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3 Project Description 

3.1 Introduction 
This section provides the following information about the TOTAL Upgrader: 
• a process description 
• mass and energy balances, measurement and required materials 
• the estimated quantities and properties of the upgrader’s products and byproducts 

along with an overview of air emissions and mitigation measures 
• the plot plan for the upgrader and the consideration given during design to safety, 

environmental protection and equipment integrity 
• the utilities and offsites required to support the upgrader 
• alternative design considerations 

3.2 Process Description 
After an extensive evaluation process, TOTAL has selected an upgrader configuration 
with the following components: 
• distillation: 

• diluent recovery unit (DRU) 
• vacuum distillation unit (VDU) – Phase 2 

• coking: 
• delayed coker unit (DCU) 
• unsaturated gas plant (USGP) 

• hydrotreatment and desulphurization: 
• naphtha hydrotreater (NHT) 
• distillate hydrotreater (DHT) 
• mild hydrocracker (MHC) – Phase 2 
• hydrogen production units  
• saturated gas plant (SGP) 
• amine regeneration unit (ARU) 
• sour water stripping units (SWS) 
• sulphur recovery units (SRU) including a tail gas treating unit (TGTU) 

For an overview of the process, see Figure 3.2-1. For an evaluation of alternatives to this 
configuration, see Section 3.7. 

The upgrader will be developed in two phases. All the process units listed will be 
constructed in Phase 1 except for those identified to be constructed in Phase 2. The VDU, 
MHC and additional components of the DRU, DCU, ARU, hydrogen unit and SRU will 
be constructed in Phase 2. For information on the site construction sequence, see 
Section 4.3.6.1 and Table 4.3-1. This phased approach has been adopted to match 
upstream production profile and to limit peak construction labour requirements (see 
Section 4.3.10: Schedule). 
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Figure 3.2-1 Overall Block Flow Diagram 
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3.2.1 Distillation 

3.2.1.1 Diluent Recovery Unit 
The upgrader process will begin with distillation of the incoming diluted bitumen 
feedstock. For the process flow of the DRU, see Figure 3.2-2. 

Two trains will be constructed. The processes will be identical except for capacity and 
heat integration with other process units. The first train will use excess heat from the 
DCU, whereas the second train, built in Phase 2, will use excess heat from the VDU. 

The primary function of the DRU will be to remove the diluent from diluted bitumen and 
return it to upstream facilities that provide the feedstock for the upgrader. A secondary 
function will be distillation of the lighter components (i.e., atmospheric gas oils) from the 
bitumen. 

In addition to diluent and bitumen, the feed might also contain up to 0.5 wt% bottoms, 
sediment and water (BSW). 

There will be two flash stages and a distillation column in the DRU. Incoming feed will 
be heated by process heat exchange and steam and then sent to the first-stage flash drum 
where some diluent and all of the water will be vapourized. Liquid from the first-stage 
flash drum will be heated and fed to the second-stage flash drum where additional diluent 
will be vapourized. Vapour from both flash drums will be condensed and sent to the 
second-stage accumulator to recover some of the original feed diluent and all of the 
feedwater. The water fraction will be sour and will be sent to the DCU SWS. 

The liquid phase from the second-stage flash drum will be bitumen plus the remaining 
diluent. This stream will be heated, first by process heat exchange and then in a fired 
heater and then fed to the atmospheric distillation tower. Steam will be injected to the 
bottom of the distillation tower to assist fractionation. Heat will be removed from the 
middle of the tower through a pump-around heat exchange. The overhead vapour from 
the tower will be condensed and sent to the first-stage accumulator where some 
hydrocarbon material will be separated for return to the tower. The remaining vapours 
will be cooled further and condensed into the second-stage accumulator. The 
hydrocarbon diluent separated in the second-stage accumulator will be mixed with the 
diluent recovered from the preflash drums and sent to a stripper to remove hydrogen 
sulphide (H2S) and butane (C4) produced by thermal cracking in the furnace. The 
recovered diluent will then be sent to storage before being shipped back to the upstream 
facilities by pipeline. Water from the accumulator will be routed to the SWS system. 

Any remaining vapour gases (offgas), mostly produced through cracking reactions in the 
heater downstream of the preflash drums, will be compressed and sent to the USGP. 

Atmospheric gas oil will be drawn as a side stream from the atmospheric distillation 
tower and sent to the DHT for further processing. 

In Phase 1, the atmospheric residue from the atmospheric distillation tower (i.e., the 
bottoms product) will be fed directly to the DCU. In Phase 2, the atmospheric residue 
will be fed to the VDU. 
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Figure 3.2-2 Diluent Recovery Unit Process Flow Diagram 
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3.2.1.2 Vacuum Distillation Unit 
A VDU will be constructed in Phase 2. The VDU will remove additional light 
hydrocarbons (vacuum gas oils) from the atmospheric residue. These vacuum gas oils 
will be directly processed in the MHC, which will also be built in Phase 2. With the 
removal of the vacuum gas oils, only vacuum residue will be processed in the DCU and 
overall processing capacity will be increased.  

For the process flow of the VDU, see Figure 3.2-3. Fractionation of products in the 
vacuum tower requires operation below atmospheric pressure. This allows effective 
fractionation at a lower temperature than under atmospheric pressure. Vacuum ejectors 
will be used to draw a vacuum on the tower. Steam from the ejectors, including a small 
volume of overhead vapours from the tower, will go to a condenser and then to the 
vacuum tower overhead drum. Offgas will be sent to the USGP. Hydrocarbon liquid will 
go to the DHT for reprocessing and condensed water will be sent to the SWS system. 

Atmospheric residue will be heated in a fired heater and fed into the flash zone of the 
vacuum tower. A pump-around heat exchange will be used to remove heat from the 
tower. Light and heavy vacuum gas oils will be drawn as side streams. Additional heat 
will be removed from the tower bottoms liquid to reduce the temperature to reduce 
cracking. The product will be fed to the hydroprocessing units for upgrading. 

The vacuum residue bottoms product from the vacuum tower will be fed to the DCU. 

3.2.2 Coking 

3.2.2.1 Delayed Coker Unit 
Delayed coking is a conventional refining technology provided by several licensors. For 
the DCU process flow, see Figure 3.2-4.  

The DCU will consist of two pairs of coke drums. For the purpose of illustrating the 
operating cycles, Figure 3.2-4 shows only one pair of drums.  

The two coke drum pairs will share a common coker fractionator. During Phase 1, the 
coker will be fed with atmospheric residue from the DRU. Once the VDU has been built 
in Phase 2, the coker will be fed with vacuum residue. The DCU feed will be routed to 
the coker fractionator column along with a small amount of recycle oil. There will be a 
separate charge pump and coker heater for each pair of coke drums. The feed will be 
heated to the coking temperature and then routed to the online coke drum (the drum 
labelled as “filling” in Figure 3.2-4). As the feed passes through the drum, coke will form 
and settle as a solid on the drum walls. Hydrocarbon products will remain in the vapour 
phase and exit overhead from the drum and flow to the coker fractionator. 

When the online drum has filled with coke, the heater outlet will be switched to the 
empty drum. The full drum will be cooled by filling the void space in the coke bed with 
water. Because the coke bed will be hot, steam will be formed during this cooling step. 
This steam will be condensed and the water will be recycled. When the bed has cooled 
sufficiently, the drum will be opened and the coke cut from the drum using high-pressure 
water jets. The coke and water will fall into a coke pit from which the water can be 
recycled. The coke product will be sent to storage before being shipped by railcar (see 
Section 3.4.4.1). 
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Figure 3.2-3 Vacuum Distillation Unit Process Flow Diagram 
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Figure 3.2-4 Delayed Coker Unit Process Flow Diagram 
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The hot product vapours from the filling drums will be routed to the coker fractionator. A 
pump-around heat exchange will be used to remove heat from the fractionator. The 
bottom product from the fractionator will be recycled to the coker heater. Light coker gas 
and heavy coker gas oils will be drawn as side streams. The overhead vapour will be 
cooled and then will flow to the fractionator overhead drum. Water from the accumulator 
will go to the SWS system. Part of the hydrocarbon liquid and naphtha will be returned to 
the fractionator. The remaining naphtha will flow to the USGP for further processing. 
Vapour from the accumulator will be mainly the light ends yield from the coking 
reactions. This stream will also flow to the USGP. 

3.2.2.2 Unsaturated Gas Plant 
The USGP will be designed to process light hydrocarbon gases produced by the DRU and 
VDU and light hydrocarbon gases plus naphtha from the DCU. It is so named because of 
the existence of unsaturated (low hydrogen) molecules in the gases such as propylene and 
butylene. The USGP will stabilize the coker naphtha and produce a butane stream and a 
propane/propylene stream from the feed. 

For the process flow of the USGP, see Figure 3.2-5. The gases from the DRU, VDU and 
DCU will be compressed in the coker gas compressor (all compressors will be housed in 
shelters and will not exceed 18 m in height) and then mixed with the naphtha stream 
before being processed in the absorber stripper column. The column will be reboiled to 
strip light hydrocarbons such as methane and ethane from the liquid bottoms product. 

The recovered gases will be washed with stripped sour water to remove acidic nitrogen 
and oxygen-bearing components detrimental to the downstream gas-treating process. 
They will then be treated with amine to remove H2S. The sweet gas will be sent to the 
fuel gas system. 

The recovered liquids will be sent to the debutanizer column where the propane and 
propylene and butanes will be removed from the naphtha by distillation. At this point, the 
naphtha will be referred to as stabilized coker naphtha. The coker naphtha will be cooled 
and a portion will be recycled as lean oil to the absorber stripper column and the balance 
will be sent to the NHT. 

The propane/propylene and butanes mixture will be contacted with amine to remove H2S 
and then sent to the C3/C4 splitter where the propane/propylene will be removed from the 
butanes product. The butanes product will then be cooled and blended with the stabilized 
naphtha and sent to the NHT for further processing. The propane/propylene mixture will 
be treated in a caustic extraction process to remove disulphide and mercaptan species 
before being sent to storage for product shipment. Alternatively, the propane/propylene 
can be used as fuel gas makeup. 
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Figure 3.2-5 Unsaturated Gas Plant Process Flow Diagram 
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3.2.3 Hydrotreatment and Desulphurization 
The products from the DRU, VDU, DCU and USGP require additional processing to 
meet desired synthetic crude oil (SCO) quality. 

3.2.3.1 Hydrotreatment Units 
The liquid products from the DRU, VDU, DCU and USGP will be processed in three 
hydrotreatment units: 

• NHT 
• DHT 
• MHC 

The NHT and DHT units will be constructed in Phase 1. The MHC will be constructed in 
Phase 2. 

The NHT will process coker naphtha and butanes in both phases and hydrocracker 
naphtha in Phase 2. 

The DHT will process atmospheric gas oil and light coker gas oil in both phases, heavy 
coker gas oils in Phase 1 and hydrocracker distillate in Phase 2. 

The MHC will process vacuum gas oils and heavy coker gas oils to produce products 
ranging from light gases to treated heavy gas oils. The naphtha will be reprocessed in the 
NHT and the distillate will be reprocessed in the DHT to further improve quality. 

The key vessel in a hydrotreater is a reactor containing catalyst that promotes reactions to 
remove sulphur and nitrogen and to upgrade the quality of the hydrocarbons through the 
addition of hydrogen. Hydrotreating is a conventional refining technology provided by 
several licensors. For the process flow of a typical hydrotreater, see Figure 3.2-6.  

