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Abstract: The recharge measures are used to try to control the settlement and head down of the confined aquifers caused by the
pumping of the foundation pits in Tianjin, Shanghai and other regions. However, the researches on the theory of recharge are
still deficient, and the feasibility of recharging in the micro-confined aquifer of silt and sandy silt is also urgently needed.
Therefore, a series of single-well recharge tests, group-pumped and group-recharge tests and double-combined recharge tests
near a subway foundation pit project in Tianjin are carried out. The test results show that it is feasible to recharge in silt and fine
sand as the main component of the soil layer, and the pumping theory can be used to predict the change of the water level in
confined aquifers caused by recharge in practical engineering within a certain range. The hydrogeological parameters obtained
by the pumping tests can be used to predict the rise of the water level of the recharge, but at the same flow rate, the uplift of the
water level generated by recharge is significantly greater than the drawdown of the water level caused by pumping within the
distance from the center well (about 5 ~ 7 m). The pressurized recharge can improve the efficiency remarkably. The amounts of
recharge and pumping at a similar level can effectively control the settlements of the surrounding surface and buildings. The
surrounding surface subsidence has a rapid development trend when the recharge is stopped. In practical engineering, in order
to avoid such a settlement trend with rapid growth, the recharge time is properly extended after pumping is stopped, the amount
of recharge is gradually reduced, and the groundwater level is gradually stabilized so as to avoid the rapid development of
settlements at the end of pumping and recharge. The twin-well combined recharge technique can be used to control the decline
of the water level of aquifers caused by the discharge of the recharge well.
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Table 1 Depths of initial water level of observation wells
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Fig. 2 Layout of recharge wells and observation wells
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Fig. 14 Curves of p-t during discharge and recharge tests on H1
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Fig. 15 Variation of flow rate during group wells tests

6 H 5 HUUG HER SR BT T8 Jh 4k
FREEAHIE KT, G5 5 Go Rk & Ak ELE 1.6
m’/h A1 1.35 m’/h, HdhKEL 2.95mh; HIL H2 &
H3 [ BIRUETE 095, 1.35 & 1.3 m’/h, K [0
2109 3.6 m*/ho BUIFE] 16 mf 3 WLIH: (1 7K A7 AR AL
B iaE. Sk, BIEER K THKE.

T Cl. G1~G4 MWFEALT BIEEF:—M], 24
K G5, G6 BEE LR, {EREE SHUKEILFIREE
HYERFEATACEIN, 2R K Ao mg A 46 T
H G 1. G3 WLIFHAL T WA [ B 3 42 1) TG et /K
A LI R TR AR 5T — M, XISk
AL RFFIGTHRPIRES, KELAGTHEDNT 1 mo X9
FE 7K AN ORGP S 7] ¥ A S A58 1) [
BEATFIP IR, RERSAERR ORI 5T — MK L AR
ST » AL ST AE IR AR FE AR _E R HF SR 4R /K AL
TKAE AR A AN I8 [ B R 7K B PR AR A AT /g B )
AER ARSI A ORI

ME 16 HETTEAE H, 726 H 10 Hahk 5 el
A5 LS5, A B AR KA A7 S T B 3

5 --G1, JEGS. G6[l%284.62 m

%G1, JEG5. GO6JA]i%2k11.48 m
G2, FHGS. GG'E%&‘L(Mm
-4-G3, G5, G6[A#E2ZE17.01 m
—G4, FAG5. G6[A]#4k44.40 m

4t

g 3
£
g R 11
S, B L
B
& |
¥
0
_1 -
2014-6-4 2014-6-6 2014-6-8 2014-6-10
2014-6-5 2014-6-7 2014-6-9 2014-6-11

16 BEHBHERINFF s - ¢ BhZRE
Fig. 16 s-t curves during group well tests
3.2 EHMBHERIG SRR S
17 JREHRRRE R g0 1 A b oA R 0 R A0t
e FEdZk. D3, D4 D5, D7 AT EHEH HI.
H2. H3 AL b, Bk R ERRA: D11 A
FETHK—M, Bk 2UIRERE: D16 G TAREE
BARSEH— M, R A — s kD . drutkm] L,

