
Grizzly May River SAGD Project  Section 4 
December 2013 4-1 Process Description 

Grizzly Oil Sands ULC 

4 PROCESS DESCRIPTION  
4.1 WELL PADS AND WELLS  

Grizzly is seeking approval to produce up to 1,908 m3/d (12,000 bpd) of bitumen from the Project 
Development Area (DA). The Project consists of up to 110 horizontal SAGD well pairs drilled into 
the McMurray C on 13 well pads (Figure 1.1-2). 

4.1.1 Well Pads 

The well pads have been located with consideration of operability, capital costs and environmental 
impacts. 

A plan view of a typical nine well pair SAGD pad is presented on Figure 4.1-1. Well pad dimensions 
will vary as the number of well pairs per well pad will range from five to eleven, though eight to nine 
well pairs will be typical. The largest well pad will measure 320 m × 160 m and the smallest 
220 m × 160 m. Wellheads will be spaced 10 m apart on the surface. The Project will initially require 
two SAGD well pads (Well Pads A and B), each with nine well pairs. A group and test separator will 
be located on each well pad. 

4.1.1.1 Well Pad Facilities 

Bitumen production begins at the well pads. Aboveground pipelines and roads connect the pads and 
CPF. In the reservoir, bitumen is heated by injecting steam to a temperature where its viscosity is 
reduced allowing it to be produced to surface. Lift gas will be used to bring the bitumen, produced gas 
and produced water to the surface facility at the pad. At the well pad, the bitumen and produced water 
are separated from the produced gas (gas flashed off from the bitumen), lift gas and steam in the group 
separator. The produced gas/steam mixture and bitumen/produced water mixture are pipelined to the 
CPF in separate pipelines. A description of the CPF facilities is provided in Section 4.2. 

Well pad facility equipment include: 

• steam supply piping; 
• test and group separators; 
• produced gas gathering lines; 
• produced fluids (bitumen/produced water mixture) gathering lines; and 
• electrical and communication lines. 

4.1.1.2 Group Separator 

Once the bitumen, produced gas, steam and water mixture (commonly referred to as produced fluids) 
are extracted from the production wells, it passes through a group separator. The group separator 
controls surging from the production wells and separates the produced fluids into liquids and gas 
streams. 
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4.1.1.3 Test Separator 

Each well will be able to individually flow to a two-phase test separator. The test separator will be 
equipped with an in-line water cut analyzer and meters to measure liquid and vapour flow. Manual 
sampling ports will be available. Vapours from the separator flow into the produced gas line to the 
CPF, and the liquids combine with the liquids outlet from the group separator. 

4.1.1.4 Produced Fluids Gathering Lines 

From the group separator, the production is transported to the CPF through insulated, aboveground 
gathering flowlines. There will be separate flowlines for produced liquid and gas streams. 

4.1.1.5 Well Pad Auxiliaries 

Instrument air will be provided to each well pad from the CPF to facilitate steam flow control and 
emergency shutdowns. Equipment and piping will be rated for the maximum steam pressure possible 
and pressure safety valves (PSVs) will be sized for the fire case. All PSVs discharge to a pop tank 
except for the blowcase, which will discharge to the produced gas header, which is in a fire case. 
The PSV for steam condensate will discharge to atmosphere in the event of a trap failure. 

4.1.2 SAGD Drilling and Completions 

4.1.2.1 SAGD Producers and Injectors Drilling 

All SAGD wells in the Project will be spud vertically on surface. Grizzly plans to drill the wells’ 
horizontal sections as level as possible in order to have good wellbore hydraulics. This will facilitate 
reasonably even steam distribution along the length of the injectors. Good wellbore hydraulics will 
also assist in maximizing fluid production and recovery. 

The producer will be drilled first using directional drilling technology, such as measurement while 
drilling (MWD). Prior to drilling the horizontal SAGD wells, Grizzly may elect to drill one or more 
vertical targeting wells along the horizontal tracks of selected producers in order to increase the 
accuracy of the horizontal well’s trajectory. An electromagnetic source is suspended in the targeting 
well at the same depth as the producer’s targeted horizontal track. The producer’s drilling assembly 
can pick up the electromagnetic signal when it is in range. The producer’s trajectory can then be 
adjusted depending on the strength of the detected signals. The targeting well can later be used as a 
temperature or a temperature/pressure observation well during the SAGD operations. The total depth 
(TD) of a typical horizontal well with an 800 m long liner is expected to average about 1,400 to 
1,600 m measured depth (MD). 

Grizzly will drill the injector so that the horizontal section of the injector is approximately 5 m above 
the producer. The injector drilling operation will also utilize MWD technology. During the injector’s 
horizontal section drilling, an electromagnetic source will be progressively moved along the length of 
the producer. A ranging system will be incorporated into the injector’s drilling assembly. The ranging 
system will detect the source in the producer. Measurements from the ranging system will aid in 
steering the injector so that it tracks the path of the producer at a vertical separation of 5 m. 
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The trajectories have been designed to minimize the rate of deviation which will assist in ensuring that 
the intermediate casing can be run in to the intermediate casing point. Lower build rate trajectories 
also aid in ensuring that liners can be run to TD with less chance of damage to the liner. Similarly, 
lower build rate trajectories make the installation of a number of artificial lift systems feasible if 
required. The horizontal sections of the wells will be lined with a sand control screen. The target 
lateral spacing between adjacent well pairs will average 67 m; however, due to the irregular shape of 
some drainage patterns, lateral spacing will vary (Table 4.1-1). 

Table 4.1-1 Well Spacing at Each Well Pad in the DA 

Pad No. of 
Wellpairs 

Minimum 
Horizontal Well 

Length (m) 

Maximum 
Horizontal Well 

Length (m) 

Well 
Spacing at 
Heel (m) 

Well 
Spacing at 

Toe (m) 

Average 
Well Spacing 

(m) 
A 9 730 730 68 68 68 
B 9 450 550 68 68 68 
C 9 590 1,000 72 55 64 
D 10 500 680 74 63 69 
E 9 650 850 63 75 69 
F 9 800 860 60 73 67 
G 5 450 1,000 70 70 70 

Based on wellbore hydraulic work completed to date, Grizzly will utilize 177.8 mm liners for the 
producers and either 177.8 or 219.1 mm liners for the injectors, depending on well length. 

Grizzly will be using contractors and service suppliers that are experienced in supplying, drilling, and 
completing SAGD well pairs, including the drilling rig contractor, directional drilling service 
company, cementing company, tubular supplier, wellhead supplier, etc. If, during the course of 
drilling operations, Grizzly abandons a ghost hole or has any other non-standard drilling events, 
Grizzly will report these events to the AER as per the required reporting procedures. 

The following sections describe the drilling of the various sections of the wellbore, and are based on 
the use of 219.1 mm liners for injection wells and 177.8 mm liners for production wells (Figure 4.1-2). 

Surface Hole and Casing 

The SAGD wells will require approximately 110 m of surface casing. Surface hole size will be 
508 mm for injectors and 444.5 mm for producers. A water based gel slurry mud system will be used 
for drilling the surface hole. Injectors and producers will respectively run 406.4 and 339.7 mm, J-55, 
buttress thread and coupling surface casing. Grizzly will use thermal cement for the surface casing 
with sufficient excess to ensure good returns to surface. The casing will be properly centralized to 
ensure a good cement sheath. The well will be circulated with a pre-flush solution to ensure good mud 
cake removal. The casing string will be reciprocated as long as possible throughout the cement job. 

Intermediate Hole and Casing 

As Grizzly plans to utilize a pad drilling rig system, the intermediate section of the wells will be 
drilled using a combined build and turn sections to reach the horizontal target. The producer 
intermediate hole size will be 311 mm and will be drilled to a depth of approximately 400 m total 
vertical depth (TVD; 600 to 700 m MD). The injector intermediate hole will be 375 mm and will be 
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drilled to a TVD of approximately 395 m in order to place the injector’s horizontal path 5 m above the 
producer’s. 

For the intermediate and horizontal sections of the wells, Grizzly will use a low density fresh water 
polymer mud system with additional additives to maintain downhole stability, cleaning and reduce the 
accretion of bitumen on the drill string and drilling assembly in this section of the wellbore. 

The intermediate casings will be L-80 grade (or equivalent) with premium connections with the 
appropriate thermal thread compound suitable for steam service. Grizzly will cement the intermediate 
casing with sufficient excess thermal grade cement to provide good returns to surface. Production 
wells will run 244.5 mm casing while the injectors will run 298.5 mm casing. Grizzly will retain a 
third party engineering firm to perform thermal stress analyses on the casing design. 

Grizzly will utilize best industry practices using thermal grade cement, and the casing will be properly 
centralized to ensure a good cement sheath. The well will be circulated with a pre-flush solution to 
ensure good mud cake removal. Cement will be pumped with sufficient excess to ensure good cement 
returns to surface. The casing string will be reciprocated or rotated throughout the cement job if it is 
viewed that this can be done without damaging the hole or the casing. In addition, Grizzly will run 
cement bond logs on all producer and injector wells to monitor the quality of cement jobs, and take 
corrective action if necessary. 

Horizontal Hole and Liner  

Grizzly will drill 270 and 222 mm holes, respectively, for the injection and the production well 
horizontal sections. Horizontal well lengths will range from 450 to 1,000 m in the DA though most 
wells will be in the 750 to 800 m range. Total measured depths will range from approximately 1,050 
to 1,600 m with an average of approximately 1,400 m. 

Significant deviations from the planned well trajectory or elevation may compromise the performance 
of the wells. In rare cases, wells may need to be side-tracked and re-drilled. Grizzly will notify the 
AER in writing of any well trajectory modifications that were made during drilling and the reasons for 
the changes. 

Production wells liners will be 177.8 mm outer diameter (OD) L-80 or K-55 grade casing, with either 
premium or semi-premium connections, and injection wells liners will be 219.1 mm L-80 or K-55 
grade casing with premium or semi-premium connections. The top end of both types of liner will be 
equipped with a high temperature debris seal to allow liner expansion and keep sand from passing the 
liner top. All liners will be landed approximately 10 m from TD to allow for additional thermal 
expansion. Some of the shorter length injectors may require only 177.8 mm liners so the casing sizing 
for these wells will be the same as for the production wells. 

Grizzly may install sections of blank liner to control steam distribution, or across intervals where the 
distance between injector and producer well approaches 4 m or less to prevent steam short-circuiting. 
Blank liner may also be run across intervals of non-reservoir rock, if encountered. 

Grizzly will evaluate various sand control media to be employed on the production and injection 
liners. Laboratory testing will evaluate the effectiveness of potential sand control media using sand 
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recovered from core. The final designs will allow for small amounts of formation fines production 
while demonstrating a resistance to plugging. 

4.1.2.2 SAGD Producers and Injectors Completions 

Producers 

The producer completion design allows for the circulation of steam down the long tubing (88.9 mm 
OD) to the toe of the horizontal section. The steam/hot water then returns along the liner to the short 
return tubing (114.3 mm OD), and flows up to the wellhead. Some adjustment in the diameter of the 
toe and heel strings may be made in the build section of the well to facilitate optimum gas lift 
operation. Gas lift tubing will be installed inside the long and short strings to a depth coinciding with 
the heel of the well. These gas lift strings will be approximately 25.4 mm in diameter. During the 
circulation phase, Grizzly plans on putting a gas blanket (e.g. methane or nitrogen) in the annulus to 
reduce heat loss from the steam to the overburden. The gas blanket will also serve as an early warning 
for any potential intermediate casing leak during the circulation phase. 

