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Figure A-1. The locations of the proposed demonstration projects.
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Based on the results of this effort, several potential areas of future work may benefit industry
and the state. These include the following:

e Tracking produced water treatment technology developments that have application to
the high-salinity produced water associated with the Bakken play and compiling a
produced water treatment technology database of vendors, technologies, and
demonstrated capabilities.

e A detailed assessment of opportunities for utilizing nonpotable groundwater resources
like the Dakota aquifer and others for use in both hydraulic fracturing and well
maintenance applications.

e A hydrogeologic assessment of the Dakota Formation and the associated long-term
mmpacts of underground injection as a produced water disposal reservoir.

e Anassessment of produced water storage options that provide cost-effective alternatives
and would promote the utilization of produced water for hydraulic fracturing.

e Investigation of alternative uses for produced water — kill fluids, constituent/resource
recovery, feedstock for chemical production strategies, dust control applications.
deicing.
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PILOT PROJECT BACKGROUND
Site Description

This project was conducted near Tioga, North Dakota, at an existing site where a
groundwater well site is screened in the Dakota Formation (Dakota) at a depth of approximately
5500 feet. The Dakota is part of the Lower Cretaceous aquifer system and 1s one of the most
widespread aquifers in North America. It 1s present in most states of the Great Plains, from
western Iowa to Montana and from the Arctic Circle to New Mexico (Kansas Geological Survey,
1996). In eastern North Dakota, groundwater from the Dakota has been used as a water source
for livestock since the beginning of the 20th century, but because of its marginal quality and
mcreased costs associated with treatment and pumping, it has been marginalized as a municipal
or industrial water source. However, recent developments in water treatment technologies,
coupled with the current water acquisition costs of water for Bakken fracturing, made the
economic and technical evaluation of the Dakota’s potential as a water supply source for the oil
industry a logical endeavor.
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Table 21. Total Cost Summary — 1.5-MGD RO Plant with Truck Transportation

Disposal
Cost Cost per bbl

Capital Costs

Land Acquisition $240,000 $0.01

Groundwater Extraction Well Field $8.250,000 $0.25

RO Plant $15,750,000 $0.47

Permeate and Concentrate Storage $1,021,875 $0.03
Total Capital Cost $24,853,600 $0.76
Annual O&M Costs

Groundwater Extraction $95,000/yr $0.01

RO Plant Operation $1.000.000/yr $0.09

RO Concentrate Disposal $20,700,000/yr $1.77
Total Annual O&M Cost $21,795,000/yr $1.87
Table 22. Total Cost Summary — 1.5-MGD RO Plant with Dedicated Pipeline
Disposal

Cost Cost per bbl

Capital Costs

Land Acquisition $240,000 $0.01

Groundwater Extraction $8,250,000 $0.25

RO Plant $15,341,725 $0.47

Permeate and Concentrate Storage $1,021,875 $0.03

RO Concentrate Disposal Well Field $13,300.000 $0.41
Total Capital Cost $38.153,600 $1.17
Annual O&M Costs

Groundwater Extraction $95,000/yr $0.01

RO Plant Operation $1,000,000/yr $0.09

RO Concentrate Disposal $75,000/yr $0.01
Total Annual O&M Cost $1,170,000/yr $0.11
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Figure 18. Volumes of water injected into all SWD wells since 1956 (data source: NDIC).

T ) o ot _~ar i - 4 4
Bl i e S\ 1 e
il [y :
% X
‘” Bismarck L ) "'mm;'“
| Montana Sladtil e et
‘ ANES
z  Saltwater Disposal - 2006 vs. 2014
A 2006 Well  (292)
2 = = 20awel  (487)
D oy = T
Figure 19. Comparison of active SWD well locations between 2006 and 2014 (data source:

NDSWC).
Table 6. Projected Water Generation in the Bakken®

2020 21.183 624 187 300

2030 39,200 1157 1450 972

* Assumes a well lifetime of 20 years.
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Table 12. Water Storage Alternatives and Space Requirements

Storage Number of Tanks Approximate Footprint,
Receptacle Volume. bbl Required acres
80.000bbl  240.000bbl  80.000 bbl 240,000 bbl
Storage Storage Storage Storage
Standard Frac 500 160 480 14 42
Tank
Water Corral® 42.000 2 6 1.2 3.5
Lined Pit* 1 1 09 2.7
Closed-Top Tank 1000 80 240 0.4 1.3
Bladder Tank 5000 16 48 20 6.0

* Open top receptacles for comparison purposes.
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Figure 23. Potential produced water storage options.
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