R BB FR L

AFE A9 TR Ekikol
thgt E(LEBN Rk

BMAER KB
BRETER

& = 3

19984 12H



AFE A9 TR Ekikol
thgt E(LEBN Rk

REHE 5O R
& 3
o] WS TEMLBM WNOE RHT

19984 121

&Rl TRHETBN XS Y

FEZRR o & F H
ES A 2 & & H
ES R 2 2 d4 H

B REBR KB
19984F 12A



Physicochemical characteristics for

groundwater salinization in the Eastern area of

Cheju Island

Kyung-Hoon Kim

(Supervised by professor Youn—-Guen Oh)

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIRMENTS FOR THE DEGREE OF
MASTER OF ENGINEERING

DEPARTMENT OF ENVIRONMENTAL ENGINEERING
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

1998. 12.



1
N

Summary
I .., H:-- . 3
m.od 1 ——— 5
. 939 8¢9l 5
D 7H8 5
2) AAAQ HASF 6
3 g4 &) 8
4) Ay 54— 9
5) B} 13
2. FHEEARY AANE 14
1) Piper % Stiff diagram ——————————————————————————— 14
2) O] 2FAH] 18
3) O] ZUBAEAN] 18
4) AIVHEE ~mm oo 20
m A+ 2wy 21
1A 21
2. 8 e 23
AT 23
V. 49 @ 37 24
1. Piper diagram3} Stiff diagram< ©| &3 F2&E5H ——- 24
2. Astret el o)l 2AH e 34
3. Chloride-bicarbonate H] & o] &3 +=dEH - 36
4, 35 &3l ot o] wd 54 - 38
5 A g g 41
6. A FHAS} 47
7. A7 dEEe] 232 % Clo]&3e] dad 50
L T 53
VI BIE@ oo 55



List of Figures

Fig. 1. Classification scheme of hydrochemical facies based on major—ion

percentage on Piper diagram. —————-—————=—————————————————— 15

Fig. 2. Piper diagram of chemical composition of coastal saline water.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

Fig.

Fig.

S

6.

7.

8.
9.
10.
11.

12.

13.

14.

15.

16.

Rigional seawater intrusion is characterizes by ion exchange(al) and

mixing(a2), whereas local mixing of intruded seawater with fresh

water along boreholes is characterized by simple mixing(b). ———— 17
Sampling sites for groundwater and spring water. ———————————— 22
Variation of major ions at each sampling sites. ———————————-—- 24
Piper diagram of chemical composition of study area in May, 1998.————- 26
Piper diagram of chemical composition of study area in July, 1998. —- 27
Stiff diagram of chemical composition of study area from April
to August, 1998, ~——----- 29~33
Bivariate plots of major ions versus chloride. ~————————————————- 35
Distribution of chloride-bicarbonate ratio. —————----—-—===———=—-—- 36
Schematic diagram showing well structure of D-124, D-28. ————- 42
Variation of major elements in accordance with tidal levels in
D-28 well. ———————————— 44
Variation of major elements in accordance with tidal levels in
D-124 well. ——————————— 46
Variation of major elements in accordance with depth in D-28 well. ———- 48
Variation of major elements in accordance with depth in D-124 well. ——— 49

Equipotential line of 500umhos/cm based on EC values
of Study area. ~——————————"——————————————— 51

Correlation between EC and Chloride concentration. ————————-—-—- 52



List of Tables

Table 1. Groundwater classification based on TDS ranges ———————————- 6

Table 2. Concentration of major and significant minor chemical constituents

In sea water ——————— "~ = - 10

Table 3. Changes in ionic rations due to ion exchange relative to the

position of the intruding water ————————----———————————————— 19
Table 4. The present data of well at each sampling sites ———————————-—- 21
Table 5. Monthly precipitation of Sungsanpo in 1998 ————---——-—--—-—— 25
Table 6. Groundwater types and classification based on Stiff diagram --- 28
Table 7. Classification with chloride-bicarbonate ratio ————————————————- 37

Table 8. Mixing trend and ion exchange through comparison between
theoretical and actual concentration of Na ————----—-—--—————-—- 39

Table 9. The range of electrical conductivity and distance from the coast to
equipotential line of 500umhos/cm based on EC values of Study area ——— 50



Summary

The salinization of groundwater is widely known as one type of water
contamination in all over the coastal area. To investigate this salinization of
groundwater, the various approaches are needed because its characteristics is
widely changed from area to area and from time to time, depending on the
aquifer conditions.

The purpose of this study is to investigate the physical and chemical
characteristics of salinization of groundwater at the Eastern area of Cheju
island. For this purpose, the major ions of groundwater, spring water and sea
water are analyzed according to the well depth and tidal levels. The results

obtained from this study are summarized as follows:

1. It can be shown that the concentration of CI" and Na'+K' contained in
the groundwater at near the coastline are higher than those at inland area
away from the coastline. This indicates that mixing and ion exchange
between sea water and fresh water in the study area are occurred. The water
quality components of groundwater observed at this area can be classified
into 4 types such as Na-Cl, HCOs, Na-CI-HCOs and Ca-HCOs.

2. The concentration ratio of SOs to Cl is 0.1354(R’=0.972) at this area.
This value is very similar with Dittomer’s ratio of 0.13. For Na', K', and
Mg2+ versus Cl, their ratios also show a significant relationship between sea
water and groundwater in this area. These results shows the salinization
source of groundwater is attributed to the intrusion of seawater.

