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Demonstration Study on Shielding Safety Analysis Code (IV )

Sadashi Sawamura®

Abstract

Dose evaluation for direct radiation and skyshine from nuclear fuel facilities
is one of the environment evaluation items. This evaluation is carried out by using
some shielding calculation codes. Because of extremely few benchmark data of skyshine,
the calculation has to be performed very conservatively. Therefore, the benchmark
data of skyshine and well~investigated code for skyshine would be necessary to carry
out the rational evaluation of nuclear facilities.

The purpose of this study is to obtain the benchmark data of skyshine and to
investigate the calculation code for skyshine. In this fiscal vear, the followings
are investigated

- Using the pulsed radiation measurement system with gated counting operation
mode, skyshine of gamma ray from the 45MeV linear accelerator facility were
measured in the distance up to 600m around the facility.

— A point detector was used to simulate the skyshine dose up to 700m from the
LINAC facility by using the general purpose user’s version of EGS4 monte carlo
code,

- Simulations were well fitted to the experimental results within the statisticél
errors.‘It has shown that the general purpose version was useful -to simulate

not only in the simply idealized geometry but also in the complex one as

that of the real existing facility.

Work performed by Sadashi Sawamura under contract with Power Reactor
and Nuclear Fuel Development Corporation

PNC Liaison: Ichiro Nojiri
Safety Technology Development Section, Health and Safety Division,
Tokai Works

* Department of the Atomic Science and Nuclear Engineering,

Faculty of Engineering, Hokkaido University
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3.1 BRAEMSIZH T 5 IEEE - JEERE

1995, 9/11~14

FILE & REH S BEAE o OB I R R

AP02GS01 PW04 136m 600sec
BP01GS03 PWO01 Om 600sec
BP01XGS1 PW01X 38.5m ___600sec
BP04GS01 PW04 136m 600sec
BP05GS01 PWO05 186.2m 600sec
BP06GS01 PWO06 235.5m 1000sec
CP01XGS1 PWO01X 38.5m 600sec
CP0O1YGS1 PWO02 61m 600sec
CP03GS01 PWO03 98m 600sec
CP03GS02 PW03 98m 600sec
CP07GS01 PWO07 285.3m 3000sec
CP0O8GS01 PWO08 356.1m 3000sec
DP01GS01 PWO01 Om 600sec
DP01GS02 PWo1 Om 600sec
DP01GS03 PWO01 Om 600sec
DP01GS04 PWQ1 Om 600sec
DP01GS05 PWO1 Om 600sec
DP01GS06 PWOQ1 O0m 600sec
DPO1XGS1 PWO1X 38.5m 600sec
AP(O1BO1 PWO01 Om 300sec
BP01B01 PWO01 Om 600sec
_BP01XRB01 PW01X 38.5m 600sec
BP04B01 |  PWO04 136m © 300sec
BP05B01 PWO05 186.2m 300sec
BP06B01 ' PWO06 235.5m 300sec
CP01XB0O1 PW01X 38.5m 300sec
CP01YBO1 PW02 61lm 300sec
CP03B01 PW03 38m 300sec
CP03B02 PW03 98m 300sec
CP07B01 PWQ7 285.3m 300sec
CP08BO1 PW08 356.1m 300sec
DP01B01 PW01 - 0m 300sec
DP01XB01 PW01X A 38.5m 300sec
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1995, 10/27

FILE & HIEH & BEUE D o DS Al ZE by
P011GS1 PWO1 Om 600sec
PO11GS2 PW01 Om 600sec
P012GS1 PW012 10m 600sec
P013GS1 PW013 20m 600sec
P014GS1 PWO014 30m 600sec
P01XGS1 PW01X 38.5m 600sec
PO1YGS1 PWO1Y  48.5m 600sec

P03GS1 PW03 - 98m 600sec

P04GS1 . PwWo04 oo 136m 600sec

P0O5GS1 PWO05 - 186.2m 600sec

P06GS1 PWO6. 235.5m 600sec

1995, 11/21 R .

FILE & 1R 75 H 3, FER B o DEEE R E B
PS01GS01 PS01 . Om : 600sec
PS02GS01 . PS02 10m © 600sec
PS03GS01 - PS03 . 20m - 600sec
PS04GS01 - PS04 30m . 600sec
PS05GS01 PS05 40m 600sec
PS06GS01 - PS06 50m 900sec
PS07GS01 PS07 60m 1000sec
PS08GS01 PS08 70m 900sec
PS09GS01 PS05 80m 1000sec
PS10GS01 PS10 90m 900sec
P04GS01 PW04 136m 900sec
PS04B01 PS04 30m 600sec

1995, 11/22.

