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Product Product

Element Reaction half-life Element Reaction half-life
Carbon 2C(y,n)11C 20.5m Cobalt #Co(y,n)*Co 71.3d
Nitrogen 14N(y,n) N 10.0m Nickel BNi(v,n)Ni 36h
Oxygen 180(y,n) 0 2. 1m Copper 83Cu(y,n)e2Cu 9.9m
Fluorine 19F (v, )8 F 1.83h Copper sCu(y,n)éCu 12.8h
Sodium 2INa(y,n)??Na 2.6y Zinc SZn(y,n)%Zn 38.4m
Magnesium Mg(y,p)**Na 15.0h Germanium %Ge(y,n)*Ge 82m
Magnesium 26Mg(y,p)**Na 60s Germanium nGe(y,n)*Ge 38h
Silicon 8i(y,p)*fAl 2.31m | Arsenic As(y,n) *As 17.9d
Silicon 8i(y,p) Al 6.6m Bromine Br(~,n)Br 6.5m
Phosphorus S1P(w n)IP 2 .50m | Bromine 81Br{~y,n)f*mBr 4.4h
Sulfur 3§y n)1S 2.7s Rubidium 3R b(+y,n)*Rb 18.7d
Chlorine 85C](y,n)¥Cl 32.0m Strontium 885r(y,n)*Sr 64d
Argon WA(y,p)HCl 55.5m Yttrium 89Y (y,n)3Y 108d
Potassium K (y,n)#K 7.71m | Zirconium WZr(y,n)PZr 78.4h
Titanium 4&Tif ,n)*Ti 3.0% Niobium $3Nb(y,n)*?Nb 10.2d
Titanium “Ti(y,p)¥Sc 3.4d Molybdenum Mo(y,n)* Mo 15.5m
Chromium S0Cr(+,n)*Cr 42m Molybdenum 10N o(y,n)**Mo 66h
Chromium 83Cr(y,p)iEV 3.76m | Ruthenium #Ru(y,n)*Ru 99m
Manganese »Mn(y,n)Mn 303d R uthenium 104R (4 ,n) 195Ru 40d
Iron *4Fe(y,n)**Fe 8.5m | Rhodium IR h(y,n)***Rh 206d
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Element Percent range Element Percent range
CH, 82.3 CeHiq 0.19

