~
80kg TH B DT, HEEAFEBEOER/ILVPKROOLN L, L
72h o C, SROBSREREOMMEIIE, MHHROK
b ERILE VD), HRTZERPKD SN,

Table 6 12, LWL NLHERS »F L — 5 DR
%, Table 7 |ZEMAEY v FL — 7 0EMHERT,
TIVH)NT A FOLEIE, Nal @ 3.67 %5 Csl (TI)
D451 FThb. FOMOEREOKIZHL, HEH 4
~8Thbo WIAY Yy FL—¥—iF, 264~303T
LR, —7, AT Y FL—% (NE213) OF
FEl 0867, BHRES (7Y hoky) TL125THY,
B VF L —F IR LT 13~ 14 DFEETH D,

BHERRY v FL— 1%,y BEED TEHESToh
PETFOFHINZ 1960 £ L H VSN TV 5, HHHAE
¥ v F L —% TId, Nuclear Enterprise 1 NE-213 5t
By BT BITERE S ENCRB Y, R rp TR R
LLTbhTws Y LaL, fifkyrFL—5 %%
WS AE, ToHEEEIZITRRIST VG "
ORMENRDH B, F72, Py FL—FFEeE LT, —i%IZ,
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Table6 X <HWHNDEHY »FL—5 DR 0
Specifics of typical inorganic scintillators 7

e e . INA TNV ) R
| e | g | WS | ewos RSB IORH
(m) Cus) | OETMVY | s 2t
TUHYNT AR
Nal (TI) 3.67 415 1.85 0.23 38000 1.00
Csl (T1) 4.51 540 1.80 (3)§§ gzz/g 65000 0.49 78,90,91
Csl (Na) 4.51 420 1.84 046,418 39000 1.10 92
Lil (Eu) 4.08 470 1.96 1.4 11000 0.23
ZFOMDENERE S v F L — %
BGO 7.13 480 2.15 0.30 8200 0.13
CdWO, 7.90 470 2.3 1: ; Ezg;/z; 15000 0.4 98-100
ZnS (Ag) (%ikkh) 4.09 450 236 0.2 1.3%
CaF, (Eu) 3.19 435 1.47 0.9 24000 0.5
AL E % L omsiER s > 7L —%
BaF, (#iHifisy) 4.89 220 0.0006 1400 na 107-109
BaF, GEIERS)) 4.89 310 1.56 0.63 9500 0.2 107-109
Csl (F#pLsT) 4.51 305 00'?0022(235502“)) 2000 0.05 113-115
Csl GRFERS) 451 450 1.80 §<“;§g s s 114,115
CeF, 6.16 310,340 1.68 0.005,0.027 4400 0.04~0.05 76,116,117
Celfithbmd R v F 1 —%
GSO 6.71 440 1.85 00026(1(3%) 9000 0.2 119-121
YAP 5.37 370 1.95 0.027 18000 0.45 78,125
0.088 (72%
YAG 4.56 550 1.82 0302 528%; 17000 0.5 78,127
LSO 7.4 420 1.82 0.047 25000 0.75 130,131
LuAP 8.4 365 1.94 0.017 17000 0.3 134,136,138
IR FL—%
CelfiEALLIA T AP 2.64 400 1.59 0.05~0.1 3500 0.09 77,145
TolE AL AT Ab 3.03 550 1.5 ~3000~5000 | ~50000 na 145
I, BB ER (779 AXAFvr) Yo FL—%
NE102A 1.03 423 1.58 0.002 10000 0.25
Table7 LEMERY v FL—5 O 0
Specifics of typical organic scintillators 7
P RRFEOWE | A v;/% L—vary | #ERH il 3
(nm) M (%) (ns) (10%kg/m?)

