Journal of Water Resources Research 7K IR, 2017, 6(3), 265-271 Hans XM
Published Online June 2017 in Hans. http://www.hanspub.org/journal/jwrr
https://doi.org/10.12677/jwrr.2017.63031

The Overlying Influence of Underground
Structure and Impermeable Surface of
the Ground on Groundwater Recharge
in Residential Area Construction

Zhengxian Zhang, Jinchao Li, Weiping Wang, Qingyang Zheng, Shisong Qu*

Shandong Provincial Engineering Technology Research Center for Groundwater Numerical Simulation and
Contamination Control, School of Resources and Environment, University of Jinan, Jinan Shandong
Email: 1109792861@qq.com, “stu_quss@ujn.edu.cn

Received: Apr. 26", 2017; accepted: May 13", 2017; published: May 16", 2017

Abstract

More population and less land is the main contradiction in the process of urbanization in China. Residen-
tial buildings developing upward and downward, not only made the impervious surface area increased,
increasing more surface runoff, but also the underground impervious area increased, jointly cutting the
connection between the rainfall infiltration and groundwater recharge and further reducing groundwa-
ter recharge and enhancing the heat island effect of the city. A case study of the construction of Jinan ur-
ban district, the concept of underground impervious rate, effect evaluating of underground impervious
rate on recharge of karst groundwater, the relationship analysis between the actual impervious surface
rate, impervious surface rate and runoff calculating method are proposed. The result shows the imper-
vious area after construction is an important factor which causes 93% of the loss of surface water re-
charging into karst groundwater compared with before construction. Finally, the concept of construction
and development of water ecological community in Jinan was proposed according to the special geo-
graphical features and the construction of the pilot project of the sponge city in Jinan.
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Figure 1. Schematic diagram of groundwater recharge before and after construction
Bl 1 gl R N B AME R K AR

2. RXEABILRZAFTIVK

TR LASR K] 4, SR T PR e LR 5 B SR K R R o RS G T SRt W% v T A5~ 2 B W9 524 659 mm,
R T X T AR L R UIIG 26 km?, $EINE] 2014 4F () 485.3 km?, L HTIY (b AR AL AR B R TRE A
Wtk — G oK 7 bR AR I F > T S KRN B T AR R T, L o ) U A R I X RN K T
RN, XA ORI FB 8. B E. ZBKE. LRI KA, TR 2nt . 22k,
B S KSR bR TEESE, Kalin 55[2] (2006)i8 i i 7 A, 24— kb K] 60964 T1 % 9 s b FH 1 RO 2 FE 1 3
FHH, ISR 408 31%. Wenming Nie 2£[3] (2011) A AMGEZ i ], &8t 1 &R L 540
WX ARSI FERIRE ), S5 5RRBL, TR IR PSR R R iR, IR w2 R & .
/D IS B AR T A3 /K R YR R R 5 o 7 ] PN, ZREIEAE[4] (2009) % P8 VR I 1 AR T dE AT B AL
R IR T 45K T BRI AT 7K Hh T P 3 0 2 5 X el K SCORE R 32— AR A [5] (2010)F) A SWAT A5 AL
PLT AN LR 24 R IR A 3 I K SCRERE A 2005 4F ) HUR] A 8% 1980 4 (1) bR FIAH L,
IR BUR & TS K E M T R E 2 D 42.09 mm. 28.10 mm 1 279.74 mm, HURARGEEIE N T
431.97 mm, IR T AR FR IS R B R R MR AR AR HOUR . S KRR AR U A I Bl R
Ko

gr bpriR, BIEAGE, 30T AR Ao 2 A A ARG ol K SCIEFR R, BN TR E R, (Ha
o S A T AR G 0 75 B ) 7 AR B TSR T AT S 40 B RN SR EORE I PR 4 e X B 9 DA R

3. BRES/NXBUREAMEIEREX K EIFRIFAT

N T RSRAIK, B K DR R BRI SE (2005 4F)FILE I T /KSR IR . B W T K BLERANA X TT
FIEBLI H AL AR AREETL 30%, %5k 2500 5 T OR 97 R B0 LD XA IR K IR IX, BRI T — 2 M. E
K, BEE R AL X AT R, BB T RER TR, MU R B R, SRR

