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PARETO

Intfroduction & Motivation: Oil & Gas Produced Water :©:
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The Produced Water
Optimization Initiative
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The U.S. oil & gas industry faces many challenges related to produced water management,
necessitating the development of optimized sirategies to ensure the sustainable and

responsible production of hydrocarbons.
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The Produced Water
Optimization Initiative

Project Premise & Goals (Q) PARETO

Premise: Develop a free and trusted software program (“PARETO”) to help organizations
transport, treat, store, inject and/or reuse produced water from onshore oil & gas operations.

PARETO helps with:

Completionsites for Injection sites for
water disposal

1) produced water management (2021 focus) produced walerreuse m
- infrastructure buildout, fluid flow optimization ““\‘*—*%/@\ _
2) produced water treatment (2022 focus) / \ / ef?.i’;??nlé"iﬁ; "/:;
- systems integration of treatment solutions Candidoteworer }&‘\\‘ \4“
3) produced water beneficial reuse (2023 focus) W k .
> evaluation of beneficial water reuse options \ i / Ny e
a¥ .t ‘{g,’ Lihym

= Views produced water from “systems” perspective Welksiies esponsiole for K" Condigare mroduee
\/ anaiaare pro l:lce

water reuse options

= Addresses “macro” vs. Ymicro” challenges

PARETO is meant to become a frusted decision-support tool for the extended produced
water community (i.e., upstream operators, midsiream/service companies, regulators, ...).

= INATIONAL = Ca]_neo'le GROUNDWATER 5, U.S. DEPARTMENT OF
Emuﬁomcv | Mellon Ge‘?rrgla& ———— ;

LABORATORY  gepgpeyias  University ech




PARETO’s Core Capabilities

PARETO
The Produced Water
Optimization Initiative

Desalination options
(with multiple technology/sizing options)

. oape Strategic Model <. (s )
oy BaRs g 7pvomo ! A @ romcton s

x Operational Model S - S O i oo

11 S S e - shallow injection option

E E Production Truckir?g & Water E o AN T e -q " injection well options @ PW freatment option
| forecasts | | iggiics quality | ! i
[ water Water Water | ! A TR B S

' | demand reuse Treatment | | conshroction opfions

o ! A - -
o : 1 Clean brine freatment options T "’"i:::-'-"* Water sharing

: : FreShwater D|Sposa| Econ0m|CS : : (with enhanced evaporation/sizing options)* option

o sources : !

I T "\ The PARETO model suite approaches:

Pipeline New AST ] . . . . .

' | network treatment S . The Operational Model, enhancing daily operations with
design facilities eXpansion | S o

| . existing infrastructure insights

New New : . . . .

. | disposal storage (@) PARETO . The Strategic Model, projecting infrastructure buildouts for

| sites sites crm e

. . long-term strategic development.
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PARETO 101: How does it work?

PARETO
The Produced Water
PARETO builds a digital twin of YOUR system Optimization Initiative

to use for optimization and determines the

best possible solution for YOU
PARETO immediately visualizes

Use pre-built spreadsheet the solution and stores results

templates or connect to database 2. Select your .. @ PARETO
a) Preferred Objective(s) & oo ﬂ

1. Plug in Data " Minimize LOE (upstream) 3. Get Recommendations

= Existing infrastructure n% : Mogl.mlze profifs [midstream) python = Suggested fluid flow

=  Expansion opportunities : Facilitate reuse (regulator) » Proposed infrastructure buildout

= Produced water forecasts = Environmental performance

= Cost assumptions b) Applicable Constraints = Anficipated economics or KPIs

- = Logistics (e.g., flow balances) .

