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Functional division of shallow groundwater in Turpan City
TANG Yun, WANG Yan, TANG Kewang

( Department of Water Resources, China Institute of Water Resources and

Hydropower Research, Beijing 100038, China)

Abstract; This paper formulates the divisional basis of various groundwater functional areas for reasonable
utilization, management, and conservation of groundwater in Turpan City. based on technical guidelines of China’
s nationwide division with consideration of water cycle, hydro-geological nature, groundwater exploitation situation,
and eco-environmental conservation demands. Shallow groundwater is divided into the following three types of areas
with first-class functions: the developing area, the conservation area, and reserve area. Six sub-class functional
areas are further divided as follows: the centralized drinking water area, the distributed exploitation area,
ecologically vulnerable area, groundwater conservation area, unavailable exploitation area, and reserve area. The
situations of various sub-class functional areas are evaluated. The results indicate that the distributed exploitation
area, which has been exploited excessively, should be a focus in future groundwater management. Based on the
principle of strict management of groundwater functional areas, the targets of various functional areas are determined
with water quality, water quantity, and water level taken into account. Management measures and suggestions are
put forward in regard to total water quantity control, Karez conservation, and the improvement of groundwater

monitoring system.

Key words: groundwater; functional division; Karez; Turpan City

W R R BA 3 RhEARJm 2, BRI Rk A B b K AR K I A TR AL, AR AT
SEYE B FURYE, XX 3 FEE, N KR LUASS TN K IIBEIR fhaae gk . P, LT K
AP ThBE AR IRE ML Rl BB PEIRE A I e, BE ST A B T K oxk i i A 2
DIRE . TR G HEIF R T KGR MM E T FREEH T ) R R A B B LSRR S

FATH A EKRK B RREBE B+ = T R T WR0145B502016 )
YEB IS FE28 (1968—) , Lo, HUZ P R H TR, 1+ | EZ N FKGEIRF & A A 0 SR BESE, E-mail ; tangyun@ iwhr. com

- 16 -



H AT, A AN H R K T RE X R 435 T Y
WFFEHRIE (AR T 7K B2 PR AR A h R 2 H8 7840 % 18
MR K AESE T AR AR S TR AR R A T
() B ZAE D) RE , S5 I X e —Fp ST b R K
IIREFERYE I, 2000 4EH S, AR 7K 55 AL &R
il 2 O H T 7K R GE O A Tt v 5 0 A T K
FEKSCR G AR Z2 S BAE T, IF HRF K SCH i 28
HUAY XA N R 7K A L RE S 51 7 36 [E b
AR R G 2R g r L FE K S
b BT A3 X (95 [ 4 AR R4y T 25 AN KL
Mo RRT) A T, R K () R AES R
GARArT K AR TR | Hi RS P AR5

B YT M R K D RE X R 40 16 T 21 220,
T X T T AR A8 1] 38 2 2 KR35 0 [ 4 9 R
2005 K FER T & T H R K DIRE X K 43 R K
) (LR RFRCRAN) ), JF I T A N A e T
RIBEX K43 TAE, (CR4R) B T T BE X Jl o 14
F Xt Tne XA 48 An A B A e ) 45
2006 4 6 H [ SR A RED & T (o R K DI RE IX
PP 5 IXCRIFRZER ) (LU B AR (AR ZER ) ), M
FE T H N K IIREPE U TAE A B A S50 | =2 T AR
5 IPMEIRR R FM IR S PR, H 2004 4
LUG , E AR 2245 1 e T #b R /K Zhfig X i i F
FETAED ¥ RS KRR R K405 i
WrAe PR, BRI, A AR T KRR AN [ £ 5%
5B AN 9 K1) o L

KRS HRAK) , 456 nk & 1 SR O,
TS TR bR A B R TR 2 M R K
RIUIBEX R ra5 5, fER il A b e S s 2 F N
TR DX LUy XA G ol — v i A S R FE = T 2 1)
TR AR ZKAE PR 5 U ER 4 rh g FE E
YOLHZKIER SRR, & B 8 T IO R4
D& LR el S N @V = AR 1 Sl IS R e
BT LR KA B AR

