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• Drill with fresh water 
• Total depth below lowest potable water 
• Run in hole with surface casing 

• 1st layer of surface water protection 
• Cement casing back to surface of ground 

• 2nd layer of surface water protection 
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• Drill vertically to kick-off point 
• Run in hole with bent assembly 
• Downhole mud motor 
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• Drill 8-3/4” hole to pay 
• Run in hole with 7” casing 

• 3rd layer of protection 
• Cement 7” casing 

• 4th layer of protection 
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• Drill lateral in pay 
• Run in hole with 7” casing 
• Cement 7” casing 
• 2nd layer of protection 
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TYPICAL HORIZONTAL OIL WELL 
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Run in hole with: 
• 4.5” liner  

• 5th layer of protection 
• 30-40 swell packers 
• sliding sleeves 

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 



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 million 



WHY FRACK THE ROCK? 
 
• already developed easy oil 

• oil flows easily without fracking 
 

• Unconventional Reserves 
• reservoirs are tight  
• uneconomic to produce w/o fracking  
• must create a path for oil to flow 



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 frack fluid 

• crack the reservoir 

• gel strength to carry sand 

Frack fluid is produced back as 
flowback  







North Dakota has been 
regulating the full life cycle of 

hydraulic fracturing for decades 
 
• Water Comm—water withdrawls 
• Industrial Comm—well permitting & 
 disposal of flowback water 
• Health Dept—spill cleanup 



Sea Level 

Oil & Gas 
Bakken/Three Forks 

Precambrian 
Basement 

Base of fresh water 



Industrial Commission Regulation 
 
• Water flowback after frack 

• Storage in open pits prohibited 
• Disposal wells permitted through   
 Underground Injection Program 
• Disposal zone is 2,500 feet below 
 potable waters 



Salt-Water Disposal Dakota Fm. 

Sea Level 

Bakken Fm. 

Base of fresh water 



FRAC WATER NEEDS 
 
• Lake Sakakawea best water resource  

• one inch contains 10 billion gal water 
• 5000 wells @ 2mil gal wtr/well 
• 2-year supply 



FRAC WATER ADDITIVES 
 
• 99.5% water and sand 

• 80.5% water 
• 19.0% proppant  
• 0.5% chemicals 

• most are found in every household 



NORTH DAKOTA – 54 DRILLING RIGS – Oct 2009 



NORTH DAKOTA – 153 DRILLING RIGS – Oct 2010 



NORTH DAKOTA – 200 DRILLING RIGS – JANUARY 2012 



NORTH DAKOTA – 171 DRILLING RIGS – June 2011 

18,000 sq mi 
9000 wells 

1H/1280 





BAKKEN 
 FORMATION 

Mature 
 area 

ESTIMATED MATURE AREA OF THE BAKKEN FORMATION 

(Nordeng, 2010) 

THREE FORKS 
 FORMATION 



North Dakota Well Depth and % Horizontal
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United States Daily Oil Production -- March 2011
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5756 total wells – 2489 Bakken horizontal (43.2%) 

North Dakota Wells Producing Each Year
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Small Footprint 
• Developed 13,000 acres 
• 14 wells 
• rough topography 
• LMR Confluence 

Vern Whitten Photography 





Current drilling activity is focused 

 in northwestern North Dakota. 

85% in Mtl, McK, Dun, and Wil Counties. 

NORTH DAKOTA – 104 DRILLING RIGS 

Garden  Creek 
Gas Plant 

(Bear Paw) 
100 MMCFPD 

Little Missouri 
Gas Plant 

(Saddle Butte) 
45 MMCFPD 

Watford       
City 



       
City 

Garden  Creek Gas Plant 
(Bear Paw) 

100 MMCFPD 
4Q 2011 

Glass Bluff Gas Plant 
(Hiland) 

50 MMCFPD 
Sep 2011 

 

Little Missouri Gas Plant 
(Saddle Butte) 

5 MMCFPD--LPG 
Operational 

Belfield Gas Plant 
(Whiting) 

100 MMCFPD 
4Q 2011 

Stateline I Gas Plant 
(Bear Paw) 

100 MMCFPD 
3Q 2011 

Stateline II Gas Plant 
(Bear Paw) 

100 MMCFPD 
2Q 2013 





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 million 



BAKKEN PROVIDES ENERGY/JOBS 
 
• 5,000 wells in next 2 yrs  

• will double our cur wells @ cur 
rigs 
• all require hydraulic 
stimulation 
• provides significant domestic 
energy 
• creates numerous jobs 
 



Job Opportunities 
 
• 170 – 225 rigs 

• 20,000 jobs in drilling  
• 15 – 25 years  

• 28,000 additional wells 
• 28,000 long term jobs 



NDSU Economic Impact Study 
 
• Calendar Year 2009 Impact Study 

• $5 billion direct impact 
• $13 billion secondary impact 
• $822 million taxes 
• 18,328 direct jobs 