Hydrotreater feed will be heated, first through heat exchangers and then in a fired heater, 
mixed with hydrogen and fed to the reactor. The reactor effluent will be cooled and sent 
to the hot separator. The overhead stream from the hot separator will be a hydrogen-rich 
vapour. This stream will be cooled down and sent to the cold separator to recover 
hydrogen for recycling. A stream of washwater will be added upstream of the air coolers 
to dissolve ammonia salts, which would otherwise solidify. Washwater, drawn from the 
bottom of the cold separator, will be sent to the SWS system. 

The hydrogen-rich vapour from the cold separator will contain H2S; therefore, it will be 
sent to the recycle gas scrubber where the H2S will be absorbed by circulating amine 
(from the amine absorber). The sweetened vapours (recycle gas) will be compressed with 
the recycle gas compressor and returned to the reactor feed. If required to maintain 
hydrogen purity, a portion of the recycle gas will be purged (i.e., sent to the fuel gas 
system through the amine absorber). A makeup hydrogen stream will be injected at the 
compressor discharge to replace hydrogen consumed in chemical reactions, purged and 
dissolved in liquid products. 
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Figure 3.2-6 Typical Hydrotreater Process Flow Diagram 
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The hydrocarbon liquids from the hot and cold separators will contain dissolved H2S and 
light ends that will be removed in the stripper tower. Steam (or possibly an external 
reboiler) will be used to provide heat for fractionation in the stripper tower. Overhead 
vapour from the tower will be cooled and sent to an accumulator. Sour water from the 
accumulator will be sent to the SWS system. Vapour product from the accumulator will 
be sent to the amine absorber. Liquid hydrocarbons condensed overhead will be returned 
to the stripper. The bottom stream from the stripper will generally be cooled and sent to 
storage. The bottom stream in the MHC might require further fractionation. 

3.2.3.2 Saturated Gas Plant 
The SGP will be used to stabilize the naphtha products and recover the butanes from the 
hydrotreatment units. It will also be used to sweeten the offgases before sending the gas 
streams to the fuel gas system. It is named because the light hydrocarbon gases it 
processes are saturated with hydrogen. For the process flow of the SGP, see Figure 3.2-7.  

The naphtha streams will be sent to the depropanizer column where propane and lighter 
materials will be separated from the butanes and naphtha. The propane and lighter 
material will then be mixed with the hydrotreatment offgas streams and treated with 
amine to remove H2S. The gases will be sent to the fuel gas system. 

The butanes and naphtha liquids will be sent to the debutanizer column where they will 
be separated by distillation. The butanes and naphtha will then be cooled and sent to 
storage. Some of the cooled naphtha might be recycled to the depropanizer column to 
improve butanes recovery. 

3.2.3.3 Amine Regeneration Unit 
The amine used in the NHT, DHT, MHC, USGP and SGP will be sent to the ARU. This 
unit will remove the absorbed H2S from the amine solution. For the process flow of the 
ARU, see Figure 3.2-8.  

Hydrogen-sulphide-rich amine from the bottom of the amine absorbers in the other units 
will be fed to the amine flash drum where dissolved gases, mainly hydrocarbons, will be 
flashed off to the fuel gas system. From the flash drum, the rich amine will be heated by 
heat exchange with lean amine (i.e., H2S free) and then fed to a regenerator. Regenerators 
will have a steam-heated reboiler. Hydrogen sulphide gas stripped from the amine will 
exit from the regenerator reflux drum to the SRU. Water condensed overhead will be 
returned to an amine regenerator. Lean amine from the bottom of the regenerator will be 
cooled and then pumped to the amine absorbers. One amine storage tank will be provided 
for fresh amine makeup. 

3.2.3.4 Sour Water Stripping Units 
Upgrader water streams containing ammonia or H2S will be routed to the SWS system. 
To segregate the sources and reuse of sour water, there will be two process trains–one for 
distillation and coker sour water and one for the washwater from the hydrotreaters. For 
the process flow of the SWS, see Figure 3.2-9. Each train has an identical flow scheme, 
only the capacities and feed concentrations differ. 
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Figure 3.2-7 Saturated Gas Plant Process Flow Diagram 
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Figure 3.2-8 Amine Regeneration Unit Process Flow Diagram 
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Figure 3.2-9 Sour Water Stripping Process Flow Diagram 
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Each train will have a flash drum, a feed storage tank and a steam reboiler stripper tower. 
Because most sour water feeds will come from high-pressure sources, the function of the 
flash drum (operated at relatively low pressure), will be to remove dissolved gases and 
route them to the SRU. Water from the flash drums will be pumped to the feed storage 
tanks. The water in the storage tanks will be fed to the stripper tower (a distillation tower 
with a steam reboiler at the bottom and a pump-around cooler at the top). Hydrogen 
sulphide and ammonia stripped from the sour water feed will exit the top of the stripper 
and go to the SRU. This stream will be kept at an elevated temperature to prevent the 
formation of ammonia salts.  

The SWS will have two trains to reduce fresh water use. Sour water from the distillation 
and coker units (i.e., mainly water from the DCU) will not be suitable for reuse as 
washwater for the hydrotreaters because chemicals such as chloride and phenols will 
contaminate hydrotreaters and catalysts. Therefore, this water will be stripped in one train 
and used as makeup water for the coke-cutting system or sent to the wastewater treatment 
facility. In the second train, the hydrotreater water will be stripped and mostly reused for 
washwater in the hydrotreaters. Some of the sour water from the hydrotreaters will be 
sent to the DRU for use as makeup washwater. 

3.2.3.5 Sulphur Recovery Units 
Acid gases from the ARU and from the SWS will be fed to the SRU and integrated 
TGTU. The upgrader will be designed with a sulphur unit recovery rate of 99.8%. The air 
quality assessment for the project is based on a sulphur unit recovery rate of 99.7%, 
which provides some flexibility for minor upsets. Both of these rates exceed the 
regulatory requirement of 98.8%. For information on the air quality assessment, see 
Volume 2, Section 3: Air. 

There will be three identical SRU trains–two built in Phase 1 and one in Phase 2. Each 
SRU train will be capable of handling 50% of the total Phase 2 acid gas. Therefore, only 
two trains will be required during normal operations. However, when the upgrader 
reaches full throughput, it is intended that the three trains would operate at partial 
capacity. If one train shuts down unexpectedly, the other two can immediately adjust to 
the required capacity. For the process flow of the SRU, see Figure 3.2-10.  

Each SRU unit will be a conventional Claus process with a reaction furnace, a waste heat 
boiler and three catalytic stages. High-pressure steam will be generated in a waste heat 
boiler. Reheating for the catalytic stages will be indirect using high-pressure steam. Tail 
gas from the third catalytic stage will flow to the TGTU. Produced sulphur from each 
stage will be drained into a sulphur rundown vessel.  

A single Shell Claus Offgas Treatment (SCOT) TGTU will be installed downstream of 
the Claus trains. The tail gas from the Claus process will be heated and pass over a 
hydrogenation catalyst, converting any remaining sulphur dioxide (SO2) to H2S. The 
converted gas will then be cooled with a circulating water system and washed with a lean 
amine solution to remove the H2S. The vent gas from the amine absorber column will 
then be low enough in sulphur content so that the SRU can attain 99.8% recovery under 
normal operation. The rich amine from the SCOT absorber will be regenerated using a 
steam-heated reboiler column. The acid gas from this process will be recycled to the front 
of the Claus process. 
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Figure 3.2-10 Sulphur Recovery Unit Process Flow Diagram 



TOTAL Upgrader Project  Volume 1: Project Description
Section 3: Project Description  
 

December 2007  TOTAL E&P Canada Ltd.
Page 3-18  
 

The vent gas from the SCOT process will then be combusted in a thermal oxidizer. 
Natural gas will be added to the thermal oxidizer to ensure that the stack top temperature 
exceeds 538°C to ensure adequate dispersion. 

As described, the sulphur from the Claus process will flow to a sulphur rundown vessel. 
These vessels will be designed so vapours cannot leak into the atmosphere. Any gas from 
the vessels will go to the thermal oxidizer. The vessels will be insulated and have steam 
coils to keep the sulphur liquid. Liquid sulphur, containing some dissolved H2S, will be 
pumped from the vessels to sulphur-degassing units. These units will use a proprietary 
process in which H2S will be removed from liquid sulphur under vacuum in a continuous 
process. The removed gases will be sent to the thermal oxidizer. Degassed sulphur will 
flow to two aboveground storage tanks capable of holding about one week’s worth of 
sulphur production. These tanks will be steam jacketed and insulated in addition to 
having internal coils. The sulphur will be pumped out to the sulphur rail-loading area (see 
Section 3.4.4.2). 

The loss of a single SRU train would not require shutdown of the upgrader or a reduction 
of the upgrader’s production rate, as the three trains are each capable of handling 50% of 
the planned bitumen feed rate (39,200 m3/stream day [245,000 BPSD] during Phase 2). 

The SCOT TGTU is extremely reliable, with less than 1% unscheduled downtime due to 
unforeseen shutdown and/or maintenance. It is not uncommon for existing SCOT units to 
report no downtime due to unscheduled maintenance during the entire service period of 
the unit. In view of this high reliability level, spare capacity is usually not necessary; 
therefore, no redundancy is planned for the SCOT unit. 

3.3 Mass and Energy Balances, Measurement and Required 
Materials 

3.3.1 Overall Balance 

3.3.1.1 Materials Balance 
For a summary of the material balance for the Phase 2 design basis, see Table 3.3-1 and 
Figure 3.3-1. The data are based on a bitumen feed rate of 39,200 m3/stream day 
(245,000 BPSD) during Phase 2. The measures provided are volumetric and density 
differences between feeds and products will not yield an exact balance. 

Table 3.3-1 Overall Material Balance 
Feedstocks Products 

Type Rate Type Rate 
Diluent (in dilbit) 17,000 m3/d 

107,000 BPSD 
Diluent return 17,000 m3/d 

107,000 BPSD 
Bitumen (in dilbit) 39,200 m3/stream day 

245,000 BPSD 
SCO 35,900 m3/stream day

225,000 BPSD 
Natural gas1 2,539 K Nm3/d Propane/propylene 800 m3/d 

4,900 BPSD 
Natural gas2 376 K Nm3/d Coke 5,900 t/d 
  Sulphur 1,270 t/d 

NOTES: 
1 Includes only natural gas feedstock for hydrogen production. 
2 Includes only natural gas for supplement to upgrader fuel gas system 
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Figure 3.3-1 Overall Material Balance 
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3.3.1.2 Energy Balance 
For the energy balance during Phase 2, see Table 3.3-2 and Figure 3.3-2. The data are 
based on a bitumen feed rate of 39,200 m3/stream day (245,000 BPSD) during Phase 2. 

The following values are conservative and were used for the air assessment (see 
Volume 2, Section 3). Energy efficiency is a key focus as the upgrader process design 
efforts progress and improvements are expected, as shown in Section 3.3.1.3. 

Table 3.3-2 Overall Energy Balance  
Energy Balance 

 
Electricity 

(MW) 
Feedstock  

(GJ/h) 
Fuel  

(GJ/h) 
Primary source 
of energy 

Equivalent energy from fuel gas from USGP     4,358 
Equivalent energy from purchased natural gas for 
fuel gas     571 

Equivalent energy from natural gas purchase for 
hydrogen production   3,859   

Imported electricity 127     

Primary 
consumption 

DRU     588 
VDU     288 
DCU     

1,246 
USGP     
NHT     9.5
DHT     336 
MHC     241 
Hydrogen production units/compression     1,208 
Boilers     1,012 

 Total consumption 127 3,859 4,929 
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Figure 3.3-2 Overall Energy Balance 
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3.3.1.3 Energy Efficiency 
The upgrader material and energy balance information allows for estimation of overall 
upgrader energy efficiency. See Table 3.3-3 for the energy efficiency estimate for the 
Phase 2 design based on 39,200 m3/stream day (245,000 BPSD) bitumen feed.  