3. From the chloride-bicarbonate ratio, it can be estimated that the
intrusion distance of seawater from coastline to inland area is 2.8km at
Onpyung-Nansan, Sangdo and Pyungdae areas, and 5.4km at Kosung-Susan

area. As getting closer to the coastline, this ratio is gradually increased.



4. The mixing ratio between seawater and fresh water by the intrusion of
seawater is decreased with the distance toward inland from coastline. This
ratio(fresh water : seawater) is 80:20 in spring water adjacent the coastlines,
Onpyung area and 99.8:0.2 in the well at No.3 of Susan located at inland
away from the coastline. The concentration of Na' observed at field is 25~
45% lower than that theoretically calculated by this mixing ratio. This
values is due to the effect of ion exchange rather than the effect of mixing.

5. At D-28 well, the deeper the well depth, the greater the degree of
water quality fluctuation with tidal levels. However, this phenomenon is
appeared inversely at D-124 well. This difference is due to the existence of
the specific permeation structure such as cracks and joints at the same level
with mean sea level at their location. It is found that time lag between tidal
level and the fluctuation of water quality is 2~2.5 hours at D-28 well, and
3~3.5 hours at D-124 well.

6. As the depth of well is deeper, the concentrations of major ions are
increased, excepting the case of NOs originated from the land sources.

7. Based on the data of EC, the equipotential line of 500umhos/cm is
located at 4~5km point at Kosung-Susan area and 2,5km point at the other
area. The equation of correlation between Cl concentration and EC values is
Cl =0.1927EC-16.683 for the area lower than 500umhos/cm and Cl =0.2773EC
for the area beyond 500umhos/cm.
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(basal ground water)A & A3t o] T wEFe 7% ¢IHFS AXWH
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(agricultural effluents), 6) & 3F&Ak(saline seep), 7) §4A] 23 <3} (road
salt) 5°] 2tH(Richter et al., 1993).
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st A= AskrAE S 7MY e Aew2A, 1 F8% F
£ 77FA1 7} 2k (Richter and Kretler, 1993).
@D A=Al o< (natural saline ground water)

o] &3l (halite solution)
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@ @143} (sea-water intrusion)

@ 7t FA4el 9 gk 943} (oil-and gas field brine)

® FA oM HZ(agricultural effuents)
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Table 1. Groundwater classification based on TDS ranges(mg/L)

d Cherry, 1979

Robinove and others, 1958 Greeze an
Fresh 0 - 1,000 TDS Fresh 0 - 1,000 TDS
Slightly saline 1,000 - 3,000 |Brackish water 1,000 - 10,000
Moderately 5500 - 10,000 | Saline water 10,000 ~ 100,000
saline
Very saline 10,000 - 35,000 Brine > 100,000
Briny > 35,000
QIZte] Fgo] o ME uE Asrt EdEHH, s W dAES F
AGetA AFsAY Fx=s AAste] @5 ey 9 daFol A4
Ha, AstrE st Aok sEW o] Wy v How dg9
FAd& o7 A o
Astr7 dEAEH HEFSA He A 53 oA AGelA v A A
Fob FgdES A HH deol &alet 2 AY Astre A5sirb Aoy
A=
ol algd HatAl HH sl dol douA Hed FddE Asrt
o WA &= AYedAe wrxA e A ToR dFidel doju
Yo, Fol ko] gt s Fow o]ste] Adkrrt dsteiA drh
A TA At 89 F AFE SHAGAAE AAAA AAGF, o
of 9% 3t 3ol Hdel o MALE zEa do] oo tiaf o] &3
& stk g
2) A A<l A 3=(natural saline ground water)2| E4
A% G st gt ofdel EAste dAstrE Bk, ¢
of o8 "ok dAsErt EFHAY dAsTE EASE dES A BA
AlFet Al | G A sk 92 ol Fdte] dastrh dojdt
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ol9le . AAikFel ofgk @] IF o] Z(Desitter, 1947, Atkinson and others,

1986), s #HFoke]l 7 (Land, 1987) ol ©] 3l X}oﬂx—q.?_ FA 7 FAdHEH

a e dwbA o2 A4 (hydrothermal) €] 74 , A 2} (metamorphic) %
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Ht}h(Roedder, 1984).
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AAAQ gl AN a9l T tE
st o] 7HA Hlae] AIRE, RS Fagh Fola Fol2, m
2 Br & I 992 0, $529 YSE A48, o5 7 ol& EE 99
& & I/Cl, SOJ/Cl, Mg/Cl, K/Cl, Ca/Cl¥} (Ca+tMg)/SOs &5 AF&3t}
(Richter et al., 1993).

el EAGE AL BT Fol
29

& g = Ay AEE T S)

9} =T (outlet) 7} doloF Fth(Johnson and other, 1977). o]2]3t X 7ol ==
Ho] ndstE Eol AxHoely A& dFFe FEHW @et &3 Fol o
Fo] Xtk dHE Foly 5PoE Astd EAE, HAH dde JHe 4

3} (o], carnalite, KMgCls - 6H.0), 342FA (o, polyhalite, KoCa:Mgl[SO4] - H20;
anhydrite, CaSOs gypsum, CaSOy - 2H-0), 2t (4, dolomite, CaMg(COs)s;
limestone, CaCO3)2} #A7F Zt}h dde giE &3 NaCl I8z &A=
g @A mw Aote] salt-domeol| A+ 92%, Louisiana®lA = 93~99% % Texas
WSl A= 99%7F NaClel® yw =] &2 CaSOs 5ol

