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Abstract

Elm Coulee Field, discovered in 2000 in Richland County, Montana, is the largest oil field in the Williston Basin. This field produces from the
Devonian-Mississippian middle Bakken Formation and has an estimated ultimate recovery of 200-250 million barrels of oil. Horizontal drilling
and hydrofracturing lead to large recoveries from this low permeability and porosity field.

The Bakken Formation in EIm Coulee Field is composed of three main members with an average total thickness of 40 feet. The lower Bakken
member consists of laminated, brown to black, marine shale. This member is siltier in ElIm Coulee than in other parts of the Williston Basin. It
pinches out in the western and southern limits of the field and is not present locally in portions of the field. The middle Bakken member
contains five shallow marine silty-dolostone facies including two brachiopod-rich facies, two bioturbated facies, and one laminated facies. Like
the lower member, the upper Bakken member is laminated, dark, marine shale, but it is continuous across the field and contains less silt than the
lower Bakken member does at ElIm Coulee. The upper Bakken member is the main source bed for the oil found within the middle Bakken
reservoir at EIm Coulee. Production in the middle Bakken member within Elm Coulee is closely tied to the high percentage of dolomite located
in the reservoir quality sections. The main types of porosity within the middle Bakken are intercrystalline, dissolution, and intergranular. The
first two types of porosity listed are the result of dolomitization and subsequent dissolution. Within portions of the middle Bakken member
containing the highest dolomite percentages (up to 60%) and lowest clay percentages, some of the rhombohedral dolomites have 10 micron
gaps along the edges of the crystals. These “slot” pores connect, thus acting like microfractures, and lead to preferential pathways that
contribute to increased permeability and production.

The results of this study in conjunction with previous analyses of the ElIm Coulee Field indicate that the Bakken system within the Williston
Basin has huge potential for future discoveries. Understanding the distribution of facies and porosity and the diagenetic stages that have
occurred within the middle Bakken reservoir member is the key to determining new drilling targets within EIm Coulee and also to the search
for similar fields in this basin that may be good targets for future production.
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Abstract

Elm Coulee Field, discovered in 2000 in Richland
County, Montana, is the largest oil field in the Williston
Basin. This field produces from the Devonian-
Mississippian middle Bakken Formation and has an
estimated ultimate recovery of 200-250 million barrels of
oil. Horizontal drilling and hydrofracturing lead to large
recoveries from this low permeability and porosity field.

The Bakken Formation in EIm Coulee Field is
composed of three main members with an average total
thickness of 40 feet. The lower Bakken member consists
of laminated, brown to black, marine shale. This member
is siltier in EIm Coulee than in other parts of the Williston
Basin. It pinches out in the western and southern limits
of the field and is not present locally in portions of the
field. The middle Bakken member contains five shallow
marine silty-dolostone facies including two brachiopod-
rich facies, two bioturbated facies, and one laminated
facies. Like the lower member, the upper Bakken
member is laminated, dark, marine shale, but it is
continuous across the field and contains less silt than the
lower Bakken member does at ElIm Coulee. The upper
Bakken member is the main source bed for the oil found
within the middle Bakken reservoir at EIm Coulee.

Production in the middle Bakken member within EIm
Coulee is closely tied to the high percentage of dolomite
located in the reservoir quality sections. The main types
of porosity within the middle Bakken are intercrystalline,
dissolution, and intergranular. The first two types of
porosity listed are the result of dolomitization and
subsequent dissolution. Within portions of the middle
Bakken member containing the highest dolomite
percentages (up to 60%) and lowest clay percentages,
some of the rhombohedral dolomites have 10 micron
gaps along the edges of the crystals. These “slot” pores
connect, thus acting like microfractures, and lead to
preferential pathways that contribute to increased
permeability and production.

The results of this study in conjunction with previous
analyses of the EIm Coulee Field indicate that the Bakken
system within the Williston Basin has huge potential for
future discoveries. Understanding the distribution of
facies and porosity and the diagenetic stages that have
occurred within the middle Bakken reservoir member is
the key to determining new drilling targets within EIm
Coulee and also to the search for similar fields in this
basin that may be good targets for future production.
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Facies

-The upper Bakken shale. A dark shale with silty laminations. Laminations
decrease in frequency and color darkens to black toward the top of the
facies. This facies contains some open horizontal fractures and some filled
ptygmatic sub-vertical fractures, as well as pyrite features and fossils.
-Deposited in an open-marine environment with a stratified water column
below wave base -Average thickness: 7.19 feet

UBS

-Well cemented, quartz-rich, very fine-grained sandstone that contains
abundant pyrite and phosphatic fossil fragments and conodonts.
-Transgressive lag deposit

-Average thickness: varies

-Mottled silty dolostone with brachiopod fragments and occasional
laminations and horizontal burrows.

