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Design and implementation of NMR system in downhole
extreme conditions

XTAO Li-zhi

(State Key Lab of Petroleum Resources and Prospecting, China University of Petroleum, Beijing 102249, China)

Abstract ; The design of nuclear magnetic resonance (NMR) system in downhole extreme conditions was briefly summarized.
The extreme conditions here include environments with high temperature (up to 175 °C) and high pressure (up to 68.95
MPa) in a well bore, very restricted space for system size, measurements done in moving conditions, sample outside of the
probe with low magnetic field and low signal-to-noise ratio (SNR). NMR systems in downhole extreme conditions are very
different from the conventional ones, so the probe and control systems require special consideration. Noise reduction, data
processing and interpretation are equally important. The key issues of design and implementation of downhole NMR systems,
including design of components of the NMR system and signal flow, design and implementation of probe, monitoring and con-
trol system, noise reduction methods and design and implementation of data acquisition and processing software, were dis-
cussed. The NMR system proposed and designed was delivered to engineering and application stage, and improved high end
instrumentation and technology for China petroleum industry.
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Fig.1 Composition of downhole NMR system
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Fig.2 Flow chart of design and implementation for downhole NMR system
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Fig.3 Schematic drawing of structure
of downhole NMR probe
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Fig.5 Analysis of numerical simulation results
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Fig.6 Diagram of electronic circuit of NMR system
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Fig.7 Basic signal flow of NMR system

A B REAS ARG 0« P B R b 1
RGP AR DA SRS I A g 4 47 A 4
RIS M A Bl 80 B A R 5. XS
T RS S Q-Ffm il 55 PR B Hl (55 |
RAEI Pl SRAE T AR S5 MR A5 55 RS
T A A SR A T i 47 I R SR Y
BRI R K e, 28 Zh 3RO SR Sl S
Gy PNGEREL SN RPN SUEIPIRYIE S | ONG: )
HE ST MOS 48 4% 600 VB 5 FR T A 3
AR R 2400 VBRI Gk i, T
SRPHA K b A i 2 R, P R 2k T S B b JE TP U =
BT AR A G iR, ko e 53 58 iU i Q-
Bl it FL BT TR 8 i T DR RS AR, A TR RS ik A 7
TR P R BE L CEE BB 58 B T AR
PRI P A5 5, eI B B R B R R D A S E A
MR . TBORJE B 1 A5 5 i 2 4% i B A7 %
PR A AN A Ak B A TR A SRS e B3 0k Ak
LR IO B2 R A7 45 5L, IR i CAN B 2ok £k
WALk 25 1B AL R OT, 1B 15 2 58 100 B 35 45 3
[TE5

RGBT JTa R AR, SE TR
FL B AR FRL B B AR D BE . S S s R
AN 8 ~ 10 Fran . RS EIEFR I T A
RN T B R e 45 )

EFEHR R AT DSP+FPGA R AXNES 1, 58 4%

SRR B

X = 6 0ins. k=21 30
[ Vosr ETH B
1@;‘ v

(b) ThERIBOKIE B e B A AL
MOS & #ift i thil bk v

(c) TR YRS v B 7

(d) ThERTBOK H B L () Q-Fe ¥ h BRMOSTEHIE 5

8 ARIUFRRBESTH RIS R (LK)

Fig.8 Design and implementation of analog circuit
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Fig.16 Framework of downhole NMR system data processing software
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