HAe EaHEAY olef 3ol oJa A FAEFe S =53¢ NaClol
B7] witel] i om dAZ st 2SS AW, T4 o2 Ca®t Mgk
thE 2ol o3k dxste] ek Hlushd vl A vEbdth

el o7 dske] ajle deotste F8 JAARE K/Na, Br/TDS,
(Ca+Mg)/(Na+K), Na/Cl, Ca/Cl, Mg/Cl, SO4/Cl, K/Cl, "*0/D %°|th(Richter et
al., 1993).
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o
drol2F % 250mg/L~18000mg/L)<
Aol uwt Ao WE @59 FE5F, ey #ACA ug g=29 Ao
Florida®] Miamiol A= 50ft 7] (Kohout, 1960), ¥+ Atlantic Plain®l| 4]+ 400ft

~2200ft FAZIA o] 23l AtHMeisler, 1989). o] Aol A s+ LT
= A vt E &5 =4, Florida® Biscayne WE&ZoAE IAgdA i<

20%7F Al vt R fEZEth(Kohout, 1960). o9} 22 Holul oA &&F
ol Fel FovF gAY ARG e o5t WH How 5Tt 5
T Ae oW xRSt A "ot gt E8E doldirt et AgbA W
F Zo=2 9A3A FH(Stringfield and LeGend, 1996; Cotecchia and others,
1974). o] Holdl&= ZAd wet FFES wow 1 Holgjo] WMEFHS FAHORE
L5m, ¥ 22 60m7g =°]tH(Urish and Ozbilgin, 1985).

Lo ok hFEFolA Holtie] HES waANZL F JdE AL BAA

); <

of FYEFTFE Y dFFom FYHe= el Fhste] g4 550
2% wolt} Fiet qEFolA HYLFTE A HWE ATt siFH ol =
Wel7kal Aakee] s5o] JAso] Fad Aqoer dgrh Agsl "k &
g ositer s2= AxFUE A&y 88 Tom BRYor Aty
A A% 59 ddow Ay FFE AIATIAY FAH Tl g R
HAoR QFME 7t AYSHA Heh FF Al @HAstE X (sea spray)
of oA % At S A5t HA s th(Richter et al., 1993).



(2) sio] stebd
3= Table 20 WrEbA mpol ko] ©F 35000mg/Lel H(TDS)& skl

gom o F diret YEFo| 84%= A5t )

Table 2. Concentration of major and significant minor chemical constituents
in sea water(Goldberg and others, 1971, Hem, 1985)

Constituent Concentration(mg/L) Percent(%) Total Percent(%)
Chloride, Cl 19,000 54 54
Sodium, Na 10,500 30 84
Sulfate, SOq4 2,700 8 92
Magnesium, Mg 1,350 4 96
Calcium, Ca 410 1 97
Potassium, K 390 1 98
Bicarbonate, HCOs 142 0.4 98.4
Bromide, Br 67 0.2 98.6
Strontium, Sr 8 0.02 98.6
Silica, SiO- 6.4 0.02 98.6
Boron, B 45 0.01 98.6
Fluoride, F 1.3 0.003 98.7
Iodide, I 0.06 0.00017 98.7
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Fig. 2. Piper diagram of chemical composition of coastal saline water.
Rigional seawater intrusion is characterizes by ion exchange(al)
and mixing(a2), whereas local mixing of intruded seawater with
fresh water along boreholes 1is characterized by simple

mixing(b)(Richter and Kreitler, 1993).
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7 QAEE, W &e 4ol Na/Cl M (=08 2ol Aol Hoas fr,
Wl gredel ola) 43kl A ahael Na/Cl W] && AP ow 064 BuE 2

oleagto] oa] Aol Wal FTe A Wel 94
g veha o}ua} A7 AQE A e o,

Table 3. Change in ionic ratios due to ion exchange relative to the

position of the intruding water

Recent Salt-water Intrusion
Behind

Fresh-water

Advancing front -5 o front Intrusion

Ca/Na increase no change decrease

A Ca+ Mgl/ ~| Nal constant no change constant
Na/Cl decrease no change increase
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Table 3¢ o] ¢ago] dojip AZAMIA o] &7t nge Wats epd A
oltt. a4 Aol el dolk Ao olemd 54L& o= abolA Fela
A dEAT edE ASdE Fad S g Ao uEuA g

(Howard and Lloyd, 1983).
4) A7NHAE=

A7) A =% (electrical conductivity, EC)E X X(conductivity), H]#
(specific conductance)zt 2w, 7oA A4 54 7bFedtar ol 25 =
£ FA4ets AxE AHEH7] wiigel Ak e Y
L FAJAR vFsiA A& (John, 1961).

Bo] AVAEEE dAAS 2= 25T 784 S99 F gl HAA

=
=
4 A7NARe] dem Aodsta a, a2 @dee= SAHZE(T)AM omT

o2
!

iy
<
1-0‘1
F

i
o2
¥
i

micromhos, & micromhos/cm®% WEFHZ <t} Sl(international system of

units)= A7 A EE 9 E  ‘siemens(l siemens=1 mhos) = 7lHa|A A&

S glot obg7tA AAAHCZ o] §HA %u Utk B Fol AsE @ of
2ol WeHE F gAyelA oeFust FAA5F S ANAEEE F7b
a7 Wie] A7 AERE ke o] &% Ee] XA el Aol th(F, 1998).