-Deposited between storm and fair-weather wave base in an offshore
marine setting

-Average thickness: 2.06 feet

-Bioturbated silty dolostone with many burrows and some wavy and planar
laminations.

-Deposited between storm and fair-weather wave base in an offshore
marine setting

-Average thickness: 2.83 feet

-Rhythmic mm-cm laminated silty dolostone with some bioturbation.
Bedding types include planar, subparallel, wavy, and small-scale cross-
laminations.

-Deposited in lower, middle, to upper shoreface setting with wave and tidal
influences

-Average thickness: 7.43 feet

-Burrowed and bioturbated silty dolostone. Contains abundant clay-rich
Helminthopsis and Scalarituba burrows and rare laminations and fossils.
Clay content decreases and core lightens near the top of the facies.
-Deposited between storm and fair-weather wave base in an offshore
marine setting

-Average thickness: 15.30 feet

-Fossiliferous, clay-rich silty dolostone. Fossil types include brachiopods
and crinoids.

-Deposited between storm and fair-weather wave base in an offshore
marine setting

-Average thickness: 5.68 feet

-The lower Bakken shale. Dark shale with faint silty laminations.
-Deposited in an open-marine environment with a stratified water column
below wave base

-Average thickness: 1.39 feet

LBS

_q}

Reservoir Characterization and Petrology of the Bakken Formation, EIm Coulee Field, Richland County, MT

Chloe Spencer Alexandre, Stephen A. Sonnenbergq, J. Fredrick Sarg, Colorado School of Mines Department of Geology and Geological Engineering, Golden, Colorado

- ] e - -]

ENERPLUS RES USA COR ENERPLUS RES USA COR ENERPLUS RES USA COR ENERPLUS RES USA COR
JACKSON-ROWDY 3-8 BRUTUS EAST-LEWIS 3-4-H FOGHORN-ERVIN 20-3-H RR LONETREE-EDNA 1-13
Cross_section Correlation Depth Resistivity Caorrelation Depth Resistivity Correlation Depth Resistivity Correlation Depth Resistivity
GR TVD ResS{AF20) 185241 ft GR TVD Res S(AHT20) 49060 ft GR TVD ResS{AF20) 44695 ft GR TVD ResS{AF20)
of the Study 0 GAFl 150 0.2 OHMVIV 2000 " GARl  150| 0.2 OHMM 5000 >5 GAPI 150 0.2 OHMM 2000 GAR 150 0.2 OHMM
wells shown ResM(AT30) ResM(N/A) ResM(AT30)
jasue ssuusnsnssnsasanne ansasisasaeias fosassisiaguseramseratanssostasnase sed || preesssecsseseesessiaseasunsvenisssens
on the map to
ResD{ATS0)
the left. Note bz e e R ST ) R T 2000
that the lower | iy '
Bakken shale "%
pinches out
toward the i 10500 Y
Coulee and * i
that the E and e (0400
F middle
Bakken facies | =_
are absent
locally.
ey Log is 7’ shallower than core depth.
Log is 1’ deeper than core.depth. |
Log is 6’ deeper than core depth.
Thin Section Jackson-Rowdy Brutus East-Lewis
i B ey s s Core oy ool E 7§ | e oo == 0 ool T3 F | oo [romion (SRR e
a v rt \ ' : -y ..-.:r rE D . ti F —T ::. T LEF B | i i __:_""':"5 : : : : : Ledgepole i :
Tk . escriptions =l % ———hHEEE
T N KEY i '_:__ UBS i E E _%::;::_E_:__E; : : i ij o i i
. Unconformable i ____ i E ' prver= ] 0380_-__:__:__:___—_ : i : :
Contact : < = T E ;

| These facies

§0.13mm

Ay 5

* +. #=ldescriptions are

present in ElIm Coulee
Field. Facies D is the
coarsest grained

il | Bakken facies; it is an
g || alternating cross-

: bedded bioclast and

B | very fine-grained
sandstone deposited
' 1in a higher energy

8 | channel or shoal
setting.

