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Development of Aerial Gamma Radiation Survey System lll, Analysis

of Flight Experiment in Artificial Gamma Radiation Field
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Masahiro TSUTSUMI, Satoshi MIYASAKA® and Shigeru MORIUCHI

Department of Environmental Safety Research,

Tokai Research Establishment, JAERL

{Received December 20, 1984)

An aerial gamma-ray survey svstem using a helicopter has been
developed since 1980 in order to perform quick gamma-ray survey covering
a wide area. To form a line in the chain of the development, a series
of flight measurements were conducted in Watarase reservoir, Tochigi
prefecture, in which artificial gamma-ray fields were realized using
60co (100 and 400 mCi) and 137¢g (100 and 300 mCi)} point sources located
on the ground.

For the purpose of obtaining gamma-ray pulse height spectra in the
field, 6 sets of NaI(Tl) scintillation detecters were prepared. These
sets of detectors consist of ones for evaluation with high accuracy as
the standard, for intercomparison with other authors' results, and for
practical use. Two sets of them were boarded for each flight considering
the exposure rate level and detector's sensitivity. The flight measure-
ments were performed in a space of 20 m to 500 m in altitude, and G m
to 500 m in horizontal distance from the source.

The experimental results of the spatial gamma-ray distribution for
each gamma-ray field satisfactorily agreed with calculational results
by Monte Carlo method. Throughout this experiment, characterlstics of
this survey system and detectors were clarified, and versatile data
processing and analysis code was completed. Alsc, a method for subtrac-—
tion of background exposure rvate in a field inecluding artificial

radiation component was discussed using energy band information, and

* NAKANTHON Air Service Co., Ltd.
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the coefficients for this method were determined, These data obtained

are expected to be used as widely applicable data not only for the

interpretation of measured value, but also for analysis of envirommental

gamma-ray field.

Keywords: Aerial Gamma-ray Survey System, Camma Radiation Field,

NaI(Tl), Flight Experiment, Spatial Distribution of Gammé—ray,

Environmental
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Table 3.1 Nuclide concentration-exposure rate conversion factors for
0k | U-series( 23i ) and Th-series( %11 ),

Table 3.2 List of data recorded on magnetic tape.

Table 3.3 bombination of gamma-ray source, flight altitude and
detector. |

Table 4.1 Ratio of {(exposure rate/total counting rate) ,and that of
{exposure rate)/(deposited energy) for each detector.

Table 4.2 Upper limits of detection due to the dead time rate r Qithin
an acquisition interval.

Table 4.3 Lower detection limits LDL due to background level.
« stands for probability of making a Type I error {of
concluding there is artificial radiation when there is
none). Probability of making a Type Il error {of concluding
there is no artificial radiation when there is some) f§ is
set to be equal to w«.
{1y 3"dia. spherical Nal(Tl) scintillation detector
(2) 3°dia.x3" cylindrical NaI(Tl) scintillation detector
(3) 4"dia.x4” cylindrical NaI(Tl)} scintillation detector
(4) 5 dia. spherical NalI(Tl) scintillation detector
(5) 5"dia.x4” cylindrical NaI(T1) scintillation detector

(&) 16"x16 x4" NaI(Tl) (DET-1024) scintillation detector
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Table ©.1 Coefficients of equations for discrimination method which
leads inherent background exposure rate of the field
involving artificial gamma-ray component.,
vy~ cofl + cofZ2+x {(+ Cof3+x2). where x stands for a
DV (Discriminated Value, divided by cross section of
detector }, y stands for the corresponding backeground
exposure rate (u/h). In every table, DV's are L N(I #G(I}
WRAen jlisted on tﬁe left), £ N(I) (cps/cme ; listed on
the center ), & N(I»E{I) (ke‘v’/sec/cm2 ; listed on the right)
above the discrimination level [, (keV), where N{(I) stands
for the gamma-ray pulse height spectrum, I stands for
channel number and E(I) stands for gamma-ray energy
corresponding to channel No.I.

{1y 3"dia. spherical Nal (Ti1) scintillation detector
(2) 3"dia.x3" cylindrical Nal(Tl) scintillation detector
(3) 4"dia.x4” cylindrical Nal(Tl) scintillation detector
{4y 5"dia. spherical Nal(Tl) scintillation detector
(5) 5'dia.x4” cylindrical Nal(Tl) scintillation detector
By 16"x16"x4” Nal(Tl) (DET-1024) scintillation detector
In case of Det-1024, there is no table for
DV= L N(I)+tG{l), because the response of DET-1024
depends on the directional distribution of incident
gamma-rays so 1ntensely that general G(E) function is
not provided for DET-1024.

Table 5.2 Boarding condition and cross section of each detector.

Table 9.3 Coefficients of equations for discriminatien method, when
cosmic ray component is subtracted (for 3°dia. spherical
Nal(TL} scintillation detector?}.

Table AP.1.1 Results of source intensity calibration.
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{(+beacon: receiver and transmitter of microwave)

Jo @ Cardinal point (relative altitude= 0 m)
J1 7 MRS beacon No.l {(relative altitude= 10.6 m)

Jo © MRS beacon No.2 (relative altitude= 19.7 m)

Fig.3.7 Vertical distribution of background exposure rate {cosmic ray

and YK components are eliminated).
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(1) 3"dia. spherical Nal{(Tl) scintillation detector

(2y 3'dia.x3" cylindrical Nal{(Tl) scintillation detector

(3) B"dia. spherical Nal(Tl) scintillation detector

(4) 4"dia.x4” cylindrical Nal(Tl) scintillation detector

(5) 18"x16"x4" Nal(Tl) (DET-1024) scintillation detector

(6) H"dia.x4" cylindrical NaI(Tl) scintillation detector

Horizontal distribution of exposure rate at a height of 1 m

due to a point gamma—ray.source calculated using Monte Carlo

method (37,

Source height is 2.5 m above the ground level.

(1) ®co 402.9 mCi 2) YCs 309.5 nCi

florizontal distribution of exposure rate at a height of 1 m

along the 1000m line.

Background gamma-ray energy spectra at a height of 1 m.

{1) at the center of the field used for this experiment.

() at North 50Om point on the 1000m line, covered with 10 cm
thick of water.

Horizontal distribution of nuclide concentrations of

10 U-series( 2MB3i ) and Th-series( %711 ).

Soil samples were collected at every 50 m point along the

1000m line.

Horizontal distribution of exposure rate at a height of 1 m

along the 1000m line during irradiatiomn.

Source intensities are normalized to 1 Ci.

Gamma-ray energy spectra at a height of 1 m on the 1000m line

during irradiation.

Source intensities are normalized to 1 Ci.

Horizontal distribution of total exposure rate, direct

component and scattered component at a height of [ m along the

i
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1000m line during irradiation.

Source intensities are normalized to 1 Ci.

(1) %y ) s

Horizontal distribution of ratio of (exposure rate of direct
component )/ (total exposure rate) at a height of 1 m along the
1000m line during irradiation.

(%o @) Yes

Horizontal distributi&n of background exposure rate, total
counting rate and deposited energy in a detector at altitudes
of 20 m, 50 m, 100 m, 150 m, 200 m, 3CO0 m, 400 m and 500 m
above the 1000m line.

