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System design and implementation of three-dimensional induction

imaging logging tool
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Abstract: Accurate measurement of resistivity of sand-mudstone thin interaction layer is an important task
in improving the calculation of argillaceous sandstone reservoirs. In order to solve the problem of accurate
measurement of thin interaction layer resistivity, this paper proposes a design and implementation method
of 3D induction imaging logging tool. First, based on the inductive electromagnetic measurement method, a
3D detector consisting of a three-axis emitter, four single-axis receiving arrays and three three-axis receiving
arrays is designed. On this basis, through the 3D coil system parameters and structural innovation design, high-
performance transmission and reception integration, multi-frequency cyclic transmission, high-precision multi-
channel synchronous acquisition and other technologies, 78 conductivity measurements are available at each
depth point. Finally, data correction and processing techniques are used to eliminate various environmental
impacts, and the results of theoretical models and actual data are confirmed that in addition to effectively
providing array resistivity curves for five different depths of detection and three different longitudinal resolutions
of induction logging tools, the instrument can also obtain formation information parameters such as formation
horizontal resistivity, vertical resistivity, formation dip angle and azimuth angle, which effectively solves the
problem of accurate measurement of resistivity of sand-mudstone thin interaction layer.

Keywords: Three-dimensional induction; System design; Horizontal resistivity; Vertical resistivity; Dip

2019-08-10 Wkd; 2019-11-28 FEH

*[E R H K £ T (2017Z2X05019001)

fEE WA im KK (1963 ), 55, WiFG A, RS T, W7 1) TR E B AR 0K o
Ti@{E{E# E-mail: tangtzQcnpc.com.cn



. z2 A7 ¥

2020 1 A

P AN RS 43 il FE A BB BT B AR T 5 I
o R rh, A A8 3 LR R v BE A I )= %
JE RS FBH R % m) S PRI B A . 0 R AE
RE 200 & b, 5 R0 B I A3 28 0 &2 ) o Hb 2 4%
) FLBEL 22, 23 5 fgoRe T B85 il LR O I, X &5 %6t
AEIMAE 1 J2 O VPN 35 R M 8. HF 50 R I = 4 B 3
DA HLAR A 2% 0] 7 VE i = B R A PP A S it 1 S5 %2
#F-B (1, 2000 4F, Kriegshauser 25 21 2 HUF] I 54
T3 53 5 SR AR 1 J2 % 1) S5 1 = e S 00 A
%% (3DEX); 2003 4E, Rosthal 25 3 & H A1) F 9 /> s
Wy B SRR 2% 25 1) Jr 1 1) 22 90 B A S 0 A
2004 4, Rabinovich 2 4 B ] H B 51 = Fy gk oz )
1% %% (Rt Scanner); 2013 4, Hou %% DI W 7% 1 & H
T I Y HR IR ) = GBS S AR R
LV FHE AR AN B8], 1243 72 0 52 3 2 25 1) S A 150
X7 TT R S T ARG AE

NG, N T RS e s R SR A2 I =
] 550 671, AR SCHE ol 37 B 1) = 4 S B Bl A% 0
Ao B LA =R 2 44 RS HR AR IE AL
I Ak 3 ) 6 T B ) A R WA A1) R 3 A =l R A
BEB L RS, B — R =Bl A5 FSC R 21 7= A2 9 AN )
o AEEIFTRAKCEZE, N THZE R SR, IF
XX.\YY . \ZZIEZZor BN, TERSF S 2 f
FAFE b JZ Hh, 9 AN 5 A R B, AR FEL R 2R
A TR 1A A 2 ZAFRE = 4EERI 2SI = RS
AEFRIRAE =R 55 o PRI E R F 40— A A =4t 2 Pl
Siwit, XY Z =47 E =R L &, FI A
Z 77 m 2 P R4S M E KSR RE AR, X T A Y
r) ) 45 B8] R D = Hb 25 1 BB R . M R GR A
TACS 2 P R A R B R A B 8, sk
T ACERAC B b EE B R AL G R ) RS AR AR N —
el K H = RE DSP 5 FPGA 2244, KA 16 1@
TERAR , SEHUR PRI 5 W A5 5 R AR (4R v, 72
BT R ] Py SR R I AR e A e B 91, sz
5 ERE RS . N TR AT B R AR IR AL IE 1)
YERG UL SR TE R R /DN, DME R S IR A B A 1E Ak
TR AR, R = GBS B AL IR AR IE AL 3
Je— Yk 2 22 B0 T AL B ST — AR R N AN A HE
UM S 4l 55 i 7 0 HE SR B AR TR AL B R — 4
% ZHU R TR RE, S SRS IR L & 1m)
ST R M2 B BRI AL B RE 7 12181, = g e -
AR 7RI LAAS 2 5 2% AN [RIAR [ AR R B AN 3 Fh 4y
HEER KT B el B A1, 3 ] DU fH )2 2 ) F

