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A Point-kernel Shielding Code for Calculations of Neutron

and Secondary Gamma-ray lcm Dose Equivalents: PKN
Hiroshi KOTEGAWA and Shun-ichi TANAKA

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

{Received August 21, 1991)

A point-kernel integral technique code, PKN, and the related data
library have been developed to calculate neutron and secondary gamma-ray
dose equivalents in water, concrete and iron shields for neutron sources
in 3-dimensional geometry. The comparison between calculational results
of the present code and those of the I-dimensional transport code ANISN=
JR, and the 2-dimensional transport code DOT4.2 showed a sufficient

accuracy, and the availability of the PKN code has been confirmed.

Keywords: Neutron Source, Point-kernel Integral Technique, lcm Dose

Equivalent, Water, Concrete, Iron, PKN
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Table 3 Group numbers and energy group structure

of source neutrons in units of MeV

Group Energy Range Group Energy Range

29 9.0718E-01 ~ 8.2085E-01

-1 1 Am-Be 30 8. 2085E-01 - 7.4274E-01
0 ERECT 31 T.4274E-01 - 6. 7206E-01
i 1. 4918E+01 - 1. 3499E+01 32 6. 7206E-C1 - 6.0810E-01
2 1.3499E+01 - 1. 2214E+01 33 6. 0810E-01 - 5.5023E-01
3 1.2214E+01 - 1.1052E+01 34 5.5023E-01 - 4.9787E-01
| 1. 1052E+C01 - 1. 0000E+G1 39 4. 9787E~01 - 4.5049E-01
5 1.0000E+01 - 9. 0484E+00 36 4. 5049E-01 ~ 4.0762E-01
B 9. 0484E+00 - 8. 18T3E+00 37 4.0762B-0% - §.6883E-01
1 B.1873E+00 - 7.4082E+00 38 3. 6883E-01 ~ 5. 3373E-01
8 7.4682é+00 - 6. 7032E+00 39 3.3373E-01 - 3.0!197E-01
9 6. 7032E+00 - 6. 0853E+00 | 40 3.0197E-01 - 2. 7324E-01
10 6. 0653E+00 - 5. 4881E+00 41 2. T324E-01 - 2.4724E-C1
11 5.4881E+00 - 4.8659E+0C 42 2.4724E-01 - 2. 2371E-01
12 4, 9659E+00 - 4. 4933E+00 43 2.2371E-01 - 2.0242E-01
13 4. 4933E+00 ~ 4. 065TE+00 44 2.0242E-01 - 1.8816E-01
14 4. 06578400 —- 3. BT88E+CD 45 1.8316E-01 - 1.8573E-01
1d 3.6788E+00 - 3. 3287E+CD 46 1.6573E-01 - 1.4996E-01
16 3.3287E+00 ~ 3, 0119E+00 47 1.4%996E-01 - 1.3569E-01
L1 3.01f9E+00 - 2. 7253E+00 48 1. 3569E-01 - 1. 2227E-01
18 2.T253E+00 - 2. 4660E+00 49 1.2227E-01 - 1. 1108E-01
19 2. 4560E+00 - 2. 2313E+00 50 1. 1109E-01 - 8.6617E-C2
20 2.2813E+00 ~ 2. 0190E+00 51 3.8617E-02 - 6.17379E-02
21 2.0190E+00 — 1.8258E+00 52 6. T379E-02 - 5. Z475E-02
22 1.8268E400 - 1. 6530E+00 53 5.2475E-02 - 4.0868E-02
23 1.6530E+C0 - 1.4957E+00 54 4. 0868E-02 - 3.1828E-02
24 1.4957E+00 - 1. 3534E+00 5 3.1828E-02 - 2.4788E-01
25 1.3534E+00 - 1. 2246400 56 2.47T88E-02 - 1.9305E-02
26 1.2246E+00 - 1. 1080E+00 57 1.9303E-02 - 1.5034E-02
21 1.1080E+00 - 1. 0026E+G0 58 1. 5034E-02 - 1.1709E-02
.8 1.0026E+00 - §.0718E-C1 59 1.1709E-02 - 9.1:88E-03
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7 &
A1 ATERX
A2 ATIB
A3 HAREREL LA
A. 4 Energy spectrum of ***C f and **'Am— B e neutrons.
A. 5 (1) Attenuation factors of neutron and secondary gamma ray dose
equivalent for ***C f and *''Am— B e neutrons in water.
A.5 {2} Attenuation factors of neutren and secondary gamma ray dose