AN AEES} §EREB A FRHTDS) Abole] o= gt ok

TDS(mg/L) = A - 7] =% (umhos)

A g Al vlEldT Av 054~0.96 ol dRkH o= AE 055~0.75 FLol
t}. "= Arizona®l] 0+ Gilla River?] 4% AT 059 FZolH(H] A dZ2A L),
AT 45 0645 AbEstal ATt #S AA BAA, 1996).

A7NAees v52s ol&ste] dole T (meg/L)o=ZFYH 78 + Ut
(John, 1961).

A7) A =% (umhos) = %ol (kX So]2) ZZF(meg/L) x 100
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AFw= FHAY Astg @43t o|3ed 545 qrHsty] 913 2AAA
ARE At AT R A (Fo] &3 83 AE 1993)9F AlF =84 WA (1997)5 o B

o] A= ZAIE EYE Ast B4 1574, 35 274, & IHAE
2 1998 49 5B 8€7tA 53lol HAA Mgl EASHATE w24
e FEdstsE #5e7] fstel 7 o3 #A8(D-124, D-28)lA x4

27 vhehibs 19984 89 8URE 997kA) 24413 Bk 2417t}
uel A& Agste] BT 4 =AY At BRI 8G9
Table 4 ¢} Fig. 33 2t}

M)
=

Fi BN

u
RIS

jsbd
o

el
otk
fo

=

Table 4. The present data of well at each sampling sites( unit:m )

Natural Dynamic pyigtance

Well No. Location Elevation Depth water water
level level from coast
Kyorae kyorae 345.00 296.0 246.00 252.00 15,700
D-203 Kujwa 68.08 90.0 66.70 73.00 2,900
D-57 Pyungdae  57.28 79.5 56.00 56.10 2,000
Pyungdae Pyungdae 50
D-152 Sangdo 40.55 60.0 39.30 43.60 2,700
W-10 Sangdo 29.78 50.0 26.10 29.80 2,000
D-200 Jongdal 52.02 75.0 51.10 62.00 2,200
D-282 Susan 130.00 170.0 151.00  158.00 7,600
D-69 Susan 109.20  132.0 100.00  120.50 6,750
Susan3 Susan 92.09 120.0 91.40  107.00 5,400
D-124 Susan 28.65 51.0 27.40 33.00 2,750
D-28 Kosung 28.24 41.0 27.20 27.30 2,000
Ojo spring Ojori 0 0 0
Sungeup? SungeupZ2 195.00 200.0 177.00 180.00 10,280
D-194 Nansan 88.28 102.0 87.03 92.50 2,800
W-15 Nansan 40.01 55.0 38.50 40.80 2,500
D-30 Onpyung 33.26 50.0 32.90 33.65 1,500
Onpyung spring Onpyung 0 0 0
¥R AFEFALSTANEA LT B LA (1993)
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meter(Orion model 250A)i 2R3, AV AEEE HA7]HEZZA(ATI Orion
model 128)2 ZAaArt. &ol& AEF Cl, SOF, F, NOs, Br2 Ion
chromatogrphy (Dionex-500, USA)< ©]-&3}% 3, HCOs - bromocresol green
S Abgste] 0.02N-H.S0:2 A Aste] gaFagivh. ¥ol&3l Ca”, Mg”, Na,
K', S 94F34 57 (GBC 904AA)E o]&3to] #48gitt

3. A7+%H
Aske] oy 7] olsts AEE FAA EAEgELS Richterdt
Kreitler(1993) 5ol o8] A3 8208 getd 4 e $38H4 parameters F

ko] dEEkslTh

Piper diagram< plotchem program®. 2 S=A3}letom, o] 2 o] g3dto] A3}
Fo 83 &3 2 o3 JHE FAsA Y. 3 Stiff diagrame Geopal
program® 2 =2 3}skal, o] A& Apojo] whel EFo] vEA yEueE A&

ol g3t Aol fES BANL £ /199 AsrAtE BAsh

> H
ot
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Fig. 4. Variation of major ions at each sampling sites.



Table 5+ 19984 3¥95H 897tA] AZAxA Ao s Uebd 3102 5

g Fawkel Ha 693 7€l Aol vl Wk Fig. 5, 62 Aol A2
593 vz o]l we 799 Piper(Trilinear) diagram< YWeERd Aot}
ol AT YERd vhel Zo] Fol2e dFeto® AFE HCOsolA Cl o
<o FHz Wt ol WA= wid Wgto] ity ol A= H
D-152(40m)& Al9l3tal MgolA Na+K o9 Hez ®ates 4 5

Hola 9t} Richter(1993) 5ol )3l Piper diagram®] tho]ol== o A
slo] AFHAA S AsFFEE AW Fig. 5, 60 HEY=

=
2 HEgdFE G st o] w3 (jon exchange)d &%

Table 5. Monthly precipitation of Sungsanpo in 1998(The
Meteorological Agency, 1998)

Month March April May June July August

Precipitation
151.5 237.0 96.5 372.5 369.5 2574

(mm)
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2) Stiff diagram

Fig. 72 Stiff diagram< ©]-&3le] 1998 4€ %€ 8714 FFA Y9 4
A EA4E Ui Ao R Stiff diagram FElol wel A5 S E78HH Table
63 Zo] tizf 47HA P o s F Qdth