BELS 1 J2 00 A DU i, SIZBRL T 6t B2 A R 2 I v
VAT o

1 Et 5

1.1 ZHEHNRINE A
YRR T A (A A 2 d i E e (1
K FH =l R S 42 L ) )2 P R SRS A AR i 7
TE 2 Fp 7= AR TS FELE, TN LT B IR A A
T3y, 12 = AE R WA FBI R 21 b 7 AR RN FEL B o ] 1
N = YR TR LA R R A A5 40 o — R BRI % 2
120 = Al R G 2k Bl T 3 4HAS [R)8eieAor & 1 — Fh Bz ik
218 (A4 A6, AT) LRI & 9 N7 2 1 = 4E 4RI
FERES, [F 3G 4 A [R] B USCAr BB 1 R B ST 2
(A1 A2 A3 A5) & ZZ 4y i, LRI AL 7 H =
YEREF BN RIS . W 1(b) Fis, =3 XY M Z
T3 18 RS G R 2 B 254, P pR et X MY 7
2P, RTINS IEEE, IF 5 Z 77 a2 P I
FrIA AL S W 1(c) s, B =487 M5 1
A =B S 2 B RN LA = R S 2R BB 5 — T BE 2k
Pl 2H ) — 2R Bl R &5, L Lp RN B 5 Bt

e 22 L 3] e Sk B2 B ) R S
(a)

T,
AT

Ao [ P S—

A5

A4 i

N LT AN . r L
no B = s ! B |

N ST Ry

T Rl

(a) IUERHMEE  (b) ZHRSEE (o) ZH&E R
BI1 S R

Fig. 1 The schematic diagram of 3DIT tools

B3N 1E A8 K A 2k Pl #) B AR o ) o M, =
NryArys M, = NryAry, M, = Np,Ar,, 34
B BRI B S N Ry = AReNpar Ry =
ApyNry>» R. = Agr.Ng.» 3 1E3CBF il % U
Y W B9 By = ApoNpos By = ApyNay,
B. = Ap.Np., W =4 RN T fhE 4 R sk &



55398 & 1Y) DR RN BRI S S 73

QII @1 @12 Rz HM x! ! HM z! ! HM 2! Mz
Y ) » LY )
¢M = ny @yy éyz = RZ 1% HM,y”a;” HM,y”y” HM,y”z“ Mx
452:1‘ @Zy QSZZ Y R:L' HM,Z”:L‘” HM,Z”y” HM,Z”Z” M:L'
NRwAR;tNTzAT;tHM x''x!! NRzARzNTyATyHM x!'y" NRmARwNTzATzHM x' 2!
— 2
= IUJM IO NRyARyNTZ‘AT:I?HM y//w// NRyARyNTyATyHM y//y// NRyARyNTZATzHM y//ZN 9 (1)

Nr:Ap:NroAreHyr g NrzAp:NryAryHpyy 2y N AR Ny ApoHpg oo
BT il e U 2k el & L idod a2 R sk & o

1) 1) @ B -HB 7 HB 101 HB "0 M.
zr Fxy Frz T ' x'y x'z T
¢B - le. @yy @yz = BE 12 HB,y”m” HB,y”y” HB,y”z” ]\427
@Z:E ¢zy ¢ZZ B Bm HB7ZNmH HB,Z”y” HB,Z”Z” MZE

N2 Apa N1y AreHp w10 Ny ApeNryAryHp wryr NpuApaNro AT Hp grron
=W | NpyApyNrasAreHp yror NpyApyNryAryHp yryr NpyApyNr Ar.Hp yror | 5 (2)
Np.Ap.Nry At Hp i1y Np,Ap.NryAryHp .inyr N, Ap.Nr,Ar.Hp ,m.m
LA R R K 2N

