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A Study on Delineation of Groundwater Recharge Rate Using Water-Table
Fluctuation and Unsaturate Zone Soil Water Content Model

Jin-Wook Cho * Eungyu Park*
Dept. of Geology, Kyungpook National University

ABSTRACT

In this study, a combined model of a water-table fluctuation and a soil moisture content model is proposed for the
estimation of groundwater recharge rate at a given location. To evaluate the model, groundwater level data from 4
monitoring wells (Pohang Yeonil, Pohang Kibuk, Suncheon Oeseo, Hongcheon Hongcheon) of National Groundwater
Monitoring Network from 1996 to 2005 and precipitation data of corresponding years are used. From the proposed
methodology, the groundwater recharge rates are estimated to be from 0.5 to 61.4% for Hongcheon Hongcheon, from
1.1 to 27.4% for Pohang Yeonil, from 5.1 to 41.4% for Pohang Kibuk, and from 1.1 to 8.3% for Suncheon Oeseo. The
magnitude of variation of the estimated recharge rate depends on the soil type observed near the stations. The
groundwater fluctuation model used in this study includes precipitation as a unique source of water-table perturbation
and there may exist corollary limitations. To improve the applicability of the proposed method, a capillary-water
content constitutive model for unsaturated fractured rock media may be considered. The proposed recharge rate
delineation method is physically based and uses minimum numbers of assumptions. The method may be used as a
better substitute for the previous tools for delineating recharge rate of a location using water-table fluctuation method
and contribute to national groundwater management plan. Further research on the spatial interpolation of the method is
under progress.

Key words : Groundwater recharge rate, Water-table fluctuation method, Groundwater fluctuation model, Soil water
content model, National Groundwater Monitoring Network
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Gathering data
!
Estimating optimal model parameter through calibration process
[
Estimating effective mean groundwater increment
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Estimating volumetric recharge required for mean groundwater increment
1
Estimating fillable porosity
!
Calculating recharge rate

Fig. 1. Procedures to estimate recharge rate.
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Table 1. Van Genuchten parameters of soil hydraulic parameters for 12 major soil textural groups

Researcher Texture 6 (-) o (-) a (1/em) n (-)

Sand 0.045 0.430 0.145 2.68

Loamy sand 0.057 0410 0.124 2.28

Sandy loam 0.065 0.410 0.075 1.89

Loam 0.078 0.430 0.036 1.56

Silt 0.034 0.460 0.016 1.37

Carsel and Silt loam 0.067 0.450 0.020 141

Parrish (1988) Sandy clay loam 0.100 0.390 0.059 1.48

Clay loam 0.095 0.410 0.019 1.31

Silty clay loam 0.089 0.430 0.010 1.23

Sandy clay 0.100 0.380 0.027 1.23

Silty clay 0.070 0.360 0.005 1.09

Clay 0.068 0.380 0.008 1.09

Hygiene sandstone 0.153 0.250 0.0079 104

Touchet Silt Loam GE.3 0.190 0.469 0.0050 7.09

van Genuchten Silt Loam GE.3 0.131 0.396 0.00423 2.06

(1980) Guelph Loam(drying) 0218 0.520 0.0115 2.03

Guelph Loam(wetting) 0218 0.434 0.0200 2.76

Beit Netofa Clay 0.00 0.446 0.00152 1.47
) -_-» : model application interval S R S R S ek
118
T I “ JJ}L J\ 17.5]
;Eo- W V" ::E., 117
2l 116.5]
116

0 500 1000 1500 days 2000 2500 3000 3500 ) 100 200 300 400 500 600 700 800

0 500 1000 1500 2000 2500 3000 3500

Fig. 3. Simulated groundwater level fluctuations and observed
fluctuation of year from 1996 to 2005, Yeonil area (upper) and
input precipitation (lower).
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Fig. 4. Simulated groundwater level fluctuations and observed
fluctuation of year from 2002 to 2003 and 2005, Kibuk area
(upper) and input precipitation (lower).
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Fig. 5. Simulated groundwater level fluctuations and observed
fluctuation of year from 1998 to 2005, Oeseo area (upper) and
input precipitation (lower).
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Fig. 6. Simulated groundwater level fluctuations and observed
fluctuation of year from 2000 to 2005, Hongcheon area (upper)
and input precipitation (lower).
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Table 2. Simulated input parameters and normarized RMS error
between simulated groundwater level and observed groundwater
level

Observed Normarized
location fny k P () RMS error
Yeonil 2.693 -0.051 0.537 0.087
Kibuk 7.773 -0.120 116.986 0.183
Oeseo 3.423 -0.030 196.599 0.111

Hongcheon — 3.367 —-0.091 119.476 0.064

Table 3. Relative sensitivity of the simulated input parameters

Observed Model Parameters
location finy k P
Yeonil N/A
Kibuk 0.015 0.014 4.073
Oeseo 0.014 0.013 3.729
Hongcheon 0.006 0.006 2.801

