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Evaluation of Interactions Between Surface Water and Groundwater Based
on Temperature, Flow Properties, and Geochemical Data
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We examined the interactions between surface and groundwater through (1) flowmeter logging, (2) measure-
ments of seasonal and vertical changes in temperature within a well, and (3) geochemical analyses of water sam-
ples from nine groundwater-monitoring wells. At two wells adjacent to a stream, subsurface water was found to
flow from the stream to a surrounding alluvial fan, and the seasonal change in groundwater temperature is similar
to those of surface water and air. Geochemical analyses at two wells indicated hydro-geochemical features affected
by streamwater inflow, showing seasonal variations. Accordingly, these two wells are located in an area with active
interaction between surface water and groundwater. The Thermochron I-button used in the present study is useful
for this type of study of groundwater?surface water interaction because of its low cost and small size.
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Fig. 1. Location map of the study area.
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Fig. 2. Geological map ofthe study area (after Lee et al., 1999).

Fig. 3. Installation of temperature-measurement equipment
{I-button).
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Fig. 4. Geological cross-sections of the study area.
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Table 1. Monthly averaged groundwater levels at each well.
{unit: m, depth to water)

Wells  Feb. Mar. Apr. May June July Avg.
BH-1 423 422 351 349 3352 3351 375
BH-2 337 339 342 344 364 336 344
BH-3 435 427 392 396 426 393 412
BH-4 447 440 411 402 413 409 420
BH-5 393 396 403 406 165 490 375
BH-6 397 389 4.07 401 399 398 399
BH-7 438 430 455 439 436 398 433
BH-8 437 429 411 415 400 364 410
Well 389 392 391 392 396 399 393
Ave. 411 407 396 394 372 393 396
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Fig. 5. Groundwater flow direction and velocity at each depth.
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Table 2. Groundwater flow direction and velocity at each
monitoring well.

Well no. Depth (m) Direction (degree) Velocity (m/sec)

I
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Table 2. Continued.

Well no. Depth (m) Direction (degree) Velocity (m/sec)

5 145.5 1.066 x 107
6 259.5 2395 x 107°

BHLL 7 163.8 5.802 % 1073
8 166.6 8.863 x 107

9 137.5 4.450 x 107

avg. 174.6 6.981 x 167

4 1315 6.465 x 107

5 2257 8.254 x 107

- 6 159.6 8.880 x 107°
7 1357 1.812 x 1673

8 144.1 4910 x 107

avg, 159.3 6.844 x 107

5 130.0 3.821 < 197*

6 128.6 1.596 x 107

7 123.0 3.102 x 107

BH3 8 1188 4125 x 107
9 138.5 3.670 x 107

ave, 127.8 2.602 x 1074

5 135.7 6.448 x 107

6 193.4 1.439 x 107

BH-4 7 144.1 7472 % 107
8 131.5 1.915 x 107

avg, 151.2 5.444 x 107

5 156.8 3.065 x 1073

6 168.0 1.668 x 1074

BH-5 7 134.0 7.157 % 1673
8 139.0 2.990 x 167

avg, 149.5 8.333 x 107

4 3185 9.083 x 107

5 220.1 1.989 x 1073

BH-6 6 210.2 1.087 x 1073
7 134.3 7913 x 1073

ave, 220.8 7911 x 107

3 291.8 1.478 x 107

6 3537 5213 x 1073

BT 193.4 1.275 x 105
avg, 279.6 1,747 x 1973

4 318.5 9.083 x 107

5 220.1 1.989 x 1073

BH-6 6 210.2 1.087 x 1072

7 134.3 7.913 x 107

avg. 220.8 7911 x 107

5 291.8 1.478 x 1073

6 353.7 5213 x 1073

BT 7 193.4 1275 x 107

avg. 279.6 1.747 x 1073

5 55.5 2467 % 1074

6 123 2.500 x 107

7 185 1.700 x 1073

BH8 8 141 1.617 x 1074

9 145 5,500 x 107°

avg. 129.9 1.461 x 107
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Fig. 6. Distribution of flow velocity throughout the study area (unit: m/sec).
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Fig. 7. Seasonal and vertical distributions of temperature at each monitoring well (high: high groundwater levels; low: low
groundwater levels) measured on (a) 8 March and (b) 19 July in 2010.
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Fig. 8. Temperature variations at each depth in the monitoring wells.
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(a) 2 m depth (b) 3 m depth (¢) 4 m depth

