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Method for calculating pumping and recharging confined water inside and
outside excavations under suspended waterproof curtain
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of Engineering, Shantou University, Shantou 515063, China)

Abstract: The surrounding environment will be affected when the confined water in an excavation is pumped under a
suspended waterproof curtain. The groundwater recharge can effectively control the groundwater drawdown outside the
excavation so as to protect the environment. The existence of the waterproof curtain makes the head difference at two sides of
the curtain during pumping and recharging of the confined water. The head difference is caused by the variation of seepage
direction and path and the reduction of the seepage area. A series of equations to calculate the head difference during recharging
outside the excavation are obtained by the numerical simulation regression method. The groundwater head difference during
pumping-recharging action is the sum of the head difference during pumping and recharging, respectively. The proposed
equations indicate that the head difference is related to the width of the waterproof curtain, the inserted depth of the waterproof
curtain into the confined aquifer, the anisotropy of the aquifer, the thickness of the aquifer, and the hydraulic gradient under
normal conditions. Finally, the proposed method is applied to a field case to verify its validity.
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(4 WhEF P I 7K A7 22 5 LB/ RE e B oK 2R

DA L K 4 AR S K2 R L, 3Rt 20
ANTLHL, THEAER TR kKR KA 22, B
Cl 5 C2. C3 5 C4 2K ZE, FFRAER (9),
(10) HA A TEEHNIEA.

B 7 IR KIMERHE A AR B KR FIHERHREE boa
SR B AR ZE R R BT s
Syuvio 73 N 9 EL WE ZK 22 1oL B — AN 55 3 1E K ME R K]
BIRIRRD SIERIKBLZE s Sip0i0 0 Somwato 77 N
—TE AN IE KRR RS T AS TR A2 (1 2
SIERHIKALZE . I 7 AT, LB KR4 N R 5 7K



oW UK,

S5, Uk KMERE N ZEIT P AN AR K KT 507 1975

JEBIAHSHRE boa B, 51100 T Sppyigo BE R e 24 bpa <
0.85 IF, boa K, 8,000 M Spppogo TR 24 Bpa > 0.85
s boa R s 5,000 1 Sommoao 1571 o B KD 5T FHAE 4K
BRECHEATINE, G 2R IAE R B R 43 51 0.997
F10.998, A& AKLTFras:

2

&MOO%MIM , (12)
- bkl)dﬁoos
Slrbod() = 2'5btl)d36 (l_bbd)‘ ’ (13)
h?ago'ﬂ
Sy = 0.5 ) (14)
by
S2tbod0 = 2-8bt1£1853 5™ (15)

PR, TEPRALZE S K IERHEA
NS mﬁmﬁﬁ%ﬁﬁ%

O Sirbido ©  S1rbido
|— ----Biaihgk . )
[ ]
B S51hod0 ®  Sirbodo o } ]
‘ :

Y
2

e
'h

Srbid0

0 0.2 0.4 0.6 0.8 1.0

7 ERFNTERKLES b XERE
Fig. 7 Relationship between dimensionless water level difference
and bud
(5) mIR RS
X2 ~ 5 BETREFEESKZE LS
IKZEES 10 m EEREGUOASE . FIEFH e S
mﬁm%ﬁ%T\ﬁmEEE&EmW%%%ﬁﬁﬁ
SRR .
a) EKE
K& KRS mFEER stz (& 7)
PRAERIZR, 73 TSRS S KB AR RS R k7
BIAE 3 ff 6 {5 A1 10 (R FEE R k& M T, 1k
TRMERE P A K A7 22 5 1 /KSR N AR 5 K R IR E 2
KRR, TR, %ﬁﬁﬁﬁ@?ﬁ,ﬁﬁﬁ
HORFEAAR . B 8 45t T & /KR [ S X 2R
KW%%WmuﬁmwmoMa8Tuﬁﬁyfﬂﬁ
FVEIE R, Prishs SiniEth e A E & HARLE
IEZKIEFEREE R, N, s BN ) o K
KRB
B EKERNRE, HESHRFAL. 2hlit
B b=8m, b=16m, b=20 m Ml p=30 m i, 1E/KIHEHE
PN KA 7 55 1E 7K R4 N AR S 25 7K R R B 2Z TRV 2%

