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Product Product

Element Reaction half-life Element Reaction half-life
Carbon 12C(y,n)C 20.5m Cobalt $8Co(y,m)*=Co 71.3d
Nitrogen BN(y,n)N 10.0m Nickel BNi(y,n)Ni 36h
Oxygen 180(+y,n) 50 2. 1m Copper 83Cu(y,n)s2*Cu 9.9m
Fluorine By ) B F 1.83h Copper s5Cu(y,n)s4Cu 12.8h
Sodium 23Na(y,n)?*Na 2.6y Zinc S4Zn(y,n)Zn 38.4m
Magnesium 2Mg(y,p)**Na 15.0h Germanium Ge(y,ny*Ge 82m
Magnesium 2Mg(y,p)2iNa 60s Germ;anium Ge(y,n)*Ge 38h
Silicon 288i(y,p) t2Al 2.31m | Arsenic SAs(y,n)4As 17.9d
Silicon WSi(y,p) AL 6.6m Bromine 7°Br(y,n)"#Br 6.5m
Phosphorus B1P(~,n) P 2.50m | Bromine $1Br(~y,n)s°mBr 4.4h
Sulfur 125(y n)*18 2.7s Rubidium SR b(y,n)**Rb 18.7d
Chlorine BC(y,n)Cl 32.0m Strontium 858r(y,n)*Sr 64d
Argon WAy, p)#C] 55.5m Yttrium Y (y,n)EY 108d
Potassium K (v ,n) K 7.71m | Zirconium WZr(y ,nB¥Zr 78.4h
Titanium 4ETi(+,n) 45T 3.0%9h Niobium #3Nb(y,n)?*Nb 10.2d
Titanium “Ti(y,p)¥7Sc 3.4d Molybdenum 220 o(y,n)* Mo 15.5m
Chromium 50Cr(y,n)*Cr 42m Molybdenum 10N o(v,n)**Mo 66h
Chromium 53Cr{~.p)*tV 3.76m | Ruthenium R u(y,n)¥Ru 99m
Manganese Mn(y,n)*Mn 303d Ruthenium IR u(y.n)PsRu 40d
Iron #Fe(y,n)**Fe 8.5m R hodium 103R hiy,n)'**Rh 206d
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https://fa.wikipedia.org/wiki/%D9%BE%D9%88%D8%B3%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%D9%BE%D9%88%D8%B3%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%D8%B4%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%D8%B4%D8%AA%D9%87
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D9%86%D8%B1%D9%88%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D9%86%D8%B1%D9%88%DB%8C
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https://fa.wikipedia.org/wiki/%DA%AF%D9%88%D8%B4%D8%AA%D9%87
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https://fa.wikipedia.org/wiki/%D8%A2%D8%B3%D8%AA%D9%86%D9%88%D8%B3%D9%81%D8%B1
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D9%86%D8%B1%D9%88%DB%8C
https://fa.wikipedia.org/wiki/%DA%AF%D8%B1%D8%A7%D9%86%D8%B1%D9%88%DB%8C
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%AE%D8%AA%D8%A7%D8%B1_%D8%A8%D9%84%D9%88%D8%B1%DB%8C
https://fa.wikipedia.org/wiki/%D8%B3%D8%A7%D8%AE%D8%AA%D8%A7%D8%B1_%D8%A8%D9%84%D9%88%D8%B1%DB%8C
https://fa.wikipedia.org/w/index.php?title=%D9%86%D8%A7%D8%AD%DB%8C%D9%87_%DA%AF%D8%B0%D8%A7%D8%B1&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=%D9%86%D8%A7%D8%AD%DB%8C%D9%87_%DA%AF%D8%B0%D8%A7%D8%B1&action=edit&redlink=1
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https://fa.wikipedia.org/wiki/%D9%87%D8%B3%D8%AA%D9%87_%D8%A8%DB%8C%D8%B1%D9%88%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%D8%B3%D8%AA%D9%87_%D8%A8%DB%8C%D8%B1%D9%88%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%D8%B3%D8%AA%D9%87_%D8%AF%D8%B1%D9%88%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%D8%B3%D8%AA%D9%87_%D8%AF%D8%B1%D9%88%D9%86%DB%8C
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%DA%A9%D9%84
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%DA%A9%D9%84
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B3%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%DB%8C%D9%85
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https://fa.wikipedia.org/wiki/%D9%81%D8%B1%D8%A7%D9%86%DA%A9_%D9%88%DB%8C%DA%AF%D9%84%D8%B2%D9%88%D9%88%D8%B1%D8%AB_%DA%A9%D9%84%D8%A7%D8%B1%DA%A9
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B1
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B1
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
https://fa.wikipedia.org/wiki/%DA%AF%D9%88%DA%AF%D8%B1%D8%AF
https://fa.wikipedia.org/wiki/%D9%81%D9%84%D9%88%D8%A6%D9%88%D8%B1
https://fa.wikipedia.org/wiki/%D9%81%D9%84%D9%88%D8%A6%D9%88%D8%B1
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%D8%A7
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%D8%A7
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%DA%A9
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%DA%A9
https://fa.wikipedia.org/wiki/%D9%BE%D8%AA%D8%A7%D8%B3
https://fa.wikipedia.org/wiki/%D9%BE%D8%AA%D8%A7%D8%B3
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%B3%D8%AF%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3%DB%8C%D9%85_%D8%AF%DB%8C_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%B3%DB%8C%D9%84%DB%8C%D8%B3%DB%8C%D9%85_%D8%AF%DB%8C_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D9%BE%D8%AA%D8%A7%D8%B3%DB%8C%D9%85_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D9%BE%D8%AA%D8%A7%D8%B3%DB%8C%D9%85_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%A2%D9%84%D9%88%D9%85%DB%8C%D9%86%D8%A7
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D8%A2%D9%87%D9%86_%28III%29
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D8%A2%D9%87%D9%86_%28III%29
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B3%DB%8C%D9%85_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B3%DB%8C%D9%85_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%A2%D8%A8_%28%D9%85%D9%88%D9%84%DA%A9%D9%88%D9%84%29
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D9%85%D9%86%DB%8C%D8%B2%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%AF%DB%8C%E2%80%8C%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%DA%A9%D8%B1%D8%A8%D9%86
https://fa.wikipedia.org/wiki/%D8%AF%DB%8C%E2%80%8C%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%DA%A9%D8%B1%D8%A8%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D8%A2%D9%87%D9%86
https://fa.wikipedia.org/wiki/%D8%AA%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D9%88%D9%85_%D8%AF%DB%8C_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%AA%DB%8C%D8%AA%D8%A7%D9%86%DB%8C%D9%88%D9%85_%D8%AF%DB%8C_%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D8%B3%D8%AF%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF_%D8%B3%D8%AF%DB%8C%D9%85
https://fa.wikipedia.org/wiki/%D9%81%D8%B3%D9%81%D8%B1_%D9%BE%D9%86%D8%AA%D8%A7%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D9%81%D8%B3%D9%81%D8%B1_%D9%BE%D9%86%D8%AA%D8%A7%D8%A7%DA%A9%D8%B3%DB%8C%D8%AF
https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%A2%D8%B0%D8%B1%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%AE%D8%A7%D8%B1%D8%A7
https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%AE%D8%A7%D8%B1%D8%A7
https://fa.wikipedia.org/wiki/%D8%A2%D9%86%D8%AF%D8%B2%DB%8C%D8%AA
https://fa.wikipedia.org/wiki/%D8%A2%D9%86%D8%AF%D8%B2%DB%8C%D8%AA
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D8%B2%D8%A7%D9%84%D8%AA
https://fa.wikipedia.org/wiki/%D8%A8%D8%A7%D8%B2%D8%A7%D9%84%D8%AA
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Element Percent Element Percent
range range
SiO; 67.9 H>0O 3.14
Al2O3 14.4 CO2 1.75



