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General Issues

 Why water is needed for oil production and how it
Works

e Produced water management is one the main

costs in most oil operations --> Impacts recovery
» Water and electrical power use for oil production

« Water production is accepted as inevitable so few
willing to try and reduce it
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OIl Production

e Something must be injected to increase recovery
beyond “slurping the gravy”

Oll Left Behind = 70% of Original Oil in Place

 Once wells and infrastructure abandoned it will be
much more difficult to come back again

Water Sources

« Water is the “Best” initial injectant based on
economics, recovery and environmental impacts.
How critical is the source? Not very important.
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Solution Gas Drive - 15-25%
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Water Flood - +5-30% why not

Water Flood

# W ater Influx

Scale = Kilometer:

Natural Bottom Water Drive
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WCSB Crude Production 1971-2003

Historic Water EOR:
Alta - 443 Mm3 (18%)
Sask - 246 Mm3 (35%)

Water Used:
Alta - Mainly Surface
Sask - Mainly Saline
Future Potential?
Add 10% = 250 Mm3?

Annual Production Million m3
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Alberta Water Production

(million m3/yr)
WOR (m3/m3)
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Source -Water Use for Injection Purposes - GeowaMar ch 2003
(Excludesthermal and oil sands volumes)
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Water Intensities 2003

m3 Water/m3 Ol
10

Light Oil

In-Situ Oil Make-up Water
Sands E Recycle Water

Mined Oil Sands

Expanded
Resource
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Energy to Move and Treat Water

« Conventional oil less energy intensive than oil san ds but
uses premium cost energy - electrical power

Corrosion and Spills

« Higher water = more spills, damage and costs.

Water Handling Costs

« Main factor impacting operating costs and limiting
Increased production and reserves recovery

Alternate Water Supplies
* Which zones can supply?
* Produced water transfer between fields?
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Basic Downhole Oil/Water Eﬁgt
Separation (DHOWS) Concept

Two zones: T Oil t¢ Surface

.. Producing zone s
L v
Il. Injection zone Senaet
. Energy source to

produce and inject
(pumps)
. Downhole oil/water
separator

. Isolation In wellbore
and in reservoir

Waterto | —

Source: C-FER/NPEL | Injection
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Redwater- 1994

1000

INSTALLED DHOWS
PULLED DHOWS

1
Dec-93 Mar-94 Jul94 Oct-94 Jan-95 May-95 Aug-95 Nov-95




Oil Rate (m3/d) & WOR (m3/m3)
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Performance After DHOWS

| | Runs #1 & 2 — Acidized
Runs #3-6 — Not acidized; KCI water causing plugging
Of disposal zone Low flow  Motor overheating
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Downhole Source/lnjector/Recycle

Lake or
River Source ,,)

Move toward
“Ideal”
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Consider in Steps - Learn as you go
Step 1 - Production Wells
Step 2 - Disposal Wells

Step 4 - Water Treating Energy
Step 5 - Cogeneration - Power and Heat

Step 7 - Power Export/Sales Last
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Disposal Power Consumption

..
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Power for Single Disposal Well
300 @ 36,000 bwpd
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Injection Rate (Thousands of bwpd)
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12% 1%

9%
\ m Thermal Power

Manufacturing
m Agriculture
m Municiple
\aligle

NB Hydroelectric supplies 62% of electrical demand iIn Canada.
Canada is the largest hydroelectric producer in the world.
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rilelenergy Source - Scientific American - Sept 2005

input [coal]:

100 units “More Profit with Less Carbon” Amory B. Lovins

Reducing pump energy saves 10x
That at the power plant!