CyHs 6.86 He 0.13

CsHs 4.3 H 0.01

Butane 1.6 N 421

Pentane CsHi, 0.4

Element Percent Element Percent
range range
SiO, 58.11 H.O 4.99
Al;0O3 15.40 CO; 2.63
F6203 4.02 Ti02 0.65
FeO 2.45 P,0O3 0.17
MgO 2.44 SO; 0.65
CaO 3.10 BaO 0.50
Na,O 1.30 C 0.35
K>0 3.24
(2004
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Element | Percent range
Carbon 83 to 85%
Hydrogen | 10 to 14%
Nitrogen | 0.1to 2%
Oxygen 0.05to 1.5%
Sulfur 0.05 to 6.0%
Metals <0.1%
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3 40 49.9575 4.00000E-08+0.2236 24.0658 4.40000E-08+0.2132 20.7895 3.40000E-08+0.2425 -5.26316 -15.78947 10.52632 300 166.66667 66.66667
4 60 78.9608 7.00000E-08+0.1690 53.0427 3.60000E-08+0.2357 46.7889 4.00000E-08+0.2236 -84.21053 5.26316 -5.26316 93.75 200 1700
5 80 172.666 3.80000E-08+0.2294 | 142.9649 3.80000E-08+0.2294 123.3050 7.60000E-08+0.1622 0 0 -100 - - --
6 100 -- 6.60000E-08+0.1741 -- 6.00000E-08+0.1826 -- 1.06000E-07+0.1374 -73.68421 -57.89474 -178.94737 -142.85714 | -209.09091 | -27.27273
Jol Al gl A JU 4 bgrpo Cdg (59580 gl Voo (551 0 o0 ol 5L — £ Jgur
o )yd ol g B2 g . o
) 4 bgy e conl S 4 bgy e conl S 4 by e ol S (s B> o DS | s BB
i e o s e s e s i it Ty By e Ty
SB s AL ol &byl A il odd Cud e A gas PRV < s bl <19 Dad Reand Sy
1 0 21.8206 7.10000E-07+0.0531 0.2897 7.10000E-07+0.0531 0.2897 7.10000E-07+0.0531 0 0 0 - - -
2 20 31.2484 9.64000E-07+0.0455 9.2069 9.94000E-07+0.0449 7.9781 9.20000E-07+0.0466 -35.77465 -40 -29.57746 17.32283 26.05634 10.56338
3 40 49.9575 1.42600E-06+0.0375 24.0658 1.46800E-06+0.0369 20.7895 1.36400E-06+0.0383 -100.84507 -106.76056 -92.11268 8.65922 13.72032 5.5409
4 60 78.9608 2.08800E-06+0.0309 53.0427 2.05800E-06+0.0312 46.7889 1.99800E-06+0.0316 -194.08451 -189.85915 -181.40845 6.5312 4.45104 -2.22552
5 80 172.666 2.89800E-06+0.0263 | 142.9649 3.03200E-06+0.0257 123.3050 2.94800E-06+0.0260 -308.16901 -327.04225 -315.21127 -2.28519 3.61757 5.77089
6 100 -- 3.94200E-06+0.0225 -- 4.03400E-06+0.0223 -- 3.56800E-06+0.0237 -455.21127 -468.16901 -402.53521 11.57178 14.01925 2.76775
Jol cdl> Gl A JU @ bgspo 24 MEV U oo 6551 b (gl o cud jLis - V Jgu
S0y < Pl s by e e e s s
) 4 b ye Canl S 4 b ye Cawl s 4 by Cowl S (e B oo DS | s DS
23 29790 . Lo . . L T & T8 1E e Tecis
SB s AL ol &byl A il odd &b e AzgaS ol b s < - J <9 Bl R bt R
1 0 21.8206 2.7260E-06+0.0271 0.2897 2.7260E-06+0.0271 0.2897 2.7260E-06+0.0271 0 0 0 - - -
2 20 31.2484 3.4660E-06+0.0240 9.2069 3.4040E-06+0.0242 7.9781 3.2760E-06+0.0247 -27.146 -24.87161 -20.17608 25.67568 18.87906 -9.14454
3 40 49.9575 4.4540E-06+0.0212 24.0658 4.5120E-06+0.0211 20.7895 4.34400E-06+0.0215 -63.38958 -65.51724 -59.35437 6.36574 9.40649 3.24748
4 60 78.9608 6.0820E-06+0.0181 53.0427 5.9960E-06+0.0183 46.7889 5.8840E-06+0.0184 -123.11079 -119.95598 -115.8474 5.89988 3.42508 -2.62997
5 80 172.666 7.7240E-06+0.0161 142.9649 8.1580E-06+0.0157 123.3050 7.9960E-06+0.0158 -183.34556 -199.26632 -193.32355 -5.44218 2.98233 7.98969
6 100 -- 1.0642E-05+0.0137 -- 1.1280E-05+0.0133 -- 1.0186E-05+0.0140 -290.38885 -313.7931 -273.66104 5.76049 12.78934 7.4585
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p9e b Gl A (JU @ by o g (39 551 oS B (6551 50 o0 ol 5L — A Jgu

