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BroadSeis Data Empowers the Interpreter

BroadSeis™, our unique broadband marine solution, is creating new opportunities to gain a deeper understanding of the reservoir. The
latest BroadSeis multi-client surveys help with interpreting so far unseen details of the geology to identify new prospects and better
define existing plays.

The broad frequency range provided by BroadSeis:

= Minimizes wavelet sidelobes to give only the true formation seismic signature

® Helps to accurately interpret subtle stratigraphy and fine structure

* Provides a clearer image of deep targets due to the superb low-frequency content

Initial results from the CGGVeritas BroadSeis multi-client data in the Central North Sea show significant enhancements to the existing
high-quality conventional Cornerstone data. In particular, they highlight the subtle facies variations related to oil-bearing sands in
the Kimmeridge clay.

For details regarding the new Broad5eis data, contact datalibrary.eame@cggveritas.com
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Get to Know Our SeisAble Benefits cggveritas.com,/broadseis
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COLUMN

Whither AAPG?

This month’s column is extracted from
my address at the opening session of the
AAPG Annual Convention and Exhibition
in Long Beach, Calif., on April 22. | thank
AAPG staff members Vicki Beighle and
David Lange for their extraordinary help
in generating these statistics and figures.

A recurring theme of my columns is
the long-term health of AAPG. In this
column I'd like to focus (again) on long-
term trends in membership.

express opinions about future
membership trends, without the
benefit of membership data. Because
we're scientists, let’s look at the data, the
programs that AAPG has implemented,
and where AAPG might go in the future.
The following figures illustrate our long-

T his year | have heard many members

term trends in membership since 1979, so
that we can consider the implications of
our membership policies.

Historical Membership Trends
The first eight figures (below and on
pages 4 and 5) show the ages of members
in groups of five years on the horizontal

January 1979 (77%/bbl)
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Figure 1

“AAPG is entering into a
new golden age for applied
geosciences.”

axis, and total number of members for
each group on the vertical axis.
Three comments on the graphs:

1. The statistics are a snapshot from
January 1 of each year (mid-year FY
calculations). As we’'ll discuss below, the
timing of this snapshot affects how we

calculate membership for recent years.

2. The average price of oil for each
year is shown in terms of 2012 dollars.

3. The figures show certain specific
years when major population cohorts
move from one age group to another (e.g.
from 31-35 to 36-40).

In 1979, we see a distinct bimodal
distribution in the ages of AAPG members
(Figure 1). One peak was at ages 26-30
(4,000 members, called hereafter “Baby
Boomers”), and the other was around
ages 51-55 (almost 4,000 members,
called affectionately the “Long-in-the-
Tooth” Generation, or LITT). 1979 was

See President, next page

January 1983 (66%/bbl)
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Students from the University of
Toronto experienced geology — and an
awareness of geologic time — firsthand
at the Scarborough geology field camp
at the Grand Canyon, thanks in part
to a widespread interest in geology
sparked by professor Nick Eyles’
books and his two popular, often exotic
Canadian TV series that have helped
bring the story and thrills of geology to
the general public. See story on page
20. On this page, Eyles as TV host
walks with a camel train en route to salt
flats in Ethiopia.

Photos courtesy of Nick Eyles.

WWW.AAPG.ORG

MAY 2012 |3




EXPLORER

10,000
9,000
8,000
7,000

¢ 6,000

s

S

o e
AV >

January 1987 ($35/bbl)

Figure 3

January 1991 ($33/bbl)

Figure 4

January 1996 ($29/bbl)

e} S Phe) N ) S Aoy S Aol P ) o S
i PRy » N ) b S < A AN ®° <
o w o - » w0 < J 3 & AN o

o\
&
¥

Figure 5

January 2001 ($29/bbl)

(“ /ﬁ/k/\
)
5 4000
300
2.00
000
. “ KN 5 K ke S 5 o & R & Y S
% S S N ® 8 & © © S
" "o a Sy N N - AN N & aN ]
v v > ) » B « < < < \

Figure 6

January 2006 ($61/bbl)

}‘2» N s’» " “33 .,'l’ > . \“ PN K :"A %\\
L » ®© o & Q & N \J

Figure 7

President
from page 3

the first year that the Baby Boomers became the
largest age group in AAPG membership. Many
young people joined AAPG at this time due to
rising oil prices between 1973 and 1978, and
the extensive hiring associated with the rapid
expansion of the U.S. oil industry.

By 1983 (Figure 2), the Baby Boomers group,
remaining at ages 26-30, has grown to nearly
9,400 members. The LITT Generation has shifted
to ages 56-60, but their numbers remain about
4,000. The price of oil has dropped a bit from its
peak in late 1979, but industry was still robust.

By 1987 (Figure 3), the Baby Boomers have
now moved to the 31-to-35 age group (with a
slight decrease to 8,800), and the LITT Generation
still resides in the 56-60 group (about 3,200
members). The price of oil has stabilized after
its precipitous drop in late 1985 and 1986. The
massive downsizing of our industry that began
slowly in 1981 and accelerated in 1985 and 1986
began to have an effect on membership.

By 1991 (Figure 4), the Baby Boomers
have moved to the age 36-40 group and have
decreased in numbers to 6,900. The LITT
Generation is now ages 61-65 and has 3,000
members. The substantial reorganization of
industry during the late 1980s had begun to take
an effect on the absolute number of Baby Boomer
members.

By 1996 (Figure 5), the Baby Boomers peak
has moved to the age 41-45 group, and has
decreased in absolute numbers to 6,000. The
LITT Generation is now age 66-70 and 2,200
members. There was a small price increase in ol
beginning in late 1995 that lasted for about two
years.

By 2001 (Figure 6), the shape of the graph
begins to change to a uni-modal distribution, with
two significant plateaus to the left and right. The
Baby Boomers have moved to ages 46-50, but
remain at 6,000 members. The LITT Generation is
now ages 71-75 with 2,000 members.

In the year 2006 (Figure 7), there are now about
5,400 Baby Boomers and they have-moved to the
51-55 age group. The LITT Generation has now
moved to ages 76-80 and totals 1,300 members.
Meanwhile, the student numbers are beginning
to increase. Importantly, student sponsorship
began in 2003; that is, students’ dues were first
subsidized.

Finally, in 2011 (Figure 8), the Baby Boomers
now number 4,200 and have moved to the 56-60
age group. The LITT Generation are all now 80 or
older —in fact, all people past 80 are now included
in this group, so there is an artificial increase in
numbers to 1,800. QOil prices have recovered
after the drop of the late 2008 financial crisis. The
number of students has grown substantially and
appears to be the dominant age group; but as we
will see below, appearances can be deceiving.

The evolution of the LITT Generation and
Boomer populations is summarized in Figure
9. The years are now shown on the X axis, and
the total numbers of members on the Y axis. In
a simplistic way, you can treat these graphs as
decline curves from a producing well, although |
do not want to push the analogy too far because
of statistical problems. The actual movement of
these age groups is not as straightforward as
these graphs show, but they still illustrate the
general migration of membership through time.

Looking at Figures 1 through 9, the key point is
obvious. The Baby Boomers are now in a similar
decline curve as their LITT forefathers. For AAPG
to maintain a large number of members, we
must recruit new members to succeed the Baby
Boomers.

Next, let's analyze the programs that AAPG
Leadership has implemented during the past
decade to see how they've affected membership.

Student Members

Five programs and policies to increase student
memberships have had some success.

v Sponsorship of students’ dues. Halliburton
started paying students’ dues in 2003; Chevron
later took over in 2006, and currently pays the
dues for all 11,000+ students.

v The Imperial Barrel Award Program. This
has become one of the premier programs for
geoscience students. This year’s competition
had 100 teams with five persons per team. This
translates to 500 students, 70 percent who were
from international regions. Participating in the
IBA leads to commitment to AAPG - last year, 53
percent of IBA participants became Associate
AAPG members, in contrast to the overall 9
percent retention of all student members.

v Grants-in-Aid. This program supports student
research. This year, $185,000 was awarded to 84
students. Note that last year, only 32 percent of
students who received grants became Associate
members.

v The Young Professional and Students
Membership Committee was developed five years
ago, and this has had good success encouraging
involvement with younger members.

v The House of Delegates (HOD) passed the
“Student Bridge” program, which allows student
members to have the option to remain in the
student class after ending academic careers. With
the billing cycle for FY2013, 4,656 students who
are graduating were changed to Student/YP status
and were billed $10 for their dues. We are hopeful
this program will assist recent graduates with
retaining their AAPG membership.

Now let’s look at long-term Student
membership trends. As Figure 10 shows, the
percentage of Student membership has grown
from 6.9 percent in 2003 to 14.3 percent today.

When we compare the number of Student
members with Baby Boomers and the LITT
Generation (Figure 9), it appears that the Student
members are replacing the decline of the Baby
Boomers, and becoming the dominant group in
AAPG - just like when the Boomers joined in 1979
(Figure 1).

However, the graph in Figure 9 is misleading.
The reality is that the number of Student members
fluctuates considerably within any one year.
Specifically, two dates for Student member
numbers are shown in Figure 11 for the most
recent five-year interval: March 1 (pre-billing) and
June 30 (post-billing).

As you can see, the way that we count our
Student members depends on the time of the year.
The pre-billing number in Figure 11 is a snapshot
of Student membership at its yearly peak —
students whose dues have been 100 percent
subsidized. The June 30 snapshot shows the
numbers of Student members who have decided
to keep their AAPG membership and pay dues
for the first time. The numbers show a difference
of about 2,000 in 2007 and 2,008 increasing to
5,000 in 2012. Thus, Students are not completely
replacing the Baby Boomers.

Graduated Dues
and Non-U.S. Membership

The AAPG HOD voted for graduated dues for
members at the April 2007 Annual Convention
in Long Beach. This allows members with lower
incomes to pay lower dues. The purpose was to
increase our membership, especially in the non-
U.S. arena. Note that the SPE and SEG already
had similar policies.

Three figures help us evaluate the effects
of graduated dues. As Figure 12 shows, the
number of graduated-dues-paying members has
increased from 117 in 2008 to 2,140 in FY 2012.
About 63 percent of these members are from the

Continued on next page
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Continued from previous page

United States, and about 37 percent are non-U.S.
(Figure 13). Thus, we conclude that this program
has considerable potential for growth in non-U.S.
settings.

Next, let's review the distribution of
membership in terms of U.S. versus non-U.S.
(Figure 14). Since 2001, U.S. membership
in AAPG has been essentially flat — hovering
around 21,700 members. In contrast, our non-
U.S. membership in the same time period has
increased from 8,703 to 13,517. Note that both
the U.S. and non-U.S. statistics include Student
members. Clearly, if AAPG wants to grow or
maintain current numbers, we must increase both
U.S. and non-U.S. membership. It is important for
us to recognize that geoscientists outside North
America have different needs and requirements,
including a different perspective regarding ethics
and membership requirements.

