HEEE (HERER] - BHE)

o
b

S 2018 S BRI ER BRI EMER

113
113

I 2225

ARSHERE - GBI AR AE
PERBRTE © BRMER: HIRYERENET
IREMNS R /301 : B
HERHARS : 107410 H 12 HZ 107410 H 21 H
WEHE 107410 H 24 H






LS

SEG (Society of Exploration Geophysicists > HiERPIHIERENETEE & ) 2 —1(E
fix & Be YIRS AIGHER - PRISHE SRS 2 BRYJERER 5 ~ AHRBAR S B2 A S A B ER
PIERAHRE 2 R BLIZRAE S - AR e SFIE S - BGETEHE - NERES A EIERE
PRSI R PR AR B T ~ B NIEE RN, ~ el b BR P - AT R AT ER
PR ~ MRS SRR T -

A EETERE 2 HL 2018 £ SEG FrSRBIIA BB 2 A T (Anahe im, CA)FT
SR 2 SEEEMITET G o T AR ISR B R HUR S RS ~ RO AR SRR
iR GRS o IEAT > tREIEIRE - A2 B2 [Structural Geology in
Seismic Interpretation | KifERAE - LRt R BEIRESR » SEF SR Shankar Mitra
FAZFTBEE - BEtE SRS - /M ERIEE - SRR RS - BRI - E
[ e RS B i R S 2 e I H AR A FE R S 2 R e R R | -
SELERE - B RS AR RE LR RR B NV EE R S R R B Y S A A S T I mT RE M



— o B
- S I
(B TR e e
(D)PISRERB(IOB B3H~4H) oo
(E)2EFBABTAOH ISH~9H) oo
S B
P~ e B et
H KSR - BREEEEAA

I



— - B

SEG (Society of Exploration Geophysicists » HiERFHIEEIATEE & ) BRILPD
1930 4 » B—{EtE B AHIFFEFIAHA - PRISAL I SRS B BRI EE R - HHRIRE R
B2 KRB ER Y E AR 2 M BRI - RSB HHER - B EEE - NE
RIS AN {a] B PR E P S BR ) R B2 R R SR B R B~ ER AN EE R E ~ e Bk Y)
H TR - HEKYE RS RS T -

SEG S HHZR A ST & - B2 R ERBUERYEIMHRINY A 5] ~ B2gHEg
YRR e SN e - G o PREFIFARE ~ AOMAE] ~ MBS S PR
AR 5 B SN SIS  Lel (S - &35 5 BRI 2530 B e e I B 5
SEROHTINEOT S ~ TEFIRICR » mIRE B ERYEE Sy — RS - SR (2018) 2 SEG
FEEE bt e & ERIARIE i N Z 206 (Anahe im) THERSH - &3 B8R & 10
A 14 £ 19 H - fEg&bEr—H (A1 10 B 13 H) > TIRSEAEEFIFE— 250 i
W H BRI SRERFE - #5228l SEG # & » #irta2 Bl Structural Geology in Seismic
Interpretation] BRHIE o 5% 3RAE RIS E B T 48 » /4TSRS S BRI IS
RS IE ~ B R B TS IS B SIS et - I HSEANlE A (RIS A 2 R IR e R I
R | -

SHFT SEG L2 iobTa & RE bl ARt BR Y B PRI R o i S8 Fe i 2
A AR HERE - SRR IR AR Ay B R R R B S Y S e i 3 )
REME -

Beah > AP E R AT R SRR SEC & sk 2 s L [Plio-Pleistocene
biogenic gas systems and their unconventional resource potential in the Chianan
Plain, southwest Taiwan] » RFRIFTERABECZE > MHIAGTEHFE AR 107
F10 A 17 HEGRAS SR A(85% -



— A l:l
—~iEiE
(—)HEfTE
HEIHART 107 4£ 10 B 12 HE 21 H » 10K »
HETTAE :
110 A 12 H(Z8T) - EFKEFSGFE SRR SM1ZE BRO P& 10:10 BUFE -