(1) 3'dia. spherical NaI(Tl) scintillation detector

(2) 3"dia.x3" cylindrical NaI{(Tl) scintillation detector

(3) 4"dia.x4" cylindrical NaI(Tl) scintillation detector

(4) 5"dia. spherical Nal (T1) scintillation detector

(53 B"dia.x4" cylindrical NaI(Tl) scintillation detector

B) 16"x16"x4" Nal(T1l) scintillation detector (DET-1024)

Background gamma-ray energy spectra at 20 m to 500 m above the

1000m line (involving coswic ray component}, measured with

3"dia. spherical Nal (Tl scintillation detector.
( 1) at 20 m, from North H00m to North 4COm
{2y at 20 m, from North 400m to South 450m
¢ 3y at 50 m, from North 500m to North 400m
{( 4) at 50 m, from North 4COm to South 450m
( 5) at 100 m. from North 500m to South 450m
{ ) at 150 m, from North 500m to South 450m
( 7) at 200 m, from North 500m to South 430m
( 83 at 300 m, from North 500m to South 450m

{ 9) at 400 m, from North 5C0m to South 450m
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(10) at 500 m, from North B500m to South 450m

Horizontal distribution of exposure rate, total counting rate
and deposited energy for each detector at altitudes of 20 m
to D00 m during irradiation.

Source intensities are normalized to 1 Ci.

Comparison of horizontal distributions of exposure rate

.during irradiation, between experiment and calculation by

Monte Cario method (37
Source intensities are normalized to 1 Ci.
Contours of exposure rate around a point gamma-ray source.
Source intensities are normalized to 1 CI.
(1) ¥¢s (measured with DET-1024)
@) %co (measured with 5"dia.x4” Nal(T1) scintillation
detector)
Gamma-ray energy spectra on the 1000m line during
irradiaticn.
Source intensities are normalized to 1 Ci.
Horizontal distribution of total exposure rate, direct
component and scattered component above the 1000m line during
irradiation.
Source intensities are normalized to 1 Ci.
(1) %Coat 50 m
) ¥t at 20 m
(3) ¥¢s at 50 m
Horizontal distribution of ratio of (exposure rate of direct
component },/{total exposure rate) during irradiation.
(1) e 2 190s
Helicopter track in case of "Scanning Flight" using a MRS

guided flying technique.
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{1 km x 1 km, 100 m width)

Fig.4.17 Exposure rate contour calculated using a data set obtained by
scanning flight measurement.

Fig.4.18 Horizontal distribution of ratio of ({(exposure rate)/(total
counting rate}, and that of (exposure rate)/(deposited
energy ) above the 1000m line.

Fig.5.1 Explanatory figure for principle of discrimination method.
Background exposure rate is estimated by the component above
the energy of discrimination level, and then the artificial
component is separately evaluated.

Fig.5.2 Flow chart of the proceeding of discrimination methed.

Niy (E) @ Gamma-ray pulse height spectrum in natural

environment.
E * Gamma-ray energy (keV).
Xpy ¢ Background exposure rate in natural environment
(RN,

F.in ¢ Minimum energy of the pulse height spectrum (keV).

£, ° Maximum energy of the pulse height spectrum (keV).

4. : Discrimination level (keV).

G(E) @ G(E) function (piR/h/cps).

X@,I T N(E}+G(E) value between [y, and [, in natural
environment (u/h).

Q;,I T N(E) value between Iy, and [, in natural environment
(cps).

ALQ: L N(E)+E value between Ej. and K, 1n natural environment
(keV/sec ). |

a,b,c.d,e : Coefficients for conversion of discriminated value

into exposure rate.

Ne (E) : Gamma-ray pulse height spectrum involving artificial

XV
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component. in a field,

Is © Maximum energy of the artificial gamma-ray source (keV).

Xs ' Exposure rate in the field (uR/i).

Xe: I N(EMG(E) value between Fye, and fie in the field (uR/h).

C.: & N(EY value between Fgee and f,,, in the field {(cps).

Ag 1 E N(E):E value between ;. and [, in the field (keV/sec).

XXuy ¢ Background exposure rate in the field calculated by
using the relation'(S) between X and X,

ACy,, ¢ Background exposure rate in the field calculated by
using the relation (5) between X and C°,

XAyg ¢+ Background exposure rate in the field calculated by
using the relation (5} between X and A'.

B . Exposure rate due to natural component (/).

S | Exposure rate due to artificial component (uR/h).

Relations hetween total exposure rate and each

DV (Discriminated value}, such as T N(E»G(E), L N(E) and

L N(E)+E between E;. and [, . for each detector

{1y 3"dia. spherical Nal(Tl} scintillation detector

(23 3'dia.x3" cylindrical NalI(Tl) scintillation detector

(3) 4"dia.x4” cylindrical Nal(Tl) scintillation detector

(4) 5"dia. spherical Nal{Tl)} scintillation detector

(5) B'dia.x4” cylindrical Nal(Tl) scintillation detector

(6) 16"x16"x4" Nal(Tl) (DET-1024) scintillation detector

Example of application of discrimination method to an

artificial gamma-ray field involving *“Co component .

In case of (2), difference of y-axis value between the line,

which stands for the relation between total exposure rate and

L N(E#E value between [{y. and [, when 2000 keV is set as the

discrimination level, and a dol shows the contribution from

X Vi
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60 component.,

Fig.5.b Example of background subtraction using discrimination method.
This figure corresponds to Fig.4.10 7.

Fig.5.6 Spectrum of cosmic ray component in 3"dia. spherical Nal(T1l>
scintillation detector.

Fig. 5.7 Relations between total exposure rate and each DV of 3"dia.
spherical Nal(Tl) scintillation detector, where cosmic ray
spectrum is subtractea.

Fig AP 1.1 Experimental arrangement for source intensity calibration

applying shadow shield method.

Fig.AP. 1.2 Gamma-ray energy spectra in case of source intensity

calibration.
(1) %o 100 mCi ) %o 400 mCl
(3) Wes 100 mCi 4) Wes 300 mCi

Fig . AP.I1.1 Principle of MRS (Microwave Ranging System).

List of Photographs

Photo 2.1 Qutline of the field used for this experiment.
(1) Center of the field (air photo}.
{2) Ground condition of the 100Cm line.
Photo 2.2 Constructed road mats.
Photo 2.3 Source contalner.
Source capsule is lifted up by air pressure to the top of

perpendicular irradiation pipe on the container.

XVl
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‘Fig.2.2 Appearance-2 of the field used for this experiment.
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Fig.2.3 Vertical profile of ground level along the 1000m line.

Altitude is indicated in terms of meters above the sea level.
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Photo 2.3 Source contalner.

Source capsule is lifted up by.air pressure to the top of

perpendicular irradiation pipe on the contalner.

Photo £.2 Constructed road mats.
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Table 3.1 Nuclide concentration-exposure rale conversion factors for

Wy, U-series ZHpi ) and Th-series( 2087 )(5).

Nuclide

Conversion Factor

4O

U-series(*!"B1)

Th-series(’°®T1)

1.49 uR/h/w/o of K in wet soil

0.62 uR/h/ppm

.31 uR/h/ppin

lm

3"¢ spherical

BPMT:
PA
PS
PHA:
HV :
EPG:

Photo multiplier tube

Pre amplifier

Power supply

Pulse height analizer
High voltage power supply
Electric power generater

Nal(T1)
PHA
PMI oo
N¢\\ co
Hv
® OO
PS for PA

LOOW
portable
EPG

a4

VAV AV AV EYad /s

Fig.3.1 Experimental arrangement for measurement on the ground.
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Table 3.2 List of data recorded on magnetic tape.

