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Abstract

Scientific forensic techniques are used to verify environmental impact of groundwater pollution, surface water pollution, air
pollution, noise, and vibration according to residents’ complaints in connection with construction and civil engineering works.
In this study, we investigated the contamination of groundwater and the lowering of the groundwater level in an area sur-
rounding a tunnel excavation site for the Andong-Yeongdeok national road, using a forensic hydrogeological technique. We
reviewed the groundwater level and water quality of well GW1 in the area surrounding the tunnel excavation site as well as
tunnel construction information and then we analyzed the correlations among the obtained data. Before tunnel excavation, the
water level of well GW1 was lower than the tunnel elevation. Considering the relationship between the precipitation, tunnel
discharge, tunnel depth, and groundwater level of well GW1, the groundwater flowed from the tunnel to well GW1. Moreover,
the tunnel discharge and groundwater levels were not related to each other. The pH of well GW1 was 8.4 before tunnel
excavation. During excavation, the pH declined to 8.1 8.2 at the beginning, and increased to 8.8 at the end of the excavation.
The fluorine concentration in well GW1 was 2.49 mg/L, 1.91-3.22 mg/L, and 1.7-2.67 mg/L, respectively, before, during,
and after the excavation. The sulfate ion concentration was very high, over 2,000 mg/L, before and during the excavation; af-
ter the excavation, it was between 200 and 323 mg/L. Turbidity was 1.47, 10.5, and 4.51 NTU before, during, and after tunnel
excavation, respectively. Therefore, the excavation of this tunnel is not related to the groundwater quality of well GW1.
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Fig. 1. Location of the study area with GW1 well and tunnel.
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Fig. 2. Precipitation vs. groundwater level change in relation to tunnel excavation.
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Fig. 3. Relationship between tunnel discharge and groundwater level (GWL) of the GW1 well.
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Table 1. Monthly average groundwater levels in relation to tunnel excavation

Date Monthly average groundwater level (AMSL, meters) Tunnel excavation status

April 2018 271.77

May 2018 275.61

June 2018 278.62

July 2018 279.26 Before excavation
August 2018 279.92

September 2018 280.77

October 2018 279.32

November 2018 277.26

December 2018 2067.23

January 2019 264.57

During excavation

February 2019 260.68

March 2019 258.28

April 2019 257.44

May 2019 259.43

June 2019 261.26

July 2019 262.57 Excavation temporary shutdown
August 2019 263.92

September 2019 265.60

October 2019 267.22

November 2019 267.41

Excavation (Dec. 2019)

December 2019 267.66

January 2020 267.90

February 2020 268.10

After the excavation

March 2020 268.55

April 2020 208.83

dkedlglom, 103 20174, 20194, 20214, 2022
Wof| £ 935]9] H2¢ T2 WRtTHFig. 4, Table 2).
pH W3S HH, 25 A o] Hof = 8.40]11, 22
TAE Folle 279+ 8.1, 8.22A4 235]8 =& A
ot oMt 22HEAF $710) 8.82 wotH S
o] F thA] 8.42 WolHthFig. 4). A SR 2W &
9120219 8¥ 18Y0fl= pH7} 8.82 THA] A5 =
sl9tHTable 2). AMIE 7Sk 9] dZajolL &4
5 2 AEEE Ao oo, B-AJHE H|of w2 A]
WE HsHA =2 W 8H9] pHE 2710 FZ5H pH
9 J&7kA] S7tE & oA st oAl 34
st F7¥ste] pH 12 AZel o] 2tHShim et al.,
2014). wEkA, & A7oll4 2FFAF 7100 pHIt
8.82 7ttt WolHl AL & -FAA] AWIE L] o

Fog K] ojH},

HA Fhe 22 A, F, Foll W 7150.01
mg/L)& ZIeta glow, FFAL 713 Bt
20194 1€ 9¥¥t 20199 1€ 21€¥ 0.014 mg/L,
20194 2¢ 13¥ 0.053 mg/Lolth(Fig. 4). Z2F o]A
o 0.076 mg/L, 281 =& ST T 0.024~0.098
mg/LE2 BAEglon Z2F o] Koy Z&-FAL Foll
H| A F2rt Qopxint, 3 232 2hg o] o= 2.5
2 H]A 5X710.098 mg/L 24 © Eo1A]7| = S
o} w2hA] B'd 23] B4 Tk F7HE o IR 7t
54& A7s7 e o o, B4 v 2y
AL %ol 1.91~3.22 mg/L, 22 ool 2.49 mg/L, 1
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Table 2. Water quality items of the GW1 well comparing to the drinking water standard