%. b=8 mf, E%#L%%ﬁﬁ%sm,ﬁ%%#
TN 10m. B 9 A T & K2 R BERT 55— 1k K i
FEPMKA Z R . B 9 HaT LR, HE&KE
JERE b KT 10 m i, AHEEKIERIRE T, 540 X
Siuvoa IR ET K2 JE EERG NI Uk s 24 b /T 10 m B,
FIKE R EXTH R RV ERm . 1Ah, 24 ba<<0.5
B, B KEEERT s, 0 SEMAEDN: M bba<0.25 Bf, &
IKIZRERT 5,0 FETHELN

S1rbid Strbod '
T :
3 —o —& k=3k,

—— —A— k,=6k, 1
—— —— k,=10k,

E 8 BKEBBFMEXT sivia F s1rwod HIFZMT

Fig. 8 Effects of aquifer anisotropy on sirid and Sirod

4 Strbid S1rbod

- - - RElER gl )
—— —= b=8m T =
3F o —e b=16m
—— —A= b=20m

&9 EKEEEIT siwia B simod HIFZNE

Fig. 9 Effects of aquifer thickness on sirbid and Sirod

¢) 1EKMERE AR

PAETHE S5 RS IR T RTEREGURG 1,  BUR ST
PITEAR,  BI3s 1E/KMERR TR o @&ﬁMﬁﬁW
KR 50m, A 36 m; HESHRIFAL.
ﬁﬁ%%ﬁﬁX@mmW%%E?Wﬁﬁwmmu
72 B 10 7l gt T R R UM B R GTR 58 1k
TR P KAz 22 5 1B 7K MERER AN K S &K R IRE 2
IR AR BB 10 ATAL, 2 bea<<0.85 I, 1EIKIERE
FEARNT 5,4, TEREMA; 24 boa™>0.85 B, 17K MEFE LIRS
S SCEUN o 2 bpa=<<0.6 I, 1E/KMEZETEARNT s, 0
ToRM; 24 bpa>0.6 I, IEIKMERTEARRT s, REMEL
Mo RSRL, 1B KMEREEPORT L K RE P K Aoz 72
IR AR /N o

BKE S AV S KE R S KR TR
85 3 1 IR A A0 7K S 2 R S e B AR AL A



1976 =

+ T B % ik

2023 4F

(6) 17K P U 7K A7 22 (1) B

WREMARX (12) ~ A5 HELERKALZE,
M 75 BX & K2 & M R RS K2 BT IE, &
1E S5 B 8 R 9 HH IR B A v S5 i SV AE AR I 1B 2R B30T

5r 115

Strbid S1rbod

S1rbod

10 LEFKMERFZARIT s1mbia FA s11b0a HIFZ T
Fig. 10 Effects of aquifer thickness on si:vid and Sirod
BIET B KA ZE AN (8) ~ (100 5, AT
753 [N R R AR KR P KA ZE T A, B
NI
S — T8 b AR MERE P K L 2 «

_hd A 0.032In5-0.78
5 T 005 k|20 10) ’ b
Ahlr = ilmLB lgbé;e (=) [—];J (—b j _L +
z B

B e 0.3Inb5-0.3
1 o=k 14010
—b"4e(' bya) A _ +1| o 16
2™ k. b (16)

S 8 b KRR P KA 22

1.6 47

bha —
T, o8 [ k100
thggéks@fe“%)[fi Lb +

i k ‘% 0.23Inb-0.1
Ly (P10
2 k. b

T i1 AT i 53 0N LKA 1HE N AR R 15 7K 2
PR TE L 7 P 0 ) 7K a6
2.3 IASMEEREER
1EKMEFEAE F R ST ] KIS AR R, 1K
W FeE 9 U 4 7Kz 22 ] AR AR S At 7K 5 1R PR 7K 7 22 40 [
FESIERAL ZE ) BN 55— T8 17K MERE T (17K (1)
YRR I 17K P ST A b /K AL R 7 e K T HT A
RPEG N 7 1K MERE PN R 7K A7 22 s 8 38 1 b 7K e %o
[ VEE K AR 5 5 — T8 kMR AE B, 98D 1 bk
e AL 22 o DRI SR — 0 S 55 T 1 7K e s
IKBLZE IR VA 50N
Ah, = Ahp-i—Ahlr ) (18)
Ahy = Ak — Ahy, o (19)

