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Shale gas resources and exploration status
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Shale gas resources exploration technologies

» Horizontal Drilling
» Open hole completion

* logging technique
« Evaluation of the core ar
* Yield assessment

* Reservoir parameters

perforation completion

ravel packing completion
y

- Monitoring™ Fracturing

Technology = Technology - Hydraulic fracturing
« Micro seismic monitoring * Liquefied petroleum gas
fracturing
» CO2fracturing
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Shale gas resources exploration technologies
( _, | 7K 73K 2 /Hydraulic fracturing )

* Mature skill with abundant types, including slick-water frac, Massive
hydraulic frac, compound frac, Hydraulic jetting frac and so on.

e Its negative side is threat to the crust stable and the surrounding
environment, such as shallow aquifers and drinking water.

/

s YA A IR 2 / Liquefied petroleum gasfracturing
-« Enhance well productivity & performance and can full compatibility with
reservoirs which with no fluid loss and no water used.

- * However, LPG is explosive and should be stored in pressurized tanks and
reliquefied after each fractruing , which means high investment costs.

 CO2&%E /co2fracturing

~» Based on competitive absorption between Methane and CO2 to enhance the
shale gas recovery and realize the CO2 geological storage atribéirse.
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CO2 fracturing technology
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Feasibility of CO2 enhanced shale gas recovery |
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Feasibility of CO2 enhanced shale gas recovery in the Ordos Basin
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Reservoir characterization of shale gas reseret@cson
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Reservoir characterization of shale gas resereb&cton
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Reservoir characterization of shale gas resereb&cton
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Reservoir characterization of shale gas reseret@cson
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Reservoir characterization of shale gas reseret@cfon

-

FE A

Reservoir

LGP el

Pingliang formation

1

RO

o kRl R ITH X

MR PEY E & B A=
Evaluation method Suitable reservoir
e >50m
e >2.0%

» 300m~~3000m

« KiEH M <30%, BEPR15

~25%, BHLFE4~30% .
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Shale gas reservoir selection

Step 1
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Carbon source and water resources

Evaluation method
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»Ministry of Land and Resources. Shale gas resources/reservadatalt and evaluation
technical request (pilot version). GB/T 19492-2004. 2012
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Carbon source and water resources
Four Major deep Shale plays in U.S.A

Average water Average shale gas| Water consumption per
Shale gas ) : : )
feservoirs consumption production unit shale gas production
( m¥/single well) (10°'m3/single well) (m3/10* me)
Haynesville 15141.64 18406.05 0.82
Marcellus 15520.19 11893.14 1.30
Barnet 12870.40 7504.01 1.72
Fayetteville 15141.65 6796.08 2.23

Adapted fromt Chesapeake Energy 2009b,
2Chesapeake Energy 2009dSDOE 2007

TUASIF R /K &5 #F Water consumption analysis for Ordos basin

R Z A A X TUA A R g =: 0.265 tem

Gross shale gas resources in Ordos basin : 0.265 tcm

WRFFEFE1%ITK:  Annul 1% exploitation rate

K= 2.65 bem (FH 24 T 3£ E 20134 T A<~ & (276.4 becm [#11/100)

Gt,CH4= 2.65 bcm (about 1/100 of shale gas production of USA in 2013 (276.4 bcm)
77K &==1.139~2.913 mcmWater usage for the whole basin139~2.913 mcm e
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Carbon source and water resources

Water resourcesin Ordosbasin
Available water | Water demand far Industrial water co Residual water

Regions resources/0.1bcmm 2010/0.1bcm | nsumption/0.1bcm resources/0.1bcim
Shaanxi(Shaanbe) 25.92 18.17 3.71 7.75
Gansu ( Longdong 10.87 11.12 1.15 -0.25

Ningxia (Easb 3.05 5.75 0.25 2.7

&&e;n'\gmgﬂ; 44.11 21.38 3.74 22.73

Shanxi (Wesb 19.99 15.18 4.02 4.81
Total 103.94 71.6 12.87 32.34

Industrial water consumption in Ordos basin: 1.28dia

Proportions for shale gas exploitation : 1.06%o0 ~%28

Conclusions

»Thewater resources are abundant for the exploitation of shale gasin Ordos basin.
»Regional water shortagesrestrict the application of hydraulic fracturingin
Ningxia and Gansu -