Date [tem Drinking water standard Water quality of the GW1 well Unit
Fluoride (F) <1.5 2.49 mg/L
Arsenic (As) <0.01 0.076 mg/L
2016-12-21
Boron (B) <10 1.55 mg/L
Sulfate (SOg) < 200 2098 mg/L
Fluoride (F) <1.5 3.22 mg/L
Arsenic (As) <0.01 0.014 mg/L
2019-01-09  Boron (B) <1.0 2.43 mg/L
Turbidity <1 1.47 NTU
Sulfate (SO4) < 200 2884 mg/L
Total coliform bacteria N.D. Detected /100mL
Arsenic (As) <0.01 0.014 mg/L
2019-01-21
Turbidity <1 10.50 NTU
Aluminum (Al <0.2 0.52 mg/L
Fluoride (F) <1.5 1.91 mg/L
Arsenic (As) <0.01 0.053 mg/L
2019-02-13  pH 5.8~85 8.8 -
Turbidity <1 4.51 NTU
Aluminum (Al) <0.2 0.26 mg/L
Total coliform bacteria N.D. Detected /100mL
Fecal coliform bacteria N.D. Detected /100mL
2019-04-09
Arsenic (As) <0.01 0.043 mg/L
Iron (Fe) <03 0.45 mg/L
General bacteria < 100 190 CFU/mL
Total coliform bacteria N.D. Detected /100mL
2021-02-16  Fluoride (F) <15 1.70 mg/L
Arsenic (As) <0.01 0.043 mg/L
Turbidity <1 1.56 NTU
General bacteria < 100 130 CFU/mL
Total coliform bacteria N.D. Detected /100mL
Fecal coliform bacteria N.D. Detected /100mL
Fluoride (F) <15 2.67 mg/L
2021-08-18 Arsenic (As) <0.01 0.098 mg/L
pH 5.8~8.5 8.8 -
Turbidity <1 2.20 NTU
Sulfate (SO4) <200 323 mg/L
pH 58~85 8.64 -
2022-04-18
Arsenic (As) <0.01 0.024 mg/L
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Fig. 4. Change of GW1 groundwater quality in relation to tunnel excavation.
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Table 3. Comparison of groundwater quality items between GW1 and village well

Item GW1 Village well A
pH 8.64 9.33 -0.69
Blectrical conductivity (#S/cm) 2,816 898 1918
Nitrate nitrogen (mg/L) 0.2 0.7 -0.5
Chloride (mg/L) 27.6 21.7 5.9
Arsenic (mg/L) 0.029 0.057 -0.028

Table 4. Water quality of total coliforms, arsenic, and turbidity in nearby domestic and agricultural groundwater wells

(Ministry of Environment, 2019)

Well no. CSW750 CSW751 CSW753 CSW754
Use Agricultural Domestic Agricultural Domestic
Total coliforms 99 0 6 22
Arsenic (mg/L) N.D. 0.006 N.D. N.D.
Turbidity (NTU) 3.2 0.53 1.87 0.36

So] ¢lo g ghast 4= 9l
2 717 Fol g o] S5 3
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A2 o] S BdFETol &5k HHIRH e
BA, A Hrhs gt =2 2 9o]7] wfzo]
7| % S}t

Fhtolee 22 A(20169), 22 520199 1€
9yl =% 2,000 mg/LE HE ¢ 5o 7S =2y
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R, 20199% HE sk 712FAF HIA
(Ministry of Environment, 2019)°14 ¥A2] 182
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2zt FH F 1.7~2.67 mg/LH. FAtol22 =2 A
(20164), =2 520199 1€ 99l =& 2,000
mg/LE HE ¢ =2 72 Byt 20194 1€ 9¢

o]FHE 20214¢ 2¢¥ 16€ 7FA+= 200 mg/L °15t%
on, 2021991 323 mg/LET}. 1882, GW1 A
St A3t Ay Bl 22 <13t ALtk
o H7] _Eth

A HE 2234 FY g SUHE wds] B
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