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Interaction Between Groundwater and Stream Water Induced
by the Artificial Weir on the Streambed
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ABSTRACT

This study investigated the interaction between groundwater and stream water systems, which is caused by the artificial
weir on streambed, enforcing external stresses on the groundwater system. The study area is in Nami Natural Recreation
Woods located in Chungcheongnam-do Geumsan-gun Nami-myeon Geoncheon-ri. In this study both of hydrophysical
methods (hydraulic head) and hyrdochemical investigations (pH, EC, major ion analysis) were applied. In order to identify
the relationship between each of study results, cross-correlation analysis is performed. From results of hydrophysical
methods, water level fluctuation at BH-14, installed by the weir, shows the double-recession pattern much more frequently
and much higher amplitudes than the fluctuation at each of other monitoring wells. Using the results by hydrochemical
investigations, hydrochemical properties at BH-14 is similar to the hydrochemical characteristics in stream water. To
analyze the interrelationships between the results from each of applied methods, cross-correlation analysis was applied.
Results from the correlation analyses, water levels at BH-14 and stream weir showed the highest cross-correlation in
hydrophysical aspects. On the other hand, the correlation between stream weir and bridge was the highest in
hydrochemical aspects. The difference between the results from each of methods is due that the hydrophysical response at
BH-14, such as water level, is induced by the pressure propagation-not with mass transfer, but the hydrochemical
interaction, caused by mass transport, takes much more times. In conclusion impermeable artificial weir on streambed
changes the interfacial condition between the stream and surrounding aquifers. The induced water flux into the
groundwater system during flood period make water level at BH-14 increase instantly and groundwater quality higly
similar to the quality of stream water. Referred similarities in both of water level and water quality at BH-14 become much
higher when water level at weir grow higher.

Key words : Groundwater-surface water interaction, Artificial weir, Water-level fluctuation, Major ion analysis, Cross-
correlation analysis
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Fig. 1. Site map of study area (KIGAM, 2005).

22, AAHIEEY

AAE B Oies AHe] FERAEE 52 B
2 Fepdsl tigh g gRgle] AR =
g Aslre]) oz i disroel tigk olElE Al
SR AolthBox et al, 1994). 2 ojW A&l A2
EUO R 7 W] NS whEeRts sialehe Sl
th o] AAIES veliE F 5 ). et A
tar & w), F 3R AT Cus vt 2
o] Ae] FkBox et al., 1994).

N-j
1 N
I 2Dt j>0
i=1
Cfg: N (]) A:Gf‘ Oy

=S Ri=el) j>0
i=1

Ji#8;
o710 AAIE = F2R8ol sdshe AlAIgolal ¢
& sppage] o) WSS LehRE Aol o A

36-03-03.36N / 127-22-59.11W

A @] FFAA0IAL o= AALD oo FFHAIH, j

= AT A(time lag)olth. 4534 = F AAIE #

B7re) 45 oEAS VR, time delay(t =03} Hdld

Atele] AlzEaL = E8F SJu]elA] 1 Aj2E 9]
i

ATolME A5 AuZe] ARl s dat
3 FHE RS 0|83 3HFS, As9l, A5t
4, R 4 357t 357333 8<(Cross-correlation
Function)2 AN 1 AATAIS dolelydt). o2 &
8 7} Amae] BAN JB9e WHe s, w8 wat
= Alsl=-8kd4 &3l (hyporeic zonePll A YER= 4=
AWzt 545 AAIEH R qstaat st

3.4 o}
3.1 X|5l59] - slE4e| HE =M
A7 29 Wshs A4 B A5, Fig
2) A g5l o]F T FHIS RoFE A

Journal of KoSSGE Vol. 12, No. 2, pp. 9~19, 2007



12 =% - e - A
HEZQl Wslo|c}, 1eu} FUER AR} o] Aol 5
A

A3 Sk AR EYER ARl 2F 58,0004,
220,0005, 290,000%, 320,000%, )] Al7tollA 9]
H3} P o FAPES Hol T itk HollA
B3AR1 Aslrmslel WEst Alo)lds Jehdtt =,
oF 58,0004 £le] A AlRelA F43] s3] A1z
gk A9l H AAHE A oF 60,0005-2] 72 Al
2 el27 174K FAH HAsle HEE B §)

