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Estimation Methods of Groundwater Recharge Rate in Small Basin
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It is necessary to estimate the groundwater recharge rate properly to predict the demand of groundwater and

to establish the plan for the development of groundwater in the future. In this paper, A small basin in Chojung area is
selected to calculate the groundwater recharge rate. In the calculation, water balance analysis, SCS-CN (Soil Conserva-
tion Service-Curve Number) method, groundwater-level analysis and hydrograph of outflow analysis are applied to this
area. Data of precipitation measured by Chungju climatological station for about 10 years are used for water balance
analysis and SCS-CN method. For the groundwater-level analysis. variations of groundwater-level measured from the 3
test wells in 1997's are used and stage-discharge rating curves in this area for 3 years are used for the hydrograph of
outflow. The recharge rate calculated by water balance is 19%, 12.95% by SCS-CN method, 16.51% by groundwater-
level analysis and 10.9% by hydrograph of outflow analysis and the overall average recharge rate is about 14.84%.
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Table 1. Temperature (T,,, °C)
€ s

i 1 2 3 4 5 6 i 8 9 10 11 12 ul

1986 -5.5 -3.2 4.8 12.2 17.4 223 24.1 24.7 19.1 12.0 4.8 1.7 11.2

1987 2.3 0.3 4.5 11.2 17.5 22.6 244 25.0 19.5 14.6 6.8 03 12.0

1988 -1.9 -1.5 3.7 11.4 18.1 22.8 24.9 25.6 20.2 13.5 45 -0.4 1.7

1989 0.3 1.8 5.7 13.8 18.0 209 247 25.6 20.2 123 6.6 1.0 12.6

1990 -3.1 2.7 7.0 114 16.9 21.8 26.1 26.7 21.5 14.0 9.1 0.1 129

1991 -2.6 -1.3 5.0 12.6 17.6 23.1 24.8 24.8 20.2 12.7 53 1.7 12.0

1992 -0.5 0.2 7.0 12.1 16.6 21.1 26.0 25.2 20.3 13.1 5.6 1.4 12.3

1993 -2.1 1.0 52 1.1 16.1 22.1 23.8 22.6 204 12.3 8.0 -0.1 1.9

1994 -1.5 04 3.9 14.7 18.2 22.7 29.1 27.7 20.0 14.2 8.6 1.2 13.3

1995 -2.4 14 59 11.4 17.0 21.8 23.6 26.9 19.3 14.6 52 -1.5 11.9

A -2.2 0.2 53 122 17.3 22.1 252 25.5 20.1 133 6.5 Q.5 122
‘Table 2. Corection factor due to latitude (b)

. 428
NG BEL 1 2 3 4 5 6 7 8 9 i0 1 12
59 ¥4 A=
7199 3638 127260 590 086 084 103 110 122 123 125 117 103 097 085 083

71



Ay - BAE -

Table 3. Sun-Shine (S, %)

Q

Ss (%) I 2 3 4 5 6 7 8 9 10 11 12

=
1986 62.5 63.5 579 64.7 57.6 45.0 38.0 459 51.0 48.6 55.5 415
1987 59.1 579 50.7 54.0 58.2 541 27.0 326 58.9 50.9 527 57.3
1988 54.6 57.2 494 629 56.3 51.0 30.8 55.3 59.0 659 62.4 539
1989 329 51.6 57.6 70.9 62.2 52.1 45.1 57.2 512 62.0 513 48.1
1990 499 357 52.1 52.8 41.6 325 39.2 56.8 46.7 67.0 49.2 47.8
1991 58.1 57.6 51.6 69.3 61.9 52.7 287 52.1 483 749 59.8 41.4
1992 44.9 64.7 47.0 579 55.5 514 43.7 42.0 41.1 57.4 49.5 424
1993 48.7 56.0 53.0 59.8 58.4 355 325 319 53.6 60.4 30.5 48.2
1994 52.6 584 614 55.5 50.3 535 554 55.4 62.0 544 59.6 50.3
1995 58.8 66.5 494 634 55.0 54.3 384 46.9 48.6 61.7 62.7 51.0

o] XAEte AP year)elBE o|E | F o] g HE

22 Hdl9 A Y& (0. 9)E VeI
= R, 100 (1
o = R X )

year

A ()7 2ol FFEE AT F AL

ETXNEMY
AgpEol WA o3 E4 A& (water balance analy-
sis) e ZAEUZE #¢Y 2 FEHE B9 4 AW
9 AfEe FALFY Wgl Ao 2 s
2odoe Moz Ry tga 2 AsrgsF

