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Advancing processes and methods of abroad research on hyporheic zone//XIA Jihong'*, LIN Jungiang', CHEN
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Abstract: The abroad research on hyporheic zone could be divided into four phases: original process, concept enriching,
theory researching, and integration development. The theorical system of hyporheic zone beneath of river bed was
established using field observations, numerical computations and laboratory experiments methods during the four phases.
Based on the theorical system and characteristics of rivers in our country, dynamics mechanisms, solute transport,
ecological processes, health diagnosis and ecological restoration of hyporheic zone in our country should be studied on the

aspects of multi-disciplinary, multi-direction, and multi-scale using traditional techniques and integration new techniques.

Key words: rivers; riparian zone; hyporheic zone; hyporheic exchange; hyporheic hydrology

T8 S A A P A S A /TR DX — S R
A s TORIRLE o TR LR e A OK 5 T KA
LR BRI DX, SRk PN R GE 2 (8] i P [A)
I3 2 K B 5 T 2ty il A St 22 ) i P (A
BECHE) o T URR Y K SCHE P AL, TR v
= B A BRSO RS A SR AE D)
A, I 20 4Pk, TR PR UL B0 B BOR B2 BN
MR, BEE MOV RGOS S 2 A,
1113 LT T 2= B AP B A2 s B T A 25 AR
Giprir EHMASBENEENRZ —, EI
MRERIZC IR TR sE, S T H &/
B, FRECA B S 2 WA T 1IN
R BN 2 P AR R TR T A I E LR
ASRFAE LB TR R 5 S48 45 ) 40 B2 T i v
DA RS MR 2K K M AR 250 A 0 T AR T 4

YEEREE UG T W AL Y R T O S e 1 E S BILEE
SN R AR Y BOs B R, X288 B85 TR T
JER R BT AR TR IR ] . RSO A
PR [ AP S TFHTIAL P AL )= BF 9 B K J B B, U 4 4%
B Bert) R K05k R I LEOAIR, S
R PR A S AT ) T S 4 BEAF 2

1 BREMRARERNRE

F 20 et 30 AR LK, A2 3 X6 3 v I
JEIF T KBS, 58 & SRt 7 0T 4 A 01 iR
N S ISR R KRB 4 BB,

a. WA IAIR I BE (1959—1979 4F) . ki 2 %
AMEERIE R, A2 BRI iR F X% X
BAEYIRGR,, AR 20 22 30 4R, AfTEEIAR
FI PR LA — 2 DX 35k oy A 36 5 — SRR 1 AR 1

HEWH . ERH KRR (40871050) ; WiyLA KR RHL H AT H (RA1104)
TEH WA . HYkea (1970—) 58 | i IE-IN , E'J?)’d‘;%,@i s NI A SO AR BB E TS . E-mail ; syjhxia@ hhu. edu. cn
KA Kb A B ,2013,33(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn 73 -



it 1959 42%0 5 JE .5 ) ¥ 5¢ Orghidan 7 12 [ 1]
) { Archiv fiir Hydrobiologie ) I & 3% T ( Ein neuer
Lebensraum des unterirdischen Wassers :der Hyporheische
Biotop)— 3L, FH hypo-(#1 ) Fl rheos-( i3l ) X 4>
A TR AR A IS AR TR 1R, O R G
FE TR AR S RS AME S R N A1
BN R Z I I BEIEAPE R P . 20 14 70
AW, AR QT R Z A W O 2 46, e B
T2 2 A W 00 R A ke 37 B, T U2 AR W RE AR 0
TREIELEOR IR, 20 4 70 4EARTR
W, B K SO AR AR A2 R, AT AR
BV JZE A Y A AR S K S R VAR O
Hynes'®' F 1975 4F # T« W Wi /K SC 3% 8 1
(hypoheic hydrological links)” FIH#E &, 35 H W i )2
MK SO AR SR Ay R K SRR O R AR
IR AL AR, X — BSR4, T
TZEEY) AT ST SR AR T A S AR R AR 1 AR
PE TR A R . X — BB AR E AR
7P IRIE SR VAN ST (<8 WA /] G| OE N 1
WIS IATK SO B T I K SCF RIS

