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Project Summary

Integrated Optimization User Inputs:
"""""""" N Model « Infrastructure and water quantity and quality forecast
" | Production Trucking Water | o
' | forecasts logistics quality | Objec_tlves. o L .
: : « Build framework for cost estimation of desalination units
| Water Piping Wat | * Integrate desalination units into produced water network
' | demand logistics ater reuse | ; : ) :
! : framework in PARETO for optimal and sustainable water
| Freshwater : : management
- Disposal Economics |
' | sources !

Key Conclusions:

! « Desalination design and operation decisions can be made
In sync with operation of the network

« This framework informs users with flows and salinity to
desalination unit and generates operation policy for each
period in the horizon

Desalination Model

Design Water Operation |
| recovery conditions |

CAPEX OPEX () PARETO
\—~ Pive Brodbond Widker
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WHAT TECHNOLOGIES?
HOW EXPENSIVE?
OPTIMAL DESIGN AND OPERATION?

A stock pond south of Dallas dries up due to drought conditions. Across Texas, drought is taxing reservoirs and
% . rivers and groundwater aquifers are being pumped faster than they can recharge
producedwatersociety.com
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Desalination Technologies

Mechanical vapor recompression

$13

$14d

1. Handles high salinity

$¢

o allization 2. Well established at industrial scale

$1

$/BBL 3. Requires less pre-treatment than for

$¢

membrane-based processes

$5

4. Less susceptible to fouling due to oil

$4

$3

and grease

Typical produced water
salinities

50K 100K 150K 200K 250K 300K

Total Dissolved Solids
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Compressor
Super heated vapor

—_~
[

S
J

Brine

Treated water

Evaporator

Feed

(Produced water)

[ Legend

Production pad

Available
pipeline

Treatment site

Disposal site

> |0

Completion pad

== New pipelines

Storage site

minTAC

TAC = CAPEX g, + OPEX g

Evaporator Equations
Mass balance in evaporator

Fin = Forine + -F;Japnr
FinSin = ForineSprine

Energy balance in evaporator

Compressor Equations
Flow balance in compressor
Foppy = F

spv IJCﬂ'J(J);)T

RO3

Q+ FmHin = FbrineHbrine + FvaporHuapor
vapor va; B
Q= Fspvcp v (Tspv - Tcond) + F;'pv(Hcmfa —Heopg

O m

End user option

RO2

S02
Area of evaporator cd ﬁ :
e 1}

Aevap

Brine temperature from BPE
Thrine = Tidear + BPE
LMTD for evaporator

LMTD = (0.5 8, 8,(6, + 6;)

)1/3

: der,
| %ﬂﬂ
Area of preheater calculMion___

Fvapcgondlf)rbrine - Tfreshwu(EW)

A =

preheater
Upreheater LMTDpreheater

LMTD preheater

Bounds for Feasible Operation

L T'Dprehcute'r
heater
(0.5 Bfreheater H;re eater (Gfreheater

|

=
Ispv 2 Tcona T Bl

2)
Thrine = Tin + AT,

min

+ g;arehyumr))l'@

Desalination design and operatiorkgatisicns.,..

- - 'S‘!Jri.ne.2 _Ss P,
Can be I nteg ratEd Wlth n etwork QWllél B Ednster coefficients, BPE are calculated using empirical relations from Onishi 2017[1].

. . TAC is calculated using IDAES costing and compressor work
decisions

PRO,,
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Mechanical Vapor Recompression

Vapor is compressed and
used in the evaporator
tubes for evaporating the
shell side produced water

The only external energy supply
to the system is to the compressor

Compressor

Super heatedvapor |, Fresh water

<
<

Evaporator

Feed
(Produced water)

Preheatef

v

Brine

Operated at reject Condensate

brine salinity

% producedwatersociety.com

Fresh water is used to
preheat the feed for
further heat integration

CAPEX:

1. Number of evaporation stages
2. Area of the evaporators

3. Area of the preheater

4. Compressor duty

OPEX:
1. Electricity consumed to run the
compressor
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Avallable MVR Superstructures

|/|

—

(1

(2)