% ok,

R.=D-E R ¥

ne
wo ©

~—

o714 De AGUelM Fojd 7[7F el £43% B S8
deoz 77t theel Ag Agsidr
2 _ 1
D =P-AP, A= 68T 0I4T (Coutagne)
D= ——137—— L= 300 + 25T + 0.05T" (Turc) (3)
J0.9+P /L2

o714 Pe 5 HEOZ Coutagne dolME m)dd, Turc 4
M (mm)eelelt}. Aet L& 71&9] 4ol
Z3H S Thronthwaite?] ¥ 4)S 2gstgon 1 4 o
&3 20

Ep = CT:] (4)

714 Epz FAZEAEFCm), a, c& A9, Az oet ¥

3}she AlgolH, a9l %2 WAE A4 (annual heat index : DE
At The st ol 78 4 Yok
a = 67.5x 1071 - 77.1 x 10°°I° + 0.017921 + 0.49239
12 Tm 1.514
I B mgl [?] (5)
Wi 1247ke) whe] Zojrt ¥ 30%°ls}t HEEbE A (4 o

10T,
Ep = l.62b[——l~—]

714 be fxol wek Haixe zRFAFeIt $ qe 4
B 71&0] 0°C ols} e FUskA] Ferial B3 ZFA|

712 stk

A (6> EsPdeiolM el g vehie A
AA ghode EYol 22 23EY Sl dEldA S
o] ALY EdF] sl A2 il Hol He

7R BE 7aEA HEg AR

Bt A 2 BAE o3 2ol

9 %8 (Sun-Shine, S,%)& YERIT}

SCS-CN &+

A$A A, AFAF, BEFAR T o8 HRAHF
(Potential retention, S)2 FHEA oz LW A AF
(Actual retention, F)ol HAFZES) sl zts vH&&
HAE2H Q)] A PN Z71<&4 (Initial abstraction, 1,)
W ztoll Uigh wlgol Mz Zrha 7HH g

o M o of

F Q

S P-1I

(8)

a

£, 2718412 ANAFZFES)S 27190 v

>

I, = BS 9

714 e ZZIEFFATEA SCSAMe gl o8l =02
g A9 3ot 8 EFAE & o vkl Zudit
F=P-1,-Q (10)

A (8), 9), 2 10A P>pSY AL Qoll HalA Ex B
028 H8ld t54E 4S F At

78



=f9e AstrTFs FHIY

_(P-028)°
Q=55 0ss

A714 HWAFF S T9-9 § 540 et 2R =H,
&34 (Runoff Curve Number, CN)E =HU&HH o34
2 EAE

_25.400

CN (12)

-254 (mm)

- (P-028)S

P +0.8S (13)

&, P < BSY AF F=00] doh

EZMX| =
%3R4 (Runoff Curve Numberye EXA] o|&&e 2
3 713EA wel 29 $YE £79 Fol dsiM=
EX¢] ARREmo met 45 2T tEA HER EX
ARgo| W& CN #= A A skt

u)ZoMe ARl wet 47 7R8E Bl 4559 B
¥ HEFE FEFANFE Helstd Table 49 el
2 AFEL vF FEAGARE A2 3 € Aoy SCS

% 90

e F2 FEANGE WYoR e PHolr) el 4
opxo] Solo) Hgol H4E Felv} Basith

285 EgF IS (Hydological Sol Group)

7ok Aitsled oA e E ol
Ex9] o]§8%E, Fof 271 ZKIK
CN(Curve Number) #tell ¢]8l] 2]
CNGr= olo] mhh REslolaln.
28 AN F dE= TEA
, C, DY ¥ 7R /39, &
EUL9} 1:5000 A EE A8}

