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Analysis of Groundwater Flow due to Mountain Cutting

AW A Byung-Sik Chun, 713", Sung-Soo Kim, &%1%3”, Jin-Young Kong, 7% <?, Young-Il Kim

D ghokrjetnl et E¥-3-&w} ulAlbA, Ph. D. Candidate, Dept. of Civil Engr., Hanyang Univ
Y ghoFj el 8kl EXgdtal AJA}abA, Graduate student, Dept. of Civil Engr., Hanyang Univ.

SYNOPSIS : The purpose of this study was to comparatively analyze the measured values and modelling
values when a sample mountain was cut and thereby, assess the fitness of the prediction model. For this
purpose, the researcher analyzed the relationship between the groundwater levels measured at 7 monitoring
holes set within the area of the underground flow prediction model and the levels of the groundwater
monitoring holes before and after mountain cutting. As a result of this analysis, it was found that the
MODFLOW program itself was limited and uncertain in terms of calibration of the modelling values. Since
the model was based on the assumption that the same amount of rainfalls would permeate into the ground
when the sample mountain area was cut up to 50m high, it was deemed inevitable that the result of

modelling was different from the actual measurement.

Key words : Mountain cutting, Numerical analysis, Groundwater monitoring, MODFLOW
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Visual ModflowE ©]-&3to] E4at= 21& 8 W&om Ad45 T35

T 5SS B3] galide AeY 5324 %(contour map of groundwater level)” %!

A(flow net)& Astro F&58E, A8ty Fes&s, AT 7% 5o A4 F83 <

P AE -39 Aot WeS T wdE A sk feAdd Y AujEER o]FE JdF

7] §Jeke] 3aHY FEAE Ay s EEel MODFLOWE o]&38t3ih, ey Az Ry ke 4d
TAZ 4 HE dF3T)

-
192 e
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1( - oh 1( ”%)+i( u@)i =5 )
ox ox | oy\ Woy| oz 0z ot

ANA K, K, K = AnfEAe] 53 TrA%50 Faawael $A8 49 xyz $aelA
FrAgelal he Ao 5%, W Ak 3y visd, S tedxstuAe] HA 77
T, t= ARt

A o
g ool Aske fFrEALEe] gt W soz FAE FAE e FehA 9l FRE
54 Z2AGANANA Adtrfrss EAbsks A3 Az oR o] FolA lom, RHe FE
st7] flsliM = sl Al 2 Aol A e FFgks Altsior gtk o] Aol hdgk ANTIHE ARE-El
A Ve £RE FHALY G4E BEE FE Atk ol F9E A4sHe e g

e A ANH S A BrhssEz 2R 97 Al WS B FAE YE
of A gojolrt ek el A1 Fol sk fRALRORA, A BAHE AEAsge T
A el A el Bk A5l fagel odd wANT RE E@S5e olfd ASe] SEgAE
8 ALkE FEE wAET of#HA ALHA xdE AY dig AERAA Y e 54 A7 Aol

A 4 Aok S 1A Adel A

YO =8-"AV (2)

A7) A, QE AL B9 FEE(LIT ), S HARAF, AVeE Ao AH(LY), Ahe N
o] Zol7k AtQl Here] FFwsh(L e},

Al A AAA SR o] &H I = 3AY A f5 3 EE& FEFLOW, PM, MS-VMS, GMS,
GW-VISTAS % Visual MODFLOW®} & ofe] 7k ®do] qlovt A 7Hg HeH s T2
1983 m=EFA A FXAFAY Michael G.  Mcdonald®t  Arlen W.  Harbough?7} 7|38
MODFLOW(Mcdonald$} Harboug, 1988)o|thE-AA =, 1999).
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AFZAE B A ASHHE gtotsta, FeREt B e s et AT e Al
deor offstuA AASith. AF2AL A3, 2AASGY] ASEE dHe @ AxHoziE vy
T, HA4F, 3, V16t o ® REFHo] glon o5 gokshd x 13 #rh
X 1. AIFEAR 23t

5 - 45

B3 5 S8k Lls:

2u E(m) A EEB T ITIE R 19kt | Al(m)

