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O Desafio Energeético

2003

4 Terawatts

M BOE/day ! 30 -- 60 Terawatts

450 - 900 MBOE/day

A Base da Prosperidade
Século XX = Oleo
Século XXI = 7?77



que significa muito mais do que
proteger refinarias e oleodutos contra
ataques terroristas.

Seguranca energeética

pode ser melhor compreendido como a capacidade de
manter a maquina global funcionando, isto €,
produzindo combustiveis e eletricidade suficientes, a
precos acessiveis, para que todos os paises possam,
pelo menos, manter sua economia operando e 0 seu
povo alimentado.



Seguranca energeética

Sustentabilidade (quanto tempo o petrdoleo do mundo, gas
natural, uranio e fornecimento de carvao durarao);

Globallzagao (o impacto do rapido crescimento da demanda de
energia nos paises em desenvolvimento e as respecti
economica, politica e ambientais);

co -sponsabilidade ambiental), e o

Potencial de desenvolvimento tecnologico (o equilibrio
entre as tecnologias que ja estao disponiveis, aqueles que estarao
disponiveis em um futuro proximo, e aqueles que podem tornar-se
em longo prazo em "mudancas do jogo").



“Shale Gas” /Gas de xisto

E 0 gas natural o que pode ser
encontrado preso dentro de formacoes
de XISTO, nome genérico de varios

tipo de rochas de folhelo.

exploragdo de gis do




Are we entering a Golden Age of Gas ?
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International Seminar: "The Future of Energy”
Mexico City, 29 February 2012
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Gas resources (tcm)

Proven reserves and other recoverable conventional gas

[ Recoverable uncenventional

Natural gas can enhance security of supply: global resources exceed 250 years of current
production; while in each region, resources exceed 75 years of current consumption

& DECD/TEA 2011
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BACIAS SEDIMENTARES COM POTENCIAL DE GAS NAO CONVENCIONAL NO BRASIL
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Hydraulic fracturing in shale:
Massive hydraulic fracturing (MHF)
demonstrated by DOE in 1977.

Unconventional natural gas:
Pre-commercial resource incentivized by 1380-2002 production tax credit.

MY S T Sw VNI T YTREY WY TSy Y oy VPN Ny TYY
Diamond-studded drill bits:
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the Energy Research and Development
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Wumuaw'anyam
patented by federal Morgantown Energy Research Center engineers in 1976.

and - —
electromagnetic - V) Multi-fracture
Developed by First commercial
Sandia National demonstration from
Laboratories for

DOE-private
venture in 1986,




Roughily 200 tanker A pumper truck injects a Natural gas flows out of weoll

trucks deliver water for mix of sand, water and {

the fraciunng process chemicals into the weill Recovered water is stored in open
{ t pas, then taken to a treatment

Natural gas is piped
10 market

|
Water table Well-

Hydraulic Fracturing

Hydraulic fracturing, or
“fracing.” invoives the injection
of more than a milion galions
of water, sand and chemicals
al high pressure down and
across into horizontally drfied
wolls as far as 10,000 feet
below the surtace, The
pressunzed mixture causes
the rock layer, in this case the
Marcelius Shale, to crack
These fissures are held open
by the sand particies so that
natural gas from the shale can
flow up the well,

The shale is fractured
by the pressure insido
the well,

Source: ProPublica
http://www.propublica.org/special/hydraulic-fracturing-national Graphic by Al Granberg
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Additives
0.17%

Water
94.60%

a. Scale inhibitor

b. Acid

c. Biocide

d. Friction reducer
. e. Surfacant

www.shale-gas-information-platform.org/categories/water-protection/the-
basics/fracturing-fluids.html




Chemical additives: Types and volumes

The numbers and volume of additives used may differ from one shale play to another, depending on the
properties and the depth of the target shale, among other things. Therefore, a large variety of fracturing fluid
additives exists (Tab.1).

Tab. 1: An overview of common additive classes, their purpose and some examples.

