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ABSTRACT: A field validation project for reducing seawater contamination and securing fresh groundwater
resources via fresh water injection is carried out in a coastal confined aquifer of Nakdong River delta, Busan.
Hydrogeological anisotropy due to aquifer heterogeneity significantly affects groundwater flow and salt transport.
In order to make the project succeed, hydrogeological characterization for the confined aquifer is very important.
In this study, geologic modeling is performed using a geologic model to quantitatively characterize and realistically
visualize the distributions of aquifer media, after then steady state groundwater modeling based on the results from
the geologic modeling is carried out to evaluate an impact of media heterogeneity on groundwater flow. First, the
geologic modeling is sequentially performed through digitization of raw core data, stratigraphic modeling, grid
modeling, geologic formation modeling, variogram analysis, and category modeling. The category modeling is
performed 100 times using sequential indicator simulation with the selected variograms in the variogram analysis.
The results of the simulations show that the proportion of the material categories results in volume fraction of the
confined aquifer. In other words, the confined aquifer has as much abundance of silty sand and sand as raw data.
The results of groundwater modeling directly show the impacts of aquifer heterogeneity. As a result, hydraulic
head and Darcian mass flux magnitudes are not only partially affected by gravels and weathered rocks but also
dominantly affected by silty sands and sands.

Key words: Nakdong River delta, coastal confined aquifer, heterogeneity characterization, geologic modeling,
groundwater modeling
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ez FARS o] ot st HAHY
o 52 BAsAT

HellA ALY At AlFE A A 9
ALH|(Oh et al., 2011; Seo et al., 2014), A&t+9] 2
29 91 Gt 3] A7 QB FH(Lee et al,
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whirls)E oF7]8ltk(Hemker and Bakker, 2006). 2
HHo 2t Y dEHY EQ E= A5 W &
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2. A7 XA I

T A HE FABFIA AP Al g (Samnak
Riverside Park) Woll $12|5}3L 3low, G572 §
2 248l sl FA4E A2 (delta) A Holt(1H
1). A7 AH9 AZof= HF7(Nakdong River)
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Fig. 1. Location and geologic map of the study area. The geologic map is modified from Lee and Kim (1964).
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$5O R AR SHE A9 MBS A A
2 FAEH, AR e t7lek "k A
daFoz o]RoHT 3 deFe FdE
S B 156 m, A2 FAE B 73 mo]
o, RS FAE #1991 m 22 AEFA &

2 7= B 161 mo|t}. §Hf4Ee S
7= P4 13.9 mo|th AR 439 maE =
7= B 8.0 m 181 BjYZ FAE 0.6 mo]T
a9 2).
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2 Aol A AR A 2o o8 2
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AARIRR FAL A2 ofHAA] e PAME w71= A
SAE, oMEfEA ATAE 2|3 A[ek A F
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Fig. 2. Geologic logs of the boreholes.
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Fig. 3. Workflow of the geologic and groundwater mod-
eling of the study area through (a) modeling domain,
(b) digitization of the core data of boreholes, (c) strati-
graphic model, (d) grid model, (¢) geologic formation
model, (f) variogram analysis, (g) category model, (h)
property convert, (i) property interpolation and (j)
groundwater simulation.
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Fig. 4. Modeling domain with the location of boreholes
in the study area.
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WA el AR e A EBlRke 100  10°
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and Schwartz, 1997; Fetter, 2001). ]3¢t =8| - =
T BE AR v ae] 2] Aol 435t
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-0.20 m, OW-19] 4% EL. -0.16 m2.2 == g}
ES AT A FE w2 AF(UFA, 201 6420
m)o] BEL-E NHPS W FHoA AKoE B
Bl & ALR ddEo] FE% A& JolE
03 m& 73} 70.3 mo| $2|4FE 2dy F
Z(x =197,250)l| LASF 2AL B8t

4 NT 2 Ay

41 SM Zga Znt

871 AJEF A et o] YA A

Table 1. Length and length fraction of aquifer media types of the borehole wells.

Well ID Silty Sand Sand Gravel Weathered Rock Total
[m] [m] [m] [m] [m]
OW-1 21.0 10.0 4.0 3.5 38.5
OW-2 23.0 13.0 7.0 1.0 44.0
OW-5 14.0 19.5 6.0 39.5
OW-6 15.0 22.0 2.0 39.0
OW-7 18.0 18.5 4.5 41.0
OW-8 21.0 15.0 6.0 42.0
OW-9 20.0 16.0 7.0 1.0 44.0
OW-10 13.0 21.0 6.0 1.0 40.0
OW-11 19.0 15.0 7.0 42.0
OW-12 17.0 19.0 6.0 42.0
OW-13 14.0 22.0 7.0 43.0
OW-14 17.0 18.0 10.0 1.0 46.0
OW-15 12.0 23.0 7.0 1.0 43.0
Sum total [m] 8.5 79.5 232.0 224.0 544.0
Length fraction [%]
Silty Sand Sand Gravel Weathered Rock Sum
41.20 42.60 14.60 1.60 100.00
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Fig. 5. (a) Stratigraphic model, (b) grid model, (c) geologic formation model and (d) category model of the study area.
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441 ¥ B4

