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Abstract

The DC ground electrode is an important part of the DC transmission project. The distribution of
the soil resistivity around it directly affects the parameter design and operation and maintenance
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of the ground electrode. In order to ensure the normal operation of the ground electrode and
avoid affecting the personal safety and equipment performance near the ground electrode, it is
necessary to test and model the soil resistivity around the ground electrode. In this paper, the
four-pole method and the magnetotelluric method are used to test the soil resistivity around the
ground electrode. The results obtained by these two test methods are compared, and the respec-
tive advantages and disadvantages of these two methods in soil resistivity testing are comprehen-
sively analyzed. The soil resistivity is modeled by the inversion software independently developed
by our team. Finally, the grounding resistance value calculated according to the soil model is in
good agreement with the reference value, which verifies the reliability and accuracy of the me-
thod.
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I 5 R i P S R PN T O, A L G B BRSNS LA A R P B A R
73, FERAEAE BN B IR S ] eh ik AL PR R[] (2] [3] [4]0 bl sd T 5ml R [l 2 4777
I, I AR RN R ) R AR A A B T2 8, I 1) (19 0K H A At B T ao 2 o 4z bl = A
—RYNfEE[S]. LI AR B, Syt AR (R TE, P BE ) 4 A A O B R R e B e
W E A7 R

B ET 1989 4FE1IE P (8 I E _EH R 500 kV BEREHN, ERNEBITE —EZ M E N,
ST R AR T P IR MR R B R e B i, a1 BB A B AR [6]. FE AR AT T A,
R SR S o, g R A, SIS R A TR IR R S . A AT LR R R
T E S R AAAE, 2 R N AR A L I P ORI, I8 5 R IR R T v, Bk g R A
filifl, HERLE7, AR 7RI IEEIZT(7].

LI AE MR AT 22 A PR 1 5 2 50 R 30 A0 6 B AR IR Rt R RO sk v, o Bt Al 2 4 )
W EAS B FEEW K UL E=AT7TH . HH R 2GR0 1t s, N T AT R, A2
WS T RIS AT IR T LIRS RN, SBOUTE S R — R 8] LA, fESERRIIZ JEXT B
TR T ) R 2 1 IS AT SR e A SCEE R [9].

IIANGE NIET LRI, T 48 38 K P 02 Pt ) 1 358 e B e 7R AR B8 1 — B e Y ] P A R FE A
AR, MRS RAEXT T Schlumberger FENNVERA[10]. 478 B4 N8 i X6 Ry A R b B R VR B — 4B & I i
HATHEIE, AUKIL T G SO 25 F LG A — TV I AT 45 S S i, T ELGHREE FN R R RV 8
Wi I S I AR IE R AT T IGE 1] SRR BR SR AT LAE BT LR F 0 B 3 B
[R5 ¥ () F S BB ANRE SCBEAT 7 A AT RT LA, DA DR K Rk VAR B 3 e e R LA L R e
SRRk, B B R AR N H AT [12].

L ER ARl A, B AT g R AT R E AR OV & B E A AR AT
Kby L 0 AR R B AR R v b 3R B B B R 38 o AR ST 38 0 A A B R B
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Figure 1. Schematic diagram of soil resistivity measurement
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Figure 2. Longqing ground electrode and Linqing ground electrode share the Qingtai pole site
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AR YR 338 P BH 28R F P AR A [R5 AT IR Rt P R R AN DU AR o AR 037 1 2 2% A
VU VE A 28R FH P 2H 100 m ARFEFI—4H 700 m #)EE, 100 m MEEAR B AEMRIRPIT, B TF 30 % DU A
VR, 2R B AR (R BE B RO T AREE, BLL L1, L2 ¥EERRER 100 m AL, &S 3 fros. B
L3 ALK EERRAE 2.1 km, $hkpiE 40 B RibIEFIAE, Fril L3 76 Bk B ZRREES 4 km 7e 45 ¥
AR W 4 froR.

BT Kb FRUREYZ: S R R FH R AR S AR I 7 34T Bh R, 58 VR BB ER 7 VEAH b (1 CSAMT v . TEM
1), KR RIRIAS AR LRGSR RS, BT LUK R R MT ZEIN i 3 s BN 8T %1, TR AT
/NI L3767 2 B R v e i PR 5, ) A A 25 BUAE B AR LR B 25 2.6 ke A (OAG T AR, ALFR(ZH BE
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Figure 3. L1, L2 measuring line position
3.L1, L2 M E

Figure 4. L3 survey line, MT survey point location
4.L3 Mk, MT M= E

VU ik kit T FA ¥ 46 04 Megger 2 Dl RE ELIL FRLIRAN o FI AT AEWS 56 K U FRLZIZ(MT) A48 2 i,
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Figure 5. V5-2000 system magnetic sensors and electrodes
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3.2. MIAGERE KR

