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曲耀光 而 马世敏 刘景时

幼 幼 女 如诬理 佼扰月阅枷登
,

 以 “以功刀夕

之 力 写 ,

边 刁功 更叉叉理
,

尸 以
月丁

理刃下流
 

   已

廿 巴化 扭  
,
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了
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此  司诚 默 匆  弥

一
   胶川 叨 肠  

 ,

场
,  

!∀ #∃  %& #伽
1the ot h明

,
户叮ti

e
ul ar ly

,
r e

f面ng to i币ga t己 agr
l
耐
t
ure
.
T he third stag e ha

s

~

pro-

『已治Iv e 51, ifi
~ ce b笙a

use
it b

r
ea ks th

e tra d itio
n
al id

eas on wa
ter

~

d
e v
d 不m

ent. 户‘¹
r
di ng

to
our

inv es ti ga ti on an d
cal

eu la t
ion

,
山ld er Pr

~

t
col
ld it

~
of
wa
ter

~

d e
v
d 叩m en t

,

th
e

net

叹妇 wa ter is a比
ut 160 x 105 时

,

~

ti
ng for ls

% of
t

he

t o t
al

wa ter

r

~

of

~

h

wes

t

的
C肠na

.
T h e wa

ter

~

ha ve not
l戏
n fully devel叩司

.
If tha firs t stage 15 finis h司

,
t

ha ex

-

p l
o

i
t a

b l
e

wa

t
er

~
悦 in

em 韵出 b y 91 %
.
月ter th e

~
nd stag e

,

f
u rt

h
e

rm
or

e
,

it

~
块 incr

~
1场

216 %
.

K E Y 叭lC 田刃6 : wa
ter

~

devd op
nl
即t

,

wa

t
er

r e 艾兀Ir c e s ut il诩tion
,

e x p
loi

tab

le

wat

er

~

,

c

ha nn
el i za b l

e 叭ra ter
re 互x 叮c es , n o rt h

eas

t

ern

C 肠na

N o rt h
wes

tern C h in a 15 on
e o f th e po

t
en
tial ly d ev

e
lO P ing 翎

nomi
ereg ions

in future du
e to

its 场untiful
reso
ur ces

sueh as 阳lar an d th
e
rm al

en ergy ,

l
a

rr 司an d
,

而ne ral
s an d 50 on

.
R are

prec ipi
tation

,

h
o

w
e v e r

,

p
r

eve

n t s a g n e u
l

t u

ral
d

e v e

lo
p

men

t

.

M os
t o

f f 朋rnl an d can
’
t 悦 cul

tiva t
-

ed w itho
u t i州g

ation (Li
u ,

1 9 8 0
)

.

T h
e

i币g
ated wa

ter origi
nat es fro

m
con
tem p0r田 , g l

a e i
ers

an d

snow

o n h i g h
mo

u n
面
ns w hieh

are
eh
ara
eteri ze d by extrem ely co ld elima

te wi th

rnore

Pre
-

¹ suppo rt司 by the N atio几川 N atu司 段ienc
e
Fo un dst

ion of C hina
.

一
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山rn on t p lai ns an d fl
uvi al fan s

,

m ak
i
n

g ri
ve

r
b

an
k

s

an
d

印ri飞 ar eas be co m e a large ar ea of i雨邵tion

oases

.
It 15

cons
idered that wa

ter 15 pri
rnan

ly re
-

stri etive fac tor fo r

econom

ie dev efo pm ent an d
exPloita tion

of agrlcul tural
~
tir ces

.
T here fo re

,

i
t

1
5 v e 汀 im 卯rt an

t in theory and Pra etice to dee ply study the d馆ree
,

s t a g es

,

卯te ntial ity of

wa
ter
~ urc

es utiliza tion i
n order to im P

rov
e

economi

e situa tio ns in no rt h
wes
tern Ch ina

.

By 20
一

y

ear

s t u
d i es

on wa

t e r

~

u r e

es fo

rma

t
i
on

,
t

rans

fo

rma

t
io

n

an
d

e
h

a n
g

es ca

u 庆对 by

w ater

~

rc es d
eve
lo p
me
nt fo

r a few
~

basins of no rt h w es
t
ern Ch

ina w hich have gcx 对 eoo
-

nomi

e
co
nd iti

ons
an d h ig h d

egree
of w ater

resou
rces

deve
loP me

n t ,

i
t

1
5

di

scove

r

ed
t

h
a t

i
rri

g at
ed

娘ri
eultu re

,
e

conom

i
e

d
e

ve l
o

p

me

n t

an
d i

n e

rease

of
wa

t e r

resour

ces

u t
i l i za

t
i
on

ra
t e

are

st ro

n
g l y

re l
a t

ed

t o
w

a t e r

co

n
se rv an

e
y p

roj ec
t s

an
d

t
h

e
l

e

ve
l

o
f w

a t e r

~

r

ces

d

eve

l
o

p m
e n t

.

