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Welcome to the North Dakota Industrial Copamission, Department

Eg liieE Mineral Resources, Oil and Gg#Divisi page.
Active Drilling Rigs

Daily Activity Reports

Confidential Well List

General Statistics

—

OIL AND GAS DIVISION

Well Search

Report a Spill/Incident
Rules approved for Geologic Storage of Carbon Dioxide.

GIS Map Server See the signed order.

Publications

Surface Mineral Owner

Bakken and Three Forks Information!

Basic Services

Premium Services
— There are currently 2 job openings available for an Engineering Technician IV and Engineering Technician IV located in the Williston Field Office and
ElEEans Fie one job opening available for an Engineering Technician I'V located in the Dickinson Field Office.

Related Links

FAQ & Web Help Available on the ND Petrolenm Council web site are the Surface Owner Information Center. the Rovalty Owner Information Center
Contact Us and the PowerPoint presentations that were used at the 2012 Williston Basin Petroleum Conference.

Employee Directory

S The Oil and Gas Division regulates the drilling and production of oil and gas Phone: (701) 328-8020
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Three-Dimensional Geologic.Model of the Parshall Area
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TYPICAL HORIZONTAL OIL WELL

9-5/8” @ 2500’

* Drill with fresh water

* Total depth below lowest potable water

* Run in hole with surface casing

 Cement casing back to surface of ground
18t layer of surface water protection



TYPICAL HORIZONTAL OIL WELL

qu 0-5/8" @ 2500

KOP @ _ .
10500° "\ [ Drill vertically to kick-off point
* Run in hole with bent assembly
 Downhole mud motor




TYPICAL HORIZONTAL OIL WELL

0-5/8” in 13.5” Hole

7” Casing

Cement

Kick-off
Point

Build _
section * Drill 8-3/4” hole to pay

* Run in hole with 7” casing
« Cement 7” casing
« 2nd |ayer of protection



TYPICAL HORIZONTAL OIL WELL

9-5/8” in 13.5” Hole

7” Casing
Cement
Kick-off Build
Point

Section

Horizontal lateral Middle Bakken



TYPICAL HORIZONTAL OIL WELL

4.5” Run Iin hole with:
Frac « 4.5” liner
String

« 30-40 swell packers
cement ¢ Sliding sleeves / P&P
« 3'd Jayer of protection

Packer

: ! \\‘ "-f - | ]
\‘__,_, Coo MR S Middle Bakken

4.5” liner




TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken
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4.5” liner



TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken
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4.5” liner



TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken
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4.5” liner



TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken
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4.5” liner



TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken

10 MO - .. L BRI B

4.5” liner



TYPICAL HORIZONTAL OIL WELL

4.5”
Frac
String

Cement

Packer

Middle Bakken
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Thousands of fractures are created
 « pumping water at 6,000-9,000 psi

| i - millions of pounds of sand and
- ceramic beads are pumped with the
Water to hold the fractures open.
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., Purposes of frac fluid

2 -+ gel strength to carry sand

X

 Frac fluid is produced back as
~ flowback
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Hydraulic Fracturing:

pumped into the well to Form mic




Base of fresh water Sea Level

9000’

Bakken/Three Forks

Oil & Gas

Precambrian
Basement
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Performing hydraulic fracture stimulation south of Tioga

« all Bakken wells must be hydraulically fractured to produce
« > 2 million gallons of water

« > 3 million pounds of sand
« cost: $2-3 million



WHY FRAC THE ROCK?