2~10 H 13 H~14 H » 21 " Structural Geology in Seismic Interpretation |
SSHERFE - SRFEHNEL & Anaheim Convention Center °

3~10 H 15 H~19 H » &8 2018 £/ SEG 4FEEifrifsf &
4~10 A 20 H~21 H » $#53RE25W175 BRS PH&RE -
(Z)FISRERIEAZE(10 A 13 H~14 H)

"Structural Geology in Seismic Interpretation ERFZEEAT 5 Shankar Mitra
Shankar ZEZEZ R TERIFEE AZ Mewbourne HrEKEAREFEEE (Mewbourne College
of Earth and Energy )N A B ER 7 22552 School of Geology and Geophysics ) ©
Shanka r ZHFRHE S E E2 18 A S AU E PRI AR 2 AR - 2S5 TAEM 35 FRYTRESER
B sy - HY 1977 FIESLUME L SRR E 2 M 27 - 5 ARCO A H]
Z WZE I PRERF TERE 19 5 Seig (SR S RS Fe it B BB o - i B B 1
HUE W FRASHR ~ WO S PRENAREL A S SRR ZC AR - SRR R K -

T B B 7 7B R LA R R A A PP R 36 0 2
AAPG FTHERE 1R B 3 SCHSAT Can Sproule ByfEsfscss - B - Shankar Z0%a]
S L TR B R T -

oriEny o 1 NLRISEE © a EAHRERIE - IS BRI E B N R
fERE ~ RS - Al HE ARG v R T RE VRS SR MR B A E I > dREER
RN SRS it B PR o Ul SR E R IS Y A G B O - 38 DU BRI & R g A=
RIEFEAGHEL - BRIEZSN > TRaTam S g 30 AT RE A A 0 R U2 (G b B0 (T )
RIS ~ RS R AR R R -

2



R ERE AN B RIEE S - NSRS S G N B DA IIRE 205 VB R A B 5 2 [

SRy

o EEL(ESIH LU 28385 Shankar e —FomaRIE RS B BES R A E R

TR ZHE TR AR AT HI B R,

L.

2.

FEENER GRS S BN REA SR T SERRER -

S B A EENRE (FhlEiEgmEMENENER - 1E) - 1
JE I it A [ R B B S T T R A R ISR -

 EEETRENE R A TRENEN R REE G - BERait

Bt o Al e 1T PSDM AR RHERERT - &5 1% PSDM 1 TRE A& i 2
ey Fr 2 A B S B AR R B S R S T e & IR © A RPER AR
PSDM 72 B B A s i i LR AR A > &7 le PSDM e Bf B4 SR EA
PRI HUE RIS -

. FEER TR K B AT Jer Bl A ) R S BRI I G DR A B R [ HE

(pushdown ) 2% _EHI7 (pull up) B2 2 A= R A 1o I R - s B0 )l

HELTRENRRER - AR RIS BN - AP

. THEIEEEE (tectonic regime) BEEEAFANEEEE HIRATRT - #E

FEIF AT E R E56 E 2[Rl — Il T i s A B L AR R TR IS I

. MHERIETHREE - ATREE A A ERBEEIEE (A sRIJI|E T - AJ8E

IRV TS B EE - NEE  SERERTZR ST T H AR AR SR



"Structural Geology in Seismic Interpretation |

AR E

(=)2HEEHWAZE(10 A 15 BH~19 H)

SEEE(2018)SEG S8R 18 1800 Ak H =ERE BALATIIFE AR 7 1080
A2 - BRIy AIRY 26 (EA[E E R GB35 - HET 1SHEGR - U

B B 2R 2

1. Acquisition and Survey Design | 2. Passive Seismic
3. Anisotropy 4. Reservoir Characterization
5. AVO and Seismic Inversion 6. Rock Physics
7. Borehole Geophysics 8. Special Global Session
9. EM Exploration and Reservoir 10. Seismic Modeling
Surveillance
11. Full Waveform Inversion 12. Seismic Processing: Emerging
Technologies
13. Gravity and Magnetics 14. Seismic Processing: Migration
15. Interpretation 16. Seismic Processing: Multiples,
Noise, and Regularization
17. Mining 18. Special Session
19. Machine Learning and Data 20. Seismic Theory
Analytics for E&P
21. Multi-Physics Data Integration | 22. Seismic Velocity Estimation




