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Pre-Bakken North Dakota Traffic Jam
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Bakken Boom Traffic
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The Brave New World –
Unconventional Reservoirs 
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Bakken Production Optimization 
Program Goals

• Maximize oil production from Bakken and Three Forks 
wells by employing an “all-of-the-above” approach
– Advanced reservoir characterization
– Improve drilling/stimulation/completion/production 

techniques and sequences
– Optimize wellsite surface operations
♦ Reduce costs
♦ Reduce development and operation impacts to 

surrounding landowners
♦ Reduce demands on surrounding infrastructure and 

water sources
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Program Description

• Phase I – Drilling 11 New 
Wells

• Phase II – Completions
• Phase III – Reservoir 

Engineering 
• Phase IV – Expansion 

Applications via 3-D 
Seismic

• Phase V – Optimization of 
Wellsite Operations

• Pilot hole logs, core data, other data 
gathering from multiple wells to create a 3-D 
picture of what happens during and after the 
hydraulic fracture treatments in a multistage 
horizontal well. Continental will analyze this 
data set to:
– Assess total resource available in the 

second and third benches of the Three 
Forks Formation (separate and unique?).

– Confirm whether these benches are 
distinct and independent of the existing 
Middle Bakken.

– Predict areas of future sweet spots.

• On-site hydrocarbon utilization, waste 
management, water management, site 
logistics, process optimization and systems 
failure analysis, spill remediation, and land 
reclamation with an eye on decreased 
environmental impact.
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Bakken Production Optimization 
Program Membership
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Phase V – Optimization of Wellsite 
Operations

• Consortium-driven to help industry partners optimize oil and gas 
production activities

• Program scope of work:
1. Hydrocarbon utilization (flare mitigation, crude volatility, 

enhanced oil recovery)
2. Waste management (drill cuttings, solid waste, and NORM)
3. Water management
4. Site logistics
5. Process optimization and systems analysis
6. Waste Minimization & Utilization
7. Spill remediation (including liquid leak detection)
8. Land reclamation
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2015 Headlines Predictions –
Program Addresses Most

• Harvest phase well density and EOR
• Waste management and minimization

– Produced and flow-back water
– Drill cuttings
– Filter socks
– TENORM
– Illegal dumping

• Spill reclamation
• Pipeline and PA reclamation
• Flaring reduction
• Pipeline Regulation

– DMR > gathering
– PSC > transmission
– Operators > right of way

Lynn Helms,
Director of Mineral Resources,

North Dakota
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Phase 3 “Harvest”
6-28 or more wells per spacing unit

Vern Whitten Photography 6 wells producing - drilling 7-12 - and 11-18 coming soon
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Well Density Is the Big Question

Source:  Continental Resources

1 ,320' & 660' Pilot Density Projects: 2013-14 
Hawkinson, Tangsrud, and Rollefstad 

1,320' Pilot 

i 3 project areas 

i 1 ,320 ft. same-zone spacing 

i 34 new we lis (gross) 

~·~EERC 
~-·--<P'aittiJW~I"drirtloPratfil't 

Wahpeton, Lawrence, Mack, and Hartman 

660' Pilot 

i 4 project areas 

i 660 ft. same-zone spacing 

i 31 new wells (gross) 



Task 1 – Hydrocarbon Utilization
Remote Capture
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BakkenSmart Series –
Flaring Fact Sheet
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Summary of Flared Gas Statistics
May 2014 Nonconfidential Locations

<1 mcfd 1‒299 mcfd 300‒599 mcfd 600‒1199 mcfd 1200+ mcfd

TOTAL LOCATIONS

Locations 2248 (45%) 2491 (50%) 123 (3%) 64 (1%) 51 (1%)

Monthly Gas 
Flared, mcf 4963 (<1%) 3,338,685 (40%) 1,303,579 (16%) 1,307,353 (16%) 2,318,676 (28%)

238 locations flaring 60% of total 
flared gas at rates >300 mcfd.
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Flowback Strategy and Production 
Decline from 10-Well Pad

1-month Spacing of Wells 2-9

Peak = 4800 mcfd

12-month Spacing of 
Three Sets of Three Wells

Peak = 2800 mcfd
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Flaring Rule Update 
Industrial Commission Order 24665

