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A Study to Estimate the Seawater Leakage Zone of the
Embankment using SP and Pole-pole Array Resistivity Survey

Sung-Ho Song, Kyu-Sang Lee, Jin-Ho Kim, Eui-Woong Jang
(Korea Agricultural & Rural Infrastructure Corporation)

8 % & AFodAME g A F5AHE FtS fdtd WwEA 47f2d de) d=ud
A7 A FEAL SPHAF 2 SP REUEHFY S AP T, 4 A5SS 2A s vud
23 & s wEA FFAH gt EJM A& FABRT AFAY Fee TS
B BRAEAE ALY ke date] 28" B A 7 74 ASAuE A7eAF
YAkl SPRAbE AAlste pERie] did E‘Awl%‘.ﬂ A HAE 2 a2%" ARE 4
A A AFA 9 Fed= SPHAS HEAe 5S¢ F AW AEAY Fe= ¥
o oz AAY A/MAY FE A7l B Y, dFuLE o8] FAPAGE 2
A FE 5L S/NuE &1 27 A&e FrI7 gegse gdHdE E7stn 484
o]l &S FAUsAL, BxA ANME TF Fol & TAHE FEAAE HFL2E SP
EUEFES HAAE 2t 2AUsE wad A3, SPRe WEr 29 WEie dAH
Uehtn g SPEAE wA Y] &4 Bt ojyel T4 FAE wiled &34 "HA
o2 g

Fool: Xy, eFud A7N ALY, SP ZUHY, FFAY, 2495

Abstract : We applied both SP monitoring and pole-pole array resistivity surveys and
SP survey and dipole~dipole array resistivity survey to leakage problems in several
embankments and dike, respectively, to estimate and detect the zone of leakage. The
embankment is generally affected by tidal variation and has low resistivity
characteristics due to the high saturation of seawater. According to this situation, SP
monitoring and resistivity survey using pole-pole electrode array, which is relatively
more effective to the conductive media, were carried out to delineate the leakage zones
of sea water through the embankment. We checked out electrical conductivity(EC) and
temperature variations along the inner part of the embankment to detect the zone of
seawater leakage and found that the measured EC value agreed to that of seawater in
the leakage zone and the temperature was lower than that of the vicinity of leakage
zone. SP monitoring results were coincide with tidal variations at each embankment.
Based on the survey results, it is concluded that both SP monitoring and the pole-pole

array resistivity method are quite effective for investigation of seawater leakage zones
in the embankment.
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Keywords: leakage problems, pole~pole array resistivity surveys, SP monitoring, tidal
variations, electrical conductivity
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I R AT AFARE AFE A PEB) UE G R 2B APstn glo
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2 A7) A& gALe] FA A o)

u
$5 % B2 V2R FETN FEARE FUGE £ Qb /1EA0T ASHA PEe
ANSTA Bk B3 BzAe A9 14402 F55e] WNAEE SHL B8 ¥
FHY TAL Aot T AZNAGYA HD F AE O FSUENE A B Pe
2 w3 Y(pole-pole aray) M1 ALEALE AR om, 2A MR BE AAH(SP

= A A7 2 BHEAY FFEFLES sy HT wHoR AAAYSP ; Self
£ o] &3 Wylo] FE oj&Ho gow (Ogilvy et al,
1969; Corwin and Butler, 1989; Furgerson et al., 1997; Sirles, 1997), =W A$E A%
g F(1992), =T F(1996) L AT 2, $435(1999)¢] o 4F AT H HEAd s}
of SP 2 A7 AFEAE o] &3 TR @Ad HL&H At Ao
2 dTdAe AFA A 17h4d dstd RAFAHZHE) A5 Z ZF Sz
d AN AFEAL R SPERALE AAs R, BAAR A R vl 23 SPEAT XA
Aol i AgAMol 532 A & AU w3 BxA 47) AT distd= SPERAL
R @5 d(pole-pole array) A7IHAFEALE TR 2HG FrF AVAERE SH
o HIE FIY FEAFEE FUAT £ Aded, 24Es 02 SP TUHIY S FHE
o2 BxAe FAEs dobd £ YU
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2. 471NN I

