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1 PREFACE 

This report fulfills the terms of reference for Monenco work 
order DSS7970-8, "Characterization and Treatment of Emissions from a 
Mining Oil Sands Complex" and the Supply and Services Canada file number 
5255 KE 145-2-0438. 

The data included in the report was collected and analyzed by 
B. Amero (Junior Technologist), K.J. Hansen (supervising waste management 
engineer) and J.G. Hawkins (senior waste management engineer). Computer 
assistance was provided by S. Leuchter (computer specialist). Report 
drafting was the responsibility of J.G. Hawkins and A.M. Somani (senior 
supervising waste management engineer). M.J. Riddle (Assistant Manager, 
Environmental Division - Western Region) was project manager. 

We wish to extend our thanks for assistance provided by the 
scientific authorities, A. Stelzig and W. Richardson of the Environmental 
Protection Service at Environment Canada. In addition, the contribution 
made by those in other federal government departments and the oil and gas 
industry who reviewed this report is gratefully acknowledged; as is the 
assistance provided by D. Beaulieu at Environment Canada. 
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EXECUTIVE SUMMARY 

The commercial development of heavy oil and oil sands reserves 
will proceed in the future as reserves of conventional oil are depleted. 
This development, however, must be both energy-efficient and environmen-
tally sound. New technologies are being developed and existing techno-
logies modified td ensure that any future plants will be efficient at 
recovering and 4grading bitumen as well as limiting emissions to the 
environment. (This study provides an extensive data base on gaseous; 
liquid and solid waste emissions from 15 optional mining oil sands com-
plexes which include a variety of existing technologies as wellremerginà 
technologies. The waste management information is suitable for a level 
of investigation normally associated with the conceptual design stage of 
a project. 

Of the 15 oil sands complexes investigated in this study, ten 
were sized to produce synthetic crude at 20 000 m 3/d with the remaining 
five complexes downsized to produce 3000 m3/d. A variety of unit pro-
cesses were assembled as building blocks within mining, extraction, 
upgrading, utilities and offsites to form 15 fully integrated mining oil 
sands complexes. 

The selection of unit processes for this study involved a 
review of commercially proven processes and of the development status of 
emerging technologies. In addition, the extent of available waste 
management information was a factor which was given significant weight in 
the establishment of the unit process building blocks. Table 1 provides 
a summary of the processes which form the basis of the 15 selected mining 
oil sands complexes. 

MINING 

The oil sands reserve used to coMpute oil sands feed rate, 
component sizes and emissions was assumed to be overlain by  •23 m of 
sands, silts and clays and 2 m of muskeg. The thickness of the oil sands 
reserve was assumed to be 55 m. Oil sands are mined by electric-powered 
excavation equipment (bucketwheel excavators and draglines with bucket-
wheel reclaimers) operating on a multiple bench. The oil sands are 
transported to extraction by conveyors where lower grade ore is blended 
with higher grade material. The average oil sands feed to the extraction 
plant was assumed to contain 83.5% solids by weight, 11.5% bitumen by 
weight and 5.0% water by weight. Further, it was assumed that the bitu-
men contains 4.9% sulphur by weight. 

EXTRACTION  

Extraction processes examined in thià study included: 

1. Hot Water Extraction Process With Tailings Pond, 
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Flexicoking 

H-Oil 

Flexigas Boilers 

Pitch Boilers, Waste Heat Boilers 

H-Oil, Partial 
Oxidation of Pitch 

Natural 
Boilers 

Gas Boilers', Waste Heat 

CANMET 

Eureka, Gasification 
of Pitch 

Fluid Coking 

Flexicoking 

Fluid Coking 

H-Oil, Partial 
Oxidation of Pitch 

CANMET 

Flexicoking 

Heat 

Gas 

TABLE 1 

Selected Oil Sands Complexes 

Option 	Production 
m3/sd 

Extraction Upgrading Utilities 

13 

1 	20000 

2 	20000 

3 	20000 

4 	20000 

5 	20000 

6 	20000 

7 	20000 

8 	20000 

9 	20000 

10 	20000 

11 	3000 

12 	3000 

3000 

14 	3000 

15 	3000 

Hot Water 

Hot Water, 
Tailings Filtration 

Hot Water 

Hot Water 

Hot Water, 
Tailings Filtration 

Hot Water 

Hot Water 

Solvent (Dravo) 

Solvent (Dravo) 

Direct Coking (Lurgi) 

Hot Water 

Hot Water, 
Tailings Filtration 

Hot Water 

Solvent (Dravo) 

Direct Coking (Lurgi) 

CO Boilers, Coke Boilers 

Fluid Coking, 
Gasification of Coke 	Medium Joule Gas Boilers 

Pitch Boilers (FBC), Natural Gas 
Boilers, Waste Heat Boilers 

Medium Joule Gas Boilers, Waste 
Heat Boilers 

CO Boilers, Coke Boilers (FBC), 
Natural Gas Boilers 

Flexigas Boilers 

Natural Gas Boilers (standby) 

CO Boilers, Coke Boilers 

Natural Gas Boilers, Waste 
Boilers 

Pitch Boilers (FBC), Natural 
Boilers, Waste Heat Boilers 

Flexigas Boilers 

Natural Gas Boilers (standby) 

Fluid Coking 

CO Boilers, Waste Heat Boilers, 

CO Coke Gas from Fluid Coking 
FBC Fluidized Bed Combustion 
sd 	Stream Day 
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2. Hot Water Extraction Process with Tailings Filtration, 
3. Dravo Solvent Extraction Process, and 
4. Lurgi Ruhrgas Direct Coking Process. 

With the operation of Suncor and Syncrude, the Hot Water 
Extraction Process with tailings pond is the only commercially proven 
Athabasca oil sands extraction process. The waste solids are discharged 
from the process in slurry form to a large tailings pond. Water is 
reclaimed from the tailings pond after a considerable retention time and 
is reused in the extraction plant. 

Hot Water Extraction with tailings filtration combines the 
commercial experience of the hot water extraction process with a patented 
pilot plant study on the vacuum filtration of tailings. Vacuum filtra-
tion of flocculated tailings generates a low solids filtrate which is 
recycled to extraction and a filter cake (dry tailings) which is conveyed 
back to the mine for disposal. Since a tailings pond is not required 
with this extraction option, wastewaters from the entire complex must be 
treated in an extensive wastewater treatment system prior to reuse in the 
plant or discharge to the environment. 

The Dravo Solvent Extraction Process utilizes a hydrocarbon 
solvent to extract the bitumen from oil sands. As repôrted by the pro-
cess licensor (Dravo Engineers, Inc.), the process recovers more bitumen 
from the oil sands than the hot water extraction process. Dry tailings 
are generated containing 0.5% bitumen by weight and less than 0.1% 
solvent by weight. Water removed from the oil sands contains trace 
organics and requires treatment. 

The Lurgi Ruhrgas Direct Coking Process utilizes a fine-grained 
heat carrier for retorting raw oil sands. The heat demand of the system 
is met by combusting the pyrolysis residues of the process. Primary up-
grading is achieved within the process with intermediate liquid products 
requiring further upgrading (secondary upgrading) into synthetic crude. 
Waste solids from the process are dry. Sour water from the process con-
tains high levels of phenols and fatty acids, which must be removed prior 
to reuse. 