[ SR M R 7 A 1 2 A A

4 BHMBENNERSDH

BER B U0 A5 SR DL T T M e
AR KT, TR, BT AE— B ]
T+ DR £ IR IR R 1 9 5 SR AR
P HE 5 i 0 A48 K 1470 LA e s A
Bk 3 3K BL T R R U e R
ARSCHR WAL FEIT 5, Fhil—2BTFIR T
R

8001 D3 -=D4 +-D5 4+D7 *D11 —D16
6.00 |

4.00
2.00

HFVIEE/mm

[
1

-8.00f
-10.00° il /d

17 BRI TG Mt RO P M B 2%
Fig. 17 Ground settlement curves during group well tests
RIS C1 AT /KDL IS [ml 73 7
HI1 (7] EAT [ B DAL I0L 28 T I I AT [ o ik e et
Cl. HI FEFFE, Cl HKIE I HI B[R]
EIFELE 0.8~1 m/h, 384T 1 d ZMMIFKAAE o
BN FH FR 7K Az it P 8] X AR A G S an 18] 18 s

0.6 Jihr o (R 452 0

L ——G1
—— G2
——G3
—— G5
—G6

~04% B [El/h
18 B BB IE R YUMFL 5 - ¢ BhZk[E
Fig. 18 s-f curves of observation wells with pumping and
recharge at the same time
ME 18 AT LLE i, CL. HI RIS 5 1R 10
h, CI /K5 H1 BIER AL B RS, G2 B
IRBLFEAR A A, G1. G3. G5+ G6 Ml (7K AL
2 TS Cl. H1 AT 10 h 5 EWIMHKA R E
WiE, Gl. G2. G6 KA EIHTHES . Gl G2,
G6 T HI —f, % H1 BIERIFZR KT C1 Ak
o, G5 AT C1L—fll, 3 C1 #KAIRmEK.
R R IGYIIE], B B A RS T AL
F SR L AR I 5 BUE AT S K I 5 Rl
(7K A s I th AR et B an B 19 Fros o



600 H O+ T OB % M

2018 4F

Cl. HI fi i Eilie R, sehr TR H7E
— B HE A BEAT K B, Dy 7 38 G el 4751 kS
W R KL R BRI SR AR SIUTRE, 7T FE [ REH: B
A3 4 B R A B AT (R, AT i Iml 47
SIENEKEKRALK TR, T ROSHA G RERAR,
BV g 1[R[ B 2 o A B, TR TRLEAT [ A0
a1, AT A ok A — I RREFEIRS GHE 5 T e el
FERRBGL ) [m147 5] B TR A e

3w SEHIRES WK AR
HL | — Sl R ok s i 2
- - =~ Jalm] HE N 1145 5 | A K A o B 2

40

IR AL i /m

&
<3
|

N)
S
}
=]

1
w
-,

EEH1H B # /m

19 B BERERERT T EIMFL 5 - ¢ BHZXTEE
Fig. 19 Comparison of s- curves of observation wells in steady

state with pumping and recharge at the same time

5 LEigFnEIY

AN I I E R A R S T TR T e 3 M
JE B [EIE RS . AR R G DA R B B RS
S AN [ [E1 ¥ S (KA _E AR AR . KA L T [
FER (PR 2R 0 (A1 VR A5 R DA K [RTSEE X 7K A7 46
FHSCR AT AL . 3SR T

(D BRI AT, B B Rb R K
J2 b R R A AR EIE B B K AlIE 2.8 m/h, N
T A £ K e [BIE R ATIA 5.5 m/h, [AEE 1 )5
FRREAE 0.05~0.06 MPa. BEHATE LG . A b S AE X
LY IR F R e 5 7K 2 R AT R EE & AT AT 1),
e [E]VEE AT DA, 2 5 i LR AR

(23R F 7K s B R B0 45 3] 1) 7K SCH B 245
AT DR - TR0 B [ PR /KA 46 FHE L o (E2 AR R
B, EEPOHRIEEEN (L4 5~Tm W), [FIHE
IR SN0 S VAU N ERTE N itV = S A1) € VA X [
MAERE O RO B B, P BRI . 7ESLPr LA
H, A KRS B K SCHUR S 50, W] LA
FIX L S48 BRI AT [RIE 7 R, (HR X
B O IR A B AR R b THHE 2R AR I

