


RME MR R

T b 4 7K S HE T AR

T HEH 54

e F ok kAt
1996



m 7B & B

AN A R K SCHL T 22 PG . 7F 1 2 20 JT 1K B K S b i 475 1) S RE
oo JTIZ PO HURI) 40 57 A 85 A7 IR0 TH TER OB L 25 00 A 1 B
F L B8 L WM b IRCT Y i S R N B K R LK BB A F
JEAT 1T A RS L R SN B S TSR AR B 41 i
PR AT G AR IRETTT f E W I L Bhsh . K
ERAEF CBRRER SOt R Ml 1K B8 BEOE(r RETF A0 RS G Yy b
it (S AT, ol 6L B8 Al RO U AR, 1 KO MRy
AR N R S ED WV RS RS B NS A

M E A EE
TH ®HEH 44

SEAT . A
HERCAL: Tk
*
e £ 0+ A 42 R
b sl F R B 9 %
T R SR TR T
PRI PINTE e R A bt
A LR OF R P
THT <1092 1/16 0 33 0USK 4 ddivt 841 V¥
POUG 07 JTEY R 1996 41 7 FA - BCET I
FI¥ 001 - 670
ISBN  7-5028 1229-6/P « 762

(1649) SEAft: 36.00 91



4

Tl

FMNEHLRETEHERLER/EROET, A TES103°36' 2 109°35"; L4 24°37' 2
29°13' Z ], MER 176128km*, ELAHREMER, BRBENH/EZ, SHMHRET, B
WA TR & Titt. SR, KXMREHETH. BERKREREEE, RIEHEER
:0p: N €3 _

FMEAKHELAEFRY T L, FEFHFFERLUE, ML PFR—AZH. B
ErERSFHER, RTRR. REKFA., 5L, TEESHSEOFER, KR AEHERRE
FRIEAZHRXBIOEK. EN+HSEE, FMURRTEEZNKCHEE, TEELEY
TREKCHFERME. MRS T —HATEF R AAKER, HMET TRLERME S
AREERKEE, Ft, BEK. B9k, KR E KK EFN M F &R A 7w

BEEMFRE, HFESHTREFE, FHEEP. FKFEFILAHR.
' 50 EALHIH], RSP EEME, FRTY X AR I, 1958 FRMNEHT /K
BB, BSCBA. BehBA . FFREBAHIZRR SR T KRR, B L EAPHEY . HHENKS
wEp, FERTSRMNE I RKCHERIRRR, FHERT YRR E XA, B
MTHHREAR, IPILTFRGHEE T KSOBFKE, WAREMRERAT 5.

50 FE AR BALIE , 28K CHR THEBE T EBEA, RMUERT 9 KK XCHUE T4, 1
HEFRT&#METHKCRITE.

72 KK SCH R A - 1958 SEHR M AP B ARAETF R 1+ 20 77 X i R AZ A [ e
BT KBKCHRAE, RERSEEN KMEER”. MEY 1973 ERBREERE
FiRLEKCHREE TEER, BRMELRE—BET2ERXEKCHREE. BN
EHPEANRBRE 732 HN. RAEHMTRE—. B K CHE TEMF KB ILE A RF
BT4%1: 20 FREB/KCHREETE, K 1975~1980 EHZRLHE 24 MEIE, XRE
EERELESE—WNE. ABRERTHIYHE, HFERR. FBEFL, BREL. X
EERE, 2FRRT 1983 FRAEN . X R LT REHKERXIEK S REE, &4
FEBETHMHYXBUK SR &G, BRSO RARBEREN T MM EEE
M EERE b5 M RS — K U R TR R K BT 1985 SE4R I SE M T (5t A& K 30 B T 5%
RRUMEY, ST AR T RERERE, ZB08, BT 24 EETHHTRKRATE
B, #REERLGFRBREERB T ACMBETESE, RTE&EH T HME 1: 50 HKX
Hh R .

EEWH U F) MRHEMBKTE: 1958 FR LGS M EBE AR, HAERMT. #
YHHBEIRTFETREEKEE, WSS TRES B K2, HETRTHBH TK
iR . SHFE, BN BT RHE—/KCH R TR R KA BERHET 976km® U KTTHE
NAFRT KCHERE T, HE, RMNEHP RS /KSR TR A, FIEHMEK
BALA B MBS A FUK IR A S B B R B E B K. P, BRI X#7 T KEMMH
KEE T, LRI T 30 BHTMEFERMABH K. PRUKERBEBE, REWET £~

J— 1 PU—



BHHKBE, T THEACOREREEN ETERRE : H— /KUK 1965 F£R3KHY
G SCELRE B X B A R K SO H R R R4S ). 1966 SEARTEY (KRB K SO R BY R R4 )
1982 FEIRTHY (TR AT T K K SCHE R MB35 ). 1988 SRR (IR h 7KK S0 R
FIENIR ). 1990 FERAH (YLET R SR EIIRE ) %5 BKOCEA 1983 ERAM (M
XK IRIIRE ). 1988 FRTH (RIBBALZM 37 K T ALK R EI 5D, 1989 4
AR GH CATPE AL KR M IR 4R 45 ). 1990 BT W (BEBHL N T K K fit
KB ) 4 B R KA 1982 R M 0 BB E R AR E /KB FEH & ) F 1986
ERTHAERER G XK HMKEIERHRE) % BEKE 1979 £23580 (FEH X
FAKFH T RBEERE ). 1983 FRTH GiHmPLBK TP EIRE) %.

