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Effects on Stream Depletion

ABSTRACT

In this study, Hunt’s analytical solution and Ward & Lough’s analytical solution for two-layered leaky aquifer system were used to
estimate stream depletions due to shallow and deep groundwater pumping, and their differences were compared. Depending on the
combination of the separation distance between the stream and the well, the transmissivity and the storage coefficient of the aquifer,
and the leakage coefficient between the upper and lower layers, the stream depletion, which is the amount of stream water reduction
compared to the amount of groundwater pumping, for each of 45,000 cases was calculated for both shallow and deep groundwater
pumping, and the differences were analyzed quantitatively. When the leakage coefficient was very small, with a value of 10 °1/d, the
difference in the average five-year stream depletion due to the pumping of shallow and deep groundwater showed a large deviation of
up to 0.9 depending on the given hydraulic characteristics; this value exponentially decreased as the stream depletion factor (SDF)
increased. This exponential relationship gradually weakened as the leakage coefficient increased due to interaction effects between
layers, resulting in a small difference of up to 0.2 when the leakage coefficient reached 10~ *1/d. Under the condition of greater interlayer
hydraulic connectivity, there was little influence of the depth of groundwater pumping on the stream water reduction.

Key words : Hunt’s analytical solution, Ward and Lough’s analytical solution, Shallow groundwater pumping, Deep groundwater
pumping, Stream depletion
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Fig. 1. Comparison of Dimensionless Streamflow Depletions between Shallow and Deep Groundwater Pumping (&,/5 = 10" °1/d)
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Fig. 2. Comparison of Dimensionless Streamflow Depletions between Shallow and Deep Groundwater Pumping (X,/5 = 10~° 1/d)

0.059] =i Y] shda Fhake] WAske A=k

Fig 2 AR K,/B = 107°1/d 9 we] Aujex] &)
ARAl R A% s Fave ezl wet 2
2o]& VFERIAIRE ARABI: o] A= o= 1 0]
7F A2 AE ERIF & vk iR Ae dARASS S
Fao| ARAsl =l vl AR RS 7H2H)7E 02 HRle)
789 - 2ol 231 AR & o] T ZA UeRt
T A% g Bol1 gitk o= ARAERe FEEhATT}
FARAslrol] Hlsf o] AX gpol] ek Whgo] ARFHoR
w2 o2 HA RESSHA 7RIS 57 Ikto] 1delA
sido e Z7isle] weh 1A selzle] el Ao 3nAjsk
G W5 0369014 0.609] BRHS 7], ARAES P
0.079114 0.192 Z7}5t3ck

386 Journal of the Korean Society of Civil Engineers

Fig 3& K/B = 107"1/d < we] s 1] 4bg A=
A oRFek rElzdel tik sk Han] o] B At S IRE
1'de] 739 HRAelE 036, A8l 022, Y7 RE 5]
785 ARARE 0.59, AFARRE 0419 Hhe YERSITE
W FEAIT 23000 Hls) ARABRReL ARAskE ke
A7} A4 F Zolelon, 53] 111 o] 455 e 717
Hashe AeE Wob T Hlad 2 digolrte sk
G Aol W sk A e Aot Sofe 2 ERIT
T Utk Figs. 1 and 20 H]sl Al 1008, 100) S7 653
o= Byelal ARAskr R ek sk ham|e] B,
F2, Foix|e] Wsk= A9 glow, vhd ARl ] B9
FaA]e] WHepr} 2 ~ 10u) vhE S1sIIE webk HRdiergl

A Askrs G Aedle sils v FAs 27000



Dimensionless Stream Depletion (Deep)

0.8

0

0.2 04 0.6 0.8
Dimensionless Stream Depletion (Shallow)
(@ 1yr

ox
o

o,

o

0

0

0

0

Dimensionless Stream Depletion (Deep)

.8

.6

4

.2

(0.59, 0.41)

i

0

0.2

04 0.6 0.8

Dimensionless Stream Depletion (Shallow)

(b) 5yr

Fig. 3. Comparison of Dimensionless Streamflow Depletions between Shallow and Deep Groundwater Pumping (&,/5 = 10~ *1/d)

Dimensionless Stream Depletion (Deep)

0.8

0.6

0.4

0.2

(0.37, 0.36)

0

0.2 0.4 0.6 08
Dimensionless Stream Depletion (Shallow)
(@ 1yr

Dimensionless Stream Depletion (Deep)

0.8

0.6

0.4

0.2

(0.61, 0.59)

0

0.2

0.4 0.6 0.8

Dimensionless Stream Depletion (Shallow)

(b) 5 yr

Fig. 4. Comparison of Dimensionless Streamflow Depletions between Shallow and Deep Groundwater Pumping (X,/B = 10~ *1/d)

Dimensionless Stream Depletion (Deep)