Energy efficiency is a key focus as the upgrader process design efforts progress.  

Table 3.3-3 Energy Efficiency 

Material, Energy and Utilities Balances 
 

Mass Flow 
Rate 

Stream  
(t/sd) 

Power 
(MW)  

Energy  
Stream1 

(GJ/h) 
Input        
Diluent 12,200  24,121 
Bitumen 39,200  69,456 
Natural gas import for H2 production 1,913  3,859 
Natural gas import for supplement to fuel gas 
system 283 

 
571 

Net import of electricity  127 457 
Total 98,464 
Output       
Diluent return 12,200  24,121 
Propane 400  861 
SCO product 31,000  58,307 
Coke to market 5,900  8,104 
Sulphur to market 1,270  490 
Total 91,882 
Used       
Onsite fuel gases (C2-, C3, C4, H2) 1,526  3,351 
Loss in sulphur to SO2 11  4 
Power  127 457 
Other (losses such as ammonia and water)    2,769 
    Total 6,581 
    Subtotal of Output + Used 98,464 
Overall Efficiency = Ouput/Input 93% 

NOTES: 
Values are based on rounding. 
The energy balance used to estimate the energy efficiency is based on the most current design information. This 
information is an improvement over the energy balance information used for the environmental impact assessment. 
1Based on a lower heat value (LHV). 
C2- – ethane and lighter 
C3 –propane/propylene 
C4 – butanes 
GJ/sh – gigajoules per stream hour  
t/sd – tonnes per stream day 
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3.3.2 Materials Measurement 
The following materials will be measured: 

• Pipeline feeds (such as dilbit, river water, natural gas and possibly nitrogen) will be 
measured continuously at or near the upgrader fenceline using automatic metering.  

• Bulk materials received by truck, such as amine and water treatment chemicals will be 
measured using truck scales. 

• Pipeline products (such as SCO, treated discharge water and possibly 
propane/propylene) will be measured continuously at or near the upgrader fenceline 
using automatic metering. 

• Products and byproducts shipped by railcar (such as coke, sulphur and liquefied 
petroleum gas [LPG]) will be measured using railcar scales. 

Details of the materials measurement plan will be developed further during engineering 
design. 

3.3.3 Bitumen Feeds 
The upgrader will process up to 39,200 m3/stream day (245,000 BPSD) of bitumen in 
Phase 2. The feed bitumen will be diluted with a naphtha diluent so the bitumen can be 
transported by an unheated pipeline. 

For a list of the bitumen feeds that will be supplied to the upgrader, their diluent 
properties and their sources, see Table 3.3-4. 

Table 3.3-4 Feedstock Properties 

Property Typical Diluent 

Representative Bitumen by Source and Type 
Joslyn Mine 

(Paraffin-Treated) 
Other Bitumen  

(Naphtha-Treated or SAGD) 
Gravity, °API ~66 10.0 7.7 
Sulphur, wt% <0.0025 4.2 4.7 
Nitrogen, wt% <0.0002 0.3 0.5 
Boiling Curve, vol %    

Butanes (C4-) 6.8 0.0 0.0 
Naphtha (C5–177°C) 87.4 0.0 0.0 
Distillate (177–343°C) 5.8 16.9 15.5 
Heavy Gas Oils (343–524°C) 0.0 36.8 33.8 
Residue (524°C+) 0.0 46.4 50.7 

NOTES:  
These property values define the anticipated normal range of feedstock compositions. The properties of actual 
feedstocks should fall within these values. 
SAGD – steam-assisted gravity drainage  
 

The diluted bitumen feed to the upgrader will be provided by pipeline mainly from the 
TOTAL upstream facilities but also from third parties. 
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3.3.4 Natural Gas 
The upgrader will use natural gas to supplement the fuel gas system and as feed to the 
hydrogen production units. Most of the upgrader fuel gas will be produced by the 
upgrading process, primarily from the DCU, and will be sweetened before use in the SGP 
and USGP.  

For an estimate of the natural gas required for the upgrading process, see Table 3.3-5. 
The data are based on a bitumen feed rate of 39,200 m3/stream day (245,000 BPSD) in 
Phase 2. 

Table 3.3-5 Natural Gas Requirements 
Use 

 
Quantity

(GJ/h) 
Feedstock to hydrogen production unit 3,859 
Supplement to fuel gas system 571 
Total natural gas required 4,430 

3.3.5 Electric Power 
The upgrader will be connected to the Alberta Interconnected Electrical System (the 
AIES or the “grid”) to supply the full site power load. The upgrader will be connected to 
the grid through a 240-kV transmission line, which will be stepped down to 35 kV at the 
project area fenceline. TOTAL anticipates tying to the grid through the 410S Substation, 
located near the northwest corner of the upgrader. It is planned that a third-party supplier 
will own and operate the connection and will make a separate application in 2008 to the 
EUB for approval to construct.  

For the design connected load and expected normal power demand, see Table 3.3-6. The 
data are based on a bitumen feed rate of 39,200 m3/stream day (245,000 BPSD) in 
Phase 2. 

TOTAL continues to explore opportunities for alternative electrical power supply 
sources.  

Table 3.3-6 Electrical Power Requirements 
Use 

 
Quantity

(MW) 
Connected load 161 
Electrical power demand 127 

3.3.6 Water 
The upgrader will source water from and discharge treated water to the 
North Saskatchewan River. For more information on water requirements for the 
upgrader, see Section 6.6. 

For quantities of river water and treated discharge water required, based on the 
debottlenecked plant capacity at 47,200 m3/stream day (295,000 BPSD) of bitumen, see 
Table 3.3-7.  
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Table 3.3-7 Water Summary 
Use 

 
Quantity 

(t/d) 
River water 33,600 
Treated discharge water 16,800 

3.3.7 Process Chemicals 
The upgrading processes require a number of chemicals and catalysts to convert bitumen 
into SCO and recover sulphur. These chemicals include: 

• methyldiethanolamine (MDEA) for gas treating (H2S removal) 
• sodium hydroxide (caustic soda) for LPG treating 
• nickel-molybdenum and cobalt-molybdenum catalysts for hydrotreating 
• alumina catalyst for sulphur recovery 
• neutralizing and filming amines for corrosion control 

For a list of catalysts required, see Table 3.3-8 and for a list of chemicals used, see 
Table 3.3-9.  

Chemical storage locations will be identified in subsequent stages of engineering. 
Discrete, separate containment is planned to limit the potential for interaction among the 
chemicals. 

Table 3.3-8 Upgrader Catalysts 

Unit Name 
 

Catalyst 
 

Purpose 
 

Quantity 
(m3) 

Expected Life
 

NHT NiMo Hydrotreatment of cracked 
stocks 

150 15 months 

NiMo Hydrotreating catalyst 189 30 months 

NiMo Hydrorefining  63 30 months 

DHT NiO, MoO3 Deep hydrorefining 790 2 years 
(minimum) 

MHC NiO, MoO3, CoO Hydrotreatment for residue 
upgrading 

90  2 years  
(minimum) 

NiO, MoO3, CoO Hydrotreatment for residue 
and heavy distillates 
upgrading 

155 2 years 
(minimum) 

NiO, MoO3, CoO Deep hydrorefining  870 2 years  
(minimum) 
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Table 3.3-8 Upgrader Catalysts (cont’d) 

Unit Name 
 

Catalyst 
 

Purpose 
 

Quantity 
(m3) 

Expected Life
 

Hydrogen production units Ni  Hydrogenation 40 3 years 
ZnO Desulphurization 50 1 years 
Ni  Reforming 60 5 years 
Ni  Reforming 70 5 years 
Fe2O3 High temperature shift 

conversion 
130 5 years 

SRU  Typical Claus catalyst Sulphur conversion 580 5 years 

TGTU Low temperature 
hydrogenation catalyst 

Sulphur recovery 180 3–5 years 

Water treating Cation exchange resin Water treatment 900 5–10 years 

Anion exchange resin Water treatment 900  5–10 years 

Table 3.3-9 Upgrader Chemicals 

Chemical Purpose 
Estimated Annual 

Consumption 
Onsite Storage 

Capacity 
Activated carbon Amine filter 45 m3 45 m3 
Amine Control boiler feedwater pH 90 m3 10 m3 
Ammonium polysulphide Reduce corrosion caused by 

cyanides 
680 m3 – 715 m3 3 m3 

Ammonia solution Neutralizer 1,520 m3 16 m3 
Antifoam Prevent foam over of coke 

drums/amine foam prevention 
1,870 m3 140 m3 

Antifoam (polyglycol)  Anti-foaming agent 282 kg 70 kg 
Biocide Control microbial growth 360 m3 10 m3 
Corrosion inhibitor agent Corrosion inhibitor 131,400 m3 10 m3 
Caustic  H2S removal/bed regeneration 255,000 kg 65,000 kg 
Demulsifier Improve separation of oil from 

water in blowdown settling drum
25 m3 6 m3 

Dispersant Fouling minimization 70 m3 10 m3 
DMDS Catalyst activation/sulphiding 

agent 
271,500 kg at startup 

only N/A 

Dustbind S3 Dust suppressant 8,650 kg 2200 kg 
Filming amine Corrosion inhibitor 300 m3 8 m3 
MDEA H2S absorbent 200,000 kg 290,000 kg 
Oxygen scavenger Remove O2 520 kg 10 m3 
Phosphate Steam pH control 66,100 kg 76,150 Kg 
Phosphate/dispersant Control boiler fouling 80,000 kg 10 m3 
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Table 3.3-9 Upgrader Chemicals (cont’d) 

Chemical Purpose 
Estimated Annual 

Consumption 
Onsite Storage 

Capacity 
Resin for ion exchange column Water treatment 3.4 m3 (Cation) 

5.8 m3  (Anion) 
3.4 m3 (Cation) 
5.8 m3 (Anion) 

Soda ash Prevent polythionic stress 
cracking during turnarounds 

Used during 
turnaround only N/A 

Sodium hypochlorite (12%) Microbiological growth control 804,000 kg 206,000 kg 
Sodium bisulphate Dechlorination 11,250 kg 2700 kg 
Sulphuric acid (93%) CaCO3 scaling control/bed 

regeneration 
714,000 kg 184,200 kg 

Surfactant Dust suppressant 129,000 kg 11,000 kg 

NOTE: 
CaCO3 – calcium carbonate 
 

As the composition of some of these chemical products was identified during engineering 
design, those products were classified (see Table 3.3-10). The composition of the other 
chemical products will be determined in later stages of engineering and procurement and 
they will also be subsequently classified.  

Table 3.3-10 Upgrader Chemicals – Classification Information 
Chemical NPRI TDG DSL 

Activated carbon – 4.2 X 
Amine X 8 X 
Ammonium polysulphide – 8/6.1 – 
Ammonia solution X 8 X 
Caustic  – 8 X 
DMDS – 3 X 
Filming amine X 8 X 
MDEA X 8 X 
Phosphate – – X 
Phosphate/dispersant – – X 
Soda ash – – X 
Sodium hypochlorite (12%) – 8 X 
Sodium bisulphate – – X 
Sulphuric acid (93%) X 8 X 

NOTE: 
None of the chemicals qualify for CEPA PSL1 or PSL2. In some cases, generic 
data has been used if the precise chemical to be used is not known or included 
on the applicable list. 
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3.4 Process Products 

3.4.1 Synthetic Crude Oil 
Based on the design capacity of 39,200 m3/stream day bitumen (245,000 BPSD), the 
SCO production rate will be 35,900 m3/d (225,000 BPSD). This results in a bitumen yield 
of 91.8% by volume. For the estimated properties of SCO the upgrader will produce, see 
Table 3.4-1. 

