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Evaluation of Long-term Data Obtained from Seawater Intrusion
Monitoring Network using Variation Type Analysis
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Abstract: With groundwater data of seawater intrusion monitoring network in coastal areas of Korea’s main land, we
analyzed types of seawater intrusion through the coastal aquifer. The data including groundwater level, temperature and
electrical conductivity obtained from 45 monitoring wells at 25 watershed regions were evaluated. Based on statistical
analysis, correlation analysis and variation type analysis, groundwater levels were mainly affected by rainfall and artificial
pumping. About 78% of the monitoring wells showed average temperature higher than 15°C and about 58% of them
showed minimum variations less than 0.2°C. Electrical conductivities showed a large magnitude of variation and irregular
characteristics compared with groundwater levels and temperatures. Average electrical conductivities lower than 2,000 pS/
cm were observed at 28 monitoring wells while those of higher than 10,000 uS/cm were done at 9 monitoring wells.
From the cross-correlation analysis, groundwater levels were mostly affected by precipitation while temperature and
electrical conductivity showed very low correlation. Meanwhile tidal variations strongly affected the groundwater levels
comparing to precipitation. We classified the long-term monitoring data according to variation types such as constant
process, linear trend, cyclic variation, impulse, step function and ramp. Impulse type was dominant for variations of
groundwater level, which was largely affected by rainfall or artificial pumping, the constant process was dominant for
temperature. Compared with groundwater level and temperature, electrical conductivities showed various types like linear
trend, step function and ramp. According to the discrepancy of variation characteristics for monitoring data at each well in
the same region, periodical analysis of monitoring data is essentially required.

Keywords: seawater intrusion monitoring network, long-term monitoring data, statistical analysis, cross-correlation
analysis, variation type analysis
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Fig. 1. Location of 25 seawater intrusion monitoring regions
where 45 monitoring wells are located.

