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Refresher: Project Premise & Capabilities
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PARETO is designed to help practitioners solve practical problems in PW management.

 Supports infrastructure build-out decisions
• E.g., pipelines, storage, injection, treatment, etc.

 Ensures mass balances across the network
• Flow balance at each node in the facility

 Ensures feasibility of operational constraints
• E.g., capacity limitations, expansion restrictions, etc.

 Facilitates scenario analysis
• “what-if” analysis for various operational or investment decisions

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
The Produced Water

Optimization Initiative

Motivation: Operational & Strategic Challenges
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PARETO is not aiming to replace rigorous hydraulics simulators.
The goal is to support mid-/long- term network design decisions considering hydraulics.

 Preventing violations of pressure bounds
• Elevation changes and frictional losses cause pressure changes
• Pipeline design influences operating pressure bounds
• Managing flows and pressures with pumps and valves

 Integrating new wells with existing network
• High volume and pressure from flowback of new wells
• Design pipelines and integration points for new wells
• Prevent shut-off of old wells due to high flowback pressure
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PARETO & Hydraulics
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The team is working towards validating & improving 
rigorous hydraulics implementation within PARETO.

Motivation: feedback from the PARETO Stakeholder Board!
 Fluctuations in fluid flows and pressures

• E.g., addition of new wells, elevation changes, etc.

 Existing tools fail to capture the design space and often 
fail to converge or close mass balance

Action: Incorporate a robust hydraulics module into PARETO!
 Consider elevation changes explicitly
 Ensure mass balance and network feasibility
 Factor pressure considerations into network design



PARETO
The Produced Water

Optimization Initiative

Modeling Hydraulics in Pipelines

Model equation

𝑄𝑄 = volumetric flow (m3/s)
𝑉𝑉 = velocity (m/s)
𝑃𝑃 = pressure (Pa)
𝑧𝑧 = elevation (m)
ℎ = head loss (m)
𝛾𝛾 = density * g (kg/m2/s)
𝐶𝐶𝐻𝐻𝐻𝐻 = Hazen-Williams constant
𝐿𝐿 = Length of pipeline segment (m)
𝑑𝑑 = pipeline diameter (m)

𝑃𝑃2 = 𝑃𝑃1 + 𝑧𝑧1 − 𝑧𝑧2 𝛾𝛾 − 10.704
𝑄𝑄
𝐶𝐶𝐻𝐻𝐻𝐻

1.85 𝐿𝐿
𝑑𝑑4.87 𝛾𝛾 + ∆𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − ∆𝑃𝑃𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

𝑧𝑧𝑧

𝑧𝑧𝑧
P1

𝑃𝑃2𝐿𝐿

𝑄𝑄

Modeling hydraulics (based on energy balance)

𝑉𝑉12

2𝑔𝑔
+
𝑃𝑃1
𝛾𝛾

+ 𝑧𝑧1 =
𝑉𝑉22

2𝑔𝑔
+
𝑃𝑃2
𝛾𝛾

+ 𝑧𝑧2 + ℎ𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 + ℎ𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 − ℎ𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

Hazen–Williams Formula ℎ𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 10.704
𝑄𝑄
𝐶𝐶𝐻𝐻𝐻𝐻

1.85 𝐿𝐿
𝑑𝑑4.87

(assuming 𝑉𝑉2 is relatively small)

PARETO’s hydraulics module computes pressures at each node and 
determines the need for pumping or throttling to keep pressures within allowable limits.

Darcy-Weisbach Equation ℎ𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 0.5
𝑄𝑄
𝐴𝐴

2 𝜌𝜌𝐿𝐿𝐿𝐿𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑑𝑑
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Modeling Hydraulics in PARETO
Model equations

𝑄𝑄 = volumetric flow (m3/s)
𝑉𝑉 = velocity (m/s)
𝑃𝑃 = pressure (Pa)
𝑧𝑧 = elevation (m)
ℎ = head loss (m)
𝛾𝛾 = density * g (kg/m2/s)
𝐶𝐶𝐻𝐻𝐻𝐻 = Hazen-Williams constant
𝐿𝐿 = Length of pipeline (m)
𝑑𝑑 = pipeline diameter (m)