• Flare capture targets:
– October 1, 2014: 74% capture (26% flaring)
– January 1, 2015: 77% capture (23% flaring)
– January 1, 2016: 85% capture (15% flaring)
– October 1, 2020: 90% capture (10% flaring)

• Gas Capture Plan required with APD June 1, 2014
• All infill wells may produce at MER for 90-days
• If capture targets are not met, production restrictions:

– 200 bpd provided 60% of monthly produced gas is captured
– 100 bpd if capture is below 60% of monthly produced gas

• Compliance based on state, county, field, or well
• Flowback testing (14 days) excluded from calculation
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Achieving Capture Targets

• How does industry achieve these targets:
– Gathering pipeline installation
♦ Winter installation
♦ Incentivize excess capacity

– Additional compression
– Production planning – drilling, completion, and 

flowback strategy
– Gas reinjection
– Remote capture 
♦ Peak shaving initial production 2–24 months
♦ Constrained gathering locations
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A Promising Technology… 

• Dow UCARSORBTM NGL 
Adsorbent technology
– Adsorbent-based system with 

integrated regeneration
– Tunable for target NGL recovery
– Small footprint, low capital and 

operating cost
– Potentially lower energy input 

relative to traditional NGL 
recovery platforms

– Needs to be tested in relevant 
environment
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Other Technologies 

• Gas to Liquids

• Relatively more complex process
• Larger footprint may require separate surface lease
• Operational and environmental permitting requirements to 

be identified
• Operability with variable-feed quantity/quality to be 

demonstrated

– Clean Global Energy
– CRNG Energy
– Element 1
– Gas Technologies LLC
– Green Recycling Technologies Inc.
– GTL Partners

– ME Resource Corporation
– Perfect Circle Energy, LLC
– Portable GTL Systems, LLC
– Primus Green Energy, Inc.
– Siluria Technologies
– Velocys
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Role for Remote Capture
• Flare reduction at electrically stranded locations

– Often small-volume flares, appropriate for NGL recovery and gas-
powered electrical generation

• Flare volume “peak shaving” during initial year of multiwell production
– Larger scale, improved economics
– NGL recovery followed by lean gas utilization
♦ Grid support power
♦ LNG for bifuel engines

– Multiwell production can reduce variability of supply gas to remote 
capture

– Gas volume in excess of gathering capacity can be reduced
– Duration of 6‒36 months possible, reducing mobilization costs

• Intermediate gathering location



Task 2 – Waste Management



The International Center for Applied Energy Technology®

Task Scope

• The waste management area of work is focused on 
developing improved means of handling drilling and 
production wastes.
– Focus on drill cuttings recycling
– Focus on NORM
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Task Accomplishments

• Created a well-received NORM fact sheet as part of 
a suite for public education

• Serving as consultant for members of this program 
and the NDPC NORM Task Force regarding the ND 
Department of Health / Argonne National Laboratory  
NORM study and recommendations for industry 
action.

• Coordinated a sampling effort to quantify NORM 
content in 50 samples of Bakken produced water, frac 
flowback water, and drill cuttings. 

• Shared results of sampling effort with North Dakota 
Department of Health, at the request of the Task 
Force.

• Prepared an industry edition of the NORM Primer.
• Working with NDPC Communications Committee on a 

public edition of the NORM Primer.
• Drafted a wellsite waste survey for dissemination 

among industry members.
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BakkenSmart Series –
NORM Fact Sheet



Program Focus on Improved Methods 
of Drill Cuttings Disposal and 

Recycling
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Key Questions on Drill Cuttings

KEY QUESTIONS
• How much water and total 

hydrocarbon content can be 
extracted economically from 
wet drill cuttings?

• What products can be derived 
from individual lithofacial 
zones?

• What are the regulatory 
concerns?

• What impacts from local winter 
climate can be expected on 
recycling processes?

KEY CONCERNS
• NORM
• Salt
• Biological
• Fugitive dust

KEY OPPORTUNITIES
• Decreased pressures on 

landfills
• Conversion of disposal cost into 

new revenue stream
• Resolution of liability issues
• Public opinion
• Economic impact
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Program Progress on Drill Cuttings

• The Program is currently assessing available recycling 
technology options for use in the Bakken:
– Dryvac™ (DCDC)
– Cuttings reinjection (various)
– TerrafficientSM (Nuverra)
– Others

• White paper summary will be available 4th Quarter 2014.
• Nuverra is developing deep science in association with 

the Program.
• We are currently in discussions with individual producers 

to focus solutions on specific local needs.



