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# # 3970603621 : MAJORNUCLEAR TECHNOLOGY
KEY WORDMONTE CARLO/ Tc-99m / RADIOTRACER

SONGSAK ONGWATTANAKUL : MONTE CARLO CALCULATION OF INJECTION ACTIVITY OF
RADIOTRACER IN LIQUID SYSTEMS. THESIS ADVISOR : ASSOC. PROF. NARES CHANKOW, M.
ENG. THESIS COADVISON : PROF. DR. ESAM HUSSEIN, Ph.D., P.ENG. 83 pp. ISBN 974-333-197-2.

The Monte Carlo N-particle Transport code Vversion 4A (MCNP 4A code) was used to calculate

ther counting yield of 143-keV gamma-ray photons emitted from Tc-99m solution dissolved in water

contained in cylindrical tanks and pipes of diameters 10 to 25 cm. The results were compared with those

obtained from the experiments using a 2” x 2” Nal(TI) detector and from an analytical calculation model

taking into account the geometrical and self—ébsmption factors. The results obtained from the MCNP

calculation were found to be proportional to the actual counting efficiencies. The Monte Carlo calculation

may be used to help estimating the required injection activity of radioactive substance to obtain information

on the flow rate, residence time and mixing time.
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MANHIN D

fethauiludoyavesneuiiimaslia MCNP 4A

n.1 urludeyailowdnnsdidanansnnsgiu

Mixing D10cmThick 0.05¢cm ModeP 1Bin 0.124-0.158MeV

c cell cards

1

2
3
4

u]\

1 -1.0 1-2-3imp:p=1 $ Vol. Source Cylindrical cell m1=1

2 -7.92 (-1:3)-4-56 imp:p=1 $ m2= SS-304

4 -3.67 7-8-9- imp:p=1 $ Nal(Tl) crystal m4=4

0 -10 #1#2#3#6 imp:p=1$ Inside Void

0 10 imp:p=0 $ Outside Void

3 -11.34 (18:20:-17:-19)(-12-16 11 15) 13 -14 imp:p=1$ Pb m3=3
3 -11.34 (28:30:-27:-29)(-22 -26 21 25) 23 -24 imp:p=1$ $ Pb m3=3

¢ surface cards

1
2
3
4
5

8
9

pz O $BottomPlaneofVolSource

pz 10 $=TankIDia Top plane of VolSource

cz 5 $=TankIDia/2 :SidePlaneofVolSource

pz 25 $=TankHeight :TopPlaneofTank

¢z 5.05 $=TankIDia/2+TankThck :OuterCylindricalSidePlaneofTank
pz -0.05 $=Surl-TankThck BottomSurfaceofBottomCellofTank

py 5.65 $=Surld+Clearance(0.1) FrontPlaneofN aI(TDCrystal

py 10.73 $=Sur7+NalLength(5.08) BottomPlaneofNal(T1)Crystal
c/y 0 6.04 2.54 $z=6.04 R=2.54 SidePlaneoiNaI(Tl)Crystal

10 sz 10 50 $z=10 R=50(2*Ymax) InsideVoid

11 px -9 $=4*Surl8 :SidePlaneofPbShield-x

12px 9 $=4*Surl8 :SidePlaneofPb3hield+x

13 py 5.15 $=Sur5+Clearance(0.1) FrontPlaneofPbShield+y

14 py 5.55 $=Surl3+FrontPbThck(0.4) BottomPlaneofPbShield+y

15pz-1 3$Surl-1
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16 pz 26 $Surd+1

17 px -2.5 $=WinWidth/2

18 px 2.5 $=WinWidth/2

19 pz 5.54 $Sur9Z-WinHeight(0.5)

20 pz 6.54 $Sur9Z+WinHeight(0.5)

21 px -5 $SidePlaneofPbShield-x

22 px 5 $SidePlaneofPbShield+x

23 py 5.75 $=(Sur7+Surl4)/2 FrontPlaneofPbShield+y
24 py 12 $=Sur8+1 :BottomPlaneofPbShield-+y

25 pz 1.04 $=Sur9Z-RecPbThck(5)

26 pz 11.04 $=Sur9Z+RecPbThck(5)

27 px 2.64 $=Sur9R-Clearance(0.1)

28 px 2.64 $=Sur9R+Clearance(0.1)

29 pz 3.4 $=Sur9z-NalDia/2(=2.54)-clearacne(0.1)

30 pz 8.68 $=Sur9z+NalDia/2(=2.54)+clearacne(0.1)