0.8

0.6

0.4

0.2

(0.41, 0.43)
0.2 0.4 0.6 0.8
Dimensionless Stream Depletion (Shallow)
(@ 1yr

Dimensionless Stream Depletion (Deep)

0.8

0.6

0.4

0.2

0

(0.66, 0.67)
V4
R
-
0.2 0.4 0.6 0.8 1
Dimensionless Stream Depletion (Shallow)
(b) 5yr

Fig. 5. Comparison of Dimensionless Streamflow Depletions between Shallow and Deep Groundwater Pumping (X,/B = 10~ *1/d)

Vol.40 No4 August 2020 387



Aok HHASHE el wE SIS

1.0
0.8
0.6
0.4
\l
\\

|
0.2 '!!I!I!l
LT
LT
0.0 -

Difference of Dimensionless Stream Depletion

0 2000 4000 6000 8000
Stream Depletion Factor (SDF) (days)

1.0
0.8
0.6
0.4
0.2
0.
-0.2
0 2000 4000 6000 8000

Stream Depletion Factor (SDF) (days)
() K,/B=10"*1/d

@) K,/B=10""1/d

o

Difference of Dimensionless Stream Depletion

iy
B
of
ot
1o
e
El
A
1x

=
o

0.8

0.6

0.4

0.2

0.0

Difference of Dimensionless Stream Depletion

0 2000 4000 6000 8000
Stream Depletion Factor (SDF) (days)
(b) K,/B =10""1/d

1.0
0.8
0.6

0.4

0.2 |
0.0 L LU NT I I 'L ¥ i

-0.2

Difference of Dimensionless Stream Depletion

0 2000 4000 6000 8000
Stream Depletion Factor (SDF) (days)
(d) K, /B=10"%1/d

Fig. 6. Differences of Dimensionless Stream Depletions according to SDF Values

Akl A FElSA 9B A o, Al
G Aol Akl WAl vhgste] A= ARt
o] B3z o w Hgsle] gl nlAl=
G| 2 AolE vERE F AUSS nEk

Figs. 4 and 5= 22t K /B = 10 °1/d, K,/B = 10 °1/d
A e} Splar 7] A AaRA] ARAlelE et ARALst
T e Zpol7k Ak A A 0.2, AR = €]
Zpl7} glek wepk] Adeks F3ke] el dddo] & Aeells
Al 7 A=E 2] shefeke skde] 5 S frelfst
2 S &9tk A/B = 10°1/d & o) FQ) 3P
e G IRE 1 SRt ZRAskE 0.37, AFAEEE 0.36,
F7IRE 5 B3 HARAEE 061, ARAE A= 0.599] 3
eI, K,/B =10 *1/d 94 wi= Bt 4315 2wh

)
4z
fu)
?
ol\r
1o,

\
E
m
ol

388 Journal of the Korean Society of Civil Engineers

FF7IRE 1 B AEAsE 041, ARAS 0.43, F5717E
513 Fob HRAEE 0.66, ARAEE= 0.679] F-S LERo]
HA5oh ARAEE ] - skl nixlE @] A9
FrAFslcE

Ao} ARA S G At 2ol o IShE Al
olele] v FEiEdRIAte] JRFS AuEy] flsiA Fig. 63}
o] ZRsh AR AE: ol e S\ B SRS TS
APgakaL T Aol zFrSe] spardlzkStream Depletion
Factor, SDF)o]] wle} vejioick e]714) SDFgk sF-2by o]z
A AFATe] & FrArE e o2 -3
o)AAE} AAY FRIERAIHTIS)7F ARGFE A8l 459
o] AaL wheA) sl =LEhS oJw]gHi(Lee et al, 2016b).
Fig 6= K,/B =10 °1/d & o) SDFe] wl s} 7haH]e]



o1

1000
Sqrt(D;)

500

|

100 |

100 500 1000 2000
SDF

o

o,
.
o

s

3000

[ -0.1-0.0

0.0-0.1
[ ]01-02
I 0.2-0.3
I 0.3- 0.4
B 04-05

[ | Bl > 0.5

4000

3000

(@) K,/B =10""1/d

1000 r
Sqrt(D,)
500

1000

100

100 500 2000

3000
SDF

[ -0.1-0.0
0.0-0.1
[ ]01-02
B 0.2-0.3
I 0-3-0.4
I 0.4-05
> 0.5

5000

4000

(b) K,/B=10""1/d

Fig. 7. Differences of Dimensionless Stream Depletions according to SDF and /D, Values