The International Center for Applied Energy Technology®

A Promising Drill Cuttings Recycling 
Option for the Bakken….

• Nuverra Environmental Solutions, a Program partner, is 
now offering a turnkey approach to drill cuttings disposal:
– Collect
– Transport
– Process
– Recover
– Recycle and reuse

Includes field coordination, special collection, minimizing solids control 
equipment and man power, transport, documentation, advanced 
treatment, and beneficial reuse.
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Overview Introducing TerrafficientSM

An environmentally sensitive and sustainable solution that is cost‐
effective and reliable: 

 Advanced process that will significantly reduce environmental 
exposure

 Recovers 99.9% of hydrocarbons and produces materials that can 
be reused

 Technology has been verified by third‐party science

 Managed to the highest regulatory and safety standards



30

Extensive third‐party research determined TerrafficientSM
produces material that can be safely reused for a variety of 
industrial purposes

• Flowable fill/controlled low‐strength material (CLSM)
• Used for drilling pads, temporary roads, road base
• Trench filling for pipelines and utilities

• Fill material, either stand‐alone or blended with 
commercially available fill

• Road salt
• Road base additive

Turning Waste 
into 

Resources

Beneficial Reuse Applications



Task 3 – Water Management



The International Center for Applied Energy Technology®

Task Scope

• The water management area of work is focused on 
technologies to limit demand for freshwater, decrease 
wastewater production, and reduce water/wastewater 
trucking to and from the wellsite.
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BakkenSmart Series –
Water Fact Sheets
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Bakken Water Optimization Activities
• Updating data and information on Bakken water use and 

handling:
– Fresh water use
– Flowback and produced water 

generation
– Well maintenance water 

requirements
• Preliminary microbiological 

assessment and contamination risk:
– Risk based on water source and/or 

handling
– Microbiologically influenced 

corrosion
• Updated reports and fact sheets
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Current Trends in Bakken Fracturing

Slickwater fracturing
– Low viscosity, high rate fracturing 
♦ Pumped at 60 to 80 bpm, compared 30 to 40 bpm for 

conventional gel fracturing.
– Requires more water (160,000 – 200,000 bbls)
– Slickwater fracturing can utilize 100 percent produced 

water (with minimal treatment – i.e., filtering), reducing 
the demand for fresh water.
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ND State Water Commission Factoids

• The average fracturing process in North Dakota requires 
about 54,000 bbls (7 acre-ft of water) 

• In 2012, records indicate that 98 million bbls (12,629 
acre-ft) of surface and groundwater were used for 
fracturing. That amounts to 4% of North Dakota’s 2012 
consumptive use.

• One day of the average daily flow in the Missouri River at 
Bismarck  is 353 million bbls (45,480 acre-ft) is enough to 
fracture 6497 wells.

• Evaporation from Lake Sakakawea is 19 million bbls/day 
(2472 acre-ft/day).

Photo credit: ND Tourism



Task 7 – Spill Remediation
& 

Task 8 – Land Reclamation
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Task Scope

• The spill remediation and land reclamation areas of work 
are focused on developing improved methods of 
returning lands affected by oil exploration and production 
activities to productive and natural states in a more timely 
manner
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Ongoing Activities

Spill Remediation Land Reclamation

• Fact sheets
• Best practices guide

• Fact sheets
• Best practices guide

• Site-Specific Demonstration(s)
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BakkenSmart Series –
Spills and Reclamation Fact Sheets
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Please visit:
www.undeerc.org/Bakken/

BAKKEN DECISION SUPPORT SYSTEM 

About the EERC Contact Us 

Bakken Formation 
Geology 

Sponsors Site Map 

Completion 

and Stimulation 

S~EERC 
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Putting &smro, mto Pmcticr 

Home Purchase a Bakken Map 

Research Studies 



Energy & Environmental Research Center
University of North Dakota
15 North 23rd Street, Stop 9018
Grand Forks, ND 58202-9018

World Wide Web: www.undeerc.org
Telephone No. (701) 777-5157

John Harju, Associate Director for Research
jharju@undeerc.org