Additive
Class

Purpose

Examples

Biocide

Avoiding growth of bacteria and other fauna

Terpenes, isothiazolinones (e.g. 1,2-
benzisothiazol-3-(2H)-one or 2-methyl-4-
isothiazolin-3-one)

Buffer

pH control

Anorganic acids and bases (e.g. hydrofluoric
acid, ammonium bisulfite)

Breaker

Reducing viscosity, enhanced fluid retrieval

Sulfates, peroxides (e.g. Ammaonium
persulfate, calcium peroxide)

Corrosion
Inhibitor

Protect casing and equipment

Acids, alcohols, sulfites, (e.g. 2-
butoxyethanol, amine bisulfite)

Crosslinker

Support gel formation, increase viscosity for
proper downhole transportation of sand.

Borates, transition metals in combination
with complexing agents (e.q.
zirconiumoxide, -sulfate)

Friction
Feducer

Creates laminar instead of turbulent flow

Polyacrylamide, petroleum distillates, e.q.
aromatic hydrocarbons (benzene, toluene)

Gelling
Agent

Support gel formation, increase viscosity for
proper downhale transportation of sand, ideal
proppant carriage

Guar gum, hydroxyethylcellulose, polymers
(e.g. acrylamidcopolymers, vinylsulfonates)

Scale
Inhibitor

Avoid precipitates from mineralic scalings that
may build up at the inner wall of the casing or in
the wellhead

Acids, phosphonates, (e.g. dodecylbenzene,
sulfonic acid, calcium phosphonate)

Surfactant

Emulsification and salinity tolerance

Amines, glycol ethers, nonylphenal
ethoxylates

http://www.shale-gas-information-platform.org/categories/water-protection/the-
basics/fracturing-fluids.html
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VIVIAK

Impact of Shale Gas Development
on Regional Water Quality

R. D. Vidic,** S. L. Brantley,? ). M. Vandenbossche,! D. Yoxtheimer,2 ). D. Abad?

Background: Natural gas has recently emerged as a relatively clean energy source that offers the
opportunity for a number of regions around the world to reduce their reliance on energy imports.
It can also serve as a transition fuel that will allow for the shift from coal to renewable energy
resources while helping to reduce the emissions of CO,, criteria pollutants, and mercury by the power
sector. Horizontal drilling and hydraulic fracturing make the extraction of tightly bound natural gas
from shale formations economically feasible. These technologies are not free from environmental
risks, however, especially those related to regional water quality, such as gas migration, contaminant
transport through induced and natural fractures, wastewater discharge, and accidental spills. The
focus of this Review is on the current understanding of these environmental issues.

Advances: The most common problem with well construction is a faulty seal that is emplaced to pre-
vent gas migration into shallow groundwater. The incidence rate of seal problems in unconventional
gas wells is relatively low (1 to 3%), but there is a substantial controversy whether the methane

(leteciec 11 1 dle groppaivglier e [ 1He dred Wwhere ( [1(1 1 (] Neopventigndl (14 alalelolinle

READ THE FULLARTICLE ONLINE
. http://dx.doi.org/10.1126/
~ science.1235009

Cite this article as R. Vidic et al., Science 340,
1235009 (2013). DOI: 10.1126/science.1235009

ARTICLE OUTLINE

Cause of the Shale Gas Development Surge
Methane Migration

How Protective Is the “Well Armor"?

The Source and Fate of Fracturing Fluid

Appropriate Wastewater Management
Options

Conclusions

BACKGROUND READING

17 MAY 2013 VOL 340 SCIENCE www.sciencemag.org




Groundwater

Val. 51, No. 4-Groundwater-July-August 2013 (pages 488-510)
Issue Paper/

Groundwater Protection and Unconventional Gas
Extraction: The Critical Need for Field-Based
Hydrogeological Research

by R.E. Jackson', AW. Gorody?, B. Mayer?, JW. Roy*, M.C. Ryan®, and D.R. Van Stempvoort*

