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Hydrogeochemical Characteristics of Groundwater on Well Depth
Variation in the Heunghae Area, Korea
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Korea Institute of Geoscience and Mineral Resources
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EARE 242 3713 Bt A2 2 52 SN UL RS AR AskrE BER 6 0=-101 %,
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Chemical and isotopic analysis for stream water, shallow groundwater, intermediate groundwater and deep
groundwater was carried out to grasp hydrogeochemical characteristics of groundwater in the Heunghae area,
Pohang city. Water type of stream water and shallow groundwaters is typified as Ca-Cl type, intermediate ground-
water is Na-HCOs, and deep groundwater is prominent in Na-Cl type. HCOs  and SiOz in shallow groundwater are
originated from weathering of silicate minerals, whereas those of deep groundwaters are resulted from weathering
of carbonate minerals. Ca and Mg ions in both shallow and deep groundwaters are resulted from weathering of cal-
cite and dolomite. SO:” in shallow groundwater is originated mainly from pyrite oxidation. As well depth increases,
pH and TDS increase, but Eh and DO decrease. Alkali metal contents(K, Na, Li) increases as well depth increases,
but alkali earth metal(Mg, Ca) and Al concentrations increase as well depth decreases. Anions, halogen elements(F,
dl, Br), and HCOs contents increase as well depth increases. The average stable isotope vatue of the groundwater of
each depth is as follows; deep groundwater: & ¥0=-10.1 %, 0 D=-65.8 %, intermediate groundwater: 0 ¥0=-8.9 %,

9 D=59.6 %, shallow groundwater;d °0=-80 %, 0D=-536 %, surface water:d O=-7.9 %, 5D=-533 %
respectively.
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Fig. 1. Geological map and sampling sites of the Heunghae area.
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Fig. 2. Box-Whisper diagram showing physicochemical components and well depth in the Heunghae area.
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Table 1. Physiochemical data of groundwater and stream water from the Heunghae area.

Well T EC Fh DO Ts”  LogPco?”
SopeNo bk (© P () @V gl gl em)
Deep groundwater

D4 303 28.5 85 1671 -16 7 662 2.84

D-5 490 38.6 81 1806 -3 0.7 571 213

D-6 570 40 82 1936 -30 1.8 631 224
D-2(200 o/ d) 1,504 481 77 4610 -164 11 2208 -1.90
D-2(250 ni/ d) 1,504 482 78 4000 -188 09 1864 -1.92
D-2(300 ni/ d) 1,504 479 79 3550 -169 1.3 1580 -2.00

Intermediate groundwater

4 170 19.1 81 850 61 1.9 262 -2.50
15 150 78 794 55 2 300 221
I-6 250 26 81 1686 -105 14 667 -2.50
12 170 14.6 6.8 566 -152 18 304 -1.61
I-15 150 179 83 181 73 4 119 -3.40
116 146 17.7 83 262 51 13 142 -3.30
Shallow groundwater
52 6.3 116 5.0 334 259 28 220 -1.30
54 45 9.3 49 662 286 37 454 -1.33
57 53 103 6.0 427 107 6 284 -1.86
58 59 13 55 664 193 0.6 460 -1.74
S9 20 142 6.9 497 -119 1 234 -1.38
510 40 14.9 6.7 825 -33 1.8 412 -1.24
SP-1 0 132 7.8 261 -104 22 158 292
SP-2 0 13 6.7 2 135 93 74 -2.50
Stream water
ST-1 14.6 6.9 206 66 9.8 137 3.4
ST-2 11.5 7.7 187 3 103 121 411

Y total dissolved solids, calculated from computer code AQUACHEM;
? calculated from alkalinity and pH data, using computer code PHREFQC.
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Fig. 3. Box-Whisper diagram showing major elements contents and weil depth in Heunghae area.
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Table 2. Chemical data of groundwater and stream water from the Heunghae area.

Dissolved constituents (mg/L)

Sample No
K Na' G Mg" ' sOF HCOs % no; F oA BT B LT Fe
aq, otal
Deep groundwater
D4 30 350 35 01 2760 07 4483 148 BDL 31 00 09 10 03 01
D5 40 4240 39 09 1020 38 835 196 10 43 01 11 04 03 00
D6 42 4600 32 10 1260 70 10067 201 02 46 00 12 04 03 00

D200 ni/d) 130 9760 137 56 7630 401.0 8715 271 BDL 35 00 22 17 08 00
D250 ni/d) 108 877.0 109 45 6230 3040 9015 260 BDL 39 00 20 14 07 00
D2(300ni/d) 94 7660 89 36 5250 2330 8955 258 BDL 42 00 18 11 06 00