Bl S Ly = Ny B N ) N R
R Z W @ 7 m Sh E e ——B IR KR AR
Carbon source and water resources
The CO2 utilization during CO2-ESG
: Ga,CH4 Gf,CH4 Gt,CH4 Ga,COZ Gf’COZ GfraC’COZ Gt,COZ
Sttatigraphy fem | fiem | fem | /bt | /bt | bt | Jbt
Triassic lacustrine facie$.157| 0.009 0.166 1.086 0.01/6 0.005 1.1186
Permo-Carboniferous |
Marine-terrestrial facia0-058| 0.004 o.ogsf o.395r8 0.0078 0.011 0.4186
Total 0.215| 0.013 0.26% 1.485}8 0.0254 0.0F6 1.5872

GC 02 C(utilization) Gstorage + Gf racturing

Gstorage = alcpa + Gepg
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Carbon source and water resources

Legend

Ordos Power Plants CO2 emissions

A. more suitable for HF

B. more suitable for CO2-ESG
C. both, optional for enhanced
recovery and CO2 sequestration

Favorable Shale Gas Reservoirs

|:| Triassic Lacusirine Shale
[ | Permo-Carboniferous Marine-terrestrial Shale

Water Resources Distribution for
Ordos Basin(BCM/a)

[ | 2273 Inner Mongolia (Yimeng, WuH ai)
|| 0.775 Shaanxi(Shaanbei)

I 0481 Shanxi(West)

B ©0.025 Gansu(Longdong)

I 0270 Ningxia(East)

*Shenhua Ordos CCS Demonstration Proj ect(0.1Mt)

* Large Coal Chemistry Industries in Ordos Basin
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Feasibility demonstration based on core samples
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Feasibility demonstration based on core samples
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Feasibility demonstration based on basin scale
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Feasibility demonstration based on basin scale

Reservoir properties The corresponding values Unit
Depth 2000 m
Thickness 30 m
Temperature 65 °C
Pressure gradient 6.89 Mp/km
Porosity 0.068 Sl
Matrix permeability 0.0056 md
Diffusivity 1.0E-9 m/s
Formation water saturation 0.4802 Sl
Shale density 2.6 g/cnd
TOC 3%

The maximum adsorption of CO2 0.0066 3/kg
CO2 Langmuir adsorption pressure 76.97 bar
Adsorption constant of CH4 0.00187 3y
Adsorption pressure constant of CH4 61.615 bar

Radius of the fracture surface 150 m

eyfracture surface

permeability of
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Feasibility demonstration based on basin scale
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Hydraulic Fractures

Times (year)

IK IR T E‘z%%mj\ TR, BRI

S K= H6.06X 100m3ig & IJ1.44>< 10’'m3,
Hydraulic fracturing technology can significantly improve
the extraction rate of shale, only one level of fracturing can make shale

gas production increased from 6.6610° m3to 1.44 X 10’ m3.
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Feasibility demonstration based on basin scale

Contrast of Upper Paleozoic shalein Ordos and New Albany shale

s e RNESEE BERIKNEHTXRE
(X 10’sm?) (X 108sm3)
B = i E S M= i E S
New AlbanyTi1& 5.35 2.2 4.65 2.88
SRR ZHTEKA T A 10.68 1.35 4.43 9.96
- ]07] e ] T Tt Cumulative

P LA 2R U%E%ﬁ(%wa\ﬁ@$£>,@m$#<@w,
S 5D, TUE SR N R IS AT e = R, FEUMEE K

FER BRI
The two types of shale are different in geological characteristicog§grand
permeability), burial conditions (depth, pressure, etc.) and isothgrmal

adsorptlon characteristics, leading to the dn‘ferent amount of reserve&am@;m

0 5 10 15 20

a 5 10 15 20 5 30
Time (year)

Sourced from Faye Liu et al., 2013)

Times (year)
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Feasibility demonstration based on basin scale

SP/RZE _EiraE R a5 New Albany T & XJ EE
Contrast of the Upper Paleozoic shalein Ordosand New Albany shale

Yanchang shale New Albany shale
3.0x10°9 . ; : : : : - 200
Adsobed CO2  ~--omer SRR e T : ] e |1 ] (30
2.5x10° ~——Free Gas CO2 1 s et e C02
Total stored CO2 L] By | e

2.0x10° -

1.5x10°

1.0x10°

Total CO2 volume (sm3)
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Feasibility demonstration based on basin scale