TB-1 2.0 - - 1.1 6.4 1.5 11.0

TB-2 4.4 - - 4.6 4.0 1.0 14.0

TB-3 2.8 11.0 3.4 1.3 - 1.0 19.5

TB-4 0.7 3.5 - 6.0 - 1.0 11.2

TB-5 0.6 2.8 - 4.0 - 6.6 14.0

TB-6 0.3 4.4 - 10.3 - 2.5 17.5

TB-7 0.8 1.0 3.4 10.6 - 1.4 17.2

3.1.2 X|5l+¢ 2=

Yusd dEs du2 AFA A At A5 AGedA 719 &S5
= 2 = 2 ZAMEIIE 7 20H, HE AF9 A5 A
éﬂ}% E 37 . dofl edxk e Ak M dgH Ve ® 5.15~16.6m=, 4
EX= 5.05~1647Tm=E YEIRT #5549 =370l 11.0m~19.5m= =& skt

du = AgA vE#AARZ YeEldH(Hoeksema and Clapp,
1989; 448 %, 1999). —“5: OJ%LOME ol AP S AT T = JJHIH 1 FHF).

& B350 Aaeoe AAHoR e

alaldet. 53] oA AE wE ?ﬂ‘é?
A et AEo| 9§ X549 W=

Hiﬂ

oon e H TB-1 | TB-2 | TB-3 | TB-4 | TB-56 | TB-6 | TB-7
= ARk (m) 14.2 6.9 7.0 10.2 20.1 12.2 8.6
12 (EL.+) 11.1 5.6 4.8 5.9 16.8 5.7 6.3
(6.25) (GL.-) 3.1 1.3 2.2 4.3 3.3 6.5 2.3
90034 22k (EL.+) 11.5 5.9 5.5 7.1 16.8 7.2 6.9
= (8.29) (GL.-) 2.7 1.0 1.5 3.1 3.3 4.9 1.7
3¢ (EL.+) 11.3 5.6 5.3 6.9 16.6 7.0 6.7
(10.25) (GL.-) 2.9 1.3 1.8 3.3 3.5 5.2 1.9
12t (EL.+) 11.4 5.3 4.6 6.8 17.0 7.7 6.6
20044 (5.31) (GL.-) 2.8 1.6 2.4 3.4 3.1 4.5 2.0
= 2k (EL.+) 11.5 5.5 5.3 6.6 16.3 6.6 6.4
(10.28) (GL.-) 2.7 1.4 1.7 3.6 3.7 5.6 2.2
20054 12} (GL.-) 11.0 5.5 5.3 4.3 16.5 6.1 6.2
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(2.23) (EL.+) 3.3 1.4 1.7 5.9 3.6 6.1 2.4
27} (GL.-) 11.3 4.6 4.9 5.7 16.9 7.2 6.5
(5.19) (EL.+) 2.9 2.3 2.2 4.5 3.2 5.0 2.1
34} (GL.-) | 11.6 5.6 5.3 6.2 16.9 6.5 6.7
(8.3) (EL.+) 2.6 1.3 1.7 4.0 3.3 5.8 2.0
42} (GL.-) | 11.6 5.5 5.4 6.0 16.5 6.6 6.6
(11.3) (EL.+) 2.6 1.4 1.7 4.2 3.6 5.7 2.1
12k (EL.+) 10.9 5.0 5.1 4.8 16.3 5.7 6.4
(2.23) (GL.-) 3.3 1.9 1.9 5.4 3.8 6.5 2.2
2%} (EL.+) 11.7 4.8 5.0 6.2 16.9 6.1 6.5
2006 (5.%1) (GL.-) 2.5 2.1 2.0 4.0 3.2 6.1 2.1
34} (EL.+) 11.8 5.1 5.3 6.8 16.5 6.6 6.4
(8.16) (GL.-) 2.4 1.8 1.7 3.4 3.6 5.6 2.2
42} (EL.+) 10.6 4.9 5.2 5.6 16.0 5.8 6.0
(10.31) (GL.-) 3.2 2.0 1.8 4.6 4.1 6.4 2.6
1%k (EL.+) 10.7 5.1 5.1 4.9 16.1 5.3 6.1
(2.23) (GL.-) 3.5 1.8 1.9 5.6 4.0 7.0 2.5
2007 22 (EL.+) 11.1 5.3 4.6 4.4 16.5 6.5 5.4
(HE (5_?1) (GL.-) 3.1 1.6 2.5 5.8 3.6 7.5 3.2
o) 32F (EL.+) 11.6 5.4 5.3 6 16.9 5.5 6.5
e (8.23) (GL.-) 2.6 1.5 16.7 4.2 3.2 6.7 2.1
42} (EL.+) 11.2 5.1 5.2 5.2 16.4 6.1 6.3
(11.15) (GL.-) 3.0 1.8 1.8 5.0 3.7 6.1 2.3
Al 20 - HE A J_gl}QO— e =
3; Y= 0.8613171257 + X -1.539253985 TB-5 f
o R2=0.907108 T Y= 0.877549782 + X -2.215277533
A 16 e 9 46 | Re-gsaoes TB-5 O
(m) (m)
12 12
8+ 8
TB-2
4 4 4 - TB-3
0 ‘ ‘ ' | ! 0 ‘ . . .
0 5 10 15 20 25 0 10 15 20 25
ALt (m) HEHT (m)
a7 1. #539 R aEe}t Askrele] #A
® 3. A7AY HE A5 Ashse) W
TB-1 TB-2 TB-3 TB-4 TB-5 TB-6 TB-7
3o 14.2 6.9 7 10.2 20.1 12.2 8.6
HEA 11.36 5.29 5.15 6.06 16.60 6.52 6.47
HES 11.16 4.74 5.05 5.12 16.47 5.38 6.08
TH1Akel -0.20 -0.55 -0.10 -0.94 -0.13 -1.14 -0.39
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Ao fFeAEe s T4 S FrATETFA A o8 dEstd 7 vk AFUEA
o 5T FrRATE o] HE ST AA A (slug test) o FFAF (pumping tes) O R
Aol =Tt ddAA o2 HAXNEE SFAAAE T dS5TolA HAAEHI oW, A
#H5T ANER Fiu = GRS TBL AHANA AA AT