» already developed easy oll
* oil flows easily without fracking

» Unconventional Reserves
* reservolrs are tight
 Uneconomic to produce w/o fracing
» must create a path for oil to flow



Olil and Gas Resources—Statute
NDCC Section 38-08-01

* Foster, encourage, & promote our
natural resources
* Protect correlative rights



Industrial Commission Regulation

» Hydraulic fracturing regulation

 NDAC Section 43-02-03-27.1
 https://www.dmr.nd.gov/oilgas/

* SUr csg open + diversion line to pit/vessel
* relief valve on treating lines w/ck valves
* remote operated frac valve on treat lines
o If sur csg press > 350 psi notify NDIC
60 days post FracFocus chem registry



https://www.dmr.nd.gov/oilgas/

* Frac down 4-1/2” frac string

» sting into liner or set pkr below Kd

* press and monitor 4-1/2” X 7” ann

* press relief valve on treating lines
o set </= 85% of yield press

* press relief valve on 4-1/2” X 7” ann
 set </= 85% of weakest 7” yield
» diversion line run to pit or vessel



* Frac down 7” c¢sg string
» max treating press 85% of csg rating
» csg eval tool to verify wall thickness
* inspect + photo of top 7” csg jt
* reduce treating press if warranted
» cmt eval tool to confirm cmt
 run frac string if defective cmt
* press test 7 and wellhead
* If wellhead press rating < frac design
» use wellhead protection system



States have been regulating the
full life cycle of hydraulic
fracturing for decades

» Water Appropriation Regulation

* OIl & Gas Regulation

» Health Department Regulation

» Geologic setting in each basin different



Hydraulic Fracturing
Stimulation is Safe

* |OGCC survey—no contamination
* GWPC study verifies State’s regs
« GWPC National Registry f/chemicals



Industrial Commission Regulation

» Water flowback after frac
» Storage In open pits prohibited
* Disposal wells permitted through
Underground Injection Program
* Disposal zone iIs 2,500 feet below
potable waters



Base of fresh water Sea Level

Dakota Fm.

Salt-Water Disposal 3

Bakken Fm.

400 disposal wells
950,000 barrels per day



Rules and Legislation

 prohibit most reserve pits
* Implement strong HF rules
» 63"d |_egislative Session—®©
* HB 2014—DMR budget: 21 new FTEs
* HB 1348—safety /SO w/in 1000’
 HB 1333—-create GIS pipeline database
» Rulemaking—nhearing in Oct 2013
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BAKKEN

|/ €—Bakken Produder
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15,000 sg mi
8000 wells
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Current drilling activity is focused

In Mountrail, Dunn, McKenzie, and Williams Counties.



Bakken Development Plan

& Original dual-zone
development plan

* 8wells per 1,280
acres —4 MB, 4TF

« 603,000 Boe EUR
per well (avg. 24.5
stages/completion)

« ECO-Pad® design:
2 wells south, 2
wells north

& Additional Three
Forks potential

Three Forks

1%t ECO-Pad well pair

Charlotte 2-22H:

1,140 Boepd IP

Nisku

HAMPION

B T s T
==

10,000"
below
surface
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Small Footprint
 Developed 13,000 acres
« 14 wells

* rough topography

* LMR Confluence
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Thirsty Horizontal Wells

2,000 wells / year
 15-25 years duration
« 20 million gallons water / day



Commission supports surface water use

 Lake Sakakawea best water resource
 one Inch contains 10 billion gal water
* 5000 wells @ 2mil gal wtr/well
o 2-year supply
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North Dakota Industrial Commission Cases Heard
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SIHCTH DARITES

\ North Dakota New Well Permits Issued
E \
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North Dakota Well Depth and % Horizontal
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North Dakota Average Monthly Rig Count
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1979

1983 1987 1991 1995 1999 2003 2007 2011
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2015




NIEN

186 rigs currently
e 225 rigs - 2 years to secure leases
225 rigs — another 16 years f/5SH/SU
 Declining rig count?
« walking rigs replace inefficiencies
e drilling more wells w/less rigs



WELLS

« 8,755 wells currently producing
« 5,462 Bakken
» 3,500 more to secure leases
40,000 additional development wells
e 225 rigs — another 16 years
» 100 rigs — another 30 years
« Bakken Pool — 4 targets



