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Abstract

The Upper and Lower Bakken shales are the source beds for the Bakken Petroleum System of the Williston Basin. Reservoirs for this system
include the shales, the lower Lodgepole, Middle Bakken silty dolostones, and Three Forks silty dolostones. The Upper shale was a drilling
target in the late 1970s through the early 1990s in southwest part of the basin in North Dakota (termed the depositional limit play or Billings
Nose play). The discovery of the giant EIm Coulee Field changed drilling strategies to focus on the Middle Bakken dolostone member. As this
play extended into North Dakota, drilling success was also encountered in the upper Three Forks dolostones. The Upper Bakken shale has
recently been targeted with horizontal drilling and multistage fracture stimulations along the southwest edge of EIm Coulee Field where the
Middle Member pinches out. In this area wells are drilling into the Upper shale and then completed with multistage fracture stimulations. The
fracture stimulations extend into the adjacent Lodgepole and Three Forks formations. So in essence, these new wells target multiple pays.
Factors thought to be important in this Upper shale play include: orientation of horizontal laterals, bed thickness, natural fractures, shale
mineralogy, abnormal pressure, and TOC content. This play is a similar to the previous depositional limit play in North Dakota except the wells
are completed with multistage fracture stimulations. Exploration success in the Upper Bakken shales suggests that future drilling should also
target the Lower Bakken shales.
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ABSTRACT

The Upper and Lower Bakken shales are the source

beds for the Bakken Petroleum System of the
Williston Basin. Reservoirs for this system inc

the shales, the lower Lodgepole, Middle Bakken silty
dolostones, Pronghorn dolostones, and Three Forks

lude

silty dolostones. The Upper Shale was a drilling
target in the late 1970s through the early 1990s In

southwest part of the basin in North Dakota (termed
the depositional limit play or Billings Nose play). The
discovery of the giant EIm Coulee Field in Montana

changed drilling strategies to focus on the Middle
Bakken dolostone member. As this play extended

iInto North Dakota, drilling success was also

encountered in the upper Three Forks dolostones.

The Upper Bakken Shale has recently been targeted

with horizontal drilling and multistage fracture
stimulations along the southwest edge of EIm

Coulee Field where the Middle Member pinches out.

In this area wells are drilling into the Upper Sh
and then completed with multistage hydraulic

ale

fracture stimulations. The fracture stimulations

extend into the adjacent Lodgepole and Three Forks

formations. So in essence, these new wells target
multiple pays. Factors thought to be important in

this Upper Shale play include: orientation of

horizontal laterals, bed thickness, natural fractures,
pressure, and TOC

shale mineralogy, abnorma
content. This play is a similar to the previous

depositional limit play in North Dakota except the

wells are completed with multistage fracture
stimulations.

Exploration success in the Upper Bakken shales

suggests that future drilling should also target
Lower Bakken Shale.
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The Bakken Cycles

® Vertical drilling: Bakken (pre--1987)
— Antelope Structure (1950s--60s)
— Depositional Edge (1970s--80s)
® Horizontal Drilling of the Bakken Shale (post-1987)
® Horizontal Drilling of the Bakken Middle Member
(2001 to present)
® Horizontal Drilling of the Three Forks (2008 - P)

Modlified from LeFever, 2004
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Figure 5. Isopach total Bakken, Billings Nose area.
Wells shown are Bakken, Three Forks producers only.
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Cross-section EIm Coulee. Shaded area on resistivity
track is where MSFL is less than LLD curve resistivity.

This Is an indication of matrix and/or fracture permeability.

Shaded areas on resistivity logs indicate mud filtrate

Invasion caused by salt based mud and the presence of

fracture or matrix permeability.