23. Multicomponent Seismic 24. Time Lapse

25. Near Surface 26. Vertical Seismic Profile

AR T EE BN SR S R L e AR o s e Ho
LR R AE B 2 7 2 BB eI 7 - BTG TR AL AR (convolution neural
network, CNN) Zif5% - GRETHEEAERR BT 5 FARHFT R EERETHVERL - DUEZE
RN B GR B L TREMRENE TP o [HEPERRIN o5 —E
sAAGSRRY > AL - a0 fE R B ONN JERDE - R ZE B B LB ARy B IR 72
T - GFEN SR L O ERR BB h e R 45 - boe HARA P
HUAREIE N T - WHSEHEIREGH - RBHERES - Rl P EEE & Y
SRS BN Ry A BB A E RIS Z U AERE - Y ON 7574
RGBT 5 NI &5 A TR ST R4t LE e g 2 070k
BTG HEEE N TapIA AR NN 515 SRR ~ 5 mP I (E R e F B hnss
CNN 55cH S B - = H 25T - (B2 > IVEIHFTSE IR AT 75 T B S - HEL
N LEE R 0 i 2 KB LR AR - 45 & BT BN IR SR - MG
51V - BETRER et e - T R E O - TR E AR B E 2 NS
73 BN AT B R B 2 R[] A [F) B A 2 B s (5 &0k (~900,000 T IEEN &5 E
%) o BIREBZERE - ERNPRREIEENERA 2B g o - DLEEETRS D
BAEA E AR SRR ERE - FRITEAZHIT R - FES ARGIRA - 7©

e

HE > EEEARERIITE L AANEEEREEE SR Schlunberger i
ANBAMZAFARAR G EHEL ON st HENER - AEES NFIEST - #Z A0
AHEHEERGET ON EREVEE] - MR Es o SR E AR B E BRI R A F] AR
fixa FE A 32 i Z+%¢ DELFT o DURBHR Ay 520 - S8/ 5 B LEn g B IS R RE T AE
A H FE IR R A G h Z MR o ffi - 5% 28 THEDRAEE G PRED ~ 1588 - 5T~ FASE
BEFERIN Bl 240 NI nT B A RBERE HE T RRE T R B TR 18 R S U SR
#hfass -

ErER R L o &35 8 KR /A Sl (Schlumberger ~ Emerson ~ DownUnder
GeoSolutions ~ iKon ) #[Hk H S i B B EE A Y AR TR HR & - R B4 » Google ~ hp -

Dell ~Western Digital FA TS EA L - BBUEHERREH - SULLAREE
5



Ny

K o EEEIBEESUE RS R AR A PR ESE S R HYBIES > W PURR R S &R
FIRE RS SR ~ BN ARBIRETEE - ISR ELRAE - RS
PR S E ST -

=t

FERESRRE M E R AR R T - S 2 2 e (R B IR s s - # AR K T EHE
MR EHURE MR R SRR i A B DAY RIS RE TR RS R iy S AR AR w3 Y
FATE - B 112 LARRER B AR @AV E R R - MR R ARk
PRI I T/ - AR Y2 Total (GeoExPro) A EIfTE I 2 e = taRz % » B3
FLEFTNHEAR ~ MM AR eisEE DA DL e &R T A BRI Ik o m] A AR
YT AR ZE R M BB - R AT R IR ER SR AR ey 5 U R 2 4
HrElcs - FIFEREYTR - aRIERC DR RHHSR ~ (R EERE AN BB TR - 2§
BB RAELHEAIBASY - W6 AT A HEHERISAY Fast-Stack BREE RSB R - BIBE DU A
PR e N B R B R & > feT e E N E R E -

