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4 ½” Frac String 

 

Upper Bakken Shale 

 

Lower Bakken Shale 

Middle Bakken 

 

Potable Waters 

 

• Drill with fresh water 

• Total depth below lowest potable water 

• Run in hole with surface casing 

• Cement casing back to surface of ground 

• 1st layer of surface water protection 

 

TYPICAL HORIZONTAL OIL WELL 

9-5/8” @ 2500’ 
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• Drill vertically to kick-off point 

• Run in hole with bent assembly 

• Downhole mud motor 
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Upper Bakken Shale 

 

Lower Bakken Shale 

Middle Bakken 

 

Potable Waters 

 

 

 

 

 

 

• Drill 8-3/4” hole to pay 

• Run in hole with 7” casing 

• Cement 7” casing 

• 2nd layer of protection 

 

TYPICAL HORIZONTAL OIL WELL 

9-5/8” in 13.5” Hole 
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7” Casing 

 

Upper Bakken Shale 

 

Lower Bakken Shale 

Middle Bakken 

 

Potable Waters 

 

• Drill lateral in pay 

• Run in hole with 7” casing 

• Cement 7” casing 

• 2nd layer of protection 

 

TYPICAL HORIZONTAL OIL WELL 

9-5/8” in 13.5” Hole 

 

Cement 

Kick-off 

 Point 

Horizontal lateral 

Build 

Section 



 

4.5” 

Frac 

String 
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Lower Bakken Shale 

Middle Bakken 

 

Potable Waters 

 

TYPICAL HORIZONTAL OIL WELL 

 

Cement 

Packer 

 

Run in hole with: 

• 4.5” liner 

• 30-40 swell packers 

• sliding sleeves / P&P 

• 3rd layer of protection 

4.5” liner 
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TYPICAL HORIZONTAL OIL WELL 

 

Cement 

Packer 

Run in hole with: 

• 4.5” liner 

• 30-40 swell packers 

 

• sliding sleeves 

4.5” liner 



Thousands of fractures are created 

• pumping water at 6,000-9,000 psi 

• millions of pounds of sand and 

ceramic beads are pumped with the 

water to hold the fractures open. 



Stage Fracturing 

• up to 40 stages 







Purposes of frac fluid 

• crack the reservoir 

• gel strength to carry sand 

Frac fluid is produced back as 

flowback  





Sea Level 

Oil & Gas 
Bakken/Three Forks 

Precambrian 

Basement 

Base of fresh water 

9000’ 



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 oil 

• oil flows easily without fracking 

 

• Unconventional Reserves 

• reservoirs are tight  

• look at sample 

• uneconomic to produce w/o fracing  

• must create a path for oil to flow 



Oil and Gas Resources—Statute 

 

NDCC Section 38-08-01  

 

• Foster, encourage, & promote our 

natural resources 

• Protect correlative rights 

• Protect environment 

 



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 

• 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 

• 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” csg 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 



Hydraulic Fracturing 

Stimulation is Safe 
 

• IOGCC survey—no contamination 

• GWPC study verifies State’s regs 

• GWPC National Registry f/chemicals 



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 



Salt-Water Disposal Dakota Fm. 

Sea Level 

336 disposal wells 

720,000 barrels per day 

Bakken Fm. 

Base of fresh water 



Rules and Legislation 

 

• prohibit most reserve pits 

• implement strong HF rules 

• 63rd Legislative Session— 

• HB 2014—DMR budget: 21 new FTEs 

• HB 1348—safety f/SO w/in 1000’ 

• HB 1333—create GIS pipeline database 

• Rulemaking—hearing in Oct 2013 
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THREE FORKS 

BAKKEN 

Bakken Producer 

15,000 sq mi 

8000 wells 

1H/1280 



NORTH DAKOTA – 190 DRILLING RIGS – Jan 2013 

 

NORTH DAKOTA – 187 DRILLING RIGS – June 2013 
NORTH DAKOTA – 186 DRILLING RIGS – June 2013 

Current drilling activity is focused 

 in Mountrail, Dunn, McKenzie, and Williams Counties. 
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NORTH DAKOTA – 171 DRILLING RIGS – June 2011 



Six Wells on a Single Pad 

Vern Whitten Photography 
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Small Footprint 

• Developed 13,000 acres 

• 14 wells 

• rough topography 

• LMR Confluence 

Vern Whitten Photography 
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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 

• 2-year supply 
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North Dakota Well Depth and % Horizontal
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RIGS 

 

• 186 rigs currently 

• 225 rigs  - 2 years to secure leases 

• 225 rigs – another 16 years f/5H/SU 

• Declining rig count? 