b. M58 B B (1980—1993 4F ) ; ¥ it )2 ik
AMEEH5EE . IRZPEE VKR FRZR
FOFER, M 20 tibed 80 AFAUTT 4, « W I K SC i 4%
PR B W AE T i E AT AR B TR T
TR K SCGE R MEME S, Hynes " BT TIRZ KRS
BRI R 2 1] Y9G R 5 Trisk 26007 R /K &7
M= KT AT T, 2L, A G
UL 22 MR 2 DT o i 2 10, T i B S B /K 3 L R
Y WG B R R R FRPE, 20 tit4d 90
ERTTR , I ARl R A AR B T2
MM, Gibert S5 PR VIR 2 R B A
AT (dynamic ecotone) ™ | ¥ H )2 S XTI TP
FEPE AR SO 00 B 2SR N 2521 | BAT Rl 28 88
PE A RN LA R GE R, FE O T Z A AR
BERY A, 1991 AF b 5€ i W8 25 #) % 25 (' North
American Benthological Society, NABS) & JH I T ¥
WA 2, BHDRLAT 1993 4RI A
LR, AWM 2 B AR Z 5 A 280K 307
VEAR I T W UIURA [ AN R VR I R T A A
ARSI 5 VR U K SCa AR Y A T T 22 U AR
PEFI BRI R AR RIS 23 1 R 2
X P AL SR A 0 R R X O 2 P Y A
BARE Z R A S, 2 R E 5T A
B

c. FRREHBL(1994—2000 4F) : £ 752 K
SO R 5 U U )2 AR BB Y R e, 1993 4R

NABS Wi 2 L 5 iU, IR 227 E T IR IR & v
IR SRR AR 22 B BRR R 7 i T 2 i AR 2
IKSCHLER R T PIAS BB 5807 [0] - K S0
AR, FERR /K SC 05 T, T ¥ i A
e ME SRR N AR SE HEE . Stanford 551 B
GERENT T 3 A (] R 1) P I A2 48 ik AR 1 AR AR
s Valett 55110 EF AN [ 1) i 20 2% 2R FK 90 4% 4k
WFFTHE ST 1 V8 I J2 % 5 7 W) o ) i R R e
Wondzell 557 7] FHY B 37 B 1 7K 68 7 5 5t
FE T L DX P AR A R R O R O N L T KA B
B TR ACH S AR NS, AV I AE 2R T I,
DAVE L2 L ) S A 3y B WIS 1 i 2 ) B
BER MK SCEZ R A Al B2, 8 T AR
BFEATIE, Findlay' ™ & H T 18002 300 I &
éﬁ%ﬁ%’ftﬁjﬁfﬁk%fﬂl@, Fisher 2510 38 - 70] i 3 Bk
AR J2 AL A B i T o 4 1 A 2 R e A
(telescoping ecosystem model , TEM ) ; Boulton 2" Ji}
F TEM BEEIGE T Je v 03 | it 355 A [a] RUBE R
N [R)S S 2 A 25 TR 2 M FE I s Jones 25121
TE(Stream and Ground Waters) — 45 P fF 57 T ¥ i 3
[ S AR AT R/ N U 2 AR S ML A 52 i 32
Hh TR JROCFITESE H T IRZ IS A
M TEX BB TR E B 1 A SR )
TERL T HEAS S 5K S0 A LR G N T 58 AR
WILEMIBEE 1A RS IT AL

d. KR MHEL (2001 4FEA) . ZRE 24
VINRE 2= v S Y IV S P ¢ 0 1D P e o LS
K AR B SR A R IR B AR A
FEPIG R TR RN AH S T 25 2 BHF T RUEE
AR, A 1Y T3 2 AR T 25 il e RUBE 72 A il
il TR) R, AN RO B3 B /N RO AR BIF 5 J0 AR AR X
AMEERAN R BOR R . B 21 LUk A
AR BN X — RS 1 A T RO AR AL BRI
J5#k . Malard 2512 7E TEM BRI LR FAFFEEES T
T2 AR 5 A [m] S5 WL R 1 5 & L8 5 Stanford
S5 PTE Boulton 482 H AV L2 A 25 ) s5ME A 1) S Al
e RSN TSR] B ) REE N S ] RBE T I =
AEBYIAEARL, S350 TEMFRBAR F-Be L, AN ]
M RE R LGB AR MR AR EL S, ZHA
B, T R @ A DLAEES . X T B
B /N RURE A I (8 308 5 B A/ A D 2 PN i, B
7R BRI 27 Ak AT i i E ST, TR
R 22 ROBE LG (% ) R, 7 B A/ s ) A = 9 e 1)
Bt b, B R B B AT E TS .
Poole %522 1ij FIAR(E ATy 43R 1 A [ isf BL i
TR e R A A . T L, A 21 2L

