
Note from the Director:
“New oil boom.”
The words stir
excitement in the
hearts of landmen,
landowners, geol-
ogists, engineers,
regulators, envi-
ronmentalists, tax
collectors, the unemployed, and
charlatans. Although oil production
from the Niobrara strata began early
in the 20th century; the new oil
wells in Colorado are causing a land
rush and drilling boom in many
parts of the state.

The application of creative think-
ing and technology to these long-
producing layers of rock named the
Niobrara Formation, has raised the
hopes of thousands of Coloradans.
Many believe that the Niobrara, and
associated formations, might provide
a sustained drilling and production
boom that is akin to the Bakken-
shale, oil boom in North Dakota.
Horizontal drilling and formation-
stimulation technology are the keys
to both plays.

Whereas some of the new horizon-
tal wells have reported very high flows
of oil, others have not been so pro-
ductive. It is still early in the play. The
potential is large, but widespread suc-
cess remains to be proven. And, as in
all oil or gas plays, it always gets back
to the basic geology of the formations.

This RockTalk is an effort to help cit-
izens, the media, and policy makers
understand what all of the fuss is about.

Vince Matthews
State Geologist of Colorado
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Introduction
Niobrara shale oil is an exciting new
hydrocarbon prospect for Colorado.
Our resource-rich state, while having
developed extensive natural gas reserves
over the past couple of decades, is now
in the process of ‘rediscovering’ its oil
in organic-rich shale. The current eco-
nomics of fossil fuels, combined with
the development of new drilling and
stimulation technologies, is driving this
renaissance.

The Niobrara Formation, one such
organic-rich shale, is a particularly hot
target here in Colorado. While a large
volume of natural gas (>700 billion cubic
feet by one estimate) has already been
produced, it is now Niobrara oil that is
the focus of everyone’s attention. Often
mentioned for comparison purposes are
the Bakken Formation of North Dakota
or the Eagle Ford Shale of Texas. But, as
producers are just beginning to ramp up
drilling and production, the question of
how much oil is really available for
exploitation over the long term remains
to be answered.

One of the first Niobrara horizontal
wells, known as the Jake well, was drilled

by EOG Resources in October 2009 and
produced 50,000 barrels of oil in its first
90 days. After a year, it is still produc-
ing more than 2,500 barrels of oil per
month. This is significant given that the
average oil well in the U.S. generates just
300 barrels of oil per month. Another
well, the Gemini well drilled by Noble
Energy in early 2010, produced over
32,000 barrels of oil in 6 months. These
early results are certainly promising, but
for each of the more prolific wells, there
are others that show little or no produc-
tion. How quickly the flow of oil
declines is very important for looking
towards future potential of the resource
as a whole.

So what is the Niobrara Formation?
Where does it occur in Colorado? Why
is there excitement about its develop-
ment? How might this affect the econ-
omy and people of Colorado? This
article will address some aspects of these
important questions, providing a back-
ground on the geology, history of devel-
opment, and current exploration activity
in the Niobrara Formation.

Colorado’s New Oil Boom — the Niobrara

Shale Oil (versus Oil Shale)
Shale oil should not be confused with the perhaps better known “oil shale”
found in western Colorado. Shale oil and related shale gas occur in reservoirs
where oil already exists as a liquid in very small openings between grains of
rock. Oil shale, on the other hand, is an inorganic rock reservoir containing
no liquid petroleum. It must be heated to high temperatures in order to con-
vert solid organic material (kerogen) into a liquid or gas hydrocarbon. While
oil shale in Colorado contains a potentially immense amount of hydrocarbon
resources, producing the oil in economically, technologically, and environ-
mentally feasible ways is still very challenging. Shale oil reservoirs, however,
are today being successfully produced in a number of places including several
Colorado basins. The Niobrara Formation is a great example.
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Natural Gas
More than 4,000 Colorado wells have produced natural gas
from the Niobrara (Figure 12). This is a minimum number,
however, as it does not include Niobrara comingled wells
(i.e. wells that produce from multiple rock formations). With
these wells included, the total Niobrara gas well count jumps
to more than 15,000 (Figure 13). In either case, the vast
majority of Niobrara gas wells are found in Yuma and Weld
Counties, with less than 3% having been drilled outside the
Denver Basin.

Drilling for natural gas in the Colorado Niobrara acceler-
ated in the 1980s, and then picked up even more rapidly in
the late 1990s. In the last decade, 2,738 Niobrara-exclusive
gas wells have been completed in Colorado. Horizontal drilling
and artificially fracturing the rock have encouraged Niobrara
drilling activity in recent years.

In shallower portions of the Denver Basin (primarily in
Yuma County near the Kansas border), the Niobrara produces
gas that was generated through microbial activity instead of
by heat associated with increasing depth. In the mid 1970s,
artificial fracturing of the limestone chalk allowed commer-
cial production. Individual wells have produced between 10
and 20 million cubic feet of gas. Porosity can be substantially
higher (between 30 and 40%) in these rocks versus Niobrara
plays located deeper in the basin to the west.

More than 700 billion cubic feet of gas and 15 million bar-
rels of oil have been produced from the Niobrara Formation
in Colorado (not including comingled Niobrara production).
In Figure 14, Niobrara historical production for oil and gas
is shown by year. Cumulative production for the Niobrara is
shown by county in Figure 15. Again, these are minimum
volumes without comingled Niobrara production being taken
into account.

