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COMPREHENSIVE EVALUATION METHOD AND
SYSTEM EXPLORATION OF UNDERGROUND
WATER RESOURCES

Editor ; Huo Mingyuan

Summary

This is one of the books in the “Economic Geology” series. It is a monograph applicably ,
systematically and creatively expounding the theoretical research on the formation of underground
water, the exploration technology of how to find out the underground water, and comprehensive
evaluation. The whole book contains 10 chapters in three parts.

The first part sums up the underground water formation theory of the predecessors and on
the basis of this theory puts forward the hypothesis that the water was combined and formed after
the explosion of hydrogen and oxygen before the formation of the earth, and sums up the
nowadays research on the physicochemical features and the distributional characteristics of
underground water and the new research results, then, approaches the transpositional and
concentrative regulation of underground water. The second part systemically recommendeds the
comprehensive exploration technology of underground water and creatively puts forward the link
theory and establishes the three-dimensional model on finding underground water. The practical
use of this model has gained very obvious results. The third part mainly introduces the method of
comprehensive evaluation and exploitation of ‘underground water and suggestes countermeasures
for the conservatibn of underground water resources and deals with the research on the policy of
the industries using underground water.

This baok is a special reference book for the persons who are engaged in underground water
research, production and for faculties and students of related colleges and universities as well as

the underground water administrative personnel.



nY =
il =

MERITF KA FERAME BLES A, — BB ENR AR - BREAK,
W LA A X 4 s MR IR KL MR EE AT X ST

BT 80 AR, frad KR 14 — i L XK A B ORI B, EIR A Lk
BREFEEREF T . AEIHALEREZAFT . PENERESFEZASF L, AH
TR E B B R B BT | o - BT A o R B R R T PO B Y 28 4 4RK
TR =T RFNK #ETREAENE T KRESESEN TE. FeAlES RN
R BRI PR PTG RIS SR TR, A T B3 DX F 8 F AR, FEGD
RETEMHF R FRERKE 2, REE  XBEAL LA EMR B R BR
B EEE TR R A ZHER. X T B E A 5 RN BUAE BT A8 R e 3K Al
S, S MEMBE T, B LERTHRRARMFTR IR ARG TFAFEIREH, B3] 44
ERMA RN SN 58S .

B B2 R UK TR TR L B A RBUN K S X # SR B IR TR S0 HE . %5 B K
MBI S SHEARN RUEHMBR SR A T, E LTRSS T FLAH RN TE
B 4552, T B 09 R 24T B T 2A

WHERBREA TN SLS, ERAIMEN R M BB ENER. 2B +3, K

EX RECRE  BAENEHRRE, FATA.2,.3.4.5.6 W HRFXRE . FNAE
B 7 mMXBEE Xk ARE. EHME FRE RIGE, ILhY . REE. INEW. 5K
RALERK REEEANRE NEESERER: FILECE4 P M SRR . ERLTRE;
PR HEVLRER. EM.
BMFABHRTUREL . MRE HEKPAR HRZLEBFEERE,

& i
1992 4E 12 H 28

ix



LB MWTANEMELSHR

TFIK B L e+ <o veeeenerenmmemnanetet e et ser et s tee e e st e s eneeeees ()
KA TK B EE AL oo verereeresrenreoseuenstenestee e sesaesessse s ssesnssesessennns (])
O ERTE BRI B g eee e evevreennsimii it ciecniss e s ein e (2)
%%ﬂﬁ%ﬁﬂi,ﬁgﬁiﬂ\ﬁ’]ﬁ% sriaieerancensssieasnrsenrsserscaarnisonssairasanss ()

5% UK
S ﬂTmm%gwgﬁﬁﬁﬁﬁﬁﬁ"mmmmmmmmmmmmmmm.“@
B M T IKHIIATERFIE +ooeeevmrrereemeeeesnmmansasensnnrenesie s sessenseesnssnnees (22)

L E PN
B W FKA B RGBS et e e s e (29)
B U T R N0 3 - g G g & 3

27

Podfodb b oaF &F

TR HTARERHNREMEZAR

%—- bl ﬁ]r%'ﬁé’]fz%ﬂj R € 1)
B Hﬁﬂﬁ“W@Mﬁ?%ﬁ N 7))
T AR KRR - — RETHISHIRT ] eeeee e e (45)
%%Kﬁ
;] ﬂﬂ.kﬂﬂ;ﬁil_}ﬁ&* B N (- Y2
=3 SEREMER T LA IR EI R cee e e (B])
I 1‘@5{:&‘@tfi%ﬁ%ﬁ&iﬂ(if@ﬁ%%"------------------------------------ (67)

iii

it
|



BHY ﬂﬁ%ﬁﬁ%ﬁ@ﬁm&ﬁﬁiﬁﬁ%x rrenrearte e
N (75)
- (80)

