Development of transient groundwater flow model in Pyoseon watershed of

Jeju island: use of a convolution method

MK BE KB

B R PR, KR B Bl

S/
i)



AFE BAFY Aty AR 29 A
A2

Development of transient groundwater flow model in Pyoseon watershed of

Jeju island: use of a convolution method

frEZde AR &

o] S PEEME BN
A oKam Lo =2 fRH

¥iey )
A~ HR B R R BB
W ERETRHE R KEE B B

ST )

o B

Collection @ kongju



oF
=

7] ‘//%

(5710

o
=

2013. 2.

i

]

i oK

n

(FlI)

il
¥

e

(HI)
(FJ)

il
¥

e

g
L

e

N

Collection @ kongju

PR



LlSt of Figures ...............................................................

LlSt Of TableS .................................................................

OL:]‘:|11;]H7§ 1;’_; %Z_—]} ..................................................................
Convolution% O‘I_%ﬁ_ X] ‘5‘]__{[1 6];]'—001:_1?41%1 ...........................

Convolution model 7‘:131]_ ......................................................

SEBAIEART - AN A

=~ W oo

Collection @ kongiju



V.

3 7@ %E/\]’ ..................................................................................
31 AT TAL Z T oo
32 FLEl B crrnsnnsiiisiiiissssasssssssssssssssssnss

4. Convolution 7|H < A L3 HAFZFTHE i
4.1 u]ﬁ%% /gxé ........................................................................
4.2 Convolution model®] QB A} e

A2] BIEBFT ST oo
422 BAFAZR0} BFOFZ D oo
423 Z322TE N AIGD ZFR oererererremrerseiseeneeeeeesaee
424 A Sl AN NN DI S o oo oo eessesovssssessusavasssasissessussassassass
4.3 Convolution model Z T e
FRRN LSS o i W Nl
4.3.2| SroER | Al WA 1L ..
4.4 Convolution model & & AT} o
4.5 a]@%% /Lxé .........................................................................
451 HIAFEE AL T o

Collection @ kongju



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

List of Figures

COHVOIUtiOl’l proceSSing. ........................................................................................ 3
The movement distance Of contaminants. ...................................................... 5
The comparison of simulated recharge time series according to changes

of unsaturated zone thickness: (a) x=10 m, a=10 m, v=5 m/day, (b)

x=50 m, a=10 m, v=5 m/day, (c) x=100 m, a=10 m, v=5 m/day. -+ 7

The comparison of simulated recharge time series according to changes
of dispersivity: (a) a=10 m, v=5 m/day, x=10 m, (b) a=100 m, v=5
m/day, X:lO m, (C) (1:500 m, V:5 m/day, X:lo [0 URRLERRL LR L PO PP PR P PR P PP 8

The comparison of simulated recharge time series according to changes

of recharge velocity: (a) v=1 m/day, a=10 m, x=10 m, (b) v=5 m/day, a

=10 m, x=10 m, (¢) v=10 m/day, a=10 m, X=10 m, wsseereeemsssereeemmsnceee 9
The location| 6f s RNt Aa T e LT o b 11
Flow chart of the groundwater flow modeling process. =««:«sswseeeeseeeeenes 12
Model grid of Stidy, ATCARLEALAREET . copr ol 14

Relations between head and flow for different mathematical

representation of the boundary condition: (a) constant head, (b)constant

ﬂOW, (C) hmlted head_different ﬂOW. .............................................................. 16
. Model boundary Condition Of Study ATEQ, rererrresrrrrssrmesennsstnestuanettttietiantienes 16
. The lOCﬁtiOl’l Of pumplng Wells. ....................................................................... 17
. The location of observation wells and imaginary wells. «eeereeeeeeeeeeee 18
. The regression equation for groundwater level of imaginary wells. --- 19
. Distribution of hydraulic conductivity of study area. «:::eeeeeeeeeeeees 20
. DiStributiOl’l Of recharge Of Study PN 0y THRRL R L P PP P PP PP TP PPEPPRITPPRTPPRRD 21

Collection @ kongju



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2.

26.

21.

28.

29.