TIEEHIE R R R B R BT > BR T B Frss AV AR E R T T i A (Wide
Azimuth, WAZ)EM » S5 fsm e A SR ARG A R B Ry o B Ry (AR E R BR
B2 T7{irA (Full Azimuth, FAZ) BRMVEREEEAER - 1EHRJ7 HH /SRR E R
BB o ~ 45 MHL PGS AEIFTHEH 2 GeoStreamer EEFE[HEREIR » wlE/IEI/KiH
E R ST EL R o W7 #5 R Q tomography ~ Anisotropic estimation ~ Least-Squares
Reverse Time Migration (LSRIM)---ZEF-F%  ZEFTemE AR AEMENE « HEORER
GEUEARERSE ~ JHBREEREERY - 5550 - BUGE 3 BIA R EA 5B 7E B R eia T
i (Total ~ PGS ~ GPUSA ~ HABR T ARE) M E %R (Marine Vibrator Sources) >
Pt AR T R DI AR R - m] N TP T e T BG4 (PR ]
K2 2-6Hz » FHAATFEFE 5~100+ Hz) » AREERYEZZ R H H AV BB i (H e 22 mte
FRE /N (fEE S sound pressure level ,SPL Bl sound exposure level, SEL) - It
T it R 7 B B R A AR R B R PR BRI 5T



Google ~FE] R Dug /X FEIFTREH 2 #E(r - ftam e ot iR e B B e A =] - #VEEERAH]
Hog KB RRE ) R GEFRE I Bl - fE = PREIBH S B R S R RRE TR B Imf R  2E
ARAAE FH ol FH H ATy B LR - SE M AT A s TR G R m AU X - BEARThRE(E S T

B HEETR

Total (GeoExPro) 2 EIATfE H Y22 # Hobg iz 28

7



INOVA 2 5] A HH Y QUANTUM S 4 =k i 25

TAY

rarameter

ound Pressure Level (af TOU Hz

Weig ource Module

R umeer ource Module
Widfh (Source Module
ource L ve Wofor Ra ng

Viaximum Operafing Dep!
Vinimum Operafing Dep

ource Module Max. D ycle {in
water

perung ‘emperaiure Range (We!

Operafing Temperaiure Range
Sﬁrfuceglectrgnlcs .

*Subject to change wjo notice

Value
0-100
>200

160 (approximate)

34

12

6.3
>85%

480V, 3Phase/50-60

30
3
100

0to 100
3210 130

GPUSA A%ty MV -32 Marine Vibrator Sources %

ErEE R HESRS

N




Fig.3 Downsized Marine Seismic Vibrator (MSV)

MSV is designed to employ a hydraulic servo system for the controllability on the signal generation both in
the phase and in the amplitude for a frequency band ranging from 3 to 300 Hz. In the survey in Fig.2, we
designed a source signature of upward sweep of a 4 second long of a flat spectrum band from 10 to 100 Hz.
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Plio-Pleistocene biogenic gas systems and their unconventional resource

potential in the Chianan plain, SW Taiwan

Shi-Chie Fuh*, Kuo-Hsiung Chang, Tzy-Yi Chang, Shiang-Horng Hsu, Shih-Chia Lin, Bing-Cheng Chen, Chih-Wen Wang,
Chia-Yen Ku, Wei-Yi Chiu, (CPC Corporation, Taiwan)

Summary

In this study, previously interpreted Plio-Pleistocene submarine canyon system, inverted impedance, seismic attributes, log
correlation and evaluation, mud log anomaly, depositional facies observed from core and outcrops, and the source rock evaluation
were integrated to build up the Plio-Pleistocene biogenic gas systems and to evaluate their unconventional resource potential in
the Chianan plain, SW Taiwan. Two biogenic gas systems were identified, the freshwater biogas system and the marine biogas
system respectively. The former distributes to the southwest and east of Chiali in the Tainan and upper Liushung (LS) formations.
The latter distributes to the east and northeast of Chiali in the lower LS/the upper Eurchungchi (ECS), the lower ECS and the
Kanhsiaoliao (KSL) formations. Three brine gas exploration plays were recognized in the freshwater biogas system and three
residual biogas exploration plays were recognized in the marine biogas system. Recent drilled HSY-8 accidently proved the
residual gas potential of the lower Eurchungchi biogas play. The prospect associated with the HSS-1 well was identified as the
sweet zone of the upper Eurchungchi/Liushung biogas play. Its resource potential was supported by the seismic sweetness

attribute of 10 Km2, the strong mud log anomaly and possible channel related stratigraphic trap.