https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%B1%D8%B3%D9%88%D8%A8%DB%8C
https://fa.wikipedia.org/wiki/%D8%AF%DA%AF%D8%B1%DA%AF%D9%88%D9%86%DB%8C_%28%D8%B2%D9%85%DB%8C%D9%86%E2%80%8C%D8%B4%D9%86%D8%A7%D8%B3%DB%8C%29
https://fa.wikipedia.org/wiki/%DA%A9%D8%A7%D9%86%DB%8C%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%B3%DB%8C%D9%84%DB%8C%DA%A9%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%DA%A9%D9%88%D8%A7%D8%B1%D8%AA%D8%B2
https://fa.wikipedia.org/wiki/%DA%A9%D9%88%D8%A7%D8%B1%D8%AA%D8%B2
https://fa.wikipedia.org/wiki/%D9%81%D9%84%D8%AF%D8%B3%D9%BE%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D9%81%D9%84%D8%AF%D8%B3%D9%BE%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D8%A2%D9%85%D9%81%DB%8C%D8%A8%D9%88%D9%84
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%DA%A9%D8%A7
https://fa.wikipedia.org/wiki/%D9%85%DB%8C%DA%A9%D8%A7
https://fa.wikipedia.org/wiki/%D9%BE%DB%8C%D8%B1%D9%88%DA%A9%D8%B3%D9%86
https://fa.wikipedia.org/wiki/%D9%BE%DB%8C%D8%B1%D9%88%DA%A9%D8%B3%D9%86
https://fa.wikipedia.org/wiki/%D8%A7%D9%84%DB%8C%D9%88%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%D8%A7%D9%84%DB%8C%D9%88%DB%8C%D9%86
https://fa.wikipedia.org/wiki/%DA%A9%D9%84%D8%B3%DB%8C%D8%AA
https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%A2%D9%87%DA%A9
https://fa.wikipedia.org/wiki/%D8%B3%D9%86%DA%AF_%D8%A2%D9%87%DA%A9
https://fa.wikipedia.org/wiki/%D8%AF%D9%88%D9%84%D9%88%D9%85%DB%8C%D8%AA
https://fa.wikipedia.org/wiki/%D8%AF%D9%88%D9%84%D9%88%D9%85%DB%8C%D8%AA

