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» Water Management Systems for Unconventional Well Applications
 Historical View of Water Management Costs

» Service Integration through Automation for Movement, Handling, Recycling / Treating
Produced Water

» Cost Savings
 Success Stories
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Our Services

» Clear Brine Fluids and Completion Fluid Services

» The only vertically integrated provider m==) R&D / manufacture/ deliver
» We service both the industrial and oilfield markets

» Innovative technologies for reservoir drill-in, workover and completions Completion Fluids & Products
applications

« Water & Flowback Services
» Fresh & Produced Water Transfer > Water Blending

CS Neptune

» Water Treatment » Pond Lining

» Storage and Containment » Flowback and Sand Management

» Pipeline Construction » Automation and Remote
Monitoring

e Compression
» Largest vertically integrated compression company
» Wide range of HP to address customer gas lift and gathering solutions
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Presenter
Presentation Notes
TETRA was founded in 1981. We continue to deliver solutions to lower our customer’s cost per barrel of fluid.  In many applications, we developed and introduced new technology to advance our client’s applications.

Our three business segments are: 
Clear Brine Fluids and Completion Fluid Services
Water & Flowback Services
Compression

Today, this presentation will identify the Water and & Flowback Technologies and Solutions that have enabled oil and has operators to lower their per barrel cost of managing produced water by recycling it.


TETRA Integrated Water Solutions

Post Job
Treatment
Water / for Frac

Y 4
Transfer ’ Re-use

' Full Offering

O Services Only — no asset ownership

Pre-Frac
ok d Treatment & Elub o
Blending

Fresh
Water
Source

Water
Containment

Flowback/ Fluids
Well Testing Containment ————

H
Permanent Produced Water i
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» Offerings:
» Fresh Water Transfer » Treatment and Recycling » Flowback and Testing
» Produced Water Transfer » Pit Lining » Automation and Monitoring

» Pipeline Construction » Containment
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Presenter
Presentation Notes
In a typically unconventional completion, depicted here, prior and during the frac the operator is concerned with where is their water going to come from, how much do they need, how far do they have to transport it, where will they store it.  They also are focused on the required chemical properties of the water to not only transport the proppant during the frac but must importantly to optimally interact with the reservoir fluid in the formation in order to maximize productivity.

Due to the critical nature of these activities and the possibility of them negatively impacting a frac operation, an Operator will not entrust these operations to any service provider.

After the frac the operators focus shifts to the amount of sand that is flowing back and the volume of produced water that needs to be either re-used in the next frac operation or disposed of.  With respect to the sand production, the industry has shifted in recent years to finer and finer sand grain sizes.  This combined with higher initial flow back rates from these wells has yielded less than efficient recovery results from sand traps and test separators.  As a result, in many cases the sand is moving into production facilities thereby damaging the operator’s expensive infrastructure and in some cases resulting in production being shut-in while the excess sand is removed.  


Water Management — Full Cycle
Drilling / Hydraulic Fracturing / Flowback / Production
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Presenter
Presentation Notes
Automation and Monitoring Systems have reduced water movement, handling and recycling costs further, along with minimizing QHSE risks.

Automation and monitoring technologies guide our systems used for water transfer, oil recovery, water treatment and recycling, water storage, automated water blender and distribution systems and our sand management system used during flowback operations

Cost savings are achieved with fewer personnel required to manage our equipment, lower fuel consumption during water transfer operations, minimize chemical consumption during water treatment and recycling.


Water Management
Without Recycling Produced Water
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Presenter
Presentation Notes
Historically, oilfield water management began with sourcing fresh/brackish water from the subsurface or surface, moving the water, and storing for use, treatment, use for fracing, and then production of water associated with hydrocarbon that is historically moved to disposal well. 

As water conservation initiatives and the tightening of regulations concerning the use of fresh water become more prevalent, the need to come up with ways to recycle the water already “in the system” becomes more appealing. 

Operators requiring large amounts of water are looking to produced water for their fracing operations as a solution.

The trend to reuse produced water is being enabled by advancements in mechanical and chemical treatment techniques and the introduction of new fracturing chemical systems that accept high levels of chloride and other chemical concentrations. 

