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Canadian Oil Sands 

Edmontosaurus roaming on tropical land 

at Cretaceous time (60+ Ma ago) 

Mother Nature converted the 

biomass into bitumen in oil 

sands over millions of years 

Cretaceous oil sands above 

Devonian limestone (today) 
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Oil Sands Deposits and Commercial Operations 
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Crude Oil Reserves by Country 
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Alberta Innovates ς  
Energy and Environment Solutions (AI-EES) 

What We Do? 

Å Identify, evaluate, select 

technologies and partners 

Å Invest in research and 

technology 

Who We Are? 

ÅñéTechnology arm of the 

Government of Alberta in 

energy and environmentò 
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The Nature of the Oil Sands Resource 
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Hydraulic Transport 

Gravity  Separators 

Tailings 

Bitumen Upgrading 

Tailings Pond 

Surface Mining 

Oil Sands Surface Mining 
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Oil Sands In-situ Recovery 
Steam Assisted Gravity Drainage (SAGD) 
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SAGD Water Treatment 

Å1,000,000 bbl/d of bitumen produced by SAGD 

Å3 bbls of water (steam) per bbl bitumen produced 

Å3,000,000 bbl/d water treated  Ąboiler feed quality 

 (477,000 m3/d or 105 MGD) 

ÅMake-up water requirement: 0.5 bbl/bbl bitumen or 
1,500,000 bbl/d 
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CPF 

Reservoir 

Makeup 
Water 
(MW) 

Disposal 
Water 
(DW) 

Steam 
(STM) 

Reservoir Retention 
(RR) 

Produced 
Water 
(PW) 

ÅPW Recycled= STM ς MW 

ÅMW = RR + DW 

ÅPWRR (%) = (STM ς MW)/PW 

ÅWater Conservation: 

Ҩa²  

ҧt²ww 

SAGD Water Cycle  
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SAGD Water Treatment Processes 

Liquid Waste 

Oil/Water 
Separation 

Reservoir 

Warm 
Lime 

Softener 
OTSG Boiler 

Oil 

Make-up water 

Steam 

Boiler  
blow-down 

Disposal water 
Silica waste 

Evaporator Drum Boiler 

Liquid Waste 

Steam Boiler  
blow-down 

Disposal water 

Silica waste 
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Impact of Water Treatment Technology on 
Produced Water Recycling Rate 

60%

65%

70%

75%

80%

85%

90%

95%

100%

0 5,000 10,000 15,000 20,000 25,000 30,000

P
W

R
R

, 
% 

Make-up Water TDS to Treating, ppm 

Evaporation 

Warm Lime 

Softening 

0.3 m3 water/ 

 m3 of bitumen 

0.7 m3 water/ 

 m3 of bitumen 

Exceeds  

Boiler TDS 

Limit 

Evaporation improves water recycle 
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Impact  of Water Treatment Technology on 
GHG Emission  
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Evaporation results in 7-8% higher GHG emissions 
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SAGD Water Treatment: Where to Improve? 

Liquid Waste 

Oil/Water 
Separation 

Reservoir 

Warm 
Lime 

Softener 
OTSG Boiler Oil 

Make-up water 

Steam 

Boiler  
blow-down 

Disposal water 
Silica waste 

Evaporator Drum Boiler 

Liquid Waste 

Steam Boiler  
blow-down 

Disposal water 

Silica waste 

De-Oiling 

Better  
Evaporators 

Improved Disposal and ZLD 

Improved Disposal  
and ZLD 

Hi-Temp  
Membrane 
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Voraxial 
Separator 

Aquial 
Separator Chemistry 

Physical 

Separator 

A 

Separator 

Separator 
Chem

istry 

Chemical  

Pre-treatment 
 

Break oil for 

subsequent removal 

in a physical 

separator 

Physical 

Separation  
 

Remove oil/solids 

from process  

fluids 

 

 

Sorbent 
 

Remove  

dissolved and other  

organic components 

Ceramic/Spiral 

Membrane 
 

Provide 

absolute barrier to 

emulsified oils 

 

 

Operation 

Goal 

Phase 1:De-oiling Pilot 

Physical 

Separator 

B 

Physical 
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Remove silica 

at pH <10, 900C 

 

TDS 

Removal 
 

Provide 

high  purity 

boiler feed water 

Phase 2: 

Pre-concentration Pilot 

On-line 

TOC 

Analyzer 

HT 

Reverse 

Osmosis 

A 

HT 
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B 

Boiler 

Feed Water 

Tank 
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Ceramic 

A 

Ceramic 

B 

Polymeric 

Membran

e 

Sorbent 

SAGD PW Pilot Program 

20 gpm 

Silica 

Removal 

A 
Heat 

Exchange 

²ŀǘŜǊ ¢ǊŜŀǘƳŜƴǘΥ D9Ωǎ bŜȄǘ DŜƴŜǊŀǘƛƻƴ 
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Water Treatment: GE (cont.) 
Phase 1 - Deoiling pilot layout Direct Benefits: 

Å40% smaller evaporator required 

Å26% lower capital cost 

Å29% lower annual operating cost 

Å30% lower CO2 emissions 

Indirect Benefits: 

ÅReduced risk of boiler issues/tube 

failures ï barrier to oil 

ÅSmaller areal footprint 

ÅImproved plant availability - down time 

costs ~ $2.4M/day 

VALUE PROPOSITION 
Establishment of an efficient deoiling process offers the potential for RO systems 

to be used in conjunction w/ thermal evaporators to reduce total energy 
and cost required for SAGD produced water recycling 

Membranes 

Physical Separators 

Chemical Addition 

Reject 

CIP 

Filtrate 

Deoiled 

Controls 

Controls 

Sump 
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RJOS Low Energy De-oiling Technology 

ÁPatented de-oiling system 

ÁPre-mix gas with produced fluids 

ÁOperating at 140ÁC, can go up to 
190ÁC 

Output of the System:  
ÅHigh quality oil froth 
ÅDe-oiled produced water 

(<10ppm in SAGD produced 
water) 

5 m3/hour  

Pilot System 


