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Mechanism of water quality variation caused by groundwater exploitation .
A case study of Huairou emergency water source area in Beijing

YANG Nan'”, ZHOU Jun’, LI Shijun’, PAN Mao'~
(1. Key Laboratory of Orogenic Belts and Crustal Evolution, Peking University, Beijing, 100871, China;
2. School of Earth and Space Sciences, Peking University , Beijing 100871, China;
3. Beijing Institute of Geological and Prospecting Engineering , Beijing 100048 , China)

Abstract: In order to investigate the mechanism of water quality variation caused by groundwater exploitation in the
Huairou emergency water source area in Beijing, we analyzed the water quality situation and the effect of
groundwater exploitation on the water quality and its causes based on monitoring water level and water quality data.
The results show that long-term excessive exploitation of the local groundwater leads to a drop of the water table and
the variation of water quality: (1) the length of the infiltration path of recharge water gets longer, leading to an
increase of eluviation time, and (2) the phreatic water supplies the confined water through leakage recharge. The
groundwater level and quality in the Huairou emergency water source area from 2012 to 2014 were predicted with
formulas based on the conclusions above. To guarantee the water safety in Beijing, we suggest that necessary
measures, such as prohibition of groundwater exploitation and groundwater recharge, should be taken when water is
transferred to Beijing through the South-to-North Water Diversion Project.

Key words: groundwater exploitation; water quality variation; water supply guarantee; Huairou emergency water
source area;Beijing City

2003 AETFAR  AERUTT G R AL TR P Bk AR R SUKIEM A TR DK SR 2 TR
Dy Ey it AR SR U DA AT K IR, R RRZh 1.2 42 m’/alt AR T A K AR A AR 1

EH N i (1986—) , 2 A oe A, B 55 J7 o0 R I H8)5 . E-mail ; nan. yang@ pku. edu. cn
EAGVEH B, #8. E-mail ;. panmao@ pku. edu. cn

- 15 -



[FlmE 5 1R 1T i R Ksh ke AL i
FLAR AR IR T K ALRFEE T B R KK BT b
(BEJE L) #9227t A

1 #FR XK FRER

A5 T M 2 0 S U A 3 T AR Y
H B ER X AR IO R DU )2 3 A TR R L ]
WA UURUZ 20 R R R W70 8 B R a5 o Tk 2
IR ) b R A A AR AE . AR B2 AT
AR, XN & K2 B B8R 5 K& K2
(/NF45m) JRIZRESKIZ (45 ~ 120 m) FIGRJZ
RIEEKZ (KT 120m) , Hp K EKZS5KREZ
RS KR Z A1 AT B LB K 2, K 1B R 38 4%
1,38 % G — 2 CRIR)ZF K Z S 120 m
5 K ZE IR & KZ, KoK b 2= 2 A R
HCO,-Ca - Mg'**! |

RN 2K IR M A 15 42 HRAK PR, Hp g |
RIZFERIAS 21 R & 1 R RSN K R
Rl K AR

O
e 4 N
o , A
:; ﬁ TE
AT Wt f |
N s
gy S
B sap |
F&A
Nt
A Jepy A
s
Wi
S
201209 _18@ (37%
. 24212 919E e 1167
Ji 5L ‘: iz R I
R P12
1o 21 3112 2 ihé& N
10-40-2 KV
9-19%
B 84 .
Bl / . fer
QL / 7)
‘ I IiLHI/’J
L Y )| LRkt
i [ S i
Y
£ o 1500 3000 (:’ PRI
—— \ 0 XX

1 MRENEJKEFEMEERKEHD]

2 HITIKKBRERIFR

2.1 HTkokBTRER EAIEE 4L
ML 2K UM T K TE B AR SRR N 261

- 16 -

AERIVERT , KB ASE AT 73 an T 3 BB,
a. 1981—1998 4F N /K B fa e B 0], 73X — Bt
1, MR 22 N 2 K VR Hi b T K B () S Y AR AR R R 2
K 6% WAL R 5% |, BARAEBRI]
Wb B R B BT i o, (HLR AR A AR AN AR e &
TE 1993—1994 41 fk B A B2 A5 BF (2 R ka3, an
K2 i,
— iR -