equivalent for 2°2C f.and **"Am— B e neutrons in concrete.
A.5(3) Attenuation factors of neutron and secondary gamma ray dose
equivalent for °*?C f and **"Am— B e neutrons in iron.
A.6 Fitting parameters to 1 cm dose equivalent of neutrons and
secondary gamma-rays for °°*Cf and **’Am-Be
A.7 (1) Infinite medium effect of neutrcn and secondary gamma ray dose
equivalent for 2°2C f neutrons in water, concrete and iron
A.7(2) Infinite medium effect of neutron and secondary gamma ray dose

equivalent for **"Am— B e neutrons in water, concrete and iron.
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(A 1 AATER

ANEEE. WOCARD-ADSCARD-ZITHLETH B, HHHERR,
HITEER., REER, MEEERO3EY CTAHAETHED ., RIWTDIE
Eiis kR sowc, — %M. X1, X2, X3&l7s X1, X2, X3l
. BABERTR. B4EECX, YV, ZEESRL, REETRR, 6. ¥
FEIEA . AHEEEZTIRIR, Z, OFBEXRT LD LT B,

EXRcmBfit, AFRddegree (E) TANT 5,

CARD—-A (AT2) ;74N

CARD-B (1414) ;
NSX1 : BHEOX1EEOANME DR
NSK2 @ SEHOX2EEOASEOCRE
NSXK3 : HEOX 3EEOANNEOEE
NREG : FHIKOEH
NBOUND : BIH O
NSOPT : @SB oOFIKEHLLT 2EER(0/1/2)
= (o 18 Bt/ FEL AT TR AR/ BR IR 4R)
ISRC @ BEMESHORO/):=(2%4 »5H /BESTHIZE L DEIR
Wi EAFEEEFE - TEHREND)

CARD -C (E10. 3, 615) ;CID00, ((CID(I, ), 1=1,2),i=1,8)
CIDO0 : 2 FAEE (n/sec)
CID oA RIBESTHTHUSRCA LI SCIDIER NS, )
ISRC=172 5,
L BERREE (X1, X2, X3) = CIDO0*COS(CID{L, 1) *(X1-CID{2,1}))
¥COS(CID(L, 2)*(X2-CID{2, 2}))
#COS(CID(1, 3)*(X3-CID(2, 3)))
KHE-T, BREENIEI D,

CARD-D (8E9. 2) ; (SOKI{I), [=1, NSX1+1)
SOXI  : BEBREEZANTAIHEERO X 1 EE
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CARD-—E (8E9, 2) ; (S0X2(1), I=1,NSXZ+1)
S0XZ ;. HMEHEEANTIEEKEOX 2 [EEE

CARD-F (8EQ9. 2) ; (SOX3(I), 1=1,NSX3+1)
SOX3 - ﬁﬁ%ﬁ%kﬁ?%ﬁﬁ%%@xsﬁﬁ
BEEER, LicHgltahTuwh i,

CARD-G (3E9. 2, 19, E9. 2)
TSX1(1), TSX2(1), TSX3(1), ITS(1), WTS (1)
TSX1 @ BEAHEOPLOX 1 EE
T$X2 : HBEARODLOX 2 EE
TSX3 : BEERODLOX 3 ER
IS BEEHEoDOEICRT 2 EER/1/2) = (M REE/EITEE/EK
FEEE)
KIS : COBRBEAEAREOCES
CARD-GUER e 7 OHIEZTEDI RS,
IHEOBBEOMBER,  (SOXI+TSKI(1), SOX2+4TSX2 (1), SOX3+TSX3(I}) &L
TtEEHh 5, '

CARD-H (I136) ;ITS
[TS=-2+BLHETCARD-GANEHOKTEERT 3

H LISRC#2WSCARD -1, J, KIZAQRE,
CARD-—1 (8E9. 2) ; (SWXL(I), I=1 NSX1+1)

SWXL  : BEABROSOKIEECHYT 2HEFHEOCES

CARD—J<8t9.2);mmuDJﬂwwﬂn
SWX2  : MEBEEBOSKNEZBICHT IHERECE A

CARD-K (8E9. 2) ; (S¥xX3(1),1=1,NSX3+1)
SWX3  : BBEAROSOMEBELHTIEREEDOES



JAERT —M 91— 143

CARD-P&Q;
DO 10 J=1,NBOUND
(CARD-P(213);) (JID(I1, 1), 1=1, 2)
(CARD-Q(1213) ;) (KID(I, 1), XIE(I, 1), 1=1,J1D(L, J))
10 CONTINUE

