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Abstract

Surface geochemical exploration for petroleum is the search for surface or near-surface occurrences of hydrocarbons and their alteration
products. It has been well documented that most oil and gas accumulations leak, that this leakage is predominantly vertical (with some obvious
geologic exceptions), that it is dynamic, and that this leakage can be detected and mapped using any of a number of direct and indirect
methods. Hydrocarbon microseepage surveys in deserts require careful planning and implementation. Microseepage data are inherently noisy
and require adequate sample density to distinguish between anomalous and background areas. To optimize the recognition of a seepage
anomaly, the sampling pattern and sample density must reflect survey objectives, expected size and shape of the target, expected variation in
surface measurements. Defining background values adequately is an essential part of anomaly recognition and delineation. Under-sampling
and/or the use of improper analytical techniques is a major cause of ambiguity and interpretation failures. Desert environments are well suited
for hydrocarbon microseepage surveys. Results of microbial and soil gas surveys in the deserts of Algeria, Tunisia, Egypt, Yemen, and Oman
are presented here. These results illustrate the value of hydrocarbon microseepage data for high-grading basins, plays, and prospects. Surveys
in Algeria and Tunisia document hydrocarbon microseepage to the surface in spite of the presence of 200400 meters of halite above Triassic
reservoirs, and the composition of the migrating hydrocarbons correctly predicted the composition of the reservoired hydrocarbons. In Oman,
samples were collected from along more than 2900 line kilometers of seismic lines to high-grade seismic leads and prospects, and identify
areas that warrant further evaluation. The Yemen survey illustrates the use of geochemical ground-truthing of possible seep-induced remote
sensing anomalies. Results from surveys in Egypt, Yemen, Oman, and Algeria successfully discriminated prospects on basis of likely
hydrocarbon charge. Geochemical exploration surveys, such as these, require close sample spacing and are most effective when results are
integrated with subsurface data.
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Why Microseepage Surveys?

Most Accumulations Leak Hydrocarbons
Leakage 1s Predominantly Vertical

Leakage 1s Dynamic (1-3 m/day)

Provides Direct Detection of Hydrocarbons
Detection of Hydrocarbon-Induced Alterations
Methods Have Minimal Environmental Impact

Prospects with Seepage Anomaly are 4-6
times more likely to result in a discovery
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Hydrocarbon Detection Methods

REMOTE SENSING, SATELLITE IMAGERY

- detects hydrocarbon-induced alteration, oil slicks
AEROMAGNETICS, MICROMAGNETICS

- detects hydrocarbon-induced alteration
SOIL GAS, FLUORESCENCE, HEAVY HCS

- measures hydrocarbon concentration
MICROBIOLOGICAL

- measures HC-oxidizing bacteria
BIOGEOCHEMICAL, GEOBOTANICAL

- trace elements, vegetation stress
ELECTROMAGNETIC, TELLURIC

- oil/gas presence, depth, thickness



Survey Design Considerations
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= Survey Objectives

= Target Size, Shape

= Geologic Setting

= Topography, Vegetation
® Logistical Considerations
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= Ability to Sample Along, Between

Seismic Lines
= Geologic Analogs for Calibration
" Permitting; Environmental Issues
= Prior Experience



Survey Objectives

eReconnaissance Surveys
Mali, Chad, Sudan, Ethiopia, Egypt, Kazakhstan

eProspect Generation, Prospect Evaluation
Algeria, Tunisia, Sudan, Oman, Yemen, Egypt

Saudi Arabia, Iraq, Turkey




pecific Objectives of Surface Ge_ochemical Surveys
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Exploration Examples




ALGERIA, SBAA SUB-BASIN

#' intervals along existing seismic lines r- Survey Objective
' High-grade seismic prospects on basis of
probable hydrocarbon charge.

Samples collected at 250-500 m intervals
along seismic lines using the Microbial and
Soil Gas methods.
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TUNISIA, Ghadames Basin

To evaluate a possible stratigraphic pinch-out S
of TAGI sands, Both the GMT microbial survey i il

and the GORE survey identified the same
seepage anomalies; however, the Jorf-1 well
was drilled several km from the nearest

anomaly.