Typical 2012 Bakken well

« 45-year well life

* 615,000 barrels of oll

» $9 million to drill and complete
» $20 million net profit

* $4 million in taxes

» $7 million in royalties

» $2 million in wages

« $2 million in operating expenses



900,000
800,000
700,000
600,000
500,000
400,000
300,000
200,000
100,000

BOPD

O_FJ_,___- [

North Dakota Daily Oil Produced and Price

1970

)

I I I I I I I I I
] (-] o (-] (] (-] ] (-] o (-]
[~ cO cO (8] (8] o o — — (Y
(8 )] (8 )] (8 )] (8 )] (8 )] (-] (-] (-] (-] (-]
-— -— -— -— -— (Y| (Y| (Y| (Y| (Y|

—BOPD - - -$/BO

$360
$320
$280
$240
$200
$160
$120

- $80

$40
$0

ND Sweet $/BO

Production 793,216 bopd (appr 719,050 from Bakken—91%)




North Dakota Monthly Production Top 12 Counties
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@t North Dakota Wells Producing
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8755 total wells — 5462 Bakken horizontal (62.4%)




Barrels of Oil per Day

Typical Bakken Well Production

1200

1000 \
800

Steep declines

600

65%-15t yr

400

35%-2" yr

200

15%-3" yr

l\ 10% thereafter

M

Year



oIl

2,000,000 -

1,800,000
1,600,000
& 1,400,000

a
— 1,200,000
(D]
- 1,000,000
()]
800,000

Barrel

600,000
400,000
200,000

5,462

0

North Dakota Oil Production

Possible 225-250 rigs

{ Drovan
! I TUVUOII —
‘J/ 765,000 BOPD 60 rigs

HWN —~—
S v 9o 1w o ©vw o w o w o w o W o w o
N~ N~ [ee) [ee] (o)) (o2} o o — — AN AN ™ ™M < < Lo Lo
(o)) (o)) (e} (o)) (@) (o)} o o o o o o o o o o o o
— — i i i i N N AN N N N N AN N N N N
Bakken and Three Forks wells drilled and completed

35,000 - 40,000 more new wells possible in thermal mature area
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ASSOCIATED GAS

« Current gas plant cap exceeds prod
* NO Infrastructure
e Infrastructure bottlenecks
» $4 billion investment in gas
» must justify expendatures
4 new plants recently online
* 4 new + one expansion planned
e COMpressor upgrades



North Dakota Monthly Gas Sold and Price
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Percent Flared

North Dakota Monthly Gas Flared
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(Bear Paw)
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I New or Expanding Gas Plants

M Gas Production

M Plant Capacity
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Reclaimed Location
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Over 4 million tons of sand and ceramic proppants are used every year in the
Williston Basin, part of a multi-billion dollar industry. During the 2009-2011
biennium, the Geological Survey collected 125 sand samples throughout the state in
our search for deposits that could be utilized for oil and gas proppants in the well
fracing process. In the fall of 2011, we collected 232 clay samples from western
North Dakota to determine their suitability for the manufacture of ceramic proppant.

Alumina Content of the Bear Den Member and the Rhame Bed in North Dakota

Edw . Murphy
012

The Nanoscale Science and Engineering Laboratory at North Dakota State University
determined the alumina content using x-ray fluorescence and is currently determining
the clay mineralogy using x-ray diffraction. The alumina content of the clay samples
ranged from 7 to 34% with a mean of 21% in the Bear Den Member and 18% in the
Rhame Bed. North Dakota deposits could contain over 1 billion tons of mineable
clay with a value of over $50 billion.

Williston
.

Seventeen feet of brightly colored clay of the Bear Den Member (Golden Valley Formation) at
the base of a butte in Dunn County.




