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Recursos No-Convencionales -
Parametros para el Exito en la Exploracion de
Esquistos de Gas

é Reto Energético

é Unidades y Moléculas

é Tecnologia Disruptiva: Energia del Esquisto
é Claves para la Produccion Exitosa




Tecnologia Energetica Prometeica
Base de la Civilizacion
é Fuego TR Y

# Calentar, cocinar
# Fundir metales, vida larga

é Motor de combustion
#* Fuerza, velocidad

¢ Quimica
#* Fertilizantes
# Plasticos, etc., etc.

é Emisiones
#* Particulas
#* SO,, NO,, Hg
* CO,

W Pieter Paul Rubens: "Prometeo Encadenado”
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Reto Energético

é Reto Demografico
6 Reto de la Oferta

¥ El recurso es adecuado

¥ Energia Fosil (Requerida)

¥ Energia No Fosil (Necesaria)
Nuclear & Alternativa

é Reto Ambiental
é Reto Tecnoldgico

é® Transicion o Revolucion

Captura y Alamacenamiento Energética
del CO,

No es Facil

¥ Decadas a Siglos
¥ Disruptiva

W,
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Consumo Mundial de Energia

energy consumption by selected country
quadrillion Btu
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History 2010 Projections
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Source: EIA, International Energy Outlook 2013
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Dominio de la Energia Fosil

world electricity generation by fuel

billion kilowatthours

45.0 .

History 5 Projections

Coal

30.0 :
Natural gas

15.0 :
Nuclear
Hydropower

; l Other renewables
OO T T : T T T T T LIqUIdS
1990 2000 2010 2015 2020 2025 2030 2035 2040
Source: EIA, International Energy Outlook 2013

__ “creer que los recursos removables nos van a permitir reemplazar los combustibles fosiles en los US,
%ﬁ China, India en le mundo en general, es casi equivalente a ceer en el Conejo de Pascua o el Hada de

Department of Geology and Geography los Dientes.” James Hansen (padrino del cambio climatico)




Unidades

é\/olumen
éPeso
éEnergia Termal

W,
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Crudo

> 1 Barrel of Crude Qil

42 gallons
10,000 B/D equals 500,000 tonnes/year (7.2 - 7.35 bbls per metric ton)
1 barrel #6 Qil = 6.287 Million BTU
300 Ibs

- 6.33 % 107 Joules (6.33 Gigajoules)

v Department of Geology and Geography



Gas Natural

248 unils at surface
conditions
{147 psia, 80°F)

3 units in pipeline
(1000 psia, 80°F)

1 unit in reservoir

(4000 psia, 160°F)

Unidad de Gas Condiciones Standard Regidn de Uso

Standard Cubic Foot 14.73 psi (una atmésfera), US, America Latina, Africa, Medio
(SCF) 60°F Oriente .

Normal Cubic Meter una atmosfera, 0°C Europe, Canada, Russia.

(Nm?3)

Conversiones: 1 m3=35.31 ft3; 1 ft3=0.0283 m3

1;’.? Department of Geology and Geography




Natural Gas

Quantity Symbol  Symbol Application
m3
Thousand 1000 MCF Mm?3 Basic unit of sale
Million 1,000,000 MMCF MMm3 Daily well production
Billion 1,000,000,000 BCF bm3 Annual field production
Trillion 1,000,000,000,000 TCF tm3 Field reserves

If gas volume is measured in m3, simply replace CF with m3within the
above symbols. Some companies use K, M°, Giga ("G") and Tera ("T") in
place of thousand, million, billion and trillion.