WRIE —— MR e

IEED I
700
600
500
400
300 Lo\t
o ez

WAL /(mg- L)

00 1 1 1 1 L L J
1981 1984 1987 1990 1993 1996 1999 2002

500 -
400 |
300 -

200 : Pvt? A

100 . . . X .
1981 1984 1987 1990 1993 1996
£3%)
(b) 52

B2 RENKEMIFRBIKREINESH

b. 1999—2002 4R /K BiBEAE BT, FEiX —BY
B, K BTHE ARSI BE S SRR, B A 1 IX A 2
H R K B0 A BE AR AR 53 R B 70% T 74% R FE
AACRIRE] T9% F1 22% ., 34, FEX — B B, Jb o
— ELAL T T 50 K AN 0 R K R
HOF, EEWIFTE X P KA R A K

c. 2003 FFFE A MK FER AL B, TEIX—
B3 X KR K BT A2 A8 Y- 22 B BVA R
FHEaH (B 3) ,2010 A W0 380 (9 3 724 s B o
SKHETIEI T 29 29% , V- 340 A0 B2 BT R AT m 1
32% ., AKUETRIF B A0 BE A B AR R A X B/, 5
FERATAH H, 2010 45 W () PR - ¥ 0 3 T T
4.5% ¥R EERSIN T R 8. 7% .,

2.2 HeTRIKAKR=E EREH

PR 2K K 25 o] 25 Y7 B h
DLEN 15 5, Bl 4(a) Fink 2003 44T K RE
JEA AR I 4(b) oA 2010 4EHL R /KBERE SRR, 26 1
S ZE R 2K IR T R FT A 2010 4F 4 7K A i 45 (]
OYATHUE ; 0 Ab R S50 8 1) o A LA B

F1 REE2KIERFF BT 2010 £
AR B 4345 X b

B e RIS
(mg - L")

168 ~242 HuliEr, UFEME 80 %
228 ~296 HuLE, WAL FEH A

1 /(mg-L7)

1999 2002

e JERIr

2003 45155205
2010 15 %




—— k11 —— %12
—=—k8-1 —— 482
—a— 7£20-1 —e— ¥20-2

400
=]
< 30
=
= 200
1004 1 L L 1 1
JERAT 2006 2007 2008 2009 2010
4
(@

R
on
£
ol
2
100 . . . . )
JFRHF 2006 2007 2008 2009 2010
A
(b) fifi 2

B3 RERAKESEKREL L
PRI 2K IR 2003 4545 AL LR K I8
Mot (15 59 ) B TF R B, 1wl 7K U b DY ) TR
TR, BV /K Rt 5 2010 4F MR 7K Al
JE I 23 8] 43 A R AR TR

560

1120 m

37

]
s
168~176
176~184
[ 1184~193
[1193~201
[1201~209

JIPI 12155 1209218

=512 218226
A B
C1234~242

() 2003 4% (FFR:41)

3 MTFAKFREKRELHXR

AN Z2F 3l R KR 0 R S 28U
TOKHEEE N AL R B AR TR — [n) R T
W, — Ak, T KR B A AL B T 5 i S R A LA
TR AR A T KT CO, 43 3G nFnE:
BONAE s @5 b K B TR A G @ i5 Y=
(I BHES A e e

S SRV K IR 5K AR R,
D] I 308 5 X PRS2 7 2 7 VR Ml 7K DR B4 S 28 7K A
FE S A0 EE ORI AT US| 2 BT K R 1 R KK A
KB R A ENZ RN ERX(ES) .,