HE2e A v
SCSAME e
i} Table 59} 7}o)
AFME 1:25.000 &
o] BF3)

jos]

i=1]
=

MY EHe
NYEFFEAUG B8 594109 5U-302de]
390 o8l ol EkFe] FRUUL ASE AW Roz
A o] A%E olFl o U BFTH HADL Sl 4

3l i
Wrdo]l Bod f9 EY 5857 2082 §E8 &,
FEFo] Aoz Bopx|n), MggrHel ¥E A
HEEHol AXER FALFEE FHoAA FEEL ATHH7]
2o FEF FEES A3 8% A At
dutdo g MYPEFr2A(AMCYE UhE Table 63 22
A ZHAeg FERET Aok
3}, Table 49} Table 52 FZFAAF(CN)= AMC Y
o] gholER AMC Z7io] Wsldue ol 2]o] &l u}
yFojok g}

79

Table 4. Hydrologic soil-cover complexes (AMC-II, I,=0.2S)

zngzx EYEH
B2 9] o] &4 35 3E Toki;ﬁg—b_
o4l
F A A (Residential)
HEFFE(mY B2 A 8)(%)
<500 65 77 85 90 94
1.000 38 61 75 83 87
1.500 30 57 72 81 86
2,000 25 54 70 80 85
4,000 20 51 68 79 84
EZE F2E, 2, 2 98 98 98 98
EEE9ye
ERES Y A AA) 98 98 98 98
27 76 85 89 91
Ll 72 82 87 89
BoE A p] A
AR (EZIJ: 85%) 89 92 94 95
P (BFTEH 12%) 81 88 91 93
eE (55 65%) 77 85 90 92
M|, Ao oY, F=3 FFEA T
3 &AM . 4 WA 9 75¢ o)A} 2R H & 39 61 74 80
BEo] Alel - H T A o) 50~75% 2] & 49 69 79 84
Ux) g el - 77 8 91 94
£ 73 %] (Fallow) A2z A8 B 76 85 90 93
%% 74 83 88 90
M Z ) 22 72 81 8 91
%3 67 78 85 89
53 B 79 84
RTINS 5
Sy Lo BF 66 74 80 82
4T 62 71 78 81
ZAZ A EY 65 76 84 88
%% 63 75 83 87
. EnAA F 63 74 82 85
ERROmal gy ;%tg 61 73 81 84
S B 6l 72 79 82
FE 59 70 78 81

Table 5. Hydrological soil group
EYH (SCS)

EOEEE

Type A - 2& % & (low runoff potential)
- A E-go] i3] A0 o] A= FFA, vl o ¢
%3 (high infiltration rate)
Type B - #A¥go] a2 =7 (Moderate infiltration rate)& %
7ol 41 AHEE, w5 A E 48
TypeC - AF ol A2 &3 A2 ME ESS, S5 o
A2 B
- & $% & (High runoff potential)
TypeD - AF&0) U3} 23, JEH FTHY EYSE 79
B84, vl e 2%
CNy;
AMCL: Ny = T T —00181CN,, a4
AMC-IIl: CNy, = CNy (15)

0.427 + 0.00573CN,,
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Table 6. Antecedent soil moisture condition (AMC)
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I K 8

P <1270

12.70 < Ps < 27.94
P, >27.94
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5T %, Ps, (mm)

7 K i
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3556 < P;<53.34
P;>53.34
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Table 7. Recession coefficients according to the runoff components
Flow Components k.. hourly k.. daily
Groundwater 0.998 0.95
Interflow 0.99 0.8~0.9
Surface runoff 0.95~ 0.99 0.3~08
ko 20RO
Tiskea=
DRI
GREE e
P i e
Y NN '.V(i)
' RS A .
-9 ) 0 0 t
0 1 0 1

