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Reservoir Characteristics

QIAO Shao-hua'?, SU Ming"?, YANG Rui'?, KUANG Zeng-gui’,
LIANG Jin-giang’, WU Neng-you'?
(1. Key Laboratory of Gas Hydrate, Chinese Academy of Sciences, Guangzhou 510640, China;

2. Guangzhou Center for Gas Hydrate Research, Chinese Academy of Sciences, Guangzhou 510640, China;
3. Guangzhou Marine Geological Survey, Guangzhou 510760, China)

Abstract: The types of gas hydrate-bearing sediments were reviewed and summarized systematically based on the
worldwide hydrate exploration results. Four different gas hydrate types or occurrences are known: (1) low-concentration,
disseminated hydrate in mostly impermeable clays, (2) fracture filling hydrate in clay-dominated fractured sediments, (3)
massive hydrate exposed on the seafloor around the venting, and (4) pore-filling hydrate in sand-dominated sediments.
Fine grained muds and shales have low porosity, low permeability and low hydrate saturation, the prospects for economic
recovery of natural gas from this highly disseminated hydrate are very poor with current technologies. Commercial
recovery of hydrate from ventings is unlikely because of economic and technology hurdles and the probable destruction of
sensitive sea-floor ecosystems. The distribution of fracture-filling hydrates is controlled by active faults and micro fractures,
and the formation mechanism and in-place resources of this type of hydrate accumulation are still unknown. Coarse
grained sediments have large porosity, high permeability, and the pore-filling hydrate have high saturation, which means
sand reservoirs are conducive to existing well-based production technologies. These four types of hydrate accumulations
are located in the resource pyramid from the bottom to the top. Search for hydrate in sand-dominated reservoirs using
hydrate petroleum system as guiding ideology is one of the most important researching directions for hydrate exploration in
the future.

Key words: gas hydrate; gas hydrate resource pyramid; reservoir characteristics; sand-dominated reservoir; hydrate production

* IR EE: 2015-01-16 3T HHA: 2015-08-28
XEeWE: ERARBEEEESTE (41202080) ; FEAMPHEAIFHEEHFRTA (2013D-5006-0105) ; MAELREIF & TEERKEREL
BE (RERE T AY) FHEE4EWE (PLC201407) ; PEHAERE SHERME (KGZD-EW-301)
t iE{EEE . ReEK, E-mail: wuny@ms.giec.ac.cn



358

& B3%

biia

e,

0 ®B: B

AR M & RMHEB R AT EH I RIEE X
RRFIR I T H BB, KM (KEE T
300 m), HESMIESRE. IERMEEBI
FFFRARICERB, RRSKE YR LR LR
BLTFMERRARIKEIR . KW AR 5 E
FF= SR AR TR K B W R A R 5 B AR Y
B KEERES, ZEKEYHRRES, BB
BRKEYEERENLEREZ 1, Hik, xt
KEPFRFAMS, EXKEWEZENR BS
THEE,

KFEBITRI ( Ocean Drilling Program, ODP )
MLEE KRBT R ( Integrated Ocean Drilling
Program, I0DP ) LI/K-&¥0 HARMIARIMIK (0
ODP 164 LYK F1 204 fiiIk . IDOP311 fitik % ), LA
BNEZIFRAKEY LTI (B 7EEHE
G Tolkitdl JIP, H ARG HEEE/K-aYitRl. B
E K& WitR] NPGH Flih E AR ALK & 9131l
UBGH % ), REUT A WA b BT B, 4K
BYRERHT T RER, XEERMRERE
B, KEYRIEEZEE 5= HARE 2 0] DLor Akl
+ R PR ER R RTEEAK AT #
RIS O RHE R T T RSk S . SRR
K FRUTRRY H EE FE A K S DA R BP RIT
B heLBR AR Ao Y, RRIZERGEZE
KEVH - HFHMEAER R ZR . Bk, R
AN LSRG E N KEYEEXWEEIFE, A
FIF AT K E P LAl A R AR FIIATR
1 KEVRFEETE

