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� Summary



Water Management for Oil

� General Issues
• Why water is needed for oil production and how it 

works
• 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



Water for EOR

� Oil Production
• Something must be injected to increase recovery 

beyond “slurping the gravy”

� Oil 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.



Solution Gas Drive - 15-25%
 

Scale = Kilometers 



Water Flood - +5-30%
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Conventional Oil EOR

WCSB Crude Production 1971-2003
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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?

Need to flood before wells abandoned!  
Then switch to gas EOR



Oil Companies are Really Water Companies!

Alberta Water Production
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Water Intensities
Water Intensities 2003
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Extending Economic Recovery
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Produced Water Recycle 

� 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?



Basic Downhole Oil/Water 
Separation (DHOWS) Concept

1. Two zones: 
i.  Producing zone
ii. Injection zone

2. Energy source to 
produce and inject 
(pumps)

3. Downhole oil/water 
separator

4. Isolation in wellbore 
and in reservoir

Source: C-FER/NPEL

Oil to Surface

Water to 
Injection

DHOWS 
Separator & 
Pump(s)

Producing 
Zone

Injection 
Zone



Prototype ESP-DHOWS Trial 
Redwater - 1994
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Performance After DHOWS
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Oilfield Water Management
Downhole Source/Injector/Recycle

Lake or
River Source

Cap rock
Oil Leg

Water Leg
Cap rock

DHOWS

Pump?

Move toward
“Ideal”

Underlying Aquifer

“Traditional”



Power Management for Water

� Consider in Steps - Learn as you go
• Step 1 - Production Wells

• Step 2 - Disposal Wells
• Step 3 - Disposal Pumps

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

• Step 6 - Power Displacement
• Step 7 - Power Export/Sales Last



Disposal Power Consumption

0

50

100

150

200

250

300

350

400

450

0 3 6 9 12 15 18 21 24 27 30 33 36

Injection Rate (Thousands of bwpd)

D
iff

e
re

nt
ia

l P
re

ss
ur

e
 to

 In
je

ct
 (p

si
)

Power for Single Disposal Well
@ 36,000 bwpd

Power for 5 Disposal Wells
@ 7,200 bwpd each



Canadian Water Withdrawals - 1996
Total = 44.72 Gt/yr = 1.4% of Supply

64%
14%

9%

12% 1%

Thermal Power

Manufacturing

Agriculture
Municiple

Mining

NB Hydroelectric supplies 62% of electrical demand in Canada.
Canada is the largest hydroelectric producer in the  world.



Where the Energy Goes - Coal Power

Source - Scientific American - Sept 2005
“More Profit with Less Carbon” Amory B. Lovins

50% dumped through evaporative cooling
Which consumes water

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

Also cuts water & GHG emissions



Water Alone Isn’t Enough!
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Weighing the Gas Options (Notional)

� Costs are Site 
Specific

� A Number of Factors 
have to be 
considered to 
determine “Best” 
Injectant

� Not just “ideal” 
reservoir 
performance or net 
GHG impacts

� “Notional” assuming 
a local supply source

Relative Cost of Injectants for EOR
(Notional - "All Other Things Being Equal")
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Water and Oil Option Summary

� Better Management of Water can lead to 
significant increases in oil recovery

� Can also reduce Operating Costs which 
won’t go down on their own!

� Reducing power use reduces water 
losses to power generation

� Collaboration to move Energy and Water 
Saving Technologies ahead will benefit 
everyone 



Water Management for Gas

� General Issues
• Why water hurts gas production

• Well dewatering is one the main gas production 
challenges --> Impacts recovery

• Energy for Compression

• Gas Reservoir Repressurization Debt



Energy and Water in Gas Wells

� Main energy loss is in reduction of recoverable 
gas due to water loading.