1 MEBHHEHR

A A TR R AR HIAR X RER, R 5
FORAR, VY R W SR S BTG N RN FIAR
AL 295 BB bR R 1L 5 B8 RS M B
JEFRM B AT 5 5 AR K 2 BoARE i Ab AR 4
87°41" ~91°54" Jb&h 41°12" ~43°38" mIL K £ 240
km, RPGFEZ) 300 km,, & F T TS B X E5E
B Fraah B 1 X2 B R BRI 7 T km®
1.1 KRG

SZHOBT AR M= ARG K SCEE R E R
B AL X dCEH A 3 UK SR

FiHTt, FA I IX EE AR A BUK, L
TR R T oK 2 1000 m (945 DU 2 P 6k A7 0 Tk
A B R )R A T KRR L T AR s
6], FRAEHEAAE , LA T LI 4y 2 AN X . DJk
Faith b ARG OK X, A AL e AR L
GRBRAT AR A 2E 80 R st A0 5, B e PR
0.4% , VRO AEIC A b g, va s 257
PIRE R BE KT 1000 m, 45 IO 2 VAR B 1 78
100 m DA b AEE 4 325 19T K K AR KT
30 m, FIRAL KT 200 m, @b 7%t pE 2k 2k I 7 T
KRR B TR X KA T G e — 2k
S DO R P LR BR B A RD Bk AT D SR E 2 A
B, VTR 50 ~ 100 m, 6474 & MK AN
FUAFIK, R — LT 8 o i 3t A 4
M, DR G BCTOR I 056 U R BR B AT RDBR AT DA
e 2, SCT WX DB W AHER 1t AR 2
RS 1R 7K WAEFN 43 A FUEE , 1 R 4 b 7K 43R
3K ORI FE TN X, 7 T RS 75 PG
AL, BREEY . DOHURCA 35 vp AR Y, Ut
FUEEE 100 ~500 m, %X A & B K KRR
H /K AR T R A R K i s B, QB
AR BTID X KON AN AT
A Gy 1] 3T MR, 2 Y R TR 200 ~
700 m,, B LA AR TR DA O A A J2 8 2
FNZET W — ABH M 1200 325 bR K s — 1
KRR B K, GFE itk T4 LAZR H1 )
A IR IR X, i X R AR PG Ak ik, Mg
AR, 50U AR DR LA AR o 3 DR
JERE/INT 100 my, 2 DX PR R /D b 25 5 J2 T A b
TR,
1.2 KFERFEZFABER

2 7 T R — N AH X 3 P Y P e 2, DY TR
Ly, PR . R 1 b B b 550 465 750 A /0 Y
T A AL PG AR LU DXOE kK, DRt
Tt VG ALY g L XK SR A R B ALK
S X K A 2L X e K M R UK B RN 4R B SOR
K, IEK G HZ X

R KR EE N 12.6 {2 m®, Hih 3%
TR R 10. 6 42 m® (BE N [ 77 i Rk BE 5 528
6.6 12 m’ BEANFAMFKEFE R 4.0/ m’) 3T
KGR R 2.0 /2 m* (CRERE &), KB AT F
WO 12.26 12 wm®, Horp MR K BT R T R H R
6.32 42 m’ M /K BEWE ] TR R 5. 94 /2 m’

2012 AT B G K E R 13.79 2 m’ (A&
221 A1), #&5KK L 4, MoK ([7K | JZEAK) 5]
KN A 374w, 5 31.7% s # T K (Fok 5K

. 17 .



PILIH) BIKEN9. 4242 m* | 5 68.3% , HeJHKkE
IR o Al HEBE FH /K 12,43 2 m®, 15 90. 12% ; T.
WK 0.57 12 w’, 5 4. 13% ; 3l 48 A 35 7K 0. 29
fem’, 17 2.07% ; B HHEEHK 0.51 /2 m’, 4
3.68% .