FILE & A HD &5 BER B S DIEE Bl E B
P04GS01 PW04 136m 900sec
PO5GS0O1 PWO05 186.2m 2000sec
PN0O3GS01 PNO0O3 300m 2000sec
PN04GS01 PNQ4 PN04 0% 100m 3000sec

1995, 12/1

FILE & HlEH S HES B oD Rl EEF
PS01GS01 PS01 Om 600sec
PN0O5GS01 PNO5 PNO04 % 200m 3000sec
PNO6GSO01 PN06 PNO4 2% 300m 3000sec
PS01B0O1 PS01 0m 600sec
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£32 AHAEHEICBIIHEEEERIITRES 100%ITHBE L /2B

1995, 9/11~14

FILE & 7B+ AR EE || BHEX
coincidence anticoin (u A) (R/h)
AP02GS01 PW04 9869 67453 48 1.41E-07
BP01GS03 PWO1 7487 107168 48 3.74E-06
BP01XGS1 | PWOIX 17083 78521 48 2.28E-06
BP04GS01 PW04 8989 68050 48 1.25E-07
BP05GS01 PWO05 4648 69787 48 6.35E-08
BP06GS01 PWO08 4382 115734 48 3.97E-08
CP01XGS1 | PWO0IX 77904 15700 48 2.535-06
CPO1YGS1 PW(2 71713 23060 48 1.06E-06
CP03GS01 PWO03 15931 74097 48 2.44E-07
CP03GS02 PWO03 15866 74789 48 2.43E-07
CP07GS01 PWO7 6904 33612 48 2.43E-08
CP08GS01 PWO08 3437 323136 48 1.59E-08
DP01GS01 PWO1 9026 103264 48 3.43E-06
DP01GS02 PWO1 12681 96004 384 | 3.56E-06
DP01GS03 PWO01 16921 100390 28.8 | 3.78E-06
DP01GS04 PWO01 23241 98348 19.2 | 4.01E-06
DP01GS05 PWO1 28092 95973 9.6 | 3.55E-06
DP01GS06 PWO1 22183 91710 48 | 3.11E-06
DPO1XGS1 | PWO0I1X 18569 69504 9.6 | 2.34E-06
APO1BO1 | PWo1 0 45119 5.22E-06
BP01B01 PWO1 29 88642 4.75E-06
BPOIXB01 | PWOIX 21 75217 ' 3.63E-06
BP04B01 PW04 9 51334 | 3.50E-06
BPO5B01 PWO05 10 53659 3.75E-06
BP06B01 PW06 10 52842 3.72E-06
CP01XB01 PWO1X 10 36655 3.69E-06
CPO1YBO1 PWO02 44 35639 3.28E-06
CP03B01 PWO03 10 56547 3.94E-06
CP03B02 PWO03 7 37075 3.92E-06
CPO7B01 PW07 7 51204 3.57E-06
CP08B01 PWO08 0 48306 3.27E-06
DPO1B01 PWO01 15 68061 4 85E-06
DP01XB01 | PWO01X 12 51642 3.76E-06




PNC PJ 1600 97-001

1995, 10/27
FILE & BIE & 2R EiE | HEE
7 coincidence anticoin (e A) R/Mh)
P011GS]1 PWO1 437 35846 2.3 | 1.90E-06
PO11GS2 PWO01 514 44904 2.3 1.89E-06
P012GS1 PW012 1749 39486 2.3 | 8.73E-06
P013GS1 PWO013 33658 32337 2.3 | 2.49E-06
P014GS1 PWO014 36378 35541 2.3 | 1.75E-06
P01XGS1 PW0I1X 13120 31042 2.3 | 1.30E-06
PO1YGS1 PWO1Y 38579 38178 2.3 | 8.68E-07
P03GS1 PW03 343 35579 9.2 1.95E-07
P04GS1 PW04 230 29018 9.2 1.15E-07
P05GS1 PWO05 2717 38544 23 5.64E-08
P06GS1 PW06 208 40394 23 | 4.66E-08
1995, 11/21 ' -
FILE & RIEH &5 ho v b ¥ EHE | BEE
coincidence anticoin (u A (R/h)
PS01GS01 PS01 191 27270 1.9 | 1.93E-06
PS02GS01 PS02 944 21149 1.9 | 7.43E-06
PS03GS01 PS03 599 19922 1.9 | 5.26E-06
PS04GS01 PS04 392 18902 1.9 | 3.42E-06
PS05GS01 PS05 227 17540 1.9 | 2.08E-06
PS06GS01 PS06 250 26690 1.9 1.57E-06
PS07GS01 PS07 214 27664 1.9 1.12E-06
PS08GS01 PS08 246 25485 38" | 7.86E-07
PS09GS01 PS09 205 27384 3.8 5.21E-07
PS10GS01 PS10 284 25172 7.6 | 3.96E-07
P04GS01 PWO04 152 26167 7.6 1.74E-07
PS04B01 PS04 0 17710 3.70E-06