v FENEATRE F Q7

d 7NF)EA o] F AFAE 1803274, HEAE 1

4%, 1999; s 7|vHEAE 2000). 1 F ASE FEo] Al - 2 AR 2
#E ot ojFoiA Jz;, At 20m o) T & 21 =
44870 & F oF 15%%1 69747t T4 BEHY BRE AAG AFolvt HxAe 7
= F 1625702 F oF 11%% 183747t ARAE e L2AZA YA ¢ &
A#AY FxA g AAHJ] AL v EF .
1980t olddl FFE] A o A&HQ stF Y A&
HEF Y AdNs Fo2 Fx2 9 A5 AHA AEEY A A A& A2
gggct (Table 1).

¢
o

Table 1. Total number of embankments in Korea (by Karico, 2000)

A AFad fiEd
ded
Mz | BH(ha) | Az | WH(ha) | ks | WA(ha)
‘46 ~'60 177 6,329 39 3,777 138 2,552
‘61~'69 1,136 17,215 58 7,634 1,078 9,581
70~'79 233 18,072 50 6,837 183 11,235
‘80~'89 63 9,199 25 5,266 38 3,933
‘90~'98 16 24,923 11 12,035 5 12,888
A 1,625 75,738 183 35,549 1,442 40,189

3. gAY nF

31 AR 99N

AQARATAE 19009t 2RH FEBFot FHRA] Bl 04U W
I LAHQ PO, PP SURAPEC] NBE AFHOE gAY B 2
=EE] 2 =

24 - Mt visted, B gabge Addoz 24 Ase AAAE
A-Aagoes A% L $2A 5 FRAYS 2E vnd 39 gAsHolth
AAdA e HYAAL 1 B T Fo) PHSA A @

(electrochemical), 77]< 8} 4 (electrokinetic) ¥ <77} (thermoelectric) &3 T AI7IA=
FESEY, #7185 Z3H(Sato and Mooney, 1960; Corry, 1985)2 A)9)g A7) stz
a3s GAA ERE AIFANE A7/ APHT AE ARt} (Fitterman, 1979 (a);
(b); Fitterman, 1983; Corwin et al. 1981; Sill, 1983; Ishido et al., 1997). W&} A=A
Ao 35, NEL, AFY 48, A2 Wzt 9 by Fetolof i TAHE o9
TE T UgEHL EFHA A WY ELR 98 SAREY AFHA HAY dyEe
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2 2 A8 A Qoo A2E0 B A58 WFAE SPEAIL AwHdE
A ARHeR Aol #84 ¢(streaming potential)& o] & FFAE R AT - FE
o ¥R it HEg=Hn Yok (A7) F, 1989; 2XE T, 1990; 4F2, £43%
1999)

Corwin and Butler (1989)€ At A AL A A
o R4, AR A5 P, g HARaY 47 5
AR, %?‘51 g7 EUE oy AZFA A A5 HFAd EFe a5
Mol BAHE AU AT R A wa ol o TAHE F o
Am\?‘;ﬁroﬂ H}E 7}

ook
o r|f
o
& A
2]
i
o
o
olN
®
o)
N,
=
e
Ay

2 dFA *}%?ﬂ Bkxl71= ABEMA}S] SAS-300C Terrameter Adlol 3, A}EE A
< AdH¥ez TAAE WG Mo FAHLE HHoz AAAFE HESH
(non-polarizing electrode)2 A28ttt AL E BEZHITL =
€% Pb-PbCL.2A], o] 71&9 v v|EFd T vl EFAN tﬂsﬂ A AARA
o] & Aew wug AFo|r} (Petiau et al., 1980; Perrier et al., 1997).