HR K& e T A 2 B KOK IR, H AT T
KR EIR3fCm’, HTEEFEFH, CEER
B B FErh BT 3 AR KRR X,
AR T AR A3 1) 2 295. 6 km? 480. 1 km® 67. 5 km?*, 3k
11 843. 2 km’® , M F/KAKQZHFEE TR ,2002—2011 45,
SRR R OKAE PR & 1. 18 ~ 1,62 m 1. 07 ~
4.01m,1.06 m, 734k, T T AKHE &R, 23
YOLIET TR B ARSI | i i AN B 2

2 RKINEER KIS E R R AR R

2.1 XHER

SEFARAE R Y AT e T R UK D) X
X153, MR OKIDREX R 43R TR RI R R, H
TAKR—HIBER R R FF R IX R IX AR X 3
X, FEYMRSTAL 2 & UK AR 5 S5 4
I FR PRI 45 75 T % M R K 9% 5 A BT & R
FRA I ST

7 HL T 7K — )RR X HEZRL P, AR 48 1l T 7K ¢ U5
1= FIRE, RI4> o 8 MR K G INREIX, Horf,
TF 5 XA 43 Jy 46 rh 2K K IR X A3 O & A1
X 2 B HIFEX P X K53 R A S E X Hb 5
WHE Ty R XL T KK IR SR X 3 K R IJHEIX
PRER X R IS ELIF R X At 4% X RN 20K TR X3
RRIFEX , HUF /K IR X R EEMH 4 X B
Z 8] KR Z M AUR R R K D REZ RSG5
2.2 XIS KREE

Hu R /K TR X ) A3 R B 2 7E S IR ) St
fith b, 5 G k65 2 T A 7K SCHb BT 25 14 R 7K B8 U8 &
TF 5 AR A Sl b IX 7K 9 Y5 i 8 v %o iR 7K Y
FIFE B, DL b X A 259 55 [n) 8% A 25 R 35 A 3
X H R K ARG . K] A rp EL RS SR b R K
BRIRBEL AR T RAEL K U AT AR A
B Ar H AR BAARFR bR

a. L PEAOKIR X, (RE) xR =ik
TR DX 5 5 A BBR s 30) 1 PN 2 A 6 AR K 51 T
Mb A== FHAK R ) T 7K 4 KK IR, (R
Y R o3 22 - R K AT R SR AU /T 10
Tim’/(a-km®), HIFRE 1 J7 m’ VL ERZKTE
BB X AR I K, BEK K BRANIR T LR 7K
AR AE) (GB/T14848—93) FILE B T 257K HARE
1B, F Tolk A= F= K SR R AF A Talk A 7=k

. 18 .

JRER . AR kS T H AT A XK IR R A
B AR H P RAE 5000 m® P F A 42 rp sk ok
5 kR L AR T R KA K R K
AT TF R AR A v A K IR DX Y 98 L A,
AR e AMEL LR E

b. SEETFRFITIX . (RAN) %43 #TT &
FIH X S BRSS9 N A5 al 7 b 4 4
A% AR FHVE IR ) b T 7K A7 X IR, (R 1 Rl
Ir AR NG S BT, 24P Y MR KA R =
FECA/NT2 T m’/(a - km?) . ARIEH i R /K%
TRV 255 6 7 4 M E DX 22 477 1) SR AR R 4K
TE20 J7 ~40 J7 m*/(a - km®) , FIJFRAEAE 15 77
~25 T m’/(a « km®) . HEFKTHEXIEH T Ko
T &R A 3222 X3

c. AEME X, (CRY) ¥4 A Ma 55 X FLE N
AEEASHRYE L HAS RGN KA 15
U DI, A4 52 T 5 b XY R AR S B
NGHIX  HATEE A SRS B X A RRP X,
I8 2 T AL P TR I, AR R OK R LR 16
mm , A2 A SRR 55, K SRR A BRI AT R
MR KB A BT & X b DX A A R AR G TR
B RIRGOUT AT i 0y 30T R A b X BT A
TRGFIRIC AR M A FFERCHD T 10 24626 T
M 13K B IR F 3N, R R HL TR Y
T ZUSE N, A5 32 AR b T 7K 2 5 (0 3 T I35 /K
H ¥ /b AR 5T, 2 i i iR 1k
T vb A S AR B G AR E AL, EE N E
IV AE ST A 3 30) o3 — 5 AR B A= A I 55 IX 5 vk,
R BRI N T, B AE N T sk P M 4R —
TR KIRERIN