W,
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Moleculas de Hidrocarburos

Methane, CH,

H
Natural L
Gas H= ? -H
H

Heating Value: 1010 BTU/ft3
(2.06 million Joules)
Boiling Point: -259°F (-162°C)

Propane, C,H,
H 'H H

[
LPG's H—.qlg._(l:_?__H
H H H
Heating Value: 2516 BTU/ft®
(2.65 million Joules)

Boiling Point: -44°F (-42°C)

W,

' Department of Geology and Geography

Ethane, C,H,

H H

| Retain in Natural Gas or
H~- {I:_? HH Convert to Ethylene

H H

Heating Value: 1770 BTU/ft?
(1.87 million Joules)
Boiling Point: -127°F (-89°C)

Normal Butane, C,H,, (nC,) Isobutane, C,H,, (iC ,)

(Y S

L |

60068 BeeOE
H H H H H H

Heating Value: 3263 BTU/ft? = i"[:.H =

(3.44 million Joules) H

Boiling Point: -31°F (-51°C) )
Heating Value: 3252 BTU/ft3

(3.43 million Joules)
Boiling Point: -11°F (-12°C)




Cuencas con Esquistos de Gas

Unconventional Hydrocarbon Resources

werw nconyniices| Ene rayResgurers org

W http://www.unconventionalenergyresources.com/

v Department of Geology and Geography




Cuencas de Gas en Norte America

W http://www.unconventionalenergyresources.com/
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Reservorios No-Convencionales

2 i
) e

gas

¥ Gas Convesional : Roca Madre # Reservorio
¥ Gas No Convencional: Roca Madre = Reservorio

Y
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Triangulo del Recurso Petrolifero

A

Conventional
Reservoirs

W A

Sonventonal o o Heaw _ __ [ighiGassands| — — —
Qil
/ \
T ———— : == == == == DBasin-centered Gas
Extra -Heavy
Unconventional oil 2 g \
/ 2 % Coalbed Methane
'—
Bitumen 2 3 \
/ e e Shale Gas
Qil Shale Gas Hydrates

“_ 2 BTN

(modified from Holditch, JPT Nov. 2002)
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La Revoluciéon de los Esquistos Afecta Todo
Tecnologia Disruptora

é Cuatrillones de BTU nuevas estan disponibles

é Beneficios
¥ Mayor Aumento de Produccion en el Mundo
¥ Bajo el Precio de la Energia
¥ Aumento la Actividad Econémica
¥ Aumentaron los Recaudos del Estado
¥ Bajaron las Emiciones (Particulas y CO,)

é Retos

¥ Polucion Local del Aire

¥ Agua — Fuentes y Calidad

¥ Ruido y Trafico de Camiones
¥ Auge y Caida

& Meta — Minimizar los Costos, Maximizar los Beneficios

W,
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Prondstico Energeico de US

Monthly U.5. energy production and consumption, and net imports as a share of consumption
quadrillion Btu share of consumption
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Produccion de Petroleo en U.S.

U.S. liquid fuels supply
million barrels per day

History 2013 Projections
2020 2040

25

20

15 Natural gas
Net petroleum and other liquids imports

plant liquids

production

5 Other crude oil production
(excluding tight)

0 Other

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Note: “Other” includes refinery gain, biofuels production, all stock withdrawals, and other domestic sources of liquid fuels
Sowurce: EIA, Annual Energy Outlook 2015 Reference case
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Produccion de Gas Natural en U.S.

U.S. dry natural gas production

trillion cubic feet billion cubic feet per day
History 2013 Projections
40
- 100
35
90
30 80
25 70
Shale gas and tight oil plays 60
20
50
15 40
10 Other lower 48 onshore Tight gas 30
5 Coalbed methane 22
Alaska 10

Lower 48 offshore i
u —I D

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Source: EIA, Annual Energy Outlook 2015 Reference case
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Emisiones de CO, en U.S.

Million Metric Tons CO2e

Source US-DOE, EIA, February 2016
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Impacto Sobre el Costo de la Electricidad

2012 Industrial Electricity Prices cents/kWh

25
20
15
10
5 T I—
(0] T T T | | |
United China Mexico United Germany Japan
States Kingdom

Source: International Energy Agency, 2013 Key World Energy Statistics
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Revolucion en el Mercado de
Hidrocarburos

PIPELINE GAS

NATURAL GAS LIQUIDS

DRY GAS GAS CONDENSATE
CONDENSATE
N, AN, A=
I RAW NATURAL GAS
I I
I I
I I
I METHANE : ETHANE BUTANE
I : PENTANE ISOBUTANE
I I
I I
I I
| I
I |

W,
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oIL

!

