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ROCKY MOUNTAIN SHALE

HYDROCARBON EVALUATION PROJECT

U nconventional shale gas resource plays have become OBJECTIVES

/ a key exploration target for the petroleum industry Highlight potential shale gas/oil trends
and investors. This interest derives mostly from the success Supply necessary shale gas/oil economic

of the Barnett Shale, and to a lesser extent, the Ohio-New parameters
Albany Devonian Shales of the eastern US. Although many Source potential for oil & gas in basins
rock attributes are of importance in determining what de nes Determine gas maturation levels and assess:
a commercially productive shale, the characteristics of its gas high ow, high maturity thermogenic
generative capacity, thermal maturity, kerogen type, and its gas plays’
fracturability are of prime importance in obtaining high gas lower ~ow, longer lived low maturity
ow rates. Thus, these plays are being directed by geochemical thermoger;ic gas plays
assessments of suitable combined source-reservoir rock lower ow, longer lived biogenic gas plays

systems and completion (engineering) techniques. oil resources and by-passed oil pay

opportunities
Characterize fracture susceptibility of
individual shale intervals
Identify favorable fracturable/gas/oil prone
intervals

This proposal outlines a sampling program that will
generate interpreted data that are critical to making
sound economic decisions on leasing, and the viability
of participating in a variety of fractured shale plays
throughout the Rocky Mountains.

Key results to be derived from completion of this study on prospective shale gas candidates include:

determination of organic richness of shales

determination of present-day and original generation potentials of shales

assessment of organic richness and total generation potentials related to gas/oil yields
thermal maturity determination from well pro les and shale intervals of interest
kerogen type assessment as it relates to product composition versus maturity

maps of yield and maturity

determination of metals content

bulk and clay mineralogical analysis

SAMPLING PROGRAM

The program in its entirety, for most of the basins illustrated on the cover, will provide data from over 4200
samples from the source rock intervals (page 4, Figures 1 and 2) throughout the Rocky Mountain area as
well as the Green River Shale and Pennsylvanian black shales of the Paradox Basin.

When complete, the evaluation of the 14 selected basins will consist of:

30 wells (minimum) per basin (client submits, picks, or endorses Humble/LSSI to select wells/intervals)
12 samples (minimum) per well

~ 4200 samples for TOC, carbonate carbon, & Rock-Eval

~ 30% of samples for VRo

~10% of samples for composition

~ 20% of samples for mineralogy, metals

Total analytical value per basin is $144,000 or a total of $2,016,000 for all 14 basins.
Most samples will be collected selectively from well cutting collections based on whether the collection

is of suitable quality, gamma ray signature, shale color, etc. These will be supplemented with samples from
cores and outcrops that promise to Il in sample coverage gaps across a basin.




John Horne (consultant)

Dr. Horne is a sedimentologist/stratigrapher who has more than thirty years technical
and management experience in the petroleum industry. This includes twenty- ve years of
energy consulting in Rocky Mountain and Gulf Coast basins. He has also participated in
both conventional and unconventional hydrocarbon exploration and exploitation projects
in North America, South America, Europe, and Africa. His experience in unconventional
reservoirs includes tight gas sandstones, coal bed methane, and gas and oil shale

plays. This experience has provided Dr. Horne a strong background in exploration,
development, and data acquisition for energy-based companies.

In 1981, Dr. Horne started the Energy Division of RPI International, Inc. Under his
direction, RPI became an industry leader in multi-subscriber regional studies of hydrocarbon
play trends. RPI completed more than thirty- ve regional studies and basinwide databases

in the United States and Canada over a ten-year period. He has taught industry short courses
on the Sequence Stratigraphic In uence on Sandstone Reservoir Characteristics of
Cretaceous Foreland Basin Deposits, Coal Bed Methane, and Gas and Oil Shale Plays.

Frank Mango

Frank Mango is president and founder of Petroleum Habitats LLC and is a research
consultant at Humble Geochemical Services. Frank has specialized in catalysts related
to petroleum re ning, light hydrocarbon analysis, and the impact of transition metals
in the conversion of hydrocarbons to natural gas. He has a Ph.D in chemistry from
Stanford University.

PRIMARY LABORATORIES

Humble Geochemical Services will provide all analytical results in organic geochemistry.
Leco TOC, Rock-Eval, vitrinite re ectance, and compositional ngerprinting will be
completed using Humble s advanced techniques for shale gas evaluation. Petroleum
Habitats will provide detection and quanti cation of catalytically active nickel.




PRIMARY INVESTIGATORS

Dan Jarvie

Dan is an analytical and interpretive organic geochemist who has been working in the Barnett
Shale since 1989. He has 25 years experience in organic geochemistry and has published
numerous papers on a range of geochemical topics including TOC, Rock-Eval, petroleum
systems evaluations, kinetics, and shale gas.