TYRNTEY 454 100 | ~30 1.25

NS YARAF N 385 ~60 4~8 1.16

NE102 350~450 ~65 2 1.06

NE110 350~450 60 3 1.06

NE213 ({fifk) 350~450 ~60 2 0.867

PILOT B 350~450 68 2 1.06

PILOTY 350~450 64 | ~3 1.06
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LAVH I AR ENTEY), INLTIEIERE L
TIEHETH 5. Bt P27 VI =T A0 ICT
N, BERICRDL, INSOHBENS, ARBEY ~
F L= 2 BHREICRAT 2 2 L IZREECTH 2 L b
N5,

TIAFy s FL—% (LUtk PSEEH) I,
B v F L —F REEICE» LR, Chr a1t
LCREBHRELZLDOTHY, Wy v FL—5% LFEE
OH-EERTH, WHRICHRTERTLEE L RnE N
I FNEN D Do PS IR (fiber) 25 HVK (sheet)
FCHEBFEORRETEICINTTCE %, 2I2L DR
ZiZe DT, REBOREKY > FL—5 PUELEE,
PS UAMEIR D S A 2 W 2 & 3% U

INHDZ Lrs, RO RELEERILT 2729
DFEMELTIEPSPIRDBFLTHLLEZ LN S, PS
i3, EHRETFOMEDTEETH LD T, PSHFTHEIER
WAME IR, B NEEROE=5) » 7k L
TOMMAbRATNG,

2 PS#&H

HLEOEEINE, BETRPARN T2 &, B—5T
DIANF N TOERIZL > TEILHEVAEL
Bo SRS FOMHBEIZL->TEZLIDT, ZOYH
FIREEIIIIKAE L v o BIZIET ¥ b 52 ViR
ZAEEIRETY, AT, HHVIIL L OS5
LBEWD—HTHo THENAHEEZ D, T OHEIL Nal
D& AR 2 BAE T OERRES Y v FL—F 21
ELLCRELED Y,

PSHiMigmid, KUAFLyHHWIEE)EZ )L ML
IUREDBERRTIAF v 7 ICEEY VF L —5%%
B LAALZLDOTHD. AR Y FL—21E, TOH
SHKE, REBIVEREL VI EFES (2) ofkw
B L YAz, p T AILE— 10T BB
W IIEE LT AP OICSE LV, ZO/E »#
ST BARYZ FVTIR 7+ FE=2 3N, 3V 7
N UBEIC X BEBEANY LT EELS T 7z,
Y OB E T (Nal HZR D 1/3 ~ 1/4) s F D
%, Y FL—FIE, IRETR—FHART b
VilE & R ETFIERICHWS LT &7 (Table 3),

VAR, BEMOY v FL—5 T, hETFE p R 2
MTELLOPRLSHPY, yeFETLDRAET
Dy #id D ITHETFOMBIZCH WS TS, NE213
% BC501 %2 E DAY v F L — Z gRIc# L T,
HET &y OB, BT O R )X — OllERE,
Y RRD T AN F — DREEFICH LT & ADRIZEA
HENTWA, Akimov 13, HHEHky v FL—% %
S 2 B 5% L 2 — LT\ b, Nordell
& Coelho et al. “ 1%, NE-213 A7 b1 A — % % fii5
T T AN F—ART MVOBRIER RS LT
Wb T ? i, Bh TS CREST S y Mo

VF — G4 % IEREICABIR S 5 72012, REKDO LI 7 4 )V
7 —HMANCEERE L7 NE213 iRy v F L— % 2w
T, BHEFICRIET 2 y LT AV F— 040 & JllE
L, 9475 A LEHERTAD 287 A—=FWEIZLD
yREFICRRNT 2EESMIZT 2 DI, EES A
% GRAVEL B X " MLEKE 2 — F (HEPRO program
package) TT ¥ 74— VT4 Y7352 LIZLY,
WO RNF =M KO T W 5B,

PS ICB$ 2HF%E & L Cid, Lipnik etal. ® A% %)L
F—rpET OO T A N 7TFAF v 7EEZRIZOW
T L TWb,Pozzietal. 1%, 77 AF v 7 (BC-420)
EifR (BC-501) ¥ v F L —4 OWBSH 217> T\
Bo BRI A 2 OVEERETIL, BRI EE AL
ER P EMERESESELZEEHNE T AR
Ml#EE LT, yMAembd s Ps ek T2mHT 2
R E BRI ZEH LT b, A Es
i, BTy B A E—oRMETRIEL, 2o, T
FHIZ L B A OWIGHRE % ME T 2 ARl HE L
TWwh, ZHd, PS EETFHMEEDL 2L RINEL
%, BohMETHER I N5 TH D Cd, SHIES
S5em DR TF L Y FHEM CEY 2 LIk o TR
IS AET 5 py 2T TR, Cd (o, y) BIS#E
FIA L CHEEMICHRET SRS 5 2 3T & 2irtds
Thb, R)VZF L VBEMOEZX% 50mm & L, §E
& Imm @ Cd % PS & JEA OIS & M A 5
RE35mm D JBIZEE LETH L. L2 LGNS,
FEHELOMLRY, PSTyHOTLANT—%FH L2
BE 7

