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Abstract

Deep water gravity flow is an important depositional type. At present, lots of deep water oil/gas
fields have been discovered all over the world and their recoverable reserves account for 55 per-
cent of the newly discovered oil and gas reserves. So oilfields with deep water gravity flow became
key objectives for increasing reserves and production. However, the study of deep water gravity
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flow is mainly based on outcrop, core, logging and seismic data, so the research results are more
qualitative and macroscopic, lack of quantitative cognition. Flume experiment is an effective
quantitative method for the study of sedimentary process of deep water gravity flow. So flume ex-
periment equipment and process, sedimentary process, characteristics and the main controlling
factors were summarized in the paper, and the paper also pointed out the setting of experimental
parameters and limiting conditions should be further improved. In additional, the paper sug-
gested it is necessary to strengthen the integration of various technical means and form a syste-
matic research method with complementary advantages of various technical means, which will
effectively guide for deep water oil and gas exploration and development.
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1. 51§

PRZKE JJIm TR & — PR B B PTAR 2R A, 2008 4 LUK, ABRER/K B IR 7K U8 3L K ILim < 747 4,
2P HRAHEALTE 217 /20 M E, AR AT R I 56% [1]. fERRIE FEgHEE, 2011 £ 2015 4= #[A]
FURILT 18 ANRIG TR AU, W AR A R A& 4.09 20, (5 RIER 55%, 2011 FFERIGTIR
RIS MRS ER 2.66%, TE] 2015 FFiZ 6] k] 97.01% [2] [3]. TR, fEERITIOZE
Hiy Sz M RAER KX 8 B 2 b o AT B L BRUR T 2 e Sl 2K L SO - D R R IR K X B
R T At B MRS AU A, R VAR K X A R T i SR 3 8, B R R [4] [5]

OKE TR ARG T 20 tHED 50 4FAX,  ffd Dyodid B Ah g Sk b, g7 7 S iR R bR — “hif13g
J#51” [6]; Kuenen [7] [81JFJE T fm % FE i SIS0, YORE] BB EH” i E AR E. 20
FL70 FEAR, GOKTURAIE FORET SO Tk, BN ANER AT ANE S, O, M KRS 2 Rk
SRR TR, IREIRKUTIR R 3 R A A, — 238 @ 1 ) SR ) K R RLAUL A 5, ST
T EJRIORRRGTRARE . SR LB B AR 78 5 AR i AR ER Sk I AR TR, BRI
FABL B = 2 7 AU RSP, HUB R AAAE — @ A E PE[9] [10] [11]e 3B LA A58 SN E &
FI ARSI A E AR 7T, X E RO . DURHLER Jo K 3h 1SR AT FE T IR NI 7T, X it
Wt — DI 75T 85k M S BORV AT 45 B B DT A & B &R, HFHRR TES
WU BRI LI, XS T 3K BRI & B B3R S = X [12] [13] [14].

2. FRIKEHFMIKESLR BB LRI
21, KHESEREE

H PRSI0 2% B EAFEIUE A [15] (B 1): B, AKiEh. KRG LM eit . Bidkih 5 2
FEH KA N DAL N IR AR SR B, IRV BE RABETAR I 43 ik, 9F LB 7 2RO Sl 7Y &
RS s AKREM /R P 2 B A SE B0 I A, IR BIARRAE, DURRHIE S8 TR 8% KRG 12
R R DR ARE I P 0 780 PR B /K R /K ALAUMIEZK) s BELJE it = T2 2 5 0 KR A i BEL & () e i A, 3 41
P T 72 B il 4 17 A A A 7 A R A
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Figure 1. Flume experiment research setup of deep water gravity flow (Sequeiros et al., 2009)
& 1. TSRk #E S8 % B (Sequeiros et al., 2009)