UPGRADING  

• 	Diluted bitumen from extraction is routed through a diluent or 
solvent recovery process to primary upgrading where the bitumen is up-
graded to intermediate product streams using such primary upgrading pro-
cesses as Fluid Coking, Flexicoking, H-Oil, CANMET and Eureka. The pro-
ducts of primary upgrading, naphtha, gas oil and distillate, are subject 
to further treatment in separate hydrotreaters (secondary upgrading) and 
diluent or solvent make-up requirements for extraction are obtained from 
the secondary upgrading products. The products of secondary upgrading 
are then blended as synthetic 'crude. Product sour gases are recovered 
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from primary and secondary upgrading and stripped of H2S in the amine 
plant. Resultant sweet process gas is utilized in the upgrading and 
utilities processes. 

Primary upgrading processea examined in the study include the 
carbon rejection technologies of the Fluid Coking, Flexicoking and Eureka 
processes, and hydrogen addition technologies of the H-Oil and CANMET 
hydrocracking processes. For each of these processes, waste streams were 
identified from available literature sources and rates were computed from 
published or estimated conversion efficiencies to produce 20 000 or 3000 
m3/ci of synthetic crude. 

Processes which are also included in the upgrading area of the 
plant are the sulphur plant, sour water stripper and hydrogen plant. 
Within the sulphur plant, H2S-rich gases from primary upgrading and other 
unit processes in the upgrading area are thermally and catalytically 
converted to elemental sulphur in Claus Sulphur recovery units. Tail 
gases are cleaned up in Shell Claus Off-Gas Treating units with resultant 
off-gases incinerated before venting to the atmosphere. Wastewater from 
various unit processes is stripped of H2S and NH3 in the sour water 
stripper. The hydrogen requirements of upgrading are provided by steam 
reformation of natural gas and process gas. In three of the selected 
options, a portion of the hydrogen is supplied by the partial oxidation 
of residues from primary upgrading. 

.All primary upgrading processes included in the study produce 
high sulphur residues. Since utilization of residues is likely to form n 
integral part of future oil sands complexes, various options for residue 
utilization were examined in this study. These included residue fired 
utility boilers for steam production, gasifying residues to produce a 
medium joule fuel gas for subsequent use in utilities and utilizing 
residues for the production of hydrogen for use in the hydrogen addition 
primary upgrading processes. 

UTILITIES  

Steam, electricity and high quality water required in the 
complex are supplied from the utility area. For the purposes of this 
study, it was assumed that the raw water supply for the complex is the 
Athabasca River. Boiler feedwater is treated by warm lime softening, 
filtration and demineralization. 

A variety of steam raising methods were examined from a waste 
management standpoint. These included CO boilers, coke or pitch fired 
boilers (both conventional-type and fluidized bed) and gas fired boilers 
using as fuels, natural gas, process gas, low joule fuel gas from Flexi-
coking and medium joule fuel gas from coke or pitch gasification. The 
overall plant objective of 3.2 tonnes of SO2 per 1000 m 3  of bitumen feed 
to upgrading was applied to the calculated emissions from the CO, coke 
and pitch fired boilers to determine the degree of desulphurization 
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required. Emissions were then corrected to reflect the SO2 reduction as 
well as particulate removal from the flue sases. It was assumed that'the 
power requirements of the complexes Were generated by back preasùre and 
steam  turbines  and/Or gas turbines. Where gas turbines were included in 
the utility plant of the selected options, Waste heat was reCovered in 
waste heat boilers. 

Cooling towers are also located in the utility area and it was 
assumed that four cycle cooling was achieved in the system. 

OFFSITES 

Operations which are supportive to  the  oil sands processing 
units are often neglected when analysing émissions, however, they contri-
bute significantly to land use requirements and overall plant emission's. 
Facilities such as potable water ,treatment, sewage'treatment, water and 
wastewater collection and conveyance systems, treatment .systems 'fôr 
prOcess wastewater, offices, cafeterias, accommodation units, on-site 
pipelines, roadways and parking areas are common tO all mining, extrac,  

uPgrading and utilities  alternatives.  As well, sulphur storage and-
load-out facilities, the plant.flare.system, bitumen 'tankage' and residue 
storage areas are included -in the offsites area. 

DATA ASSEMBLY AND PRESENTATION 

For each of the major unit processes and supportive operations. 
and processes within mining, extraction, upgrading, utilities. and off-
sites, the gaseoui, liquid and solid waste streams were identified. In • 
order to quantify these emissions, bitumen recovery  and-conversion  effi-
ciencies of extraction  and upgrading were obtained from literature 
sources and were applied to the synthetic èrude production rates estab-
lished for this study (20 000 and 3000 m3/d). Waste 'stream flow rates 
were then prorated from reported rates' in the literature or from  rates 
obtained directly from process licensors. 

Emissions characterization data for each unit process was 
assembled from a variety of sources which include: 

1. published information, 
2. communication with process licensors, 
3. analyses of similar unit processes, 
4. calculations, and 
5. in-house data. 

Apart from waste stream characterization data from the hot 
water extraction process, very little operational emissions data is 
included directly in the data base. Waste management information from 
the existing oil sands plants consists Primarily of liquid effluents 
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combined from several unit processes. Hence, this information could not 
be applied directly to this study. 

The waste management data base is not to be considered complete 
as there are significant gaps in the areas of characterizing trace ele-
ments and trace organics. In addition, the constituents of the total 
organics in liquid and solid waste streams are not identified. These 
gaps are attributed to the secondary importance given to the gathering of 
waste management data in laboratory studies and in pilot and full scale 
plant analysis. 

Waste stream characterization data for each unit process are 
stored in a computerized data storage, manipulation and retrieval sys-
tem. Once the data was finalized, it was transferred electronically to 
pre-drawn waste management matrices and pollutant flow diagrams utilizing 
a computer aided drafting and design system. For each of the selected 
options, all gaseous, liquid and solid waste streams were identified and 
characterized on waste management matrices. Summaries of all waste 
streams from the unit processes within the selected options are displayed 
on the pollutant flow diagrams. The diagrams also illustrate the concep-
tual waste collection and distribution network, total stream day and 
total annual flows in each network and the waste management scheme estab-
lished for each option. 

WASTE MANAGEMENT 

For each of the selected options, the waste management data 
base was used to establish a conceptual waste collection and distribution 
network, wastewater treatment scheme and flue gas•treatment require-
ments. The waste collection and distribution network, which is displayed 
on pollutant flow diagrams, conveys liquid or solid waste streams of 
similar quality to required treatment components or disposal systems. 
Wastewater treatment components were selected and sized on the basis of 
the waste management data to produce an effluent suitable for reuse 
within the plant or for discharge to the environment. 

In terms of flue gas treatment, the overall objective of 
3.2 tonnes SO2 per 1000 m3  of bitumen feed to upgrading was used to 
derive the flue gas desulphurization (FGD) required for CO boilers (fluid 
coking) and residue fired boilers. The ammonia scrubbing system for flue 
gas desulphurization was identified as a candidate system and was applied 
to the boiler flue gases which required sulphur removal. This system 
generates a liquid byproduct containing ammonia - sulphite  and  ammonia 
bisulphite in the range of, 250 to 400 g/L (as bisulphite). Disposal 
options for the FGD byproduct are as a direct application fertilizer or 
as a feedstock to the fertilizer industry. For three of the selected 
options, fluidized bed boilers with limestone addition for desulphur-
ization were examined. The product of desulphurization within the 
fluidized bed (CaSO4) is removed as spent bed material and disposed of by 
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landfilling in the mined-out area of the oil sands mining operation. For 
each of' the CO boilers  and  residue 'fired boilers, reduction of parti-
culate emissions is >achieved with electrostatic precipitators. 