ERBFHE: ER. SMEXFT. BRI B TAHESHT BN T, HES
LEKCHBEFRBEEE THRARER. $E “SH” HE, RHNEHBHAREHRTRH. &
Bl LR BT, RN T20. SR A%, R FEERS, WREAT. EXH. £
T . KIRAR AL R e X A R K SRR RO R A B R T I eSS, BT
HEHRS. ERESHEKHFAAEL., FERFEMLER EHRSE T —MHAKE, H
FERRAE: 1985 FERFKFSHMARTH (I F 5T X &8 KR EN &7 & # BT
FT). 1983 5 M LB B— K SCH R AR H) Ot il b [K 5 75 3 T oK R TF R R 04
BFEE). 1985 £ — KX R ABANIRRH (BT SHE KFEIEN R ZF AR A (RN
FERARE TN RF LR AR, B KO R KR RH GH S EK RN BT
RAFEFIR). BB ERE LT EFRFRAH KR A T K 5 T R4 & 75 & R B
R) S, SURBREREEESIATERERERMA “BWEE” FOHKEE, FEFLFH
AFEHTTARBREGERMLE, YARWFEANAEBH T KRET ERNELE .

R KIBER R HH . BAE 50 FRBT, FFRE. KEH (1942 F, 1946 5F) X S &R
RFRT —WHAE. 50 EREE 70 ERMBAFETR 1+ 20 J7 XK A K i
R 6 F BT RR/E T B3R, 1972 £ RN E T KRB — KU R TR R KA 24 R
RHEFTHHAELLE, FH (RMNBRNEEFRERRYS BRI, 1981 £ 1982
EhER R IR TR LB ERBRFITTHE, EFF (BARRRKELHFTHMRE
Bit) R (BB BRI ERERD. 1985 £5 M LB A B FE T MNER 88 4b,
EH(RMNBRTERFEMARXRBE). FE, RMERTFHRBHETR I 5 MNA
BHBY 130T BRHFTTIHE, FF (GRFERTKEETFNHRE), NKA. EFHA
FEAEN TREIT R EEREND R, 1986 EHR MNEH BE /K SCHUR TR A
M., &Y. CHRERAR/GRBTT RN, FF GEXRE. SUELT RKENER
&) R ERESE. 2. EURREIFTRAKFNREY. 1987 £ h BRI F AT
5N E M B B EF— /K SCHE R T B R K BAFE BT A L&A L4 M AELERMNAT R
92 4b, FH (HMFT ZEEFENRFRFAHR). 1988 FRME T KB /KR LE
R KRBT £ B R IUKIITT REMBFINREFMBESNT, HERTRK 94 &, F1ZINAK
BRI RKE 51 &b, B RK 36 RTUFKS &, FF (HBMNETRKBEFED
®E). ot WA BAKRAT RAKNEMITFNRE . it LR TE, BRERTRMAMT K
KA, SAFFAE R FF R AR &AM

FMFF K SR T R, 2 80 F%, RAMMPBE . F AR TR
— 2 —



FAAA S FIZERET . ML ATAEIRTERY T TS S KM, 1988 F 51 R K A
M T ACR. SLEFEA KO RSN, HF5H (1982~1987 EFRIAK X H B B B 44
&), .

40 REM THEMBREUER, HRE (MEKCHFE) R ED QIETRIE
M &0,

(BRMEKTHER) WRERRERMNEHRT =REHE [1989) 226 S30RH, &
®— . EKSOLR TEME RN R AR RR TS ¢ NI ER .
BE (X HHNR: AKX RS e A BN EHEIBC NS, HRER.
IR, BB, FIMRMEN, % 40 ZERRKIRBHLE KRR MFILNA. THERR
A E RO T RS, BRI S, JoRZEH BONB KOS 6, FAFih
ERZFRE. KHEHRE. 2BH0LE. EEEEAEY:

WFAERM EREE. NARTRALERGRERRRE, RATHRMHSE, K
. M. M. MR, BESHRE BN EAE R T KB R R, RSN S
RGN, AR T &4 BB R TS ER M R AR RBBRERE S MR IS E. RIB
LEeERENER, B2EUSNER, BB, H%. BEFUAAKK.

Bk, REMNMEE. RKEXRTRER, EERRT RMNERKLKRREKEAN
KA, B RERKEE RIS BB BBK. WR-EEAK. BR-EEASAEX, BY
KB IA G, KA. RASABBRILAREARE, BRTEHRKNERES, BEBEK
SN EEEK, BAKREEKSHRE, HEREERRE. PERFEERTTHR. M
TERAMIG. BF. HSEMSRAEREHER, #FTACMESIX, WHTE
KRB, WMRMEBRRABTEET S, SWTEBXRASHTHHER, BR. H4H
22 K B SIS AR AE .

BBk, FLBRK. 2EEE T RMESREK RSN ELRKORIRE. TRIEM
BKERE, BT AKERT, KRBT ERRE SR, FRT ZBRKNRR, £
AAMEBRNE, BEET 37 MREAFKMEE. S T RKOERABBRA. KREHBRKR
00 ZTLIBRAK B9 4 A R R ER B K AR AE .