Intermediate groundwater
14 19 1770 84 03 80 354 3718 278 21 06 00 06 BDL 02 00
15 19 1710 62 00 96 9.0 3621 114 33 08 00 05 BDL 03 02
16 32 3500 43 04 2800 30 4487 153 BDL 32 00 09 09 04 03
I-12 29 501 304 96 294 1280 1458 263 BDL 02 00 01 01 01 264
115 05 202 130 21 67 29 671 423 BDL 03 00 00 BDL 00 00
I-16 11 328 164 15 86 428 838 352 14 03 00 00 BDL 01 00
Shallow groundwater
S2 63 193 235 90 218 1010 39 254 123 04 04 00 BDL 00 00
S4 48 467 497 186 192 2800 32 288 16 04 34 01 BDL 01 06
57 51 141 43 106 267 1170 109 247 301 03 04 00 BDL 00 00
S8 128 324 568 231 348 2600 51 276 118 04 05 01 BDL 01 00
59 24 661 20 82 286 03 2537 314 BDL 04 00 01 02 01 212
510 62 844 693 102 148 1730 2795 323 01 05 00 02 BDL 03 01
SP-1 10 163 26 68 84 507 685 316 BDL 03 00 02 BDL 01 06
SP-2 06 80 30 18 60 97 114 286 126 02 00 00 BDL 00 00
Stream water
ST-1 19 94 134 53 73 681 54 267 42 03 05 00 BDL 00 01

ST-2 17 87 136 61 76 465 238 231 72 03 00 00 BDL 00 00
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Fig. 4. Box-Whisper diagram showing trace elements contents and well depth in Heunghae area.
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Table 3. Hydrogen and oxygen stable isotope data of groundwater and stream water samples from Heunghae

o]
o =

o, =z

(o]
s

area.
TM Coordinate stable isotope value(%)
Sample No o W —

X Y 070 D
D-02 231407 287583 -10.0 -64.4
D04 231814 288732 -10.3 -65.9
D-05 230311 287132 -10.2 -65.6
D-06 229972 287204 -10.2 -67.4
104 227940 287601 9.6 -65.0
1-05 229058 288977 9.6 -64.0
1-06 231516 288531 -100 68.2
112 230242 287291 6.0 427
115 226747 290616 -89 -59.1
16 227216 290236 9.0 -58.8
502 231183 286722 7.8 53.7
S-04 230902 288041 74 483
507 230112 287340 7.9 -54.2
S-08 231146 287936 75 49.0
S-09 231902 288513 6.8 481
510 229365 288542 8.4 -59.6
SP-01 225759 286680 9.1 -56.9
SP-02 225847 290461 8.8 -58.8
ST-01 227945 287581 8.6 554
ST-02 225760 286681 7.5 -54.8

B0=107%, 0 D=793%)RTH= N AL e B
AH(HA 8 9] 1998). ZE A& Craig(1961)9] ¢
F A (MWL) 91} ozt o) A E o], 392 RE 71”1
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& vetd=d gl 9gte A 52 F9-(d<~10)9 oH2
AL, 7+, AL) A$(d>~107H Hlad & 729
Y AT & Ao A AR A drEd Fel 121~163
& RolY, Z0 Y HE ASEA ) 55~129 5 T
FE B Aol gt 7 A7E g
Aoz Mt

Ade] da-rh 52 2 E4 LAY F
A2 NG ARE AT . F 157 5258
ZAA e B &L dobAn 9o FHLL 4
2x7h A 009 A$ LE 100 mP -015~-05
Y%, 0D -1~4% R = 7MYt} o] & LA e}
3Ho}H(Clark and Fritz, 1997). 2733} Nakai(1988)°]
w2y 2 A 23 1571100 m A4l wal
AT UL E 019 %, F25HLL0E118%

o H & Zadttn Bu gt Yok AT HAL A
TATE B, 2o AR AalgE b e Ay
2344221 SPIN &( 6 "0=9.1%, § D=569 %)=t} &
POE %1%, 0 DE=8% AE7F MY o]& AR A
BAeso GUREE 2ASH A P2 02 H4500
molAo] & A G FA HAY, LEHFLE7F
Y A7)0 FAE AR FHE U

YR HR 2 35E 0 °0Ft0) 6.8 991 % At
ojof Qlt}. o] H 3t gt W& XTIA G EA A9
3 vl s=shohel FA 4 A A Y, 1997). FAHAH A%
&, AR R F03 AR ASFE BE 2B 20
SAHY 2971908 448 Aoz SR

+USY % 88
Ashee 54 49 70 ol & 5 ol 4

Z 0] grek Wl BE& o o} Ca-HCOs, Ca-Cl, Na-HCOs,
Na-C139) 47142 B3 4 9k Fol&e (Na'+
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