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Abstract

The ten major stratigraphic units of the Upper Cretaceous Niobrara Formation provide a framework for predicting both hydrocarbon source and
reservoir potential of the formation throughout the Rocky Mountain region of the western United States. Water depth, climate, proximity to the
thrust belt bordering the seaway on the west, paleobathymetry, current circulation patterns, and sea level fluctuations each played a role in
shaping the nature and distribution of Niobrara lithologies within these units.

The Niobrara Formation contains a mix of chalk and marl lithologies. Coccolith-rich fecal pellets provide a distinctive feature of the formation.
Black shaly marls, which are rich in coccoliths and chalk fecal pellets, are the major hydrocarbon source rocks. Similar shaly beds also provide
sealing facies overlying more chalk-rich reservoirs intervals. Organic richness in the source interval is typically 2 to 4% but ranges up to more
than 7% in less mature rocks. Thermal maturity of these source beds varies regionally on the basis of burial depth and local heat flow. The
presence of multiple source beds of varying quality and maturity impact hydrocarbon-fluid quality across the play.

Recent developments in wireline logging technologies are allowing operators to better address some of the key criteria for exploiting
heterogeneity in this play: pay recognition, lateral placement, and stress profile and orientation variation. The result is a more robust
understanding of the complex mix of lithologic components and their effect on petro- physical models, drilling practices and completion
optimization.
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Outline

Overview of 1991 regional Niobrara study
— Longman et al., 1998
— Landon et al., 2001

Stratigraphic framework
Source facies
Storage facies

Petrophysical characteristics
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Regional Analysis of the Cretaceous Niobrara Formation of
the Rocky Mountain Region
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Upper Cretaceous
Depositional Setting

Kaufiman & Caldwaell, 1993

DAY i R

Reqrassidns

T :
i 3
®
L aas] ¢ =
[
ch Tad 3
Lasad o
- BE.T
- 96,5 j

N

Santonian
=

adapted from Irving et al,, 1993

=112 =

Niobrara Cyclothem ————————
Campanian
o e

=) 3
Z M Reb
E o N
< | L i ’7_,0
=121 =T L
&% P Teh Utah Colorado Kansas and Nebraska lowa
127 = lu R 1 ?'::._ Site of w’.’.:,":m. ¥ Sire I_:’ﬂ.‘;’:ﬂ‘;':"" T Sie of Great Plains
2 -ﬂﬂ- m Ga % o sdge of Gnlorsda S TR
T Y :
=130 = m -g ; 8
£l Sim T, : —=
M 8- o d e
1 L i pakel® = or
Cretaceas L Vertical scale
Sea Lovel . tlu Rg > ! 2000
135 Curve ol g3 :
— %g L oM
L) wo0o

L = = N —

Continental depos. Lonrinental depos- Marine and brdck- Marive shale  Lirnestone and  Boundecy between Boundary between
c

142
adapted from Kauffman and Caldwell, 1993 and Obradovich, 1993 .
P adapted from Kauffman, 1977 s afemei = e L e M e i

Schiumberger




1070 104° 103°

Post-1991 Niobrara Interest
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Powder River Basin Denver-Julesburg Basin
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Source Facies
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Source Richness & Type

Modified Van Krevelen Diagram
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Source Facies Thickness
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Maturation Trends
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Storage Facies
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Storage Facies Distribution & Thickness
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Saturation Proxy -- Logl0(deep resistivity)

¢ LAMOTTA 5-01M [MD]
we SD[) RS0I BL5  RMGL  J) yhePy (e
HCAL ﬂﬂlﬁ;lﬂﬂmﬂ amnmpds  NPOR 018 iz:::‘m

\BR q icfj Basal Chalk N850-CDLL N700 (C Bench) N460 (B Bench)
NZOO'I AR :‘A’“ﬁﬁ 0 N D:% ABanch I R I ]

12 AT AR ) =
NAOO =4t SN 45 bE 1

. 51_{‘ % BBench > 3 / \
NS -
NGO AR
= ;% z 'r"v %;7 B Banch \

NSOOTT— T 23 ? %
NT00 g - céé

'E'g':% gé C Banch .19
NS4
N80 | 3 { 1 4

!’ £l

4: 0 - | b
N ———— e

. FtHays

: J; Codel

N e T

Schiumberger



Depositional History
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Petrophysical Evaluation—Porosity, Saturation, Lithology
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Fracture and Stress Evaluation

| A |ssSpr

| BBench |

B Bench |

Bedding and Fracture Dip Tadpoles |Ener y SIownesses SloAni| Stoneley Mobility | Young’s Mod Stress
- uslft . E 0 Mpsi_ 20 2000 psi 8000
Healed — C.: ey
Fractures - ] e
' C 133 ;_J' |
7 ] I
YVE; ]
+ =+ [01ca 10—+
. || 1 )
Beddm] ‘f/ — ,;I":: 5
~ == 155 I"" Weak 3
e . |DTSM | Mechanical
153 |
| | Fast , i Property
i 1 | Slow 140 : L é Anisotropy
3= %Sﬁ» : I d
e - | — I f:;
< T '
ﬁ A4 1a= : ;
| . | Energy . y < Lower
\ ' b=
5 Induced =4 Anisotropy 1aa [ 2 * Stress ]
- L\ < 4 b | ["*_: I’
~= g Fractures \s%%: = L
> = 7 =5 43S | y
== 2 ' =
= > 7 %2 1 z8— ? =
4 1 i |
= 5;1 4’// %ﬁé B 1=8 : gJ [ ]
-2 Open ﬁ | l v
e - 133 |
=== == Fractures Shear ! i
: = i Azimuthal § Stoneleyl *-i
TI7E ¥ %i Anlsotropy Energy |
E 2= 5: E5 6 %‘ 1 Loss |
=E | |




Niobrara (DJ 3" Bone
: ( Bakken Eagle Ford :
Basin) Spring/Wolfcamp
T : Permian (Leonardian —
Age Upper Cretaceous Mississippian-Devonian Early Cretaceous Wolfcampian)
Depth 5500’ - 8500’ 8500’ - 11500’ 5000’-11500’ 4,000' - 11,100'
Thickness (net)’ ~300’ (~40') 75-130° (40%-70") 140-450’ (250') 450" - 550" (250" - 300"

Prospective area?

14,000 sq miles

14,000 sq miles

96,000 sq miles

9,000 sq miles

Natural fractures

Locally abundant
May be critical for success

Very localized
Not essential for success

Present
Not essential for success

Very localized
Not essential for success

o 2-4% 10-12%+ . 0o
TOC weight % Disseminated through Niobrara in Upper/Lower Bakken 3-T% 2-9%
Total Porosity (FF) 8-10% (~2-3%) 5-10% (3-5%) 6-9% 4 - 16% (~3-8%)

Qil to Condensate (32°-

Hydrocarbon Type 62°) Qil (42°) Qil (30-50°) to Dry Gas QOil to Condensate
Pressure Gradient 0.41-0.67 0.50-0.70 040-0.70 0.43 - 0.60+
Well Cost? $3.5 MM $5-7 MM $5.5-8.5 MM VLRSSl

Horizontal: $8MM

'Gross thickness of Bakken and Niobrara intervals compared to net thickness of Middle Bakken and Niobrara “C” chalk
ZApproximate area of mature source rock

o —

3As reported in investor and market analyst reports

Schiumberger




Bakken Niobrara
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