Fe203 4.97 TiO2 0.75
MgO 1.36 P2Os 0.16
CaOo 0.83 SOs3 0.11
Na.O 0.79 BaO 0.5

K20 2.38 C 0.83
MnO 0.13
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Element | oMt | Ejement | Pereent
range range

SiO 58.11 H20 4.99

Al2O3 15.40 CO2 2.63

Fe203 4.02 TiO2 0.65
FeO 2.45 P20s 0.17
MgO 2.44 SO3 0.65
CaO 3.10 BaO 0.50
Na20 1.30 C 0.35
K20 3.24
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https://fa.wikipedia.org/wiki/%D8%B2%D9%85%DB%8C%D9%86_%D8%B4%D9%86%D8%A7%D8%B3%DB%8C
https://fa.wikipedia.org/wiki/%D8%B2%D9%85%DB%8C%D9%86_%D8%B4%D9%86%D8%A7%D8%B3%DB%8C
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Element ||Percent range

Element Pgrfgegt Element Prearr?ge:t } Carbon H 83 t0 85% }
CHa 82.3 CoHus 0.19 [Hydrogen|| 10 to 14% |
CoHe 6.86 He 0.13 | Nitrogen || 0.1t02% |
CsHs 4.3 H 0.01 | Oxygen [0.05 to 1.5%|
Butane 1.6 N 4.21 [ sulfur ][0.05 to 6.0%]
Pentane CsHi, | 0.4 ‘ Metals H <01% ‘
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https://fa.wikipedia.org/wiki/%D8%B5%D9%86%D8%B9%D8%AA_%D9%86%D9%81%D8%AA
https://fa.wikipedia.org/wiki/%D8%B5%D9%86%D8%B9%D8%AA_%D9%86%D9%81%D8%AA
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%85%DA%A9%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%85%DA%A9%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
https://fa.wikipedia.org/wiki/%D8%AE%D9%84%DB%8C%D8%AC_%D9%81%D8%A7%D8%B1%D8%B3
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I Monte Carlo
2 Laplace
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https://fa.wikipedia.org/wiki/%DB%B1%DB%B9%DB%B4%DB%B0_%28%D9%85%DB%8C%D9%84%D8%A7%D8%AF%DB%8C%29
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U Enrico Fermi

