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Abstract

Radial collector wells have been widely used for large-capacity groundwater development in riparian
environments, and many empirical equations have been developed for initial estimates of groundwater
yield. We compare the initial yield estimates produced by several empirical equations for the radial
collector well at the Anseongcheon stream site. The results of Babac’s, Kordas’, and Petrovic’s
methods are similar to the actual yield of 6,124 m*/d, but Milojevic’s method predicts a higher yield
than the observed value. The conditions under which these methods are applicable explain the
observed differences between the actual and estimated yields. The applicability of empirical equations
is evaluated by changing the input variables of distance from well to river, number of horizontal wells,
thickness of aquifer, length of horizontal well, and hydraulic conductivity. The results indicate that the
conditions under which each method is applicable must be considered carefully when estimating

groundwater yield, and hydraulic conductivity must be estimated accurately.
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Sajieto] Zolnid AR 1990T] TRE AEHES 9 51§18 SRS 9Jste] 2AE|o] SO V(Kim et
al., 1999; Hamm et al., 2002), £2% w2 54 81 2Js}4:0] 428 54 502 <Tsfo] 2.9 7ol 4wo] 748 715
Ao] Aok Ik, L, T8 e QI %

ofa-0] 22 A7) 9 AE, A4 F4ao] A4 Fol et 71 e a7 He

o1 ApeelH W, A% ol AVelA] A717t A LA FHes A LS 108 s D g
o, mj=t ie)m ot 2|, S odula} Fol A o Hlekze] 22 7jel ofgt AFrek 14 A4 5 o) Afellk olc
(Ulrich et al., 2015; Grischek and Bartak, 2016). 0|2} Z-2 F<=8F g4 dAfo] S 71442 118 o] 7] 4
<A agETE gho g AAE Fart glod, 27 Feo] AR AP 7] 2 Foll SR o= Fewk
= GHs] IRt WA dolet & 4= Qlrk 7] Fe] AFg el Tt A Ale] 7, ARgE]of gh=d, 2ol

7k 74 @Al o] v JRE ) -8/ o] thgt 27 AH(Varadi, 2013) 2 ZF A1} Analytical element model 2] 23}

7]
tigh vl L Fo] 4=38% v} QI Patel et al., 2010; Masoudiashtiani et al., 2016).
Seuehs 2 AR AaS E8tt oS Ffdo] o|Fo| 2| =], A GAloA 8% A AR E ERE 4

o pi
A 5d Ei= A A gote] e FASHL itk 2 9= AR A48 Flas 5 A Ul @7l A
S

S XA 2| A
SARY 4ol 24T AR
MPARE 250l et 53 F7.S Thiem A1 21§ te] WAKE F442 tld 424 02 Telshe Ao A
Zpeioie, PARE P40] AR A B 0 o) He] 0] 58 B4 52 meisle] S-AHS FALOE U 7
BArSe] slo] ghor], ol AR 7He] Rk 7% W] 284l tie A 7So] U o vt o]

THAbweser, 1950; Falcke, 1952; Haefeli and Zeller, 1953; Patel et al., 2010; Moore et al., 2011).

A5 ol AR e T S 02 Teig 390 A5,

_ wk(H*=h})
O= R M
R, =0.61L )

=

olm, o714, Q& F5 7FsHm/d), k& 52l el rE S (m/d), H= 552 3 FA(m), b, HA57dHe]
A o] 20l TA(m), RS AF A (m), R, =Ud $2A 02 129t 20| 571U (m), L& -$52] S4l0lA 43
EEE7A] 9] H Ao|(m)E 2u|$IThHantush, 1964).
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(a) Milojevic method (b) Babac method
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Fig. 1. Schematic diagrams of the collector well with Milojevic's and Babac’'s methods (modified from Milojevic, 1963;
Babac, 1965).

Table 1. Multiplication coefficients of yield estimates using Milojevic's method.

. T,/L
Number of drains
0.6 1.0 2.0
A : Vertical riverbank, drains in the half of the perimeter
4 0.99 0.98 0.96
8 0.96 0.94 0.91

B : Shallow cut bed, mean value for all measurements
8 0.87 0.85 0.83
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Babac (1965)2 4] (1) & -E] L St = O AR Beo] Zhs e S HRler, s = Qe e gl

AV WA o] #2eek S the Alo g @Qé}ﬁﬂ(ﬁg. 1b).
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ERL, 71N ST R, )= thE 2ol AT

b
3 —_
2 7

R, =exp|In(2b)—

3[1—1079360+m] 11 598—0.6

o1l & A0 A, 7, 40 ), L& 4R 0] B el(m), ks ST ), 5, 591 7
8hm), b= 54 2N $27H9) Aeim)S Slnlatck
Petrovic (1956)2 5FA.0 27 o] 245 Aol AKE A4A S AAT A90] 4wk FH4E chawt o] A
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B LXnxkxXH(\/A—Bxh,/H—1)
B C

of7]ollAl, A, B C5= Petrovic =, ke 58 5 (m/day), L->"878°]
O 27 Z[et0] FA(m), b, = G A U Askr] FA(m), n 879 Aol

