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Abstract

The Maastrichtian Upper Cretaceous Mesaverde Group has been and continues to be a major, tight-sand gas reservoir in Utah. It consists of over 9,000
feet of fluvial, coastal plain, braided stream, wave-dominated deltaic, and beach sandstone and siltstone with interbedded transgressive Mancos Shale
tongues and marine sandstones. Gas production from Mesaverde fields increased from 80 BCFG in 2002 to 287 BCFG in 2012. Produced water increased
from 2 million bbls in 2002 to 26 million bbls in 2012. The amount of produced water could increase by at least 1 million barrels per year. Handling
produced water requires a significant investment in treatment and disposal. The cost for treatment and disposal will continue to climb as the water/gas
ratio increases during prolonged production of the wells. Produced water has been historically evaporated or injected in disposal wells or could be reused
in enhanced oil recovery, hydraulic fracturing, drilling mud preparation, and oil shale production. Our study focuses on detailed stratigraphic,
petrophysical, and produced water production data from wells penetrating the Mesaverde Group. Results will include formation and unit tops, lithology,
thickness, temperature, pressure, and other petrophysical data. Using these data, petrophysical modeling of type logs from the Mesaverde will be used to
extrapolate potentially available produced water quantity and quality into geologically less well-known areas targeted by future exploration. Water quality
and guantity associated with existing gas production will be evaluated and used to help understand produced water management and amounts.
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Summary

The Mesaverde Group has been and continues to be a heavily explored and produced tight-sand gas reservoir. The Mesaverde Group is comprised of
the Price River Formation, Castlegate Sandstone, and Blackhawk Formation of the western and central part of the Unita Basin. Similar units on the east-
ern side of the Unita Basin are the Tuscher Formation, Farrer Formation, Neslen Formation, Sego Sandstone, and Castlegate Sandstone. The units con-
sist of regressive fluvial sand and silt, coastal mud and sand, and beach sand deposits with interbedded transgressive Mancos Shale tongues and
marine sandstones. The primary targets for gas production are the interbedded fluvial sandstone and siltstone, and shales. The Castlegate Sandstone is
also a gas reservoir where it is capped by marine shale.

Well log and core analyses of the Mesaverde sandstones indicate which units are gas producers and which units produce only water and small amounts
of gas. Companies spend considerable time and money determining which sandstones should be screened to allow gas entry into the well while not
screening the sandstones with mostly water. Gas production, based on production records from the four primary counties in the Unita Basin, has in-
creased from 425 BCFG in 2009 to 471 BCFG in 2012. Produced water production increased from 94.1 million barrels in 2009 to 101.6 million barrels in
2012. The ratio of water/gas production dropped from 0.16 in 2009 to 0.14 in 2012. This drop in the production ratio suggests a large number of wells
have been drilled and gone into gas production on the early part of the production decline curve. As production continues in these wells, more water
and less gas will be produced in the next several years. The amount of produced water will steadily increase by at least 1 million barrels per year.

The production and disposal of water from tight-sand gas reservoirs in the Uinta Basin, Utah, affect the economics of gas resource development and
have recently become a topic of much public debate because produced water is the largest-volume waste stream associated with these unconven-
tional gas plays. Managing produced water can be a significant cost fraction of the value of the gas extracted, so there is an economic incentive to
minimize this waste stream, and/or generate revenue from treating and reusing produced water in hydrocarbon production or other applications. Pro-
duced water could be reused in the following ways: enhanced oil recovery techniques, hydraulic fracturing, underground injection, drilling mud prepa-
ration, and oil shale production.

Our study focuses on collecting well and petrophysical data from the Cretaceous Mesaverde Group. This will include determining unit tops, lithology,
thickness, temperature, and pressure. The study will compile and/or calculate permeability, porosity, and water saturations and other petrophysical
properties as needed to understand the potential for water in the sandstones. Petrophysical modeling of type logs from the Mesaverde Group will be
used to extrapolate potential water production into geologically, less well known areas for future exploration. Water quality, associated with gas pro-
duction, will be evaluated and used to determine possible water quality and quantity in future exploration areas.
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Mesaverde Group Outcrop Overview
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Price River Formation in Price Canyon. The formation consists of poorly sorted siltstone
and sandstone deposited within a meandering fluvial system (Hettinger and 5
Kirschbaum, 2002). s
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Buck Tongue of the Mancos Shale - lower Sego Sandstone contact in Sego Canyon. The Buck Tongue
consists of interbedded, gray sandstone, siltstone, and mudstone (Franczyk and others, 1990).

Type section of the Castlegate Sandstone overlying the Blackhawk Formation in Price
Canyon. The lower Castlegate is composed of massive sandstones deposited in a braided,
sand-rich stream environment while the upper Castlegate contains interbedded mudstone
and sandstone from a meandering stream (Hettinger and Kirschbaum, 2002). The unit is
thickest in the west and thins to the east.
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Sego Sandstone - Neslen Formation contact in Sego Canyon. The Sego Sandstone thickens to the east
and then thins in western Colorado; it contains stacked cross-bedded sandstone packages with
parallel laminations in the uppermost package. The contact with the Neslen Formation is conformable
and sharp (Francyzk and others, 1990). The Neslen Formation includes carbonaceous mudstone,
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Mancos Shale, Desert Member of the Blackhawk Formation, and lower Castlegate
Sandstone at the mouth of Thompson Canyon. The Desert Member comprises
sandstone, mudstone, carbonaceous shale, and some coal.

[ P ¥ ES b5 o= - w s W b € . - o
Lower Farrer Formation in Sego Canyon. The Farrer Formation contains significantly more sandstone
than the underlying Neslen Formation. Both formations were deposited in eastward-flowing straight
and sinuous river systems across a coastal plain (Cole and others, 2008).

The Tuscher Formation is recognizable by multi-story sand bodies overlying the Farrer Formation.
The Tuscher Formation was deposited within a fluvial environment (Cole and others, 2008).
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Lower Castlegate Sandstone, Buck Tongue of the Mancos Shale, Sego Sandstone, Neslen

Formation, and Farrer Formation in Tusher Canyon.
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Regional Correlation of the Mesaverde Group

PANEL I

sandstone, coal, and channelized sandstone beds which increase toward the top (Cole and others, 2008).
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Sections hung on the base of the Castlegate Sandstone.
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Contour Range: 5500 to 8500 feet
Contour Interval: 2000 feet
‘Tops data from Anderson, 2005 and H

Contour Range: 75010 3750 feet
Contour Interval: 250 feet
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Tops data from Anderson, 2005 and Hettinger and Kirschbau
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