FAT KFEESRFHEET(OT™) -
BT KEEHBEELRRE -

AT TR R TKERE ET@&E&&@

B BEACCRURIRIK IR worveeeresrenreesarseneaisatsmmnsssassansstase eeseesneanssns
- (91D
=~ (106

Bt HEACHREEREARTE o
B WREREA SO RN BT

i

=%
228 SRR

Wﬁ*i%ﬁ&ﬁ**%f%——UﬁxMZEE%%

BB HIERALZ IR IK T T ereerreeereerertesssienine st s re s e ee e ees et e s e s
B A AT IR TR e v eeeeorreeerssanise e s st e s e e e e

B AR ERAKTT e

%ﬁ-‘ﬁ‘ 7}(1{%@&%%%%‘]*&7}(73‘&" Geesterrecaserrennteatrcenrncnrraraee

B %k
BAE ERYEHOKEAREGEH -

B %%Hﬁ%*hf%%%ﬁﬁ%ﬂﬁﬁ%

BV EAWHRIEAKX S TEBETAIRA -

BT ﬁ%ﬁ%%ﬁ%&ﬁﬁﬁ?*%&*¢%ﬁm
BT BRI R B S oK ATRE D SR A -

BET REHEREIRENH--

(73)

- (87)

(9

(117

(125
(125

B € 521D

(129)

- (130)

(133)

- (13b)

seeeee (135)

- (139)
reeeee (141)
ceee (152)

AT %éﬂ&%ﬂ@ﬁﬁ%ﬁﬁﬁmZﬁ**%m%mwmmmmmm

5% 3CHR
TR WHTARESSFSR. AR ATAKY

B R K I S TR I ISR eee eoeeeevrnoemeenne sen e ae e an
S L R AKEF TR TR T B eeeceereenervreersommmssnerunesitietiie e nateiees cnans
HIY WEINR A EH TS T e cvreereesserreeeescnemneamicnnenas

2%

ERR - NS e CoE st - R A% 30 & TR ORI TR
B W KRR R TR R crveveesenseeanenrenensrenessonnessnserscnonssaes
S M R KSR LY L5 R e eeererereessesensinnas saein srers e e ee e
B= M T KA EEE S P BORAF L rerr e e sseneneress e

&% ik

iv

B O G 17 D)
BT HIEHIRFETIRH T KRR FH e eeevorrererecstansiiiiiiniiiinieeas

(164)
(183)

(206)

eeee (206)

(210
(216)
(220)

- (229
- (229)
- (232)

(239



Contents

Foreword

Preface

Part 1 Basic Theory of Underground Water

Chapter 1 Orlg]'n of Underground Water I
§ 1.1 Transformation of Meteoric Water ssessssstssssssissaassranto st nsnnre
§ 1.2 Upward Movement of Deep Subsurface Water ssrrererrsrssrasinricsianias.

§ 1.3 Conception of Retention Water and Its Problem ressecscecencicniane.

§ 1.4 Water Formation Hypothesis-explosion Combination

of Hydrogen With Oxygen R yrnmnmnmmmMmmImnIInmnImImnmmmmhmhmh
§ 1.5 Geologic Backgrounds of Underground Water se=s-ssesrssesanianrnenininns

References

Chapter 2 Physical and Chemical Properties, and Distribution of Underground

WALEL  +esseencsansansasaarasnssssonecesssiersasssssasssssassarsnsessssosrons
§ 2.1 Physical Properties of Underground Water =-sscssesessnissasaniascan,
§ 2.2 Chemical Properties of Underground Water — «+e:eeecmeresoecsncaccaane
§ 2.3 Distribution of Undergtound Water — ++sss:eeetrsrenteereamitinninieioniins

References

sesnss

.