Three Forks | Bakken| Lodgepole

B B’
(Southwest) (Northeast)
COGCI/CANTERRA 29-142-102BN RAUCH-SHAPRIO BN1 FEDERAL
1J 21-9 23-143-102 41X-51
& @ L -
T142N R102W S29 T142N R102W S9 T143N R102W S23 T143NR101W S5
% ] S S =Hy o
- = — :x_. ::::}._ "— 8.
=R, = = 3 : o
¢ = = ¥
i = = s 3 -]
t g = e : =
T & & ~ =
y: == 3= 1193 False Bakken
~ .“3’ . S : Scallion S
It 3 : B 24 IS Upper Bakken Shale =
- ZH -1 L s ST —_Middle Bakken silltstone, limestone, dolostone ¢
" = \ =zl = S Ed { —\\Lower Bakken Shale
t Tz.‘_. -? , Pronghorn
? = = Z'
— =g == - 7 - Three Forks -D
- E=gEr i ' SR
' =15 — -k
| ! ! TR EE PAEE|
it (R B EiEEECY \ i 4 Three Forks - C
14 < - — .3
| \ e “
4 S SRt : =
3 = = I HIHANEE - FE o
= = : S sttt il : ot
g9 —\;— it — ®
[ = =e SR e -
| ==y 3 —
:; 2 = =20l N ¢ Three Forks - B
T = =5 = S
o T FiSg & = = S
—t Nisku\ S : o2 4 g
¢ k ldsb: g =5 ] ;‘i = Three Forks - A
<5 i == = ?:‘:‘-
r& | e =8 3 2
&1 B == EEE
FIEE S==|| & |
4 32 = ‘T ‘ A S, N 5 0 ) Nisku/Birdbear
| b Duperow F= B ‘ | = |
. am_.. . —M = - -t -"— — |
o b e Fen .
.-Io'- -. am 5 = _.. - ._? -.' - g ':. o 2

Cross-section Billings Nose area. Note dramatic
pinchout of Bakken to the southwest. Note also

thickening of False Bakken in this area. The 21-9 and BN

1 wells show resistivity separation in the Upper Bakken
Shale suggesting the presence of fractures.

$ LN
B x‘ﬂm
AL

~ .
3 W,
‘\ ,;‘]11.11}]}] 1
I\
\ ; i
N
~~‘0 o) i
Py
N O,
20 miles

/6]

N 1\_%&%”

Isopach Upper Bakken Shale. Wells shown are Bakken,

Three Forks producers only.




Upper Bakken Shale Resource Play, Williston Basin

2

Bakken Fractures _ , Non-Tectonic Fractures
Conceptual Burial History of

» Regional Unit — Volume of Oll - Source

HC Generation - Upper Bakken Shale

* Tectonic % POROSITY e HC GENERATION Canada |
. . . 0O 20 40 o 5 10 15 20 25 > : B ~ e |
» Diagenetic (expulsion) e p T ) N IS © |
1 zg;oséty )\ BACTERIAL 7 _//f/*'o, /AN () Q‘ |
N4 GEOSTATIC ) METHANE 13 y. . G 0 |
3t 4 1.0 PSI/FT o W
0 . . . 4} \ |
mineralization on fracture surfaces il 1 2PSIFT -
- 7 - ~ 6F ‘\“\
Is absent” Carlisle et al., 1992 = o W % % AQUATHERMAL 5 o
x - Source Y OlL -
$ 8r ’ 44 % 2
L gl v\ THERMAL- [ [\ s 2 05 o |
Regional Fractures § 100 il . = P~
= 1 == PEAK OIL™ &
< 12 —— GENERATION ) S LU
a 13 EXPULSION ~ 8 O
> -
A AHERMA 2 |
15+ CRACKI_\__G -15
16k NON- " PEAK GAS
SOURC GENERATI DN-
17t PULSION
18 S—— - — From LeFever