These technological improvements have opened the way for alternative, economically viable techniques for maximizing the reuse of water in fracturing operations. 

The use of produced water makes both economic and environmental sense, as it reduces the need for fresh water and the subsequent cost of trucking and disposal. 

If fresh water is used for fracing operations and all the produced water is injected into the ground, operators incur trucking, disposal, and storage costs, along with costs to acquire fresh water. 

With an average cost of $.75/bbl for fresh water and disposal costs ranging from $.50-$2.50/bbl, it makes economic sense to reuse produced water. 





Water Management
With Recycling Produced Water
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Presenter
Presentation Notes
Produced water recycling is occurring in every major unconventional play in North America. This trend is being driven primarily by more favorable economics, and in locations where higher volumes of produced water is available.

Aside from the environmental stewardship benefits, the cost savings achieved by reducing the use of fresh water and minimizing trucking and disposal expenses become exponentially higher when the ratio of produced water is increased on a reuse project.

Other economic considerations are:

The transfer distance from the fresh water source to the frac site Vs the transfer distance from the produced water source to the recycling and blending site. The economics become much more favorable for recycling when there is an oil, gas and water processing facility nearby.
As mentioned earlier, produced water treatment cost have become more favorable in the last few years, due to higher chloride levels being compatible with the improved friction reducers used in hydraulic fracturing.
The per barrel treatment cost for produced water, can be similar to the per barrel disposal cost.



Water Management
With Produced Water Recycling + Automation
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Presenter
Presentation Notes
Automation and Monitoring Systems have reduced recycling costs further, along with minimizing QHSE risks.

Automation and monitoring systems guide our transfer pumps, oil recovery and water treatment systems, tanks, automated blender, distribution manifold and our sand management system used during flowback

We’ll discuss the specific benefits achieved with automation and monitoring and other produced water recycling technologies in the following slides.



Lowest Cost per Barrel Fluid Solutions

o

LEADERSHIP IN WATER TRANSFER

»First mover in deployment of lay flat hose

»Single Jacket hose water transfer system
 Economical for fresh water transfer

» TETRA Steel™ water transfer system
* Only double-jacketed lay flat hose, UV-resistant hose on the
market

»Reduced customer risk
* Highest flowrates and operating pressure

»Market leader for produced water transfers
* Recently approved by the Alberta Energy Regulators ("AER")
to transfer produced water

©2019 TETRA Technologies, Inc.


Presenter
Presentation Notes
As the industry use of produced water increases, the risk profile associated with the movement of water also changes.  With the industry leading flow rate capability and highest operating pressure of any lay flat hose on the market, TETRA Steel is product of choice for the movement of produced water.

This is evidenced by the recent approval of the Alberta Energy Regulators to use Tetra Steel for moving produced water in Alberta.  Prior to this lay flat hose was only approved for the transport of fresh water in the providence.  To our knowledge, TETRA steel is the only lay flat hose approved by the AER for produced water transfer today.

As further evidence of our leadership position in water transfer, TETRA engineered and built our own Rapid Deployment Vehicle or RDV.  The RDV allows for the quickest and safest mobilization and recovery of lay flat hose thereby increasing our utilization of our assets and saving our customers money.



Lowest Cost per Barrel Fluid Solutions

LEADERSHIP IN WATER TRANSFER

Engineering and Optimization of the Route Hydraulics Calculator

» Transfer Distance
» Water Volume and Rates
» Elevation Changes

tIRA lachrologias - FFD Calculator
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Presenter
Presentation Notes
Before we discuss the specific benefits achieved with automation and monitoring and other produced water recycling technologies, we want to highlight the importance of designing the water transfer route. 
Critical planning requirements for a water transfer application include knowing the intended route and distance of the water transfer line(or lines) and the desired water volume and pumping rates. A best practice is to utilize a robust hydraulics model to optimize the design of the transfer route. The output provides a topographical view of the route and defines the appropriate equipment needed to deliver water volumes accurately, safely and timely.



Lowest Cost per Barrel Fluid Solutions

Cellular based system

» However, pumps continue to run in
unison, if cell communication is lost -’

» Each pump is independently s
calibrated with thresholds on inlet ,,’

and outlet pressures /

!