1. Initielization data

Data Note
year lower 2 figures of AD year; 2 bytes (lbyte= 8 bits)
date Julian date; 3 bytes
time ‘hour, minute, second; 2 bytes for each
header 4 characters; 4 bytes
fiducial no. |4 digits, increase one by one with an external switch

2. Locaticnal data

Data

Note

ID no. of MRS beacon
MRS distance Rl & R2

for beacon-1 and or beacon-2; 1 byte for each

unit= m; 5 bytes for each

altitude 1 digital value of radio altimeter(m); &4 bytes
altitude 2 analog value of radio altimeter(Volts); 6 bytes
altitude 3 analog value of barometric altimeter{Volts); 6 byles
3. Radiological data
Data Detector Note
pulse height 1 253 ch; 2 bytes/ch
spectrum 1
pulse height 2 60 ch; 2 bytes/ch
spectrum 2
_____ — | e e
band 1 1,2 counting time(unit=0.l1 msec); 3 bytes
band 2 1 total couns (40-3012 keV eq.); 3 bytes
band 3 1 counts from 32 to 252 ch (402-3012 keV eq.); 3 bytes
band 4 1 counts Ffrom 114 to 130 ch (1373-1574 keV eq./"°K peak);3 bytes
band 5 1 counts from 139 to 155 ch(1668-1870 keV eq./ 1.76 MeV pesk)
: 3 bytes
band & 1 counts from 86 to 93 ch(1041-1207 keV eq./ 1.12 MeV peak)
+ 138 to 202 ch(1657-2426 keV eq./ 1.76 & 2.19 MeV peak)
; 3 bytes
band 7 1 counts from 202 to 235 ch(2414-2816 keV eq./ 2.62 MeV peak)
; 3 bytes
band 8 1 counts of 253 ch(3.012-6 MeV eq./ cosmic ray component); 3 bytes
band 9 7 total counts (&47-2887 keV eq.); 3 bytes
band 10 counts from 35 to 39 ch(1668-1870 keV eq./ 1.76 MeV peak)
; 3 bytes
band 11 9 counts from 22 to 25 ch(1041-1207 keV eq./ 1.76 MeV peak)

+ 35 to 51 ch(1657-2426 keV eq./1.76 & 2,19 MeV peak)
; 3 bytes

(unit=cps except band 1)




Table 3.3 Combination of gamma-ray source,
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flight altitude and

detector.
Applicable Altitude (m)
Detector range of Source —T o ml m] m m| m| m
exposure rate 20 |s0 11001150/ 200]300(400 (500
8Co  400mCi ORRONNG] @
_  0Co  100mCi | O O] C | O
DET —1024 0.43 137Cs  300mCi C|l0|O |0
57¢ x 47 ~310aR /hr
137 Cs 100 mCi G100
BG Oic|lol0oiCciO|l0O |0
9 Co  400mCi cjolo |0
57 I 3.1 Co  100mCi C|0l0|0
473 x 47 ~5204R/hr | 137Cs  300mCi OO0 0|00
BG oic|lo|o|olIO|Ci0O
€ Co  400mCi 101010
37 B 10 ~ 1000 59 Co 100 mCi OO
37¢ x3° #R /hr 147Cs  300mCi Oi0|C
BG ololocioclOo|0l0O|C

O Flight measurement was executed.
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Fig.3.2 Block diagram of the gamma-ray survey system on board a
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BHEBRT7 - 53651 WEORND SREE TAESTHR, T0RREEILTEDINS,
f-TIA 1ML TORMICAETEIERTER Y, 20T, BORABENET— 7
FOIRDOE 5 EhRloa RILEERGO 0. 5RE) ctBd 2MOATOEE L, riEE
HEOBSCERLTIE, MEFERCSUZMILET 2, U8, BT 5 1 DEIERT & Rk
Ty 7 rp XTI,

2 =mETF-7

HBEIOT o L, SUORESKD, BEE T -s0Ny 77 A€ -NBE LR
TOBETA/DEBINIEN Yy 77 A2 —CidEE o, BETESTLSHEE 1 msec
DIFT oG 1 RER T EREFEALLTELAL Y, T, BERT- 5 LBESES
femiciE, BEHLTWEF— 9 7oy 70&E (TFHo7) B&, 1DROT—5 70y 70
SEMEOEHES, FEHLTVET -9 70w 7 OB T - 7RIS 5T & &7 5,

—HEED 74 P8 B2 TiHE, ADEHICE 100msec 2445700, ToF— F48
N ENEF— 479y 71 DENLGZ LR LIACEEL THET 5,

(3] MRS 77— #

MRS F— %14, 5 | BREHBEELTHE 1L5msec BITHER 1 EDEZEZFEL
EEBHSE72EO3 7Y v IE2iT70, BR1OH 7 v R T#Emsec KA THS
P DVTRED w7 ) w7 5FS, ~zadd DL BT 924, 944, 064, 984 psec

LBOTHD, EERIEOEVRRBEOY YT ) Yy ITHRTETAELT, BB 24D
¥145msec #F T 3, BB, #70 » SOE T TO 11.5msec, A& D50msec 3 EREIC
ANBE, GEE1 OERZE D 1 BREMER 3dmsec FREOES, B2 ORE L 129
msec FREOEETRT bDEELLNE, -TIDIA I IABELILET, KDL
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XED 7 — 4 SR LT, B LTV | BRMOBRIZET 2 EERHE RN, HL,

Fig 3. 5 &g Lo, 2 2o0MRITT 29 7 ) v 7 T 400 m sec HRATH G, Al

A BB RE T A7 OFEI S0 msee AL, BRECOENSMHINSGTF -5 Tay

siE B BREOKSEET - DA F— 9 Tuy 701 DENL, T, H57

—mTay DR - 2T AMRS F-did, €0F -5 70y /D1 DERD 2

SO F -5 T Oy PN ENT VWA MRS F- s 2HOTABETL L LML S,
3225 MRSHEOHRES

MRS 57— # (~Y) a7y LrEEE 2 OB EOBORE ey Lbon
o7y OREBEEARDALL DI, H5EEHCHT ARBHRESOMNE (HEE BEE) 250
BNENE B, KRBT, EELAE CTRERBMNE & -7,

ERIVE S & B S OMBRGIL, HIK B oROEL LRTE SN, ARBOEE ERK
B L BSOS 2 5km SEV B EARD BELSSAPT V. T LT, SLEEHITEHN
WTER U e SSIEEEH OMEISEE L kmY B 25cm TH » 1o H 7o LHERETE 2km
LUTRETS - 1720, AEh#EEHED T, SHECIDERL L, BRELUTOEED
THbo

7K SEE (RE-aH)
HeES  pEE1 2383.5m 10.63 m
HAeS /2 2489. 4 m 19.65m
k) 1 iR 2 3569. 2m —9.02m

RS CER 1, 2 OfERRE Fig 3 61CmT,
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N(Q=23

140415 MIKL CO-RAA0N L 3033 M-8 H-20NNK

T T T T T T T T T
100.00 200 .00 300.00 400.00 506.00

T

&

TT
-100.00™ &30

STAN

T T T T T T T T
-400.00 -300.00 -200.G0

T

-500.00

$-0 OISERNBE(N-E) H

FAYE|ED.105

9iDHAZ=3. 720

200.00

O ———— T
400.00  §00.00  Beg.o0

Fig.3.4 Example of irregular helicopter's track calculated using a set

of MRS* data including an abnormal one.