Grizzly plans to install temperature monitoring equipment such as thermocouple and/or fibre optic, in 
the horizontal section of the production well to assist with optimizing the performance of the SAGD 
process. 

Injectors 

Grizzly will utilize a dual concentric tubing completion design. A 114.3 mm diameter long tubing will 
run from surface to approximately 20 m from total well depth. The long string will sit inside a 
219 mm diameter short tubing landed approximately 20 m behind the intermediate casing shoe. 
Grizzly plans to install temperature monitoring equipment such as thermocouple and/or fibre optic, in 
the horizontal section of the injection wells to assist with optimizing the performance of the SAGD 
process. 

During the circulation start-up phase, steam will be injected down the long steam injection string to 
the toe of the horizontal section. The steam/hot water will then return (less any losses to the reservoir) 
along the liner and flow up to the wellhead. Grizzly plans on putting a gas blanket (e.g. methane or 
nitrogen) in the long/short tubing annulus to reduce heat loss from the steam to the returning fluids. 
The gas blanket will also serve as an early warning for any potential intermediate casing leak. 

During the operating phase, steam will be injected down both the long and short tubing strings. Steam 
will be injected through each string at a ratio which will facilitate uniform pressure and steam 
distribution. A gas blanket will be maintained on the well annulus to monitor bottom hole pressure and 
for casing leak detection. 

Wellhead Design 

SAGD wellheads will be specified as American Petroleum Institute (API) 2,000 psi (~14 MPa), with 
National Association of Corrosion Engineers (NACE) trim to ensure safety during exposure to high 
temperature/high pressure fluids with a small amount of H2S. High temperature swivel joints will be 
used to connect from the wellhead connection flanges to the various flow lines (e.g. steam injection 
lines, production flow lines, lift gas lines, etc.). This will allow for thermal expansion of the wellhead 
components without putting stress onto the flow lines. The producer and injector wellhead designs 
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allow for steam injection and hot water returns during the circulation phase. The wellhead design 
facilitates easy conversion from steam circulation to injection or production. 

4.1.3 Water Source Wells 

Source water for the Project is expected to be delivered from the Empress Formation. Grizzly will 
utilize the two existing water source wells, 1F1/10-12-77-9W4 (WS2) and 1F3/10-12-77-9W4 (WS3), 
that are part of the Whitesands Project, which is no longer in operation. WS2 will be re-tested in 2014 
at rates of up to 1,800 m3/d while WS3 will be used for drawdown observation. Test data will be used 
to support a future application for a Diversion Licence under the Water Act. 

Grizzly anticipates that one or two additional source wells may be required to meet the demand for the 
Project and to provide spare capacity. These may be drilled in late 2014 or 2015. Additional wells may 
be required during the life of the Project. 

Completion schematics for source well WS2 are shown in Figure 4.1-3. Water will be pumped to 
surface from WS2 using an electric submersible pump. A pressure transducer with continuous 
recording capabilities will be installed in WS3. Any additional water source and observations wells 
will be completed in a similar manner. 

4.1.4 Observation Wells 

Grizzly plans to install observation wells to monitor the progress of the SAGD operations in the 
McMurray reservoir during the operations. The observation wells may be utilized for data collection 
only, or for the combined purpose of data collection and targeting wells during the drilling of thermal 
horizontal wells. A minimum of one observation well will be drilled into each subsurface drainage 
area. 

All observation wells will be equipped to monitor and record temperatures across the reservoir and 
into the caprock. At least one observation well per pattern will be equipped to monitor and record 
pressures in the reservoir at the base of the caprock and at the top of the caprock. 

A typical observation well design is shown in Figure 4.1-4. Grizzly will use 177.8 mm, K-55 surface 
casing, set at a depth of approximately 110 m TVD. The surface casing will be cemented to surface 
with thermal cement. Grizzly will drill the main hole through the McMurray Formation. Production 
casing will be 114.3 mm L-80 casing with premium connections, cemented to surface with thermal 
cement with sufficient excess to ensure good returns to surface. Multi-point thermocouples or fibre 
optic temperature sensors along with three piezometers will be strapped to the outside of the 
114.3 mm casing and cemented in. Temperature measurement will run from below the base of the 
McMurray C sands up through to the lower portion of the Clearwater caprock. Piezometers will be 
placed near the middle of the McMurray C pay in most cases, in the McMurray A sand to monitor the 
pressure at the base of the caprock, and in the Clearwater Sand at the top of the caprock. 

4.1.5 Drilling Fluid and Solid Waste Disposal 

Drilling mud will be cleaned with centrifuges and shakers, and will be reused where possible to reduce 
waste volumes. 
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Grizzly will use water based drilling fluids. A high emphasis will be placed on reuse of liquids. 
The surface hole will be drilled using a gel slurry. The intermediate hole to the top of the Wabiskaw 
may be drilled using flocculated water. The Wabiskaw section of the intermediate and the horizontal 
sections will require additives to the mud system to prevent tar accretion on the drill string and shaker 
screens, and to keep the hole open and stable. 

Grizzly will ensure that all disposal options for drilling waste disposal will comply with AER 
Directive 50. Similarly, Grizzly will utilize drilling waste storage options that comply with AER 
Directive 58. Potential contamination from the well pads and sumps will be prevented through the 
well pads and sumps construction design (e.g. utilization of a thick clay layer for a liner) and by the 
construction of the berms surrounding the pads. 

Surface hole fluid and solid wastes generated will be low in volume and hydrocarbon content. Grizzly 
will screen the surface hole waste for hydrocarbon content. It is expected that these waste materials 
will meet mix bury cover (MBC) guidelines. Grizzly will also evaluate the option of onsite processing 
where clear water and solid waste can be achieved. 

MBC will be used to process intermediate hole wastes to the top of the Wabiskaw sands. Intermediate 
hole wastes from the Wabiskaw (horizontal hole drilling fluid and solid wastes) will have higher 
hydrocarbon content and are not expected to meet AER Guide 50 criteria for onsite disposal. This 
material will be disposed of at an approved disposal facility. 

It is estimated that the total drilling waste for each horizontal well will be approximately 110 m3, not 
including any sawdust that is required to be blended in with the hole waste. Grizzly will continue to 
work on reducing the volume of drilling waste where possible. 

4.1.6 Well Performance Monitoring 

The SAGD production wells will be tested as per the requirements of AER Directive 17. The Project 
total bitumen and produced water volumes will be determined after treating and metering in the CPF. 
Daily bitumen and water rates will be allocated to the wells based on plant production and well test 
data. Gas production rates will be reported in accordance with AER Directive 17. All production and 
injection volumes will be reported monthly as per AER requirements. 

Operations personnel will inspect each well pad at least once per day. The control room Distributed 
Controls System (DCS) will provide continuous information on operating data. Downhole temperature 
and pressure data will be obtained from various sources, including blanket gas pressures, 
thermocouples and/or fibre optic cables, and observation wells. Using these data, Grizzly will be able 
to optimize the SAGD process to enhance ultimate recovery from the Formation. 

Grizzly will regularly sample and analyse produced water, and produced gas. The resulting 
information will assist Grizzly in improving operations modifications to the recovery process. 
Produced water analyses will identify TDS, chlorides, and silica content. A boiler feed water program 
will be in place to ensure water quality is maintained within specifications for the steam boiler. 
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4.1.7 Casing Failure Monitoring Program 

Grizzly will be operating the Project at steam injection pressures at least 20% below the minimum 
measured caprock formation fracture pressures. Grizzly does not anticipate casing failures at the 
Project while using SAGD processes. 

The intermediate casing string will provide the isolation between the Middle McMurray C sand and 
the overlying geological formations. Proper casing and connection specifications, drilling practices, 
handling and running procedures, and cementing practices are designed to prevent any failures of this 
string. Grizzly will use casing that is specified to be L-80 grade (or equivalent) steel and will use 
premium connections (with the appropriate thermal spec thread compound), which are stronger than 
the pipe body and have a metal to metal seal. Premium connections will resist steam leakage. 
The potential for caustic corrosion cracking is reduced since most of the steam injected will be near 
100% quality (low alkalinity). 

Grizzly will ensure that the selected casing and premium connections will withstand installation forces 
and the thermal stresses that the deviated wellbores will be subjected to. 

Grizzly will utilize best industry practices to ensure cement integrity. Thermal grade cement will be 
used. The casing will be properly centralized to ensure a strong cement sheath. Grizzly will circulate 
the well with preflush fluid to remove any drilling mud or drill cuttings. Enough excess cement will be 
injected until clean cement returns to surface. Grizzly will reciprocate or rotate the intermediate casing 
string during cementing operations to improve the quality of the cement bond from the casing to the 
cement, and to improve the bond from the cement to the formations. In addition, cement bond logs 
will be run on all producers and injectors to evaluate the quality of the cement jobs, as per AER 
Directive 51. An application will be submitted to the AER to meet the requirements in Directive 51. 
Grizzly understands that no steam will be injected into injection or production wells prior to receiving 
written confirmation from the AER that the requirements of Directive 51 have been met. 

Control room personnel will continually monitor key injector and producer data during operations. 
Grizzly’s technical personnel will determine the typical steam injection rate versus pressure 
relationships for each injector. These relationships will be adjusted over time, as dictated by field 
performance. Data changes outside of the normal operating range for that well will be flagged for the 
operators as a potential early warning of an intermediate casing leak. Large magnitude changes and/or 
quickly changing key data would trigger alarms, which may be followed by shut down if required. 

SAGD injectors will have a gas blanket in the intermediate casing annulus, when applicable. The gas 
blanket will provide some thermal insulation for the intermediate casing string and cement. 
The pressure and makeup rate of the gas in the gas blanket will be continuously monitored at the 
control room. If the injector’s intermediate casing started leaking, the steam injection rate would 
increase and the steam injection pressure would decrease. Also, the gas blanket pressure would 
decrease and the gas makeup rate would increase. Anomalies will be flagged, or alarmed, depending 
on the severity of the departure from normal operating conditions, which may be followed by shut 
down if required. 

Similarly for producers, Grizzly’s technical personnel will determine relationships for key operating 
parameters for each producer (e.g. production rate vs. pressure). These relationships will be adjusted 
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over time, as dictated by actual field performance. Data changes outside of the normal operating range 
for that well will be flagged for the operators as a potential early warning of an intermediate casing 
leak. Large changes will be alarmed. 

If a casing failure is detected, the well will be shut in. Immediate offset injection will be shut down, 
where necessary, and the AER will be notified. Grizzly would then initiate actions to determine the 
cause of the failure, and to ascertain if the well could be repaired and safely put back into service. 
If the well is not salvageable, the well would be abandoned as per AER requirements. 

4.1.8 Existing Wells 

A search of existing wells within the PA was performed to determine thermal compatibility. Details 
are presented in Table 4.1-2. 

Grizzly considers the following well types to be thermally compatible: 

• OSE wells drilled through caprock and not cased: wellbore filled with thermal grade cement 
from TD to surface. 

• Non-abandoned cased wells that penetrate the caprock: thermal grade casing (metal to metal 
seal connection) cemented with thermal grade cement. 

• Abandoned cased wells that penetrate the caprock: thermal grade cement plugs set from plug 
back depth to 15 m above the caprock. Perforations cement squeezed as required by AER 
Directive 20. 

• Cased observation wells: instrumentation cemented in the casing with thermal grade cement 
to surface. 