3.2.1. OEETEBEZENRERERE
Wik L1, L2, L3 EEERansE 1. £ 2 fir.

Table 1. Measurement results of L1 and L2
F1.LI, L2RNEER

L1 L2
T BF (m) RAE HLFH(Q) K F (m) MAE HLFH(Q)
100 0.045 100 0.067
70 0.08 70 0.058
50 0.113 50 0.092
30 0.147 30 0.165
20 0.189 20 0.314
10 0.262 10 0.335
7 0.324 7 0.345
5 0.433 5 0.413
3 0.681 3 0.698
2 1.127 2 1.112
1 3.06 1 2.67
Table 2. L3 measurement results
2. L3 BNELER
R #E (m) AE HLBH(Q) R #E(m) MAE HLBH(Q)
700 0.156 20 0.214
500 0.041 10 0.299
300 0.072 7 0.35
200 0.021 5 0.42
100 0.094 3 0.71
70 0.054 2 1.14
50 0.085 1 3.01
30 0.169 — —
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Figure 6. The main interface of the soil inversion software

E 6. BIRERHERE

BUETBHLE g ol et 5 SRR E, T 2=2.87%

407
!
30+
20+ =R
— R
104
0 : : | logX
0.1 1 10 100

M HEX/m
Figure 7. Inversion results of L1 survey line

& 7. L1 Mk EER

Table 3. Inversion of soil layering model by L1 survey line

3. L1 MNERETIES BER

JZ )5 (m) TR (Qm)
0.64 27.07
129 10.99
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Continued
8.59 13.13
0.21 15.17
0.2 22.22
37.9 66.9
Infinite 10

Table 4. L2 line inversion soil layering model

F 4. L2 WERELIRS BEE

JZ () 3% f B 2 (Qrm)
1.37 17.98
0.21 13.26
2.36 6.4
8.2 67.41
0.19 31.81
Infinite 27.88

Table 5. L3 line inversion soil layering model

5. L3 MERRHIRD BIEE

2% (m) 3 B 2 (Q-m)
0.45 22.47
0.19 20.2
5.3 14.91
37.22 31.8
72.004 18.22
Infinite 2886.72

ML, L2 S HIEAET A Y, SR B R R I PR AR R AR, — e 30 Qm LY, 53
TRPE IR R A G R 70 Qme XTTRER BT T2 A TR X8R, BB Bk HIER A7
L3 P2k S 3545 21 1 LR AR IR O 120 m AR B3R HHR 5 L1, L2 98I & B R, TIAE
120 m PA_E I 3 g PR GARIE I, X5 SePr B AT, H L3 MR B4 RN iR 2ok, 3
R R AR AN, T DO DY 22 n] DA E 3R 2 120 m B A A ) 3 s BE AR A0 A, X TR 2
35 f L B 3 5 R Km0 AT B

3.2.2. AHbEREESE MT e PR RN R

H TSR E RS, MT WS R A —A, BTk AT 4 i BT Ho 905 0 B P AE AR 5 )
SPE, FrLA MT SEH TE AT TM PER R R TIR . 76 i 2sA B, TE BRI T A FAT T UL
NIRRT, TM B2 R Ak )y 1 3 BT ARG A3 R s i 1] o R P AR 2 15 21 %%
o2 IR PR

M TE B RIEE R KE, %K IEHL T B BHZE AT DL AN M E: WHBERBIRE 63 m A2 4N
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F—Z, AN 10.02 Qm; KE 63m AL EBIRE 413 m AAHE R, &KHEHZERN 1271 Om, &
/NELBHZE R 9.28 Q'm, “FIJHFHZEA 11.65 Q'm; R 413 m 24 RIRE 1059 m A AE =R, BKH
FH# 5 13.827 Q'm, /N HEHEY 13.07 Qm, “FHHHZEN 13.42 Q'm; IR 1059 m /o4 IR FE 3587 m
FEANENE, R 17.88 Qm, /NN 14.34 Qm, FHHHEZEA 15.67 Qm: IKFE 3587
m A BRI 7719 m AANET)Z, BORHEZEA 36.6 Qm, f/NEHZEN 17.41 Qm, “FHHEAZEN
18.24 Q-m; IRFE 7719 m iy BIRFE 33537 m A NN )2, SORHHE N 9.28 QO'm, /M HFHE N 1.82
Qm, “F¥HEFHER 444 Qm.