{(+MRS: Microwave Ranging System)

1.5

0 9.5
i .

i

I

!

radiolopical dats  pe————me—— nieasurement

altimeter data
1 i
(anaolg) to data block-0

4/D conversion

1
1
altimeter data L.« >
(digital) : (a few 100 msec)
1

—t

to data block-]

(fi—b to data block-1

1
|
|
I
1

ék)—» to data block-1

|
|
l(115 msec)
4 (50 msec)
leulati
MRS data :*ﬂ_lﬁh pause e caleulztion N
! (400 msec) (9001m59c)
1

%
(45 msec)

» Time(sec)

- it e e e e o = e —— AL A e e e )

€E——> to data block-2

Fig.3.5 Timing of measurement and acquisition of each data.
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|
il -
ity "

Fig.3.6 Positional relation among the cardinal point {(the center of
the field for this experiment), MRS beacon* No.l and No.Z2.
(+beacon: receiver and transmitter of microwave)

Ju ! Cardinal point (relative aititude= 0 m)
J, © MRS beacon No.l (relative altitude= 10.6 m}

J2 © MRS beacon No.2 (relative altitude= 19.7 m)
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3.23 MER FTEE BNciA¥F-oBEHERUELE

1000m 7 4 »BIEC & OBIHER 77— 7 (r BEEam Mg r- 5 20T, #EE
R, R T R v — DERN AR,

mERE xAoLHw, rRESSTCEOMBERD 27 v HEEBIEE T G (E)
PR EEH S THEE LA, 815

Imax
X(x,y,z)= % NU,x,vy,2)-G(EpD (3.1)

=!min

X, Vv, Z ;BAE M D R AR

I F HENHOF » 2 VEE
Imin ; &%ﬁ}?ﬁ@ﬁ%/ha‘—*’ /T}:/[/%%: 1
[ max EESOBRT A BS (FH1 252, FEFE2 0 60)

X(x y,2z) [G6E(x vy icsd588% (tR/h)
N x vy z): fi@E(x vy, z) CBI IS HAEM (cps)
G(Er) : Er x5 d 5 GIEE (#R h cps)
Br B FrrvOhRICHST AT 2 vE - (keV) TIRO &K HIC
=hansb,
Fbf 1 - Bp = 11833 1+ 291 (keV)
T2 - B =47.333- 1+ 23.4 (keV)
HERRERAC LD RN,
[max
NT(x,y.z):Iz%;inN(I‘x,y,z) {(3.2)
Np ¢ 3 (cps)
IR o F — iR X D sk 7z
Imax
A(x‘y,z):Iz%mmN(I,x,y,z)'E(I) (33)
A BRI E xovFE—~ (keV)

753, DET—1024 o0 TR G E BESERES LTV, —F, Bl - L8R
E OBERERE D E 2T AT, £OBEFR CEEEEIML 7. TOMREK
ATERDIND,

X(x v,z)=ftxA(x vy 2) (3.4)
f 0.0021 #Rh,” (MeV./ sec )

Boht-mRr—-513 (xy, 2) BETEOLSNBEHAMEACETHETHL, CITx E
1000m 54 >~ (il 8, EiEEsd3), yid1000m 7 4 vicER/LARE @FREE FH
AFET3)Y, z 3BEEL, FARBERENLT S, RITHEECEVTE, Fhis 58E
THETL0, (0(xy 2) *FEBCRIRT L E0BOTRETH L, TOLW, IS

I
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DERANT AR HAESICE, 20~500m OREESECOWT, KEHENCIE00m, = 450
mETE5mERTOESNFICLDRDECEEL, BEINHBEFIT- . MEDTZEI Y 7
73y FAEDEE LGEAEOBEG L TETRS, ZAKP0T323 1, 323 2iTifix
%o

3981 SNy T3y FRET -5 O/IE

g e i O KOS 0 mAn S 500 m D 5 mEIRTO 1000m 74 » FEEEEGE ITET L
Ny a Y FE BEE GHRE, BN AouE ) ARHSE, EBEORBSRELCE
AT — 20 LTKRE (v ) Faicdhsdd, BLUBESEOELTLFESTLAZ
EELTHIELSTAEL G,

AEFAS, 1000m 7 4 ¥ FECHRE CERRITD - Rp SANTHRELFEC 27 + LIEEIT
i, EH L x EEEE FOF £ AEEE AIhEE - RIEEES) Les Ll TETLN
Y7 MESEVWEWIIMBEETHD, Ny 277 vy FOBSICNESKELECI0mEER
B TEBELLENEEZLNE ED G, KE (y#l) Ae~D¥7 FEEDE Ny 777
vy FENOEBIEA L

— 5 RASED FTFEHon T, BEESSENGE bol, RELLEESE L
EEBORTAESEZ COMOELFE LFUTIMHS40, £2°7T, Fig 3 TIWRTHRES
DEESTHAHOT, KEADOLSICHED ETE#E/E Lo

Vo= Ve {(Xo/X1) (35)
Vo @ HESEZ. OEICHIEL/E

Ve | mEZ TOERMHE

Xo @ BUESE Z, TOEEHERE

X) ! SEZ TOREHEESR

(Xo RUF X1 i3 Fig 3 7 O R EBERGE DM SFALHNSL)

2 CTFig 3 TR HBEFEESAOEZTICOVTIENTE o —MiIC Ny 775 72 F
HsEfEAa AT 58K E L THE,

(Al HhE P B L OARGPiIc EAT A ENECERT 2R T, KKD Ny 7 770 VRS
B RS (r SRS S EATOAL, SEMER 2 Nal (T ERE2BAT 5
CEITED Y F LY YRORESND) BLUOREBRCEINDS TKERDES
Cl T @ AS AR, MBEEREOREKEN, RO~ a7 s #kich T RHBEORES

A RFAHMEECES L o ~NWIREZCGERT 260
B 5, CCT ERAHRZFOrEEEEOLDTH D, £ BRB)ABLRICEED —EES
A (AL, FHERSCOVCTRERE, SESKECRUILBVIBLETLEETS) . BR
(CHIARHE QRO BERECEHZ 60T, ¥ HEOARECKH LT factor 28T 5 &5 (A
T 5,

T, FAUREGECET 2R REBCLAMEEOMBEs Ly —atbx(x, ¥y}
BEEO L AR YA, a, bidEE DEFAEL, FHAaNERB CRET K0, BEEDY
SEICHT &2 B factor (CIBNT 2, 0T, FHERORD "KES0En2-T053"¢ K
W Nal (Te) #ihSs it s LT, x #ic 376 IR Nal (To) #iLERIC L5 BIEM D © T Bk
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SRU VK S (GREOES, 020 4R/ BN ) AELEWAEEED, y#iCED
b LR D ORIER (FHEEART KRS ES5E) 240, MECHERBE &L EHE
a REIHR D OFERERS + KRS HILERB) 2R 2585) b d 5, Sbsesd
15 OHEEAERIGRT
a b
yas = 0246+ 1.09x (u#R/h)
yae = 0412+ 1.06 x
yse = 0.2564+0.951 x
vsg = 0,265+ 1.04 x
¥ioza = 0.286 + 1L.G1 x
x 13 3 BREORIEED SFHERA T YK 5 GF020 R h 452) %22
O o,
Vaz, Ve, V50, V54, Vieas 1S THEN
3% x 3", 4’ x4", 5GEF, 5% x 4" DET—1024 Nal (Te) #4582 &
% HiEE
Fig3 TwwrdSEsAid, ERBCERNT 2 —EHEEMS LR 20, SHIEECX 38R
POEEMHa 2L bDELTHS, T, Fig 3 TORTEHESMPRHBFIC I -T
ZLRAZDEF, BRCOIKRS EDTHE, U, SE [~y 27590 F] L0a3Eaer, &4
CHr DR, ATHSEBRECSY SHEIEBrPoE Ll {XE "Ny s 739" H5,
EFA, B, (C#x*2TEOEET S,
Ui@&ﬁmﬁﬁbtiTgﬂﬁﬁV@@ﬁ%lA~97¢LkoZA'VVf@Kﬁmém
Wi

2
ij= | . :;_ Vi W, ) (36)

