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Integrated Research on The Stress Field and
Pore Pressure at The Three Gorges Site

Preface

Achievements of the research project “ In—situ measurement of ground stress, pore
pressure and permeability over the Three Gorges areca” subordinate to the key project
“Study of reservoir—induced seismicity over the Three Gorges Site on the Yangtze River ”
listed in The Seventh Five—Year Plan were published in 1993 in a monograph entitled
“ Study of reservoir—induced seismicity near the Three Gorges Dam —in—situ measurements
and analyses at Maoping” . In the preface I wrote, “this collection is scientifically valuable in
thoughts and methods both for original data gathering and for problem resolution”.

Today, three years later, based on its previous works, the Institute of Crustal Dynam-
ics has completed another monograph “ Intergrated Research on The Stress Field and Pore
Pressure at The Three Gorges Site”, which is a subject under the key project “An in—depth
study of the ground stability and reservoir—induced scismicity over the Three Gorges site
on the Yangtze River” of The Eighth—Five Year Plan. These works have provided once
again the important data for the designing and decision—making of the Three Gorges proj-
ect, and at the same time, set up a good example of reservoir—induced seismicity forecasting
for other reservoirs. This book is worth reading and keeping for specialists and other read-
ers who are concerned in the Three Gorges project.

Difficulties are involved in the studies. Firstly, some scholars have questioned the
conventional stress measurement by hydraulic fracturing, which involves the frontier sub-
jects in modern academic research, i.e. is it necessary to take pore pressure into account
when maximum principal stress is calculated in stress measurement by hydraulic fracturing
for granites. Sccondly, as few examples of in—situ pore pressure measurement in compact
granite are available both at home and abroad, it is, naturally, technically very difficult.
However, the authors have put forward satisfactory answers to these problems through
years of efforts. Although academic rescarch and human understanding are endless, we
have to give scientific and dcfinite answers for the present engineering constructions. This
book meets the demand of combining academic research closely with engineering construc-
tion, and is worth congratulation.

It is also praisable that, in collaboration with measurements of ground stress and pore
pressure, the book analyses the stress ficld over the Three Gorges area and further studies
and calculates with effective fruits the stability of the faults near the dam.

Hu Haitao
1996.1



H X

\ Wb B F1IE TR
EﬁIﬁ&ﬁ@BKﬂ’%Wﬁlﬁﬁ%E‘J%ﬁ‘ﬁf%""""""m“"""'" .............. EBE 3)
KERREZNRBHEE
SHFHE 800m ALK EB N I BAITIREPE crcecsecccsecrcaccaniccncennes E: e (35)
IKEF BB P HFLIRE SR G cevercrceccrecsccrccscrcosscsecesascscsesenccnce Hax% (46)

7K B v B I K EE RS R DA R FLBE FLBRUK

JE FT{EBAEXT S FEHE sorereserercencsnccrerncnncnsaccacestsanrostsorsoscsassancsescns HEZ (55
FHETLI Sy (15 Syt FERISPPTREHL evveerscscscsuecsassnseresssnsasnssesarasassenes 2 E (60)
FHAMARES M RER TRAENRDLR

“$ PR BR300 B AV (R B " I FCIRTFIT eoveoverocnccnsenennececnsocsessorsness XIWMEZE (77)
FLBRK EN EIEAIBER
BB L LB PBIRITTIT cocrcrcrreccrcecancerncronanaccacenrescsesseneses JRHES (87)
BILERPHE BB TIEH covecrerencrcccecunacienretiosersassesassessasecacsense FEE (99)
FLEE ST EE TR R ceecescrenrcnnaccasactcntotacasartcarssncascarecssecnocnccseccane HEZ (103)
B PR b L B B vk

— BHOREBILEIE S BUIGHRE  cerseresssresscrraccascsassessesscnccscece HEZE (111
m@&&&%&*mawmmﬁwsﬁ&