(d) 5 m depth (e) 6 m depth (f) 7 m depth

Fig. 9. Temperature distribution on 8 March at depths of (2) 2 m, (b) 3 m, (c) 4 m, (d) 5 m, (¢) 6 m, and (f} 7 m.

(a) 2 m depth (c) 4 m depth

(@) 5 m depth {e) 6 m depth {f) 7 m depth
Fig. 10. Temperature distribution on 19 June at depths of (a) 2 m, (b) 3 m, (¢} 4 m, (d) 5 m, (¢} 6 m, and (f) 7 m.
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Table 3. Results of surface and groundwater quality analysis
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for (a) July 2010 and (b} September 2010. For well BH3-6, for
example, “BH3” is the well number and “6” is the depth (m).

(a) July 2010

Wells Si Ca Mg Na K Cl SO, NO, HCO; F

BH-1 481746173404 187 45 7.2 17.7 2937 0.5
BH-2 469195 04 2.14068 13 4.0 3.2 3458 0.1

BH-3 4.084.57 0.9 241126 1.9 57 752898 0.9
BH-4 4844730.79247092 13 42 85 40.17 03
BH-5 4.732.070.412.180.61 1.3 39 342729 0.1
BH-6 4.712.190432310.86 1.5 41 3.5 1831 0.1
BH-7 468 2 041216065 14 39 313051 0.1
BH-8 4.09472097248129 19 56 802975 09
Well 392 44 096272124 2.1 52 6.6 2855 09
SA-1 391411 09 2551.11 1.8 51 6.0 1526 09
SA-2 396422089256132 1.8 55 651221 1.0
SA-3 3944.190.892231.04 1.6 53 551068 1.0
SA-4 3984220922311.08 6.1 04 04 1526 0.1
SA-5 3.637.781.923611.81 42 8.7 124 9.16 0.8
(b) September 2010

Wells Si Ca Mg Na K CI SO;NO; HCO; F

BH3-6 4.76 9.84 2.19 3.83 1.78 3.59 6.66 N.D. 27.46 0.30
BH3-7 471 9.51 212 3.76 1.71 3.31 534 N.D. 30.51 0.25
BH3-8 4.799.49 2,12 3.76 1.74 3.67 6. 32 N.DD. 28.98 0.33
BH3-9 5.229.152.124.17 1.64 295 456 N.DD. 28.98 0.22
BH4-6 5.3 8.832.294.56 1.60 3.24 3.79N.D. 35.09 0.41
BH4-7 5.81 839248 5,18 1.32 3.32 5.22N.D. 4271 0.27
BH4-8 6.14 8.33 2.62 5.40 1.20 3.05 497N.D. 42.71 0.33
BH6-6 3.81 5.29 1.01 1.96 1.08 1.45 4.16 N.D. 22.88 0.8
BH6-7 3.855.33 1.02 2.08 1.10 1.36 404 N.D. 15.26 0.83
BH6-8 3.84 535 1.02 2.03 1.09 1.39 4.08 N.D. 16.78 0.76
BH7-6 4.3 736 1.86 2.56 1.11 1.40 429N.D. 30.51 0.75
BH7-7 4,42 7.93 2.14 3.01 1.08 1.42 4.06 N.D. 33.56 0.66
BH7-8 4.25 6.57 1.51 2.351.15 1.25 3.46 N.D. 27.46 0.63

Remark) In a well number BH3-6, BH3 means a well number
and 6 does a depth.
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Fig. 12. Results of hydro-geochemical analysis at each sampling site.
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