Table 3.4-1 Synthetic Crude Oil Product 

Estimated Characteristic 
Unit of 

Measure Quantity 
Gravity °API >32 
Sulphur ppmw <1000 
Composition   

Butanes wt% 1.4 
Naphtha (C5–177°C) wt% 11.2 
Distillate (177–343°C) wt% 46.6 
Heavy gas oil (343–524°C) wt% 40.8 
Residue (524°C+) wt% 0.0 

Product cut properties   
Kerosene (177–232°C): Smoke Point mm >19 
Diesel (177–343°C): Cetane number  >40 

3.4.2 Light Hydrocarbons 
The upgrader will produce two light hydrocarbon streams, butanes and a 
propane/propylene blend. The butanes will normally be blended into the SCO product. 
The propane/propylene product will be shipped either by pipeline to an 
Industrial Heartland processing facility or by rail to points more distant. 
Alternatively, propane can also be used as supplemental fuel gas. 

Based on the design capacity of 39,200 m3/stream day bitumen (245,000 BPSD), the 
propane/propylene production rate will be 800 m3/d (4900 BPSD). For the 
estimated characteristics of the propane/propylene product, see Table 3.4-2. 

Table 3.4-2 Propane/Propylene Product 
Estimated Characteristic Unit of Measure Quantity 

Copper strip test – 1A 
Vapour pressure kPa 1,434 
Composition   
Ethane/ethylene vol % <1.0 
Propylene vol % 

>85 
Propane vol % 
C4+ species vol % <1.0 
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3.4.3 Air Emissions 
For a summary of predicted air emissions from the upgrader, see Table 3.4-3 and for a 
description of air quality management measures see Section 6.3. For information on air 
emissions, see Volume 2, Section 3: Air. 

Table 3.4-3 Air Emissions Summary 
Potential Emissions  Units Quantity 

Sulphur oxides (as SO2) t/d 14.1 
Nitrogen oxides (as NO2) t/d 7.0 

Carbon dioxide (CO2) 
t/d 14,900 

kg/bbl SCO 54 

These emission values are based on the debottlenecked capacity. The SO2 value is based 
on an overall SRU/TGTU yearly average recovery rate of 99.7%. 

3.4.3.1 Sulphur Emissions 
Atmospheric emissions of sulphur species (i.e., H2S, SO2) will be managed by the 
following means: 
• designing the SRU at 99.8%, compared with the EUB guideline of 98.8% 
• installing a tail gas incinerator stack that is a minimum 100 m in height (the final stack 

configuration will be optimized to limit ground-level concentrations) 
• designing to manage fugitive emissions  
• eliminating continuous flaring 
• degassing liquid sulphur production 

3.4.3.2 Nitrogen Oxides 
Efficient, proven, low-nitrogen oxides (NOX) burners will be used throughout the 
upgrader facility to reduce atmospheric emissions of NOX. 

3.4.3.3 Carbon Dioxide 
Local emissions of carbon dioxide (CO2) will be managed by optimizing heat integration 
and adopting efficiently designed fired heaters. 

CO2 recovery facilities that would recover and sequester CO2 from the hydrogen 
production unit are under consideration for the future. The plot plan will include space 
for these facilities. For additional CO2 management considerations, see Section 6.4: 
Climate Change and Volume 2, Section 3: Air. 
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3.4.3.4 Volatile Organic Compounds 
To reduce the potential for volatile organic compounds (VOCs) being released to 
atmosphere, the upgrader will be designed with the following considerations: 

• Releases from process upsets will be flared (combusted) and there will be no 
continuous flaring. Fugitive emissions from equipment and piping will be reduced 
according to the Canadian Council of Ministers of Environment (CCME) 
Environmental Code of Practice for the Measurement and Control of Fugitive VOC 
Emissions from Equipment Leaks. A leak detection and repair program (LDAR) will 
also be implemented. 

• Emissions from storage tanks will be managed according to the CCME Environmental 
Guidelines for Controlling Emissions of Volatile Organic Compounds from 
Aboveground Storage Tanks. 

3.4.3.5 Carbon Monoxide 
Carbon monoxide (CO) is a gas produced from incomplete combustion. To reduce 
production of CO, all combustion equipment (e.g., boilers, fired heaters, flares and 
thermal oxidizers) will be designed for sufficient excess air to ensure that hydrocarbon 
and other carbon-bearing species will be oxidized completely to CO2. 

3.4.3.6 Particulate Matter 
The fired heaters, in addition to the thermal oxidizer, will use either upgrader fuel gas or 
natural gas as a fuel source, or both. Therefore, the particulate matter from these emission 
sources will be low. Coke handling areas will be covered to reduce potential dust releases 
from that part of the upgrader, and sulphur will be degassed and loaded as liquid. 

3.4.3.7 Classification of Substances 
For a list of substances and associated classification that might exist in the upgrading 
processes, see Table 3.4-4. 

Table 3.4-4 Classification of Potential Substances in the Upgrading 
Processes 

Substance  
NPRI 

Reportable  
PSL 1 

Substance  
PSL 2 

Substance  
Criteria Air Contaminants  
Carbon monoxide  ■   
Carbon dioxide    
Nitrogen dioxide (1) ■   
Particulate matter (PM2.5)  ■   
Sulphur dioxide  ■   
Hydrogen sulphide (2) ■   
Volatile Organic Compounds  
1,3-Butadiene  ■  ■ 
Acetaldehyde  ■  ■ 
Acrolein  ■  ■ 
Aliphatic C5-C8 group     
Aliphatic C9-C16 group     
Aliphatic C17-C34 group     
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Table 3.4-4 Classification of Potential Substances in the Upgrading 
Processes (cont’d) 

Substance  
NPRI 

Reportable  
PSL 1 

Substance  
PSL 2 

Substance  
Volatile Organic Compounds (cont’d) 
Aliphatic alcohol group  ■   
Aliphatic aldehyde group  ■   
Aliphatic ketone group  ■   
Aromatic C9-C16 group     
Aromatic C17-C34 group     
Benzaldehyde      
Benzene  ■ ■  
Carbon disulphide group  ■  ■ 
Cyclohexane  ■   
Ethylbenzene  ■   
Formaldehyde  ■  ■ 
n-Hexane  ■   
Isopropylbenzene (cumene)  ■   
Styrene  ■ ■  
Toluene  ■ ■  
Xylenes  ■ ■  
Polycyclic Aromatic Hydrocarbons  
2-Methylnaphthalene    ■  
Acenaphthene group  ■ ■  
Anthracene  ■ ■  
Benz(a)anthracene  ■ ■  
Benzo(a)pyrene  ■ ■  
Benzo(b)fluoranthene  ■ ■  
Benzo(e)pyrene  ■ ■  
Benzo(g,h,i)perylene  ■ ■  
Benzo(k)fluoranthene  ■ ■  
Chrysene (Benzo(a)phenanthrene)  ■ ■  
Dibenz(a,h)anthracene  ■ ■  
Fluoranthene  ■ ■  
Fluorene  ■ ■  
Indeno(1,2,3-cd)pyrene  ■ ■  
Naphthalene  ■ ■  
Phenanthrene  ■ ■  
Pyrene  ■ ■  
Other Organics 
Phenol (3) ■  ■ 
Other Chemicals 
Amines (as Methyl diethanolamine) ■   
Ammonia  ■   
Caustic    
Nickel-containing catalysts ■ ■  
Sulphuric acid  ■   
Used crankcase oils  ■  

NOTE: 
Shading indicates materials that will be well below 1% in concentration. 
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3.4.4 Byproducts 

3.4.4.1 Petroleum Coke 
Petroleum coke is the solid byproduct of the delayed coking process. It is a porous form 
of solid carbon containing minor components such as sulphur and metals (i.e., vanadium, 
nickel) and is very low in hydrogen. 

The petroleum coke will be mechanically conveyed to the petroleum coke storage barn 
and shipped to customers by rail. Petroleum coke handling will be designed to reduce 
dust release and prevent water contact and possible resultant leaching. 

For the estimated quantities of petroleum coke the upgrader will produce, see 
Table 3.4-5. 

3.4.4.2 Elemental Sulphur 
Elemental sulphur will be produced in the SRUs and will be degassed and stored as a hot 
liquid. It will be shipped to customers by rail in liquid form. 

For the estimated quantities of elemental sulphur the upgrader will produce, see 
Table 3.4-5. 

Table 3.4-5 Estimated Production of Petroleum Coke and Elemental Sulphur 
Product 

 
Volume 

(t/d) 
Petroleum coke 5900 
Sulphur 1270 

3.4.5 Storage 
There will be coke storage capacity of approximately 18,000 tonnes (3 days) in the coke 
barn during normal operation. In emergencies, the coke pad will accommodate an 
additional83,000 tonnes (14 days). 

Sulphur storage capacity will be approximately 15,000 m3 (26,000 tonnes), or roughly 
21 days. 

The byproducts are reasonably inert and will be stored separately with little opportunity 
for co-mingling. 

3.5 Plot Plan 

3.5.1 Plot Plan Design Objectives 
The conceptual plot plan (see Figure 3.5-1) was developed based on TOTAL’s safety and 
environmental policies, taking into consideration: 

• safety of the public and adjacent facilities 
• safety of the workforce in the plant 
• protection of the environment 
• equipment operability 
• safety of access to the project area 
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Figure 3.5-1 Plot Plan 
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The plot layout also meets the widely recognized Global Asset Protection (GAP) 
Guidelines 2.5.2, Oil and Chemical Plant Layout and Spacing, September 2001 
(current version). The site is affected by two prevailing winds, originating from the 
northwest in spring and summer and the south–southwest in fall and winter; therefore, 
upwind and downwind locations were evaluated. 

Safety of the Public and Adjacent Facilities 
Design considerations to ensure safety of the public and adjacent facilities include: 
• maintaining a minimum distance of 250 m from process units to a public road, 

consistent with the Hazard and Risk Analysis (see Section 6.9.1.4) 
• locating emission sources, such as main flare stacks, away from the boundaries of the 

project area 
• maintaining an adequate setback between storage tanks and potential ignition sources 
• constructing a river water pond to provide firefighting water and makeup water for the 

demineralized water and cooling towers 

Safety of the Workforce 
Design considerations to ensure safety of the workforce include: 
• locating cooling towers to reduce winter fogging effects on process units and heavily 

travelled areas of the facility 
• adequately separating main occupied buildings from, and not downwind of the process 

units 

Protection of Environment 
Design considerations to ensure protection of the environment include: 
• locating emission sources such as main flare stacks centrally on the plot 
• constructing process stormwater and non-process stormwater ponds to collect surface 

runoff from the process and non-process areas. This water will be collected, treated 
and discharged into the North Saskatchewan River. 

• terracing the project area to accommodate the natural north–south relief variation 
• constructing a river water pond sized for five days of site-wide supply needs 

For additional information on the environmental effects mitigation measures, see 
Volume 2, Environmental Impact Assessment. 