CRUDE OIL

REFINING

FUELS

4

DERIVATIVES

CHEMICAL
INDUSTRY

Dutton, 2012




Condensado (NGL) como Material Primma

CosttoProduce One Metric Ton of Ethylene: 2013
SUS per metric ton
1,100
1,000
900
800
700
600
200 +

400
300
200
100

0-

MDE- Canada US- US- Europe- MDE- SEA- NEA- MDE- Asia-
Fthane - Ethane Ethane Naphtha Naphtha Naphtha Naphtha Naphtha LPG LPG
MDOE = Middie East, NEA = Mortheast Asia, SEA = Southaast Asia
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Produccion de Gas Natural en U.S.

Natural gas production in selected regions (Jan 2012 - June 2013)
cumulative change since January 2012, billion cubic feet per day (Bcfid)

Bakken
m Permian

m Eagle Ford

m Marcellus

m Utica
Miobrara
®m Haynesville

Jan-12 Jul-12 Jan-13 Jul-13 Jan-14 Jul-14 Jan-15

Since the beginning 2012, the Marcellus and Utica regions have accounted for {:iE"
85% of increasesin production fromthese selected shale gas regions.

W,
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Esquistos de Gas en la Cuenca de los Apalaches

é Volumen muy Grande
¥ 1.6 TCF en 2002 = 500-1,300 Tcf en 2015

¥ Gran Area — 16-32 Millones de Acres .Jﬁmﬁ%m
¥ Cerca al Mercado ;%ﬁﬁ*‘gﬁ’ﬁ“ﬁ
natural gas in southern
é Retos S
¥ Topografia
¥ Infraestructura
¥ Impacto Social y Ambiental
¥ Opinién Publica
¥ Sistema Legal Anticuado
é History

¥ 1821, Fredonia, New York
¥ 1970’s — 1990’s Investigacion
USDOE & Mitchell

¥ 2003 Primer Pozo- Range Resources

¥ Approx. 13,079 Pozos en el Marcellus (96 taponados)
~7,500 pozos en progreso : .

% Aproximadamente 693 Pozos en Utica Located in downtown Fredonia, the boulder
P proudly displays the site of the first

~554 Pozos en Progreso commercial gas well in the US, dedicated
in 1925 on the 100th anniversary by the
Daughters of the American Revolution.

w Picture source - http://www.fredonia.edu/shaleinstitute/facts.asp
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Complejos Petroliferos de Esquistos
de Gas

Proved Shale Gas Reserves by Play (Tcf)

23.7

aailll

her Fayetteville Woodford Eagle Ford Haynesville Barnett Marcellus




Produccion de Gas de West Virginia

West Virginia Gas Production
1,200.0
1,000.0
800.0 B Marcellus Production
L
(7]
s B Non-Marcellus Production
2
> R
< 600.0
o
(%]
=
2
@ 400.0 85% of Production
200.0
0.0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year
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Produccion de Gas de West Virginia

West Virginia Gas Wells

60,000

4% of Wells

50,000

“ 40,000

o

S

(%]

[}

U]

tén 30,000

5

3 m Marcellus Producing Wells

a
20,000 ® Non-Marcellus Producing Wells
10,000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year
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Produccion de Liquidos de West Vlrgmla

12,000

10,000

8,000

6,000

Thousands of Barrels

4,000

2,000

West Virginia Oil & Liquids Production

® Marcellus Liquids Production
B Non-Marcellus Production

87% of Production

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
Year
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Produccion de Gas de West Virginia

12,000

West Virginia Oil & NGL Wells

9% of Wells

10,000

8,000

6,000

4,000

Producing Oil & NGL Wells

2,000

0

2005 2006

Department of Geology and Geography

B Marcellus Producing Wells

B Non-Marcellus Producing Wells

2007 2008 2009 2010

Year

2011 2012 2013 2014




West Virginia 2014 Marcellus Gas Production by Operator

All Other Companies (47 Total)