POROSITY & PRESSURES DURING
BURIAL, GENERATION & EXPULSION

Modified from Momper, 1981

Carus Fee 21
Sec. 19-147/N-96W

[~ i R e 20 A S N N . ‘ j
i Kb vl 4 g R S ~ oS Y S
Overpressures generated by HC generation SPn o L
P g yHCg HARY nees
Volume of original Volume of original { ' e e N
unaltered "immature" unaltered "immature" ¢ b NG A Mela e ey AN
Kerogen Kerogen g o i T R g
= i 4 < | ‘ & oy
gg H "MATURITY" i "MATURITY" | | | | T S
) 3 | .
I " . ! II -
> Oil generation m‘
£ - & stability iy
s . , : .
Thompson -1 " g% Py Dry gas Figure 16 - A) Network of calcite-filled horizontal fractures
S TR 26-1500.01W 0= N Wet gas & g‘;f;ggﬁ; cross-cut by a vertical calcite-lined fracture which starts
%% generation and terminates within a 5 cm thick interval (well 12-27-1-
Core photographs showing regional fractures. A) Photo illustrates regional fractures 72 stability / - 1 y
in upper Bakken shale from Thompson 5-1 (11048 , Sec. 5, T143N, R99W). B) %4 612, .bet ween approximat ely 2 0‘21 0 a n d 2 082.0m. B)
fractures in middle Bakken from Liberty 2-11H (9629 ft, Sec. 11, T151N, R9TW ) Sk Dry gas Magnified view of a portion of this 5 cm thick interval.
dle.Be . . ek >, & ry gas 8
fractures are mineralized partially open; C) fractures in middle Bakken from Laredo — generation
26-1 (9299 ft, Sec. 26, T156N, R91W); fractures are cemented with calcite and o F .
partially open. < Fbiliy Krels, COSta, Osad etZ, 2006
creates — . _
porosity net volume increase net volume increase
LOG RESPONSES VOLUME memmap VOLUME ==
e v a ALY BOY AT C N
Meissner, 1980 B ; g ;-hQT)'}:'f ;’\
o O . v+ AW 5y o TS .
'\ & b e ) Y
MERIDIAN OIL INC b T S
MOI Ao ATALRIA Y S X% P
21-11 N5 Jlf.l&‘.?m,.’f.‘.z, ,
‘s

T143N R102W S11 I y A
™
‘v
41 : 51 nRil I y [ [T ‘ "
1 1 | 1l ! L { i | »
i1 | | | I J | ) | _ > "
1 | } } , A
1 [
BT % ] ’
- f 1 : 2,
, . N
: "
) 1 :
— 3 P 1 *
! B | ¢ ’
VTN L | ;‘ \ 1 P -’:
] 4| [ ' - i -
False Bakken =T n s LD B ‘ v - DEN ¢ -
-~ : p—— MSFL I \ - . '; 1-} 2 A E-1(?) A 4
-:n - . uu . | o .
™ A% " T« i3 # i 1 : .
- | 11 ! | ; 1 2222 \
Scallion | | 22323 'y
= . 11 b : 3 gggg e
1 | \ ' - ’
Upper Bakken Shale -1+ T i <o B o - 22232 L
1 1 1 ] . 4 M
Lower Bakken Shale : ‘ = - : e Regional - .
=t f ' I ). ' ‘7 Fractures 3 A
! \ | | | 1 s
A QT N AEE T HEE
| I | 1) N ma o 4 N : : 4
= ! : ff242466644
e Gl e 1 g B : . ' Fos 1541152818
Pronghorn IR | 1 0| ; - : IFHHE
i ' | 1 1 | i _ » 466
~ 1 F o » 2 2222
1 1 1 b ' : ::t az2gz2e2 |
7 80017 . — ] — 44442 22222422 —_
. 1| - n - | 1 | 2 55515222 eeaa2 Beddin
—— o , i || u=, o == - - - 2~ 222232232 2222 _plane |
: e 1 fm '%"’a’ : & - 2e 2 S
1T 1 1—'"“ T T : —\- d | " ! >e - . 22222 EAR Fractures
) | | 4 { - . g » . 2 e A
Three Forks ] v.. | Tt ' ! : . M t 20 , " 270 i22zz acccelea 22, 90
HHHTT? L — H B T AUl 113] it T | —
& 0¥ L . ! ! ! S " . 4 2 R e
: . . o« - e 2 2222 2 -
mr’mmﬁmm i e 1 Kl RAGI) ) : o R R e T e i22222 22 22224222 cala | —
i : AL v o R & v | A AR AD - Whe " 5 § 2 224442 24444 \
G B — L - A e o SRR R L O e YHiT SRR Lpititl o | | |
' . b sncons AR il R VY. 3 > ¢ > 5 > 2222 2244666422 2 B
..... LR UH, TR S A—— L1, ) B b e Ji ONE - 100 ’ b 200 T 222222 224424622 [a2 ' 7\ —
00 16 ) 3 @R (D _m q444%3 224442 222422 ri
R X S Ty S— LR Ll N Jat 1) & 4 4 4 ;Easand ca2ag, 44 , p——
M—“‘Iﬁ--—m ;n / 3 22 222464422 2222 44 | -
2 e eec2geg4q44222 2a2ecee 24 =
C-2(7) R % 222244222 222222 22 l -
Q 222222482 2azz22 23 ——
- 222285 222222 Raglonal
PfS 10490'10506 SYMBOL _ RANGE (X) 5222 5555 Fractures
{2804
IP: 217 BOPD; 178 MCFD .= :
. o 4 4.0 - 5.0 :
CUM: 199 MBO = s 4080 L
: 6 €.0 - 7.0 43 FRACTURES : Li o
258 MMCE PORAS) - i 8- ine drawing of above photo
Or|zon a f ? 60 . o STEREONET PLOT OF POLES TO FRACTURES
. ' PVt o . 3 15. - 20.
. 2 5 : < 2sa C 20. - 25. Bakken Shale (11, 288-11, 318 feet)
tumi Fracture e BB
B'tu In £ N .3 Natural Fractures
G 40 45