A3 ML T K FF R B K S AR A B LR 32 25
THs

a. PRIENL ZUK IR A IR AR B 5 7K 457 A A
KRBCE IR 0.907 3,8 (L1 5 R /K A7 B A 56
FECFITHCN 0.934 15 K IR TR IR BE 55 Hb T 7K A7 1)
FSCRBOE 7 50H 0.920 6, 5746 B 5 4 F 7K A7 4 AH
KB Rk 0.6889, L) FAH X REIY M IFAE,
PN S K IR T KK SR A fb B H 5 1A
KRR, UL HHL T /K IR T 80 T /KA 3 R B, 1F
TS0 T /KR B R0 L0 B 1 A4 B 2508l T LA
TR KRR IR IR R I 5K B i e i A

’ EE l:f7-117-2

- 7-1-
% 1852 2

P

o s i
Zmm hs2 o kI

I 228~236
[71236~243
243~251
251~259
259~266
266~274
274~281
281~289
289~296

A
KT align

(b) 2010 4F

B4 HTKEETESH(EM . mg/L)

- 17 -



o CPILE o AT
- ZIK CHIT L) — 21 CEIaE)

500
o R>=09341 o __.--%*
=400 U
= % 300 - R2=0.9073
B 200
100 - - - -
10 20 30 40 50
7KAE /m
(a) K PRI
o T LE o VLT
- Z I CTIIT AR — 355 P )
350
) 300 R?=0.6889 Ry
S—: 250 . - o *
= 5 200 R*=0.9206
2 £ 150 /e—au@—ﬂ”"
100
50 s s s s ;
10 20 30 40 50 60
JKAE /m
(b) FKIFEEI
B 5 MTkkGIS5KkERXE
KOESRERE y=0.0363x"-0. 2123x+203. 59

KO SHALE  y=0. 13475 -4. 2523x+378. 72
KOEERERE y=94.901exp(0. 009 5x)
KO SHAEE  y=0.0737x"—4. 041 1x+298. 08
Ly IR o A E BB fLE
PRI R R 3 3 B X} 2012—2014 4E A 7K A
B R A B AT T, SR 25 R L3 2, fh A
W, an SR ARSE L H i i T R AUSE AN 7 TRt T K
PRZE N 2K UG HLHE R 7K K T8 Ak R e Tt o
2 RERRAKIFEMM T KRR S KRN

WALRE/
i~‘,\ m £ me * ‘_l -
i M KER/m R/ (mg - L) (mg- L")

[ES R = NS i B 2305 [EE3
2012 63.6 537 1736 296.8  313.8  538.5
2013 67.4  57.5  179.9  311.3 3389  579.2
2014 71.2  61.3  186.6  326.9  383.8  623.8

b. IR 2K IR b 7K 2 7R I L 4 v
JEFRIZ G K)Z 1R K RS2 W6 3 K s A8 Ak 1Y) 3=
BUR N Z — AH P 7K BT A 728 Ak B P A AN ]

PR Sk 8 7K 4578 )2 AR K 22 1) R AS o 2 g B /K
2 U R B H R KB IR, R KK AR T
WK SRZR K Z B AR ESRK)Z(E6),
AP 2 TR AT X 2 g 118 P 7 37 205 s 8 ™
PR AR X BRI A 2 2 AR K, (K B IF R A
KK AR 2%

Hi R 7K SR R R /N B e T A S R R T KA
TR MR KRB, A TR B RS K AN K TR A
B AR IE I B, VR AN R IR K

. 18 .