0
&0
T
E
g
% 40
©
-]
=
a
» |
o I |l ‘ .‘l N u{
0 100000 200000 300000 400000 500000 600000
elapsed time since 2004.10.25{min)
Fig. 2. Daily rainfall distribution in Geumsan area.
30 S e w
ﬁi-ﬁ.
=osglt L L1 - 1 L] S T - 30
g T .
EEEEEEEHE SRR TR 4
Em Wl RN R T 208
T — o i - ~ -
g w 10
so L1 I|J|. Lol o) b 0 O I lh- L.‘]...‘.h Ll Ll Ly
0 100,000 000 300,000 400,000 500,000 600,000
Elapsed Time (min}
(a)
=0 EEEEEEEEEERRERERECS 40
T 450 ' | 30
E 0 | | 1 »E
T | |'F 5
Smm\" R - \\'_\J e i
ol ke L e el i] TV 1T T TR T
0 100,000 200,000 300,000 400,000 500,000 600,000
Elspsed Time (min)
(c)
250 =--—0
(Bueam (Wein)|
| I I I =
F 150 b . e Feotee 30
= L . il ‘ 1 . | £
: Ll ] . L1 i 2
g =0 10
gso LLL LRI L L e L] el ol 1 LT L l.ll. JL.I._.IJ.. Ledl i Ly
100,000 200,000 400,000 500,000 600,000

300,000
Elapsed Tive (min)

(e)

Ry

Observed Head (cm)

Observed Head (cm)

Observed Head (em)

!

- 8A - 559

oF, o] NS AN Askrglel B ATt 74
3 Ealshe HES WALk Fig 3= GAIHIWIL of
ZRRPIE 1 597} 9T o shhe) A1 e
al ke Uekis, e o) ZERRe 59 4 A
708 712712 RS PHE ek, 712719 4
o wske f3ARe) Wsll He Xsrakas A
o) 27 Wgo) o) Aow FAW 1elE 2 AR
& A APREAR] SAR A7) Bhle) 59] 270
ofall Uehtt Haloln, nlwA kg s1gv) As
o] PAfERel oldt B Be 4 9lTk BH-9

@

Direct run oflf

D
- i - ‘-
; X W '“_‘_J\__'J‘:\-..,:E f'_:_l_d__——-
} \.t\ \l \

o b MI, -
- ] o —
—— L

Fig. 3. Example the double-recession pattern.

:l:s-:u‘
7 A S S ¥ 0
. . E
0 , | g I E
Cor SV T L RN ‘g.
240 10
150 LLL I|J|| L -.a....l.....|| [.I- WO Ll ok Lo Ly
0 100,000 200, 300,000 400,000 500,000 600,000
Elapsed Time (min)
0 %0
ﬁ-ls
350 1 RImIBE] 30
=0 = — wk
F
150 R A ) PPN
MITATI RN T TR IJ.. Lh, il.lh...JJ. M.
0 100,000 200,000 300,000 400,000 500,000 800,000
Elapsed Time (min)
=0 —r 40
fSueam (B
150 ! I 0
=
) | | [ E
50 Sh Y nE
uf| g
Lt L]l 1 3
50 10
asolbi il L LA L] ol il L | 1l Lh. .i.IJ.l...‘.lal.u..L Lo Ly
a 100,000 200,000 300,000 400,000 500,000 E00.000

Elspsed Time (min)

(f)

Fig. 4. Hydraulic head fluctuation at monitoring pointss; (a) BH-9, (b) BH-13, (c) BH-14, (d) BH-15, (e) weir, (f) Bridge (red line :

hydraulic head, blue line : rainfall).

Journal of KoSSGE Vol. 12, No. 2, pp. 9~19, 2007



g QlgTREe] s sl Mg

o

739 oF 58,000, 222,000%9] F FIloA] o)FE|Y
FFs Holw, UmA] F1loxe GIE—-IPES 1l
o} BH-132 4] Z&5°] Yehe 2] A1 of
58,000%, 17,000%-, 222,000%-, 240,000%, 260,000%,
290,000 Wjele] AHAIZINA olFE S PFES BTt
BH-149] 9% BH-137} Zo] $9Vdso] Yehh= 4
HAZIoA o|FESFdo] YeRdT) BH-15= <F 58,000
, 170,000%, 225,000% W<]e] A1z A 0] FE|FY
4 —% B3}, olwf Z7] EJFdolre] As9] 35
9 3P} Fo] SR HA HE tA] F 7S] 1F
oz FEE 4 vy WA BH-13% BH-14 #=AY
7BAE 7] HaollA Aalrele] s B 3 Fo] 1
m °ABH-14= ¢F 1.2 m, BH-13& °F | m)e] ¥}
5 B F= 25 YA BAeIXE 7] Ed
A At s 9 s Fo] 20 em WH]e] 49
HSE-S HolF= 2508 FREQlthFig. 4 Ak
Aol el eHss el 1eZ). 53k Hel i
(BH-14, -1510142] 49148} sjele s, xs}
BH-149] =¢H3} s 1 WkS Aoy 985 =
oA w9 FARSE IS vERICH, diFEe] 49 st
734 o1FE RS BTt vhd BH-159] 9= Ry
BH-149} ¥RSAI-oAM= fARSE ¥h-5 Byov 1 4
SZo] zpom, 7HHH 07 o|FEYPFIS YA