Comparison of calculate water levels to observed water levels. = 22
Comparison of calculate water levels to observed water levels. == 24

Distribution of hydraulic conductivity of after calibration in study

Distribution of unsaturated zone thickness of study area. w-::eeeeeeeeeees 26

Rainfall series data of Regional Meteorological station: (a) seoungpanak,

(b) gyorae, (c) Seongeupl, (d) Seongeup2, (e) tosam. -« 28
The location of Regional Meteorological Office. =wewsremeemrremsmmmsenniinnniinnns 29
The location of groundwater monitoring network in study area. === 30

The ground water level series of observation wells: (a) OW-1, (b)
OW-2, (¢) OW-3, (d) OW—4, (e) OW-5, (f) OW-6, (g) OW-7, (h)

The correlation coefficient of observed head and calculated head
according to changes of dispersivity: (a) OW-1, (b) OW-2, (c) OW-3,
(d) OW-4, (e) OW-5, (f) OW-6, (g) OW-7, (h) OW=8. =erereesesesussnenns 33

The correlation coefficient of observed head and calculated head
according to changes of recharge velocity: (a) OW-1, (bh) OW-2, (c)
OW-3, (d) OW-4, (e) OW-5, (f) OW-6, (g) OW-7, (h) OW-8. -=eeeee 34

The comparison of simulated water level to observed water level: (a)
OW-1, (b) OW-2, (¢) OW-3, (d) OW-4, (e) OW-5, (f) OW-6, (g)
OW77’ (h) OW78 ............................................................................................... 35

Method of calculation for specific yield: (a) The regression line of

Observed Head-Calculated Head, (b) The gradient of regression line

aCCOI'dil’lg to Chal’lges of SpeCiﬁC yleld ......................................................... 37

Distribution of SpeCiﬁC YIeld of Study ATEQ, *+orverrrrrersrrnnserrnentetionitiiinieiianeene 38

Specific yield USed in the groundwater model. ........................................... 39
- iv -

Collection @ kongju



Fig. 30. The comparison of simulated water level to observed water level: (a)
OW-1, (b) OW-2, (c) OW-3, (d) OW-4, (e¢) OW-5, (f) OW-6, (g)
OW77, (h) OW78 ............................................................................................... 40

-V -

Collection @ kongju



List of Tables

Table 1. Change of Dispersivity and Recharge velocity. weeeeeeressmemeeseseesenens

Table 2. Data of ODSErVALION TWELLS wrrwrererererererererereeiereeisisistetssss et ssssssssesenns

_vi_

Collection @ kongju



or

nR

N

st 7t A

H ¥

Ao dojihA

Z}Fo] A

—_—

t
i

!

Nfo
)

—~
o

7}3k

ﬁo

]

!

W

7R FH 2 el A

A S

5|
pud

dl

3

A 24}

A

s

s A4

AAE =

o

=0

TR

file)

olo

o

T

W 878 A=A ol A

Br
oF

X

B

AT
fite)

ol

<

=
a3

)

ol
e

i
B

H] 32 3} o} 7}

o} ol

=
T

A”EA 7IHLE A

T AT wEA

Ton

~
o

A o2 & ez 7dE

S

8

=

ol

= vii -

Collection @ kongju



I A&

=
ZO

J)
—~
file)

AJr

it

o
=

gl oj &

s

4

-

)

7FA1 2 A tH(Memon, 1995; A& <], 2006).

H]

k.

St7 FAE Ao dHA

23!

o]

~
file)

= AAW A

A Ao Bl Esit7} ¢

d|

= uEA 24

-

7t e Aol o, vl

ol
e
—_

’

HA =, v

3|

ol
o0

fro!

&

—_
fite)

A
= AAA v AdFATel A

e
=

i A1 7EA] 9 (Time-delaying) ©]

o] 3

st =

2]

of

I

ol
5

FA AL

0
!

ol

ofy

ofy

A7 3] (2012)= AHEFA 7]

e

ATl A

TR

o

%

-1 -

Collection @ kongju



B & (Linear filtering) $14FA}

T T o] g f@)9k gt) 7t

ft)xgt)= ek

=

& Aol M= v 23

2. Convolution

ox

¢+

B

<
22!

]_

(1)

FF AAD ARE A

ft—7) « g(r)dr

o},

f() s glt—7)dr

— 0O
[ee]

/

e}

(o0

2]
=

R(t)=f(t) <g(t)

o

ZEA AL it

[e)

=

2] Convolution
(commutative)

PN
T

T
f

o
Mo

Ton
o)

i
fils)

)

=

’

S
1=

& o] 5 (Shift) A7l t}

3

py2

ey
T

(Reverse) A7l

A @9 2ol %

-
T

Fo}H(Fig. 1). WA ¢

4

T

Ag on

)
Mo

el

TR

T (P(t)el

(2)

f&)=pxP(t)

f)et ARFR] Anzg Aty

PN
T

!

AL
00

!