(3D Hby 2o b F o [ E = (1) 386 ] 2 BT
FIE R, MHELHL R KAZ I AR (L, MR BRI AR 1L
B ENE, A5 0.5 d. XEER M TAIEZE
VAN AR S C ) = WO W5l 1'% ) 9 10 oY== A 1 RO B
J R AR SE NS . AN, A R RE R RN R R

by, MRS AARE IR, HET M
RERA TS, PILIESKE RS, K k)5 B
%%LKE@HW FFIZL o Bl R, AR KA
(B Ae, 3 S il HE T B 45 AR A DR PRadE A -
Mdkﬁﬁ%ﬁéﬁ%Tﬂ,éEEESEKE
UERFAEARUT AT, ARXS TR, 7 BREH: 53
MR AR B KR A R RBLIEA L REARFFAEAE,
RWAR KR ZYF, VLR A AR .
(5) i gl BRI T R, AE RIS [l L
RErf, O TR N R BLR TR R, AR A RO A el
VEROR, RIS AT ER R O A B, 29— H R
HERHEAT IS, TR TS 55— 1 [T R A R
GUNEIRY 1 iy =y AN Y
(6) KB LAEH, IR BRI E, 1
FEGT A i1 H PR T K [ 2 R A 22, 4 T K-
T IE Gt T K AR B 5 RIS SEBILG 3 i S R S

SE -

(1] 5KIZEAE, FLEEY;. Uiz H] BT R K e LA 77V
BRI &+ TR, 2005, 27(10): 1171 - 1174,
(ZHANG Lian-hua, KONG De-fang. Optimization method
and application of pit dewatering for controlling settlement[J].
Chinese Journal of Geotechnical Engineering, 2005, 27(10):
1171 - 1174. (in Chinese))

(2] &/NoR, ATk, PUWIR, S BEUTRE/KT1E F B  AkE
PRI HT[I]. zsj:jbap, 2005, 26(10): 1575 - 1581. (JIN
Xiao-rong, YU lJian-lin, ZHU Xiao-chen, et al. Analysis of
behavior of settlement of pit’s surrounding soils by
dewatering[J]. Rock and Soil Mechanics, 2005, 26(10): 1575
- 1581. (in Chinese))

(3] BRAMLT, 2= W), #hOoom, & FABUKIE S KZ XGRS
B 7K = 4E5 3 5 M i ot Bcp%%A%i?” D] A&t TR,
2006, 28(11): 1947 - 1951. (LUO Zu-jiang, LI Lang, YAO
Tian-qiang, et al. Coupling model of three dimensional
seepage and land-subsidence for dewatering of deep
foundation pit in loose confined aquifers[J]. Chinese Journal
of Geotechnical Engineering, 2006, 28(11): 1947 - 1951. (in
Chinese))

[4] R, EFEM, HRF. REM T KN TEHER AT L
Vg T A ORI v BRI AT T[], BRI, 2009,
23(6): 1194 - 1200. (WU lJian-zhong, WANG Han-mei,
YANG Tian-liang. Experimental research on artifical
recharge to shallow aquifer to control land subsidence due to
construction in Shanghai City[J]. Geoscience, 2009, 23(6):
1194 - 1200. (in Chinese))



% 4 3]

AR, S RS R R SR s 5 K [ T 601

(51 BERtr, 4 . R K IREAE M Bl R ST K rh i S
M. &+ TR A, 2012, 26(5): 238 - 241. (QU
Cheng-song, XU Dan. Groundwater recharge of pit
dewatering close to the metro[J]. Geotechnical Engineering
Technique, 2012, 26(5): 238 - 241. (in Chinese))

[6] 8 I, &g, x| g, S ORECE GG TRAREL &K
JE IESEBTFL]. & TR, 2013, 35(HT 2): 491
- 495. (ZHENG Gang, ZENG Chao-feng, LIU Chang, et al.
Field observation of artificial recharge of confined water in