HJol& vfeRdl Ao 2 SDF7} 571t we} Ao = 2k
Sho FEE Holal glom, slsite] rAlaT) Aol a5
FefsAe] gaol A A A 2 wshL Yok A
S7F v 2 Aol HRulsEe] SDF] uje} el
ARAsE g GPe] 2 WAE Helal P95 & Stk
Hhe] Figs. 6(b) and 6(cyi= 22t 7557} K,/ B =10 °1/d,
K,/B =10""1/d 9 vje] Azhzx 94X SDFgth 2554
WAIS HERHAL JAE deleite] srefa] dazde] 713 wet
ARA|elrol ARA|sGTte] 45 T o) F7Nele] Fig.
6(a)l HIsl < SDFe] thel] AR} =7 sl glor 53
SDF7} 2k ji9jollxs 1L Fde] ts FesA A vepar
gt} Fig. 6(b) & SDF~7} ¢F 3,000 d Bt} & 29 93|7
s ghale] ot o] ghe Wel 415F I JFol
U] 2 789 sl Sl ofefRk A= sl el
o wlal “FFe] ElghtATTE vk 2he w) BYSIIT Fig.
6de K,/B =10°1/d= 2 Z9olhe 2o 02 w59 2ole
LERHaL $lar 21 efl= SDF gt “dgle] #19] 2lolg Holal
A Atk Z, TG 2 Ao AR 2 ARase
PR AT B Fl A G MR Ae) FURS
oty wep ARAjske Gk i skde] kel A=
o) Ao R 2S Flolehs Hukd] P $4) e Ao
HQIT,

Vel AARRE K,/B =10 °1/d oJ3e] B Ay
ARASG PR QA3 A thaHle] Aot ARGEe)

SDFe} A|5324 #A7) F3ish s Ho|7| o] SDF

AR 2 ARAE Gt she] RSN dult
dFE WA A WHE 5 Jrh whEe] ATt
K,/B =10°1/d o391 %% SDF7} wjl$- 2ke Z-9-u Ao
022 2R& zlol5 BT v SDF i} datglo] shxlaagoll
A AL Zjel7} Q7] Wiz skt
e ZoE AJElE Al $83F @' R8sl e
S Rk K /B =10 °1/d¢t K,/B =10 '1/d & 7
ZhdtE ez Z7t A1 dellis Rl ARRIE: 45 gE)
-2 olAA e AR eEe] sElEhies vEehl= SDF
ok ope} ARigEe] SElEkAlSs A1 AEj) gk
W= Zlo 7 RAMEQIC ojefeh =Y wf AR} N8l
Frol mE skl am|e] 2jolE Fig. 73 2] HFtrEo
SDFs} A5thrs a3l D, = T,/5,)2) 12%(4/D,)
of whe} 221 FH el EABIATE ko2 AR S
SDE7} 5713l wle} o7} Zof=i= oFdg Holal it A%
7t ST oGS T A= BusH 31T 5
oItk Fig. 7(@)9} 2] K,/B =10""1/d & wol= SDF~} 300d
Hu} Zke AS gl zjo|r) 0.3< 233k, SDF7}F 400
~600d oA /D, 7} 200 ~300 m/d "' === 700 ~ 1,000
m/d " ¢l 7S el AR g5 gae] o7} 03 B} Zirk
nhAo] Fig. 7(b)h 20| K,/B =10 *1/d ¥ woli= Fig. 7(a)
Hr} zke We2 SDF7E 300d Bt zkewix] /D, 7} 200 ~
300 o)A} 1,000 m/d ' w] L x}e]7} 0.3 B} & Ao
LFERTE

Al ogago] A

0

Of

o M

Vol.40 No4 August 2020 389



ARl Ajsie

428

B AT el i AR BAld o
Hunt(2009) 31438} Ward and Lough(2011) s}&J8l2 o}&:3}c]
e ol ARASe] TS S, el ARt
Al Ba-Egol A7) 28 ek & 45,0007 27
T AR w AR e g o ss ek A,

0=
vjmsle] e 2e AES A4S 4 AT

AG7E 1071/ d 2 v 2k g 2Rk I
2 Q1% 5 B spda e Frelxddel wE 2HlE
0.05904 ZAR= 092 23sh= & HES Hox|uk A3}
5 Aol 005-0352] Wl griEo e e gt wiE
238 LRI F5A1I5T 107°1/dY wis sk A
7} ARAERE A B 0.60, AR SR GA] Bt
0.19, T 10711/ whelli= 2RAlsls FA1 e
0.59, AFAKE A Ht 0412 2HgE| o] ARA|s)4=
Pk ARABE ool vlg) sl Fe vl
A} A AT 4855 TS TR e Rk
Ty U5 SR 2l ek AR O %
o] o ZA Uehhe A= deldrk r5ASF 10°1/d
3 ol AR} ARASE YR AT Bkl v
o) ZJol7} 022 F7) a1, AT 10 °1/d2 e
2 20 T 2o g I 9T Ao} Ale) gl