= Engineering (e.g., equipment sizing)
E = Business (e.g., cash flow)

PARETO does not just calculate, predict or simulate possible scenarios; the program
makes specific recommendations on how to improve water management strategies.
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The Produced Water
Optimization Initiative

What Else? University Collaborations! [@] PARETO

The team has established close collaborations with several universities:

Carnegie 7 Georgia 1(\]lall'{legle NM
Mellon A Tech ellon STATE
University University ONIVERSITY
Larry Biegler & Nick Sahinidis & Carl Laird & Pei Xu &
Research Pl Sakshi Naik Yijiang Li Arsh Bhatia Laura Capper

Consideration of

Incorporation of hydraulic effects

REE/CMrecovery Develop a PARETO

Research Focus rigorous desalination across PW pineline from produced utility on induced
models info PARETO ne’rwoF?sz) water systems seismicity and SRA
(e.g.,. MVC, OAROQ) (e.9.. MAOP) (e.g., Lithium) actions

“Project PARETO” works closely with academic partners across the nation.

- NATIONAL Calneo‘le = GROUNDWATER / U.S. DEPARTMENT OF
BT oo R, ceqn) QM == -

LIRS ORRISRY seRkeeyLa  University




The Produced Water
Optimization Initiative

What Else? Industrial Collaborations! [@] PARETO

The team continues to collaborate with several industrial partners:

> |

/(\ LYMP illi a € equitran
@ ovYMPYs  ConocoPhillips AR quitrans

Basin Appalachian Permian Permian Appalachian

Segment Upstream Upstream Midstream Midstream

TrucS:TIé;gu‘relng, Capacity expansion mon\;vqéer:\en’r Water *hubs”,
Case Study plocemen? /sizing (injection, pipelines, desolgigno Fon ’ produced water
Focus freatment/dis osc;l storage), third party intearation sharing, storage

abp constraints ar ’ management

cost sensifivities beneficial reuse
PI\?EEIL? PARETQOPs PARETOstrategy PARETO3trategy P ARETOFExchange

PARETO has been developed with and tested by several industrial partners.
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PARETO features and extensions PARETO

The Produced Water
Optimization Initiative

Beneficial reuse

Resource recovery

Treatment and desalination modeling
Hydraulic analysis

Seismic risk analysis

Environmental KPl measures

N o 0 A WD~

Water sharing
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PARETO and Beneficial Reuse
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Beneficial Reuse Realization Roadmap
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PARETO

The Produced Water
Optimization Initiative

£

Optimal reuse
implementation

planning
20k
©,

PARETO delivers cross-project adaptability, offering optimal reuse solutions and feasibility
analysis that eliminates the necessity of initiating analysis from scratch for each project—
saving substantial fime and financial resources across various sectors
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PARETO Beneficial Reuse PARETO

The Produced Water
Optimization Initiative

Seasonall C flow it Reuse Resource Quality Waste
o Selection Allocation Tailoring handling
needs ments

O Production pad
® Completions pad

;,/ b, PW injection option

é’@ PW primary treatment
" option

Fertilizer production facility o
A P
. ., ! Y ; : 3 ﬂ gen d \
i \ / L %
] |r‘ - d
[ .
i

D Resource recovery opfion
- External water sources

Blending/storage tank

Purified/desalinated water
Concentirated brine
Recovered resources

PW/Clean brine
External wastewater

Flowrate (F) (86D)

\% Quality (Q) (ppm) /

PARETO adapts to varied reuse challenges and enhances beneficial reuse realization

through what-if scenario analysis and integrated sirategies, effectively illustrating what
"realistic success" could look like.
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The Produced Water
Optimization Initiative

PARETO Resource Recovery {Q) PARETO

Tracks concentration across the networks
Sets concentration thresholds

Analyses cutoff-concentration vs. mineable volume tfrade-off

Cut-off concentration - Mineable volume trade-off analysis

-
-
-
-

Determines break-even concentration point

Optimum cut-off

.a

Increasing Value
-

Mineable Volume

*iﬂ

I o o o o e e i o

-~
-

Increasing Cut-off Concentration

PARETO empowers resource recovery within the produced water network through a
meticulous analysis of key factors including cut-off concentration, extraction efficiency,
logistics optimization, and precise, material-specific cost management
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The Produced Water
Optimization Initiative

PARETO Water Treatment and Desalination [@] PARETO

Data-
Driven Cost

Rigorous

Surrogate
Models

Opftimization

Analysis

WaterTAP

Uses vendor and Leverages the O% g e Implements machine

literature data for WaterTap library _ | learning methods to
cost evaluation for optimization of -7 streamline the % v %
complexities of £

and technology desalination -2 | .
perfOrmOﬂCe processes Rigorous MVR model Ngorous models.