All thermally non-compatible wells are shown on Figure 4.1-5. Six observation wells that were part of 
the Whitesands Project are not thermally compatible due to casing connection types, but all casings 
are cemented with thermal grade casing. Only two wells, AB/12-07-077-08W4 and 
AB/09-12-077-09W4, are within 300 m of proposed SAGD well placement. Grizzly will abandon 
these two wells as per Directive 20 requirements prior to commencing thermal operations in drainage 
pattern A. The remaining four Whitesands wells are 400 m away or greater from proposed SAGD 
wells. 

Three other wells in the PA are not thermally compatible due to casing connection types: 

• A former Devon operated gas well, 00/10-07-077-08W4/0 and 2, completed in the McMurray 
A and Clearwater formations, will be abandoned by Grizzly in Q1 2014. 

• 00/14-18-077-08W4 was drilled and cased for potential mini-frac testing. Grizzly commits to 
abandon the well in accordance with Directive 20 prior to commencement of steam injection 
within 300 m of the well. 

• A former Devon Leismer well 00/10-18-077-08W4 is completed in the Clearwater formation 
and drilled in to the McMurray Formation to a TD of 331 m. It is the only well within the PA 
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that does not have thermal grade casing or cement. Grizzly commits to abandon the well in 
accordance with Directive 20 prior to commencement of steam injection within 300 m of the 
well. 
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Table 4.1-2 Completion and Abandonment Status for Project Area Wells 

UWI Well Name Licence 
Number Status Target 

Formation Spud Date 
Final 
Drill 
Date 

Cement Type Cement 
Tops 

Cement 
Returns 

SCVF/Gas 
Migration 

Status 

Completion Status 
And Details 

Dir 20 
Compliance 

Thermal 
Compatibility Fail Criteria 

AA/04-05-077-08W4/0 GRIZZLY OV LEISMER 4-5-77-8 452699 Abandoned MCMR 25-Jan-13 29-Jan-13 Steamchem 1800 0 1.5 n/a C&C Yes Yes   

AA/06-05-077-08W4/0 GRIZZLY OV LEISMER 6-5-77-8 449943 Abandoned MCMR 30-Jan-13 3-Feb-13 Steamchem 1800 4.5 2 n/a C&C Yes Yes   

AA/07-05-077-08W4/0 GRIZZLY LEISMER 7-5-77-8 371877 Abandoned MCMR 21-Jan-07 25-Jan-07 Thermal 4.5 3 n/a C&C Yes Yes   

AA/08-05-077-08W4/0 GRIZZLY LEISMER 8-5-77-8 416396 Abandoned WDBD 8-Mar-10 12-Mar-10 Thermal 0 1 n/a Cut & Capped Yes Yes   

AA/09-05-077-08W4/0 GRIZZLY OV LEISMER 9-5-77-8 452702 Abandoned MCMR 11-Feb-13 14-Feb-13 Steamchem 1800 6.3 1 n/a Cut & Capped Yes Yes   

AA/10-05-077-08W4/0 GRIZZLY OV LEISMER 10-5-77-8 449940 Abandoned MCMR 27-Nov-12 1-Dec-12 Steamchem 1800 4.3 3 n/a Cut & Capped Yes Yes   

AA/11-05-077-08W4/0 GRIZZLY OV LEISMER 11-5-77-8 452701 Abandoned MCMR 18-Feb-13 20-Feb-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/12-05-077-08W4/0 GRIZZLY LEISMER 12-5-77-8 416399 Abandoned WDBD 3-Mar-10 7-Mar-10 Thermal 0 5 n/a Cut & Capped Yes Yes   

AA/13-05-077-08W4/0 GRIZZLY OV LEISMER 13-5-77-8 449963 Abandoned MCMR 21-Feb-13 24-Feb-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/14-05-077-08W4/0 GRIZZLY OV LEISMER 14-5-77-8 449962 Abandoned MCMR 2-Dec-12 6-Dec-12 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/15-05-077-08W4/0 GRIZZLY LEISMER 15-5-77-8 416401 Abandoned WDBD 12-Mar-10 16-Mar-10 Thermal 0 5 n/a Cut & Capped Yes Yes   

AA/04-06-077-08W4/0 GRIZZLY LEISMER 4-6-77-8 371868 Abandoned MCMR 30-Jan-07 4-Feb-07 Thermal 4.5 0.5 n/a Cut & Capped Yes Yes   

AA/06-06-077-08W4/0 GRIZZLY OV LEISMER 6-6-77-8 452621 Abandoned MCMR 3-Mar-13 6-Mar-13 Steamchem 1800 0 1.5 n/a Cut & Capped Yes Yes   

AA/07-06-077-08W4/0 GRIZZLY OV LEISMER 7-6-77-8 453967 Abandoned MCMR 23-Feb-13 26-Feb-13 Steamchem 1800 0 1 n/a Cut & Capped Yes Yes   

AA/08-06-077-08W4/0 GRIZZLY OV LEISMER 8-6-77-8 452622 Abandoned MCMR 27-Feb-13 3-Mar-13 Steamchem 1800 0 1.5 n/a Cut & Capped Yes Yes   

AA/09-06-077-08W4/0 GRIZZLY OV LEISMER 9-6-77-8 449964 Abandoned MCMR 12-Dec-12 15-Dec-12 Steamchem 1800 0 0.5 n/a Cut & Capped Yes Yes   

AA/10-06-077-08W4/0 GRIZZLY OV LEISMER 10-6-77-8 449965 Abandoned MCMR 11-Jan-13 14-Jan-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/11-06-077-08W4/0 GRIZZLY OV LEISMER 11-6-77-8 452623 Abandoned MCMR 19-Feb-13 23-Feb-13 Steamchem 1800 0 1 n/a Cut & Capped Yes Yes   

AA/12-06-077-08W4/0 GRIZZLY OV LEISMER 12-6-77-8 452624 Abandoned MCMR 15-Feb-13 19-Feb-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AB/13-06-077-08W4/0 GRIZZLY OV LEISMER 13-6-77-8 452625 Abandoned MCMR 10-Feb-13 14-Feb-13 Steamchem 1800 0 1.3 n/a Cut & Capped Yes Yes   

AA/14-06-077-08W4/0 GRIZZLY OV LEISMER 14-6-77-8 449944 Abandoned MCMR 16-Dec-12 19-Dec-12 Steamchem 1800 0 1 n/a Cut & Capped Yes Yes   

AA/15-06-077-08W4/0 GRIZZLY OV LEISMER 15-6-77-8 454469 Abandoned MCMR 24-Feb-13 27-Feb-13 Steamchem 1800 0 1 n/a Cut & Capped Yes Yes   

AA/02-07-077-08W4/0 GRIZZLY LEISMER 2-7-77-8 416402 Abandoned WDBD 9-Feb-10 14-Feb-10 Thermal 0 0.5 n/a Cut & Capped Yes Yes   

AA/04-07-077-08W4/0 GRIZZLY LEISMER 4-7-77-8 416403 Abandoned WDBD 15-Feb-10 18-Feb-10 Thermal 0 0.5 n/a Cut & Capped Yes Yes   

AA/05-07-077-08W4/0 GRIZZLY OV LEISMER 5-7-77-8 452667 Abandoned MCMR 28-Feb-13 3-Mar-13 Steamchem 1800 0 1.5 n/a Cut & Capped Yes Yes   

AA/06-07-077-08W4/0 GRIZZLY OV LEISMER 6-7-77-8 449966 Abandoned MCMR 7-Jan-13 10-Jan-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/09-07-077-08W4/0 GRIZZLY OV LEISMER 9-7-77-8 449942 Abandoned MCMR 7-Dec-12 11-Dec-12 Steamchem 1800 0 3 n/a Cut & Capped Yes Yes   

00/10-07-077-08W4/0 DEVON LEISMER 10-7-77-8 220689 Flowing Gas DVNN 16-Jan-99 17-Jan-99 Thermal 40 n/a n/a n/a 
McMurray, now 

shut-in n/a No 
Non-Thermal 

Casing 

00/10-07-077-08W4/2 DEVON LEISMER 10-7-77-8 220689 
Suspended 

Gas DVNN 16-Jan-99 17-Jan-99 Thermal 40 n/a n/a n/a Clearwater n/a No 
Non-Thermal 

Casing 

AA/12-07-077-08W4/0 GRIZZLY LEISMER 12-7-77-8 295333 Abandoned DVNN 7-Nov-03 11-Nov-03 Thermal 0 1 n/a Cut & Capped Yes Yes   

AB/12-07-077-08W4/0 GRIZZLY OB12 LEISMER 12-7-77-8 392700 Standing WDBD 15-Feb-08 21-Feb-08 
Thermal 40M thix 

mix n/a n/a n/a Standing Cased n/a No 
Non-Thermal 

Casing 

AA/13-07-077-08W4/0 GRIZZLY LEISMER 13-7-77-8 295729 Abandoned DVNN 18-Nov-03 21-Nov-03 Thermal 0 1.5 n/a Cut & Capped Yes Yes   

AB/13-07-077-08W4/0 GRIZZLY OB10 LEISMER 13-7-77-8 392711 Standing WDBD 27-Feb-08 3-Mar-08 
Thermal 40M thix 

mix n/a n/a n/a Standing Cased n/a No 
Non-Thermal 

Casing 

AC/13-07-077-08W4/0 GRIZZLY OB11 LEISMER 13-7-77-8 392712 Standing WDBD 22-Feb-08 26-Feb-08 
Thermal 40M thix 

mix n/a n/a n/a Standing Cased n/a No 
Non-Thermal 

Casing 

AA/16-07-077-08W4/0 GRIZZLY OV LEISMER 16-7-77-8 452629 Abandoned MCMR 18-Jan-13 24-Jan-13 SteamChem 1800 0 1.5 n/a Cut & Capped Yes Yes   



Grizzly May River SAGD Project  Section 4  
December 2013 4-12 Process Description 

 Grizzly Oil Sands ULC  

UWI Well Name Licence 
Number Status Target 

Formation Spud Date 
Final 
Drill 
Date 

Cement Type Cement 
Tops 

Cement 
Returns 

SCVF/Gas 
Migration 

Status 

Completion Status 
And Details 

Dir 20 
Compliance 

Thermal 
Compatibility Fail Criteria 

AA/01-18-077-08W4/0 GRIZZLY OV LEISMER 1-18-77-8 452653 Abandoned MCMR 14-Jan-13 18-Jan-13 SteamChem 1800 0 1.5 n/a Cut & Capped Yes Yes   

AA/02-18-077-08W4/0 GRIZZLY LEISMER 2-18-77-8 416413 Abandoned WDBD 27-Feb-10 2-Mar-10 Thermal 0 5 n/a Cut & Capped Yes Yes   

00/08-18-077-08W4/0 GRIZZLY OBS LEISMER 8-18-77-8 449938 Standing MCMR 17-Nov-12 21-Nov-12 SteamChem 1800 0 2 n/a 
Downhole 
Abandoned Yes Yes   

00/10-18-077-08W4/0 DEVON LEISMER 10-18-77-8 67303 
Suspended 

Gas MCMR 3-Jan-78 13-Jan-78 Oilwell Neat n/a n/a n/a Clearwater gas well n/a No 
Non-Thermal 
Ccg & Cmt 

AA/11-18-077-08W4/0 GRIZZLY LEISMER 11-18-77-8 416428 Abandoned WDBD 23-Feb-10 26-Feb-10 Thermal 0 0.5 n/a Cut & Capped Yes Yes   

00/14-18-077-08W4/0 GRIZZLY OBS LEISMER 14-18-77-8 449941 Standing MCMR 22-Nov-12 26-Nov-12 SteamChem 1800 n/a n/a n/a Cased no perfs n/a No 
Non-Thermal 