- sdef erg=0.1426833 par=2 cel=1 pos 0. 0. 6.04 axs 0. 0. 1. rad=d2 ext=dl

sil -6.04 3.96 $-DetectHeight<ext<Sur2-DetectHeight

si2 0 5 $0<rad<TankIDia/2

mode p

phys:;p 1.0 1 SULE detail phys=1.MeV; P not produce E=1; no coherent scat=1
¢ materials

ml 1000 0.6667 8000 0.3333 § water
m?2 24000 -0.190 25000 -0.020 26000 -0.695 28000 -0.095 $ SS 304
m3 82000 1 | $ lead

m4 11000 0.4995 53000 0.4995 81000 .001 §$ Nal(T1)

area 6) 20.2683 23]

vol 2§ 102.963 4;

¢ tally

f2:p 7 $ flux P at surface 7 : front plane of Nal Crystal
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e2 0.124 0.158

t4:p 3 § fluxt P at cell 3 : front plane of Nal Crystal
e40.124 0.158

18:p 3 $ Pulses P created at cell 6 : Detector Nal Crystal
ed 0.0.124 0.158

¢ miscellaneous

ctme 30

print

71



72

n.2 urludeyadowdinsaivioninen 20 wudns
Labs' Fvalue DialOcmThick 0.05¢m Peak1Bin
c cell cards

1

—

-1.0 1-2-3 imp:p=18 $ Vol. Source Cylindrical cell m1=1
2 2 -7.87 (-1:3)-4-56 imp:p=1 $ $§ Side Wall of tank m2=2
4 -367 7-8-9 mp:p=1$ $ Nal(Tl) crystal m4=4

4 0 -10 #1#2#3#6 imp:p=1$ $ Inside Void

0 10 imp:p=0%  $ Outside Void

6 3 -11.34 (18:20:-17:-19)(-12-16 11 15) 13 -14 imp:p=1 $ $ Pb Shield m3=3

¢ surface cards

1 pz0 $=Bottom plane of Vol. source

2 pz 20 $=SourceHeight :TopPlaneofVolSource

3 ¢z 5 $TankIDia/2 :Side plane of Vol. source -

4 pz 25 $TankHeight :Top plane of Tank

5 ¢z 5.05 $TankIDia/2+TankThck :OuterCylindricalSidePlaneofTank
. 6 pz -0.05 $=-TankThck :Bottom surface of bottom cell of Tank

7 py 5.15 $=Sur5+Clearance(0.1) :FrontPlaneofNal(T1)Crystal

8 py 10.23 $=Sur7+NalLength(5.08) :BottomPlaneofNaI(T1)Crystal
9 ¢/y 010 2.54 $z=TankHeight/2 R=NalDia/2 :SidePlaneofNal(T1)Crystal
10521050 $z=10 R=2*TankHeight(50) :InsideVoidSphere

11 px -5 § Side plane of Pb Shield -x

12px 5 § ‘Side plane of Pb Shield +x

13 py 5.1 $=(Sur5;FSur7)/2 :FrontPlaneofPbShield+y

14 py 11 $=Surl3+NalThck+1 :BottomPlaneofPbShield+y

15pz5

16 pz 15

17 px -2.55 $=-NalDia/2-Clearance(0.01)

18 px 2.55 $=NalDia/2+Clearance(0.01)

19 pz 7.45 $=TankHeight/2-NalDia/2-Clearance(0.01)
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20 pz 12.55 $=TankHeight/2+NalDia/2+Clearance(0.01)

sdef erg=0.1426833 par=2 cel=1 pos 0. 0. 10. axs 0. 0. 1. rad=d2 ext=dl
sil  -10 10 $-TankHeigh/2<ext<TankHeigh/2

si2 05 $0<rad<TankDia/2

mode p $Mode P

phys:p 1. 0 1 SULE detail phys=1.MeV; P not produce E=1; no coherent scat=1
¢ materials

ml 1000 0.6667 8000 0.3333 § water

m2 24000 -0.190 25000 -0.020 26000 -0.695 28000 -0.095 § iron
m3 82000 1 § lead

m4 11000 0.4995 53000 0.4995 81000 .001 $ NalI(TI)

area 6j 20.2683 13j

vol 2j102.963 3;

c tally

f2:p 7 $ flux P at surface7 : front plane of Nal Crystal

e2 0.123 0.159

f4:p 3 3 fluxt P at cell3 :DetectorNalCrystal

e4 0.123 0.159

£8:p 3 $ Pulses P created at cell 3 :DetectorNalCrystal

e€ 0 0.123 0.159

¢ miscellaneous

ctme 30

print
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HANUIN U

v

ﬂlﬁlﬂﬁ%1ﬂﬂ1‘§‘ﬁ1aﬂﬂ ngﬁ’llﬂﬂai]1ﬂﬂ15ﬂﬂﬁ@\1

15199 V.1 wamsﬁmammnamuﬁmmé’qmuwaummgm

ArEN1SAMUIUNUAT F2 F4 uaz F8

D(cm) | F2(cm”) | RelErr. | F4(cm”) | Rel Err. |F8(Pulses)| Rel Err.

