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Figure 1.2. Conventional reservoir rocks and fluids




Figure 1.3. Unconventional reservoir rocks and fluids




ure 1.4. Unconventional gas: Hydrate




Unconventional
Convention. oil gas
oil oil tight shale
No Parameters oil gas sand shale CBM | gas gas hydrate
sand
1 permeability
k(p) -? -? -? 7 ++ ++ ++
2 ++
viscosity + - ++ + - - -
mobility + +? ++ ++ ++ ++ ++ ++
4 gravity ? = +* = = =
(buoyancy) +t +t ) (+?) (GO I Cro I NC)) (++)
5 relative perm. +? -? - - - -
(multiphase) + ++ (++) (++) (oI NG| (*?) (++)
6 -? g 4 4 .
capillarity + + +? ) +?) (++) (++) +)

Note : *: original state; **: improved state; -: not; +: yes; -?: probably not;
+?: probably yes; L: large; S: small
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Conventional oil
recovery processes
. Production by
Primary recovery :
reservoir energy

Original well-inflow Corrected well-inflow

Natural flow | Artificial lift Stimulation Profils
modification

Production regulation Acidation Polymer
Infill drilling Fracturing etc. gels etc.
Horizontal well etc.

Natural energy

Classical oil recovery

el
econcary recovery injected water or gas

Water flood Non-miscible gas flood

e ane
srtlary recovery sophisticated energy

Improved oil recovery (IOR)

Hydrocarbon Steam soak Polymer Microbial etc.
Co, Steam drive Micellar polymer
N, Hot water Caustic
Flue gas Combustion Foam etc.
Air Elecromagnetic
WAG* etc. etc.

Enhanced oil recovery (EOR)

Figure 1.5. Classification of conventional oil recovery processes
(Source: Papay J. 2003)




Recovery method

Pressure
maintenance with
injection of non-
miscible fluids

First contact
(CC)

Multiple contact
condensation
(C,-C,-C-C)

Multiple contact
vaporization

(CO,)

Multiple contact
vaporization

(C,, N,, flue gas)

Steam flooding**

In situ
combustion**

Table 1.3. Screening of conventional oil recovery methods
(Source: Papay J. 2005)

- H Pr T
‘ ] | tbar | [°F)

Natural depletion (primary)

- y 9 i <300

Pressure maintenance (secondary)
y >0.1-1 . <300

Enhanced oil recovery (tertiary —- EOR)

>0.3 >0.1-1
(NCy*** (0.7-0.8) : (NC) >100 | (NC)

(03] (>10)

>0.3

>0.1-1 %

% o

>0.3

(100-10000)

(0.7-0.8)
[0.55]
Thermal flooding
High-porosity >200
sand, NC
[4700]
<1000
; 33(]) (10-1000)
[1200]

>03
(> 1000)
<150>10

(0.7-0.8)
[0.75]
[2540]
(1*-150)
[85]

Qil viscosity

Type of rock (P]

<4500
(400-4500)
[1500]

<200000> 150

>0.4
(0.7-0.8)
sandstone ]

High-porosity >
sand, (0.7-0.8)
sandstone [0.66]
<200
[123]

Micellar polymer
Caustic Sandst .
[0.53]

O

avorable parameters

average at present application

if the target is “only” to make the reservoir homogenous

minimum reservoir thickness for steam > 20 ft, for combustion > 10 ft
not very critical

not critical




Conventional gas
recovery processes
Pri — Production by
nmary re ry reservoir energy
Original well-inflow Corrected well-inflow

Production regulation Stiratilation Profile
Infill drilling modification

Horizontal well etc.

Improved (IGR) External energy
or enhanced (EGR) processes

3

Increase of gas Recovery of gas Increase of gas and Underground
recovery condensate condensate recovery gas storage

High-rate gas Cycling Inert gas (or water) High-rate
production, inert gas (water injection) injection gas injection
and water injection, and production

water production

Figure 1.6. Classification of conventional gas recovery processes
(Source: Papay J. 2003)




[] Gas reservoir
[] Aquifer

@ Depletion drive (closed)

Recovery factor, % —»

Figure 1.7a. Relation of reservoir pressure and end-point recovery factor for gas reservoir
(Source: Papay J. 2003)

(0/z) @ Water and/or

inert gas injection

Water production and/or
acceleration gas production

Inert gas slug
@ injection B 2

(0/2) as cond.cont.

(9/m3)
n% — -+ <100

Figure 1.7b. EGR — IGR methods

(Source: Papay J. 2003) 1 00-400

The parameters in Table 1.4 are as follows: >4oo
n: gas recovery factor at abandonment conditions (-),
n,; volumetric sweep efficiency of encroached water (-),
: initial gas saturation (-),
: residual gas saturation (-),
effective aquifer rock compressibility (1/bar),
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Unconventional oil recovery methods

Oil sand - bitumen

Mining In situ production
- surface
|
Cold oil production Thermal
-cyclic steam
-no sand - steam flood
" - SAGD
-with sand A
- combination
- etc.

Oil shale

I --—-'
!
Mining In situ production

- surface
- underground

Others
(in research phase)

-VAPEX

-toe to heal air injection
-combination

-etc.

is developed

Light tight oil

|_""'I

|
Natural depl..+fract. Pressure
maintanence ?