H AR R 28 EEAA S S F[16] [17]: a) KAKHE, XMKMEZ SIS FHAE, fI3
WE TR AT VR, 32 AN E IR AE T B IR P IR SN RFE: b) IR KA« 1% 2K 32 B R KA R,
B IRFIAE B R G =B o 2R, B JImAE I ) BT A R PR KA ER A R AR R s, EEAT
Sy HT Bl 0 B B 3G K IR PTARARAGAFAE, 2 A F IR KIE R R AR s o) KA. &
BN T KB AR BN T K, S K T AR A AR SR SR AT BT, X KR 32 B K
TAE R RUIRUS R d) 57T G KAE: BRI T KB T RHBOKEE T, rTBTR /K
DURUEHE; e) HuThi ol 115K RS X KA 1) FE BRI R AE oT AR 58 ) Bl 3 b 7K T R S Ak, ]
BN Z VDR HE LA TR BRI K B DURRAREAE o

KA N G 2% 2 A R B (18] (K 1), A TINEIARAEEE, W RUTRRHESS, FEaHE 4 F
B a) mER A BB B B R TS AR IR B I AR R OKTE IR AR IS 7R
T R AL B O R R S A A B T AR A A Sk I AR AR s b) R R R S T = A
(ADV\UDVP): 75 A% S o] - SN [7) 1 B RO, AN [R5 0 P A T v B0 P 0 3ok ] S i it Sl T,
T2 B N 15 3 R ) R AR 2, T e v FE PR AR 2R L SR A BT o) IR A
(ABS/UHCM): ABS = ZEF| I HUH A RS R AR, UHCM 32 B0 F 5 5 3 a5 3 Sk FE, sdd i
s B N 15 2R B I e P R AR i 2R DL BRI THT d) BT R R A L (DEM)2E B T DEM 35 E
AT AR =2 PR MO R A J A T TR AR AL RFAIE

2.2. KHESLI AR

L RKAE SRR AE S TSI, B TR R SEIOAR A TG 101 AR AR, DR A OR SR AR A
RURN G BRI B IR BNAS A AL, SO0 15 B 1 o o7 A B il JR R Y, HL R A0 B ZE KT 2000,

R IR AA SR = FEAFE 2 Fh([19]: — R A2 51 BRI, JEAT 22 51 UARADLNT , 32 R H S K AR i,
TN KMnO, 4k, Ffk N EEIF IR, AR % SR ERN 2.5%K 4, FHH K AN
BANRIR, SRR AR ES B b MR 3R WS, P ERIAR — MO 175 pm 7240 R B B AA
B, JARIE IR CaCly FIVRIK, KRBV A D BB kB S J0RE . SDRLIORE . JREAIORG 1 Bk Sy B
FOURY), WSREERE N 21A%EA, AT BF RSN, RSB sER.

TEFF KRG SLIG AT EL R R S8, AR, W, BE. JdR%E. Hind. BEEEk
. BORLA R ERAR S TR IO S KR T B R L KT S il DA R KAt PR IR RN ER B K )
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BN o) WitkiitsE)a, 55 1~2 REVURITEAUTNE; ) S | Sl A i = 5 T D S
%, WA TERMAIAEIK: o) BT 2, BEE BREIEPER, AT B 2 R K TE R,
3. RKENFIATKFESI R AR

KRB SEIG AT DO B R IR AR, [ A et il KR SO A TR . IR A
WEEAEBEA TR RE - AL, AR T A RUTR R AU, R it — 2D B 7 3 75T
FAELPUREIE N R, BERESRBE I 2.
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Figure 2. Technical route of gravity flume experiment

2. ENRKIESSE N AR AL

3.1. EHFRRRERE

WARERE: Corney [20]55 N IF /KM SLIG AR B T B I piAR 5 1E 8 B i DU L AR 7y
R ATAFAE 22 7, E W AT T 25 Ak B 1) B R A T 7 [l (] 3(A)), T B IR AE T T8 S
it Ak AR A ) BRI 7 ) Rl B A 7 1) (P 3(D)) s T VAT S 4 T T e A AL A7 T T8 B RS (4] 3(C)), T EE )
TR 1) T T2 A RAELA T 7K T JEG (1] 3(F))s 1B VATt AR MR o e R ABL A T 7K T (141 3(B)), T /)
Tt B R G IAE Tk B A T S K T (1] 3(E))