2 Monte Carlo Simulation

3 Monte Carlo Neotron

4 Monte Carlo Neotron - Photon
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https://fa.wikipedia.org/w/index.php?title=%D8%A8%D9%85%D8%A8%E2%80%8C%D9%87%D8%A7%DB%8C_%D9%87%DB%8C%D8%AF%D8%B1%D9%88%DA%98%D9%86%DB%8C&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%B4%DB%8C%D9%85%DB%8C_%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%B4%DB%8C%D9%85%DB%8C_%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%B4%DB%8C%D9%85%DB%8C_%D9%81%DB%8C%D8%B2%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D8%AA%D8%AD%D9%82%DB%8C%D9%82_%D8%AF%D8%B1_%D8%B9%D9%85%D9%84%DB%8C%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D8%AA%D8%AD%D9%82%DB%8C%D9%82_%D8%AF%D8%B1_%D8%B9%D9%85%D9%84%DB%8C%D8%A7%D8%AA
https://fa.wikipedia.org/w/index.php?title=%D8%B1%D9%86%D8%AF%28Rand%29&action=edit&redlink=1
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DB%8C_%D9%87%D9%88%D8%A7%DB%8C%DB%8C_%D8%A7%DB%8C%D8%A7%D9%84%D8%A7%D8%AA_%D9%85%D8%AA%D8%AD%D8%AF%D9%87
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6 100 -- 5.2233E-6+9.349E-8 -- 5.555E-6+9.61E-8 -- 7.7583E-6+1.14E-7 173.71482 191.09679 306.55557 -76.47059 | -60.41901 9.09589

ailaid ) 10 diuo ) b (ylgie 4 a5 Canud (0 092 g0 (S IgT 93] 43 ST l 2 00 PLD o9 jaw Aoy 4y 95T (WW-F o Lot Jou

\'