o

3.1.2 3K FrEESAEY
£ A7AGe sdgelel wet F103lo] A4 f=%F
A519.0™, Table 13} Table 2= & A7x|9e] 35}
A7 2 shellA 2R AR sEfE
A5k Aot} Fig. 5& slzVdHe} telolla =4
< vlawsle] vERd 22 djte] HEC] T4
7IF0 R %) 3EAlol| tElollA B3 kol
Eﬂ iﬂl UehdS & 4 Stk weba B AFAH9Y 3
Zlo] slR=E 7FA Aekr] ZIAR=l osliA frol
Sdch=l=s }{?J—% & = Ut} T3 Fig. 6(3Fd o
2] AHAMY FEEhe B o] SV AFIA
A 9] WEA AR GLEYPFES Hole A
A3} o]FERIYES Kol AlFo] EE] YRt

va

o

o dt o
(o

f
IN'

o
[o :10_1

AR HEAR R B 2 BT
25l o3 Asrahas Eglel BT B 915
of Aakr B salse] Faole FE wsjel @94

Alz=Eo] Fe Ak 13

Tabe 1. Result of measurements of flow rate at bridge

Flow rate Head  Velocity Area

DATE — Time =) (em)  (emis)  (cm?)
79 062 14:00 9615 197 760 14,625
79 088l 1145 4941 171 409 13952
79 09 12:00 4893 172 549 10310
79 09 16:30 4893 20.1 770 11,000
79 102 112 9572 236 735 15075
79 119 1543 251,841 438 7214 40,400
790 1290 11:10 56340 315 2649 24610
79 129 1545 44138 265 2370 21,550
79 139 1545 17,593 241 1304 15610
79 27¢] 11:08 748 148 166 5220

Table 2. Result of measurements of flow rate at upper stream

Flow rate Head  Velocity Area
(t/d) (cm) (cm/s) (cm?)

74 062 14:00 9,017 13.9 22.7 4,590

DATE Time

74 08d 11:05 3,305 11.8 10.8 3,530
74 09 11:25 5,056 14.5 15.4 3,791
74 09 14:00 6,587 14.9 19.4 3,940

79 102 11:40 18219  21.0 387 5,455
79 119 14:50 252,883 485 1208 24225
79 12¢] 11:52 45650 252 60.7 8,705
79 12¢] 15:07 37369 235 552 7,835
79 132 16:00 13,600 17.7 285 5,515

74 279 12:05 1,062 79 7.8 1,575
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Fig. 5. Comparison of bridge and upper stream.

H3lE ARt @8 A 2AMEH F pHY| 2
F= Fig. 7@l YERIAAL, ECEATE= Fig. 7(b)ell AA|

Journal of KoSSGE Vol. 12, No. 2, pp. 9~19, 2007



=
to
HN
o
=
o
ox,
ﬂﬁ
o
N,
%
i

(s}
o

Fig. 6. Discharge of bridge.

a0

BH-9
#—BH-13
—&— BH-14
—¥—BH-15
—¥— Weir
Bridge
—+—Upper sir

80

70

60

(=] (=] o (=] (=] f=] (=] [=] f=] (=) [=] L=
o™ o o o™ [y} o o™ o o o o o
& L A L d sy b e s &
— - - (=} (=1} L=} (=} [=3 L=} (=} o L=}
d & & b b b o b b b b b
(=] (=3 o (=3 (=3 f=3 (=] (=3 f=3 (=3 L] f=3
& 8 8§ &8 8 8 8 &8 &8 8 & 8®
(a)
160
140
120 BH-9
— = BH-13
g00 —A—BH-14
@ ¥ | ——gH-15
=80 " N —e—weir
60 Rt m e 2& Bridge
"l ) L —+— Upper str
P il 3t e\ K
40 2 L o
B 'T
20
AR R
e - & 5 88 32 8 8 5 8 8
T T S S S S S
o [=] (=] o [=] o [=] o o [=] o [
o (=3 (=3 o (=1 o (=3 (=3 o (=1 o f=3
o o~ o~ o~ &N o o~ o~ o &N o~ o~