3 PSHEBORARDRE

ZNFE TPS MigR2s, BRIy BUllE ISR S Tw
e WHEIE, SBETHEE (PMT) OBIfEORZENE (7
A VEE) BEREZ ST, BEEOEVGEERICARD
Bl ol7z0Th b Y, PSHIHEE T T fEiEA S &
ORI & T 5720 OFMHEIX, DLToEsBhTH
5o

1) 71 CEEOEEORSE,

2) SRR RE 7 PS D FEE

3) 4 MTA FOIEE,

4) T Ly BEERINT LD DEE

5)  pREANRY BV RN B HATR S

1) 51 UEHOEREDRRE

WO T A VIZBIEBFEOLES), REZEILZOMO
WETHEL D, Nal MHZR T, %55 10% F TEE)
T 5, b9 5 L9912, PSHRIEZRTIX, T DE
BHEIZKRE V., BATEREOBRE ) M2HAET 20
W&, Y1 U EExE=5 )L, FAUVAIET
AF—IZL W EB L HERET 2 EBOBREIATT KT
H5bo
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Nal 204 1~ BEAEE T, "VCs MR 2 M 288
WICHEL, ZO7+ FE—ZEZXEHRT LI LICE
0,754 VEBEERL WS, LML, Ay FL—
FHHEETIE, ARZ PVIZT7 4 PE=2ELRVO
T, ZOHEIMEZRT, BERRICHCHELHRFETE
ROHENL R W T AT P VOOV F—H
Ex i@ BETCLL O PRI THIZEDTEDL)
FIERIEFESL SN TV,

feskr s, AL FL—F BRI L THY S
TWhHE D B T AV F —RIEEE, #Y) 7% RIAEE
POHO Yy MEIBE L RN 3y T HET
ARZMNVOAY TN Ty TR I ANF-REL LT
FETLIDOTHS Yo LALBDS, EBICHN S
NDBINVAPE AR MVIESIREEIZ X BIRD) 2 &
s, ARZ MVETaAY Iy VBT LS
iz fEIcHEETH B Yo

AR MV EOa YT NIy Y OME R BB R
ETDHEODHEE LT, AT MVOEENRE—7(1
WL C—EDWHEE L LNELRIBET 5 HESNH b, 2
i, AXZ MVIZBWT, AXZ MVE—27DES
np D 0.5np 75 09np & 2 BHMENI T Ly I
BB THEVI{DTHS, L2LENL, TOK
EVEDORETTIELW L DO TH 5 H W 5 2R
Pz Y, MEIEAS YL, SV Frar¥a—%
Rl Lzzary Ty ARy PVERRIC, -5 %

(2009)

REFEBIGEMEE LD FarR) 2= a v 217
AL, AT NIy VR TE LI EERLT,
L2 LAds, OGN 2 4 X545 % FIH
L7zfdie DR 2 7 4 Xpisr (BETEE) % b Dl
YT N VARY MIVTORETTH Y, EBROBEIET—
FIZHEDVTV RV L, SFHRLORENE 2 4 AOREEE
WL VEZLVENHLI LR EOMERD .
2) MEEEEE ICRE L PS OBTE
a7y VOEMRMER, MtgRoE 4
fREESE DR 2 DERIKET 2 s 20720, BET
IRENTW5SPS (Table 8) 5, WikET & y e M
HTRE 24 K % RIS 2 LE D S, PS Ty MOHE
ER%#Z S 57201203, Mgl E R EES 2
LIXTERV, ZOEIIZEY) PSOEENET L7720,
TITAF v DE, VFL—F —OEEOER R E
ILDEZELRFRA Y N TH D,
3) 714 bHA KDOREE
PHROMILEETIE, YU FL—FBRIEE LD AEn
ZHHONETHEEZHCLLELD L, TD2D,
T L= ENETHEBEE L OBEHMDOTA AR
EDL ) BREBIITLPNEETH D,
4) PEFEVIREERFT 22D DEE
BT v F L —% Tk, BIEOBEREL (3.7ns
BE) BT ANVF—[NEOEIIL>TRELZEZFIHA
LT, HMEHEEEHIREE CORT DN H LAY B

Table8 RO TIAF v 7 v FL—5 DFEC
Specifics of typical organic scintillators on the market 7

4= mord b
ST v W .