Figure 2. Estimate the amount of baseflow by the method of separation
of baseflow.
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w4 - AAE - ANS - AAS
Table 8. Recharge rate by analysing water balance
. recharge (mm) rate (%)
year P(mm) A L a Coutagne  Ture E_A (mm) = -
D(mm)  D(mm) C-D T-D C-D T-D
86 11575 04223 65025  1.3661 55.5763 5917  573.84 354.8 2369 219.1 20.47 18.92
87 1656.2 04032 6864 1.4 57.7153  550.22 638.8 340.5 209.7 298.3 12.67 18.01
88 8789 04102  672.58 14029 579269  562.04 54427 387.2 174.8 157.1 19.89 17.88
89 12803 03900 71502 14144 586494 64102  631.82 418.3 2227 2135 17.39 16.68
90 14737 03837 72954 14732 62.3256  640.38  660.34 363.5 276.9 296.8 18.79 20.14
91 1143.6 04032 686.4 1407 58.1826 61629  596.48 3855 230.8 211.0 20.18 18.45
92 990.1 03965 70054 14067 581633 60141  581.66 360.6 240.8 221.1 24.32 22.33
93 1301.8 04055 68176 13514  54.6337 61461  610.56 3115 303.1 299.1 23.28 22.98
94 1012.0 03757  750.13  1.532] 65.9266 62723  613.61 457.5 169.7 156.1 16.77 15.43
95 1339.8 04055 68176 13993  57.6952 6119 613.97 377.2 2347 236.8 17.52 17.67
g 19.13 18.85
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Figure 3. Hydrological soil group.
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Table 9. Index of CN by SCS-CN Methods
. A B C D e Z JE_BJ
ERlol & BACN Eﬂ] -
3 CN ks CN Bk CN ks CN B CN
47 A 62104 63 214648 74 35148 82 85 72.7 27
726834 134 29490 70 233604 79 150844 84 995 88 80.2
RN
Aol L % 57 73 82 86
1840534 HE 1196316 43 368294 65 526 76 82 48.2 475
o UG 166238 32 90490 58 18670 72 79 43.3
F7A] 594.6 77 69202 85 7404 90 94 85.4
EAA L2 7347 98 32123 98 9635 98 98 98
= =
36074 SBA 81 91084 88 11721 91 N 93 88.3 87.1
il 17100 89 35614 92 7219 94 95 914
A 49 42846 69 79 4184 84 70.3
7l 1479191 1177905 241167 5179 59.5
AMC 1 : 40 (S =381)
CN AMC 11 : 60 (S = 169)
AMCIII: 78 (S =71.8)
Table 10. Caculated Infiltration rate by Index of CN &%} : (mm)
T A Ee
P (mm)

Ax CN40 CN45 CN50 CN55 CN60 CN65 CN70 CN75 CNB0 CN8 CN90 CN95 CN99
86 1157.5 64 75 93 107 125 136 149 184 224 263 309 322 192
87 1656.2 183 205 224 240 248 267 302 332 361 387 409 395 190
88 8789 36 56 71 80 90 100 128 156 181 212 247 247 141
89 1280.3 67 89 120 150 187 218 245 276 310 34] 365 331 183
90 14737 124 155 181 196 235 271 294 308 312 322 349 361 221
91 1143.6 25 33 40 59 89 121 167 222 267 304 332 328 197
92 99%0.1 38 40 39 41 64 85 110 139 162 189 233 281 209
93 1301.8 100 104 109 113 144 178 221 254 294 325 352 340 188
94 1012.0 17 40 66 98 152 196 228 243 252 254 264 264 158
95 1339.8 190 198 227 240 247 256 268 282 288 281 271 242 137

Hd 12234 844 995 1170 1324 1581 1828 2112 2396 2651 287.8 31310 311.1 1816
ES (%) 6.9 8.13 956 1082 1292 1494 1726 1958 2167 2352 2559 2543  14.84