Separation between MSFL and LLD can indicate B “microfractures occur in all Bakken units”
fracture permeability (invasion) LeFever et al., 2008 L ogcE | weermees Carlisle et al., 1992

“Separation between neutron and density porosity Stereonet plot of poles to fractures,
curves can indicate the presence or absence of Bakken Shale. Note “bedding plane
fractures” Carlisle et al., 1992 fractures”




Upper Bakken Shale Resource Play, Williston Basin

3

LLE Hull 21-22

Sec. 22, T24N, R54E
Calcite-lined Horizontal Fracture networks e
MLL NPHI
0.1 1000{0.3 0.1
GRR LLD DF’HI-2=71 TOCDEN
20
.......................... o) o
i <HNNNN : . e
":i;GM}\\\\ Ueiia® i\ oxndt & [ | | o] pegpeecpee e g g e e S : X. o
i ' &” \@\ ) \ ? False Bakken . \ % 3
; : Q %Q\ “ Scallion 19 i > gt ek o />+ y
_ & ' i g ’ ;5
¥ £ S "'l"“" ‘j)& ;: illr 1’"& - } Upper Bakken Shale c PN U % 111 ‘I’} U\t\ ‘i&i‘ \JNJ t :
% j “‘ " ‘ i ‘. ' g e S L . 2 ,{ + 1 Q[t&]&.i\. ?’\‘ { "._{. T::?:"’;\ o
4 ' \ .{ f‘ 1 S I R Middle Bakken ~ . ’ ’ ARS8 MwJ&{, LIk ]ﬁ\&\,} LT Taly
» e d - T > . * % S Tl
L34 v I+0 ol AR N 0 3 ; : .o T VeI e 1Y
= . C _Ete., *
§+ e ~-% 3 Lower Bakken Siltstone s VAF "}*L w/lf@“ »
s - "N & 0'\\* Upper Three Forks T . e I g
Van Hook 1-13 p + * +F x4+ ZRAIR/TG
Nesson 42X-36 9 . Sa el e L U
9528 i ?. { = \f D e ¢ T £3 '/,
RECATTIEN RN Sec. 36-1T0135964N-R95w b s 7 \ \” ,}; K S o8 — 0 =~ e E L
/. THREE FORKS £Y = L;C::-c; """""""""""" § SYMBOL HIGHLIGHT ” % I R .. L i
e 2?::12;?0930 ;.L_\)%‘B -------------------------- Middle Three Forks £ () CORES BAKKEN L I - R e (IR
@ s tos0.2000 - S o | ) ; 20 miles Isopach Lower Bakken Shale \+\|O N
Jornenson 1-15 / / ) \ \ ; ,Il g Structure Top Bakken L/ : ) +
11016 S W A —Ne—
Sec. 15-T148N-R96W -
= Log response for Bakken and Three Forks intervals Isopach Lower Bakken Shale.
Structure top Bakken. from EIm Coulee.
HULL LLI&E 21-22 FF!:?qCA
- T24N ;5_4E 522 T24N R54E S24
Kennedy F32-24-P —— =
10583 0 = 300 P01 — 01 0 = 300 P01 = 100080.3 — 01
SeC. 24‘T1 49N'R93w GR DPHI-2_T1 - TOCDEN GR MSFL DPHI-2_T1 TOCDEN °
e S o é T <£§é; 1 ? ""J”mf%@.—:Tfﬁﬁﬁ:%fngwﬂ """""" EE
Nesson 42X-36 S . L - 3240 o 3
10405 = R 33.- < B Ealfakken
Sec. 36-T196N-RISW I —4 k " < ‘-} R S I . H'qu.‘_-' Upper Bakken Shale c
\ 1 _ | | ¢ % ; _______________________________ of T r U f) ..... Ci ................ Middle Bakken %
Jorgenson 1-15 s - ¥ 5 N7 . =
11023 ® ' 2 v i T P e Wmms,:(m;mmmm Lower Bakken Siltstone @
Sec. 15-T148N-R96W v - > g [ 11 [ [ 2 ——— ~Upper Three Forks
pt —-1. & i -
il ; e {CE, _______________ § ------ *E ----- {izf’ --------- -1 Middle Three Forks -%
o : . IS SN U . Gl <% """ 2 I e F
Calcite-lined horizontal fracture networks. - < e A — : £
@] + N\
§ el Pos s aup 3 % o ion indicati
| @ e : % - L ikﬁ Cross section indicating fractures, Upper Bakken
@ BKKN 1990-2000 i «  em— + = A A . .y . .
- — | IT- Shale and matrix permeability in Middle Bakken, from
/ : . 20 miles Isopach Total Bakken