- 74 - KA Kb A B ,2013,33(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



K, ZA RS2 Rl 2 HOR BB BN, (il
AN TR ROBET i 1 I V2 BRI A B AR R B -F ' Tl 58 3%
TR T R e B 2 B AR R

2 FEHRFRMAE

2.1 BpkE

P W ) 32 A S % R I - DR
e Ak 27 R B2 BRAR AR, W5 78 T S 48
R A R/ R L R Ak R A Ak B i
AR ST W R BRI A R 2 P A
B, S BEEA LR AR KRS, QR
I T T A R P I e B DT VR . Tl R
TR 7 1) 7] R B A0 e — R A it BT
S I T K Sk 2 AT B i R B K SO B S
B SRR A A U VAR R X BT AR A 1Y)
SR L B TR A Bkt A G i ) R i 5

T3Hb AT DATEAS [ B et LB K 1k e
oAb 2 A3 sl AR AR, A 5 0 O A8 F s T B
TOLO AR T I ik BB o B 2 4R B 37 S B
TEOL, (2 M RAF R Kk (B33 BB S HUA RE
TR A T 5E MRz (8] 5 BT Pk Y [l & sgh
OWUATE B S A D A, BRIV 3 AR et X LA 5 220 1 25
[F) S e 1 A R ARV
2.2 HE&RHL

BB B s A B 5 oY
WA i o B AT F A AR B 2 AR R A R )
TAAEA T (transient storage model ) F1FL B4 5 A5 74
( porous media model) ,

a. BEITAEREBIAY IR I £ At S A 0 0 i )2
B BRI A7 A BT, B ADL TR Ut A2 4 R Joa 4 BRI
IR | AR ] S Harvey 25" R — 46 X i
P RO B IR A — W o £ 38 i 5 B A 57 1Y 5 Chol
SR R AR A A BB 2 W LV AE A
i LA ST T8 5 1 il 22 (8] B 9 B Oy # S T
JRfE s 4k | = 4 S8 Ham B ; Poole ™ 1y FH I s
FEAFREAIARE R 1 FEAS [R]RF [] 1) = 22 ) B A i 528
R, BRI A RS A B i e TV LR B AR
LN,

b. fLEEA BRI, FLBE A o BRI 5
B AR FLBR A TN 0 T K, AR B B )
Zaramella 5554 N F T AEB0CE ARG 1 35 PE AR A A5
N, TG B R B Ac e i, J5 R TERR G
TR Ty S B () Sty b F & T = AR piny |
TR T ) | e F1 5 Fsc 4 it ; Tonina 567
AT Kizsh MZRoKizgh Je bz J5 3 Wiz
4 W e VARG AL SRR 7 N N o g

Y DL ST R IR K4 T oK R G bk 8 1 et i
BTG YIRS = R B B HASEADL 1A RV Ik
ERJ1Y G e is s A r AR AL
2.3 ERNiE

Hii Ak T = NIRRT S =
(R0, 3 8 S A KA oA | BERR D Bl ik A A o 3
RHB ISR RIEAS 58T | U i sl 3 e — TR TR (1]
SRR AT S B  , 573 4h, Sawyer %51
FIFHAHE IS 25 A BUE R, IF 58 T R IAS A XS
TR G s AR RIS B T 7R

3 HFitERE

H 1959 4F1E X2 W —i Lok, B 22
B A BT T RS, ST T
TRV T A () S e S M PR R 34 R 45 B
T F R, 10 3K [ AH S S0 sk 1 F 9 LA T
BMELE R EE VN, FRE WAL A 5T Y
it b X6 e FERT dA A A L A 4 L AR T R TR
AW FE T3 T8 3 2 A6 P LB AN 3h 25 0 A, b 3 9T
AR R AL