' A sulphur balance and water  balance for  each of the  selected 
- oil sands complexes-were computed to illaStrate the disposition of these 
materials.. Maximum recycle of treated wastewater within the oil sands 
complexes  was, assumed for such uses as make-up to the extraction plant, 
make-up to product gas scrubbing systems, make-up to flue gas scrubbing 
systems, water supply to clean-up and washdown systems, make-up to 
slurrying and sluicing systems, and possibly, make-up to the cooling 
water' system. A detailed chemical balance is required to confirà the 
disposition of recycled water over the long-term. 

Solid wastes from mining, extraction, upgrading, utilities and 
offsites are transported by conveyors and trucks to the mine for disposal 
by landfilling in the mined-out area. These waste materials include 
overburden from the mining operation; rejects and dry tailings from 
extraction; char, slag, coke fines and possibly spent catalysts from 
upgrading; and fly ash, bottom ash, spent bed material and incinerator 
ash from utilities and offsites. Concerns with respect to the land-
filling of these materials primarily relate to the leaching and migration 
of metals. 

Order-of-magnitude cost estimates were prepared  for the waste 
treatment systems for each  of the  selected oil sands complexes. Capital 
ccists for wastewater treatàent ara very dependent  on the presence.of a 
tailings pond and, for those complexés prodticing goom m3/d of Synthetic 
crude,  range  from approximately '$25 million for the oPtions'with a , 

 tailings  pond  to about $93 million for the direct' ' coking  option. .As 
expected, there are cOnsiderable'econoties of scale associated with the 
Wastewater treatment System. For the smaller scale  complexes prOducing 
3000 m3/d, of synthetic crude, -.capital costà for wastewater treatment  'are 
in the order of 40% of costs for similar larger scale complexes prOduCing 
20 000 m3/d. 

SATELLITE PLANT ANALYSIS  

Satellite mining operations providing oil sands to a central-
ized extraction and upgrading plant, and satellite mining and extraction 
facilities providing bitumen feed to a centralized upgrader were examined 
from a waste management standpoint. The management of tailings is a 
major problem identified in the option of satellite mining operations. 
If tailings are wet, it would be impractical to convey tailings back to 
the satellite mines for disposal with in-pit tailings ponds, hence, a 
large external tailings pond would be required at the central extraction 
plant. On a similar basis,, the large volumes of waste solids from those 
extraction processes generating dry tailings may preclude conveyance back 
to the satellite mines for disposal, and stockpiling of the material may 
be required. 
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1.  

With respect to the option of satellite mining and extraction 
operations providing diluted bitumen to a central upgrader, the opportu-
nities for reuse of waste heat and recycling of residues and wastewater 
are lost because of the difficulty and costs associated with moving these 
surpluses. Accordingly, there would be duplication of utilities and 
waste treatment facilities at the satellite plants and centralized up-
grader. As a result, there would be an overall increase in gaseous, 
liquid and solid waste emissions. 

CONCLUSIONS  

The conclusions of this study are provided as follows: 

A review of the waste management data in this report indicates 
that there are significant data gaps, particularly in the emissions char-
acterization data. Characterization information is very limited for 
trace elements and organic compounds in gaseous, liquid and solid waste 
emissions. Data collected from operating processes, either at the full 
or pilot scale, have been mainly oriented toward process performance. 
Characterization of emissions has tended to be of secondary concern. The 
exceptions are those pollutants which are or will be controlled by 
government requirements (e.g. SO2, NOK , phenol, etc.). In these cases, 
the emissions data base is somewhat more complete. 

2. As reqUired by the study terms of reference, waste management 
data in this report relate to mining oil sands processes operating under 
normal conditions. However, from a waste management standpoint, analysis 
of plant operations during upset conditions ls critical because it is 
during upset conditions that liquid, gaseous and solid waste emissions 
are frequently at their maximum levels, putting waste handling and treat-
ment facilities under maximum load conditions. 	Therefore, regulatory 
agency concerns are frequently associated with emissions under plant 
upset conditions. In light of the incomplete waste management data base, 
for processes under normal operating conditions, as identified above, it 
is believed that there is little or no relevant data for mining oil sands 
processes under upset conditions. 

3. The increased utilization of solid residues from the primary 
upgrading processes is limited by the lack of demonstrated technology, 
particularly in the areas of coke or pitch gasification and steam raising 
using conventional boilers or fluidized bed boilers. 

4. Operating experience for flue gas treatment under the severe 
operating conditions resulting from the utilization of by-product coke or 
pitch in conventional boilers is very limited. 

5. As identified previously, there is a lack of wastewater charac-
terization data and this is coupled with insufficient information on the 
treatability of these wastewaters. This is particularly the case for 
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processes currently at the pilot scale, for example, direct coking and 
solvent extraction processes, and CANMET and Eureka upgrading processes. 

6. 	 The wastewater treatment system for the sour water from the 
Lurgi Ruhrgas Direct Coking Process has been established on the basis of 
limited data. There are concerns with respect to the treatment and dis-
posai or recovery of the fatty acids. The wastewater treatment system 
established for this waste stream, and subsequent costs should be viewed 
as  •very preliminary. For practical reasons, alternative treatment/ 
recovery methods are required, but must be analyzed with the benefit of 
complete wastewater characterization data. 

7. ' A review of the pollutant flow diagrams indicates the extensive 
nature of the wastewater treatment systems for those options without n 
tailings pond. It is our belief that,  'while  there is demonstrated treat-
ment technology suitable to treat these wastewaters for either reuse or 
direct discharge, the size and scale of the treatment systems coupled 
with the lack of emissions data for process upset conditions will create 
numerous design, construction and operational problems. 

8. All the options considered in this study rely on water recycle 
or reuse to a certain extent. Information on acceptable water quality 
for recycle or reuse in a process area is incomplete at best. Further, 
the long-term implications of wastewater recycle and reuse on overall 
process water quality have not been examined. 

9. Comparison of costs for wastewater treatment between tailings 
pond options, tailings filtration options, solvent extraction options and 
direct coking options may not be applicable since some of the processes 
include pretreatment of wastes. Also, as identified above, the costs for 
the direct coking options are very sensitive to the identification of the 
fatty acid component of the direct coking sour water. In general, it can 
be concluded that for similar capacity oil sands complexes, the costs for 
wastewater treatment systems for tailings pond options (1, 3, 4, 6, 7, 11 
and 13) are approximately 50% of the treatment Costs for tailings filtra-
tion options (2, 5 and 12) and solvent extraction options (8, 9 and 14). 
The treatment costs for options with tailings filtration and solvent 
extraction range between $44 x 10 6  to $54 x 106  for 20 000 m3/d capacity 
complexes with costs for solvent extraction options tending towards the 
higher figure because of greater wastewater flows. 

10. There are considerable economies cd scale associated with the 
capital cost of wastewater treatment facilities. The synthetic crude 
production rate for the smaller oil sands complexes is 15% of the rate 
for the larger complexes, however, the capital' costs for wastewater 
treatment are in the order of 40% of the costs for the larger complexes, 
providing similar levels of treatment in each case. 
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1 01 INTRODUCTION 

As reserves of conventional oil are being depleted, the commer-
cial development of reserves of heavy oil and oil sands is becoming in-
creasingly important. The largest reserves in Canada are located around 
the Athabasca, Peace River and Cold Lake areas of Alberta and 
Saskatchewan. The reserves are thought to approximate one trillion 
barrels of which only a fraction is recoverable with present technology. 