Type 1 &l qHE 27km7bA] Na-Clgo] $-AsA e Je=
djor-gH a9k D-28, D-124, W-10, D-152(40m, 50m), D-57¥A ol heEbyt
Type M df¢tol A 2.8kmol Aol HCOs7F $-AletA Yelts dez wg
st A28, D-69, D-194, D-282, =4k3 #AolA yElytth. Type M2 9
FHA fde ez st AE 1.5~29km Alelol Na-CI-HCO; e =
D-203, W-15, D-200, D-30 #4elA vElwtth Type V& Ca-HCOs7F $-Als}
A veivs 82 o3 1 e e D-152(40m)ell A vERvH,
T FA el A o 54 Rola vk dF #42 A ueh kb

o
4 e gy b ol 495l oF Jold ArHr AuA

Table 6. Groundwater types and classification based on Stiff diagram

Classified by
Type elevation Well No. Remark
(distance from coast)

Onpyung spring, Ojo spring,

Tsipe (coaOS;E;?km) D25, D124, W10, Nl type
D-152(40m, 50m), D-57
T[YHDG <1,§§$:g%£m) D-203, W-15, D-200, D-30 Na_f;ljcog
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2. Aot 5o ole 24w

W malw okdle] Salol old xehs 143}

Pel= dHel =53 N i o]Fol 7] wiEel Cl 7 Na' Alo]o] dA
g v A d-ety thE o] 2AW Atoldl= dAS WA YEhA g o
W, sl s AT H&E zteth oo o] ol xAgH| e HuE FalA
A 29l 49 gy Y T v 8dd 93 ZJAvtE FEE
4= 9t (Richter and others, 1993).

FA 7L sl 71 AAA obd A= ARH gl o & & A=, sFolA
+ SO, /Cl'= 013 olgte= dAS s FHgtoh o] H]&ES Dittomer's ratiog}il

SR (ARERS, Aok 2 AR, 1983).

Fig. 82 a9} s|Alole]l Fa oo z4uE ved Roz 7 )
Zare] 0 2% H(Cl F% 10000014 Aets)s %
9] HE2 AstrY ol2xAHE 7 YEd Aot

Fig. 8¢ uehd nhel ko] o] X9 A& Cl'3} SOs, Na', K, Mg” 2
slare]l AR =& AdHdAE dEhia Ao =3 SO, CY M=
0.1354(R*=0.972) = el Jom, Na'el Cl'9 HE 0.6462(R*=0.908), K
=0.0325C1 +6.86(R*=0.837), Mgz*- 0.085C1 +6.86(R*=0.957)= v}eEbbar 9tk whel
Aol A e Aoty At 8 s APl 7IQdg Ao AlmEh
NOs 7 Cl 9] AivE didol gl ez yelgen, o= NOs 7t $47]
dol Edol7] wtolet Alm

oy
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3. Chloride-bicarbonate H|E o] £ 3 I Y H7}

Fig. 9+ Revelle(1941)¢} Todd(1959)ol ©] gt F77H S A &sto] AT o
Ao A ZALZIZE EoF EAS ghS et Chloride- bicarbonate W&
bl Zlelth Fig. 99 Table 704 M= mpep el ddgold A o)A
Chloride-bicarbonate H|7} 05 o]at&A a3l go] kel #AH S dftoZiH
2.8kmo] el $1xg WA sk, D-282, D-69(A§2), A2, D-194]m, o] 3
AES A 5857 =5 v98&FE A8 vk Chloride-bicarbonate H] 7}
05~1.32% °oF7t Zlw A4 22~54kmel $x D-203, of$E, D-200,
A3, D-30 &Itk FAR AL @A AFEFQl AskyE #HAFoRE o] H|E
06424 o #AALE o2 AL moniterings  dteJoF & Aol
Chloride-bicarbonate H|7} 1.3~28Atol2 H-E AE= HAdd #AAHFLS 25~
2.7kmell 912 g D-152, W-15 &Aoot o] H]7} 285 o] a5+l Azt
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Fig. 9. Distribution of Chloride-bicarbonate ratio.

_36_



Table 7. Classification with chloride-bicarbonate ratio

Distance from

p Cl-HCO3
Classification ) Well No. coast
ratio .
(Elevation)
. Kyorae, Sungeup?2, above 2.8km
No invaded < 05 D-282, D-69, D-194 (above 88m)
. . _ D-203, Pyungdae, D-200, 2.2~5.4km
Slightly invaded 05~1.3 Susan3, D-30 (33~70m)
. 2.5~2.7km
Moderate invaded 1.3~2.8 D-152, W-15 (40~ 41m)
D-57, W-10, D-124, _
Serious invaded > 2.8 D-28, Ojo spring, coast~2.7okm

Onpyung spring

(0~57m)

AF= FFEA A Chloride-bicarbonate Hl&= W HFo|A <t xgo=r
T A3 Skl Aol Srkete Zew uyesten, st &M
7HE = vE 2o s del 7HE AskA yEsT
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olmuol A al5eh B4vt ERHY Paolesrt WASEAA A5

=714 e, dol) &3

™ (behind front)oﬂfﬂ—t— = Aol Akl 9s A H = 33 g YERG
:rL

S+l Piper diagram Fig. 5, 6& &3t 3299 A alolA et
ZHle= 33 olewd et el 988 24 292tk Richter(1993) 5
S Ut AYHA &S #HAHY 59 3stEA(end-member composition)<
dH E3tE AEE oz MESEE 7 & o sy S U
ol Al 7Hd BREAQD ZHR Oj’\ol—gg o] &3to] ERtAgrte]l Qi AL

Cu = X-Cpr(1-X) - Cs == X = (Cs~Cm)/(Cs~Cr)
Cum = Constituent concentration in mixing water
Cr = Constituent concentration in fresh water
Cs = Constituent concentration in salt water
X = Fraction of fresh water in the mixture