. SO i ¢ @f e . kES| L [ 1P "

Bicrontl | FFtE>i2 | TE% JEPTER L W, . H BC
D UEES (ns) (cm) RFE e H B IR
T (nm) (T)
BC-400 65 423 2.4 250  1.581 1.103 | 1.032 70 AN
BC-404 68 408 1.8 160 1.580 1.107 | 1.032 70 EEEH
BC-408 64 425 2.1 380  1.580 1.104 | 1.032 70 KIEFETOFH
BC-412 60 434 33 400 1.580 1.104 | 1.032 70 HH, KmEfE EBR
BC-416 38 434 4 400  1.580 1.110 | 1.032 70
BC-420 64 391 1.5 110 1.580 1.100 | 1.032 70 BEE, v — b
BC-422 55 370 1.4 8 1.580 1.102 | 1.032 70 I EHE, N
BC-422Q 11 370 0.7 <8 1.580 1.102 | 1.032 70 BEHY 1 3 v 7L
b — F CDHl, "AT 4 v TR
BC-428 36 480 12.5 150  1.580 1.103 [ 1.032 70 %y4j‘ F+CCDA 7 7
#H

BC-430 45 580 168 NA 1.580 1.103 | 1.032 70 ST A 4 —F, REOSCHCE THEEE
BC-434 60 425 22 350  1.590 0.995 | 1.049 100 A
Bc-436 52 425 22 NA 1.610  0.960 | 1.130 90 MR
BC-444 41 428 285 180 1.580 1.109 | 1.032 70 dE/dxBFZE A A7 1 F R s
BC-452 32 424 2.1 150 1.580 1.134 | 1.080 60 100keV 2L T O X5 518 %2
BC-454 48 425 2.1 120 1.580 1.169 | 1.026 60 AR MVIIER, SR
BC-470 46 423 2.4 200 1.580 1.098 | 1.037 65 i o
BC-490 55 425 2.3 1.580 1.107 | 1.030 70 A
Bc-498 65 423 2.4 1.580 1.103 | 1.032 70 B,y M
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EOMT AR FRANPITON TS, ZOHFPFEE, 7
AWFFH]  (pulse shape discrimination) & FFIEAL, o
PHEFREZEDS y MPAREZW) IRk e L ORI S
Twb (L v, 2001)s LAL, PSHHZERTORER
FHEEFHEI N TR,

5) y#EANRY NV EBBIT 2 H30TB%

AR v F L =T, yBOZANF—%FHH]
T LML, AR MV AR EYTALOEIC
N7V T = VT 4 T DLHENRD D, MATXUF,
FERDOR/COOLC, SCINFUL-CG % & DFIHE I — FA%H
FEINTWDE, TOHEE, MBEHRIRCEE LM o]
Rk, BNOZEELZRETOWETHEA ST
b0 L22L, PSHMIHZRD y M ANV F— % RBIT 5l
D FEIRE SN Th v,

4 RROKFE

L L9 LT p8EIE, RITHR ~N)arsy—hL
AMALT, BEIOEBCTRRICHELET Sy B
(YK, *Bi, T, EFHEEOMEBETERSIND AT
YRR L T L AT S 7200, BET, 20,
KEALAS T BE 7 PS Methge B & OFB2E  (HIEME % 4
IEET 2HEAENKE) 2006 7 5 EEREETDH 5,

FEHESIE, T E yMENRELLEHREEZETH S
EERFALT, T LyMEARNT L HEEERL
2o Thbb, H1OELEET S PS OF TR
(1PS) &, 52 DE S HT 5 PS (2PS) O y MiffHies &,
2200 PS BICHART N2 T IRINE E 2 ET 2 3
J& DRSS OB 2 7 S L T 5 U REIREEE CTH S,

gl -2

L

89

COMETIE, WENSHFHETE y BRI T
HIZBWT, FHEFIZIPSIZASIL, PS & AHEMEH
ZRIL, TEAEDIRVF—FHEET L, TR
g2 il L7z — 5o P E1id, BTG TN &
Nb, yid 1PS & EFIINET & 2@ L, 2PS &AH
HEH#RI L, Y rFlL—Yarz28T 5, BT,
IPS & TR CTIZ L AL BREENLDOT, PHT
T) =Dy BORP2PS IZHET H L) I L RITIUE
BBV, FOz, 1PS OE S, iRt AT IRIGH
L TR T 2RI AE S DL EIZ Y AT AR A
TLUEND D,

