A Aere]A] A 538 Al 6%, p. 805-817, (2017 124)

J. Geol. Soc. Korea, v. 53, no. 6, p. 805-817, (December 2017)

DOI http://dx.doi.org/10.14770/jgsk.2017.53.6.805

//.E\
) )

Check for
updates

ISSN 0435-4036 (Print)
ISSN 2288-7377 (Online)

b 24 BRBAS 2 =k ojoh 2e 3
A JNEL =
T et T

2= Z0) = o2 T o] =% E 3
H Eolell whE whedg EdhdiolAe] £ 54 et
22 olXE? - BN - AT
'K-water® 78l
(Feldz|xle
SHFCHBID 2O MR Z Bt
o O
o =

£ Aol GI-Waterway 599 th3o) 9] @4-2] Sk 42 sjobsta, FURS BET ¥4 7
QA F-d4 Eqthel 42 MokE BohskArh Gl-Waterway = 37 5159 A3lE Ashs 2 29 9l
FRAZA ol 18 km, E 80 m2 20110 9YLRE SAnS 93] ek B B2 WA KUAA 29
Foll 9l 20 22T A3 BEAM-19)0 A7 AEEE 2209 G2 W J3 v gom, $4
$%-& Ca(MgHCO914 Ca(Mg)CI(S0.) §8& A C1 SO, §8.020] Wish} tehtm Qe 595
ot T 29 AlE AT % T AE 49.9%0) A/ AEE A7 BIE AL 4 Agen, 2 BEAA
£ 39 4 o A9 FolE 79 R ASEE A0 Uehg, 3 Avks A} oF 15 m 5] 2o
Zoll 4 2 pepet.

FRO0: A M, A7 =R, FU4, &g 8, #5

Deog-Geun Kim, Chi-hyung Lee, Jong-Soem Bae and Gyoo-Bum Kim, 2017, Changes in water quality in
saline-fresh water mixed zone according to a freshwater injection. Journal of the Geological Society of
Korea. v. 53, no. 6, p. 805-817

ABSTRACT: In this study, saline water spreading into surrounding aquifer along the GI-Waterway is investigated
and the changes of water quality in saline-fresh water mixed zone by a fresh water injection is assessed. GI-Waterway
is the first artificial waterway, 18 km long and 80 m wide, which connects the West Sea with the Han River, and
seawater and freshwater are introduced in the waterway to control water quality condition since September 2011.
The electric conductivity at the monitoring well, M-19, close to the waterway is affected by the surface water salinity
in the waterway. Hydrogeochemical type of groundwater changes from Ca(Mg)HCOj into C1_SOs type through
Ca(Mg)CI(SO4) type. The result of injection test by using an injection well shows that the average decreasing effect
0f49.9% in electric conductivity is acquired just after the injection and the effect is maintained fairly well for several
days at the monitoring wells and especially it is predominant in sand layer below about 15 m in depth.

Key words: saline water spreading, electric conductivity, injection well, saline-fresh water mixed zone, monitoring
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Table 1. Result of flow logging at groundwater wells.

- HiEH - A

Target o Flow rate : L
Wells Flow direction Main flow direction
(GL-m) (cm/day) (cm/sec)
OB-1 15.0 153.9° 40.32 4.67x10™ SSE
OB-2 15.5 150.8° 59.04 6.83x10™ SSE
OB-3 16.0 29.9° 1,732.32 2.01x107 NNE
W 155 28.5° 14.4 1.67x10™ NNE
M-19 15.5 161.6° 11.52 1.33x10™ SSE
GLm) OBl  0B2 08B-3 w __ 35000
0 3 Top <ol 5 30000 = o
5 B Clay 3 25000 o
it ;§ 20000 o
10 Sand §
i
1517 B Weathered Y 10000 o}
B3 sediments 2
= | * g so00 . = -
= 0 a n A A
pr '11/04/27 ‘131119 ‘15/04/22  '16/03/15
'12/03/14  14/10/14  '15/09/16
7 W Deep depth (GL-28m) A Shallow depth (GL-11m,
35 J O GI-Waterway surface water

Fig. 2. Vertical distribution of sediments at the injection
and observation wells.
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Fig. 3. Long-term changes in electric conductivity at
M-19 and GI-Waterway.
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Table 2. Result of hydrogeochemical analysis for water samples before an injection test.