Casing 

AA/15-18-077-08W4/0 GRIZZLY LEISMER 15-18-77-8 363577 Abandoned PLZC 14-Feb-07 17-Feb-07 
Thermal 40M thix 

mix 0 1 n/a Cut & Capped Yes Yes   

AA/02-19-077-08W4/0 GRIZZLY OV LEISMER 2-19-77-8 449939 Abandoned MCMR 6-Mar-13 9-Mar-13 SteamChem 1800 0 1.5 n/a Cut & Capped Yes Yes   

AA/09-01-077-09W4/0 GRIZZLY OV LEISMER 9-1-77-9 451220 Abandoned MCMR 3-Jan-13 6-Jan-13 Steamchem 1800 0 2 n/a Cut & Capped Yes Yes   

AA/16-01-077-09W4/0 GRIZZLY LEISMER 16-1-77-9 388251 Abandoned WDBD 31-Dec-07 3-Jan-08 
Thermal 40 thix 

mix 6 0 

SCVF Test 
1/13/2012 

OK Cut & Capped Yes Yes   

AA/01-12-077-09W4/0 GRIZZLY OV LEISMER 1-12-77-9 452668 Abandoned MCMR 7-Feb-13 10-Feb-13 Steamchem 1800 0 0.8 n/a Cut & Capped Yes Yes   

AA/02-12-077-09W4/0 GRIZZLY LEISMER 2-12-77-9 416462 Abandoned WDBD 19-Feb-10 22-Feb-10 Thermal 0 0.5 n/a Cut & Capped Yes Yes   

AA/07-12-077-09W4/0 GRIZZLY OV LEISMER 7-12-77-9 450771 Abandoned MCMR 3-Feb-13 7-Feb-13 Steamchem 1800 0 1.5 n/a Cut & Capped Yes Yes   

00/08-12-077-09W4/0 GRIZZLY WD3 LEISMER 8-12-77-9 341128 

Abandoned 
Water 

Disposal MCMR 18-Nov-05 24-Nov-05 Thermal 171 n/a 

SCVF Test 
Nov 27 

2010 OK Cut & Capped Yes Yes   

AA/09-12-077-09W4/0 GRIZZLY OB1 LEISMER 9-12-77-9 319495 Observation MCMR 30-Nov-04 4-Dec-04 Thermal 0 No Data n/a 
Instrumentation 
cemented in well n/a Yes   

AB/09-12-077-09W4/0 GRIZZLY OB13 LEISMER 9-12-77-9 392713 Standing WDBD 4-Mar-08 8-Mar-08 
Thermal 40M thix 

mix n/a n/a n/a Standing Cased n/a No 
Non-Thermal 

Casing 

F1/10-12-077-09W4/0 GRIZZLY WS2 LEISMER 10-12-77-9 336593 

Suspended 
Water 
Source TRTR 3-Oct-05 4-Oct-05 0:1:0 Class "G" n/a n/a n/a 

Well did not 
penetrate cap rock n/a n/a   

F2/10-12-077-09W4/0 GRIZZLY WS1 LEISMER 10-12-77-9 336619 Abandoned TRTR 1-Oct-05 3-Oct-05 0:1:0 Class "G" 0 7 n/a 
Well did not 

penetrate cap rock n/a n/a   

F3/10-12-077-09W4/0 GRIZZLY WS3 LEISMER 10-12-77-9 340765 Standing TRTR 28-Oct-05 9-Nov-05 0:1:0 Class "G" n/a n/a n/a 
Well did not 

penetrate cap rock n/a n/a   

00/15-12-077-09W4/0 GRIZZLY LEISMER 15-12-77-9 383836 
Abandoned 

Zone WDBD 2-Nov-07 12-Nov-07 n/a 1020 n/a n/a Granite Wash Test Yes n/a   

00/15-12-077-09W4/2 GRIZZLY LEISMER 15-12-77-9 383836 
Abandoned 

Zone WDBD 2-Nov-07 12-Nov-07 n/a 787 n/a n/a Keg River Test Yes n/a   

00/15-12-077-09W4/3 GRIZZLY LEISMER 15-12-77-9 383836 
Abandoned 

Zone WDBD 2-Nov-07 12-Nov-07 Thermal 250.2 n/a n/a 
McMurray water 

disposal Yes Yes   

00/15-12-077-09W4/4 GRIZZLY LEISMER 15-12-77-9 383836 

Suspended 
Water 

Disposal WDBD 5-Apr-11 8-Apr-11 Thermal n/a n/a n/a 
McMurray water 

disposal n/a Yes   

AA/15-12-077-09W4/0 GRIZZLY OB4 LEISMER 15-12-77-9 319498 Observation MCMR 5-Dec-04 10-Dec-04 Thermal 0 0.75 n/a 
Instrumentation 
cemented in well n/a Yes   

AB/15-12-077-09W4/0 GRIZZLY OB7 LEISMER 15-12-77-9 319501 Observation MCMR 10-Dec-04 14-Dec-04 Thermal No Data No Data n/a 
THAI obs well, no 

perfs n/a No 
Non-Thermal 

Casing 

07/16-12-077-09W4/0 GRIZZLY LEISMER 16-12-77-9 432326 Standing WDBD 22-Mar-11 27-Mar-11 Thermal 390 n/a 

SCVF Test 
3/18/13 

Non-Seroius 
Bridge plug set at 

390m n/a Yes   

AA/16-12-077-09W4/0 GRIZZLY LEISMER 16-12-77-9 295334 Abandoned DVNN 12-Nov-03 17-Nov-03 Thermal 0 0.5 n/a Cut & Capped Yes Yes   

AB/16-12-077-09W4/0 GRIZZLY OB5 LEISMER 16-12-77-9 319499 Observation MCMR 31-Dec-04 3-Jan-05 Thermal 0 No Data n/a 
Instrumentation 
cemented in well n/a Yes   

AC/16-12-077-09W4/0 GRIZZLY OB6 LEISMER 16-12-77-9 319500 Observation MCMR 19-Dec-04 30-Dec-04 Thermal 0 0.5 n/a Instrumentation n/a Yes   



Grizzly May River SAGD Project  Section 4  
December 2013 4-13 Process Description 

 Grizzly Oil Sands ULC  

UWI Well Name Licence 
Number Status Target 

Formation Spud Date 
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Drill 
Date 

Cement Type Cement 
Tops 
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SCVF/Gas 
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And Details 

Dir 20 
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Compatibility Fail Criteria 

cemented in well 

AD/16-12-077-09W4/0 GRIZZLY OB2 LEISMER 16-12-77-9 319496 Observation MCMR 24-Mar-05 26-Mar-05 Thermal 0 0.5 n/a 
Instrumentation 
cemented in well n/a Yes   

AE/16-12-077-09W4/0 GRIZZLY OB3 LEISMER 16-12-77-9 319497 Observation MCMR 15-Dec-04 18-Dec-04 Thermal 0 Yes n/a 
Instrumentation 
cemented in well n/a Yes   

AF/16-12-077-09W4/0 GRIZZLY OB8 LEISMER 16-12-77-9 319502 Observation MCMR 27-Mar-05 30-Mar-05 Thermal 0 Yes n/a 
Instrumentation 
cemented in well n/a Yes   

AG/16-12-077-09W4/0 GRIZZLY OB9 LEISMER 16-12-77-9 319503 Observation MCMR 21-Mar-05 23-Mar-05 Thermal 0 No Data n/a 
Instrumentation 
cemented in well n/a Yes   

AH/16-12-077-09W4/0 GRIZZLY P1 LEISMER 16-12-77-9 325005 
Abandoned 

Zone MCMR 29-Aug-05 20-Sep-05 Thermal 180.3 n/a n/a 
Thermal cement plug 

and bridge plug Yes Yes   

AJ/16-12-077-09W4/0 GRIZZLY P2 LEISMER 16-12-77-9 325007 
Suspended 
Heavy Oil MCMR 22-Sep-05 10-Oct-05 Thermal n/a n/a n/a 

THAI production 
well n/a Yes   

AK/16-12-077-09W4/0 GRIZZLY P3 LEISMER 16-12-77-9 325012 
Suspended 
Heavy Oil MCMR 12-Oct-05 29-Oct-05 Thermal n/a n/a n/a 

THAI production 
well n/a Yes   

AN/16-12-077-09W4/0 GRIZZLY TOB1 LEISMER 16-12-77-9 334850 Observation MCMR 20-Oct-05 25-Oct-05 Thermal n/a n/a n/a 
Instrumentation 
cemented in well n/a Yes   

AP/16-12-077-09W4/0 GRIZZLY A2 LEISMER 16-12-77-9 334987 
Suspended 
Air Injector MCMR 13-Oct-05 20-Oct-05 Thermal n/a n/a n/a 

Packer/plug set at 
334m n/a Yes   

AQ/16-12-077-09W4/0 GRIZZLY A3 LEISMER 16-12-77-9 334989 
Abandoned 
Downhole MCMR 31-Oct-05 4-Nov-06 Thermal 23 0 n/a Cemented to 23m Yes Yes   

AR/16-12-077-09W4/0 GRIZZLY A1 LEISMER 16-12-77-9 335001 
Suspended 
Air Injector MCMR 5-Oct-05 12-Oct-05 Thermal 340 n/a n/a 

Bridge plug set at 
340m Yes Yes   

AT/16-12-077-09W4/0 GRIZZLY TOB2 LEISMER 16-12-77-9 335100 Observation MCMR 26-Oct-05 31-Oct-05 Thermal n/a n/a n/a 
Instrumentation 
cemented in well n/a Yes   

AU/16-12-077-09W4/0 GRIZZLY POB1 LEISMER 16-12-77-9 339357 Observation WBSK 6-Nov-05 9-Nov-05 Thermal n/a n/a n/a 

Wabiska & 
Clearwater 

Perforations n/a No 
Non-Thermal 

Casing 

AV/16-12-077-09W4/0 GRIZZLY P3-B LEISMER 16-12-77-9 396193 
Abandoned 
Downhole MCMR 21-May-08 5-Jun-08 Thermal 14.9m n/a n/a Cemented to surface Yes Yes   

AW/16-12-077-09W4/0 GRIZZLY P1-B LEISMER 16-12-77-9 410828 
Suspended 
Heavy Oil MCMR 5-Jul-09 17-Jul-09 Thermal n/a n/a n/a 

Suspended THAI 
production well n/a Yes   

AX/16-12-077-09W4/0 GRIZZLY P2-B LEISMER 16-12-77-9 411485 

Abandoned 
& 

Whipstocked MCMR 24-Jul-09 1-Oct-09 Class G n/a n/a n/a 
Abandoned 

Horizontal Lateral Yes Yes   

AX/16-12-077-09W4/2 GRIZZLY P2-B LEISMER 16-12-77-9 411485 

Abandoned 
& 

Whipstocked MCMR 24-Jul-09 1-Oct-09 Class G n/a n/a n/a 
Abandoned 

Horizontal Lateral Yes Yes   

AX/16-12-077-09W4/3 GRIZZLY P2-B LEISMER 16-12-77-9 411485 
Abandoned 
Heavy Oil MCMR 24-Jul-09 1-Oct-09 Thermal 356.3 n/a 

SCVF Test 
2/19/2011 

OK Cut & Capped Yes Yes   
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Project: Technical: Reviewer: Drawn:
November 2013 N. Huq J. Kern16351-SAGDL-13 B. Fuchs

May River SAGD Project

Disclaimer: Prepared solely for the use of Grizzly Oil Sands as specified in the accompanying report. No 
representation of any kind is made to the other parties with which Grizzly Oil Sands has not entered into 
contract. 4.1-1

Typical Well Pad Plot Plan

NOTES:
1. ALL COORDINATES ARE IN METERS WITH RESPECT TO PLANT COORDINATES

UNLESS NOTED OTHERWISE.