s | A oab od L Az oab od s A gas oab od s Cw ool e Cowcis e Co 5 « 5 (j\l\)l ’ DZ : ‘DZ N
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4 | 60 | 789608 | 19775E-6+3144E-8 | 530427 | 2056E-6:3207E-8 | 46.7889 | 2.336E-6:341E-8 | 8310185 90.37037 116.2063 | -39.94429 | -28.68852 | 8.04303
5 | 80 | 172666 | 25985E-6+3.611E-8 | 142.9649 | 27335E-6:3.69E-8 | 1233050 | 3.464E-6:4.156E-8 | 140.60185 | 15310185 | 220.74074 | -56.99704 | -44.17901 | 8.1645
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2 | 20 | 312484 | 3.175E-7+1.26E-8 9.2069 3.2E-7+1.264E-8 79781 | 3.465E-7+1316E-8 | 33.96624 35.0211 46.20253 | -36.02484 | -31.92771 | 3.01205
3 | 40 | 499575 | A4785E-7t1545E-8 | 24.0658 | 494E-7t157E-8 | 207895 | 554E-7+1662E-8 | 101.89873 | 10843882 | 133.75527 | -31.26294 | -23.3463 | 6.03113
4 | 60 | 789608 | 7.415E-7+L927E-8 | 53.0427 | 7.825E-7+LO79E-8 | 46.7889 | Q47E-7+2.178E-8 | 2128692 | 230.16878 | 29957806 | -40.7334 | -30.15582 | 7.51604
5 | 80 | 172666 | 10985E-6+2.339E-8 | 142.9649 | 1.1975E-6+2.442E-8 | 1233050 | 1627E-6:2.847E-8 | 36350211 | 40527426 | 586.49789 | -61.34649 | -44.71629 | 1030713
6 | 100 - 1.704E-6+2.913E-8 - 1.8745E-6+3.055E-8 - 2491E-6+3537E-8 | 61898734 | 690.92827 | 95105485 | -53.6469 | -37.64885 | 10.41221
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1 0 | 218206 1.88E-7+9.7E-9 0.2897 1.88E-7+9.7E-9 0.2897 1.88E-7+9.7E-9 0 0 0 - - -
2 | 20 | 312484 | 2.67E-7+1.156E-8 9.2060 | 269E-7+1.159E-8 | 7.9781 2.9E-7+1.203E-8 42.02128 43.08511 5425532 | -29.11392 | -25.92593 | 2.46914
3 | 40 | 499575 | 4.19E-7+L445E-8 | 24.0658 | 4.33E-7tL472E-8 | 207895 | A495E-7+1574E-8 | 12287234 | 13031915 | 163.20787 | -32.90043 | -25.30612 | 5.71429
4 | 60 | 789608 | 6.715E-7+1.833E-8 | 53.0427 | 7.45E-7+L893E-8 | 46.7880 | 8.725E-7+2.085E-8 | 257.18085 | 280.05319 | 364.09574 | -41.57187 | -30.0095 | 8.16714
5 | 80 | 172666 | 10095E-6+2.251E-8 | 142.9649 | 1109E-6+2.351E-8 | 1233050 | 1.5255E-6+2.761E-8 | 436.96809 | 489.89362 | 711.43617 | -62.81193 | -45.22258 | 10.80347
6 | 100 - 1.5995E-6+2.831E-8 - 1.771E-6+2.975E-8 - 2346E-6+3425E-8 | 75079787 | 842.02128 | 1147.87234 | 52887 | -36.32344 | 10.83386
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e s A NYSORTY Az NTRSRTS Ao NEROR Cw ol & Couwciie Co 5« D;:, i D’OG .Diw
1 0 21.8206 6E-9+1.732E-9 0.2897 6E-9+1.732E-9 0.2897 6E-9+1.732E-9 0 0 0 - - -
2 20 31.2484 1.4E-8+3.742E-9 9.2069 1.3E-8+3.606E-9 7.9781 4E-9+2E-9 133.33333 116.66667 -33.33333 125 128.57143 | -14.28571
3 40 49.9575 9E-9+2.999E-9 24.0658 1.3E-8+3.606E-9 20.7895 1.4E-8+3.742E-9 50 116.66667 133.33333 -166.66667 | -14.28571 | 57.14286
4 60 78.9608 1.7E-8+4.122E-9 53.0427 1.9E-8+4.358E-9 46.7889 1.3E-8+2.549E-9 183.33333 216.66667 116.66667 36.36364 46.15385 15.38462
5 80 172.666 2.2E-8+4.69E-9 142.9649 2.2E-8+4.69E-9 123.3050 2.25E-8+3.354E-9 266.66667 266.66667 275 -3.125 -3.125 0
6 100 -- 3.1E-8+5.567E-9 -- 3.1E-8+5.567E-9 -- 2.45E-8+3.501E-9 416.66667 416.66667 308.33333 26 26 0
Il Ao 5151 FB JU & byt o gy 39,550 55 B (55,51 59 o Sl (FY—F Jyuz
N ::; ol PREO 55 . w!,..f byt yo ol 5 . Wj‘r—f Ej' g_é?l:\ ‘5.,; di%‘ 62: Jij]
S e M b L Azl oud L Az s odd ool Lo Cwola Cowcwia Co 5 & D:v\)/ ’ Di)e 'Df)w
1 0 21.8206 | 1.3355E-6+2.577E-8 0.2897 1.3355E-6+2.577E-8 0.2897 1.3355E-6+2.577E-8 0 0 0 - - --
2 20 31.2484 1.683E-6+4.106E-8 9.2069 1.686E-6+4.113E-8 7.9781 1.609E-6+4.006E-8 26.02022 26.24485 20.47922 21.29496 21.96862 0.85592
3 40 49.9575 2.194E-6+4.673E-8 24.0658 2.218E-6+4.702E-8 20.7895 2.106E-6+4.591E-8 64.28304 66.08012 57.69375 10.25044 12.69122 2.71955
4 60 78.9608 2.902E-6+5.397E-8 53.0427 2.826E-6+5.312E-8 46.7889 2.8735E-6+3.793E-8 117.29689 111.60614 115.16286 1.81934 -3.18685 -5.09896
5 80 | 172.666 | 3.851E-6+6.200E-8 | 142.9649 | 3.879E-6+6.245E-8 | 1233050 | 3.994E-6:4473E-8 | 18835642 | 19045301 | 199.06402 | -5.68475 | -452133 | 1.10085
6 | 100 - 5.279E-617.285E-8 - 5.469E-6:7.383E-8 - 4.975E-6+4.975E-8 | 29528267 | 300.50955 | 27251966 | 7.70889 | 11.95113 | 459659
Jol > (61 F8 (JU &y bgs po g (9,55 50 YF U yio (55551 (sl (652 o0d )L (YF-F Jgur
i | o - = - ool Bl Bamall RVeRenl ot R
S A ot o s Aol ot o s Ao gas RTINS Cw.ola Co i 4 Co K « D:v\)/ 2 Di)e 'Dj)w
1 0 21.8206 2.704E-6+3.677E-8 0.2897 2.704E-6+3.677E-8 0.2897 2.704E-6+3.677E-8 0 0 0 - - -
2 20 31.2484 3.416E-6+5.841E-8 9.2069 3.403E-6+5.819E-8 7.9781 3.285E-6+5.715E-8 26.33136 25.85059 21.48669 18.39888 16.88126 -1.8598
3 40 49.9575 4.478E-6+6.672E-8 24.0658 4.488E-6+6.687E-8 20.7895 4.369E-6+6.597E-8 65.60651 65.97633 61.57544 6.14431 6.6704 0.56054
4 60 78.9608 5.973E-6+7.705E-8 53.0427 5.858E-6+7.673E-8 46.7889 5.8385E-6+5.429E-8 120.89497 116.64201 115.92086 4.11441 0.61826 -3.64616
5 80 172.666 7.796E-6+8.809E-8 142.9649 7.962E-6+8.917E-8 123.3050 8.048E-6+6.357E-8 188.31361 194.45266 197.63314 -4.94894 -1.6356 3.15709
6 100 -- 1.0649E-5+1.032E-7 -- 1.1191E-5+1.063E-7 -- 9.993E-6+7.095E-8 293.82396 313.86834 269.56361 8.25677 14.11571 6.38624
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1 0 21.8206 6.41E-6+2.531E-7 0.2897 6.41E-6+2.531E-7 0.2897 6.41E-6+2.531E-7 0 0 0 -- -- --