Peakall [21]15 N\ R KM AR IESZRAKGE AR, @it 22 5] BUBLRLR) 5 SR AL T 25 7Kk T i Ak F
B REAE, DA TR SR AR B I P AE 25 il s AL~ AT KB D7 1), 25 il SRR m RIS, RTIEH
HTIRA P2 5, IR ETFNRAE S i s BRI W FTE SR (B 4(A)). Keevil [22155 AT E T 425 4K
FERLLSZIG R 7T, AN R B LE KBS il A AbBend 1. 24 3), 7K HE /K I A T B, L s 0 T Sk
J7 1A A R IR AR R, TR T R R A SR R R, B WO PR S IO, KO R R A IR RS
FEPR AN sAL (Infl. 18&2)7K R [ FE 77 [a] 525 W AL i) 77 1a)— 80, EAS R ARG AR (A 4(B)).

Imran [23]5F NJF /KIS SL B0 N ATE DS LA E 2 DN IIR KR, B NSRRI TT IR R IR £, 5
B —E, I B AR S BUE BB ISR 71X — I U, DA AL 75 380 A ool B R = P mT LA
(&'5), AR EWANITEKIR, TEAEAKRAEELR, T EIE ARG T 1EH W o 3 17K
J7 AL, AR R SR KRR T O 2R S R L 22 ) 2 (B AN P S 2, T RS ER
TE 7KL A BT 7K 1 P52 A . S A T J ) o 27K A S 5645 31 (1) 25 SN Corney 55 T g /KA 52 50459 3] 1) 45 2R
HHETZESR, Imran FIANFEEZR BT Corney KA /KB BRI A BRI # B, &R M e,
FEURHATEAKRAKE -
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Figure 3. Comparison of fluid velocity between normal and gravity flow (Corney et al., 2006)

& 3. EEMRSENRREEE T (Comey ef al., 2006)

A

Bend 1 #m

Bend 2

B ;L:T.; Bend 1 9}‘}‘#—

/\\_j\\

Bend 2

Infl.2 A/\QJ\

Bend 3

J=3 Bend 2 g

;

Height (mm)

0
0
A E Bend 3 AF
00

Height (mm)

0
~50mms*

Distance (mm

Figure 4. Gravity flow velocity characteristics in sinusoidal channel (Peakall ez al., 2007; Keevil et al., 2006)
& 4. EZFARKIEE TR IFREYFIE(Peakall ef al., 2007; Keevil et al., 2006)
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Figure 5. Fluid velocity of cross section at bend of single bend channel (Imran ez al., 2007)

& 5. BTphkiEE A RS EEE (Imran ef al., 2007)

TWARREE: Keevil [24]%5 AR FH 7K P30 1E 52 AR KB RSB TT F KR Sz 56, 6 75 34 255 I A (UHC M)
103 T M AU AL VR BEARAGAFAE, T DL e R BE B e AR T PR B KT SRR PR, BB I B IR
PRBSRROK, IREEBRAG, 359 AL (R 5 EL s il A P9 FE I 5 (1] 6(A)) o Peakall [251%5 NABHF AT 1 B AT
TR FEARAGAFAE, A TR B VA Bk 25 it FE AR 2 sE e AR A FE R A2 Ak, 5 it K TE ARG T 0B K
WA R 6(B)); @GR E A MBI, FEIEKERHERERK, 1 RN, TG
MR AN, JRHAEAKIE R T EE, WA R AR (K 6(0)).
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Figure 6. Fluid concentration characteristics during gravity flow deposition (Keevil, 2006; Peakall, 2015)
& 6. BRI FETRIATR B HFAE(Keevil, 2006; Peakall, 2015)

AR KR SLIRHT 70 B g 55 A 1 8 PRI B A AE 1) RO R I AR R S R AR — R AN
MAE[26], HMEHENEERERSERETE 7(A), b2 w2 i (& 7(B)),
WA WS PE 3N, R R S R Oy S R I, FIB R S A — D R, A
FEMRA(E 7(C)), BEEMIEHRS:, WERTEEN R, FHAhMRE 7(D), B S S rd— 1N
o PRV R B R — P etk . T AR R E IR RS PR R K, — o DA LA e AR T SR Y
M, ST KRS S8 R R4 7 B IR R A AT Bl R 3%