I K. BT BB KRBT RIS AT RT K HFIFE. (R
4. B RBMERALSE RS M CAEE, 2 R AR E T 4 PI K b 18 B A 1
G, A ARATOKERIRTFR, SETREMAT KEMRERR, MR KFERLS
T & BT T 9.

KCHERALEE . RI7K-2 VB R AN T RN TR R BB R, RAT T AHY
FEVE A M BRAL 2 A Rk AL 22 267, M T SR TR BETEAS MR ERERMT
KERMFERE, WEETTKEE ST RO LR,

WA YR . BAGH X —E R, RIEL ST MK S SR 0 ML B8 , 3%
KBEF. AR R HATB A T4 5 R ARSI EA R . MERT K #®E. K
ERREEEASKRRLAETET 28 TRORAFER, BRTNLTEET Kt
Tk RYEIE B B AR R RN R PR RN T EEM T R R R, KRR LM E T
LEKFRELBNTRFER. EANERTRKEEBKBEQER L, M3EHM 2000
FERTRRT TN, HEL2EEE () KRETEERHIT T RE TEH .

.



BTKBREFRAE. SEAETRABTRESFRARHIR, R T EEKFE
FaAAMES, T ERBTRYFREANFRIR, R T HEKERRRE R
THRFEZFARAMFREAAER, EOTKFERSNER EXERRTKIR . ERX. B

AT TIEF XA
CROME KRS REMNE—HACREE, BN+ ZFERLE KR THERR
REMATHFEENAGREBLE, BEEREMATKRAE. BE. EF-ERE

YRRt R LeEENIHFHNER. I TFaERMLYE, D+ 2ETANERER, ¥
B EE, BRATHESSERIABAKELE, ERLER-ITEAMRETE. HTX
(F) WHE TEHTHESMIE, 1989 F 9 ARMERT KHELT (FMHEKOHRERD &
HERS, HBEHTELRA, FHEMN. EFRENEMLERR. EEE. GER. HF.
AR, TN, &5E. BUR. TRRSEZRR. 1989 F 11 ARE (K) HREERHA,
EREHRESIBTEMFBEIRBMSEGHTAKER. 2BIERHEH. &54. R
RS TR T KERYEREZERSBESEHRE; SHKEIHEEL. ¥ LIRHR
2, BBK. LBUKES HEEENRE; A KL BN, REENE;: KXHERLE
WA EER. FEERE: MTKRETNRS ERZEE. BF. BERNE; KRR
FRAABSMESEERE: ETHHEEHHE. £HEERH EHHHTH. B 5H
SMHEBETENTERBR. KR, RES. KEK. k2. 2R%. 2HXHEEh
HHER, HHEY. TUAHTFE.

1994 4E 4 A, RMNGHY RMEIFETHRI R, Bk, FEE. RiRE. kKR, HHE.
EMEe. HitE. BAR. 2BE. @B, EEE. BFH, F408. FHESEX. X
(D HFTIEE, AN GRY BET SEMASOBRRF &, X3 T E AE K6 REURE ST K
¥, B—HRERE, HRET EHMBREL; £ (F) WEEIRD, FBRE TR
FERBITHRAZFMEL, WEIATREME™. B, BERUNER; FBEDL BT
BhZEMEHRMERFEHEHRENR, HRER GRS FEFENT; &8
MEXERRICEMERE, FEFRMBERMFERRFUBERTME, FomBERTEYE
B HE R, WU LS FEBACRN AN RS IRHMEDY, El—IFRTHENBE.



H =

%_‘E /‘:z%_tjj‘7ki................................‘................................................ (1)
S T T T LI TR ¢ 1)
%EE 12 R R P R ST ST R TR TR L IR VERLLEIYR TR G I I |
P R 1 ﬂﬂmm}ﬁtﬂ%ﬂ Sesstsesatesatesiettavencensnssorasnsasersesssventrectnarssnssarsencsnentes (]3)
’;P}i"'i b IR R R R e LR LR TR LR LRI A SRR (17)
%P_U"ﬁ i@,ﬁgﬁiﬁﬁlﬁ e s eecess aratetatsarsrasarstnantoeatsssennse aasanacisestsennssrtcnasnssarnaee ( 23 )
%mﬁ %‘-@...........................‘.............................................................. (27)
A PSR TR K IRARAE < oo ceeveeeee creneerentie ittt e tuissarsststt rnterann ses san e s nes (43)
ZEIA] AP voeveevreererrerenrenareticonenettnternsnttsasrsteiensnerasiisannsseansniaeteneee (72)
BEVRIKEIEMNE . BT, HEHEERAE - oerooreemeemeeresrssnsiantisnninniencniees (199)
%@7ng$57kjﬂﬁﬁz...“.................................................... (107)
VR R G FIH T oo eoevees s e msens sttt sttt s e e e (122)
s e B S R HET eveeeeneronstaienste ittt e e s s stesar st senarassaennseenes (]22)
Fe oy N B S5 3% | by & MERTT TR TP PT DR PR PT R PT PR DYSIPRTIS PP IPPTIDIIPIPRIIPIRITRNN @ b4:)|

%Piﬂll
L
ofe

L

|

fe s
o

i
|
<4 &

R
llm

4t <t

#
=
ok

B W s
|

&4+ o

i
4
i

ﬁﬁ
&



%Eiﬁ‘ R%ﬁ%%kﬁ t‘j‘ﬂg'F\?EI sssvesvesavasessescescars
s %%*mmx thesbeeates tee e ees sea ee ane nee s aes sesaes aee den seemes anaee et aes
S PP PPN € [ 1))