—ammEE - S P PP TP TTTTTT TP e »EZ (117
}Lﬁ(;kﬂ{jjgggzpyﬂ‘}g ............................................................... HEZE (122)
TN RO FUDRIK FE SJFFT eovevrerecvsacncnecsecscanscorcocarsassessescassoseesescense BHEE (145)

KERZILR
R UMb Y 7 3 B BN ¢ = K P K AT JS UL B

B R T B Pl evrevrerersanrccsctnciccacceracecrsasrcncassrrrasacecnssascaccesnascernene kgL asy

FLBES. RS ERIFIKEE R KA B M cocereersserannccesecarncnacannnens HihE (166)



Contents

On Ground Stress Ficld

A synthetical study on the present tectonic stress field over the Three Gorges
site and its surrounding ATEA “**ecrerccrrccscrvcrsvosevescscssscrcseavsocece Wang Jia,njun (3)

The Problcms of Stress Mcasurements Hydraulic Fracturing

Reliability of stress measurements by hydraulic fracturing from a 800mborehole

at Maoping in the Three Gorges area  ssssssssessscesesecscsssscsaeescesss Li Fangquan (35)
Pore pressure in stress measurements by hydraulic fracturingess+seesse« Su Kaizhi et al. (46)
Relative rationalness of taking borehole water head pressure as pore pressure

in stress measurements by hydraulic fracturing seseseeseccecssesceccecescsces §y Kaizhi (55)
Analysis and comparison between S, and Sy from the borehole

At MaODPing +eeesseereesesssssssssncasesssssanneassssansasssassanaanaasessssss Su Kaizhi et al. (60)
Modeling experiment of the reliability of pore pressure measuring system

in the borehole at Maoping
The pressure effcct Of packer sssssssssssescesssssasseccscssssees Liu Ruimin et al. (77)

On Pore Pressure

Multi—network modeling on vadous flows in fractured rocks *++=«« Zho Weihuan et al. (87)

On the effective stress law in rocks seeesesrecsscccanes oee seeecces Yin Jianmin (99)
Review on pore pressure measuring methods cececececeessccccccsccceceesesecese Sy Kaizhi (103)
Pore pressure measuring methods for compacted rocks

Field measurement by plugging seseseesececcscescccscccccccsseee Sy Kaizhi et al. (111)
Pore pressure measuring methods for rocks of very low permeability

A short term pressure method cecesecssssecvtccsecsanccsscrsessacecsscee Sy Kaizhi (1 ]7)
Basic princip]es of POTC PICSSUTE *oreesesessrsssercsssscscscasracsescasoncnsns Su Kaizhi et al. (122)
The study of pore pressure being in the ascendant +e-- Yin Jianmin (145)

Reservoir induced Scismicity

Assessment of stability of the faults near the Three Gorges dam before and after

reservoir impounding based on in—situ stress measurements <-» Zhang Bochong (151)
Pore pressure, criterion of fault slip, and influence of

reservoir impounding ssesssessesseeressssencesssansassasancssensecssssss Zhang Bochong (166)



I *4K .

HORY F1 554

o



-

) ¢



’=33

=R T R AR X A& N ISR

IRF
(R FHR D TR BT

—_—a

—., 5| =

KI=ZSKABEATRRMAREANERKAETR, RGN ERE, ©TLERE
B. KEGERHREBRMARAKEIRZ2NETRRZ — AWM= IBEKERDLR
ERE A XAR B XREE. BT, XTFKESREBORE, KEATENHPHEAE:
— R ARE T RBESMAN. FIKNFMRILFIN AR, KEBTHAT i
FR A1, EFER-B/ABKENS, hTEREEBHMAMERACERMY, HEKE
B LR, BRESANMMARSBTRSSHTANRENEREIARRENRETMR
B, RENTIRAREXNKESLMERASFTOER L, A R5RBESALH 0] R KE
BRGROEENS, HEAEB—FHIY, FE (X)) MEPRENRXBHENER
B, MREMEAKMBLORNERANEN GO EFEARZAEENTHE, BN
R ERTFHBZHENMELS. BHAMIERKERR GBI CEETE.

