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Presentation Overview

* EPA’s National Water Reuse Action Plan and produced water

* The technical and health and safety challenges of the
treatment and fit-for-purpose reuse of produced water

* National collaboration framework for produced water
treatment and reuse

* State-of-the-science research to support the treatment and
safe reuse of produced water
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EPA National Water Reuse Action Plan

National Water Reuse
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Two of the United Nations’ Sustainable
Development Goals identify water reuse
as key to a more sustainable future.

Focus on fit-for-purpose treatment and
reuse of waste water

Five major areas:
* Thermo-electric cooling water
* Agricultural waste water
* Municipal waste water
*  Produced water
* Storm water

EPA asked the NMPWRC to lead efforts
coordinating treatment and reuse of
produced water outside oil and gas

NMPWRC established a state coordinating
council to improve collaboration and
funding opportunities (NM, AZ, TX, WY,
OK, CO, PA)
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State Water Stress Driving Produced Water Reuse

ST Inatructions: This base map displays 2013 categories, To view 2003 10 2013 category
place your cursor over any individual state. For a peintable version of the 2003 and 2013 state
categorizations and maps, see appendix Il
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Treatment Requirements for Fit-for-Purpose Reuse

Produced Water Common Water Quality
Quality Application Requirements
(ppm) TDS (ppm) TDS

Conventional Water Supply Augmentation 300-3,000

10K to 50K

50%<35K Class 1 <700, <60% Na, B<0.5

50%>35K Agriculture Class 2 2,000, 60-75% Na, B<2.0

Class 3 >2,000, 75% Na, B~2
Rangeland restoration 4,000 - 10,000
Industrial applications 1,000-2,000
. Mineral Recovery >100,000
Unconventional
60K to 300K Road Construction Up to 100,000

50%<100K

Solution Mining (K, Li) Up to 250,000
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Produced Water Will Require Treatment for Reuse

Produced Water Constituent Concentrations
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PW Treatment and Fit-for-Purpose Reuse Considerations
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Produced » Disposal (SWD)
Water (PW)
Minimal* Clean Reuse within oilfield
” Treatment Brine (fractuAring ops)
:
_______ d
rm— I -
|
: Polished
L. Distillate/ icitv (O ; Distillate or  Beneficial Use
Proposed > Desalination Permeate Re-;(:,):tcil:,‘,l,;ogi::::z:i)on Permeate  (Outside O&G)
v
— Wastes
Enhance fresh water sustainability Assure public and environmental health
Reduce fresh water use in oil and gas and safety through state-of-the-science
: risk and toxicology assessment
Support economic development
Reduce seismicity Assure social and environmental justice
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Our Goal — A National Framework for Produced Water
Treatment and Reuse

* Collaborative process - inclusive of multi-state health and resource agencies

*  Common produced water data collection and portal — public and industry
access to consistent water quality and quantity data

« Standard technology testing and evaluation approach - consistent
independent assessment of health, safety, performance, and cost data

* Standard risk and toxicology testing and analysis - consistent water analysis,
and public and environmental health, safety, and risk analysis to support consistent,
science-based, treatment and reuse regulations and policies

* Standard socio-economic cost/benefit analysis - quantify ESG metrics to
encourage appropriate, sustainable, and safe treatment and reuse applications

Benefits Public, Regulators, Industry, Technology Vendors

Sy
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NM Produced Water Research Consortium

*  MOU between the NMED and NMSU

* Support NMED and state agencies in 20 state anql
assessing produced water reuse federal agencies

* Coordinate research and development of I
fit-for-purpose treatment and reuse of
produced water outside oil and gas
*  Fill current science and technology gaps L \ t

* Use collaborative process - government,
industry, university, and public i |
* Assure reuse is protective of public
and environmental health and safety Modeled after federal environmental

* Initial 3-yr funding thru sponsorships technology verification programs

*  Currently 80 organizations, 120 participants,
150 interested parties

60 industry, NGOs,
associations, academia,
consultants
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Produced Water Data Portal

New Mexico Produced Water Data Portal

WaterSTAR

An RBDMS Product

GROUNDWATER N IV E———
U t
I ST S TNE STATE Resear:chué:;nso::i:l:n

0125 034E NE
0145 033F NE
0155 033F NE

BB FE R B IR

477097

46457787

zzzzzzz

777777

Disposal Water Quality and Quantity

data by 2 Township.