a. WFIEINA . ORI HF X I0E ii 5C
AL, PR 58 R 2202 5 X i) IR XSl it )22
FFFFE T 2 1] 52 48 149 AF S ) L, 7 988 I A8 e AN 2%
R AR PR DX, AR TRV 2 A AT ety DX a5 9 HL
o A S AR B SRR S T
b &L 7/F S NS ) = N TS [ R I
5G] R IX Sl s it S B AL ) A e K 2 5, TR R AE A
7 1) b AN T ] A ) 38 46, 8 A5 0 ) 22 35
PRI, 7 46 A AT RIS Tt A8 #e 38E IR R AN AR
JEET] Ay T T2 XU T )2 B S RN, F 5 ) R A
TR ACH K B J1 2 LB I T A RS R,
ST REWERG R AR T R A W A Bl e VD i i AT
B RSN S5 S A L FR B QIR R
NN a9 ) Wi ) (| L= = ya ey 3= R S E R - 1}
ERAEERNKCHAE B A SR 5T
Al , 2 H T KR FRAK R G0 ) BB Bt ot LR
L2 B RS X 4 i 3 22 G2 b T 7K 2 G 1) fik
B T HA TN E L, (A HRNE AR T R
JEAEFEHLE ST, L RAR A ST AN 254 T Wi
JEAAS R WAL BV 2 A 3 B AR AR
AR AR RIX S RN FRR S W Ui 2 (R A 8 4 |
FRUERIT 25, TEMTEHLEAEST B 3eml | 41 xhHE AL
JELEA, s i it 2 A A B AL R RIS

b. MR, WIEE K 5 K
Bl v L DR ) = WA O B LY NG LTI 2
Y iE 2K R KL R TS SRR

KA R A B 2013 ,33(4)  Tel:025 -83786335  E-mail :jz@ hhu. edu. cn hitp ://kkb. hhu. edu. cn <75 -



ZWR T, Hoksh T2 oK SO e K
A AR I 2% TR AR SR B BIE ST P N
MR TR BN 32707 vk B S A J , 5 1 T B
KL W BN ) M AR AR REE
SR S 8L SN I

c. MIRFE, MRERZSELREY k2N
R AR E I, TP RLE IR TGRS
BURE A 255 I TS5 30 &, s o 5 R B9 T %2
TEBL I 2 AL MV EUEARAU Y BE kL, B 1
TOIESAR (GIS R (M ZEHARFICHANEA,
T =S S ITHARGE, T R EDUL S
M PR RN BN AR R A8 L PR

SE

[ 1 ] BUTTURINI A ,BERNAL S,SABATER S, et al. The influence
of riparian-hyporheic zone on the hydrological responses in
an intermittent stream [ J ]. Hydrology and Earth System
Sciences ,2002,6(3) :515-525.

[ 2] 24 B R ARG i LS A S A
[J]. A= 2524, 2003,23 (5) : 133-139. ( YUAN Xinzhong,
LUO Guyuan. A brief review for ecological studies on
hyporheic zone of stream ecosystem [ J]. Act Ecological
Sinica,2003,23(5) :133-139. (in Chinese) )

[ 3] M, wpk sk, g A5 Il i v a1y A 25 R G A R F
FEEREL ] AR BEIRARS,2006,22(5) :5-8. (WU Jian,
HUANG Shenfa, TANG Hao, et al. Review of research on
ecosystem health in riverine phreatic zones [ J]. Water
Resource Protection,2006,22(5) :5-8. (in Chinese) )

[ 4] @Bk, 20 R IR St S RE [T ] KBk
J&,2008, 19 (2):285293. (JIN Guangqiu, LI Ling.
Advancement in the hyporheic exchange in rivers [ J ].
Advances in Water Science,2008,19 (2):285-293. (in
Chinese) )

[ 5] BOULTON A J,DATRY T,KASAHARA T,et al. Ecology
and management of the hyporheic zone: stream-groundwater
interactions of running waters and their floodplains [ J].
Journal of the North American Benthological Society,2010,
29(1) :26-40.

[ 6 ] ROBERTSON A L, WOOD P J. Ecology of the hyporheic
zone ; origins , current knowledge and future direcions[ J].
Fundamental Applied Limnology,2010,176(4) :279-289.

[ 7 ] STANDFORD J A,GAUFIN A R. Hyporheic communities
of two montana rivers[ J |. Science, 1974 ,185 :700-702.

[ 8 ] HYNES H B N. The stream and its valley[ J]. Verhandlungen
der Internationalen Vereinigung fiir theoretische und
Angewandte Limnologie,1975,19.1-15.

[ 9 ] HYNES H B N. Groundwater and stream ecology [ J ].
Hydrobiologia,1983,100( 1) :93-99.

[10] TRISK F J,KENNED Y, AVANZINO R J. Retention and

transport of nutrients in a third-order stream in
northwestern California ; hyporheic processes[ J]. Ecology,
1989,70(6) :1893-1905.

[11] GIBERT J,DOLE-OLIVIER M J, MARMONIER P, et al.
Surface water-groundwater ecotones[ C]//NAIMAN R J,
DECAMPS H. The ecology and management of aquatic-
terrestrial ecotones. Carnforth UK. United Nations
Educational , Scientific, and Cultural Organization, Paris
and Parthenon Publishers, 1990 :199-226.

