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ABSTRACT

The Niobrara Formation is a major resource play in the Rocky Mountain Region, USA.
The Niobrara is a self-sourced petroleum system and its reservoir intervals constitute low
permeability marly chalks. The formation requires horizontal drilling and multi-stage hydraulic
fracture stimulation in order to improve the connection between wellbore and the hydrocarbon
bearing formation. Major production activity in Colorado occurs in the Wattenberg field,
Denver-Julesburg basin, where the Niobrara is located at an average depth of 2300 meters.

Laboratory measurements of tensile strength, lithological and elastic properties of several
facies within the Niobrara Formation were performed. This information is essential for designing
hydraulic fractures in this tight formation. ~Samples were obtained from the CEMEX s Lyons
Cement plant in Boulder County, Colorado, from where three lithofacies were sampled: the Fort
Hays Member, the D Chalk and the Lower Marl.  Tensional strength measurements were
performed using Brazilian tests. Triaxial tests, using varying axial, confining and pore pressures,
were conducted to obtain both static and dynamic Young’s modulus and Poisson’s ratio values
under different pressure conditions. Correlations between static and dynamic properties are used
to extract static elastic properties from well logs. Also, ultrasonic velocity measurements permit
determination of effective stress coefficient from the measured samples.

Hydraulic fracture models are built for well State 2-13, Weld County, Colorado, using
laboratory and well log data as input, with the purpose of evaluating the possibility of height
containment between anisotropic marls for a fracture performed in one of the chalk facies. The
value of the minimum in-situ horizontal stress is evaluated for two cases: one, when anisotropy is
considered in the marl intervals and two, when the effective stress coefficient is different than 1.
From these assumptions, four different cases are considered for the hydraulic fracture model of
the Niobrara. Influence of natural fractures in the B Chalk is also considered, by decreasing the
fluid efficiency in the model. Results show that, for the employed treatment, elastic properties
differences and stress contrast between chalks and marls is not sufficient for fracture containment.
Hydraulic fractures initiated in the B Chalk will penetrate into the A and C Chalks, however, the
numerous thin layers of shales, volcanic ashes and intrinsic lamination of marls, must affect the
final geometry of the fracture. Shear slippage and decoupling will translate to loss of fluid

pressure that will reduce the height of the modeled fracture.
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CHAPTER 1
THE NIOBRARA FORMATION

1.1 Summary

Due to new advances in drilling and completion technologies, the Niobrara Formation is
a renewed target in the Rocky Mountain area. This self-sourcing formation is composed of chalk
intervals that act as reservoir, and marls that are the hydrocarbon source. Previous core and
outcrop studies help understand the characteristics of the formation: the lithological properties,
such as porosity and permeability, are laterally heterogeneous and have been reduced due to
subsidence and compaction. In this first Chapter, general characteristics of chalk are described
and compared with the Niobrara chalk. Composition of the different facies is briefly explained, as
well as important features observed in cores and outcrops. Finally, advances and challenges in oil
and gas production in the Niobrara, specifically in Colorado, are explained, providing the

motivation for this research.

1.2 Chalk

The Late Cretaceous, 99.6 to 65.5 Ma ago, was an epoch for the deposition of chalks
throughout the World. The environmental conditions were ideal for different species to live:
climate was “warm-temperate to subtropical” (Surlyk et al., 2003), the high sea level covered vast
areas of today’s continents, with seas of depths greater than 50 meters (Tucker and Wright, 1990)
and the salinities of the oceans were normal. One of the species that thrived in this environment
was the Coccolithophorids, a single celled algae that would shed small calcium carbonate
(CaCO;) plates termed coccoliths. Coccoliths size range from 0.4 to 1 um and they can occur in a
spherical arrangement, forming coccospheres, with diameters of 10 to 25 um (Surlyk et al.,
2003). Chalks are also composed of rhabdoliths, planktonic foraminifera and calcispheres
(Tucker and Wright, 1990). Different trace fossils are quite common.

Chalk deposits are well known in northwest Europe, where currently vast amounts of oil
and gas are being produced in the North Sea offshore Denmark, Norway and the United
Kingdom. In North America, chalks were deposited within the Western Interior Seaway, which
covered a vast area of this continent from north to south, and provided the space for the
deposition of the Niobrara chalk, from about 89.5 to 83 Ma (Dean and Arthur, 1998) (see Figure
1.1).
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Figure 1.1. Map of the World during the Late Cretaceous (99.6 to 65.5 Ma). Present day
continents are submerged under the ocean. Deposition of chalks in Europe occurred in the North
Sea and it is evidenced in chalk outcrops in the coast of England. In North America, chalks were

also deposited due to the high sea level (Modified from Blakey, 2010).