* ok *

Finally, let’s review three additional important
aspects of membership.

Voting Members

Membership by voting class is shown in
Figure 15. Note that one must be an Active,
Honorary or Emeritus member to vote. In 1985 we
reached our highest number of voting members.
Since that time, the numbers of voting members
have steadily declined. In addition, the relative
percent of voting members has declined during
the past five years. Clearly, a large number of
Associate members do not convert themselves
into Active members. This issue affects the
selection of AAPG leadership because only Active
members can vote. AAPG is becoming (a) less
participatory, at least in terms of voting, and (b)
less representative. Two solutions are to increase
international Active membership and/or change
the structure. AAPG staff has been working on
identifying Associate members who appear to be
qualified to be Active. Engaging them will help
make the Association more participatory.

Women as Members

The number of women as a portion of
membership is shown in Figure 16. Overall
membership decreased from 1986 to 1995 (10.6
to 8.3 percent), and has slowly increased every
year since then — it is now 1/6 of membership
(16.7 percent). As part of the work force in
the United States, the trend is toward women
comprising more than 50 percent. It is worth
noting that today women earn almost 60 percent
of all bachelor’'s degrees and more than half of
master's and Ph.Ds. in the United States. AAPG
needs to continue to engage this part of the work
force in all aspects of the organization.

Price of Oil versus Membership
The last graph shows the price of oil in inflation
adjusted 2011 dollars versus total membership
(Figure 17). Curiously, there is not a strong
correlation between price and the total numbers of
members. It appears that membership increases
lag slightly behind boom times.

* ok *

What do all of these trends mean?

The future success of our Association depends
largely on the recruitment and retention of
new members to carry out the missions of the
Association. However, it is difficult to project
membership trends into the future due to the
number of variables — for example, Student
retention, non-U.S. membership, and the rate of
Baby Boomer decline.

The real question, then, is — whither AAPG?
What does AAPG want to be in the coming
decades? Primarily a U.S. society with 15,000
members? Or perhaps a global society of 40,000
members or more?

You may recall at the 2011 All-Convention

Luncheon, Harrison “Jack” Schmidt (Apollo 17
astronaut and AAPG Honorary Member) observed
that the average age of the NASA engineers who
worked to place humans on the moon was 26. |
think this is a wonderful metaphor for AAPG'’s future.

From my AAPG travels this year, speaking
with members in 25 countries as well as the
United States, | have seen the face of the AAPG’s
future, and | like it! The face of our future is a
young face; an international face, speaking
multiple languages. These students and young
professionals are hungry for knowledge. They
see science and technology evolving rapidly —
especially in the area of unconventional resources
—and they want to apply new techniques now
to help accelerate the transformation toward
unconventional to conventional resources. What
they want from AAPG membership is to access as
much state-of-the-art geoscience information as
they can. Fortunately, AAPG has the potential to
do this.

In summary, here are my key learnings and
recommendations for increasing membership and
improving the overall health of the Association
through services.

» Companies investing in universities globally.

In nearly all of the countries that | visited this
year | was struck by two things. First, students
expressed their frustration about the lack of
access to AAPG'’s scientific information. Not all
university libraries can provide access to the
wealth of AAPG publications. Second, it also
became evident that there is a surprising lack of
engagement between companies and universities.
There are several reasons for this, but the primary
reason is a lack of desire on the companies’ part.
This divide between companies and universities
has an immediate negative impact on the future
of AAPG in terms of building and retaining
memberships, and on the long-term health of our
profession.

| have encouraged companies to do two
things: (1) Take the time to give talks and speak
with students at local universities about the
profession. (2) Donate a permanent subscription
to AAPG Datapages to increase universities’
access to all of AAPG publications.

Here is one scenario. In Country X, let's say
that 10 major universities have broad programs in
petroleum geology-related fields, and participate
in the IBA program. If the five largest companies
who operate in Country X gave $30,000 each,
their combined gift of $150,000 would give the
universities lifetime access to AAPG’s publications.
| cannot think of a better investment for the future.

Finally, in addition to the IBA program, the
AAPG also can help universities by placing more
regional lecturers and VGPs into Regions. We are
starting to implement this program.

» Cooperation with other societies.

In my January column | discussed the need
for AAPG to increase its level of participation with
other societies, partly because our members are
demanding we do so. In response, we opened the
joint office with the SEG in Dubai in early March.
Previously, on February 24, select members of
the AAPG and SEG Executive Committees met
with staff members to discuss additional areas
for future collaboration. One surprising fact that
emerged was the number of members who
belonged to both societies (about 6 percent of
SEG). | hope our collaboration will increase so that
we can co-sponsor additional events for members.

Another example of cooperation is the EAGE
Memorandum of Understanding to increase our
joint offerings. We expect to sign this in June. The
first joint EAGE-AAPG research conference will
be held in Cyprus in early 2013, with plans for
subsequent annual affairs around the globe.

AAPG’s mission and activities are not always
aligned with other societies. However, without
more cooperation all associations will lose ground
to for-profit organizations, which are diluting the
market for high-quality scientific conferences.

See Whither AAPG? page 6
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The movement toward membership simplification reviewed our ongoing efforts to improve the Association’s
that began several years ago continued this year, led abilities to deliver science. This transformation will take
by members Jeff Lund and Andrea Reynolds. These are two-three years, but | think this is absolutely essential
a series of positive continuing steps to make the AAPG to our future ability to entice new members and retain
application experience more efficient (process) and current members. With these capabilities, we could
welcoming (qualification and application requirements). globally reach the full potential of our influence as a

What | learned this year from speaking with many professional society.
members is that most do not understand the reasons
for our membership requirements, and they think the o
process to become an Active member is unnecessarily
onerous. That is one reason, if not the primary reason, In summary, as we honor the past, we must also begin o
for the decline in Active membership (Figure 15). To to ring in the new by embracing the opportunities of o
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re-evaluation of some of our requirements. learnings to grow membership and the long-term health

of the organization. 0 56000

» A new golden age for applied geosciences.
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for applied geosciences due to the confluence of ‘ 0 $2000
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toward unconventional resources is challenging many vt & A
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Online Registration

N

he technical program is in place
Tand registration is now open for

this year's AAPG International
Conference and Exhibition, which will
be held Sept. 16-19 at the Marina Bay
Sands Expo and Convention Center in
Singapore.

The official Singapore announcement,
providing registration/housing information
as well as all program and event details,
was included as a separate item in the
mailing of this EXPLORER.

The meeting marks the first time
Singapore will host an AAPG ICE.

The 2012 meeting theme is “Asia-
Pacific Resources: Fueling the Future,”
and more than 400 oral and poster
presentations have been selected for the
technical program, which itself will be
organized around five areas:

» Exploring and Developing Asia-
Pacific’s Petroleum Provinces.

) Trap, Source, Reservoir and Seall
Definition.

) The Past Is the Key to the Future.

) Facing the Future’s Challenges
Today.

» New Dimensions in Global
Unconventional Resources.

Among the specific areas that will
draw the technical spotlight are looks
at the Asia-Pacific’s shale gas potential,
shale liquids and coalbed methane
plays.

Among the special events that will be
part of the program:

» A Discovery Thinking Forum, an
ongoing presentation of the AAPG
100th Anniversary Committee’s program
celebrating significant discoveries,
will be held as part of the Singapore
technical program — the first time the
event has been part of an ICE.

The forum will feature five speakers
who will discuss “Important Discoveries
and Creative Thinking,” with a special
focus on Europe and Southeast Asia.

Those speakers are:

v Arild Jerstad, exploration
geoscientist, Lundin, who will discuss
“The New Giant Johan Sverdrup
Discovery, Norway.”

v Fred Wehr, exploration and
development manager, Apache, David
Phelps and Eric Phinney, discussing “Two
Deep Mungaroo Gas Discoveries in the
Carnarvon Basin, Australia — Context and
Implications for Further Prospectivity.”

v Bernard Duval, associate professor,
IFP, will talk on “Creative Thinking Led
to 40 Years of Success in Mahakam,
Indonesia.”

v Lawrence D. “Trey” Meckel I,
exploration manager and chief geologist,
Tately N.V., will discuss “Exploring a
19th Century Basin in the 21st Century:
Seeing the North Sumatra Basin with
New Eyes.”

v Sam Algar, vice president-Asia
Pacific exploration, Murphy QOil, will
discuss “Deepwater Northwest Borneo:
Big Oil from ‘Gas-Prone’ Source Rocks
and Leaking Traps.”

) Scott Tinker, director of the Bureau
of Economic Geology and the state
geologist of Texas, will speak at the ICE
Featured Speaker Luncheon, discussing
“The Global Energy Transition: What Will
It Take to Make the Switch?”

» The movie “Switch,” featuring Tinker s ghet e R -5
—and which focuses on the question, 5 -
“What will it really take to make the
transition from oil and coal to alternative
energy sources?” — will be screened as a
special ICE event.

ICE registration and all program
details are available online at
www.aapg.org/singapore2012. 3

For the first time ever, Singapore will be the site of the AAPG International Conference and
Exhibition, which will be held Sept. 16-19.
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he Gulf of Mexico
T was essentially

written off for a
while in 2010 following
the infamous Macondo
well blowout - but,
activity has been
rewing up, albeit with
renewed regulatory
oversight.

Despite the Gulf's
long production
history, much remains
to be learned about
the geology here
—and an ongoing
industry-funded
program conducted
by the Institute for
Geophysics at the
Jackson School
of Geosciences,
University of Texas at Austin (UTIG), is
proving to be a rich information resource
for GOM players who want to add to their
already extensive knowledge of the area.

The 17-year — and counting — Gulf Basin
Depositional Synthesis (GBDS) project is
based on the premise that the GOM basin
is a natural laboratory of sedimentary
processes.

Its objective is to assemble and
synthesize well, seismic and other data to
establish basin-scale depositional history
of the Gulf of Mexico, according to AAPG
member John Snedden, the program’s

Data sorted and syntheszec/
[ ] | .

BY LOUISE S. DURHAM, EXPLORER Correspondent

EXPLORER

newly named director and principal
investigator.

This position previously was held by
AAPG member Bill Galloway, who led the
program along with project coordinator and
AAPG member Patty Ganey-Curry, from its
initiation in 1995 until last February, when
he stepped aside to become part-time
consultant for the effort.

