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Fig. 1 Geological map of bedrock and distribution of water collection points in Pinggu Basin, Beijing
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Tablel Water sample collection information

in Pinggu Basin, Beijing

e wmgrr | gokRer | ke
i (m)

DSX1 U R AT A 50 | PR | D0 fikfk
DSX2 | FRHERE TR | 171 | AEDUZE | D B0 T Fik{baE
Y1 | XFJERRAER | 605 | BTHE4 | D80T fskib
Y2 | PR ATKIE | 871 | BT | D0 T Miakfbg
JY3 PR 55 R 300 | W4 | D0 T Fiak ik
Y4 | FFERIL EEN | 280 | BTE4 | D0 T fikfbE
JYs INAREA L 304 | EFE4L | D.%0.T Rk ik
JY6 IARRENMEER | 346 | B THA | D."®0.T Fikibzr
Y7 XU A 7R 150 | mFHE4 | D 0. T Fukib
JYs X G B 350 | mTE4L | D0, T Fak ik
DQJS | RIF G HE S A KA K 2H.'%0

FEA LN OK A EBEHE R AR R N TR K R
Tl DXCRR A4 1 DXL XX 565 0 28 3t 7K A A i)
HeE X P FEA H R K TR 2 2 & T
HMZE RN, TR H T K B RNA R 3
RAREA L XA ] k25 b ) A B A 4
WA BN BOK FEFE T X IUR B 5 . 1R 7K
HEMEA N TIFR B0 00 R WK 25 & Al a3t
2 RFESINEL

AR TAET 2017 4 6 H ZEFE4+Jb 1l 1R
2511 4UKFE (L3 1), KRS RUA JL2A A K
S5 DU R IABALBR AR RS . 1R ACREETF LA
AT KRR IR K IR H R A 50 ~350 m,
RFER UL 1, Hrr DSX1,DSX2 i K
TS HLER DO R A BAL B K, JY 1 ~ JY8 S 2 A

A X B R KB A, BT R 2R '
BRI BRRL I, LT FET IR, TS
Jent i B W L X 22—, 5 AR5 0 1959 ~
2020 AN Bk, 2 A - K i 2958 627mm , H
Hg K 7K B 1213mm (1984 4F ) | fix /N B K
332. 4mm (2020 4F ) 4EPRAS ALK, R KA ] 43 A5 R
¥ AENEPRTE 6~10 A, HEFRK 80% LI I,

AT ML DCH 2 G B SR K IR BT R H
HR ERR BBR ARZR—SZNED R
FEAEMZR (W 1), Hrp ool FHROIR 2457
AT TGS LU XA R, LA = 5 3 iR
PR 8 B R A VEIRIRE: R 3, i KL Jere
JEa. BEARTHRIGEA(0,y) MH L4 (0,0) .
PG LRI (0,m) , VIR = KA SR
FoRE AT TUA T A,
TN Z R B A E R U R )E  SA R
LLIAT LK 3 2 1l O 6 45 TE Y 715 m (32T A
4 2020)

7K, DQIJS HRAREIK,

AT D0 MEKAYRE S A 50 mL /9 PPE (%
SR ) KB, B A SR K R RAE L 7043 v ok
/3K IR IE B PR PR BBUKFE KR4
KRR, 55 1 P a5 FAM 3 BRI R B A<
HRARAE G = TR IR B0 (B 1R 25 0K) o A
SRAE SR BT Ak B . S SR R R AR X B A,
PRUEFESRAR b R R /D 2 i 23 A< 2R BRI A

B s RIAT

FEFIIIE D0 76 ERL 7 B i 3R 5 5%
IRBFFEIT >R P S 7K TRl 52 3R 43 BT AL ( DLT-100 )
i, MRS B 2 D <+ 1%0, 8" 0<£0. 1%o0; il % A& TE
BT G 5t M 57 BIF 5 e 5 AT, SR AR A i ¥ PR AXC
( Quantulus 1220-003 ) Pk, Kz HHFR A 1.3 TU(1 TU

R 2 ARFEBZ KL FENRER
Table 2 Results of hydrochemistry test of water samples

in Pinggu Basin, Beijing

FA R K LA RBRK O E, 20A TR
PEALER I X AR AR I X, FE S K EHA =T

L 7 2K R B 3R 55 1A 1L A 2A T K
A RSO BT 45 2 A2 M )2 1 BT
14 315 S MO s S 52 e | BT AR AR 1 AR AN ], B 7K P
WA A, B AL Y B AL B R T K & o K ATk
2000m*/(d + m) , 5 /NRA 2.4m’/(d - m) .