Oil (or bitumen) extracted from oil sands and heavy oil, which 
has an API varying from 3.7 to 15, cannot be recovered using conventional 
production techniques. Currently, recovery, is either by mining the oil 
sands deposits located near the surface or by in situ thermal stimulation 
techniques for heavy oil reserves located at greater depths. Once the 
bitumen has been extracted from the oil sands, it is upgraded to synthe-
tic crude by a variety of primary and secondary upgrading techniques. 
Synthetic crude is normally pipelined to a refinery for additional 
processing into required products. 

The constituent parts of a mining oil sands complex are: 

- surface mining operations; 
- extraction processes; 
- primary and secondary upgrading; and 
- associated utilities and offsites. 

Environmental problems associated with a mining oil sands complex are 
related to gaseous, liquid and solid waste emissions from the various 
processes outlined above. 

Attempts to minimize the environmental impact of a mining oil 
sands complex centre around either treating any emissions prior to dis-
charge (or venting) or, alternatively, utilizing proven technologies 
which minimize the production of emissions. Environmental regulatory 
agencies will be pressing future oil sands developments to either: 

1. significantly reduce emissions by extensive and costly treat-
ment, or 

2. adopt technologies that have a reduced environmental impact 
over those currently in commercial use. 

It is, however, incumbent on both the oil and gas industry and 
the regulatory agencies to thoroughly evaluate all the alternative 
process and treatment options for reducing the environmental impact of 
such oil sands developments. This is particularly the case when 
evaluating new and alternative process and treatment technologies which 
could, in the long run, be more costly and less reliable than those 
currently proven as commercially viable. 
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1.2 STUDY OBJECTIVES 

The major objective of this study is to provide information on 
the characteristics of gaseous, liquid and solid waste emissions and 
their required treatment for a variety of possible mining, extraction, 
upgrading and utility process options associated with a mining oil sands 
complex. The process options considered in this report are those which 
are commercially proven for handling Athabasca oil sands and bitumen or 
which show commercial promise. Waste management information is specifi-
cally provided for different process configurations making up 15 differ-
ent oil sands complexes, ten producing 20 000 m3/d of synthetic crude and 
five producing 3000 m3/d of synthetic crude. Information on the handling 
and required treatment of gaseous, liquid and solid waste emissions for 
each of the 15 complexes (options) is also provided, together with 
associated treatment costs. 

For each of the 15 complexes (options), the following is also 
provided: 

1 

summary of conversion 
crude; 
sulphur balance; and 
water balance. 

efficiency from oil sands to synthetic 

Finally, the report discusses the waste management implications 
of satellite plant facilities such as a number of small mines and extrac-
tion facilities providing bitumen feed to a large centralized upgrader. 

1.3 REPORT FORMAT 

The process and waste management information contained in this 
report was obtained from the following sources: 

detailed review of the available literature; 
in-house information; 
calculations and mass balances based on materials composition; 
and 
licensor information. 

A number of assumptions have been made to assist in data handl-
ing and manipulation and these assumptions are datailed in the text of 
this report. In addition, it should be noted that there are significant 
information gaps, particularly in the waste management data base asso-
ciated with process technologies which are not commercially proven for 
the extraction and upgrading of Athabasca oil sands and bitumen (emerging 
technologies). In light of these assumptions and gaps in the process and 
waste management data base, caution must be exercised in using or 
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interpreting the data for situations other than outlined in this report. 
It is believed that the information contained in this report is generally 
'suitable for a level of investigation normally associated with the 
conceptual design stage of a project. 

This report is broken down into nine parts as follows: 

Part 1 - Introduction  

- study description, terms of reference and application of 
data. 

Part 2-  Process Selection  

- identification of alternative processes for mining, 
extraction and utilities; 

- brief description of selected mining, extraction, upgrading, 
utilities and offsites processes; 

- outline of the rationale used to select processes for the 15 
complete mining oil sands complexes (options); and 

- brief description of the 15 options. 

Part 3 - Waste Stream Identification and Characterization  

- identification and brief description, with assumptions, of 
each waste stream for each process in mining, extraction, 
upgrading, utilities and off sites; and 

- presentation of waste management information for each option 
using pollutant flow diagrams and waste management matrices. 

Part 4 - Waste Management  

identification of regUlatory requirements associated with a 
mining oil sands complex; 
quantification of residuals and byproducts and their possible 
recycle and reuse; 
description of wastewater and solid waste collection and 
transportation systems; 
discussion of flue gas treatment systems for SO2 and particu-
late removal; 
description of wastewater treatment schemes for each option; 
identification of solid waste disposal methods; and 
discussion of long-term waste management ramifications. 

Part 5 - Material Balances  

- summary of the efficiency of conversion from oil sands to 
synthetic crude for each option; 

- sulphur balance for each option; and 
- water balance for each option. 
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Part 6 - Cost Estimates  

- identification of basis for the cost estimates; and 
- cost estimates for wastewater and flue gas treatment and 

solid waste disposal for each option. ' 

Part 7 - Satellite Plant Analysis  

- review of waste management implications of satellite plant 
operations. 

Part 8 - Conclusions and Recommendations  

Part 9 - References  
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2.1 INTRODUCTION 

The oil sands of the Athabasca area contain varying quantities 
of bitumen and fine solids which have a direct impact on the effective-
ness and economics of extracting the bitumen from the oil sands. The 
viscous, high sulphur, high nitrogen, high metals bitumen then must be 
upgraded to distillable fractions which are further processed by hydro-
treating. The products of this primary and secondary upgrading, blended 
together as synthetic crude, are transported by pipeline and processed 
into fuels by conventional refineries. 

The selection of mining techniques, processes for extraction 
and upgrading and methods for producing required steam, power and water 
involves an exhaustive technical and economic analysis of performance 
factors. While this level of analysis is beyond the scope of this study, 
the selection of unit processes as building blocks for the assembly of 
the 15 options has involved a review of commercially proven processes and 
of the development status of emerging technologies. The nature of 
available waste management information is a factor which has been given 
significant weight in the selection of the unit process building blocks. 

Mining of oil sands and subsequent extraction and upgrading 
of bitumen requires significant quantities of electricity, steam and 
water. While existing oil sands complexes rely on imported hydrocarbons 
(Suncor does burn pulverized coke from primary upgrading in utility 
boilers), future oil sands complexes will have to be energy efficient in 
terms of recovery of bitumen and utilization of residues. Accordingly, 
residues from primary upgrading will be utilized as fuels in utility 
boilers, or alternatively gasified to a fuel gas which then may be used 
in utility boilers, or in the manufacture of hydrogen. Since residues 
from primary upgrading are high-sulphur fuels, utility boilers require 
effective flue gas desulphurization units to reduce sulphur emissions to 
levels acceptable to regulatory agencies. In this study, various 
alternatives for the utilization of residues are examined and expected 
emissions are characterized. 

Mining methods are a function of site-specific factors, per- . 
formance of excavating equipment and economics. Since, waste emissions 
from mining are not  significantly affected by variations in the mining 
method, a common mining technique is assumed for all selected options. 

In this study, major process units required  for the recovery of 
hydrocarbons from oil sands are categorized into five separate areas: 
mining, extraction, upgrading, utilities and offsites. This .method'of 
categorization of processing units is- common to the' industry and is 
carried throughout the.various aspects, of this study. 