1.3 Trillion Tons of Coal 25 Billion Tons of
In North Dakota Mineable Lignite

800+ yr supply @
current withdrawl

THE LIGNITE RESERVES OF NORTH DAKOTA

THE LIGNITE RESOURCES OFNORTH DAKOTA
Edward C. Murphy, Ned W. Kruger, Gerard E. Goven,
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Estimate 10-20 million pounds Mineable

worth S900 million — S2 billion

Uranium was mined in North Dakota in the
1960s. It was heavily explored for in the
1970s, but has been of little interest for the
last 30 years until the price for uranium
oxide reached an all time high in June of
2007. Companies have also expressed
interest in associated elements molybdenum
and germanium. We are aware of three
companies that are contemplating mining
uranium in southwestern North Dakota.

Counties that contain uranium deposits are in yellow.

Formation Resources drilling for uranium, molybedenum, and
germanium under a subsurface mineral permit in Billings
County during the fall of 2008.



North Dakota Development

» Regulation

* Resource Play

» Uniform Spacing—orderly development
« Multi-well locations—small footprint

» Corridors—industry and residents

» Water Needs—surface waters

» Bakken Results
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Bowman County

* 1 rig
* Red River “B” play
« $3.1mil, 160 MBO EUR, 20% ROR
* CO, In 5-10 yrs
 Tyler play potential
* Uranium potential
» Coal
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Slope County

* 0 rigs
* Red River “B” play
« $3.1mil, 160 MBO EUR, 20% ROR
 Tyler play potential
» Ceramic proppant potential
* Uranium potential
» Coal
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Golden Valley County

* 1 rig
* Red River play
« $3.1mil, 250 MBO EUR, 60% ROR
 Tyler play potential
» Ceramic proppant potential
* Uranium potential
» Coal
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Billings County

* 4 rigs
» Bakken/Three Forks play
« $7mil, 350 MBO EUR, 60% ROR
 Tyler play potential
» Ceramic proppant potential
* Uranium potential
» Coal



& Oil and Gas Subscription: ArcIMS Viewer - Windows Internet Explorer

fwww.dmr.nd.gov/OaGIMSSub/viewer.htm

- https://

=3 Oil and Gas Subscnptmn ArcIMS Viewer

Legend / Layers -
!

g @

Overview Map

View Entire State

Previous View
16073 .
Clear Selection 16073 ya209 | Iy
Ll C17766
Search ":;“ ' s
5D i 19209 19209
Create PDF [
16073
]
16073
16073

Zoom In

Zoom Out

Pan

Rect Identify

170241

A

Il

L
14381 C19415

-~

Select Object

Buffer

;
;
i
;
;
i
;
i
;
;
:
i
i
i

Distance

Find Well

I 14381
1 f{ 14381 14381 14381 ‘ 179
17479 17994
i ‘. ~| \ 17479 (| cle1a2 | 1
] _ 19032 17995 18458 | 17479 | 17312 17984 17313
l’ j 18458 18458 17994
17995
| 18458 18458 17479 B 1
l rt—..—-ﬂo—ts—eur—uo—oc_—-- e s o —
County Boundaries

Find Field / Unit

Find Section

‘Rec fCounty Name
1 |BILLINGS




‘-‘L ME\I MONTHLY OIL PRODUCTION FOR LOCAL COUNTIES

2,500,000 A
2,250,000
2,000,000
1,750,000
1,500,000
1,250,000
1,000,000

750,000

500,000

250,000

0 I I I I I I I
1977 1982 1988 1993 1999 2004 2010 2015

——BILLINGS —wells




Dunn County

« 31 rigs
» Bakken/Three Forks play
« $8mil, 425 MBO EUR, 40% ROR
» Ceramic proppant potential
» Coal
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Stark County

e 31IQS
« Bakken/+Three Forks play
« $8.5mil, 450 MBO EUR, 35% ROR
 Tyler play potential
» Ceramic proppant potential
* Uranium potential
 Coal
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Hettinger County

* 0 rigs

* Red River “B” play ?

* No current oil production
 Tyler play potential

» Coal
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Adams County

* 0 rigs

* Red River “B” play ?

* No current oil production
« Uranium potential

» Coal
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