The project’s specific goals are:

» Develop and refine offshore to deep
basin stratigraphic correlations.

) Create a GIS data base and construct
paleogeographic maps.

) Help guide prediction of reservoir

distribution and characteristics.

» Address important scientific questions
regarding the GOM depositional evolution.

“The Gulf basin is a world-class
petroleum system, with more than 900,000
wells drilled on- and offshore,” Snedden
said. “The oil industry currently is gathering
very expensive well and reflection seismic
data in the deepest GOM.

“The basin is a deep hole since the
Triassic, with up to 45 percent of the
continent’s rivers and deltas attempting to
fill it,” he asserted.

“It's a superb geologic record, he
added. “The deep crustal structure is just
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now being illuminated by UTIG and other
refraction seismic studies.”

Putting It In Context

Thus far, the UTIG GBDS team, which
includes university students, has focused on
the Cenozoic-age sediments, which have
sourced many successful discoveries in the
region.

“We rely largely on released well data
and publications about the Gulf —and it's a
huge volume of data — which we sort and
synthesize,” Ganey-Curry said.

“One thing that draws the companies to
fund our project is our ability to organize the
tremendous amount of data from the GOM,”
she said.

Snedden added that another big
attraction is the 20 very elaborate
paleogeographic maps created by
Galloway, which tell a story that helps guide
reservoir prediction first and foremost.

Currently, 24 industry sponsors are
supporting the program monetarily, with
others generously contributing seismic
and paleo data. Many of the sponsoring
companies are international.

Some of these data can morph into
something rather unexpected.

For example, ION Geophysical has put
together a unique seismic line from the
Florida platform across the entire GOM to
offshore Mexico.

See GOM, page 12
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Wolfcamp + Spraberry
-l

VOITIE

By LOUISE S. DURHAM, EXPLORER Correspondent

away from creating new terminology.
Certain drilling targets in the
Permian Basin are a good example.

Think Wolfberry, Strawberry and
Wolfbone, for starters.

The trend here is to come up with catchy
monikers for new plays, which really are a
commingling of production from more than
one formation.

The lower Permian-age Wolfberry,
which is one of the hot items on the players’
current menu, is the designated name for
the packed-limestone Wolfcamp and the

Oil industry players have never shied

overlying Spraberry sandstone combo.
Over the years, the long-productive
Spraberry has acquired a reputation for

“There will be a million acres or
more involved in this play if it’s all
drilled out at 40-acre spacing in this
area, it should recover about three
billion barrels of oil.”

guaranteeing long-term production that is at
least so-so in essentially any location where
it's tapped.

WHEN EQUATORIAL DATA COUNTS...

Tel: (713) 369-5859

Fugro Multi Client Services, Inc.

Email: mhouston@fugro.com
www fugromulticlient.com

WWW.AAPG.ORG

Where the production is uneconomic, the
Wolfcamp may sweeten the pot.

But it works both ways, according to
James Henry, CEO and founder of Henry
Resources LLC in Midland, Texas.

“As you leave the edge of the Midland
Basin (near the Central Basin Platform),
the Wolfcamp gets worse and worse,
and the Spraberry gets a lot better in the
middle of the basin,” Henry said. “But the
Spraberry becomes worse on the basin
edge where the Wolfcamp is economical.

“That’s why we drill both,” he noted.

Henry talked about his company’s
experience in the play as part of the
Discovery Thinking forum at the recent
AAPG Annual Convention and Exhibition
in Long Beach, Calif.

His talk was titled “The Wolfberry —
How It Started.”

He should know: The Midland Basin
has been his company’s turf-of-choice
since 1971, when it began specializing in
the Spraberry.

“It pays to stay in the same basin,”
Henry asserted.

Close to the Edge

Henry noted the carbonate debris
that came off the Central Basin Platform
flowed into the Midland Basin. Toward
the edge of the basin there were larger
chunks of debris, and the lithology was
more porous and cleaner.

In the middle of the basin there are
more turbidites, mudflows and shales.

“After drilling 14 not-very-good wells,
our geology department came up with
the idea to drill close to the edge of
the basin,” Henry said. “So we moved
closer — and also used a new fracturing
technique that our engineers came up
with.

“In 2003, we drilled the Caitlin 2801 in
the Sweetie Peck field in Upton County;
it was the discovery well because it
showed the concept that if you move
closer to the edge of the basin, you get
more production,” he noted.

“We included all of the Wolfcamp,” he
added, “and not just the top and middle,
as Arco had been doing.”

Henry credits the former Arco, or
Atlantic Richfield Co., for the discovery.

“In the late '90s, Arco began adding
the Wolfcamp to the Spraberry,” he said.
“They drilled about 300 wells in Midland
and Upton counties and started trying
different things, like different fracturing
techniques.

Following BP’s purchase of Arco,
Henry ultimately latched onto acreage
through farmouts and such.

“We took a lot of what Arco pioneered
and brought in a consulting engineer
who worked for Arco and helped with the
development of the fracturing technique
out there,” Henry said.

“Arco was starting to figure it out when
they got bought out, and they would have
developed it,” he said. “We took it from
there.

“We leased about 330,000 acres and
have drilled almost 1,000 wells to date in
the Wolfberry,” he said. “Additional wells
have been drilled by other companies.”

See Wolfberry, page 12
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oting continues in the election of
" new officers for the AAPG 2012-13

Executive Committee, but the
deadline to participate looms.

Voting will remain open online
through the May 15 deadline.

Candidate bios, written responses to
the question of why they accepted the
invitation to stand for office plus video
comments from each candidate, filmed
at last year’s AAPG Leadership Days
event in Boulder, Colo., also remain
available on the AAPG website.

The president-elect winner will serve
in that capacity for one year and will be
AAPG president in 2013-14. The vice
president-Sections and secretary will
serve two-year terms, beginning July 1.

The slate is:

President-Elect
1 Donald D. Clarke, geological
consultant, Lakewood, Calif.
0 Lee Krystinik, Fossil Creek
Resources, Arlington, Texas.

Vice President-Sections
(0 Thomas E. Ewing, Frontera
Exploration Consultants, San Antonio.
1 Kenneth E. Nemeth, Schlumberger
Seismic Reservoir Characterization,
Houston.

Treasurer
1 Rebecca L. Dodge, Midwestern
State University, Wichita Falls, Texas.
1 Deborah K. Sacrey, Auburn
Energy, Houston.

GOM

from page 8

“Part of that line is a seismic line shot
by UTIG in 1978 before the Law of the Sea
Treaty, where you can’t acquire Mexico data
anymore,” Ganey-Curry said. “It's a really
valuable offshore seismic line, because
today you can't do that.

“Fortunately, the university kept the old
data, and ION went back to the original
gathers for that seismic line, reprocessed it
and spliced that into the big long regional
line that helps paint the entire picture,” she
noted.

“It's the missing part of the puzzle, if you
will,” Snedden emphasized.

He commented the GBDS program
has been very successful, yielding new
insights into the history of the GOM. It
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provides a context for many recent oil

and gas discoveries there, including the
Miocene play in Mississippi Canyon and
the Paleogene deepwater play in Keathley
Canyon and adjacent areas.

Continual Knowledge Transfer

The UTIG team is not inclined to rest on
its laurels.

Members are now in the information
gathering stage for what is dubbed Phase
IX of this endeavor, which will focus on the
Mesozoic sediments.

Snedden said the incentive to start
working the Mesozoic can be attributed to
two relatively recent deep GOM discoveries
in the Mesozoic:

» BP PLC’s Tiber well at Keathley
Canyon was drilled successfully to the
Cretaceous two years ago, by the now-
infamous Deepwater Horizon no less, and
the well info was only recently released to
the BOEMRE. The well tapped into oil in the
Paleocene and the Cretaceous.

» The Davy Jones #1 well, drilled by
McMoran Exploration on the deep shelf
offshore Louisiana, logged 200 feet of net
pay in multiple Wilcox sands.

“The Tiber went through 15,000 feet
of salt before encountering Wilcox and
Cretaceous, so it was a very risky well,”
Snedden said. “It reached TD at 35,000 feet
in very deep water.

“The salt hides many secrets,” he added.

“It seems that every year there’s a new
discovery and a new play and something
unusual that the companies want to find out
more about, and the GBDS program helps
to support that,” he noted.

“We're always thinking how we can use
our information going forward and always
adding more data,” Ganey-Curry said.
“We've built a big interactive GIS database
with our own tools for doing things like cross
sections and building maps.

“We deliver a lot to the companies for
their participation,” she said. “There are
always questions to be answered, and there
is continual knowledge transfer.” 3

Wolfberry
from page 10

The Price Is Right

There’s another key factor at work in this
big play —the money.

“At the start of 2000, oil was about $20 a
barrel,” Henry noted. “Because it went up,
we could afford to implement these huge
fracturing techniques where we're fracturing
these 10,000-feet-deep vertical wells with a
million gallons of water.

“When this began, the cost to drill and
complete a well was $700,000, and now it's
$1,700,000,” he said. “This is mainly due to
increased costs, such as more fracturing
stages and adding more Wolfcamp and
other formations.

Plays such as this are a big deal for the
players and for anyone who uses anything
even remotely related to oll, i.e. everyone.

“There will be a million acres or more
involved in this play,” he predicted. “If it's
all drilled out at 40-acre spacing, it should
recover about three billion barrels of ail.

“The U.S. Geological Survey said it's the
largest discovery in the last 50 years in the
Permian Basin.”

Henry gave kudos to Dennis Johnson,
president of the company when they began
pursuing the Wolfberry, noting how much he
encouraged everyone.

In fact, the company’s engineering
manager, the late Van Temple, coined the
name Wolfoerry in 2002. 3
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perators’ eyes tend to light up like

Christmas trees when talking about

the Permian Basin, located in west
Texas and southeastern New Mexico.

The basin encompasses an area about
260 miles wide and 300 miles long. Major
subdivisions include the Midland, Delaware,
Pecos and Val Verde basins along with the
Central basin platform, Ozona Arch and the
northwestern, northern and eastern shelves,
according to the U.S. Geological Survey.

The basin once was covered by the
Permian Sea, which was hindered by a
restricted outlet when it began to recede.
The resulting inland sea evaporated over
time in the hot dry locale.

This ultimately led to formation of thick
deposits of mineral-rich sediment, creating
one of the world’s most productive oil regions.

The “USGS Assessment of
Undiscovered Oil and Gas Resources
of the Permian Basin Province of West
Texas and Southeast New Mexico 2007”
report estimated a mean of 41 Tcf of
undiscovered natural gas and a mean of
1.3 Bbls of undiscovered ail in the province.
Undiscovered natural gas liquids tallied a
mean of 1.0 Bbls

Following the initial commercial well
discovery in the Permian Basin in 1921 at
Westbrook Field in Mitchell County, Texas,
exploration and drilling took off. The ensuing
production over the years ultimately peaked
about two million b/d in the early 1970s.
(See related story, page 16.)