LXK H R K RS B EE R R AER A BN
FHL T AB AN 7E L X B S R EE X

Fesz KAREKANG . AR X LA b T 7K FR

BE BRI, p(mg/L)

5| ca | Mg | Na® | K* [HCOYT|SOY | cIm | DS v
DSX2 | 65.4(26.2|10.2 | 1.43 | 253 | 22.5|16.1 | 455 | 7.70
JY2 [50.522.7[10.0|2.61 | 247 [ 17.2|7.10 | 384 | 7.60
JY1 [55.921.4(9.16 | 1.48 | 151 [36.8 | 15.5| 384 | 7.94
JY7 | 68.3|26.6|3.65(0.94| 305 | 11.3 |4.85| 451 | 7.12
JYS | 54.126.7[4.70|1.00| 235 [16.7 | 10.2 | 387 | 7.22
JYS |56.422.6(3.10|1.09 | 254 [8.73|5.51 | 374 | 7.15
JY6 [ 37.420.1|3.60|1.01 | 195 [6.96|4.17 | 283 | 7.17
JY3 | 44.7(23.3|8.02|1.47 | 244 | 11.9|7.20| 228 | 7.73
JY4 | 41.322.6|5.73 | 1.47 | 220 [16.1]9.30 | 220 | 7.78
DSX1 |55.7| 25 |6.87|1.49| 281 |9.80 | 11.9 | 262 | 7.69
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3 R

3 S ARG L L DX Ji 53 R B 3 A R K
SR KRR RE K AR Ak 25 0[] A7 28 BRURE N 38, A1) FH 7K
SCHLER AL 43 H7 R )7 2R 7K SCHb o 2 S EE, FF J o
AL 1L DA i) b 25 15 B 43 BT A 5E . TS, AL
D, "0 ZAT XS T K AR IR, SRS, K Ak 2 A
D, "0 ZpHr 4> T A1 C R EE BT LXK F 5
X HEL R K AAMIEC R 5, MU D, 0 43 & Al
ST JE X HL T K B Rb & LU R T KRG R R
3.1 TR ZEFAE

ARRBFFE T BUKEE IR K A ARk 250 &R
H T ARSI 2RI K B Teta, Toik &,
pH H—AE 7. 12~7. 94 Z[a], bk, e UK #:
M) FREERAHE FoELE 2,
3.1.1 FEAHRAULE

KA

FEA S RTe LT oK P
TR NE TR S E L
G, eNTEE K KAk
FRMIEERE T, i PEH R K
FIRALY & 5 90% L L, t
SE A MR K ) K Ak 2 2 A
(J& % 2014 4F)  MIE R
3 B vT DL 2 i B P B K
fb2% Piper K (K 2)

MEIR LUE 22 R R
H 10 AN HRUHE A T 22 B 1)
IS Ze X, KRR Ca® @
Mg™ & HEF s
85% LA I, HCO, &+ 5 5
TR 86% LI I, Hi T K
TKAK AL 2% 2 R J& HCO;—

B & BT A 2
ERSE/7t

The unit of the ions

3.1.2 XRKESKKEES

Stiff &2 —F Rl B AT DL 7R 75 Fh 32 22 B BH 25+
W Fria i —Fh 2R B AT — 2 B Il
ZEAT PN 3 531 2R 7 BH B8 - R H 5, LB Sy 2 o
M/ Fb, 5 EAE B A DU TR, T 2
v i/ ) LA B

FIH AR AR 20 12 45 5 2 il KR stiff BT, DSXT
DSX2 JY1 F1 JY2 /KEE stff [ UL 3, DSX1 5k
WK b b X 3% J22 565 7O 3R IR DSX2 R H A K U
HES DU ZR R E MR KK JY T A K st I
T Ll XA 3 R R TR 5 1 K, TY2 S e K R b
TR RS i KA, WA LR Y, Y2 KA
F1 DSX1.,DSX2 Kz JY1 #ARARALL, 3 Ui B rh 4 7K U3
MR TR 5 MO KA RLIR K B A i 7Kook 1k
SRR

JY3 RO Y4 f5,JY5 FJY6 A5, JY7 F1JY8 A5 stiff
UL 4, 17N 32 T K 389 R b L i X g s
BOUKEZH KRR & T A A7 K, NEH AT L
B, TY3 R IY4 Stiff BUEAR Heascdzin , JY5 1 JY6

m B PY RRAEELEUK

2 % Q"\° LY Quaternary pore
N 4 water
O ¢ Q
e < J['lll_ll._",,“-
= g x L IEHEHK
@o 2 §°\° % Bedrock
/90 6’\° \ karst water

