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Effect of density measurement on D-D induced gamma counting
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Abstract Background: The controllable neutron source is used to replace the chemical gamma source to measure
the formation density in oil exploration. Purpose: The effect of capture gamma counting on density is studied in the
process of D-D source density measurement. Methods: Firstly, the principle of D-D source density measurement is
analyzed, and the type of gamma-ray source in the process of D-D source and the formation is studied. In addition,
the intensity of induced gamma between D-D and D-T source density measurement is compared using Monte Carlo
simulation method. Results & Conclusion: The capture gamma takes a large proportion on D-D induced gamma
density measurement. Although neutron yield of D-D source is far lower than that of D-T source, the capture gamma
counting of D-D source is higher than inelastic gamma counting of D-T source with the distance from the source
more than 50 cm in the low porosity formation. In addition, the capture gamma counting can be obtained by adjusting
the source size to meet the requirements of density measurement in high porosity formation. Therefore, the counting
of D-D induced gamma can meet the statistical accuracy of the density measurement.
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Table 1 The comparison chart of D-D and D-T source performance.
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Controllable source Neutron yield / n's™ Energy / MeV  The service life / h Radioactive tritium target
D-D J§ D-D source 2x10’ 2.5 1000 75 No

D-T 5 D-T source 1x10° 14 JL+-JUH Dozens to hundreds /& Yes
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Table 2 Inelastic scattering threshold value of common
formation elements.
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Nuclide The first excitation Inelastic scattering
energy / MeV threshold / MeV

e 4.43 4.78

0 6.13 6.51

si 1.78 1.84

“Ca 3.73 3.82
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Table 3 The inelastic gamma ratio of sandstone formation.

URER Source  FLBRSE 0%  FLBRFE 10%  FLBREE 20%
spacing /cm  Porosity 0%  Porosity 10%  Porosity 20%
6 80.72 47.48 30.83

18 47.69 17.85 10.55

30 21.60 7.53 4.90

45 7.16 2.66 2.43

60 3.55 1.35 1.41
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Table 4 The inelastic gamma ratio of limestone formation.

VR Source  FLBRJE 0%  FLBRRE 10%  FLBRE 20%
spacing / cm  Porosity 0%  Porosity 10%  Porosity 20%
6 2.04 1.87 0.92
18 1.19 0.56 0.29
30 0.67 0.26 0.15
45 0.31 0.12 0.08
60 0.15 0.07 0.06
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