10 3.10E-04 0.90% | 1.93E-05 1.23% | 442E-03 091%
12 2.12E-04 1.02% | 1.30E-05 1.38% | 2.99E-03 1.03%
14 1.49E-04 136% | 9.02E-06 1.84% | 2.09E-03 1.36%

15.9 1.08E-04 0.66% | 6.54E-06 0.89% [ 1.52E-03  0.66%
173 8.81E-05 0.73% | 5.24E-06 1.00% | 1.23E-03 0.74%
18.6 7.36E-05 1.95% | 436E-06 2.71% | 1.03E-03 1.96%

19.8 6.20E-05 0.839% | 3.70E-06 1.20% | 8.61E-04  0.89%
23 4.09E-05 2.20% | 2.36E-06 2.99% |5.67E-04 2.21%

25 3.26E-05 2.46% | 1.94E-06 334% | 4.55E-04 247%

A19199 0.2 HANISAIMIUINUVUDIABIWBAINEND 20 IBUAINAT

AWMSMUIUNUM F2 F4 uaz FS

D(cm) F2(cm_2) Rel. Err. F4(cm42) Rel. Err. |F8(Pulses)| Rel. Err.

10 1.25E-03  0.65% | 6.52E-05 0.75% L.50E-02  0.57%
12 9.65E-04 0.58% | 5.07E-05 0.68% 1.I7E-02  0.51%
14 7.70E-04  0.76% | 4.04E-05 0.88% 9.38E-03  0.66%

15.9 6.35E-04 0.42% | 3.35E-05 0.49% 0.007721  0.37%
17.3 5.54E-04  0.47% | 2.91E-05 0.55% 6.74E-03  0.41%
18.6 4.88E-04  0.98% | 2.55E-05 1.14% 5.95E-03  0.85%

19.8 4.43E-04  0.40% | 2.31E-05 0.47% 537E-03  0.35%
23 342E-04  0.93% | 1.77E-05 1.08% 4.13E-03  0.81%
25 2.97E-04  1.02% | 1.54E-05 1.18% 3.60E-03  0.89%
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Tank | Samp. Net | Cpsl | Average Y1 Net | Cps2 | Average Y2
Dia(cm)|Vol.(cc.)| Areal | 180s | Dpsl | cps/dpsl | Area2 | 180s | Dps2 | cps/dps2
15.9 0.5 |32288 179 160,321| 1.12E-03| 33,984 189 159,093 [ 1.19E-03
17.3 26,696 148 153,68219.65E-04| 26,959 150  152,212|9.84E-04
19.8 20,362 113 151,293| 7.48E-04| 19,600 109 149,559 | 7.28E-04
15.9 1 74,082 412 366,118 1.12E-03| 72,125 401 361,919|1.11E-03
17.3 48,095 267  270,223(9.89E-04| 45,952 255  267,638|9.54E-04
19.8 41,412 230  337,073|6.83E-04| 40,775 227  333,208|6.80E-04
15.9 15 90,834 505  436,888|1.16E-03| 88,836 494  432,709|1.14E-03
173 68,255 379  419,604|9.04E-04| 68,270 379  415,590|9.13E-04
19.8 47,990 267  390,798(6.82E-04| 48,952 272  387,304|7.01E-04

kY
NINANIURNAVIIATEIU TFIAINMIUVTITATI0L 3 U0

Net Area A9 $1UIUUVFIAqNTUTIM T ATBANTINUVDL Te-99m

Average Dps 18 AlIRAIYDINITHAIOAIVBL Tc-99m 1UFINIAT 3 U W

Cps 1D GATUUTINGNT AI1UINDIN Net Area HITHININMIUDTIA

Y fin A1lsz@nininmstused 91100 Cps 1115898 Average Dps
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Tank | Samp. Net Cpsl | Average Y1 Net Cps2 | Average Y2
D(cm) | V(cc.) | Areal | 120s Dpsl |cps/dpsl| Area2 | 120s Dps2 | cps/dps2
15.9 0.5 |140,304 1,169 273,048 4.3E-03 | 141,981 1,183  274,627( 4.3E-03
17.3 127,212 1,060 278,883| 3.8E-03 | 125,752 1,048  280,496| 3.7E-03
19.8 105,497 879  284,295| 3.1E-03 | 106,290 886  285,939| 3.1E-03
15.9 1 316,926 2,641 596,581| 4.4E-03 { 324,129 2,701  600,032( 4.5E-03
1 7.3 280,104 2334 609,330| 3.8E-03 | 284,239 2369 612,854| 3.9E-03
19.8 241,518 2,013  621,833| 3.2E-03 | 243,427 2,029  625,950( 3.2E-03
159 1.5 1477,208 3,977 983,255| 4.0E-03 | 486,383 4,053 ) .990,844 4.1E-03
17.3 432,572 3,605 1,004,267 3.6E-03 | 436,304 3,636 1,010,075| 3.6E-03
19.8 382,240 3,185 1,027,010] 3.1E-03 | 387,372 3,228 1,035,633| 3.1E-03