P RTER, e /A H4ERANTIA
AEAXTERE FIREMES R T, WIRKEYR
EHHRIK AT RE R RN, BEAMTE
B, BT A e L LK ER B AR S R
Ak, KEWRETAE T ERNIUTES, 3
—RYF, REN KGR AR ES B AERE
ML, MEXETKEMREER (RE. EH%)
MEWMRRFER (BFERE. SHEEMEES
A145), BKEWEMSRSES, RRMFEER T
IKEYA B STEEARF A IEE R HHE, AT
E IS SRS W RIBITR AT R, BOSWELL %'

BET “KEYERFESFE” (the Gas Hydrates
Resource Pyramid ) #7%l

KEVREEFE (B 1) BRT&FEAEK
B YRR RIAEX BRI R AR, B R BIEE A
IKEYRBN T & FE N, FFRMEERKAKE
YIRAN T2 F IR NEET, 250 ERIT
Bh ke . SRR KEe . Ba
MHERIKEY, VAR H BRI P K &4, K
BYHREFERY, REM LRIy KE
YWRARKWEARASFE R, (HEH THEMR
B BRI AT RAMERE ; &K&W R TR
YWERABIFHILEYE, BAKEYWEUSLRZEYE
A=th, BEEER (RMER ), FitiEEIFRE
HU, AT BB SR A B R R, L
B RMAE =TT RIRS . WKE AR Z R
BERBTFK EW RIS+ E

{—-——ﬂiﬂw}‘hfé fitt et K 59

% U VP i AT S PR
JER 7 W ¥ 394

fils S 1 Ak B G

MBI R K &Y

SR IE A A R

v (GREEMBKEY

e s S S 0 1 B AT R
Gt s

B R K EY

T R A 1 184 Jmt

{5 3% e il

‘L IR G
N S

M1 kAMEERTE (A0
Fig. 1 The gas hydrate resource pyramid (modified from
reference [14-15])
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Fig. 2 Occurrences of hydrates in fine grained sediments: (a)
disseminated hydrate, which is invisible to the naked eye, but
can be detected by infrared thermal imager, mouss-like sediment
surface possibly indicated degassing or hydrate decomposition;
(b) vein filling hydrate; (c) massive hydrate; vein filling hydrates
and massive hydrates occur in the intersection of faults or micro
fractures in fine grain sediments

BT K A Y ZE LT MILKOVEE
GELR A “H 2B K SR, R E A4k

AP ATRERRAT T X PR R B SR . 4Rkl T
A BN FLBRZS [ A KB40 1, AF
FH BRI B AR PR RAZRY, Hikk &
DU FNBE AR R =, (R ABCIRIE A BE.
RERTTRY K SRR R E K, (A
B FF R T LA REXHIZ T B K A Pt AT 2 55 1
AR T R FH

3 BT RIKED

WERARLE TR & B — bR, ] LAk
INHEA —EMA BB, KEP i T i
Bz rh, T4 FTEHEADK AW, cm RAVLEE
F5eRUK-E YR LB VR —FhRRak i) 24k 7o A K
Y. MHARITRY HRYCRAK &Y, &2
W B KA R A ERTT L (E 3b FIE 3c).
RUPPEL ZP7HA R BRI FELERS K T TR B9k 2%
FLBREEFIB R, et TIC R AR sh AT L,
BRITFREWHIER . COOK ZPHA%, HFLpKk
Hh R eV B A e A R R, KB AT E DI
BRI AR TR Z H . TIPS & 1T TRk
ERCE T (RE ) B, HikEYE R
BES TR (E 3e).

TH RGN AR K B PRI o R I | 4k
FEHAOK AW Z AU E R WL, Gk AER
KRl AR ZCY | BN K-G 2, LK
e CY S BRI A, Wi RORb IR A AT RE
FEAERBCRSE RN . BN 2+ & & SR V5 aF S
Green Canyon 955 VSVt , Z244EFHAAK-EH9k
B — BRI AR,

MR Ve ) s S I 7 e R A AR RS
Z—, KEYFRETSME AR 0, Hiks
PR FEE SR AP TE R, HETTERZIE AL 7K
AYNE”, EERERMIE R (& 3a) B B
LTRSS, KA N KRS LT AR S
Y. S/ NIRRT, K-G @b NGHP-01
-10 BALAE R HIK G S R B 7 2R R 04
Ko NGHP-01-10 Ay F—4 1 pa b 1) 4 i 4 i —
ZH NE [a] (i3I AR 9y Jb—) ( 18] 3d ), #isAs
TEAE R e AR RE S I B VIR AT . 2 A2
o] FiE® BIGIR, WU Z 15K A
TEETEZNREZ PP (18 3¢ fIE 3f), EA
ZWRBM BT, ZHIEWELEIZH X 4>