A
e

co

r
d i

ng

to
t

h
e

h i
s t o r

y

,

p

rese

n t s
i

t u a t
i
o n

an
d

t
re

n
d of w

a t
er

~

ur

e

es

e x
p

lo i ta
t

i
on

a n
d

u t
i l

ha

t
i

on
i

n 颐d

no rt hw esteru C hina
,

w
a t e r

reso

u r

ces

d

eve

l
o

p m
e n t

can

块 di
vided in to three

st 眼es
: the stage of

su rfa ce w
ater d

eve
loPm en t

,
t

h
e s t

ag

e o
f

com

P
re he

n
si

v e
d

e v e

lo
P m

e n t o
f

s u 汀aee an d gro
und w a

-

ter an d
th e st眼

e of
eco
nomi

cal d
evelo pm ent ofw ater

~
ur ces

.
T he firs tan d

secon

d stag es be
-

long to the the Pe ri记
of b姗d

eni飞 water
sou
rc es

,

ai 而馆
at ful ly de ve loP i飞

su班aee an d

脚un dwa
te::
。
ur
ces an d i

ne
reas
i飞 i州gat己

areas

.
T he thi记

stag
e
be 1
0
呢
5 to the 伴石记 of

reduei眼
expendit

tire
of w ater r即

u
rces
exploitation an d in

creas
ing utilizat i

on ra te
. In other

wo
rds,

more

e

conorm

e
P

r

闭
uets should 悦 P代泪

ue
ed by the 四

uival en t wa
ter in a卫n P

ari
son

w ith

t
he fo

rm

e r t

wo
st a g es

usi ng ad
~

c
ed

t
ec h no l

o g y
.
T he

t h
r
ee st a g es li

nk eac
h ot he

r
an d

s
h
o
w

t
ha

p rc 磨reSS of
wa
te r r

eso
ur ce

s u tiliza ti
o n

an d
e
xP lo ita tion 诚th 二ial an d tec hno l呢ical devel

-

opm ents
.
E

conomi

阅 wa
t, 卯liey sho

uld ru n thro 眼h eve
珍 stag

e . H ow
eve
r ,

t

he
pol

i
e

y h as

s
p

e c
i al

meam

飞 in th
e thi记 st尽g e d u石飞 w hi

eh itbrea ks the traditional ideas
on w ater

reso urcesdeve10pm ents in 颐d reg ioll
”

·

R E 以〕U R C E S A N D S O M [E O O N C E P T S O N A R ID L A N D

W
ater

~

urc es
can

be in fo rm
s of p

rec
ipitation

,

g l
a e

i
e r

i
e e

,
s 住汀aee

wa
ter and g ro

u nd
wa

-

ter in 硕d nor
t
hw es

tern C hina (T a眼 et al
. ,

1
99

2
)

.

H d w
e v e r

,

m

u e

h of
p

rec

i p i
t

at i
o n

an
d

g l
a e

i
e r

i
ce

are

d i
s t

ri b
u t

ed
i n

rno

u n t
al

nou

s

areas

.

T h
e

y

can

no

t

be
d i

rec

t
l y

u
se d i

n
i
nd

u
st ri al

a n
d

a
g ri e u

l
t u

ral
d ev

e

lo
p

n l e n t s u
ni

ess

t
h

e
y t r

ans

fo
rm

i
n t o

ru no
f f

a n
d fl

o
w i

n
to

P i改in lo n t P lai ns w hi ch

are
sul ta b le fo

r
eco
n

omi

e a etiv ities d ue
to th eir 场

untiful therm
al and so lar ene

rgy ,

阴d f
a
rm
-

lan d

~

r
ces
.
So

,
s

urf

a

ce an
d g

哪
ndwater

~ urces
an d theirintertran sfo rma

t
lons
in Pied

-

mon
tPlainsare d

lsc usse dbe low
.

1.SurfaeeW aterResources

The
amou
ntofsu而

ee wateroutof
mou
nta ins isa比ut 999

.
76 x IO8ma

ern
China

,

of w h i
e

h
o 祖y the E rtis R i

ver
of
nort hern Xi nj i

ang 15 an ex
teri or

in ari d nort h w es t
-

ri ve
r
an d has

arln u -

al di
SCh 卿
ofl一9 X ros耐

,
a e

co

u n t
i飞 fo

: 1一 9 % of th e to tal su 班
ace

wa
ter (Y

u
an

,

1 9 5 7
)

.
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加
untiful i

n a加n 详m 知wi
ththeotherari d找名10 ns of

加找h w es
~

C h ina
.
Xi nji

an g h as 88 3
.
65

X
10
8
衬 of

s毯
d
a
Ce
wa ter

,

~

ti
ng

fo

r

88

.

4 % of

t

ha

t o

tal

s u 讨aee wa
ter
.