- (165)
- (168)

WEHE -

BREY FRHE - erveerrerereesaenarses
B=B ﬁﬁ*&%ﬁ*
B EAERNBK-

BN KBUETUPRIK v eemere ettt
W=

- (216)

- (216)
- (218)

BB BURFLPIIK e veevverremrs e st

%:-Yi mﬁ%%{‘ﬁﬂ{mﬁ)k*#m asssasserseccsucts st san st s nnn

s (224)

s (224)
- (243)

-
¥ E
|
m

?? H
& o

R OAEK-
%Vﬁ%%&ﬁﬁﬁ
5T A E

l

i
[l
iy

|

?? B
&+

®
(1l
it

|1

i
&% o

R KEHKGREFE -
ﬂﬁ%@ﬂi&ﬂﬂ%ﬁhkﬁﬂ

.
7 E
ﬁtﬂ#*"‘*

R K 5

#
H
L

BEEX -

il
&

BEFAN -

3
=

FERFIFIBLAR  eovenvevens

bt
%

B OKSUHBR{LER-

F—N T AKE B RARE -
BW AR T RERMAKEREE oo

ﬁ;’,‘
$5 AKBIFZAS coeeererererene s nerunntte ittt tsiasant e ran tsssrnnsbe tun e
B KTREIES ceeveecrrrerrtrannenesennciniiioiie

BEPIHS  JKHELZIAS evovreerstoetrssenson tosose ornsnnaus annes te shs et eae stras she e tee see s ss e e
- (17D

- (170
- (174)

P TKHIBRAE L +ovveveeeern sensesssmessaseasssesson tascessassrnsnsas sasrssssaensaessasns
m{t#,&ﬁmmm&mxﬂﬁwérﬁz et seressate et ettt tanasenrsanetes anannreseonons
&W*%%ﬁgﬂ?ﬁlx»ﬂgm......................-........-......................-.-...

j@,ﬁi{héﬁﬁﬁmL}ﬁ&XT%W‘ﬂ(ﬁEWﬁﬁ mes sseasuses nss sassseass et s ssasssssRtsREe
. - (280)

- (285)
[ +ve eoeen wusans e srmassars brsarensy e vas os averou sus ten ane ven sasneeus en st uannee set ues
cennne N ¢-1: 72
&FK%%&E%K&&%W?W e ere e e s s s sesasne s ees aae
vee ciest et sieneans .- (305)
%VKM%EW%%%? rrn e ane e s s aes se s san s ses se as
D N &3 D)
ﬁz-i*uﬂ;-"jﬁ. 80 500 060008000 000 T0 00 sTe 0PI T e0s REssc0 e ltetssasrssessssosesRos s Nt orn
. (319)
- (319)

- (319)
oo (321D

A T cessnsesncesnenns ciecesensatsstesatacnsencnnes
%_ﬁ ﬂT;km%g&ﬁﬁf&ﬁw#ﬁﬁ L T T

- (137

(163)

(169)

174>

- (198)

(203)

(220)

(249)
(249)
(258)
272)
272)

(285)

(305)

- (308)

(314)

(316)



H
N ?ﬁ
o

|

EEHAHFHFE oo

#® # ?3 #
|
< dt dt o

"
H&E i

|

[ 1
&

Tow
L

T A M T KA R SR R

B
fr
&4 &

KB E TS

>k
m

%

N

%_.ﬁ ﬁi‘.—Fﬂ(%?&ﬁﬁ"“""” S T R T
o &miﬂﬁim)ﬁi’i'ﬁ"“"”" e ebe ety ses sasena e aesans tue seatasestanate tea nonasesuesus

B AR R
W RITEEMH
L I

B MTKIFRFERE-
F—1 RKEFREFEHRE

B
ulﬁ
ot

|

mﬂﬂ#m

S T KRR
K FRER

ifﬁ%

l

KFEFLEHE -
KEES A -

B B BB
F 1 1!
4 <t S

N
2

|

4 <%

ﬁﬁ*ﬂm% essesvaene

B B W
o1

FF R SR R RS o
T K I R AR

B B B ?%
"

ST

4 o o

TR 2% 0 4T

#
L1
1t

BT AL RSP B ASTE ooevovorenrevonons oo smnsanmnesavane o snans e i san e e e
AL HRY B LA IE TR woevresornssesconssn s sounns i ten st s e s st st s

FKTEAPATEERE  wooeve vonsensnnsnnannnnsanasnesensssonents i e sntsteat i cen ten ths et
- (352)

FEH A T RALFE LR coreereenees ees (353)

M—F7KE/‘]%%?§%"' T T L L R T T TR TP RO PR PP
ﬁg&mm‘ et s sre oua 606 E6s L6 U SR ERE GES NEE NS SIN GO EIL S IO ST IPNSTL BSOS P ORI RSN SRR SRR BN
M KB BT A IRAfY =vvvnvemveenmenrmnonssonntans sosnenis s ettt et s s s e
f@‘F]J(%%E#%j&ﬁﬁu...... P s
- 377
AR TE NIRRT T K AT DCE HE JT g wveevrevmemr semsesmnnnnsesntitt e sttt e
eevnee . (381)

<« (381)
=+ (381)
- (389)
- (399
+ (407)
- (408)
- (408)