R

Needs higher feed
temperatures

[

()
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Optimal Single Stage MVR Design and Operation

—

F = 3830 bbl/day
T=184C
P =200 kPa

F = 1166 bbl/day

Fresh Water

F = 3830 bbl/day
T=40C

Feed

F = 5000 bbl/day
C =70k ppm
T=25C

F = 3830 bbl/day
T=113C
P =118.54 kPa

C = 300k ppm
T=113C

% producedwatersociety.com

F = 3830 bbl/day

T=121C

Assumptions

Annual interest rate of 10 %

Amortization Period of 10 years

Optimal Desalination Plant Design

1. Compressor capacity: 1240 Hp
2. Evaporator area: 4004 ft?

3. Preheater area: 90 ft?

CAPEX: 165 kUSD/year

OPEX: 1296 kUSD/year
Desalination cost in $/bbl: 0.8 $/bbl
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Optimal Two Stage MVR Design and Operation

~F=1891bbliday |

“T=130C
P = 133kPa —
F= 1938 bbl/day
T=103C
P = 85kPa

F = 3103 bbl/day

F = 1891 bbl/day

T=90C
P = 67kPa

) 2 L T=86C

F= 1938 bbl/day
T=95C

C =112k ppm i
F= 1166 bbl/day =00 c N\
C =300k ppm f E— 1308]2(9j bbl/day
T=103C . ) =
’ F= 1891 bbl/day
Brine

T=107C
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Fresh water

F= 3829 bbl/day
T=26C

Feed

A———
F = 5000 bbl/day
C =70k ppm
T=25C

Assumptions

Annual interest rate of 10 %

Amortization Period of 10 years

Desalination Plant Design

1.
2.
3.
4.

Compressor capacity: 770 Hp
Evaporator 1 area: 4004 ft?
Evaporator 2 area: 4004 ft?

Preheater area; 65 ft2

CAPEX: 127kUSD/year

OPEX: 803kUSD/year
Desalination cost in $/bbl: 0.5 $/bbl
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Sensitivity analysis for a lower bound on brine salinity

1200, 1otal Annualized Cost vs Feed Salinity 1200 total Annualized Cost vs Feed Salinity
:‘i B OPEX § s OPEX
£ _ A dominates
< 800 Single stage > 800
‘g dominates g
N ﬁ
‘© 400" =
E g 400+
5 200 S 200
< S
(o 0. |9
HFe‘gd_c':';lin'_i'ty|a|<p['3_|m)'_| - ~ o e g g glﬂ. S 8835389
Feed salinity (kppm)
Single Stage Evaporation Optimal CAPEX and OPEX | | Two Stage Evaporation Optimal CAPEX and OPEX

Pkoo

Brine salinity > 200k ppm
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Sensitivity analysis for brine salinity set to saturation level

S
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Total Annualized Cost vs Feed Salinity

B OPEX
. CAPEX

Total annualized cost (kUS$/year)
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Two Stage Evaporation Optimal CAPEX and OPEX

Brine salinity = 300k ppm (Zero liquid discharge condition)
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Produced Water N
/ Legend \

etwork

Production pad O WOL

Completion pad ®

Fresh water source ‘ NO2 g N%?’/{E(Em
Desalination unit  [7]

Disposal pad A\ cpo1 \UNO1 NOAEE‘L

Beneficial reuse <>
Storage IL

Mixer/splitter P
ony
€/

Qretreatment

Embed detailed desalination
models for optimization

% producedwatersociety.com

B~ N04

PPO1

RO1 A b ‘

Network Setup

The production pad produces water at
different rates and salinities

The completions pad has different
water requirements over the time
horizon

Freshwater is limited

Storage and disposal have limited
capacity

Desalinated water has value same as
the cost of freshwater

Brine from the desalination has a

salinity > 300k ppm (ZLD condition)
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Network Case Study