Table 11. Recharge rate by analying SCS-CN method

N . HRIEQ
BACLEPE  WHmY) ON G HFE O
A 311900. 727 19.76
F7A e N 21.55
578719 1149335 802 22.90
HYE 1565135.1 482 7.90
Arg) x1od ” 7.
g k5 2753985 433 7.59 85
FAHA 77200.4 85.4 23.84
£ 2 491052 98 19.40
ZEAAS FA 1028056 883 23.76 22.29
FhA 59933.7 91.4 23.11
SEA 470292 70.3 18.48
A 2903441.2 12.95
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Table 12. Water level drawdown vs. dry-day duration
Time since Drawdown (m) S.— S
H]
peak pt. (day) PW-3 PW-7 PW-9 PW-3 PW-7 PW-9
0 0 0 0.08 1.52 6.75 6.46 PW-3 starting day: 97.7.18
5 0.32 1.41 1.34 [.2 5.34 5.2 ending day: 97.9.24
10 0.62 2.78 2.34 0.9 3.97 4.2 1, - 68 days
15 0.76 36! 3.22 0.76 314 3.3 $m: 1.52m
20 0.9 4.22 3.82 0.62 253 272 PW-7 starting day: 97.7.18
25 1.02 4.82 4.34 0.5 1.93 22 ending day: 97.9.24
30 1.11 5.26 4,83 041 1.49 1.71 t, : 68 days
35 1.2 5.58 5.14 0.32 1.17 1.4 Sm:6.75m
40 1.27 5.84 5.43 0.25 0.91 1.11 PW-9 starting day: 97.8.05
45 1.33 6.05 5.61 0.19 0.7 0.93 ending day: 97.10.20
50 1.39 6.29 5.77 0.13 0.46 0.77 t, : 76 days
55 5.94 0.6 Sm:6.54m
60 6.05 0.49
65 6.24 03
PW-3 PW~T
[ rr + v 0 1.0 T ™ T w ]
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Figure 5. Groundwater-leve hydrograph.
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Figure 6. Dry-day duration vs s, —s.

Table 13. Recharge rate by analysing groundwater- level hydrograph

+ W valueofk S, (m) S10 (M) Y o
PW-3 004664 15412  1.1608  0.7532  0.1634 -
PW-7 00518 69098 54491 07886  0.1711 g
PW-9 0045 65926 48835  0.7408  0.1608 g
g
Table 14. Stage-discharge curve in Bukil q
h-]
ECREY N ccaman 3%
4E g FYE FEEZHA . Bl
94 94 - Q=2.20539h* %' - Y e S S A
'95 ‘94,95 0.92<h<6.55 Q=57.5594(h-0.92)>"** 0.998 A 2z month/day/year

- Figure 7. Outflow hydrograph in Bukil (1994-1996).
0.57<h<7.35 Q=17.731(h-057)2°"  0.999

96 96
h<0.57  Q=2.0436h*%®
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Table 15. Characteristic of recession curve in Buk-il
Groundwater Recession (A) Groundwater Recession (B)
year
BR ER K, RP(H) k, Q BR ER K, RP(H) k, Qo
1994 5.16 6.17 64 32 0.9647 2.8 9.9 12.1 89 83 0.9745 15.3
1995 3.20 4.14 49 25 0.9541 49 9.1 11.29 139 89 0.9836 243
1996 3.29 5.13 64 45 0.9647 7.55 8.29 10.23 284 55 0.9919 . 4,54
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Table 16. Recharge rate by Analysing outflow hydrograph
A4 h at
year RP (day) Q, (CMS) Vip (mm) Vag (mm) Vrp (mm) Re (mm) YRe (mm) oo fechargerate
(mm) (%)
1994(A) 32 28 12.36 8.45 3.91 -
89.99 898.4 10.0
1994(B) 83 153 939 82.93 10.97 89.99 6
1995(A) 25 49 16.56 11.45 5.1 5.59
23341 1478.6 15.7
1995(B) 89 243 232.93 179.6 53.33 227.82 8 o
1996(A} 45 7.55 33.32 26.72 6.6 -20.0t 62.31 905.0 6.89
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