• 52 rigs + $52.35/bo 
• Calendar Year 2010 Impact Study 

• 126 rigs + $69.74/bo 



 

NDIC-DMR estimated 

• appr 200-300 billion bo in place in ND 

     • 34-yr supply @ current US consumption 
 • 2.1 billion bo recovery in ND w/1well 

• 4.2 billion bo recovery in ND w/2wells 
• 1-7 horizontal wells / spacing unit  

 
USGS estimated (independent 
simultaneous study) 
 
 • 2.6 billion bo recovery in ND  

• largest continuous resource they 
have assessed in lower 48 States  
 

 

BAKKEN  FORMATION 



 

NDIC-DMR estimated 

•  1.9 billion bo recovery in ND w/1well  

•  3.8 billion bo recovery in ND w/2wells  
 
USGS: (No study) 

 

THREE FORKS  
FORMATION 





BAKKEN POOL: BAKKEN AND THREE FORKS ASSESSMENT 
EXPECTED ULTIMATE RECOVERY 

Bakken Fm.    Three Forks Fm. 

1.9 billion barrels 

52% 48% 

2.1 billion barrels 

(Nordeng and Helms, 2010)) 









 Form 1H e-Permit 
 Email attachments to apd@nd.gov:   Certified 

surveyor’s plat, horizontal section plat, geo 
tops, proposed mud/cementing plans, 
directional plot/plan 
 $100 fee credit card or check 

 Permit submitted into NDIC Queue 



Form 1 vs. attachments.  Correct? 
Plats-Well location, Horizontal section, C/F 

diagram 
Google Earth (topo) 
Proximity to map area reviews 
Bonding 
Pierre Shale (min. surface casing depth) 
Magnetic Declination 
Field Orders 
Setbacks/hard lines 



 
 Stage 0: SUBMITTED TO NDIC 
 Stage 1: RECEIVED:   Are all attachments in? 
 Stage 2: VERIFY: Attachments to FM 1, map features 
 Stage 3: RESEARCH:  Orders, Pierre top, hard lines 
 Stage 4: PERMIT: Review & permit when satisfied. 



 e-Permit transferred to RBDMS (calc HL) 
 APPROVE and system generates FM 1H & 

permit letter. 
 Email to permit & MWD survey guidelines 

letter directly to operator immediately 
 Send secretaries notification for permit fee. 
 Required open hole logs: resistivity & porosity.  

May request log waiver if control in area. 
 PERMIT STIPULATIONS 





 Based on environmental factors 
 Topography (rough terrain) 
 Closed system, no drilling pit 

 Aquifers in the area 
 Distance to a body of water 

 Based on additional wells on the pad 
 Closed system, cuttings pit only. 

 MULTI WELL PADS--We prefer operators 
submit only the wells which will be drilled 
consecutively on the pad.  I.E. if 4 wells are 
noted on the pad we’ll assume all will be 
drilled back to back.    





NDIC Oil & Gas Division requires  
 Certified well location plat,    
 Certified Horizontal Section plat 
 Certified Bottom Hole Location plat 
 Certified Cut and Fill Diagrams 
 Pad Layout Design. 
 Pad layout volumetrics (Cubic yards used, acreage of 

pad). 
 Good and Bad Examples of each. 



 Prepared in accordance with NDCC 40-50.1. 
 MONUMENTS—”EXCECUTED WITH GREAT CARE” 
 NDPLS guidelines:  “Ascertain that the monuments used to 

determine section lines are the section corner monuments 
according to the rules as defined by the BLM Manual of 
Instructions.  Land Surveyor is responsible for rehabilitating 
monuments and corner recordation. 

 Plat Must have ND Stamp.  Must be RLS in ND Per 
NDCC 43-19.1-01 

 Must depict ground level at well head. 
 Plats referenced to True North. 





 Prepared in accordance with NDCC 40-50.1. 
 Monuments.   

 Plat Must have ND Stamp.  Must be RLS in ND 
Per NDCC 43-19.1-01 

 Boundary Survey. 
 Submit all plats which define the spacing unit.  (i.e.: 

2- “640” acre plats if “1280” acre spacing unit). 
 Depict all ¼ section distances. 