, Gas miscible
injection ?



Unconventional gas recovery methods

* Fracturing (natural energy)
* Fracturing (inert gas injection?)

( Low permeability rock )

(" Tight gas (< 0.1 mD) } (Shale gas (<< 0.1 mD) )

* Fracturing (natural energy) » Fracturing (natural energy)
* Fracturing (inert gas injection?) * Fracturing (inert gas injection?)

* Depletion

* Inhibitors

* Heating

* Combination

Gas hydrate

is developed
is developing (pilots)

Figure 4.2. Classification of unconventional gas recovery processes




Quartz-rich (brittle) Clay-rich (ductile)

Bamett shale Cretaceous shale

Figure 7.13. Shale mineralogy, stimulation effectiveness.
(Source: CSUG 2008, after Kuuskraa V.A. and Stevens S. 200¢
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Recovery factors of different petroleum resources

Note: * world average; ** USGS (2003); ***Soniere A., Lantz F. (2007); **** data of US

kakdx (EIA-2013)



Table 2a. Reserve and rate ratio of oil

Reliability Reserve / Rate years | Reserve / Rate years | Reserve / Rate years

Notes: * USGS (2000), ** International Petroleum Encyclopedia (2006), *** Labastie A. (2010),
**x* gpare (years).




Table 2b. Reserve and rate ratio of gas

_ Conventional Conventional + unconventional
Reliability Reserve / Rate years Reserve / Rate years Reserve / Rate years

Probable 13241 5% 15541 7%k

k3K

Reference

Notes: * EIA (2005), ** IEA-WEO (2005 and 2009), *** [EA-WEO (2009), a new estimation com-
paring the total volume of 850 10" m® (55% conventional gas), **** spare (years).




Forecasted Transportation Fuels Supply Curve (2020)
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Table 4. Estimated petroleum production of the world

Million to/a

Most likely
Maximum
Minimum

Schollnberger W.E..-2006



U.S. energy use grows slowly over the projection reflecting
improving energy efficiency and slow, extended economic recovery

U.S. primary energy consumption
quadrillion Btu Shares of total U.S. energy

History 2000 Projections

120

100

Natural gas
80

60 R e

Liquid biofuels

Coal
40

Oil and other liquids

0 i 2
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: EIA, Annual Energy Outlook 2013 Early Release Sieminski A.-2013




Domestic production of tight oil has grown dramatically over
the past few years

tight oil production for select plays
million barrels per day

2.2
2.0
1.8
1.6
1.4

m Eagle Ford
Bakken

® Granite Wash

= Bonespring

= Monterey

12 ® Woodford

1.0 ® Niobrara-Codell

0.8 Spraberry

0.6 = Austin Chalk

0.4

0.2

0.0 « T T _— =
2000 2002 2004

R e S o

2006

Source: Dirilling Info (formerly HPDI), Texas RRC, North Dakota department of mineral resources, and EIA,
through October 2012.
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U.S. tight oil production leads a growth in domestic production
of 2.6 million barrels per day between 2008 and 2019

U.S. crude oil production
million barrels per day
History Projections

STEO Feb. 2013 U.S. crude oll
projection

8

Tight oill

Other lower 48 onshore

Lower 48 offshore

Alaska

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: EIA, Annual Energy Outlook 2013 Early Release and Short-Term Energy Outlook, February 2013
Sieminski A.-2013




Domestic production of shale gas has grown dramatically over
the past few years

shale gas production (dry)
billion cubic feet per day

30 m Rest of US
Bakken (ND)
©Eagle Ford (TX)
Marcellus (PA and WV)
'Haynesville (LA and TX)
15 m Woodford (OK)
m Fayetteville (AR)
Barnett (TX)
® Antrim (MI, IN, and OH)

25

20

2000 2002 2004 2006 2008 2010 2012

Sources: LCI Energy Insight gross withdrawal estimates as of January 2013 and converted to dry production
estimates with EIA-calculated average gross-to-dry shrinkage factors by state and/or shale plav.

Sieminski A.-2013




Shale gas leads growth in total gas production through 2040

U.S. dry natural gas production
trillion cubic feet

Histo
35 L
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Non-associated offshore ™

0 ;

Projections

Shale gas

Tight gas

M A st
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Source: EIA, Annual Energy Outlook 2013 Early Release
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An average well in shale gas and other continuous resource plays
can also have steep decline curves, which require continued drilling
to grow production

million cubic feet per year
2,000 Cumulative production = EUR

100%
——=Haynesville ° f
—Eagle Ford

—\Woodford

==N\arcellus

Fayetteville

Source: EIA, Annual Energy Outlook 2012
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An overview Is given about the petroleum recovery methods in an
Integrated way;

Driving mechanisms of unconventional petroleum production is much
more complicated as of concentional one;

In case of unconventional petroleum accumulations - except oilsands-
Improved recovery methods are on laboratory or pilot scale only,
therefore the recovery factors are low or modest yet;

Exploitation of unconventional petroleum accumulation is a challenge
for petroleum engineers;

It seems that due to dynamic development of the research and the
science the unconventional reserves step by step become
conventional ones from the aspect of economy.

Unconventional petroleum resources are already of primary
Importance to supply the energy demand
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