ﬂ(ﬁﬂﬁ%ﬁﬁ-ﬁ—ﬁ Sse sea et v s Eue sy ses eEs e s ee e ae0 SR A0S st POS NSPINE SON SBE PET BoR TEs BN

B T 7K BB eevvevee voeesene esmt s e e e s e e e s e e e e e e e e
« (417

.o P T LT R TP P P (427)

71@53514(;5 lj{ii:%:ipﬁﬁ*ﬁ ettt e e e e e e san e ere e eane
»es e 8o cesves A seReUL Nse AR SN ALO BOO LS BLR SRS BOL PN BRA RS (432)
- (438)

mﬁﬁﬂ%g R R R R I T T O N R T P N T T PR T WP Py ¥
Zkﬁmﬁf‘;%llﬁﬁﬁ*ﬁu.. B seeaee et 0es 0sB EsseeaRE R 0e NeECTEERN RIS SR UCE REO SR BeR PR DTS
HAE HTRAKEEIFRFN oo e e
}Fi*{]}ﬁﬂ)ﬂ( 4o 888 0 v s a0 eas see e sem emesse o assant aee ae e Ben s ese e nessasten A LS
- (455)
ﬂ:ﬁiﬁlfﬁﬁiﬁ SO Nse SGe st R e ek PP A RS P40 BEE AN PEEAPE EOT HEP PALEEE PO AP e SeE RSB UEsEEB UL UOS
- (475)
. (477)
ﬁ@ﬁk%%%*ﬁtﬂ(%{* S me mec suseancts assatemas sesasE AN NI sET SN LERGOE SRL SR OOR Aee shE Al
WE%%%*{#\:*%{* e e s et aes ses 0t ees ase tes HEE BTASeNvIA SV S AU Ses SO REs EOe HeRarn U sas Boo
s (484)

(322)
(350)
(3500
(350)

(356)
(356)
(359
377

Q79

(410}
417

(432)

(441)
(445)
(455)
(455)

(463)

70

(482)

(486)



B KRMRSERREN

HE A SP[KAR ceeeeeverensese et tanontoestutttttetatt ee et sa tee vt bes st tee aaa tee sne sra sesane
%%iﬂ..-..................................... e emaseseseteare sut et sen veaensotntancasasnsisotseenanttat
eees (501D

+ (486)

(487
(499



Contents

Part One Natural Conditions for Formation of Ground Water -

Chapter One Meteorology and hydrology <-----
1. Meteorology ese semmes esR oS SV PN eI NN UPS SN SNS NI UIO BN OIS

2. Hydrology e ese aat it BELaEN aAUE SUS SEE OGN ASE HES LB RS PPN IS IO RS aco aus BSOSty

Chapter Two Regional geological background

1. Regional stratigraphy and llthology R T TR T T R LRI LR TR R

2. Regional tectonic framework and deformation pattern

Chapter Three Geomorphology —ereesesssrereesssnmssicuneneecees

1. Genetic types of geomorphic features <eeecceeeee-
2. Geomorphic regionalization sesseeeeseerrenseenracaaes
3. Stages of geomorphic development reeesseresmmeenensecenes

4. Basic characteristics of geomorphic features

Chapter Four Karsts @es seeameaee nraoReate e st BNl e REN RER sEO BRR O
1. Lithological conditions for development of karsts «cceoeeseenesnerssoneresnenens
2. Characteristics of solution of carbonate rocks «ecesneerese

3. Regional characteristics of development of karsts ««=+++2--

weoevernev e

seeare

tsaes

. . .

00 OO0 s b= s
R e "™ B WA

- (10D

(13)
(13)

e (17)
- (21)

- (23)
- (27)

teverenen

Part Two Karst WALEE seeserrerctecasccocanatarosassaroscnsarorssrasrosresensnatcncnnniscsninsntnne

Chapter One Types of karst water and aquifer formations se+esssesecsstsrcsranaccincacans
- (58)

1- Types Of karst WALEL *vresrosessersocencscccaccscrassnnssrrscesernottoncatoncosicnes

2. Aquifer formation and water abundance S T TR TR LT TR

Chapter Two Conditions for occurrence of karst water cercreresrereosesseeseroressocans

1. Spatial distribution [ LR L R TR TR P R T T PR R T

2. Occurrence depth seeessesssensesseneenmnenienincinceeceraesaenes

sessescss s ses et ssuces snnnen

Chapter Three Characteristics of karst water recharge, runoff and discharge of

karst water seeesscesecetiestintiitaaatiirioniriinansee

1. Characteristics of recharge Smeesn 05800 ses 00 SPRIREEOE EEB IR GO BPE PIE PSRN SIS

2. Characteristics of runoff se-seecemeicrneroccniene.

3_ Characteristics of discharge Wes et essEssses Ers SRR Res sosORs Res sRE RN RON bEbEsISaR Y

- (27)

(38)
(43)
(58).
(58)

(63)
(725
(72)
(92)

- (99)
- (99)

- (102)

Chapter Four Concentration of karst water and its hydrogeological regionalization

eeé 44 06 B0 E AN PER S0 S0P USE TEL N A0S 000 0E0EI0 AT UNEEIN NI NIDINN RS SRS TR NS

1. Factors controlling the concentration of karst water

2. Hydrogeological regionalization —+teseesssrseraesenoacaaneecn.
3. Water_rick regions B T R R R N L]

Chapter Five Large springs and underground streams in karst areas

sesssnsessens

(105)

(107>
(107
(110)

- (112)
- 122>



3.
Chapter Six Regime of Karst water =+ sssssssse soreessaesentessssatsnesssssiniis st insasaenes
1.
2.
3.
4.
5.
Part Thr‘ee Crack water and Pore Water P R R N T R NP PR R PR Y Y
Chapter One Crack water in bed rocks sesressesesssumesinimimnicin i
1.
2.
3.