Microbial Value Image Map
for Jorf Block Surface Geochemical Survey




EGYPT, WESTERN DESERT

A 9 km long microseepage
profile across a developing oil
field, a geologic analog with
recent dry hole, and an
undrilled prospect.

Apagheis Phoesix Block Microbial Oil Survey Technique (MOST)

FJH Western Desert, EGYPT, 1996

In 1996, as part of an Amoco-GUPCO reconnaissance MOST survey, a GNT
crew (1 vehicle with driver, geologiet, laborer) collected approximately nine
(9) kilometers of soll samples along a single traverse (every 100 meters)
New field under across Apache's Phoenix Block and adjoining Amoco acreage. At the time of
development this survey, several wells were being drilled in and around the initial Phoenix
Block discoveries. Areas of positive hydrocarbon microseepage --areas with

in 1996 anomalous butane-oxidizing microorganisms — are assodated with the Phoe-
nix Block and with an untested structure within the Amoco Block, The Amoco Untested
dry hole, located 45 Klometers from the Apache field has a comparatively
low microseepage signature. Note: the variable microseepage signature of Structure

the Phoenix Block is typical of new fields undergoing exploitation where the
reservolr charge adjacent to new wells is rapidly changing due to production

Samples collected at S B W S e
100m intervals from

depth of 20cm; soil gas
and microbial methods.

Uncharged
Structure

Microbial Populations
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9 kilometer Profile — Sample sites every 100 meters Geo-Microbial Technologies, Inc. (GMT)
. East Main Street, Ochelata, OK 74051 USA
Collection Phase: Seven (7) hours Tel: 918-535-2281 Fax: 918-535-2564

Presented at GEO 2000, Bahrain. March 2000 emall: info@gmigeochem com  wwv.gmtgeochem. com
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OMAN South Oman Salt Basin

Survey Objective
Reconnaissance geochemical survey of 70,000 km? in
Blocks 6, 36, 37, and 38. Samples collected at 250m
intervals along 2900 line km of pre-existing seismic
lines. Results documented the presence of 2 distinct

petroleum systems.
Reconnaissance Geochemical Survey, Soume;n\Onzn =
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~ GEOCHEMICAL RESULTS
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Yemen
Remote Sensing and Surface Geochemistry

Shallow Sorbed Soil Gas / Methane (C4) vs. Sum C5 -Cy4
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How do we measure success? Compare
pre-drill prediction with post-drill results.
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Reducing Exploration Risk
Post-Survey Drilling Results

2774 Wells, Various Companies,
Various Methods, Various Basins

In Negative Anomalies In Positive Anomalies
« 1430 Wells Drilled 1344 Wells Drilled
- 1267 Wells Dry (89%) 2417 Wells Dry (18%)
- 163 Discoveries (11%) 1097 Discoveries (82%)

(From Schumacher, 2010)



Summary

Most oil/gas accumulations leak hydrocarbons

This leakage can be detected and mapped with
any of several geochemical and non-seismic
hydrocarbon detection methods

Prospects with an associated hydrocarbon
anomaly are 4 to 6 times more likely to result in a
commercial discovery than prospects without
such an anomaly



[Limitations and Uncertainties

Geochemical expression of seepage 1s complex and
varied

Many methods to choose from; no single method works
everywhere

Under-pressured reservoirs, heavy o1l accumulations,
and/or old fields may not be detectable by some
methods

Under-sampling and/or use of improper sampling
techniques 1s probably major cause of ambiguity and
interpretation failures

A surface anomaly generally cannot be related to a
specific source reservoir or depth, but anomaly shape
and hydrocarbon composition may help identify the
likely source and depth



Recommendations

Research the method(s)
Check out contractors, past clients
When possible, use more than one geochemical method

Be guided by past experience in the basin or exploration
trend

Conduct calibration survey(s) over new field or recent
discovery

Under-sampling and/or use of improper sampling
techniques causes ambiguity that leads to interpretation
failures

Survey results are most meaningful when integrated with
available geological and geophysical data



For a Successtul Survey -

Select the right method(s)
Use proper survey design

Calibrate with analog field or recent
discovery

Integrate surface and subsurface data