No
rt he m an d sou

thern Xi nji
allg

~

,
n 治p 沈ti

vel
y

,

44

,

4 % 即d

40
.
0% of the to tal Xi nji

ang sudaee w ate r
.
H 6w ever

,
t

h
e

re

are

~

y i nt

~

t
i or 以

~

,

a

切
ut 233 x 105 耐 ou tn

ow ing f
~
Xi nj iang an d oo

.
8 x 105 衬 i

nfiow ing in to Xi nj iang
.
The

ne t

~

tof s往d a e e w at e r ou t
of Xi nj i

a n g i
s
1 4 2

.
2 x 1 0s 衬 an d so

tha ac tual sudaCe
wat
er of

Xi nj iang
15741

.
8 x 105 衬

.
Qai
dam Bas i

n of Qi 飞腼 has
a
加
ut45

.
80 x 10s 扩 of

sUI 翻ce wa
-

ter
,

姗klng 叩 4
.
6% of the total s往汪ace w ater in nort h w es tern C h ina

.
H e范 Cb rri do

r
of G 田招u

15 6 9
.
9 6 x 1 0 8 衬

,

7

.

0 % of
t

ha to 回
s往d a e e

wa
t
er
.
I n

s山孔m 别叹
,

the

ac
t

ual

s lx 任ace w ater is

a
加
ut857

.
56 x 108 m3 in ari d

nort
hw es

te rn C hina (T
able l)

.

T he su班ace wa
ter ou tfl

ow ing

~

面ns ~ be su目ivi ded into two
pa引ts as

the
fo ll

o
w i
ng

钩uation :

Y = B + R (1 )

wh ere
B 二

Yc
+ I + F R =

RS
+ 五宕

th erefo re y 二
Yc

+ I 十 F 十 兄 + 掩 (2)
where y

一
urfaceruno ffou

tnowing
~

面ns ;

B ----, 那a t e r in to w
a te r e h

arin

e
l
s ;

R

~

a

ter
in

nvere

of P i改坛℃n t P场ns ;

I

—
seepagewater byc卜叮m el sy st助;

Yc -----netwa ter
u涨月 by fan 祖an d ;

F ----飞涟绝P a g e w
a te r b y fa rr ul an ds

;

Rs
ee es es es , 那a t

er ou
t
of ha lan ce

u n
i t ;

掩

一
terinfiltrationfromri~.

2.GmundWater
Groundwaterinpi仪坛幻n t p lai ns is i

nn
u en 以刃即d

con
tro ll已 by g创LOg ical t

extu了e
an d

n a t
-

世目 渗料多即hi cal co n di tions in ari d
no rt hw es te rn C h ina

.
M O6 t of piee坛幻n t p械ns are l田飞,

tec

-

句nic b 始ins 诚th thi ck aq
ulfe rs

~
sti ng of th

e Q LJa terr因即 涨妇i
me
nts

an d p len
ty of g 旧

un d

w a te r
.
M 加tof the g旧u n d

wa
ter 15 fo rm 已 in geo l匆司 沐h团

.
A sn 司1P

art of the gi 以m d wa
-

ter
,

nat

ti
ral

g 旧u n d
wat

er or
su
bs ti tu

tab
le g 旧

u n d w ater
,

p 别rt id Pa
t e in

con

t
ern

po
r出 , w a t e r

cy
-

d
e . 户‘田rdi ng to LI B 刃xing (198 2 )

,

the

na

t
ur al

g 旧
un d

wa
te r in Pi 改坛lo

n t p lai ns of ari d

加找h w es t
ern

C h ina is a加
ut350 x 108 时

, o

f w hi
e

h H
e 劝 C b币do

r of G 田招u h as 4 2
.
5 x 108

衬
,

~

h 二 haj ada of th
eTi ans han NloUn 面ns 58

.
4 x 105 衬

,

T
a

ri m B as i
n

1
87

.

5
x

l0

8

衬
an d Q aidam Ba

sin 30
.
0 X 108衬

,

accotm

t
i眼 for 13

.
4 %

,

1 8

.

3 %

,

5 8

.

9 % 朋d 9
.
4 % of the

total na t
ural g 旧u n d wa te r

,

res

p
e c

ti

vel

y

.

周比ut 90 % of th
e to tal na tur al g ro 山ld w

ater is tn 江巧
-

允助司 flb m the
sud aee

wat
er ou

tflo州ng l
rom

~

面ns
,

I
n e

l

u
d i

ng

涨犯p a g e

wa ter f拍m

ri ve rs
,

wa

te
r c

h

ann

e

ls an
d f曲rnl an ds

.
Ind e沐

ndentg氏)lJ Ln d w a te r i
ncl

u
d es g ro

un d

runo

f f l拍m
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卜
.
60哟0

.
1日卜

.
soc

卜
.
的鼠寸

.
191

�飞乞工x�
越
军

alq巴�夕江减国

易 家 家 家

�承�幻祠霍

吧浪与与�飞巴巴

8�祠周月祠口

导 示 民 家

�承�后拐盏
的一巴巴

飞。1巴

口及曰份一一公口

仍
.
蕊6囚

.
00寸Z

洛

1.9留肉
.
吕寸

�飞乞工x�
月
攀

出山月�巨卫O

**O的
吕次 易

�飞乞工x�

幻苗今下j
。
卫巨
。

J
O旧曰己

?N68?Z6aO?以aO?以8
�飞色工x�的山目�汉目乙�

幻曰目�争勺艺�

勺妇目渗�目p肠习月勺昌卫
v飞。侧月笛

*
(的价)寸
.
96甘*

�次�寸
.
次甘*

(娇价)啥
.
96甘

*
(的价)哟
.
寸19

�飞乞工x�
幻�.考吧

昌
O

:

?卜的OO
?卜的8?卜哟8?卜的8

�飞色工x�
勺妇目,,。。渭日的

巴三口后
"幻渗上七。巴P与月"口。口民万勺卜.吧

l

幻"里飞忿国46苞吧目田娜忍
的。上一工。一山‘�

�甘,

彗
4日P只XIOPul

三卫�卫卜
勺民萦必卫�

曰巴苗盆亡
‘日口,扫5的

.后名复
,.吧

的公p目民MU��公月目今

飞盯罗的
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衬 an d oc
eupies 10% ofthe to tal natural脚

undwa
ter.F叻w e

ver

,

t

ha
p

r

esen

t

脚
undwate:15614.5 xlosm3 byw

ate:bal an
eecal eulation(Tab lel)

.
Th
ena tu
-

ral grou
ndwaterofelo涨沮 inn er ri ver b asins ca

n
be
exp re

sse
d as t

he fo ll
ow i眼

equatlon :

G = Rg
+ I + F + G I + x (3)

w here G

—
natural groundwater;

GI
—
groundrunofffrom mou

ntains;
X
—see
Pagewaterfrom p

reciPitation.
Intheviewofwater

~
eesutilization, t

h
e

mos

t i m
po

r t

an

t t e

rn

i o r

con

ce
p t 1

5 e x
p lo i t

ab
le

g
ro

u n
d w

a t e r

(
Ch

e n 。r a z

. ,

1 9 9 2
)

.

Wo

=
A

一 B
·

a

·

专一 E (4 )

wh

e
re

wo —
exploitablegroundwater;

A
—
totalwaterresourees;a

—
utilizationratioofehannelsystem;

甲

—
utilization ratiooffan间an d wa ter:

E

--e

vapora tion of g

roun
d w ater

.

Eq
uation (4 )

show s the relations h ip be tw ee n
exp lo itab l

e gro und w ater an d to tal
wat
er re

-

、urc es
,

l

eve

l of

s u 讨aee w ater dev
elopm en t an d

evaP0ra tion
of g拍un d wa

ter. It
can

be
conc

lud
-

ed that the ex p lo itab l
e g ro u nd w ater o记y re lies on

th e evapo ration of g ro
u
nd wa

ter if the deg
r
ee

of su汀aee wa
ter d

eve loP me
nt 15 stab l

e
(T
an g ,

1 9 9 2
)

.

3

.

To tal W

a t
er R

eso

ur

e

es

,

Ch
an

n e
l i za b l

e

W

a t e r
R

~
rces

a n
d E

x
p lo i

t a
b le W

a t e r

3

.

1 了b匆l 乞之权艺‘r

丁b tal
vvater

r亡S口砚 犷亡e s

~

r

ces
d
e
si g n a t e to

t h
e

of su
rfa

ce w at er ou
t of

n 血o u n

面ns an d

gro un d w
ater in pi氏In 刃n t plai ns 而n

us re peated p
arts
be tw een su班aee an d gr ound

wat
er in

teri ns of cal
eulation

,
t

ha

t 1
5

,

A
=

Y
+

G
一
(
Rg

+ I + F )
= Y +

( G
l +

X ) ( 5 )

3
.
2 0

诬a n
ne li za b le

a

nd ex P I沉ta b le 叨ter
Ch
arm el
iza blewaterrefers to g

~ wa t
erehan nelized by variou seh

anne
lsan d ca nals

,

b y

us i吃 all kind
s of w ater co nse rv an

ey proj ec ts an d dra州眼

means

in a hver bas in (ineludi飞

rec h
annelize d wa

ter)
.
T he rec han

nelized w ater res
ulted frorn tran sfo rm

ati
ons be t, v e e n s u 讨aee

an d g ro
u
nd wa

ter
.
So

,
e

h
an

n e
l i za b l

e

wa

t e r

can

su 印ass to tal w ater r

~
ces
in a bas in

.
Fb r in

-

stan ce ,
t

he to tal
wa

t e r

~

u
rc es

o
f

t
h

e

U rU m q i R i
ve

r

ca
t e

hm

e n t
i
n 兀nj i

ang
are
6
.
4 3 1 x 108

m3
,

w h i l
e t

h
e 。

h

ann

e
li
Zab

l
e
w
a te r i

,
5

.