3.2. 9=l Aul A FEAL

w30 A7l aARRAEe AU MAGRA d 3 A5 0 BN AR
Pgos AR el BRSAL Aate Ak AYAA veFEE wygel ol X
AA QWA $AALTE ZANAE Ago] Addoz BA FUAD, B A7
B2A AAY G o] ol o8 EH WNMEES ¥ ALl A
T Ue Aoz 4EA I (HAE T, 1999).
NRAREAE st AFAZH i WPATS 1 4L TAY F
9 HEZ ue B 2ol HANAH, »}nm 7 zte] W% 2 AYAT oz ey A
714 BAS gAE BHolth ol ARAIAB)} AUHF(MN) F REAIe] Ag:
Jledom AMAz e 20W of4e) ﬂaoﬂ JANNE Aol ARAoZ ANHAAD
(Robain et al, 1999), dxt3 o2+ ok 10u) ojAte g A& X1 ot (A T+ 5, 1995).
2 A7AE A7 AT FxAY Folst xA Y AFHoZRE ¢ 10 m Y4
JEZ AIFAAFME 5~82 RANL, FAAI) AYE 200 o] 4o ANNA ©
Abe] AS FFAFN A AT GAbel o]&E 171 ABEMALe] SAS-300C¢+ SAS-1000
ol .

4 AzAS, A9 2 94

B ATNAL QRTH w52 A5 Ade) @ nAIAT AND A7) AF 2
WA A wete 2he® BAF AA WFel AZAND A7M ARG SPHA
ANS FEF) e BA 484 2 399" w3E westgh gEal

9 97 249 dEgzA, A B 249 JURATE, A% 24 249

-

o fo
o
Brleomn 2

Mo oy do

of



AR AT BF 2 LA Wit ARz §ARA R AVAEEE FH5)
o FFe] Edd AFE dAAGer AAsgeh. wEAAFAY B AT Zol
165 m A 73t dieted ag¢® AFd BIAuE AVHAFEALE AR, F
4 A= X gt SPHALE AA A AF0AL 2598 oM s 3 mE o F
de 5 mx Z Z+ ARt BxA AeE 94X FHEdE Tt FHAEE 95
HE A7 ATEAE AASHEL, 9T Ao uisted 2447 ¢ SP RUEH S F
FaAok ol AFNAL gAY BLE Sm FATETFHY FF 5m o2z
Ao A4 3 m R FpzAe] A 3 mz zZtz AR, SP ZUEE Adeg =
Mo BAE AR At FEANLTANN X 9 FI 2HFART dE D
15, ewzA € FFLxEAY AE 24 BEHAEE o391, YA 7
5 A5 BZ7)(Hermit-2000)8 o] &35t Z9WslE =A%
4.1. "3 A =

2 AFAE 2712 AFA AAE wHdESF FF EHoER Y FHALERA A
Fo] Aol 165 m, ATE 6 mZ 7|22 e o3 AF FARZRE SE2R AH T3
Aok 20 m/Yd AE &% ¥4t Rug AFelrh. aEu A&EHA FFE SFF
HHE HaFe7) st TR 2B S o] &3 HAITAL AYH B AFAAE
BAEA Aol AARF st IR E A6 A GEALet SPEAE AAEA F

Lol g FAZIY A e84 AE 2 229" &H3E #las] Rux o

BSAE AV ATEAE ARFE DA 73 165 mol st BAFAF oldde A
=373 ag 3 m, AFAMNF ne 82, BAFAL o]FdE AFNA ag 5 m, AFHME n
< 82 HAAI, BAF BHE 7 A distd 2R vAY Jtdd xS} 23 8 A
92 Yepldn (Fig. 1). A7 AZHAL dHE 7122 2304 JAS ol &3t Lo
A AZRAY B ddEeE 28498 AF AFRE REH A 3~10 m 7oA £33

oz AuAFAIL FASA YEY B FIRo] 4ot #YEo] e ALE wTHH,
NzxzAA B AT FARZEEH 359 uHy Ex7t a5y Mo 77~144
ohm-mgld] n|3le} Z2t$-8 olF o= 110~195 ohm-m= v A3 zto] 2 40~50 ohm-m
F7FA AL, S #F A o] A glernz & o Jge"e A aAAY B