360 wofE JE O B 3k

RE, i.~<fA$>F)"‘ﬁc [ 2 iRl &g y/1: 0 i e AE R THIFURAT , 40 K-G 733 NGHP-01-10 3457 BT
SRR KB Y BE B S R S AL A& BRI AR, mE& T RE A B & IR

kAWMﬁ&m@%Q%ﬁEW MAER A ArME. Fit, MRBEFTTEAEKEYEN S, 2

B FREIEShIE AT R ISR, KEWAET IR SHLHRIRUK S PR EDLE B0 o B2,

B 3 RAEFEIHAKE %ﬁﬁiﬂ’]ﬁﬂmdbﬁiﬂfﬁtﬂﬁ’m (a) AR #3311 }xﬁ AR A H !x%ﬁ ﬂP (b) TR AR A BE
e FEHAUK S Y X SHETHHLRE A ; ( nm@mwﬁﬁﬁMEmﬁ%k%#m, ) K-G 7 NGHP-01-10 &5
{2 BRI P ZH T BB AL R SR 1 ( PR ) 1'H‘ETJUJH‘ ) WiZEASICAL SRR i ) =4 X ﬁiéﬁﬁ"!ﬁwu*fr&f:l?ﬁl’ﬂ (HEAKE
Yy, BEEIK); ( DNGWOHOJW£%ﬁﬁﬂm %%%Hm

Fig. 3 Occurrences of fracture filling hydrates: (a) gas chimney and the blank zone in the Ulleung basin; (b) X-ray CT image of low
angle fracture filling hydrate; (c) fracture-filling hydrate sample in gas chimney; (d) time slice of seismic attribute (amplitude) nearby
the site NGHP-01-10 in the K-G basin; (e) 3-D X-ray CT images in the intersection of fault with hydrate highlighted in white and ice
in blue; (f) fracture-filling hydrate sample in sitte NGHP-01-10
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Fig. 4 Geologic feature nearby the fluid venting: (a) seismic section crossing a venting in the GOM; a mound in seafloor and pull-up

of events can be seen; (b) multibeam bathymetric map hydrate mound in the Joetsu basin, Japan; a pockmark can be seen in the
mound; (c) massive hydrate exposed to the seafloor in the Bush hill, the GOM (water depth= 541 m); methane bubbles escape when

hydrates decompose
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Fig. 5 Core, hydrate-bearing sand-dominated sediments sample, and seismic profiles crossing hydrate sites in the Nankai trough: (a)
existence of BSR, strong seismic reflectors above BSR, relatively higher interval velocity and turbidite sequence are the four
requirements for the hydrate sites””; (b) X-ray CT image of pressure core in the Nankai trough; clay layer, silt layer and sand layer can
be distinguished clearly’®®" (c) hydrate-bearing sand-dominated sediment sample in the Nankai trough, hydrate occur in the porespace
in the sediments
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Fig. 6 Hydrate sites aiming at sand layers in JIP II leg in the GOM: (a) the target sand layer of site AC21 is sand-rich MTD; (b) and
(c) the target sand layers of site GC955 and WR313 are channel-levee complex sand bodies; there are three sand layers in site WR313,
which are yellow unit, orange unit and green unit!'>**
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Fig. 7 Site NGHP-01-15 and site UBGHO02-6 aiming at turbidite sands in the margin of India and the Ulleung Basin: (a) site
NGHP-01-15 is located on the levee of channel, and the sand layer occure in the depth of 80 mbsf; (b) sand layer in 80 mbsf®”); (c) the
target layer of UBGHO2-6 is the turbidite sand section in the shallow hemipelagic sediments, which is composed of lenticular debris

depositions®; (d) a nearly linear increase in gas hydrate saturation with increasing sand content in sandy sediment; whereras gas
hydrate saturations within muddy sediments was independent of sand content!’
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