DL D) CoHEERRTACHEREROM (BXK6)

COEEMHET ZEBROA M SR SEROBIE A F X
175 (—6~6)
7ID(2, 1) QEEBOMBEES (0/1/2/3)=(HE/K/a v )= }F/K)
RS, BECHRET S, #. **°Ct & Am— B e itk FRFUCH
LCidy JID(2 D=(4/5/6) & LT, IaF\ B/ FvzFLr vy /EBa)b

HHETE D,
XID o DEE AR T AIERES (CARD- RONB(K) DfED

COEROE I S M OEEKIES. CoBREOHBERILHLT

HOBIcHBBEILRTA F AFESELIDECHT S,
KIE :KWT%%&ﬂ%%%@@C%M@ﬁﬁﬁﬁ -
g&m@ﬁm\Ww&m%ﬁ%ﬁo&\%ﬁxanﬁﬁéocmgé\mm&

OWAEHE LTV 2B EORABICAF LA AEE STV, FHRR, BED S
% T, ArEbVEiFshzoT, BB, OAT, H3HEOE A E
@ﬁﬂﬁ&%@bﬁﬁﬁﬁ%ﬁﬁéoJoT\CARD“P&Q%‘ﬁﬁﬁﬁm

5% - T, ADERICITL I URZOBHELEE L V.

CARD-R (215, 7E9. 3) ; (NB(K), NEQBD(K). ABD(K), BBD(K),
CBD(K), XOBD (K), YOBD(K), ZOBD{K), DBD(K), K=1, NBOUND)
NB :ﬁﬁ%%(l@éwwmif@ﬁﬁﬁﬁmﬁﬁ)
NEQBD : HRZ BT 2 HEROBEE (1/2/3/4/5/8)
=(General Quadratic/Spheroid, Conic or Cylinder/
Cylinder Paréllel to 7 Axis/X Plane/Y Plane/7 Plane)

. ABD#X*+BBDHY?+CBD#Z%+XOBD*X+YOBD#Y+Z0BD*Z-K® = 0
. ABD# (Z-XOBD) *+BBD¥ (Y-YOBD) *+CBD# (Z-Z0BD) *—K* =0
(X-XOBD) *+ (Y-YOBD) *-K?=0

X -K=0

cY-K=20

2 -k =20

(- B A
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aBD  : £ HFEADABDDE
BBD : Lo A#EADBBIDE
cBp : LoBFEROCBDDOH
X0BD : toHERDOXOBDDH
YOBD : EoHEXDYOBDDfE
708D Lo HBRDIOBDE
pBD  : LoABEAD K Off

CARD-S (815, 2E9. 3) ;IPP, IPD(1), IPD(2),PD8A, PDEB
PP : GEHEOx 2 LFE—KEM/2/3/4/5/6)=(nono energy/
spread energy/?*"U/*%%Cf/** 'Am-Be/Watt formula)
IPD(1) : BBEHEBANIOHOLE(-1~59)
IPD(2) : #EHEBMATOKRD L OB (-1~59)
[PP=1D 8. IPD(D=IPD(I) THIERENTWIREESEANT %o
Z T, IPD(1)=-1~5%,
[PP=20B}, 1PD(2)=1PD(1)T&H b . IPD{1)=1~5%0
1PP=(3/4/5) ¥, [PD(1)=1PD(2)=1& ¢ Bo COW, X (3) KR~
Fo s AiHEENEESS | 2 E- T, HEEN B,
[PP=6 @54, PD6A, PD6BROIE &«
S (E) =NXexp (—PD6AXE) Xxs inh (V 2XPDEBXE)
ORDSEREA RS PLEFE, $ (E) 1 eHERibansd,
E AR AF— (MeV)
1PP#6 7% 5 PDBA, PDEBIEAE.

