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Abstract
To address the water invasion issue in high-sulfur gas wells in the Puguang field, conventional
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pulsed neutron saturation logging technologies suffer from shallow detection depth and significant
influencing factors, while traditional electrode-based through-casing resistivity tools have large di-
ameters and cannot be applied in Puguang. This paper presents the design of a non-contact, small-
diameter through-casing resistivity logging system based on transient electromagnetic principles.
A resistivity prediction model and calculation method were developed, enabling the application of
through-casing resistivity logging technology in high-sulfur gas wells with integrated tubing condi-
tions. Field tests achieved a 100% success rate, with resistivity calculation accuracy exceeding 80%.
The results demonstrate that transient electromagnetic-based through-casing resistivity logging
can effectively characterize formation information, identify formation boundaries, and provide a
solid foundation for gas-water distribution analysis.
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Figure 1. Mechanism of eddy current ring propagation
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Table 1. Puguang gas field technical parameters of the characteristic reservoirs
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Figure 2. Simulation of magnetic field distribution
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Figure 3. Schematic of the electromagnetic response test for the nickel-based casing.
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Figure 4. Photograph of the experimental model for transient electromagnetic response. (a) Nickel-alloy casing with and with-
out anomalies. (b) Casing with and without anomalies in air
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Figure 5. Test results of the transmitter chamber for nickel-based alloy casing

5. BREGEREELRHERMNALEERE

S R HE AT, BOAIE 1 AR R AT I R S e W DU I B B A B R R A A EERKR
WEE, BdREGEETRMB N EEGESREER, MEEERERS], WHREGEEEN &
W A2 R B A AT R AR

2.3. BRETRThER pRORIR L AR

HTEERA —EMBRER, RN E L S8 R A (838 i —0on 5 5 2aa e, g
KLU B 3G 0, WA O, g = i NAE BRI HERE R, R, ARSI b, IR e A e
(TSRt — 0 R ERMNR FE AR USUE S IS L . IR DB IR B, QR T “/hR KSR ——
IR B RT3k IR S BOR[9], 7 AR (WK D e bl i ik o3, W A SR PRI 100 A, 250
REEATIE 1~10 mo A LEARGER R FL i A SR 3 B, Bk I I D K, WA K0, S & L 8 5t
RIS B SE o BRFBOIE 58, W AR REESEREE, IR R AR — % kb AR SR B A ko
BRI BIILIE 6.

e —— .

i Rt 7 lljc R[] | 50

Ha B F% , .
| '

40
35

RINEERKrpimiE TERE 30

T 20

! | | 106 10° 102 100 102 10°

AT HAEX A%

MR EFRBEK AR SR T E R

Figure 6. Schematic of the transmitted pulse waveform
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Figure 7. Schematic of the through-casing transient electromagnetic logging tool
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Figure 8. Inverse dual magnetic source coupled coil system
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Figure 9. Gas-water interface detection
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Figure 10. Flowchart of transient electromagnetic signal feature extraction.
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Figure 11. Imaging-based analysis of response signals from standard scale wells
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Figure 13. Resistivity prediction results for Well B**.
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Figure 14. Through-casing transient electromagnetic logging results for Well B1-*.
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