Neural Networks

PARETO treatment models are adeptly designed to address water quality demands for diverse
applications, offering user-specific detail levels to balance treatment intensity and cost.
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PARETO Hydravulics Module PARETO

The Produced Water
Optimization Initiative

Consider elevation changes and frictional losses
Track pressure across the network nodes

|den1'|fy pumplng needs Hydraulics Pressure by Node

— CPO1
— FO1
— FO2
—— K01
— K02
— NO1
NO2
—— NO3
NO4
— NO5
— NO6
—— NO7
— NOB
— NO9
—— PPO1
) — ' = 2 = = —% —— PP02

0

. poN2
10 20 30 40 50

Q = volumetric flow (m3/s), P = pressure (Pa), z = elevation (m), Flahaing Hexdtan (weaka)
L = Length of pipeline (m), d = pipeline diameter (m)

Sets maximum allowable operation pressure

300
250

200

Pressure (psi)

PARETO hydraulic modules ensures hydraulic feasibility for network solutions while co-optimizing water
management and pressure regulation costs.
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The Produced Water
e —

PARETO Seismic Risk Reduction [Q) PARETO

Optimization Initiative

e nearby earthquake location ¢  Orphan wells
HazZArds e faults e Old Plugged & Abandoned wells
3 —— o High-Pressure injecfion zones « Old Long-duration Temporarily
severity e Low-Pressure injection zones Abandoned wells
e |njectionrate T

EXpOsUre Expo;ed populo’rioq

2 Quality of construction
Vulnerability /- ® Earthquake preparedness
e Exposed critical infrastructure
e Value of exposed property
e Secondary hazard

PARETO's seismic risk module informs injection sirategies, providing trade-off analysis
between cost optimum and distributed injection, integrating SRA and enhanced risk
avoidance policies.
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The Produced Water
Optimization Initiative

PARETO Environmental and Env. Justice Measures :@: PARETO

Environmental Exposure in

Trucking activity Disadvantaged Communities (DAC).
. . -Total volume of water -Air pollutants exposed to DAC
Air pollutant metrics - .
Greenhouse gas -Infrastructure built across DAC
emissions -Total hours of trucking

L Energy ]ustice Mapping Tool -
(COQ €g UiVCﬂeI’]TS) NH3 " ", Disadvantaged Communities

NOx, SO2, and PM2.5 "%~ Reporter

PARETO now allows for reporting on environmental and environmental justice measures,
which could inform ESG impacit.
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PARETO Ul Snapshots PARETO

©OPARETO Scenario | GIS Map Upload =

The Produced Water
Optimization Initiative

Data Input Model Results.
PARETO Input File
Network Diagram

Plots

Dynamic Inputs ~

Completions Demand

Disposal Operational Cost

—— G | S

Completions PadOutside . .

System Ir] eagr(] Ion
Desalination

Technologies.