SPRAIE A A
o 12989 AFe 7)F
Fro AAH YA A 5
997 o ") WA FARE FH AA FZ3 0~90 m P A
45~65 mV Apolo| A <A UERREE Hshel, $3%9) 90~165 m o)Al
B~40mMVE AAHOE FaHE G4 BAZT (Fig. 2). ol vz FANGe) W
299" olFe BARFE AA $55 90~165 m Pl ARz Fris:
Al vehte Ao ¥ 9 AAWNGS FAE F5F Bad 98 vehts oz
By
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Potential(mV)

0 40 80 120 160 20
Station (distance : 5m)

Fig. 2. SP profiles at the crest along the Maehwa reservoir dam.
Dot line : SP profile before grouting.
Solid line : SP profile after grouting.

A Te %@45 BAT] SAAF FHol 7.8 km, AFEI 8.0 mE 274z ¥
2 ?M% 2 & 15 B2A S ETE ueh daAH o
2

z
q <t
/«} XM{EE ‘;-l TE& FA8Y No20 AR FHeAM F+73E FUSAL, ©

&
1 A

ol B2

| S Xdﬂﬂ]ﬂﬁc}‘w}% AA B A Th SPRALE
I A GRS FLdSH dist] 24 F¥gS 1#Er] Asto 3z 2 wx A% 4
23} 9} Zivkx ol FAIZ ZF 2384 F 839 EA S HA AT

SZuld A 7)u A Al No.18~No.25 Alo] 350 m 3te] wiste] H3F7HA ag 5
m AIFANS ne 82 AANYR, T3 AFAZ(C) 2 AYAZF(P)e =4
% A3 No.185%} No.2522 HE 850 m Agldl ztzt X sdch. BAE ¢
0~200 mAZ &AL, d%E BH7] 68| AY 7taddzed 23 ¥ A o
WRH (Fig. 3). @ FA%E ol g3t doix Ary] vAgHe] HHs ASdNs 3
o]Fell A 10 ohm-m o]3t2 e g HAFH, 239y JYP e Fdao oy dHe
2 E g A% oF 10 m o]l &= HAAHoE 1~2 ohm-m o|5tZ 3o 23] E3td
AL oqAZ 3] No20W A& FRgAE 0.3~0.9 ohm-m 9 uf- e An| A g
7b el Y], olg e A7u AL 4o FFztel 0.2 ohm-m (Telford et al., 1990)2}
Hlas] B of el o gdsiA 2id Aoz Addr

SPEhAl: iRz RE oo xﬂﬂ%} ] 98t wxzA 9S5A ok 1.2km Azl 7]
FHE HAsA R, AA AN FF AFd 7NEH AAE FA8 A FHZFE

A

BAHTA BRG EG 2 TS ZANGE HERFA ) (Hemit2000)E o $5H] 2
A% 282 ANIRG. 2 248 xaMatE AUE2 248 1EA A9 =4
¢ Az 712 A9@e) AW Gl Yeht & AFlAE 2P AARE B
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A3 A3E 7|22 SP 2R3 dUEWRE SASYT (Fig. 4). ¥ 7oA dAE SP
Asge AP oz 20~+60 mV Atelz dehtE ¥, No20 FddAe ZA4454=
-40~-100 mVe] R(-}2] ojido] Yehted ol A7u|AFEA A 0.3~0.9 chm-m W2
of Auixgdiet A3t ok (Fig. 5).

Potential(mV)

10 - -
~ 10
-q
a
—~ 0 o
3
— -10
4 J @ : : , [
1/20 2/02 2/08
Timethour)

Fig. 4. Variation of reference SP measurements superimposed on the seawater level

Potential{mV)

at the Daeho embankment during June 1-2, 2000.
{(a) SP variations at reference point.

{b} Measuring tidal variations using Hermit-2000 at the Daeho embankment.

