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ABSTRACT

Visual MODFLOW was used for quantifying stream-aquifer interactions caused by seasonal groundwater pumping. A
hypothetical conceptual model was assumed to represent a stream-aquifer system commonly found in Korea. The model
considered a two-layered aquifer with the upper alluvium and the lower bedrock and a stream showing seasonal water
level fluctuations. Our results show that seasonal variation of the stream depletion rate (SDR) as well as the groundwater
depletion depends on the stream depletion factor (SDF), which is determined by aquifer parameters and the distance from
the pumping well to the stream. For pumping wells with large SDF, groundwater was considerably depleted for a long
time of years and the streamflow decreased throughout the whole year. The impacts of return flow were also examined by
recalculating SDR with an assumed ratio of immediate irrigation return flow to the stream. Return flow over 50% of
pumping rate could increase the streamflow during the period of seasonal pumping. The model also showed that SDR was
affected by both the conductance between the aquifer and the stream bed and screen depths of the pumping well. Our
results can be used for preliminary assessment of water budget analysis aimed to plan an integrated management of water
resources in riparian areas threatened by heavy pumping.
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Fig. 1. Schematic diagrams showing progressive stages of the
stream-aquifer interaction during groundwater pumping: (a)
reduction of aquifer storage (AS), (b) reduction of groundwater
discharge to the stream (4D), and (c¢) induced groundwater
recharge from the stream (AR).
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Fig. 2. Impact of seasonal pumping on (a) SDR and (b) aquifer
storage (AS).
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Fig. 3. The conceptual model showing an alluvial stream-aquifer
system: (a) plane view and (b) cross-sectional view.
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Fig. 4. Annual variation of groundwater discharge to stream
caused by (a) change in stream level and (b) change in both
stream level and precipitation.

FrE TURI oY St x]+z'1_i Pty
1271 SRI2 =, TS e 79-9] SDRES HluL
gk 23}, SDRE ¢ Wsh= %?s_%}ﬂl ERsTH webA
do] eeslE Q] T glo] 1209 Bt AEHS
2 ke AoE gt

A5

FHAS g2 o}ﬂﬂr 03_75 & WEE 1l
9 7RIl oA S E Eol %
7} AR oP‘oPﬂ Zlo = ’6‘}39& =
E]-(Wmter 1999). olwf A3} TS
7 2] BIEE FANATE Z&fﬂﬂr = 3
U= A, Aol ot sk 7 wisls B4 o
= Afole] Wle Fosith mEA S5 A s dig S
BTAE-S BARI ol ofgt Aek ek B sk
9 e w2 A8l FrEE L ASk AR Eﬂﬂ~
AR Rdgele T2 BSAeA 2010390 B
H 79 AEE ARSI

Fig. 4= sPR-UI55 Jazgol ot Ak %%k
W3S HolFEth ek fE30] FHe s
HSolA sRloE o] fEEe ol5sks UrEM%U%
()9 S HolH sRleA tigoE Eo] fYEe
‘4\‘/\218]'3’% L=}, sldgee] wsol <Jgt A5 UWUJ
7S (Fig. 4a), 3259) W50 we} fEo] W
slAX FF Aslr 55 WRHE ve ZoE e

E

Az} w2 9 65
2E+5 10
(@) g
& GW storage 9
£ pOofsoreee — 3
w) f.
< 3
©
SW =
'2E+5 T T T T 0
0 73 146 219 292 365
Time (day)
2E+5 10
) Precipitation €
= 139 mm/day™ =
£ [
S 0 -5 ©
195} —
< o]
©
SW =
-2E+5 T T T T 0
0 73 146 219 292 365

Time (day)

Fig. 5. Annual variation of groundwater storage (AS) caused by
(a) change in stream level and (b) change in both stream level and
precipitation.

ek A A SRR} A sk sl o)
Fom FYEIow, ofF S oA Sash
Ase fEel FRe PIe By

A9, sFaee) WE A5l o) P W e
T B9 (Fig. 4b), BFH5N <3 et A 3%
3 7RIS AIS TR FRE B2 il B
o2 At fESE oISsIe PP Bk A5
o ol Asks Afrol FkhN SpHoRe] Y
E3 =) Z7E0R, of @t shasel viEl o
3 sFas 1) 9ol sl Vebsith. 1599 A
ol S5} A sk wEoR Sep7t o
Aol £45kds] PIS Byt

Fig. 52 SFd0les 580 o8 Asks 473
WSS HofFth AfFe P AT Ak Pl
s Z7kebAt skl sk Rl o8 dad 5
Sk, Fig. sat= S139) WEe] o9 Asle o 3
HE A5 ARG WA, SANSS 4589 2
Solck. o] S As AfrFe A% 2 W glo] &
Aagont, a9t Ao A ke E5
716l sFase] figloE QI8 the bt Aoz et
ST SR WSk A e wF el 43
(Fig. 5b), 27] ASKE ARTFE Aol wre} Ao

2 Bade, 45D% F 2 S 24d s
k. A5 A%
Pl o 2 Fge ga}zm, shee] el S

[e]
Hland ge ) B FEUE Qo= BNEd =

J. Soil Groundw. Environ. Vol. 21(1), p. 61~71, 2016



66 o]@F - THE
1
SDF = 6.25 days
\
I 400
9) 05“ U4
0 T T T T
0 2 4 6 8 10
Time (year)

Fig. 6. Comparison of stream depletion caused by seasonal
pumping of two wells with different values of SDF. A well with
SDF = 6.25 days is 50 m from the stream, and a well with SDF =
400 days is 400 m from the stream.
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Fig. 7. Comparison of the storage change (AS) caused by
seasonal pumping of two wells with different values of SDF. A
well with SDF =6.25 days is 50 m from the stream, and a well
with SDF =400 days is 400 m from the stream.
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Fig. 10. Comparison of stream depletion caused by different
values of (a) hydraulic conductivity of bedrock (Kj) and (b)
vertical conductivity (K,).
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