d. R ARZKIRETRFR I, (R ) XF b T 7K KI5
AR X 8 o T AR ARr EE B SR K — 2 A I 3 1 1
T AFE AR BRI R K TR A Xk, K432k
Z— AEEASE L HMHRIE— 2 iR SR
)R] I ] B T M X e 3 T AT g A AR
HBIE R T AR 1L Ll ik, 1L B DX A il X Hb 3R 728 i
FHL T 7K B 2 U5 M, g B XA B AR R H
—fi SR AR P R K K 5 b R T SR K R FH A K 5
21 2 SR (K KU H Ja A Ot 2R (4G K K IR
I, PSR K AR5 TRl S R A BT &, Ll e DX
K3 KK IR R X, Ko Ak 2 = IO
S TR T R DR 0 K R TR, HAT E S R ) S
Aast = e, R L S AR, kB 3 T B HoOL
H 1091 £, A KIILH 404 5, FIHERILFH: 687 45,
FRIILH P e K iR 244. 9 m’ /s, B/ el
0.2m*/s, Bk N 7353.91 m /s, MM &%



YOLIo A Btk s AR, 4565 ARt & & i oL
I WK R TR I3 A, 1 5 DOLIH PR 7Y S )
& 6 H AT K KT 50 m'/s W 3RJLHHETT 4R
P10 2R T KR TR R T i O L
HEATIRY . HHTH T R Ml 0 b T 7K O SR R B A
e, b KK FE X AR & PRIt oz DA L 2 b
PO FER T4 BARGRIE FE R O
A —HRBEI b U — s 0 A 1 X

e. MUK E D) KX, (ORI ) B i 5 K 5 e
DI E Rt KK RIS 25 5 5 R K AR 8
IKAMR HBTE SR B R /KI5 QeS8 R F i IX sk, MH
IR GORE | A A BB R 1R 7K FF % A1 i
J A A% THI 18 B 58 1l 5 )i, DR, e i 5 2 T AN )
S MR By KX

£ AEITRIX, (R XA EITRIX A E N
HY T30 7K IR S 11 22 BRK S5 TG 326 0k A2 1 2K
AR BRI 9] A B A8 T KR 2% A BT 2 R T 2%
PR ZERY X, R S5 F 2, Z 4R 23R K ] I
KEEHUNT2 T m'/(a - km®) , HU KB 1L E K

ANRETFRFIAEAT

TR HUETE R A B I, Rl o 26 162,
OKIAFANIER AR, 25 i LR 263
AR |1 TCE A /NIRRT KOS 1 DXl 3t T
KT AT RS FHAF AT BRI, 24 it 3
K BEAS I TR AR SR, o TR R 7K Y X
he EEOKIRIX, CRA) L 2K I X R E N
W IKIRAE TT2R BOK B2 AR, — s DU A 1T
R, TR e A Rk T T 0 S K A DX

3 TRKINBER KIS AR

3.1 LIgeREBRES G

R A8 AT Tl o3 A ke k65 3 v VR 2 L T KA T
THRINFEX T4, R R 72973 km® . — TN HEIX
Rl 5345 DX B4 il R R X 2 251 k| R IX
25460 km® [ B4 [X 45 262 km® , #H I T8 FH L5143 591 S
3.08% 34.89% 62.02% , KVy4E VLA 1 31 Figk2,

ErP LK K IR X 10 A4S, HT R 18 km®, (7 B X
RITAARAY 0. 02% . 10 Dt AKX 235102 «

F1 MEEHNHTKIRINERE A~

T/, EFEARBNSILIOUT kR, TR R R
- I I 7 e . =g
AR AL TR R R 40 T LRI 4 T R B FF SR UK e gt %-—f.z o I i it
Do 35k, S SN Z MR A YRR AR, R R R
ISRz 1 2 3 2 2 1 11
g. BEE X, (R Kt X FE A —EW ErmE 5 1 2 4 2 115
T 5 R FH S AE R TF 298 77, ELLE 224 iR 50 30 P Bif 1 5 8 9 7 3 4

=y X Nl NI, F " A ) ‘
I o e T Jebo

K

/( 4 i
> & /1Y
o\ * A N

é =

© HEEHAT
° g
B2
—— K F
i ife X
| EEVII I
53R IF R (X
AKX

H AKX
FEARK |
51X :

ISR X

=
A
ey

1 MEBFHHTRK-RINERKS

.19 .



K2 HEBFEHHTK-RKINERXRER

o OTERAm® RPNk R km?