¢

—~
file)

1|

3t

floF

I

=
==

1:‘1_]__

= A0

g(t)

(3)

g(t)dt

(4)

A 2 = a4 @)

3|

&
=

=
=

-2 -

Collection @ kongju

— 0O




6

t115

o N R
G _
w we o T .
= Y b =
1c_yl 1_,/| ‘.,._J; 8 M_M . = 4 A
T w5 °
o o K ) !
O#E ‘m_.D M . N = B e
4oop o " . _
F_T o = - o -
i = B ,.wo ) = ~ T I Loy
— ~ = e o~ -
o 2 o= E =\ 12 Lo "
T o PRy - s : E
— & I
M_u T ﬁ = 2 N ¥
fi’o) X =y P S —t 1 LT
ﬂ 0 S| D H R I.r_
I e _xm = % =
I 5 - 2
w ° & _ i X ‘ :
- +
N UWH ‘mv_ﬂ = w0 o <
A= Moo 5
O
—_ L] n L
< e
R = I
o k3 — m + o+
:a‘_ Ho of < < — sy
CH . §
C o T E) " = g _
ey g . =B 09 - o !
_/rl C..* O_.ﬂ .ul — ﬁl ~ o~ ! b t"
Mo o5 © ! )
iod olJ x W ! 121
of T M A B g /1" & /T ! _
S — 0 ~+ = ~ i 4.
g — R o2ls ) ; I— Rl
ﬂwo E.E UWW + N
BRSO OW

-3 -

Collection @ kongju

Fig. 1. Convolution processing.



Fig. 2& &40 o

o] uf
Z/OO ne Cla',t)de (5)
M= [ M b, de 6)
f U de =1 (7)
=x—uvt® YJEd = A, zo] thete] mESH dr'=—wv e dt7} Y 2
(Dol de'S hPFstd 2 ()7 o] Agl=Ev, TS g(t)E 4 (99 2o
A o

(8)

9)

d, FFH = AAHSE FAA Folol doje "=
_ ey =] t
7Hgetel AE fEed Ay, HETEE A 103 2ol o= /20— < TH=
v
X E e 5 Sl

Collection @ kongiju



vt X

Fig. 2. The movement distance of contaminants.

-1
1 v
gt)= 7 .« exp|— h
20— X /271 4a;
v

of W i WEHY FA, ol Y

(dispersivity)S YERATH

_5_

Collection @ kongju

(10)



3. Convolution model Z2 3}

Nr

—

10, 50, 100 m= ® 3}

H FAZE FAS el wet

|

__O_

10 m=

FAE

B

5 m/day, H]

LA E 10, 100, 500 m= ¥ 3}

ko3
T

7+ 37

B

jruze]

|

AL
OO

Ton

PN
T

5

Fol AAWMA dojrt A

3}
=)

of wet

3}
=

PN
T

%
R

43

A

;OE
Hr
o

0
i
tHo
e

o
i

st 7

hyA
-

BT L - SR . |

1, 5, 10 m/day2 W3}

A =
=5

oF

3}
=

ko3
T

ol

o

o, B ATl A

ox

i+

s
iin

ofy

2]

steh 7t FAA

bl o,

S

H ¥

1l

g

_6_

Collection @ kongju



30 -~ 0 =
> a D
] - 1005
S - g
£ - 2005
3

G) ~~
S 45 300§
S - 400
< A 2
0 T T T 500~

0 100 200 300 400
Time (day)

30 - -0 o
5 ®) 3
] - 100
g - g
£ - 2005

3

q" ~~
o 0 300§
F - 400
Q

o <
0 I T T 500~

0 100 200 300 400
Time (day)

30 o/ 0 =
> C )
§ - 1005
g - g
£ - 2005
3

q" ~~
o 300g
F - 400S
& <
0 T T T 500~

0 100 200 300 400
Time (day)

Fig. 3. The comparison of simulated recharge time series according to changes of
unsaturated zone thickness: (a) x=10 m, a=10 m, v=5 m/day, (b) x=50 m, a=10 m,

v=5 m/day, (c) x=100 m, a=10 m, v=5 m/day.

-7 -

Collection @ kongju



o

el @ . &
> d [0)
S - 1005
= | C.
£ - 2003
5
Q’ ~~
> 0 3005
G - 400S
& A 2
0 T T T 500~

0 100 200 300 400

Time (day)
. 30 (b)i 0 o
> D
S - 1005
= | =}
£ - 2003
>
QJ ~
5 0 3005
=

3 - 400
o &3
0 I T T 500~

0 100 200 300 400

Time (day)
30 = 0 o
> C o
S - 1005
= | C.
£ - 2003
>
QJ ~
5 0 3005
=

& 2
0 500~

0 100 200 300 400

Time (day)

Fig. 4. The comparison of simulated recharge time series according to changes of
dispersivity: (a) a=10 m, v=5 m/day, x=10 m, (b) a=100 m, v=5 m/day, x=10 m,
(c) =500 m, v=5 m/day, x=10 m.