4 7 5 x l o s
m3 ( Q

u 。t a z

. ,

1 9 9 1
)

.

Ad

d i
t

i
o n a

l l
y

,
t

h
e

to

-

t
al w

a t e r

~

ces

o
f

t
h

e

Sh
i y

a n
g R i

ve

r

ca
t e

hm

e n t
of G

an

s u

are

1 6

.

9 9 5
x

I O
8

m3

,

wh

i l
e t

he

e
h

anne

l i za b l
e

w
a t e r

1
5

1 8

.

5 6 9
x

1 0
8

m3
(

Ch
en

。t a l

. ,

1 9 9 2
)

.

E
x P

loi

t a

b l
e

wa

t e r
d es l g

n a t
es to

t
al

n e t
w

a t e r e
h

anne

l i ze d b
y t

he l as
t e

h

ann

e

l

s
i

n 眼ri
eul t
tire
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涨妇 by ind us
tri es

and

mun

iei问
supplies

.
玫狱妇 on

pri neiple of w ater bal

ance

,

w
a t

er re

-

sources

are

al w
a

y
s

w as
t

ed
i
n P 叭 by

evaP0ration an d
other l

osses
in the ir eirc ul at10n an d di liv

-

e砂
.
T h e ex Ploi t

able w ater in a ri ve
r b 始in is al w a邓 less

than th e to tal w ater

~

ces
.
Fo
r ex

田n p le
,

t

he

e x
p

loi

t a
b l

e
w

a t e r o
f

t
h

e
U

r u 丁n q i 凡ve
: bas in 15 5

.
579 X lo8m3

,

ac co
un

t
i眼 fo

r

86
.
8% of the to回 w ater

~
ur ces

.
T he exPloita ble w ater of the Sh iy

ang 凡ve
r bas in 15

12
.
875 x i08 衬

,

acco

un

t
i飞 for 75

.
7% of the tot al wa

ter
~ urces

.

11
.
S TA G E S A N D P O T E N T IA L IT Y O F

R E S O U R C ES D EV E L O PM [E N T

1
.
P
rese
nt Si tua tion

ofW ater R o
urces

E短v e lo P m en t

It 15 即par
ent that the联ial

ehanges f
rom
fishi眼 阴d hun

ti眼 t
o agrlcul tur al 溉iety are

gn班t lea p an d e x详rien
e曰 a lo飞 Pe ri司

.
It 15 al so we llk

n

own
tha tdeve

lopm ent of irri g
ated

a-

gh cul
t
tire
in ari d lan ds

origina tes in
utilizi眼

su班ace wa
ter an d 印ri飞 wa

ter in the ds lta of low
-

er P别rt s o f ri v
ers

or
r
eg i

ons eas
ily irri

g a t
ed

.

Ac
t u 红ly

,

mos

t
of

t

he de
l

tas

a n

d

r

eg i

ons
are

s t
i ll i

n

t
hi

s s t

ag

e
,

t场
ugh the stage has las ted Z 《X 旧 y已时落

.

W it h

econorm

e
an d t

ec h no
log

i
e p n 笼, e 义资5

in

recen

t 3 0 一 4 0 y e 田飞
,

h

o
w

e v e r
,

t
h

e s 往
d
a
ce
wa

te r
d
e v e

l
o P m

e n t in
ari d

n o r th w es t
ern

C h ina h as

g r e a t
ly ad

v
an
仪妇

,

朋d th
e ra tes of ehan ne h双妇 wa

te rs an d
t
he ut iliza tion rat

ios of
can
al
syste rr巧

h
a v e

b 犯n im P ro
v
ed

,

b ut

not

in
all

r e g i

~

of th

e

no
rt h w es te m C h i

na

.

T h
e

p

~

t
ra

t

ios
of

e

h

anne

l l双过 stL d
a
ce w

ater
are 55 %

,

80
%

an
d

50
%

,

res
pe

c t
i ve ly

,

in
Xi nj

i
a l l

g

,

H
e 元 代窖10 n of

G a n su an d 口la idam
B as in of Qi ng hai

,

州th 56 % as tha ave
rage of tha en tire ari d no rt hw es

tem

Ch ina
.
T he utiliza tlon ra tes of ehan

nels”tern are
0
.
42

,

0

.

5 0
an

d 0

.

4 o

, r
es p 沈tive ly

,

i
n

Xi

n
-

j
i

a n
g

,

H
e x

i
r

eg

l o n
of G

ans

u

an
d Q 越d

am
of Qi ng 腼

,

州th 0
.
42 as

the
averag e of the en tire ari d

加找h w es t
e
rn Ch

ina
.
T h e u tiliza tion 联ffi

eien tof f朋rnl an d wa
ter 15 0

.
80 on an

ave跪Ig e in the

颐d no rt hw es t
ern
Ch ina

.
街 以

cul at ions usi ng
tl
~
pan业n e

ters

,
t

he

e
h

an

n e

1 1双月su班aee w ater

of tha no rt hw est
e
rn C hina 15 4 50

.
3 x 108时

,

阴d the ex plo ited wat
er 15 0过y 16 1

.
0 x 108衬

.