2. PAD DATUM N. 3000.000m, E. 3000.000m = UTM COORDINATE N. HOLDm, E.

HOLDm NAD83 UTM ZONE 12N.

EQUIPMENT NO.

INJECTION WELLHEAD091-IW-01

EQUIPMENT DESCRIPTION

INJECTION WELLHEAD091-IW-02

INJECTION WELLHEAD091-IW-03

INJECTION WELLHEAD091-IW-04

INJECTION WELLHEAD091-IW-05

INJECTION WELLHEAD091-IW-06

INJECTION WELLHEAD091-IW-07

INJECTION WELLHEAD091-IW-08

INJECTION WELLHEAD091-IW-09

PRODUCTION WELLHEAD091-PW-01

PRODUCTION WELLHEAD091-PW-02

PRODUCTION WELLHEAD091-PW-03

PRODUCTION WELLHEAD091-PW-04

PRODUCTION WELLHEAD091-PW-05

PRODUCTION WELLHEAD091-PW-06

PRODUCTION WELLHEAD091-PW-07

PRODUCTION WELLHEAD091-PW-08

PRODUCTION WELLHEAD091-PW-09

POP TANK091-T-01

SEPARATOR PACKAGE (091-V-01/02)091-X-01

BLOWCASE090-V-01

CHEMICAL INJECTION PACKAGE091-X-02

MCC BUILDING091-BLG-003

500 kVA TRANSFORMER091-TR-04

225 kVA TRANSFORMER091-TR-06

0 201 5 10 30 40 50 60 70 80m

P
L
A

N
T



Disclaimer: Prepared solely for the use of Grizzly Oil Sands as 
specified in the accompanying report. No representation 
of any kind is made to the other parties with which Grizzly 
Oil Sands has not entered into contract. 

Figure

Date: Project:

Technical: Reviewer: Drawn:

November 2013

N. Huq J. Kern

16351-SAGDL-13

B. Fuchs

May River SAGD Project

Typical Injection and 
Production Well Schematic

4.1-2

InjectorProducer

Horizontal Hole: 270.0mm  
Slo�ed Liner: 219.1mm 

Surface Hole: 508.0mm 
Surface Casing: 406.4 mm, set at ~110m  

Short tubing: 219.1mm tubing to 15 m above liner top 

Long Tubing: 114.3mm tubing to 10 m from toe
 

 

Liner top landed 25m 
above intermediate shoe 

Surface Hole: 444.5mm 
Surface Casing: 339.7mm, 
set at ~110m 

Intermediate Hole: 311.0mm 
Intermediate Casing: 
244.5mm Thermal Casing 

Li� Gas String: 
25.4mm gas li� string to heel in 
long tubing 

Intermediate Hole: 375.0mm 
Intermediate Casing: 298.5 mm Thermal Casing 

Instrumenta�on String:  CT Instrumenta�on string to 10 m from tubing toe
 

6 Thermocouples 

Horizontal Hole: 222.0mm  
Slo�ed Liner: 177.8mm

 

 

Liner top landed 25m 
above intermediate shoe 

Long Tubing: 101.6mm to 10 m 
above liner hanger, then 88.9mm 
tubing to 10 m from toe  

 

Short tubing: 101.6mm tubing to 
15 m above liner top 

 

Instrumenta�on String:  
CT instrumenta�on string to 10 m from 
tubing toe complete with instrumenta�on 
string inside coil with gas li� ports at heel
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WS2 Water Source Well Schematic

4.1-3

* m asl = metres above sea level

** m bgl = metres below ground level

KB Elevation: 616.22 m asl *
Top of Casing - 612.92 m asl

Ground Elev: 612.47 m asl

36.41 bgl ** static water level on 18 Oct 2005

311.0mm borehole

Class G cement, 0:1:0 + 3% CaCl2

219.1mm OD steel surface casing, J-55, STC, 35.7kg/m

156.0 m bgl K packer

160.29 m bgl 219.1mm float shoe

162.8 m bgl 177.8mm OD steel riser pipe, A53B, IJ, 25.3kg/m

natural formation material for sand pack

174.3 m bgl

4.6 m of 152mm OD, 15-slot, stainless steel water well screen

178.9 m bgl bottom plug, 88.9mm

114mm borehole infilled with clay cuttings

Bedrock surface @ 181.5 m bgl

183.5 m bgl
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Typical Observation Well Schematic

4.1-4

Surface

Casing and Cement:

Surface Casing: 177.8 mm casing set at ~ 110 mKB

Surface Cement:  Thermal cement to surface

Production Casing: 114.3 mm from FTD to surface

Grand Rapids Production Cement:  Thermal cement to surface

Upper
Clearwater Shale Instrumentation: 

Middle Pressure sensors in McMurray A and McMurray B

Clearwater Sand Multi-Point Thermocouples are set from Clearwater to

Base of McMurray

Lower 
Clearwater Shale

Note: Instrumentation is set outside of casing and cemented

in place.

Wab C
= Thermocouple

= Piezometer

McMurray A

McMurray C

Lower McMurray

Devonian

FTD
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Thermally Compatible Wells 
in the Project Area

4.1-5

0 1000 2000m
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4.2 CENTRAL PROCESSING FACILITY (CPF) 

This section describes the scope of the CPF for the Project. Grizzly plans to use proven technologies 
for bitumen/water separation, produced water treatment/reuse and steam generation. 

The CPF will consist of two identical steam generation and bitumen production trains. The facilities 
will be designed so that each train will be able to share steam and production fluids to maximize 
production and efficiency over the Project life. 

Produced gas from the group separator at the well pad is used as fuel for the boiler for steam 
generation. Production (bitumen/produced water mixture) from the group separator is cooled and 
mixed with a diluent. Diluent reduces the viscosity of the bitumen prior to entering the inlet cooling 
and separation system. This system consists of inlet coolers, a desand vessel, a free water knock out 
(FWKO) and a treater. After the treater, the product stream, known as dilbit or sales oil, is stored in 
the dilbit storage tanks for shipment. 

At the CPF, produced water (PW) separated from the bitumen is treated and reused as boiler feedwater 
(BFW) for the steam boiler. PW and any required makeup water is cooled and sent to the induced gas 
floatation (IGF) and filter units for oil removal. After oil removal, the PW flows to an evaporator 
where BFW quality water is produced by evaporation of PW with subsequent concentration of 
impurities in the evaporator blowdown stream. 

4.2.1 Central Processing Facility Layout 

The CPF will be located in NE 12-77-09 W4M (Figure 1.1-2) on an existing disposition 
(MSL 043171) that was acquired with the Whitesands Project leases. The total footprint area of 
MSL 043171 is 58.4 ha, of which 23.7 ha is existing disturbance (including the Whitesands Project 
plant site). The Project CPF will occupy 21.2 ha within the existing MSL, of which 9.2 ha is existing 
disturbance. Therefore, the Project CPF will require 12.0 ha of new disturbance. 

The site was selected based on three main criteria: 

• Existing disturbance within MSL 043171; 
• Proximity to initial 2 well pad locations; and 
• High ground. 

The Project will utilize existing access roads to the CPF. 

The plot plan for the CPF is presented on Figure 4.2-1. Locations are indicated for items such as 
buildings and storage tanks, as well as emission sources such as the boiler and flare stacks. An overall 
plot plan with the existing plant facilities on MSL 043171 for the Whitesands Project is presented on 
Figure 4.2-2. 
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4.2.2 Inlet Separation and Cooling 

4.2.2.3 Cooling 

Production fluids enter the CPF at approximately 154ºC and 450 kPag. The produced gas flows from 
the group separator to the CPF through a system of pipelines and is then recovered and used as a fuel 
source to supplement purchased fuel gas for the boiler and power generation. The produced liquids are 
cross exchanged with BFW in the inlet coolers for heat integration. 

4.2.2.4 Diluent Addition 

Once the produced liquids are cooled, a hydrocarbon diluent is added, creating dilbit. The addition of 
diluent enhances the separation of bitumen from water. The diluent will be supplied from the diluent 
storage tank which is in turn supplied by tanker truck. Grizzly is currently working to secure a source 
of diluent. Potential diluent sources include naphtha from the Fort McMurray area or condensate from 
a variety of source locations including Edmonton. 

4.2.2.5 Desand Vessel 

After the diluent is added, the dilbit flows to the desand vessel. Dilbit contains a small amount of 
sediment (reservoir solids), most of which drop out and accumulate in the desand vessel. Sediments 
recovered from the desand vessel are trucked offsite to a licensed disposal facility. Gases releases in 
the desand vessel flow to the produced gas recovery system for further processing. 

4.2.2.6 Free Water Knock Out (FWKO) and Treater  

Dilbit flows from the desand vessel to the FWKO and then the treater. The FWKO removes the bulk 
of the water from the dilbit. The dilbit then flows into the treater where the dilbit is further processed 
so that it has less than 0.5 vol% sediment and water (BS&W) content. The dilbit is drawn from the 
upper portion of the treater section. From the treater, the treated dilbit flows through heat exchangers 
to the dilbit storage tanks. 

Grizzly is designing the facilities to enable dilbit delivery to market by either trucking and/or pipeline. 
The dilbit storage tanks are equipped with a bottom recycle draw to prevent a build-up of solids and 
water in the bottom of the tanks. Periodically, accumulated solids and water are recycled back to the 
inlet of the desand vessel. 

Produced water recovered from the FWKO and treater is reduced in pressure and then sent to the 
produced water deoiling system for purification. Gases released in these vessels flow to the produced 
gas recovery system for further processing. 

4.2.2.7 Emulsion Chemical Treatment 

To help separate bitumen and water, demulsifier and reverse demulsifier chemicals may be added at 
two locations within the inlet cooling and separation system as required to meet product 
specifications. A list of the chemical storage tanks used in the CPF is provided in Table 4.2-1. 
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4.2.3 Produced Water Deoiling System 

Produced water consisting of formation water and steam condensate is separated in the inlet cooling 
and separation system previously described. Produced water is then cooled and directed to an IGF unit 
that removes the majority of the insoluble oil and suspended solids from the water. An oil removal 
filter system is installed after the IGF system to capture the remainder of the insoluble oil prior to the 
produced water treatment system. A froth of oil and sediment is removed and sent to the surge tank or 
the slop tank for further treatment. 

4.2.4 Slop Handling System 

The purpose of the slop system is to act as a collection system for a variety of streams. 
Off-specification produced water can be directed to a tank to provide surge capacity to the produced 
water deoiling system. Material which operations may wish to dispose of offsite (e.g., rag layer) can 
also be directed to the slop handling system. Depending on quality, the water can be pumped to the 
IGF or recycled back to the inlet cooling and separation system for further treatment. 

4.2.5 Produced Water Treatment System and Boiler Feedwater 

Deoiled water is mixed with make-up water and treated to make BFW for the steam boiler. The water 
treatment system consists of caustic injection to control pH and evaporators that treat the water 
through an evaporation process. The water treatment system removes dissolved and suspended solids, 
soluble and insoluble organics/oils, and hardness from the deoiled water. Scale inhibitor and antifoam 
chemicals are added to the water to ensure appropriate water properties. 