BIEFE AW BTV E SRR TRERK IS b 57 AR T 1, JR7K T R i 23 b o i
& FEKFIBRERALHIAE F R A AR R I SR 5 T SRR A A A TR RS T ORAT R R BB AR T [ 3 1) s 25
JER . EREKAE R — B EE R, BT RPN R A ), R ORI SR>, L
T BT A1 R Sk TR AR I SR I Rk 3 2 AR R AT RS AR KR ARSLADL U R R s I ST
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Figure 7. Physical simulation of gravity flow fluid conversion process (Wang Xingxing et al., 2018)
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Figure 8. Change process of sediment bottom shape in supercritical gravity flow (Kostic et al., 2010)
& 8. BilsFENRIMIEH LTI IE(Kostic e al., 2010)

3.2. ENRTRFFHE

IKIBYTARARAE: Peakall 21155 N i /KRS SLIAT TR — IR 1 B3 UKIEVIRRFAE, B 7N (1A 9):
KBGO LR B X IBEEAAL T B K2 W A R 7 170, SRR, LRSS I [ 390 J& BEBORCR, - JTR
(R IR o B AR ANAR, BEE I RV AOHERS . 1Al AE Rl ANTdE R, ARSI AT R i TR 25 il A R
AN FICER, ST IR T A AR, (B PTRRL B S SR NI ) o AR X Ay 25 Y T
g, BEEEANT, BEEITEHER, (RUREADBOREEE, I H A Bos i s iR, Rk s .

/ ",!

Figure 9. Sedimentary characteristics of gravity flow channel (Peakall et al., 2007)
[E 9. ESRKETMIRFHIE(Peakall er al., 2007)
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Straub [28 8 78 U R B BF—OKIRIE BUZARGTRR, S5 /KGR TR JC F SO R R s BRI
TRHTURRURL B B J5 9135 10 KT Sz g Yol S (] 10(C), 1 10(D))o TR B JE B KL Bk 6 DX 358 40 A 3T
R EE R AN —(E 10(A)), X ERTRHEFIARA R, straub A IX 32 B T A A A — B ak
(). [FIEF, Straub X RARIEFIPTRRFFEREAT THEFC(E 10(B), K&l 10(D)), "TLAEHBEEESRIER, K
SRS B JORL ST PR ) s AR I RIRIEAKIFR, AMRAMRIRIETE NEE, WELTIRREE
FEHE, RLEEAN: SEITAMNREMRRSER GBI, HBEEE SR, SRR H K. Kane [29]#id7K
FESEIGINRE: bR RIRIENES N PATINE KR, R RRBIEAS N RV, 25 il s & R4t
RN R RIRIR R K
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Figure 10. Sedimentary characteristics of gravity flow channel and levee (Straub et al., 2011)
10. EIRKER KRR RIALAFIE(Straub et al., 2011)

MU TR TE S [ AL AR b P B, e R Ui /K KR DA S B R s, B AT
AU E AR FUIRAS /KB 25 il U5 AL AR HE R . Straub £ 7K RS S50 b Kl A I ) — Rk TR
SO L+ o s RUI A G, AKIE S U AR RS B IO AR K R Se B vh A D B AR R A 2 1
TG BB AR AHIE T T M RS B £ R R [30], BEFCRAA U1 R0 i) = 4% PR 36 3 A 456 7K
FIGEPE, /KIS AL fh AR, MESULE; W TRIE I S, OFFRM %R A
U R ARIGEM BN R, T TR 98 LR 98 LA g AR O 32 1) B 0 4 AR et ) 7K T 11
i VB S B ORAE o 8 10T (U1 2 TR AL ) FEO A FE e B, TR a0 By TR R 0 Ao A TR B, A
PRt 7SR AEOL Y, KIRIRZKIE, EAGHE R ECRKI S fhAL, AR RO A A AL AA ™ A PR
AR R, R A IO BB R R, ROV B TR, R R R R
(IRb BLBURL,  AEASTE AR R IR AR RN, BRI BRI B 7 1) _ENETH s P R SRS IY 1l
POR, ZJaKIE 2 AL AR TG R, P i TR B RE B bl 2 955, BRI STAR Y DR i
B, AE/KE 25 AR TR R MR 30