Abstract

Unconventional natural gas extraction from tight sandstones, shales, and some coal-beds is typically
accomplished by horizontal drilling and hydraulic fracturing that is necessary for economic development of these
new hydrocarbon resources. Concerns have been raised regarding the potential for contamination of shallow
groundwater by stray gases, formation waters, and fracturing chemicals associated with unconventional gas
exploration. A lack of sound scientific hydrogeological field observations and a scarcity of published peer-reviewed
articles on the effects of both conventional and unconventional oil and gas activities on shallow groundwater
make 1t difficult to address these issues. Here, we discuss several case studies related to both conventional and
unconventional oil and gas activities illustrating how under some circumstances stray or fugitive gas from deep
gas-rich formations has migrated from the subsurface into shallow aquifers and how it has affected groundwater
quality. Examples include impacts of uncemented well annuli in areas of historic drilling operations, effects
related to poor cement bonding in both new and old hydrocarbon wells, and ineffective cementing practices. We
also summarize studies describing how structural features influence the role of natral and induced fractures as
contaminant fluid migration pathways. On the basis of these studies, we identify two areas where field-focused
research 1s urgently needed to fill current science gaps related to unconventional gas extraction: (1) baseline
geochemical mapping (with time series sampling from a sufficient network of groundwater monitoring wells)
and (2) field testing of potential mechanisms and pathways by which hydrocarbon gases, reservoir fluids, and
fracturing chemicals might potentially invade and contaminate useable groundwater.




FLUBOIETAL
iencelechnology

Source Signature of Volatile Organic Compounds from Oil and
Natural Gas Operations in Northeastern Colorado
J. B. Gilman,* B. M. Lerer, W. C. Kuster, and J. A. de Gouw

Cooperative Institute for Research in Environmental Sciences, University of Colorado, Boulder, Colorado, United States
NOAA Earth System Research Laboratory, Chemical Sciences Division, Boulder, Colorado, United States

© Supporting Information

ABSTRACT: An extensive set of volatile organic compounds (VOCs) was

N . ) N | # MNortheastern Colorado
measured at the Boulder Atmospheric Observatory (BAO) in winter 2011 in | @ Los Angeles Basin
order to investigate the composition and influence of VOC emissions from oil and ~ o
natural gas (O&NG) operations in northeastern Colorado. BAO is 30 km north of @
Denver and is in the southwestern section of Wattenberg Field, one of Colorado’s e
most productive O&NG fields. We compare VOC concentrations at BAO to those :
of other U.S. cities and summertime measurements at two additional sites in - 3
northeastern Colorado, as well as the composition of raw natural gas from b .
Wattenberg Field. These comparisons show that (i) the VOC source signature
associated with O&NG operations can be clearly differentiated from urban sources
dominated by vehicular exhaust, and (ii) VOCs emitted from O&NG operations are
evident at all three measurement sites in northeastern Colorado. At BAQ, the
reactivity of VOCs with the hydroxyl radical (OH) was dominated by C,—C; alkanes
due to their remarkably large abundances (e.g,, mean propane = 27.2 ppbv). Through statistical regression analysis, we estimate
that on average 55 + 18% of the VOC—OH reactivity was attributable to emissions from O&NG operations indicating that these
emissions are a significant source of ozone precursors.
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An Evaluation of Water Quality in Private Drinking Water Wells Near
Natural Gas Extraction Sites in the Barnett Shale Formation
Brian E. Fonter.mt,'i"l'” Laura R. Hunt,'i"J"” Zacariah L. Hﬂdenl:rra.nd,'i"l Doug D. Carlton jr.,'i"J'
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and Kevin A Schug*"i'

:_Department of Biology, Department of Chemistry and Biochemistry, and Department of Earth and Environmental Sciences, The
University of Texas at Arlington, Arlington, Texas 76019, United States

*Geotech Environmental Equipment Inc., Carrollton, Texas 75006, United States
¥ Assure Controls Inc., Vista, California 92081, United States
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Tahle 1. Concentrations of Constituents in Barne# Shale Private Water Well Samples®
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Shale-Gas Plans Threaten
China's Water Resources

THE IMPACT OF SHALE-GAS DEVELOPMENT ON
Amencan water quality has recened wide
attention {*Impact of shale gas develop-
ment on regional water quality,” B D). Vidic
et al., Beview, 17 May, p. B26), but poten-
tial impacts of Chinas accelerating shale-
gas exploration on the nation’s water crisis
have been largely ignored.

