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The OIl Business

Larry W. Lake
Petroleum and Geosystems Engineering
The University of Texas

* Exploration

Upstream < |
* Production

* Refining
Downstream <« Transportation

Marketing




Exploration...

Seal or trap

Oil column

Water column or aquifer

/_/ Source rock




Tapping Into Shale 60 billion cubic feet a day

High prices for natural gas 50
and new technology hawve s B oYt
allowed companies to tap 40 Conventional
shale gas, making it the
fastest-rising source of 30 U.S. natural
new production. gas production Tight
=0 B B S R B B S B B — sands
methane
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Major U.S. natural gas shale beds

Bakken
Antrim

Woodford-
Arkcoma

I
Fayetteville

Barnett Hayneasville

Shale beads in
production are labeled

Sowrceae! Mawvigarr! Consuliiing, via Cleanskies. org
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Producing Phases...

_Primary ISec:ondaryI Tertlary

OlIl Rate

EL




Production...

4nkhk,,

(P — P)

Uo =
“o[ln(yéfrwz )+ 25] —

N ) Driving
N Force
Productivity Index, PI




Production...

4nkhk,,

Uo =
o [In (ngArwz )’ 28]

(P — P)

" Oil Rate - make as large as possible

_ Goal of everything we do




Production...

Constants - Live with them




Production...

4nkhk,,

Uo =
o [IP (véAArwz )+ 2]

(P — P)

" Natural logarithm - makes a
large number small

_ For example, In(1000) = 6.9




Production...

4mkhk,,

4A
YCArWZ )+ 28]

(P — P)

- Permeability - basic property of
rocks
« Make large

« God provides or doesn't
. * Fracturing




Production...

4nkhk,,

Oo =
o [In (ngArwz )’ 28]

(P —Py)

Well pressure
« Make small

o Lift with gas

* Pump (reduce fluid level) |




Production...

4nkhk,,

Oo =
o [In (ngArwz )’ 28]

(F — Py)

Average reservoir pressure
« Make large

 Reinject produced gas

* Inject water (waterflood)




Production...

4nkhk,,

d,=
i L, [In ’Y/é‘frwz )+ 28]

(P — P)

" Penetrated thickness
Make large

God provides, etc.
Reperforating
Horizontal wells




Horizontal Wells....




Aggie Drilling Engineer...

From A.D. Hill




Production...

4nkhk,

Oo =
Ho [In (yéfrwz )+ 28]

(P — P)

Well damage (skin factor) h
e Make small

e Fracture well

* |nject acid




Production...

4nkhk,,

Uo =
" [ (vgfrwz )+ 2]

(P — P)

~ Oll viscosity
e Make small

* |nject heat (steam)

_* Burn alittle oll




Process Variations...

Steam soak
Shut in Oil + Water

| I

%

Cold Steam Cold Cold Hot Cold Cold Hot Cold
Oil Oil oil Water Oil oil Water Oil

Inject Soak Produce
@-30days)  Driv{FRgdeyse Oil...  (@6montns)

Steam Drive
Steam Oil + Water

A

Steam Water Cold Oil




More Variations...

. Oil Treating & Tanks q
USIng r Steam Plan =
horizontal wells —

(SAGD) v

CONDENSATION
FRONT

OIL Burning the

STEAM BANK @]]
ZONE

EVAPORATION
FRONT




In-Situ Conversion Process (ICP)

« Enhancement of natural maturation
of kerogen by slow heating
* Results in:
e thermal cracking
* in-situ hydrogenation
* high sweep vapor phase production
* high API oll
* N,S,0 content vary with resource
» Average temperature limited to boiling
point of diesel, i.e. essentially no bottoms
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Overburden

Namawm
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High Temperature Causes Long, Horizontal Fractures

* Electric resistance or,
potentially, gas heaters
 Underground conductive
heat transport

* Oil Shale
* Heavy Oil / Tar Sands
» Coal




ICP Test on Surface...
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Protecting the Retort Zone...

Freezewall Test

Football field sized test on 10 acr
near existing research

Test robustness of freezewall bar

Active construction/production f
late '05 — early 07

Reclamation 2010

Freezewall Technology For Groundwater Isolation

Water &
Temperature
Monitor Wells
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lce Wall on Surface...




o
o
Producer
o
*— Heater
Production wells
+
_ , [+ 0
D vV—1

Conductive heating and
oil shale conversion

Hydraulic fractures containing
electrical conductant

Gromdwater
Injection % oo v ‘!
Fluid iy s
E \ . e
Injection
" Well
™ o A /
T | s
| | =
| Uinta “| 4
‘ Farmnation o
X

Better water quality

. H ea}t Dissolution surface
injection
well Production
well Saline water
----------------------------- l\-l éfl-c-o_l_it_ié_oil shale cap rock
T itic oil shale s S S S
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Athabasca Oil Sands Mining...




Production...

" Oil relative permeability
« Make large

« Large oil content

L Inject chemicals, CO,




Typical Micellar-Polymer Flood...