In Part 2, the alternative processes,which are proven or under 
development are introduced in Section 2.,2,  Mining; Section 2.3, Extrac- 



non; Section 2.4, Upgrading; and Section 2.5, Utilities. The operations 
which are supportive to the major process units are summarized in Section 
2.6, Offsites. The 15 selected options include those unit processes with 
proven commercial operation and emerging technologies which are being 
considered as alternatives to existing technology. These are described 
in detail in Section 2.7, Selected Oil Sands Complexes. 

2.2 MINING 

Operations within mining include site preparation, dewatering, 
muskeg stripping, subsoil excavation and oil sands mining. Methods util-
ized within mining operations are a function of many site specific 
factors including the nature of the surface of the lease, the thickness 
of overburden, thickness and quality of the oil sands reserve, 
hydrogeological conditions and, of course, performance and capacity of 
large excavating equipment. 

Vegetation in the Athabasca oil sands area is a mixture of 
deciduous and coniferous trees. As a large portion of the area is 
covered' by poorly drained muskeg, stunted black spruce occur in clumps 
with small islands of jack pine and white spruce. The organic soils are 
generally treeless, however, in areas with improved drainage, tree cover 
improves with aspen poplar dominating (Carrigy 1973). Site preparation 
of the mining area involves the removal of the vegetative cover and 
excavation of an extensive network of drainage ditches which are 
undertaken a few years in advance of the mining operation. Drainage of 
the surface area is required to permit stripping of the muskeg. 

Muskeg is stripped from the area during the winter months since 
the moisture content of the organic soils remains high. Generally, large 
front-end loaders, supplemented with bulldozers equipped with rippers, 
are utilized for muskeg stripping. Muskeg is transported by large 
capacity trucks to dyked stockpiles or to the mined-out area where it is 
incorporated into the mine reclamation program. 

It may be necessary to depressurize artesian water•bearing 
zones in the area to minimize seepage into the active mining area. This 
could be accomplished where required by active or passive systems, the 
method being a function of depth, pressures and other hydrogeologic 
factors« An active system would involve pumping of groundwater from a 
series of wells, whereas passive systems include placement of standpipes 
and collection and pumping of water from  the, base •of the mine (Alsands 
Project Group.1978). 

A number of possible variations may be utilized for excavating 
subsoil and mining oil sands. Existing oil sands mines utilize large 
electric bucketwheel excavators which feed the excavated material 
directly to conveyors, and large electric draglines which excavate and 
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stockpile subsoil or oil sands. Bucketwheel reclaimers are then required 
to transfer the stockpiled materials to conveyors or vehicles. The 
excavating equipment could be operated on a single level or bench, or on 
multiple benches. The mining method would be established after a 
detailed analysis of site-specific factors, equipment capability, and 
economics. Aside from the ability of draglines to selectively mine 
interbedded waste materials, no significant variation in emissions with 
mining methods appears to exist. 

2.3 . . EXTRACTION 

The Hot Water Extraction Proceas for the extraction of bitumen 
from Athabasàa oil sands is currently, the only commercially proven 
extraction method.  Hot -  water extraction followed by froth treatment is 
the method uSed at . the two existing oil sands plants (Suncor and 
Syncrude).' As well, hot Water extraction'was proposed for Alsands. The 
Process is sensitive to the raw Oil .sands quality and its shortcomings 
are. related to the . nature of the:waste solids from the extraction 
process. Two tailings streams are generated in-hot water  extraction and 
froth treatment and are pumped as slurries to a large tailings pond, The 

 tailings are a Mixture of fine-grained sand and water With dispersed 
silt, , clay and bitumen. Within the tailings pond, sand and a . portion of 
the fines settle rapidly with à layer of water suitable for recycle to 
the extraction plant established at the surface. The silt and clay, -and. 
most of the bitumen, :remain in suspension within the central layer as a 
sludge. Sedimentation and .consolidation of this sludee'occurs slowly, 
necessitating large tailings ponds. In addition, there are long-terni 
environmental concerns assoCiated with reclamation and abandonkent of the 
ponds. 

Alternative extraction technologies are being developed at the 
laboratory and pilot scale. However, none of the technologies have been 
demonstrated at sufficient scale to allow their use commercially. 
Alternative processes include direct coking, solvent extraction and other 
aqueous extraction methods. 

231 DIRECT COKING  

Direct coking of raw oil sands involves heating the oil sands 
such that thermal cracking and distillation occurs. Vapour products from 
thermal cracking are subsequently condensed to form intermediate liquid 
products for secondary upgrading (hydrotréating). A coke deposit is 
retained on the sand and this is combusted within the direct coking unit 
to provide process heat. 

The process is not as sensitive to oil sands bitumen quality as 
other extraction processes. Waste solids from the process are dry, thus 
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eliminating the large tailings pond. Primary upgrading of the inter-
mediate products is not required since some degree of upgrading is 
achieved in the process. Intermediate products from direct coking are 
further upgraded in hydrotreaters. 

Direct coking processes at the development stage include: 

1. Taciuk Direct Thermal Processor developed by UMATAC Industrial 
Processes Ltd. 

2. Lurgi-Ruhrgas Direct Coking Process developed by Lurgi GmbH and 
Ruhrgas AG in West Germany. 

3. Anhydrous Extraction Process developed by the University of 
Calgary (presently at the conceptual stage). 

While a tailings pond is not required in the direct coking 
processes and water requirements are substantially less than hot water 
extraction, an extensive wastewater treatment system is required for all 
process wastewater. Further, sour water from the direct coking process 
has a high phenol content, and if treated biologically prior to reuse, 
generates significant volumes of biological sludge for disposal. 

232 SOLVENT EXTRACTION  

Extraction of bitumen from oil sands utilizing various solvents 
has received considerable interest. Various supercritical solvents and 
other conventional hydrocarbons such as naphtha have been used. Solvent 
losses from the processes are a concern and the reduction of solvent 
losses has required the development of innovative recovery techniques. 
Waste solids from solvent extraction are dry, hence, a tailings pond is 
not required. As a result, an extensive wastewater treatment system is 
required to treat interstitial water removed from the oil sands  •in the 
extraction process as well as other wastewaters from upgrading, utilities 
and offsites. 

Solvent extraction processes which are currently at the pilot 
stage of development include: 

1. Solvent Extraction - Spherical Agglomeration Process developed 
by the National Research Council of Canada. 

2. Dravo Solvent Extraction Process developed by the Dravo 
Corporation. 

3. Magna Oil Sands Extraction Process (cold water and solvent) 
developed by Magna International and the National Research 
Council of Canada. 
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233 AQUEOUS PROCESSES  

Studies of the hot water extraction process have led to modifi-
cations which increase bitumen yields and reduce or eliminate the neces-
sity of the large tailings pond. Processes which are at various stages 
of development include: 

1. Two Stage Extraction (Cymbalisty 1980) 

2. RTR Process (Houlihan 1982) 

3. Kruyer Process developed by Kruyer Research and Development 
Ltd. 

In addition to the above, a number of laboratory studies have 
been undertaken directed at enhancing the sedimentation and consolidation 
rate of the sludge layer in tailings ponds. If successfully applied, 
enhanced settling and consolidation of fines would have the effect of 
reducing the size of tailings ponds and permitting increased water 
recycle to the hot water extraction process. 

Dewatering of tailings generated from hot water extraction and - 
-froth treatment . has received some attention,' however, the currently 
available literature on the subject is limited. Liu et al (1980), in a 
patented study on treatment of whole tailings by flocculation and vacuum 
filtration, successfully dewatered whole tailings to produce a filtrate 
suitable for recycle-to the hot‘water extraction process and tailings 
with a moderate moisture content which .may be disposed Of as a solid. 
Consiàerable further - development . work is required on tailings filtration 
tà demonstrate commercial application. Whole- tailings treatment, base d . 
on electrophoresis and reverse Osmésis of chemically conditioned tailings 
slurries (Ritter 1981) ' has  been devéldped-on a bench scale. Verification. 
of process details is required at a'larger scale. 