sEAANGE sl FZo] 3m, Ao 4cm@l stainless steel A dummyE A2l o,

CTD-DiverE o]&3ste 1% @92 49 W3slE A3 =58 F9us #As5s 8 3% 2 2
W OAFE) o] obulk giEZel A A 87153 Bouwer-Rice 9 A4S H&ste] FEAFE Atelgith

[e]

Tr -

FREFANG Y} FFAPEA A BETAAN AEE EBRAFKEE Aesd 331x10 17
X

e EFAFEK) (F9] : cm/sec) 3 Ay qs 4
TB1 3.31x10°4 Pumping test(Theis) w3145
TB3 3.28 10 ° Slug test(Bouwer—Rice) IITRZE R

2SMO3 1.90 <10 ° Slug test(Bouwer—-Rice) 715
2SMO07 7.11x10°° Slug test(Bouwer-Rice) 714kt
2SMO8 2.95x10° Slug test(Bouwer—Rice) 715
2SM11 1.39<10"° Slug test(Bouwer-Rice) 7]kt
2SM12-1 1.70<107° Slug test(Bouwer—Rice) 7] dkt
2SM12 3.30 <10 ° Slug test(Bouwer-Rice) 7]kt

2 RdEe f3AEiA o R e Foled 2 AT A AREE AR = 60X60(7FE G XA

o Z FAEYoen ZF Axte] A7|E IR 49m, AlE 40m o|ti (¥ 2 %),

AFAFL FUAEGHOZ A FATH dFoz FAEHY v 85 Ade= il
HE QS XéfoL 2 b AR 7 F2a AT wEkA 15

st ﬂ‘%a}oﬂ A EE 50 mE& 9A X %

=] 399 FH AlH = FFFEEAGHBE X st 4 G FEA4
nay oo QR7 wEHA SHHTh o] w AlgH Ax+F(General Head)= X 63
o o3
= %

ol g3t om, AAAANAM S Conductance:= AA] A7|E 1ed3te] LG =d 213 23]
Al AkE T
KA K(wb)

. Conductance
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i

/day (F 93%)e]aL
88.92 m'/day (°F 7%)°]t}.
(2F 58%) ¢
AE S B 935hd,
71 Zpol
ddo Lo

i&oﬂélﬁkﬂlrlrﬂ_

R A=l

sk H wd

A T - =

Fom WA T, v

= AE A9

pu
a1

FFF4 7 A (Head Dependent Boundary)*e“
@A Eol& At
541.06 m'/day (°F 42%)@% w7 e A o2 YERT
g FrofFeko] oF 1,311 m'/day &2 HE Hrrth ok 30 m'/day =7}gT)
FF7F AERZ QdE WHrieg F9
&Fol T7FetR 7] Wil A Folth(89 m'/dayollAl 119 m'/dayo = F7}).