=), +Pp
NRxARacNTxATJJ NRacARacNTyATy NRxARacNTzATz
(HM,x”x” —|— OszB’x//l.//) (HM,I”y” + O(wHB’z//y//) (HM,x”z” + axHB,x”z”)
=0 NRyARyNTzATI NRyARyNTyATy NRyARyNTzATz (3)
(HM,y”x” —|— O(yHB7y//x//> (HM,y”y” —|— O(yHB’y//y//) (HM,y”z” + ayHB7y”z”)
NRZARZNTQEAT:JC NRZARZNTyATy NRZARZNTZATZ
(HM,ZHwH + azHB,z”x”) (HM7ZHyH + aZHB7ZNyN) (HM,Z”Z” —|— aZHB,Z”Z”>
Np A Np, A Np.,A
H,a, = M,ay — By By  _ 'Bz'Bz
NR:EARiE NRyARy NRZARZ
1 sin? y — cos? 7y cos? . .
— kyS : ik, S ikp L
HM,z”z” = 41'(L3 |:Sln 7(8) k SkhLeJ + Sin20 lkhL(e — el'" )
+(iknL — 1) el 4 cos® yk7 L? eikhL} ,
1 cos? v — sin? y cos? 6 : :
— koS : kyS knL
Hytyr = =5 [ cos? ’y(S) ko Skp L elkoS + 3 ik, L(eikS — eiknl)
+(ikpL — 1) e'Fnl 4 sin? k2 L2 eikhL} ,
1 , . . , .
Hygeren = 73 [ — ikpL(e*w® — eiknl) — 2(ik, L — 1) e'Fnl], (4)
sinycos~yr/L\2 koS (cos? 0+ 1), kS o L
HM,ac”y“ = HM,y”w” = W [(g) kakhLeJ —+ Wlkh_[/(el — elfn )
_k}ZLLQeikhL}
I I 1 rosycos@,k L(eik g eikhL)i|
"1 = ol — 1 v J—
M,z z M,z"x 4T(L3 sin 6 h y
1 rsinycosf . kg e I
HM,y”z” = HM,Z”y” = 4TLL3 |: Slne lkhL(el vE— el h ):|7




74 ’é ﬂ}%? 2020 £ 1 H

X @), LRREXRG LB TR KL REE 52500 SR sk 2 14,

295 0 M2 A s v AT TT LA s Ky o, T A% A ST [1] g5 AR SR U kR L — 0,
BRE Kbk, = ky(2) = Viwpo, (z) + wue(z), kyS — 0,n > 1, AR (4) 132

kn = kn(z) = /iwpon(z) + wpe(z), x £t |

_hg_ [ HM,xnxn_ [ sin? v sin?y—cos?vycos?f 1 cos? ~y 1T 2 i
hY Hyg gy cos?y  cos?y—sin®ycos?f 1 sin? CA?
hY m Hyg grryr _ WHOR sinvycosy sinycosy(cos?f+1) 0 —sinycosvy : 22 . (1-2¢) 5)
hZ Hpg o 8nL 0 _sin20 _9 0 sin 2 )
h; Hpp oz 0 — cosy cos fsin 0 0
7y ] | Hr e ] L 0 sin 7y cos 0 sin 0 0 It 2 ]
Hd, kS = kL S = L\, ¢ = | oy = on /A2 (10)

Oh

1
cos? f + S5 sin” 6, A = = R, RIS (4) ~ 30 (10) L =HeEREIF AL
X (5), AL 0. 7 D0 v KT LT 2 oy, i, ACFRAS B R WA 0 TT AL KPS oy,

TR

TS o, B FHH SR o, A SH.
o — 1 {h§+hg+3h§+ fhzj(hg)i i 1.2 MERZGEIERIEIT
49 (h2)* + (h5) T SEBLA SO 120 = S 4
+ Kh Y 2h2(hy>22> ot R T S 0 1 B ) B i B 3
(h2)* + (h5) U = R TR, TR 2 R, T = 4
Sk (b 4+ B0+ 302) ] K 2} FRR RS 4R G R, R A,
R B O E R R MR .
ok {+, on > oy @  EREHERIE IO S RO,
29 | =, on<oy (XY )Z) =R SRS B, 55 5 1 B0t
= —acta(h /h2), (1 B CX)Y ) 7) SHRAHRIBALIE TR 7
R LR S B 263 O )~ BB S 5 st
tg0 = —siny =, (8) K ERAT R A O, 2 P A A
2 620 S RGP B 5 A A B M R W
T OF BT R (6 2 M AT SR A 7
i CAN;HEif ‘_<1#'§‘£AD ] _Pea ‘E'E“ i
i 7y <—<2#E-'?1EAD +<— PGA <E+§-A Xﬁlmhi- %
E | o oaAD >e—] PaA [ =
! FPGA 4—<1#EEAD ] poa [P Yﬁﬁﬁk“i' X
i DSP  |«—» <—<6#Tﬁ?iﬂjAD «—1 PGA ii i oy
i : <i:r C: ZHiK T
i 4—<6#%‘1EAD <—| PGA HEL i
| = |
| | |