Types of large springs and underground streams in karst areas «-«esseoseeresenees

Formation and distribution of large springs and underground streams

in karst areas e SR SO EEI PN CAN SO EEP FPS USEOES UPD UED ORO PEN OGN 0RO CRAUELRSIS ESO RN ETN SR EY

Representative large springs and underground streams = «eeceeceeeeseneneniensenes

Discharge regime  cosessessssersssenessssuesionsoscisiontisiet s nssissisiiniaes

Water table regime teeccsoanonenss aratas v sas oueane seebinsen sannoe dss NEsRss AL RIR RIS RRD PR OO

Water quality regimme c-seessssseseensnmenarstrnstsnossntnsate i siests citaessus o sanees

Water temperature regime se Bee sem v Ee et HEE EEs bhr Hou SIS EEs S0EEEESEs S0 TISIISOIOIED

Exploitation regime eee eds 00008t ete RaB s and PAARISAILIREBII IS DI SNS RN RIS

Crack water in clastic TOCKS reseseetesssaresnatioosiarntesustiiaiasnntinianenenssssseseese

Crack water in igneous rOckS €88 SAE LT LR LA L AL AL ITAI NN ARSI VIT IR ST

Crack water ln metamorphic rocks erncenasnesosrn ssnterreraedeenerr ey

Chapter Two Crack water in unconsolidated deposits resressessrsreearanmoceeaoraseenenes

1.
2.
3.
Part Four Hot Minera] Water 88 680 088 $00 908 P80 208 S0P ENe PP LI O COD REe FEs PR SERELe IR Bt BON SeR BT
Chapter One Formation and distribution of hot mineral water =«:--s=sereseremseeeesence
1.
2.
Chapter Two Geochemistry of hot mineral water «s+sesstesssseessserssisneniscintasanesenees
1.

Characteristics of aquifer formations serserecssresrensacsecorcrraosaen
Basic characteristics of crack water in unconsolidated deposits

Occurrence and distribution of pore water in unconsolidated deposits

Characteristics of occurrence and distribution eseesseercenccrmoricnccrcaens.

Basic types oS EP O ASE PREEPT EFT HPE NS EEN IO IPIEIS SOD NS TOE COBINNBID FADTRE VRN SO

eee

Geochemical ChaTACtETiStics +=eersereemsresesetcssscorancasrcinsesreracnanaracacncnncs

2. Formation of chemical composition and hydrogeochemical regionalization

Chapter Three

Temperature of heat reservoir and mixing of hot mineral water

------

1. Application of geochemical temperature scale and estimation of temperature

2.

of hot mineral Water csseeesessceccccestsennststntcatitaiosncsinceccnnces

Problem on mixing of hot mineral water and phreatic water =essessssereesesesenses

Chapter Four Regionalization of hot mineral water and examples of typical

hOt MIMEral WAL  +es e sssesesrenssostarasnsesinrsetaenmasssseennonans
1.
2.
Chapter Five
FESOULCES  +++#+s esesenses tonsssoss sosnsnets taounsess sonsssnsssenonnnnnaensessns
1.
2.

Chapter Six Development, use and, conservation of hot mineral water «:cceeereeerees

6

Regionalization Of hot mineral WALET s=¢veseeesesciesisecacaatratetsantassasantssocnronaes

Example of typical hot mineral water s sesseessssrsaemacnniniiaeeoenese

sevrescensne

Genetic oo s [ L R L R T R R R R LT R R

Evaluation of.the resources G EEes CIU TP TON TPE TR ENA AN SN AT PONSPEEOS BOR NN CRS SR TR AR TSN BES

4smssaves ssesencss s e

Genetic model of hot mineral water occurrence and evaluation of its

122)

- (126)

(137)
(163)
(163)
(165)
(168)
(169)
ar
74)
(174)
(174)
(198)

=+ (203)
-+ (216)
- (218)
- (218)
- (220)

(224
(224)
(224

- (243)

(249

- (249)

(258)
272)

(272)
(280)

(285)
(285)
(287)



ese e secsssnre sun e

1. Recent status of development of hot mineral water scsceseceeseces

2. Perspectives on development and use of hot mineral water -+

Part Five Hydrogeochemisry S T T T R ILET LYY
Chapter One Physical properties and geochemical characteristics of ground

€ AEP BN IR EPT NRE SN SIS RS BOO SEDRAC O BRSO SN

water e eeb 884 sed bteRsssts as EEsREsNEs NEE ARSI R ERR N RERRRE O

sevssessess vsessas s sen e

1. Physical properties of ground water = srececesessrrmroneoaeroecees
2. Hydrochemical characteristics of different types of ground water =«eeeeseeveeeseeres
3. Characteristics of chemical composition of ground water «:+sesseererorrormraccescocces
Chapter Two Characteristics of distribution of various chemical types of ground
WALET =ee essssses avesnsass seetessus snssasae ne sestntsieae te eatante ee ae aua deessaas it at e en e
Relation between chemical types of ground water and lithology =~ =eseseesesceseeces