33. ENRARIETIEER
TR [29]: AKHESCIGHT LRI, & SRR B REAIG, TR LA A T BEAG, e FE IR LL 2R F
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N, BEEWISEE B, KIEELE P2 1 P3 AMKIRIE/NIEE N S0%F1 85%, TEHSETEIRILAM T,
bt 02 BRI O, KR BETE P2 A1 P3 ALK K/ INIR BE N 40%F0 70%. TE R SR LRI T, BEE )
PR IR, JKFUHEFEAE P2 F1 P3 ALK IR /MIEEE N 12%81 55% (18] 11(A)). BiiR EE B2 ma iR &
Ak, WA TR EGFRAR, KIE NIRRT BTG N, SEIREIE ar8 AbIARIRK, ZEUTRUARE N : B
IR, B VIR AR, E2E ar8 5, WAETIRARI YRR D; B %R LR, Ut
R PR A FHBE A 50 UR LU R0, 33— 20 o, ol A2 /K BR 4R A s, iAo B4 38 ndi&l 11(B)).
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Figure 11. Influence of width depth ratio on sedimentary characteristics of gravity flow (Kane et al., 2008)
B 11. TR XS EIRITARFHERI RN (Kane et al., 2008)

WRE(31]: AHESLIGRI, X TIRRESE, BEI RGN, AT R0 K, ELIGTAT o P2 2 A i B bl
K, EHEEN 1 FERS, G B v B AR AN B S, FESRRE Dy 3 R S BER, R R IRLIAL T 3 S 30 /K T G
AR 12(A))e X TR L, BEISCRING K, AR G K ORI B g — 2P [ AR, Hiftikdh
FHER R (B 12(B))»
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Figure 12. Influence of channel slope and scale on gravity flow sedimentary characteristics (Keevil et al., 2007)

12. KBS K RRT E FIFARRFFAE RS20 (Keevil ef al., 2007)
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ACGERAR31]: KRESCIRI, BEEAEMBE K, SO FERE A 1 KA 12(0)); % T
FE, BEKIEMBE R, JiEmgiE R, Hit—DrM TR, HEiaIHERSE R 12(D).

MAESEE ST HREAILLE(28]: Straub SFABIFUERM, WAEHRECEE < HEE) 5T B RCEE
ZE o< BLJPINIERE < i RHR D) B ELAE R EE D DAL, S EEOR T 1, ARTEREASREFR ) P9 AL
A, VA oh thoKE, AR AR, ZKGE XS S K R BE by, ACGE A RE B, R TR R H
MEEART 1, B 5E e A RERR IR, TR B G B 2 of K .

FHELBFIF1(32]: Cossu 55 NAEARE L R i 22%¢ 1 iER REGRLTHER B 5%, BEMUHTIT 1R EL A0
HAFOOBOERE R RIE I, BTSRRI ToRHHL BN 26T, KA B O FE AR AR, SR TR
T ) A0 25 RS 13(A))s EIERHELBA (L3R AT, B TR BB R g FAE R — 5
I, PEATIS  F A 2 25 il A BUREE —PHEn(A 13(B))s AESRH BN (R RO KT, TR
BRI 5 B0 R, FAATRFHLT KT (B 13(0))s AERIERREA LS i X, fr TR BN ) 15
Hild B0/, AT m i A A6 TH(E 13(D)).

Figure 13. Influence of Coriolis force on sedimentary characteristics of gravity flow (Cossu et al., 2010)

B 13. 2 8F N3 ESRITEARFFERIF20E(Cossu et al., 2010)

BFUIRYIR R RIRE26]: BEE BIFUURYIHRLAE A0 5 B IR TR IR B 1 FRAIG, TR /K DTURR 21 1
KFELLBE /AN, SR K SORIBHTA N m B, i 5 WA /N .
4. FIKEIRATFAKELE & RiaH

WAKE RO RATFEZHE, TEAFEEL. &0, W HE. ARz PR BUE AL 5,
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