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Abstract  Main ground net of power plant is formed to protect human body from increase in potential gradient caused 

by grounding current during ground fault. Calculations during ground design are generally performed according to 

IEEE Std-80-2000 (Kepco Design Standard 2602). However, it is difficult to apply this Standard to water 

environment, and a grounding technology is required to secure grounding resistance of floating photovoltaic system.

Therefore the aim of this paper is to investigate and analyze ground resistivity on the water surface and underwater 

of reservoir using Wenner 4-pin method, a general method of measuring ground resistivity. Also, grounding resistance 

of floating photovoltaic systems currently in operation was measured and analyzed using the voltage drop method 

suggested in the international standard (IEEE Std-81) to propose a grounding method for stable grounding of floating 

photovoltaic system. The resistivity at 1m below the surface of water (126.3969[Ω․m]) is mostly higher than 

resistivity at the river bed (97.5713[Ω․m]). Also the proposed grounding anchor method was determined as the most 

effective method of securing stable grounding resistance in floating photovoltaic systems and is expected to be utilized 

as a ground method for future floating photovoltaic generation systems.

요  약 지락사고시지락 류에의한 경도상승으로부터인체를보호하기 하여발 소의주 지망을구성한다.이를

한 지설계시 일반 으로IEEEStd-80-2000(한 설계기 2602)에 의하여 계산한다.그러나 이는 수상환경에서 용하

기힘들어수상태양 의 지 항확보를 한 지기술이명확하지않다.그런데500kW 수상태양 의모듈표면 속덕

트에정 기가 발생하고있고,안정 인 지확보를 해서는수상환경의 지방식에 한구체 인 방안이필요한실정이

다.

따라서 본 논문에서는 수상환경에서 Wenner4 극법으로 지 항률을 조사.분석하 으며, 재 운 인 수상태양 의

지 항을국제규격(IEEEstd-81)에서 제시하는 압강하법으로측정분석하여 안정 인 지확보를 한수상태양

지방안을 제시하 다.수면1m수 의 항률이 (126.3969[Ω․m])하상의 항률(97.5713[Ω․m])보다 체로 높은 것을 측

정 분석되었고,제시한 지앵커 지방안은 수상태양 의 더욱 안정된 지 항 확보를 해 경제 으로 가장 효과 인

방법으로 단되며,향후 수상태양 발 의 지방법으로 활용될 것으로 기 된다.
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1. Introduction

Maingroundnetofpowerplantisformedtoprotect

humanbodyfromincreaseinpotentialgradientcaused

bygroundingcurrentduringgroundfault.Calculations

during ground design are generally performed
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according to IEEE Std-80-2000 (Kepco Design

Standard2602).However,itisdifficulttoapplythis

Standard towaterenvironment,and agrounding

technologyisrequiredtosecuregroundingresistance

offloatingphotovoltaicsystem.

A floatingphotovoltaicpowergenerationresults

from thecombinationofPV planttechnologyand

floatingtechnology,K-waterisoperatingthefirst

domestic 100kW floating photovoltaic system for

commercialpowergeneration (Oct2011)and the

world'slargest(atthetimeofitscompletion)500kW

floatingphotovoltaicsystem(Jun2012).Inaddition,it

isexpandingthescopeofresearchandbusinesson

floatingphotovoltaicsystem byrecentlyinstallinga

100kW tracking-typefloatingphotovoltaicsystem(Dec

2013)[1-4].

Staticelectricityisgeneratedonthemodulesurface

andmetalductofthe500kW floatingphotovoltaic

system duringpowergeneration.Specificmeansof

groundinginwaterenvironmentisdeemednecessary

tosecurestablegroundingoffloatingphotovoltaic

system,which can becomean importantpartof

photovoltaicgeneration.

Themostimportantfactoringroundingsystem

design is measurement of ground resistivity.

Accordingly,theaimofthispaperistoinvestigateand

analyzegroundresistivityonthewatersurfaceand

underwaterofreservoirusingWenner4-pinmethod,a

generalmethodofmeasuringgroundresistivity.Also,

groundingresistanceoffloatingphotovoltaicsystems

currentlyinoperationwillbemeasuredandanalyzed

using thevoltagedropmethodsuggestedin the

internationalstandard(IEEE Std-81)toproposea

groundingmethodforstablegroundingoffloating

photovoltaicsystem.