G CE NI o B

e e S
KIRX FIHIX Wi WX R X

FEX 10 823 5199 3617 4910 2424 16983
#E 1 785 8775 3978 24929 1859 40328
ol 6 625 234 3657 8451 2689 15662

Bt 18 2233 14208 11252 38290 6972 72973

el /% 0.02 3.06  19.47 15.42 52.47 9.55 100

3.18 42 m* , MR H Y Dy fig X2 4 BT & )
FHIX X D) RE X B R it B HER Y 91% , i
H 9% MBS AT AR FEA S ME 55 RN E IR X

H R, i 2 2t 1) 3 2R IE O T
K, 1T K IR AT TE LT BT A 1) 2 48, Gk IX 5
A FHRHR X, AT UL, AR b T 7K A8 B ) S
DRI P X, N 45 il F R RO TR

X3 MEBTHMTKZRIDER FEF BIK

1o 3 DX R A 1 RO R rh SR A OK TR b 5 B X
LR AT ROT A T A AR TR I | B DX
AR AN Kk R LA — Rk A R KD |
FE vt AR FL A R K PR M | 6w ifh B % i 28 mI KR
M FEFE BTl el XK U b B FEamh BRI F] K
VR FE v EL 25 08 w1 K TR b DL % RIVKS 38 7K 1Y v
B X R B K R

SR R AKX S A AL 2233 km?, (HELIX
R 3. 06% , 43 B TF A AT IX A B U
XG53 A5 7 2 R i A L ——ER 1w
i, B %5 b R g 23, 9F H DL Rg 20 o £ 2T &
X, FERIFINHLRIEA G HE X oA —BL

AZSIETIX 8 A, AL 14 208 km® | & B X K 1]
T 19, 47% , A5 HE55 X 35 00 A A 6 7 7
TS T R I X S, ST WA Loy A B
ATAEPI% 3 E KR AR X7 LT W LIRS Y
DX R R AR AR VDL, BRI BRI U, RS
55 DA M AT TEN T4 PN 5 e e e M 2 1] | — 2 AR
()RR ER NN N T2 EA B dVEH

H R AR ISR X9 A WA 11252 km?, (4L
X AT R 15. 42% , Ho KK 5 5% X 3 250 A
Tk T AL R A K L ik X L e X ) AR
Hby DX H K AL T K 4E R AT FRVE . ARGEIOLIE
PRI EI  F5ZE AR (RO A T A, Rl
T LA XL 2 167. 07 km®

ANHEHFFRX T A4, HAL 38290 km”, A 4 X K1 1]
TR 52.47% . NEIFRX AW EE, B2
AT T 7 b i BB Y E AR IEAR VDX, T3 A, N
HIF SR X A3 A 45 UE X 22 ] 1 X5, 3 6 4 X 1] )
FHR A GEIR AR /D AN LA TF AR S

A X 3 A, AR 6972 km?, 5 8 X K1) 1 AR 1)
9.55% ., it £ X F B4 A T R 1L LU bk Ll i e BE A
X X 4T 7K H R HIER A oK s
3.2 DhREX BURIEM

T T K I AE X SANA RN 11,98 {2 m,
AR AR 5. 43 4w’ BRARAESE BRI Rt R 7. 79 42 w’
(>R H 2010—2014 4F3T 5 W F3591E) , R B4 0

A Ahgrid/ ARRE, SEPOPR #RE

—BIREX km? Hm’ JTim® ®FAm® i’

£ PR IR X 18 6383 3843 2108 0
SERIFRFIHIX 2233 61832 41740 65435 28786
A X 14208 6558 4379 5839 1459
MR AKKIERRFRIX 11252 42337 2751 1447 3
ANEHRKX 38200 2420 1480 3033 1553
e IX 6972 217 90 20 0
Bt 72973 119748 54284 77882 31801

3.3 MR EEERRIER

Hu R /KRR DX AR B bR 248 A DI RE X AR AL 1
P RENS IE & $57 HLAS T KRN A 25 5 BB D RE A 7
WIRRI HFRESR R KINREIX AR T P AR AL 35
H R KK BT Hb T K R A L R KoK A7 3 28, Hh
TR RS, — R RS 5,
FE 2 43 X H BRI LR ) 5 6 b R K AR 4, A
P R R ] B bR B TR 7K A 45 30 D B A 1E
F o B 1% H S B Bl T B AR i oK
(1), 43 DX b K AR AP H AR AR TEAS B I T B0 s %
H AT O A il Al 2k iy, B RAR Y I B, B 1k
B TR K A5 A 3 X 25 DIRE X H AT
TR NG YL S5 5 D S 80 T /K S EAREIE 7 K 4%
HLIX B2 BT B 5 AT BE, Al B iR B H AR,