The major companies gradually moved
on to bigger opportunities, oil prices
continued to do their usual cyclic thing,
and the Permian’s position as Oil Central
became a mere memory.

The Permian Basin rig count reportedly
tallied a mere 43 wells in 1999, suggesting
the once-roaring giant had been left for
dead.

Fast-forward to today, and there's a
virtual beehive of activity in the basin.

The Permian’s cumulative production of
more than 30.4 billion barrels through 2000,
principally from formations ranging in age
from Ordovician through Permian, clearly is
on the upswing.

Beneath this mostly barren land there’s
a whole lotta bubblin’ crude that's being
produced, in large part from unconventional
plays that often include long-produced
conventional reservoirs as well.

In March the basin rig count had soared
to 470, according to the Midland Reporter-
Telegram.

The giant has been resuscitated.

Various strategies, both old and new, are
being implemented to rev up oil and liquids
production in the current plays:

Waterflooding has long been
successfully applied to reservoirs in the
Permian. Ditto for carbon dioxide injection
using CO, supplies moved via pipeline
from the Sheep Mountain storage facility in
Colorado and Bravo Dome in New Mexico.
This process is said to produce 25 percent
of the basin’s production.

Horizontal drilling is increasingly being
applied, although many new wells tend
to be vertical as in the past. Target zone
geology — and cost — rule in this instance.

Drilling to greater depths below known
producing intervals has yielded increased
production in numerous instances.

44 MAY 2012 WWW.AAPG.ORG

Discovery well at Yates field in the Permian Basin.

Multi-stage hydraulic fracturing in both
horizontal and vertical wells is key to much
of the current successes.

Deeper drilling is responsible for whole
new plays, which have taken on a sort of
kitschy industry-invented nomenclature.
For example, when operators in the long
productive Spraberry sandstone opted
to go deeper to the packed-limestone
Wolfcamp, suddenly there was a
“Wolfberry” play, owing to commingling
production from these zones along with the

Deeper in the heart of
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Continued from previous page

intervening Dean formation.

It gets even funkier, e.g., Strawberry
(Spraberry and the deeper Strawn) and
Wolfbone (Bone Spring and underlying
Wolfcamp). The Strawn occurs directly
above yet another deeper drilling target, the
lowermost Pennsylvania Atoka formation.

In other words, these relatively new
plays in general are a result of drilling into
and beyond a specific producing zone to
deeper hydrocarbon-bearing intervals and
combining production.

These may be conventional reservoirs
or unconventional. For instance, the widely
drilled Spraberry is a tight sand overall
with hydrocarbon-bearing shale zones, as
well as isolated sandstone lenses that are
conventional pay zones.

The key to the Wolfberry play successes
is said to be the ability to use multi-stage

fracturing on multiple zones in vertical wells
and commingling these. The success of
the wells can be attributed to more fracture
stages into deeper wellbores rather than
the size of the fractures, according to

Tim Dove, president and COO of Pioneer
Natural Resources, the Spraberry’s largest
leaseholder, driller and producer and a
major player in the Wolfberry/Wolfcamp.

Going Out in the Cline

Horizontal drilling appears to be
providing a lot of bang for the buck in
varying locales, such as the relatively new
Bone Spring shale play (often dubbed
Avalon/Bone Spring) in the Delaware
Basin in far west Texas and extending into
southeastern New Mexico.

Laterals also have been drilled into the
Cline formation to the east in Glasscock
County where the Spraberry starts to thin,
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and vertical wellbores ordinarily have
tapped the Wolfcamp on the way to deeper
zones, such as the Cline, Fusselman and
Strawn.

The formerly low profile Cline shale,
equivalent to the Cisco, has captured the
attention of Tulsa-based Laredo Petroleum
and, more recently, other operators.

Laredo’s Permian activity is centered
on the basin’s eastern side about 35 miles
east of Midland, Texas, which has long been
dubbed capital of the Permian Basin.

The company’s production/exploration
fairway is about 20 miles wide and 80
miles long. In 2011, it drilled 262 wells (234
operated) on its Permian Basin assets with
a 100 percent success rate on the 239 wells
that were completed during 2011.

“The overall Wolfberry interval, which
is the principal focus of our vertical drilling
activities, is an oil play that also includes a
liquids-rich natural gas component,” said
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Laredo founder, chairman and CEO Randy
Foutch, an AAPG member.

“Prior to our purchase of Broad Oak,
the exploration and drilling efforts in the
southern half of our acreage block were
centered on the shallower part of the
Wolfberry,” he said. “But the emphasis in
the northern half has always been on the
deeper intervals, including the Wolfcamp,
Cline shale, Strawn and Atoka formations.

“We have identified significant potential
throughout our total acreage block for the
entire Wolfberry interval from the shallow
zones to the deepest,” he noted.

Consequently, the company expanded
its drilling program to include a horizontal
component targeting the Cline and
Wolfcamp shales.

“Our Cline shale drilling began after we
conducted an extensive technical review,
including whole core analysis and single
zone testing in vertical wells,” Foutch said.
“We believe the Cline shale exhibits similar
petrophysical attributes and favorable
economics compared to other liquids-rich
shale plays, such as in the Eagle Ford and
Bakken shale formations.

“We have acquired 3-D seismic data to
assist in fracture analysis and the definition
of the structural component within the Cline
shale,” he added.

Eighteen wells were drilled as part of the
company’s Cline drilling program in 2011,
and Laredo had two horizontal rigs drilling in
the program at year-end. Efforts are under
way to optimize well performance according
to lateral length, fracture density, proppant
amounts and pumping rates.

Laredo also has completed six horizontal
wells in the Wolfcamp shale.

“This is all very fast moving,” Foutch
commented. “No one was talking about
horizontal Wolfcamp even 18 months ago.

“We think there will always be vertical
drilling in the Wolfberry, but the results in
the horizontals are such that you'll see
expanding horizontal drilling activity,.

“We were the only ones doing much
Cline work until maybe six months ago,
and now the industry has picked up on it,”
Foutch continued. “We anticipate it will turn
out to be a pretty spectacular world class
horizontal oil shale target.”

Permian player Devon Energy recently
announced an 18 percent increase in
planned E&P spending this year, which
includes $350 million budgeted for the Cline
shale.

A Major Development?

The Permian Basin has long been
heavily populated by smaller companies
like Laredo, veteran-player Henry Petroleum
and the like, which adds to the region’s
allure. Concho Resources snapped up
much of Henry’s Permian assets in 2008
and has become a major producer in
the basin. Concho is among the players
showing interest in the Cline.

Ironically, some of the industry
heavyweights also are finding the
basin to be irresistible, e.g. ExxonMobil
(via its purchase of XTO Energy) and
ConocoPhillips. Independent Occidental
Petroleum continues to be the basin’s
largest leaseholder and oil producer, where
about two-thirds of its production comes
from EOR projects based on CO, injection.

At the end of the day, the Permian
Basin’s current oil and associated
liquids “boom” (yes, you can say it) can
be attributed in large part to the huge
disconnect between crude oil and natural
gas prices.

The now-available technology to
economically stimulate the wells, especially
long reach horizontals, plays a key role in
making this possible. I3
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armian: A

BY J. MICHAEL PARTY

well gave a hint that the Permian Basin

was going to be a major oil province.
That well was the Santa Rita #1 — Santa Rita,
the patron Saint of the Impossible.

There are times when exploring and
operating in the Permian Basin certainly
needed a patron Saint.

To fully understand the history of oil
discoveries in the Permian Basin, one needs
a broad understanding of its geology.

The area encompassing the
Permian Basin, from Ordovician through
Mississippian time, was a large intracratonic
basin, the Tobosa Basin, with the deepest

E ven from the beginning, the discovery
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part located
just to the
west of
Midland.

Uplift at
the end of
the Devonian
and early
Mississippian
exposed
some
sections to erosion.

Shelf margins developed in
the Mississippian, and with the
collision of the South American
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plate with the North American plate at the
end of the Mississippian into the Wolfcamp,
tectonic activity started and the Central
Basin Platform was uplifted in the center
of the Tobosa Basin, creating the Midland
Basin to the east, the Delaware Basin to the
west and the Val Verde Basin to the south.

The uplifting of the Central Basin Platform
during the Pennsylvanian and Wolfcamp
times were conducive for the growth of reefs
and building shelf margins on the edges of
the Delaware and Midland basins, with the
central part of each basin being filled with
clastic and deep water deposits during this
period.

The last major geological development
was the Permian Reef Complex, which
developed rimming the Delaware Basin.

The Sisters Knew Best

The early exploration efforts in the
Permian Basin started in Mitchell County on
the basin’s eastern shelf, with a 10 barrel-a-
day well that opened the Westbrook Field
in 1920.

This set off a frenzy of activity in the
basin looking for the “Big Lime,” or as we
know it today, the Grayburg/San Andres
formation. This became a very attractive
play, especially since the University of Texas
Land System had large amounts of leases
promoters could get cheap for drilling.

In 1921 the Santa Rita #1 was drilled at
a place called Texon — and many stories
have been told as to why this location was
picked.

One story is that they had to spud a well
by midnight, so they offloaded the drilling
equipment from a train and were taking it
to the location when a wheel broke on the
horse drawn wagon. Running out of time,
they set up the cable tool rig and drilled the
water well to extend the lease.

The more accepted story is that Hugh H.
Tucker, a self-taught geologist, had mapped
a structural anticline there nine miles wide
and 30 miles long.

The Texon Company, headed by Frank
Pickrell, decided that instead of drilling
the location two miles from the train track
they would drill 100 feet from the tracks for
convenience. The water supply well was
drilled to save the leases and then the Santa
Rita was spud in August 1921.

Pickrell reportedly climbed to the top of
the rig and sprinkled rose petals that were
given to him by a group of Catholic Sisters
from back east, who had invested in the
drilling deal and told him to christen the
well after the patron Saint of the Impossible,
Santa Rita.

The Santa Rita #1 blew onto the scene in
May 1928. It was possible.

As a side note, story has it that the
original location recommended was a
dry hole. Maybe there was some divine
intervention from the Sisters?

New Methods Arrive

Early activity in the Permian Basin was
mostly confined to where surface mapping,
using Cretaceous outcrops, could give
indication where structures were in the
subsurface.