« Data from OCD, USGS, NM Tech,
NMSU, NMPWRC

« Dashboard — of monthly injected and
quality data

Four levels of data:

* Tier 1 - General Public

e Tier 2 — Detailed Public

« Tier 3 — Application

 Tier 4 — Regulatory (Proprietary Need
to Know)

http:/nm.waterstar.org
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Waste Water Treatment and Reuse is Challenging

Raw Municipal Raw Pecos River Raw Produced
\WERCRYELE S Water Water
~60 major ~70 major ~90 major
constituents constituents constituents

NMSU found similar results for Permian produced water and Pecos River water based
on nine samples each, collected in 2021 and monitored for 300 constituents

Produced water in most basins has nominally 100 +/- 20 constituents
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Raw Waste Water Quality Analysis and Unknowns

Produced Water Samples

Oil and Others
Diesel Range Organics (C10-C20)
Gasoline Range Organics [C6 - C10]
Motor oil/lube range organics
(MRO) (C20-C34)
Tributyl phosphate

*I'entatively |ldentified Compound

Pecos River water samples

Oil and Others

Gasoline Range Organics [C6 -

C10]

Motor oil/lube range organics

(MRO) (C20-C34)

Tributyl phosphate
*Tentatively Identified Compound

-y 4

ug/L
ug/L

ug/L

ug/L
ug/L

ug/L

ug/L

ug/L
ug/L

Average

45750
21625

32444

34.6
531

Average

230
3.6

Max

130000
46000

97000

74
1000

Max

54

310

5.7
55

Min

22000
13000

12000

3.3
280

Min

ND

180
1.7

GC-MS TIC analysis is used
for unknown identification in
raw water

High Resolution Liquid
Chromatography Mass
Spectroscopy (HRLCMS) is
being used to
identify/quantify unknowns
in treated produced water,
by measuring molecular
weights and comparing to
data on 400,000 chemicals
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2021 Testing and Results

Location Current
PW li
Company m and Dates Quality “ Status

2021
Kanalis Single pass  BGNDRF 10K TDS 20 bbls Completed treatment with 30% single pass
P e 1o RO -bench  April 2021 San Juan recovery, <500 ppm TDS permeate, all
(self- scale Basin other constituents very low, Boron 2 ppm

Green house study of range grasses

funded) w/treated PW completed in Dec 2021, no
yield reduction
Composite  BGNDRF June- 100K SWD 100 bbls per week/ Started June 15, completed August 12-
ceramic/pol July 2021 Permian 1-3 gallons per Able to meet PWS ‘clean-brine’ standard
ymer pre- (4-6 weeks) Basin minute
treatment
membrane-
bench-scale
Crystal Thermal Permian Basin 150K SWD 4 weeks at 500 Coordinated with Cimarex and Solaris -
el FI L dl treatment  site Permian bbls/day Used waste heat from compressor station,
field pilot- November - Basin <500 ppm TDS distillate, 40% recovery -
scale December ammonia and some organic carryover.
2021
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Examples of Raw and Treated Produced Water

L —— —

Permian Basin -100,000 TDS (left) San Juan Basin -10,000 TDS PW (right)
w/pre-treatment to remove oil, grease, w/RO treatment to remove TDS (middle)
suspended solids (right)

While not universal, treatment and reuse of produced water has occurred for decades in the US
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Treatment Testing of Produced Water is Showing Good
Economic and Environmental Performance

Desalination Cost vs. Cost of New Fresh Water Supply

25 300,000 ppm TDS (thermal)

Cost - $/1000gallons
Y
i

10 X 30,000 ppm TDS (membrane)

e 350K e—35K sm—3 5K Fresh high == Fresh low

5 3, 000 ppm TDS (membrané)™ —
e
e
0
1970 1980 1990 2000 2010 2020

Permian Basin
produced water disposal
$15-30/1000 gal

Common
produced water disposal
$25-100/1000 gal

Desalination treatment
results generally below
1000 mg/L TDS

15
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2022 Planned Treatment Testing