The process is designed for 2.5% evaporator blowdown to create BFW at a quality of < 5 mg/L total 
non-volatile dissolved solids. 

4.2.5.1 Evaporator Waste Brine Removal 

Through the water treatment process, salts are concentrated into a brine. These salts, if not removed, 
will result in the equipment fouling which will in turn cause operational problems. Evaporator 
blowdown is estimated at approximately 2.5%. The waste brine is sent to a collection tank, then 
trucked offsite to a licensed disposal facility. 

4.2.6 Steam Generation System 

Steam generated in the CPF is delivered to the well pads through an aboveground steam distribution 
pipeline to each steam injector wellhead at a pressure of no greater than 4,100 kPag. It will be flow 
controlled to the wells with an overriding downstream or bottom hole pressure controller to ensure 
that the maximum allowable injection pressure is not exceeded. 

The BFW quality will be consistent with that required for steam generation using drum type boilers. 
Drum type boilers can produce higher quality steam which results in reduced boiler blowdown 
volumes. Stack dimensions for all emission sources are shown in Table 1 of Appendix G. 

BFW is pumped and then cross exchanged with hot process streams for heat integration. The BFW 
then flows into the steam boiler system. Chemicals such as dispersant, oxygen scavenger and 
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neutralizing amine are added to the BFW before entering the boiler to reduce scaling and corrosion. 
The boiler is designed for 87 MW (per boiler) operating output duty and will produce superheated 
steam. Boiler blowdown (estimated at 2.5%) is flashed to near atmospheric pressure and the remaining 
water recycled to the IGF. 

4.2.7 Fuel Gas and Produced Gas Recovery System 

Dry natural gas supplied by a third party will be the primary fuel source for the Project. At this time, 
Grizzly is not considering any alternative fuel sources. 

Produced gas is recovered in its entirety and used to supplement purchased fuel gas. The produced gas 
will be recovered through a vapour recovery system and directed to the fuel gas system and used as 
fuel for the boiler equipment. 

The largest gas volume consumed at the facility will be for fuelling the boiler and electric power 
generators. Purchased fuel gas will also be used as purge and pilot gas for the flare, as tank and vessel 
blanket gas, and for building heat in non-process buildings. 

All vents including those from tanks, trucks and the evaporator, will be directed to the fuel gas and 
produced gas recovery system where liquids will be condensed and returned to the process and gases 
will be routed to the fuel gas system. 

Grizzly has designed the plant to ensure that no venting or flaring will occur at the facility during 
normal operations. 

4.2.8 Gas Flaring System 

A high pressure flare system will be utilized at the CPF to protect containment systems in the event of 
over-pressurization or depressurization events. Over-pressurization or depressurization events are 
expected to be infrequent. However, a small flow of natural gas to both the flare pilot as well as flare 
header piping (as purge gas) is required to ensure ignition and safe combustion of vapours during an 
emergency release. 

Included in the flare system for the CPF are a piping header system, a flare knock out drum, and a 
flare stack. Any liquids that drop out in the flare knockout drum are pumped to the slop tank. Truck 
loading has a dedicated flare stack for incineration of truck vapors when loading dilbit and brine. 

No flaring will occur during normal plant operations. During plant upset (boiler outage), produced 
gases will be directed to flare from downstream of the mixed gas drum. 

Volumes will be measured using an ultrasonic meter or equivalent located downstream of the flare 
drum. Produced gas samples collected during normal operations will be analyzed for composition and 
flaring event compositions will be estimated using these produced gas analyses. 

Minimal flaring is expected to occur during shut-down of the Project CPF. Shut-down philosophy will 
be to block in and hold inventory, when possible, without the need to depressurize inventory or vent to 
flare during a shut-in event. 
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Minimal flaring or venting may occur during start-up of the Project CPF. When produced gas 
collection and venting systems are operational, produced gases will be burned in the steam boiler via 
the mixed gas system. 

4.2.9 Cooling and Heating Systems 

A closed loop ethylene glycol/water system is included at the CPF for cooling and to recover and 
utilize low grade heat which would otherwise be lost to atmosphere. Low grade heat recovered in the 
glycol system is used to heat various process streams such as boiler combustion air, purchased fuel gas 
and building heaters. Any surplus heat will be released to atmosphere via the glycol air cooler. 

4.2.10 Aboveground Interconnecting Piping System 

The CPF will be set up with the ability for each train to share steam generation and water handling 
capabilities. This will allow a degree of steam debottlenecking in the case where one train may be in 
an atypically high or low utilization period. 

Aboveground pipelines connect the CPF to the well pad facilities. The pipelines between the CPF and 
well pads will contain: 

• produced liquids from the group separator to the CPF; 
• produced gas from the group and test separators to the CPF; 
• steam from the CPF to the steam injection wells at the well pads; 
• fuel gas from the CPF to the well pads; and 
• Instrument air from the CPF to the well pads. 

4.2.10.1 Production Gathering System 

See Section 4.1.1.4 for details on production gathering and flow to the CPF. 

4.2.10.2 Vapour Gathering System 

Produced gas (reservoir, lift and blanket gas) from the well pad separators will be routed into a gas 
gathering line and directed to the CPF. 

4.2.10.3 Steam Distribution System 

Steam flows from the CPF to the well pads through aboveground steam distribution pipelines and is 
distributed to each well pair through a piping manifold. Steam will be flow controlled to the 
appropriate production well (during warm up phase) or to injector heel/toe (during steady state 
production phase). Overriding pressure control will be used to maintain injection pressures below the 
MOP. 

4.2.10.4 Gas Distribution 

An aboveground pipeline will be installed to provide fuel gas to each of the well pads. This fuel gas 
will be used to provide lift and blanket gas for the well production during start-up and normal 
operation. 



Grizzly May River SAGD Project  Section 4  
December 2013 4-24 Process Description 

 Grizzly Oil Sands ULC  

4.2.11 Storage Tanks 

The storage tanks located at the CPF are listed in Table 4.2-1. Storage tanks containing hydrocarbons, 
chemicals, produced water and treated water containing chemicals will have secondary containment. 

Table 4.2-1 Storage Tanks at the CPF 

Name Product Number Roof Type 
Fugitive 

Emissions 
Control 

Volume 
(m3) 

Produced Water Tank  Produced Water 2 Fixed Vapour Recovery 470 
Caustic Storage Tank  Caustic 2 Fixed None 25 
Antifoam Tank  Antifoam Chemical 2 Fixed None 1 
Scale Inhibitor Tank  Scale Inhibitor Chemical  2 Fixed None 1 
BFW Tank  Treated Water 2 Fixed Vapour Recovery 470 
Surge Tank Off Spec Produced Water 2 Fixed Vapour Recovery 470 
Slop Tank  Oily Water 2 Fixed Vapour Recovery 470 
Dilbit Storage Tank  Diluted Bitumen 6 Fixed Vapour Recovery 470 
Diluent Storage Tank Diluent 2 Fixed Vapour Recovery 470 
Dispersant Skid  Dispersant Chemical 2 Fixed None 1 

Oxygen Scavenger Skid Oxygen Scavenger 
Chemical 2 Fixed None 1 

Polymer Skid  Polymer Chemical 2 Fixed None 1 

Neutralizing Amine Skid Neutralizing Amine 
Chemical 2 Fixed None 1 

Demulsifier Skid Demulsifier Chemical 2 Fixed None 1 
Reverse Demulsifier 
Skid 

Reverse Demulsifier 
Chemical 2 Fixed None 1 

Disposal Water Tank  Waste Water/Brine 2 Fixed None 160 
Makeup Water Tank Makeup water 2 Fixed Vapour Recovery 470 

4.2.12 Utilities 

Grizzly will use third party suppliers for natural gas and diluent. Natural gas will be transported to site 
by the existing pipeline that currently connects to the Whitesands Project. Electricity will be generated 
onsite using two gas turbines with cogeneration. Export of power is not being considered at this time. 
The existing access road to the CPF and the proposed in-field roads from the CPF to the well pads are 
shown on Figure 1.1-2. 

4.2.12.1 Electrical Power 

The Project design includes the capacity to produce 18 MW of electric power. Power will be 
generated onsite with two natural gas-driven generator sets at 4,160 V and let down to 600 V via a 
plant transformer. Each generator set will need a single bus electrical distribution system, complete 
with an uninterrupted power system. 

Motor loads are the main power consumers. The largest power demand will be the evaporators, with 
an estimated total operating load of 8 MW. Motor loads of 186 kW and less are expected to be 600 
VAC, 60 cycle and 3 phase. Those larger than 186 kW are expected to be 4,160 VAC, 60 cycle and 3 
phase. Smaller loads such as lighting loads and electric heat tracing will be supplied with 120/220 V 
single phase power. 
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Power distribution to the well pads will be via aboveground power line run on power poles. 
A transformer at the well pad will lower the voltage to 600 V. The stack gas from the natural gas 
driven generator sets will be combined and routed to a heat recovery steam generation (HRSG) unit. 

4.2.12.2 Emergency Power 

Automatic load shedding protocol will be implemented in the event of loss of one or more generators. 
The emergency loads will be the last to be shed and the first to be energized. 

There will be a uninterruptable power supply (UPS) system to provide 30 minutes emergency backup 
power to the DCS and other critical control systems. 

4.2.12.3 Sanitary and Potable Water System 

The administration and control room offices at the CPF require potable water and sanitary (showers, 
toilets etc.) water supply. Details of the sanitary and potable water supply is provided in Section 4.4.4. 

4.2.12.4 Utility Steam 

Utility steam is produced by de-superheating high pressure (HP) steam. At the boiler outlet, HP steam 
pressure is reduced before distribution to the utility steam users. Utility steam is used as start-up steam 
for the evaporators and for start-up heat for the glycol heat medium system. All other utility steam 
(glycol heating and evaporator start-up) is returned to the boiler water system as steam condensate. 
Any utility steam usage will be reported through the protocol outlined in AER Directive 042 - 
Measurement, Accounting, and Reporting Plan (MARP) Requirement for Thermal Bitumen Schemes. 

4.2.12.5 Utility Water 

Utility water will be provided from the make-up water system. Utility water is used for area cleaning 
but consumption will be minimized. It is expected that this water will be recovered via the drainage 
sump. 

4.2.12.6 Sanitary Sewer System 

The purpose of the sanitary sewer system is to collect all sanitary discharges from building areas and 
to route it into a sanitary sewer collection sump. The system will meet all provincial and local codes. 

4.2.12.7 Drainage Sump 

The purpose of the drainage sump is to act as a collection header for all drains throughout the site for 
treatment in the slops handling system. All buildings will be equipped with floor drains. 

4.2.12.8 Instrument Air System 

Dry instrument and utility air will be supplied via a conventional instrument air compressor package, 
providing compressed air at approximately 800 kPag with a dew point of -50°C. 
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4.2.12.9 Fire and Gas Detection 

Each process building will be equipped with Lower Explosive Limit and/or H2S detection heads. 
In those areas where there is potential for fire, fire detection heads will also be installed. Alarm signals 
will be transmitted to the control room. 

4.2.12.10 Service Factor 

The expected service factor of the CPF is 0.93, based on 26 days of annual downtime, planned and 
unplanned. 

Grizzly anticipates an annual 14 day planned facility maintenance period, as well as 12 days of 
unplanned downtime. 

This factor is applied in the heat and material balance calculations to take the flow rates from stream 
day to calendar day rates. 

4.2.13 Material and Energy Balance 

The material and energy balances are the expected flow at steady state operations when both Train 1 
and 2 are online. Water losses, makeup water and disposal volumes will change depending on the 
point in the life cycle of the reservoir. 