ZRTRERFX MRS HEN S G0ER T RS, FE2BAMEEE AR
BFBGT TERANDIRY, B RGEE. FEMSIMRENOARREhTEBMNER, B
FMERHRKRER. BIX TR TERIBX KRR ERFER I aE ZFAE P
NWW [i] 2 EW [ A B NE || ¥ NEE 1), HARBERBEXNH, RERXTF=8T
B, BEANE—MEANGL, UETHATIENFRSEA, BREARTR+ISHE.

AGPREERLE29° ~33°, RL107° ~113° ZRIBXEHPX., 2
EEWRXARNRBBE G0, €I THEELINMBALERERS, ANIHR
. RFIEWERTH. BEVFEELTEESTIOMEERZENSE SRR, &K
BEMTEVRERORARERFEZRNOFER, FT=ZRIBEHBSXXEEN 11
AIRETEAE M KA IE: A= SRR MEL F) BRERNUIR =R TIIIM
H RGN Y. A=BOKFEERGRE BT EHEE T RMTRIN 1
%K.

. HEHERER

1. EIFHMES%RO
ARMTFREGESHRFHENE KOG HETZERTE, IHEERB=RITHURS

OKRI=SAKFIRATRAKERLZAREREN DL, KER, 1986.10.



ERLFHERR MR SBXE 1).

B 1 =k TR BB A Y vt
LEERRENY, 2L FEARER: IRERAEN, 45R=sm

FEXMEEHENR TEZIRNWHUAHHY, SHOIEHEART - BE40E
R, WHEERNRLY, KRBREFHEE, ERXERMLPRERRHIMHELE, K
EROHWEHREAHER -RREOBEE S, MELBHRIWAN, SKELNE
W REMENMEEXR, MR R T8 RTG EAE 0 1 B —H R T 1 R 3, 3%
5ERHMHEERETGNREHEMNFELRN). . BREW, HAGEKRAHE
mitA. ¥k NNE. NE{R$% NEE, IR, Bib. WA 5KILP FRATER
WEREE, WRAERHBMIERE, E5EBNARELIEHEEALR. Bl #H5—
HH R 1 T ROT AU

2. EHEMIBHER

KILZSOKFIRA =S S, AT RERHRRERARER, RETEEREWL
H, KAKLSRABTER, LWERFSERTE FEAAR AHWRORETR
XK % 2000~ 1700m. 1500m. 1000m. 800m #1 500m 4. BB A2 F N EEL
R, BB=ZLK. REZLRZREFUMEEHRIER, WEWNRERTEARNE, A%
E=GAERRARNPESHE, —HAREHE, —F L.

AR BKMHERNNEAH, NEHEHMAENIT®E, Btk 120km, REE
80km, JERIETMR, WRATRAREMMEHEFHINEMEE, ARAZAXK, WEER

—_— 4 —

S 24



/S TLH

2, BR¥M30°~40°, KREBIMS ~12°, HILFHRERS® ~10°, H—AXHF
ST, WHAMMTFEF—XEIL—K. RAWEEZR, FEFREHLFENSE. SN
W, WEHE. FEEENGE. SEWES. HIMEZAERER,. HYEATELHEER
WSS, AEYRUEMFEHO (H2). AARIMRWT:

1) filif iR

i iR EMERANERAX, £K490km, BEEMKFN25° ~15°W,
LB SW i, BB NEfl, i 60° ~80° . EWNB—RKIEETHAMNERAR,
WEVHE, BANELRYT, BARE 100~200m W24, ZEWMBKPHEXTF
1000m, EBHKEAK, HIAWRERAR.

JuB, R ME RN Rt TR IR, SR THREE RN IHHFE PR
AR B RREN.

B2 =sRPTMXAERER
CEEHR: QEOLER: OBRKEN: OHLEHR: ORBRRRNN: @ XBH K O LR

BB, BRTIUREUERAR NN $H oK HIYERT S, —AGA IR B ED MMt R, {lZ LB
kP LK. BELVERURE, TREHNEENSN=ZE: BhiR KRN
WRELWT, RBHMe e HsHR, REILREHFEEREH, REAOLAH R
F—R e ek Y R, BERBNEES.