A s skt
o 0|
o \2010$7Mﬁ N
AL GIEIK )
. L RIERIIK
Rk )=
WIZAEIEK

El6 BRERIGXRBERKEKTEE
£ e BB B AR EL A P AR ) B B i, PRt
ARIEH T K A 0 Py s 1 BE 2 3 i, O IT R
(R AR B AR AR IR 2K TR T
KA R LEE 32 A 7 s O3 R 7K B R TR
SO T KA T K R KRB, AU R Y
R AMETKIRAS IR AL, (b JE IR 2 @
IKGERIZAR IR Z B A E SR BRKZ e SR
WG T K AR, iR KK AR T K 5 2= R
HaR Z 18] B AN SE R K JZ | DRIEC R JEE 14 52 AR X
5 R TR BT b 2 S B ™ A B AR R AR BV R
TRHIK  FEARUEIF IR A R KK AR 2%

4 % iE

WL PL BT bR T RER ARl I A R 2 R )
A FEACRTE ST AR B B PRS2 R 20K IR
23 8 FEZIFFEE TR, (145 IX Bt T 7K o7 3 3 T
Rof , 36 212 b DX Hl R 7K K T Ak fry o i R A A
M,2014 AE K PRI 10 10 B R B R 43 il 3k %)
383. 8 mg/L Ml 186. 6 mg/L, K PRI 0w fb )i | i
JERE A 93k 3] 623. 8 mg/L Fl 326. 9 mg/L, WA HEXT
H R KK BT TR R, e 20T e B K BT
Tt I G R FH A A o T s A5 K 5 P KA REAE S
TR IR KRS R |

FET UL, @R R K G A TR A 2K B I
R 5 X R 2K R R A 7455 %, A FH — 1) [l
BT N T PR B 1 KK AE, R B P 22 I
IR HLAE DL RRLk & ¥ 1 25 T BE, PRI 1 R 1Y
Bk 4,

SE Lk

(1] AR, 2. AL at i 32 0 2K TRt 3 T /K sh 25 46
et (2010) [ R, b 5T, Jb 50T Hh B T AR 22 B¢ |, 2004-
2011.

(T#%24 W)



JR BT T AP BRI X I M 3
MBI LR AT o 7350 AR AL R ] 3] )
MRS KGR MR (4 E A R AP ) PR AR
PSS PS5 | ATK SRR, DIARADOK S0 A
X AL A BRI MR 7, 7T T A A A BR A A 1 55
TR BRI RS R

SE

[ 1] SOLOMON S. Climate change 2007 ; the physical science
basis working group I contribution to the fourth assessment
report of the IPCC[ R ]. Cambridge ; Cambridge University
Press ,2007.

[ 2] XUmeml AES7 B, 56 IR NDVI shas 281k J
GBS E [T R4l AR E R,
2010,38(1) :1-5. (LIU Xiaofan, REN Liliang, YUAN Fei,
et al. Dynamic variation of DNVI in Laoha River Basin and
its relationship with climate factors [ J]. Journal of Hohai
University; Natural Sciences, 2010, 38 (1): 1-5. (in
Chinese) )

[ 3] XM, Rt AR 45 e A ARAE R 0 5 e 2
[J7. Hb3HALF 3k ¢, 2004,23 (1) :62-70. (LIU Huamin,
WU Shaohong,ZHENG Du, et al. The study on the potential
natural vegetation and future prospect [ J]. Progress in
Geography,2004,23(1) :62-70. (in Chinese) )

[ 4] AT, RAU, T8, SRR T b E B R
ARG PR S AT [T ], R A RS 2R, 2011,22(4)
897-904. (ZHAO Dongsheng, WU Shaohong, YIN Yunhe.
Variation trends of natural vegetation net primary
productivity in China under climate change scenario[ J].
Chinese Journal of Applied Ecology,2011,22(4) :897-904.
(in Chinese) )

[ 5] NI J,SANDY P H,PRENTICE I C,et al. Impact of climate
variability on present and holocene vegetation: a model-
based study [ J]. Ecological Modeling,2005,191 (3/4):1-
18.

[ 6 ] YUAN Fei, REN Liliang, YU Zhongbo, et al. Potential
natural vegetation dynamics driven by future long-term
climate change and its hydrological impacts in the Hanjiang
River basin, China [ J]. Hydrology Research,2011,43 (1-

2) .73-90.
[7] =K ATT R, 352 5k G BRI M ). B &L, 30
R R, 2012.