Ca®™  Mg™ 74 | 4 F 7K 1) pH
fH7E 7.12 ~7.94 Z[H], ¥k
HpkaK . LR K K ke 28
Rk &, BT BUK BE 43 R
HCO;—Ca™ o Mg™* A /K1F
ISR SR AT

K2 JbntFAr Zt i B KK A=A 28R Piper 4]
Fig. 2 Piper diagram of groundwaterhydrochemical types in Pinggu basin, Beijing
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(a) DSX1 Stiff Diagram
Cations meq/kg Anions
4 3 2 1 0 1 2 3 4

(c) JY1
Cations

Stiff Diagram
meq/kg Anions

HCO; +CO;3

(b) DSX2 Stiff Diagram
Cations meq/kg Anions
4 3 2 1 0 1 2 3 4

Ca—— HCO5 +CO;3

@ 2

Cations

Stiff Diagram

meq/kg Anions

HCO3 +CO;,

Kl 3 JEat P43 4 DSX1 DSX2 JY1 HlJY2 JKAE stiff 4]
Fig. 3 Stiff charts of DSX1, DSX2, JY1 and JY2 water samples from Pinggu Basin, Beijing
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Table 3 Isotope test results of water samples

in Pinggu Basin, Beijing

BER R | e | ODvswon 3" Ovswou | T
4= | (m) (%0) (%0) (TU)
DSX1 | 50 | BPUA -67.3 -10.15

DSX2 | 171 | EMUZE -64.3 -9.08 10.4
JY1 605 | =T -65.7 -9.23 7.2
Y2 | 871 | BmTFRE4 -65.9 -9.38 7.64
JY3 | 300 | mT R4 -65.2 -9.24 <1.3
JY4 | 280 | mFE4A -65.4 -9.76 <1.3
JYS 304 | mFEA -63.4 -8.84 11.3
JY6 | 346 | BT R4 -65.3 -9.18 8.3
Y7 | 150 | mTHEA -64.1 -9.16 8.1
Y8 | 350 | EFEA -64.1 -9.10 7.6
DQIS [ K -69.5 -10.70

A stff BB HC B 3230 TY7 R0 JYS A5 suff B L
FZI UL K =6 7KRE i K AR 2R RN AR I
3.2 MITKELLESFE
3.2.1 *H."®O0 R{IZHE4HE

ARV 45 - 48 A M b Ll B R KRR
3Dy swou F 80y syou TEFI T2 3, KFEH 8Dy syou
L 8"0 swoy MR R B IKE 5 FFx, BF 5 X

8Dy swon TE — 69.5%0 ~ — 61.9%0 2 [i], ¥J i Ky -
65. 08%0;3 ayoy "0 TE=10. T%0~ —8. 61%0 2 [] , ¥ {H
M =9.35%0, H:H DSX1 7K #E Fl K A K K HE
3Dy swon 1 80y gyon 1H HLH #2305 DSX2, JY1 %
3Dy swou F1 8" Oy qywon 5 JY2 AT JY3 F1 JY4
IKFE 8Dy gwou JLF AT, 80, qywou HEELHEIT; IYS
FLIY6D F1 80 qyou HCELHZIT; JYT A JYS JK A
Dy cyoy 1 80 cwoy VEF-AHIH,

AR 5 8Dy qyoy F1 850y oy THAYFEER WL
AT LA A2 DSX2 . JY1 5 JY2 f&5;0Y3 Al JY4 45, 0YS
Y6 55, TY7 A1 IYS SA AR HIANA AR
3.2.2 HTIKHAMERIES T

K FE R R 8Dy qyoy A1 800, qyou ML
ARG, B T K AR IR AR A AR
LA BRI A3 A0 REAE 2 A R 23 AT R KRR 28 SR IR
A R AR A AN 25 TR B FE A

TKEE 8Dy cwou A1 80, qywoy LM ILIE 5, N 5
thaf DUE TR K S B TE TR AL s R AR & £
T SRR AR LR, UL LR KNG E R T
KAREIK , HIHANS R IR TR = HLIES 2 MG
U, NS U Z H R 7K B 5 7K 3Dy gyou M
818OV.SWOM ﬁﬁ%ﬁ%%ﬂéﬁ,ﬁﬁlﬂl%ﬂﬁ?ﬁ\ﬂ%
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(@ Y3 Stiff Diagram (b) Jv4 Stiff Diagram
Cations meq/kg Anions Cations meg/kg Anions
4 3 2 1 0 1 2 3 4 3 2 i 0 1 2 3

