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WHAT IS THE ONLY WAY TO
KEEP CASINOS FROM GETTING
YOUR MONEY?

ROLL DOWN YOUR WINDOW AND
THROW IT OUT ON YOUR WAY
THERE!




North Dakota Department of Mineral Resources

NDGS
Research Arm

OGD

Regulatory

Arm Department of Mineral Resources

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

600 East Boulevard Ave. - Dept 405
Bismarck, ND 58505-0840
(701) 328-8020  (701) 328-8000
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There are currently 2 job openings available for an Engineering Technician IV and Engineering Technician IV located in the Williston Field Office and

Eifckanic Hling one job opening available for an Engineering Technician [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 Royalty Owner Information Center
Coriack s and the PowerPoint presentations that were used at the 2012 Williston Basin Petroleum Conference.

Employee Directory
e The Oil and Gas Division regulates the drilling and production of oil and gas Phone: (701) 328-8020

in Marth Nal-ata Ohir miccian ic ta ancanraca and nramata tha daszalanmant Fax: (701) 328-8022

oo INENEN S %50 WS

\t
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TYPICAL HORIZONTAL OIL WELL

9-5/8” @ 2500’

 Drill with fresh water

e Total depth below lowest potable water
 Run in hole with surface casing

« Cement casing back to surface of ground
15t layer of surface water protection



TYPICAL HORIZONTAL OIL WELL

KOP @

10500" "\ t- Drill vertically to kick-off point
 Run in hole with bent assembly
« Downhole mud motor




TYPICAL HORIZONTAL OIL WELL

9-5/8” in 13.5" Hole
7" Casing

Cement

Kick-off
Point

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

20 O  Run in hole with 7” casing
« Cement 7” casing
e 2Nd Jayer of protection



TYPICAL HORIZONTAL OIL WELL

I I 9-5/8” in 13.5” Hole

7" Casing

Cement

Build
Section

Kick-off
Point

Horizontal lateral Middle Bakken




TYPICAL HORIZONTAL OIL WELL

45" Run in hole with:
Frac e 45" |liner
String

e 30-40 swell packers
cement ¢ Sliding sleeves / P&P
 3'd |ayer of protection

Packer

Middle Bakken

4.5" liner
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7 Thousands of fractures are created

~ * pumping water at 6,000-9,000 psi

o

~ e millions of pounds of sand and
ceramic beads are pumped with the
water to hold the fractures open.
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Hydraulic Fracturing: I

pumped into the well to Form mic







—

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

e cost: $2-3 million




WHY FRAC THE ROCK?

e already developed easy oll
e o1l flows easily without fracking

e Unconventional Reserves
* reservoirs are tight
* look at sample
e uneconomic to produce w/o fracing
e must create a path for oil to flow




Industrial Commission Regulation

e Hydraulic fracturing regulation

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

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




e Frac down 4-1/2” frac string
e sting into liner or set pkr below Kd
 press and monitor 4-1/2” X 7 ann
e press relief valve on treating lines

o set </= 85% of yield press

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




e Frac down 7”° ¢sg string
e max treating press 85%o of csg rating
e csg eval tool to verify wall thickness
e Inspect + photo of top 7” csg jt
 reduce treating press if warranted

e cmt eval tool to confirm cmt
e run frac string If defective cmt

e press test 77’ and wellhead

o 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

e OIl & Gas Regulation

e Health Department Regulation

e 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

e Water flowback after frac
e Storage in open pits prohibited
 Disposal wells permitted through
Underground Injection Program
 Disposal zone is 2,500 feet below
potable waters




l LIH\HI 1y

T T

il
il

7 Bakken Fm.




Rules and Legislation

 prohibit most reserve pits
e Implement strong HF rules
63 Legislative Session—©

e HB 2014—DMR budget: 21 new FTES
 HB 1348—safety /SO w/in 1000’

 HB 1333—GIS pipelines
 OGD jurisdiction on installation
 _andowners can request info
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ESTIMATED MATURE AREA OF THE BAKKEN FORMATION
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NORTH DAKOTA - 187 DRILLING RIGS - June 2013
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Current drilling activity is focused

In Mountrail, Dunn, McKenzie, and Williams Counties.
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Bakken Development Plan

& Original dual-zone
development plan

8 wells 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

Three Forks-

» Additional Three
Forks potential

1t ECO-Pad well pair

*‘R ‘*3‘»’
%3&\%3&

o

Charlotte 2-22H:

1,140 Boepd IP

Nisku

10,000’
below
surface
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Small Footprint
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o 14 wells

* rough topography

* LMR Confluence
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Thirsty Horizontal Wells