CARD-T (8EQ9. 3) ; (QID{D), [=1,1PD(2)-1PD{L)+1)
QID  : [PP=2DE¥ D IPD(1) > 5 [PD(2) £ TOIPRD(2)-1PD(L) +1fE DERIBRE

(IPD{1)<IPD{2), IPD(2)-1PD{1)+1< 1D F D CARDRAE)
[PP=6 OMIQIDIFTELHHAINS,

CARD-X (3E9. 3, I19) ; (RX1(1),RX2(I),RX3(1),NGM(1), [=1, NDET)
RX1  : HAlEROX 1 EE
RX2  : HIEA®X2ERF
RX3  : HIFEH 00X 3 E{R
NGM - RSERAEIR T 5 EEIE(0/1/2) = (FIEEEER/E AT IRAR/BREEER)D
CARD-Xi&, HIEHOKREBBROELANT S,

CARD-2Z (136) ;IiT

177=-1 B ET. CARD - XANHHOKRT ., RULAIERORT %
BT 5,
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182 A. 2 AFH
AFBEL TR, HER 4. 2 TOFHERE-EDE I ICHRTo

PROBREM DA-03 252CF (R=2(M,Z=15CM) x POLY QADTDS.DATA{PBCFA$32> CARD A
.4 -] 8 5 12 0 2 CARD B
1.0 ‘ 0.0 0.0 0.0 0.0 0.0 0.0 CARD C
0.0 0.5 1.0 1.5 2.0 CARD D1
25. 27.5 30.0 32.5 35.0 27.3 40.0 CARD E2
0.0 45.0 0.0 135.0 180.0 225.0 270.0 315.0 CARD F12
360.0
-10.0 0.0 G.0 0.25 CARDF/G
¢.0 10.0 c.0 0.25 CARDF/G
10.0 o.¢C 0.¢ c.25 CARDF /G
¢.0 -10.¢C 0.0 0.25 CARDF/G
-2.
1.¢ 1.0 1.¢ 1.0 1.0 CARD G1
1.0 1.0 1.0 1.0 1.0 1.0 1.0 CARD H1
1.¢ 1.0 1.0 1.0 1.0 1.0 1.0 1.0 CARD I1
1.0 CARD I1
3 1 CARD J
1 2 -8 2 ? 2 CARD K
2 1 CARD J
2 3 -7 3 10 3 CARD K
3 o CARD
3 4 -6 4 11 4 ‘CARD X
3 0 ; CARD J
4 5 -5 5 12 5 CARD K
-1 0 ‘ CARD J
-5 4 CARD X
1 3 0.0 g.c 0.0 2.00 CARD L1
2 2 0.0 0.0 0.0 25.00 CARD L2
3 3 0.0 0.0 c.0 10¢.C0 CARD L3
4 3 0.0 0.0 0.¢ 200.00 CARD L4
5 6 0.0 0.0 0.¢ -400.00 CARD L5
6 6 0.0 0.0 0.0 -160.00 CARD L5
7 6 0.0 0.0 0.0 0.00 CARD L5
8 6 0.0 0.0 0.0 25.00 CARD L&
g 6 0.0 0.0 0.0 40.00 CARD L7
10 6 0.0 0.0 0.0 57.50 CARD L8
11 6 0.0 c.0 0.0 200.0C CARD L8
iz 6 0.0 o.c 0.0 . 400.00 CARD L8
1 0 0 CARD P
1.00 : CARD @
0.00 32.5 0.0 0 CARD X1
1.0¢ 32.5 Q.0 0 CARD X1
2.00 32.5 0.0 Q CARD X1
5.0C 3e.5 0.0 Q CARD X1
8.00 32.5 0.0 ¢ CARD %1
$.00. 32.5 0.0 Q CARD X1
10.0 32.5 ¢.0 o CARD X1
11.0 32.5 0.0 ¢ CARD X1
12.0 32.5 c.0 ¢ CARD X1
15.0 32.5 ¢c.0 0 CARD X1
20.0 32.5 0.0 g CARD X1
25.0 2.5 0.0 0 CARD X1
30.0 32.5 0.0 0 CARD X1
40.0 32.5 0.0 0 CARD X1
50.0 32.5 0.c 0 CARD X1
75.0 32.5 0.0 Q CARD X1
100.0 32.5 0.0 0 CARD X1