[ wiE ] x vz ] X/ v/zm%eE |

Kl2 3DIT6531 & Zuill = AE &
Fig. 2 The measurement system of 3DIT6531 tools



55398 5 1Y) BRRNAE

YRR FHAL B S 75

F AR K& BT E N RGO, TERR
= B RS A ] B R B B 5 15 5 B B3
i F ) S R A TR RN 2 W e S B S B
Z R IE P L P B A R0 R AL 5 A0 RS0 IE A
Difie. = 4R R 3 42 FIE 4 K 4R 71T DSP+FPGA
A H TAERE, DSP WY EI2E 1% 5 2 3 3 FPGA FH 6 R
£, FPGA % 2 1818 AD #K UK 58 2 U 28 Bl 3= 1
HAG S TURAE . PGA S 23 10 5 L 2818 £ &5 5K
ORGSR, FPCA /K3 (X /)Y /Z)
SRS IRAN LR, TR I R BT e A 4 P TE
=5 IF BnAL PR S &0 DSP BUAE , fieJm DSP 58 B
YA FRIIT 6, SR R ML il ar 2 J5 _BAE
1.3 ZHRRMBIELNIESE

ARSI BR L E R E
AFHRAS 2, 0] DU T o 22 520 % 1) 3 i i) R
B2, =R A2 B IR 42 e 2K 2 R
JZ G IR 0o R DA % Al O £ 25 %2 P A
F R, WAL E— RIS R8s 2 775
FHIRRAE 5 S5 B MR PR B e 2 425 SR ) i), A 4k
b 2 /KPR DA % ) S M R AR SR AR
TR AL AR JZE LA B % 1) e e )2 A i A EAN R 1)
. B 3 0 =4 IRLN BERL R A AL B R R Ak
PRRURE , SEIN S IR I 2 R A SN, G Pl sk 3
BTG AR RN A IE R G  SH FIR A 45 B2 A O Ak HE
BG. BES RAILE AT T, — 482 S8R TR
Aib B ERLTC, B 44 HA AN (RN R FBE 1 e HL 26 1 J2 7K
P H 2 2 R B AR R A DL T A
il 2k o

RIS A PR R B AR RE LR 92

(1) MR LRI H RN, 4B BER
Je 2k iR FEROE | O A AR IS O A RS IE, BAVH
BRAN AR U P AR AN S MR o BE 3 (1T 520 5

(2) FEIEAT Do AR B O S AR T B Rt L
i N JER 2B ARE T Ah B BTG, I ok B A R A6 1)
S JER 8 5

(3) BT H IR IEFE . Z4EdE LR L& UL I B
TE N OE M A AR S IR A BT w2 O, R AT R
THERIFAR IR YR A L DL A fiCo £ IR 5210 5

(4) MBI T 58 8 , T SR AR AL B A0 25
FEIR 2 R i M 28 1) Z Z oy BB, AR
FE G BN UG E Ab 20 A PHEASE B, 3 ok 5% 0 U AR
HEAT B FeR SR A3, 43 B R DN R B2 1) FL R
Hh 2

JEAE A

//EEE FigLRE
e F1 5 i RE IR IE
FERAI 5 TE
I
SHEHR S B TE R «4%mﬁmﬁo
i B
T AL i d
! v
G U k?ﬁjiﬁgﬁgﬂ

l

Hith: AO10 ~ AO120
AT10 ~ AT120
AF10 ~ AF120

K3 3DIT6531 A ab e
Fig. 3 Data processing flow of 3DIT6531 tools

(5) FIFH H AR AR 1F S ) b B R A A B 2, A
FFHR PRI 1 7K P R0 3 B 3 i 4 R B U %
M E B S RWPIME, 456 BN B &N —4Ei%
A 5 B

AR AR U mi B BE R mg () = mg(2, @0,
o), io= 1,2, M (M N REEHE 5,
EXHRERE O(x)e & = x(0h, 00,0, 7) 217 IH
ZH, my(x) N AR R 1,

M ~

1 1 i —m
O(x) = ieTWe = 2sz<m m'm )e

i=1

- (11)

’ﬁ’Ll — m ’ﬁLM — Mps T

my mar '
WS AL E K 2, 15

mi(Ty - TN)

mg

~ k k N k ~
m;(xy - x)) To OM;
+2
a=1

[ma — x’;]
k
Lq=T[ 1‘0«

mi m; Oz,
+ o(zh, - ak). (12)
JiRE (12) BB,
m(zx) = m(z®) +J - p+o(p), (13)