[12] VERVIER P,GIBERT J,MARMONIER P, et al. A perspective
on the permeability of the surface freshwater groundwater
ecotone[ J ]. Journal of the North American Benthological
Society,1992,11(1) :93-102.

[13] BENCALA K E.A perspective on stream-catchment
connections[ J]. Journal of the North American Benthological
Society,1993,12(1) :44-47.

[14] STANFORD J A,WARD J V. An ecosystem perspective of
alluvial rivers: connectivity and the hyporheic corridor
[J]. Journal of the North American Benthological Society,
1993,12(1) .48-60.

[15] STANLEY E H,BOULTON J. Hydrology and the distribution
of hyporheos : perspectives from a mesic river and a desert
stream[ J |. Journal of the North American Benthological
Society,1993,12(1) :79-83.

[16] VALETT H M, MORICE J A, DAHM C N, et al. Parent
lithology , surface-groundwater exchange ,and nitrate retention
in headwater streams [ J]. Limnology and Oceanography,
1996,41(2) :333-345.

[17] WONDZELL S M, SWANSON F J. Seasonal and storm
dynamics of the hyporheic zone of a 4th-order mountain
stream Il ; nutrient cycling[J]. Journal of the North
American Benthological Society,1996,15(1) :20-34.

[18] FINDLAY S. Importance of surface-subsurface exchange in
stream ecosystems : the hyporheic zone[ J ]. Limnology and
Oceanography,1995,40(1) :159-164.

[19] FISHER S G, GRIMM N B, MARTI E, et al. Material
spiralling in stream corridors; a telescoping ecosystem
model[ J]. Ecosystems 1998 ,1(1) :19-34.

[20] BOULTON A J,FOSTER J G. Effects of buried leaf litter
and vertical hydrologic exchange on hyporheic water
chemistry and fauna in a gravel-bed river in northern New
South Wales, Australia[ J ]. Freshwater Biology, 1998, 40
(2):229-243.

[21] JONES J B, MULHOLLAND P J. Streams and ground
waters[ M ]. San Diego: Academic Press,2000.

[22] MALARD F,TOCKENER K,DOLE-OLIVER M J et al. A
landscape perspective of surface-subsurface hydrological
exchanges in river corridors[ J]. Freshwater Biology,
2002 ,47(4) :621-640.

[23] STANFORD J A,LORANG M S,HAUER F R. The shifting

habitat mosaic of river ecosystems[ J ]. Verhandlungen der

- 76 - KA Kb A B ,2013,33(4)  Tel:025 -83786335  E-mail :j2@ hhu. edu. cn hitp ://kkb. hhu. edu. cn



(24]

Internationalen Vereinigung fiir Limnologie ,2005,29 :123-
136.

POOLE G C, STANFORD J A, RUNNING S W, et al.
Multiscale geomorphic drivers of groundwater flow paths:
subsurface hydrologic dynamics and hyporheic habitat
diversity[ J ]. Journal of the North American Benthological
Society,2006,25(2) :288-303.

[25] POOLE G C.Stream hydrogeomorphology as a physical

[26]

[27

[

(28]

(29]

science basis for advances in stream ecology[ J]. Journal
of the North American Benthological Society, 2010, 29
(1).12-25.

KRAUSE S,HANNAH D M,FLECKENSTEIN J H, et al.
Inter-disciplinary  perspectives the
hyporheic zone[ J]. Ecohydrology,2011,4(4) ;481-499.
ZARNETSKE J P,GOOSEFF M N,BOWDEN W B, et al.

on processes in

Influence of morphology and permafrost dynamics on
hyporheic exchange in arctic headwater streams under
warming climate conditions [ J ]. Geophysical Research
Letters,2008,35(2) :1.02501.

HARVEY J W,BENCALA K E. The effect of streambed
topography on surface-subsurface water interactions in
mountain catchments [ J]. Water Resources Research,
1993,29(1) :89-98.

SLIVA L, WILLIANMS D D. Responses of hyporheic
meiofauna to habitat manipulation [ J]. Hydrobiologia,

2005,548(1) :217-232.

[30] FRANKEN R J M, STOREY R G, WILLIAMS D D.

[31]

Biological, chemical and physical characteristics of
downwelling and upwelling zones in the hyporheic zone of
a north-temperate stream [ J |. Hydrobiologia, 2001, 444
(1/2/3) :183-195.