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




Commission supports surface water use

e |_ake 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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SENCTH DARITER

\ 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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RIGS

e 187 rigs currently
e 225 rigs - 2 years to secure leases
e 225 rigs — another 16 years f/5H/SU

 Declining rig count?
e walking rigs replace inefficiencies
e drilling more wells w/less rigs




WELLS

8,634 wells currently producing
e 5,464 Bakken
e 3,500 more to secure leases

40,000 additional development wells
e 225 rigs — another 16 years
100 rigs — another 30 years

e Bakken Pool - 4 targets




Typical 2012 Bakken well

e 45-year well life

* 615,000 barrels of oll

 $9 million to drill and complete

e $20 million net profit

e $4 million in taxes

e $7 million in royalties

« $2 million in wages

« $2 million in operating expenses




North Dakota Monthly Production Top 12 Counties
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@\ North Dakota Wells Producing
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8634 total wells — 5464 Bakken horizontal (63.3%)




Barrels of Qil per Day
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Typical Bakken Well Production
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4 mf \ North Dakota Daily Oil Produced and Price
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40,000 more new wells possible in thermal mature area

e History Bakken - Three Forks P10

= Bakken - Three Forks P90




Typical 2012 Bakken well

e 45-year well life

* 615,000 barrels of oll

 $9 million to drill and complete

e $20 million net profit

e $4 million in taxes

e $7 million in royalties

« $2 million in wages

« $2 million in operating expenses




ASSOCIATED GAS

e Current gas plant cap exceeds prod
* No Infrastructure
 Infrastructure bottlenecks

e $4 billion investment in gas
e must justify expendatures
* 4 new plants recently online
* 4 new + one expansion planned
e compressor upgrades
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[ New or Expanding Gas Plants
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North Dakota Geological Survey
Geologic Investigations No. 127

Figure 1. Homer plat of pressures measured during the shutin periads of an
‘e, ole el stem test (DST) of the Tyler Formation (8180-5282 fM.DJ in
Pornaod Co. & Depoa's BHFLS -4+ [Figure 5, #6843]. The extrapalated shut
Bl 551 e the 2d o s st el the ST

tthe Tyler larmatian fuid p 4525 pui ata depth of 8230
K. Sl k' pr ik et |n n p(.,m ) 2bave the expected yro-
atatic resch
A o e 3 S B

75 (05T run on March 18th, 1979)
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RESOURCE POTENTIAL OF THE TYLER FORMATION
Stephan H. Nordeng and Timothy O. Nesheim
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Discussion

The purpose of this studyis 1 examine the pressures within the Pennsyhianian aged Tyler Formation with the intent of deter
et the: pressure "
olated from the.ower Hydaulic solat of £ sehmokar {1995 used to
dafine basin i ot in the Bakken Forma
ton n the Wilten basin. In these accumulations, the seurce sock and reser veir sock are ether ane and the ssme or lie
close pronimity to ane anather, This occurs becausa the racks that encase the source beds lack sufficient permeability to aliow
petioleu generated within the source beds o excape and migrate awsy. A5 o resul, presures within the souce beds and
assaciated reseruoi rocks typically exhibit sbnormally high or low formation fuid pressures reltive ta the pressure expected
3 reservoit that i in hydraulic communication it the overlying tocks. Th “expected” pressure in this study assumes -
drostatic conditons 5o that the expected pressure would be consistent with a hydrostati gradsent of between 0.43 and 0.49
P, Therefore, abrormaly low or high pressure would yield hych jnts (pressare/depth) that e outside the range
resh water (0.3 psift) o1 soltwater .49 psifft)

e pra

of gradients that correspond wi

The Tyler Farmation is a regionally estensive, organically-rich, Pennsylvarian unit deposited during the earlest stages of the
Absaroka Sequence. Terrestrial sediments derved fiom source areas south of the Williston basin are interbedded with near-
shore, rion, 1988). The ercsional sur-

" d rock tectonic Uplit in the Late Misissippian and Early Pennsphanian. &

wariety of .
of the basin where these rocks have been truncated by the ercsional
ary (Anderson, 1972; Gerhard and Anderson, 1988

ks the Absaroks - Zuni sequence beundt

Pressure gradients were obtalned from pressure buld up curves and pressure recorder depths used during dril stem tests of
the Tyler Formation, Fstimates of formation pressures are obtained by constucting Horner plots in which formaion pres-
sures are plotted against the logarithm of Horner time (Horner Time = [total Flow Time - Ashutn tme/ashut n time).  The
formatio presare & detemine o the Horner it A he . tercept o oe est 1 I tht pass v the
pressures recorded during the last part of the shutin periods (See Figures 1.3