1-X = Fraction of salt water in the mixture

CIM = 125343mg/L(O§_ %‘/l:g 57H‘oéJ réi"}élll:—)
Clp = 6mg/L(2L | A 3})
Cls = 10,967mg/L(Ad k3ol & 4)

X = (10,967-1,253.43)/(10,967-6) = 0.886
aGeEE ez $E59 PEA HIF FEUNES B 836%F A s

a7k 11.4%5 A8k At
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o] FE&FolM o243 HEF =& Aitstd

Naym = 578.57mg/L(L. % %%*/l:g] 5/ Hi 55%)
Nar = 6.8mg/L(aL8] A&}
Nas = 7,908mg/L(#d 4} Q@Q] 3 <)

9 e A gste] Aetn

0.886 = (7,908-Y)/(7,908-6.8)
Y = 7,908-0.886x(7,908-6.8) = 907.5

% 907.5mg/Lel 3 A4l Z4F i 5786mg/Lolth.
I e Adstel AAl 34 wEsh wasd o olwF &
Blohe the ol SmBFE} Aol Ae @

olgp & Wy ow A4S gh& Table 8o UEbTh

Table 8. Mixing trend and ion exchange through comparison

between theoretical and actual concentration of Na

Mixing trend Theoretical Actual Changes other
Well No.  Fresh- Salt-  concentration concentration tharéxrgﬁ);fgge)qon
water(%) water(%) of Na(mg/L) of Na(mg/L) (mg/L)
Oglg’l}i’r‘fgg 80.0 20.0 1587 1013 574
Ojo spring  88.6 114 907.6 578.6 329.0
D-28 96.8 3.2 259.6 1479 111.7
D-124 97.0 3.0 243.8 140.9 102.9
W-10 97.6 2.4 196.4 104.4 92.0
D-57 98.6 14 1174 69.3 48.1
D-152 98.7 1.3 109.5 65.0 445
Pyungdae  99.1 0.9 779 55.0 22.9
W-15 99.32 0.68 60.5 50.1 10.4
D-203 99.7 0.3 30.5 21.7 8.7
Susan3 99.8 0.2 22.6 129 9.7
D-30 99.87 0.13 17.1 134 4.3
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Table 891 UEFA wpol o] @ gHse] Baol o5 Edulgo] 80 200
2 g B3 agtne] Azt Wej a4 of wgo
S 5

$ 998 : 022 eyt 959 47t £ 2
dtal o1 E3H| & AEH ol24el Nas®EE T38o] 223 Na 559 nlmwa
WA EE FE7h 25~42%7b4 B Yenda glh wekA Na/Cl b7t 72
ERE %? From AYHe Y AL L F Atk E=F A5 w5
oz HAET go E¢H(mixing)ol 213 EA¥T olyel Na =71 4
@ w2 e ges B9 S4el grhbed F2 olens 4d2 yoiy
[e)
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5. 240 }E $AW
1) D-28, D-124 #%4 &3 2 =A%
283 D-124 BAONA =] W2 FaAwsE w357 dske] BA @

28U g e s 2824mel A3 Sete 2RE 20km E

dom, 1972 AEEF 9 FHEFE NEHATI dRETE FobA

o]
HEsol AFe AFmdA F7u5 FulE A ske] moniteringstil U=
Aol AAEE AXIA Am, AQAFAE 272m BEAFA AR T
FA7F 1.04mol 1 AT 5% AL WERA ol 273mPu. FETEE

250mme] casing & & pipeZ ©] 26m, strainer 15m= A o] Qlth.

D-124 #7342 Ay F2ke] @ 28.65mell $1x3tal siete = 5-E 2.75km
ol dom 1979de] A8 B FHE&TE NTEHJATGIE GA] Aol =
obA HF o F7AFLHAYE A A8t moniteringstal A= FAAGolh A
AEE AFANA 5lm, AAFE 273mE HHFdFH AR o35 F4= 1.35m
ol AAHS FF9E 330meolx, FETFEXE 250mme] casingS Z pipe 49|
3lm, strainer 20mZ TFAFIYJL. F A EF FUFFd AFAFERE
FOB(Feldspar Olivine Basalt, &4 ¥ A FE 2383 dFd)o=z &

D-28, D-124 #A 9] mlaAdFFFo] 7h7h 2
ASNEA G+ HaA, 1993).

£
%2
K
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Well No. D-28 D-124

Sungsan | Sungsan

Location
Kosung Susan
Elevation(m) 28.24 28.65
Depth(m) 41.00 51.00
before
Natural 93 27.20 27.30
WL.m) g3 27.20 27.40
Dynamic W.L(m) [ 27.30 33.00
Capacity(m'/d) 1901 1650
SPC
, 1.9E+04
Hodre. |0/
YA (/)| 187842
geologic
. S 3.6E-02 4.0E-1
properties
K(m/d)| 136
before
TDS ‘29 220.00 32.00
(mg/L) | after 4 g 00 | 64000
89
Temp.(T) 17.0
major
Geological | aquifer FOB FOB
formation |unconf- 9 4
ormity
well dia. 0.25 0.25
struture pipe 26.00 31.00
(m) strainer| 15.00 20.00
built s /80
year
Pump type A 75-E
suction |- 4500 | 4500
pipe(m)
domestics, |domestics,
usage
agriculture | agriculture
Drill. year 72 ‘79

Fig. 10. Schematic diagram showing well structure of D-124, D-28.
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2) D-28 #4¢ 4z