() S35

Ao Uity webd F3t el ddde] 2t
ES 27 sfefeke shde] ek BA

Aole A3l - A=E
AlA ek ¥
s} ARAS: ] nle 5 HE
L 1 Aolg ARoieEe) shaluasla
WG BT A} ATt 107 01/dR He A% Seis
Az1e] wt Huf 092 2 S Holi shuzeizt
(SDF) gho] 27Fr% A5pte o = 7hashs o]
Ao vtk AR 107°1/d, 107 11/d R 37K
we} 57t 3 2kg gEke 2 o|#gh SDF ghae] 2|54
AP AR EshEal AR S FEiEde] vidEe] AR E
7} A= FFe R AT 10001/ doVde)
% H 022 2k Hol} Wk ARTjEe] SDF
3T o) Vot 33t eld o) & zadIE
A5 P Ao mE SRS ghage] Hols vhs He
Aoz A=

ARoh el S gepol ule S ganle] Hols
Anrjsse) SDFe} AR i32] /D, o wel ARk 2

[SAR=N
IR

|\

0

@

2
oft

Nt

©)

390 Journal of the Korean Society of Civil Engineers

ool whe

ol

ogape] vl

] 2~
B g 9 s

FAS7E 107°1/d 91 7% SDF < 300d & o o
o7} 03& 27431991, SDF7} 400 ~ 600 d oA,/ D, 7}
200~300 5= 700~ 1,000 m/d " & w FRe} AP s
gaFe] 2otz 03 Hok Zirk FAGTE 10 11/d & wel=
Aot & 5 WISl ZoFso] SDF < 600 dolt, /Dy
=200 ~300 == 1,000 m/d 'Y w) L xjo]7} 0.3 Hr}
2 A0 ekttt o)} e 24U o) ARARElRE 3t
W g 1A S feld o dvke

B 7oA 283k Hunt(2009) 2 Ward and Lough(2011)
sidsliel 1 Ag Anie MRl 3 X7 ARt oaraAel
8 B8e 5 AUS Flolrk ey T sds) B skduige
2 A|2ELS wReslsl 2ol A APRE Ao ' tigZe
HdA] 5o Badt el Ay RAzEle) B2 wEkx
A& BABR=tE gHAZE Ak whEbA] SFe] Sl mjR)E
A3 &GS Bk AU 248 $Jslirle sk
fE AN mdH A FAge] I gkE ool
Aoltk gk e} ARdlEtle] 213 1A HHE SlsiA
gl T AR ks SJek Al E 2 2L 7

o] SRFEATE 2 237 A gk 2L 3 A% 5y
3 2 el Jide] "adh Zlelch

[o) famw §
T

e or

> oy
NE

gl =

B O BT SRR SR O Ak Gk
4

SFAY” A Ao 2Bl FYEIFUCE
References

Han River Flood Control Office (HRFCO) (2018). Study on the
groundwater management near stream with considering
streamflow depletion, Ministry of Environment.

Hong, S. H., Cho, H. S., Lee, J. W., Chung, I. M. and Kim, N. W.
(2019). “Technique for evaluation of groundwater pumping
effects on near-stream.” River and Culture, Vol. 15, No. 2, pp.
65-71 (in Korean).

Hunt, B. (1999). “Unsteady stream depletion from ground water
pumping.” Ground Water, Vol. 37, No. 1, pp. 98-102.

Hunt, B. (2009). “Stream depletion in a two-layer leaky aquifer
system.” Journal of Hydrologic Engineering, Vol. 14, No. 9, pp.
895-903.

Kim, G. B. (2010). “Application of analytical solution for stream
depletion due to groundwater pumping in Gapcheon watershed,
South Korea.” Hydrological Processes, Vol. 24, No. 24, pp.
3535-3546.



o
Ml
et

Lee, J. W., Chung, I. M. and Kim, N. W. (2016a). “Evaluation of Lee, J. W., Chung, I. M., Kim, N. W. and Lee, M. H. (2016¢).

stream depletion from groundwater pumping in deep aquifer “Evaluation of effects of groundwater pumping near stream using
using an analytical Model.” Journal of the Korean Society of analytical model.” Journal of the Korean Society of Civil
Civil Engineers, KSCE, Vol. 36, No. 5, pp. 769-777 (in Korean). Engineers, KSCE, Vol. 36, No. 4B, pp. 617-625 (in Korean).

Lee, J. W., Chung, I. M., Kim, N. W. and Hong, S. H. (2016b). Ward, N. D. and Lough, H. (2011). “Stream depletion from
“Evaluation of stream depletion from groundwater pumping in pumping a semiconfined aquifer in a two-layer leaky aquifer
shallow aquifer using the hunt’s analytical solution.” Journal of system.” Journal of Hydrological Engineering, Vol. 16, No. 11,
Korea Water Resources Association, KWRA, Vol. 49, No. 11, pp- 955-959.

pp. 923-930 (in Korean).

Vol.40 No4 August 2020 391