7%
GASTAR EXPLORATION USA,. |

PDC MOUNTAINEER LLC
2%

HG ENERGY, LLC
3%

JAY-BEE OIL & GAS

3% ANTERO RESOURCES

40%

CNX/CONSOL GAS COMPANY
5%

STONE ENERGY CORPORATION /
5%

NOBLE ENERGY, INC. /
5%

SWN PRODUCTION COMPANY
13%

EQT PRODUCTION COMPANY
15%

Department of Geology and Geography




Empléo en la Industria Petrolera en WV

12,000 - :
® Pipeline Operation
10,000 -

Pipeline Construction
8,000

m Oil and Gas Support Operations
6,000

m Oil and Gas Extraction

Industrial Sector

Avg. Wage $39,833.04/yr.
Oil & Gas Sector

Avg. Wage $81,542.37/yr.
Since 2005: Increase 5,516 jobs in
Oil & Gas to 11,428
90% of the total increase in

private sector employment

4,000
2,000
0

2007
2008
2009
2010
2011
2012
2013
2014

W,
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http://www.workforcewv.org/

Empleo en la Industria Petrolera en WV
Por Sector

Natural Gas Workforce
Occupations By Category

Semi-Skilled Tech.
6%

Landmen/Realty
5%

Marcellus
Shale
Education &

Training
”':.',f”'/ & Center

J. Jacquet, Marcellus Shale Education and Training Center

A cotationton of Perveytare Colege of Tcrrelgy

are Perny Ste Conperstne |iensor
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Pozos Horizontales al Marcellus al 2005




Pozos Horizontales al Marcellus al 2006




Pozos Horizontales al Marcellus al 2007

187 Wells



Pozos Horizontales al Marcellus al 2008

637 Wells




Pozos Horizontales al Marcellus al 2009

2,594 Wells




Pozos Horizontales al Marcellus al 2010

6,936 Wells




Pozos Horizontales al Marcellus al 2011

9,856 Wells




Pozos Horizontales al Marcellus al 2012

11,789 Wells




Pozos Horizontales al Marcellus al 2013
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13,079 Wells



Produccion del Normalizada del Marcellus

Marcellus Production Methane

V 2nd and 3 Six Month Production
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West Virginia 2014 Marcellus Gas Production by County

All Other Counties (27 Total)
Marion 5%

2% |

Taylor
3% \

Barbour
3%

Doddridge
26%

Ohio
4%

Ritchie —
4%

Tyler
5%

Marshall

10%

Harrison
20%
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Construccion de Gasoductos

Source: RBN Energy



rocesamiento del Marcellus y Utica

Marcellus & Utica: 23 Major Projects Complete...

...19 Major projects under construction

KEYSTONE COMPLEX
Bluestone | & Sarsen | — 90 MMcf/d — Complete
Bluestone Il — 120 MMcf/d — 2Q14
Bluestone IIl — 200 MMcf/d — TBD

HOPEDALE FRACTIONATOR

C3+ Fractionation — 60,000 Bbl/d — Complete
N S —

De-ethanization — 10,000 Bbl/d — 2014
C3+ Fractionation — 10,000 Bbl/d —2Q14

-

UTICA CONDENSATE JV
Stabilization Facility — 23,000 Bbl/d — 3014

CADIZ COMPLEX
Cadiz | & Refrig — 185 MMcf/d — Complete
Cadiz I — 200 MMcf/d — 3C114
De-ethanization — 40,000 Bbl/d — 2014

SENECA COMPLEX
Seneca | - Il — 400 MMcf/d — Complete
Seneca Il - 200 MMcfid — 2014
Seneca IV — 200 MMcf/d — 1Q15
De-ethanization — 38,000 Bbl/d - TBD

MWE Gathering Area
MWE Utica Counties
MWE Marcellus Counties

MWE Plants
ATEX Express Pipeline
TEPPCO Product Pipeline
Mariner Projects

MWE NGL Pipelines

auy

.

0
o

-
.
.
.