Fig. 112 D-28 #AA =
Hol we FAnsE e 2

el Qi o Aozt 24 ¢
dFow wWate Aol Almd
koo A FAHA FH BX
& Fig. 13914 A3y F5H
o7t FitalFHY ZL 9A
of vetvta e gl

shrslol Pl AL 2R 7 2 AWML Dofuba gk 19
3 #49] wste] mebd CI3t Na' 5 8% olee wagom wsy gt
W, NOy & Cl 5 38 o2 srehs fo) Jpye e 9
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D-28(30m from surface, 1.76mbelow fromM.S.L))

35m fromsurface, 6.76mbelow fromM.S.L)

D-28(
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D-124(50m from surface, 2135 below fromMSL)

conc(mg/L), Tide(crr
-3 8838888888

=} o =} =} o =} =} o o o o o Qq

o o o o o o o o o o o o N

— ™ ts} ™~ o — e} — ™ rs) N o =}

— — — — — N 8¢ —
tire

‘—O—CI —2—NO3 —4—S804 ——HCO3- ——Ca —®—Mg —+—Na —=—K —Tide

Fig. 12. Variation of major ions in accordance with tidal levels in D-124 well.

6. A= #2493

Fig. 13, 14%= D-28% D-124 #A oA Ao w& 4 W3lE 241 A=
H2 SAT A3 FolA, nxA ek AXRAe] AIZFA A(time lag)s LElsto]
Ao A AAoA Fa oo g ®stE Yetd Zlejth D-28
st AdmG ¥ &F 12.76m)7bA] A= AL, D-124 B8 A% 8 SlmE
s} 22.35m)7h A 27 =] et
D-28 #A4o] FHAHel A %3 30m(s4A 3 1.76m) F-FolA Cl v
250~260mg/Loll Al A°] WstE Yef A o, stRAdoR A4s 5
Fsd el webx Clsxo W3ty weol vepdth Axst 4A0mGi+H¥ st
12.76)°1 4 Cl &%+ 260~400mg/L7HA] Wst7 vepvar Q. o] 9 7ol A
e W3yt gla A A ZFLower low water)Al ol dtFExd el Cl X271 25X
A3 Ao s wW7bA ZAsHA Ho] Fig. 13, 14014 Rox= AAH 4=
et FEwstyE veskA UEeERd i AlsEn ook WhglE D-124 #g oA
= A E A #E 50m(EF=EE 21.35m) e Cl =% 320~440mg/Loz 4
gHoezg T WIEo] A wtH AEAHoeR ZAFE (Cles:Es 130~

380mg/L7HA = skrE A shAl vEbd

=
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olel U5l Jate] D28 RAANAY Fo o]&e Awe] el
Hl3 2 A7F iAo R WalEo]l A, D-124 #AAAM = JoR2 AXATL
WstEo]l 27 Yl vk
Amol wel gEE oo BEsh Frkehtdl NO, BEE fo® 4
Zohgel W o) gast 4@l UEha vk o)k NOjE 47
EdRA A Ax Zo7hA] HFshA] RS detde lolw, Al w
e Fa oo Waelt 4% o vehtn Y
D-28(10:30) D-28(18:30)
conc(mg/L) conc(mg/L)
0 100 200 300 400 0 100 200 300 400
0 T 0 T :
——Cl- ——Cl-
—#— NO 3- —m— NO3-
2 S04~ o S04~
HCO3- HCO3-
—K— Mg++ n g —K— Mg++
4 —®—Na+ 4 —e—Na+
—+— Ca++ —+—Ca++
—=— K+ —— K
—~ 6 —~ 6
E E
2 2
[0 (o}
© 8 T 8 [ | ® *
10 10
12 12 J L
-L 9 [ ] > 4
14 14

(a)
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depth(m)

D-28(22:30)
conc(mg/L)

100 200

300 400

‘ —o—Cl-
——NO3-
S04-
HCO3-
—H— Mg++
—&— Na+
—+—Ca++

—=—K+

depth(m)

D-28(08:30)
conc(mg/L)
200

100 300

——ClI-
—=—NO3-
S04-
HCO3-
—K— Mg++
—8— Na+
—+—Ca++

— K+

(c)

(d)

Fig. 13. Variation of major ions in accordance with depth in D-28 well.

depth(m)

20

25

D-124(13:00)

conc(mg/L)

100 200

300

400

i

—o—ClI-
—#—NO3-
S04-
HCO 3
—H— Mg++
—e— Na+
—+— Ca++

——— K+

depth(m)

20

25

D-124(19:00)
conc(mg/L)

100 200 300 400

——cClI-

(a)
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D-124(03:00) D-124(07:00)
conc(mg/L) conc(mg/L)
0 100 200 300 400 0 100 200 300 400
0 : : : : 0 . : : :
——CI-
b -1 ——NO3-
W SO04-
o | ——CI- s | HCO3-
—®—NO3- —¥— Mg++
S04~ —&— Na+
HCO3- ——Ca+
—H¥— Mg++ — K+
_ 10 o Na+ _ 10
E —+—Ca+ £
= e = N
a —— K+ a
[} (o}
© el
15 15
20 20 /
L) I
25 25

(c) (d)
Fig. 14. Variation of major ions in accordance with depth in D-124 well.
7. ANAEES X 9 Cl ol A4#A

FYPE A5 0 grol gasty dtd B 9R % A4pAge
gursht FRAGe Fakth UR L ARAGE hMozyH BIE 250