PNC PJ 1600 97-001

1995, 11/22
FILE & R 7E Hh &, T M EiE BEE
coincidence anticoin (4 A) (R/h)
P04GS01 PW04 167 4115 8.8 1.89E-07
P0O5GS01 PWQ5 251 5084 8.8 1.24E-07
PN03GS01 PNQ3 177 2962 26.4 2.50E-08
PN04GS01 PNG4 243 2604 44 1.11E-08
1995, 12/1 .
FILE & BIE M S, i N EiiE BER
coincidence: |- anticoin (u A) R/
PS01GS02 PS01 171 37309 2.0 1.14E-06
PN05GS01 PNO5 317 1561 40 9.67E-09
PN0O6GS01 PNO86 308 1471 40 9.86E-09
PS01B01 PS01 8 36284 5.33E-06




PNC PJ 1600 97-001

COUNTS/CHANNEL

COUNTS/CHANNEL

-
<
-—

10

10

i0

T T T T T 1 T T T

T ¥ T T

\2-14NDPO1GS05. N2K COLLECT

i ¥
TiHE &30 3£C

el tanod e viid g vl poond s g end

IR

L] ) 1
10 10 10
@ -r-nmwrﬂ-rrmnr-nmm] |||nm| llIllllIl TTVvrm

o L b LIy

©

(=3

[ ]

56¢ 1000 1500
CHANNEL

10

3
i

[
II"""I""I'TI"II'ITI—'I"I"I'ITI'III_I_ITTI'IH

1

19

T ] ¥ ] ) ¥ T 1 ' i S 1 1 L T F T

\3=14\DPQ1B0T.NZK COLLECT TIME acg 3EC

T BRI MR T S T EPRer

o

1
10
o '—!_I’I"I'TI'TI!_I_I‘FI'ITTH_'_!_IT"“

CHANNEL

34 WESLPOLICBITAEESH
(a) IEBRD>OLOHHBICEIEESSR
b)) N5 ‘/_lf‘_ﬁf{ﬁa‘ﬁ%:d: Y= il

—_ 28 —

o)
&

®)

S0Q 1060 15¢0 2009



PNC PJ 1600 97-001

COUNTS/CHANNEL

COUNTS/CHANNEL

4

3

t

]

10 10 10 19

)

10 19 19 [y
CU AR S Rty e Rl

10

10

F
i
£
]
]

L | T T T T T t

i L L]
NI-14NDPOIX0IY. MK COLLSCT TINE 500 3EC

ol

| T EEWN I MR TTIT BEW T EPRYTee

teao
CHANNEL

[
o {1 1tul
(=)

o

i L] ) . 1 L L) v 1 '

NE-T4NDPOIXBOILN2K COLLEST TIHE 30¢ SEC

506 1000
CHANNEL

3.5 MEHPOIXCHITIEZHT

() DNEIRD EOHERICZE A S S
b) No 77 T5TY FEERICE DEE S

— 529 J—

el ttind g vel el ey poed 1 s

o)
&

®

2000



PNC PJ 1600 97-001

-
=
—

g T T T T T T T T T T Ll T T 3
E  \9-13\cPOIYDSI.M2K €OLLECT TINE é01.8 3z¢ 3
- L 1@
=l |
-~ E. :
L =
= -
=z £
= F %
o o-
S-.f
W T Q
): - 3
5 3
2" ]
3
3
=
- j
3
]
2 l 1 l L) L] 1 |
1508 200¢C
CHANNEL
‘a
T g T T T T T—=T T T T T T T T T T T T T 2
ﬁ S“F=13\CPQIYBAL.N2K COLLECT TIME 240 S=C 3 (b)
w L
o
EE_ 3
2-of ]
o o
= - £ —-4
£ f :
= E 3
[ B -
< = __J
P =
— = g
= .
o F - j
= -
o =2
- _1
- - E
. L i
- | . []
2 L 1 1 i ! L I . ! 3 1 5 i 3 ] : I
] 500 . ie0g 1500 200G

CHANNEL

3.6 WER P0IBT DB
(@) MEB»SOBEHRICEDIEESTH
® RNers3Y */Jf‘_&%‘ﬁ&:; X A= isl



PNC PJ 1600 97-001 | -

T T T T T i

T T U L) T

L} L]
\N2-13\CPO3GS

01.KZK COLLECT TIWE 800 SEC

~
&

10

te

[
i0
l‘l'll_‘l’"l”Tnl'lTl‘ l'l“l'!IIII] T I!I"TI'W

COUNTS/CHANNEL
3

I

0 500 1000 1500
CHANHEL

E vl ceeind ol g ol ageond 0 g sl

3

[

]
10

g T J T T v 1 T T T T T T T T T T T T lAg
E  \3-13\CP0AaB01.N2X COLLZCT TIHE 300 SEC pul
- )]
a; é
H =
E
_I‘ j
[Th} [
Z —E
= 3
o g
o-[ﬁ
S =
2 °F 3
— -
o o~
D (-]
- 31
o %
-g I
-— 1 [ I L L (- ] 1 L . Rl IR
0 sSce 1¢90 1580 | 2000