2 20 31.2484 6.42E-6+2.535E-7 9.2069 6.41E-6+2.531E-7 7.9781 6.45E-6+2.541E-7 0.15601 0 0.62402 -300 -- -

3 40 49.9575 6.47E-6+£2.542E-7 24.0658 6.48E-6+2.546E-7 20.7895 6.42E-6+2.535E-7 0.93604 1.09204 0.15601 83.33333 85.71429 14.28571

4 60 78.9608 6.44E-6+2.537E-7 53.0427 6.42E-6+2.535E-7 46.7889 6.45E-6+2.541E-7 0.46802 0.15601 0.62402 -33.33333 -300 -200

5 80 172.666 6.35E-6+2.52E-7 142.9649 6.46E-6+2.538E-7 123.3050 6.36E-6+2.524E-7 -0.93604 0.78003 -0.78003 16.66667 200 220

6 100 -- 6.38E-6+2.526E-7 -- 6.43E-6+2.533E-7 -- 6.27E-6+2.501E-7 -0.46802 0.31201 -2.18409 -366.66667 800 250

P9 <> (515 F8 (U & bgyyo ey (49 51 oS B0 (5551 5 o0 o )LD (YO-F Jgur

. = - e i ¥ bgo caliS | bgyocaliS | bgyecadus | S| e DB o S
= ;i}; A RO Y Az il RO Y Agges o oud Lo Cw.ola Co s ay Co 5 & UD';A)’L? )[TDZ:J ul')i;m

1 0 21.8206 9.6876E-4+3.1E-6 0.2897 9.6876E-4+3.1E-6 0.2897 9.6876E-4+3.1E-6 0 0 0 -- -- -

2 20 31.2484 9.6887E-4+3.1E-6 9.2069 9.6883E-4+3.1E-6 7.9781 9.6812E-4+3.097E-6 0.01135 0.00723 -0.06606 681.81818 | 1014.2857 | -57.14286

3 40 49.9575 9.6899E-4+3.1E-6 24.0658 9.6877E-4+3.1E-6 20.7895 9.6716E-4+3.094E-6 0.02374 0.00103 -0.16516 795.65217 16100 -2200

4 60 78.9608 9.6934E-4+3.1E-6 53.0427 9.6945E-4+3.102E-6 46.7889 9.6783E-4+3.097E-6 0.05987 0.07123 -0.096 260.34483 | 234.78261 | 15.94203

5 80 172.666 9.7051E-4+3.1E-6 142.9649 | 9.6936E-4+3.101E-6 123.3050 | 9.6682E-4+3.093E-6 0.18064 0.06193 -0.20026 210.85714 | 423.33333 | -191.6667

6 100 - 9.704E-4+3.1E-6 -- 9.688E-4+3.1E-6 -- 9.639E-4+3.084E-6 0.16929 0.00413 -0.50167 396.34146 12250 -4000

P9 Al 51y F8 (JU s by po g (39 SN o YF U o (65 51 (sl (512 00 e LS (VF-F Jour
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1 0 21.8206 0.002+4.393E-6 0.2897 0.002+4.393E-6 0.2897 0.002+4.393E-6 0 0 0 0 0 0