5 2
|
i |
' I o
| I I
: : L
: ‘ I o
! I |
: { ; o Lo
. =—NEN |
: - o I
- ' ] . |
' =7 7—1 1 1 | 1o
1 1 P W i
Conformable | | _ TEASA L P!
Contact ! ! '. aaes: IR |
omac I ' 103852+ 1
1 ] 1 B ey
=== Missing Core T Ul = I o
o : g 2 oan=s BN o
1 I 1
" " J=~i== [ [
Laminations I ! ! = = : Lt Lol Lo
I —— = E . ¥ [ .
— = e - 103907 %77 | | | |
-_—_—— Burrows T = == L : s o y aves B I
T e o
o | i ) | !
ertica [ R ' ! =7 7—1 1 1 | I
Fracture | - Lo " SV : : : o
i - 1 I
, I A | A : 10395—=r7=] | Lo o
P Pyrite : -~z =~ 1 : oS BT -
- - == 1 1 1 (I
A Anhydrite : ‘-__— - = o : {—fjr;if 1 Lo
- Vo= | B Lo l ===== B .
c crinol N B R 1040072577 1 1 1 L
‘ I B ji=esas IR = L
B Brachipod : :'“ S = VS L
, AREhS B s N EENE o
_/7/ Silty Dolomite : _=:_ - o i Ll oy ~ o
i R LT 10405—522] | !} I .
— — — ] Shale |- I = YA L= 1 L |S<=Es. o
— — — — - |2 -~-%= = e— s T3e=s
R N NS ==z I B .
I 1-g-=-=--- 7= 1 1 |- "=
R IR Sandstone ]l - = - Y AL e — !
e TARE 22 N P |
Sample : B_8 g% 1)1 0 10410-Z57=2] v v 1 |Toasn. P
[ o Z—r-74 | 1 1 === B
featured on " - B oo =774 ' ! ! |- B~ . (.
Petrography : B A = = I : :
Poster I B B I B R T T b, o
i g B R R 11 | s .= —
| Ketomes I REE PR |
. . L 5 B ' ¥
Bioturbation Index o R Voo | TER e o
: : — LBS Cor o1 (. jF' EE;" 1o
— —— L L =b=
Grade Percent : : I UL B Ea v B BPB B : :
Bioturbated (I rFr o L N Il
) ; L fveernd 1 B I
- P 10420 ] I
1 1-4 Lol L L 1o01 ThreeForks) 1 1 1 |
2 5-30
3 31-60 .
. 190 Foghorn-Ervin
5 91-99 _ = — - - _ _
T 17 T Vi N EE ot
6 100 Dot | iciogf 4 F 43 Facies |Bioturbation Index |SSSSSH Y Hﬁ_” | € . ey, |Lithologt 2 2 42 Eacies |Bioturbation Index
= { 2
¢ = £ B (8 \ | £ 550 o 2 3 4 5 6
=4 >80 P r s 557y — T
10495 B o 10380 P
- : : : : : Lodgepole : : - Lodgepole
||||| ] |
] I I 1
—— —
- ] — - ] 1
] — ] 1
10500 — I Lo
i o
1 UBS o
] ]
] s o ] :
1 I 1 [
[ e P I R I IR B
]

10525

o
-

. .pe )

¥ v
/i i B

AL



A Petrographic Look at the Facies Present at EIm Coulee

III

The pictures on this poster have been selected from 123 thin sections to represent the facies present in a “type well” at EIm Coulee Field.
When studying these images, pay close attention to the relative percentages of clay, detrital quartz, and dolomite. Higher dolomite and lower
clay percentages lead to better porosity in a sample. In general, facies LBS, A, E, F, and UBS are not reservoir, and portions of B or C are the
reservoir intervals.

There are five main types of porosity present in these images: secondary due to dolomite dissolution, “slot” pores (intercrystalline),
intergranular, fractures, and intracrystalline. Intracrystalline pores are rare and do not really increase overall permeability. Natural fractures at
Elm Coulee are still of a debatable importance. Though some fractures in the shales seem real, many found in the middle Bakken appear to be
induced. In thin section, these are often wide and cut across the sample or occur along boundaries of burrows or fossils, which are oddities
that could affect the integrity of the rock being cut. Intergranular pores are common between the quartz grains and carbonate crystals. And
finally, “slot” pores and secondary pores due to dolomitization and subsequent dissolution are very similar to one another. “Slot” pores are 10
micron gaps present in some reservoir quality samples. They form either from the dissolution of dolomite rhomb edges or from dolomite
crystals not quite growing together—either way, a rectangular “slot” exists, and if many are present an increased permeability network forms.

Note: These thin sections are injected with a pink epifluorescent epoxy. When subjected to a fluorescent light, exposed epoxy (like in
fractures and pores) fluoresces to an orange color. Typically, the brighter orange or yellow the epoxy glows, the clearer the pore space.