205 vas

seeac sns

Chapter 3 Movement, Catchment and Evolution of Underground Water «s=seeeee RETTRIT

§ 3’ 1 Movement of Underground WALEl  seovemvocvessarvsantassnssnsianssus

§ 3.2 Catchment of Underground WaAter «ercecciterecaiacidianincianiencecenss
§ 3_ 3 Fvolution of Underground Water tsetsesiissectatasnsssate arte e nan Bl oe

References

Part 1 Systematic Exploration

Techniques in Underground Water Search

Chapter 4 Circulation Theory and Its Application in Water Search  «secceniens

- § 4.1 Circulation The()ry eeedssteseiacie st nts st ste st atesacsas et oentanasaarnasoats

§ 4.2 Mathematical Model of Link Theory ccesesseestesesttactscssarecneens
§ 4.3 Three-dimensional Model for Water Search—

Appﬁcaﬁon of Link Theory e areeceeseatuannaeae At sr e et AT Rt e e R Se T By

vi

.
I3
.

(D

- (D
- (2)

(4)

- (6)

1§D

(15
(15>
(17)
22

@29
(29)
(33)
(36)

(40)
(40)
(42)

(49)



References

Chapter 5 Remote Sensing and GIS Technique in Water Search =eres-sererserecsecracionss

§ 5.
§ 5.

§ 5.

Conception of Structure, Lamination Information and

Its Hydrogeologica] Significance S

§ 5.5 Remote Sensing of Subaerial Thermal Abnomality and

Hydrogeological Significance Y
§ 5.6 Water Resources and Digital Topographic Model —sesesroervesirnsnniccinaiese.

§ 5.7 Geographic Information System of Water Resources ss=eesessesesencraccaainacs

§ 5.8 1Image Formation Model of Remote Sensing Indication

of Underground Watet, Yimeng Mountains =+=eeessessrereserasaraicnancniacee

References

Chapter 6 Tectono-Hydrogeological Water Search Methods sesececscssccceasssanionacanianss
§ 6. ] Key Points Of Tectonohydrogeology R NI I

§ 6.2 Principal Tectonohydrogeological Characteristics of Shandong Province

R R R N R N Y R PR Y N P R

§ 6.3 Tectono-Hydrogeological Methods in Water Seatch

—For example Yimeng Mountains etesesaissss st ses sestssene st ssnacncsnntnsen

References

Chapter 7 Geochemical Methods in Water Search BnnmmmmmIIT
§ 7. l GaS Survey L R R R R R R N R R R I A I R N I R I T A

[\]

§7.

§ 7_ 3 Soil Categorizatjon Ry nNInmnmmIInmnmnoImomIomI,IIhIh,h,IhIhIh IO
§ 7.4 Weathering Element Association of Rocks — +seseteesoneraemtamnnincinae...

§ 7. 5 ISOtOpiC Indication of Water Chemistry eraniscaerstesesst e cancrnassssnasacsnnte

References

Chapter 8 Geophysical Techniques and Applications in Water Search «eserecessecsracccnss

-§ 8.1 Applications of Magnetic Prospecting and Geological
Interpretation of Magnetic Abnarmalities

§ 8.2 Applications of Gravitational Prospecting in Hydrogeology

and Engineering Geology e b e s ts 484400008808 040 80t bootibits ot tetttnnbenronnnnse

§ 8.3 Applications of Radiomettic Prospecting in Undetground

Water and Thermal Water Search scserecceciectcctctcacetcecccccccsnnssnsccccennse

IntroduCtion esreessescscsssccscersaossansissossesoscescssoscssrossnstoccesansscsncinns
Aerial Remote Sensing TechniqUeS et eiacsseseasearssstansssnstsessenn ase s Bie s e

1
2

§ 5.3 Computer Processing of Remote Sensing Images ==«+sssrseesarecceatnniacinniaens
4

Biogeochemistry IR e mmnmmIImmmIry

(50)
(50)
(52)
(61)

(67)
(73)
(75)
(80)
(87)
(91)
(91)
(106)
(117)
(125
(125)
(126)
(129)
(130
(133)
(135)
(135)

(139)

(141)

vii



§ 8.4 Applications and Efficency of Geothermal Measurement

in Underground Thermal Water Prospecting escecesecsecescscareicceniecseainnaee (152)
§ 8.5 Applications of Shallow Seismic Prospecting in Water Search seeseeseeeeeess (154)
$ 8.6 Applications of Electric Prospecting

iN Water Search =+« +esssssesstetissesoniitieitaiaisssneinmscnisessssseressenes (]64)
§ 8.7 Integrated Geophysical Approaches in Water Search, Yimeng

Mountains 05 600 801000600000 asecis sesces toosceansseeiseassaiacientsonesnassssorssssne (]83)

References
Part I Comprehensive Evaluation,
Exploration, Saving and Conservation
of Underground Water Resources
Chapter 9 Comptehensive Evaluation of Underground Water Resources «e-sceseecceceesee (206)
§ 9.1 Classification of Underground Water Reserves and Resources ecsecaseeseenes (206)