NSRRI EE SR e B, W (D, (16D
A i, A, aTRLEE L (5) AT

(17

R AR e B, AR (6) BEATIHE .
BEAh, WRA 2 K e B K, R DI
IR RO = A0 0, i, R, BEAT &, RO
AR AT DU T 22 FUHEflK B 1

3 I¥NHA

FH & SCHR A B R B K SR R S 5T A A
FHFEHL R /K () TARESER, MOk PRI AR T2
T BB AR 7V TR S s AT I, B
IKIZIKSCH R S8, (ER—BE AR, R
WA K KIS ST AN I AT B, R EE A
P ELE RS B g EE A TR 45 R 3T
B, R AR BT SR VE AT BRI o
3.1 IIE#R

g T SR E A R X A RIS TR (W
251, FHTK 49 m, 9 22.5 m, JFZIRE 28.15 m;
KL R ISR N B 450, R IESETE 1.2 m,
TR 48.6 mo ZEHUF AT B B W& 11 Fros. 1% TR T
FHRIEWLEENGX, £ 65 mREWHEN, 2GH
WK EAKZHAEEKE, B 58 21.1, 37.7 m.
- Hb 5 i E A 12 s

49 m
oC4

*c3
T EEL R

oGl

22.5m

oWl
oCl

*c2 —l

o fikIH © [m¥EH 12 m
oW, oWMI o HE K

1 EFEHEE

Fig. 11 Plan view of excavation

KIXHE BESE kn, ky(m/d)  ky, ky(m/d)
I 106 10-3 1091075103 10~
R ; T —
| ¥k R 1 o
10 AU @B
(@UAE T 4 o»
20| O || o
%
a0 e
50 _ﬁ'lk’% @215}%“@ iﬂ!iﬂﬁ o Mﬂ(ﬁ“yﬁ oml
o ky » ky
60 O ky Ok,

BEBI: kn, by =K P RE B BERE
12 ERHEEREREERY
Fig. 12 Geotechnical profile and soil permeability
3.2 H7KiRIE
NIRFG RIS E KBNS B R, ERGUTHZHT
77 KK WA 11 P, Hrd Wi



9

HUKE, & Sk KR T 5T A AR Bk T 58071 1977

TR I, R 50 m, I JELRE 17 m, HA4Z2N 273 mm;
G1 NI, R 43 m, iR 10 mo X560 H A,
AR E A 744 mi/d. Wu 203N i H B L4
MHEIRTS T AR E K ZRKCCh R S5 (K 12),
3.3 LRSI

BRFETUMT — O EREH (B 1D, [FEHF LS
PRI I o T P /K FE LA 744 m/d 147K 47K
2d Ja, R RGNS, I RHE N 360 mP/d.
Sl E R (R PSR 9 3 do 20 Sl 7 FH AR SO 4 1 [RDE 2
RIEFEAEEE T C1 AT C2 B2 C3 FiT C4 F Y
IKAL 2 o

(D FIEHARE

HRIEFE 12, @1 WP+ K@ By KT 51
RKE AN 2.6, 3.6 nvd, TEFIBIERE AN 0.6,
1.1 mvds WUR S K ZE K )5 2 R IR 347208 R
BN 3.4mvd, SAKARB T N 131 m¥d. ATFERIE
EAKETIBEE N 27.6 m, T IESE AR E S
IKERIAERHREE boa N 0.55. HE 11 7740, HhKIEm
[E]HE S 5 S SR A B BN T LS R R SR B R,
DR AR T SR 4 /K B R E S 51 e ) /K A7 BRI, 75
IR, KH Kozeny Z%ARITH. #
FIRBAEAN (6), (7 J&, AlHE sk R
<Y i N S O 4 R 1 B = S BTN P WA L v
FE, Wik 2 fizs.

R 2 BT EARERE

Table 2 Relevant values of proposed method
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Table 3 Calculated results by proposed method
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Fig. 13 Water contours of confined aquifer
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