Vi 1H BEOATOM
w. o BEEE i=—2~2
wo=17, wy=w_y =12, Wz =W-z=—3

3232 ALMMGBICETZRET— 4 OHIE
BUEANE 7 — ¥ OB& T, BED - 20OOIKENR, FFAMOLEE L EET LAE
BHDH, TORER 3281 TRDAKELE S miiEDSBESEED /Yy 2 759 v F{E
L. FHEY TN 0GECE DR BERE DGR (CCo 113 Cs) KL ABBRERNT
RIS 2 0 THT » foo € DZERISTER Fig 3. 8 10K BIEFIIZKDIED T 5o
DRIE 7~ 2T ANER (x vy, z), RETEL 2z, &5,
@(xy, 2)iCHEFE 8y 7759 FEBKG (x v, 2z) kK5,
@RAEMR S BKG (x, v, 2) &3]3V, .. &9 5,
@ v 7 A XD KEER VI Yy BEZ TORRBE X, L KTEEVX Y &
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EZy TORBRX %KD 5L,
B Vo i X0 /X AFUTHIEME T75,
HH.ﬁﬁ%ﬁﬁﬁﬁ?@ﬁﬁﬁ@ﬁ5m(itwwm)ui%b,%m&?wmﬁﬁﬁmﬁ

CTHETEVIES I, ZOMED 4~ 8 57— 2% BT ZRauafh L TEHE U 7.
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4. TERREENEES

FIAFTHBAHHEC L 0ESNIEERRIE DTS, 7/, FRICETALAEREICD
%

ﬁ

T

/\ 2]

41 b ERIE

4L Ny d ey v VElE
4111 BEERST

ME GERR L Im) EBOWTHEL Ny 2739 FREBREOOTAFig. 41 TR,
R LS, MECETA/5y 7779y FREIER, 378 Nal(TL) RiiBick-TH
KT BREEATIC GEIBMEZFN S THEML b0 &, LEEAED SHESFICL - TR
FEREEECREERARUTEMAE LA ADE 02BN E 5, Fig, 41T ERSATO S L S
EREC—HLTTHA, RITHER Nal(TOMHBAER L2 L, Nal(Ts) iR
FHBEEEDFD y MALCHEAE L TEOMECHERGORES SNy 7759 v FOEBHER
EFHGELTOBEENIEDG, Ny 275y Y FEREOM FER Y ¢ BRFENal(TH) RERr
LAHHEMETREES L,

SNy 7 77y Y FEEFRIZI000m 74 v EeRiZhDiIE—E (1 2R/ DETH -
foo WHERic L D, BHZPEREARRE LTRIMEO N4, M, mtEGoRENEAEL LR
Do TAUTDVTEHRETILLL2ICENTA ST PRI R & TEEL 2,

4112 78R FE—-2RT bR

BIE L TR r SO ERY FVBITL T, £0O T 404 — 2 =7 b LA B &
BELCOOTRD I, —A1E LTEBBDLH O A v E— 227 g Fig. 42— 1 05T,

Wy 7YY FEBEOSTMERRRRIC, TAAE-ZRZ P vOER 1000m 5 4 v E B
REBREUWERBLD oo, UTFRARERED N 7 759 v Fic20C, i, HE, kb
KREOREDOHE» LEES L,

(1) #1 &

RAEDr @R L LTR YK, URP, ThZ5bd 5705, REBRBOBE ST Fig. 42105
NBLDIC 146 MeV & 261 MeVDE— 7 BELFEETHD, K (146MeV) EThHF| (2.61
MeV 55) DFHFSMURSN (176 MeVE) LD bR D -7, URFIOH 0600 MeV, 1.76
MeV, 220MeV D~/ BEEIETELH, 146MeV BRI 261 MeV T H~2 & E— F
S0, CHRBEEDNy 7 759 Y FAT bV EREOERTS 5, Fig. 4311000
m7A4YEDPK, PMB (URFD, Ty (Th B9 OBEMGART. T 5 EVK,
B, PETIOBEATRREIL LS SHEBERL T A, T, BEDZLLAS (ML, T
D@, MWEAQERREANICA—-THD, B L > THOBER (FIARXEEETEROR
RAETABCKED IPEKEDER) 0L T/NSHEDHEE2T 2L £ 015,
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(2) W H

1000m 5 4 ¥ FRIZEFBTE - 2045, U200 mSAdS S EMmD L LTE-, 7O
Fh, BEE L ToOMECRSMOMA S ELD, Nal (T4) Ik 2HEH & EHSEoEHEA
IS E W BB EMTFRANT, RECCOMETOREBERMOM AL DD - F203,
Fig. 43 0Rd &£ 5 ICHERE & thoMus & 0 Ep - oicd, HEOEBEMEICHEFHTS
13ip = t,
{3) MiERMmDIREE

1t 500 m LA O FEE RE AT B - foe ZOHBRE MR HICH10em@ERk L TED, £
DIKIC L BEBREAMETHEZL 5N b, = avF—2~<7 v (Fig. 42-2)D{Ex L% —
%%(ﬁﬂﬁﬂﬁ)@%%%@®ﬂﬁi@ﬁﬁmm©@gaﬁﬁb,mﬁ%%%%@waéo

41,2 ANTHEHFESHCE S 58

4.1.21 #HEFESH

BB BT B 1T A BE NN A Fig, 44101, BSEFESAGEL 2 r MEESWICGER
HAEFRISETHEALLDT, MEEBH,LSALLTRS Ny 7 770y FESZL5IE, 1013
NOREICHE L, RiKde s hvokc L2501 8RS 408 CRLz. BEBEHERS R
B 3L, Ny 205y y FEOFE SREBREOFMOBY S S ERICEMNT SN
BiCs o) 300 mE FOMATE, AEMEFAEEPRC -HLTHEALA, 040 THR
EROEEFTSIZTOOMOE R M T ERD, Ny s 779y FiE 04 pR 0 OE
FOmICA-TLE AW, ZLFIEBENEILIAEHLEL NS, —HILAI 250 mid ETH
EHEFEEEDARHPRZIVD, CHARFHRO L SICILfI 200 mHIS R ESTED, BEH G
DEBEREDEALEEL P - I ERELHLDTHL(Fig, 23 B8 _
T, BEROHE, REHZESZDLcElbTEE oy, EilEEicls9Ho
EOEOLFEA SN, LHILE > THRFEREDBR T ZSHTF -y DERELZENT I,
1122 71HIFNY-R7 N

WIAHEF— 5 DR ~7 P AR (22 vF - 27 bv) OFEFig. 4510775, 2T
THEEREE ICT ELTERMLTES, T/, Nv 07730V FARZ P34 112 TR
WizbDEZELIIWTH B, 7EHE, RELOCHTEHS I TOREIEGREERRRY (-
7 AR DL, HELERS (FE—2 LTz 2 rF —EICHEE) O2KICHT S
H e EcEmd 2, Fig. 450 ERE INEZEFT T A, 4L 250 mEl Bt &
Tid, EEESIE200mHAC LI IV BIRSN S0, BEERA~0LEEETTE b,
Wt~ T, Fig. 45— 1 THEHEHND SR 2 0 F-OMEIRENTO 207 E, ZENT NI EEL
LT MbrixafF-—4252hkbdi) EMSICEEL kT ild Sy 2 779 FDE
LIlEBEODICLBEELEZ G S,

BRI L 2 r BORERES TEAKEET A/, Fig. 46101000m 7 4 v itid» i I
I mic s 3 HBREOEERSS S, BIRFSARO O BRER) OoofitTd, &
frE YA ADHEC AR L e TR, COTEBERESAELTE, ZALF -2 X
SR rDECE— 2SS EL, PCo(L1TMeV, 133MeV) e 200 TiE 1100 keVp 51450
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keV 7T, ”7cs(662keV>@ch\z'1600keVﬁ>%750kerbﬁ&l,ko EIEEEGTEE
FRBO—EAERL, BEREOEMNTICLEERGBALED SNV, BB TE*Co,
HiCs & bHEERFSONERMNTED, BERES S LEEIRES S LHPRREIIE LD,