The range ofnital ressure gradients presentin the Tyker Formation sugaest that the formation i frequently over-pressured
and i fews cases under-pressured. Several ields wese intally over-pressured and prioy t injection: Dance Creek, Eland, Flat
Top Butte, Fryburg, Heart River, Modora, Rocky Ridge, and Round Top Burte (Figure 8] Most of these over.prassured isds are
loated on the western sice of the prodicing Tyler filds. Tuwa fields may have been under-pressured prior to production, Bell
and North Cresk, whichare focaed i the ceniral are of mostof the producin Tyer Fekis (Figure 8. These resufs cad to
 with the units abve or belowit and this sug;
geSts that the Tyler may be suffciently islated 56 as prevent the petroleum generated within the Tyler Farmatian to escape.

The Time-Ternp eratuse index |11} map of the Tyler Formation, constructed from modern geothermal heat low measurements
{SMU Goothermal Lab, 2010} and stratigraphic interval thickness data shows that el production from the Tyler Formation is
e enough o gnerteal. Rockoal dta 1o s thatat et someof thecranic 1 rocks

from roeks thet are
within the Tyter are goo: type o 3
VLS ok st conts presence of thermally mature shales in viinity of current mrr production {Figures
SB7.

The linited data available lmluy)uumstm e Fomaton .8 regonaly etensive unt hat may contan o0d o ecelent

* v igures 9 & 10] th gure 7) to generate oi within a hydrauically com.
partmentalized entonment (Figure B). 30, i Tyler Formation possesses the elements needed to quallfy as a basin
centered petoleum accumulation,
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Three-Dimensional Geologic Model of Northwestern North Dakota
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Current installed capacity 1.6 Gigawatts — Estimated potential 6 Gigawatts

North Dakota - Wind Resource Map
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Over 4 million tons of sand and ceramic proppants are used every year in the
6 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 ’

Edward C. Murphy
2

The Nanoscale Science and Engineering Laboratory at North Dakota State University
determined the alumina content using x-ray fluorescence and is currently determining
o | - ' 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.

\Williams.

Williston
a

Mckenzie

Mclean

Oliver
Billings

Golden Valley

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+ year supply

THE LIGNITE RESOURCES OF NORTH DAKOTA THE LIGNITE RESERVES OF NORTH DAKOTA

by by
Edward C. Murphy, Ned W. Kruger, Gerard E. Goven,

Edwa ", Murphy
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REPORT QF INVESTIGATION NO. 103

Morth Dakota Geological Survey

Edward C. Murphy, State Geologist

Lynn D. Helms, Director Dept. of Minzral Resources
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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.



Shallow Gas Prospects

-Pierre Fm.

-Niobrara Fm.

-Carlile Fm. SN
-Greenhorn Fm. TP o
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The Geological Survey recently completed phase 11 of a study of shallow natural gas in North Dakota. Having detected methane in 905 of
the 4,325 ND State Water Commission monitoring wells tested, we turned our attention to private wells that had a history of gas. In the

fall of 2012, we tested more than 100 private wells for methane and detected gas in 25.

We will be analyzing a dozen or so groundwater samples during the spring of 2013 for major ions and isotopes to enable us to determine
the source of the gas and identify chemical groundwater signatures that might assist the oil and gas industry in natural gas exploration.
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Private wells with reported shows of methane are indicated with a red dot and those we were able to
confirm contain methane are indicated by a star. Oil fields are shown in gray.

Methane bubbles in a groundwater sample recently
obtained from a private well southwest of Harwood in
Cass County (large star on map).




DEL(I Group -New Castle Fm. - Skull Creek Fm. - Inyan Kara Fm.

500 SWD wells
715,000 barrels per day
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Prairie Formation

20-50 Billion Tons of
Potash In northwestern
North Dakota

North Dakota Department
of Mineral Resources

Dakota Salts Potash

North Dakota
Geological Survey




Estimate 20-50 billion tons of ND Mineable Reserves

Potash core from a depth of 9,000 feet
in Burke County.

$6 trillion -15 trillion

Potash or potassium salts are primarily used in the production of fertilizer. Potash
exploration took place in northwest North Dakota in the 1970s. Since the beginning of
2007, the price of potash has risen from $190 to $1,050 per ton based on a low supply and
increasing demand. Due to the increased workload, we will need a geologist to oversee
potash exploration and production if we receive a permit from either of the two companies
that we know are actively pursuing potash exploitation.

Counties that contain the shallowest potash deposits are in blue.



Precambrian Basement
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PRECAMBRIAN ROCKS
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Kimberlite and Related Rock
Occurrences in North America
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