Introduction

Plio-Pleistocene conventional biogenic gas potential in the southwestern onshore
Taiwan has been previously studied (Fuh et al., 2003, 2009). Plio-Pleistocene
submarine canyons developed in different geological time have been mapped. It was
concluded that the major source rock associated with biogas generation were mainly
deposited in the submarine canyons. It was not until 2012, after the communication
between Shi-Chie Fuh and Paul Mendell, the unconventional biogas potential was
paid attention by Exploration & Development Research Institute, CPC Corporation
Taiwan, Hsu’s study (1984) brought Paul’s interest in looking after the Plio-
Pleistocene brine/residual biogas exploration opportunity in the Chianan plain, SW
Taiwan (Mendell, 2012). Siltstone with smaller pore throat has better chance to trap
residual gas or brine gas (dissolved-in-water gas) along the gas migration path which
requires no structural or stratigraphic traps as the conventional gas trapping
mechanism does (Berkenpas, 1991). Existence of strong gas shows in shallow water
wells in the Chianan plain has been known for a long time which invoked the
attention of CPC Corporation, Taiwan to explore the brine gas potential from 1980 to
1982. During this period, 6 brine gas wells have been drilled in the Annan-Chiku
area (Fig. 1).
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Fig. | The study area includes the Hsinying (HSY) gas field in the north, the
Kuantian (KTN) gas field in the east and the brine gas exploration area in the
southwest.

The well depth ranges from 300 to 997 meters. Production test has been applied to
these wells and other 8 private water wells. Only Kwoa’s private water well
performed the best with gas rate of 5788 M3/D. Those of the rest wells are much
poorer. Hsu (1984) concluded that the gas dissolved in the connate water has been
destroyed by invasion of meteoric water. By reviewing the previous brine gas
exploration works done from the points of engineering, geological, geochemical and
geophysical views, we like to re-evaluate the brine gas potential in the area. By
integrating the understanding of the unconventional biogas resource evaluation
gained through this review work and the previously built stratigraphic frames in the
Chianan plain (Fuh et al., 2003, 2009), we intended in this study to build up the
Plio-Pleistocene biogenic gas system and to evaluate its unconventional resource
potential in the whole Chianan plain.
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Exploration and Development Research Institute, CPC Corporati

Freshwater biogas system and its resource

Three sequences and the corresponding depositional facies were analyzed based
on whole cores from 14 groundwater observation wells (Huang, 2001).

The Tainan formation, equivalent to sequence 1 deposit, mainly deposited in a
incise valley formed during the last glacial period. The depositional facies includes
flooding plain, the estuarine mud and sand, tidal channel, meandering channel sand,
the landward marsh and inner offshore deposits (Fig. 2).

The depositional facies of upper Liushung formation, equivalent to sequence 2
deposits, is similar to those of sequence 1. Relative low salinity content revealed by
observing the resistivity and gamma log characters is consistent with the freshwater
facies revealed from core. We concluded that low salinity water collected during
production test reflects its original estuarine to territorial freshwater depositional
environments rather than invasion of meteoric water. The stratigraphic architecture
in the Annan-Chiku area is very similar to that of shallow biogenic gas reservoirs in
the Hangzhou Bay area (Li and Lin, 2010).

Source rock evaluation has been conducted in this study for 31 core samples from
marsh and lagoon facies. Four out of fourteen samples, the TOC values are greater
than 0.5% (Fig. 2). The averaged TOC value for samples extracted from lagoon
facies is 0.420.19 %. That extracted from marsh facies is 0.3520.18 %. Ten
depositional facies maps corresponding to 40000, 25000, 19000-17000, 17000-
15000, 15000-13000, 13000-11000, 11000-9000, 9000-7000, 7000-5000, and 5000~
3000 years ago respective (Huang, 2001), were used to analyze the freshwater
biogas play types and their elements, respectively.