• Water stops gas production

� Energy needed to dewater wells to allow flow at 
economic rates

� Water on surface increases energy and costs
• Separators, flowlines or trucks to haul water away
• Freeze protection energy and costs higher

� Compressor Energy Choices Impact Water
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is Applied

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

continuous rate

C-FER Technologies



Gas De-Watering Options

Similar to Oil Options

Gas well with 
Water Influx 

- Aquifer encroachment
- Cement channeling
- Casing leak
- Natural fracture
- High perm. streak
- "Coning" 

Produce Gas and 
Water 

-Venting/Blow dow n
-Plunger Lift
-Wellhead Compression
-Velocity/Siphon String
-Soap injection
-Various tubing inserts
-Wellbore heating
-Gas lif t

Reduce water
Influx 

- Cement squeeze
- Recompletion
- Polymer treatment
- Resin Based Pow ders

Shut-in well

Downhole 
Separation 

Inject water 
Downhole 

Lift water to 
Surface 

Surface 
Separation

-Gravity separation
-Induced separation

- Biphase turbine

- Rod pump w ith modif ied plunger

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

-Sw abbing
-ESP
-PCP
-Rod pump
-Hydraulic jet pump
-Diaphragm pump

- ESP/PCP/SRP w ith bypass

- Gravity Drainage

Water Source
Must be 

Determined

C-FER Technologies



Rod Pump with ByPass Tool

� Vendors currently or historically 
involved in these systems 
include

• Harbison-Fischer BSN ( Bypass 
Seating Nipple)

• Chriscor Downhole Water Injection 
Tool

• Burleson Pump Company

� ERCB conflict - is this a gas well 
or a disposal well?

• Recently imposing severe 
restrictions on a small producer 
wanting to use this type of system

• Disposal well rules don’t fit!
• Will same issue impact future 

DHOWS?

Chriscor Rod Pump with Bypass



Power Supply Losses - NG Generation

Gas Transmission

Centralized 
Generation

Pressure
Letdown

Gas Treating and 
Compression

Power Transmission

Power Letdown
& Use to Drive Pumps

Or Compressors
Why do this?

Water Loss



Local Power Generation

Why not do this?

Local 
Generation

Gas Treating

Local Power Distribution

Power to Drive Pumps
Or Compressors

Power Grid Back-up

Heat for On-site Use?



Water and Gas Summary

� Wide variety of commercial solutions for 
different dewatering applications

� A number of more recent and novel 
dewatering techniques may have potential, 
but may not be proven or well known

� Hard to implement or develop “new 
solutions” if the existing technologies are 
not well understood

� Getting rid of water early saves energy and 
allows more energy to be produced.



Unconventional Gas & Water

� Wet Coal Bed Methane Deposits
• In some deposits water has to be produced first

• Profile opposite to conventional gas wells ��� �
operating cost investment is up front but well 
may not produce economic gas

• During dewatering – methane may be 
sporadically released ��� � GHG

• Some coal beds used for rural water supply --> 
Gas in water supply 

• Methods for disposal of fresh vs. saline water



Unconventional Gas & Water

� Methane Migration Concerns with 
Unconventional Gas

• For wet CBM, Shale Gas and Hydrates gas is trapped 
chemically and is not able to flow until pressure i s released 

• Once zone is depressured gas is free to move but may  not 
be contained in the producing zone by caprock

• May move into higher water aquifers or conventional  gas 
zones

• Baseline and on-going monitoring of gas in well wat er a 
growing need



Unconventional Gas & Water

� Fracturing and Water
• Fracturing to increase production rates in 

shallow CBM, Tight Gas, or Shales increases 
concerns with containment of methane and 
potential for fresh water to leak off into the gas 
bearing zones

» Bad for Producers - more water to pump to get the 
gas/loss of gas

» Bad for Landowners - more risk of gas in water 
wells/loss of water

» Demands for increased control, monitoring and 
diagnostics 



“Gas Reservoir Repressurization Debt”

Are depleted gas pools refilling with water, if so how 
fast and what are the impacts?

