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ABSTRACT

In this study, the applicability of Hunt’s analytical solution for a two-layered leaky aquifer system, which was developed to estimate
stream depletion due to the groundwater pumping of the upper shallow aquifer, was evaluated. The 5-year averaged stream depletions
were estimated using Hunt’s analytical solution for various combinations of hydraulic characteristic values such as transmissivity,
storage coefficient of the two aquifers, interlayer leakage coefficient, stream-well distance, hydraulic conductivity of the streambed, and
stream width. Through comparison with the numerical solution accurately simulated with a MODFLOW groundwater flow model,
the analytical solution derived by regarding the stream width as a point was evaluated. It was found that the error in the stream depletion
calculated by the analytical solution can be reduced to less than 0.05 when the stream-well distance is greater than the stream width or
when the stream depletion factor (SDF) is more than about 3,000 days. In addition, when the streambed hydraulic conductivity is less
than 1 m/d, the hydraulic diffusion coefficient of the lower aquifer layer is less than 100 m?/d, the hydraulic diffusion coefficient ratio
of the upper and lower aquifer layers is 5 or more, and the leakage coefficient between the layers is less than 0.0004 m/d, the overall
analytical solutions were overestimated compared with the numerical solutions.

Key words : Hunt’s analytical solution, Leaky aquifer, Stream depletion, Groundwater pumping, MODFLOW

re

FolAlE 4, S 2708 4ol AR gl vl A 15 A8k G Q18 sHA g 2Hel] 919 e Hune
o) 444 WA F visFe) FruAs R ARAS, B TAS, S ol e, shde) Felde, S 5 T
2] 217) 3ol wfe} B F 59 B k5 AT S0 2 ek, W02 AHg ¥ 9l MODFLOW A3k 523
e ol Asste] v Be SHES Moz Feke] frmat shHe) A8 D3k RS Bohssick. 1 At k-
el7} 515 o} 15171}, 54132217 (Stream Depletion Factor)7} 03,0002 olofol s1481 2 215 641 2h2015] 2 410,05 o}

o
oZ: J_,

o fo 4 & o b
of WU M o L
oZi n

2

P2 £ 5 YE Ao 2 BAICE wa shgreldwael 1 m/d Bk a7, skl 2S5 100 m*/d Bk 27, g
o} sPpolsE o] SR HAALIYS obd, F3E 4571 0.0004 m/d Hek S wf s)aslk SHIshe] vls) Auka o 2 vhekehA) A s
FLER LR

oy
1=

01 : Hunt 3493l ‘43, s 74, A8k 4%, MODFLOW

* 215 - wAAR) A7 EAT Y FERAATER, 799
(Corresponding Author - Korea Institute of Civil engineering and building Technology -ljw2961(@kict.re.kr)
** 23] - A7 EdT Y TERAGTER A90a149] (Korea Institute of Civil engineering and building Technology - imchung@kict.re kr)

Received July 21, 2020/ revised July 28, 2020/ accepted August 10, 2020

Copyright © 2020 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




g Asie gfgol Tk Hunt slAae) 284 7t

LME

Sat thgo] Sefilo Az daso] ke ) sl el
A AsrE s sk Aok Aol W shio e
A=l Eoleru shla7 AekrR Frid=o] 2= 8t
2] 78] 23 Bk ol2) Ak o ols 3]
o] Thasle AS 3RS 17 = 7 (stream depletion)2}
A=), o]e] WA AR WiskE mAlsl ] flEl dirsat skl
FNepere, 2 SAE weske 20 et a4
ngSo] /gl sttt