120 -

-120 — ;

No.24 No.23 No.22 . No.21 No.20 No.19 No.18
Station number

Fig. 8. SP profiles along the Daeho embankment during June 1-2, 2000.
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43. JARHTE

2 ATE ABYE 2N AN FTE0R FUNLAYY YBoz AMY Lol
44 km, o] 195 m2 2504 wmwe] G5E AR F Y& FYFEEIL B TGN
 AYHEE @ 28 345 v A%

o ¥5TZHE BASHY
A

317 st 7H2 2 Wz A7F 7+ 239} 7lhubz o
A8t %4 o}

YAl A BAZ E A7Adel 2 gA5E we A% A7 AEE(EC)Y Fe =
3 A% AVAEEE AA FrelA 2,500~5,000uSme] F9le) AFHEH, No.22~
N0.26 A}ole] 471 F7tol A= 17,000 uS/cm o)Ao 2 ZAFA) o) A/|AEEZHS
Hem(1992)c] A|AI g o} Aol A -83}d

TDS = (0.59 X EC)=100

TDS (Total Dissolved Solids)7} 10,000mg/ £ o]Ae]]l &2 = o] Freeze and Cherry(1979)<]
B o8 sl5o 9 g (Table 2; Fig. 6). ©3 A7|AET BAle) = a
42 AFE No22~No.26 Alole] 4F7ko| M 15~17 °CZ A FF 187 °C mth A
07 Yo} B oA FTE nigEzoz By e §90] J= Aoz FuT

Table 2. Groundwater classification based on total dissolved solids.
(after Freeze and Cherry, 1979)

Category Total Dissolved Solids(mg/ )
Fresh Water 0~1,000
Blackish Water 1,000~ 10,000
Saline Water 10,000~ 100,000
Brine Water >100,000
4 - ~ 30
3~
b
82 - — - 3
. % /’/ - 10 ~
1 - ’ |
"M \ / ,// (a_).\'/"%
0 ) | ! i i | h 0
20 22 24 26 28 30 32

Station number

Fig. 6. Variations of electrical conductivity and temperature at the water surface of
the Youngsan Lake along estuary dam at 15:00 in May 18, 2000.
(a) Electrical conductivity in $/m and (b) temperature in © C.
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D2 g A7) u| A eEAE No.21+15~N0.28+05 77+ 340 moll thale] R334 ag 6
m, ASANF ne 82 AATFYL, F&F AFAF(Cr) R AAAF(P)S 34 F$F viA
gt A= No.21+159} No.28+050 2 ¥ 800 m Agle) Zzt Axstgth BAlE JBAF
€ 50~100 mAZ A3 Ha, Ade 2RV HAY duEs 234 wAY gdER
HYeEtd itk (Fig. 7). 8% Z?%‘t olg3te] doj Zxy] HAY o W AN

4 (n) 33 6 A 47z} 30.1~210.6 ohm-mz} 20.6~207.3 ohm-m=z AX A 71 =249
gERT FddA ez gA vdeldo. 239 dag o] 835te Ao A7uAY 2X dHEE
o 9FH AFAMEF 3 T 63 tgHE AXdA No.22+10, No.23+20, No.24+30,
N0.25+25 2 No0.26+15 ¥ F7holAl 3~15 ohm-m W3] u]$ e Au gzt e
e, o2 M9 AV AGE s 3 23 Addd (2FF T, 2000). &3
N0.22+10, N0.23+20 2 No0.25+25 X 38L& 875 A% FHOZRE 10 m ol Ao
Au A Gt depdoz 2M0 o3 AHAQ] Jdde B Roz i

AT Y AT g SPEAE E3ulE AV AFEAY AP diEte J1EA
AL o R HASAS, 24 2 AW § JIEH T AFRZRE S FFE A8
Aste of FHd) dig FA A 69 NER ANE s AA FARES 2AFACL
2 A7 29s FENFA GaRETE B ARE o) g3y, 38 7
T8 AYNE NBEE A 2 29 4L vA] IR S ¢+ AR (Fig. 8).

ick
P
Lo
S

N

=l

-12 ~ —~ 6
S
E
S
Rl
=
2
[}
o L
-24
3 — -2
f "
-28 —— ! I T T T T T ‘f -4

17120 1 BIq_le(hou%BH 6 19/02

Fig. 8. Variation of reference SP measurements superimposed on the seawater
level at the Youngsan estuary dam during May 17-19, 2000.
(a) SP variations at reference point.
(b) Tidal variations at the Youngsan estuary dam gauging station.