2) EEWH

EWRAKEHES, VAT ERBERTHM, I NS ~5° W, KE&EF
7, XTI, /M 70° ~80°, BERHREN 10~30m, EKHAHK. EFEHTF LY

QR ITFRAYSAZ =BT, KIL=MX FEMFEWEREITH, 1987,
— 5 —



AR=ZBFR. BERZHE, £HRYE. EHLERN, DTHLELRAEHW, HRKY
120km. BB EA/PREE, 1969 FFIH 4.8 U RMAZN R LA, ERNEN
PRk ENRE R B, KARNRYARRE.

3) XHSFHT R

NFRETHAERAKHETALE, ROMERESANEKERNHHEIFNIR
&, HIRSKER N50° ~70° W, [ SW, i1 50° ~70° . WENEFEER.
WK 60km. ZNNYTAEL. RACHE. HLHE, XEFFENNNRER
K, HARETHRHES, BLHAR. EEFRNKEMNBEN, ZRENAHRE
.

4) BEF KR

HBRE R N50° ~60° W, {55l NE, f5{if§70° ~80°, £ 70km, BN
MREL, MEL—=BLVEHNT, KTPLK. ARLWESHRAN HEFALFER
Wik R, HEARE, ERERETR TR, HERMENOZQIHE, BHeERAN
R, BARRENKGELSHTE. SATHRERN, REDHY. AN MRS,
MR EATR, HREFEFER, HNRERTERE IR,

5) JUERETH

NERNN, EESEFARY, EBOFIRII, LEERLUENER, d—4A5
TR RAR, £K4 31km, EHHN NI10° ~25°E, MM, HH 70° ~
80°, MIFERRRT R4,

ABEER BB EFEAES TR, ES (R#) #Esfika \E) #
B3, ETABRAMZLERARR, —RANIUBRERFML LR EIERF.
BRERERENNZSRENZREZES. B R8RSR,

EENBOKEMBENXE, 1977~ 98 EEXAHARTRE, THEIRY
0.095mm / a.

B BABREAMRENRAE, H—RBEABL 4%, 48 24K, B
ZRBRTEHR.

6) BULBIR S HEE R

BN BT R SEEBE W SR A, 2t MBI, 1020 FEAREX KR SR
HZBREEMEREA P, FHENBMATHRGERTEN, £ NNE, #Him NW,
f50°~70°, KL S0km, XPANMEREAER, WERTEBNLFEARR
MRSy, HEBRTHEEHNBEEER.

7) FriEBRH

KRR BRETR, MERRAHENZGER, B NEofh, AE4AFH HEH6RFL
/AN IHE LT R A, R RBEERKILEBPAAILTEM, mEekR. Bl —Hi
TRFIEMR, WEEBHHELAN/ R EFELSH. BN, BHRNNE.

3. BEBHAMERNETSE

RE LU, MEAMRRIES, MR X EAER R B DS RN,
HAEEEBA, FBARE N NWW B A 19 7 0 S0 B A B R .

REOLZ=B4Y), HWEBSHABBSEM, MBS, RANTFROEE

_.6_.



/"‘/'.R

-UlkEiEsh, HUTENE, BIZRE—REHEIENTR,

B, BREBLY), R X ITTES XA SRR, FHREXKF LA, B
BRI FRIMEARTE, RISKTERETF R,

KPP LK, ABLYVNWEES, ERFLUNTRNERRBNLEE, £ —RIRK
LRBERRHET,

BH=ZLK, WEFHFRER FERANFEERNEAIEHFS £—XFLmE
RS EET, BEARX NW-SE m{FIEN S1ERH, R EHRBI=ZRBXEA
A I—E R0, Hiish NNE 8k R E 8t St ih e 2 89,8 3h .

HELLIk, BATEFHHKRT LRRERK HERE, EEBEEHER MMM WL
HAMARMMER—ERERAM BN ESItER B E.