HARVEY C,GORELICK S M. Rate-limited mass transfer

(32]

(33]

[34]

[35]

[36]

[37]

[38]

or macrodispersion; which dominates plume evolution at
the macrodispersion experiment ( MADE ) site? [ ] ].
Water Resources Research,2000,36(3) :637-650.

CHOL J, HARVEY J D, CONKLIN M H. Characterizing
multiple timescales of stream and storage zone interactions
that affect solute fate and transport in streams[ J]. Water
Resources Research,2000,36(6) :1511-1518.

de SMED T F. Analytical solution and analysis of solute
transport in rivers affected by diffusive transfer in the
hyporheic zone[ J]. Journal of Hydrology,2007,339 (1/
2):29-38.

ZARAMELLA M, PACKMAN A 1,

Application of the transient storage model to analyze

MARION A.

advective hyporheic exchange with deep and shallow
sediment beds [ J]. Water Resources Research, 2003, 39
(7) :1173-1200.

TONINA D, BUFFINGTON J M. Hyporheic exchange in
gravel-bed rivers with poolriffle morphology: laboratory
experiments and three-dimensional modeling [ J]. Water
Resources Research,2007,43 . WO01421.

HE 7. Numerical simulation of flow, sediment, and
contaminant transport in integrated surface-subsurface
systems[ D ]. Oxford ; University of Mississippi,2007.

HE Z,WU W,WANG S S Y. An integrated 2D surface and
3D subsurface contaminant transport model considering
sorption[ J|. Journal of Hydraulic
Engineering, ASCE ,2009,135(12) ;1028-1040.

SAWYER A H,CARDENAS B M,BUTTLES J. Hyporheic

temperature dynamics and heat exchange near chanel-

soil erosion and

spaning logs[ J]. Water Resources Research, 2012, 48
W01529.
(W H#.2012 -09 - 10 4k, JHI£0 M)

S S G GG S G S G G G GO G GO S GO S G SO G GO P G GO W G G S S G WY WP G Wy

(L#% 56 W)

(2]

(3]

(4]

(5]

K. R RAE RR A T g [ 1], B,
2012 (2) :58-59. ( (ZHANG Len. Drilling ahead in tunnel

construction [ J ]. Public Communication of Science &

Technology,.2012 (2) :58-59. (in Chinese) )

B3 - T AT KPR 1 AR B [T ]
L T 5 5 B4, : 2008 ,36 (4) :78-80. ( YAO Ningbin.
Development trend of nearly horizontal directional drilling
technology in coal mines of China [ J]. Coal Geology &
Exploration, 2008 ,36(4) ;78-80. (in Chinese) )

FRE, EA B, A TR Z B S K O
B AR (1], A0l B 5 R, 2003, 31 (3) : 13-15.
(WANG Aiguo, WANG Minsheng, TANG Zhijeu, et al.
Double staircase horizontal drilling technology in deep thin
reservoirs| J |. Petroleum Drilling Techniques,2003 31(3) .
13-15. (in Chinese) )

B e 0 By SN e i N R (D ) S A

KA K A 2013 ,33(4)

(6]

(7]

Tel:025 -83786335  E-mail ;jz@ hhu. edu. cn hitp ;//kkb. hhu. edu. cn

FLEERGE M BT [T, R =5 | 5 TR 424, 2012, 8
(4):796-801. ( WANG Jiangiang, LI Guomin, ZHAO
Hongbo, et al. Stability analysis of a borehole wall during
horizontal ~ directional drilling in fluid-solid coupling
condition[ J .
Engineering,2012,8 (4) :796-801. (in Chinese) )

BIETS P e Y (5 N R S Y s A
BFHAR[J]. A B R A, 2008,36 (1) :4-8. (YAN
Zhenlai,HAN Laiju, LI Zuohui, et al. Geo-steering drilling
technique of horizontal wells in Shengli oilfield [ J].
Petroleum Drilling Techniques, 2008, 36 (1) :4-8. (in
Chinese) )

BRI, 22008 JEIF 32K P LR FLEE RS E Mo Hr [T ]
Ik JF 42 B A, 2008 (5):5-7. (ZHAO Mingli, WU
Xiaoming. Trenchless horizontal bore hole wall stability
analysis[ J ]. Tenchless Tchmology, 2008 (5):5-7. (in

Chinese) ) (ke H 312012 - 11 -29 il . AEZKOu)

Chinese Journal of Underground Space and

e 77 .