 









 Prepared in accordance with NDCC 40-50.1. 
 Must be stamped by a registered land surveyor or 

engineer. 
 Pad cannot be located in a drainage or 

hazardously near a body of water. 
 Pad Layout Design 
 Typical Cross Sections 

 Cut and Fill diagram 
 Depict Cut and Fill on corners of pit 
 NO FILL in Pit (or corners) per NDAC 43-02-03-19 

 Depict Cut and Fill on corners of the location 
 Depict Cut and Fill at the well head 

 





 Must contain volume of dirt disturbed 
 Must contain acreage of the pad 











Needs a NDPLS Stamp 









 
 Section Corner MONUMENTATION-reviewing plats 

much closer. 
 Monument reference notes & symbols. 
 Plats Referenced to True North (always required). 
 April 2010 adopted rule in NDAC which requires 

Cut/Fill Diagrams. 
 Cut/Fill needs to be noted in corner of Pad as well as Drilling 

Pit Corners 
 CERTIFICATION STAMP 

 All “well location” plats need to be stamped by a 
licensed land surveyor  

 All Cut/Fill diagram plats need to be stamped by 
either a licensed land surveyor or licensed 
professional engineer. 

 
 



 Should review original GLO plats as they relate 
to the current actual water mark.    

 Each situation may be different. 
 Make sure to note all Lots and original GLO 

water mark. 
 Find original monuments or set if necessary. 
 Original GLO plats online at the State Water 

Commission website: 
http://survey.swc.nd.gov/  

http://survey.swc.nd.gov/








 Commission heard Case 15892.  Brigham Vs. Hess per 
NDAC 43-02-03-16.2.    

 Hess requested to suspend Brigham permit. 
 Dispute of mineral acreage underlying Missouri River 

from OHWM.   ND Dept. of Trust Lands owns 
minerals w/in ordinary high water mark of navigable 
lakes & streams.   
 Testimony provided. 
 Both Operators have similar experience in Bakken 

drilling and operating wells. 
    

 



 Pursuant to NDAC Section 43-02-03-16.2, in deciding whether to revoke or limit a permit, 
if the amount of the interest owned by the permitholder and its partners is a majority of the 
ownership, the Commission will presume that the permit should be retained. However, if 
the amount of the interest owned by the owner seeking revocation or limitation and its 
supporters are a majority of the ownership, the Commission will presume that the permit 
should be revoked. 

 Brigham owns 62% based on riparian land 
owners also claiming WI in 1280.  Hess 59% 
owns or controls. 
 

 The Commission does not have jurisdiction to settle the dispute of 
mineral ownership in this matter. The Commission concludes that 
Hess has not supplied sufficient evidence to overcome the 
presumption that Brigham holds a majority of the working 
interest in the spacing unit. 

 Based on Working Interest:   The Commission decided Brigham 
should retain the permit  



 Section Lines 
 Notice issues for occupied dwellings 
 Distance to an occupied dwelling regulated by 

NDIC 
 Notice to stake a well. 



 Well will not be permitted by NDIC which overlaps a section line 
within 33’ of R/W. 

 NDCC 24-06-28. Obstruction of section lines prohibited - Exception - 
Certain fences not considered obstructions - Obstructions and traffic 
safety hazards - Penalty.  
 1. A person may not place or cause to be placed any permanent obstruction within the 

vertical plane of thirty-three feet [10.06 meters] of any section line or within the right of 
way of any highway, unless written permission is first secured from the board of county 
commissioners or the board of township supervisors, as appropriate. The permission must 
be granted where the section line has been closed pursuant to section 24-07-03 or where the 
topography of the land along the section line is such that in the opinion of the board of 
county commissioners or board of township supervisors, as the case may be, the 
construction of a road on the section line is impracticable. 



 Applicant (O&G operator) shall provide notice 
to the owner of any permanent occupied 
dwelling within one quarter mile.  Per NDCC 38-
08-05. 

 continued…”the commission may not issue a 
drilling permit for an oil and gas well that will 
be located within 500 feet” 
 Noted on Form 1 & 1H. 
 If less than 500’ commission requires an affidavit and 

certified plat distances from the well to the occupied 
dwelling. 



 Notice of Operations—per NDCC 38-11.1-04.1 
“before the initial entry upon the land for 
activities including inspections, staking, 
surveys, measurements,…shall provide at 
least seven days notice by registered mail or 
hand delivery to the surface owner unless 
waived by mutual agreement by both parties”. 
 Operator would typically take care of “notice”, but 

surveyor should verify that it has been done. 



 NDIC reviews all submitted plats with a 
critical eye. 

 True North.  (Not Grid or “assumed”). 
 Monuments--Boundary Survey-KNOW 

YOUR SPACING UNIT. 
 “Stamp” all plats to include well location, 

horizontal section plats, pad layout, cross-
sections 

 Riparian Issues—NDIC does not regulate. 
 Surveyors are first on site so take care to 

examine the area.  Let operator know about 
potential topo issues, landowner dwellings, 
etc. 



-NDSPLS Recommended Guidelines for the 
Practice of Land Surveying in ND.   
Section 51-1.10. 
-File Corner Recordation in accordance with 
NDCC 47-20.1. 
-Previously approved NDIC permits available 
online via Basic Service.   View with GIS Map 
Server.   
-NDIC expects plats to be filed accordance with 
NDCC 40-50.1. 
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