oy ol PESOY 35 s s e
) 4 bgy e conl S 4 by e conl S 4 by e ol S (s B> (s B> oo WS
Ed) 2790 e e X . . . { 5 1.5 1 . s T o s
S As o Zud L A il IRVUR Ag gas o Cud L < b 5 <) B g sy
1 0 21.8206 4.72500E-04+0.0065 0.2897 4.72500E-04+0.0065 0.2897 4.72500E-04+0.0065 0 0 0 - - --
2 20 31.2484 4.72500E-04+0.0065 9.2069 4.72500E-04+0.0065 7.9781 4.72520E-04+0.0065 0 0 -0.00423 - - --
3 40 49.9575 4.72500E-04+0.0065 24.0658 4.72400E-04+0.0065 20.7895 4.72420E-04+0.0065 0 0.02116 0.01693 - 20 100
4 60 78.9608 4.72480E-04+0.0065 53.0427 4.72380E-04+0.0065 46.7889 4.72300E-04+0.0065 0.00423 0.0254 0.04233 -900 -66.66667 83.33333
5 80 172.666 4.72600E-04+0.0065 | 142.9649 | 4.72440E-04+0.0065 123.3050 | 4.72400E-04+0.0065 -0.02116 0.0127 0.02116 200 -66.66667 | 266.66667
6 100 - 4.72380E-04+0.0065 - 4.72380E-04+0.0065 - 4.72360E-04+0.0065 0.0254 0.0254 0.02963 -16.66667 -16.66667 0
P90 Il ln A JB 4 by po <y (59,550 gl B (55531 50 oo e HLE— ] Jgux
S )yd ol g B2 s . o
) 4 bgy e conl S 4 by e conl S 4 by e ol S (s B> o DS | i BB
i e o s e s e s i it Ty iy e Ty
SB s AL ol &byl A il oad ud e A gas PRV ) < s Pl <9 Pad Reand Sy
1 0 21.8206 6.83920E-04+0.0054 0.2897 6.83920E-04+0.0054 0.2897 6.83920E-04+0.0054 0 0 0 -- -- -
2 20 31.2484 6.84420E-04+0.0054 9.2069 6.83960E-04+0.0054 7.9781 6.83800E-04+0.0054 -0.07311 -0.00585 0.01755 124 400 -1150
3 40 49.9575 6.84900E-04+0.0054 | 24.0658 6.84480E-04+0.0054 20.7895 6.84320E-04+0.0054 -0.14329 -0.08188 -0.05849 59.18367 28.57143 -75
4 60 78.9608 6.85520E-04+0.0054 | 53.0427 6.85320E-04+0.0054 46.7889 6.84760E-04+0.0054 -0.23395 -0.2047 -0.12282 475 40 -14.28571
5 80 172.666 6.85500E-04+0.0054 | 142.9649 | 6.86040E-04+0.0054 123.3050 | 6.85060E-04+0.0054 -0.23102 -0.30998 -0.16669 27.8481 46.22642 25.4717
6 100 - 6.88220E-04+0.0054 - 6.88900E-04+0.0054 - 6.84900E-04+0.0054 -0.62873 -0.72816 -0.14329 77.2093 80.32129 13.65462
p90 > gl A JU 4 bgyw 24 MeV U o 655! by sly ovds ol jLi— Ve Jgu
o yd ol o s 58 g g e
) 4 by e conl S 4 by e conl S 4 by e coul S (oo B s DS | s BB
o, D9z 9e ) L ) L ) L. i 15 (R UE e e e
SB s AL ol &b L A il odd &b e A gas ol &b s < s bl <9 Pad R R Rean
1 0 21.8206 1.9981E-03+0.0032 0.2897 1.9981E-03+0.0032 0.2897 1.9981E-03+0.0032 0.095 0.095 0.095 0 0 0
2 20 31.2484 2.0010E-03+0.0032 9.2069 2.0004E-03+0.0032 7.9781 1.9983E-03+0.0032 -0.05 -0.02 0.085 270 525 -150
3 40 49.9575 2.0013E-03+0.0032 24.0658 2.0008E-03+0.0032 20.7895 1.9990E-03+0.0032 -0.065 -0.04 0.05 176.92308 225 -62.5
4 60 78.9608 2.0014E-03+0.0032 53.0427 2.0001E-03+0.0032 46.7889 1.9988E-03+0.0032 -0.07 -0.005 0.06 185.71429 1300 -1300
5 80 172.666 2.0016E-03+0.0032 | 142.9649 2.0000E-03+0.0032 123.3050 1.9962E-03+0.0032 -0.08 0 0.19 337.5 - -
6 100 - 2.0036E-03+0.0032 - 2.0026E-03+0.0032 - 1.9897E-03+0.0032 -0.18 -0.13 0.515 386.11111 | 496.15385 | -38.46154