2. Measurement of Ground Resistivity 

in Water Environment

2.1 Measurement of Ground Resistivity

Groundresistivityattheinstallationpointof500kW

floatingphotovoltaicsystem inHapcheondam was

measured1mbelowthesurfaceofwaterandatthe

riverbedunderthestructureasshowninFig.1and

[Fig.2].ThemeasurementwasdoneusingWenner

4-pinmethodatintervalsof2,4,8,12,16,20,24,and

30m,andgroundlayer(waterlayer)structurewas

analyzedusinggroundresistivityanalysisprogram.

measurementinstrument
(ACEcompanySuperStingR8IP)

installationoftest
cable

[Fig. 1] Measurement of ground resistivity 1m below 

the surface of water

ThemeasurementvaluesobtainedbyWenner4-pin

methodareshownasgroundresistance,andthese

measurementvalues(R)andinterval(a)aremultiplied

by2 (2aR)toobtaingroundresistivity().(Unit:Ω

-cmorΩ-m)

Waterresistivitybasedonthemeasurementand

calculationisasshownin[Table1].

[Table 1] Ground resistivity 1m below the surface of 

water according to equidistant interval of 

grounding electrode

equidistantintervalof

groundingelectrode

measurement1mbelowthesurfaceofwater

measurementvalues

[Ω]

groundresistivity

[Ω·m]

2 6.212 78.06229

4 4.432 111.3883

8 1.887 94.85097

16 1.048 105.3565

24 0.739 111.4386

30 0.669 126.1035
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[Fig. 2] Measurement of ground resistivity at the river 

bed

WaterresistivitywascalculatedasshowninTable

2 using the method described above based on

resistancemeasuredusingWenner4-pinmethod

[Table 2] Ground resistivity at the river bed according 

to equidistant interval of grounding electrode

equidistantintervalof

groundingelectrode

measurementattheriverbed

measurementvalues

[Ω]

groundresistivity

[Ω·m]

2 3.580 44.98761

4 3.659 91.9607

8 0.466 23.42372

16 0.819 82.33486

24 0.695 104.8035

30 0.680 128.177

Fig.3comparesresistivityat1mbelowthesurface

ofwaterandattheriverbed.Resistivityat1mbelow

thesurfaceofwaterwasmostlyhigherthanresistivity

attheriverbedinthecurrentfloatingphotovoltaic

systemswithgroundingfacility.

[Fig. 3] Comparison of ground resistivity

2.2 Analysis of Ground Resistivity

Representative factors known to affectground

resistivityincludetypeofsoil,amountofmoisture,

temperature,substancesdissolvedinthesoilmoisture,

concentrationofsuchsubstances,andsizeordensityof

soilparticles.Therefore,since resistivity differs

accordingtothemeasurementplaceandtime,itis

difficulttodefinedthevalueofresistivity.Water

environmentisalsoexpectedtoshow differencein

resistivityaccordingtotemperatureandimpurities

underwater,butwaterenvironmentisnotexpectedto

beaffectedbyasdiverseenvironmentalfactorsas

ground.

Incaseof500kW floatingphotovoltaicsystem of

Hapcheondam,groundresistivitydatameasuredby

Wenner4-pinmethodwasenteredintogroundlayer

analysis program of GroundMat to interpret

ground(water)structureusingtwo-storymodel,and

theresultisshowninFig.4,Fig.5and[Table3].

(a)1mbelowthesurfaceofwater

(b)riverbed

[Fig. 4] Ground(water) layer structure analysis below 

floating photovoltaic system(GroundMat)
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[Fig. 5] Ground layer (water layer) structure model

Layer

1mbelowthesurfaceofwater riverbed

Thickness

(m)

Resistivity

(Ω·m)

Thickness

(m)

Resistivity

(Ω·m)

Layer1 20 118.7711 8.5714 52.8793

Layer2 Infinity 145.0191 Infinity 147.4035

[Table 3] Result of analysis on ground resistivity of 

each ground layer structure(GroundMat)

2.3 Calculation of Equivalent Ground 

    Resistivity

Ground resistivity analyzed using two ground

structureswasequalizedasgroundresistivityofsingle

groundlayerupto30musingEquation(1)andshown

in[Table4].