A7 29

7] AaAE A8 AFAHL BV = SHIA] M FRAG 0 =A] 71%0*% AFBejolr] o] S 21 Hulelat
ol TRt 9] S2H P feto] RS QloH, FAF0] A7} 6.0~9.9 m B 2A] SHEEHE FILE, A
Ao AEA ) AEA AE %m o] 2tkFig. 2; Kim et al., 2016). Oﬂ%lxloﬁﬂ AR A4 o] =5 Ale=
SJste] 55 A S22 AFHEHES] Al10-13478663)S AT, ©BF WA 6.0 xﬂ A= 0.7 m,
A8 Eol=14.7m, #‘37@%7711&%“@01 B0 Hat 7‘01b °F37.7m, %7@4 20 cmol| 3%
SH(Table 2) EA}LHMW T 1471 A oA FAldS ISR o H, o| =5 7 Hat #FAHE—M 6 m/d,
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Fig. 2. (a) Location of the study area. (b) Structure of the radial collector well (Kimet al., 2016).

Table 2. Specifications of radial collector well and hydraulic features of aquifer

A Di Heigh Di
Number verage Thickness 1ameter Drawdown e¥g t to 1stance Hydraulic Trans-
. of length of . of horizontal to .. L
Site . . of aquifer . of water conductivity — missivity
horizontal  horizontal (m) horizontal level (m) well from  well center (m/d) (md)
well well (m) well(m) ¢ bottom (m)  (m)
Anseong 7 37.7 6.0 0.2 5.0 0.8 30 4122 289.0

QA ALY T O R 2h AP A OJh A 0] 24 el Bk Ak 1) 270
3

StA0fM 227HA|2] 72|

S 0 2R 9271 9] Ao mbE HiF A BYHE Al L, Babac RPH-2 A1 2] RO A Hzo] sEd oA

©=2712) 712)0) 29)(2)7H S/ HPA( R, )BT ZHo R §s1A] oS & 4 9, ol sl o 2R 27179 Az
Aok SR 0] LA 2 Aol et 4 gLe-S Holkrh, wat, A7 2N sjo 2
2= 9IckFig 3a). 7] 57

Artalell A A2 b2t =87 2] dol Lo] BAE B, A= F 87 o] o] Hef AU A 2ut 2 Aol 57
(R)7T 2bSFFABIAIAL AZA H Bz 2 A9 2]-80] 851 947 " Th(Fig. 3a, 3b).

Milojevic ®HOIM I S 27k 7|21 9] 28l(20)2F 87 9] Aol(£)2] BAE HH, 207} LET 282 27
e Fe Aol 2715l 5™, ols shde| ul-¢- 23 et A-follie 487d0] shd& ¥Eshe FHIE B 2
2-go] 2712 Sfnlditt. F78%tolA Bizol shdoll 2ot g5 7sla2] e & Fewe] S7IsH ez dd
TSI o= ARt i LA Faat 2 Aol Hol| HthFig. 3¢).

P, Petrovic 3! Kordas ®'H-2 574404 Hxo] 2ol sEd7kA|S] A=Pt H4-= Aol 9= mIAIAl e
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Fig. 3. Relationship between pumping rate and other governing factors (B: Babac's method, P: Petrovic’s method, K:
Kordas’ method, M: Milojevic's method).
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o|B 2t 4LO 2 ARESE] o] Hrt. WA, positive skewnessE Akzof| teh 271 HRRS- Foto] YR IA 7| = 1t
AE AX & vhgak Zo] 715t wel] elste] i gh2 FE5H Hth(Ailtchison and Brown, 1981).

%Zlnk} ©)

]

oA71of|A, k= 7HE el e E ottt 9HH, o] Hi gk ol A1=]7 H 9] of| | ojop AA| 2 A8 7Fs3gH
7o 2 de##] QIthBradu and Mundlak, 1970).

exp(?— ta/2.n—1) si/n)ﬁ n= exp(?—k ta/2,n—1) si/n) (10)

oi7]oA, vie 2SR SR w o] B, t= HAATAE, 512 BAL n2 MEQ] o= -RoFES et

ATFA 2] 7%, 7702] 7 22 Tl AFHE 2 m HE 2] EYAR 156702] B 2kE S ETHE Kozeny-
Carman ' ¥ Slichter il oJgt e =5 4HF5IITH (Carrier, 2003; Kasenow, 2002). 0] 52] 4t oF
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Fig. 4. Histogram of hydraulic conductivity estimated from grain size analysis.
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Table 3. Yield estimates using four empirical methods.

Results .. . 3
Methods - - 3 Initial actual yield (m’/d)
Yield for k (41.6 m/d) Difference (m’/d)

Babac 6,381 -257

Petrovic 5,285 839

Kordas 5,787 337 6,124
Milojevic 9,187 -3,063

Miloj eVic_al) 7,901 -1,777

Remarks) ": Multiplied by 0.86 for 7.,/ =0.8
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