HYDRGZONIX

Providing environmentally responsible water
treatment solutions to the oil and gas industry

Cost Effective Produced
Water Management

www.hydrozonix.com



Produced Water Management for Reuse

* Recycle vs. Fresh/Brackish — Cost Considerations

* What are my Treatment/Reuse Objectives

* How is Treatment/Reuse fit into my Facilities Design Program
* Automating the Treatment/Reuse Program

e Case Studies

www.hydrozonix.com



Produced Water Management Costs
RN [CostRange | AverageCost

freshwater sourcing Freshwater Sourcing S0.25-51.00 / BBL S0.50/BBL
CﬁSt and dhisposa' is 3rd Party SWD (Market Price) $0.40- $0.75/BBL  $0.58/BBL
cheaper than

recycling then savings Operator owned SWD (CAPEX & OPEX) $0.12 - $0.28/BBL $0.20/BBL
can be realized 3" Part Recycling (Market Price) $0.30 - $S0.60/BBL $0.45/BBL

Trucking Not Included
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Produced Water Management Costs

If the combination of
freshwater sourcing
cost and disposal is
cheaper than
recycling then savings
can be realized

Freshwater Sourcing

3" Party SWD (Market Price)

Operator owned SWD (CAPEX & OPEX)

3" Part Recycling (Market Price)
Trucking Not Included

$0.25 - $1.00 / BBL
$0.40 - $S0.75/BBL
$0.12 - S0.28/BBL
$0.30 - S0.60/BBL

- www.hydrozonix.com

$0.50/BBL>$1.08/BBII
$0.58/BBL

$0.20/BBL
$0.45/BBL
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Produced Water Management Costs
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Produced Water Management Costs

If the combination of
freshwater sourcing
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Produced Water Management Costs
RN [CostRange | AverageCost

freshwater sourcing Freshwater Sourcing $0.25 00/ BB}_ S0.50/BBL
i i 0.37/BBL

cost and disposal is 3rd Party SWD (Market Price) $0.40 - $0. g/BBL $0.58/BBL

cheaper than

recycling then savings Operator owned SWD (CAPEX & OPEX) $0.12 .28/BBL .20/BBL

can be realized 3" Part Recycling (Market Price) $0.30 - $S0.60/BBL .45/BBL

Trucking Not Included

- www.hydrozonix.com




Produced Water Management Costs
RN [CostRange | AverageCost

freshwater sourcing Freshwater Sourcing $0.25 00/ BBL $O 50/BBL
CESt and dhisposa' is 3rd Party SWD (Market Price) $0.40 - $0. g/BBL so 58/BBL
cheaper than

recycling then savings Operator owned SWD (CAPEX & OPEX) $0.12 .28/BBL 20/BBL
can be realized 3" Part Recycling (Market Price) $0.30 - $S0.60/BBL $0.45/BBL

Trucking Not Included

What does Operator owned recycling look like ?
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Produced Water Reuse Standards

Chlorides (ppm)

Total Hardness (ppm) 20K 20K 20K
Iron (ppm) 10 10 10
Oil (ppm) 50 50 50
TSS (ppm) 100 100 100
Boron (ppm) 10 10 No Limit
Bacteria (cfu/ml) 100 100 100
Sulfides (ppm) 0 0 0

www.hydrozonix.com



Produced Water Reuse Standards

Slickwater Fracs - 5 different Operators

Constitvent | _A__| B | _C | D | E__

Total Hardness (ppm) 50,000 20,000 Calcium 2000
Magnesium 2000

Iron (ppm)

TSS (ppm) 100 micron 5 micron

Bacteria (cfu/ml) 101080‘;@ 10,000

100 APB

www.hydrozonix.com




Produced Water Reuse Standards

Slickwater Fracs — 5 different Operators

Constituent “---—

Chlorides (ppm) 140,000 100,000 85,000

Total Hardness (ppm) 50,000 20,000 ST elsy

Magnesium 2000

Oil (ppm)

TSS (ppm) 100 100 micron 50 5 micron N/A

6.5-7.5 6.5-7.5

Fear No Water

H.O




Produced Water Blends

Blends are common
Dilution is Solution

Very difficult to supply only produced water
to a frac

Blending fresh/brackish and produced water
is commonly done

Scaling tendencies can be blended away

Scale Inhibitors are less expensive than TDS
removal

This eliminated the need for TDS removal or
softening




Produced Water Reuse Standards

Slickwater Fracs — 5 different Operators

opsiliran “_-_—

Chlorides (ppm) 140,000 100,000 85,000

Total Hardness (ppm) 50,000 20,000 Calcium 2000

Wh at Magnesium 2000

About _-----
Oiland _-----
olas :