Desalination Sites

Trucking Time
Pad Rates
Flowback Rates
Node Capacities
® Recycling Rate ©® Annual Disposal = Groundwater Sourced
85% 10,513,253 bbl 515,000 bbl
Key KPIs ® Recycling Rate +7% © Disposal  -3,951,166 bbl = Sourced +39,000 bbl
SRA 92% 6,562,087 bbl 554,000 bbl
vs Baseline vs 85% vs 10,513,253 bbl vs 515,000 bbl
CAPEX OPEX
CAPEX +30% OPEX +22%
Pipeline Disposal
Storage Treatment
Treatment Source
Disposal

piping
Trucking

«

» « »

PARETO's Ul offers a code-free gateway to its prowess, presenting results in vibrant and
impactful visuals
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The Produced Water
Optimization Initiative

What Else can PARETO do? Water Sharing! :@: PARETO

= Collaboration between DOE-NETL & GWPC

= A web portal that functions like @ © GWPCWaterRewse e semieams Smon ©
m qII.C h m q ker Request Dashboard

Providing Water Accepting Water

= Simple and user-friendly submission forms T Tom el e
p y Novaflo-04 09/12/2023 - 09/14/2023 Open 50,000 © 9 Matches Found v
13 :I s "
" | V WO e r Matched Operator: : Spillfract Approve Decline

istance (miles): 40 Approval Pending

‘ ‘ ’ ’ Dates: 09/12/2023 - 09/14/2023 Di:
. need warter
Rate (bpd): 40,000 Disposal Avoided (bbi):
DDDDD : 09/12/2023 - 09/14/2023 Distance (miles): 10 Approval Pending

u OrgO nizes PW H mOTCheS” in O quhboqrd Rate (bpd): 12,500 Disposal Avoided (bbi):
= Users can accept or decline matches S

Distance (miles): 25 Approval Pending

= Emphasis on minimal data inputs
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Optimization Initiative

2024 Ouvutlook :@: PARETO

User Support and Education

« Institute a support workflow
Foster partner communication
Curate educational resources
Develop case studies

&

(===l

Framework Support and maintenance
it « Refine and maintain PARETO framework

Water Exchange

« Deploy Water Exchange platform

« Expand Water Exchange platform capabilities

« Develop demonstration cases (via industrial collaborations)
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The Produced Water
Optimization Initiative

PARETO Training Workshop (Q) PARETO

 The team has developed a PARETO
Training Workshop: Learn how to

* Install PARETO software.

 Input data info PARETO.

* Run PARETO opftimization.

* Develop a variety of complex network scenarios.
« Analyze, interpret, and compare results.

« Addifional sessions are planned for the
future (possibly virtually).

* Video tutorials hovg also bgen developed PARETO workshop af NMPWRC meefing,
and should be publicly available soon. Albuguerque, December 2023

- NATIONAL /\ C o = U.S. DEPARTMENT OF
BT, o i cogroia) N s ;

LIRS ORRISRY peRkeeyLa  Uniiversity




The PARETO Team (Q) PARETO

Optimization Initiative

NETL: LBNL: CMU:
Markus Drouven Dan Gunter Lorenz Biegler GWPC:
Miguel Zamarripa Lisa Henthorne Sakshi Naik Mark Layne
Melody Shellman Karen Work Carl Laird :
Angela Aikman
Travis Arnold Brent Halldorson Daniel Ovalle
Elmira Shamlou Keith Beattie Arsh Bhatia NMSU:
Philip Tominac Ludovico Bianchi
Laura Capper
Javal Vyas Michael Pesce Georgia Tech: Huidae Cho
Sarah Poon Nick Sahinidis :
Pel XU

Sourabh Choudhary

We gratefully acknowledge support from the U.S. Department of Energy, Office of Fossil Energy
and Carbon Management, through the Environmentally Prudent Stewardship Program.
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Acknowledgements and Disclaimer

(@) PARETO

Optimization Initiative

We gratefully acknowledge support from the
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This project was funded by the United States Department of Energy, National Energy Technology Laboratory an
agency of the United States Government, through a support contract. Neither the United States Government nor
any agency thereof, nor any of its employees, nor the support contractor, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product, process, or service by tfrade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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Optimization Initiative

(@) PARETO

Thank Youl!

To request a follow-up meeting or demo, please contact pareto-suppori@ibl.gov

For questions and comments, please contact

Elmira Shamlou (elmira.shamlov@netl.doe.gov).
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