JY5 Stiff Diagram
Cations meqg/kg Anions

@ JY6 Stiff Diagram
Cations meqg/kg Anions
3 2 1 0 1 2 3

(e) N7 Stiff Diagram
Cations meqg/kg Anions

HCO, +CO,

® JY8 Stiff Diagram
Cations meq/kg Anions
3 2 1 0 1 2 3

Pl 4 JUSTPAR 40 JY3 R IY4 5, 0YS Y6 250Y7 F1JY8 fiKHE stiff [l
Fig. 4 Stiff charts of JY3 and JY4, JY5 and JY6; JY7 and JY8 point water samples from Pinggu Basin, Beijing

PR R KR it R R Y 2 ) T 28 AR, H
o SRR RROK A SRR R R UL MR R I
R TEIZEKAEA
3.2.3 HASEMAE

KAFEK A 8Dy syon F1 8Oy qyon 23 Bl A 1
TE 153 B W T v B AR, A1 bk ml R T 47 25 ) v
ROSAL S T oK b m m R, W R A X
.

T P RABEIK Y 8Dy gyon TELIA 1 AL
RIS 2010) .

8Dy swou/ %o=—0. 03ALT/m~-27 (1)

ALT HIGAR m A

Jk L IRETEREOK A S (S ERE H MER
Ao (FHVESE,1997) .

8" 0y syou/%o=—0. 0031 H/m-6.2

3Dy cwou/ %o =—0. 026H/m~-30. 2 (2)
A1) F(2) THE B S5 50 PR BOEI1ME, 45
RT3 4,

-45
50 Pk 00
I — =
[
Ll
Z o Y=2.5251x-41.508
ol :
8 8 [ T A -
............. ety ) 8037 38.842
2 ' %0y.swon (%0
5

-11 -10.5 -10 9.5 -9 -8.5 -8
o I RMELILEIK, Quaternary pore water & JEAETK, Bedrock karst water
¢ KSBEK, precipitation e 4tk (AL BE/KZL, Beijing precipitation line )
NI, N 18
Bl 5 dbstFaaaikkesD  FI8t0 RARE
V-SWOM V-SWOM

Fig. 5 Relationship diagram of water sample 80 | qyou

and 8Dy gy in Pinggu Basin, Beijing
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Table 4 Calculation results of groundwater recharge

elevation in Pinggu Basin, Beijing

Jiti— Hik
FERUR S| 4 op i 8" 0y_swom 8Dy _swom :F(jj){ﬁ
(m) R (m)
DSX1 1363 1337 1447 1405
DSX2 1263 980 1332 1297
JY1 1355 1075 1430 1393
JY2 1317 1080 1393 1355
JY3 1343 1083 1416 1380
JY4 1330 1237 1404 1367
JYS 1264 931 1328 1296
JY6 1326 1042 1399 1362
JY7 1324 1074 1391 1357
JY8 1310 1040 1377 1343

X3 4 THR G I AT 8T, NGk 4 WTLLE
2 (80 gwon ) TR LS SR D /1N, AL P T 7 75
SRAFOVEE FL AT, B H T K 80, swou
T 5 S R A R 3R A4 e e, i LA 8™ 01y syou
EITE SR 2= . R T B PR BRURE R i A
iR 2E R D AP 7 it a5 R i B E A
R KB RN R AR, AN R AR AR A R R
T LU TSR PO R R /K ML A A T /K 3ok A 6k
X BREE LA NG X, R A R FRAE 1296 ~ 1405m 2
8], X — 15 BAEIIE T 8Dy gyou A1 8" 0y gyou FMARK
TR 53 BT b 25 R H e FE L IXRE KA 45
3.2.4 MMRER

SRR R L2 3, AR 3 W LU, JY1 B &
FERS AR R TY2 HAR AT /) 2K R i KRR
SRR, —MEN 7.2TU, —ME K 7.64 TU, #3
B K B AR BTN, R LB A 25 K, T v
e/ KRS A K I & A L A A A
KRR, BANRBR N KBS DU R i
BER—20 3ctn m] UGG e /) 7K U6 1l B 5 2
TR BPHESZ LI DA KA ey b 4, 32 EARSE DU R
PABCFL B KRR 4 25 . TY3 B Y4 G /N T
1. 3TU, A X P~ KRR 3B R K R 25 R TR 35 ol KT
54 AFERNER K, SR B R G U A B S KA AR 4 SR
F.o JYSFIJY6 . JYT Fl JYS AR & AR I F B8 /N )
KB Z WA RN ER,

