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 Water supply and
management: potential to
create "new water” sources

* prackish surface and
groundwater

e Seawater

e reclaimed wastewater

e produced water

 |dentify location, quantity,
guality, and accessibility of
water supply and demand

Reclamation (2011), Conventional Oil and Gas

RECLAMATION

 Determine risk of water
shortages and potential conflict



Produced Water Resources In the
western United States
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Competition for Water in US Shale Energy Development
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Water Management Reports

_ : RECLAMATION
Presentation Outline i

Science and Technology Program Report No. 157

Oil and Gas Produced Water
Management and Benef clal Use

Define sourcing and disposal
— Alternative water sourcing

Mar ms;mgWa the We

— Industrial water reuse W

Produced®Water Treatment Primer
for Qil and Gas Operations

Independent water user

Produced water management
— Range of options

— Economical, technical, social, and
environmental considerations

Treatment for beneficial use
— Technology evaluation
— Beneficial use opportunities

Sclence and Technology Program Repart No

Gundane‘_u the evaluation of
produced water as an alternative
water supply

L o4 Rathavon
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Water Requirements

e Drilling water needed and
used during well completion

« Hydraulic fracturing for
formation stimulation e e

AQUIFER

 Fracturing fluids can be up to
99% water

 Volume of water needed
varies by site and type of
formation

e |tis projected that shale gas
will comprise > 20% of the

total U.S. gas Supply by 2020 Clark et al., Hydraulic Fracturing and Gas
Shale Development
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Water Sourcing and Supplies

Primary Water Sources for Source Water Restrictions

Hydraulic Fracturing « Limited existing water
o Surface water Infrastructure
o Groundwater e Drought risk
 Municipal water suppliers ¢ Competition with urban
« Treated wastewater from growth
municipal and industrial e Seasonal variations and
treatment facilities reliability of water supply

Power plant cooling water

Recycled produced water
and/or flow back water

RECLAMATION



Water Disposal

 Need for management
— Flowback water
— Deteriorated quality
— Produced water

 Management Options
— Disposal
— On-site reuse
— Offsite treatment
— Beneficial Use

Reclamation (2011), Beneficial Use of
Hydraulic Fracturing Flowback Water
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Supply and Demand Balance

* Direct reuse of hydraulic
fracturing flowback and
produced water

— Compatible with the

producing formation 1l
ucing form T
— Available on-site (reduces |\ |l

transport cost) | ‘

— Reduces disposal wells

* Brackish groundwater or ‘
municipal wastewater .~ ®Flowback

« Water independence through ™ Procuceehuetd

Industry reuse RECLAMATION

Qualifying Water Demand and
Production over a Well Lifetime

m Fracturing



Produced Water Management

Water Sourcing < ) \/\/ater Disposal

Transportation Natural Conveyance Disposal

Alternate Sources Onsite Reuse Centralized Treatment

RECLAMATION



Technical Considerations

 Treatment Options Define produced water
: guality and quantity to
— Water treatment technologies assess treatment

potential

— Evaluating technology capability
— Commercial applications for the

mdUStry D_etermin_e treated
o Emerging technologies guality requirements for

reuse or alternative use
e Resources
— USGS produced water quality

database (updating currently) Select appropriate
_ water treatr_nent
— Produced water treatment primer technologies

RECLAMATION



Produced Water Characterization

Table 13. Common inorganic constituents Conventional Oil and Gas
In conventional produced water

Constituent m Reference

TDS mag/L 400,000 | USGS produced
water database

Sodium magflL 150,000 | USGS produced
water database

Chloride mgfl 250,000 | USGS produced
water database

Barium mgiL as Fillo 1992 Coalbed Natural Gas

2,000 1,000 1,000 2,000

medyf L

Strontium mg/L ) 2 Fillo 1992

Sulfate mag/L 1 USGS produced
water database

Bicarbonate mg/L 1 USGS produced
water database

Calcium mag/L USGS produced
water database




Water Treatment Technologies

* Pretreatment Technologies

— Bioreactors and Membranes
— Filtration and Floatation
— Adsorption and Oxidation

 Desalination Technologies

— Membrane Filtration**
S EIeCtrOdIalySIS** r I Seale Inhibitor

(intermittent, Dispersant

— Thermal Processes i =)

e Commercial Process
Combinations

— Veolia OPUS™

Reclamation (2011), Produced Water Treatment
tat Higgins LOOpTM Technology Schematics

wCommonty reoun o NN RECI.AMATION



Categorizing Water Treatment
Capabilities and Performance

Prewviously Overall

Emerging |Employed for Application ) Frocess

Technology| Praduced Range
Water

Technology

Membrane

Residual
Technology Drsposal/
) Manage-

Membrane
MNF
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Catalog of Commercial
Treatment Technologies

o (Categorical technology
classification

* Applicable contaminants
removed

« Description of technology
 Example treatment train

 Examples of commercial
technology manufactures
— Technology surveys
— Pilot and full scale
applications of technology