267



/N DX AR o b IS R SRR b T AP0 T KRB B B IR 2 BT 5 0 5

MAE 30% AT o A T I S VA 1 X K SR A IR, 5 00 H /K AR R 56, A SCHRH 1 S Prith
WA THE MR AE AL R AN P, HADURIE R (2, 1 HOE I RECE UK E . A B
e S HESEHEHE, JRZERN AN R TR Ak 3 B MR AR IR, BIYEA AOhRE AL ER Bk, EE AT
B IE R I N RS . ASC LB SN O BT T 0. Z/NXAL T Hrr gL X, T3
IKHTBEEAME X, PN E 659 mm, X NEERRIKE, A L2E X325, whZp T im
RE, WNEBEHBRINRE R LEREE, KABKEKEBRBEX NS, MERRET A s A
R, NEBEH)Z R bR a T K. R KRB NS Y SR =T AL BRI 7K S A T 2EBR K, S N b T 7K SR
AN, MR KHRVRAE 30 m A2 4G, 5N ZE N et i RIH 1R A 12 i AL BRI K 8 TR A7 T 24 B
FVETPIE AR K . 1%/ NX R ST AR 23,800 m?,  ATERRIAL BV HIHE 20,779 m?, M EARE 1.1, R
ZBRF 0.5, MEFHA 33,245 m?, b @ SR 22,856 m? (BL3EF . W4T L), R 2 ST 10,389 m?
(EFE S 28 P BRE 4% F B T AR s 0 i s i AR 6649 m?, BRI AR 8935 m?, LA 5195 m?, Gk
25%. i FEELTEA 1.05 hm?, R4 EEHEE -2 1.2~1.5m.

(—) EBCHT

(1) HERAME

HRAR R H AR T

W =axPxF 1)

Arb: WAHHERRRE, o NMERAK, P NFE TN E, F a2k i s

AT H ARG B Hh 2.0779 hm?, 72 R B2 BT A HI X ORI R BN 0.15 [6]. HIRAZFEA:

0.15x 20779 m? x 659 mm = 2054 m*

(2) H R HEBKEIAMG B
R B KA B A R
Q=pxPxF @)
X Q WM ANBHMEH N KE, NN ANBHG REL P NE PN E, FRRMEXTHH
AT H ARG B 2.0779 hm?, KRB RTIZIX A K B AME X BB M RECH 0.29 [7]. 4T
BIRA IR R KR
0.29x 20779 m® x 659 mm = 3971 m?
(=) #&)E
(1) HbRmEfb 2R &
AL 2R (T B A S
P=A/A x100% 3)
A PORELLAR, Ay A/ XA Ak 37 M Sl A A1 26 1) 5 M TR, Ag D/ DX AT LRI 7 14 FH R T AR
SRR R AE A SRR 55 R BRSNS T AR o X @R T AR e AR TR AT R R b 5 1 F
2.0779 hm?, H:rp g5 TR X AL S AR 0.67 hm?, B 37 X WAL S AR 0.89 hm?, AL A I H AR i /K i
A& 1.56 hm?, L3N 75%.
LG R ECH 0.85 [6], AR FATATRMEE it 26 1F T i i e MR AR i
W= xPxF +a,xPxF, 4)

b WIORHRRRE, a MR AEL a AR AL, P OVFETHENE, FOVSRNKER, F
PR THAR -

268



/N DX S i IS A SO R b T SR AT TR KRB B B N B 2 W 5 0 B

0.15x5195 m? x 659 mm +O.85><(6649 m? +8935 m2)>< 659 mm = 9242.90 m®

(2) MR K E KPR BN &

Hh R R R N TAREGI AN ZE . AR BN B AR P2 T AR A B T AR A bl B N R SRR AL R
AT AR 15 R 2.0779 hm?, b R RS A A A 1.05 hm?, M R A4k 34 51%.

B ELREEN 25%, MR 51%, MRV BT TERE, Al SR AR S N 2R R TR B I TH AR
AR B 18%, ot AL EIRL 1) 18%, FEMANB AN A I K, el EHoKsEERNE
RWKATHEE . JH 7% SR 2 R NSRS R K, fMAEN:

0.29% 20779 m* x0.07 x659 mm = 278 m®

R, 5 P R NS A R K B Wi b T 93%.

MEEFRSE, H R R K, RSB AR R KNS, U 7 R 53R KK A6 R E
HBEANG MR REAL TR 0 IR R, D T IR KE, N TR AR R, NN
WK E. MBEARTE, HREEAG IR TAZE R, Mo mth AR, U N ARmMnSg, IR N AES RS

(=) CHURE AR FH 45 it 2 S ok 2 423 M2 20 B

RRFr et fh 2, B SRENE /K 130 (R0 S5 e Rl e T 72 A2 1) T 7K AR A o S B R b B T I B
TOKBRI, TR T AT AR, AR s d AR A

Fros = Fay x(1-a) B8R, = Fyy xy ®)