Equipment Operability 
Design considerations to ensure equipment operability include: 
• locating process units to reduce piping between units 
• constructing a single control room with suitable automation 
• locating the main flare stack to allow optimal emergency relief of all units 
• designing the tank farm layout to allow for appropriate use of common dykes and 

consolidating fire prevention/fighting arrangements 
• arranging Phase 2 process units to reduce disruption in the operating plant and provide 

construction laydown space 
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• locating coker and sulphur units near railcar loading facilities to reduce length of the 
coker conveyor and liquid sulphur transfer line 

• constructing an emergency coke pad to store coke that cannot be shipped for an 
extended period (see Section 3.4.5) 

Safe Access to Plant Site 
Design considerations to ensure safe access to the plant site include: 

• tying into the railway in the project area to allow for daily loading of petroleum coke 
leaving the facility. Tie-in location details will be confirmed by the rail providers. 

• locating a main power substation near the proposed offsite power source provider, 
Substation 410S, which is approximately 2 km north of the northwest corner of the 
project area 

• integrating existing pipeline rights-of-way in the design 

• locating the main plant entrance near the administration building in southwest corner 
of the project area 

3.5.2 Plot Plan Operation Summary 
The dilbit pipeline feed to the upgrader, along with its associated support equipments 
(e.g., custody meters, pig launchers and receivers) will be located at the southeast corner 
of the project area, immediately next to the dilbit storage tanks. From here, the dilbit will 
be pumped to the process units, beginning with the DRU, in the northwest corner of the 
project area. 

Space has been allocated immediately next to the DRU for the Phase 2 VDU and MHC 
units. In Phase 1, atmospheric residue from the DRU will flow east to the DCU. Once the 
VDU is completed in Phase 2, the atmospheric residue will be further distilled, so that 
only vacuum residue will feed the DCU. Light ends from both the DRU and DCU (and 
VDU in Phase 2) will flow to the hydrotreaters and gas plants in the southwest end of the 
project area for further processing. From here, the treated products will be sent to the 
SCO blending and storage area of the tank farm and ultimately to the SCO product 
pipeline, which will be in the southeast corner of the project area. 

The coke and sulphur byproduct plants will be located on the north side of the project 
area, along with their respective material handling facilities–the LPG storage and rail 
loading equipment. Intermediate product storage will also be located near the LPG 
storage, in the northwest corner of the upgrader area. 

The hydrogen production units will be located near the hydrotreaters. Utilities will be 
located as close as practical to the various process units they support.  
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3.6 Utilities and Offsites 

3.6.1 Electrical Power 
The expected normal power demand for the upgrader is estimated to be 127 MW. As 
mentioned in Section 3.3.5, the power will be supplied from the 410S substation near the 
northwest corner of the project area, coming into the plant at 240 kV and then stepping 
down to 35 kV for distribution within the facility. 

Power distribution within the facility will be provided along a 35-kV main to the various 
process unit substations. Within the units, selected large drive motors (i.e., greater than 
4 MW) will run on 13.8 kV, with 4.16 kV power to 150 kW to 4 MW motors and local 
transformers. Smaller motors will run on 600 V power. Dedicated low-voltage 
distribution systems will be used for street lighting, electrical tracing, building lighting 
and convenience receptacles. 

3.6.2 Water Facilities 

3.6.2.1 River Water Intake Facilities 
The upgrader will source water from the North Saskatchewan River using a bank intake, 
water pump house and pipeline (water intake facilities). For alternatives that continue to 
be considered, see Section 3.7.5. For water management plans, see Section 6.6. 

The annual average daily water demand is estimated to be 33,600 m3/d. The design basis 
for the intake withdrawal rate and corresponding system pumping capacity will be 
1400 m3/h. For the location of the proposed water intake facilities, see Figure 3.6-1. The 
proposed water pump house will be located on top of the bank intake and above the 
1:100-year flood level. For the characteristics of the water intake facilities, see 
Table 3.6-1. Future engineering will be undertaken to develop a detailed design for the 
water intake facilities and regulatory approval will be sought subsequently as and if 
required. 

Table 3.6-1 Characteristics of the Water Intake Facilities 
Parameter Characteristics 

Intake type Bank  
Maximum water withdrawal rate/maximum pumping 
capacity 

1400 m3/h 

River water pipeline:   
  Type Pressure line 
  Nominal diameter 600 mm (24”) 
  Material HDPE 
  Length 1975 m (pump house to upgrader property line) 

2215 m (within plant site) 
 Installation Open-cut  

Minimum 3-m cover 
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TOTAL understands that there needs to be consideration of low-flow conditions and the 
potential restrictions associated with instream flow needs (IFN) on upgrader water supply 
and wastewater management. TOTAL is a participant in the Alberta Environment 
Cumulative Effects Management Framework development process specific to water and 
air management. It intends to also participate in the development of an IFN. When it is 
completed, TOTAL plans to comply with the Alberta Environment water management 
framework for the North Saskatchewan River, which is expected to include an IFN. 

The proposed pipeline alignment will be located on the west side of Range Road 220. 
The pipeline will have a 600-mm outside diameter and be made of high-density 
polyethylene (HDPE) or similar material. It will be approximately 4200 m long and will 
run from the pump house to the plant water treatment plant. The terrain along the 
proposed route is relatively flat with no obstacles other than a few oil pipelines, the 
CN Railway and Range Roads 220 and 554 crossings. No defined watercourses are 
encountered by the route. It is anticipated that this pipeline will be installed using 
open-cut techniques, with trenchless methods (i.e., casebore) used at road, pipeline and 
rail crossings. Typical construction components will include trench excavation, pipe 
installation, backfill and surface restoration activities.  

An onsite water pond will provide five days of storage to reduce the effect of short-term 
interruptions in water supply on production. 

Facilities will be constructed to treat the river water. These facilities are described in 
Section 6.6: Water Management. 

3.6.2.2 Process Water 
Process-affected water treatment facilities will be constructed for the upgrader (see 
Section 6.6: Water Management). A treated discharge water pipeline and outfall will also 
be constructed (see Figure 3.6-1). The proposed outfall will be located approximately 
70 m northwest of the water intake facilities. 

The gravity drain treated discharge water pipeline will be sized to accommodate the 
design flow of 1950 m3/h (0.54 m3/s) while flowing at 86% capacity.  

Of the total design flow of 1950 m3/h, 700 m3/h represents the treated discharge water 
and the remaining 1250 m3/h represents the intermittent stormwater discharge flow from 
the stormwater management system. A 900-mm diameter concrete pipe is planned to 
accommodate the design flow at the proposed minimum design grades of 0.16%. 

The proposed treated discharge water pipeline will be installed in a separate trench in the 
same alignment as the river water pipeline. The river water pipeline and treated discharge 
water pipeline will have a 3-m horizontal separation. Similar to the river water pipeline, 
the treated discharge water pipeline will be installed using open-cut techniques, with 
trenchless methods (i.e., casebore) used at road, pipeline and rail crossings. Typical 
construction components will include trench excavation, pipe installation, backfill and 
surface restoration activities.  

The pipeline will convey treated water to the North Saskatchewan River through a 
concrete outfall structure with energy dissipation. To ensure the long-term integrity of the 
outfall, the riverbank slope will be protected using Class 2 riprap. The riprap protection 
on the riverbank slope will start from the outfall and will extend on the river bed a 
minimum of 5 m from the low water level in the river. For the characteristics of the 
treated discharge water pipeline, see Table 3.6-2. 
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Table 3.6-2 Treated Discharge Water Pipeline Characteristics 
Parameter 

 
Characteristics 

 
Design discharge  1950 m3/h 
Gravity effluent pipeline Minimum 3 m cover 

Type  Gravity line 
Nominal diameter 900 mm (36") 
Material Concrete ASTM C76CL4 
Length 1950 m (outfall to upgrader property line) 

2025 m  (in plant site) 
Installation Open-cut 

3.6.2.3 Environmental Effects of River Water Intake and Treated Discharge Outfall 
Facilities 
Siting and design details for the water intake and outfall facilities will become available 
as engineering progresses on the project. To evaluate potential environmental effects 
from these facilities, the following key design and siting assumptions were made: 

• The river water intake structure will be a bank intake design that will extend 
approximately 30 m into the wetted channel at design flood level.  

• Intake screen designs will be consistent with Fisheries and Oceans Canada (DFO) 
requirements to minimize the potential for entrainment and fish mortality. 

• Back sloping and fill placement will be required on the banks and lower slopes of the 
river valley to accommodate construction of the river water intake and pump house. 

• Approximately 200 m of access road requiring cut and fill construction along the 
slopes of the North Saskatchewan River valley wall will be developed from existing 
access to the river water intake.  

• The river water and treated discharge water pipelines will be located in a common 
right-of-way. As discussed previously, the majority of the proposed pipeline 
alignment will be located on the west side of Range Road 220 to minimize land 
disturbance and fragmentation. 

Terrestrial Effects 
At the time of baseline investigations for terrestrial resources, the location and design of 
the river water intake and outfall facilities had yet to be identified. Though the 
biophysical conditions in the area of these facilities are generally known, field 
investigations of local site conditions and natural resources will be undertaken in 2008 to 
support final design and mitigation planning. 
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Effects from the development of these facilities are unlikely to change the effects 
predictions provided in Volume 2: Environmental Impact Assessment for terrestrial 
resources for the following reasons: 

• The river water intake and associated access road and the pipeline right-of-way 
represent a small, cumulative footprint, falling predominantly in common vegetation 
alliances or previously disturbed agricultural lands. 

• Field surveys will be undertaken in spring and summer 2008 in the area of these 
facilities to identify potential interactions with historical resources and species of 
management concern and to develop necessary avoidance or mitigation measures. 

• Soils surveys will be undertaken in spring 2008 to refine soil-handling procedures for 
conservation and reclamation planning. Codified or best practices during facility 
construction and operations will ensure the protection of soil resources. 

Based on these reasons, there is limited potential for the water facilities to affect the 
diversity of terrestrial resources in the regional study area (RSA), or to prevent land 
capability from returning to pre-disturbance equivalency at the time of decommissioning.  

From a land use perspective, TOTAL acknowledges that the environmental management 
policy in the Strathcona County Municipal Development Plan (MDP) states that a 50-m 
setback from the top of the bank of the North Saskatchewan River must be maintained 
(no buildings or structures permitted), except under unique and appropriate 
circumstances. TOTAL will apply for a variance to this policy to construct facilities 
within this 50-m setback, as required under the MDP. 

Aquatic Effects 
The LSA established for baseline studies and effects assessment for hydrology and 
aquatic resources encompassed the reach of river to be influenced by the river water 
intake and outfall structures. Therefore, effects of construction and operation of these 
facilities were assessed in Volume 2, Section 8: Hydrology and Section 10: 
Aquatic Resources). Key issues associated with the facilities include: 

• effects of construction and operation of the river water intake and outfall  structures on 
fish and fish habitat 

• effects of water withdrawal on fish and fish habitat 

• effects of the physical footprint of the river water intake on flow and scour 
characteristics of the river 

• effects of treated discharge water on fish and fish habitat 

The footprint of the river water intake and outfall structures will, by necessity, fall within 
relatively deep-water areas to ensure adequate operational efficiencies during a variety of 
flow and ice conditions. These deeper water areas are potentially important fish habitat 
features, providing deep-water cover and holding, feeding and overwintering functions 
for most large-bodied species. A conceptual plan to address compensation for lost habitat 
is provided in Volume 2, Section 10: Aquatic Resources. In addition, the plan would be 
to have adequate isolation, scheduling and sediment-control measures at the site to 
minimize sediment introductions into the active river channel during and after 
construction. As necessary, a detailed No Net Loss plan will be prepared to support 
subsequent regulatory application. 
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Water withdrawals required for the upgrader will not be large enough to have a 
measurable effect on fish habitat or benthic invertebrate habitat in the North 
Saskatchewan River. The potential for fish mortality from fish entrainment at the intake 
mouth will be minimized through DFO screening design requirements (DFO 1995). 
These guidelines consider the target size of fish, intake approach velocities and other 
variables.  