4. MXEEFH RS

MK FERMPEARELER. BFelE. KARRHH, KRN, REFH
M, WaRITF: A

1) BEMWER

BHFERFEUELEREN—H, RO THE, EMHFY 10km, FEMH NIO® ~
20° W, f§{= NE, {5if360° ~85°, NAMELRFHIIEERKAN, 43T mAH
8B, #EFNREL, ERETNELELARPES, CAEEENORE, BRKSKRE
H, BEXHAERKEKIES.

s b, EEVHENWE, SUEUKEMR, BRAFURERZR, FHURPERLE
Mikg. YIAARFENR.

LW R MR R 4~9m, BHAWHE 2~ 10m, BIEAH 0.5m BN AL, 1.8
~2.5m FERBEAH, 0.1~1.05m FHREB AW, BEER 10~23m,

2) Wi

SHFERZFEN. BFEELAERBA—. BMEMIE NS, BBAE{LENIS®
EX N20° W MEEIA, S W, §fifse° ~82°, WMAHE—MH 2.5~ 12m, Wil
AUATRENBAAERE, BRAEE BT Im, BRELTEHEN, wiE—KRy
4~7m, BEik 19.4m, WHEE—BBLE R, ﬁﬂ(tﬁé FWim EAH E 0.5~ lem RIBT
B, EXRTSHANEBHE.

3) KAREHH

KARRHAURMNERAT—RBANEHHR, BETEAR, m@EEFHR. XBRA. B
RIEAFEAL, BrEEmERaRs, it hpgRMESE RN, 5FILIkE
¥ ELABBARUE. HEKARLRAGRNGEEG, HEOEeTL, =Ry &
B NS° W, {5 SW, BimbLAKREBHE, REREmEMLK, EHANS® ~15°E,
5] NW =% SE, f5ifis° ~62°, HiNEHN20° ~30° W, XK NNE.

BREAFTRZGARNKA AR, BAKE Y 3om, aEEE. AKE. KRB
ANABENFERR AR, KER RE OAagfrd TESRTEAR, AR
U, BERWREFLER, AREMHA & LERTIIRELKY, BREGEZHN
=4,



4) KFRER

AHEFRPRZE, EABLETREMEL, ZFBAKERANIO® ~30° W,
55 NE, {55 60°, HMiisREEE, HEIEHELR, HE01~03m FELAR,
BENEAE T 0.5~2cm VLW, RHKUS, R LREKHELF.

5) BETFHR

AHEBBFZHER, EHBN20° ~30°W, i NE, fifs75° &4, HRpETd
KL, REERKEES, EHAET 10km,

=. WIENHGHNEK

ERTEHTHARMEARE IR 5, ARG LRGN HH0RedRs, K8
FE—HXEBRXE (AR HE. Bit, BAWRSITX—RARKE, ATy
FHER SRR RESINXERAEENALE L.

1. TERMIER G

=R AT X AR K ARG Y, &5 T ZHREE SR NL
RREAR. RELWMETEHRETERNE, CRMRRXARBRIUN— KK EES,
R A E-ARANETEMEER. EENWW @ REEN. BAUMSEENK
Bk RA . (BZESPV M X e e e Sh v th iR, M IOBE— 7 MR ed B AT, Mb
BEBUEHEKLERE, BRBIEERES, FAKTROYRE—HHBNORERERE
HHENHE, KBRRMEHEIRE. K47 2000Ma £ M KRILES N, FxbiEE
R, B HENKIIPIHEREE. KENRBLHERNBANEEBSE, ANETY
RE\EF XK1 KHE EW mHFE, SEENEEREAXBEHNOMEENTELERE
. F—BaTE RN, WESTRERVE, WEESHEMMSMERRRER, W
BUEMMGR. FENBANRRCAE—EAM, HMEAMREBRRNUBEN, SR
IR AR KR, BREE-RRE KA SRR A AR E Fem il i e .
FRM AU BEERIL, RBEIL—H—EERATERAE-RBR KR RGN T HiES
fE. K47 1000Ma EEM RENHREZHYE (FT). ATFRIBERERBHRAT
%, FHANLTEMNBAKTHE ERANRBRRETRA-THEEAER, H™4
— P NWW | EFHREAMESTR (FEMHER. BREMHERS), BR7T
NNE-SSW 5t EfER.