Transcontinental in 1923 sold a deal
to the Ohio Company, based on defined
surface structures; to earn an interest they
had to drill three wells within three large

See Permian Basin, page 18
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Editor’s note: J. Michael Party is vice president for Exploration

EXPLORER

Reliance Energy Inc., in Midland, Texas and served as president of
both the DPA and the Southwest Section, and was AAPG secretary.
He received the 2000 AAPG Distinguished Service Award.

features for drilling.

Not coincidentally,
several stories were
published about
windows being
broken in West Texas
towns by seismic
crews doing surveys
with dynamite.

In 1938, Gulf
drilled a well into the
large Pennsylvanian

Permian Basin Permia B e
from page 16

amajor oil and gas
producing area.

In 1928 the
deepest well in the
world was drilled in
the Big Lake field
to a depth of 8,525
feet. This well was
productive in the
Pennsylvanian and

lease blocks in Crockett, Upton and Pecos
counties. It was said that no oil existed west
of the Pecos River, and there are stories of
people having stated they would drink all of
the oil found west of the Pecos River.

(This could explain why the Ohio
Company drilled all three wells on the leases

east of the Pecos.) the Ordovician, Reef complex

After the drilling of three dry holes, these ~ opening up a known today as the
leases were surrendered. The leases west whole new round of Horseshoe Atoll.
of the Pecos were about to expire when a exploration. Even after testing the
geologist named Frank Clark convinced the With these deeper Pennsylvania section

Ohio Company to let its subsidiary, the Mid-
Kansas Oil Company, drill the feature west
of the Pecos River.

On Oct. 28, 1926, the discovery well
for the billion barrel Yates Field announced

targeted formations — and since large parts
of the Permian Basin are not conducive to
surface mapping — the use of geophysical
methods such as gravity, magnetic and
seismic could be used to identify structural

and making oil and water, Gulf did not
understand what it had drilled and plugged
the well with no further exploration in the
area. Humble drilled 200 feet of reef while
drilling an Ellenberger (Ordovician) test and
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never tested its well in the reef, which is now
within the Kelly Snyder oil field.

The first discovery in the reef came in
1948 by Sun, and in 1950 Standard re-
entered the Humble well and extended the
now-developing Kelly Snyder Field.

The first commercial producer was
made in the Spraberry Formation within
the Midland Basin in 1948. The Spraberry
became a promoter’s dream — it was almost
impossible to drill a dry hole and it covered
over 800,000 acres, which is aimost the
entire Midland Basin.

The Spraberry formation would see a lot
of drilling — and become the engine for a lot
of personal wealth among small operators
in Midland, as well as the foundation for the
beginning of companies such as Pioneer
Natural Resources.

Pictures and stories abound of
celebrities investing in Spraberry wells
and promoters using photos of scantly to
unclothed women in promotional material,
while the Spraberry got the moniker of the
largest non-commercial oil field in the world.

Good Times, Bad Times

In the 1950s, the basin saw lots of
drilling for both the Pennsylvanian and
the Devonian, with large fields being
discovered in both of these formations.

The Dora Roberts field, located south of
Odessa, was leased by Cities Service Ol
based on the fact it had a large structural
field to the north (Headlee) and to the south
(Pegasus) and, best of all, it was available
for leasing.

With all of this drilling and the
associated gas production, stories are
told of driving in the Permian Basin on the
darkest of nights without headlights as the
skies were lit by the flares from all the oil
production.

As Midland and the Permian Basin saw
major companies leave the area in the
1950s, the Permian was to set yet another
depth record in the late '50s, when the
Phillips University EE #1 was drilled to
25,340 feet. This set off the next big round
of exploration, this time not for oil, but for gas.

Large gas fields were found in the
Delaware and Val Verde basins — one of the
largest was the Gomez field. Early seismic
showed this feature, but because of the
depth and overall size — 10-20 miles across
— it was hard for anyone to believe it was
as large as the early seismic showed. Most
lines came off of the platform and stopped
5-10 miles onto the structure and did not
show the faulting down into the basin.

Several of these deep gas fields on
the early 2-D seismic would not show
the crest of the anticline. Geologists and
geophysicists would make structure maps
using the dips from dipmeters on the flanks
of the structures if available or take seismic
dips from 2-D lines and create structure
maps.

After yet another bust in the early 1980s
— with most major companies pulling out
of the Permian Basin — the late '80s and
early '90s were dominated by small start-up
companies (i.e. geologists, engineers and
landmen who became unemployed in the
bust) using 3-D seismic to hunt for smaller
targets in both the deeper Devonian and
Ellenberger as well as the pinnacle reef in
the Pennsylvanian.

Most experts were writing off the Permian
Basin — it had seen its better days and was
just an old mature basin without much more
to offer. The major companies that were still
active in the basin were managing older
fields and trying to get as much oil as they
could out of them as they could through
secondary and Tertiary recovery methods.

See Historical Highlights, page 42




EXPLORER

levels of smsmlc

 inte terpretatlo

With GeoTeric™, you can extract accurate, multi-layered
subsurface information from seismic data in days, not weeks.

neclogical mhormuison, yoll Cien Tully caplons

within your data, cuthng substantal me from yous

Uncover the full potental o 1] ata and svaluate rase with greatar

confidance, powanng the mos ad, seiamically droven decisions you e ever made

Got i touch now: emal power-on@lGeoTeric.com of visit www.GeoTeric.com

n with Geoleric

WWW.AAPG.ORG

MAY 2012 19




AT

at the University of Toronto, was host for

the Canadian Broadcasting Corporation’s
five-part TV documentary series called
“Geologic Journey — World.”

A first-time TV-show host at that time,
Eyles never could have predicted that
the top-rated CBC-TV series — viewed by
millions of Canadians — would swell the
ranks of his first-year university geology
course from 350 to over 1,000 students.

Created by CBC-TV's “The Nature
of Things,” Canada’s premier science
television program, “Geologic Journey —
World” brought geology into the living rooms
of Canadians, illustrating how geological
processes and society are inextricably
linked.

In conjunction with the television series,
CBC-TV developed a teachers’ resource
guide, which has been incorporated into
the science curriculum by 70 percent of
Canadian high schools.

Telling the Earth'’s 4.5-billion-year story
in a manner that both educates and
entertains the general public is no easy
task, according to Eyles, a geologist who
specializes in glaciology, glacial geology
and urban environmental issues. During a
nine-month odyssey and geologic journey
across every continent save Antarctica,
Eyles and the TV crew visited 24 countries
— narrowly escaping four volcanic eruptions
and six earthquakes.

At ease in front of the camera during his
first television role, Eyles was confronted by
hostile teenagers brandishing AK-47s in the
East African Rift Valley.

In Indonesia, he interviewed a sultan who
claimed to be the intermediary between
a volcano and his people. Equipped with
a gas mask, Eyles braved toxic gases to
peer into the guts of a seismically active
volcano with a recent history of death and
destruction.

“We take viewers on a planetary journey
to meet a lot of interesting people living in
geologically active areas,” Eyles said. “| see
the TV series as a way to reposition geology
in the broader community.

“You're changing peoples’ lives,” he
added, “and they'll never see the planet the
same way.”

In 2010, Nick Eyles, professor of geology

A Story to Tell

According to Eyles, the Earth’s history is
the story of the oceans.

TV program also becomes a teaching resource

By SUSAN R. EATON, EXPLORER Correspondent

EXPLORER

4 4

Photos courtesy of Nick Eyles

Canadian geology professor Nick Eyles, finding ammonites from Jurassic Tethys Ocean marine
sediments in the Khali Gandaki Valley, Nepal, that were caught up between the collision of India
and Asia during the Himalayan Orogeny — and sharing the experience with his TV audience.

l 4 . | '

Canadian geology professor, documentary filmmaker, TV host
and author Nick Eyles received the AAPG Geosciences in the Media
Award during the opening session of the recent AAPG Annual
Convention and Exhibition in Long Beach, Calif.

The award is given in recognition of significant journalistic
achievements and contributions toward the public understanding of
geology and energy resources.

“It's a story of oceans opening,
maturing and dying,” he said. “The Earth
is comprised of super-continents with
400- to 500-million year cycles —they
come together and they break up —and
geologists have recognized three cycles in
the past record.”

According to Eyles, the planet is half-
way through its latest cycle of tectonic plate
reconstruction.

“Geologic Journey — World” followed on
the heels of “Geologic Journey — Canada,”
which aired in 2007.

Eyles, the chief scientific adviser to

Up close and personal: Eyles took TV viewers on a journey to the volcanic regions of Chile,
including an intimate visit to the Chaiten volcano.

“Geologic Journey — Canada,” also has
authored several geology text books,
“Ontario Rocks,” “Canada Rocks” (with
AAPG member Andrew Miall) and
“Canadian Shield — The Rocks That Made
Canada.”

Toronto-based Michael Allder was
the executive producer of “The Nature of
Things” from 1997 to 2010. “It was a huge
feat to film these two television series,”
said Allder, who also was the executive
producer of “Geologic Journey — World”
and “Geologic Journey — Canada.” “The
extraordinary power of nature is humbling.

“The challenge was how to tell this
geologic story, and how to build an
interesting narrative,” he said. “It's far easier
to tell stories about four-legged animals.”

In order to captivate the audience’s
attention, Allder’s crews fimed the Earth
from a helicopter-mounted camera; on
the ground, they used jibs and cranes to
showcase landscapes and geological
features; and in the studio, they combined
video with state-of-the-art 2-D and
3-D animation, which lent itself to time
simulations.

“I think that the audience is there,” Allder
said, “it's just a matter of respecting their
intelligence.”

Around the World

In “Geologic Journey — World,” Eyles
described the perfect storm for Egypt’s
original “Arab Spring.” During Ancient
Egypt, climate change caused droughts
and sporadic flooding of the Nile,
precipitating social upheaval and the first
Arab uprising against the Pharaohs and
high priests.

According to Eyles, many geological
terms — including obsidian, opheolite and
basalt — originated in ancient Egypt and
were later incorporated by the Romans and
Greeks.

In the hunt for gold deposits, Egyptian
Pharaohs paid their teams of geologists in
beer.

Eyles pointed to the world's first
geological map, drawn 3,050 years ago
by geologists of ancient Egypt. The map,
sketched on papyrus paper for Ramses
IV, showed a meandering river in the Wadi
Hammamat in the Eastern Desert of Egypt.

“This was truly the map that changed

See Eyles, page 22
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The big country: One segment of “Geologic Journey — World” gave Eyles the chance to show
viewers the spectacular setting of the Khali Gandaki Valley, Nepal.
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Preparing for an aerial shoot with a high definition gyro-stabilized camera mounted on the nose
of their helicopter. Eyles, left, next to Michael Allder, the series executive director.