_8_

Collection @ kongju



50
40
30
20
10

Recharge (mm/day)

(@)

0 I I I

100 200
Time (day)

50
40
30
20
10

Recharge (mm/day)

0 \ I I

100 200 300
Time (day)

50
40
30
20
10

Recharge (mm/day)

A

400

(©)

0 I I I

100 200 300
Time (day)

Fig. 5. The comparison of simulated recharge time series according to changes of

recharge velocity: (a) v=1 m/day, a=10 m, x=10 m, (b) v=5 m/day, a=10 m, x=10

m, (c) v=10 m/day, a=10 m, x=10 m.

-9 -

Collection @ kongju

o

w N =
o O O
o O o

w) uoneydidaid

N
o
S

(Aep

Ul
o
o

o

gua Hh W N =
o O O O o
o O O O o

o

w N =
o O o
o O O

w) uoneydidaid

Jw

(Aep/ww) uoneydioaid



)l

—_—

ﬂAl
it

R

o

4r

A7 o]

0

il AH(A A oF, 2009).

N

A

1990 tf o] %

AFzE

o

7l =
=X

AFEe] 7)uket

—_
fite)

F7 250~300 mel

5]

i<

9]

82~145

=]
T

a3

3

SR AR v H e A

=0
o

o

’

8 e, AR

oH
mk
B

=0
S

oj¢feow FAH UTHLIE 2, 2000). &

ol
=

A} o] o

ol

B

—_—

0
ar

B/

(Fig. 6),

o]

oF
=

&

2 4] ool A
R

!

hyaloclastite”}

s

-
X

HA1aL, A 7E WA &

o 7bAA HHEo}A]

T

[}

-
e

RS

o
=

1+ To2

3]

=3
o

B
i)

—
fite)

A9, 2005).

FA A4

g

AT

(s

., — 10 -

Collection @ kongju



Fig. 6. The location of study area.
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Table 2. Data of observation wells.

Well name TM(X) TM(Y)  Elevation(m) Depth of well(m)
OoOw-1 Sinheong3 177348 30729 30.6 35
OwW-2 Sehwa? 181765 30616 58.1 186
OW-3 Hacheonl 185063 32652 25.8 136
OW-4 Hacheon?2 183481 33475 58.9 180
OW-5 Hacheon3 182073 34175 87.5 186
OW-6 Hacheon4 180387 35310 118 230
OW-7 Gyorae?2 168797 41823 439 480
OW-8 Samdasul 169308 41625 440 400
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Fig. 23. The groundwater level series of
(c) OW-3, (d) OW-4, (e¢) OW-5,
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observation wells: (a) OW-1, (b) OW-2,
(f) OW-6, (g) OW-7, (h) OW-8.
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Fig. 25. The correlation coefficient of observed head and calculated head according
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Fig. 28. Distribution of specific yield of study area.
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ABSTRACT

Development of transient groundwater flow model in
Pyoseon watershed of Jeju island: use of a

convolution method

Seung-Gu kim

Department of geoenvironmental sciences
Graduate School, Kongju National University,
Kongju, Korea

Supervised by Professor Min-Ho Koo

Groundwater level hydrographs from observation wells in Jeju island
clearly illustrate distinctive features of recharge showing the time-delaying
and dispersive process, mainly affected by the thickness and hydrogeologic
properties of the unsaturated zone. Most groundwater flow models have
limitations on delineating temporal variation of recharge, although it is a
major component of the groundwater flow system. Recently, a convolution
model was suggested as a mathematical technique to generate time series
of recharge that incorporated the time-delaying and dispersive process. A
groundwater flow model was developed to simulate transient groundwater
level fluctuations in Pyoseon area of Jeju island. The model used the

convolution technique to simulate temporal variations of groundwater levels.
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By making a series of trial-and-error adjustments, transient model
calibration was conducted for various input parameters of both the
groundwater flow model and the convolution model. The calibrated model
could simulate water level fluctuations closely coinciding with
measurements from 8 observation wells in the model area. Consequently, it
1s expected that, in transient groundwater flow models, the convolution

technique can be effectively used to generate a time series of recharge.
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