137h9] AlFgollA w2 o) 34 AHAE wfet
317] $JaliA Wj2]. 2138 24 (Journel and Huijbregts,
1978; Cressie, 1993)= 5345151t WA e 71e8& 5
2102 W9)(azimuth) = 0°0l4] 150°714] 30° 7HH o=,
Z8AKdip)= 0°¢llAl 90°7H4] 10° ZHA L= Thgst 73
ol tisiA Zzt A4 wizleade AltstEoh
CheC 2 A 7H4] o] 24 w2 e 13 Bl 7+ 2
(spherical model), 7F$-A|¢t 2@l (Gaussian model)
2 x4 &9 (exponential model) 52 083} o]
£4 vl eass AXtsih 12)a Altd ol
A Hgeads § A4 Heads M &
BT 4= e A9 o] 24 HZleadE Al 7t
A 271& 71222 ARt od o] &E Al 7HA]
27 FollA 3 Ag(range)= 1 3ol 25, 3
QAA|FE(sum of squares of regression error,
SSR)& 33 Wt A2 Bt Gk olo) Ao
A 11 3po] 2242, AA A4 (coefficient of deter-
mination, RY)% 217]4]9] =24 71 gto] 19] 7}
7hEE 229 o] 24 W2 LTS o]t wet
A 24 A, BAH0° ol 57 WS 2R o= A
(omni-direction) 2] 73S YERIL Y (nugget)>
0.05, F-€(sill)2 0.360, A A2l= 120.70 mel +
4 U Fene Bude] olgd Aol A
o2 Wlo gz Agakn o9 AHE
2|2 9] o] 24 "2l 272 A 2d¥ F Yol
HE5= et AT Yt iid S4S E
Pt Aoz skt

442 274 AEH o)A

A719] 2 9] o] 24 H|g]| L 1S AMgBt] Bt
23 DS Y AEA nd), za), 4 4 F35)
o] B 9 A|F vl&-2 &3] sl AR AE

Table 2. Volume fractions of the confined aquifer media.

b

glold 71| L5 &2 A Algd|o) A (sequential
indicator simulation, SIS) (Alabert, 1987)< 1003
S35t3ich 10029 AlEdold A3 5 Y 7H
2ot vl W e v Ao} A4 vleof gshe 2
= 3 29 T 63k Zr 3 20419} o] 99%IA,
72%17, 29WA, 2217 Ao A HEZ e, w2,
A, S o2 FY 7] 2 oA
AA Bl&S 2 " o] 2352 183719 AlFF
AR A 24 2INE 2)9 RV 2 217 AlE
glold Aol A= AEZ mefjel a7t Y] 2}
23} F3tetel vlshA AIsHAl wol Z323tct gt
HEZ Bd2 9= Al5E T4 24 23t oF
Zke] Apol 7} AR o]= XA 227 (indicator
kriging)= a4+ 7+ wj & 9] v]E&(categorical pro-
portion)©] F 23}l o] H]-&-2 SKUA-GOCAD W
oA BERFS Sl Atz o] ALt A3t
YA AL AR} o7 Alo|7} Y| wEo R &
SE e s T8 62 99RA, 728914, 2984,
297 ANE AR 2dF Fool EASIAT
THOA HehAlu] BE Ao A AEA mefjol &
A7t AR Aoz veid 1 Al A=}
JolsHA B Aol M FEH R g a3 F
St tip S A HolA = BEE o= AdERt
Z| A o] Wjg| e ao] B oz oS AlY
A a1 A 9jo]l 2X)7] W2 o2 wE.

5. X|st 222 Znt

WA A3k mAFe] %A A7) Al 5B welA
A} 2ol AW RWYo| )Y B ANE
Y A EER A F WE ApE S

£ 8 AR(FA FHA QY F 27 9Ee]
Wt shgom, 7 A3k 1Y 7t gk 2y 2

Volume fraction [%]

Statistical value

Silty Sand Sand Gravel Weathered Rock Total
99th percentile 41.40 41.20 15.10 2.30 100.00
72th percentile 37.10 43.90 16.50 2.50 100.00
29th percentile 38.50 40.50 18.10 2.90 100.00
22th percentile 39.50 42.30 14.90 3.30 100.00
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Fig. 6. Category model of (a) 99th realization, (b) 72th realization, (c) 29th realization and (d) 22th realization from
]

sequential indicator simulation.
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Fig. 7. Spatial distributions of the hydraulic conductivity of (a) 99th realization, (b) 72th realization, (c) 29th realiza-

tion and (d) 22th realization.
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Fig. 8. Spatial distributions of the hydraulic head of (a) 99th realization, (b) 72th realization, (c) 29th realization
and (d) 22th realization.
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Fig. 9. Spatial distributions of the Darcian mass flux magnitude of (a) 99th realization, (b) 72th realization, (c) 29th
realization and (d) 22th realization.
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