Increased Niobrara oil production related to new horizon-
tal drilling technologies is just beginning for the northern
Denver Basin. Interestingly, even for the most promising new
wells in this area, there is a long way to go before reaching

Figure 14. Historical oil (top) and natural gas (bottom) production from the
Niobrara Formation in Colorado not including comingled production. Data
for 2010 is incomplete due to lag in reporting to COGCC. (IHS Energy Pro-
duction Database, 2011)

Figure 13. Gas wells in the Niobrara including comingled production. Date of
completion by color with blue most recent. (IHS Energy Well Database, 2011)

Figure 12. Gas wells in the Niobrara. Date of completion by color with blue
most recent. (IHS Energy Well Database, 2011)
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the oil production levels achieved by several ’60s and ’70s
Niobrara wells drilled in the northwest part of the state—wells
that have produced more than 500,000 barrels each! Still this
recent activity seems to be putting us on the right track.

Horizontal Drilling and Artificial Fracturing
Horizontal drilling for oil and gas wells has become a criti-
cally important technology for developing unconventional
resources. The Niobrara Formation, like most sedimentary
rock layers, is vastly larger in the horizontal dimensions than
vertical. Consequently, a wellbore that parallels the layers
(and the oil zone in the case of the Niobrara) will allow for
a single well to be exposed to far greater area of the reser-
voir than a vertical well (Figure 16). In the Denver Basin, the
typical Niobrara Formation is approximately 400 feet thick
and consequently the potential production zone exposure
for a single well will be limited to 400 feet. A horizontal well,
however, can increase this reservoir exposure by 10 to 12
times. Wells are often drilled for 4000 feet or more, parallel
to the producing layer after the targeted vertical depth is
reached.

Several newer technologies are used in horizontal drilling.
A hydraulic motor just above the drill bit allows the bit to be
rotated without rotating the drill pipe. The most recent gen-
eration of equipment can allow for a 90 degree turn in just
a few feet. A suite of sensors provides the compass direction,
the inclination of the drilling assembly, and can even pro-
vide the three dimensional position (x, y, and z location) of
the drill bit. Other sensors let drillers know what the condi-
tions are deep in the subsurface including the temperature
and some important physical properties of the rocks. While
variable for different reservoir targets, production ratios for
a horizontal will typically be 2 to 7 times the rate and vol-
ume of an equivalent vertical well.

A horizontal well also increases the possibility that the
wellbore will intersect naturally occurring fractures and posi-
tions it for better generation of artificial fractures. Addition-
ally, horizontal wells reduce the surface footprint of wellhead
operations as several wells can originate from the same point
on the surface. The downside to this technology, however, is
the price—usually two to three times greater for drilling and
completing a horizontal well versus a vertical well.

Hydraulic fracturing is a critical technology for the gener-
ation of fractures in the Niobrara. Pumping water and other
fluids into the formation to raise pressure and force localized
cracks to penetrate farther into the reservoir formation is the
first stage. Once the fractures are opened, a proppant such as
sand is typically used to keep these fluid pathways open. The
Colorado Oil and Gas Conservation Commission (COGCC)
is responsible for reviewing the design and operation of arti-
ficially fractured wells to ensure their safety.Figure 15. Cumulative oil (top) and natural gas (bottom) production from

the Niobrara Formation in Colorado by county not including comingled pro-
duction. Data for 2010 is incomplete due to lag in reporting to COGCC.
(Source: IHS Energy Production Database, 2011)

Figure 16. Drilling horizontal versus traditional vertical wells. Horizontal
drilling allows for more area of reservoir interval to be exposed to wellbore
and more natural and artificial fractures to be contacted. Horizontal drilling
often increases production significantly. (Modified from EIA, Office of Oil
and Gas, 1993)



Current Permitting Activity
The Colorado Oil and Gas Conservation Commission (COGCC)
permits all oil and gas wells in the state. A review of horizon-
tal wells for 2010 highlights the fervor regarding the Niobrara
(Figure 17). Last year more than 190 horizontal wells were per-
mitted in this formation—nearly 70% of all horizontal wells in
Colorado. Weld County saw the vast majority of these new hor-
izontal well permits, a significant change from previous years
when most horizontal wells were permitted in western slope
counties. Interestingly, the traces of horizontal wells shown on
a map provide insight as to the orientation of the regional rock
stress directions (Figure 18) in Weld County. Because produc-
ers want to intersect as many natural micro-fractures as possi-
ble, horizontal wells have been oriented perpendicular to the
most common direction for existing cracks. In this case the well
design suggests that these fractures run northeast–southwest.

Expectations are that horizontal well activity will
remain high in 2011, and for the next several years as
new parts of the Niobrara (and other similar formations)
are explored.

Summary & Future Developments
Like other shale oil resources in the US, the Niobrara play
takes advantage of horizontal-drilling technologies combined
with artificial-fracturing methods to achieve economic pro-
duction. The Denver Basin, especially in northern Weld
County, is the target of most current drilling activity. As the
Niobrara Formation is further explored and understood, other
parts of Colorado including the greater Denver Basin, North
and South Park Basins, and basins along the western slope
will likely see increased Niobrara activity.
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Figure 17. Horizontal well permits in Colorado. Red squares for 2010; yellow squares for 2009 and prior. (COGCC, 2010)