CHANNEL

3.7 HERPOSICHITIESSH
(a) ILETZLOOBEERIC LS5
by Ny 2757V FEHRCXSKEST



PNC PJ 1600 97-001

10

T T T T Y

\2=12\BPB4GS01. N2K coLLECT TIKE 00 =£C

(a)

4
10 i
L pemaiill e maatic w1

10

COUNTS/CHANNEL
3

10

I ol el ol ¢l oo

10

o L AL

| A T

1e0¢ 1500
CHANNEL

P

]
14

] T T 4 1 3 1 T L i i 1 L LI L} T T

\@~12\GP0420). N2K COLLECT TIME 38 SEC

g

]
10

16
LLL I {1 e 01T Y

CUUNTS(CHANNEL
10

10

.I.Ll.ulI_.L..l..Ll.uul_.L.LLln.ul_l._LLLLlu.l_l_l_.l.luuL_.L.LLulML

_2 I 1 ! L I : L : y 1 1 -illi||Jhll i} 4] e &

o seo 100 1500 2600
CHANNEL

3.8 HER P ICHBITAEESH
(a) INHEIBED SOBREBICKDEEHE
b)) Ny 7759  FREBIILIESHH




PNC PJ 1600 97-001

COUNTS/CHANNEL

COUNTS/CHANNEL

T T T T T T T T T

T
\3-12\3P0SB501.N2K COLLECT TIHE s80 3=¢

10 10

[ ]
10
Irq_l_lml“l_'l_l'ﬂmll_l—l'rm“}

1
10

-Tfﬂmim. |

T

BTV I RTTY BT IR RTT W YT M

509 1060
CHANNEL

[
10

1308

2000

L) T 1 + 3 T H K]

\E-12\3P0S530 1. N2KX COLLECT TIME 200 SEC

]
10

3
10

1
™ lﬂ]_l"l"l"l‘l'llll_"l'l"l'"m]_l_'l"l‘l’ L1

K 3.9 HIEZPO5IZHITRESLT

(a) MESFDEOKRFTRIZE AESSH
®) Nw&favvﬁﬁ%ﬁt;5ﬁ%%$

_— 33 —

sl s vennl goesend s vondLp s anand

(a)

. (b)

2040



PNC PJ 1600 97-001

T T T ' T T 1

3 i ]
\F-12\BEPOGGSO . N2K COLLECT TIHE 1009 SEC

COUNTS/CHANNEL
1

ll_l_'uuu:l_J_x.LlnulL__l_Luml_l_LLou_i_:-ummL

R T N
1] 53¢ 1933 1500
CHANNEL

€@ 1 bink

~n
=
=]

[
i

T T H ] L3 1) v L] T I I T i 3 T T L} F T

N9-12\BPUSBO 1, N2K COLLECT TIHE 340 3EC

¥
10

]
10
AL I BRI St R L e e R P

COUNTS/CHANNEL
3
10

o el el o viomd g po

o T L

o
=]

1eae 1500 2
CHANNEL

3.10 AT L P06 ICHIT B EFHMH
() ILEIEFHNEOEFRIZKXIEFIH
©) Ny 77TV FRERICEBERST

fron)
&

()



PNC PJ 1600 97-001

_E \9—13;CPG;0301|.H2KIG?U.;CT .TIHEISQOI; SEEi . I ‘ i l ‘ T I % (a)
“f Jg
. 3
w . = L é
: :
.
: ;
:
o
i1 SRR ITTHT IR TV R T [ 1

] 54¢ toQe 130¢ 2000

CHANNEL

[y

.,

1 Ll i 3 I 3 v i 13 I ] T T 1 1 |

NE~TINCPGTS01.N2K COLLECT TIME 300 2tC

[
10

[
10
L LR R L) e d L1 R b

to

COUNTS/CHANNEL
)

H
10

ISR TTI BT T MW TTT BRI WA

to

E

a soe 1000 1509 2000
CHANNEL

3.11 MELPOT BT AESH

(a) INEIED5DHERIZIAESHOH
®) Nv 77TV FBERIC X DR

g



PNC PJ 1600 97-001.

COUNTS/CHANNEL

COUNTS/CHANNEL

[}

=

i0

10

10

10

10

10

10

10

10

& T T T T T T T T 1 T T T L U T

=

E  \9-13\CP030301.N2K COLLECT TIHE 300% SEC
-QE
‘=L

=

£

I TR | N | O Y S !