R ) Al DX A8 3 A ol D A A o 5 e
KT K ZHIBEX A Bbr, OF UKok
PRIX KPR AR E R AR IR 1~ 11 K 2851
KPR FRE R AR K TR & 2945 1 m’ s Z4F
EIIE LT KL 2 B A, P e PR 34 7K A3 B
A, @AW EFA X, KB AR A
MR ~ T 2K B K A B AR X Bk B 2
SR 4 A5 S DO IR 314 A3 7Y
AT FFSR i AN SRR BRANT-r , 2 & A X
()10 K KL FEBAR E 10 ~20m, % B B
DX L ) 7K 0 U S R B I I A R O 5 AT
PR GERFBUIR . @ASIETI X, KT B ArgER5 B
R 2K B2 5 H mir e HE X8 3 0 A S e 55 X A
FECRILG , W A5 HZ T RE X A FFoRe i, B 1 SR 5 1
Ak s AKASE I AR E PR BE Rl A 51 T @HE TR 7Kk
JRRFRIX , NS IR7E 0 X TFa, B 1k T i 5 g
SR T KIS, DL T I HEK 51 A SR K



IKUEAN G REDD , HOK BT KB KA 3P 8 br 2
IR, OARNEIFRX , NEIFRRIEA FEFEHLX
FEIX Z (Al X ) NG 3 HoK B K& K
PLYERF IR . @©G#5 X, At 5 X A 7 LU i BE
M, BRTIF & A HK B K KA AR 24
AR

EH NN, N T PRIEA 5 e B b T /K Ty 8 Xt
AT R IR B LA 5 7 - (D 7™ A 42 1l i SR X 2R
i, BHATE B ORERE BRI 0 BT R R X
H Il R KR SR AR ™ R, N B 1 3k L il X ) bR K
FoR, AT MRS, QU LR, K
JLFF TR 52 DX A 1 /KR T, ELA W R B S
PRI INE . OLIE ORI A OS2 K IR TR] L, 17 ™ 4
FEFI SOOI DX L oA B b T oK R A, LU
POLI KU RFE 5157 . G578 E FIfg 41 T /K W
T2, AR T K DDRE X AR K BT KAz 3 AN
AT W A T B R T KK TSI, 4 1) Sk
TR b P 7K S5 W 71 2 b 7K SR, 5 35 R K
AW Do £ 1A 2R

4 Fitkgil

Fie FEK RS i 7K D g X4 o B K40y B
IRLER S5 Gk 3 i SEPRAE O, Xk & T 72973
km? Y05 [ N VRJZ ML T K 64T T D RE XK 4, A5 3 dn
&5 . QMR K —HIRE X IF & X AR IX AR
B XA T AR B 4 ) 2 3. 08% | 34.89% L 62.02% |,
Q7K = IRE X A R KK IR X 43
FERFIIX AR MESS X T KK P 57 X AN’
FERIX fith 8 X B30 505003 il g2 10 4.5 4~ 8 A4,
9 A4~ 7 A3 A, R 43 & 0.02% L 3.06%
19.47% 15.42% 52.47% 9. 55% ., QFIREH T
IKINBEX H T /KR 24 3,18 {2 m’ , Hoh 20 BT
KA X 5 SRR 91% , HAH 9% #8 K411
FEA SIS XA I RIX . @HL /K 9 IRgIX
(7K BT 7K 2 K A7 45 38 H AR R ANMIS T BUIR , X
H Ti7 e SR A T 1 A3 T R X R A 7 K
5 R

R K DI RE XA 43— W 4R i AR [ Kk
WA IEZH G AH R AR R R, X 25 1 R K
e X0 53 AR 3 A R ROE RIS o 1, PRt
AR AR YA 5 1 i 5 25 T M T K D R X K] 43
Ty GiRAT— e B, PR R o0 R A B LIRS
M TE A 43 05 58 RISt A i R K g XA e B R
FRUER) s B PR ft— e i %