X (13)H,p =[x — z¥], T = Vin(zF).
a0 (13) /AR (12), HbrRECN

1 1
O(x) = ieTWe + §pTIp, (14)



76

2 A7F

2020 £ 1 H

Horp, W R T 25 5ERE, W R BUR FAERE, T2 1E
Ak IR FHE R o (45 H b bR B A I 12 26 1

V.O(x) = V,0(x) = 0. (15)
K (14) A (13) 17
[(JTWJ +1I] p=-J"W -ey, (16)

T HE (16) 45 & 2R (4) ~ (10), FIH v 3 -2 1
AR R T M Z KT FEL R 2R T A BH % b2 A
KT IS4

2 RN

N B8R R SCHRE I = L A R B
Heym A PEEOR, T B R B AR R Gl
B6 I T 5 M A BT 5 B s I R S0
AR (I NE S8 UE TN B L, AR Bk
PEXTEE, B0AIE S FRS E s B » S & Sk Bn il

-1

—0.4 0
z/m

() A @ oL X F7 1)

—0.8

log10(V/Am?)

log10(V/Am?)

BRI AL AR, 5 T BT = 4RI A
T R PR 1) S PR Ve e T L= P 0 ]

2.1 IEPAEBUNIK

Bl 4 75 58 = BB T B O 5 &
LR 5 AR BEYR 2 0 Ha 3 F I 5 B ) 2 ) 5 i o 5K
AL, FR W, 7RI SR, MR R R, H
T A S IR B B S 38 5 0 AR IR 37 24X
A O, BT R A e 2R o RS e, S HR A AR
B A IR FELIAL, DGR X R o0 5 T 20 BBURR, 0 20
SR FH IR A TE SR VA o 20 355 R 3 5 328 U 2 45 SR 1)
AR

B5NHR¥EZ01 m. RFEEHEHESET
1.0 Qm A # RO 6L, = 488 E B AL E
THEE R IR AT IE A TR AR DL R S 25 . 5
1~ 3D HRZHAN 22 XX Y'Y 45 1E#H
Gl A~ 6ENHEEEMN ZZ, XX FYY

—2.0
8
~1.0 .
g
 ° ' g
= 5 2
! S
1.0 00
4 9
2.0 3
2
3.0
—08 —04 0 0.4 0.8
z/m
(b) &R Y]
5
4
3 &
g
2 <
2
19
a0
i)

0.4

—-0.4 0 0.8

z/m

(d) AL Y510

B4 fIRBH Ve R H AR A A 5 i b R i o 17 150 FELAL 28 P8 2 [ 2 A1 O B

Fig. 4 The current intensity’s spatial distribution comparison between the instrument is centered

and eccentricity, when the instrument is in the low resistivity mud borehole



A N Y At — op \ 3 Y ) Ja
$39% 1 DRI SRR AG I OGRS 2 7
F¥{ES-Z2 FIES- XX FIiEs-YY HERFEIE-ZZ HIREIE-XX HIRFIE-YY HRIANEE —HRE
ADAZZHR ASIMR_EC
B 0 S/m 1
0 S 1
A947ZIR A94LR_EC
- ) Sim i
[) Sm |
AG0ZZHR ASOMR EC
0 B 1
- Sim 1 AGOLR_EC
W AGOZZLR - = 1
m
/m |0 Sim. 1
A3SZZMR A3OMR _EC
v S ! " oemze
A39ZZLR |
0 Sim 1 0 S/m !
A24ZZMR A24MR_EC
0 Sm 1 0 Sm 1
A24ZZIR A24LR_EC
0 S i 0 Sim i
Al A94XXMR A94YYMR Al6HR EC A94XXMR_EC A94YYMR_EC AT120
0 S/m. 105 —sm _ 05[05 —sm . 050 S/m 05 " sm 0505 —sm . o0sll Qm 100
A16ZZLR AS4XXLR 05 polBn ° A16MR_EC a04xXIR EC | a0uv¥R pc ATSO
¢ mddw Y om0 / 031 ' asoxcinr_ec | asoviitr_£c °|! Aw 100
1:200 - T - - - = . - L il
5 r} AE . 5 0.5]1 100
A10ZZLR ’ ’ * |77 A6OYYIR EC 8% ATS0
S/ 05 i[5 5|05 S/m. 05]1 om 100! Qm 100
AOGZZHR A24YYMR_EC AT20 RH_IVT
0 S/m. 11-05 0.5 [05~ “sm — Tos|y Oom 100 Qm 100
AO6ZZMR A24YYLR_EC AT10 RV_IVT
_______ EE Sim 051 Qm 1001 Qm 100

pA
1

K5 AR RS S RS S5 R IR IE B R A LR s

Fig. 5

the anisotropy model with different layer thickness

SEIFRKRIEEMIEG, FTHERH ZZrE4 1T
BARRER/RAMME, RE—EEKPFEERER
PR g R g5 R EoR, 7EEE 0.5 m DL 1h
J2, S 2 K 5 3 SR A KNS
LSRR A 5 R R RN — B Y2 R A 2
1.5 m LA BB, /KPS R EHEE 8 mEHH
SRR AAE, BRI AR | 2 W A B
PER G L T B RO EK