The overall block flow diagram and material balance for the full CPF (Train 1 and 2 combined) are 
presented on Figure 4.2-3. Process flow diagrams have been generated for the development and are 
available in Appendix F (Sheets 1 to 50). The block flow energy balance for the CPF is shown on 
Figure 4.2-4. 

4.2.13.1 Material Balance 

Water 

A listing of the water sources and users for the facility is provided in Table 4.2-2, which assumes an 
average reservoir loss of 7% over the life of the Project. Water losses to the reservoir are expected to 
be higher during the initial warm up. As the wells mature, reservoir losses are expected to decline 
below 7%. 
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Table 4.2-2 May River Calendar Day Typical Water Source and Users Listing 

Description 
Assume average of 7% 
water loss to reservoir 

(m3/d) 
Reservoir  

Steam to wells 5,469 
Water losses to SAGD reservoir 383 

Produced water from wells 5,086 
Production Treating  

Produced water from field 5,086 
Water in sales dilbit  11 

Deoiled water to evaporators 5,075 
Water Treating  

De-oiled water to evaporators 5,075 
Fresh make up water 648 

Boiler blowdown 116 
Brine from evaporator to disposal 254 

Treated water to steam boilers 5,585 
Steam Generation  

Treated water from evaporators 5,585 
Blowdown 116 

Steam generated 5,469 
  
Water Makeup Requirements  

Water losses to SAGD reservoir 383 
Water in sales dilbit 11 

Brine from evaporator to disposal 254 
Non-saline make up water 648 

Non-process water requirements 102 
Steady state make up water required 750 

Table 4.2-3 and Figure 4.2-3 show the material balance at steady state. 

Total make-up water requirement for the process trains is 1,195 m3/d or 436,200 m3/year in the first 
1 to 2 years. An additional 12,000 m3/year will be required for camp operations and dust control. 
Therefore, the total fresh water requirement in the first 1 to 2 years is 1,228 m3/d or 448,200 m3/year. 

Once the process and production have stabilized, make-up water requirements for the process will be 
648 m3/d or 236,500 m3/year. An additional 37,000 m3/year will be required for drilling and 
completion of future SAGD wells, camp operations, and dust control. Total fresh water requirements 
will then be 750 m3/d or 237,500 m3/year. Note that the water forecast and modeling assumes SAGD 
well pads are drilled every year after the second year of operation, though it is expected they will be 
drilled every 2 to 3 years to maintain production. 

Source of water and requirements are discussed in Sections 4.4.1 and 4.4.2. 



Grizzly May River SAGD Project  Section 4  
December 2013 4-28 Process Description 

 Grizzly Oil Sands ULC  

Table 4.2-3 Combined Annualized Daily Water Balance 

All volumes in m3/d 
Year Produced 

Bitumen 
Steam 

Injection 
Produced 

Water 
Water 

Disposal 
Process 
Fresh 
Water 

Make-up 

Non-Process 
Fresh 
Water 

Total Fresh 
Water 

Requirement 

2016* 0 3402 2892 318 828 33 861 
2017 1,121 4,881 4,149 456 1,195 33 1,228 
2018 1,908 5,469 4,867 243 856 33 889 
2019 1,908 5,469 5,086 254 648 102 750 
2020 1,908 5,469 5,086 254 648 102 750 
2021 1,908 5,469 5,086 254 648 102 750 
2022 1,908 5,469 5,086 254 648 102 750 
2023 1,908 5,469 5,086 254 648 102 750 
2024 1,908 5,469 5,086 254 648 102 750 
2025 1,908 5,469 5,086 254 648 102 750 
2026 1,908 5,469 5,086 254 648 102 750 
2027 1,908 5,469 5,086 254 648 102 750 
2028 1,908 5,469 5,086 254 648 102 750 
2029 1,908 5,469 5,086 254 648 102 750 
2030 1,908 5,469 5,086 254 648 102 750 
2031 1,908 5,469 5,086 254 648 102 750 
2032 1,908 5,469 5,086 254 648 102 750 
2033 1,908 5,469 5,086 254 648 102 750 
2034 1,908 5,469 5,086 254 648 102 750 
2035 1,908 5,469 5,086 254 648 102 750 
2036 1,908 5,469 5,086 254 648 102 750 
2037 1,908 5,469 5,086 254 648 102 750 
2038 1,908 5,469 5,086 254 648 102 750 
2039 1,908 5,469 5,086 254 648 102 750 
2040 1,908 5,469 5,086 254 648 102 750 
2041 1,908 5,469 5,086 254 648 102 750 
2042 1,908 5,469 5,086 254 648 102 750 
2043 1,908 5,469 5,086 254 648 102 750 
2044 1,908 5,469 5,086 254 648 102 750 
2045 1,908 5,469 5,086 254 648 33 681 
2046 1,908 5,087 4,731 251 648 33 651 
2047 1,510 3,975 3,696 209 496 33 529 
2048 1,033 2,862 2,661 168 374 33 407 
2049 795 2,385 2,266 164 287 33 320 
2050 447 1,431 1.374 133 193 33 226 
2051 318 954 925 130 160 33 193 
2052 238 715 701 130 151 33 184 
2053 159 318 312 111 118 33 151 

 *Average volumes for only the last 45 days of 2016 

Hydrocarbon Liquids 

A total production of up to 1,908 m3/d (12,000 bpd) of bitumen will be received from the well pads at 
the inlet of the CPF. The bitumen will be blended with diluent in order to meet the dilbit specification 
of 0.5% BS&W and to lower the viscosity to meet sales specifications. An estimated total flow of 
2,379 m3/d (14,963 bpd) of dilbit will leave the CPF as sales product. The vapours from the process 
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are cooled, and condensed hydrocarbons and water are separated and recycled to the inlet of the 
FWKO. The separated vapours are sent to the fuel gas system and burned in the boilers. 

Sulphur Balance 

The sulphur balance is shown in Table 4.2-4. 

Table 4.2-4 Sulphur Balance 

Stream May River Units 
Sulphur In 

H2S In Bitumen Feed 0 kg/h 
H2S in produced gas 21.9 kg/h 
Standard density of H2S 1.45 kg/m3 
H2S in produced gas 362.5 m3/d 
H2S in produced water 0 m3/d 
diluent 0 m3/d 
Total H2S In 362.5 m3/d 
Total Sulphur In 0.49 t/d 

Sulphur Out 
H2S to Flare 0 m3/d 
H2S to Boiler 21.9 kg/h 
Standard density of H2S 1.45 kg/m3 
H2S to Boiler 362.5 m3/d 
H2S from fuel gas system 0 m3/d 
Sulphur remaining in product 0 m3/d 
Sulphur in produced water sent to disposal 0 m3/d 
Total H2S Out 362.5 m3/d 
Total Sulphur Out 0.49 t/d 

In the event that the actual sulphur production volumes are higher than expected, Grizzly will conform 
to all guidelines as described in Interim Directive 2001-003. Contingencies such as modification of 
downhole well operations and production management will be implemented to ensure that daily or 
quarterly limits are not exceeded. 

4.2.13.2 Energy Balance 

An energy block diagram is provided on Figure 4.2-4 and includes purchased fuel gas, produced gas, 
and bitumen energy streams. 

Fuel Gas 

Fuel gas users include an HP steam boiler, power generation, storage tanks (blanket gas) and some 
buildings (utility gas for heat). Most of the fuel gas will be supplied from a common third party 
pipeline system while a small portion will be provided from produced gas recovery. 

Produced Gas 

Small amounts of produced gas are evolved from the bitumen due to the high temperatures and steam 
stripping action in the reservoir. Along with these gases a large volume of steam is produced due to 
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the high vapour pressure of the hot water component. An estimated GOR of 4 (Sm3
gas/Sm3

bitumen) is 
used in the material balance. 

The gas is cooled to condense the water vapour present and is then mixed with the purchased fuel gas 
to be burned in the boiler. 

Electricity 

The largest electrical power demands in the CPF are the mechanical vapour (steam) compressors, the 
circulating pumps associated with the water treatment system and the boiler feed water pumps 
(Sections 4.2.5 and 4.2.6). Table 4.2-5 provides a comparison of the energy input to energy produced 
on a calendar day basis. 

Table 4.2-5 Energy Produced to Energy Input Ratio (Calendar day basis) 

Stream Value Units 

Bitumen from Wells 1,908 m3/d 

Bitumen LHV 42,756 MJ/m3 

Bitumen from Wells 81 TJ/d 

Produced Gas from Wells 7,600 Sm3/d 

Produced Gas LHV 11 MJ/m3 

Produced Gas 00.08 TJ/d 

Natural Gas From Pipeline 590,000 Sm3/d 

Natural Gas LHV 33.69 MJ/m3 

Natural Gas 19.9 TJ/d 

Diluent Feed 498 Sm3/d 

Diluent LHV 32,151 MJ/m3 

Diluent Feed 16 TJ/d 

Total Energy In 117.0 TJ/d 

Stream   Units 

Dilbit 2,379 Sm3/d 

Dilbit LHV 42,006 MJ/m3 

Dilbit Energy Out 99.9 TJ/d 

Energy Efficiency 

85.3% 
LHV Lower Heating Value 

4.2.13.3 Measurement, Accounting, and Reporting Plan (MARP) 

A specific MARP will be developed in the detailed design phase of the Project. At this stage, a 
conceptual plan has been developed. 
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Grizzly plans to submit a MARP in accordance with the requirements of AER Directive 042. 
The MARP submission will include all required information including, but not limited to: 

• general scheme information including process description; 
• process and measurement diagram which will be a simplified process flow or block diagram 

indicating facilities, wells, receipt and disposition points, flow lines, tanks, ponds, vessels, 
measurement devices and sample points, and facility boundaries; 

• description of proposed operating procedures for calibration and proving, gauging and 
trucking; 

• proration testing and load fluid recovery, as well as a list of wells using casing or produced 
gas for lease fuel (if applicable); 

• accounting calculations and reporting which will include an estimated production worksheet; 
and 

• accounting formulae, and outline of methods used to calculate, estimate, or otherwise 
determine key process stream volumes. 

The Project will operate as a bitumen proration battery. For registry purposes, it will consist of SAGD 
injection and production wells, a Crude Bitumen Multi-Well Proration Battery (bitumen/water/gas 
separation and cleaning) and an In situ Oil Sands Injection Facility (water treating, steam generation, 
makeup water wells, and water disposal). Diluent will be trucked into the batteries for blending and 
dilbit will be transported to sales by truck and/or pipeline. Make up water will be pipelined from one 
or more water source wells and all disposal water will be trucked off lease to third party disposal. 

The initial two SAGD well pads will each be drilled with nine SAGD well pairs and will be equipped 
with a group and test separator for liquid/vapour separation. The test separator will be equipped with a 
vapour meter, a liquid mass flow meter and an in-line water cut analyzer. Periodic manual liquid 
sampling will be used to verify the water cut analyzer. Well tests will determine the bitumen and 
water production from each well. Total produced water will be the sum of the water in the liquid and 
vapour streams. Testing requirements will be conform according to AER regulations in Directive 17. 

Daily estimated produced volumes of bitumen and water will be based on well tests. Actual bitumen 
production will be calculated by subtracting the volume of diluent received by the battery from the 
total volume of dilbit sold, adjusting for blending shrinkage, diluent losses to the fuel system, and 
inventory changes. Actual battery bitumen production will be prorated back to the wells. 