Eyles
from page 20

the world,” Eyles said, playing off of Simon
Winchester's best-selling book, “The

Map that Changed the World,” about
William Smith who produced the first
comprehensive geological map of the
United Kingdom in 1815.

Traveling further back in human and
geological time — to the East African Rift —
Eyles described early man, Homo habilus,
as “a handy-man and perhaps the world’s
first geologist.”

Added Eyles: “To make a tool, you've got
to know your rocks.”

Jumping continents to the New World,

Eyles explored the Ring of Fire and Chile’s
Nazca plate, a subduction zone that's
consuming dying oceanic crust and
converting it to continental crust.

“When you melt oceanic crust and
add sea water and sediments,” he said,
“you create andesite with highly explosive
eruptions.”

Eyles visited the Chaiten Volcano located
near the Chile's Pacific Coast — seismically
active, Chaiten erupts with regularity,
spewing pyroclastics and thick, viscous
lava flows that destroy nearby villages.

Equipped with a protective gas mask,
Eyles peered into Chaiten’s caldera, noting
that the volcanic plug was just a year old
and represented “a catastrophe in the
making.”

Interviewing Chileans who lived in

Out of Africa: Eyles’ audience was treated to an aerial look at the stretching of the African plate
to form long, fault-bounded blocks along the East African Rift west of Nairobi.

Chaiten’s shadow and path of destruction,

Eyles asked: “Why do you continue to live
here?”

After a thoughtful pause, one Chilean
man answered:

“This is just as dangerous as living in a
big North American city.”

Engaging Students in Geology

“Geology is having a hard time
recruiting students from high school,”
explained Eyles, who points to the
game-changer in the science curriculum
associated with “Geologic Journey —
World.”

“Geology gets a bad rap in the media,

but mining and the oil and gas industries
are fundamental to our society,” he said.

“CBC-TV no longer looks at geology as
a source of society’s problems,” he added.

Eyles has restructured the teaching
format for his first-year geology course,
closely following the “Geologic Journey —
World.” Given the urban and multi-cultural
make-up of today’s student population, he
said the television series offers a new way
to teach first-year geology at university.

“We go on a world trip during the
university lecture series,” Eyles said. “The
students like it because you've got people
who live in these risky geological areas,
and it puts a human face on geology.

“Risk is relative,” he added. “The
audience (including his university students)
isn't listening to the professor — rather,
they’re listening to the stakeholder telling
his story.” I3
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Editor’s
at the Ameri

note: Aaron Rodriguez is the AAPG/AGI spring intern

can Geosciences Institute. He is a student at
Southern Utah University in Cedar City, Utah.
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By AARON RODRIGUEZ

eology’s role in unconventional
G natural gas production (via

hydraulic fracturing and
directional drilling) often is overlooked
by the public, but it is a key factor in
ensuring that natural gas production is
efficient, economic and environmentally
responsible.

Not all shale gas formations in the
United States are created equal, so it is
important that the public understands
the differing geology and the advancing
technology, while regulators provide
appropriate protections that the public
has confidence in.

Last month’s (April EXPLORER)
Washington Watch column compared
the rules and regulations for hydraulic
fracturing in different states. This
month, for comparison purposes,
the geology and hydrology of the
Marcellus Shale formation, Barnett
Shale formation and Wind River Basin
are paired with some of their respective
state regulations.

Regulatory differences are noted
in the “Fact-Based Regulation for
Environmental Protection in Shale
Gas Development 2012,” The Energy
Institute, by AAPG member Charles G.
“Chip” Groat and Thomas W. Grimshaw.

RODRIGUEZ

(primarily Upper Cretaceous to
Eocene sandstones with interfingering
conglomerates and mudstones)

and deeper source rocks (primarily
Cretaceous shales) at depths from
1,000-5,000 feet. There are no
significant impermeable layers above
the source rocks, so gas can migrate.

) The Barnett Shale of the Fort
Worth Basin in Texas is a classic
and immense source of natural gas
production. Initially gas was extracted
from shallower reservoir rocks (primarily
Pennsylvanian conglomerates) and
now with hydraulic fracturing, gas is
extracted from source rocks (primarily
Mississippian shales) at depths of
6,500-8,000 feet. Overlying relatively
impermeable layers of limestone help
to constrain the gas to the reservoir and
source rocks.

» The Marcellus Shale in the
Appalachian Basin, extending through
multiple states, is a relatively new play.
The source rock, Middle Devonian

The Geology

» The Pavillion Field of Wyoming’s
Wind River Basin is extracting natural
gas from shallower reservoir rocks

10 he(
4 4. 4

It is essential that the geology,
hydrology and meteorology be
considered when devising or
revising regulations.

Marcellus Shale, is overlain by more
impermeable shales and limestones,
which helps to constrain the gas until
hydraulic fracturing is used to extract it
at depths of 4,000-9,000 feet.

Given the general geology of these
basins, it is clear there is little possibility
of any groundwater contamination in
the Barnett or Marcellus Shale from
hydraulic fracturing because:

v The sources are deep.

v There are impermeable capping
layers.

v/ The aquifers used for water
consumption are distant.

There is a greater possibility of
groundwater contamination in the Wind
River Basin, because there the reservoir and
source rocks are shallower and closer to
aquifers being used for water consumption.
Contamination would only be possible,
though, through improper hydraulic
fracturing operations, because regulations
are in place to protect groundwater.

Casing

» Regulations in Wyoming require
casing depths for hydraulic fracturing
drilling to be “Below all known or
reasonably estimated utilizable
groundwater,” as regulators understand
that usable aquifers and reservoir rocks
occupy the same geologic units in a
sometimes complex way.

) Regulations in Texas require a
casing depth “set and cement sufficient
surface casing to protect all usable-
quality water strata.”

» Regulations in Pennsylvania and
New York call for casing depths at 50-
100 feet or into “bedrock,” “whichever is
deeper,” recognizing that usable aquifers
are shallow and the bedrock can serve
as an impermeable barrier without casing
to reach the much deeper source rocks.

While groundwater contamination from
hydraulic fracturing in these three basins
is unlikely, there is greater public concern
about the amount of water needed for
hydraulic fracturing and how to store
flowback waters.

Source Water
» Regulations regarding the amount

and source of water used in hydraulic
fracturing for the Marcellus Shale varies,

See Fracturing, page 28
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gas professional societies will launch

the Unconventional Resources
Technology Conference (URTeC) Aug.
12-14, 2013, at the Colorado Convention
Center in Denver.

A joint venture between AAPG, the
Society of Petroleum Engineers and the
Society of Exploration Geophysicists,
URTeC will bring together for the first
time the key disciplines and technologies
engaged in the development of North
American unconventional resource plays.

“URTeC will offer multidisciplinary
technical and applied science sessions of
broad interest,” said SPE President Ganesh
Thakur, “and the accompanying exhibition
will showcase cutting-edge developments

Three of the world’s leading oil and

in applications such as horizontal drilling,
fracture technology, testing, logging and
geophysics.”

“Successful resource plays demand
a multidisciplinary approach; it's the way
we're all working,” said SEG President
Bob Hardage. “Geology, geophysics and
engineering are essential components, but
individual expertise is no longer enough.
In order to effectively develop these
resources, our members must collaborate
across disciplines. URTeC is designed to
support that objective.”

The URTeC concept was developed
with direction from an industry advisory
group led by representatives from
Chesapeake, Devon, Anadarko, Shell,
Statoil, ConocoPhillips, Schlumberger and

many others.

“The oil and gas industry has been
encouraging AAPG, SPE and SEG to
collaborate in this area for some time,” said
AAPG President Paul Weimer. “Although
our societies frequently work together,
URTeC may rank as our most significant
joint venture in the United States since
we all joined the Offshore Technology
Conference in the late 1960s.”

Collectively, the three societies
represent more than 170,000 members
worldwide.

Recruitment for the URTeC technical
program committee is under way. For more
information and/or to participate on the
committee visit the URTeC website at
www.urtec.org.
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Fracturing
from page 26

based on different watersheds, water
commissions and states.

The toughest restrictions are enforced
by the Susquehanna River Basin
Commission, which requires approval
for any surface or groundwater used in
hydraulic fracturing.

The Delaware River Basin Commission
requires approval for any surface or
ground water in excess of 100,000
gallons per day. The restrictions
are strict because there are large
population centers and large agricultural
communities that tap into surface and
groundwater resources.

) In Texas, regulations require
disclosure of the total volume of water
used in the hydraulic fracturing, but not
the source of the water.

The Barnett Shale play is next to
Dallas-Fort Worth, and there is concern
about depleting the main aquifer used
for drinking water in the area, so tracking
water use will help with water resource
management.

» Regulations for Wyoming mandate
that the source and depth of water supply
wells within one quarter mile of the drill
site be identified before drilling, but no
reporting of where and how much water
is used for the hydraulic fracturing is
required.

Again the primary concern is to avoid
any possible contamination of local water
wells for a relatively small population of
water users.

Flowback Water

The storing of flowback waters
depends to some extent on the hydrology
and climate of the three regions.

» In the humid East, regulations tend
to be stricter because surface waters are
used for drinking, and water in storage
pits does not evaporate as quickly as in
arid regions.

The strictest regulations in New York
require flowback water to be stored in a
tank.

Pennsylvania has the second strictest
regulations requiring that a high-grade
seal line the bottom of any above ground
pits.

» Wyoming requires tanks only where
groundwater is less than 20 feet below
the surface — otherwise an operator can
store the flowback water in a pit with a
specific grade liner.

) Texas requires operators to prevent
pollution of surface or ground waters
from storage pits, but has no specific
regulations for the pits.

R

As unconventional gas production
(via hydraulic fracturing and directional
drilling), which is common in the arid
West and semi-arid Midwest, becomes
more prevalent in the humid East, it is
essential that the geology, hydrology
and meteorology be considered when
devising or revising regulations.

Generating energy resources while
protecting water resources benefits from
sound geoscience, but geoscience is not
the only factor used in devising oversight
policies.

Population density, economics, other
industries, political boundaries, social
issues and land and water use patterns
are contributing factors that cannot be
ignored.
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The Geophysical Corner is a regular column in the EXPLORER, edited
by Satinder Chopra, chief geophysicist for Arcis Corporation, Calgary,
Canada, and a current AAPG-SEG Joint Distinguished Lecturer. This
month’s column deals with synthetic seismograms.

CORNER
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By BOB A. HARDAGE

he traditional tool interpreters have
T used to establish correspondences
between subsurface stratigraphy and
surface-measured seismic data has been
synthetic seismograms calculated from well
log data.