 






 



Ω  (1)

where,H=30m,h1=Layer1Thickness(m),

=Resistivity(Ω·m)

[Table 4] Equivalent Ground Resistivity

EquivalentGround

ResistivitySimulation

1mbelowthesurface

ofwater

[Ω․m]

riverbed

[Ω․m]

GroundMat 126.3969 97.5713

3. Measurement of Grounding Resistance 

for Floating Photovoltaic System 

3.1 Floating Photovoltaic Grounding System

Forgrounding of100kW and 500kW floating

photovoltaic systems and 100kW tracking-type

photovoltaicsystemcurrentlyinoperation,grounding

rodandcooperplatewereimmersedinwaterfromthe

groundingterminalofthestructureasshownin[Fig.

6].

[Fig. 6] Floating photovoltaic system diagram and 

grounding[5]

3.2 Measurement and Analysis of Grounding 

Resistance

IEEEStd81-1983suggeststhatthereisaposition

ofpotentialelectrodewhichrepresentsthetruevalueof

groundingelectrodeimpedancebeingmeasured.

AsshowninFig.7,thevalueisdifferentiated

accordingtostructureofgroundresistivityforeach

groundlayer.Themeasurementvalueismorestablein

smallergroundingsystem.Theseparationdistancexof

thepotentialelectrode(iftheelectrodeislocated

betweengroundingelectrodesEandCandtheground

isuniform)ispositionedatx/a=0.618.Thisfactwas

demonstratedbyE.BCurdtsaboutelectrodesonsmall

hemispheres.

[Fig. 7] Position of potential electrode demanded in 

two-story ground structure
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Themeasurementresultofgroundresistanceabout

thegroundingterminalof500kW floatingphotovoltaic

systeminHapcheondamisasshowninFig.8and

TableForperformancetestonthegroundinganchor

consideredasacoregroundingmethodusedinfloating

photovoltaicsystem,measurementwasseparatelydone

aboutthecaseinwhichgroundinganchorisnot

connectedtothegroundingterminal(groundingforthe

currentsystems)andcaseinwhichgroundinganchor

isconnected.

earthterminaloffloatingPV

structure
installationoftestcable

Measurementmethod

[Fig. 8] Measurement of ground resistance for 500kW 

floating photovoltaic system in Hapcheon dam

Positionof

moving

electrode(%)

5 10 20 30 40 50 61.8 70

present
floatingPV 6.719 6.784 6.809 6.917 7.087 7.279 7.671 8.248

caseof

grounding

anchor

connected

3.732 3.786 3.819 3.944 4.071 4.27 4.624 5.248

[Table 5] Result of ground resistance for 500kW 

floating photovoltaic system in Hapcheon 

dam

Asaresultofgroundresistancemeasurement,

groundresistanceat61.8%ofgroundingelectrodewas

measured as 7.671Ω without grounding anchor

connection and 4.624Ω with grounding anchor

connection.Fig.9showsagraphthatcomparesthe

tworesistivities.

[Fig. 9] Comparison of ground resistance

Methodsofconstructingcommongroundingsystem

accordingtotheKSCIECStandardincludelayingof

grounding wirestoreachtheelectricroom from

photovoltaicmoduleanduseofshieldgroundingwires

ofunderwatercable[5].However,theformerrequires

largeincreaseingroundingwirelayingexpenseand

the lattercannotbe applied because UW cable

currentlyinusedoesnotincludeshieldgrounding

wires.Therefore,themosteconomicallyfeasibleand

effective method of securing stable grounding

resistanceinthefloatingphotovoltaicsystemistouse

groundinganchorasin[Fig.10].

[Fig. 10] Diagram of floating PV ground anchor 

installation

3. Conclusion

Inthispaper,generalmethodofgroundresistivity

measurementcalledWenner4-pinmethodwasusedto
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suggestthatresistivityat1m below thesurfaceof

water (126.3969[Ω․m]) is mostly higher than

resistivityattheriverbed(97.5713[Ω․m]).Inaddition,

agroundingmethodforfloatingphotovoltaicsystem

wasproposedtosecurestablegroundingbyanalyzing

thevoltagedropmethodsuggestedintheinternational

standard (IEEE Std-81).Theproposed grounding

anchormethodwasdeterminedasthemosteffective

methodofsecuringstablegroundingresistancein

floatingphotovoltaicsystemsandisexpectedtobe

utilized as a ground method forfuture floating

photovoltaicgenerationsystems.
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