FTFEFY] 2= 0% o2& i 4o SR FYP S ofFiL vt ey, ol RAYS 3
AN EFA 7} HPS o] F+= A|7]E steady-state condition 2.2 AT YEly= Ao
, AAAA o2 YEelge AEkre] fY-F AR dAEtd AgeA] 28 T O]‘jr o] B4
AdE ot o4 HE & RE FYXASH 2o HE 9 19 AEg FYH FES
st Aolth, mebA] dEZE JAdE i e A7 BE o444 dE & A5kt b stE = A
M olggt A7 #8E o FA S T UTh
Fgeol A o] Bdlo] AAsh= W82 E 4.29F Aok AFUAAYG AAdA AFFR FYUEH=
k& 1280.95 m'/day oW o] F TRELS o] o3 MlEo] drky= Ao 7A 1191.3573 m'

B FYEHE o=
= A FH FAE 739.8817 m'/day

A (Head Dependent Boundary)olA ==

E 9. EFA EAZA
frdZ . &%
B CONSTANT HEAD = 0.6735 CONSTANT HEAD = 541.0625
C HEAD DEP BOUNDS = 88.9153 HEAD DEP BOUNDS = 739.8817
;ﬁ RECHARGE = 1191.3573 RECHARGE = 0.0000
TOTAL IN =1280.9460 TOTAL OUT = 1280.9441
IN - OUT = 1.9531E-03
PERCENT DISCREPANCY = 0.00
- CONSTANT HEAD = 0.6824 CONSTANT HEAD = 540.7143
; HEAD DEP BOUNDS = 118.5386 HEAD DEP BOUNDS = 769.8543
= RECHARGE = 1191.3573 RECHARGE = 0.0000
o TOTAL IN = 1310.5782 TOTAL OUT = 1310.5686
IN - OUT = 9.6436E-03
PERCENT DISCREPANCY = 0.00
4. 4 2
2 AT E 004 AE wE 004t ¥ FHA ] Aol WS HAfste] 1 JFS o535k,
HE 4855 AS3 vu BAsg o 1 Axs Qokstd o33 2o
D AsAE 2003~2007d0 B8 FdA 7| #FeRa 2 PS5 STt A5
durxow ezl H= APAATL e AR BAEHJY. S, A7 el wek vl
A A A YERFES Holal Jglow o] ZHE RAMX A tg ARl Aoty HEE FF
A = Qda o]t HAA A5t e BEE Ao E FAMSHA YERRETE
2) O04HS % 50m7HA] HES So|k gii-Fo] AS5FolA A5t Wl 27 &&=
o SH At AT TB-5 #FAo] X3t BEAA G THEHF A oA 3.3m HEY 9
ZAat7b olSE AT shARE AA] AEAS ST Fov= ALY FoAstEtE 97 2.8m
THE Aoz ASHUY. o9 & F—%“% A= MODFLOW Program AHAI7} 7FA 3 ¢l Al
kg, BAF A3tE HASIE Aol A Egddo]l iAol v Ao® AlgHm, Fgk 004t
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A2 50m LETHA HES Tow AEAI =

WAH lomz A5 e 237t BEE AR Al

TEHEQ00D), “PFTEFA B E FAE WYAWS A AT TSt Harehe =i
A3E, FAZ, &, A, 813 (1999), “EBdd oA WFFe] Ads fEwAdl ATE A
71¥e] &8» X AFEE A, 9, 147-159

31 A

Hoeksema, R.J, Clapp, R.B., Thomas, A.L., Hunley, A.E., Farrow, N.D., and Dearstone, K.C. (1989),

"Cokriging Model for Estimation of Water Table Elevation", Water Resources Research

. Mcdonald, M, G. and Harbough, A, W. (1988a), 4 modular three-dimensional finite difference flow model,

Techniques in Water Resourse Investigations of the U. S. Geological Survey, Book 6.
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