T he utiliza tion rat
e ofthesu讨aee

wa
ter 15

oul
y 18

.
1 %

,

i
nd

i ca
t

i吧 the re 1
5 grea t po ten tial ity of

surf aee wa
ter develon me nt in fu

t
tire
.

Fbr ine

reasi
ng
util滋ti

on ra tes of w ater

~

an d exP loi t
able wa

ter
,

t

ha ke
y w

a
te

r

~ ~

y p

roj ect

s

of

~

t r

eg

l o

ns

s

h

o u

l d fc
℃u s

on

~
trIJ

ct i
ng

~

rs in
mo

u n t扭ns to im
-

p

~

c
hi 叮m

ell双妇s往d a ce w at er
,

on

找妇ueing wa
te r seepageS of

can
al
s
ys t
em

to i

~

ut il流
-

t
ion rat ios of ca

nal sy st ern
,

朋d on co ns
tru ct ing f故rnl an d bull di ng

s to in c

~

ut ilha ti on ra tes

of l朋rnl an d w
ater.

2
.
Th
e St age of S uH ace W

ater
块ve l

opm ent (the FirstSt昭e)

A
~

st udy on
the U n刀n q

l
Ri
ver
诚th ca tc hirn

ent an d th
e Shiyar堪 凡ver

ca teh rn ent show

tha t th
e co m pletation of th

e firs t st age 15 ehar aeteri双妇b y the rat io of
eh
ann
elized

s往
d
a
ce w

a te r
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飞 ov
er 80 % ,

t
h

e u t
i l i za

t i
o n r a t e o

f

can

al

s
y

s t

em
ov

e r
5 0 %

,

朋d th
e utiliza tion ra te of f

~

-

lan d wa
ter
ove
r 90 %

.
Af
ter th e firs t stag

e ,
t

h
e e

h
an

n e
l i ze d

s 往汀aee
wa
ter of th e 面d

north-

w es tern Ch i
na
can rea

eh 656
.
1 洲 l o s

m3

,

an
d

t
h

e e x p lo i
t a

b l
e s u

南ce w
ate:ine

reases

to 305
.
7

x losm3
,

i
n e

reas

i飞 147
.
3 X losm3 i

n
com
p面~

w ith prese
nt one (T ab le l)

.

W ater con
se rv an ey proj ec ts should be differe ntin differe nt rive r ca tehnlents af ter the first

stage. In the ca tehnlents w here tec tonie
con
ditions fa eilitate w ater

~
urees tran sfo rm

ations

an d gr ound w
ater explo itation ,

t
h

e
p

roj

e e t s

ar

e s u
p p

0
Se d to co

n e e n t r a t e o n g
ro

u n
d w

a t e r
d

e v e
l

-

o
p m

en

t

.

Ot
h

e

rw

i se

,
t

h
e

p
roj ec

t s s

ho

u
l d

foc

u s

on
co

n t
i

n u
i飞 to im pro

ve utiliza tion
ratios of sur

-

fa ee w ater de velo pme
ntin ord er to iner

ease
the explo itable wa

ter
~
urees

.

3
.
Th
e Stage ofC冶nlp re hensive 块

velo卿
entofSu汀ac e an d G

rou
n d W

ater
(
the 段

con
d Stage)

In the ri ver ca tehn
lents sueh as the Sh iy

ang 凡
ver
an d th

e U ru n lqi凡ve
r w ith highl y de

-

ve lO I祀d
eco

~

y an d la rg e p o p ul at io n
,

as
we

ll as th

e

冲d代准eo 咙i司 co
ndi tio ns in favorof wa

-

ter

~

es trans
fo
rma
ti
ons

,
t

he

s u 讨aee
wa
ter
de
velo pm

en t shou ld be al
ong w ith the g ro

u
nd

wa
ter d

eve lOP
men

t
.
In oth

er

wor
ds

,

w
a t e r

~

urces

d

e v e

loP me

n t t a

k es i
n

to
t

h
e

st
a g

e

of

com

-

P re
he ns i

ve
d

e v e
l

o
P m

e n t o
f

s u
H

a

ce an
d gr

o u n
d w

a t

ers

.

I
n

fac

t
,

t
h

e
U

rum

q i 凡ve
r
an d th

e

Sh iy
ang R ive

r basi ns h
ave finished th

e se co nd st眼
e. T he ex pfo itab

le
wat
er

~

of the sec
-

on d
stag e are

30 % h ig her than tha t of th
e firs t stag

e ,

an
d

t
h

e u t
i l i za

t
i
o n

ra
t e

i

ncreases

to 7 5 %

一 8 5 % ( Ch en
。t a l

. ,

1 9 9 2
;

Sh
i

,

1 9 9 2
)

.

