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Jungah Seo, Yongcheol Kim, Deokcheol Moon, Gi Won Koh and Yongje Kim, 2014, Evaluation of surface
infiltration rate in Hancheon reservoir, Jeju Island, Korea. Journal of the Geological Society of Korea. v.
50, no. 3, p. 419-430

ABSTRACT: Flood mitigation reservoirs were constructed near major stream at upstream of Jeju city after flood
damages by heavy rain followed by Typhoon NARI in 2007. The riverside flood mitigation reservoir can lower
peak discharge, delay the transfer time of peak level of the stream discharge and act as an artificial recharging facility.
In this study, the infiltration rate through the permeable reservoir bottom is evaluated by the analysis of water level
changes in the Hancheon reservoir II during flash flood. Water level in Hancheon reservoir fluctuates sensitively
according to precipitation and is lowered fast after ceasing the rainfall. Infiltration rate was estimated by fitting
to the temporal change of water volume in reservoir which is calculated from the temporal change of water level
of the recessing part. Nomalized slopes of recessing temporal change of water volume which are slope divided
by peak level or intercept are used to compare the infiltration rate change at each events. The normalized slope
shows gradual decrease since the first diversion of stream water into the reservoir in 2010 no matter what the height
of water level. This is due to the clogging of the bottom by the sediments moved in together with inflowing water
from stream. It means weakening of flood mitigation capacity produced indirectly by the infiltration of water into
aquifer. Therefore it needs a periodic maintenance for removing soil on the bottom. This study is a first trial to
evaluate large-scale infiltration tests naturally performed by large reservoir and stream discharge water during
heavy rain, and can give a guideline in applying a spreading method of artificial recharge in Jeju island where the
surficial geological unit has high permeability.

Key words: Surface infiltration rate, Normalized slope, Artificial recharge, Stream discharge, Hancheon reservoir
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Fig. 1. (a) Location of the Hancheon reservoirs in Jeju Island. (b) The monitoring sensors for water level are installed

in Hancheon stream and reservoirs.
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Table 1. The number of rainfall events producing inflow into the Hancheon reservoirs II.

Total number of inflow (times)

Total consecutive time (hour)

Name
2010 2011 2012 2010 2011 2012
HR2-Weir 7 2 8 62.6 34.5 423
Hancheon HR2-1 6 2 4 103.3 50.2 64.8
reservoir 11 HR2-2 5 2 n-a 69.7 472 na
HR2-3 1 ni ni 3.7 n-i n-i

(1) n-a: 'not available' due to lost of sensors.
(2) ni: no inflow.

Thickness(m)

2 Water Tevel 3579
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Fig. 2. A plan view (left) and a sectional view (right) of the upper sector in the Hancheon reservoir II. The water

level is distance from bottom to depth to water level.

o ot ARARACIN ] 108 e fUee
1.8x10° m*0] 1, A2AFA] skl A A1AF
2 9] 1085 o) 9zFe 1.0x10' m* 2.2, #2A
B §E4-2] 25.2%7} $H L, AARA]
E11.7%7F Y= Qe 2 A5 247 &
& 7RI T, 4 524 WA UHEE
2 E 3] 36~ 45%2 AFE WA H
HAFEE2 24.1%(Korea Institute of Geoscience
and Mineral Resources, 2011b)o]] 8|3} ull-$- # A
AFHP7|o £ 2L 20 Yo

AL =
22 RS EEYY

20104 7€ 13UEE 20124 9¥Y 17U7HA] A=
BEA H ARARA ] AF F9AE7E A
A5l 108 7t 02 272 HSatgct 3 A2
ARA L A F-gFo] 4.53x10° m’0] 11, 2 AP
2 QI8 seke 2 AME Qo 7ttt 5:9] AS
715 AR skgth(aE 1b). ko] AT ol4tol
ooF §Zo] WISt T §EX & A7 B UEht
L AFzo] BN GE0] WAYsle] ARAR §&
57t 4" 717be] AFA] S92 TS B0 o]
gtk A AFA ] AxdEE 99 2 & 3
o} &AL 2] dEn(E 1), 22 §9S

20000
(@)A(h)=722.6 *h + 10,10/¢
C2|
15000 -
~ B2&C1
E
= i
g B (b)A(h)=719.6 *h 4 10,305
10000 - A2
(a) A(h)= 2,996 * h+ 7,641
£a1
5000
0 2 4 6 8

Water level (m)