(Song et al.,, 2007).
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1. Statistics of groundwater level, temperature and electrical conductivity at 45 monitoring wells
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Well Elev* Dep* Per* Groundwater level (m) Temperature (°C) Electrical conductivity (uS/cm) Re
name (m) (m) Per* Mean Range* Min. Max. Mean Range* Min. Max. Mean Range* Min. Max.
SB1 005 40 03-04 -133 1.40 -2.18 -078 13.15 012 13.06 13.18 1,562 4,355 74 4,429
SNI 393 80 01-02 892 25.00 160 2660 1400 0.09 1396 1405 10,657 2,129 9693 11,822 P
SN2 1.84 94 03-04 -210 1100 -8.66 234 138 013 1375 13.88 5,877 5142 37747 8,889 p
SN3 239 137 03-04 -0.39 7.50 <581 169 1361 002 1360 13.62 315 60 303 363 P
HW1 926 120 03-04 320 3.14 129 443 1472 027 1452 1479 469 210 287 497 P
HW2 084 60 03-04 -701 2242 2325 -083 1450 0.4 1439 1453 110 32 93 125 p
DH1 1704 80 03-04 11.11 2.02 994 1196 1582 0.01 1582 1583 68 5 67 72
DH2 1400 80 04 1082 190 978 11.68 1582 001 1582 1583 67 1 67 68
SDD1 53.10 150 03-04 8.80 722 6.14 1336 1557 043 1540 15.83 232 74 203 277
SBB1 - 80 00-01 1.02 1.40 050 190 1556 069 1523 1592 1,861 4966 1414 6380
SBB2 36.10 200 03-04 2657 290 2540 2830 1538 004 1536 1540 248 17 240 257
SH1 587 30 03-04 496 097 447 544 1578 009 1572 1581 2,115 1,044 1,719 2763
DC1 195 80 04 1.63 0.74 125 1.99 1503 039 1485 1524 8269 3280 6,710 9,990
GIl 505 46 03-04 345 491 099 392 1550 046 1543 1589 6283 4859 4851 9,710 P
GI2 508 80 03-04 405 1.02 375 477 1594 0.10 1589 15.99 258 14 252 266
GH1 432 80 03-04 238 1.50 172 322 1651 0.02 1650 1652 26,686 3,163 24,741 27,904
GH2 001 61 03-04 4.18 3.10 222 532 1560 012 1556 1568 19,001 8474 11,531 20,005 P
SS1 5501 150 03-04 3390 440 3091 3531 1671 086 1652 1738 246 20 235 255 P
SS2 100 80 03-04 -955 3970 4141 -1.71 1692 003 1690 1693 8410 6250 6,980 13,230
JGL 410 52 03-04 025 0.87 013 074 1468 0.03 1466 1469 45808 2,101 45299 47,400
JG2 261 8 04 -169 088 206 -1.18 1482 006 1480 14.86 46,720 10,200 42,100 52,300
Slt 757 70 04 5.55 1.60 455 615 1589 025 1581 1606 324 175 242 417 p
SD1 132 80 03-04 -4.08 8.98 978 -0.80 1521 032 1508 1540 383 354 330 684 P
SD2 457 93 03-04 -0.76 497 395 1.02 1598 003 1596 15.99 707 41 691 732 p
GJ1 552 127 03-04 488 3.60 212 572 1633 037 1626 16.63 314 6 310 316 P
G2 065 52 03-04 -0.82 1.55 -1.65 010 1558 270 1424 1694 15690 10,756 6,720 17476
D1 377 60 03-04 0.61 4.98 -136 362 1552 101 1485 1586 1,809 1,105 1,301 2,406
D2 060 120 03-04 453 499 -832 333 1547 031 1528 1559 532 103 472 575 p
HI1 580 43 03-04 222 1.10 1.60 270 1562 015 1559 1574 200 86 183 269
HI2 469 67 03-04 408 0.40 379 419 1591 020 1584 16.04 250 450 143 593
DBl 470 81 04 3.13 224 1.96 420 1453 027 1443 1470 276 68 235 303
DB2 326 100 04 2.16 2.36 085 321 1448 0.16 1442 1458 257 52 228 280
GGl 032 40 03-04 -043 0.56 -0.75 -0.19 1624 247 1592 1839 18981 13406 12,493 25,899
GG2 158 58 04 132 0.51 1.08 159 1609 011 1602 1613 15837 10,117 11,716 21,833
DI 171 80 03-04 0.19 3.60 259 101 1536 006 1533 1539 450 145 369 514 p
HH1 233 35 03-04 -031 5.70 -5.07 063 1593 009 1589 1598 14,514 21,864 948 22812 p
HH2 134 64 03-04 2793 4730 -4606 124 1533 225 1416 1641 1,112 936 518 1,454
HH3 081 97 03-04 -0.54 2.58 -1.85 073 1639 029 1617 1646 5460 13,363 886 14,249
NR1 499 150 03-04 4.04 2.20 229 449 1679 047 1652 1699 7,594 7,930 997 8,927 p
NR2 422 150 03-04 044 877 617 260 1624 050 1592 1642 313 151 244 395 p
SGI 630 80 03-04 345 1.20 270 390 1672 016 1663 1679 6472 1,735 5838 7,573
SG2 11.20 101 03-04 154 1.70 072 242 1571 009 1566 1575 270 5 268 273
ML 586 95 03-04 08t 347 201 146 1649 0.04 1647 16.51 268 79 235 314 p
M2 500 80 03-04 296 4.70 -050 420 1581 011 1574 1585 268 26 254 280 p
PH1 195 85 04 379 9.58 -858 100 1571 005 1569 1574 6,025 3970 3200 7,170 p
Elev*: Elevation, Dep*: Depth, Per*: Period, Range*: Variation range, Re*: Remarks, p: Affected by pumping
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Fig. 2. Distribution of maximum variation width for
groundwater level at 45 monitoring wells.
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Fig. 3. Distribution of maximum variation width for ground-
water temperature at 45 monitoring wells.
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Fig. 4. Distribution of maximum variation width for electri-
cal conductivity at 45 monitoring wells.
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(d) impulse, (e) step function, and (f) ramp.
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Table 2. Classifications of variation type
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Classifications of variation type

A (constant process), B (linear trend), C (cyclic variation), D (impulse), E (step function), F (ramp)

Detailed classifications

Ac (constant), An (normal)
Bu (upward), Bd (downward)
Cd (day), Cy (year), Ct (tidal) (eg: C10d 10 days period)

Dr (rain), Dp (pumping), Ds (surface water), Dt (tidal), De (the rest)

Fu (upward), Fd (downward)