Source rocks for play type A are muds/shales deposited in marsh or lagoon around
40,000 years ago. The reservoir rocks are sands deposited in the flooding plain and
meandering channel around 25,000 years ago. The seal rocks are muds/shale
deposited in lagoon or marsh around 19,000-13,000 years ago.

For paly type B, the source rocks are muds/shales deposited in marsh or lagoon
around 40,000-11,000 years ago (Fig. 3). The reservoir rocks are sands deposited in
the flooding plain and meandering channel around 17,000-11,000 years ago. The
seal rocks are muds/shales deposited in marsh or lagoon around 9,000-3,000 years
ago.

For play type C, the source rocks are muds/shales deposited in marsh or lagoon
around 17,000-13,000 years ago. The reservoir rocks are sands deposited in the
flooding plain and meandering channel around 13,000-3,000 years ago. The seal
rocks are muds/shales deposited in marsh or lagoon around 3,000-1,000 years ago.
The screen pipe locations, the submergible pump depths, and the casing intervals
were marked on the Gr and resistivity log display panel for each well (Fig. 4). The
different horse power applied during the production test and the test results were
also examined. The failures of the production test for most of the wells were
concluded as followings:

1) Very fine to fine sand grain of the freshwater biogas system associated with the
paleo-Tsengwenchi River led to severe sand production problem.

2) Pumping period was too short to reflect the actual gas performance.

3) Matching between the installed screen depth and the reservoir sand depth was
poor.

4) Instead of setting screen completion, the casing completion was set in the
Tainan and upper LS formations. Therefore the dissolved-in-water gas was
blocked and not able to come out from the reservoir of play type C.
Temperature for maximum biogas generation is normally around 38 C-60'C
(Kallmeyer and Wagner, 2014; Schneider et al., 2016). This optimized
temperature in the Annan-Chiku area is unknown and may play a very
important role in evaluating the brine gas resource potential in the area.
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Fig. 3 Elements for freshwater biogas play type B. Depositional facies maps
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were used to analyze the elements for play type B.
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Fig. 4 Well completion and brine gas test results.

Marine biogas system

The marine biogas system presented in the older formation such as lower LS, ECS
and KSL. Three plays were recognized from south to north and their distributions were
related to the Taiwan Mountain building evolution. The source rock of this system is
mainly associated with Plio-Pleistocene submarine canyon system. Salinity of the
formation water in the reservoir is higher than 30000 ppm.
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The mud log anomaly detected during drilling is an important indicator for
evaluation the residual gas trapped in the reservoir with small pore throat or in the
shale where biogas been generated. We collected all available mud log data and used
in generating the marine biogas play maps. Background content level of C1 in the
HSS-1 well jumped from less than 5000 ppm to 15000 ppm at the interval from LS A
base to ECS base (Fig. 5). Right passed the top KSL, the C1 level reduce back to 5000
ppm (Fig. 5). The strong C1 anomalies as high as 50000 ppm occurred in the LS_A
sand and in the ECS_b sand. The latter is equivalent to the 2nd producing zone of the
Kuantian gas field. The silty sand with C1 content around 3000 ppm is equivalent to
the 1st producing zone of the Kuantian gas field. C1 contents corresponding to the
shale intervals between sand reservoirs can be as high as 25000 ppm. TOC values of
the shale intervals range 0.4-0.66 %. We interpreted these high C1 content as biogas
generated through micro bioprocess at a shallower buried depth. deeper depth. Similar
C1 anomaly patterns were observed for CLI-1, the JY-1 and HSY-4 (H-4). Since
temperature at shale interval buried greater than 1000 meters might mitigate the micro
bioprocess, therefore eliminates the active biogas generation. We call the methane
contained in the shale the paleo-biogas. By integrating the paleo-depositional facies
revealed in the outcrops at Pachangchi and Tsengweichi, the salinity of formation
water, the mud log anomaly, and the previously interpreted early ECS submarine
canyon and ECS_1a submarine canyon (Fig. 6 and 7), the paleo-coastal line, the paleo-
hinge line and the marine biogas play for Upper ECS/LS_A and lower ECS were
interpreted respectively (Fig. 6 and 7). The biogas generated in the Kanhsiaoliao
biogas was preserved in the shale even further buried to the present day.
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Fig. 5 C1 concentration anomalies observed on mud log of CLI-1, HSS-1 and
HSY (H-4) wells.