Table 2 2 33} 2t}
Table 2014 K= wie} o] k&t Bxe A
SIE finy & 7o) ThE Aol Hls) Aoz e
Aoz Yehtorm Ax B=717F 59+ normarized
RMS ©3H= 5 Aelo] 0.064% u] X9 F Ao ]
2 slZ0] A=A 7V FWhe Ro= vk 3%
o &gt s 1Y ARl e A Lo HhEE
2 i)l k ddige] A X3 7R 7P 2
A VeR} 71 B 724g Hols zloz Bz o
2 QAN 7P =1 B4 BoErh ol wiE]
Wl UAE FeREEs 9e BEe SR ek
T, 2007) 715Ee] 7B B57go] SXIG wide] 540
Apol 79 3 el A9 FARAYES]
& ZOERE o) IRIF & ok ASAH A2 VIEF
H(base level)ll &J8l] FekS W= 5,2 AF AFZHO
2 FE A AXE &
1w
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B4 2R byt RS 7P S 93 F
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RAS S8l dF ks FrpdgEigo g
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2 At AJelee] W Hold e
et 2@, & a2a - AY FARCPEE,

2
0
H

fore oo
r

iin)
Lo

o)
N
i



Aaleg) W5 o 9 HlEso) GRS o) 89 NSl B4R VY AT 73

1996-2005)¢} 7 FAE1 B=vke] ¥3) Y, 7|18 47
oA, B T AS5Ae] SRR EVHASHEEAY,
1996-2005Y5 ©|83I3t. Fes o5 S1 A=
2R A= 7V AeAkRe Rt o 999 AlatR
= SIESISLs, ol The kel WE o) o welz
Slolich. ol wel AR HE WelE 4ES 2
BRI AR BRlon), FiRekE B SelARst 7]
24 Joxlaste] gulE Ed S8 399 4§ 735
oJg Aelrs] Wit Wole Agsl] Bt 49 ol
< AF33ItH(Table 4).

B A5 wHolgkl 93k nE) =37 3Fekeke
van genuchten =&l 23] A3 HA3 van
Genuchten Z20|E] AL 93], NIEIJTE 0] 83}

¢

Table 4. Estimation of mean groundwater fluctuation for given
time-scale at each observed location

Observed location Ah (cm)
Yeonil 11.16
Kibuk 16.52
Oeseo 9.46

Hongcheon 19.68

7S BEA FHe] EYERIS RIS, Carsel
and Parrish(1988)2] <Atoll 29J3 E% EFY™ van
Genuchten =B S 283l HHF A ]/-‘,‘«?4 Ho| ko))
e S 5 G A,

Fu10) Eoke Hol 4 P2 909

e 2 d7elxde olF ek dsitt HekES
&= gl vEht #5a o] B B vls w
e ¥ B9l B4 AET Uee) Fig 7 2

Fig. 7] S0l Bt Bl B Abziso] ofshd ¥
AL 52 T B A9-(Fig. Ta), AES} weje
ol Tl vehe, HEe] Fgo] nlad vk A
o] St X7 7|% dS4 T EYS] A(Fig
7b), Eefe] o] wor] HE B e ke )
@i Stk £ o B5E B 7d9-(Fig
7¢), £8 Y #500] Ao fARE BAS TG B
<] fé}ﬁol FFes vt 3 3 d59] B¢
(Fig. 7d), AES] go] 50% olateln] =z % &9

Table 5. Volumetric recharge, fillable porosity, and estimated recharge rates at each observed location for given soil types

Observed location Soil type Ry, (cm) ny 1 (%)
Sand 1.135 0.102 274

Loamy Sand 0.781 0.070 18.9

. Sandy Loam 0.347 0.031 8.4
Yeonil Loam 0.121 0.011 2.9
Silty Loam 0.059 0.005 1.4

Clay Loam 0.045 0.004 1.1

Sandy Loam 0.880 0.053 414

Kibuk Loam 0.307 0.019 14.5
Sandy Clay Loam 0.443 0.027 20.9

Clay Loam 0.108 0.007 5.1

Sandy Loam 0.228 0.024 8.3

Sandy Clay Loam 0.130 0.014 4.7

Oeseo Loam 0.081 0.009 2.9
Silty Loam 0.040 0.004 1.5

Clay Loam 0.031 0.003 1.1

Sand 3.587 0.182 61.4

Loamy Sand 2.594 0.132 444

Sandy Loam 1.298 0.066 222

Hongcheon Sandy Clay Loam 0.640 0.033 10.9
Loam 0.461 0.023 7.9

Clay Loam 0.158 0.008 2.7

Clay 0.031 0.002 0.5
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afc, afd : Sand, Loamy Sand, Sandy Loam
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mab, mac, mvb : Sandy Loam, Sandy Clay Loam, Loam, Clay L.oam
Fig. 7. Soil maps and types around Yeonil (a), Kibuk (b), Oeseo (c), and Hongcheon (d) stations.
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