 Emerging technologies**

U.S. Department of the Interior
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Managing Water in the West

Air Stripping

Air stripping is primarily vt
contaminant h as iron a

1.0 Applicable Col

trachloroethyle
2.0 Description of

Technology Description

) [1]
Water and ambient
Turbulence in gasec
Area-to-volume rati
Exposure time
Use of a bioreactor

depending on the feed wa
The following is a list of th

Waterfall Aeration: spray
packed columns

Pressure Aerators: water i
Diffusion Type Aerators
Mechanical Aeration: surt

Multiple-tray aerators use u

LLE. Department of e Inlerics

RECLAMATION T

Managing Waier in the West

Electrodialysis (ED) and Electrodialysis
Reversal (EDR)

Electrodi D
senmpen
ED 15 able to remove mo

1.0 Applicable Contaminants

ED/EDR is an EPA BAT for . nitrate and nitrite, selenium. and TD

2.0 Description of Technology

Prerrearment Typical eperation requires: the add:

reduce the concentrate 1
1. to prevent b
tem. Air stripping can als
ter must be witlin the Jmsty

amd are
membra

Figure L.

Electredialysts
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Reclamation Funding of Produced
Water Treatment Technologies

e R&D efforts with commercialized 4
technologies used in O&G

Amm
. . 1 Lo .
— Altela Rain™ (Upper picture) - | :
— Freeze-thaw (Lower picture) i | |8

e Research areas of interest to O&G

— Concentrate management
— Zero liquid discharge | =
: s -2 -"_““"""":'____ﬁ s .
— Mineral recovery .
— Membrane distillation ;\..:; O\ e |
A

— Forward osmosis

i R
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Economic Considerations

Costs of management Determine disposal

« Disposal costs (transportation, COsts and options as a
- : baseline estimate
injection, evaporation, etc.)

* Internal costs for water sourcing and
opportunity to offset through water Assess intemnal saving
treatment and reuse available through onsite

reuse during operations
e Treatment costs for reuse or g op
beneficial use of water

e Third party water treatment options

_ Evaluate the value of
for disposal/treatment external entities to

handle water disposal

RECLAMATION

* Value of water in the region
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CANADA

1.0 21

Bakken

4.4
1.0

Marcellus

6.1
102

Niobrara

11.0

45 o0 53
59 f
1.0 3.6 1.7

Woodford Fayetteville
Woodford- Caney J
Pacific k~ : 120 15.0 \ ' Atlantic
Ocean | b g o ' X
Y N W { il Ocean
58 f
= 1.0

Legend ( = Haynesville
‘Water Consumption by Shale Play

=l

- % Y,
Maximum Water Used | B = MEXICO

 ALL Consulting ECI. AMATION

Minimum Walter Usad

HAverage Water Used




Locations of Opportunity

 Production locations
e Produced volumes
« General water quality

o Potential water
management
opportunities:

— Beneficial use
— Conveyance systems

— Disposal options
i FaC”lty CO-lOC&tion Reclamation (2011), 2025 Water Conflict and Basin Overlay
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Disposal and Source Costs

TABLE 1—BAKKEN FIELD WATER-HANDLING COSTS

Actuisition Costs Cost, USD/bhl
Raw Water 0.25-1.75
Transportation 0.63-5.00

Disposal Costs
Transportation 0.63-9.00
Deep-well Injection 0.50-1.75
Average Total Costs 2.00-16.80

Source: University of North Dakofa’s Energy and Environmenital

RECLAMATION




Water Treatment Market

Total market: Companies Profiled in: “The North American Market for
e ; Produced Water Treatment Equipment” report
— ~$1.2 billion in 2017 pi :

