REVIEW OF GEOCHEMICAL SPECIES TO MONITOR IN A SHALE
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THE SCIENTIFIC SUB-PROJECTS AND WORK PACKAGES

Specific challenge
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THE IFPEN CONTRIBUTION: 8 PM
WP 4

A Geochemical
monitoring strategy for
early detection
1- Report with review of monitoring and existing best practices for monitoring well leakage in
US and Canada (Month 6).

2- Review of geochemical species to monitor in a shale exploitation context (Month 18).
3- Publication with scientific recommendations on monitoring of well leakage (Month 24).
4- Recommendations of geochemical strategy for monitoring shale play exploitation (from the
drilling to the analyses and identification of potential leakage pathways) and focus on natural
geochemical tracers - the dissolved noble gases - : their behaviour, their detection sensitivity,
their geochemical properties in this context (Month 28).
5- Final report with integrated results from all research activities (Month 29).
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THE DIFFERENT PETROLEUM SYSTEMS
Hydrocarbons from Conventional Reservoirs
Heavy oil
Unconventional Resources
Located in the Source rock
Shale Plays
Shale oil,
Shale condensate
Shale Gas

Modified after Huc
and Vially, 2012

Need to create permeability for their
exploitation

Fluids for hydraulic fracturing operations => risks of leakage and aquifers contamination
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THE DIFFERENT RISKS OF LEAKAGE – SPECIALLY FOR THE GRAND PUBLIC

From the shale formation itself, with the use of fluids for hydraulic fracturing operations, and risks of
leakage along the wells to aquifers
Different possible pathways
Darrah et al., 2009

The 3 main sources:
- The shale formation
- The aquifers
- The fluids used for hydraulic fracturing operations

A huge variety of geochemical
species to monitor

Need to consider the interaction
between the Shale itself anf the fluids
used for hydraulic fracturing operations
=> possible modifications in term of
geochemical composition => need to
know the flowback and produced
water composition
Andrea Vieth-Hillebrand
presentation
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THE UNCONVENTIONAL RESOURCES: THE SHALE PLAYS AND SPECIFICALLY
THE SHALE GAS
On a geochemical point of view
Shale plays contain organic matter with a heterogenous mixture of minerals (clay, silt and also carbonate and
sandstone) with presence of oil and/or gas.
These “Source-Rock reservoirs” are fine-grained petroleum source rocks from which liquid and gaseous
hydrocarbons may be produced following fracture stimulation.
Need to have a complete characterization to determine
(a) the source rock characteristics – organic matter presence, quality, quantity and maturity
(b) the thermally-induced cracking of kerogen, oil, condensate and gas
and (c) natural gas stable carbon isotopic anomalies often observed in shale plays.
A geochemical point of view of (i) organic matter and hydrocarbons species (in liquid and gaseous forms)
Moreover, in addition to these hydrocarbon’s species,
(ii) non-hydrocarbon’s species have to be considered too, especially in terms of monitoring.
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THE ROCK-EVAL TECHNIQUE
3 MAIN METHODS UNTIL TODAY (PYROLYSIS AND OXIDATION CYCLES)
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Pillot et
al., 2013

The ROCK-EVAL
40 years of Research and Innovation at IFPEN => a geochemical screening
tool for OM and HCs characterization
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Rock-Eval 1

Rock-Eval 2/OSA

1977

1979

•

Petroleum potential
of a rock

•

Organic carbon
content in rock

•

Oil content in rock

•

Oil and gas contents
in rock

•

Type of organic matter
in rock

•

State of evolution
of the organic matter
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Rock-Eval 6/Turbo

Rock-Eval 7 / 7S

1996

•

Mineral carbon
content in rock

2017/2018

•

Carbon and Sulphur
contents in rock

•

Combined Carbon
and Sulphur thermal
reactivity

THE NEW SHALE PLAY METHOD®

Thermovaporization

Pyrolysis

Free or sorbed
hydrocarbons

Kerogen

Sh1

Sh2

T3
350°C

Sh0

T2
200°C

T1
100°C
1- An overlap of signal between heavy oil and
kerogen => wrong Tmax
2- a non well integrated first peak => bad
quantification of light HCs

Pillot et al. (2014 Patent 14/55.009

1.