Hossein Alimi

Hossein Alimi is a Ph.D. geochemist with 30 years experience in organic geochemistry.
Hossein joined Humble after a long career in the geochemical service sector with Robertson
Research in the 1980 s and Global Geochemistry (lan Kaplan) in the 1980 s-1990 s. Hossein
earned his Ph.D in geochemistry from the prestigious KFA/RWTH with Dietrich Welte in
1977. He has broad experience in geochemical and environmental consulting and forensic
geochemistry, has worked many shale gas plays for various independents, and has published
numerous papers in petroleum geochemistry and forensic geochemistry.

Jack D. Burgess

Jack started his career in the 1950 s out of the University of Illinois. He worked with Humble
Oil (now ExxonMobil) in the early 1960 s and joined Gulf Oil in the late 1960 s.

He retired from Chevron/Gulf in 1991 and has been with Humble the past 14 years. Jack
has 40+ years experience in palynology and petrography and has focused on vitrinite

re ectance since joining Humble, although he has also worked oil geochemistry for Humble.

Richard Inden

Richard Inden is a geologist with over 25 years of domestic and international industry
experience. His specialties and interest include carbonate petrology, stratigraphy and
integrated regional aeromagnetic/geological evaluations. He has worked extensively in all
the Rocky Mountain Basins, the Cretaceous of the Gulf Coast, Eastern US, and on numerous
international consulting projects . He has previously worked with Humble Geochemical
Services on the design of Paleozoic source rock studies in the Rocky Mountain region.

He earned a BS from the University of Wisconsin, MS from University of lllinois, and PhD
(1972) from LSU. He has authored numerous papers on the importance of wrench faults
as a control on eld distribution and potential hydrocarbon entrapment trends, as well as a
number of the productive carbonate units in the Rocky Mountains and the Gulf Coast.




ANALYSES

SOURCE ROCK ANALYSES

Using the Barnett Shale model as one key model of thermogenic gas systems that yields commercial quantities of gas,
an analytical program speci cally directed at assessing prospective areas for shale gas production has been established
to determine geochemical attributes. These include:

total organic carbon which is directly proportional to potential gas yields
kerogen type (maceral composition), which impacts product composition
organic matter transformation ratio (from Rock-Eval), which assesses the extent of kerogen conversion
thermal maturity (vitrinite re ectance), which helps determine which source rocks are in the gas/oil window
product composition at given maturity levels, which helps assess producibility
carbonate carbon

uid inclusions

The resulting geochemical data can be used to construct maps of the best prospective areas for producible shale gas.

MINERALOGICAL ANALYSES

Mineral analyses will be performed in order to gain insights into how susceptible a shale is to fracturing, as well
as its sensitivity to drilling and completion uids. The analyses also serve as additional indicators of thermal
maturation.

The mineral analyses will include basic and more detailed clay mineralogical analyses along with important
minerals, such as calcite, dolomite, chert and quartz, that contribute to the ability to fracture a shale gas horizon
and affect fracture gradients. The detailed clay mineral analyses (smectite/illite transformation pro les, chlorite,
illite, kaolinite speciation) will substantially aid in our understanding of the thermal maturation assessments
performed, and the ef ciency of gas generation from the source rock systems sampled.

METAL ANALYSES

Metals are included in this analysis because they may, in conjunction with the source rock and clay mineral analyses
may be important because of economic considerations (i.e., sulfur) as well as possible catalytic interactions with
the source-reservoir system. It has been shown that source rocks can be catalytically active with enhanced capacity
to convert higher molecular hydrocarbons to methane at various levels of thermal maturity (Mango, 1997; Mango,
2005; Fuhrman et al., 2003). These catalysts may range from carbon char, pyrite, and transition metals in a speci ¢
valence state. The presence of zero valent transition metals such as nickel are to be determined by unique and
exclusive techniques at Humble and Petroleum Habitats.

The following metals are to be included in the metal analysis:

Nickel Iron Cobalt Sulfur
Vanadium Chromium Iron Oxides and others

Nickel will be assayed to determine its speci ¢ valence state, which provides its capacity to convert hydrocarbons
to methane.

INTEGRATIONWITH OTHER DATA

Data acquired in the context of this evaluation will be viewed within the regional geological framework of each
basin. Such factors as the overall structure of the basin, location of signi cant faults, previously published source
rock facies distribution maps, including thickness variations, heat ow distribution, amount of sedimentary
unroo ng, etc., within a particular basin, will be taken into account in the nal analysis.

The data generated will also be supplemented with source rock data from other publications and public domain
les in order to de ne more precisely the lateral con nes of fractured shale resource plays throughout the Rockies.







