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Executive Summary - Economics

2. Surplus produced water in Alfalfa County could be gathered
and conveyed to Blaine County for re-use (subset of item 1).

3. Evaporating produced water is the third most cost-effective
alternative category of options

4. Cases requiring desalination for power, industrial plants or
discharge to rivers are technically implementable, but are the
most expensive scenarios

_ Medium term Long term




Executive Summary - Recommendations

1. Reduce the challenges to water re-use through targeted regulations and
legislation: water ownership, bonding, water sharing, right-of-way &
discharge delegation.

2. Continue to consider how to facilitate the re-use of produced water in oll
and gas operations.

3. Continue detailed study of the feasibility of transferring the Mississippi
Lime area produced water to the STACK play (Case 3).

4. Continue a detailed evaluation of evaporation as an alternative to
Injection (Cases 4 and 5).

5. Companies and regulators should consider all negative and positive
environmental and stakeholder impacts, as well as any data gaps, before
Implementing a long-term project.



1. Introduction
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2. Produced Water in Oil and Gas Operations

Main Oil and Gas Areas




2. Produced Water in Oil and Gas Operations

Produced Water Volume and Quality by County

Table 21. Produced Water Volumes Injected and Total Dissolved Solids (TDS) by County in Oklahoma
Oklahomawater for 2060 Produced WatReuseand Recycling Report

Produced Water Injected ' A .
e sy RIS Memum oS Production data from OCC

ALFALFA 600,559.53 207,133 212,935 217,543
BEAVER 39,458.61 ND ND ND
BECKHAM 22,322.81 ND ND ND - "
=i —=m— A TDS from oil companies
BRYAN - ND ND ND
CADDO 36,095.58 2,403 20,369 147,501
CANADIAN 66,147.00 1,373 14082 1Ee nne

Colorado Kansas
CARTER 1,041,173.35 95,550

Missouri

CIMARRON 4,375.68 ND
CLEVELAND 5,597.03 106,738 )
COAL 22,115.13 ND /
COMANCHE 973.42 ND 5
e No data (white)
CRAIG 378.19 ND

CREEK 475,327.76 ND LOW TDS
CUSTER 12,675.71 20,261 New . /
. High TDS

DEWEY 122,761.81 70,867
ELLIS 29,566.71 ND

GARFIELD 146,793.31 208,250

GARVIN 166,967.78 46,131

Texas

GRADY 54,725.17 122

GRANT 109,502.35 217,171

GREER 16.94 ND

HARMON 35.00 ND

HARPER 13,022.42 ND

LEGEND
HASKELL 14.48 ND ) e s

[ ]
|

No Data B 70868 - 177827
-

HUGHES 71,959.32 ND [ 7001-8083 77828 - 227231
] 8984 -21591
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2. Produced Water in Oil and Gas Operations

Typical Simplified QOil, Gas and Water Process

Wells producing oil,
gas & water

Gas to gas plant
via pipeline

Oil to refinery via
pipeline or truck

Separator \
and tanks Water to disposal well

via pipeline or truck




2. Produced Water in Oil and Gas Operations

Simplified Oil, Gas and Water Process with Water Re-use

Wells producing oil,
gas & water

via pipeline

Gas to gas plant

Lt e e

Oil to refinery via
pipeline or truck
A~y Cown Ot <

Treated Water storage

D VN (- e
Separator

and tanks

‘*/

Water treatment facility




2. Produced Water in Oll and Gas Operations

Key points
A Average well in OK in 2016 used ~210,000 barrels for hydraulic fracturing
A PW TDS range: 10,000 to 230,000 milligrams per liter (mg/L) in OK

A Water quality needed for oilfield reuse is flexible. Water standard for other
industries or discharge requires desalination.

A Transportation of water can be high cost

Companies mentioned with
~ water infrastructure:

B Continental, Devon,

Newfield & Cimarex.

Photo from Chesapeake.




2. Produced Water in Oil and Gas Operations
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Produced Water in Oil and Gas Operations

Alternatives Not Evaluated Economically
1. Agriculture 7 Locations not aligned, seasonality

2. Aquifer Storage & Recovery 1 lack of regulations currently

3. Mining

Oklahoma: Agriculture

Aquifer Storage and Recovery (ASR)

e StOTIY aste-water to aquifer in wet sesson
—3 Recorvery from aquifer in dry season

Agricultural Products

' Beef ﬁHogs
% Corn v Poultry

@ Dairy w Wheat




3. Produced Water Re-use Scenarios

Cost estimates and economic assumptions

A Capital cost estimates (+50%/-30% accuracy) using CH2M's Parametric Cost
Estimating System and benchmarked against other similar projects.

A Water treatment costs based on estimates from selected companies.
A Used 10 year project life for all capital, but project lives could be longer.

AfANormalizedo capital, treatment costs
discounting future costs and barrels at 10% discount rate.
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3. Produced Water Re-use Scenarios

Water Treatment Cost Estimates

Summary of Cases

Barrels per Contract

Inlet wtr Wtr quality Cost per

Case# daytreated term (yrs) TDS (mg/l) needed
1 20,000 2 30,000 Clean brine
2 100,000 2 30,000 Clean brine
3 100,000 10 30,000 Clean brine
4 20,000 2 150,000 Clean brine
5 100,000 2 150,000 Clean brine
6 100,000 10 150,000 Clean brine
7 20,000 2 10,000 Desalinated
8 100,000 2 10,000 Desalinated
9 100,000 10 10,000 Desalinated
10 20,000 2 30,000 Desalinated
11 100,000 2 30,000 Desalinated
12 100,000 10 30,000 Desalinated
13 20,000 2 150,000 Desalinated
14 100,000 2 150,000 Desalinated
15 100,000 10 150,000 Desalinated
16 20,000 2 30,000 Evaporation
17 20,000 2 150,000 Evaporation

-
~

% of inlet

Number of

Cost Estimates

BW*  wtrrecovered Estimates Low
0.66 8 0.30
0.57 8 0.18
0.47 8 0.10
0.69 8 0.30
0.60 8 0.18
0.50 8 0.10
2.58 88% 8 0.95
2.04 88% 8 0.65
1.76 88% 8 0.45
3.05 74% 8 1.45
2.55 74% 8 1.25
2.22 714% 8 0.95
4.58 60% b 1.46
3.60 60% 6 1.10
2.52 60% b 0.90
1.66 3

1.79 3

High

1.50
1.50
1.50
1.75
1.75
1.75
5.30
4.25
4.00
5.75
4.70
4.50
9.26
6.91
5.25



3. Produced Water Re-use Scenarios


























