Co MBEME300m, '3 Cs DBEESN 150mTh -7, BWELOHNIEMNEELEE

LB LR HBERO | DNy 2 750 FARY P LDESSBEETH LM, F00A
R EEE S OFEMEE KL EDONREZL ONS, HB, HBETER1ER EEAEELLZ TR
i, TOHILIC E - TRbhfcx 2 vF — IS THEWER D & LT N5, Ell5—4
B HANRY PRI E > TRfc T 2 L F — 2 =7 D — 7 FFICE, VbW ARG
A L ThThilo a vE -5 R -0 BRI BHDPEET S, 2ORHIZFVF—RARY

b — 7 S EEERRSOAHFIMO BT EORETHY, & ICEELBRERS OB
SEHE, B, CEA AR SHBREOENIMAHEC HHEFEZ SN D,

CCom It 20 mM S OFEESFREBLDECDE, L200 mMADIc K D EFEE T
Bt ThHhbH, —HL400miis T, HEEEOIT AL 20 mHARETEL DI, 16400
mME T RIT S » Tl N AL EAL/NE |, OB TEHEESRsoErsmLl, '
BHEOBNSERICE T NERBE GV EZEL LN S,

T oL, EEHESSSOGMAR LI, BERFESFOLSHMERICHT LEI54Fig. 4T
T BIEHEEHEMILBLTHS, %Co &1Cs £Lb~sb &, “Con e L 2
EIESORENEDLTHLED, AR TBOIAANE—DENCELELDTH S, LA 250m
PLEDBIERE (°Co @&, TCs IWIHAIEEHMLE ) TEEEREESS C"CoDE S 1100 keV
o 1460 ke VE TOEM ;S Bil) RIHICE - TO 2O Edbl 200 m R AU & 5 Fic 505 TR
DIcHTHALEFHLHTESE, —AHEREIEILL-> TRF 100 BRNSNEEELLNS
DT, HEEREOHEERN TEHECAED X 5 0 ZEqoh THEL L TR E S B2 L /o9,
AT R OVE —EFRA RO o sy (RS ERESERNASELTHAY Y P ERB) T
LAEELTHEEZZ NS,
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o ; Measured by 3"¢ Nal(Ti)

s Calculated by nuclide concentration of the soil
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Fig.4.1 Horizontal distribution of exposure rate at a height of 1 m
along the 1000m line.
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Source intensities are normalized to 1 Ci.
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Table 4.1 Ratio of {exposure rate/tctal counting rate) ,and that of

{exposure rate)/{deposited energy) for each detector.

(Exposure rate)/(Total counting rate)

(Exposure rate)/{Depcsited energy)

Petector (4R/h [ cps) (LR/h / MeV/sec)
3"4 spherical NaI(T1) 0.017 = 0.020 0.068 - 0.070
3"¢x3" cylindrical NaI(Tl) 0.014 - 0.016 0.056 - 0.058
4"¢ut'" cylindrical NaI(T1l) 0.0080 - ¢.010 0.030 - 0.031
5"4 spherical NaI(T1) 0.0060 - 0.0070 0.02¢ - 0.021
5"¢x4" eylindrical NaI(T1) £.0050 - 0.0060 0.019
DET~1024 0.0007 - G.0008 0.0021

Table 4.2 Upper limils of detection due to the dead time rate r within

an acquisition interval.

Upper detection limit
Detector
r=57% r=10 % =15 % r=20 % r=25 %
Upper limit of _cps cps cps cps cps
counting rate all 10000 20000 30000 40000 50000
n(cpe;)*1 Conversion factor
(uR/h/jcps)™
3"¢ sph, 195 411 653 925 1233 0.0185
373" eyl 158 333 529 750 1000 0.015
Upper limit of
Lgxa" cyl. 94,7 200 318 450 600 0.009
exposure rate
5"¢ sph, 68.4 144 229 325 433 0.0065
%7
X(uR/B)
5'¢x4" cyl. 57.9 122 194 275 367 0.0055
DET-1024 7.9 16.7 26.5 37.5 50 0.00075

r; Counting loss rate due to dead time T(3usec)

%1y n= r/1 {cps)

%*2; Counting loss 1s corrected.
%3; See Table 4.1.
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Table 4.3 Lower detection limits LDL due to background level,

o stands for probability of making a Type I error (of

concluding there is artificial radiation when there is

none}. Probability of making a Type II error {(of concluding

there is no artificial radiation when there is some) f is

set to be equal to w, (1/3)

(1) Detector= 3¢ sph.
Alritude Mean Standard Lower Detection Limit LDL (upper; cps, lower; uR/h)
(m) ‘(’z;‘;%lm““d dﬁ:m tron =0.01 2=0.02 a=0.05 4=0.10 =0.20
g
2 86,2 76,1 £1.0 47,5 31.2
7.5 13.1 1.59 1.41 1.13 .88 .58
79.0 £5.7 55.8 43.5 28.6
%0 143.1 12.0 1.46 | 1.29 1.03 .80 .53
63.5 60. 4 43 .4 37.7 24.8
100 108.7 10.4 o7 | 1.1 .90 .70 46
59.5 52.5 42 .1 32.8 21.5
150 81.65 9.04 1,10 .97 .78 61 140
- 52.2 46,1 36.9 28.8 18.9
200 62.91 - 793 .97 .85 L 68 .53 .35
61.9 36.9 59.6 23.1 15.1
40.4 6.36
200 1 .78 .68 .55 43 .28
35.7 31.5 25.2 9.7 12.9
400 29. 40 5.42 .66 .58 47 .36 .24
37.9 25.0 22.6 17.6 11.6
¥4
500 2353 H85 .59 .52 42 .33 .21
(2) Detector= 3N@Ex M cyl;
Alcitude Mean Standard Lower Datection Limit LDL {upper; c¢ps, lower; uR/h)
(m) pacgroune devigrion 0=0.01 «=0.02 0=0.05 0=0.10 | a=0.20
cps ba i
101 89.5 71.7 55.8 36.7
20 237.8 15.4 1.52 1.34 | 1.08 .84 .55
92. 1 81.3 65. 1 50.8 33,3
0 196.2 14.0 1.38 1.20 .38 .76 .50
80.3 70.9 56.8 44,2 29.1
100 149.0 12.2 1.20 1,06 85 1 . .66 Y
69.1 61.0 48,9 35. 1 25.0
150 130.7 10.5 1.04 .92 .73 .57 .38
61.0 53.9 43,1 33.6 22.1
200 85.88 9.27 .92 81 .65 .50 .33
£9.2 43. 4 3%.8 271 17.8
300 55.76 74T T4 .65 .52 41 .27
41.9 37.0 29,6 23,1 15.2
400 40.61 6.37 .63 .56 4k .35 .23
38. 1 33.6 26.9 21.0 13,8
500 33.49 v 5.79 .57 .50 .40 .32 .21
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(3 Detector= 4Mgx4" cyl,
Altitude Mean Standard Lower Detection Limit LDL (upper; ¢ps, lower; pR/h)
(m) ?i;ls‘g’v‘o”“d d;z;a“"“ @=0.01 &=0.02 ==0.05 ==0.10 =020
132 117 - 93.5 T2.9 47.9
20 403.8 20.
' ©.1 1.19 1.05 84 .66 43
% 339.4 | 18.4 121 107 85.6 66.7 | 43.8
1.09 .96 STT .60 .39
105 93.0 T4 4 58.0 38.1
100 255,3 .
? 16.0 .95 .84 .67 .52 .36
891.5 820.8 64.7 50.4 33.1
150 194.6 13.9
? .82 .73 .58 45 . 30
82.3 72.6 58.2 45.3 29,8
200 . 12.5
156.7 g .74 .65 .52 41 .27
a 67.8 59,8 47.9 37.3 24,5
300 105. 10.3
59 .61 .54 A3 .34 .22
58.7 51.8 41.5 32.3 21.2
500 79, 8.92
A 9 .53 47 .37 .29 .19
E3.4 47.2 37.8 29.4 19.3
500 66.0 8.12 .48 42 .34 .26 7
(4) ] Detector= H"g sph.
( Altitude Mean Standard Tower Detection Limit LDL (upper; cps, lower; uR/h)
(m) ?i;";g‘m“”d dg;"““"“ w=0.01 =0.02 «=0.05 a=0.10 «=0.20
- a9
20 484 .6 52.9 145 128 102 79.8 524
94 .83 .66 .52 .34
50 406.7 50,2 133 117 94,0 73.2 48.1
.86 .76 .61 48 .31
115 102 £81.4 £3.5 41,7
100 306.6 | 7.5 75 .66 .53 V41 .27
101 88.9 71.2 55.5 36.4
150 234.9 15.3 .66 .58 46 .36 .24
D.2 .6 63.7 49,7 32.6
200 187.0 13.7 ? .59 79-52 41 .32 w21
73.7 65.1 52.1 40,6 26.7
. 1.2
200 125.6 1 1 48 42 L34 .26 17
62.9 55.5 | &h.h | 34.6 | 22.7
400 97.25 ] 9.55 e .36 290 - .22 15
56.6 50.0 40.0 31.72 20.5
500 74.0 .| 8.60 .37 .33 .26 .20 .13
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Table 4.3 Cont'd (3/3)