/ Legend \
_ Coors @ OPTIMAL CAPITAL AND OPERATING
Comp'et'on_s pad e meroue. @ COST OF THE NETWORK FOR AWEEK
(consumption) Dj;‘g‘:;;‘;““‘ g
Flowrate (bbl/day) | 10.8k e ‘E 1. Piping cost =13.2 kUSD
NO4 3. Disposal cost =10 kUSD
b 4. Storage cost =15.9 kUSD
Cpol 5. Storage reward = 6.2 KUSD
C ol PPOl 6. Desalination CAPEX =2.4 kUSD
| y 7. Desalination OPEX =12.3 kUSD
Completions pa K02 8. Desalination Reward =4.7 kUSD
(production)
Flowrate (bbl/day) | 9.2k N Total cost of the network: 44 kUSD
Salinity(ppm) 140k KO Production pad Total reward from the network: 11 kUSD
Time period (days) | 4-7 Flowrate (bbl/day) | 16.3k
Note: Only for demonstration purposes. Doesn't Salinity (PPM) | 145K || pivine diaposal. ush woter an beneliial reuse. We don-t seseun
represent actual flows and concentrations - - for the profits from oil.
producedwatersociety.com Time pe”Od (days) 1-3
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Key Observations

1. 17% water is sent to disposal

2. 30% of total produced water is sent to desalination

3. No fresh water sourced

Desalination Plant Design

= =

24 % producedwatersociety.com

Compressor capacity: 743 Hp
Evaporator 1 area: 4004 ft?
Evaporator 2 area: 4004 ft?

Preheater area: 100 ft2

Desalination Plant Cost
Capital cost breakdown:
1. Compressor: 0.27 kUSD/day
2. Evaporator: 0.06 kUSD/day
3. Preheater: 0.007 kUSD/day

Operating cost breakdown:

Day 1 — Day 3: 0.94k USD/day

Day 4 — Day 7: 2.1k USD/day

Average desalination cost in $/bbl: 0.5 $/bbl
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Legend
% to disposal ®
% to desalination unit @

% to storage unit

% reused at completions ®

% Water

Disposal costs increase due to restrictions on disposal

% Water to reuse, storage, disposal and desalination

® o o o o
® O o o o ¢ o o o o o o
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® o o o o 5
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|
I
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Disposal cost coefficient in ($/bbl)
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Disposal costs increase due to restrictions on disposal

% Water to disposal and desalination

451 @ e o o I
¢ Desalination cost’ecI 5
nate
13% dggEgazedRase in { '
35 disposgihaiiGolume
Maximum desalination
°® e o | .
30 - ® capacity

Desalination cost

Key Conclusions

25 1 Desalination cost ® o °
9k 7.5k

% Water sent to disposal and treatment

204 5k { un | 48K @ ® o 1.~ When disposal Is cheap, smaller
3.9k l desalination unit is built
o . . .
15 - l ° o o 2. When disposal is expensive,

® © o o © preference is to desalinate water

0.2 04 06 08 10 1.2 14 16 1.8 2.0 2.2 2.4
Disposal cost coefficient in ($/bbl)
CAPEX: 1 OPEX: s
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Conclusions

1. Mechanical vapor recompression is identified as a potential desalination technology for

produced water

2. Design of desalination units depends upon the volume and salinity of produced water and
outlet brine specifications

3. Desalination design and operation can be integrated into network operation

4. When disposal costs are high, it is beneficial to desalinate more water than dispose

% producedwatersociety.com
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Future Work

N

Crystallization

Applied Pressure Pure Water

Fresh

salt Water

Water

Water Flow

Reverse Osmosis

MembrahméwdistiIlation

Legend

O Production pad

Avadilable
pipeline

@ Treatment site
A Disposal site
® Completion pad

=== New pipelines

I:‘ Storage site

<> End user option

Build mathematical models for other
desalination strategies

producedwatersociety.com

Integrate desalination into larger case studies and a
planning horizon of one year
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Disclaimer

This project was funded by the 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 their 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 trade 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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