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Fig. 1 The calibration well condition; (a) diagram showing the well location; (b) the corresponding carbonate outcrop ; ( ¢) diagram

showing the calibration between cores and borehole images at the same depth; (d) diagram showing the coring depths, the right

figure shows the fracture distribution, and the black and blue lines represent filled and unfilled fractures, respectively
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Fig. 2 Correspondence of fractures, pores and vugs between cores and electrical images in the calibration well ;

(a) calcite-filled fracture; (b) unfilled fracture; (¢) dissolved pores and vugs
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Fig. 3 Halo effects: (a)light rim surrounding a conductive spot; (b)dark rim around a resistive spot; (¢) conductive fractures with
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light rim; (d) a half-filled fracture with partially developed light or dark rim; (e ) borehole breakouts with light rim and rock

fragments showing light colour
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Fig. 4 Unfilled fracture parameters between cores and
electrical images in the calibration well; (a) dip angle; (b)

circumferential length; (¢) aperture
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Fig. 5 Schematic diagram showing the difference between a

true fracture aperture and a FMI-derived fracture aperture
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Table 2 Physical simulation test of fracture aperture

calculated by electrical imaging logs
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Fig. 6 Schematic diagram of experimental facility used for

physical simulation ( modified from Ponziani et al. , 2015)
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Table 1 Numerical simulation test of fracture aperture derived from electrical imaging logs in water-base mud
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Fig. 7 The porosity contrast in the calibration well; (a) depth interval developing pelitic strips show bimodal characteristics

although it is not related to any secondary pores or vugs; (b) undisturbed interval without any obvious pores in cores or thin

sections; (¢ ) dissolved pores which can be seen in cores and thin sections; ( d) dissolved pores and vugs; (e) dissolved fractures;

(f) the undissolved fracture with fracture porosity of 0. 026% ; (g) the histogram of fracture porosity
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Advances in fracture and vug interpretation using microresistivity
imaging logs

NIAN Tao"?, WANG Guiwen” , FAN Xugiang® , TAN Chenggqian"? |
WANG Song” , HOU Tao”’, LIU Zhidi'*
1) School of Earth Sciences and Engineering, Xi’ an Shiyou University, Xi’ an, 710065 ;
2) Shaanxi Key Laboratory of Petroleum Accumulation Geology, Xi’ an Shiyou University, Xi’ an, 710065
3) School of Earth Sciences, China University of Petroleum, Beijing, 102249;
4) CNPC Economics & Technology Research Institute, Beijing, 100724
5) Huabei Oilfield Company, PetroChina, Rengiu, Hebei, 062552

Abstract; In combination with outcrop calibration well, numerical and physical simulation, advances in
fracture and vug interpretation using microresistivity imaging logs have been analysed and discussed, which include
core-shifting, calibration rate, correlation of fracture parameter between cores and imaging logs, and fracture
aperture and formation porosity calculation, respectively. Unfilled fractures cutting through drilling wells and pore
or vug intervals have a 100% calibration rate, while a single pore or vug generally lost one to one correspondence.
Dip angle or circumferential length of a single fracture show good correlation between cores and imaging logs, yet
have a moderate relation for fracture apertures. Numerical and physical simulations both indicate that fracture
apertures derived from imaging log are controlled by several factors. Apparent apertures more than 0. 1 mm, are
basically equal to the calculated apertures; on the contrary, the value error increases. Present methods for
formation porosity based on imaging logs include porosity spectrum and image segmentation, yet both are restrained
by other conductive geological objects except open pores and vugs. Thus, cores should be further used to calibrate
borehole images.

Keywords: borehole image logs; core-shifting; fractures and vugs; fracture parameter; formation porosity
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