M TM B 4 ok E, Z3p RIS T PR T DLy N A R E, MR B RSE 58.9 m /&
FRNE—Z, BB 8.77 Q-m; PR 58.9 m /i A7 BIRSE 1328 m /2 47 N3 )2, S K FEPH 4 10.86 Q'm,
BN A 8.77 Q'm, “FHHFHAR Y 9.384 Q-m; IR 1328 m A A ZBIRE 3614 m LA NE =F, &K
HLRHZ N 18.155 Q'm, /NHFEEA 10.13 Qm, “FHHEEZEN 14.64 Q-m; RE 3614 m 47 RIRE 7563
m ZE A AN, sOKHFHEN 32.486 Qrm, fS/NHFHZEN 20.319 Qm, “FHHFHZEN 26.43 Qm; RE
7563 m fi A BIRFE 39820 m A AN FUZE, EBOKHFHEN 19.87 Qm, H/NHFHEA 4.67 Qm, “FHH
PHZEN 8.5 Qrme PIFPIBL T L3873 )2 1 0L DA SO B 338 F BH 22 40552 6 BT

Table 6. MT inversion soil layering model

= 6. MT RELTIR Sy EHEE

TE i ™
JZ & (m) + 3 i % (Q'm) JZ & (m) + 3 i % (Q'm)
0~63 10.02 0~59 8.77
63~413 11.65 59~1328 9.38
413~1059 13.42 1328~3614 10.13
1059~3587 15.67 3614~7563 26.43
3587~7719 18.24 7563~39820 8.5
7719~33537 4.44

4. TIRBARZS S SHIE
4.1. EIRABERMIR 75 EN TR

DU 832 AR R b FE 9 0 A [ % 3 ] 498 P B R A RS A FE AN ), L RV T LT T DA e ) 4 3 1
M FRFPE, ARV EEA R K HURE MT VR0 08 0 P A 328 o BH 3 0 0RS P e, TR M SR 1)
THESIRE 855 XF LV GE RN R o R R 25, T DL H 700 m AR R DY i & (1R /2 45 R AN IE
ff, KM R TS — 2, Xk TE #Ea0R1 T™M QAT DU B, TE #altl T™ #E B A S 41
Aoy FEEE Sy, TM AL TE A aCE AT B8 b BAs ) 70 Re 77, BT LAZR -G 28 18 T Bl o AR K b PR 1) £
SERL, EEANNE IR E BRI 7 fR.

SR T WU AR R0 R PR R ket A ) L ) 38 v BE b AT IR, e Vs 45 SR s B B B i - 48 e
BRI A+ )2, 55— ZRE 0~0.64 m, TIEHIARA 27.07 Qm; 2B JZIRE N 0.64~1.93 m, T3
HLBHH N 10.99 Q'm; (E=ZEFHE/NZIREN 1.93~48.83 m, TIEHPHRAE 10 Qm~20 Qm £4i; HLE
IRFER 48.83~120.83 m, THEHIPHER 66.9 Qm; )\ ZFIEILZIREH 120.83~1059 m, 35 fHAAE
10 Qm 475 H+)ZREN 1059~3587 m, HIEHEIHZEA 15.67 Qm; F+— 2R N 3587~7719 m, +
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RN 1824 Qm; FT EIRE N 7719~33537 m, TIEHEFAZ A 444 Qm, AR I T
1) - 358 H BH 2R L ALK

Table 7. Recommended soil resistivity

7. DIREAREE

IR (m) A Qm)
0~0.64 27.07
0.64~1.93 10.99
1.93~10.52 13.13
10.52~10.73 15.17
10.73~10.93 22.22
10.93~48.83 18.22
48.83~120.83 66.9
120.83~413 11.65
413~1059 13.42
1059~3587 15.67
3587~7719 18.24
7719~33537 4.44

4.2. 3RERPE ML RAVIEIE

T D RIE AR SCHE H 1) DY AR K FE R 5 SO VA R TSR, A B RO B 1) g
BERHEAT I A AR o BB SC B KL, 33 BB R B S8 T 3 & Bk 3 PR H
B EHATE, B 720 m, MRS 60 B9, K 2260 m, HER 3 m, ARBEETE 0.65 x 0.65 m’.

£ CDEGS &G ARG B et A A an 5] 8 Fvs . MRS E: WIAAEXT L FH 2 10, 4
XL R HN 636, FERMERCEAEHN 0.37 m, M4 0.02 m, BU N ER I 1000 A, B0 H
BB E ST, 2 15 AT 45 2 338 o PH 23R R g N BB, el 0 S 0T AT B AR Tk R
THF AT 9 PR o

Figure 8. Simulation model of DC ground electrode
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Figure 9. Electric potential distribution on the surface of the ground conductor
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