2 20 31.2484 0.002+4.397E-6 9.2069 0.002+4.396E-6 7.9781 0.002+4.392E-6 -0.06 -0.08 -0.17 -183.33333 -112.5 25

3 40 49.9575 0.002+4.399E-6 24.0658 0.002+4.398E-6 20.7895 0.002+4.392E-6 -0.015 -0.04 -0.17 -1033.3333 -325 62.5

4 60 78.9608 0.002+4.400E-6 53.0427 0.002+4.397E-6 46.7889 0.002+4.393E-6 0.005 -0.05 -0.155 3200 -210 110

5 80 172.666 0.002+4.401E-6 142.9649 0.002+4.398E-6 123.3050 0.00199+4.388E-6 0.025 -0.045 -0.26 1140 -477.7778 | 155.55556

6 100 - 0.002+4.402E-6 -- 0.002+4.400E-6 -- 0.00199+4.375E-6 0.055 0.005 -0.55 1100 11100 -1000
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1 0 | 218206 | 4681E-5+6.834E-7 | 02897 | 4.681E-546834E-7 | 0.2897 | 4.681E-5+6.834E-7 0 0 0 - - -
2 20 | 312484 | 4220E-5+6501E-7 | 9.2069 | 3.83E-5+1957E-6 | 7.9781 | 3.98E-5+1993E-6 -9.8056 -1817988 | -14.97543 | -52.72331 | 17.62632 | 46.06345
3 40 | 49.9575 | 3.743E-5:+6.101E-7 | 240658 | 3A47E-5+1863E-6 | 207895 | 3.33E-5+1824E-6 | -2003845 | -2587054 | -28.86135 | -44.02985 | -11.56069 | 22.54335
4 60 | 789608 | 3.164E-5:5631E-7 | 53.0427 3E-5+1.731E-6 467889 | 289E-5+1699E-6 | -3240761 | -3591113 | -38.26106 | -18.06196 | -6.54372 | 9.7561
5 80 | 172666 | 297E-5+1722E-6 | 1429649 | 287E-5+1693E-6 | 1233050 | 195E-5+1396E-6 | -3655202 | -38.68831 | -58.34223 | -59.61426 | -50.80066 | 552181
6 | 100 - 2.34E-5+1 53E-6 - 2.06E-5+1 435E-6 - 131E-5+1144E-6 | -50.01068 | -5599231 | -72.01453 | -43.99829 | -28.61503 | 10.68295
pouw <Al (615 F8 (JU & by o <y (59,551 oS B+ (55551 5 o cud HLG (YA-F Jour
' o, ol PERUT 55 gy yo oS gy yo oS gy yo o S ‘5,..,.1 e o IS ‘5»“:) SOl
Y :,9:; A NS Az oad oo L A gas NEISKRT Cwerle Cowis Co s o “"D' ;f ‘}Z’O :m ‘VI'DZ ;‘J
1 0 | 218206 | 0.00777+8544E-6 | 02897 | 000777+8.544E-6 | 02897 | 0.00777+8.544E-6 0 0 0 0 0 0
2 20 | 312484 | 0.00704+8452E-6 | 9.2069 | 000688+2.613E-5 | 7.9781 | O0.00662+2582E-5 | -9.34801 | -1148649 | -14.76963 | -57.99763 | -28.58263 | 18.61737
3 40 | 49.9575 | 00063t8.185E-6 | 24.0658 | 0.00599+2.454E-5 | 207895 | 00055+2.364E-5 | -1896371 | -22.94505 | -29.22136 | -54091 | -27.3487 | 17.35487
4 60 | 789608 | 0.00553+7.188E-6 | 53.0427 | 000507+2.229E-5 | 46.7889 | 0.00435:2.087E-5 | -2883449 | -34.79279 | -44.02317 | -52.67537 | -26.52956 | 17.1251
5 80 | 172666 | 0.00474+2.180E-5 | 1429649 | 000417+2.043E-5 | 1233050 | 0.00319+1786E-5 | -3899871 | -46.33462 | -58.93951 | -51.13194 | -27.20404 | 1583245
6 | 100 - 0.00391+1.957E-5 - 0.00336+1.813E-5 - 0.00196+1.389E-5 | -4961776 | -56.77864 | -74.81338 | -50.77945 | -31.76327 | 12.61192
pom <l 510 FB (JU 4y bgypo g (9 5N Ko YF Uy (65551 (sl (sl 00 e )L (YA-F Jour
. = - it ¥ Lot caliS | by eS| Lo cadys | DB | e SE e SEH
e :,5:; A oad oo Lo Avoi oo o Lo A gas oah L Cw ool & Co i & Co 5 « ‘B‘ ; lef ’lfD’O :m UI;(’; ;“
1 0 | 218206 | 001588+1270E-5 | 02897 | 001588+1.270E-5 | 0.2897 | 0.01588+1.270E-5 0 0 0 0 0 0
2 20 | 312484 | 00144+1.151E-5 | 92069 | 001405+3653E-5 | 7.9781 | O001348+3638E-5 | -9.34509 | -1151134 | -1513854 | -61.99461 | -31.50985 | 18.81838
3 40 | 49.9575 | 001287+1158E-5 | 240658 | 001222+3422E-5 | 207895 | O0.01122+3366E-5 | -1896096 | -23.02267 | -29.33249 | -54.69944 | -27.407 | 17.64223
4 60 | 789608 | 001128+1014E-5 | 530427 | 001039+3.220E-5 | 467889 | 00089+2.938E-5 | -2899244 | -3458438 | -4392506 | -51.50521 | -27.00838 | 16.16897
5 80 | 172666 | 0.00964+3.086E-5 | 142.9649 | 0.00849+2.886E-5 | 123.3050 | 0.00652+2541E-5 | -39.26385 | -46.53589 | -58.96411 | -50.17401 | -26.70672 | 15.62673
6 | 100 - 0.00799+2.796E-5 - 0.00679+2.581E-5 - 0.00399+1.993E-5 | -49.67632 | -57.21788 | -74.89484 | -50.76566 | -30.8941 | 13.18043
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Abstract