—tvnd e ved agead s send _goaad s o

1600 1509
CHANNEL

204¢

T

g

1 1 I T i v 1 3 [ T i I T ¥

\§~F3\CPOBEQT, N2K COLLECT TIME 300 SE¢

5¢9 100¢ 1500
CHANNEL

3.12 WER P08 IZHBITIEREDH
(@) IREB;OOBFRIZLIEEHH
©) Ny 77TT7Y FEERIZE D&

luul_.LLJ.LuLL[_J_I.Lqui__J_Luuu!_I_LuLmL_L.LLuuLL

zeo0

-~
&

(b)



PNC PJ 1600 97-001

=
- E_i T T T T T T T T T ~r T T T '3 T T T T g
E M B=-27\PR13GSI.N2K COLLECT TIME 60%2.2 SEC 3
ns[r 1[
: :
-t = 4
z =[ E
z £ 3
S~ F
Qe[
e E ]
=
=
2 - ]
o =
..o %
3
2 ! L L L 1 1 2 ! : 4 1 F
I 590 tege 1506 2000
CHANNEL

X 3.13 HELEPOISICRITAHESSTH

3
10

1 L3 3 1 i T 1 . 1 1 I Ly ] ] ¥ 1 LI

1
MO~27\POTYGST.N2K COLLECT TIME 682.2 SEC

H
16

19

10

] 1 ?
10 10 10
e LAY ILEULLLL M R LT i R L 1

COUNTS/CHANNEL
3

T IR WA TTIT NI WETTT DI EET] 7 R T NI

By e o

50¢ 1000 isee
CHANNEL

[

,..
o 11

=
<=

X 3.14 BESEPOIY IZHBIT 3 EESH



PNC PJ 1600 97-001

COUNTS/CHANNEL

COUNT3/CHANNEL

2 T 1 1 1] T 11 1 L] T T + L] L] T 1 T ) T L]
\N11=-21\P301GS01.N2K COQLLECT TIME 609.t SEC
o
<
o
2
= .
b 1 L 2 i “ 11 L 1 L L - L -.1" 1 1 1 1 ! ! L
9 500 100¢ 1500 2000
CHANNEL
- o2
3.15 JESZPSOL BT EELTH
(=]
- T T T =T T T T T T T T T . T T T T T T
A 1-21\P3040801, H2K COLLECT TIME 600.3 3EC
=]
=
2
o
2 .
:.n !| Il L L 1 1 L L ] iy 1 L L1 oL
¢ 500 1000 1500 20040

CHANNEL

3.16 RE= PS04 ICHBIT2EEHH



PNC PJ 1800 97-001

COUNTS/CHANNEL

COUNTS/CHANNEL

}d 1 ] 'I | X I Ll 1 i 1 1 L 1
t00Q 1500 20490
CHANNEL
3.17 RIES PSO7 IoBITAEESFA
M E=21\P5100S501. 42K COLLECT TIKE 900.3 SEC
5049 1000 1500 2000
CHANNEL

3.18 WER PS10 BT 2 EZ S



PNC PJ 1600 97-001

COUNTS/CHANNEL

COUNTS/CHANNEL

T, T L) T ¥ T T 1 T T T T T T

NM1-22\PHO30301. N2K COLLECT TIME 2000.4 3EC

10

1¢

10

e N ] T Y N ,
Q 500 1000 1500 2000
CHANNEL
X 3.19 HELPNOS ICHITAESSH
M2=-1\PMOBOS01. H2K COLLECT TIME %000.6 2EC
Te 3 T L
[*] 500 1000 1500 2000

CHANNEL

X 3.20 FESPNO6 iZHiTrEES



PNC PJ 1600 97-001

Dose Rate (R/h)

10

10

10

10

10

10

[}

BFMI(9/11-14)

n; & WHMFE(10/27) ]
a: o EFME(11/21)
% Af”n v JEFm1/22)
- ‘“LD o dHmaa1) |
A
a A |
) 0B
B ° v o o _
. | , | . |
0 200 400 600
F(m)

B3.21 45MeVI A F v Z BN O DRI A Lo A LRIE



PNC PJ 1600 97-001

Dose Rate (R/h)

10

10

10

107

° BHMF(9/11-14) -

'l IR,

] & FEHE(10/27)
o EAM(11/21)
— o 3
N e .
C -
- [+]
o i
a o
3 : : E
N o i
-
- fa
1 I l | i [ |
20 40 60 80 100
r(m)

[43.22 45MeVI A T v 7 RN ODRABA % 4 L BIE



PNC PJ 1600 97-001

10" ' I 1 i - t ‘
o FHF(9/11-14)
10° & FEHE(10/27) =
[y
[ oo
a
% &
100 T e 7
5 2
2 7 2
[ ] 10 — —
A f
fal
[=]
Le]
o
10° - -
10-9 { | ] | 1 [ )
0 100 200 300 400
r(m)

B3.23 45MeVI AT v 7R NODA B A v A HIE



PNC PJ 1600 97-001

Dose Rate (R/h)

10 ' ' ' I
v JEFm(11/22)
$ o dLFME(12/1)
10° u
107 - -
8
. v o o
10° - u
1 0-9 1 | 1 | | |
0 200 400 600
r(m)

