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Abstract

The middle Eocene, Queen City Formation in the Burgos Basin northeast Mexico, is composed of unconventional reservoirs with low
permeability and complex lithology. These tight gas sandstones are related to wave influenced sand bar deposits in a growth faulted system
where the main reservoirs are associated to structural-stratigraphic traps controlled by major listric faults. Hydraulic fracturing is required to get
commercial gas rates.

The aim of this study is to use well and seismic data to develop an integrated reservoir characterization model and re-explore mature fields
based on unconventional concepts (independent of trap), assessing new reserves and resources down dip in the structure close to growth faults
where facies, rock quality and thickness improve.

The methodology integrates: (1) the geological model based on wells and regional information, identifying main sand bodies related to growth
faults. (2) A multi-mineral petrophysical model and rock types related to Winland cross-plot analysis calibrated with the production
performance. (3) The rock physics analysis, geobodies and attributes, generated cross-plotting P Impedance - S Impedance as part of the elastic
inversion AVO-AVA, searching for sweet spots related to rock and fluid responses. (4) An AVO analysis with fluid substitution in the position
of down dip sweet spots anomalies coming from the simultaneous inversion, reducing uncertainty about high water saturation. (5) Probabilistic
evaluation of resources and risk analysis.

The developed analysis has been applied in a real case study related to Queen City Formation sand in two fields where the link between the
rock types coming from the Winland analysis and the multivolume attributes coming from the simultaneous inversion, helped to discover and
appraise new volumes of reserves independent for the trap.
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The contribution of the presented study is to provide a methodology of characterization and re-exploration of tight gas sands reservoirs of
complex lithology based on unconventional concepts.
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OBJECTIVE AND OUTCOME

Objective

Cohesively combine the well and seismic data to develop a reservoir characterization model
and re-explore mature fields based upon unconventional concepts. The aim is to assess
reserves and resources down dip into the structure; close to growth faults where facies, rock
quality and thickness improve. The case study is Queen City Formation on the Zacate and
Cuervito Field.

Outcome

-Integrate the Rock Types Analysis with elastic seismic inversion looking for rock and fluid response -
Sweet Spots- in high impedance sands.

-Incorporate the geological model to provide consistency to the geophysical anomalies and attributes.

-ldentify opportunities for new reserves and potential unconventional resources independent of the
trap.

- Analysis and comparison of results related to unconventional concepts reported in literature.




TIGHT GAS SANDS CONCEPTS

Compositional Range of Tight Gas Sands Reservoirs

e Low Permeability (Less than 0.1 mD)
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e Complex lithology (fine grain / muddy sandstones,
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* Require Technology (Hydraulic Fracturing)

e Little water production.
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TIGHT GAS SANDS CONCEPTS (Views)



GEOLOGICAL MODEL

-Wave influenced sand bars.
- Bars align North — South.

-Bathymetry: Neritic (Inner / Middle
Shelf).

- Fine Grain laminar sandstones.

Upper Queen City

Lower Queen City

Sweetness Attribute
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GEOLOGICAL MODEL (Seismic Section)
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PRODUCTIVITY / LOW WATER PRODUCTION

CUERVITO FIELD

Reservoir Analysis Upper Queen City Fm.
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PRESSURE BEHAVIOR

W-E Seismic Section. CUERVITO FIELD

-1000

Overpressure:

- Controlled by loading rate, porosity
and the permeability evolution of
the sediment during burial.

- Happen where the permeability
becomes too low to allow complete
dewatering.

- Fluid expansion related to clay
deshidratation and smectite — illite

transformation.
L Swarbrick et al. 2002
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METHODOLOGY

Depositional Model

Structural Model’ =>

Multi-mineral
Petrophysical
Modeling

N

J

Inversion

Simultaneous

=>

\
3
g [30 RESERVOIR]
Rock Type E > MODEL
Analysis 2
)
Multi-volume
Attributes

‘Depositional Model’

‘ Multi-volume Attributes

Probabilistic Resource
Evaluation

Rock Physics + Fluid Substitution

e

‘ Gather Analisis

/\

=

Sweet

Spots

QC Down dip
Sweet Spots

|

J

UNCONVENTION
AL PROSPECT
EVALUATION




fig}% MULTI-MINERAL PETROPHYSICAL MODEL

Winland Plot

B oo sign
B oo vedium
B Nano Low
o .

Nano
B Nano Bajo

/ \ = i Nano Medio
e e 2 e — ‘ Nano Alto

i
 Permeability

4 Well 24 Core Analysis K ‘ |

/////

Rock Type enhance
relationship between HE
petrophysics and b |

production. Helping % |
J predict well behavior H L

-
I NI O
b b O W 0 00 ¢
P

BlE i S R h,,..”:..‘.
e aco iBELE waliall Bawia! POS
i

Pe
}
o gl o'y, P68 S8
A'l " X
ddaddoly

Sendendod
It




ROCK TYPE MODELING

~ Well 79
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ROCK TYPE MODELING CONTRIBUTION
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SIMULTANEOUS INVERSION
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SIMULTANEOUS INVERSION

Multi-volume Interpretation
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TESTING UNCONVENTIONAL CONCEPS (ZACATE FIELD)

Case 1: Well 24

Upper Queen City. Zacate Field
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TESTING UNCONVENTIONAL CONCEPS (CUERVITO FIELD)

Case 2: Well 201 : o
Lower Queen City. Cuervito Field
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QUEEN CITY FORMATION A TIGHT GAS BUT UNCONVENTIONAL?
e Low Permeability (Between 0.008 and 0.1 mD). .

e Rock quality as function of pore throat ratio (R35). Productive g - ,
sand (0.04> R35 > 0.035 micron). P— =

e Overpressure sands. (0.65 psi/f to 0.78 psi/f). E

e Complex lithology (fine grain/ muddy sandstones).

* Not a well define water gas contact.

e Sweet spots related to proximal facies (down dip close to listric
faults).

e Sweet spots defined by multivolume attributes (Seismic
Inversion).

e Productivity more related to rock types than overall pay
thickness.

e Require Technology (Hydraulic Fracturing).

e Little water production.



PROSPECTS RELATED TO UNCONVENTIONAL RESOURCES

Upper Queen City
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PROSPECT RELATED TO UNCONVENTIONAL RESOURCES
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CONCLUSIONS

e Although the study areas are considered conventional traps related to a growth faulted system,
there is a significant amount of unconventional resources (Tight Gas Sands).

e Queen City Tight Gas Sands are lithic and sub-lithic arenites fine grain overpressure sand with low
permeability where sweet spots are related to facies, thickness, permeability and rock types
commonly independent for the trap.

e The multimineral petrophysical model based on the Winland concepts is a critical element in
reservoir characterization and important to understand the productivity of tight gas sands of
Queen City Formation.

e Multi-volume attributes related to simultaneous inversion in high impedance sands of Queen City
are critical in identifying Sweet Spots and new development opportunities.

e The understanding of unconventional concepts related to Tight Gas Sands and use of proper
characterization methodology will allow the search of new volume and reserves in the Burgos
Basin, considered in a mature stage of development.
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