9
ATAUNEANNGTI 20 IFUANAT HWIIAIMTITUSITATIaL 2 Ud
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Activity | Tank Yav F2 K2 F4 K4 F8 K8
D(cm)| eps/dps | (em™)  (em’) | (em™)  (cm)
Al 15.9 | 1.09E-03 | 1.08E-04 10.06 | 6.54E-06 166.50| 1.52E-03 0.72
17.3 | 9.20E-04 | 8.81E-05 10.45 | 5.24E-06 175.59 | 1.23E-03 0.75
19.8 | 6.97E-04 | 6.20E-05 11.24 | 3.70E-06 188.29 | 8.61E-04 0.81
A2 15.9 | 1.05E-03 | 1.08E-04 9.73 |6.54E-06 161.14|1.52E-03 0.69
17.3 | 9.17E-04 | 8.81E-05 10.41 | 5.24E-06 175.02]1.23E-03 0.74
19.8 | 6.43E-04 | 6.20E-05 10.38 | 3.70E-06 173.82| 8.61E-04 0.75
A3 15.9 | 1.08E-03 | 1.08E-04 10.01 | 6.54E-06 165.78 | 1.52E-03 0.71
17.3 | 8.58E-04 | 8.81E-05 9.74 |5.24E-06 163.64| 1.23E-03 0.70
19.8 | 6.53E-04 | 6.20E-05 10.54 | 3.70E-06 176.51 | 8.61E-04 (.76
3197 7.2 M3rnuAEYszne veensiwaium (K)
NSAUNDAINL 20 LEUAINAS
Activity | Tank Yav F2 K2 F4 K4 F8 K8
D(em) | cps/dps | (em?)  (em) | (em”) (cm”)
Al 15.9 | 4.30E-03 | 6.35E-04 6.76 | 3.35E-05 128.27 | 7.72E-03 0.556
17.3 | 3.77E-03 | 5.54E-04 6.81 | 291E-05 129.33 | 6.74E-03 0.559
19.8 | 3.10E-03 | 4.43E-04 6.99 | 231E-05 133.85 5.37E—03 0.576
A2 159 | 4.46E-03 | 6.35E-04 77.03 _ 3.35E-03 -133.3% [ F/2E-03 0.578
17.3 | 3.85E-03 | 5.54E-04 6.95 | 291E-05 132.05 | 6.74E-03 0.571
19.8 | 3.24E-03 | 443E-04 731 | 2.31E-05 140.06 @ 5.37E-03 0.603
A3 159 | 4.07E-03 | 6.35E-04 6.40 | 3.35E-05 121.47 | 7.72E-03 0.527
17.3 | 3.59E-03 | 5.54E-04 6.49 | 291E-05 123.35 | 6.74E-03 0.533
19.8 | 3.11E-03 | 443E-04 7.02 | 2.31E-05 134.47 | 537E-03 0.579
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Activity Tank Yav MM CM
D(cm) cps/dps em” cm’
Al 15.9 1.09E-03 1.147E-03| 9.49E-01
17.3 9.20E-04 9.259E-04] 9.94E-01
19.8 6.97E-04 6.521E-04| 1.07E+00
A2 15.9 1.05E-03 1.147E-03( 9.19E-01
17.3 9.17E-04 9.259E-04| 9.91E-01
19.8 6.43E-04 6.521E-04| 9.36E-01
A3 15.9 1.08E-03 1.147E-03| 9.45E-01
17.3 8.58E-04 9.259E-04| 9.26E-01
19.8 | 6.53E-04 6.521E-04| 1.00E+00
Aundy 9.76E-01
Aufisauunasgy 4.66E-02

MANURANIATURNT

4.77%
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Activity Tank Yav MF CF
D(cm) cps/dps
Al 15.9 4.30E-03 0.11832( 0.0363
17.3 3.77E-03 0.10239| 0.0368
19.8 3.10E-03 0.08067| 0.0384
A2 15.9 4.46E-03 0.11832( 0.0377
17.3 3.85E-03 0.10239] 0.0376
19.8 3.24E-03 0.08067| 0.0401
A3 15.9 4.07E-03 0.11832] 0.0344
17.3 3.59E-03 0.10239| 0.0351
19.8 3.11E-03 0.08067| 0.0385
Aunde 0.0372
ﬁuﬁﬂamummgm 0.001787

v a v o o
AIAITUNANAIATUNNT 4.80%
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