K3.24 45MeVI A T o 7R P ODRAB AL V% A LEIE



PNC PJ 1600 97-001

Photo3.5 #&75 EIEIRE &0 ETI% IR




PNC PJ 1600 97-001

Photo3.7 L5 EHAIE & D BRI

S

Photo3.8 L HFMORERE



PNC PJ 1600 97-001

4. mx4ﬁ§:—P%ﬁmtvs;v—yay%ﬁ

41 FRETOHE ]

BRI DRV EROTLFMICIT. Bx OHE 71— FIZ X 285574
DEREFERO—D2ER T3, LrL, ZOEDIBHEE LD, XH
AV A VRBIEONWTORVF I~ KRTF— 53RO TLH L. JiEF
— Y ODREBRLERTRTHDE LI, FEI—FD, AH{ v+ AV
BREENOERSEETREITT HILENDH D,

ZZTERETIE, EGS4HEZ—-FO AEI—HF—H® O, XHA
Ve AURVFT— I RBNOBRATHRAETAIEEZEME LT, BIE
ETOAUEGRBIVAEFEZ L L, 45MeV SAF v 7HZIED
AHAY v A VBICRTEVI 2 b—¥ 3 VBITET 7=,

4.2 KRR EOFBBARRBERE

421 FHE&ER
. 4bMeV T A F v oW D, #BRAIFENHELERFE 4.1 KR L. 55
KR 3.1 TRENDE D72, 7—% v NEORBOFHFERE R
TFRITEREREET, -7 v P BORBEEINTNW5, EFEED
WEZEERSE LT, NROEMIILTen &rsTnNS, ¥—4 v k
DNUBEZFELND 100cm & L, AIEHRICBITAE—L850BHI Y —
Ty NETOERE—HIE, -7y F\OBBBLUTY—4 v FERH
TEITHA, TOABZIV 27 ) —  VETEHAR, ECZFOEEIT. +
BrbOBELOEEXBEHECRVAND =D, 25 E+02B £
o oy =4y FEIZIE., KPCRENZAMICE LD 7+ 2E 2
ZDY 7 M LOREBRERIECIIA Vv A VICRBEZELX TN,
WRE T =7y P OSMFENHEFRZR 42 TR Ui, BEIZ¥EN
0.25cm. R NVF—2 45MeV OFEREFBEE X, T, 9—% v ML,
AEERTIZEZ Y 3Smm OBRFEAIKBEREN T30 L, SHEHK
RTIE. EE2 9mm, #£EH 20cm O 1 OBY —+ v hEEx . BF
BOBY—5 v FREOADFLIZYE=2LDE Lz, FLT, FIo 54l
DR EREIE. DAV v AVEBRIZRILDE LTINS, :
EGS4 ARRICEAAZN TWARESRIEEDS 5, 4EOFETIRH
RRESBLZEOFRELBICRDY ., BREEBOFEEEEEZ RS -
DRI R TEAEESEEFAVTHEERT 5T,
HRERTTHNWS, ZR, a3v27 U=+, £0450HBEDERD.
PEGSNDANT—FEZFA1® R LIk, £-EL2TEENDIISIC.
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RETLFEBENTFOEHZEBHTIIERTETHIEELIBND=D
TRIRANVF-DREEEZEL L., HAEBEOEEEZN - TVW5,

LRIDOEICHEWTIL, FTHEROADBREZEZ., 7 MeBIT 38
BEABRDINRZ MERHE LB, TOXRTZ MNVEZEE LT, §5
BN DEIELDADEREAVWTHREOHEZTIENVD ., 5R% D
FEIZ T 7o BT A Th - =72 in, 2BREOGZORIZA U AHEEHAT
RAEIL > Tz, REIIBITAEHF TR, K41 (BLU43BICBITAK
4.6) TRENSL I 72, HEERE., BRI OESELORET 1 DOHRE
U THEAIAAR, BREOMBEZHEHE L.

422 FEER

45MeV T A F v 7RO —7 v P EIZIE. K 4.1 #L:?éhzsc}:o
RBEIDIHDT 7 FHBBREINTEY. FhIZF0Z F40OHESEI
IR TnNd, TV — AL -T. ZOHSE ﬁﬂf@ﬁﬁﬂ%ﬁﬁ
BRULBNWI EFHBNTWDzH, £, 2057 MoBlT AREKS S
DANZ NNV ET -7,

K 4.3 (I ZDFE/RER LIz, HEFEZDWTIL, EGS4 AH 2 —
ﬁ—ﬁkﬁ@ﬁ&%&%ﬁﬁ%%ﬁwt?ﬁrﬁ%ﬁw FREIBMHEZECTFORNF
—, B ES -7y MOAREF 1 BICHTARFEE LT, '@‘%;&7"
Oy bTELE, ZhiZ&?, 7 b '*‘H’éﬁﬁﬁiﬁ#ﬁ%#i AHE
ZFRNF - 45MeV THAIDIIK L. BLF 50keV~10MeV @ﬁ@i\_
DL TNDENSIEENE LN, 100keV HEICE— 2 BB TEHY.
TOEEIL, AREFIECH LE107@E o7 LA L IMeV L E
REVPREVWCHERTILNENSHHEELBND, _