As previously indicated, it was assumed that the river water intake footprint will extend 
approximately 30 m into the active channel during design flood levels and will have an 
effect on flow velocities as a result of this narrowing of the river channel. As the river at 
this location is over 200 m in width at design flood levels, and given the regulated nature 
of river flows as a result of upstream dams, it was concluded that the river channel can 
accommodate any increased velocities created by the structure without measurable scour 
or erosional effects on the bed or banks of the river. 

With respects to treated discharge water, the minor chemical and physical effects of the 
upgrader discharge on the river are not expected to result in measurable changes in the 
conditions for aquatic life or represent a health risk to fish.  

For the complete assessment of these effects, see Volume 2, Section 8: Hydrology and 
Section 10: Aquatic Resources. 

3.6.3 Potable Water 
Potable water will be obtained by pipeline from the Municipality of Strathcona County at 
a rate of about 100 m3/d through a connection to the project area. During construction, it 
is anticipated that potable water will be supplied by truck. 

3.6.4 Hydrogen Production Units 
Hydrogen will be produced by steam methane reforming. The feedstock for the hydrogen 
production will be imported natural gas. Hydrogen will be compressed to the required 
hydrotreater and hydrocracker feed pressures by an electrical drive reciprocating 
compressor. Acquiring hydrogen from a third party is also being considered. 

3.6.5 Natural Gas 
High-pressure natural gas will be supplied to the upgrader through a pipeline. Natural gas 
will be used as a feedstock for hydrogen production and makeup to the fuel gas system.  

3.6.6 Fuel Gas and Offgas Treating 
Upgrader sour offgas will be treated in an amine contactor to remove H2S. The treated 
fuel gas will be used to fuel the process heaters and utility boilers. 

3.6.7 Instrument and Utility Air 
Instrument air will be used continuously for the instrument control system. Utility air will 
be used continuously for sulphur de-gassing and intermittently for utility stations.  

The instrument air system will consist of packaged air compressors with separation and 
surge vessels and air drying auxiliaries, a plant-wide distribution header, individual 
headers and emergency storage within the various process and utility units. The utility air 
system will have its own plant-wide and unit distribution systems.  
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3.6.8 Cooling 
The upgrader will preferentially use air coolers to cool the process and utility units. The 
additional required cooling capacity will be supplied from a system of water evaporative 
cooling towers. The air cooling will be provided by fin fan coolers in the process units. 

The cooling water system is expected to have a total design duty of approximately 
350 MW, circulating cooling water through cooling cells at approximately 495,000 m3/d. 
The maximum combined feed temperature to the cooling towers is expected to be 40oC, 
and the maximum return temperature is expected to be 24oC. 

For cooling water use, see Section 6.6.1: Water Balance. 

3.6.9 Nitrogen Storage 
Nitrogen is expected to be supplied by tanker to the upgrader, but pipeline supply is also 
being considered. Nitrogen will be used as an inert gas to purge equipment during 
shutdown or for removing air from equipment during commissioning and startup. 

3.6.10 Steam System 
Steam will be generated from gas-fired utility boilers and from waste heat recovery 
within the process units. Steam will be used for heating, stripping and as a motive for 
turbine drivers. The potential for steam let down power recovery is also being considered.  

The steam system will consist of large packaged steam boilers and individual steam 
generation exchangers in the various process and support units, a boiler feedwater 
treatment and distribution system, plant-wide and unit-high medium- and low-pressure 
steam distribution headers, and condensate recovery, return and conditioning equipment. 

For steam system water use, see Section 6.6.1: Water Balance. 

3.6.11 Flares 
The upgrader will have three flare systems. The high- and low-pressure flares will receive 
hydrocarbon pressure reliefs from the process and utility units during upsets. A sour flare 
will receive any pressure reliefs that are high in H2S. All three flare stacks will be in a 
common support structure located approximately in the centre of the project area. Flare 
design details will be determined at a later date, but the flares will be of conventional 
design and are anticipated to be steam assisted. 

3.6.12 Firefighting Water 
Firefighting water will be supplied to the upgrader through a firefighting water 
distribution system. The firefighting water pumps will have a combination of diesel and 
electric drivers and will be inside a pump house at the river water pond. Firefighting 
devices will be equipped to spray foam. 

3.6.13 Storage Tanks 
The dilbit feed, SCO, returned diluent product and various intermediate hydrocarbons 
will be stored at the upgrader. For a list of the major hydrocarbon tank requirements, see 
Table 3.6-3. For the location of the larger storage units, see Figure 3.5-1. 
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Table 3.6-3 Hydrocarbon Tank Capacity 

Service 
 

Estimated 
Capacity 

(m³) 
Roof Type 

 
Blanket Gas 

 
Diluted bitumen  279,000 Cone Yes 
Diluent return  85,000 Internal floating No 
Treated naphtha  14,000 Internal floating No 
Treated distillate  49,000 Internal floating No 
Treated gas oil  42,000 Internal floating No 
SCO  72,000 Internal floating No 
Slops  6,000  Cone Yes 
Flushing oil  2,600 Cone Yes 
Short resid  27,000 Cone No 
Untreated naphtha  66,000 Internal floating No 
Untreated distillate  54,000 Internal floating No 
Untreated gas oil  54,000 Internal floating No 
Untreated distillate/gas oil swing  136,000 Internal floating No 

 

All tanks will be made of carbon steel. Minor storage tanks (such as small vehicle 
refuelling stations) and water storage and treatment tanks have not been listed. 

All tanks will meet the CCME Code of Practice for the Control of Fugitive Emissions 
from Above Ground Storage Tanks, EUB Directive 055 Storage Requirements for the 
Upstream Petroleum Industry and the Alberta Environment Secondary Containment 
Guideline for Containers and Above Ground Storage Tanks.  

For pressurized storage requirements, see Table 3.6-4. 

Table 3.6-4 Pressurized Storage Requirements 
Service 

 
Total Capacity 

(m³) 
Unsaturated C4 bullets 800 
Treated C4 bullets 2,800 
Treated C3 bullets 3,200 

The underground LPG storage bullets are subject to the Alberta Boiler Safety Association 
(ABSA) Safety Codes Act. 

3.6.14 Transportation 

Refined Products 
The SCO will be shipped by pipeline to downstream consumers. Recovered diluent will 
be returned to the bitumen production facilities by pipeline. 
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Byproducts 
The following byproducts will be shipped to customers by rail facilities developed by 
third parties (see Section 3.4.4): 

• liquid sulphur  
• coke  
• propane/propylene  

Consideration is being given to pipelining propane/propylene to a local market. 

3.6.15 Control Systems 

3.6.15.1 Control and Safety Systems 
Upgrader control and safety systems include the following: 

• The upgrader will operate 24-hours a day, seven days a week. Normal operation of the 
upgrader will be from the main control room (MCR) located near the administration 
building. A minimum of four operator consoles, consisting of multiple operator, or 
human manned interface (HMI) stations, will be provided for controlling, monitoring 
and safeguarding the facility. 

• Fully integrated control and safety systems will be provided. The facility, and each 
unit within the facility, will automatically be kept on target with minimum operator 
intervention. Routine actions will be automated so the operator can devote more time 
to identify, analyze and optimize plant performance, ensuring operating targets are 
met, and reducing the frequency and duration of excursions outside normal limits. It is 
anticipated that adequate instrumentation will be installed to enable operations to 
diagnose plant performance from the distributed control system (DCS) HMI functions 
without continuous field intervention. 

• Personnel, the environment and unit assets will be protected by adequate instrumented 
process and equipment safeguarding systems or Safety Instrumented Systems (SIS). 
The safeguarding systems will include burner management systems (BMS) for the 
fired heaters and dedicated SISs for general process safety. Safety systems will be 
implemented adhering to Alberta regulations and following industry recognized codes, 
regulations and best practices. 

• A separate, independent and dedicated fire and gas detection system will be provided 
for equipment buildings (e.g., field auxiliary shelters [FAS] and substations), process 
buildings (pumps, compressors, steam generators) and outside process areas that 
contain flammable gases, toxic gases or both. This system will be used to detect alarm 
and in some cases automatically implement mitigation measures in response to fire, 
toxic gas or explosive gas mixtures (other facilities will also be connected to this 
system such as personnel safety showers, eye wash stations). 

• Communication between the MCR and unit operators will be by a multi-channel plant 
radio system. In addition, a plant-wide telephone system will connect all electrical 
substations and FASs with the administration offices and local telephone exchange. 

• Closed circuit television (CCTV) units will be used in critical areas.  
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3.7 Alternative Design Considerations 
In the development of the upgrader project, a number of alternatives were evaluated 
before the proposed configuration and location were selected.  

3.7.1 Site Selection 
Three site locations were evaluated for the upgrader: 

• the Joslyn Lease in the Athabasca oil sands region, where the Deer Creek Energy 
Limited (TOTAL subsidiary) mining project is proposed 

• adjacent to the ConocoPhillips-operated (50% TOTAL ownership) Surmont SAGD 
facilities in the southern part of the Athabasca oil sands region 

• in Alberta’s Industrial Heartland near Fort Saskatchewan 

The three sites were evaluated considering: 

• socio-economic factors  
• environmental factors  
• transportation infrastructure to market production and byproducts 
• potential integration opportunities  
• project economics  

The site evaluations were also considered when selecting the upgrading technology as 
some technology types are more viable in certain locations. 

3.7.1.1 Socio-economic Factors 
As described in Section 4.6 of this Application, the chosen site in Alberta’s Industrial 
Heartland is an area expressly created for this type of development. In 1998, the 
municipalities of Strathcona County, Sturgeon County, Lamont County and the City of 
Fort Saskatchewan established a cooperative protocol to plan for and promote heavy 
industrial development within a contiguous area of their respective municipalities. This 
area was designated with setbacks and buffers to respect the needs of industry to co-exist 
with non-compatible land uses in the communities. In addition, this site is located near 
the large metropolitan Edmonton area that will allow good access to significant labour 
markets for project construction and operations. 

In contrast, the two sites in the Wood Buffalo Region, Joslyn and Surmont, are both 
located in relatively sparsely populated areas. While this could be seen as advantageous 
in that there would be few competing land uses, the local infrastructure and labour market 
is already stressed – a situation that would be exacerbated by locating the TOTAL 
Upgrader in this area. 

3.7.1.2 Environmental Factors 
A number of environmental issues and potential concerns were evaluated and compared 
among the sites as part of the site-selection process. Both areas, the Wood Buffalo 
Region and Alberta’s Industrial Heartland have initiatives developing cumulative 
environmental management frameworks. Although issues and concerns varied among the 
sites, largely because of differences in existing land use conditions, no one site was 
considered to be highly preferred over the others from an environmental perspective. 
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3.7.1.3 Transportation Infrastructure 
One of the key benefits of the chosen location in Alberta’s Industrial Heartland is that 
there is a confluence of transportation infrastructure in place to facilitate the movement of 
product. In addition to pipeline and tankage that will be necessary to move the bitumen to 
the upgrader and SCO to market, significant amounts of petroleum coke and sulphur will 
be moved by train to capitalize on their market value. Neither of the Wood Buffalo region 
sites have adequate train access, which is a significant drawback to those locations. 

