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Influence of Complex Soil Structure on Ground Potential Distribution as Monopolar
Operation of HVDC Systsems
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Abstract: The distribution of ground potential and electric filed due to the grounding electrodesof high voltage di-
rect current(HVDC) transmission system influenced by soil stratification , while the selection of grounding electrode
sites must account for complex soil structures. Therefore , the study of the influence of various of the soil structure on
the ground potential and electric field distribution will be helpful for improving its distribution. In this paper the dif-
ferential equations for the Green function and the propagation mode of refractd and reflected potential travelling
waves are employed as the methological entry point , the oscillatory attenuation fucntion present in soil stratification
are obtained and the matrix shown on accumulating electric charge is extracted to represent the oscillary attenuation
process of accumulated charge redistribution, which reveals how the potential distribution responds differently to
soil layer thickness (S) , the k-ratio and current source position (h) across horizontal , vertical and composite struc-
tures of soil. It is concluded that the k-ratio is the primary and persistent factor, the S is a secondary yet persistent
factor , and the source location is an initial but transient factor incluencing the oscillatory attenuation process. It is

pointed out that the potential distribution in the composite soil structure is the mutual influence of vertical and hori-
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zontal charge accumulation effect, the equivalent distance at its oblique direction is the result of the mutual effect of

them. The soil layer thickness and comprehensive reflectivity influence the attenuation speed in the form of distance

function and equivalent charge. Finally, based on the geological survey and seasonal variation data of an HVDC

projects’s grounding electrode site,a complex soil structure is constructed. Considering three major influencing fac-

tors-electrode location, soil layer thicknes, andd soil resistivity , a simulation analysis is conducted on the distribu-

tion of ground potential and electric field within 5-25 km range from the electrode site on grounding-electrode site.

Key words: high voltage DC transmission; HVDC grounding electrode; ground potential distribution;

comprehensive layer soil ; accumulation of electric charge
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Fig. 2 Distribution of accumulation of electric charge(1)
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Table 1 Parameter of soil-structure and DC power source

E 214 casel case2 case3 cased
I/A 3000 3000 3000 3000
h/m 4 20 4 4

pi/(-m) 100 100 100 100

Si/m 40 40 30 10

P:/(Q+m) 1000 1 000 1000 10 000
x/m 100 100 100 100
z/m 4 4 4 4
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Fig. 6 Decay-type vibration tendency of potential

function(1)
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Table 2 Ground potential comparison between the model and CDEGS

UV
x/m  z/m casel case2 case3 cased
B CDEGSTHE B CDEGSiH BPITE CDEGSI: B CDEGSIHE

100 4 2056.50 2055.10 2052.400 2051.07 1 407.300 1 406.64 4562.0 4561.33
200 8 1418.90 1417.57 1 417.700 1416.37 1 028.300 1027.63 3761.1 3760.41
300 12 1 100.40 1099.09 1 099.800 1098.49 835.203 834.54 3303.4 3302.81
400 16 902.34 901.05 901.987 900.70 709.470 708.81 29857 2985.08
500 20 765.58 764.30 765.348 764.07 619.080 618.43 27443 2743.67
600 24 664.93 663.67 664.773 663.51 550.210 549.56 2550.9 2550.33
700 28 587.58 586.33 587.463 586.22 495.640 495.00 2390.6 2390.00
800 32 526.20 524.98 526.115 524.89 451.177 450.53 22543 225371

#*3 CDEGS 5AEEWERTELLR
Table 3 Current density comparison between the model and CDEGS

J(A-m?)
x/m z/m casel case2 case3 cased
BAUE CDEGSHHE  #BUTE CDEGSITE BT CDEGSHEE  HBIH  CDEGSHE
100 4 0.099 54 0.099 50 0.098 65 0.098 70 0.061 63 0.061 60 0.117 01 0.1770
200 8 0.041 92 0.041 90 0.041 82 0.041 80 0.024 89 0.024 90 0.056 99 0.0570
300 12 0.024 31 0.024 30 0.024 28 0.024 30 0.015 12 0.015 10 0.037 15 0.0372
400 16 0.016 14 0.016 10 0.016 12 0.016 10 0.010 48 0.010 50 0.027 27 0.027 3
500 20 0.011 57 0.011 60 0.011 57 0.011 60 0.007 80 0.007 80 0.021 36 0.021 4
600 24 0.008 73 0.008 74 0.008 73 0.008 73 0.006 08 0.006 08 0.017 44 0.017 5
700 28 0.006 83 0.006 84 0.006 83 0.006 83 0.004 89 0.004 89 0.014 65 0.0147
800 32 0.005 49 0.005 50 0.005 49 0.005 50 0.004 03 0.004 04 0.012 56 0.0126
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Fig. 8 Distribution of accumulation of electric charge(5)
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Fig. 10 Distribution of equivalent distance note in comprehensive layer soil
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Table 4 Electrical parameter in comprehensive layer soil(1)
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Table 5 Comparison of parameters variation situations(1)

E 214 casel case2 case3 cased
I/A 3000 3000 3000 3000
h/m 4 4 4 4
xo/m 5000 5000 5000 5000
pi/(Q2+m) 50 50 50 50
Si/m 11 21 11 11
P/ (Q2+m) 1000 1 000 2 000 20
So/m 30001 30001 30001 30001
P/ (2+m) 20 20 20 20
Pl (€2+m) 2 000 2 000 2 000 2 000
x/m 10~ 30 10~ 30 10~ 30 10~ 30
z/m 4 4 4 4
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5
# 100
50F
010 15 20 2IS 3IO
SR B /km

E13 M wmER®1)
Fig. 13 Ground potential distribution(1)
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Fig. 14 Electrical parameter in comprehensive layer soil(3)
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Table 6 Comparison of parameters variation situations(2)

E 214 casel case2 case3 cased caseS
IIA 3000 3000 3000 3000 3000
h/m 4 4 4 4 4
xo/m 5000 3000 5000 5000 5000

pi/(Q2-m) 50 50 50 50 50

Si/m 11 11 11 11 11
P/ (2+m) 1000 1 000 1 000 1 000 1000

So/m 30001 30 001 40 001 30 001 30 001
p5/(€-m) 20 20 20 2 000 50
Pl (QL-m) 2 000 2 000 2 000 2 000 2 000

x/m 10~ 30 8~28 10~ 30 10~ 30 10~ 30

z/m 4 4 4 4 4
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Fig. 16 Ground potential distribution(2)
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