Characteristics of horizontal distribution — sseessecaseacercsroinieriniiesinsraraecsevicees

w o

Characteristics of vertical distribution  s-sesssesssesssimsnsarentsronmteientraeeueeenaen
4. Chemical types of ground water in major cities sersetessssesrectssristasisriosantoncnees
Chapter Three Chemical pollution for ground water
1. General situation of pollution teeseesesesrecaaresteansassannn
2. Evaluation of environmental quality of ground water sseresrsserecseascceccianenionces
Chapter Four Environmental anomaly of ground water and endemic diseases -++«--+
1. Endemic diseases caused by chemical anomaly of juvenile ground water =-:<ec.-
2. Endemic diseases related with ground water caused by human activity ==+=c«coee
Part Six Evaluation of Ground Water RESOUICeS r++«s+es=+ssessserasssessasarsssncresnsenons
Chapter One Natural ground water TeSOUICes =w-swsressssssssreseramscrissnessintensee e
1. Estimation of the resources for hydrogeological units <eeseeeseorereenseonaesereaceeees
2. Estimation of the resources for surface water basins seeceseesreerorcaranecceateraeces
3. Estimation of the resources for administrative regions ssssseesesresesceceeees
4. A SUIIINATY *+re+sresseeaesans oot soncossus taeatsnsssoansansasstaetessassssssanss
Chapter Two Exploitable ground water resources sesssssssesesssssmemnastonotnietieninnn
1. General estimation of regional exploitable ground water resources = «-=eteeceereces
2. Estimation of exploitable resources at water sources sreesresesresmscnsecnccnreecneans
Chapter Three Quality of ground water ==+ ssesesesseresssrassesstastisinenestonnenssan e
1. Quality of ground water in Urban areas eereseessrassistsatcsstssssrcnenssscasainnanannaes
2. Quality of regional ground WALET seeessvrresrarsasensessssrnsassssassassocrsassnsatsatsosnnre
Chapter four Estimation of general water resources and balance analysis of water
supply and demand «e+eeseesees s nertaien e et ettt s
1. Total amount Of WATET TESOUICES «r+ e+ ssreratesoncesatassescatostantesasssssonassssnarsses
2. Distribution Of Water TESOUTCES  stre=rssreerssstucesarrceotesssstssionsacenstsssansssnsannse
3. Exploitable amount Of WALET FESOUTCES reeere et sntonasestesssain satsoesnetsnsensssnsnse
4. Balance analysis of water resource supply and demand  «ecevecemereceenne

Part Seven Development and Use of Ground Water Resources «-cer-cessrecesercniaiie,

(314)
(316)
(319)

(319
(319)
(321)
(322)

(350D
(350D
(350)
(352)
(353

- (356)
+ (356D

(359)

- (37D

377)
379
(381)
(381
(381D)
(389

- (399
-+ (407

(408)
(408>
(410)
(417
417
427)

- (432)

(432

- (438
< (441
+ (445)

(455)



Chapter One Recent status of development and use sssereessestesarninisinsiancrnairescisces (455)
1. Amount for development and use +esesessremsemsamsieniiiminsne e eneesaes (455)
2. Model for development and use cenere e teetee e esane e seesne nresee sesnermnssnecnenss (463)
3. Potential for exploitation and perspective to development «reesseeeccscecneniacanees (475)

Chapter Two Conditions for development and use of ground water «sseesesreeseccecses (477)
1. Conditions for supply of karst water in carbonate rocks «ececeerecesrsnecccicanninaes (477)
2. Conditions for supply of crack water in clastic rocks seresreseccaariiicreniacicianess (482)
3. Analysis of conditions for development and use  «esseeeecenciiciianicoianiiniaiines (484)

Chapter Three Regionalization for development and use «scecseeseenceseseiinannninaniaas (486)
1. Basis and principles for regionalization «s=esssrsecseeeearetsuienienmenneninnennennesenees (486)
2. Outline of regionalization «e=seseeeseereermsairmmiimnni e e teeee sses (487)

RELEIEIICES =+ s evrseeresensesrnsssssretnnnns sassesstannenssnsensesensnsssnassessrsnonssencnsssesessnsees (4090)

ADSEPACE #++ s osssennssssesensrnrasnnsoresosnsanasessraansrassssnsessnsassseasaressanssnsessnnsnesssnnsses (50])



B—F HTKEARNBRERHE

MTKREUSHEAERERTED (FRBERY K. EEEARSENK,
BETEHANLR,. NRIFRAZS. FHEERERKOFE, FHESHEK ELES
K BARKMAEK=EAEARRY, §-RBLHEKIRER, BONLBK. HBRKME
BWK, EFNERRFRRBESHETRE GBKE5REK), HEBRTKGEAE
ERG LT

WTRRERIMEHN —IEENE, EHERRERRENH A,

ARMESFH R T KRN ERFREER. RRAMBT KBRS R. KX, #
B S, WRMAEFERESE. UEIFHBEMRNZER,

B8 SRHKX

HMTARRARFAKBFAREPH - FRLE, EHERIMK. BIFKERMRT XK
FRABEK., KSREK. BRK, T R=ZFHERR. HERL. TRIERETEKEY
HEXH. KIEKBRHBLEEREFRBE T ARENFERE. BN K IEKE
SRR, FHTFEEBTKOISREMERAR. BRENBAKFEHY —FHEEWH
FEH R, BREBHA/PIHMTRKUERKARE. HRAEKEH R T KA R T H itk
B, FEEIRE, ERMNEBFURXHFERXRLSBNAHEE.