Classifications of
variation width

< 2 m of groundwater level
I < 0.2°C of temperature

< 500 pS/em of electrical conductivity
o over fluctuation width I




Table 3. Classifications of variation type at 45 groundwater wells

Well Groundwater level (m) Temperature (°C) Electrical conductivity (uS/cm)
name VT. V.O. p* CVW. VW VT. VO. CVW. Vw VT. VO. CVwW. VW
SB1 Dr r I 1.40 A - I 0.12 E II 4,355
SN1 Dp O I 25.00 A - I 0.09 E I 2,129
SN2 Dp O I 11.00 A I 0.13 Fu I 5,142
SN3 Dp O i 7.50 A I 0.02 Fu I 60
HW1 Dp O Il 3.14 Dp p I 027 Bd I 210
HW2 Dp O I 2242 A II 0.14 A I 32
DH1 Dr r I 2.02 A r I 0.01 A I 5
DH2 Dr r I 1.90 A r I 0.01 A 1
SDD1 Dr r I 7.22 Dr r I 043 Dr r I 74
SBB1 Ct t I 1.40 Cy r I 0.69 Bu I 4,966
SBB2 Dr r I 290 A I 0.04 Dr r I 17
SH1 Ct t I 0.97 A I 0.09 Ct t I 1,044
DC1 Ct t I 0.74 Fu i 039 Fu II 3,280
Gl1 Drp r O o 491 Dp p I 0.46 Dr r I 4,859
GI2 Dr r I 1.02 A I 0.10 A I 14
GH1 Ct t I 1.50 A I 0.02 Dp p II 3,163
GH2 Drp r O I 3.10 Bd I 0.12 Dp p II 8,474
SS1 Drp r O I 4.40 Dp p ¢ 0.86 A 1 20
SS2 Fd I 39.70 A I 0.03 De I 6,250
IG1 Dr r I 0.87 A | 0.03 Fd I 2,101
JG2 Dr r I 0.88 A I 0.06 A I 10,200
Sh Dp ) I 1.60 Dp p I 025 A I 175
SD1 Dp ) I 8.98 Dp p I 0.32 Dp p I 354
SD2 Dp O I 4.97 A I 0.03 Fu 1 41
Gn Drp r O I 3.60 Dp p i 037 A I 6
GJ2 Dr r I 1.55 Cy I 270 Dr r II 10,756
D1 - - - - 498 - - - 1.01 - - - 1,105
D2 Dp O I 4.99 Dp p I 031 Dp p 1 103
HIl A I 1.10 A I 0.15 Dr r I 86
H2 A I 040 De I 0.20 De I 450
DB1 Ct t I 224 E It 0.27 Fu I 68
DB2 Ct t I 236 E I 0.16 A I 52
GG1 Dr T I 0.56 Fd I 247 Dr r I 13,406
GG2 A I 0.51 E I 0.11 E I 10,117
D1 Dp @) II 3.60 A I 0.06 A I 145
HHI1 Dp O I 5.70 A I 0.09 Dp P I 21,864
HH2 - - - - 4730 - - - 225 - - - 936
HH3 Dr r II 258 Dp p II 0.29 E I 13,363
NRI Dp O I 220 Dp p Il 0.47 Dp p I 7,930
NR2 Dp @] II 8.77 Dp p II 0.50 De I 151
SG1 Dr r I 1.20 A I 0.16 E II 1,735
SG2 Dr r I 1.70 A I 0.09 A 1 5
M1 Dp O I 3.47 A I 0.04 Bd | 79
M2 Dp ®) I 4.70 A I 0.11 A 1 26
PH1 Dp O I 9.58 A I 0.05 Fu I 3,970

V.T.: Variation type

V.O.: Variation origin

p*: pumping

C.V.W.: Classifications of variation width
V.W.: Variation width

Abbreviation: r (rainfall), p (pumping), t (tidal)
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Table 4. Classifications of variation type for groundwater level

Classifications of variation width

Classifications of ~ Detailed n - Total
variation type  classifications

Number of wells Ratio Number of wells Ratio Number of wells Ratio

A - 3 6.7 0 0.0 3 6.7

B - 0 0.0 0 0.0 0 0.0

C Ct 4 89 2 44 6 134

Dp 1 22 15 378 16 40.0

D Dr 9 20.0 4 89 i3 289

Drp 0 0.0 4 89 4 8.9

subtotal 10 222 23 511 33 733

E - 0 0.0 0 0.0 0 0.0

F Fd 0 0.0 1 22 0 22

the rest lack of data - - 2 44
Total 17 378 26 578 45 100.0

Table 5. Classifications of variation type for groundwater temperature

Classifications of variation width

Classifications of  Detailed I - Total
variation type  classifications

Number of wells Ratio Number of wells Ratio Number of wells Ratio

A - 23 512 0 0.0 23 51.2

B Bd 1 22 0 0.0 1 22

C Cy 0 0.0 2 44 2 44

Dp 0 0.0 10 222 10 222

Dr 0 0.0 1 22 1 2.2

D

De 1 22 0 0.0 1 22

subtotal 1 22 11 244 12 26.7

E - 2. 44 1 22 3 6.7

¥ Fd 0 0.0 1 22 1 2.2

Fu 0 0.0 1 22 22

the rest fack of data - - - - 44
Total 28 62.1 15 332 45 100.0
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Table 6. Classifications of variation type for electrical conductivity

BERY 2AUS 0|83 sirEF 25Y X2 Wt 489

Classifications of variation width

Classifications of  Detailed

1

Total
I

variation type  classifications

Number of wells Ratio Number of wells Ratio Number of wells Ratio

A - 11 244 1 22 12 26.7
Bd 2 44 0 0.0 2 44

Bu 0 0.0 1 22 1 2.2

C Ct 0 0.0 1 22 1 22
Dp 2 44 4 89 6 13.3

D Dr 3 6.7 3 6.7 6 13.4
De 2 44 1 22 3 6.7

‘ subtotal 7 15.6 8 17.8 15 333

E - 0 0.0 5 11.1 5 11.1

F Fd 0 0.0 1 22 1 22
Fu 3 6.7 3 6.7 6 134

the rest lack of data - - - - 2 44
Total 23 S1.1 20 444 45 100.0
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