No.21+302.8 2E No.27+3071Ax 300 m TFz7relA AAs SPEHA AaE No22~
N0.22+10 & No0.25+25~N0.25+30 F7tol A -60~-85 mVel olAtti7t YetvdEd ol:s A
71| A A Aok dXstudek (Fig. 9). §3] ol T2 =g we SPx=
A wgete ¥AE RAFT e, A9 AVu AL AH2 ERE 10 m o]y
o] AR o] duie} gxjetm £ Wt rﬂrt )% Ao FAFYE Flo] RAFT gl
o] SP RUHAo R &d] 4 A 9 B ofleg} ¥4 A3 ¥IgE @A £



€8 Yerdg (Fig. 10).

40 ﬁ‘ i . ! i !
N / i
S o0 -
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o -40 — v
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o i ‘ .
o i
‘ { Pl
-80 — i | |
: i | i |
B ; | |
120 | ‘ | | |
No0.21+30 No.22+30 No0.23+30 No0.24+30 No0.25+30 No0.26+30 No.2Ll+30

Station number
Fig. 9. SP profiles along the Youngsan estuary dam during May 18-19, 2000.

-40 - -6

Potentid(mV)

100 ——

170 1806 1816 1902
Time(houn)

Fig. 10. Variations of SP at the Youngsan estuary dam during May 18-19, 2000.
SP variations at the stations No0.22+05(a), No.25+25(b), No. 22+10(c), and
No.22+15(d) are shown as compared with the tidal variation at the
Youngsan estuary dam gauging station(e).
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RE wEAl] PEA SRR Pl wAEE A0S AFddoR Agsat
BAE QAR SRTES PR FRPS £HEHE 60 m Pk diste] dAH o
AN AGRALE HASG L, FAT g0 tiskel 2447 ek 142 17

et}

sl .
A= No.1~No.21 Ako] 80 m F+7ke| diste] dA=53t4 a& 3 m,
ot B3 AFAIC) L ANAFPNE A F42 wiA
450 m Aol 2tz AAstqivh HAR: A FE 100~200
A2ry)l wAg tauze 239 wAY @
(Fig. 11). 874 SAZE ol &3te] dojx Arr) mAzge W= A
A5 ohmm ol e we dE et 24U AUE ol ot
Ao E g A% % 6 m O]*Joﬂl\i—t— A M o7 1 ohm-m o|&t2 <o 23]
ALZ yeyrh 53 No.3~No5 73t A= 0.3 ohm-m o] of-9- vt Au|AF o7} e}
v, ol#f ek My Aee e Hitzkel 0.2 ohm-m (Telford et al., 1990)7 +#AkstE
2 5ol o3 @A £ad Aow wewch

Eoeun embankment (Field Data Pseudosectlon)
i ' ‘No4| ' T N08| ‘Nov12

iNo.4 INo.8l INo.12 No.16]

w

0 2 13 84 540 (ohm-m)

Fig. 11. Result of the pole-pole array resistivity survey along the Eoeun embankment
using the electrode spacing of 3m.
Upper : apparent resistivity pseudosection.
Lower : two-dimensional resistivity distribution as a result of inversion.

SPEAb: A MAZEAY] AFAFA G /lEd nARHeR ANHL, AR
REY e AANI Aste] FH AFol NEH AAE Aol LA FHAS R
Ak # AT 24E Q29 BYIINEA FARTE Bl 53 A8E o839
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B, AR 239 N1FPY AN BAW A3 o) N4 G4 249 JFE WA ¥
& ¢ ¢ YYD (Fig. 12). & FANA QN SP AARS AAHOE 0~+20 mV A}
G2 et 2R, No3-No6el 47} A8 24ATE 20~50 mvel ¥()sl olako]

Jenjed ole Bz Al w4 24W 13 QAHY (Fig. 13), B A28 A GBAN
A 0.3 ohm-m Wele] AulAPuie =T Ak

-8
L
- |
-4
S 8-
E -
© o
S (b) 02
$ 3
& -10 : (@)
| - 4
12 ‘ ‘ — T ,i : r —‘ﬁ‘—"—"ﬂ“ -8
6 16 16/3 13 23
Time(hour)

Fig. 12. Variation of reference SP measurements superimposed on the seawater level
at the Keumgang estuary dam during June 15-16, 2000.
(a) SP variation at the reference point.
(b) Tidal variations at the Keumgang estuary dam gauging station.