BT 4 %

BRI, KERM, WERH, XRES, ShE$E, BIAFRBRAERASE.
HHFRMAMBEER, BEER, AMKFELAFEREMESEE, SRLBMEME
Wi, SBEEEATHIEFHE, RAEABEEZER, LEFHIEBARHBZER, ¥HTH
MPEAF T E PO KSR L&, ERMMRSEN, EEHANES; FXEHATFHXT
FRINTHEER, APEEEFETERE, EWNEERNERE.

—. =i

BN EHMETFHIBEELSN 12~18°CZH, U7 AHZE, 1 ARE, BRBEREKEB—
BAE—10°C, BRRETEHHEATH—15°C (1977 2 H 9 H), BB EESIBLE 34 CLE,
{“HBIt 42.5°C (19534E 8 A 18 B) W42 HE.

=. Bk

BONRE KKK EEREEMBBNEE, XHRBESHRERE—RIL—#HES, ®
BEBREK, HIFZEHMHARY.

__1_



BRI E: BMNTHS, BEE 6~10 A) BKES, SHREKRLGFEKE 75%
DLE, NEERREK, BRZ, BELK, £3E (11~4 A) BKEHEES, 2R, UEFE
(12~2 H) BB, EEBKENSKUT. WEH 4. 5 AREAREAELETE, WE
BRI, SHAESEKENTE—RFAAK, AF 11%~20% 20, {8 A K REKERRTTR
X, HHABKEERELTIEILTE.

R 7K BE I 25 140 76 - 8t M 45 AR RE K B S 45 T3 {H 1E 850~1600mm Z [8], & A REK
Ew&$ﬁmﬂz,ﬁﬂzﬁﬁtwm@ﬂ%,mﬁﬂﬁﬁﬁmwoéﬁigﬁzﬁgmz,
AFEETE. KESAKLS., HPAESSHREERK, BRNEE 1300mm Bl E,
ODXERE. AH. B5—4. EPrEESX 1588. 2mm, BE B KBSHMY; REH
L HREEE-HHERWRAM, FOXKEMWL, KRIT, FL—H, HPHFETE
1505. 8mm; RUMEHMEAERSLUAEENHAC. m—#. BRKERIHEK, BRT.
B EE, BBV —HF, SEFRKE 900mm A A, BB EE (Y 854. Imm , H AR XREK B BT 1000
~1300mm 2Z[E] (F1-1),

KB EYEL. RMEKENSTELZENEEHEE. EERBETHEXESH.
AFERETHRLELT, UEERATENRE. BT 4 AL, MEmTEES. RERR
S H—#,5 AP AHEATE. HEELEMNERBEK, F{C. BT BT Wik 210
Fel b, TEHREN 150 RAH, TP TEHE 180 RESH . NEEKELER/ND, NTF 25~
100mm (5§ SEEKEE 3% ~4%; BERKENT 450~800mm Z[&], &FEREKEH 17X~
35%, BREEIZH; EELSMBEKRENTF 450~800mm Z [B], &HEREKERE 40%~55%
2 ERKELE 250~300mm ZH], HESEKEN17%~25%, BEEPSZY.

RBAGREMER. RMNERERKRERK, —BEFEHBAXFILE, EREAFLHEX,
H ik Bk 5omm RFHERESE 4 KU L, TEHLE 52 X, MABIWE KBS 2
R, ERABHERESELHREL 10%~14%, HEARKBEEREERXTFEERKRME
R, BEFUEREVMKRLMEKBETRELR, —Mk 40%~60% ., BEREFLIEIAE
HEE, EREHE. EENENPRIEFHMIETEREL,

=, BE. ZRBNTFEBHY

BE. HHEFERARRMEBRHERZ —. ERETHHENEERIOBXS, 1
80% LA b, HALIIK, FFBH (9K 85%) hEK, F@ (75%) RE/h. EMNFEH, HE
LEFEMEE 7 AHEMEBES/N, 10~1 HASEBAKR, FHik80%~85%.

HEE. BREBU 7T ABEK, 1 AR B/, HHFNEELENTF 650~1300mm Z [, 2
HaPHREEEERG S, UL THASRKEELBRK, FHik 1200~1300mm,
H W A7 1465. 3mm, LT ik 1402. lmm, FEHEFRFRX L, R ABEZERBERKHHF.

FRIEYW. FREERSHLHSFTREER/REMIL, BERREMR, KEE 1. 41~0. 46
ZE., BAEELSTITHEASHE, F1.4~1.1; B/MIEBRIL, H0.6 UTF; —Hs
X 7€ 0. 7~0. 9 Z[H.

KHEES. HE. RMNLTREZESAVSEX. ik, =8%, KHABENEEMA
BA, ERENSBE-KHE. 2FAHEFERANMBXEANTHRMHRL%Z, 2K
LB %, SESRURT RS FIA 111. 69kca/cm? « a, HRFEHA AL 100kca/
em® a, FHLEARRERKEEFSLOWEYE, BRBEBSETHEN T 1000~1800 7/h

P



