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Fig. 1. (color online) T> spectrum overlap diagram of

petroleum and water.
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Fig. 2. D-T distribution diagram of petroleum and

water.
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Table 1. the basic information and performance comparison of six common used D-T's pulse sequences.
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Fig. 3. (color online) Schematic diagrams of six common used D-T pulse sequences. (a) PFG pulse
sequence; (b) STE-PFG pulse sequence; (¢) BP-PFG pulse sequence; (d) modified CPMG pulse sequence;

(e) diffusion-editing, pulse sequence; (f) multiecho interval CPMG pulse sequence.
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Fig. 4. Schematic diagram of information loading and acquisition of six common used D-T5 pulse sequences.
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pulse sequence; (d) multi echo interval CPMG pulse sequence.
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Fig. 6. Schematic diagram of information loading and

acquisition of modified D-T's pulse sequence.
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Fig. 7. The joint TSVD inversion method.
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Table 2. The basic information of three D-T'5 structural models.

TH /S0 Ak Al BhK g
TR
Tog/ms Dg/m%s™! So/% Tog/ms Dg/m%s™! Sui/% Tag/ms Dg/m?s™! Sym/%
K 21.54 1.12x 1077 45.00 895 8.31x10710 2500 155.05 2.68 x 1072  30.00
H7K 64.47 1.50 x 101 60.00 11.17  1.37x 1079 15.00 193.07 2.68 x 1072  25.00
iR 720  2.67x 10711 50.00 896  1.10 x 10~9  20.00 124.52  2.68 x 1072  30.00
K — — 60.00 11.15  1.37x 1079 15.00 155.05 2.68 x 1072  25.00
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Fig. 8. D-T structural models of different formation fluid. (a) Gas-water model; (b) Oil-water model; (c¢) Heavy

oil model, (d) Oil-gas-water model.
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Fig. 9. D-T's simulated echoes (SNR = 00). (a) Gas-water model (tg = 7 ms); (b) Oil-water model (tp = 12 ms);
(c) Heavy oil model (tp = 15 ms); (d) Oil-gas-water model (tg = 13 ms).
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Fig. 10. D-T» inversion distribution. (a) Gas-water model; (b) oil-water model; (c) heavy oil model; (d)

oil-gas-water model.

£3  D-To RIFIG I %2

Table 3. The relative error of D-T'2 inversion distribution.

SNR = 100 SNR = 50 SNR = 20
T
D-To i Toit Dif D-To i Tyt  Dif D-To i Toit Dif
ok 11.84 0.28 9.13 12.67 0.58 9.46 28.29 3.27 12.58
7K 7.01 0.10 4.56 7.64 0.19 4.72 19.76 2.96 7.26
AR 21.00 0.45 20.91 25.85 7.91 22.06 63.94 25.59  45.69
K 23.39 0.54 22.60 28.74 7.21 25.48 56.47 25.19  35.83
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F 4  D-To IERES KU 5

Table 4. The calculated water saturation from D-T'5 inversion distribution.

) SNR = 100 SNR = 50 SNR = 20
BERIRA S /% : — —
Sw i /% AHXT IR ZE % Sw S /% AHXT IR ZE % Sw R /% X IRZE %
Kok 55.00 53.72 2.33 53.61 2.53 50.99 7.29
itV 40.00 38.91 2.73 41.48 3.70 37.26 6.85
BN 50.00 48.75 2.50 52.42 4.84 54.80 9.60
HAK 40.00 38.42 3.95 42.21 5.53 43.89 9.73
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Abstract

In face of the increasingly complicated exploration targets, D-T> 2D NMR technology cannot balance the range
of diffusion coefficient and transverse relaxation resolution in practice. As the key technique of D-T2 2D NMR, the
property of pulse sequence affects its application. A modified design of bivariate D-T'» pulse sequence based on pulsed
field gradient is proposed after summarizing the technical characteristics of PFG, STE-PFG, BP-PFG, modified CPMG,
“diffusion editing” and multi echo interval CPMG pulse sequences, which effectively integrates the advantages of D-T2
pulse sequences based on pulsed field gradient and constant field gradient. In order to reduce the difficulties that the
existing D-T'2 inversion methods cannot balance the inversion efficiency and accuracy, we propose a joint TSVD inversion
method which sets the echos from the second window as the main part supplemented by the echos from the first window.
Numerical simulation results for gas-water, oil-water, heavy oil and gas-oil-water models in different SNRs indicate that
the D-T> modified pulse sequence can balance the diffusion coefficient measurement range and transverse relaxation
resolution successfully, and the joint TSVD inversion method balances the inversion efficiency and accuracy successfully.
Above all, the D-T2 modified pulse sequence and the joint TSVD inversion method have wide applications in the
exploration and formation evaluation for unconventional reservoir, and create favorable conditions for the development
of D-T'5 2D NMR technology.

Keywords: pulse sequence, pulsed field gradient, bivariate, joint TSVD inversion method
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