3.3 kiR X it Rk kMASRIE R
AL BRI HE
H T 8D 10 A2sE R F AR SF I, e T8

TR T REHf o Ah 25 S TR Al kb 45 o B2 R 25 1R 32
AN, I AT A R R RS TR K VR Ee B, I R B K
U5 Ml b DX AR K 1L IX I A o R 7K TY T, KR
HiLZE DU 22 30T KRR DSX1  DSX2 , 7K i 3 75 A b
K IY2 B9 8°H T AT K IR LA DU R IR 2R
K FEEE TR K AN IR RN LB

KR A T E AN

8,0
=50, (3)
L.y HIEA HH; 8, AKEE A 3Dy o 3K
8180\'-5“’0M ,ﬁ; 8# j:l‘{ﬁ's%ﬂ( E/J 8DV-SWOM ﬁ 818OV-SWOM
{E;SB j‘77jd;$ B 8D\'.SW()M L 818OV.SWOM TEo
3.3.1 HHHEMNRKXEKBIAST

FRR A S DU 2R 2 M T K A 1L X
VKA 142 AR 25 TR K A B A G, LU=
T KRS (B 76 2017 4F BURE S ] 3% B i) i G
K, BRIE A BB DL A SR K TR S K #NMA
F o G, PR A IO R A AL UK K
AR 1L L A TR K AN A E B Dk 57,43 =
1.325, P K IR b b [X 32 2 565 DU 2R W AL Bt K B
T M HIRE R A B AN ON i 157 1L X BE 5 5
IR g R 265, L L DA ) e 45 3 R T [
B K AB RN | 3% IR 73 T A 9] v AR B L
Ui bR KA ) D45 . 2 1] B K A B AN LBl Ry 4.3 =
1.333 WWHRHEEIT . o5 A, 22U 11 ot B s T35 i X
VU RIRZ KT KK T BB BEREK 2 2%0 ~ 2. 8%o
7K E T PR E U A K IR B 2%0 ~ 3%d %3 .
3.3.2 HHKIEHEESSBKINE ST

AR D23 B 0] LARAE, Hdfr 7K I b 5 7 7K
B T 4232 1 DX A ] 4 25 A1 3845232 1 5 Y
R LT 7K 0 2 ) B AN, 43 IR DSX2
JY1 JY2 =4HHURE S 8°H A . T {155 DSX2 #iI
Y1 BRA ), TR RILE S,

M5 A LI, 8Dy oy A1 T (E 545
PR, L) 8Dy oy A1 T (B TH545 5 0 24 (B 1 5
RA ], JY1.DSX2 A sl 87.13, K
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Table 5 Estimation results of basal karst water
recharge mixing ratio in Zhonggiao water source,

Pinggu Basin, Beijing
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Application of environmental isotopes in the study of
lateral recharge in front of Pinggu Basin Beijing

WangXinjuan, Han Xu, Xu Miaojuan, Sun Ying, Liu Jiurong
Beijing Geological Environment Monitoring Institute, Beijing, 100195

Obejctive ; As an important water source of Beijing, Pinggu basin provides an important support for the Beijing
municipal water supply, in order to better understand the lateral recharge of Pinggu mountain area and the recharge
and drainage relationship between Quaternary groundwater and underlying bedrock karst water in Zhongqgiao water
source area, establish and improve regional groundwater flow model, calculation and evaluation of regional
groundwater resources, and put forward groundwater reasonable utilization and protection measures.

Methods : Based on the basic theories of water cycle and hydrogeology, the regional hydrogeological conditions
are analyzed. and the recharge sources, recharge relations, recharge elevations and recharge ratios of different
recharge sources of regional groundwater are analyzed by hydrochemistry and isotope hydrology

Results; The quaternary water and bedrock karst groundwater in the study area all come from atmospheric
precipitation, and the chemical type of groundwater is HCO;—Ca®* ® Mg®*. The quaternary loose pore water and
the underlying karst groundwater are supplied by The bedrock karst water in front of the North Mountain. According
to the estimation of *H, "0 and T values, the ratio of lateral recharge of karst water to vertical precipitation
infiltration recharge of Quaternary shallow groundwater in Zhongqiao water source area is 57: 43. The ratio of
bedrock karst water to lateral recharge of mountain karst water and vertical overflow recharge of Quaternary pore
water is 87 13.

Conclusions; Mountain karst groundwater not only supplies the underlying bedrock karst water in the plain
area, but also supplies the quaternary loose pore water in the plain area. There is a close relationship between
bedrock karst water and Quaternary loose pore water in the water source area of Zhongqiao.

Keywords: Lateral recharge in mountainous area, Quaternary pore water, Bedrock karst water, Mixing ratio
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