Q

l t
h

e
b as i

s o
f

wa

t e r
b

u

龙
et,

af
t e r t

h

e
f i rs

t s t

ag

e
,

t
h

e

wa

t e r
i

n
f i l

t

rat

i
o n

f

rom

ri

vers

can

be

e

xP

r 段& 妇 as
:

掩
= Y ·

(
1
一 川

·

y
( 6)

Rg

=
8 5 7

.

6
x

(
l
一 0

.
8 )

x 0
.
8 5 = 1 4 5

.
8 x 1 0 8

m3

i
nfi

l
tra

ti
o n f

~
ch
ann

e
l
s

卿ern as
:

I = Y ·

月
·

(
1
一 a

) 一 (7)
I = 857

.
6 x 0

.
8 x 0

.
5 x 0

.
9 = 308

.
7 x 108 m3

see
Page f

~
fanlllan d as :

F 二 Y
·

夕
·

。 ·

(
1
一 。

)

·

芬 (8)

F = 857
.
6 x O

.
8 x O

.
5 x (l 一 0

.
9 )

x 0
.
2 = 6

.
9 x 1 0 8

m3

w h
e
re 月
—
rateofehannellzedsu汀ace w ater;

y

—
rateofwateriofiltrationfrom rivers

;
。

—
rateofwaterinfiltration lrom can

alsystem ;
g
—
rateofwaterseepagef~ f

armland.
Therefore,

t

he na

t u r

al
g

ro

u n
d w

a t e :
w i l l

be
4 9 6

.

4
X

l o
8

m3 (
Ch

e n 。t a z

. ,

1 9 9 2
)

.

I f
t

he

e x
p

loi

t

ab
l

e

ra
t e

of na

t u r

al
g

rD

u n
d

wa

t e r
1

5
5 0 %

,
u t

i l i za
t

ion

ra
t e

of
g

ro

u n
d w

a t e r

can

al

s 邓tem
15

0
.
9

,

an
d

u t
i l i za

t
i
on

ra
t e o

f f肛ml an d w
ater 15 0

.
9

,
t

h
e e

h
an ne

l i za b l l
e

g
ro

u n
d w

a t e r

of

n o
rt h

-

w es
t e

rn
Ch

i
n a

初11 be 245
.
2 X IO8 m3

,

an
d

t

he

e x p lo i

tab

l
e

脚
und wa

terwillbe 201
.0 x 108

m3
.Thetotal e即lo itable surf ace an d go u耐 w ate:诚11块 509

.
7 x los m3

,

i
n

creas

i飞 201
.
0
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耐 曲d 345
.
3 X 108 澎

,

res 衅
tively,

i
n

com

p 面so n w ith th
e first st笔e an d the p

resen

t

situat ion
.
T he un i尔ng

utiliza tion ra t
e of the w ater

~ urc es reac
hes 57

.
1% ,

a
P p

roa

e
h i飞 to

the hig hes t ra te
.
As
a
res ul

t,
t

h
e

ex
p

lo i
t

ab
l
e

w
a t e r

can

be
i

nc

r

ease

d
a t a

h i g h ra
t e

w h
e n t

ha

s

tag

e e
h

a n
g

es f

rom

t
h

e
f i rs

t
to

t
h

e

seco

n
d

(
T

a
b l

e
l

)

.

E
x t e

ns i ve

e

xP
lo i

t a t
io

n
of

g
ro

un
d w

a t e r
i

n

~

ri

ver

b as i ns l i k
e t

h
e

U

rum

q i 凡ve
r
an d tha

Sh iy
ang 凡ve

r be gan in th
e
ear
ly 19705

.
It 15 p

rove

n by pra etice that thisst娘
e 15
eas
ily
acc
ept-

ed by 户刃p l
e
an d las

ts 10 to 1 5 y

ears

.
It is al 阳 P

rov
en tha t wa

ter

reso
ur ees dev e10pm ent m u st

悦 st rict ly pro g
rarn
ed an d

nlanaged
.
Ot he rw ise

,

it 而gh tbe ov
ere xP loi te d an d bri ng

a
加ut

~

envi rorun

ental pro bl
ems

sueh as regional
dec line of gro und w ater lev els an d w

ater qual ity
,

v e
g

e
-

t a t
i

o n
d

e t e

rio
ra

t
i
on

s
,

as w
e

l l as l
an

d d

ese

rt i f i ca
t

i
on

.

T h 暇
ehanges 而gh t no t be reco

vered or

adj us te己 It 15 ne
e已艾赶

ry
to d ee p ly in

v
es
t i
ga
t e g ro

u n
d w

a te r p a t h w
a y s

for
its fo n 加旧t i

o n
an d

t

rans

fo
rm

a t i
on

,

as w
e

l l as d i
s t

ri b
u t

i
on

of w
e

l l
s

an
d

ex
p lo i ta

t
i

on

arno

u n t
i

n a
ri

ve

r
b as i

n

be fo re

i ts g

roun

d w
a t e r

1
5 e x P

l oi
t

ed

.