VANIA

Crrryes
-

P

'WEST VIRGINIA

[

HOUSTON COMPLEX
Houston I — 1l — 355 MMcf/d — Complete
Houston IV — 200 MMcf/d — 1Q15
C3+ Fractionation — 60,000 Bbl/d — Complete
De-ethanization — 38,000 Bbl/d — Complete

Fapets
Maobley IV — 200 MMcf/d — 4Q114

Z e
MAJORSVILLE COMPLEX
Majorsville | - lll, V — 670 MMcf/d — Complete
Majorsville IV — 200 MMcf/d — 2Q14
Majorsville VI — 200 MMcf/id — 2016
De-ethanization | — 38,000 Bbl/d — Complete
De-ethanization Il — 38,000 Bbl/d - TBD

//—
MOBLEY COMPLEX
Mobley | — Ill — 520 MMcf/d — Complete

De-ethanization — 40,000 Bbl/d —3Q15

SHERWOOD COMPLEX

Sherwood | - [l — 600 MMcf/d — Complete

e Sherwood IV — 200 MMcf/d — 3Q114
Sherwood V — 200 MMcf/d — 4Q14

_'I De-ethanization — 38,000 Bbl/id - TBD

Rich ;' :
Utica :

liglt

MWE Purity Ethane Pipeline

i
arcellus’

MWE NGL/Purity Ethane Pipelines Under Construction

MarkWest Presentation 03/05/2014

W,
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Nuevas Plantas de Gas en Apalachia

9
8
7 w1 Gas Plant Capacity 35 @
E 6 <m=Number of Plants 30 g
o
A .. =
(.
lg o
) o
w 4 20 O
% =
& 3 15 5
Z

Source Oil & Gas Journal 06/02/2014
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Esquisto Eagle Ford

Depth to the top of the Eagle Ford formation in feet
I | i

Sy

L
L

.I- .:_" _'...-*.
L "‘l*i
“ﬂ'ﬂi“‘ EE:_ uniu:"

B Cities
B Eagie Ford Shale - Austin Chalk Outerops

[Depth (in feet)
& 0-2000
F000-4000
|k 4000-6000
o b B0O00- 10000
[ A 10000-12000
* 1 2000- 14000
*  14000- 16000 o
[_] Counties C]E‘
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Esquisto Eagle Ford

Initial gas-to-oil ratios {(GORs) of Eagle Ford wells {Z000-13)

L

Fd :i._ o

R "".[r‘f N
5 .ﬂ"‘-"" Sa:r a-nicrf )

- It
e :b ]
‘: ..-_
eia’
0 25 som ' " cities B Eagle Ford Shale
I T 1 s |7 counties Austin Chalk outcrops
Laredom
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Esquisto Eagle Ford

Oil and natural gas production in the Eagle Ford formation
barrels/day
1,200,000

1,000,000

600,000
natural gas
600,000
400,000
200,000

0

1/1/2009 11172010 111/2011 1172012 1172013
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Oportunidades Internacionales

Shaleoil
rank country billion barrels rank country trillion cubic feet
1 Russia 75 1 China 1,115
2 United States o8 2 Argentina 802
3 China 32 3 Algeria 707
4 Argentina 27 4 United States 665
5 Libya 26 5 Canada 573
6 Venezuela 13 6 Mexico 245
7 Mexico 13 7 Australia 437
8 Pakistan 9 8 South Africa 390
9 Canada 9 9 Russia 285
10 Indonesia 8 10 Brazil 245
World total 345 World total 7,299
Mote: ARI estimates U.5. shale oil resources at 48 hillion barrels and U5, shale gas resources at 1,161 trllion cubic feet.
Source: United States; EIA and USGS; Other basins. ARI

W,
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Efectos de la Revolucion del Esquisto de Gas

é La perforacion horizontal y la fracturacion hidraulica existen
desde hace decadas

é La revolucion ocurrio gracias a la perforacion inteligente
¥ Sismica 3D Seismic — Mapas
¥ Sensores durante la perforacion
¥ Brocas dirigidas con presicion
¥ Microsismica, Monitoreo de la fractiracion con fibra optica
¥ Bombas controladas por computador