In recent years, the use of gamma rays in various industries has greatly
prospered. These include bone densitometry and medical imaging, explosives
detection in the military industry, the evaluation of concrete strength in barriers,
and numerous others.

In 1939 natural gamma ray detection, which emits gamma radiation from
radioactive elements such as uranium, thorium and potassium existing in the
rock, was used in studies. Then in 1953, the gamma-gamma log was used to
measure the gamma ray scattered from artificial sources.

In this research, we investigate the possibility of discovering oil mines by using
gamma rays densitometry. For this purpose, using different simulations of the
layers of the earth and the oil mines, we analyze the quantities obtained to
introduce a new method for discovering the oil mines whenever possible.

In this study, simulations were performed using MCNP code. These simulations
are performed for three different types of salty water, gas, and crude oils and are
compared with the case where no material except sedimentary rocks is present.
These simulations are carried out in five different stages, the results of which are
expressed in order. We first simulated a portion of the Earth using the MCNP
code to obtain the depth of penetration of the gamma rays for the five emitting
sources from these simulations.

In order to find the optimal location of the drilled wells for the quality of oil
exploration using MCNP code, we have simulated a block consisting of
sedimentary rocks with four holes which a detector is inserted inside each of
these holes. The results of these simulations show that the optimum location is
opposite the sources and the use of passing gamma is less error than the use of
backscattered gamma.

We then simulated a block with a hole inside using MCNP code to discover the
oil mines, which three different types of simulations were applied. The first is
related to the source without any disturbance, the second is to the disturbance
caused by isotopes in nature and the third is to the source with disturbance caused
by the isotopes in nature, which for elimination of the disturbance caused by the
isotopes in nature, increased source activity has been applied to simulations. The
results of these simulations indicate the possibility of discovering oil mines using
gamma rays and the amount of activity needed to eliminate disturbance caused by
isotopes in nature.

Finally, simulations were performed using the Gamma Activation Analysis to
discover oil mines, which yielded good results from those simulations to discover
oil mines. The advantage of using this method is that since the minimum energy
required to conduct 18.7 MeV carbon interaction is not necessary to investigate
the isotopes in nature, since most of the energy emitted by them is less than 18.7,
so the isotopes existing in nature do not cause any disturbance to these
measurements.

Keywords: Gamma Ray, Oil mine, Monte Carlo method
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