aA




YRR ) o lod (P0599 (69 3,15 Sy 3By SR 3 4 yid

pow b Gl A (JU @ by o g (39 551 oS B (6551 50 oo Cd HLE— 1Y Jgu

oy ol PESOY 55
) 4 bgy e conl S 4 bgy e conl S 4 by e ol S o B o B oo WS
| s s L C s L s L i i 1,5 LN Ty s
S A o Zud L A il ol b L Ag gas PRV < b J <) B g sy
1 0 21.8206 | 1.53744E-03+0.0036 | 0.2897 | 1.53744E-030.0036 0.2897 | 1.53744E-03+0.0036 0.16623 0.16623 0.16623 0 0 0
2 20 31.2484 | 1.37410E-03+0.0038 | 9.2069 | 1.33060E-03+0.0039 79781 | 1.31118E-03+0.0039 10.77273 13.5974 14.85844 -37.92646 | -9.27412 | 20.77364
3 40 49.9575 | 1.20280E-03+0.0041 | 24.0658 | 1.12630E-03+0.0042 | 20.7895 | 1.06816E-03+0.0043 21.8961 26.86364 30.63896 -39.92883 | -14.05366 | 18.49166
4 60 78.9608 | 1.03472E-03+0.0044 | 53.0427 | 9.35780E-040.0046 | 46.7889 | 8.41160E-04+0.0049 32.81039 39.23506 45.37922 -38.30747 | -15.65986 | 16.37483
5 80 172.666 | 8.77460E-04+0.0048 | 142.9649 | 7.44040E-04+0.0052 | 123.3050 | 6.19660E-04+0.0057 43.02208 51.68571 59.76234 -38.91086 | -15.62641 | 16.76215
6 100 - 7.14480E-04+0.0053 - 5.63520E-0420.0060 - 4.01960E-0420.0071 53.60519 63.40779 73.8987 -37.85735 | -16.54514 | 15.45961
pow Cdl> gl A (JU @ by o &g 9,580 gbaS B0 (5551 )0 ouds o HLL =Y Jgur
oy - P> i 8 e e e
) 4 bgy e conl S 4 bgy e conl S 4 by e ol S (s B> o DS | s BB
i e o s e s e s i it Ty By e Ty
SB s AL ol &byl A il oad Cud e A gas PRV < s bl <19 Dad Reand Sy
1 0 21.8206 | 3.43322E-03+0.0024 | 0.2897 | 3.43322E-030.0024 0.2807 | 3.43322E-03+0.0024 -0.09388 -0.09388 -0.09388 0 0 -
2 20 31.2484 | 3.11890E-03+0.0025 | 9.2069 | 3.04276E-03+0.0026 79781 | 2.94016E-030.0026 9.06997 11.2898 14.28105 -57.45419 | -26.4952 -1150
3 40 49.9575 | 2.80570E-03+0.0027 | 24.0658 | 2.65846E-03+0.0027 | 20.7895 | 2.45530E-03+0.0029 18.20117 22.49388 28.41691 -56.12686 | -26.33175 75
4 60 78.9608 | 2.52018E-03+0.0028 | 53.0427 | 2.32348E-03+0.0029 | 46.7889 | 1.99278E-03+0.0032 26.52536 32.26006 41.90146 -57.96751 | -29.88649 | -14.28571
5 80 172.666 | 2.28136E-03+0.0030 | 142.9649 | 2.04738E-03+0.0031 | 123.3050 | 1.55026E-03+0.0036 33.48805 40.30962 54.80292 -63.64919 | -35.95403 | 25.4717
6 100 - 2.16206E-03+0.0030 - 2.01212E-03+0.0031 - 1.08968E-03+0.0043 36.96618 41.33761 68.2309 -84.57656 | -65.05769 | 13.65462
pgw Il Gl A JU 4 ba e 24 MEV U yano 6551 sbag Gl oot el jLo— 1Y Jous
o8 - PO 5 . L. . R s
' @ by o ol 1S @ by o a8 @ byye S| s WS | s S | s B
o, D9z 9o ) L ) L ) L. i 15 (R UF e Tecis
SB s AL ol &byl A il odd &b e A gas ol b s < s bl <9 Pad R R Rean
1 0 21.8206 | 15884E-02+0.0011 | 0.2897 1.5884E-02+0.0011 0.2897 1.5884E-02+0.0011 -0.02519 -0.02519 -0.02519 0 0 0
2 20 31.2484 | 1.4417E-02+0.0012 | 9.2069 1.4094E-02+0.0012 7.9781 1.3487E-02+0.0012 9.21285 11.24685 15.06927 -63.56801 | -33.98656 | 18.08511
3 40 49.9575 | 1.2880E-02+0.0012 | 24.0658 | 1.2233E-02+0.0013 20,7895 | 1.1212E-02:+0.0013 18.89169 22.96599 29.39547 -55.6 -27.99561 | 17.74061
4 60 78.9608 | 1.1282E-02+0.0013 | 53.0427 | 1.0383E-02+0.0014 46,7889 | 8.9091E-030.0015 28.95466 34.61587 43.89736 -51.60722 | -26.81281 | 16.35438
5 80 172.666 | 9.6471E-03+0.0014 | 142.9649 | 8.5194E-03+0.0015 | 123.3050 | 6.5190E-03+0.0017 39.25 46.35139 58.94836 -50.18691 | -27.17713 | 15.32076
6 100 - 7.9904E-03+0.0016 - 6.8304E-03+0.0017 - 4.0227E-03+0.0022 49.68262 56.98741 74.66814 -50.29026 | -31.02568 | 12.81825
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Summary
oil mine, Oil reservoirs The Gorshov and Coworkers research on finding beryllium by the rapid release of
Back-scattering gamma radionuclide neutrons in 1930 is the first study on soil using gamma-ray activation.
Monte Carlo method In this study, using MCNP code, simulations were performed on soil and