𝑃𝑃𝑙𝑙𝑡𝑡 = 𝑃𝑃𝑙𝑙𝑡𝑡 + 𝑧𝑧𝑙𝑙 − 𝑧𝑧𝑙𝑙 𝛾𝛾 − ℎ𝑙𝑙𝑙𝑙𝑡𝑡
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝛾𝛾 + ∆𝑃𝑃𝑙𝑙𝑙𝑙𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − ∆𝑃𝑃𝑙𝑙𝑙𝑙𝑡𝑡
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

(Hazen–Williams Formula)

ℎ𝑙𝑙𝑙𝑙𝑡𝑡
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 10.704

𝑄𝑄
𝐶𝐶𝐻𝐻𝐻𝐻

1.85 𝐿𝐿
𝑑𝑑4.87

PARETO’s hydraulics model is an option for users to select when pressure analysis is needed.

(Darcy-Weisbach Equation)

ℎ𝑙𝑙𝑙𝑙𝑡𝑡
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 0.5

𝑄𝑄
𝐴𝐴

2 𝜌𝜌𝐿𝐿𝐿𝐿𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
𝑑𝑑
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or,

𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝐶𝐶𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑦𝑦𝑙𝑙𝑙𝑙
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + 𝜈𝜈𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝛾𝛾 + ℎ𝑙𝑙𝑙𝑙

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐹𝐹𝑙𝑙𝑙𝑙𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

∆𝑃𝑃𝑙𝑙𝑙𝑙𝑡𝑡
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃≤ 𝑀𝑀𝑦𝑦𝑙𝑙𝑙𝑙

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 ≤ 𝑃𝑃𝑙𝑙𝑙𝑙 ≤ 𝑃𝑃𝑙𝑙
𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢

Pressure balance

Frictional loss

Pumping cost

Pumping installation

Pressure bounds
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PARETO’s Hydraulics Module Framework

Hydraulics module caters to the varying needs of the user:
assess network operations (post-process) or design new infrastructure (co-optimize)

PARETO 
Options

Features

No 
Hydraulics

• doesn’t run hydraulics module

Post 
Process

• compute pressures post optimization
• detect potential pressure violations
• determine pumping needs

Co-
optimize

• network design considering hydraulics
• pipeline sizing considering pressures
• pumping stations and sizing

Get Inputs

Solve Basic Model
(w/o Hydraulics)

Compute Pressures
(using Hydraulics)

Validate & Addn. 
Constraints (if needed)

Evaluate Post Optimization Optimize with Hydraulics

Get Inputs

Solve Basic Model
(w/o Hydraulics)

Add Hydraulics & Addn. 
Operational Constraints

Solve the combined Model

7

• Faster computation
• Scalable & requires fewer inputs
• Less comprehensive (cannot change existing 

infrastructure or flows) 

• Comprehensive (network design with 
hydraulics)

• Computationally intensive 
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PARETO’s Hydraulics Module Framework
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PARETO & Hydraulics: demo using a toy case study
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PARETO Motivating Example: Overview

200ft650ft

Elevation Increases
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1
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02

Legend

Production pad

Completions pad

Injection option

Treatment option

Desalination option

Existing pipeline

Pipeline option

N02

N04
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PP01

R02S02
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N01

Frac pit option
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Existing Pump

New Pump

𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆:
Existing network infrastructure

Potential expansion opportunities

Capacities & costs

Production, Flowback forecasts

𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂:
Flow directions

Available choices for treatment

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃:
Optimal network design

Flows and costs
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PARETO Motivating Example: Basic Run
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New Pipelines Built
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Legend

Production pad

Completions pad

Injection option

Treatment option

Desalination option

Existing pipeline

Pipeline option

Frac pit option

Existing Pump

New Pump

Flow directions and volumes at each 
time based on forecasts

Potential connection executed
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PARETO Motivating Example: Hydraulics Post Process

200ft650ft

Elevation Increases

01

03
2

1

04

02

N02

N04
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N06 N07

N08

N09

CP01

K02
R01

K01

PP01
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N01
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𝟓𝟓𝟓𝟓