Oil (ppm)

TSS (ppm) 100 100 micron 50 5 micron N/A

6.5-7.5 6-8 6.5-7.5
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Solids & Oil Control

* Solids & Oil Control are located at Wellhead,
Tank Batteries and SWD

* Desander or Centrifugal Separator is typically
part of a Gun Barrel separator system

* Flowback systems include solids and oil control

* Some solids settle in Gun Barrel tanks while oil
is removed

* Upstream Tank Batteries also settle solids and
separate oil

* Secondary filtration is sometimes included
downstream of Gun Barrel separators

* Not unusual to see < 30 ppm oil from Gun
Barrels

* In some cases secondary systems are installed
as part of recycling programs, which can
include settling tanks, DAF, weir tanks for |

solids and additional oil removal ; D z
* Secondary systems are typically before You don’t need Qil and ¢
Solids Control if you

produced water pits
optimize existing
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Solids and Qil Control

Solids and Qil/Water Separation

Secondary Solids & Qil Control Dissolved Air Flotation
 Avariety of options are

available
*  Weir tanks mar be the

most commonly used

* Choice is based on flow
rate, space, performance of
R/:imary system

any operators will have
no secondary control
system

www.hydrozonix.com




Solids & Oil Control
Solids and Oil/Water
Separation

e Secondary Solids Control

* Sometimes your storage is your
secondary control

* Smaller pit w/sump before a
larger pit

* Qil boom and skimmer can be
added

......



Conventional

Treatment Program

HYDRG.CIDE %
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Aeration Summary

* Aeration Systems are typically submersible or floating
* Floating only aerates top few feet, reduces odor, but leaves majority of water un-aerated

Submersible aeration are typically diffuser or venturi
* Venturi are lower CAPEX and higher OPEX
* Diffuser type are higher CAPEX, but much lower OPEX

Venturi type requires modeling to ensure oxygen is distributed evenly and bubble size is
controlled by flowrate, this effects oxygen distribution

Diffuser type are placed in a manner where they are evenly distributed, bubble size is
controlled by diffuser, diffuser can be buried in solids

Pod type diffusers are easily relocatable and expandable

The key is oxygen demand of water and getting enough air distributed throughout the pit
to meet the oxygen demand

©
Fear No Water H 2@




Aeration Summary
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e Low CAPEX

e High OPEX

¢ Flowrate must
be maintained

e Requires
modeling or
additional
mixing

e 8-10 times
more energy
than diffuser
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Mixing Diffuser Type

e Higher CAPEX
e lower OPEX

e Provides better
distribution of
oxygen

e Relocatable

e Needs to be
placed at
bottom

e Will clog with
solids

e Difficult to
maintain

Submersible Pump Venturi

* Provides little
mixing

e Can get buried
in solids

Submersible Static Diffusers

www.hydrozonix.com




Aeration Summary
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Aeration Benefits
Bacterial Control/Growth Inhibition

Algae Control/Growth Inhibition

. e e sy T W

Iron Control

Sulfide Control
Stratification Control
Icing Inhibition

Mixing / Homogenization

Low Cost

e AT - e




Case Study : What Aeration Does

ATP over time
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Aeration Benefits
| e BacterlaIControI/Growth
e o Inhibition

e Stratification Control
* Icing Inhibition
e Mixing / Homoge"

o oy

* Low Cost sl




Case Study : What Aeration Does

Homogenization - Eliminate Stratification
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Aeration for Bacteria, Iron
and Sulfide Control
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Conventional

Treatment Program
(Needs Pretreatment)

_HYDRG‘CIDE‘OK
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* HYDRO;CIDE Systems can be
installed as part of the gathering
system, at a centralized facility or
at SWDs

* HYDRO;CIDE Systems replace
chemical oxidizers at a fraction of
the cost

* Full automation eliminates any
labor



Fully Automated
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* Operate & Monitor from
a PC, iPad or Cell phone

* Operate and Monitor
multiple systems

* Monitor Water Quality
remotely, real time

Fear No Water
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Benefits of Automation