SE
(1] Mol B AR, R K B IR A 5 s 1 2 i BT J

IKSCHIFEABE R ST ] KRR A2 4R (& Bl
J) ,2004,6(3) :193-195. (LIN Xueyu, LIAO Zisheng.
Essential attributes and functions of groundwater and the
significance of hydrogeology studies[ J]. Journal of Tianjin
University ( Social Sciences),2004,6(3) :193-195. (in
Chinese) )

[ 2] sRARL MR /R IR B 5 BT R T[T]. 7K S
i SR T A% H 5, 2003,30(6) : 1-5. ( ZHANG Renquan.
Characteristics of groundwater resources and their
reasonable development [ J]. Hydrogeology & Engineering
Geology,2003,30(6) :1-5. (in Chinese) )

[ 3] v, o, R /K SRE X RI MR mR [ ]. KB IR
$,2004,20 (5) :16-19. (TANG Kewang, DU Qiang.
Discussion on groundwater function zoning [ J]. Water
Resources Protection, 2004, 20 (5 ): 16-19. (in
Chinese) )

[ 4 ] PARSONS R. Resource directed measures for protection of
water resources: groundwater component[ EB/OL]. [ 1999-
09-24]. http://www. docin. com/p-1701228027. html.

[ 5] MEFonE, e, 2RI be 55, dh T /K D RE IX RilA R K
FLT]. AKF] 24, 2012,43 (11) 1 1349-1356. ( TANG
Kewang, TANG Yun, LI Yuanyuan, et al. Technical
system of functional division for groundwater and its
application| J ]. Journal of Hydraulic Engineering, 2012,
43(11) :1349-1356. (in Chinese) )

[ 6] 5L, 2, ki, 5. ARIb-F 5 T K i D) e e
ES D REVEAT [J]. BEIRBEE,2009,31 (3) :268-374.
(ZHANG Guanghui, YANG Lizhi, NIE Zhenlong, et al.
Property and assessment of groundwater function in North
China Plain [ J ]. Resources Science,2009,31 (3) :268-
374. (in Chinese) )

[ 7] Bz, ke, KRCHE, 4. i B i b Ui 7
Mo T K Dy i XA [T ] 7K SCH BT AR i 5, 2007 , 34
(4):79-83. (YAN Chengyun, NIE Zhenlong, ZHANG
Guanghui, et al. Groundwater function zoning in the
middle and lower reaches of the Shulehe River Basin[ ] ].
Hydrogeology & Engineering Geology,2007,34 (4) .79-
83. (iin Chinese) )

[ 8] EZL Ak &7, . (AR M T K IIBE X RIWIER [T ].
JKX,2007,27 (3):75-77. (LYU Hong, DU Zhande,
WANG Jian. Discussion on functional demarcation of
groundwater in Shandong Province[ J]. Journal of China
Hydrology ,2007,27(3) :75-77. (iin Chinese) )

(9] M@, #rd it , W B, 5. IRIZH T KIIREPFN 46 45
PRZR AT R A4 I b XA 1 [ )] K BE AR 47,2007,
23(6) :89-92. (DU Jinlong, JIN Menggui, LUO Yuchi, et
al. Assessment index system for shallow grounwater
function; a case study on the plain and hummock of
Henan Province[ J]. Water Resources Protection, 2007,

23(6):89-92. (in Chinese) ) (TF#% 78 R)

« 21 -



2871, R I B 4 BiCke B pO MR R L TT IR , %o R e
H T SR B I RSO B AE, S BEAEY CSD 3R R
LI S prE

S E Lk

[ 1 ] MANAP N, VOULVOULIS N. Environmental management
for dredging sediments: the requirement of developing
nations [ J]. Journal of Environmental Management,
2015, 147. 338-348.

[ 2] PAZOS M, IGLESIAS O, GOMEZ J, et al. Remediation
of contaminated marine sediment using electrokinetic-

[J].
Engineering Chemistry, 2013, 19(3) ; 932-937.

[ 3] WANG L, YUAN X, ZHONG H, et al. Release behavior

of heavy metals during treatment of dredged sediment by

Fenton technology Journal of Industrial and

microwave-assisted hydrogen peroxide oxidation [ J].
Chemical Engineering Journal, 2014, 258 ; 334-340.
BATES M E, FOX-LENT C, SEYMOUR L, et al. Life
cycle assessment for dredged sediment placement strategies
[J]. Science of the Total Environment, 2015, 511 309-
318.