𝟏𝟏𝟏𝟏𝟏𝟏

𝟖𝟖𝟖𝟖
𝟐𝟐𝟐𝟐

All pressures in psi

𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅 & 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏 𝐚𝐚𝐚𝐚𝐚𝐚 𝐚𝐚 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 𝐢𝐢𝐢𝐢 𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭

𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆𝐆:
Well Pressures (PP01 – PP04)

Existing Pumps

𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂𝐂:
Min. Offload Pressures (K01 – K02, CP01)

Min. AOP (10 psi) & Max AOP (150 psi)

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃:
Pressures at all nodes

New Pump stations, if needed𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟑𝟑𝟑𝟑.𝟑𝟑

𝟔𝟔𝟔𝟔.𝟑𝟑

𝟗𝟗𝟗𝟗.𝟕𝟕 𝟏𝟏𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏 𝟑𝟑𝟑𝟑.𝟏𝟏

𝟐𝟐𝟐𝟐.𝟓𝟓

For this point in time,
2 pumps are required
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Legend

Production pad

Completions pad

Injection option

Treatment option

Desalination option

Existing pipeline

Pipeline option

Frac pit option

Existing Pump

New Pump PARETO computes pressures and 
flow profiles for the entire planning 

period
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PARETO Motivating Example: Hydraulics Post Process
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𝟐𝟐𝟐𝟐

All pressures in psi

𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟑𝟑𝟑𝟑.𝟑𝟑

𝟔𝟔𝟔𝟔.𝟑𝟑
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𝟏𝟏𝟏𝟏 𝟑𝟑𝟑𝟑.𝟏𝟏

𝟐𝟐𝟐𝟐.𝟓𝟓

PARETO computes pressures and 
flow profiles for the entire planning 
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Legend

Production pad

Completions pad

Injection option

Treatment option

Desalination option

Existing pipeline

Pipeline option

Frac pit option

Existing Pump

New Pump
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PARETO Motivating Example: Pump Failures

200ft650ft

Elevation Increases
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𝟓𝟓𝟓𝟓

𝟏𝟏𝟏𝟏𝟏𝟏

𝟖𝟖𝟖𝟖
𝟐𝟐𝟐𝟐

All pressures in psi

𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅𝐅 & 𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏 𝐚𝐚𝐚𝐚𝐚𝐚 𝐚𝐚 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 𝐢𝐢𝐢𝐢 𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭

𝐍𝐍𝐍𝐍𝐍𝐍 𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈𝐈:
Pump on line PP03-N06 has failed

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃:
Pressures at all nodes

New Pump stations, if needed𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏

𝟑𝟑𝟑𝟑.𝟑𝟑

𝟔𝟔𝟔𝟔.𝟑𝟑

𝟗𝟗𝟗𝟗.𝟕𝟕 𝟏𝟏𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏𝟏𝟏

𝟏𝟏𝟏𝟏 𝟑𝟑𝟑𝟑.𝟏𝟏

𝟐𝟐𝟐𝟐.𝟓𝟓
x
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Legend

Production pad

Completions pad

Injection option

Treatment option

Desalination option

Existing pipeline

Pipeline option

Frac pit option

Existing Pump

New Pump

Two new pumps are needed
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 PARETO’s Industrial Collaboration
• Encouraging response from industrial collaborators on hydraulics implementation
• Working on implementing the module on a new industrial case study

 PARETO’s University Collaboration
• Developing advanced optimization techniques and strategies for a comprehensive analysis of hydraulics
• Time decomposition strategy for better initialization of the underlying MINLP problem
• Linearization of pressure drop correlations to enable comprehensive analysis of network hydraulics

 PARETO UI
• Team is working towards releasing hydraulics post-processing module integrated with next UI release
• Comprehensive co-optimization methods to be available by Q4

Plans and Extensions
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The PARETO Team

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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Thank You!

For questions and comments, please contact
Markus (markus.drouven@netl.doe.gov)
Naresh (naresh.susarla@netl.doe.gov)

Miguel (miguel.zamarripa-perez@netl.doe.gov)
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