4.4~45 I AR X DMBEHBO AT M IVOEWER LI,
FENE, ¥ FEALE ut_ﬁ . B, dt04FEeE0, FEcEE
AR TOLRNF = G#E 5 -4y FNOARETF 1 BioxT 5
KFREELT. BRSOy b TELE, ETHFOZZINF—F5HITD
WL, 10MeV DEHICE TS LTND EWD ATIE 4 FaEIZAE 7t
EWER SN2V, BHEATIZ. 50keV UTOL VEWEEICE TS
LTS ENDERPE LN, XFOIINF o0 2 REXTHIC
DWTH, dEFRSRL i<, BIC IMeVELETHD 3@ e DENE,
bz, ZORRIL, EFROFAE, §—7 v P BOLEMSEHERIC L
SYLDEEZ BB,
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F4l 24 A VBREHETHAWHEOAR®

WA % (g/cm?) I &%)
Lead PEGS A& Pb 100
N 78.18
Air-Gas 1.29E-03 O 20.97
Ar 0.85
H 0.56
O 49.83
Na 1.71
Mg 0.24
Concrete 2.17 Si 31.58
S 0.12
K 1.92
Ca 8.26
Fe 5.78
H 0.36
C 1.47
0 49.59
Na 0.84
Mg 1.60
Al 7.08
Soil 1.71 Si 27.09
P 0.06
S 0.22
K 2.37
Ca 4.21
Ti 0.34
Fe 4.04

=42 BEFRNFOIFI¥—EH

TRIRVF—-MeV)

LRI NVF—MeV)

A ER T AE=1.00 UE=45.00
BT BEF
*F AP=0.01 UP=45.00
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413 HERD BORBEE RS XUREST

4.3.1 FEERDOOREKSE

B RRRER D DB DREEFRIC LB ERIIT. ERAOSE
POEEFMINEIZERESTLE, WOWIBEELE . BRADEENS
RAFZBORT EACKEINR, ZREDT VT VEELIC L D
BENFHOSKZESREERTE, WhDEZhA v e A VHHL, O
ZIX, BWR BBEF TR, EFFEETIC s —EVEED bR4AT 5 16N
DAV TRO.2MeVD, § —EVEEBDEBEZBEBL. A4 v v AV E
RAZEBHENT WS, @

45MeV Z A F v ZHEERTIE, ¥ —4" v h DIEE)» bRET D EENRK
HEPRRRER TN EBAENTND, IIEBITH TIIREANT
B, ETELRTHEEAENTNWBR, §—4 v hELFICEROA
Teniz, IKAEDY 7 L bOREINOBSEANKT. T H LY
TAVRREZDEZZONTWS, T, AIETCRESEEELE
LIRERIE M TONTEY., £y 32—y s VERIZBWTL, &
72RO E LEBETE S FOFMEZ T - 7=,

432 FEMAR

B46iZ. ZHAv+ A VERHEDHDOLEFRIFHGRER L, &
REIR 41 FTRIND S 7 ML LT, EHRICITEE L 800m.
30 1.0km OFFERODZESORIKE . THEICITEE 800m. FEX H
50m DFIERDOEDHEEEZE X TNIC L VLT K 2HEOBELER L
BT o7, BHBOBEI I, P FRINI LI, BREFED
BRE»HEE Im & L, ‘
K 4.7 I213. REBONE., THOBEGU AT LE-HESD, 577
b BEOEER R U, RESIIAE, &, E. 4to 4FENIZFNFNEE
IO, 5t 32 HE. 50~700m OBEHEOEICEE, ThiCkV. B
DIFERBSBO, EES XU FEIC T 2 REE 2 BT 55 - 7=,

433 FTEER

ETX 4.8~4.91CIX, ¥7 b5 100m OHSIZHIT S, 4 5EFNF
NIEONWTORBRBREREDI Ry bIVDHEZER 7 Li-, BEIIETFO
TRNVF— HELS 7y MADARETF 1 BT 32XFEE LT,
BTy FTRLUE, ZhiC&E3E, 4F5mELIC 50~100keV OFS
CE=I25H5EHbN, 2O EORTFEIL, ASHETF 1 BIC LT,
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DHRTIL 3~4ME ERWL LI E X 5,

B 410~4.138 2. 4FEENENKDONWT, EEOEILIZEES B
BIRROX 7 M VELER LIz, B, B, E. EFE0FnFhicon
T, 100m # 2 & 500m S IZ BN TOEEET-7=E 23, EbIZ1H
BEEORVIBE BN,