FLEOMBEIIUTOFIETIT - 720

1) PSHRMERD y AT M VORIE %

2) THH®PS 25 3MEHD PS #EIN L, PS M A
BOFNEIC X BHEERHED S BETREIES M PS O
BE

4) PSHHIZREA Y M VOEITED B

5) WEY AT AOR%E - 3UE

6) FEIER

LI, EREFIRICHE, FFEHER 2R S 50

5 PSHHBOYyRINYT MLOKIERZE

oy Ty VIGERB L, UTICEYT 505 ((#
Sl ERRT B.) TANRY MVEKIEL, ik 2
yHOaAry TNy VNERBRTAZIEIZENSA
VEE R BT b

Fig14 |ZRTFHRZICI VMM ERD 2, 1 ~
1024 F % > %) (ch) FTOEEMT—s &2 ATILT,

AT TSI A M- 15507 7 FE= T30

25
7 RHMELED ?

YES

AFv758

0

SHMEL RO[EEI. 0TS
€151 (oF 355

ad

FHEARCTR

AFvFSI

ATFYTSE | A0ChOBHTHICLYTRE

ATuFSE A n~ChOER/{LE1-ChOE
!
= WEMECIOChO BT LY
ATYTS8 TR
AFyTST ™ P

Fig.14 PSHRHIZRD y A7 N b & 55 Hiif

RENT 2 FHERT 70 —F v — |

Flow chart of procedures to make a differential curve of gamma ray spectrum by PS detector



90 R TR 45 209 5 (2009)

T, AFv 7 S1IZBWT, 1) MEM - BG =514
% HET D, KWT, AT7v 721280, 2) &
BEPIEPEPZHET S, AT v 7 S2 DHERHERD
AR 0 OBAICIE (No), AT v 7 S8ITH#EA, T
iz 1E L, A7y 7S3 1L GERBEORME) . AT v
72 CIEDWEIZIE (YES), ZO0FF AT v 7S31
e A7 v 7 S3I2BWT, 3) M2 o i By
bho AT VT S4IIBNT, 4) /A RXKEEDDITH
BEEAE D 40ch OBBFHIZ L Y FEL, A7y 7
S5128BWT, 5) n-ch DFFILIE L n-1-ch OFHELED
FE ) ZFET 2, 00WT, A7 v TS612BWVT,6)
WA fE D 40ch DB L 1) Fipib 3 5, EEOH
ETIE, BEEZIC YK, MBI, *TIOBIE,S D y
WMESNRES L, W3 Boay TNy VEER
L, 3BfEpa sy 7oy VA VF—-—CTIALF—
KIET 5. (RWT, A7 v 7 STT, MOEIZELIT A
WEF—RKEZET T 5. ULOMEFIEIZLY), PSO
INNVAPEED T ANVF —KIEE THICEmWEETLY2 D
FIIITH LD TE 5, EBEOBIZL, Figd7 IZR L7z

6 MHEEFED-HD PS OETE
1) PS HHBREHOETE

T L= HRTRHEN T BER S 7EB T AL F—D
T A TEET AV F B RS R, Rk
O FTROETHESL SN D, BYHTIFEET O PS % #5E
TAHBE, BHIOBEVY v FL—F L TW5, %
MEOFHY v FL—%I2BWnWT, BlEllshsy v
L—2a v ozl ALIBAIBEELTH L, LL, %
COYE, BREERIIHIET S, L) EHEGORSH
Al SN D, s &) BIBBERMICERT, 2o

BV EE I ns O ERH 2 HFo TWbo s
REREClE y e T2 ABIL, 2 BT 0F 215k
BB T2OI, BB XA RE R RERR O R
YFL—F B HEIRT L NENH S, Table 8 DTTHRLD PS
DORE—ED S T OEMFITHEE T 5 PS RN & 12
F LR, PSL0MNrE L, BEREOREW
BC-400 (NE-102), BC-408, BC-412 (NE-110) O 3 ffi%H
e L GEE L,
2) PSHREBDETE