2.4 UPGRADING 

Primary dpgrading of bitumen at the two exiating àil sands 
complexes is accomplished by coking, a carbon rejection technique. 
'Delayed. coking (Suncor) and Fluid Coking (Syncrude) are conventional 
methOds . for primary upgrading. Fluid Coking, and Flexicoking were 
proposed for primary upgrading of bitumen and'heavy oil respectively in 
the proposed Aliands and Cold Lake facilities: 	All of : these carbàn 
rejection processes generate a high sulphur' coke. byproduct. 	In the 
Flexicoking process, the :coke produced is gasified to produce a low joule 
fuel'gas, 	 • 
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Another carbon rejection process which is under development in 
Japan is the Eureka process (Alba et al 1982) . Similar to delayed 
coking, the process utilizes superheated steam to prevent coke formation 
and increase liquid yields. 

Hydrogen addition processes, an alternative to the conventional 
carbon rejection processes, are considered to be emerging technologies 
for the primary upgrading of bitumen. Catalytic hydrocracking processes 
such as H-Oil, licensed by Hydrocarbon Research Inc. and Texaco Develop-
ment Corporation, and LC-Fining, licensed by CE Lummus Co. and Cities 
Service Research and Development Co. are similar processes for upgrading 
heavy, high sulphur, high metals residual fractions (Rubero and 
Balakrishnan 1982). The CANMET process, developed by the Federal 
Department of Energy, Mines and Resources, is a non-catalytic process 
which utilizes hydrogen and a coal additive in the upgrading reactor 
(Menzies et al 1981). For the hydrogen addition processes, higher liquid 
yields have been achieved in pilot plants than yields from carbon 
rejection processes. 

The products from primary upgrading are unstable intermediates 
which require further treatment in secondary upgrading. Similarly, the 
intermediate products from direct coking are further upgraded in 
secondary upgrading. This is undertaken in hydrotreaters where hydro-
genation occurs and additional nitrogen and sulphur are removed from the 
intermediate products. The liquid products from secondary upgrading are 
then blended as synthetic crude and transported by pipeline to conven-
tional refineries. 

Other unit processes which are included in the upgrading area 
are gas recovery units, amine plant, sulphur plant, sour water stripper 
and hydrogen plant. These are all conventional processes which are 
common to all of the aforementioned upgrading alternatives. Other unit 
processes such as residue gasification units for conversion of coke or 
pitch residues to medium joule fuel gas and related oxygen plants are 
also included in the upgrading area and are a function of the method of 
utilization of residues from primary upgrading. 

2.5 UTILITIES 

Steam and power required in mining, extraction and utilities 
may be generated by a variety of conventional fuels. The residual by-
products of primary upgrading (coke or pitch) are a possible fuel source 
for utility boilers, however, further development work is required in 
this area. As well, desulphurization of the flue gas from the residue-
fired boilers requires demonstration. 

For the purposes of this study, coke and pitch utility, boilers 
are included as unit processes within utilities recognizing that demon- 
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stration units are required to determine overall feasibility. It is 
assumed that residue-fired boilers, either fluidized bed or conventional-
type with flue gas desulphurization, will be an alternative residue 
management scheme in future oil sands complexes. 

High quality water requirements such as boiler feedwater are 
produced in the water treatment plant located within the utilities area. 
As well, the cooling water requirements of extraction and upgrading are 
provided by utilities with cooling towers and required make-up, treatment 
and blowdown facilities. 

2.6 OFFSITES 

Operations which occur outside of the battery limits of mining, 
upgrading and utilities are included in the offsites area. These opera-
tions, which are supportive to the oil sands processing units, are often 
neglected when analyzing emissions, however, they contribute signifi-
cantly to land use and emissions. Facilities such as potable water 
treatment, sewage treatment, water and wastewater collection and convey-
ance systems, treatment systems for process wastewater, offices, cafe-
terias, accommodation units, on-site pipelines, roadways and parking 
areas are common to all mining, extraction, upgrading and utilities 
alternatives. As well, sulphur storage and load-out facilities, the 
plant flare system, bitumen tankage, and residue storage areas are 
included in the off sites  area. 

2.7 SELECTED OIL SANDS COMPLEXES 

The selection of optional processes for detailed examination in 
this study has involved a review of the development or performance status 
of extraction and upgrading technologies, the nature of available waste 
management information and the objective of presenting waste emissions 
and treatment requirements for alternative processes which do not require 
a large tailings pond. Table 2-1 identifies the major unit processes 
within extraction, upgrading and utilities which have been assembled to 
form 15 complete mining oil sand complexes. A common mining method is 
established for all options. In all of the selected options, maximum 
utilization of residuals in utility boilers, in hydrogen production or 
medium joule fuel gas production has been applied. 

The 15 selected options represent complete and apparently 
viable options for the mining, extraction and upgrading of Athabasca oil 
sands and utilization of byproducts. With the possible exception of 
vacuum filtration of whole tailings as a tailings dewatering technique 
and the utilization of coke or pitch residues, all of the unit processes 
selected have been applied to oil sands at full scale or pilot facili-
ties. 
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1 

2 

3 

4 

Flexicoking 

H-Oil 

Flexigas Boilers 

Pitch Boilers, Waste Heat Boilers 

Fluid Coking 

Fluid Coking, 
Gasification of Coke 	Medium Joule Gas Boilers 

CO Boilers, Coke Boilers 

CO Boilers, Waste Heat Boilers, 

20000 	Hot Water, 
Tailings Filtration 

H-Oil, Partial 
Oxidation of Pitch 

Natural Gas Boilers, Waste Heat 
Boilers 

5 

UNMET 

Eureka, Gasification 
of Pitch 

Fluid Coking 

Flexi  coking 

Fluid Coking 

H-Oil, Partial 
Oxidation of Pitch 

CANMET 

Flexicoking 

6 

7 

8 

9 

1 0 

11 

TABLE 2-1, 

Selec'ted Oil Sands Complexes 

Option Production 
m3/sd 

Extraction Upgrading Utilities a 
20000 	Hot Water 

20000 	Hot Water, 
Tailings Filtration 

20000 	Hot Water 

20000 	Hot Water 

20000 	Hot Water 

20000 	Hot Water 

20000 	Solvent (Dravo) 

	

2 .0000 	Solvent (Dravo) 

	

20000 	Direct Coking (Lurgi) 

	

3000 	Hot Water 

12 	3000 	Hot Water, 
Tailings Filtration 

13 	3000 	Hot Water 

14 	3000 	Solvent (Dravo) 

15 	3000 	Direct Coking (Lurgi) 

CO Coke Gas from Fluid Coking 
FBC Fluidized Bed Combustion 
ad  Stream Day 

Pitch Boilers (FBC), Natural Gas 
Boilers, Waste Heat Boilers 

Medium Joule Gas Boilers, Waste 
Heat Boilers 

CO Boilers, Coke Boilers 
Natural Gas Boilers 

Flexigas Boilers 

Natural.Gas Boilers (standby) 

CO Boilers, Coke Boilers 

Natural Gas Boilers, Waste Heat 
Boilers 

Pitch Boilers (FBC), Natural Gas 
Boilers, Waste Heat Boilers 

Flexigas Boilers 

Natural Gas Boilers (standby) 

(FBC)i 



Synthetic crude production rates for 15 selected mining oil 
sand complexes have been established to be representative of the large 
scale plants which have been constructed or proposed (Syncrude, Alsands, 
Canstar), and smaller scale facilities which are currently being consid-
ered. Options 1 to 10 are large complexes with a stream day synthetic 
crude production of 20 000 m3/day. Options 11 to 15 are scaled down 
versions of large complexes, with stream day synthetic crude production 
of 3000 m3/d. 