On the other hand, the benefit of the Joslyn and Surmont sites is that both would 
eliminate the need for a blended bitumen diluent pipeline with the associated diluent 
return pipeline. However, the design of the upgrader to reuse the diluent and the 
possibility to construct the two pipelines concurrently in the same right-of-way largely 
reduce this advantage to a tradeoff in capital cost. 

3.7.1.4 Potential Integration Opportunities 
In the case of the Joslyn site, integration with the upstream mining operation could 
reduce overall energy consumption as the extraction and froth-treatment processes could 
use low-grade waste heat from the upgrader, and wastewater from the upgrader could be 
used in the extraction process with less costly treatment than other sites.  

For the Surmont site, the upstream SAGD operation could be integrated with the 
upgrader if a coke gasification process were included in the upgrader design. 

The Heartland site was considered preferable as there are existing pipelines, railways and 
integration opportunities with other industrial developments in the same area.  These 
include a number of possible initiatives related to hydrogen production, CO2 
management, electrical generation and joint water management. 

3.7.1.5 Project Economics 
In its economic evaluation of the three sites, TOTAL concluded in favour of the site in 
Alberta’s Industrial Heartland because of: 

• lower construction costs because of labour availability and higher productivity 
• high reliability of electrical power supply from provincial grid 
• ready access by rail for construction and shipment of byproducts 
• potential synergies with other regional industrial developments 

3.7.1.6 Conclusion 
TOTAL finally chose the proposed site in Alberta’s Industrial Heartland because of its 
clear benefits in terms of socio-economic factors, existing infrastructure, opportunities for 
integration and project economics, and because no one site was considered to be highly 
preferred over the others from an environmental perspective. 

3.7.2 Technology 
TOTAL evaluated numerous upgrading technologies, based on worldwide operations, 
before selecting the proposed configuration. 
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3.7.2.1 Basis for Evaluation 
The technology evaluation considered the following criteria: 

• technical feasibility and proven commercially – minimal process sensitivity to 
feedstock changes and contaminants 

• environmental impact 

• capital and operating costs 

• use of the bitumen resource 

• product market 

• ease of transportation of product 

3.7.2.2 Preliminary Screening 
To provide a product with a widely available market, the upgrader must produce a SCO 
of similar properties than those currently produced in Alberta. Such a SCO can be 
handled by most North American refineries and can be used as a diluent to transport 
bitumen at mixtures containing not more than 50% SCO. 

Screening of some upgrading technology was performed based on one or more of the 
following criteria: 

• product with a gravity higher than 19°API, not requiring diluent for product 
transportation. Mild thermal cracking processes (i.e., visbreaking) were rejected. 

• capability of processing feedstocks containing high levels of mineral contaminants, 
which are common in Athabasca bitumen. Residue fluid catalytic cracking and 
fixed-bed residue hydroprocessing technology was rejected.  

• no requirement for extensive upgrading of the de-asphalted oil. Solvent de-asphalting 
(SDA) was rejected.  

• process equipment does not scale economically to the throughputs desired. 
Gasification of asphaltene in conjunction with SDA was rejected.  

• very high capital cost and complexity of facility. Gasification of bitumen followed by 
Fischer-Tropsch synthesis was rejected.  

Three options were evaluated in more detail and are described in the sections following. 

3.7.2.3 Ebullated Bed Hydrocracking 
The feedstock for ebullated bed hydrocracking, usually an atmospheric or vacuum 
residue, is mixed with hydrogen at a high temperature (greater than 425°C) and pressure 
(greater than 18,000 kPag) and fed to a catalyst-filled reactor. The liquid in the reactor is 
recycled via an internal standpipe and is circulated in the reactor using an ebullating 
pump. This fluid recycle keeps the catalyst suspended in the fluid in the reactor. This 
allows the catalyst to be regularly withdrawn from and added to the reactor to maintain 
activity. 

In the reactor, the high temperature cracks the large hydrocarbon molecules and the high 
hydrogen partial pressure results in hydrogenation, hydrodesulphurization, 
hydrodenitrification and hydrodemetallization. The metals in the feedstock plate out on 
the catalyst particles, which can then be removed from the reactor. The cracked and 
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hydrogenated hydrocarbons and light gases vapourize and flow out the top of the reactor 
where they can be separated. 

The two versions of this technology currently commercialized are Chevron Lummus 
Global’s LC-Fining® and Axens H-Oil®. 

Ebullated bed hydrocracking is currently used by Shell Canada Limited (Scotford) and 
Husky Energy Inc. (Lloydminster, Saskatchewan) to process bitumen and heavy crude 
oils. The ebullated bed hydrocracking process has the following advantages: 

• high product yield 

• no coke byproduct – particularly good in locations where coke cannot readily be sold 
or stored 

• high quality converted product, if coupled with downstream hydrotreating 

This technology has the following disadvantages: 

• low reliability of the process at high conversions with mineral contaminants 
commonly found in SAGD and naphtha-treated mined bitumen 

• limited economies of scale because of the throughput limits of reactor sizes that can be 
constructed and transported to Alberta 

• very high capital cost 

• high operating cost because of heavy catalyst usage and hydrogen consumption 

• unconverted product is difficult to sell or process further 

• high local CO2 emissions because of the high hydrogen consumption 

3.7.2.4 Flexicoking® 
For the Flexicoking® process, atmospheric or vacuum residue is fed to a fluidized bed 
reactor at very high temperature and low pressure. The fluidized bed contains small coke 
particles. The liquid feed contacts the hot coke particles which results in cracking 
reactions. Lighter hydrocarbon components cracked from the feedstock vapourize and 
exit from the top of the reactor. The now larger coke particles are collected from the top 
of the reactor and are recycled to the heater vessel. In this vessel, some of the coke is 
burned in air to produce heat that is returned to the reactor vessel with the hot coke 
particles. 

The bulk of the coke particles then flow to the gasifier reactor. Here the coke particles are 
burned in an oxygen deficient environment in a moving bed with air. The resulting 
synthesis gas has a low heating value, as its composition is primarily H2, CO and 
nitrogen. It is referred to as low-Btu gas. 

The synthetic gas is treated to remove H2S and then can be used as fuel gas in the 
upgrader.  

The hydrocarbon products from the reactor are separated and must then be processed in 
hydrotreating reactors to improve the product quality. 
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The Flexicoking® process is licenced by ExxonMobil Corporation. There are currently 
no Flexicoking processes operating in Alberta, although Syncrude Canada does operate 
three Fluidcoking® processes which are similar–except they do not have the gasification 
step. There are currently five Flexicoking® units in operation around the world, including 
one operating on Orinoco basin bitumen in Venezuela. 

The advantage of the Flexicoking® process is the production of a large quantity of fuel 
gas, which is only useful if there is a process that requires substantial energy input (e.g., 
SAGD). In addition, this process tends to produce a marginally higher yield of SCO 
compared with other processes. 

Disadvantages of the technology include the following: 

• the process is sensitive to some contaminants in feedstock, such as sodium, chlorides 
and calcium  

• limited operating experience with Flexicoking® units creates reliability concerns 

• very large equipment requires site fabrication which imposes challenges in ensuring 
quality as well as higher costs 

• high capital cost because of the scale and complexity of the equipment 

• very high local CO2 emissions per barrel of SCO produced, because of gasification 
required to produce the coke 

• high water consumption 

• high cost for CO2 capture, if such technology is to be implemented, because of the 
low-pressure operation 

• limited economy of scale as maximum throughput of the commercially proven scale 
unit requires multiple duplicate trains 

• except in the case of the Surmont site option, this process requires large electrical 
power generation which is not cost competitive 

3.7.2.5 Delayed Coking 
For delayed coking, an atmospheric or vacuum residue is fed at high temperature and low 
pressure into a large vessel called a coke drum. The material cracks into lighter 
hydrocarbons and solid coke, forming a porous bed in the coke drum. The lighter 
materials flow out of the top of the coke drum and are fractionated for further processing 
to improve product properties. 

When the drum is full, the process is switched to fill an empty drum. The full drum is 
cooled and then the coke is cut out of the drum with a water jet. The coke is dumped into 
a concrete lined pit, where it is collected, crushed and transported by conveyor to be 
loaded into rail cars, used in another process or stored. 

There are over 100 delayed coker units operating around the world. Currently, Suncor 
Energy operates delayed coking units in Alberta processing Athabasca bitumen, the 
CNRL Horizon project will soon start up using this process, and the Petro-Canada 
Sturgeon Upgrader is in the application stage. TOTAL has operating experience with the 
delayed coking process from participation in the Sincor facility in Venezuela. 
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Advantages of the delayed coking process include: 
• extensively proven technology 
• resilient to potential contaminants in feedstock 
• lower capital and operating costs 
• lower local CO2 emissions than other processes assessed 
• resource conservation of coke byproduct, especially compared with ebullated bed 

unconverted residue 

Disadvantages of the technology include: 
• material-handling requirements of the solid coke production and handling 
• ultimate theoretical product yield is lower than the ebullated bed process 

3.7.2.6 Selection of Technology 
In summary, TOTAL chose the delayed coking technology for its proposed upgrader 
because of its: 
• proven reliability 
• resilience to feedstock contaminants 
• lower capital and operating costs 

These factors tend to improve the technical and economic risks of the project, which 
outweigh the advantages of the other technologies.  

3.7.3 Sulphur Recovery Technology 
The design of the upgrader was guided by the principle of the Best Available Technology 
Economically Achievable (BATEA), particularly for sulphur recovery. For a facility 
producing approximately 1500 t/d of elemental sulphur (based on the debottlenecked 
capacity), EUB Interim Directive 2001-03, Sulphur Recovery Guidelines for the Province 
of Alberta, requires a SRU efficiency of 98.8%. 

Some of the highest-efficiency sulphur recovery technologies on the market were 
evaluated, including Superclaus® tail gas treatment and the SCOT tail gas treatment unit, 
which both achieve the required unit recovery efficiency of 98.8%. Though both SCOT 
TGTU and Superclaus® are capable of significantly exceeding the regulatory 
requirements in Alberta, SCOT can achieve even higher recovery efficiencies than 
Superclaus®. For this reason, SCOT was chosen over Superclaus® for the upgrader. The 
SCOT process will achieve a design recovery value of 99.8%. The SCOT process 
consists of hydrogen absorption for converting remaining SO2 in the gas to H2S, stripping 
of the H2S from the gas using amine and finally sulphur recovery in the SRU. For a 
description of this technology, see Section 3.2.3.4. 

3.7.4 Electrical Power 
The potential for recovery of waste heat from the processing facilities and the 
opportunities for energy integration with the upstream facility (where applicable) were 
evaluated. As detailed above, the flexicoking alternatives offered the potential for net 
power export, and the ebullated bed option allowed for reduced power consumption. 
However, once those process options were rejected, the need for substantial net electrical 
power became unavoidable. 
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Once the project area was chosen, the grid tie-in choice for power source was chosen. 
Options to reduce power use, wherever economically feasible, will be actively pursued 
during subsequent engineering design. 

Options include: 

• low-energy lighting (also including low-light-pollution options) 
• variable frequency drives for motors (as applicable) 
• high-efficiency motors (such as NEMA Premium) 
• high-efficiency transformers 
• energy optimization for occupied buildings (lighting and HVAC users) 

3.7.5 Water Management 
The upgrader will require water primarily for cooling and as a feedstock for 
manufacturing hydrogen. Along with the design basis documented in this Application, 
TOTAL is committed to considering alternatives to minimize its water requirements from 
the North Saskatchewan River. Minimizing water use and input of nutrients are the 
primary principles guiding water management for the upgrader. For a description of the 
various aspects of the upgrader water management approach, see Section 6.6: Water 
Management. 

