

















section and the lower 5* feet of the
Lodgepole with a gun capable of
removing hydrostatic head, which
reduces skin damage.

3. Produce the formation for a short
time (two weeks?).

4. Fracture, using 20/40 mesh sand
as propant followed by 65,000# sin-
tered bauxite injected with 1,200
barrels of gelled Bakken oil at
10,000 psi.

Water and acid should be avoided
in completion. Unpublished, proprie-
tary SEM analysis of the shale indi-
cate the presence of water and acid-
sensitive clays. A low water loss
mud should be considered when dril-
ling the formation.

DRILLING AND COMPLETION OF
HORIZONTAL WELLS

To date (3/88), 7 horizontal wells
have been completed in the Bakken
Formation.

The first horizontal Bakken well
in North Dakota was drilled by Meri-
dian Oil, Inc. The 33-11 MO! Elk-
horn is located in the NWiSEdsec 11,
T143N, R102W. The well initially
cored a vertical section of the Bak-
ken from 10,401 to 10,411'. A cement
plug was set uphole and kickoff
initiated at 9,782 MD. True bhori-
zontal drilling was attained at 10,737’
MD. The resulting radius of curva-
ture was approximately 630'. Total
length of the horizontal portion was
2,603".

Drilling time to total depth was 58
days. Some hole problems were
encountered drilling the vertical
section which necessitated extra
trips, particularly during logging
and coring operations. The first
attempt to kickoff was not success-
ful, resulting in 43 extra days of
rig time. The second attempt

required 16 days from Kkickoff to
true horizontal and 11 days to drill

the horizontal section. Total depth
was reached at 13,340' MD at which
time the drill string became stuck in
the hole. From drilling reports, this
was the second case of stuck pipe
encountered after kicking-off. An
inverted-oil-emulsion (trade name
"Carbo Fast Invert") was used as
the drilling fluid.

The completed perforated inter-
vals in the 33-11 MO!l are 11,799-
11,885', 12,160-12,246', 12,480-
12,838', and 12,915-13,097', totalling
702", The initial flowing rate 258
BOPD, 299 MCF gas, and 0 water.
Choke size was 12/64" and the flow-
ing tubing pressure was 750 psig.
The average flowing rate in the first
15 months of production was 292
BOPD. The production essentially
has remained constant over the life
of the well.

Conoco's only attempt to horizon-
tally drill a Bakken test was located
less than 5 miles south of the initial
Meridian test. The Federal 12-1
(SWiSWisec 12, T143N, R102W) lost
a portion of the drill string in the
initial horizontal section. A sidetrack
was able to regain 400" of lost hori-
zontal hole. Completed horizontal
section totalled approximately 1,100';
this was reduced from the original
2,058" of horizontal hole.

Most completion details are being
kept very confidential. None of the
wells to date report any stimulation
treatments. |t appears from the com-
pletion reports that all wells subse-
quent to the 33-11 MOI are completed
across the entire horizontal section
with pre-perforated casing and no
cement. Conoco's 12-1 Federal and
Meridian's 43-36H State have been
put on pump. The remaining wells
continue flowing.

The 33-11 MO! and subsequent
horizontal wells drilled and produc-
ing, are listed on table 2. Produc-
tion data and drilling statistics are
given for each well. The last column




is the maximum vertical deviation
measured along the entire length of
horizontal section.

EXPLORATION CONCEPTS

Regionally, several exploration
tools may be useful in searching for
areas of potential Bakken production.
Historically, one should be interested
in defining areas in which the Bak-
ken is overpressured. If one as-
sumes that the overpressuring occurs
in areas of intense hydrocarbon
generation and is due to abnormal
fluid volumes in shale pores, and
that the majority of that fluid is oil,
resistivity mapping from downhole,
wireline sources may be useful. Simi-
larly, mapping DST shut-in pres-
sures would be effective. In areas
that are actively generating hydro-
carbons, mapping bottom-hole temp-
eratures may be useful, with 'hot

spots’ defining areas of interest.
Once a regional 'play’ has been
outlined, more conventional mapping
techniques may be utilized to define
local areas of interest. Structure
mapping may be a valuable tool in
defining drill sites that would have
a higher chance of intersecting a
macro-fracture system. On large,
broad, structural features a flank
position may be chosen as the
optimum drill site; whereas, on a
small, sharp, structural feature, a
terminal location may be optimum
(Murray, 1968; Meissner, 1978).
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Figure 1. Comparison of vertical and horizontal well drainage volume schematic (Meridian 0il,
Inc.s North Dakota Industrial Commission Case #4606).