Injector | “hase Mobility Slug ) Preflush Producer
— | Water Buffer e
)/
\ Y

Y Y
Gradual Polymer syrfactant  Low salinity
change Additives co_syrfactant ow calcium
to water Co-solvent  Usually 0.5 PV

Polymer
Oil (sometimes)
Usually 0.1 PV




Schematic of a Solvent Flood...

CARBON DIOXIDE FLOODING

This method is a miscible displacement process applicable to many reservoirs. A CO, slug followed
by alternate water and CO, injections (WAG) is usually the most feasible method.

Viscosity of oil is reduced providing more efficient miscible displacement.

[ Production Well]

Produced Fluids (Qil, Gas and Water)
Separation and Storage Facilities

| Carbon Dioxide |

Water
Injection

— q

" .

Miscible Additional .‘I
Zone jbank Recovery s .|

-

Drawing by Joe Lindley, U.S. Department of Energy, Bartlesville, OK



Several Injectants...

Alcohols

Nitrogen

Alr

Flue gas

Various petroleum gasses (C,)
Methane

Carbon dioxide




Major West Texas CO, Projects...

Active CTO; Enhanced Recovery Projects Produchon Map - Permian Basin
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Incremental Oil Recovery...

EOR Operation
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Slaughter Estate Unit...

Incremental
Tertiary QOil
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Denver Unit Production/Injection History

1000000

Primary

Wasson Field...

Secondary

4
&
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Two Billion Barrels Oil Initially In-Place |
Largest CO2 Project in the World
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Jan43  Jan-48  Jan-53  Jam-3B Jan-83  Jan-82  Jan-73 Jan-7E Jan-B3  Jan-28  Jam-83  Jan-28 I

Process type:

Location:

Operator:
Lithology:

Subsurface depth:

Oil viscosity:
Pressure:

Sq. km/producer:
Water salinity:
Est. % IOR:

CO,
miscible

Yoakum
and Gaines
Co., TX,
USA

Shell
Carbonate
1586 m
1.24 mPa-s
15 MPa
0.1

10,000
16.6




Other CO, Floods...

Sundown Slaughter

Barrels/Day
=
o
8

(From Folger and Guillot, 1996)

Continued
Waterflood

100
1987

1988 1989 1990 1991 1992 1993 1994
Year

Seminole San Andres Unit

80000

70000

60000

o) 50000
o

O 40000

m
30000
20000

10000

Recovery, % OOIP

To Date
Ultimate

P+S

EOR

45.2

6.7

47.2

17 (17)*

Means San Andres Unit

18000

16000

14000

12000 [+

10000

t10[0]0)

6000
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Recovery, % OOIP
P+S EOR
To Date|_37.2 3.2

CO, Injection
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Ultimate

38.7

11 (7)*

*Original EOR Estimate

Continued Waterflood  ~——
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2000 -
1980 1981

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Year

Ford Geraldine Unit

Recovery, % OOIP

P+S

EOR

To Datel

21.8

7

Ultimate)

21.8

15 (8)*

ABegan (Mar. '83)
CO, Injection

*Original EOR Estimate

e
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Continued Waterflood~
1 1 | | | | | | | 1 1

0

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Year

*Original EOR Estimate

CO, Injection

// Began (Feb. '81)
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1982 1984 1986
Year

ed Waterflood
1988

0 |

1978 1980 1990 1992




More CO, Floods...

100,000 100,000

LUTENT Martes
7.500 BOPD {Toral)
4,300 BOPD {CO2 Flood)
140 MMCFD CO2 Injection

100,000

Gross Ol (BOFPD)
Gross Oil (BOPD)
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Even More CO, Floods...

Gas production Base decline™ =~ - _

East Velma (Sims Sand)

€ |o
9 |0

Weeks Island gls 109% HCPV

(S Sand) ENg CO, Injection
Q Sz
] 38
2 200 g

Recovery, % OOIP
P+S EOR
To Date| 40.4] 1.6

Ultimate| 42 | 7 (6)*
*Original EOR Estimate

Continued Primar\y\\

78 79 80 81 8 8 8 8 8 8 8
YEAR



Summing Up...

* EOR been around for 50 years
°* Many process variations
®* CO2 projects...
- About 20 reported (130 ongoing)
- Most injected CO2 is naturally occurring
- Average recovery 12% OOIP (like primary)
- Utilization 10 MCF/incremental bbl
- Huge variability
- About one-half is recycled
- 2-4 |b C stored/Ib C produced




The University of Texas at Austin

Founded in 1883

50,000 students enrolled from more than 100
countries (11,000 in grad school)

Annual budget: $1.3B

Research funding: $300M ‘
3,000 faculty, 18,000 staff

7 museums, 17 libraries
450,000 alumni

http://www.utexas.edu/




Storage in Aquifers...

Oil/Gas Producing Reservoifr

Aquifer/Depleted
Oil or Gas Reservoir




Trapping CO.,...

CO, distribution
at 1000 yrs

CO, mole

fraction In

agqueous
phase