Fig. 3. Calculated function for the water surface area in
the upper sector of the Hancheon reservoir II according
to the water levels between 0 m and 1 m (left line), 1 m
and 5 m (center line), and 5 m and 7.9 m (right line).
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Table 2. Characteristics of the stream water inflow into the Hancheon reservoir II during 2010 to 2012.
HR2-Weir HR2-1 HR2-2 HR2-3
Year |inflow inflow Max. inﬂow inflow Max. inﬁlﬁration inflow Max. inﬁl_tration inflow Max inﬁlﬁration Note
time ra}lte , w-l*  time time wel* time time wel* time time wel* time
(10°m’) (m) (hr) (m) (hr) (m) (hr) (m) (hr)
7-13 7-13 7-13
08:50 70.21 046 7.8 08:50 1.48 16.7 11:00 0.27 6.3
7-14 7-14 event]
01:20 12.55 025 3.7 01:30 0.71 7.7
7-28 7-28 7-28
0230 181.6 1.05 1.1 0240 4.77 11.2 03:00 0.69 8.2 event2
8-10 8-10 8-10
2010 12:40 690.1 120 27.5 12:50 6.79 35.0 13:00 2.56 31.7 event3
8-25 8-25 8-25
2390 20.28 0.32 3.7 23-40 322 11.3 2350 0.45 6.7
8-28 8-28 8-28
01:00 107.3 0.64 53 02:20 6.91 21.5 0310 3.11 16.8 event4
8-28 8-28 8-28
0630 5245 093 135 0430 1.71 52 08:50 0.16 3.7
6-25 6-25 6-25
15:30 3189 1.02 155 15:40 5.46 24.7 15:50 2.17 26.3 eventl
2ol 8-7 8-7 8-7
09:30 849.7 134 19.0 09:40 6.66 25.5 11:10 4.63 20.8 event2
4-21 4-21
0910 143.1 0.58 8.7 09-40 2.05 12.3 eventl
4-25 4-25
07:50 29.24 033 33 0820 0.97 6.5 event2
7-18
20:00 1146 029 3.8
8-23
1710 8.896 034 1.2
2012 224
01:50 6478 023 1.5 event3
8-27 8-27
2150 3339 050 22 2230 6.18 21.5
9-16
18:40 5714 0.16 15.0
9.17 9.17 event4
02:30 159.6 0.75 6.7 02:40 6.71 24.5
* w1 : water level
=2 7] A0 ZHglE Boiz]o h(t)
AFA 2ol kA A7 E SUEH R A Vit) = / (A(h)dn) (1)
h=0
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Fig. 4. Time series data of water levels, inflow amount and precipitation in the Hancheon reservoir IT in 2010 (a)
and the selected period for the calculation for the event 1 (b), event 2 (c), event 3 (d), event 4 (e).
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Fig. 7. Water volume change with time in the upper sector of the Hancheon reservoir I in 2010; (a) event 1, (b)

event 2, (c) event 3, (d)event 4-1, (e) event 4-2.
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Table 3. Change of water volume with time in the upper sector of the Hancheon reservoir II during water level decrease

from peak of each rainfall event.

yolume change

relation @ )
year  event In(V)=a - t+p peak(r\;lg);ume norm?illz gg)slop el Pnormalized slope 2
¢ (x Fos)
1 -14.69 5.931 7.050x10° 2.477 2.08x10”
2 -15.11 6.103 6.539x10°* 2.476 2.31x10™
2010 3 -8.05 3.254 8.347x10* 2.474 9.64x10”
41 -12.41 5.015 4.076x10" 2.475 3.04x10™
42 -11.56 4.673 1.070x10° 2.474 1.08x10™
1 -20.24 8.241 7.085x10* 2.456 2.86x10™
201 2 -7.50 3.055 1.027x10° 2.455 7.30x10”
1 -17.97 7.370 2.415x10" 2.439 7.44x10™
2 -1443 5920 1.014x10* 2.437 1.42x1073
202 3 -14.80 6.091 9.306x10* 2.430 1.59x10™
4 -12.49 5.144 1.039x10° 2.428 1.20x10™

Dunit: t[min], V[m3], normalized slope[ 1/min]

©normalized slope 1 = -(slope/intercept)

®normalized slope 2 = -(slope/peak volume)
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Fig. 8. Water volume change with time in the upper sector of the Hancheon reservoir Il in 2011; (a) event 1, (b)
event 2.
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Fig. 9. Water volume change with time in the upper sector of the Hancheon reservoir I in 2012; (a) event 1, (b)

event 2, (¢) event 3, (d) event 4.
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Fig. 10. Change of the normalized slope 1 and 2 with time since 2010 in terms of each rainfall events; (a) 2010,
(b) 2011, (c) 2012.
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