well s(?:;;lt)}lle Bate T o EC Eh DO Concentrations (mg/L)
(m) (©) (uS/em) (mV) (mg/l) c* Mg* Nat K cr SO& NO; HCOs Br
-11 ‘11/04/27 142 647 509 95 232 356 214 40.5 1.3 33.6 61.9 0.1 1593 0.1
-28 ‘11/04/27 135 648 551 136 2.18 36.1 214 40.8 1.4 35.6 65.0 03 1587 0.1
-11 ‘12/03/14 7.9 850 246 165 1038 262 15.1 333 1.0 22.6 322 03 2026 -
-28 ‘12/03/14 9.1 7.67 389 36 9.02 232 133 31.3 1.0 19.7 30.0 03 1523 -
-11 ‘13/11/19  11.1  5.21 658 109 275 356 256 47.8 0.8 274 69.1 - 199.5 -
-11 ‘14/10/14 15,5 640 531 71 225 342 237 412 1.0 32.3 73.4 - 177.5 0.1
M -11 ‘15/04/22  16.5 679 460 59 2.08 331 219 48.2 4.6 324 53.3 - 1732 0.1
-28 ‘15/04/22 154 629 2,650 -41 238 169.5 73.7  326.1 8.4 961.0 145.0 03 1403 32
-11 ‘15/09/16 159 640 549 219 231 427 282 43.5 1.6 37.5 84.6 08 1848 0.5
-28 ‘15/09/16 162 621 4910 -33 395 302.0 154.0 580.0 5.1 1,520.0 185.0 149 1309 13
-11 ‘16/03/29 140 6.53 463 109  2.00 40.1 29.0 35.5 1.4 36.9 100.7 - 172.0 0.1
-28 ‘16/03/29 12.8 6.05 4,550 -13  3.07 3345 1769 8514 8.6 24344 2496 - 482 7.1
-5 ‘11/04/26  15.50 8.53 636 100 983 336 6.7 53.9 11.9 63.0 49.1 1.0 1348 0.1
-5 ‘12/03/13  7.50 855 10,410 108 16.97 198.2 223.7 1,842.6 70.7 3,4140 5573 235 147.8 242
-5 ‘13/11/22  10.60 7.52 32,000 47 3.80 235.1 7572 8,232.0 2889 12,2478 1,6743 52 1513 433
Waterway
-5 ‘15/04/20 17.30 7.51 24,900 99 6.17 2248 636.1 6,8459 3244 12,2703 11,7083 53 123.8 424
-5 ‘15/09/24  16.60 930 28,200 119 455 154.0 670.0 6,070.0 233.0 9,540.0 1,370.0 84 1049 33.6
-5 ‘16/03/28 9.8 820 19,290 50 7.26 249.1 8194 6,901.1 299.0 11,745 1,350.8 4.4 1299 35.1
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Fig. 5. Result of electric conductivity logging at each well before an injection test.
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Table 3. Details on the injection tests.
(a) Pre-injection test

Date Period Injection rate (m’/d) Remarks
2016/06/13 2hr30m 65
(b) Short-term injection test
Date Period Injection rate (m’/d) Remarks
2016/06/22 7 hr 90
(c) Long-term injection test
Date Period Injection rate (m’/d) Remarks
2016/06/27~ 2016/07/09 12 days (ai;igjj%) Injection rate range: 32.8 ~ 74.2
— Ato] golRe-E olmjgich %) $2 779 H A
P o= GI-Waterway©l] 73 71 F A ol A 713+
° D W 7 OB-13 ol @) Al2lo] wher Lefom,
%8 40 e wams|  OB2 R OB39AHE 29 B3 ATIHOR A4

O o O . o

)
o

Injection rate (m3/d)
E -3
o

o

06/ 06/ 06/ 07/ 07/ 07/ 07/ 07/ 07/ 07/ 07/ 07/
28 29 30 01 02 03 04 05 06 07 08 09

Date (mm/dd)

Fig. 6. Changes of injection rate for a long-term test.
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Table 4. Effect of freshwater injection according to electric conductivity logging at four monitoring wells.

i EC (mS/cm
Content Distance to —— ( ) — Decreasing ratio (%)
IW (m) Before injection After injection
0~15m 15 9.5 4.2 55.8
OB-1
>15m 15 16.8 6.1 63.7
0~15m 10 1.7 0.7 58.8
OB-2
>15m 10 8.9 4.8 46.1
0~17 2.8 0.7 75.0
OB-3
>17m 7.0 33 52.9
0~15m 20 0.6 0.5 16.7
M-19
>15m 20 6.6 4.6 30.3
Electric conductivity (uS/cm) Electric conductivity (uS/cm) Electric conductivity (uS/cm)
- 0 5,000 10,000 15,000 20,000 = 0 5,000 10,000 15,000 20,000 ° 0 5,000 10,000 15,000 20,000
°© @ Before injection °© @ Before injection ° @ Before injection
- B After injection stop " B After injection stop " B After injection stop
° > i‘A 7 days after stopping ° A 7 days after stopping ° A 7 days after stopping
5 5 5 \
) ‘e, ) °
' - Dbb% i e . = 5 = S,.
E g > > K3 E g B .." E g .‘.‘
£ £ ' L LY
B $ g E
o Qo o o o 9o
o (=} o
g Tt g g g M8 3
o o b, o
i
2 4 2
(a) OB-1 (b) OB-2 (c) OB-3