9] ¥HEsk(semi-infinite) thze] viElA] dhdo] ¢4
ek z200) ol Ajel e 4 ARl Bl ShEs e
Arkehs # o] szt Theis(1941)0] SJ3)) 7RE= A, o] F-
FYUe 2ol vz Fewt ot WEE 437}t Glover and
Balmer(1954)0] Sls) 7RHIick of7]ol) Hantush(1965):= 513
I} S AL AJA| FRTRA] aLelgh sirE = gPdelelal,
Hunt(1999)+= "]2 31&(line width)3} A5-A402] 1 wjdS-
71 ERzlo] PR TRk e AN-E 2Ag 2] dis)
shxler FHads] Aekre] Aslds Akleh= siAElE fr=stsick
Baalousha(2012)&= 3k 755 9l& w9} 5= S of
s Tkl SHLEE 283kl Hunt(1999) siAfsls 22 &
2 oA freskolal, wEgk fakeEfinite width)ol ek siAfsl =
ARl 7iale] slhe] ks AR e aefdt 5= A Thds
t}. Butler et al.(2001)& f-3F 3280t ojUg} f31 2] t)=%
Z7lo) thgk sj4E B S TRtk o] FellA Hunt(1999)
sdsli= vl USGSeA] itz 2 adis)ste] v 2stia wd
Aol Afslg drol] W sk A 9 W IE i3 7lol=
2R](Pattle Delamore Partners Ltd and Environment Canterbury,
2000)2] thsEAIR] HPHO R AXfsh= T Ao = &-8d0] HomH,
ZUeE Kim(2010)7 Lee et al(2016¢)0] 24 2 7P 2ol
285 AlE) lck

o) Tlsiers a4 urk Aoz el e
Bo]l o7 A9 Ffs(leaky aquifer) Z79] tjjsk
28071 7Rl Qle). Hunt(2003) A33e)) witi4Z(aquitard)
o] = F&ke] Wk gtrfi<=Z(semi-confined aquifer)ol] 2
Q1gk SR 7havke APISKE SAlehE FeskaL, Huni2008)
= o] 3] S} tizel iRt sl SFYsIIck Butler
et al.(2007)¥} Zlotnik and Tartakovsky(2008)2 =77} 433
SRS Ao AR drEe] TSR ddEo] gls
ARGE Ao PR e S 3R AT S
& 7PUsiRle Hunt(2000) 5ot o} sihes

of R MASE W wEfstel F Pl me sk

{0 =
o &

Of

o tfo

fu

¢

3

556 KSCE Journal of Civil and Environmental Engineering Research

FawF gl AJslrg] Ak 2Fgshs aAElE fEshlo,
Ward and Lough(201 )& 5 244 3% o= &
s S 7halict 53] Hunt(2009)3} Ward and Lough(2011)
418l Lee et al.(2016a; 2016b)2} Lee and Chung(2020)j|4]
kst ezl tigk 28-Ado] WAL, SN HEeE
Aae] 3k I Aekr G JIFE FESRE WHHRFCO,
2018) 5 gk 7HA= b =asis) Hof s RgEr] sl
2=tk Hong et al., 2019).

ot o] Asl Yrell M kg AR AR
U= oy sfAsEe] e olgkom, & shd-thae- A
A8 208 KEslslARE il AR sPdrEd
L5, spo=RE W] ojAAe, a5t sk
2 7] FEEAARe 2 s A A 5 716l
Amxo = ggaich ek, Hunt(1999), Hunt(2009), Ward
and Lough(2011) & thiy-22] siAfal7t spxde] =) wikg- 2t
= 7Pgstol SES o= sk SEsgl] W] s1Eo]
2 thehaiel 483 S 2APH IR 4 Tk Lee of al Q018
1] 2310 thak Hunt(1999) siXdsie} -f-3ks]eE0]] th}t Baalousha
(2012) s4js1E vlmste] s-84 ol el B4 nrk )
Z94M ARE]olof n)aslE: ol e 0AE EY I e
3T Lee et al(2018)2] = @t = Q18 skl
71228 2% v B1E =17lof me Huni(1999) shalshe] ke
A5 2102 o] 2ol sie] T F71dl] whE EjAEle]
898 T Al Sl ol webg B ot
B dipzo 2 AR Srortlel thek Huni(200) s143)
U 254 209 ) A8 BEe) )} s
Pk ARt dae) nXe S 74, stk

8!
s

jul

o B

kv}

N

2.

=

e

2.1 Hunt SHASSH
Hunt(2009):= Fig. 17} o] 412, 3150] = 7} tj-(aquifer)
o] %5p4do] vke WhSaquitard) 0.5 Ao} Qlir, -
L
e

N well

Z ‘ ‘

N —
o —V v
1staquifer T, S,

aquitard K, B

2 aquifer T, S,

Fig. 1. A Two-Layered Leaky Aquifer, Stream, and Shallow Well
Pumping for Hunt's Analytical(2009) Solution
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