elle © B — . = BT . oy
2 *|* ; .20 miles Isopach Upper Bakken Shale \ : Elm Coulee.

Isopach total Bakken.

Isopach Total Upper Bakken Shale.

BAKKEN SHALE DATA LBS HI-LBS HI

00

50
300
150

‘ s ‘ 0
w2 g _; : It
\ Qfd‘“\ﬂk‘ -IQ I. “"‘Q@ ‘ i
Shapiro t!\ ”‘?f"h “\)‘\ ﬁiz'M ; (+ Mea : :
* ; w»»;&», e R Ja‘ a%'s% _' TN
+ ﬂz“ Jﬁ\\ \xs\\\‘h‘.\.!“ d‘ 3 \ Valley
» = “1 N 115]!1‘) w"\\ \& TR 982
4 4 L4 : ,\ \“ ’ “ }‘ "\.\* '.
8000 e e . \1\ "]7[ ll b&_‘{iﬂcf“l\ 'f:} ‘”\ IS 2N
sesees s o0 PR 2 2000 4 % : Py K ?l %mlnb !s:)‘)q ||Ew % l\“‘ ....
¢ ) w: ' i o A W b+ l'( ivallig 'n(“q,ul’lt ‘}ii "I‘\i \ %!"ﬁ et
6000 ~f‘ft’},‘£1& i . \’: \I 1 l 0 |||==q‘|u!!!|! } (g S5y
* 44 4 + i - . 0
5000 i PR o e ,__\\ ST N'%i'ﬂ
. . . — 4\}' ! McCone Q
4000 n * Shapiro hic R . s r \\\ L1 3! j
’ 3000 SYMBOL HIGHLIGHT s x s S FOTRSL EhaAS Dawson
. @ BKKN PRODUCERS + £ ¢ p Al : _ .
¢ : 2000 . Ziiz :Z;gi;(s)o ) & 0 E 3 Ve . . i | : d = —~— : . : y . 1 . I—l Oliver
, ¢ @  BKKN 1990-2000 . & . T \ = it 8 i 08 . g 3 b g =
. + . 20* mlles o = *”C SYMBOL HIGHLIGHT " T - way . | Pra|r|e | Siark
25 2 15 1 05 0 Isopach Middle Bakken - A .o - St = T
. T S Morton
Isopach Middle Bakken. | " - 20 miles Isopach Net Upper Shale - T B |
o osebud Custer ! Slope ‘ Hettinger ‘ P
) ' . Cranmt
Tl : + Isopach Net Upper Bakken Shale.
* 4
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presence of fractures. See Figure 7 for Shapiro log. Hydrogen Index map for upper Bakken shales.
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