AMERADA-H.O0. BAKKEN NO. |
SW NW SEC.I2, TIS7N.,, R.95W.

WILLIAMS COUNTY, NORTH DAKOTA
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Figure 2. Type section of the Bakken Formation in the Amerada Petroleum Corporation - H.0. Bakken

No. 1 well (NDGS no. 32}). Taken from Webster, 1982.
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Figure 4. Study area.




T~_ Bakken structure contour

[::] Tmmature - greater than 500 mgHG/gOC
S,; less than 0.5 HC/nonHCy
16ss than 0.1 Production
Index

Onset of HC Generation - 300-500 mgHC/g0C
S_; 0.5-1.0 HC/nonliC; 0.1~
0515 Production Index

m Intense HC Generation - less than 300
mghiC/g0C S,; greater than
1.0 HC/nonﬁC; greater than
0.15 Production Index

Map of source rock maturity
zones in the Rakken shales with superimposed
structure contours on top of the Bakken
Formation.

Figure 5.

Map of'source rock maturity zones in the Bakken shales with superimposed structure contours on top of the Bakken
Formation. Taken from Webster, 1982.



TABLE 1. Comparison of Vertical and Horizontal Well
Economics (Meridian Oil, Inc., North Dakota
Industrial Commission Case #4606)

ELKHORN RANCH FIELD

BAKKEN ECONOMICS

A. Vertical Well

Monthly Expenses $ 4,000
Dry-hole Cost $ 419,000
Total Completed Well Cost $ 832,000
Tangible Cost § 221,000
Intangible Cost $ 385,000
[nitial Production 120 BOPD, 96 MCFD
Reserves 18¢ MBO, 148 MMCF
AFIT ROR 49.6%
Profit (Discounted @ 12% AFIT) $ 522,000
Payout 1.9 years

B. Horizontal Well

Monthly Expenses $ 4,000
Dry-hole Cost $ 971,000
Total Completed Well Cost $1, 520,000
Tangible Cost $1, 135,000
Intangible Cost $ 611,000
Initial Production 480 BOPD, 384 MCFD
Reserves 364 MBO, 291 MMCF
AFIT ROR [12%
Profit (Discounted @ 12% AFIT) $t, 527,000

Payout 1.0 ycars




cl

TABLE 2.
Completion
Date

33-11 MO! Federal 12-4-87
NWSE 11-143-102
Meridian Oil, Inc.
34-29 MOt 8-24-88
SWSE 29-143-101
Meridian Qil, Inc.
12-1 Federal 5-24-88
SWSW 12-143-102
Conoco, Inc.
33-19 MOI 6-7-88
NWSE 19-145-103
Meridian Qil, Inc.
43-36H State 9-25-88
NESE 36-147-103
Meridian Oil, Inc.
44-23H MOI Not
SESE 23-143-102 Available
Meridian Qil, Inc.
32-33H MOI Not
SWNE 33-147-102 Available

Meridian Oil, Inc.

Producing
Interval(s)
(MD)

11799-11885'
12160-12246'
12480-12838'
12915-13087"

10849-12093'

10514-11846'

11200-12712"

11178-14548'

Not
Available

Not
Available

Initial
Production

258 BOPD

0 BWPD
299 MCF/day
12/64" choke
750# FTP

356 BOPD

0 BWPD
gas flared
18/64" choke
5208 FTP

61 BOPD

0 BWPD
35 MCF/day
10/64" choke
2004 FTP

443 BOPD

0 BWPD
172 MCF/day
24/64" choke
205# FTP

253 BOPD

0 BWPD
209 MCF/day
20/64" choke
1504 FTP

Not
Available

Not
Available

Current
(cumulative)
Production
12/88

297 BOPD
1 BWPD
(109680 BQ)
(258 BW)
Flowing

205 BOPD
1 BWPD

(28736 BO)
(37 BW)