[ 8 ] PR SELELC PR, 25, N Bl S AR BB R LP) A
P ERE BRI [ 1], PR K324 B RBLE IR,
2007,29 (11) :86-91. (SUN Yanling, YAN Xiaodong, XIE
Deti, et al. Application of LPJ] model in simulating
vegetation distribution of China[J]. Journal of Southwest
University ; Natural Science Edition,2007,29 (11) :86-91.
(in Chinese) )

[ 9] MBI R P00, 4. &0 I i 5l K AR AL R AE 43
Hr[J]. /K HLREIEAF,2009,27 (1) :14. (JIANG Shanhu,

.24 .

REN Liliang, YONG Bin, et al. Analysis of precipitation
change in characteristic Laoha River Basin [ J]. Water
Research and Power,2009,27(1) ;:1-4. (in Chinese) )

[10] FFHZE AR 205, EMR I K SCE R BT 5E
(I ] TR A2 4l s FARFF R, 2009,37 (6) :620-624.
(FANG Xiuqin, REN Liliang, LI Qiongfang. Variation of
hydrological elements in Laoha River Basin[ J]. Journal of
Hohai University ; Natural Sciences,2009,37(6) :620-624.
(in Chinese) )

[11] SITCH S, SMITH B, PRENTICE I C, et al. Valuation of
ecosystem dynamics,plant geography,and terrestrial carbon
cycling in the LPJ dynamic vegetation model [ J]. Global
Change Biology,2003,9.161-185.

[12] J5 7558 Tl 1) 2 B0 i 0 I8 A B 7K ST Rz
[D]. B 5t MR, 2010.

(ki B 1:2013 -03 - 18 ik . 32k %)

(L% 18 W)

[2] AEa&IE. Jenti P DO R K BERAR 7T [ D], KA 5 Ak
K2£:,2004.

[3] Aifd. SRt AT RRIX 3 T K35 G2 e A FoE [ D . K
B MOR,2004.

[4] A, ALt AT EERRIX 0 T KK BN S 4 [ D].
KAR H O ,2004.

[5] PRFLL, sRIRTE  AMFUE, 55, ALV It R UK 3 ) 22 1k
FHLFRERVT[J]. KB U AR H,2009,25 (6) :21-23. (FEL
Yuhong,ZHANG Zhaoji, SONG Haibo, et al. Discussion of
vertical variations of saline groundwater and mechanism in
North China Plain[ J ]. Water Resources Protection,2009,25
(6) :21-23. (in Chinese) )

(6] skt XUPME. 1R KK BUBAL R o3 A Box 5[],
IS W I & 5 4 T, 2005, 15 (14) ; 72-73. ( ZHANG
Jianzhong, LIU Qingsheng. The analysis of the cause of and
countermeasures for the worsening of groundwater quality
[J]. Sci/tech Information Development & Economy,2005,15
(14) :72-73. (in Chinese) )

(7] BB i I 7K T 5 S A PR 1l o [l 0 [T ]
7K ,2009,31(6) :134-136. ( YIN Yong. Primary opinion on
environmental geological problems caused by groundwater
exploitation in the urban[J]. Ground Water,2009,31(6) :
134-136. (in Chinese) )

[8] SR, FERAMF T AEM M I3 R AOK B AL 58 [ D]. &
8 - TR RS, 2011

(9] #E#. BIZRALTRA ST b5 PG g 2 DXl T 7K 7K 5 22 Y
SERHUBTIE[ D], KF AR ,2004.

[10] Aehae. e it i PR M T K 3k BT 5 3 B0 R BRI 4
FitE [ J ). PR VLK M B4, 2004 (2) £ 100-101. (ZHU
Shuliang. A study on the damage caused by excessive
groundwater exploitation and protection measures [ J J.
Heilongjiang Science and Technology of Water Conservancy,
2004(2) :100-101. (in Chinese) )

(Wsche H399:2012 -08 - 13 Gt i 30)