® Edge Project D & ta =] $ = 0 W) 7B%E) Tue215PM mkeenan-a Q. @ =
— Edge Project - Chart

e Check Status of HYDR&ZONIX
Components Remotely | ™" -
* Monitor Operation

e Turn On or Off whole g . i e
system or individual ot e
components A s

* Integrated into existing
pump systems and
automation o R EEE

-45 °F 88,11 psi
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Case Study 201
Blower Trailer
« Dual Use Svst 201 e LILFOm ~ 2t Slip Sirauam
PuaT set Gys em : ' oyTetra PW Pit1 Hydr%de - Tie;SviT_qint fo
i re-irea un f ine
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* Replaced Sodium O o 0 000 Somacha | |0 0
Hypochlorite and Im N *
aeration for | a5t 0t J— L0 e SWD
$0.26/bbl o7t # *
° HYDRO3C|DE With Polishing Aeration Aeration Pit (#3) A
. Pit (4)
aeration under
S0.05/bbl
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HYDRO,CIDE Case Study

Status

* (5) 40,000 BPD systems installed
* (5) Aeration Systems in 500,000 bbl pits at
each location
* (2) additional locations scheduled for
November
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Centralized Facility

Reuse Program = i
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Case Study

* Pre-treat for Frac Reuse

» Design is flexible for oil/solids control

* Accounts for flowback system oil/solids
control
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Produced Water
Reuse without Pits
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Produced Water | N J \ \-/
from Field i LdTankiz) o Gun Barrels
: 500 bl e b 1000 bbl each
Ozone Addition i N r/ \
I
. i /
Hydrecide Uni] l . - \_
SN——1 - T4 [N, -
Wahg;nsfar
Cartridge Pump (to
Filters Hydrocide)
C S t d Treated Water
oty to Injection
a s e u y Inyection ‘Wells

e Bacteria Control on SWD

* Replaced Chlorine Dioxide at $0.10/bbl

* Total cost Purchase + utilities + O&M is
less than $0.04/bbl

www. hydrozonix.com




HYDRstc'DE _____________________________________________________________________________________________
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’ |
! I
Produced Water 1 :
Status from Field : , : !
- Desand Tanks un Barrels (5:-6) X7R0 hh I
* (2) 20,000 BPD : Sl 750 bbl each i Water Yanks !
! |
SySte ms Ozone Addition : |
: : !
installed - | !
H . Hydrocide Unit ! |
[ ]
(1) In plé.‘nnlng : Boost Pump :
60% savings e S SWo _ _ _ _ | ——
over Chlorine

Wat% nsfer

Pump (to
Hydrocide)

Dioxide system Cartridge

Filters

Treated Water
to Injection
Wells

Pumps




HYDRG.CIDE

) Purchase 40,000 BPD 30,000 BPD 20,000 BPD
Different Models for Price
Different Flow Rates
e Typically less than HYDROSCIDE
S0.05/BBL for

250 lbs/day $850,000.00 $0.012*

oxidation

* Over 60% savings
when compared to
Chlorine Dioxide

*
200 Ibs/day $750,000.00 $0.014

*
system 150 Ibs/day >650,000.00 $0.018
Monthly O&M S 12,000.00 $0.01 $0.013 $0.020
$0.005 $0.005 $0.004
TOTALS $0.027/BBL $0.032/BBL $0.042/BBL

——— et —_— — T s

www.hydrozonix.com




www.hydrozonix.com



	Slide 1 
	Produced Water Management for Reuse 
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Management  Costs
	Produced Water Reuse Standards
	Produced Water Reuse Standards Slickwater Fracs – 5 different Operators
	Produced Water Reuse Standards Slickwater Fracs – 5 different Operators
	Slide 13 
	Produced Water Reuse Standards Slickwater Fracs – 5 different Operators
	Solids & Oil Control
	Solids and Oil Control Solids and Oil/Water Separation
	Solids & Oil Control Solids and Oil/Water Separation
	Slide 18 
	Aeration Summary
	Aeration Summary
	Aeration Summary
	Mixing Submersible Aerators 
	Case Study :  What Aeration Does ATP over time
	Aeration for Solids Control
	Case Study :  What Aeration Does Homogenization – Eliminate Stratification
	Aeration for Bacteria, Iron and Sulfide Control
	Slide 27 
	Slide 28 
	Slide 29 
	Slide 30 
	Slide 31 
	HYDRO3CIDE Case Study 
	Slide 33 
	Slide 34 
	Slide 35 
	Slide 36 
	Slide 37 
	Slide 38 
	Slide 39 
	Slide 40 