In some instances, however, it is difficult
to create an optimal-quality match between
a synthetic seismogram and seismic data.

We consider here possible geological
reasons why poor matches sometimes
occur — particularly in stratigraphic intervals
where rock properties change laterally.

EE

Figure 1 — A stratigraphic condition illustrating why
a synthetic seismogram response may not look
like surface-recorded seismic data. The width of
the sand body is approximately the same as the
dominant wavelength ) of the illuminating seismic
wavefield, thus the sand body is a point diffractor,
not a reflector, and no seismic reflection event

is present. Because log data acquired in the well
measure rock properties extending only a meter
or so from the wellbore, a synthetic seismogram
calculated from these logs will indicate impedance
changes at interfaces A and B at the top and base
of the sand and show a bold reflection evens from

these two interfaces.

Consider the stratigraphic condition
diagrammed on figure 1. Here a well
penetrates a sand body that has a lateral
dimension less than that of the dominant
wavelength A of an illuminating seismic
wavefield.

Because sonic and density log data . —
acquired in the well indicate a change in -'+*r;_p.;' Ll
acoustic impedance at the top and base
of the sand unit (interfaces A and B), a
synthetic seismogram calculation using : |
these logs will create a seismic reflection at !
the top and base of the sand.

However, surface seismic data will not

il Boie

Figure 2 — A second stratigraphic condition
illustrating why a synthetic seismogram
response may not match the reflection response
seen in surface-based seismic data. The gap
between the sand bodies is of the order of

the dominant wavelength \ of the illuminating
wavefield. Thus diffractions span the gap and

tend to leave the impression of a continuous
reflection event, even on migrated seismic
sections. However, log data acquired in the well
do not measure an impedance change, and a
synthetic seismogram calculated from these
logs will show no reflection.

show such reflection events, because the
lateral dimension of the sand body is too
small to create a reflected wavefront. For
a seismic wavefield having a dominant
wavelength A, the sand body along this
particular profile is a point diffractor, not a
reflector.

You may see a diffraction in unmigrated
seismic data, but after the data are migrated
the sand body probably would appear as
only a mild amplitude variation on one or
two data traces — and would be ignored by
an interpreter.

AAPG Summer Sale

All items are while supplies last,

come, first served. Allow up:

May 25 and 11:59 p.m. on Tuese
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Orders placed through one of our
overseas distributors will not be hono
at the sale price. '

Visit our Online Bookstare:

Bookstore.aapg.org
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The principle illustrated by this example
is that a synthetic seismogram will imply a
reflection should be at the depth of the sand
body, but migrated seismic data would
not. This difference exists, even though
the log data are correct and the synthetic

seismogram calculation is accurate,
because log data measure rock properties
within only a meter or so of a wellbore.

In contrast, a seismic wavefield averages

Continued on next page
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Editor’s note: AAPG member Linda Doran is a teaching
assistant at California State University, Northridge.

By LINDA DORAN

ust as California petroleum exploration

and production are expanding, the

AAPG-SEG West Coast Student Expo,
held annually at California State University,
Northridge, is gathering momentum.

The annual West Coast expo is one of
six AAPG-SEG expos held each year, with
this year’s event set Oct. 11-13. (See box
for other upcoming 2012 student events.)

Last year's Expo attracted 30 percent
more students than in 2010, with the
increase comprising mostly master’s level
students. Yet, even though the quantity
and quality of participants is on the rise, a
handful of industry participants have the
applicants all to themselves.

“It's basically a gold mine of access
to students,” said AAPG member Terry
Thompson, senior staff geologist with
Chevron North America Exploration and
Production. “One of the big advantages to
Chevron is that most of our industry peers
haven't really found out about it.

“| truly believe it's in the best interest of
Chevron to have more companies there
because that, in turn, will attract an even
larger pool of high-quality candidates.”

Chevron was one of the West Coast
event's founding in 2008. Five companies
— Aera Energy, Chevron, Occidental,
Conoco Phillips, and Microseismic —
sponsored the 2011 Expo. Past industry
participants have included BHP Billiton,
Encana, Exxon-Mobil, Schlumberger, Swift
and Venoco.

Each year the venue has improved,
drawing a higher caliber of students from
a wider geographic area and a broader
range of colleges, Thompson noted.

The 2011 student poster session
was exceptional, he added — and AAPG
member Cynthia Huggins, a geologist with
Aera, agreed.

Southern California applicants
represent a “wonderful mix of gender and
culture that is just about to make it into the
work force,” Huggins said.

Overall, a total of 107 students
registered for the event, representing 24
schools in nine states. They presented
research posters, submitted résumés
and met with industry representatives to

West Coast Student Expo Set |

discuss employment opportunities.

“I think it was a wonderful event,” said
AAPG Student/YP member Lisa Alpert,

a doctoral student at the University of
Southern California. “I got a job out of it. |
met some people from Aera Energy and |
recently started working for them. And it's
all because of the Expo.”

In a post-event survey, student
participants gave high marks to the
meeting facilities, food and refreshments,
and a local hotel that offered discounted
rates to those traveling to the event from
outside the Los Angeles area.

Alpert offered advice for students
interested in careers in the petroleum
industry:

) Present typo-free posters about their
research.

) Put some time and effort into giving
engaging oral presentations.

) Bring résumés and present them
in person, even though they may have
submitted them electronically prior to the
event.

“It took people by surprise that | had
résumés to hand out,” she said. “l was
surprised that people were surprised.”

Beyond receiving potential job offers,
students benefit from talking with earth
science professionals working industry,
said Thompson. They get guidance
regarding course direction, participation
in the AAPG-sponsored Imperial Barrel
Award competition and involvement in
AAPG student chapters.

In a special luncheon ceremony, six
participants won prizes for their poster
presentations. Alpert took first place in the
geophysics category, followed by AAPG
Student members Chad Severson of UC-
Riverside and Lee McAuliffe of USC in a tie
for second place.

In the geology category, first place went
to Scott Mata of USC and second place
went to Elizabeth Seal of CSU Fullerton
and AAPG Student/YP member Jozi del
Angel of CSU Northridge.

For more information on the AAPG-SEG
West Coast Student Expo and the other
Expo events go to
students.aapg.org/expo/index.cfm.

Two international AAPG Student
Chapter events are planned for May:

) The first annual College Symposium
of Petroleum Geology, Geophysics
and Metallogeny, set May 22-25 at
the Industrial University of Santander

in Bucaramanga, Colombia. (www.
simposiogeologiauis.jimdo.com)

) The third International Geosciences
Student Conference, set May 29-31 at the
Continental Hotel Belgrade, Belgrade,
Serbia. (www.3igsc.com)

Continued from previous page

rock properties over an appreciable
area having a diameter of the order of its
dominant wavelength A.

EE

The reverse of this situation also can
occur — that is, a synthetic seismogram can
indicate no reflection is present at a depth
where surface seismic data show a bold
reflection.

A stratigraphic condition that could
create such a discrepancy is illustrated
on figure 2; here a well passes through a
gap having a dimension of the order of A
between two laterally extensive sands.

Because log data acquired in the well
indicate no impedance changes over the
depth interval local to the sand bodies,

a synthetic seismogram calculation will
produce no reflection event. However, both
migrated and unmigrated seismic data will
show a reasonably continuous reflection

WWW.AAPG.ORG MAY 2012 31

event across the well position, with perhaps
a slight amplitude anomaly at the well
coordinate.

Again, the log data are correct, the
synthetic seismogram calculation is correct
and the seismic data are correct — yet the
synthetic seismogram and the seismic data
do not agree.

The difference is caused by the fact that
log data measure geological properties over
a distance of one meter or less, but seismic
data respond to geological properties over
a distance of several tens of meters.

If one-meter geology is significantly
different from 50-meter and 100-meter
geology, there often will be mismatches
between synthetic seismograms and
seismic reflection data.

(Editor’s note: Bob A. Hardage is
senior research scientist at the Bureau
of Economic Geology, the University of
Texas at Austin. He was the past editor of
Geophysical Corner, and is currently serving
as president of SEG.) I3
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Editor’s note: Regions and Sections is a regular column in the EXPLORER offering

O news for and about AAPG’s six international Regions and six domestic Sections. This
o month’s column is by Joe Ejedawe, with Ejedawe and Partners Nigeria Ltd., in Warri,
5 Nigeria, and immediate past Advisory Councilor for AAPG’s Africa Region.

andSECTIONS

By JOE EJEDAWE

il production in Nigeria started in
0 1958 after the discovery of Oloibiri

oil field in 1956. Today Nigeria is
ranked sixth in OPEC and fourteenth in
the world in the league of oil producers,
and has a reserve
base of about 70
bboe.

All of Nigeria’s
productive capacity
is from the Tertiary
Niger Delta Basin,
in which some
1,300 exploration . .
wells have been e
drilled. While most EJEDAWE
of the onshore and
shallow offshore concessions are held
by multinationals under a joint venture
(JV) agreement with a memorandum of
understanding that guaranteed a profit
to the operator depending on the price
of oil, the deepwater concessions are
held under various production sharing
contract agreements.

Exploration in the Niger Delta has
waned over the years, primarily because
of difficulties in onshore operations due
to community-related disturbances,
including militancy and industry
unwillingness to invest as a result of
perceived poor operational terms.

In the past several years, the
government's stated objectives of
building local E&P capabilities in the
areas of operatorship — as well as

increased local content, encouragement
of new entrants to the exploration scene,
expropriation of inactive assets of JV
license holders and creation of co-
ventures and partnerships through award
of marginal fields or blocks to indigenous
operators — are additional operational
elements to enhance exploration
activities.

The Petroleum Industry Bill currently is
being discussed in the Nigerian Senate
and House of representatives.

After 54 years of oil production and
failure to achieve the 2010 aspiration
of four million bopd, it is pertinent to
examine past performance of exploration
drilling to gain some insight into future
potential.

Of the Niger Delta’s 1,300 exploration
wells, 822 have been drilled onshore,
412 in the shallow offshore and 82 in the
deepwater (see figure).

For this column, the Middle Miocene
Play will be examined in order to illustrate
the application of the well look-back as
an indicator of the basin’s future potential.

Geological Background

The Niger Delta is a self-contained
petroleum system with source rocks
described at discrete levels: the Eocene,
the Oligocene and Lower Miocene. The
Paleocene and the upper Cretaceous may

Niger Delta structure and play subdivision; numbers indicate total number of wells drilled in

tructural belt. .
each play and structural be See Niger Delta, page 34
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Niger Delta
from page 32

also constitute potential source rocks, but
their contribution to the Niger Delta oils is
not proven.