125.0 32.5 0.0 0 CARD X1
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Ao 3 &
160.0 32.5 0.0 0 CARD X1
0.00 12.5 0.0 0 CARD X1
1.00 12.5 0.0 0 CARD X1
2.00 12.5 0.0 0 CARD X1
5.00 12.5 0.0 0 CARD X1
8.00 12.5 0.0 0 CARD X1
92.00 12.5 0.0 0 CARD X1
10.0 12.5 0.0 o] CARD X1
11.0 12.5 0.0 0 CARD X1
12.0¢ " 12.5 0.0 0 CARD X1
15.0 12.5 0.0 ¢ CARD X1
20.0 12.5 0.0 0 CARD X1
25.0 12.5 0.0 o} CARD X1
30.0 12.5 0.0 o CARD X1
40.0 12.5 0.0 0 CARD X1
50.0C 12.5 0.0 o CARD X1
75.0 12.5 0.0 0 CARD X1
160.0 12.5 0.0 e} CARD X1
125.0 12.5 0.0 o CARD X1
160.0 12.5 0.0 o CARD X1
0.00 32.5 0.7854 o CARD X1
1.00 32.5 0.7854 0 CARD X1
2.00 32.5 0.7854 0 CARD X1
5.00 32.5 0.7854 o CARD X1
8.00 32.5 0.7854 ¢ CARD X1
9.00 32.5 0.7854 e} CARD X1
10.0 32.5 0.7854 0 CARD X1
11.0 32.5 0.7834 4] CARD X1
12.0 32.5 0.7854 0 CARD X1
15.0 32.5 0.7834 0 CARD X1
20.0 32.5 0.7854 0 CARD X1
25.0 32.5 D.7854 o] CARD %1
30.0 32.5 0.7854 0 CARD X1
40.0 32.5 0.7854 o] CARD X1
50.0 32.5 0.7B54 0 CARD X1
75.0 32.5 0.78B54 0 CARD X1
100.¢ 32.5 0.7854 0 CARD X1
125.0 32.5 0.7854 0 CARD X1
16G.0 32.5% 0.7B54 0 CARD X1
0.00 12.5% 0.7854 0 CARD X1
1.00 12.5 0.7854 0 CARD X1
2.00 12.5 0.7854 0 CARD X1
5.00 12.5 0.7854 0 CARD X1
8.00 12.5 C.7854 0 CARD X1
10.0 12.5 0.7854 o CARD X1
12.0¢ 12.5 0.7854 0 CARD X1
15.0 12.5 . ©.7854 0 CARD X1
20.0 12.5 0.7854 o CARD X1
25.0 12.5 0.7854 o} CARD X1
30.0 12.5 0.7854 o} CARD X1
40.0 12.5 0.7854 o CARD X1
50.0 12.5 D.7854 0 CARD X1
75.0 12.5 0.785¢% 0 CARD X1
100.0 12.5 0.7854 0 CARD X1
125.0 12.5 0.7854 0 CARD X1
160.0 12.5% 0.7854 0 CARD X1
0.00 32.5 0.0 0 CARD X1
0.00 34.5 0.0 ) CARD X1
0.00 37.5 0.0 v CARD X1
0.00 4L2.5 0.0 o} CARD X1
0.00 47.5 0.0 0 CARD X1
0.00 52.5 0.0 o CARD X1
0.00 57.5 0.0 o CARD X1
~0.00 62.5 0.0 0 CARD X1
0.00 67.5 0.0 0 CARD X1
0.00 72.5 0.0 0 CARD X1
0.C0 82.5 0.0 0 CARD X1
0.C0 107.5 0.0 0 CARD X1
0.G0 132.5 0.0 0 CARD %1
0.00 157.5 0.0 0 CARD X1
©.G0 192.5 0.0 0 CARD X1
-1 CARD Z
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fT8xA. 3 HAEX & dHAH