I
I
I
v

D, =150 psi

Dy = 150 psi

D, =10 psi

124512

/ COMMANDED
/
._f-1
/1475
=/ [ ]
=4
f g

GO TO

©2019 TETRA Technologies, Inc. "
11



Lowest Cost per Barrel Fluid Solutions

< LEADERSHIP IN TREATMENT & RECYCLING

»Blending Controller
* Conserves fresh water by blending reclaimed produced water
“on the fly”
* Optimal fracturing fluid that meets customer water
specifications
»Blending Manifold
 Homogenous blend of fresh and produced water at all
discharge ports

| > Distribution Manifold

» Ensures frac tanks are optimally supplied with water
* Minimizes environmental and personnel risks

»CLO2 and SwiftWater Advanced Treatment System
* Provides continuous and accurate chemical dosage volume

» Oil Recovery After Production Technology

(“ORAPT™ separation units”)
» Separate oil from produced water up to 35,000 bpd

©2019 TETRA Technologies, Inc.
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Presenter
Presentation Notes
At our core, TETRA has a history of providing innovative, value-added solutions to our customer’s challenges.

Today, one of the largest challenges faced by our industry is the growing volumes of produced water and what to do with it.  In direct response to customer requests, we are leveraging our expertise in aqueous chemistry to deliver economical, environmentally responsible solutions to address this issue.

Our patent-pending Blending Controller allows for “on the fly” mixing of produced and fresh water to the exact specification required for the fluid to deliver the proppant most efficiently what interacting effectively with the reservoir.

The Oil Recovery After Production Technology separates oil from the produced water and diverts it to the customer’s sales pipeline or tanks.  Our customers are then generating commercial sales from this recovered oil which more than pays for the unit costs.  Win – Win.



TETRA’s Lowest Cost per Barrel
Integrated Solution

% Job Cost Savings
Personnel savings 27 %

Sourcing, Trucking, Disposal Savings  21%
“~ Automation & Recycle Costs +15%
- Total Job Savings
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Presenter
Presentation Notes
TETRA is focused on delivering value added, differentiated, environmentally friendly solutions to our customers challenges.  This is evidenced by the fact that all of the equipment previously described can be fully integrated and automated to provide a full water solution for our customers.

This fully automated system and integrated solution yields significant cost savings to our customers while reducing operational and HSE risks.  In this specific example, our customer realized in excess of 69% savings through the reduction of fresh water sourcing, costly trucking and disposal of produced water, while at the same time reducing the number of personnel required on location.



Water Management Transparency

» Water Volume
 Pumping Rate

« Water Quality

» Chemical Use Solids

* Recovery
(recycling & flowback)

» Fuel Usage

» Personnel Usage
NPT
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SUCCESS STORY #1

Produced Water Recycling Project
4 Well Zipper Frac

» Total produced water treated for reuse:
1,300,000 bbls

> Client cost savings of ~$500,000
» Less fresh water sourced and used

» Less produced water trucked and disposed

©2019 TETRA Technologies, Inc.
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1.5 min


SUCCESS STORY #1

Produced Water Recycling Project
Multi-Well / Multi-Year

The 18t of multiple new recycling
facilities started in July 2018

50K bbls. per day capacity
Expanding to 100k bbls per day

Volume contingent on availability of
raw produced water

NORM is kept in a concentrated
solution, acidized and disposed

Blending produced and fresh

Water at the fraC Site TETRA Steel transfers TETRA SwiftWater TETRA SwiftWater Water Recycling System | DISCFILTRATION
the produced water Above Ground Storage -
for Produced Water

CLO2 treatment for bacteria
“On the fly” ““““ “ CLARIFIERS

........

AST
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SUCCESS STORY #?2

Produced Water Recycling Project
Multi-Year / Multi-Well

» Produced Water Usage up to 55% depending on availability

» No Impact on Stimulation 35 wells

» Decreased Fresh water used by 4,781,000 BBL (2 projects)

» Total water blended and sent to frac: 13,660,000 BBL (35% avg)

> Estimated savings of $3,500,000* in water sourcing and disposal cost
> 8,500 BBL sellable oil extracted from water (approx. $320,000)

» Assurance of supply has greater value than financial implications

* (2016,Spears)

©2019 TETRA Technologies, Inc.
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