Fig. 7. Vertical distribution of electric conductivity at three monitoring wells.



814

7|H| A FEAL At i eks] YAISHA] G AL H
Ae] SHAIH o2 BTt

FY A(6¥ 21Y), F(7E 19), T F(7¥€ 9Y
% 1620)) Alak Aol dfet olsfat 14 AT
Piper diagrameof A3 BQIh( 1™ 9). AR ++7¢
A& A #3} 10 m, SH 17 A Fa= A #3} 22 m
ol AFielsick 9 A6H 212)°) 44 2, 4
3 J72¢] 9o, OB-13} OB3oA @] E2HE
Hol= gdo) =AEE ol 2" 7oM=E #
AFSHA| WAL Qi BEd o OB-29F M-19+= |3}
9] Yol =AIE Y= & o= Uk S 7
9] Afoll= BE WE0] A9 EF EA4S Kol
I o A7HEE FF AN & 4= ek

U F L 5o 7 HZkE B, AR Y] 7
% 2] ©57(0B-1, OB-2, M-19)°flM A &
%1 74 199] 8 EA4Jo] ¢ HHEr} tholol1dl

o] $20] 913te] B4 Aol Hh AHY wol

°
o

o
°

881 | 576 | 430 | 705 [ 470 604

3
o

637 | 474

o
°

DEPTH (METER)

8
°

530 | 478

Before injection

250

N
8

35 63 12 199 (ohm-m)

DEPTH (METER)

During injection

N
8

63 12

133 (chm-m)

DEPTH (METER)

After injection

63 12 199 (ohm-m)

(a) Line 1
Fig. 8. Results of electric resistivity survey along L-1

Z=A
o/

=
=

.21
=

- i T

o, Y T2 Folle 79 A sl HEo=
thA] o] 58te] 3¢ aRF ATE & 4= ek 8t
B 77k0) Lo, OB-1& 3¢ (74 1Y)ol= &
T3} @ado] ol ghont 3 F7 AFA 7Y 9
dol= Y map7h 2 vehgon], 79 16Yell= thAl
Aot HE & 4 Aok FUFY Na' 55+E 3257
mg/L, CI' HE= 49.2 mg/L, Ca’" = 22.09 mg/L
So2A G438 Aok ol ulste] mf9- v
of FJo 2 I3t 34 Ei= uljo] o] =2 W
71 2 E 202 Beltk OB-2, OB-3 © M-19<]
Z$ollis Felol w2 1 W}t vt & vehr|

et ole 2™ 7oA Bxo] FYo uE 2

Hzko] Zo| AtF o2 Hy| RO BT F, 4
 FRke] ShE 7kl Hshe] Fqlof whE o|2tehA
574 Wik g 5} £33, ol RS oR 7
A 317 7Y 29] sand &) EAJo] B E A
o|m of&e sHR7F AR 1k viste] g Y

12

After injection

63 112 199(chm-m)

(b) Line 2
and L-2.



B T WE EH-2 =gltoMel +E S Bt 815

o] S5 TR0 Bl A7) W] Sate] ol 2ol 27| 5kt U A
o 29 A, F W F) WAREE B3 Wol o] ApHA R B} MGEE 2L & 4
sje} B4 Aol BY, 29 270 AT BE ®, ST A= 94 717 5 1Y Gl A%

OB-1

0OB-2

0OB-3

M-19

Injection water

Before injection (6/21)
During injection (7/1)
After injection (7/9)
After injection (7/16)

A w N %O D>+ O

Ca2+

OB-1

0OB-2

OB-3

M-19

Injection water

Before injection (6/21)
During injection (7/1)
After injection (7/9)
After injection (7/16)

AW N %O D>+ O

M g2+

Ca™ <—— Na+K* HCO; —> NO,+CI
(b) Lower range (sampled in G.L.-22 m)
Fig. 9. Piper diagram for water quality before, during, and after an injection.
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