Transmission

anddistribution

losses: Motor )

losses: . . | .. Ener
9 percent Drivetrain : gy
P 10 percent losses: '- output:

Zpercent Pump 95 Units

losses:
Throttle
Power plant 25 percent losses:
losses: 2 Pipe
33 percent josses:

70 percent -
20 percent

50% dumped through evaporative cooling
= Which consumes water
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Inlet from
below
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With Water Only

Cavity Displaced
With Water and
Immiscible Gas




Weighing the Gas Options (Notional)

Per M3 of Oil Production

Relative Cost of Injectants for EOR
(Notional - "All Other Things Being Equal”)

—

Well Risk
Recycle

O Pipeline
Pressurization
Production
Source
Emission Credit
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Water and OIil Option Summary



Water Management for Gas

hurts



Energy and Water in Gas Wells



Gas Well Water Loading Impacts

One publication estimated that a well producing
intermittently will produce, on average, at 58% of  the
continuous rate




Gas De-Watering Options

Water Source
Must be
Determined

!

y

| +/ imilar to Oil Options
Shut-in well

Gas well with
Water Influx

- Aquifer encroachment
- Cement channeling

- Casing leak

- Natural fracture

- High perm. streak

- "Coning"

Reduce water
Influx

- Cement squeeze

- Recompletion

- Polymer treatment

- Resin Based Pow ders

Inject water

Downhole

v

Separation

Lift water to
Surface

-Gravity separation
-Induced separation

»|Produce Gas and

Water

-Sw abbing

-ESP

-PCP

-Rod pump
-Hydraulic jet pump
-Diaphragm pump

Downhole

- Biphase turbine

- ESPIPCP/SRP with bypass

- Rod pump w ith modified plunger
- Gravity Drainage

A

Surface

-Venting/Blow dow n
-Plunger Lift

-Wellhead Compression
-Velocity/Siphon String
-Soap injection
-Various tubing inserts
-Wellbore heating

Separation

- Same w ell w ater disposal
- Dedicated disposal well
- Transport off-site

C-FER Technologies

-Gas Iift




Rod Pump with ByPass Tool

ump with Bypass



Power Supply Losses - NG Generation
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| ocal Power Generation

&

Why not do this?



Water and Gas Summary



Unconventional Gas & Water



Unconventional Gas & Water



Unconventional Gas & Water

» Bad for Producers

» Bad for Landowners



“Gas Reservoir Repressurization Debt”

Water Demand for Pool Repressurization



Water Replacement of Gas - A Function of
Depth/Initial Reservoir Pressure

Fresh
water
aquifers
—

(Ignores critical points and solubility)
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Examples of Gas Pool Water Debts




Potential WCSB Energy Impacts on

Water
Gas Production (10 ® m3) 197,000 10 m3/1000 m3 1970277
Coal Power Generation (MW cap.) 10,000 15000m3/MwCap 150 ??
Oilsands Mining (10 ® m3) 25 3 m3/m3 75 ?
Conventional Qil (10 6 m?3) 67 1 m3/m?3 67
Thermal Heavy Qil/Oilsands (10 6 m3) 20 1 m3/m?3 20 ?
Hydropower ??7?7?
Biofuels 2?77

Total Annual Water Estimate 2282777

Water Volumes in Million m3/yr

Energy Industry Potentially Impacts Approximately 2 % of Total
Alberta River Flow (Lot’s of uncertainty and unsure of distribution)



Water Technology Choices



Geothermal Water - New Option?



Alta Warm Water Potential

Alberta Produced Water
Volumes:

e 924,922 m3/d in January 2005

* 1,432,961 m3/d in September 2006
» Based on 1000 oil pools

BHT Range — 21-113 deg C

Energy in Streams >40 deg C

n Edmonton
* 68,826 GJ/d

Energy in Streams >80 deg C
and 5000 m3/d flows

46,491 GJ/d

Power Potential @ 5% eff =27 MW

Judy Creek, Swan Hills, Virginia
Hills, Carson Creek

Sturgeon Lake, Kaybob B Calgary




Combined Geothermal and Light Oll

Power Fluid In; o
Vapour Out Power in;
— — —
Pover Power Fluid In;
Power in; Vapour Out
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Vapour Out |

Oil to Surface

Power for Pump

Side View Downhole Separation w Pump
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Produced Water Flow




Water Choices for Oil and Gas
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