40 -

Potential(mV)
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Fig. 13. SP profiles along the Eoeun embankment during June 18-19, 2000.
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Fig. 14. Variations of SP level at the Eoeun Embankment during June 15-16, 2000.
SP variations at the stations No.6(a), No.3(b), No.5(c), and No.4(d) are shown
as compared with the tidal variations at the Keumgang estuary dam gauging

station(e).
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Fig. 15. Variations of electrical conductivity and temperature at the water surface of
the Kwangyang Lake along embankment at 15:00 in August 3, 2000.
(a) Electrical conductivity in mS/m and (b) temperature in ° C.
B AT g SPEAlE g3 d Arin A EAY AFAHY date 1ER 2AY
Ask7l 938t

9 BAE AEE =AY Z2F 2A e dFS BA) @dFS ¢ F Ak (Fig. 17),

N0.93+492 H.¥| N0.98+37}%] 204 m F 7oA AA T SPHA A5 AAFHoZ 10~
20 mV "5 AFE Yetlle=d viste) No.95+15~No0.95+45 FHollA] -5~+5 mVe
oldti7t vehued ole AVHIA gAML AuAFde dAde AHE BAFH
(Fig. 18). ] T3t % No.95+159} N0.95+27 Ao tjste g wE SPe] W
e =A% Zdte W wet SPRel o 6A AR AXE Fi HAHeR o
At FEE BAFL Je Aoz £ o, A7PATHA 2HAM AAE e & 73
A A% ARANA 4T Hoke AA RE T AR ARAE F

5. 59 % A&

Hahx Ass 24 L EBAD 24 59 BH0E ASE BURA YL Fz A
ANAGRAE FHolt B8 FF, FHYATI T SolQe AN oleFEg
5 Bt N8R HAA 47 29 dehbl At AANARY REAE o) §3tel X
B9 ARTFEE W& PP, AIANE A7NAYRN L SRR} F2 043

o gt}

- 35 -



"UOISIBAUI JO }NS8l B SB UolINgLUISIp AJIAIISIS8. [BUOISUBWIP~0M] : JOMO7
"uoljossopnasd AjiAllsisal Juaiedde : Jaddn
wg 4o Buloeds spoJjos|as sy} Buisn juswyuequie BueAbuemy ayl Buoje AaAIns AlJIANlSISal Aelle 8|od—s8jod a8y} JO }nsay ‘9| Ol

wwo)eesk W e ar s

TR

(3130 HEd3a

Teimoanng AIAnsisay (-z) Jusunuequiy bueAbuemy

wumolsly  we Wz s @

piosd ereq piold) Jusunjuequi BUSABUEM

- 36 -



[
60
-4
. |
a0 - \P -
S
£ - 23
£ 20- 2
g (a) - 3
[+ !
o
0 -0
20 4’ -
—+- T T T 7 T L T T -2
5/9 5/19 6/5 6/15

Time(hour)
Fig. 17. Variation of reference SP measurements superimposed on the seawater
level at the Kwangyang gauging station during August 5-6, 2000.
(a) SP variation at the reference point.
(b) Tidal variations at the Kwangyang gauging station.
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Fig. 18. SP profiles along the Kwangyang embankment during August 5-6, 2000.
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Fig. 19. Variations of SP level at the Kwangyang embankment during August 5-6, 2000.
SP variations at the stations No.95+15(a) and No.95+27(b) are shown as
compared with the tidal variations at the Kwangyang gauging station(c).
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