1B E MR

T A A B R AR E M, = I
LMK, ST S 5 21 5 H BH 2 (A (1 9%
.o &6y 3DIT 1E % N {4 FH %1 FE 34w B A7 B2 L
MR 4 R, ZE B EE S ET R, 78
I3 M = 4 U A B 2 % B ) . 5 %1 FE P B
SHFRN, 5T XX XY . XZ. ZXMZZ T
Hoy R PMARLE R WE 6 T ISR H, XX,
XZ\ ZX 5y 8 2 B L 60°, J7 AL A EL0°, T

2.2

The results of forward modeling, borehole environment correction, software focus and inversion in

XY\ YX 5758 2 B3 J5 A0 1 B 45° « Z)) FE v FH AR
5 Q. 10 Q. 20 Q. 50 Q. 100 Q. 200 QiF, XX.
XY\ XZ.ZX WA 815200 QB FH DL 2R M R
Ufs ZZ oy B2 FEAE A E 0, J7 A M E0°, ZIRE
FHEL5 Q.10 €420 Q.50 Q. 100 Q. 200 Q. 500
PA 2R R, RN ER 22 /&, 1E2))%
HIBH 200 © DL SRR, A RPRIE 1A B0 &
2.3 SCMF SRR

Bl 745 H T — 2R IS ASC R AE S ) 5 46 it 2
VXL, B AR TE B 2 A B 2k, Al
NEE AR, BRI gE T AR,
1 NTR RS, 552 ~ SIE AR ZZ 4y B T
HESMEN R, g aRRPTRE R EdE 7+
2% ~ 5% MEEZEIRZE, 4 ERRAITCKER ML
PAERT 5% 1500 N EE R ZE. NEE R
SFEb g Bk E, e 27 e E S BRI, BiEm



78 ’i ﬂ}%'? 2020 £ 1 H

BRI B ~ ITHEA RS ONRIGESE GERTT A, BB &P A R %2, 2% T
X-Y-ZTT AR SR ER N, S M ES RS G RN LE, 20 TN B
WHEIE R R L. NE7HRAMESMIRES T REBN, MRS

7

g

wn

&

=

op

iz

=

o —8— A24XX —-¥-— A24XY - - - A24XZ —=
—e— AG0XX -~ AGOXY —® - A60XZ
—A— A9AXX —4— A9AXY - k- A94XZ

100 L
10! . 102
ZIEEHRH /Q

(a) XX, XY, XZ5y 2t

103 3
ERNS 5
2 107 ?
H\ =
2ot £
B gL [mAuzx -
5 E | —e—AG0ZX X
——A94ZX
100 P R B L L L I R R B |
10t 102
ZBEEHIBEL/ € ZAE R /2
(b) ZX5r 2tk (c) ZZ45y B2

K6 3DIT6531 5 P %I LA LB AR A 2 v i
Fig. 6 The linear test diagram of the 3DIT6531 indoor scale ring’s resistance

A0GZIR AR [AIGZARER [ AZARTY | BZAGDN [ AVAREN | OZARDH [0 EN | ANTINRDA [ AXNAR TN | QMR [ ANTORDH [ ONAREA [ADORER | DVARDH RAZVR I
10 nSm 400[10 mSm 400|1 mSM 00|10 mSM 400 10 mSM 40010 mSML 400]50 mSAL 30050 mSM 30050 mSM 400 M 50[50 mSM 50

AO6ZIMR AR | AIGIAREE | AMZMREE | A ASOZAVREE | A4ZMREE | QOXMR-EE | A4YMREE | AMZDREE | AMXIMRA F2 | AUIMREE
om0 1S 00T A T mSM 40 H0[10 wSM 400 wSM 300|350 mSM 400 50[50 mSM

o = = =

50 msM 50 pir
B A24ZYMR-EHm
I

B

B S R SN BN B DD B BT B AR S BN 2% - 5% Jlf>5% 0% - 5% >5[l - 5V

i

dfioahe

L |

| | ! |

i
NS
/
|

N

(
L } l i

7 3DIT6531 XX Al Bihfi h £ 5 21Xt i
Fig. 7 The repeatability comparison diagram of XX standard well original curve of 3DIT6531 tools