2. WERK NG

HAERYY, WRYEEHME, RYUBXFRER, HHFEKHNREILHEMNKE
wEEETEL, RELUERESETEREZOHBRIKREBER T T, ARA
LERBOHZEEL N 8000m, HERZHEEEBSEM, SRENETEXZANK
HEFIBAGEHERBANBEFENSE, NREMARFIILERIBX. FhTALE
HRBAF —BAHTHENEIBEAROBEX, FEIMH—GHIR, ZERAH
“RABRERBLEM, BRAARBAEHINXEERER, BTREARENHTRESEZ
3, WESEESRMELRINE EW 1, ASEMFEHEIESR, KTHHEN NNE
.

— 8 u—

i -



3. PERN NI

BISGES M E, HeB R U XK P o ARB P =Bl f &R > 4R
¥, EE—FNKANREDEFALNE, EREHHERT, ELHERBERER
FREMER, BEKRE. THEE. AERMOKXEMEEHERERERSEHE EW
], R NS 3 B bR M MR B IEVE .

FRHNUEBX IE— KW ETFE, ERE—TEARERKEE, EREMRMM
BIEMY BN, BT Y 5000m kT LR,

PP IAELMMELZES RS, AFRERNLUIMEK, K88 G0 UgtymsF
EXE, MEEBNUEBEK, BEFIBEWREE, HFARUNRER. MHETE
FAE A LUE X BREY 113509 F 5 177 h) 5 NW-SE 5. {H g1 SLid 50 35 B ot X 36 S ) k8
EX XY S G ER, BEESARBBE AN R T REEER, BIEBX
K NW [T AR HX 4 NEE Ji.

HIZESIGN, HTFHREFHEELL, FRHFEATHHEMEZES, B8 EERH
EFAKARMBEENER, L FRETREGEN, REMEHEREER. At
ESTRUARE R EMNF R Z BHZER AR, B4 4 NE. NNW. NNE fl NW 5 &
HRR Y RINBL R RLRERE, BS— RF0/ RN RGN, 827 008
BUTR, g%, B, W ILFHREES . FALEMATRT EY4 8000m # 5 E
F—TH=F, BHLERSERWLUEL, ARLUEHEPZERLESGEN,. Rt
MAERS XA GHERT R EE (BF) 1HXA.

4. FERNNF

ER=ZLEMB=LMECFULGES, B— KRB — LG K IRDI S
3, UBEKIHRERNE, FRIANMEKTHE BE—EFEFRATEERSEY
PEIG S0, I NNW [ BT 28 00l I FLE R RT R AN E M ARRE P4 A ERTE R
B A H, BERMEA NW RRAMNXFEGERN EEEERBESBaE >
£ AR—BAENRTANARAZEFERKRNREE, Ho%E— K1 NNE (987408
# (A1734)); NE-NNE B R AL A KR HEES. A EREREETR
W, BB shn FERT N BARAMN NE-SW mEmFEER, BAEEATS
Jrial.

5. FMEN NG

FHEEZILR (MB=LUFE), ATAEFRR. HFERMIERERRI KT
HMBRERROGFEEMES, FXEMNEHSHERITINE NE M ERE EW [AT
PR, BEXY K, MERETH, RREWFELE, EHEAREHEEB. 8T KF
FENAMEAN ANHLEMER, XM (38) NAGMERBTENS.

. =i TR X ST B 41035 B 13

1. Bl X s Eb A Kl
1977~ 1981 F P EPHERE L ¥ RAAKILARRAR D2 EHER (WKK
), FEB UL X R R AL T M BRI FK IR B kAT T IO 5 A1 3
— 9 —