Flowing

32 BOPD
0 BWPD

(8744 BO)
(0 BW)

Pump

271 BOPD
5 BWPD

(63477 BO)
(37 BW)

Flowing

169 BOPD
2 BWPD
(13090 BO)
(60 BW)
Pump

87 BOPD
0 BWPD
(5320 BO)
(49 BW)

111 BOPD
0 BWPD
(3061 BQ)
(4 BW)

Available Horizontal Hole Completion Information

Total
Horizontal
Section

2603'

1267'

1100’

1512

3292

Not
Available

Not
Available

Radius

630

586'

516

806'

525'

Not
Available

Not
Available

Vert.
Dev.

10"

19'

10'

Not

Available

Not

Available



TABLE 3.

DATE
May 11, 1987

September 30, 1987

August 27, 1987
August 27, 1987
August 27, 1987
November 2, 1987

November 17, 1987

November 17, 1987
July 27, 1988
July 27, 1988
July 27, 1988
July 27, 1988
July 27, 1988
August 31, 1988
October 26, 1988
October 26, 1988
October 26, 1988
October 26, 1988
October 26, 1988
November 16, 1988
November 16, 1988

November 16, 1988

November 16, 1988

CASE# COMPANY
4322 Meridian
4382 Conoco

4382 Conoco

4392 Meridian
4393 Meridian
4394 Meridian
4410 Meridian
4417 Meridian
4417 Meridian
4417 Meridian
4418 Meridian
4553 Meridian
4554 Meridian
4555 Meridian
4556 Meridian
4557 Meridian
4576 Meridian
4606 Meridian
4607 Meridian
4608 Meridian
4609 Meridian
4609 Meridian
4615 Meridian
4616 Meridian
4617 Meridian
4618 Meridian

01l

0
0il
01l
011
0il
01
011
0i1l
0i1l
011
0il
0il
011
0il
0il
0il
0il
O]
0il
0i)
011
011
0i1l

Company

Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company
Company

Company

LOCATION
11-143-102

12-143-102
13-143-102

27-146-101
27-143-102

3-143-102
27-146-101

1-146-103

7-146-102
30-147-103
35-143-102
33-145-101
33-147-102
33-146-101
23-143-102
35-146-104

7-145~102
11-146-103
33-143-102
25-143-102
17-145-103
29-145-103
23-145-103

3-144-103
25-147-103
21-146-101

Horizontal Hole Spacing Hearings Through March, 1989.

FIELD
Elk Ranch

Elk Ranch
Elk Ranch

Flat Top Butte
Roosevelt

E1k Ranch

Flat Top Butte
Pierre Creek
Pierre Creek
Pierre Creek
Roosevelt
Devils Pass
Hay Draw

Flat Top Butte
Elk Ranch
Bicentennial
Wildcat

Poker Jim
Roosevelt

Elk Ranch
Bicentennial
Bicentennial
Wildcat
Wildcat

Pierre Creek

Flat Top Butte




HORIZONTAL SPACING HEARINGS (Cont.)

DATE CASE# COMPANY LOCATION FIELD
November 16, 1988 4619 Meridian 0il Company 33-143-101 Elk Ranch
January 25, 1989 4643 Meridian 0il Company 35-144-102 Elk Ranch
January 25, 1989 4644 Meridian 0i1 Company 21-143-102 Roosevelt
January 25, 1989 4646 Meridian 0i1 Company 7-143-100 Wildcat?
February 22, 1989 4660 BWAB 21-147-103 Wildcat?
February 22, 1989 4661 BWAB 36-144-103 Wildcat?
February 22, 1989 4662 BWAB 36-145-102 Buckhorn
February 22, 1989 4663 BWAB 24-144-103 Wildcat
February 22, 1989 4664 BWAB 8-144-103 Bicentennial
February 22, 1989 4665 Meridian 011 Company 17-144-102 Wildcat
February 22, 1989 4666 Meridian 0i1 Company 19-144-103 Bicentennial
March 24, 1989 4687 Meridian 0i1 Company 27-145-101 Rough Rider
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