PPL = plane polarized light
XPL = cross polarized light
FL = fluorescent light
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Facies E is similar to B in terms
of depositional environment
and some visual features. This
sample has a low porosity for
facies E (<5%). This could be
due to the well cemented
dolomite patches or from
occasional clay, burrows, and
bioturbation. This image shows
several secondary pore spaces
due to dolomite dissolution.

secondary porosity from
dolomite dlssolut'lon

v LI

Higher porosity facies E
sample (7.2%). This facies
contains some clay that
occludes porosity. Also note
the zoned dolomites in the
fluorescent light image.
These are found throughout
the middle Bakken; they
have a nonferroan core with
a more ferroan outer rim.

Middle
Bakken
Facies

lag

Upper
Bakken
Shale

Foghorn Ervm 105044 63x

Facies F is similar to A in
terms of composition
and appearance. Often
this F contains many
fossils, including the one
pictured here. Notice
how the fossil contains
large dolomite rhombs,
clay fill, and open pore
spaces.

Partially silicified
brachiopod. Note that
most of the porosity
found in this image is
along or within the fossil
or the pyritic features.

= -
T
W, i

| 3

The lag deposits contain
large subrounded quartz
grains, pyrite, and many
fossil fragments. Here is a
conodont, several
phosphatic fish fragments,
and several large pyrite
pieces. There is some
intergranular porosity, some
intragranular porosity in the
pyrite, and some porosity
i bordering the fossils.

This very thin lag
deposit is located within
the lower part of the
upper Bakken shale. It
has essentially no
porosity and contains
quartz, plagioclase,
pyrite, lithic fragments,
some sphalerite, and
conodonts.

One of the coarser silty
layers found within the
upper Bakken shale.
The shales get many
large induced fractures
when thin sections are
cut.

_Induced fractures

Two large conodont
fragments found among
the clays and quartz
and carbonate silt of
the upper Bakken shale.
There is no porosity in
this facies except for
occasional induced and
natural fractures.




Conclusions and Future Work

Core Plug and X-Ray Diffraction Analysis

Conclusions: Future work on this project will include:

 There are five middle Bakken facies present at EIm Coulee. Facies A, B, and C are continuous across the field, while E and F are locally absent. The lower Bakken  The creation of a diagenetic chart for EIm Coulee Field based
shale pinches out toward the southern and western limits of the field, so in part of EIm Coulee Field, the middle Bakken unconformably overlies the Three on thin section observations and core data (see the figures
Forks Formation. below for two diagenetic charts recently published by

The upper Bakken shale has a fairly consistent thickness across the field. Based on its widespread occurrence and oil saturation data from the four wells in this authors)

study, the upper Bakken shale is the main source rock for this field. * An analysis of dolomitization processes and a proposition for
Though describing thin sections from all parts of the Bakken is useful in understanding the formation’s diagenetic history, careful observations of the porosity what events might have led to the high dolomite contents
with the aid of a fluorescent microscope is extremely helpful when describing the characteristics that distinguish the reservoir intervals from nonreservaoir. found in EIm Coulee

* As atypical rule, middle Bakken intervals with the highest dolomite percentage and the lowest the clay and calcite percentages make the best reservoir targets  Continued porosity characterization, including determining
at ElIm Coulee. the causes of pore types and their distributions within each
The main types of pores seen in reservoir intervals are intergranular, intercrystalline, and secondary pores due to dolomite dissolution. well. The possible role of fracture porosity also needs to be
Core plug analysis, including oil and water saturation data and porosity and permeability measurements, along with XRD measurements help support thin explored further at EIm Coulee, as does the concept of “slot”

Key Observations from the Graphs:

 The reservoir interval occurs within the B and C facies and generally corresponds to porosity greater than 7% and to high oil saturation percentages.

 Reservoir quality increases as illite, chlorite, and calcite content decrease and as dolomite content increases.

 Based on the oil saturations, the upper Bakken shale appears to be the source for the oil in the middle Bakken. Even when the lower Bakken shale is present, .
there are only minor oil shows in the adjacent A facies.

 Usually changes in porosity and permeability directly correlate to one another. .

* C(Clastic quartz and feldspar content stays fairly consistent.

Other notes:
« Abnormally high permeabilities, like some values in the Brutus East-Lewis and RR Lonetree-Edna wells, could be due to partings induced by cutting the plugs. .
 Black lines mark the facies boundaries. .

* Yellow shading indicates the reservoir interval. - Ly : - :
& section and core descriptions and well log interpretations. porosity.
 Red stars correspond to depths of samples featured on the Petrography Poster : - :
P P P grapny * |ntegration of source rock data to core and thin section shale
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