Fig. 7. Temporal variation (a) pH., (b) EC.

sllom ALH Aoz ARAF}t Vs rEE
A5t I EAGT ZAF A7) kAl pHeF ECY
SA7ko] il AslralA] MR thE wsleds U
WAtk WA (2)9] pHl tigk ZAME7} Tgj=s B
pH6.5~8 Alolollx] Z5-o] FaJol Js wislsl= Zo=
Hola, #SH7 & AJolHo] =zl FA|NE kAo
2 397t Nakrrt vk W A4S ®oln) gt
BH-14 T2 lee} 2] ahle] vishitat fAleh B
< pHEEE YR St (b)e] ECEAHIZE B 4

Journal of KoSSGE Vol. 12, No. 2, pp. 9~19, 2007

4 7RESE A} Fof| Yehe ghellx] Hide= o
E S Holed WA BH-9= 4947HA] 2F 80~160
pS/emAtelell A & o] WalE Kot 49REH= oF
60~90 uS/em Ale|= o] H7|Rtel| HIEiA B s HSI
t}. mE3F BH-13S 9F 50~100 pS/cme] WH3E Holch
495E °F 50~80 pS/cme] W3S Ho|al, BH-14= oF
40~70 pS/cm Wjollx Wsksict 49%E <F 30~50 uS/
em® WH3lE Ve, BH-155 <F 40~120 pS/cm W
9le] & W3t 5 Kook 1§ 40~80 pS/em W€fol]
A Wglehs e Yepdth v 4] 9= A
S AMAE 48S WS Afolo] YEhA] eko
W, AukEo® 30-60 uS/em WY Folx wlsh=
Fs vEhdth AslkraAd sholxe] ECEAwH
DS v, HESIY B, AA4 dHe A
o g AEFE ARl TRk AlRddA wolAle
AES Hol= oz AHEL AslgolM= g

F& Aslr PPREG= A AL gloh. Z1eu BH-
14oME ECgr ARV 1 wslopte te ey
Hoh= sidaeeh AR AnkE Helal 9t

322 FQooleREM Ay}

Fig. 8 (a)2] Crol2E2Zd= #j3Zo|A] BH-9=
2~4 ppm AlC|2 A=A F 7FF =4 YUERSAL, BH-13
< 0.5~4 ppm AlO|Z #AZgLe] WS} 7P FA U
wom, Uz #FA-e A 47= 2-3 ppm Ale] gk
< YA ok BellA Clol E=7F 3.78 ppmZ}
2 YrAF o2 ZTBshe A1 (0592923Y) o] #EHA
t}. Fig. 8l (b)°] NO; 9| ¥4 2¥ 1gj=zs #Fshd
BH-99149] NOy,~ & 1~2 ppm HEE #=AH F
71 G JERoH, HelEM s T ASAHd H]
sle] 2] YeRdT) vbE UeA] #5304 NOs #
< 2-8 ppm ARIZ YehH, HalET A4 Jepdo)
FESE Bl 3R] NOs~ glol Blwd] 7 Yel
Wik

Fig. 89 (c)= Si*'ell tigh o} 44w} g2 A
sl WY Axgro] skl gkl A4 vErES &
= Stk WA BH-9= U] Fte]l 7 ppm oPgo=
BEAHE FolM 78 =& 7S ey, 3ol &
SH gholl gABlE Aol gltt. wbd Umx| 28l &
Aol sk #AS53 ABIRE Aol Yehd=t
A BH-132 4~5 ppm AR kS YeRlH, 49 s}



g AFFB o3 FEEE A5G A2 A5AE 15

0 oo " = o @ T W wm W W o % W =
EEEEEEEEEEEEEERE:
o T R TR T S S S S R S
TIITTITfTTTEITITIIEIISIRRORORT
L S A T S
2 & 2 & & &2 € 3 8 8 8 & 8 8 &2 g8 8
ooooooooooooooooo
% & R 8 " 8 R 8 8 8 8 8 m &8 8§ 8 &

BHD
=—BH13
\| —a—BH14
H—BH15
—w— Weir

Bridge
+—Upper Str

BH-9
=—BH-13
—a—BH-14
——BH-15
—w— Waeir
Bridge
+—upper sir

Conc.(ppm

(c)
Fig. 8. Temporal variation (a) CI", (b) NO5", (c) Si*".