(5) Detector= 5"g#x4" cyl.

Altitude Mean Standard Lower Detection Limit LDL (upper; cps, lower; pR/h)

(m) Ei;:’?m““d ds;’;a tion =0.01 «=0.02 =0.05 2=0.10 =0.20

159 140 112 87.4" 57 .4

20 579.0 25,1 .87 77 62 .48 .32

43 127 101 759.0 51.9
50 476. 21.8 T4
6.7 .79 .70 .56 .43 .29
100 71,4 19.13 127 112 £#9.8 70.0 46 .0
.70 .62 4G .39 .25
. 118 105 83.7 65.3 42.G

150 25. .

325.0 18.0 .65 .58 46 .36 24

- 518.5 14.8 97.4 86.0 £8.9 53.7 35.2

.54 AT .38 .30 .19

100 143.8 12.0 79.0 69.7 55.8 43,5 28.6

43 .38 .31 .24 .16
400 108.8" 10.4 68.5 60. 4 48 .4 37.7 24.8
) ) .38 .33 .27 .21 14
£3.3 55.8 44,7 34.8 22.9
5 2. .

% 92.3 9.6 .35 .31 .25 .19 13
(6) Detector= DET—'IOEL&
Alcitude Mean Standard Lower Detection Limit IUL (upper; cps, lower; uR/h)

(m) ‘Efzggfo'-md dszzﬂtlm @=0.01 @=0.02 «=0.05 a=0.10 @=0.20

417 368 295 230 151
20 4002 63.3 .31 .28 ’ .22 A7 - .M
380 336 269 210 138
50 3336 57.8 .29 .25 .20 .16 .10
338 298 239 186 122
100 2629 51.3 .25 .20 L18 1k .092
316 279 223 174 114
QO 2308 48.0 o4 o1 7 .13 086
259 229 183 143 93.8
200 1554 394 .19 .17 1k 1 .070
210 185 148 116 76.0
ano 101 31.
) 9 > 16 14 .11 087 057
182 161 129 100 66.0
400 767.2 et ik 12 096 .075| 050
167 147 118 91.7 60.3
42, 25.
500 642.4 5.3 3 11 .089]  .089]  .045
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Dakg = K+ DV (4.10)
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—H, ANIHSHEGCETH2HEED, W,

D, =D... TDsxa (4.11)

1ot mar

man

THb, CZTD IFALHBREDRERES ST,

Dman =D tot D BKG

=D, —K*DV (4.12)
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Fig.5.1 Explanatory figure for principle of discrimination method.
Background exposure rate is estimated by the component above
the energy of discrimination level, and then the artificial
component is separately evaluated,
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9]

Measure qu(E)

Caleulate background exposure rate

&3]

Enax
x=S Npg(@)-C(E) dE

min

®

involving
(&) [Caiculace biased values
Emax
in natural X'i:;ﬁj Npg{E)-&(E) dE
} Edse
environments Ean dext Npg(E)
C'bg=J Nyg(E} dE *
a5C
Eaax
A'pg= Npg(E)-E dE
e
]
L
(5) | Calcuiate the correlations (in the foon of y=ax+b
and y=cxl+dx+e)
betwren Xpg and X'zng
Xpg and C'ag
Kby and r\'bg
v
2 (6)
N7
My, (E} @ Gamma-ray pulse height, spectrum in natural
environment.
E . Camma-ray energy (keVY}.
Mi,, ! Background exposure rate in natural environment
(LR ).
E.in  Minimum energy of the pulse height spectrum (keV).
FEpee @ Maximum energy of the pulse height spectrum (keV).
e @ Discrimination level (ke¥).
G:E) : GiE) function (ui/fi/cps),
N, ¢ £ N(E)NG(EY value between Ly, and E., in natural

enviroament (pi/},

G, 0 L NIE) value between L, and £, in natural environment

Af_, L N{EJtE value between [i,. and I, in natural envirconmentl

(cps).

(keV¥, 'sec).

a.b.c.d.e : Coefficients (or conversion of discriminated value

into exposure ratle.

in some Field

artificial conponent

¥, (E)

Tt

4\;\{,; :

From {5)

(6} [ veasure Nz{E)
(7) | Set Eise (D Es)
(&) [ caleulate exposure rate in the field
E‘!Tia)f
Xs= Ng(E)-G(E) dE
Enin h

L

Calculate bilased values in the field

(%)

Enax
X =S Bz{E)-G(E} dE
sC

Emax
e :5 Ns(E) dE
Edsc

I

E.ﬂdx .
L= K Ns{E}-E dE
Edse

|

Caleulate background exposure rate using the relation (3}

(10)

Dog= arks + by or e} * ddd v e

KCog= a:Xé + Dz or CoXKi *+ da¥s + 22

¥Apg= a3Xé * by or CaXs * diXs * es

|

Evaluate background component and artificlal component
separately

(1

B= X, or KGg ©or Loy
§= % - B

N

! Gamma-ray pulse height spectrum invelving artificial

component in a field.

: Maximum energy of the artificial gamma-ray source (ke¥).
. Exposure rate in the field (/).

C: T NEJ+G(E) value between Ey. and .o in the field {(uRA).

£ N(E} value between [y, and £, in the field (cps).

o T N(EJE value betveen Egc and L., in the field (keV/sec).

. Background exposure rate in the field calculated by
using the relation {5) between X and X'.

: Background exposure rate in the field calculated by

using the relation (5) betveen X and C°.

Background exposure rate in the field calculated by

using the reiation (5) between X and A'.

B : Exposure rate due to natural compenent (:R/N).

S : Exposure rate due to artificial component (/).

Fig.5.2 Flow chart of the proceeding of discrimination method.
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5.2 HEFER

BDV ENy 7 750y FREBRLIOWAG BMEEEL LS, 1000 EOEEELH
WCH D) &, WEBREICTig. 53R d . HhoHiEd, DV OMOB L1 £aEE%Es
LT NIFIe 20—l R dm P Ls b oT, FEFE 1R, R 2klxzkol,
ROHHBBAN &2 BT, EUXOHEE A Table 5.1 1K/RY, Uk, 7—4DFEAT HEHA
Tid, 40P L SHEBEE, AINEFEAEE L -7, CCTDV DIER, wihbdHE
HEOWRTRE TR L EEH 7, SREEOWERE, ~) 377 KB LARETORTS
A S L, Table 5.2 &R L MmEERT.