• walking rigs replace inefficiencies 

• 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 

• 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 oil 

• $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 



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





8755 total wells – 5462 Bakken horizontal (62.4%) 

5462 

Bakken 



Typical Bakken Well Production
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Steep declines 

  65%-1st yr 

  35%-2nd yr 

  15%-3rd yr 

  10% thereafter 



North Dakota Oil Production
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History Bakken - Three Forks P10 Bakken - Three Forks P90

  5,462 Bakken and Three Forks wells drilled and completed 

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

Proven 

765,000 BOPD 60 rigs 

Possible 225-250 rigs 



ASSOCIATED GAS 

 

• Current gas plant cap exceeds prod 

• no infrastructure 

• infrastructure bottlenecks 

• $4 billion investment in gas 

• must justify expendatures  

• 4 new plants recently online  

• 4 new + one expansion planned 

• compressor upgrades 



 



 



Watford       

City 

Garden  Creek I Gas Plant 

(Bear Paw) 

100 MMCFPD 

2012 Operational 

Little Missouri Gas Plant 

(Saddle Butte) 

5 MMCFPD--LPG 

2011 Operational 

Belfield Gas Plant 

(Whiting) 

100 MMCFPD 

2011 Operational 

Stateline I Gas Plant 

(Bear Paw) 

100 MMCFPD 

2012 Operational 

Stateline II Gas Plant 

(Bear Paw) 

100 MMCFPD 

2013 Operational 

$4 billion investment 

+ 

$4 billion additional? 

Garden  Creek II & III Gas Plants 

(Bear Paw) 

100 MMCFPD 

3Q 2014 & 2015? 

Plains Ross Gas Plant 

(Plains) 

75 MMCFPD 

2013 ? 

Tioga Gas Plant expansion 

(Hess) 

110 to 250 MMCFPD 

2014 ? 





Natural Gas Challenges 







2,400 wells=90MW 



File No. 15092 

Armstrong #1-5 Hanson 

Sec 5-T155N-R102W 

Williams County, ND 

Reclaimed Location 
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Percent of the land area estimated to have a Class 4 or higher wind 

power in the contiguous United States  

 

Current installed capacity 1.6 Gigawatts – Estimated potential 6 Gigawatts 
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PROPPANTS 

 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. 

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. 

  

   

 

  

   

       Seventeen feet of brightly colored clay of the Bear Den Member (Golden Valley Formation) at 

the base of a butte in Dunn County.    

   

      The alumina(aluminum oxide) content of clay samples collected 

from 62 sites in western North Dakota.  Bear Den Member deposits 

are shown in brown and the Rhame Bed in yellow. The Geological 

Survey published this map in August 2012. 



1.3 Trillion Tons of Coal 

in North Dakota 

25 Billion Tons of 

Mineable Lignite 

800+ yr supply @  

current withdrawl 





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. 

 

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

Counties that contain uranium deposits are in yellow. 

Estimate 10-20 million pounds Mineable 

worth $900 million – $2 billion 





North Dakota Department  
of Mineral Resources 

North Dakota 
Geological Survey 

Nesson Anticline 

Shallow Gas Prospects 
-Pierre Fm. 

-Niobrara Fm. 

-Carlile Fm. 

-Greenhorn Fm. 
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The Geological Survey recently completed phase II 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.   

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). 

SHALLOW GAS PROJECT 



North Dakota Department  
of Mineral Resources 

North Dakota 
Geological Survey 

Nesson Anticline 

Antelope Anticline 

Red Wing Creek Structure 

Williston 

Dakota Group -New Castle Fm. - Skull Creek Fm. - Inyan Kara Fm. 

400 current SWD wells  
950,000 barrels per day 
400 + more needed 



 

 

 

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.     

 

 

 Potash core from a depth of 9,000 feet 

in Burke County. 

Counties that contain the shallowest potash deposits are in blue. 

Estimate 20-50 billion tons of ND Mineable Reserves 

$6 trillion -15 trillion 



North Dakota Department  
of Mineral Resources 

North Dakota 
Geological Survey 

Nesson 
Anticline 

Dakota Salts Potash                      
 Well 

Prairie Formation 

20-50 Billion Tons of 

Potash in northwestern 

North Dakota 





Kimberlite 





Three-Dimensional Geologic Model of Northwestern North Dakota 

Precambrian Basement 

Red River Formation 

Madison Group 

Tyler Formation 

Spearfish Formation 

Dakota Group 

Fresh Water Zone 

Prairie Formation 
Bakken-Three Forks 

Deep Oil & Gas 

Potash 
Oil & Gas 

Oil & Gas 

Oil & Gas 

Oil & Gas 

Salt-Water Disposal 

Frac Proppant 
Coal 
Geothermal 
Uranium 

North Dakota Department  
of Mineral Resources 

North Dakota 
Geological Survey 

Shallow Gas Zone 

-10,000 ft. – 

0 ft. (Sea Lvl) – 

-5,000 ft. – 

-2,500 ft. – 

-7,500 ft. – 

2,500 ft. – 

-12,500 ft. – 





North Dakota Mineral Resources 

Status and Outlook 

 

http://www.oilgas.nd.gov/


Industrial Commission Regulation 
 

• Water flowback after frac 

• Storage in open pits prohibited 

• Disposal wells permitted through 

Underground Injection Program 

• Disposal zone is 2,500 feet below 

potable waters 



North Dakota Department  
of Mineral Resources 

North Dakota 
Geological Survey 

Precambrian Basement 

Little Knife 
Anticline 

Newporte Impact 
Structure 

Billings 
Nose 

Antelope 
Anticline 

Nesson 
Anticline 