¥ Integracion de datos actuales

¥ Acceso Remoto

¥ Taladros Automaticos

¥ Sistemas Cerrados

¥ Explorador controlado por computador- Bifuel, CNG and LNG

é Un taladro es un computador con una broca en la punta
¥ Petabytes de datos producidos en cada pozo

W,
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Claves del Exito

Reduccion de costos de perforacion

|a tecnologia puede reducir costos e incrementar
produccion

é Produccién por pozo aumento 200-300% en 5 afos
¥ Brocas dirigibles
¥ Pozos horizontals mas largos
Orientacion y espaciamiento correctos
¥ Numero de etapas de fracturacion
¥ Abilidad de perforar una zona especifica

é Difencias de produccion entre pozos

¥ Encontrar las areas mas productivas
¥ Encontrar las zonas estratigraficas mas productivas

o o

W,
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Claves del Exito

é Entender el recurso, las reservas y la productividad
¥* Profundidad, Espezor, Gradiente de Presion
¥ Determinacion de la Posicion Geologica
¥ Geonavegacion
¥ Colocar grupos de perforaciones
¥ Disefar las etapas de fracturacion y la estimulacion

é Cambios Sutiles de las Propiedades del Esquisto

¥ Distribicion del contenido organico
¥ Mineralogia — Fracturabilidad
¥ Discontinuidades Estructurales

Fallas y Geonavegacion
¥ Orietacion de los esfuerzos actuales

Volumen de reservorio estimulado
¥ Madures

Tipo de hidrocaburos
Porosidad y Permeabilidad del Reservorio

W,
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Esquisto Marcell

Figure 3. Field mlniul scanning electron photomicrograph of nanoscale pore
architecture in the Barnett Formation. Image pravided by R. Reed.

EHT= 400 kV Sigral A= InLens i
Wo= &mm Mag = 160.00 K X Reed, Loucks, and Jarvie, 2008

Department of Geology and Geography



Gradiente de Presion

Legend

= Eaiilts or ineament
| Decollement in Siurian svaporates

Decollement in Devonian shale
Decollement in Silurian evaporates

m. State boundary

—— Counly boundary

Isopressure (psifft)

Il o.1250

B ©.1251 = 0.2000

I 02001 - 0.2500

[ ] 02501 —0.3000

[ ] 03001-0.3500

[ ] 03501 —0.4299

[ 0.4300 — 0.4500

B o.4501 —0.5000

i
mi )
L. fwso 1020 30 40 L\- 05001 — 0.5250
O ™l e

(Zagorski et al., 2012)
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Marcellus Horizontal Wells

W 13,079 Wells
v
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Geonavegacion MIP-3H

rers well Logy 154 P e S mher 21, 1,
Operator Northeast Natural Analyst GSC Survey #1
ell Name MIP 3H Units feet  Well ID 4706101707 C #2
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FRACTURACION HIDRAULICA

Cada cuadro es 500 x 500 pies Microseismic, Inc.
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Estartigrafia Mecanica

Deviatory Stress, Strain for Triaxial Test

22000

20000 ~

18000 /

16000 / e N

14000 / / \
12000

10000 // / / <l
o0 / / 7 ~——Upper Marcellus
- / / —Lower Marcellus
4000 A

/ / ——Onondaga

2000

Deviatory Stress (psi)

0 0.005 0.01 0.015 0.02
Axial Strain

Static Static Static
Young's Poisson's |Brittleness
Modulus (E) | Ratio (v) |(E/v)

Upper Marcellus 1.41 0.23 6.13

Lower Marcellus 1.44 0.22 6.54

Onondaga 6.07 0.26 23.35

W (Bowers, 2014)
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Imagen Microscopica del Marcellus

— ol o e

W Harrison County, WV
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Construyendo una Asociacion para la Investigacion,

Educacion y la Difusion del Conocimiento
Industria

i,
- Py

Comunidad
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