A F AT FBER, FacBLTER, o NERRARL, y NS E WK ROR %

AR T7 AL R LA N i e P AR I H A R

(1) S TRXEHY R 0.67 hm?, i 2 i WK IR I, K2 90%51 A& Kith 4 (R 5% 2
& K 5%, B AR ATk 85%, ZiTH:

F.: =067 hm’x0.9x0.85=051hm’

(2) TGS I X TGRG5> KBS KRB TH, THANZ) 0.48 hm?, KA RELH 60%, FBFEN 40%, 4

L
F., =0.48 hm®x0.40 = 0.20 hm’
AR AR5 0.36 hm?, JLERT R KA 35%, 55y 65%, ZitH:
F =0.36 hm’ x0.65 = 0.24 hm’

SRHUAS 5 S M K AR S AN I H X AT AN /K AR 0.95 hm?, T4k [ AR B 2§ SEFRiY 1.56 hm?
kD BT EA 0.61 hm?,  BE AL b G 12 R 75% 5K % 29%, IAFIZK.

RHME T R G H R AR A

0.15x14679 m? x 659 mm +0.85x 6100 m? x 659 mm = 4867.93 m*

2 2 B R SRR M i (A B 9242.90 mP /b T 4374.97 mP, UL FHN 4T%.

(MU) EBATE NE R R

AT H AT LRI B 1 2.0779 hm?, 7E R 2 2 BT ACHLIX () R iy 85% [6]. ik o Fi5% N 15% [6].

WA F B EA:

0.85x 20779 m? x 659 mm =11639.36 m*®
AR AUEATAME TG I 26 18 R W5 Mg &

269



/N DX AR o b IS R SRR b T AP0 T KRB B B IR 2 BT 5 0 5

0.85x5195 m? x 659 mm +O.15><(6649 m? +8935 m2)>< 659 mm = 4450.46 m*

KAMER A W E NS &:
0.85x14679 m? x 659 mm +0.15x 6100 m? x 659 mm = 8825.43 m®

AT S R RBUT (T AMEFE MR T /N X FiEE H 11,639.36 m® Jik/b 3 4450.46 m®. SREUE i 5 T 15 &0k
/b 8825.43 m®, JUEHWERAATA B, E R EE MR AS vk i T8 B (0 3 R M SRR T A R N IB
FNA MR KBTS, T R B TR K AN R R K AL R .

4. EShERBIRBGI

TR Sy G A T8 R DLV B AT X, e — N e R SR B (i 2 /N X, /NI A BRI T 15,000 A,
& LA 207,453 m®, BEALTHIRY 116,479 m?, A EE VL THIALA) 56%, GFEETRE A 31%. 1EH% 25%, AKffiL
TR 90,974 mP (5 44%. FilFH T A - RIS IR EE R — NI HARII N TR RSE, 1EFKE R LBk T iz
BB B, AERIT IR ), AT T 2 AR AR PR . B RGEORAE 1T BORT (1R 7K DA K I8 IS B ]
EHE, % RGN T KRSt oTik B, AT BATE DA A ME S P Ak B 1 €2 /8 X Jee Bt 3 77 7K S A gt
FUNXHEK B3 BE . SHERTR /N R, I ERIK RGN E L, %R THERERNNBENA T K
A F) 194 mm, T K TIOE B ME . BEANXHRI T 8K & X, R TR 2 M KEFA AR A FE X
W& HAR B A Rl K, A BRI KB E . XA RCRFIH LR UM EORSE #a A3 DR B HhRE
BHER G- NIRRT HEK R G IR M E TE A Kb A KK PE s bR R BRIIE ;s K
TENZEARMTCRIE AT IR AGE KK SRR R KA BRI THRI . 28 [ R 7 R K AR 2SN X
VOB T/ X AR Tl . (H2, ZAES/NX 55 i @ e AR X A, — R L
B, A RHEARMH SRR AR . BRE,  HF K AMA RS TR 75 ZEAH K& -

5. RIXtH&HE

P TR S e T S K A S SO T 5 i A 3 T R TRE SN, AR T2 K B A 45 XA TR
M AAKSCH BRI, 45 & RSN et B 53 m T SePrfi o, DURINS S, XIS NS &, RECH R0
KM, AT S RO K ST A B R I A7 R M AR B A /)

FEANXRE b, SREGE . dif 5. @ . HESEIE I, K b T3 BE A0 7 A2 1A R R AR R T RE st Y AL A X
BRA L, BRI/ TN AN ) SO R TN I RIK B ATRE 1, AMLEEE TN R, IR S A B RN
LT ERFA . 0PI REINT 1 3R 5 A R KR R ), A 2R RN AT AR 2 A X 5 B A TR AR
AN T B BB IS ROt R Kk g TREL8]