ARIFEFERCO2E FEXTLL
Comparlson of COZ storage capamty In different psadlnl modes
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Feasibility demonstration based on
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basin scale
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Pressure distribution map in different perfusion gmd
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Feasibility demonstration based on basin scale

“REHITESTFETUNCOEFETH
The changes of shale gas production and sequestration of CO2 in two stagefjac
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The relationship between shale gas production and fracturing stages isiaaonland
the distance between the different fracturing will have a certain impac€O2 storage

capacity.
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Feasibility demonstration based on basin scale
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Shale gas recovery efficiency and CO2 storage tefeecoefficient

Z¥/parameters ERKAT S | New Albany Jg
WA A it E/Shale gas reserveX (L0'm?3) 12.03 7.45
I IK 71 R 2T K 8 /One stage fracturing shale gas
production (< 10°m3) 14.39 7.53
— R ICR IPrimary recovery efficiency (%) 11.96 10.11
COZIKFF X #/CO2 enhanced shale gas productisri(Pms3) 16.40 7.55
—ITFKE/Secondary recovery efficiency (%) 13.63 10.13
CO2H 12 F 17 E/CO2 theory storage capacitik (0'md) 39.05 24.62
CO2:LFrit 7 8/CO2 actual storage capacity (0Pm?) 9.19 5.21
CO2f5 ¥ R H/CO2 effective storage coefficient E 0.00235 0.00212

Gstorage = E(CLGCH4 + GCH4)

1~
=
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Capacity of CO2 enhanced shale gas recover
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Simulation of CO2 enhanced shale gas recovery base on Ordos Basin
[ /R Z W e A A S IR A ]

Estimation of shale gas resources of Yanchang Faymat the Erdos Basin

| g = =t Fol

Adsorbed Shalegasresources  Recoverabl
Shale Rock : Gas
: .. Porosity gas : (X 10"m?) e resour ces
Zoing volume density % content  Suration Free  Adsorbed (X 10%0m?)
X 10%m3 cm3 %
| 2.02 2.53 2.28 3.34 0.85 0.0136 0.107 0.121  0.165
II 6.31 2.53 1.45 3.34 0.85 0.0307 0.335 0.366  0.499
[T 2.74 2.53 2.05 3.34 0.85 0.0175 0.146 0.163  0.223
IV 1.82 2.53 0.9 3.34 0.85 0.0037 0.097 0.100 0.137
V 3.41 2.53 1.5 3.34 0.85 0.0149 0.181 0.196  0.267
VI 7.44 2.53 2.28 3.34 0.85 0.0651 0.514 0.579 0.789
VI 2.01 2.53 2.28 3.34 0.85 0.0135 0.107 0.120 0.164
Total 0.159 1.49 1.65 2.244
\ = = —
S

—
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Simulation of CO2 enhanced shale gas recovery base on Ordos Basin

[ R IR 22 7 b AE K 2 CO2 B T B S TR iR B ]
Shale gas storage capacity in theory of Erdos Yanchang Formation
Adsor ption co, theory CO, Stgr age  Effective
. Freeshale Adsorbed  storage volume (X 10*°m?) CcO2
Zoing JEUOE; gas shalegas effective storage
CO2to . Free Adsorbe
CHAA (X10°m3) (X 10°m3) coefficie phase  d phase total volume
’ nt, E (Mt)
I 3.53 1.361 1.918 0.00235 0.136 3.79 3.926 0.181
II 3.53 3.074 5.988 0.00235 0.307 11.84 12.14 0.560
I 3.53 1.747 2.605 0.00235 0.175 5.148 5.322 0.246
I\ 3.53 0.373 1.725 0.00235 0.037 3.409 3.446 0.159
\Y 3.53 1.493 3.238 0.00235 0.149 6.400 6.549 0.302
VI 3.53 6.513 9.179 0.00235 0.651 18.14 18.79 0.867
VI 3.53 1.355 1.909 0.00235 0.135 3.773 3.909 0.180
Total 1.592 52.5 54.09 2.495

Ao e

o
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Simulation of CO2 enhanced shale gas recovery base on Ordos Basin

Average water

Areas  Annual Shale consumption for Available CO2usagefor  CO2 emissionsfrom

Calculation (km2)  Gasproduction hvdrauli Water CO2-ESG Surrounding
areas P ydraufic Capacity (Mt) Power plants
Ga( X 10°m?/a) fracturing (mcm) (Mt/a)