sedimentary rocks, and the flux of gamma rays resulting from the destruction of the

positron ejected from the material was calculated, and then, using this quantity, some
information about the material has been achieved. Using these results in these simulations, an optimal location for the source and
detector was obtained to identify oil reservoirs, in which oil, gas and water reservoirs can be identified and separated from each
other. In this optimum case, the contrast values for the water, oil and gas reservoirs varied from zero to 53.60, 63.40 and 73.89%,
respectively, which were due to changes in the percentage of oil, water and gas in sedimentary rocks at the energy 511 keV. The
advantage of using this method is that due to the minimal amount of energy required for carbon interactions of 18.7 MeV, there is
no need to investigate existing sources in nature, since the maximum energy emitted by these sources is less than 18.7 MeV.
Therefore, the sources in nature do not cause any disruption in these measurements.

Introduction

In the field of nuclear physics, the use of gamma rays is an important and practical method. This method is used in various
industries such as oil and gas production, mining and quarrying, environmental monitoring and so on. The technology of using
gamma rays is based on the interaction of the beams with materials. The three main phenomena are the interaction of gamma rays
with photoelectric material, Compton scattering, and pair- production phenomena. Due to its very high sensitivity, activation
analysis has become an important and applicable tool in various fields ranging from science and engineering to industry, mineral
exploration, medicine, etc. One of the biggest advantages of analyzing by this activation method is that it can detect most isotopes
with very high sensitivity. In this research, different simulations have been carried out on sedimentary rocks in order to find a
suitable method for exploration of oil reservoirs. These simulations are performed in three different states and by comparing the
results obtained in each case, the best results are selected to explore the oil reservoirs.

Methodology and Approaches
The Monte Carlo method is a class of computational algorithms that rely on random iterative sampling to calculate their results.

To use this method, a structured input file must be provided, including problem information such as geometry, material type,
source, output type, and so on. The code, based on this method, solves the problem using input file information and the cross-
section library and generates the results in an output file. In the simulations by this code, a cubic block of about 2 meters is

considered to be a type of sedimentary rocks, oil, gas, water and a combination of these rocks with water, gas or oil. The
simulated cavity has a depth of 180 cm and a radius of 7.62 cm. A 2-inch Nal (TI) detector is inserted into the specified hole.

Results and Conclusions

According to the obtained results, it is possible to detect and identify the oil reservoirs and to separate the oil reservoirs from the
gas and water reservoirs. The advantage of using this method is that due to the minimal amount of energy required for carbon
interactions of 18.7 MeV, there is no need to investigate existing sources in nature, since the maximum energy emitted by these
sources is less than 18.7 MeV. Thus, the sources in nature do not cause any disruption in the measurements.