HAKRER, ABDDCARD - XRTRIEMEBCHGL TREMBIHE,

HERFTIS —BELBE, UR Mo I —EHMERE N, ANEHICF
EHRFNEROATADOHEICEITT %5,

HExs—it, SEBEZEAONS, 123, VA A Y25 -T, ¥DEK
. ANOEEERICFENSBBETH S, 2 2HR, HFELOTE MDY
WA THEIEATHE, CNBRAESREZLLEHTA2ET, HRahdER
L, 3B, BRLATALOEHMNETEC, 52— HFO b DHEIL
FREMEE A CHERH VLR S &, REEHENBeRET 28855,
IR, BB RALF—N, I Me VEITOREPHEFO I ml LB X %2F 4
BIKETOHETCENRECVE S, ChxBF2iIcl, BEPHET 2L F—
BlMe VEUTOHEG. KEBRECESEZ1 00 cmidbiclRvkHicsd sy
EH b,

T8 A, 2D ANPlcHIE LB NP2 LI FicRd.

ATTENUATION OF DOSE EQUIVALENT WITH PKN

SOURCE ENERGY FROM SEC Q) TO SEC O) SOURCE POINTS = 192
< MONOENERGETIC NEUTRON SOURCE >

M Xt X2 X3 N-DOSE EQ. 2.G-DOSE E@,
(SVXHR-1/N) (SVEHR-1/N)
0.0 32.50 0.0 &,669F-10  1.857E-11
1.00 32.50 0.0 4.760E-10 1.871E-11
2.00 32.50 0.0 5.064E-10  1.916E-11
5.00 32.50 0.0 B.850E-10  2.446E-11
8.00 32.50 0.0 3.4896E-09  5.593F-11
9.00 32.50 0.0 5.066E-09  7.380E-11
10.00 32.50 0.0 5,629E-09  7.999E-11
11.00 32.50 0.0 5.036E-09 7.259E-11
12.00 32.50 0.0 3.434E-09  5.351E-11
15.00 32.50 0.0 7.224E-10  1.840E-11
20.00 32.50 0.0 1.290E-10 6.914E-12
25,00 32.50 0.0 3.459E-11 3.610E-12
30.00 372.50 0.0 2.155E-11  2.336E-12
40.00 32.50 0.0 1.076E-11  1.233E-12
50.00 32.50 0.0 6.482E-12 7.682€-13
75.00 32.50 0.0 2.693€6-12  3.327E-13
100.00 32.50 0.0 1,473E-12  1.854E-13
125.00 32.50 0.0 9.288E-13  1.1B1£-13
160.00 32.50 0.0 5.600E-13  7.187E-14
0.0 12.50 0.0 3.280E-11  4.139E-12
1.00 12.50 0.0 3.276E-11  4.133E-12
2.00 12.50 0.0 3.266E-11  4.117€-12
5.00 12.50 0.0 3.185E-11  4.003E-12
8.00 12.50 0.0 2.996E-11  3.790E-12
9.00 12.50 0.0 2.899F-11  3.696E-12
10.00 12.50 0.0 2.784E-11  3.593E-1?
11.00 12.50 0.0 2.651E-11  3.479E-12
12.00 12.50 0.0 2.502E-11  3.3S5TE-12



29
30
3
32
33
34
35
36
37
38
39
40
41
47
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
S8
59
50
61
B2
53
54
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

HAH#->5 &

15.00
'20.00
25.00
3c.00
40.00
50.00
75.00
100.00
125.00
160.00
0.0
1.00
2.00
5.00
§.00
9.00
16.00
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Table A.6 Fitting parameters to 1l cm dose equivalent of neutrons
and secondary gamma-rays for 252¢f and 2%lAn-Be.

Neutrons _
Shield Source Al A2 A M A5
Water *®°Cf  -1.278E+1 -1.887E-1 3.440E-4 -1.220E-6 1.727E-9
' 2414n-Be -1.264E+1 -9.764E-2 ~6.700E-5 5.315E~7 -1. 203E-9
Conerete *°°Cf  -1.269B+1 ~-4.573E~2 -5.180E-4 2. 5T4E-6 -4. 613E-9
241an-Be ~-1.263E+1 -2.384E-2 -7.098E-4 3.470E-6 6. 195E-9
Iron  ?%%Cf  ~-1.2T1E+l1  1.422E-2 -5.143B-4 2. 204E-6 -3.682E-9
241gn-Be ~-1.260E+1 1.054B-2 -4.644B-4 1. 945E-6 -3.216E-9

Secondary Gamma-Rays
Shield Source Al A2 A3 Ad A%
Water 2°°Cf -1.750E+1  1.052E-2 -6.254E-4 3.342E-6 -6. 349E-9
241pm-Be -1.786E+1 3. 118E-2 -9.212E-§ 5.035E-6 -8.550E-9
Concrete 2*%Cf ~1.862E+1 9.532E-2 -2.090E-3 .129E-5 —2.110E-8
4iam-Be -1.859E+1 9.0276-2 -1.892E-3 9.762E-6 -1. TT0E-8
Iron RECE -1.849E+1 ~-3.296E-2 5.437E-4 -4. 202E-6 8. 966E-9
24tpAp-Be -1.T40E+1 -7.652E-2 1.111E-3 -7.181E-6 1.445E-8
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