(mcm)
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Simulation of CO2 enhanced shale gas recovery base on Ordos Basin

» The biggest CO2 storage volume
located in zoné/l and zonell ;

» The coal chemistry industry are
intensively distributed in the south
west of this study area which can
provide abundant carbon sources;

» Zonel ,II and zoneVIl are lack in
water which are not suitable for
traditional water fracturing to produce
shale gas;

» To sum up, combined with CO2
storage potential , water resources and
carbon source, zond&l is the sweet
spot for CO2 enhanced shale gas
recovery technology.
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Conclusion and suggestion
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Conclusion and suggestion

& Fracturing stages, well distances, the stimulated volume are all
Influential factors to the efficient of CB enhanced shale gas
recovery, it Is a must to conduct comprehensive research on the
most suitable and effective mode of injection and production.

€ Conduct feasibility research of G3nhanced shale gas recovery
of the whole China to provide theory support for policy maker
and producer.
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Shale gas resources and exploration stat

. Top reserve holders 200 - Tr!n cubic metres

j

Poland 5.3

Y 51-&&'\

US. 244 by 8.2

Algena 6.5 r,'-'.‘ L’ China 36.1

Mexico 19.3

. Brazil b4

Argentina 21.9 : ’ Australia 11.2
Assessed basins
Bl With resource estimate South Africa 13.7 y
B Without resource estimate . y ”
. REUTERS

Seante EIA based on Advanced Resourcd® Intemational Inc data, BP



T ot IR -5 PR IR _
Shale gas resources and exploration status

- History 2010 B i
25
20 Shale gas as share of total dry natural gas production in 2012 D'iaé:f‘

billion cubic feet per day

- shale gas
5 0 . '_-."_.;_-l_i.;-ul
sn-assod  anada I
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1990 1995 2000 2005 2010 2015 1 15%
Sowrce: EIA, Annwal Energy Outiook 2012 Early Release

China
£1%
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Shale gas resources and exploration status

Niobrara

Cody mMowry Gammon 160 Tef

New Albany
Excello;Mulky

Hilliard-

aye
Haynesville/ 52 Tet
Bossier 717 71er

Woodford/
327 Ter Barnett Caney 23 Ter
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Shale gas resources and exploration status

Tarnm Basn

MNorthem area

Paloose maprme shake
developmiont anca
Mesarmc-{encenic oustrne
shale developrment mea
Paleoens marite-empenols mnsiion
E shale development anca




Contrast of geology and development conditions of shale gas between U.S.A and China

Compar ative Condition

Go through several One time uplifting with scarce
Tectonic transformation and complicatedfault and fracture developed,;
fault developed,;
Sedimentation Marine, terrestrial shale mainly mashale,
Geologic . : :
conditions  TOC Compllg:ated, extremely higher Higher 5%-10%
for marine
Gas content Lower Higher
RO Complicated, extremely higher Moderate for shale gas window
for marine
Burial depth Deeper, mainly 3500m Shallower, 25000856
Exploitation Surfgge Compllca_lteq, mountainous in thqDlain or hilly, enough water
. conditions south, arid in the north
condition
Pipeline Undeveloped, need further

Wholly developed

network constructions
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Carbon source and water resources

Potential Coal chemistry and CCS pioneering projects

PlantName Production

Qingyang ChangQingQiao coal 17Mt/amethyl alcohol,10Mt/a dimethyl ether, 6Mt/a
chemical industry park synthesis ammonia,10.4Mt/a urea,3.6Mt/a acetic acid
Pingliang coal chemical industry 18Mt/a methyl alcohol,7Mt/a Methanol to Olefins,2&t
base polyethylene,3Mt/a polypropylene

L anbai coal chemical industry  16.7Mt/a methyl alcohol,5Mt/a polypropylene,40bcm
area Synthetic Natural Gas(SNG)

Shaanxi Yanchang Petroleum 15Mt/ methyl alcohola,4Mt/a acetic acid,3Mt/a Vinyl
Yulin coal chemistry company  Acetate,2Mt/a acetic anhydride,1Mt/a cellulose aieetiber

Shaanxi Xianyang chemical
industry co., LTD

Yanzhou yulin energy chemical
co., LTD

Ordos Shenhua CCS

18Mt/a methyl alcohol
24Mt/a methyl alcohola,10Mt/a olefins

0.1Mt/a carbon dioxide capturing project

demonstration Project —