Chinese Journal of
Geotechnical Engineering, 2013, 35(S2): 491 - 495. (in
Chinese))

[7] ArEEFR, FEMERS. JEUT LA MoK EE RS it 5 R H
FORTFF[I]. @HEE AR, 2001, 22(5): 70 - 74. (YU
Jian-lin, GONG Xiao-nan. Study on the design and the

first excavation case in Tianjin[J].

application of the groundwater recharge system in
excavation[J]. Journal of Building Structures, 2001, 22(5): 70
- 74. (in Chinese))

[8] BUTLER J J, HEALEY J M. Relationship Between pumping
- test and slug - test parameters: scale effect or artifact?[J].
Ground Water, 1998, 36(2): 305 - 312.

[9] COES A L, SPRUILL T B, THOMASSON M J. Multiple-
method estimation of recharge rates at diverse locations in the
North Carolina Coastal Plain, USA[J]. Hydrogeology Journal,
2007, 15(4): 773 - 788.

[10] VOUDOURIS K, DIAMANTOPOULOU P, GIANNATOS G
et al. Groundwater recharge via deep boreholes in the Patras
Industrial Area aquifer system (NW Peloponnesus, Greece)[J].
Bulletin of Engineering Geology and the Environment, 2006,
65(3): 297 - 308.

[11] SHEN S L, XU Y S. Numerical evaluation of land subsidence
induced by groundwater pumping in Shanghai[J]. Canadian
Geotechnical Journal, 2011, 48(9): 1378 - 1392.

[12] TUGEL F, HOUBEN G J, GRAF T. How appropriate is the

Thiem equation for describing groundwater flow to actual

wells?[J]. Hydrogeology Journal, 2016, 24(8): 2093 - 2101.

[13] JAZAEI F, SIMPSON M J, CLEMENT T P. Spatial analysis
of aquifer response times for radial flow processes:
nondimensional analysis and laboratory-scale tests[J]. Journal
of Hydrology, 2016(532): 1 - 8.

[14] COOPER H H, JACOB C E. A generalized graphical method
for evaluating formation constants and summarizing well -
field history[J]. Eos, Transactions American Geophysical
Union, 1946, 27(4): 526 - 534.

[15] ¥ @A H T KB 22 M] deat: s ok, 1997,
(XUE  Yu-qun. dynamics[M].
Geological Publishing House, 1997. (in Chinese))

(16] FK47ik, #Atsk, W%, 55 FERREEMN T2
BRI HF FE[T]. & TSR, 2015, 37(88 71 1): 21 -
25. (ZHANG Yang-qing, RAN An-lv, WU Chao-jun, et al.

Groundwater Beijing:

Experimental study on permeability properties of soft clay in
process of pumping and recharge[J]. Chinese Journal of
Geotechnical Engineering, 2015, 37(S1): 21 - 25. (in
Chinese))

(17] REH, & B, ZBE, 55 EEFHURRE LS S5
EITARIGT T[], & 1%, 2009, 30(10): 3181 - 3187.
(WU Chang-yu, ZHANG Wei, LI Si-shen, et al. Research on
mechanical clogging mechanism of releaf well and its control
method[J]. Rock and Soil Mechanics, 2009, 30(10): 3181 -
3187. (in Chinese))

(18] ZiRME, EWH, TN, 55 MEUERYIIEE SR
RO K ORI AR [T]. KR 224k, 2012, 43(10): 1163 -
1170. (LI Shi-bo, WANG Chang-ming, WANG Gang-cheng,
et al. Infiltration clogging test and simulation by PFC3D for
loose dam foundation[J]. Journal of Hydraulic Engineering,
2012, 43(10): 1163 - 1170. (in Chinese))

(191 ZEHEMK, R Ie s, LM, . ALK E KR 728 g
P AR T D). TAEENER, 2006(5): 27 - 30. (LI
Wang-lin, SHU Long-cang, LI Yan-ge, et al. Calculation of
steady flow in complete recharge well with filter layer with
submerged aquifer[J]. Journal of Geotechnical Investigation

& Surveying, 2006(5): 27 - 30. (in Chinese))