4.14 T4 TEICOWT O, BEIAT A HRFOTN—2 v ITA4L
Z, K 415 ICIEBRESFHETR Lz, BEIX. FNFhOFEICHONT,
50~700m ORID B R 2B L. AHEF 1 EICHTAEERDIZE S,
BELET 100~102 R OFHDOIMAE NI, 4 FEADBEST & HE
TI5E, BEOEBESHIIATIESERAEIE. 4FEaE LEVEEEZRLTW
DEEZDBNDY, BEDER., EARAEODSFEICHRT 1 i3 &
ARELS 227z, THIT, REOEROEROEZIZRVENEINTED,
TR 3.1 TREAND LD ARITEERELEN, HEERIZITEAAE
NTNWENWZEAREELTWDEEX b3,
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44 ZABAY v A VEBEIBITAIAEEE OHE

X 416 iIZEBEFEO, R4.17 IZI3EHFE. K 4.18 IZiXdeFmicsiT 3
WEBEEHEEE OB TR Uiz,

Clarke L&D &, XA A ¥ + A VEEIE r>0.2mfp (mfp cia'e%oa%éj
B BT LT,

D(x) = Do (1mfp) exp(-1 ¥) /1 (4.1)

Do:1mfp iz BT 28 =
RN b iEE
UBREFOIRINVE—RINEE

TELERTZDZZEBREINTNWS, ® ZhiL, Clifford® . Burson
5M R Starbird 5® DEE &, Spencer H® DE— XV MEEFEVW-E
E2LlBOENRBRRE LTROBNTNE, Zhb b, BEAEEE
FENZDW TSI BERE, 80T 200m HEATHER LI 20D, rX
Dose DEZL>TFuy b Uiz, EdbFEIZONWTIE, AIEHSEDE
H5 300m HATHELET o7/, 8. BHFEICBT3HEIE 90m
ETULATONT NS, BEZEFEIZH 600m T TORIEN T
CNBID (978 BEE 43 o ¥ —RIRER
@7:7!7"-7.[ @ﬁﬂi?ﬁiﬁbﬂf: jj-ré".] ﬁg
10y FOEELDHHET
70y L. ZhBDE

(4 (m-1)
EHE HIEE 0.0055
25 BEER R T SOHE | 0.0058

: : =0 RUEAE 0.0091
572, 100m <r < 400m _ -

. - AT EfE 0.0062 .
DEHTENRFNIZON g EE
'CU)I*)V#‘—%JR%& B & =] 00028
TR, TOBREE 4.3 R UEZELFEORIEEIZOWTIE. 300~
600m OFEHEDME LB SN TN RN=HENE),

BEAEIOWTL, K 416 RuDEEHET S &, BORSEEE T
LTNDEWNZ 5, 100m T ORED BT & 2 BT 10% DR
HY, FEZOHEBIHITAIHMLHEIT - TH T, BIEEE DR
ZITD7oHITIT., BEROBEZ VR U SASaR e 8 m & a0
BTHDHEEZLND, IO FEIZOWTLERTSH S,

RICEFEZOWTI, K417 BXUE 4355, HEBICH LREE
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BROBTATED., TNEIRIGEE LTRAZLNWTWAZ EREZ BILAE,

A AROEEIC DN T, 300m AR EEL LTHEY, HEER

EELRTWESICEHEZTHLTToy hENTWBER, XKiZTE—E
BOETHD, r > 300m DEEOLEZ LTAD L, BETIERDITIL
BEHWTWETZA, SVEFTCOREEZRBERS TS =HIZIT/ vy 77
TV NEFERICNTIREASLETHD D, £-4EITr < 300m O
FEOAERZFTONTnaWed, HELOHEKIZIIRIZET S, 5%
DREL I VEREZFTOTFETH 5,

45 PBITEROBRE

FETI, dEK45MeV 54 F v TRV EDIA I A ¥ v 4 VEBISHT
BV 2 =¥ a VEBITIZOWTiR =, I, ER»LORERSED
AT bR BN, BLT 50keV~10MeV OEHEICHHLTEHD,
100keV {51z ¥ — ﬁ»ﬁn FOEEDEFORITH 10 H/emZEF T
HLEENWIEREE, RICHER» D, 50m 25 700m FTOEHET4LF
M. E 32 RICBITHEEEIRD E):h,\ TEZ XS BEDHOENDIE
BNz, ERTEAAMEEFEESNT. REBEE D, BEEFICOWTH
EARIEEE I 5T,

FEERD D OREBEZRIE., STXNVF-—HETOBRENKZLS, F-8
ETHEONTL, RRISENEZATE 10%0BRENDY, SHEDE
RICBNWTINEORERETILEND D,

SRIT, BRLAHEICBT 2EM BTN, RS s R R
EREINODAEOHFEE DHEZTW., FHRHEIC IV 2D D184
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