Onshore, the delta is divided into five
extensional depobelts: Northern Delta,
Greater Ughelli, Central Swamp, Coastal
Swamp and Shallow Offshore depobelts.
Sediments contained in these depobelts
become progressively younger seaward.

In deep water, the delta is divided into
three structural belts: Inner Thrust Belt, Fold
Belt and Outer Thrust Belt, developed in a
compressional regime.

Some nine plays have been penetrated
in the Niger Delta.

Onshore, the plays are developed
in association with conventional delta

shoreface and shallow marine reservoirs,
while in the deepwater the plays are
developed in turbidite sands (figure 4).

Each well penetrates no more than
two or three productive plays, principally
because of the progradational nature in
the evolution of the delta. In the deep water
however, the plays are vertically stacked,
with several plays capable of being reached
in each well.

Recognition of this play distribution also
determines, to a large extent, the target
objective plays in each structural belt. Thus,
in the Northern Delta depobelt the primary
objective play is the Middle Eocene, while
in the Coastal Swamp depobelt the primary
play is the Middle Miocene.

In each case, the younger section is
developed in predominantly continental
facies that lack seals and traps, and may
have been shielded from charge by regional
seals below.

Middle Miocene Play Results

The Middle Miocene play is one of the
Niger delta’s most prolific, and is developed
in the North and Central belts of the Coastal
Swamp depobelt and in the eastern part of
the Shallow Offshore depobelt.

To date, 331 exploration wells have been
drilled to test the Middle Miocene as primary
or secondary objective, with a success rate
of 67 percent. The level of full penetration
onshore is only about 18 percent, an
indication of remaining potential yet to be
explored in the deep play.

In contrast, in the deep water, the level
of penetration is almost always full. Here,
the Middle Miocene has been penetrated in
almost all the wells, as it is often targeted as
part of the vertical stack of plays.

While the Middle Miocene is primarily
restricted to the Coastal Swamp depobelt,
it also is highly productive in the eastern
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part of the Shallow Offshore depobelt. This
part of the Shallow Offshore is adjacent to
a very narrow shelf area further updip, and
this may have created favorable conditions
for development of shelf collapse features
feeding reservoirs into a slope environment
down dip.

Also, this is a zone of development of
complex duplex thrust structures bringing
these reservoirs to shallower levels. Other
departures from the norm may exist
elsewhere in the older depobelts.

Overall Play Elements

Reservoir presence is usually not an
issue in the Niger Delta’s Middle Miocene,
where onshore reservoir facies are
developed in shelf sands and, in deep
water, in turbiditic and slope facies sands.

There also is ubiquity of traps of various
types. Here again, a distinction is made
between the onshore, where most of the
traps are structural (growth fault related
rollover anticlines), and the deep water,
where the traps almost always have a
stratigraphic component in association with
compressive structures.

Seal development is represented by
top seal and fault seal (juxtaposition and
shale smear) components, depending
on the structural type and the depth of
occurrence.

Examination of data for the Niger Delta
shows that well failure is attributed to the
following factors:

) Fault seal failure — perhaps the most
prevalent form of failure in the Niger Delta.
) Lack of a valid trap, which may be

due to several factors:
v Poor trap definition, especially if
drilled on 2-D seismic.
v Well positioned off structure.
v Change in structural culmination
with depth (for wells drilled before
deviation drilling).
v Structural complexity and inability
to reach target with a vertical well.
v Absence of stratigraphic pinch-out
of the target.

» Poor reservoir development — more
prevalent in the deep water and in deeper
parts of the onshore.

» Migration by-pass.

* Kk *

Figure 2 is the play analysis summary
for the Middle Miocene — a shorthand
depiction of the combination of the four
elements of reservoir, seal, charge and
trap for each well in the middle Miocene
Play of the Niger Delta.

This summary and the underlying
database in ArcGIS provide a one-stop
location of legacy data on well results for
any play and any block in the Niger Delta.

The compilation includes the usual
IHSE well data, the post drill analysis
evaluation and the various data sources. It
forms the foundation on which future more
detailed analysis can be based, and it will
require regular updates as more wells are
drilled.

The low level (18 percent) of full
penetration of the Middle Miocene
onshore is an indication of the potential
in the onshore deep play. This conclusion
is true for the other eight plays in the
onshore Niger Delta, and clearly indicates
a potential for a deep play exploration
frontier.

Accessing these levels depends on
technological advancement, both in
imaging these depths and in drilling over-
pressured intervals. Conceptual models
of the depositional model for these depths
need to be tested in order to incrementally
de-risk the opportunities. i3
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By COURTNEY CHADNEY, EXPLORER Correspondent

et's make a deal.
That's not just the title of a TV game

show. Knowing how to do it can be the
key to having a successful career.

For some, deal making comes easy.
For some, it's the biggest challenge they'll
ever face.

For all, it's a skill that can be honed and
refined.

In his book, “Only the Crazy and Fearless
Win BIG! The Surprising Secrets to Success
in Business and in Life,” author Arthur Wylie,
identifies six helpful keys to deal making in
any industry.

Those keys involve:

“ProTracks” is a new ongoing feature of the EXPLORER,
offering news and information pertinent to getting

started or getting better in your career.

» Knowing your value.

) Personal relationships.
) Getting buy in.

» Being humble.

“It separates young professionals

that want to fast track their
career in a very challenging and
competitive economy.”

» Finesse.

) Swagger.

) Tying it all together.

“Deal making is a craft that, when

With reservoirs becoming increasingly complex, you need the most
accurate information you can get to better understand your reservoir.

Waalterford Lats heips you el mone from your oore by comibining an unsurpassed global
edem 0T paoscielicls, enginsen, Ischnicitnd and eoeanchars wilh the indestny’s mos]
comprohansnm, inlngraled aboralory servieess workdwide, From corg amalyss, somplion,
geochemiEtry and Eolbpic comgoaition io dstaled basin modaling and comprétsensive dals
packages, wo provice you with real reservoir rock and fuid information thal hasn't baen
distilled by & simulalor oF Rerabed by salbaare.

v
Weatherford

LABORATORIES

weatherfordlabs.com

We call it *The Grosind Truth™ — ghing you e SEcurale answers you nised for betioer
reservoir understandng. You'll call it a befler return on your mesenoir investment, To lBarn
maade, contac! Thebround Truth@weatherfordlabs.com.
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done well, requires a skillful, visionary and
inspired application of key principles and
methods to create a desirable end result,”
Wylie said.

Wylie believes everyone needs to
be able to negotiate and make deals
successfully in their everyday life, but
this skill is especially important to young
professionals.

Think about it: interviewing for that
first job or internship, increasing your
current salary, negotiating grant or project
development money, adding positive
business relationships to your network or
even buying your first home or car.

Most importantly, it can give a young
professional the edge:

“|t separates young professionals that
want to fast track their career in a very
challenging and competitive economy,”
he said.

A Voice of Experience

AAPG Young Professional member
Felipe Medellin, a consulting geologist for
BeicipFranlab in Cajica, Colombia, is an
example of a young professional whose
career has been fast-tracked due to his
ability to make deals for his company.

“My very first experience related to
sales projects was at last year's AAPG
Imperial Barrel Award competition,”
Medellin said. “At that time, my team and |
(Universidad Nacional de Colombia) had
to sell our prospect to a high quality panel
of geologists, geophysicists, petroleum
engineers and managers.”

Medellin believes identifying this talent
and performing a negotiation/deal making
role for his company has allowed him to
improve faster and stand out more in the
company, especially when it comes to his
interpersonal skills.

“The ability to spend time and reunite
with several CEOs, managers and technical
specialists in different companies in the
oil and gas industry will give you enough
support to work with people in all levels with
different goals,” he said.

“You can be known from the very
beginning of your career as a person who
can handle different issues, and who can
face challenges from technical topics to
business environment,” he added.

So, how does the academic advice
presented by Wylie mesh with the real-world
reality of a working young professional?

Know your value.

First, know your goal, Wylie says. What
are you trying to accomplish? While you
cannot predict every possible result that
the other party desire to reach, you can be
in control by showing them what you can
offer or do.

“This means researching all the
potential benefits and ways that your idea,
product or service could help the other
party,” Wylie said.

“Know it, own it, control it,” is Wylie's
slogan.

Medellin's take: “Knowing your value
can be the easier key, but the challenge is
to provide that information or knowledge to
your clients or board team. This topic is all
about learning how to express yourself.”

Personal relationships.
People need to feel comfortable when
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There at the beginning. Here for the future.

When you think of petroleumn engineering and petroleum geology/geophysics
programs, the University of Oklahoma's Mewbourne College of Earth &
Energy might be the first college that comes to mind, and it should be.

Home to the world's first school of Petroleum Geology, granting the first
degree in 1904

Home to the world's first school of Petroleum Engineering

Alma mater to more petroleum engineers and petroleum geologists than
any program in the world T
0OU is alma mater to eight Society of Petroleum Engineers (SPE) M

past presidents, eight American Association of Petroleum Geologists GE OF EEH&EHF:Ith{JY
(AAPG) past presidents and five Society of Exploration Geophysicists i

(SEG) past presidents. ) i ?

www.ou.edu/mcee Real education for the real world,

L
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Dealing
from page 36

doing business, so conveying to the other
side who you are as an individual — along
with where your values lie — will make them
trust you more.

“You learn about them; they learn about
you,” Wylie said about relationships. “It's
a two-way street. Both parties must feel a
chemistry of sorts.”

Wylie believes deals can close very
quickly and effortlessly when people have
come to know and trust you, or if there is a

Everyone needs to be able
to negotiate and make deals
successfully in their everyday life,
but this skill is especially important
to young professionals.

WA

15 1 (.

industry is a small network, you can know a
large professional spectrum quickly.”

To establish relationships quicker, find
commonalities — like sports, educations

and rational thinking, but gut instincts,
comfort level, emotions, feelings, aptitude to
learn, risk tolerance, ego, past experiences
and perceived consequences and

good reputation that precedes you. or hobbies. Understand what values are rewards.”

To Medellin, this is the most important important to them in life and business In other words, don't give them a reason
key. by looking at their history. And allow the to dislike you.

“If you know most of the board or other party to express themselves without
customer’s needs, it could be easier to find interruptions. Get buy in.

the way to involve people in your project,”
Medellin said. “Since the oil and gas

BECAUSE IF YOU BOTH WORK,
YOU BOTH NEED LIFE INSURANCE.

“Other decision-making factors are not
always based on the facts, hard evidence

This part can be a challenge — but
remembering the WIIFM factor can help.

4
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WIIFM is “What's in it for me,” and it
needs to be made clear to the other party.

“A critical step in artful deal making is
to convey and articulate your vision of the
outcome in such a way th