ZwitterCo Zwitter ionic BGNDRF February - 100K TDS SWD 6 weeks, 192 hours Underway
membrane for pre- March 2022 Permian Basin continuous operation, %
(DOE-funded) treatment gal/min
bench-scale
New Mexico Tech Membrane distillation | San Juan Basin 40K TDS 20 bbls/day Underway

treatment field-pilot

February - May

San Juan Basin

(self-funded) 2022
Katz Thermal treatment BGNDRF 100K-150K 40 bbls/day for 10 days March 12-20, 2022
portable March 2022
pilot-scale
Bechtel Thermal treatment Bechtel Houston 100 K TDS 100 -200 bbls Performance testing, follow on testing at field site
system upgrade pilot |lab testing Permian Basin later in 2022 if successful.
test April 2022
Intrepid Sustainable solution | Permian Basin 170-250K TDS 50 bbls/day Pilot plant in design
mining, pre-treatment | July - Dec 2022
pilot-testing
Kanalis Resources Small pilot of Southern San 300 ppm TDS ~2000 sq ft Ag application for range grasses

treated PW for ag

Juan Basin near

treated produced

(8,000 gallons or 0.5 ac/ft) - Permit

(self-funded) Cuba water from San submitted to OCD then to NMED
Juan Basin

Hydrozonix Pre-treatment Permian - 100K SWD 4000 bbls Field site being identified with producer
field pilot Summer 2022

W-Industries Thermal Permian - 100K SWD 1000 bbls/day, Field site being identified with producer
Treatment Summer 2022 10 days

GC Solutions Pre-treatment BGNDRF 30K-100KTDS  |4-5 different produced |Proof of concept and cost study
evaluation using May 2022 waters of varying TSS

gel coagulant

and VOCs - 10 gallons
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Major Collaboration with EPA, Academia, and Industry on
Treated Produced Water Risk and Toxicology Analysis

* Collaboration with commercial WET testing laboratories,
NMSU, and EPA to:

o Expand WET laboratory testing to more representative human
and ecologically sensitive species (zebra fish, fresh water mussels)

o Support EPA Region 6, 8, and ORD on Region Applied Research
Effort (RARE) on human cell line risk analysis of produced water
and treated produced water

* Plant and soil bioaccumulation and toxicity green house
testing with associated universities

* University and industry collaboration in establishing more
detailed Environmental Risk and Toxicity modeling tools

* Utilize treated and post treated produced water
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Oil and Gas Impact on Public and Environmental Health

< 0.25 miles from oil and gas operations

. . . ° Highest i ts i

| * Highest level of acute public health impacts p;gpuﬁzt;rggfgazm

Lic | » Highest occurrence of environmental impacts - noise, air, especially in woc’)ded,

land. and water pollution and contamination rolling terrain

*  Highest impacts to
permanent residents
on small private land
parcels in closely
aggregated operations

*  NM DOH has no record
of fracking damaging a
personal water supply

e Little observed acute or chronic public health and safety or
environmental impacts

e Especially in open, flat, and non-wooded operational areas

Physicians for Social Responsibility-Colorado Symposium - Health Effects of Oil and Gas Development, December 4, 2020.
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Quantitative Socio-economic Environmental Modeling

of Produced Water Reuse
“Current ESG analysis and metrics is totally Two county impact in NM of $2-3 B/yr in

flawed” Kylie Wright, B3 Insight PWS 2022 economic development at low ecologic
Reservoir .
oo Evaparation and human health risk
Power /'3% Publi
4% ' e &
Commercial / __Domestic Expected Surplus
& Industrial __ Water Produced

1% SL;;:/pIy Water Volumes

e (~25% of Fresh

Water
Withdrawals)

Irrig. Ag &
Livestock
85%

_ Surplus expected to be ~1 B bbls/yr (40-80 MGD)
Eddy & Lea Counties

Total withdrawals = 427 800 AF/yr (3.3 B bbls/yr)

Annual Fresh Water Withdrawal Projected Produced Water Surplus
[Thomson 2020]
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Mike Hightower
NM Produced Water Research Consortium
505-859-1563, mmhightower@qg.com
https:/nmpwrc.nmsu.edu
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