� Second Helpings - Older pools - can we go back and 
get more gas out - 10-30 years later?

� Reservoir Refilling with Gases?
» Will CBM/Shale gas refill overlying depressured poo ls?

» Can depleted pools be used for CO 2 sequestration

� Water Demand for Pool Repressurization
» Do shallow gas pools refill with fresh water?  
» If they do where does the water come from?

Should we be monitoring depleted pools to find out?



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

A lot of unknowns:
• How many pools connect 
with active aquifers?
• Where does the plumbing 
lead? 
• How long does it take to 
refill?

• Rivers are just the surface 
of underground aquifers -
Generally they are inter-
connected
•CBM may reduce debt

Gas Volume vs. Reservoir Depth 
(Ignores critical points and solubility)
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Examples of Gas Pool Water Debts

Basin Map Alberta Environment Website

Pool Reserves
X106m3

Depth
m

Water 
Debt

X106m3

Liege 22800 202-343 2,280

Leismer 21829 267-308 1,039

Kirby 30076 270-490 1,432

Marten 
Hills

33603 556-770 1,344

Sylvan 
Lake

28539 2000-
2500

149

Provost 63193 700-1200 957

Suffield 54391 355-974 1,066

Medicine 
Hat

120264 372-800 2,614



Potential WCSB Energy Impacts on 
Water

Gas Production (10 6 m3) 197,000 10 m3/1000 m3 1970 ???

Coal Power Generation (MW cap.) 10,000 15000m3/MwCap 150 ??

Oilsands Mining (10 6 m3) 25 3 m3/m3 75 ?

Conventional Oil (10 6 m3) 67 1 m3/m3 67

Thermal Heavy Oil/Oilsands (10 6 m3) 20 1 m3/m3 20 ?
Hydropower ????
Biofuels ????

Total Annual Water Estimate 2282 ???

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

Water Volumes in Million m3/yr



Water Technology Choices

� Gas Produced Water Disposal Options
• Deep disposal - Base case for brine 

» High energy and operating cost to collect and pump 
away

• Evaporate  using waste heat?

• Find other uses - Gas water production --> oil 
waterfloods, irrigation, other industrial uses to 
avoid perception of water being wasted

» Water supplies are too small unreliable and short-t erm 
to count on

» Minerals contaminate soils



Geothermal Water - New Option?

� Western Canada Sedimentary Basin is the largest 
accessible warm water resource in the country (GSC)

� The heat energy in the WCSB estimated to be thousan ds 
of times larger than energy in Canada’s conventiona l oil 
and gas reserves. 

� The WCSB is perforated by a very large number of 
producing or abandoned wells that could bring 30 � C to 
100� C to surface. 

� The opportunity:
� Using existing wells lowers costs

� May be an energy source for low impact recovery tec hnologies 



Alta Warm Water Potential

� Alberta Produced Water 
Volumes:

• 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

• 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

 

Edmonton

Calgary



Combined Geothermal and Light Oil 

Side View Downhole Separation w Pump

Power for Pump

Oil to Surface

Produced Water Flow

Power Fluid In;
Vapour Out

Oil Out; 
Power in;

Power Fluid In;
Vapour Out

Power Fluid In;
Vapour Out

Oil Out; 
Power in;

Oil Out; 
Power in;



Water Choices for Oil and Gas

� Change focus from operating costs per bbl of 
oil to operating costs per bbl of water.

� Investigate downhole separation and same well 
interzone transfers rather than bringing all 
water to surface.

� Weigh all the impacts when deciding on electric 
vs natural gas engines for facilities.

� Reassess waterfloods --> some should be 
started, some should be replaced with gas EOR
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Contact Information
New Paradigm Engineering Ltd.
10444 - 20 Avenue  NW
Edmonton, Alberta
Canada  T6J 5A2

tel: 780.448-9195
email: newparadigm@shaw.ca
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