8
j=p
o
1%}
a
B
Lo
£
o
)
rlr
N
12
N
X
1o,
)
Ak
rir
=
B
5
=)
rEl
0,
,
T,
ol
s
offt
-z
N
12

S 7o 3w 28l 6km AN A 200umhos/cme]  F:

Table 9= ZAMNAAA G A sitAT ol wpe} ECEXEE YEH o, 14—
A A G ste2RE 27km "o X FHoA EC7F 1,500umhos/cmZ
WERk AL, 4~5km A F el A 500umhos/cmZ7HA] YERY 7R W ARk dg
Fd@del yetar vk 1 & AYgelA = sftem R H 25kmoll A EC7F 500
pmhos/cm=z YEFI L 9T}
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Table 9. The range of electrical conductivity and distance from the coast
to  equipotential line of 500pmhos/cm based on EC values of

Study area
A Range for EC value  Distance from coast to
rea
(umhos/cm) 500 umhos/cm in EC
Kosung—-Susan 145 - 4,000 4~5 km
Onpyung—-Nansan-Sungeup 130 - 7,500 2.5 km
Pyungdae 300 - 1,040 2.5 km
Sangdo 700 - 1,140 2.5 km
o] #AANA A EC #S H3sY 500umhos/cm2]

Fig. 1565 WA 9
SUME YEld Ao

Aol M= o] Sl sidomRE 4~
Skm7HA] wrERLaL glan 29wk, g 3 G Aol A= 25kmell A HERY

°
a9
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C 500 o mhosdcm
guipcfariial Line

& Sampling shas

0Dz 4 6 Skm
= L ™ ™ ™l

Fig. 15. Equipotential line of 500 ymhos/cm based on EC values of
study area.

Fig. 162 XAt #Al4 EC # 500umhos/cme 7|22 Cl k=
ECete] #HAE YERH Folth dH(1998)S A=} dtetole] 7] A A sk Fell A
A9lzrell FskE Akl Clskek ECehe] #AlE Cl=0.1429EC 4 &o] i
-5 oAl = Cl=0.333EC-109 AxolH, 53] A& 845 §
(Holt) 7M7hE Fihel A Cl 5% ECe #7%= Cl =0.2976EC 2t sh3ith.

Fig. 16914 (a)& st ZHE 25kmeld "ozl #4 9 MieA9] Cl 5%
o} EC9te] #A= Cl=0.1927EC-16.683 ©]al, (b)i= 2.5kmolstel A9 Cl &=}
ECs}te] @7 Cl =0.2773ECL. 2 vrEbyt},

a5,
=
T
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Cl(mg/L)

70

40

30

20

10000
y =01927x - 16683
R® = 09252 °

1000
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o

i}
100

(@)

E

&}
Y 10

(]
°
‘ ‘ ‘ ‘ 1
100 200 300 400 500
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y =02773x
R® = 09821
'.
[ )
10 100 1000
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10000

(a)

(b)

Fig. 16. Correlation between EC and Chloride concentration.
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Sl dskel olskeld 4L R A
ez}

FA9e] A stre stz =

ol Mg oA NatK o] Fej= Wsta glom w4 3

F7bell o] 2% (ion exchange)Z} Z3H(mixing) FEN7} YEPEG S & —’F gk, -
o=z

A3 Na-Cl, HCO3, Na-CI-HCO3 % Ca-HCO3%¥ 9] 47}#]

B Aakge] SO CI e HlE 0.1354(R*=0.972) = WER}I 9
Dittomer’s ratio(=0.13)2} FAFet¥, CI' ¥ Na', K, Mg~ 2] A&nE a2 A
HHl et A FHAAE dEtl L Aok wepA o] XA Aty At a9l
e dsel Al M@ Ao A}g%u}.

3. Chloride-bicarbonate Hloll &J&] 429 A4 HAES E43 23y 05
olgtm A sF3fo] <t AAHL f?ﬂ‘?lgi—rEi 2.8kmo] /el 913k 57 74 o]

o Uz AAHEL gAYl Ho] 2dAar, Chloride-bicarbonate H] &= U Holl
A Et Agew A5E HAA FUtst sl de] St Ao ® YE

4. s Qdel o Gt s ERHIES =&l 80 1 2022 )

FoEal osekde] At doldaE o] ulgo] vlexA £ #AH A¢
99.8 © 02 vERTh o] Eu] &l o&) o] 2A < Nas kg Tato] Al 573
3 Na =9 Hlustd A 43 $=7F 256~42%74A4 A vedal gl
g, o= sl g9 EF(mixing)ol o3 SAERE ofye} o] 2w st FE =
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Walo] 1= AAAZES D-2891 A= 2~25 Ajzto]lar D-12401 A+ 3~35 A
o & e

6. A=t Zojfel wep 2 o] FEE T, NOy FEfE 9oz
AE7L Zdojel mEt wE7F fastE AES &1
7] EARA At AR ZHol7kA] HAFEHA
s¥oh

7. ZAMNAAA Gl ECREE B 2A-FAF A G A = 4~5km A A
Al 500pmhos/cm7bA] WERY 7Hg W AR 7EA] sl G de] v Al drh
a9 AYedE sjete 7R E 25kmollA] EC7F 500umhos/cm® UERSECE @l
to @ RE 25kmeold "ol A A Clwket ECee] F#adL Cl=
0.1927EC-16.683°] aL, 2.5kmo] &}l A= Cl = 0.2773ECC. 2 L} Eby:

s
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