Once the project area was selected, the North Saskatchewan River was identified as the 
most appropriate water source, taking into account current concerns about loading. In 
addition to the design basis documented in this Application, alternatives to minimize 
water withdrawal from the North Saskatchewan River will continue to be considered, 
including: 

• using existing water management infrastructure 
• participating in regional water management initiatives  
• using treated municipal wastewater streams as source water 
• using retained stormwater to supplement source water 

3.7.6 Water Treatment Alternatives 
Water will be treated to ensure that feedwater is conditioned to meet process needs and so 
the treated discharge has minimal effects on the North Saskatchewan River. Once those 
constraints have been met, water treatment alternatives will be selected on a BATEA 
basis for the most cost-effective, reliable and operable technology. 

3.7.6.1 River Water Treatment 
The river water treatment alternatives evaluated were: 

• no treatment – use untreated water direct from the North Saskatchewan River and 
recovered stormwater, where practical, as feeds to the cooling and utility water and 
boiler feedwater systems, as well as providing the firefighting water reservoir, when 
needed. The only water conditioning would be provided by settling time in the river 
water pond. 

• chemical treatment with carbonate hardness control, clarification, mixing/flocculation 
for the feeds listed above – chemical treatment will include lime, flocculant polymer, 
sodium hypochlorite and sulphuric acid. The storage would be in a river water pond, 
which would provide approximately identical settling capacity. 
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Given the consideration that there are no continuous users of untreated river water in the 
process, pre-treatment of all water to be used in the process was the logical choice from a 
reliability, cost and operability standpoint. The amount of water treatment chemicals used 
and the potential load on the North Saskatchewan River from treated discharge water was 
essentially the same for both cases. Based on these considerations, the river water 
chemical treatment alternative was selected.  

3.7.6.2 Wastewater Treatment 
For facilities like the upgrader, which produce limited quantities and low concentrations 
of chemicals in treated discharge, the design basis is to provide a simple wastewater 
treatment system. The configuration of a unit of this kind would typically include: 

• primary oily water treatment by gravity separation (skim tank or API separation or 
both) 

• secondary oily water treatment by dissolved air flotation (or similar technology) 

• biological reactor treatment to remove any remaining contaminants 

• a treated discharge water pond, to allow some residence time and provide the ability to 
manage unit upsets before treated discharge water leaves the site. 

The treated water would then be discharged to the North Saskatchewan River. 

Alternative technology evaluated for the upgrader included the following: 

• dedicated chemical treatments to neutralize, absorb or separate particularly toxic 
streams, such as those containing high levels of water-soluble heavy metal 
compounds, phenolics and ammonia. The upgrader does not have streams with high 
levels of these chemicals. 

• evaporation, crystallization or both – this option is for pre-processing of high chemical 
concentration wastewater streams that require incineration, very high total dissolved 
solids (TDS) streams that will otherwise not be suitable for discharge, or both. The 
upgrader is not expected to produce wastewater streams with high chemical 
concentrations and the blowdown and related streams are expected to only have 
moderate TDS levels.  

• deep well injection – disposal of high TDS and other water streams to deep geological 
reservoirs. This alternative can be very suitable for high TDS streams if suitable 
formations are available. While needing additional assessment, this is a viable 
alternative. 

• constructed wetlands – this alternative uses biological processes to treat discharge 
streams. Constructed wetlands require more biological nutrients than the discharge 
from this facility would provide and are better suited to high biochemical oxygen 
demand (BOD) and chemical oxygen demand (COD) treated discharge streams. As 
well, the site plan does not have enough room to accommodate a constructed wetland. 

Based on the anticipated composition of wastewater that will be produced at the 
upgrader, the design basis wastewater treatment system described in Section 6.6.3 was 
selected. The details of the chemicals to be used for process water treatment will be 
determined in subsequent engineering stages. 
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3.7.7 Solid Product Management 

3.7.7.1 Coke 
The following alternatives for coke management were considered based on the principle 
of resource conservation: 

• burning the coke onsite to generate power – coke power generation, if it is to be 
environmentally acceptable, requires elaborate burner control devices and 
sophisticated stack gas and fly-ash handling systems to manage acid gas emissions 
and heavy metal contaminants in the fly ash. The requirements for these systems mean 
that coke burner facilities need to be very large to have any possibility of being both 
environmentally acceptable and economically viable. This alternative was rejected as 
economically impractical because of the limited size of the generation facility. 

• intermediate storage and shipping the coke to market by truck – the volume of coke to 
be shipped would generate heavy truck traffic at the site and inevitably lead to 
increased plant and local road congestion, spills and public safety hazards. This 
alternative was rejected because of safety concerns. 

• intermediate storage and shipping the coke to market by a third-party rail company – 
there is good rail access to the upgrader site, and it is possible for the coke to be 
conveyed and stored under cover to reduce dust release and prevent rainwater from 
causing sulphur or metals to leach from the coke.  

Intermediate storage and shipping the coke to market by a third-party rail company was 
selected as the preferred choice (see Section 3.4.4.1). The facilities are located in the 
northern part of the plot plan (see Figure 3.5-1). 

3.7.7.2 Sulphur 
The following sulphur management alternatives were evaluated: 

• install prilling/pelletizing facilities –rejected as uneconomic as it adds substantial 
capital cost without notable environmental, safety or product value benefits 

• load sulphur as a suitably degassed liquid –the most common sulphur handling made 
in Alberta and has the benefit of minimizing particulate and acid gas emissions from 
sulphur handling 

Sulphur shipping alternatives were also evaluated: 

• ship sulphur to customers by truck (rejected on safety, traffic congestion, 
environmental and economic criteria) 

• ship sulphur to customers by rail (site has good rail access) 

Shipping liquid sulphur to customers by rail was selected as the preferred choice (see 
Section 3.4.4.2). 

3.7.8 River Water Intake and Outfall Configurations 
The river water intake location and configuration is of prime importance to reduce effects 
on river flow and fish habitat. Following a survey of the reach of the North Saskatchewan 
River near the project area, nine potential sites were identified (see Figure 3.7-1). 
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3.7.8.1 River Water Intake 

Preliminary Screening 
The sites were evaluated using a two-stage Kepner-Tregoe (KT) analysis that involved a 
pass or fail screening based on the following criteria: 

• depth – water depth is sufficient (at least 3 m) 

• geometry – a distinct bottom channel within one-third of the river width from the bank 

• stability – bank and bed morphology must not be rapidly shifting 

• accessibility – inspection and maintenance will require regular visits to the site 

• permittability – the site must not have any considerations (such as unique 
environmental sensitivity) that would preclude a successful application 

Sites that do not meet any of the required criteria were eliminated from further 
consideration (see Table 3.7-1).  

Table 3.7-1 Evaluation of Proposed River Water Intake Sites 
Criterion Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8 Site 9 

Depth FAIL FAIL FAIL Pass FAIL FAIL Pass Pass Pass 
Geometry FAIL FAIL FAIL Pass Pass FAIL Pass Pass Pass 
Stability Pass Pass Pass Pass Pass Pass Pass Pass Pass 
Accessibility Pass Pass Pass Pass Pass Pass Pass FAIL Pass 
Permittability Pass Pass Pass Pass Pass Pass Pass Pass Pass 

Final Evaluation 
Sites 4, 7 and 9 were evaluated further based on the following criteria: 

• environmental, technical, operational and economic criteria were established 
• each criterion had a weight assigned, with the totals normalized to 100 
• for each criterion, a site was ranked from 1 (worst) to 5 (best) 
• for each criterion, score = weight x rank 
• potential total scores ranged from 100 (worst) to 500 (best) 
• the site with the highest score was selected 

For the results of this evaluation, see Table 3.7-2. 

Site 4 had the highest score overall, as well as the highest score in each criterion area and 
was selected as the preferred choice. Site 4 is shown in Figure 3.7-1 and is also shown as 
the proposed site in Figure 3.6-1. 
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Table 3.7-2 Weighted and Ranked Evaluation of Sites 
Criterion Weight Site 4 Site 7 Site 9 

Environmental  Rank Score Rank Score Rank Score 
Low fish habitat impact 8 4 32 2 16 2 16 
Low sport fish impact 8 4 32 2 16 2 16 
High intake water quality 6 5 30 3 18 2 12 
Low terrestrial habitat loss 5 2 10 4 20 4 20 
Low terrestrial resource impact 4 3 12 4 16 4 16 
Low impact on other users 4 2 8 3 12 4 16 
Subtotal 35  124  98  96 

Technical/Operational        
Good operability 15 3 45 3 45 2 30 
Good constructability 3 3 9 4 12 4 12 
Unrestricted site access 7 2 14 4 28 4 28 
Low technical risk 10 5 50 3 30 2 20 
Subtotal 35  118  115  90 

Economic        
Low capital cost 10 4 40 3 30 3 30 
Low operational cost 10 5 50 3 30 3 30 
Low compensation costs 5 4 20 3 15 3 15 
Low right-of-way costs 3 4 12 2 6 2 6 
Low closure/reversibility costs 2 4 8 3 6 2 4 
Subtotal 30  130  87  85 

Total Score 100  372  300  271 

Design 
Bank and bed intakes are both used by other facilities in the area. Shell Scotford and 
EPCOR Clover Bar have bank-style intakes, but EPCOR Rosedale and the Petro-Canada 
Edmonton refinery use bed-style intakes. The selection of one type over the other is 
dictated by site conditions. For a comparison of the intake options based on the location 
of Site 4, see Table 3.7-3.  

Based on this evaluation, the bank intake was selected. 
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Table 3.7-3 Comparison of River Water Intake Systems 
Bank Intake 

Advantages Disadvantages 
Can draw water from multiple levels 
Entire system, including fish screens, is accessible for 
maintenance. 
Low impact on the river during construction and 
operations. 
No effect on navigation. 
Large structure reduces sediment accumulation by 
self-scouring. 

Vulnerable to a minor shift in the river channel 
configuration 
Potential for sediment accumulation in front of the intake 
ports 

Bed (In-channel) Intake 
More than one structure can be installed if channel is 
expected to shift. 
Easier to relocate, if needed. 

Intakes are located on the river bottom, where sediment 
is most concentrated. 
High impact on river during construction. 
Structure might impede navigation. 
Structure is vulnerable to ice damage. 
Potential for frazil ice intake. 
Design must account for both scour and sedimentation. 
Difficult access for maintenance. 

3.7.8.2 River Water Outfall 
A key consideration in choosing the location of the treated discharge water outfall was to 
ensure the upgrader discharge water mixing zone did not overlap with the mixing zones 
of other nearby water outfalls. Mixing zones are normally considered to be approximately 
10 times the river’s width, which is 150 m in this part of the river, hence the mixing zone 
for the upgrader is 1500 m long. At the selected river water intake location, the nearest 
upstream outfall (Dow) is approximately 6500 m upstream, and the nearest downstream 
outfall (Shell Scotford) is approximately 2470 m downstream.  

Given these considerations, the selected river water intake location is also an appropriate 
location for the treated discharge water outfall. It is operationally preferable to have the 
river water intake and water outfall in close proximity. As well, the water pipelines can 
be in a common right-of-way. The proposed outfall is located approximately 70 m 
northwest of the river water intake and pump house (see Figure 3.6-1). 

As mentioned in Section 3.7.5, minimizing nutrient loading to the river is an upgrader 
water management objective that guided design of the water treatment facilities. 
TOTAL will continue to assess alternatives to discharging treated water to the 
North Saskatchewan River. 
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