BC-400, BC-408, BC-412 ® y #3204 % 556
BHEBREOBEDLOMET L TH b, BC400 (TFLET
HAHT YTy 065 IR 250cm (Table 8)
WO FL=FDOFLDLETAIPHTA FETORS
125cm % % 2 CHEFIREE O TS S OAHHE X
11,

BC-400 : X400 = 0.65 X exp (-125/250) = 0.395
THbo AL L9HICBC-408 & 412 &1,

BC-408 : X408 = 0.64 X exp (-125/380) = 0.461
BC-412 : X412 = 0.60 X exp (-125/400) = 0.439
L7210, BC-408 & 412 A%, BC-400 L W K& %bE%
J/oNLZENRTFHEINT,

WIZ, BC-400, BC-408, BC-412 @ 3 fiHD Y v F L —
% % ffi 5 72 25cm X 25cm X S5em OWMHEE T A MAA
Fhon bttt idfEL, y# 0 "Cs (0.02MBq) &
Emm T PCE IR (0.5MBq) OREZEIE L,
EARERE 34 U F Nal RILER D AT MV 5
y BURIE B L CARI 7 PS #MRET L 72 $72, PPCf AR
A5 OHEER Z LS EMED S, PEFIEORE
IR L 720

Fig.15 1%, PS OFEERBICMHHA L2t A7 4

H t
Ecm F5em
L 240cm | 120cm L §ocm e ?
! T T %
L : =25
)
1 i 1 i If
Ci-25248 78 Ci-25263 8 Ci-25240 8 Ci-25248 o
(E125) (AR CH=2) (BI22) X S "
CBEL 2T FI Jﬁ Wk
TR
L a N (| SYENRT:
-
NA7 2R e
23~ [ETR T e BE)
% '—. W R O
5 O U7 IER AR DT 2 7
s
. 27 EEHHESPHA
e 2438
| inEE
31

Figd5 7 I AF v 273 rFL—5ORERBOMMZR Lm0 25 0 [0 FEAENE X

Block diagram of circuit with PS detector and pulse height analyzer for selection of PS materials
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(a) NalftigzoA~27 b

gz i W
100000 T ‘ Cx66 keV
1 Ok l E
i1 K:1960 ke
1000 - LV
. 1 I 1. etV
e 100 L i ¥ 12614 keV
&= ;
L
] ’ *
L] El =
TR ety
i L " " L
0 204 400 600 B0 100
Ch

137

Fig.16

BC-400, BC-408, BC-421 PSSk H2ED =
2 bl
1000 -

¢_\L\.-r; FhorE o id
-1

(b)

AET AT 2L T CsHRIE D34 v FNalteH#F (a) & BC-400(NE-102), BC-408, BC-412(NE-110)7" 7 AF v 7 #ih#z (b)
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Typical spectra obtained from a Nal detector (a) and from the PS detector (b). The spectra acquired from BC400 and BC408 were similar.
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Examples of differential curves obtained by means of the procedure

outlined in Fig.14.
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Examples of calibration of BC-412 detectors between energy of
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gamma ray and channels of pulse height analyzer

WEF—REZBWTRERBERES Y, #21E, Kol
A ch & T3 F—ORRAORERTL 099 TH D
TG REEXAL TS, iEoT, TALF—FHlLwn
BB AR E LTIE, BC4R22SELTWwWD
EEZ Do

Fig.19 1%, BC-412 M Z# 123t L, *PCE#RIF % 30cm,
90cm, 210cm, 450cm 720} Z N ZHE L 7286 O TFif



92 R TR 45 209 5 (2009)

fLLizARZ MV e, BG bk L% R
THETH D, PCERREEIL, BMeVICY — 27 FFD
Maxwell BIOMRIAVZ AV F— AT MVEFT L0
T 0~3MeVD A7 FVTIEBGTHhSHKD
“K : 1461keV, *“Bi: 1764keV, *®T1:2615keV @ y # A
R MVICENRTHEZ E =27 3R &R v, fET25
DFFUI DT ORX (8) TRENS,

Ch=1024 Ch=1024
2CfOFH =Y, E(Ch)— Y BG(Ch) - - - (8)
Ch=f Ch=f

CZT Iy b TDF X RNV THD, E(Ch) 1T,
&F % A NVOEHE, BG (Ch) ZBGDOFKTF v v AL
DFEBTH B, HHETH S OF UL Figl9 okr S5 7
TARL72EH1Z, Bl S SHEE & o R IZ AR 72 B4R 2S
HY, PSHHBETEHERIET PR TETWL00D
b, TNHLDOFEERDPS, Hligss L Tid BC412 A%
LCWwa EHEL,