P i

|
|
2
|
L




#39% 1 BRSBTS S 79
g B YR
ATI)
0.2 [EEY)
. " . A
um ﬁ'}fﬁ& A0 */E B [\0\,.{)‘ :
o 1o - iia A9 u
______ BARE | ®Wm_ FBE HEE ™ T E ) @ T @a |
W T ) g oy AT Ry i
100 (us/n) 500[0.2 @ 2 0 20)
ki3 L] RN il FEE 4 ____AZZZZ_____I o _ri_'l'liy:)f'_ e — (Rhno_ ___________
&5 (G X i sy e i) £ . i L) i
= = T = e e 7 - -
= hot 3 Nk X % C
= ST é’—_ \ﬂk‘\ S o N > |
7l BT >0 % < [z nl
i; hiey E ﬁ :K::' B ( ‘ i bz F
‘ 4 L84 = - '
30N 0= Ul A i H-H-
= sl )l SRS 2 2 [
B K T | <L \ ¢ 5
= p =] = | } = & f& f J“ M
= I il . T
N C\&\ G,,—j’ ) R 5 5 kT /1 - \> i L
L ] =2l > _\,:::?1;::—.: =L > pRE q i
s , v & Y ) i : -
t) T@ U E 1l ) % o !
L~ i D - u
A s , \é ‘ § s 7 ]s l
= ~ ramife ~
;5, é%; ( = H % :‘ < \ 2 = h
= = Spa ¢ ,
L I NEmss
3 Bt 1 G2 it S m

B8 ElLogF % (3DIT6531) Ml %k} plt 2
Fig. 8 The logging data map of EILog platform (3DIT6531)

N G s T M )E R BH A A &
8 N = 4 & N I A% 3DIT 4:4% ElLog “F & 78
X i G ab B gE FE, H42 8 21.59 cm, HHRVEK B
FHAE N 1.2 Q- mo 251 855008 B S  BA7 R
TR M 2 s 5 2 T8 73 0 AR SR AR L BRA ) AR 1)
2k s 45 3384 B A ATO0 VIR R A R R7 i 28 ; 55
4TE 53 )N ATO0 TR 8% N A N B 285 28 518 5
g B M R I 2K s 2R 6 3 SRR TR JE i
L B TN EIA R 6 AR AN IR B 1 L H 2R
AT10 ~ AT120 i £k; 25 s i N TE A FEFH % R, 57K
SFRLFHAR Ry, 5 ATO0 285 b 3L, Hh g takoR
ACFHBH R, 4R REH AR, A XIEER
Hm A 5 9IE NMREAE R 28 1038 N %
2k MRS HR AT LLE HY, = 2 N I Hi s o) b 2
() 210 5 I i B2, R 22 4 8 D s e 8 A1 4
iy 3 D e e T A L o DR U [ LI 8 AT
BB N, HL B 4 SR AR 5 3D SRS R 7K -
FH 2 — 25, 1M 3D & B AEIX AN 2 B BRI H 48 7
b2 R BE R A ) S o Ak, A I B TR
BRI T AT BB, 16 5 )2 H08 (B AR N T
IKIE) 25 SEBR A Ss RARRE . S35k, £ H A=A, 18
LRI, ZHE BRI R B R L AR R
1K, Wi EVPER AL 2, Nt R AR E, wE
PR T 16 52 EE HR, 5K THERZ

tC Ry /Ry, W& K, S BRRS AR o g i R 2 A2 %,
fiti IE VL AR 75 R IR SR W, B AZ T VEAL
B R S A KT ML A R R R B R
R IERTE

3 i
ARSCHE S — PRI R FE IR 7 HeR s i i =

YN RS, SR FH R S BRI — R AL T L
JEREAE I AR BT T 16 BE N B R E RS
AR A FE R G, SEIL T IR L e
OEAEIER e VRS V€ oy (S L R B o et e I VA N
58 )2 Fp 52 S IR R 52 000 [ ) SRR AE, 33F— D@ i
ARG E NI T 008 F R 312 A
WIREE ST 1B R S5 8:

(1) $2H 3 41 = 4k =5l 4 A 2R 18 B R0 28 P
FAURPE [t A AR T = YRR BB A5 SR LA
(EREPUWNGIE- S RET: 259 N3P

(2) F 168 A0 K4, 456w TR DSP 217
KEWE AT, A R THE I B R G5 M L, SeBl
ANEREN R i E

(3) 4R R4S B ) 5 1 LB %6 fh 28 e T 5 4
HBIRIZ AL E , 5 UKL A H LS AL,
FKF R T B H B 56 5 200 2 0 S L PH R

(4) FFR 13E T = 4 BN S0 3 A B A,



80

PR 1

2020 1 A

Hodfa b PEAS B JZ KT HUBH AR | 3R B PR R
s AR5 A S 3t J2 2 80, 3 R e T = 4RI
ASCER AT e 5 79 L= v e B R 0 A i T B

FE o

AR SCHIE TE A i 28 = 24 [ A7) S L 0 S A 5%

WP HE B BE5E 1 SR

(1

2

3

[4

(5]

[6]

2 £ X #

FIEZ. A0 R 3R b R 7 = A S R 0 e S T b J2 R e o
HIRLF [J]. MFEEA, 2014, 38(6): 669-673.

Bai Yan. Application of apparent conductivity function
theory to inverting horizontal and vertical conductivities
from 3D induction logs[J]. Well Logging Technology, 2014,
38(6): 669-673.

Kriegshuser B, Fanini O, Forgang S. A new multi-
component induction logging tool to resolve anisotropic
formations[C]. SPWLA 40th Annual Logging Symposium,
2000.

Rosthal R, Barber T, Bonner S. Field test results of an ex-
perimental fully-triaxial induction tool[C]//SPWLA 44th
Annual Logging Symposium, 2003.

Rabinovich M, Corley B, Georgi D, et al. Multicompo-
nent induction logging: 10 years after[C]//SPWLA 48th
Annual Logging Symposium, 2007.

Hou J S, Sanmartin L, Wu D G, et al. Real-time borehole
correction of multicomponent induction data acquired in
OBM wells: algorithm and applications[J]. Petrophysics,
2013, 54(2): 128-141.

Wang H, Davydycheva S, Zhou J, et al.

study and inversion of the fully-triaxial induction logging

Sensitivity

[7

8

[9

(10]

(11]

(12]

(13]

(14]

in cross-bedded anisotropic formation[C]//SEG Annual
Meeting, Las Vegas, 2008.

Wang H, Barber T, Chen K C, et al.
tion logging—Theory, modeling, inversion and interpre-
tation[C]. International Oil & Gas Conference and Exhi-
bition in China, SPE, 2006.

WRVE, BRe e, AR, . PRINSE & 20 RS RGO
5 R [J]. WIHFEAR, 2015, 39(1): 83-88.

Chen Tao, Chen Zhanglong, Song Qingshan, et al. De-

Triaxial induc-

velopment and application of the platform express multi-
array induction logging tool[J]. Well Logging Technology,
2015, 39(1): 83-88.

AT, ERA. HT DSP MM E S RNRER G BT [J].
WA EHE R, 2005, 21(7): 83-84, 141.

Zhang Dangling, Wang Lianghong. Design an acquisition
system for weak signals based on DSP[J]. Microcomputer
Informationl, 2005, 21(7): 83-84, 141.

BIE. BFET0EARE M. e e K% H L,
2001.

ASAEE. BT (E S BRI PR L M), bt BT Tk
Jiit, 1992.

BE, #5730, RN, 4. 3 BRI b = 2450 1 R0 2ok
HOE R IREZ IE [J]. HERYIELA4R, 2018, 61(9): 3876-3888.
Adaptive

borehole correction of three-dimensional array induction

Bai Yan, Yang Shouwen, Ma Yugang, et al.

logging data in a vertical borehole[J]. Chinese Journal of
Geophysics, 2018, 61(9): 3876-3888.

Yu L, Kriegshauser B, Fanini O, et al. A fast inversion
method for multicomponent induction log data[C]//SEG,
71st Annual International Meeting, 2001.

O, BRI IR T A S O RIS T AR [J).
rEBLE: HEREL, 2014, 44(5): 928-933.

Li Jianhao. Integral equation of relationship on the appar-
ent conductivity and true conductivity in induction log-
ging[J]. Scientia Sinica: Terrae, 2014, 44(5): 928-933.



	Abstract
	1仪器设计与实现
	1.1 三维探测器测量方法
	Fig 1

	1.2 测量系统主控模块设计
	Fig 2

	1.3 三维感应数据处理方法
	Fig 3


	2系统测试
	2.1 理论模型测试
	Fig 4
	Fig 5

	2.2 仪器室内测试
	2.3 实测井资料处理
	Fig 6
	Fig 7
	Fig 8


	3结论