§ 9.2 Calculation of Underground Water Reserves  ssessecescsssseriamiasicanenanees (210)

$ 9.3 Evaluation of Underground Water Resoutces =-e-sececscrsesccccescenciciaeces (216)

§ 9.4 Comprehensive Evaluation of the Underground Water Resources in Yimeng
Mountains (Covers 5 COUNtIES) =+«sseerssesersssrostesnssssssascsessasasssess (220)

References

Chapter 10 Scientific Management and Industrial Policy of
Underground Water ReSources ssseressesressessssssnnrrneinsnnanianaenss (229)
§ 10. 1 Exploration and Utilization of Underground Water Resources +esesesceces (229)
§ 10. 2 Saving and Conservation of Underground Water Resources «ereeveesseeeee (232)

§ 10. 3 Scientific Management and Policy Studies on

Underground Water Resources R (239)

viii



ER T KIS
E—B R E

% KABANEL

— R T AR, — B A S BSER KRN T LR TR, BT AR E SR
KEALTI AL . MRS — B R e KSEKTB R . A EE B I FAN s
FEREESSBERA TH AR ABIZE, BERE. ZRBAEXSES, BES—ER
2. R VUE R EIERT, B T EAERRETRE. KA E DRSS N
KIS, — RSP IR T2 3 BB L K, — 4 K E B EZ SR T K. HFAK
T RS 5 R U A B R B, — Rk R HIE 5, — M KT8 B BAEKEE S

KEBAKETFTEALRUS T AEEATERESE ., — 2%, nRmERR
PIERFIA LK, KSR A ERRAE FR AR T TSN 0 R e
2, KE5BAASBAMCET AT TR, B, ERSHEAGT AENED
MEFBAERBRAEEER . HEE, W EWS A, NGRS, WEFHTF
MERK, M TBLER, SREEGH., MREEERKAE AN SHEARE. LK
WA RS R T K R R R KA R HE AR R B 5, KSR AT L
BABEBRREGPHERTA,

MR ITE EWR A SR E BWR K SBEKHBANEE, LA o RE=ZHE
R E L FE E M5 A B, 7E O A0 3 R0 T R (SO B B T B AR K B (D IR T
SRR LASK M4 B A TR R S MK BB B L R R SRR K B i TR

W=aSL

b, PEIE BSERI AR AT, K P K TE 2 A TR RS, Bt A AT L
SR S T K B3R 0 K 2 4 A T A B T e SR R B L R R A M R R
— s B, 2SI B RIS B MR AT 7= A B 4, TE LK BR AT K R S 8 A M T 8578
M T K B — AR R IR, % 2 S XS — R R, R TR SR ik, AT 2 A
VRS s . PR AR E , — R R A B AR 2B PP TR K, LR &
1117 &7 425 v

DA b5 e R 20 0 S MK SR S KM B iR S HE R MEEATI R,
BT WS HOWE SRR, bl RN BT s S SR BRI Rk
- WURFIE IO AR R, i 1990 4% A 7E L ) A K K R X 4 i
RN —FHE , BIR BRI A A R KR R ERY R E LB NS
{ESE, BN 1991 4Eep B B 348 WA K BE I 1992 SE R FERIR KRR . ik m S
SN BTN 6T B AR R B KA TR A R e 0 2 A K 43 Vel 8 A 1 10K 4 A
MR AERIY, TR LK TRES B %, B T HENELR BT S, E G
SHEAALERE, REXHAEEEERKONE T EER 'R E%

- 1

B el U ——



MEPEER VXA E AR P — R
KWHR. KEALAAKRKEG,F -0 A RFREME L3, 27 R
TR A E A

2Hzo(?§ﬁ)ﬁ2Hz+oz

KA B A ARS A RREMES, LEANTE TAESHRERSE R, XM
00 2 A5 LUAE B ST R R R B L H A B LA SR B TR T T R A T IE , BN Y
AERERGE X, STMRR « BRFIEEAY, BST 3—3. 524, A B LM
KRB, T RESOLBERRET FHSA, K TS A ERETE %,
HIER R E A 155 K B R AR EE T8,

BT LA KA MK B AN A R B K 7R T 289 HE4T B K ARk L8 3R, T R 7E A
1% 8 B R M2 b, B A KA TR 7 5 L B A LAY I S A He R — BT Y
HORR AR T RRANFEREE LRMAEHEE, IETF- A TR L KRR
TR MK BT B AU .y F SR K AR ] L B A4 72T LR AR
A, DU T AL B T Kt B R, X — i B, RSBk R B m
Ak, A A B T 7K B MR A AN AT R K AL AL R K — AR LA 5 A L B AR X R
Foh R ] TR K e S R T RSB AKSELR 3 TK — A%
WM ERE, PR B — 4 5 A5 TR # g b5,