[ 5] GHOSH U, ZIMMERMAN J R, LUTHY R G. PCB and

[ 4

[

PAH speciation among particle types in contaminated
harbor sediments and effects on PAH bioavailability [ J].
Environmental Science & Technology, 2003, 37 (10):
2209-2217.

[ 6 ] PALM A, COUSINS I, GUATAFSSON O, et al.
Evaluation of sequentially-coupled POP fluxes estimated
from simultaneous measurements in multiple compartments

of an air-water-sediment system [ J]. Environmental

Pollution, 2004, 128(1): 85-97.
[ 7 ] GARRETT R G. Natural sources of metals to the
(J1
Assessment, 2000, 6(6) : 945-963.
[ 8 ] BURTON Jr G A. Sediment quality criteria in use around

environment Human and Ecological Risk

the world [J]. Limnology, 2002, 3(2) : 65-76.

[ 9] RULEY J E, RUSCH K A. An assessment of long-term
post-restoration water quality trends in a shallow,
subtropical, urban hypereutrophic lake [ J]. Ecological
Engineering, 2002, 19(4) ; 265-280.

[10] E#S, EJE, BUHKR. DU 5K IR TR 0 3 R i iR
WG TREBITH[I]. T ESKHEK, 2011, 27(4) ; 54-
57. (WANG Song, WANG Litong, WEI Xinqing. Design
of environment-friendly dredging project of sediments in

[ J]. China Water &
Wastewater, 2011, 27(4) : 54-57. (in Chinese) )

[11] CAPELLO M, CUTRONEO L, FERRANTI M P, et al.

Mathematical simulation of the suspended solids diffusion

Hangu Sewage Reservoir

during dredging operations on the continental shelf off the
coast of Lazio ( Central Tyrrhenian Sea, Ttaly) [ J]. Ocean
Engineering, 2013, 72. 140-148.

[12] HOSSAIN S, EYRE B D, MCKEE L J. Impacts of
dredging on dry season suspended sediment concentration
in the Brisbane River estuary, Queensland, Australia
[J]. Estuarine, Coastal and Shelf Science, 2004, 61
(3): 539-545.

[13] BUES, 0B, e, 5. WK RER T AR
WRFCREE[J]. BTG 9 5 PiiR, 2004, 26(3) : 189-
192. ( YAN Changzhou, FANG Chengxin, YANG
Jianhua, et al. Prospect of environment-friendly dredging
technologies applied in lake dredging [ J]. Environmental
Pollution and Control, 2004, 26 (3): 189-192. (in
Chinese) )

[14] skgite, HEY, B, 5. Z0RMERIE T 2R &
Y BB ]. JEVPRTTE, 2014 (4) : 44-
48. (ZHANG Shaohua, JIANG Changbo, CHEN Jie, et
al. Field observation and study of turbidity plume induced
by dredger [ J]. Journal of Sediment Research, 2014(4) .
44-48. (in Chinese) )

(ki HI9:2016 -05 - 16 4tk .1 1)

(L#5% 21 W)

[10] &A, k2 E, £k, % SNTTHT K ZhBE X &) 43
[J]. HuER=#4%, 2011 (4) :469476. (CAO Yang, TENG
Yanguo, WANG Jinsheng, et al. The division of
grounwater function zones in Quanzhou [ J]. Acta
Geosciences Sinica, 2011(4) : 469-476. (in Chinese) )

[11] dfip 22 % 30 V. BT R RURRAE () R BT 4 T 7K
IIREXKI 23 [ 1], K MK LA, 2013 (9) :4-7. (HU
Qikun, LI Fawen, FENG Ping. Type-character based
groundwater functional zoning in Tianjin [ J]. Water

Resources and Hydropower Engineering, 2013 (9) :4-7.

- 78 -

(in Chinese) )

[12] W38,z TRy 45, SN T /K D) RE X &)
SIESELT ], A KR K R S F 5 B 2 4k, 2015, 13
(2):117-123. ( GAO Shuang, TANG Yun, WANG
Hailing, et al. Research on groundwater functional

division in Songliao River Basin of Inner Mongolia[J].

Journal of China Institute of Water Resources and

Hydropower Research, 2015, 13 (2 ). 117-123. (in

Chinese) )

(ke F91:2016 -07 -27 - Skt EBEDE)