Fig. 54 F 4 A7 ] 34 —-va Ydd ATHERSE (YCo) WBALAFlERT, XA
LDVl (OB, F4R7 ) 3id— ¥y VL~ EORNz ¥ —) , Y BAREIE
FHERUATHBRREC LS TOBEOLEERTH L, HROHIERE, BARNSESICET 5DV
Ot EHBEELCBFET, Toy b ENLAPSATRFRER2E2E0ETH S,

FaRT )3 R—Y g YUAuis0 keVDEBRELTHE, X MRS ICRARFALREHES
g Ens oy, 4ETENL, BN A0 - CRERLOBRIZE- T, BN OER
B 7 oy b EBEDRS, '

—H, Fa4RINIZ2—vg /N EY oD T BIFAFEF-L0FSF0 2000 keViT 3%
ELREBE2)ITH, XHESICATRIBEEA TR VY, ATREERESSE S 7 —
¥ EHiEs ol EICRLN S, A1b, REFEERN 0y FEOY EET, ATESD, 7
9y MEEBRSLEDYBHAROES L L TABHNTE 5, CCTHRMACS 7 v v FASE
HTHM, TNRATRASEZERBBAEETTOEOTH b,
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Table 5.1 Coefficients of equations for discrimination method which
leads inherent background exposure rate of the field
involving artificial gamma-ray component.
y= cofl + cof2¢x {+ cof8+x2), where ¥ stands for a
DV (Discriminated Value, divided by cross secticn of

" detector ), y stands for the corresponding background
exposure rate (uR/h). In every table, DV's are L N(I»G({I)
(,uR/h/cm2 ;listeé on the left), T N(I) (cps/cm2 ; listed on
the center ), L N{I)+E(I) (keV/sec/cm2 : listed on the right)
above the discrimination level [ig. (keV), where N{(I) stands
for the gamma-ray pulse height spectrum, I stands for
channel number and E(I) stands for gamma-ray energy
corresponding to channel No.I.

(1) 3”dia. spherical NaI(Tl) scintillation detector
(2) 3"dia.x3" cylindrical Nal(Tl) scintillation detector
(3) 4"dia.x4" cylindrical NaI{Tl) scintillation detector
{4y 5"dia. spherical Nal(Tl) scintillation detector
(5) 5°dia.x4" cylindrical NaI(Tl} scintillation detector
By 16" x18 " x4" Nal{Tl) (DET-1024 ) scintillation detector
In case of Det-1024, there is no table for
DV- I N(I)G(I), because the response of DET-1024
depends on the directional distribution of incident
gamma-rays so intensely that general G(E) function is

not provided for DET-1024.
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Table 5.2 Boarding condition and cross section of each detector.

Detector Egiggt?%; Cross sectlon (cmz)

3"¢ sph. (1) T(1.5%2.54)2 = 45.6

3'¢x3" cyl. (2) (3x2.54)x(3x2.54)= 58.1

4" gx4" eyl (1) T(2x2.54)% = 81.1

5% sph. - (1) T0(2.5%2.54)%= 126.7

5"gx4" cyl. (1 T0(2.5x2.54)x(2.5%2.56)= 126.7
DET-1024 (3) 4x(4x2 . 54)x(16x2.54)= 1651.6

(parallelpiped)

e

; Detector 1s installed below the helicopter.

(1) The axls of the detector is perpendicular to the ground.
(2) The axis of the detector is horizontal.
(3) The side with the biggest cross section 1s horizontal.
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Fig.5.4 Examnple of application of discrimination method to an
artificial gamma-ray field involving ®™Co component.
In case of (2}, difference of y-axis value between the line,
which stands for the relation between total exposure rate and
E N(E)+E value between [y, and [, when 2000 keV is set as the
discrimination level, and a dol shows the contribution from

60 component.,
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Fig.5.5 Example of background subtraction using discrimination methed.

This figure corresponds to Fig.4.10-7.
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spherical Nal(Tl) scintillation detector, where cosmic ray

spectrum is subtracted.
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Table AP.1.1 Results of source intensity calibraticn.

Source 60, 60, 137, 137,
Calibration method 100 mCi 400 mCi 100 mC1 300 mC1
(1) IN(E)-G(E) 121.0 404.0 89.26 316.1
(2) Photo—peak counts 123.0 410.9 86.05 -301.e
(3) Spectrum analysis 119.8 | 398.9 87.46 304.6

{exposure rate of peak) (122,0)*1 (40678) (%0.56) (314.4)
(4) Spectrum analysis 118.8 394.6 86.65 301.4
(flux density of peak)
Mean 120.7 402.1 87.36 305.9
Conclusion™2 120.9 402.9 89.01 309.5

%]; including back-scattering component

*2: mean of two values in (3)

44,7 m

; PHA

Pb block 1 Nai{Tl) @
. - - . . _ _ . o

source

cable

container)

S S S S S S

Fig . AP.1.1 Experimental arrangement for scurce intensity calibration

applying shadow shield method,
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AppendixII MR S OREE

MRS & i3 Microwave Ranging System DI T&H D, LM EE LATEE, S EEFL
k747Dﬁﬁﬂ®ﬂﬁﬁ%ﬁéﬂtﬁﬁ?%ﬁéﬂ,%E&Eﬁﬁﬁﬁﬁgﬁﬁéntv4ﬁ
Uﬁ%i%f%ﬁ?%i?ﬁ%bkﬁ%%ﬂﬁﬁéC&m;ofi%—%%%®%%%ﬂﬁﬁé
LOTH D,

T TR LR E T 4 2 oo Mk, FEAS8060 MHZ , #EA2 T80 MHZTH
B, WA OEESNA 74 7 04T 8860 MHZ WDT, BT L SRROHBNETE
f, £ TR DELEGA 024, 944, 964, 984 prsec DARBPEREL, TOND
10fﬁ%%%%K%U%T%C&K&D%%®$%%ﬁioitﬁ%ﬁﬁd,mﬁ@£6m£
BliwA s ogAsEEL ThoRPoD <47 U AZEY A TOMIM A EE L CHEEICHR
ﬁﬁéﬁ%%mwfwéﬁ,%ﬁ%tﬁétmm,C®Mﬁ%<bﬁbﬁiGCCT@,iﬁﬁ
EEEZCOERELT, Fiicatd AZEMISEY a0y EL S EHRELT -7 |
L. IR S0EES 72 ET-»THZEN 8 ERED S &ITE, RElIEAEESNE, 5
chooREIET AEME, (DELEENIREYVH50~T0msec THAL (Fig. 35 &
)

MRS #AVTRTLO~ ) a7y DMEFBIET 2 E&CR, ZREREANY a7 2R L.
Wi FICREEAREL 4, COBE TRE-—ARHOLEE~Y o7y OBE (REEEIEEE
MO TlES 2) 2HOTZABICEI 0~ 3 7y OMBAIRET 709, EEEEE, BE
G (R705 52 BEESUCH B 3 KOTRIEIE) A5 EREICS - TL 3 A EE S 717 2
Bl FALEET S, MAKAETig Ap. I 1ITRT,

ATER L MRS #RE, 27cm X 15cm X 36 cm ORACEZERSMNENTED, &
S Tke T, BEELT2VDCON Ny 7 ) —%HHL TS, OMITEH 30 em D&
xnTvFFOSRORILATED, CAANInCEIDO-M ECEELTH S, REDTE
M T, BRO LS I REAOMBBERAERICS - Tl L, EESATLAT LM
2~ 2T BRI R OREE AL S BYSmO T, ~Y 27y~ (EEIEE
E 2km~ 40 km T 3T LR EICHEBETLLEND S,
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main beacon

MRS signal

{microwave) MRS signal

(x1,¥1,21) altitude

- ground surface

beacon-2

(X2,¥2,22)

AT AT aN |

sea level

sea level

Fig.AP.II.1 Principle of MRS (Microwave Ranging System).

— 120 —

»!
»

H2