This section identifies the major extraction and upgrading 
processes examined in this study, and provides an overall description and 
block flow diagram for each selected option. 

271 MINING 

Optional mining equipment and methods such as draglines versus 
bucketwheel excavators, or single bench mining versus multiple bench 
mining can only be reviewed on the basis of site-specific factors and 
economics. The nature and quantities of emissions  front  mining, however, 
are not significantly dependent on the mining technique. For the 
purposes of this study, the average stratigraphie cross-section of the 
oil sands reserves has been assumed to be as follows: 

2m muskeg 
23 m overburden (subsoil) 
55 m oil sands - 

For all options, muskeg is stripped during the winter months by 
diesel-powered equipment and is transported to storage by large trucks. 
The subsoil is excavated by bucketwheel excavators (electric) and is 
transported from the area by large trucks. The subsoil is utilized for 
the construction of dykes or is deposited in the mined-out area as part 
of the mine reclamation program. Reclamation of the mine is a continuous 
program which extends over the life of the mine and involves the 
selective disposal in the mined-out area of subsoil, muskeg, tailings and 
other solid waste material from oil sands processing. Ultimately, a 
vegetative cover is established on the raclaimed area. 

Oil sands are mined on a multiple bench by bucketwheel 
excavators and draglines with bucketwheel reclaimers. The excavators and 
reclaimers load the oil sands on conveyors for transport to the 
extraction plant surge storage area. Oil sands are subsequently fed from 
surge storage to the extraction plant by a series of feed hoppers and 
transfer chutes which load underground conveyors. Since the mined oil 
sands will be of varying bitumen content, multiple feed hoppers permit 
blending of lower grade ore with higlier grade material, thus providing a 
consistent oil sands feed quality to extraction. In commerical plants, 
however, blending of oil sands to achieve consistent extraction plant 
feed quality has had limited success. For this study it is assumed that 
the average oil sands feed to extraction contains 83.5% solids by weight 
(sands, silts and clays), 11.5% bitumen by weight, and 5.0% water by 
weight. 
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Emissions from the mining operation include the waste solids 
from overburden removal, runoff from stockpiles, mine water, discharges 
from site preparation and dewatering programs, and atmospheric emissions 
from diesel-powered excavation and transport equipment. As well, dust 
emissions will periodically occur from excavation operations, from 
conveyors and vehicular movements, and from stockpiles. Emissions are 
described in detail in Part 3, 

272 EXTRACTION 

.1 Hot Water Extraction and Froth Treatment  

Extraction of bitumen from oil sands by the K.A. Clark Hot 
Water Extraction Process, with recent technological improvements repre-
sents proven full scale technology with the operation of Suncor and 
Syncrude. Hot water extraction with subsequent treatment of recovered 
froth is shown in Figure 2-1. 

Oil sands are fed to the conditioning drums via conveyors where 
hot water, steam and caustic are added. The mixture is agitated in 
rotary drums and the conditioned oil sands pulp is screened for the 
removal of oversized clay lumps and rocks (rejects). The pulp is then 
further diluted with additional hot water and a recycle middlings stream 
prior to introduction to the separation cells. 

Within the separation cells, sand particles are removed from 
the bottom, and a bitumen-rich froth layer is skimmed from the surface. 
In the central layer known as middlings, significant quantities of 
bitumen are contained within fine silt and clay particles. The dilute 
middlings stream is withdrawn from the central layer of the separation 
cells and is routed to scavenger cells for further bitumen recovery. 

Air flotation is utilized in the scavenger cells to produce a 
scavenger froth which is then settled. Bitumen-rich froth from the froth 
settlers is combined with the froth skimmed from the separation cells as 
feed to froth treatment. 

Water and fines are removed from the bitumen-rich froth by 
dilution centrifuging. The froth is heated, deaerated and diluted prior 
to centrifuging. Naphtha, recycled from upgrading, is used as the 
diluent which reduces the specific gravity and viscosity of froth, 
thereby improving the separation of solids and water from the diluted 
bitumen. Larger solid particles are removed in primary solid-liquid 
centrifuges, and secondary solid-liquid-liquid centrifuges remove further 
'solids and water from the diluted bitumen. Solids and water from the 
centrifuges are pumped as wet tailings to the tailings pond. Product 
from froth treatment is directed to upgrading as diluted bitumen. 
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.2 	Tailings Filtration  

Dewatering of wet tailings from hot water extraction and froth 
treatment is accomplished by applying the results of a pilot plant vacuum 
filtration run, as described in United States Patent 4225433, Filtration 
of Hot Water Extraction Process Whole Tailings, 1980. In this invention, 
tailings streams from the hot water extraction process are combined as 
whole tailings. Flocculant (lime) is added to the whole tailings at a 
rate to provide a flocculant concentration of 300 to 700 mg/L as CaO in 
the flocculant-whole tailings mixture. The mixture is then subjected to 
vacuum filtration as shown in Figure 2-2. The flocculant is added to 
encourage agglomeration of the fine solid particles with coarse solids, 
thus maximizing solid-liquid separation in vacuum filtration. The filter 
cake removed from the vacuum filter is dry, containing in the order of 
15% water by weight. The filtrate, which may be recycled to hot water 
extraction, contains 4% total solids by weight and less than 3% fine 
solids by weight (less than 44 microns). 

In the invention (Liu et al 1980), whole tailings are made up 
of five parts wet tailings from the separation cell (primary tailings) 
and one part wet tailings from the scavenger cells (secondary tailings). 
For the purposes of this study, it is assumed that the whole tailings 
which are subject to vacuum filtration include primary and secondary 
tailings from hot water extraction (49.5% water, 50.05% solids and 0.55% 
bitumen on a weight basis) and tailings from froth treatment (77% water, 
18.7% solids, 2.5% bitumen and 1.8% naphtha on a weight basis). The 
tailings stream from froth treatment represents about 5% of the mixture 
and, although more dilute than the primary and secondary tailings, only 
reduces the solids content of the mixture by 1.4%. Nevertheless, the 
fine solids load will be increased and to accommodate this, the quantity 
of flocculant added is computed at the high end of the range identified 
in the invention (700 mg/L as CaO in the mixture). Pretreatment prior to 
mixing or a separate treatment sytem may be required for the tailings 
stream from froth treatment because of the dilute nature of these 
tailings and possible naphtha contamination in a combined tailings 
system. It is assumed that 10% of the bitumen and naphtha in the whole 
tailings is recovered in the filtrate, with the remainder discharged with 
the filter cake. 

.3 	Solvent Extraction  

The Dravo Solvent Extraction Process is presently being piloted 
on oil saturated diatomaceous earth in the United States and has received 
considerable interest in extracting bitumen from Athabasca oil sands. 
Process details and waste stream characterization data have been obtained 
from Dravo Engineers, Inc., Pittsburgh, Pennsylvania (Baczewski pers. 
comm.). 