FEDXIREE EAE4R LA A IR BR R ANV 451 S5 i B B VE K I RFAIE, BN X 5 /N X 2 T8 3 7 2 ity B R 2
DX, VAR K S R K Z TR IC R, A 3t AR 1) DX DA S X 308 08 AR ORI R, K[l ARt 3 S5t
R B 2 RIS I, AT REA MRS, AR /NX R A TR AR b AR IR b S AR IR T 5 ) R0 b 45 B3
UK A A A v ) DX SRR T RE MR IR Tt S A R KA B I ), DA BRIt L AL D9 A B H R

EL£mAB
LZRAEKHRNT « I ZARA WEUT R AEZS SCIH SR SCEE TR (SSTWMZCLH-SDO06) - (INQY-SZY-GC-2016-001)

SE3Hk (References)

[ E4er, dh-brs, moEraR, S5 R T RBUE I A KR I SR T R KAR TR BRI TE[I]. KRR, 2011, 42(4):
477-482.

270



/N DX S i IS A SO R b T SR AT TR KRB B B N B 2 W 5 0 B

(2]
(3]
(4]

(5]

(6]

(7]

(8]

WANG Weiping, QU Shisong, YE Xingiang, et al. Quality characteristics of roof rainwater for fractured karst aquifer recharge.
Journal of Hydraulic Engineering, 2011, 42(4): 477-482. (in Chinese)

KALIN, L., HANTUSH, M. M. Hydrologic modeling of an eastern Pennsylvania watershed with NEXRAD and rain gauge
data. Journal of Hydraulic Engineering, 2006, 11(6): 555-569. https://doi.org/10.1061/(asce)1084-0699(2006)11:6(555)

NIE, W., YUAN, Y., KEPNER, W., et al. Assessing impacts of Landuse and Landcover changes on hydrology for the upper
San Pedro watershed. Journal of Hydrology, 2011, 407(1-4): 105-114. https://doi.org/10.1016/j.jhydrol.2011.07.012

200, VEA NG, SRPRRL. THEE EIRIERIR T A AR A IS R A AT AT AT (9], AR SOR A 2R E ARRLAERR, 2009, 45(4): 668-676.
LI Na, XU Youpeng and GUO Huaicheng. Based on the long-term runoff analysis and research of the influence of Xitiao River
City. Acta Scientiarum Naturalium Universitatis Pekinensis, 2009, 45(4): 668-676. (in Chinese)

HWER, i, LR, SR P A X R AR A e U K SO R R e (RS T —— DRI AR 7 R
BI[I]. BSRBEIRZER, 2009, 24(9): 1560-1572.

ZHENG Jing, FANG Weihua, SHI Peijun, et al. Simulation study on the effects of land use change on hydrological processes
in a fast urbanization area—A case study of Buji River Basin in Shenzhen. Journal of Natural Resources, 2009, 24(9): 1560-
1572. (in Chinese)

CREFTE /N XK TR 2. @305 /X KR TR rE[M]. dbst P EER T
tH AL, 2008.
“Technical Specifications for Rainwater Utilization in Buildings and Residential Areas” Compilation Group. Guidance on the
implementation of technical specifications for rainwater utilization engineering in buildings and communities. Beijing: China
Architecture & Building Press, 2008. (in Chinese)

BHH, BRE, TIRE, % Friia sk REUK K RP T IM]. Jbat: HUi L, 2013: 96-97.

CAI Wutian, GAO Zongjun, WANG Qingbing, et al. Study on hydraulic connection of Karst Water System in Jinan City. Bei-
jing: Geological Publishing House, 2013: 96-97. (in Chinese)

FYET, PIVINGE, i RR. R T ORISR T R K (B S T KR [I]. KK B, 2009, 40(3): 20-26.

WANG Weiping, SUN Xiaobin and QU Shisong. Discussion on effective utilization of urban rainwater recharge of Karst
Groundwater in Jinan City. Water Resources and Hydropower Engineering, 2009, 40(3): 20-26. (in Chinese)

271


https://doi.org/10.1061/(asce)1084-0699(2006)11:6(555)
https://doi.org/10.1016/j.jhydrol.2011.07.012

	The Overlying Influence of Underground Structure and Impermeable Surface of the Ground on Groundwater Recharge in Residential Area Construction
	Abstract
	Keywords
	小区建设中地下构筑物和地面硬化对地下水补给的叠加影响分析与对策
	摘  要
	关键词
	1. 引言
	2. 研究区基本概况及研究现状
	3. 建筑与小区硬化率及补偿措施对水文循环的影响
	4. 国外典型案例
	5. 应对措施
	基金项目
	参考文献 (References)