Actual water production will be metered as it crosses from the proration battery to the injection 
facility. 

Two meters will be installed to provide primary and secondary measurement. Adjustments will be 
made for any make up water entering the battery, inventory changes, and for boiler blowdown 
recycled from each train of the injection facility to each battery train. Make up water will be metered 
at the well and at each trains’ battery and injection facility inlets. Boiler blowdown will also be 
metered. Actual battery water will be prorated back to the production wells. 

Within each train steam will be generated in a drum boiler and a co-generation HRSG unit. Boiler 
feedwater in, steam and blowdown out, from each piece of equipment will be metered separately. 
The steam will be liquids free. Secondary steam measurement will be calculated by subtracting 
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metered steam from metered boiler feed water. Alternatively, a dual element ultrasonic steam meter 
may be installed to provide secondary measurement. 

All SAGD injection wells will be equipped with wellhead steam meters. Total steam from the 
injection facility will be prorated back to the injection wells based on wellhead measurements. 

The difference between the incoming and outgoing streams across the injection facility will be 
reported as a metering difference. 

All produced gas will be consumed as lease fuel. Flared gas volumes will be metered but any flaring is 
considered non-routine. Produced gas cannot be measured directly at the battery because it is mixed 
with lift gas and process blanket gas. Lift gas will be used to assist the production wells but no gas 
will be injected into the reservoir. Produced gas will be calculated by adding the total fuel consumed 
at the battery and injection facility to flared volumes, then subtracting purchased fuel gas and diluent 
flashed into the fuel system. 

Well gas production will be determined using a battery-level GOR then applying the GOR to the 
prorated oil volume. 

A high level MARP schematic is presented on Figure 4.2-5, which shows the major process streams 
that will be metered for mass balancing and to fulfill reporting requirements to the AER Registry. Not 
all plant meters are shown on Figure 4.2-5. A detailed metering schematic will be included in the 
upcoming MARP submission. 

Water Balance  

For the water balance, Table 4.2-6 shows the key streams to be measured with appropriate metering 
devices, analyzers or manual sampling. 

Table 4.2-6 Water Balance Streams and Measurement 

Description Variable Measured 
Steam to Injection wells 
(reservoir) 

High Pressure steam from Boiler (at Plant) 

Produced Water from field Deoiled H2O to injection facility + Water trucked out with Dilbit + water 
change in tanks + Total Receipts 

Total Receipts HP BFW from Evaporator + Make-up Water from Source Wells + Boiler 
Blowdown + HRSG Blowdown + Storm Water Transfer + Water Truck In 
with Diluent Receipts 

Bitumen Balance 

For the bitumen balance, Table 4.2-7 shows the key streams to be measured with appropriate metering 
devices, analyzers or manual sampling. 
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Table 4.2-7 Bitumen Balance Streams and Measurement 

Stream Measurement or Calculation 
Produced bitumen from field (Dilbit to truck and/or Dilbit to Pipeline + Dilbit change in tanks – 

Net Diluent to Process) + Blending Shrinkage 
Bitumen Sales Dilbit to truck – Diluent to Process 
Diluent Balance Diluent from truck + Diluent change in tanks – Diluent to Process 
Net Diluent to Process Diluent to Process (Metered) – Flash Shrinkage 
Flash Shrinkage Assumed constant percentage of diluent lost to fuel system 
Blending Shrinkage Dilbit to truck * Shrinkage Factor 
Shrinkage Factor Dilbit shrinkage calculation from API MPMS chapter 12.3 

Gas Balance 

For the gas balance, Table 4.2-8 shows the key streams to be measured with appropriate metering 
devices, analyzers or manual sampling. 

Table 4.2-8 Gas Balance Streams and Measurement 

Stream Measurement or Calculation 
Produced gas Produced gas into Mixed Fuel Gas Drum – Blanket Gas (estimate) – Gas 

Equivalent of Flashed Diluent– Non condensables – Lift Gas to Wells 
Purchased Natural Gas Natural gas from supplier Flow (online) 
Gas Balance Fuel Gas Consumed + Gas Disposition to Injection Facility + Gas 

Disposition to Electrical Generation + Flared Produced Gas – Purchased 
Gas – Produced Gas 

Gas Equivalent of Flashed 
Diluent (e3m3) 

Flash Diluent Shrinkage * 205.8 (AER Directive 007 Pentane Plus mixture 
gas equivalent volume factor) 
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Overall Material Balance
Block Flow Diagram

NOTES:
1. LIQUID & GAS VOLUMES AT STANDARD CONDITIONS. (15°C & 101.325 kPaa).
2. STEAM VOLUME GIVEN AS CWE (COLD WATER EQUIVALENT).
3. GAS VOLUMES SHOWN ARE DRY BASIS (NO WATER VAPOR) VOLUME AT

STANDARD CONDITIONS.
4. WATER LOSS WITH DILBIT SALES ASSUMES 0.5% BS&W.
5. DISPOSAL VOLUME BASED ON 5% OF PRODUCED WATER.
6. EXPECTED LOSS TO FUEL GAS SYSTEM IS 3%, INTENDED TO BE MINIMIZED.
7. EXPECTED RESERVOIR LOSS IS 7%.
8. NON-CONDENSABLE GAS FROM DISTILLATE TANK ASSUMES 1% OF

EVAPORATOR FEED.
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Overall Energy Balance
Block Flow Diagram

NOTES:
1. PURCHASED NATURAL GAS ASSUMED 33.7 MJ/m³ LHV.
2. PRODUCED GAS ENERGY BASED ON GOR=4 & 11 MJ/m³ LHV ASSUMED.
3. DILBIT SALES ENERGY BASED ON ASSUMED 42006 MJ/m³ LHV
4. NO ELECTRICITY IS EXPORTED.  ALL ELECTRICITY PRODUCED IS

UTILIZED.
5. ENERGY BALANCE INFORMATION IS IDENTICAL FOR BOTH CPF

FACILITIES.
6. BITUMEN ENERGY BASED ON ASSUMED 42756 MJ/m³ LHV.
7. DILUENT ENERGY BASED ON ASSUMED 32151 MJ/M³ LHV.
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Measurement, Accounting and 
Reporting Schematic
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4.3 OFFSITE CONNECTIONS AND UTILITIES 

4.3.1 Transportation 

The Project will use 14 km of existing municipal and private roads west of Hwy 881 at Conklin. 
The roads are currently in place to provide access to the Whitesands Project. 

4.3.1.4 Construction 

Large and oversized load movements to the site will be done in consultation with government 
agencies, other road stakeholders and electrical utilities to allow for safe and regulated delivery to site. 

4.3.2 Rights-of-Way 

Field pipeline rights-of-way (ROWs) will be constructed to connect the CPF to the production well 
pads. ROWs will typically include aboveground steam, emulsion, fuel gas and casing gas pipelines, 
infield roads, and power lines. A typical cross section of an in-field ROW is shown on Figure 4.3-1. 

The in-field ROW will cross two watercourses. The first crossing between the CPF and Well Pad B 
will require a bridge spanning approximately 27 m at a height of 8 m. The second crossing between 
Well Pads A and B will be an oversized culvert designed to allow for fish passage. 

ESRD and Fisheries and Oceans Canada (DFO) will be consulted to determine necessary permits and 
notifications that may be required for each watercourse crossing. During final design the 
Hydrotechnical Design Guidelines for Stream Crossings (AT 2006) will be reviewed to finalize the 
design flows for each structure. Riprap or other means will be utilized to provide energy dissipation 
and erosion protection on each structure. The appropriate temporary and permanent erosion and 
sediment control measures will be utilized during construction to minimize negative impacts to 
watercourses. Additional environmental mitigation measures for watercourse crossings are presented 
in Section 6.5.6. 

4.3.3 Utilities 

4.3.3.1 Potable Water 

Potable water (for human consumption) during both the construction and operations phases will be 
delivered to the CPF and camps by truck. 

4.3.3.2 Fuel Gas Supply 

Grizzly intends to use natural gas via the existing pipeline to the Whitesands Project to supply fuel gas 
for the Project. The fuel gas pipeline metering station AB-MS 0100738 is located in Section 23 of 
77-09 W4M. 

4.3.3.3 Diluent and Dilbit Transport 

Diluent will be imported and dilbit will be exported from the CPF by truck and/or pipeline. Grizzly 
will enter into discussions with potential companies for the transport of diluent and dilbit to and from 
the CPF. The decision regarding choice of diluent will be finalized during detailed design. 
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4.4 PROJECT WATER REQUIREMENTS 

4.4.1 Volume of Make Up Water 

The water material balance for the Project in normal, long-term operations is presented in Table 4.2-3. 
Based on 7% reservoir retention, the design volume of water required for the facility is approximately 
648 m3/d at steady state. An additional 102 m3/d of fresh water will be needed for camp operations, 
dust control and drilling of future SAGD well pairs. Make up water requirements are higher in the first 
year of operation due to higher initial reservoir losses and plant inefficiencies (Table 4.2-3). 
The estimated makeup water requirement in the first year is 1,228 m3/d and Grizzly will be applying 
for a licence under the Water Act to divert 1,228 m3/d (448,200 m3/year) of non-saline make-up water 
from the Empress Formation. Daily maximum water requirements may reach 1,800 m3/d for short 
periods during the start-up. It is anticipated that a Water Act diversion licence will be issued for the 
first 2 years of operation, after which the licence renewal will be based on the actual steady state water 
requirements. 

The CPF will be designed to minimize water disposal volumes and maximize the amount of produced 
water that can be recycled into steam. Grizzly will comply with AER Directive 081: Water disposal 
Limits and Reporting Requirements for Thermal In Situ Oil Sands Schemes (Section 4.4.3) 

Utility water usage will be reported through the protocol outlined in AER Directive 042: 
Measurement, Accounting, and Reporting Plan (MARP) Requirement for Thermal Bitumen Schemes. 

All vent streams, including the evaporator vent stream, will be collected and cooled to condense 
water, which will then be recycled to the process. Non-condensable vapours will be directed to the 
fuel gas system for combustion. 

During initial circulation of the SAGD well pairs, a large portion of the steam injected is expected to 
be retained in the reservoir. The amount of retained water is expected to decrease to an average of 
about 7% of the water injected over the long-term SAGD well pair production operations. As the well 
pair nears the end of its productive life, the injection volume will be decreased and then stopped. 

4.4.2 Source of Make-Up Water  

Source water is expected to be provided by wells drilled into the Empress Formation. An assessment 
of the Empress Formation as the water source is provided in Appendix C. Electric submersible well 
pumps in wells located in the vicinity of the CPF will provide water through a pipeline distribution 
system to the plant. 

4.4.3 Water Recycle 

The Project will meet the requirements of AER Directive 081: Water Disposal Limits and Reporting 
for Thermal In Situ Thermal Oil Sands Schemes. Using the normal operating volumes from the 
material balance, the Project will be subject to a disposal limit of 9.2% using steady-state flows of 
648 m3/d of fresh make-up water and 5,086 m3/d of produced water. No brackish make-up water will 
be used in the process. Actual disposal will be 4.4% based on the estimated disposal volume of 
254 m3/d. Grizzly expects to operate within the disposal limit within approximately 1 year of start-up. 
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Other applicable scheme performance indicators calculated as per Appendix H of Directive 081 are 
estimated as follows: 

• Freshwater productivity ratio = 0.34 m3 freshwater/m3 bitumen produced 
• Disposal ratio = 0.13 m3 disposal water/m3 bitumen produced 
• Freshwater make-up = 11.3% 
• Produced water Recycle % = 95.0% 