7 PCIRHZBRD yIRANYT NMVEREDORE
PSi, y#O 7+ FE—I BB EINLZVDOT, 7
T AF v 7 LR OEBERERRA L LTE, A1 v T
ELTCORA (FHFR y SANIERICAF INL T &
RAL, WEEETRESE2LY) 1"HLHIEET,
IANF =% T2 MERE LTRHLL) L)%
Mo F Thdorz,

Wit ffio o T AN F—RIEMHRIZEDE, KD 3

450cm  210cm

0 B I - e "

Fig.19 BC-4128H 80  CHRIE D HME & 55 DRI
Relationship between distance from standard source of *Cfand
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Schematic figures showing the Compton scattering method using differential curves and PS spectrum calculated from environmental nuclides.
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Schematic figure showing the integral method of differential curve (a) and an example of analysis for differential curves (b).
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Block diagram of three-layered PS detector for radioactivity prospecting.
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Experiments using standard sources of neutrons (>*Cf), y -rays (**’Cs and K : potash chemical fertilizer) (a) experimental conditions.
(b) the appearance of radioactivity prospecting instrument. The labeled parts of device shown in the figure correspond to the parts of

device in Fig.24.
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Relationship between the detector at a height of 3 meters and standard sources of nuclide, and title of survey points.
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3D distribution diagrams of gamma ray of '*’Cs analyzed by methods of the Compton scattering, the integral of differential curve and man-made
gross count ratio when PS50 ditectro at the height of 3 meters mesured '¥’Cs y -ray source.
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3D distribution diagrams(a) analyzed K by method of Compton scattering when PS50 detctor at the height of 3 meters

measured the gamma ray source of potash chemical fertilizer as K and the appearance of potash chemical fertilizer (b).
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Development of Radioactivity Prospecting Device
with Plastic Scintillator

IMAIZUMI Masayuki, YOSHIMOTO Shuhei, TSUCHIHARA Takeo,
ISHIDA Satoshi, UCHIYAMA Sadayuki and YUUKI Youichi

Summary

A large amount of undeveloped groundwater may still be left in the rocky mountainous areas of Asia and Africa. A
location of buried fault is of particular concern for the development of groundwater resources in the rocky mountainous
areas because groundwater tend to occur around the fault. However, these groundwater resources are unevenly
distributed around buried fault zones. The prospecting methods to accurately locate buried fault zones for development
of groundwater resources in the rocky mountainous region has thus been needed. Radioactivity prospecting by means
of gamma-ray spectrometry using the Nal detector is a geophysical prospecting method that can detect buried fault
zones and has been successfully used as an important tool in Japan during the past ten years, but there are still several
problems to solve such as the empirical unederstanding principal of detecting buried fault by radioactivity prospecting,
and development of high efficient and cheap detector.

The buried fault in the dam-site where the surface soil was stripped showed that many springs were observed
along the fracutures in granodiorite of CM and CH levels on the both sides of the main fault zone. The radioactivity
prospecting across the main fault zone showed that *'*Bi and *'*Bi/***Tl decrease over the main fault zone. These
phenomenons are interpreted as the leaching of the uranium. The fluctuation of *’Rn concentration showed the peak at

**Rn concentration over the areas of springs showed the low concentration. The high *’Rn

*"Bi/*®TI. This can be explained by the parent nuclides of radon,

the point near the f1 fault.
concentration did not have any influence on *'*Bi and
U and radium (**°Ra). The indexes of *'*Bi and *'*Bi/***Tl measured by y -ray spectrometory are useful to detect the
location of unknown buried fault.

We developed a new radioactivity prospecting device featuring a PS, which is lightweight, easy-processing and
inexpensive compared with conventional Nal detectors. Experiments showed that the three-layered PS detectors
and the analysis method used here accurately measured the distributions of fast neutrons and also discriminated
between y -rays of different nuclides. These results do indicate that PS can be used for radioactivity prospecting, thus
potentially providing substantial advantage over the currently employed Nal detectors, although additional tests with
more complex spectra are needed to more completely test the device and methodology.

Keywords : groundwater investigation, groundwater resources, buried fault zones, fracture, y -rays