212 Resources Ge Water & Process Technologies
Agv Technologies, Inc. Geo-Processors Py, Ltd.

N O rth Am e rl Ca. Aker Solutions Geopure Hydrotechnologies
A : Altela, Inc. Global Process Systems
o $76O mi I I IoNn in 20 1 l Amcol International Corp. Gradek Energy, Inc.
annc : Agqua Ewp Halliburton
e $8 2 5 mi | | | O nin 20 1 2 Aqua-Pure Ventures Harmworthy
Aquatech Hydration Technology Innovation (Hti)
Oll fleld-prOd uced Wa‘ter. Auxsol, Inc. Layne Christensen
Cameron International Corp. Mycelx Technologies Corp.
. $62 7 m | | | | on | n 20 1 2 Dps Global Mov Mission Products
Drake Water Technologies, Inc. Mew Logic Research
il I Ecosphere Technologies Ovivo
" $9 2 9 . | | (el 2 O 1 7 Et:c:—'I['Jec ’ Process Group Intemational (Pgi)
F Eprocess Technologies Pty. Ltd. Prosep Inc.
Gas field-produced water: [Sesis Sapem
11 : Flsmidth Schlumberger
oy $ 1 9 8 m I I I I O n I n 20 1 2 Fmc Technologies (Cds) Set Corp.

Filterboxx Packaged Water Solutions, Inc. [ Severn Trent

— $267 million in 2017

RECLAMATION



Soclal and Environmental
Considerations

e Public perception of the
energy industry
— Arid regions in the west
— Drought restrictions

« Water cycle considerations for - s
the environment B e s s
— Fracturing water that does not e w S ““m

return is considered consumed

— Environmental stewardship of
safe management practices

— Opportunity to sustain habitat by
supplying water

RECLAMATION



Water availablility and environmental
concerns in petroleum production

Water use Impact of water -
‘ prioritization/availability withdrawal on quality VIEImE{po e
Release to surface or
groundwater

Contamination of
surrounding surface or
groundwater

Flowback/ S
ontamination o
pI’OdUCEd surrounding water supplies
water

Treatment
and
disposal

Environmental

impacts from Downstream _
saline water impacts Transportation
discharges

RECLAMATION



Produced Water as a Water Supply

Drought-proof option during emergencies

Non-tributary water not subject to water rights limitations
Potential for variation in flow over time

Oil and gas development for future years

Water resource can be mined up to 300 years

RECLAMATION


http://by117w.bay117.mail.live.com/mail/ReadMessageLight.aspx?Action=ScanAttachment&AllowUnsafe=True&AllowUnsafeContentOverride=True&AttachmentIndex=2&AttachmentDepth=2&FolderID=00000000-0000-0000-0000-000000000001&InboxSortAscending=False&InboxSortBy=Date&IsMessageSafe=False&MessageCodePage=20127&ReadMessageId=c52def7a-1797-4814-b59e-b6f8bea37909&n=1057820097

Beneficial Use Opportunities In
the western US

 Irrigation
« Livestock watering

o Stream flow
augmentation

« Hydraulic fracturing
e De-icing fluids
e Industrial uses

« Emergency drought
supplies

Map Legend
®  Top 100 Qil Fields (EIA)
® Top 100 Gas Fields EIA
Cities/Towns (Year 2000 Census)
POP2000
e 10,000 - 500,000
@ 500,000- 1,500,000
@ 1,500,000 - 3,750,000
@ 3,750,000 - 10,000,000
Watershed Boundaries (HUC2)
[ Basin/Province Boundaries
Agriculture
Acres of Total Cropland
I 50 or more
B 31-50
10 - 30
Less than 10

Reclamation (2011), Agricultural areas overlaid with O&G basins
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On-going Research Efforts

 Published Studies (Department of Energy, US Geological
Survey, Argonne National Labs, National Energy Technology
Laboratory, A&E)

. Regulatory Guidelines (Environmental Protection Agency
Centralized Waste Treatment Facilities for Oil and Gas)

* Reclamation Experience (Missouri River Bakken Shale
Fracturing Water Supply Agreements)

e Commercial Treatment (Commercial Technology Survey,
Technology Evaluation at Reclamation Facilities)

 |Industry Collaboration (industry Water Management
Expertise Survey, Produced Water Treatment Community of Practice)

RECLAMATION



General Conclusions

BPSeartle’ ;

- Water demand for drilling and Sl
fracturing, also potential (e
supply Ky e

* |Industry independence ;

e Produced water management

— Range of options

— Economical, technical, social,
and environmental
considerations

 Treatment for beneficial use

— Technologies are available

— Beneficial use opportunities

— Alternative users may offset

treatment costs RECL AM ATION

< AN M solils

Reclamation (2011), Conventional Oil and Gas
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Contact Information:

Katharine Dahm, Kdahm@usbr.gov, 303.445.2495
Katie Guerra, Kguerra@usbr.gov, 303.445.2013

Bureau of Reclamation

Technical Service Center

Advanced Water Treatment Research
Denver Federal Center

Denver, CO 80225

m U.S. Department of the Interior

e~ BUreau of Reclamation
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