Identification of sweet zones for marine
biogas play
To further prove the biogas potential revealed by the mud log anomaly, sweetness
attribute analysis (amplitude reflection strength divided by root of frequency) was
applied to 16 2D seismic lines. The two intervals with C1 contents as high as 50000
ppm corresponds to the two strong sweetness anomalies on sweetness profile of line
81LTHSDB (Fig. 8). Up-dip to the NE, strong sweetness also was shown for the two
producing zones at the KTN gas ficld. Extracted sweetness horizon attribute along the
LS_A time horizon showed a liner anomaly feature of 10 km2 (Fig. 8 & 6). The
reservoir in the sweet zone was interpreted as shelf channel system associated with a
down-stream LS A submarine canyon. The same stratigraphic architecture was
observed in the older ECS_1a formation (see Fig 6. and 9). This sweet zone was
interpreted as conventional stratigraphic trap combined with residual gas play. The
high mud log C1 anomaly was penetrated by HSS-1 at the depth interval from 1040 M
to 1080 M. DST failed due to mud invasion caused by the heavy mud weight up to
1.22 gm/c.c. Neither gas nor water was tested in the operation (Fig. 10)

The rock physics modeling and fluid substitution were applied to the silty sand right
above the producing zone in HSY-4 well. At least 30% residual gas could be trapped
in this sand (Fig. 11). Resistivity of this silty sand is as low as 2 ohm-m. Therefore it
has been ignored in the past, despite this residual gas sand distributes further down dip
across the gas/water contact in the non-production HSY-2 and HSY-7 wells. Based on
the well impedance histograms for different lithology, a threshold was determined and
applied to the horizon attribute extracted from the inverted impedance in order to
identify the residual gas sweet zone of Lower ECS marine biogas play (Fig. 7). HSY-8
drilled in late December 2017, accidentally proved this residual gas potential with gas
production rate of 4900 M3/D. The gas test rate would be improved tremendously if
the sand control problem can be overcome.
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Fig. 11 The rock physics modeling and fluid substitution applied to the silty sand
right above the producing zone in HSY-4 well.
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[ gow fli“mw e Conclusions I
T ] e Two Plio-Pleistocene biogas systems were identified in this study. The
freshwater biogas system distributes in the Annan-Chiku area in the Tainan
and upper Liushung formations. The source rocks are mud/shale deposited
Sweetness Hotizon Aftibuts of L. A in marsh/lagoon with TOC value ranges from 0.3-0.885%. Temperature for
¢ 2 Feld, oA maximum biogas generation probably plays an important role in evaluating
s the resource potential. Sand control technique will be the key issue in future
biogas exploration and development. The marine biogas system is mainly
associated with the Plio-Pleistocene submarine canyon systems and

Fig. 7 paleo Lower ECS geography and biogas play map. See Fig. 6 for other legends.

Shelf channel associated with
ECS_la submarine canyon —*

Shelf channel associated
with LS_A submarine
canyon

LS_A submarine Ec‘sg‘a submarine
e SR distributes in the eastern part of the Chianan plain. Three types of play were
e g e g i analyzed and supported directly by the mud log anomalies. Conventional

stratigraphic trap combined with residual gas was proposed for the biogas
trapping mechanism of the sweet zone of LS_A f 10 KM?. HSY-8 well
drilled in late December 2017, accidentally proved the potential of the
sweet zone of the lower ECS play.
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Fig. 8 Sweetness analysis and horizon attribute extraction results for HSS prospect.
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