I
n t

h
e

b
a s

i
ns

h
av

i飞 fii
shed the

seco
nd
stag e

,

i
t

1
5

not

reaso

n a
b l

e

to i
n e

rease

w
a t e r

re

-

sotirces

b y
l
m p

r o v
i飞 th

e utiliza tion ra tio of su汀aee w ater (Qu
‘t a l

. ,

1 9 9 1
)

.

Th

e

~

1
5

t h
a t t

he ex
P

loi
tab

l
e s u

H

a

ce w
a

te
r

can

be
i
nc

r 砚曰刻 by im pro vi眼 th
e util此ti

on
rat io of ca

nal
systern ,

w h i le
t

h
e e x

P fo l
t a

b l
e

gr

o u n
d

wa

t e r

诚11悦 dec reas ed at equllibri
um

amoun

t du
e to th e

t
rans
fo rm

at
ion an d li

nk昭e of str d aee an d gm
und wa

ter (Qu
et al

. ,

1 9 9 1
)

.

On

t

ha ot h
e r

h
an

d

,
t

h

ose
ha

s
i ns h

a v e
g

e n e r

al l
y b

ull

t t

he

s

yst ern

of
g

ro

u n
d w at er ex

p
loi

tat ion

,

曲d th
e 代妇ue

-

tio n of t
he
ex plo ita b le gro

und w ater
ma
y
res
ul t in

some

ex Plo ita tion bul ldings
,

s u e
h as

we

l l
s

,

ou

t
of

wo

rk

,

an
d

t

he re fo

r e
b ri

ng

a

比
ut econ￡『n lc l溯

,

~

i

~

n 妞
and 默ial pro bl~

.

4.Th
eSt犯e of E

conomi

cal U tiliza tio n of W
ater (th

e
Th
ird St age)

W ith 翎
nomi
edeve lop

men
ts,

i
t

1
5

esse

n t
i al to i

nc

rease

su
p p

l
y

wa

t e r
i

n n o
rt h w es

t e

rn
Ch

i

-

na

.

E 七ea

use
th e

wa
te r

~

d ev el
o p
me
n t in

~

ri ve
r
ha
slns h as be

e n in t
hei
r
11而tat ion

af ter the

secon

d stag e
,

i
t

1
5

nec

e 义进
ry to

s t
eP in

a
h ig h

e r s t
ag
e ,

t
h

a t
1
5

,
t

he

s t

ag

e

of

econorm

cal

u t
i l滋ti

on ofwa
ter

~

.
Thepo liey of

economi

cal
utiliza tlon of water

~

should ru n

thro ugh all trades
,

i
n e

l
u

d i飞 ind
ust砂

,

m

u
ni

e
i间
s邓tern of

wat
er supply an d 昭ri cul

t
ure

.
T h e

昭
ricult

tire
utili
zes
a l田茗e p别rt of

wa
t e r in t h

e n o rt h

wes

te
rn

Ch
ina

,

oc

e u

州飞 95 % of
the to tal

wa
ter

~

es
.
50

,
t

h
e

re 1
5 a

g
r

ea
t 卯t

ential to
save

w ater in 眼
ricul tur e so fo 飞 as th

e砚犷ic ul
-

t
二
adoPtsirri ga tion med e而za tio

n an d ot he radvan 以妇 tec h no l呼es
.The

~

阅
一

w at
er-

a
-

gh

e

d
t

tire

初11
acce
lera te tha

econorm

e develO
Pm ent of ari d

nort hw es tern Ch
ina
.
If tha irri g

a-

t
ion auo

ta 15
red
ue
ed fro m 6 《xx〕衬小

a to 3 仪旧衬小
a ,

t
h

e

econorm

e
p 动
tofnorthwestem

C肠ina wi U be do
ubl ed (Q

u ,

1
98

8
)

.

1 1 1

.

C O N C L U S I O N S

(
1

)
On

t
h

e

b as i
s o

f
t

he
h i

s t o

ry

,

p

rese

n t s
i

t u a t

ion

a n

d fu
t u

re
t

re
n

ds of w
a t e r

~

de

-
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面d no rt hwes
tern Ch i

na ,

w
a t e r r

即
urces deve l叩me

nt
can
be di

vided into th
ree

st眼es
,

t
h

e s t 眼
e ofsu山

eewaterdev e10pnlent
,

t
h

e s t
ag

e o
f

com

p
re ha

n s
i

v e
d

e v e

loP me

n t o
f

sur

-

f
a e e

an
d g

ro

u n
d w

a t e r
,

an
d

t
h

e s t昭
e of eco

nomi
cal deve lopm en t of wa

ter

reso
ur ces

.
Th
e th ree

st眼es indica t
e the deg

ree an d

~
na bility

of w ater

~
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