FW HIREEAM L

B AR T s R B4 /K LR (U OURHERT 5 B8, A A3 IR 5 3%,
HEMRFH AR, LHRER AT BMIEE L — A RO REF R AT HE T
—HEENIEE. H2 1968 &, REEHITRBE G T RS KRB LA HE: 1. 65
CEELAHT R BRI GHEX AZHBH K. B FHREAB TIUERERM
Hh, [T B b 2K R T 1M o XK i R UK R AL ER N R 2 SR T IR R T Sk Y
7R B A B X LW A THT W8 A 4 o Y 7K 5 28 ALY

HER DR AR K £ S HREA A AR A R . HETHF B LR RS K
OKEY ARG HAE . BRI K BUEE S KB A W ORI, K Rl A KA
L .

B AR, B K R RS ST4CH KN ER P IR B, X H KR
ERFMREMAFTER . FEE KA AOZ I e 200, N 3 B A B BB A BB JF 46, K L4
W5 AP Y RN 0 B, LUE KT IR R BT I CE K P o B ok, — A BV RE R EL & A 4
Bf k. $RF BRI AN KEBETRIRGE RN 2%, HATERE 10km £
RHET RN 2 B WK R TE 9320 45 I TF SR A2 LA TE R 2km AL HIBI RN
R B S04 LS T 4650 B K 4L 0Y . RTS8 HOR 8 28 U S oK v
W TERMAD R R T R R AP B B . KIS R P IR
RN 10000, DURP Uk BRF 7E 5T 20km JEAb R A & B 6 %0 B, 71 10km BB < A i
B8 E o 3200, AE 3km BB PSS S BOS LY, 7R Lkm BB R A HE I, X T

2



TOLT B GERR R AF I T L op e 6 — LOkg YK,

MRS B KB LR LU T LA

COAMEI PR 7 B A e AT R 7 A 17 7 AR BB TR EEEL AR IR

()R P o B T 46 » 50 B AR R 4 RUBE B U Bk 3 7K FLE K AP 1 A 1
TG W S s v S R 3R A A R i Al B TR DR

COME IR TR BRI R T B 755 KR K BREORESE S A%

COTE I TP BRI B R R AR T+ 8 KRR 5 SRR 5 5 W 40 1 12 1) PO
FAC N IR BOK L. EIEJIRT 70MPa (500 T oK EAR B BT ADE O

(BYNE I A K KB RET K, & A 2o A .

EATAR Y Z 1 EHE A PR SRR e A TR BLRSR B i BRIRFAY K . R
AL RS 3R i & K T ELC A RS2 ) K A S JO 18 B SR B B A L S F LA = FE
AP R — RO X 1 R R LUR 5T ARt 2 iTRER . THE M S5 R UL, iR &
b i R ARV BB EEE K . RIS R IR 100km ERFLRE P, K
W B K TAE] 70

1970 4, JF IR HK 75 /R
R RN DR S A oY

v A b z TABRAE &,
BORBREERE RS [k % G .
Fb2e BT Y A 6 322 8RS o T e
CHA . CUEY T M N x -

FE 7 75 % M ER 14 B A 5| B

ARE SIS . TIBR YR AR | & i
4 800m 4 9 JE J7 Fl 800m = o

QL TE S B3 200m 4bEY f

TE 11 7 800m &b Ay IE A7 18 o

R TR L |5 ”_
U6 1E ) T L b B A i w
SRR B A B i

IR i o B 1
AR R B A1),
i A T 4R T RTIE HLJE ) |
AR 7 T R 2 B M R BB i VO D, MR R T 7 4 8 I A L
AN L 80 S AR A TR R 5 HUBRIG = R SRt T 0 SR 0 LA B
Sy D2 B 7 M ER PRS2 878— 3 000km RbFFFE— AN ASTE . 76 HLERIER e , MR D
i BRI AR 7 B /s CER KT A KSR 15 8 A4 SR M5 R R M0 77 )«
WAL Tt A AT E 2 8783 000km 2 i) 100 243 HL4b 56525 % 8km /s, it
e BT H R 5 5 P R M L TR B K R 0 A
3

[® -1 WERIRE K Eis B TR Bt T KR B