Better quantification of the bulk HC amount
(minimize loss of light HC)
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2.

Information on the quality of occurring fluids

3.

Better separation between HC fluids and kerogen

4.

Better assessment of Tmax value

T4 =
650°C

THE GEOCHEMICAL COMPOSITION OF HC’S SPECIES IN SHALE PLAY
Romero et al., 2016

a TD-GC-MS-FID analysis of an immature sample
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a TD-GC-MS-FID analysis of a mature sample

SHALE GAS # CONVENTIONAL GAS
Examples of litterature

An equivalent gas composition
Osborn et al., 2011
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But a specific trend in term of isotopic signature
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Curiale and Curtis;
review 2016
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THE AQUIFERS

B. Garcia et al.,
Deliverables 1&2,
M4SG

A huge variety in term of geochemical composition
Parameters listed in
recommendations by state
environmental protection
agencies (Boyer et al., 2011)

A large baseline is
necessary to evaluate
the aquifers evolution
and a possible leakage
during the Shale
formation exploitation
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A basis for a comprehensive
evaluation of underground
water resource contamination
by shale gas production in the
Marcellus Shale area

-

pH
Density
TDS
total carbon
Alkalinity
cations, anions, organic compounds
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FLUIDS USED FOR HYDRAULIC FRACTURING OPERATIONS

B. Garcia et al.,
Deliverables 1&2,
M4SG
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Only 0.5% of additives, but a huge variety of molecules in this content
(with large volume used for the hydraulic fracturing operations)

Twenty most frequently used additives
in shale gas production hydraulic
fracturing fluids (USEPA, 2015)
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Ziemkiewicz et al., 2015

The concentration of compounds increase from the makeup water to
HF Fluid and to Flowback water
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THE AQUIFERS

B. Garcia et al.,
Deliverables 1&2,
M4SG
Warner et al., 2014

An example of the interest to study
isotopes in aquifers
Mixing lines of flowback water from the
Marcellus and Fayetteville with seawater
and river waters are indicative of potential
trends of leakage into ground and surface
waters
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IN TERM OF GEOCHEMICAL MONITORING

Not easy to apply
Need to have a very good characterization of the shale formation itself
Need to have a baseline of aquifers from the shale to the surface in considering the potable
aquifers
Need to have the fingerprint of the additives used in the fracturing fluid operations
Problem of confidentiality….

And certainly an adapted geochemical monitoring strategy in function of the site exploited
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A STRATEGY TO PUT IN PLACE BETWEEN THE SITE EXPLOITATION (NUMBER
OF WELLS, ADDITIVES USED……) AND THE MONITORING TO PERFORM (IN
CONSIDERING THE BASELINE AND THE SPATIO-TEMPORAL LOCATION)

An not-easy monitoring strategy to apply here
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A STRATEGY TO PUT IN PLACE BETWEEN THE SITE EXPLOITATION (NUMBER
OF WELLS, ADDITIVES USED……) AND THE MONITORING TO PERFORM (IN
CONSIDERING THE BASELINE AND THE SPATIO-TEMPORAL LOCATION)
To have a limited number of wells should be preferable

The HCs species
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B. Garcia et al.,
Deliverables 1&2,
M4SG
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The non-HCs species

B. Garcia et al.,
Deliverables 1&2,
M4SG

Find us on:
www.ifpenergiesnouvelles.com
@IFPENinnovation
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DISCLAIMER

This presentation is part of a project that received funding by the European Union’s
Horizon 2020 research and innovation programme under grant agreement number
640715
The content of this presentation reflects only the authors’ view. The Innovation and
Networks Executive Agency (INEA) is not responsible for any use that may be made
of the information it contains
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