A fARE 3k Bol= Aol Yeidth, BH-15% 4-7
ppm Afole] BlaZ] g2 & vehiial, 29 o]F Fhol
Yoz 7k 7 a13e] 2kt SARIAE A)-o] uF
g} wbA BH-14%= 4 ppm W9l9] gke Uehiin, 2
€ o1F Y] AP FARE AHE vepid

33 AAIgEMZ

ATAe] BT splolA ZARE FAAEI] s
WS 7] 8le] HBAEAS AAEIT Al
T T AR FEdE -7 7R 18,
-1o] 2HE = 5 Fo] FdEAol 2o 19 79

Table 3. The correlation coefficents of water level

BH-9  BH-13 BH-14 BH-15 Bridge Weir
BH9 1
BH-13 0.87(-180) 1
BH-14 0.84(-180) 0.93(0) 1
BH-15 0.87(-210) 0.86(0) 0.95(0) 1
Bridge 0.84(-210) 0.71(0) 0.84(0) 0.82(0) 1
Weir  0.87(-150) 0.93(0) 0.97(0) 0.92(0) 085 1
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Table 4. The correlation coefficents of EC
EC BH-9 BH-13 BH-14 BH-15 Bridge Weir Upper str
BH-9 1
BH-13 0.64(-21) 1
BH-14 0.62(0) 0.39(21) 1
BH-15 —0.46(14) -0.37(42) —0.42(-35) 1
Bridge 0.38(-7) 0.32(14) 0.68(0) 0.34(0) 1
Weir 0.45(-7) 0.34(14) 0.72(0) 0.31(0) 0.95(0) 1
Upper str 0.32(28) 0.34(0) 0.49(0) —-0.38(35) 0.54(0) 0.49(0) 1
Table 5. The correlation coefficents of CI™
Cl BH-9 BH-13 BH-14 BH-15 Bridge Weir Upper str
BH-9 1
BH-13 0.42(-7) 1
BH-14 —0.33(56) —0.40(63) 1
BH-15 0.38(14) 0.36(14) 0.52(7) 1
Bridge 0.58(-70) 0.45(-63) 0.58(0) 0.25(49) 1
Weir 0.40(28) —0.54(63) 0.70(0) 0.59(21) 0.40(0) 1
Upper str 0.67(7) —0.64(35) 0.42(-28) 0.59(-7) 0.39(70) 0.71(-28) 1
Table 6. The correlation coefficents of NO;~
NO3 BH-9 BH-13 BH-14 BH-15 Bridge weir upper str
BH-9 1
BH-13 0.51(-42) 1
BH-14 0.42(0) 0.42(0) 1
BH-15 0.53(-42) 0.50(0) 0.77(0) 1
Bridge 0.42(-63) 0.55(0) 0.77(0) 0.77(0) 1
Weir 0.43(-63) 0.47(0) 0.7(-7) 0.63(0) 0.84(0) 1
Upper str 0.44(-7) 0.28(-7) 0.62(-7) 0.50(0) 0.79(0) 0.75(0) 1
Table 7. The correlation coefficents of Si**
Si BH-9 BH-13 BH-14 BH-15 Bridge weir upper str
BH-9 1
BH-13 0.36(-70) 1
BH-14 0.31(-7) 0.80(0) 1
BH-15 0.52(-7) 0.43(14) 0.59(7) 1
Bridge —-0.33(49) 0.79(0) 0.61(-7) —0.50(49) 1
Weir -0.27(49) 0.65(-7) 0.59(-7) —0.40(35) 0.83(0) 1
Upper str —0.49(0) 0.48(7) 0.49(0) -0.41(49) 0.68(0) 0.72(0) 1
ST} 0.7149] 23AIAE YeR] Cclrolel tigh Ho) AT7E 0.7 oo R A vEldom, 53] ol& &1t

”TM]—’Fﬂ 7P =4 JeRth
62 NOy©f i3t AsAask:
Sol7k= AlA
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2y 1ot Qe

o 3 Ave, o
ARAGINE 1 4
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Fig. 9. Concept model of groundwater-surface water flow system at article weir.
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