China has the worlds largest shale-gas
reserves, at 36 trillion m* (1), The country
has an amhitious plan to produce 6.5 bil-
lion m® of shale gas by 2015 (2). Thirteen
provinces have been selected as priority
arcas. However, seven of these provinces
are already plagued by water shortages,
with less than 2000 m" available per person,
less than one-quarter of the world average.
Four of the thirteen provinees are in South-
west Ching, and two of those have recently
experienced severe half-year droughts (7).
Shale-gas extraction will compete for im-
ited water resources with agricultural,
mdusirial, and domestic sectors. Hydrau-
lic fracturing (fracking), the most widely
used extraction method in China, consumes
large volumes of water mixed with a mnge
of additives. Due to complex geological
conditions, Chinese shale-gas wells each
consume 10,000 to 24 000 o' of water (4,
5). The target gas production of 1.5 billion
m” in Sichuan will requee 171 million m®
of water, equal to 10.5% of the provinces
domestc water demand (6).

Some 10 to ¥W% of fracking fluids ane
returned to the surface (7). Inadequate
treatment introduces heavy metals, acids,
pesticides, and other hazardous materi-
als to spil and aquatic environments ().
Thiswill exacerbate Chinas polluted water
ermvironment (¥, Fi).

Exploitation of China’s shale-gas
reserves offers opportunities to satisfy
the nation’s growing energy demands and
reduce carbon emissions, but careful man-
agement and legislation will be required to
avold shortages and pollution of already
stretched water resources.

HONG YANG,'* ROGER ]. FLOWER®
JULIAN R. THOMPSON
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China has the world’s largest shale-gas
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Some 10 to 90% of fracking ﬂmdx are
returned to the surface (7). Inadequate
treatment introduces heavy metals, acids,
pesticides, and other hazardous materi-
als to soil and aquatic environments (8).
This will exacerbate China’s polluted water
environment (9, /0).

Exploitation of China’s shale-gas
reserves offers opportunities to satisfy
the nation’s growing energy demands and
reduce carbon emissions, but careful man-
agement and legislation will be required to
avoild shortages and pollution of already
stretched water resources.

HONG YANG,™ ROGER ). FLOWER,?
TULIAN R. THOMPSON?2
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A Sociedade Brasileira para o Progresso da Ciencia (SBPC) e a Academia Brasileira de Ciéncias (ABC)
enviaram, hoje, carta a presidente da Republica, Dilma Rousseff, manifestando a sua preocupacio com o
anuncio da Agéncia Macional do Petroleo (AMP) da decisao de induir o chamado “Gas de Xisto”, obtido
por fraturamento da rocha {shale gas fracking), na proxima licitacao, em novembro, de campos de gas
natural em bacias sedimentares brasileiras.

Mo documento, a presidente da 5BPC, Helena Nader, e o presidente da ABC, Jacob Palis, justificam sua
preocupacao pelo fato de que a exploracao econdmica do gas de xisto vir sendo muito questionada pelos
riscos e danos ambientais envolvidos. Porisso, eles solicitam que a presidente suste alicitacao de areas
para explotacao de gas de xisto, na 12® Rodada prevista para novembro proximo, por um periodo
suficiente para aprofundar os estudos, realizados por universidades e institutos de pesquisa publicos,
sobre a real potencialidade da utilizacdao do método da fratura hidraulica para a retirada do produto das
rochas e os possiveis prejuizos ambientais causados porisso.

Tambeém foi enviada copia da carta para os presidentes da Camara e do Senado, a ANP, o Centro Nacional
de Pesquisa em Energia e Materiais (CNPEM), o Ministério de Minas e Energia (MME), o Ministerio da
Ciéncia, Tecnologia e Inovagao (MCTI), o Ministerio do Meio Ambiente, o CTPetro, a Financiadora de
Estudos e Projetos (Finep), o Conselho Macional de Desenvolvimento Cientifico e Tecnolagica (CNPq) e as
Sociedades Associadas a SBPC.

Leia abaixo, a integra da carta:

Sao Paulo, 5 de agosto de 2013

SBPC-081/Dir.
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