As shown in the process schematic in Figure 2-3, oil sands are 
mixed in the feed mixer with a solution of bitumen in solvent 
(miscella). Bitumen-from the oil sands is dissolved in the miscella and 
is directed with fines to the fines separator. Agglomerated sand - 
miscella mixture from the feed mixer is forwarded to the percolating bed 
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extràctor for separation of the miscella. Clay lumps and rocks (rejects) 
are removed by screening. 

Solvent-washed fines from 
sand from the extractor are drained 
a rotary kiln for solvent removal. 
less than 0.1% solvent by weight, 
(Baczewski pers. comm.). 

fines separation . and solvent-washed 
and contacted with stripping steam in 
Dry tailings from the kiln contain 
as claimed by the process licensers 

Bitumen and solvent are then recovered from the product mis-
cella. The recovered solvent, supplemented with solvent make-up from 
upgrading, is recycled to the fines separator and extractor. 

.4 Direct Coking  

The Lurgi Ruhrgas (LR) Direct Coking Process was developed 
jointly by Lurgi GmbH and Ruhrgas AG. in West Germany. This carbon 
removal process was originally piloted in the 1950's for the production 
of gas from coal fines and subsequent combustion of residual hot char for 
steam generation. The high flexibility of the process has led to commer-
cial scale cracking units which produce olefins from crude oil and pilot 
scale retorting units for oil sands and heavy oils (Rammler 1982). 

The LR Process for retorting raw oil sands is shown in Figure 
2-4. Oil sands are fed to the reactor after screening and are mixed with 
a hot fine-grained heat carrier. A special double screw mixer quickly 
and intimately blends the feed with the heat carrier and permits the 
addition of lime for desulphurization. Spent sand from the reactor is 
utilized as the heat carrier. Gaseous and vapourous coker products are 
separated from the heat carrier, fines are removed, and the products are 
cooled and condensed to three intermediate liquid products. 

The fine-grained solids (spent sand) serving as a heat carrier 
are pneumatically lifted to the collecting bin and at the same time, 
pyrolysis residues are combusted to meet the heat demand of the system. 
Flue gases are directed to waste heat recovery (steam production) and 
flue gas treatment prior to being emitted. Surplus residue is 
continuously withdrawn, cooled with waste heat recovery, and moistened. 
Spent sand includes surplus residue from the collecting bin, gypsum and 
unreacted lime from desulphurization, and fly ash removed from the direct 
coking flue gas. 

273 UPGRADING  

.1 	Fluid Coking  

Fluid coking is a. well established process for upgrading heavy 
hydrocarbon feeds. Two of the largest fluid coking units are in operaL. 
tion at Syncrude. As shown in Figure 2L5, bitumen is injeCted into à bed 
of fluid coke .in the reactor where it is thermally cracked to produce 
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lighter liquids, gas and coke. A portion of the coke produced is burned 
with air in the burner to generate the heat requirements of the process. 
Products of the combustion of coke in the burner, known as CO gas, are 
routed to the CO boilers where they are burned with supplementary fuel to 
raise steam. 

Gases and liquid products from the reactor are scrubbed for 
solids removal and the heavier fraction (boiling point greater than 
525 °C) is condensed and recycled to the reactor. The raw distillate 
products are fractionated into naphtha, and combined light and heavy gas 
oil streams which are further treated in secondary upgrading. 

.2 Flexicoking_ 

Flexicoking, which is an extension of the fluid coking tech-
nology, is a proprietary process of Exxon. The first commerical Flexi-
coking unit, in operation in Japan, has demonstrated reliable and contin-
uous operation. Two additional Flexicoking units are planned for startup 
in 1983 and others are at the design stage (Pagel et al 1982). Figure 
2-6 illustrates the Flexicoking process. 

The primary conversion to liquid products and light ends in the 
reactor is the same as for fluid coking. The coker burner is replaced 
with a heater and gasifier. Coke is gasified to a low joule gas in a 
reducing atmosphere with air. Most of the coke is consumed in the 
gasification process with only a small coke purge stream (char) removed 
from the system. The low joule gas, known as flexigas, is scrubbed for 
the removal of entrained coke fines, is contacted with an amine solution 
for H2S removal and is forwarded to utilities as a fuel gas. 

.3 H -Oil 

The H-Oil hydrocracking process is jointly licenced by Hydro-
carbon Research, Inc. and Texaco Development Corporation. This catalytic 
primary upgrading process is applied in this study to illustrate hydrogen 
addition technology for upgrading Athabasca bitumen as an alternative to 
the carbon rejection technologies such as fluid coking and Flexicoking. 
Major commercial installations utilizing the hydrogen addition technology 
are in operation in refineries in Kuwait and Mexico, and two facilities 
in the United States are at advanced stages of development (Rubero and 
Balakrishnan 1982). The H-Oil process has been tested successfully in 
laboratory and pilot plant facilities on Athabasca bitumen (Johnson et al 
1977). 

Within the H-Oil process, bitumen and hydrogen make-up are 
introduced to the ebullating-bed reactor under the feed distributor 
located at the bottom of the reactor, as shore' in Figure 2-7. Liquid 
hydrocarbons are recycled from the reactor and are mixed with the feed 
via the ebullating pump. The mixture is introduced uniformly to the 
ebullating bed by the distributor plate. 
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The ebullating bed of catalyst is expanded and is in a state of 
motion induced by the inflow of the vapour and liquid feed. This permits 
intimate contact between the oil, hydrogen, and catalyst within the bed 
where hydrocracking, desulphurization, denitrification, demetallization 
and saturation take place. Aged catalyst may be removed from the reactor 
continuously or periodically, with fresh catalyst added to the bed to 
maintain the required level of catalyst activity. 

Products from the system include light ends which may be 
utilized as plant process gas after sulphur removal, naphtha and light 
and heavy gas oil which are further treated in secondary upgrading, and a 
pitch residuum (boiling point greater than 524 °C) which is utilized in 
pitch boilers or in the hydrogen plant. 

.4 CANMET 

The CANMET hydrocracking process has been developed by the 
Federal Department of Energy, Mines, and Resources. Partec Lavalin 
Inc. and Petro-Canada, licensors of the process, are undertaking a 
commercialization program which includes the installation of a CANMET 
commerical demonstration unit at Petro-Canada's refinery near Montreal 
(Chambers et al 1982). Pilot plant units have successfully upgraded a 
variety of heavy fieldstocks, including Athabasca bitumen. 

The CANMET hydrocracking process is a non-catalytic hydrogen 
addition process that operates at a lower pressure than other hydrocrack-
ing processes. The process uses an additive of pulverized coal impreg-
nated with a metallic salt, such as iron sulphate (Menzies et al 1981). 
As shown in Figure 2-8, reduced bitumen (the heavy ends from atmospheric 
and vacuum distillation units) are mixed with the slurried coal additive, 
heated and fed to the CANMET reactor with hydrogen. The additive 
prevents the deposition of coke within the reactor and attracts metals 
such as nickel and vanadium from the feed bitumen, removing them from the 
liquid products. 	Oil and hydrogen rise through a bed of particles 
composed of additive residues and deposited feed metals. 	Solids are 
continuously removed from the reactor. The gaseous and liquid products 
of hydrocracking are removed overhead and are separated and fractionated 
prior to secondary upgrading. The pitch residue, which includes solids 
from the reactor and heavy ends from fractionation, is routed to 
utilities. 

.5 Eureka 

The Eureka. thermal cracking process was developed by Kureha 
Chemical Industry Co., Ltd., and Chiyoda Chemical Engineering and 
Construction Co., Ltd. for upgrading refinery vacuum residue oil. The 
process was commercialized in Japan in 1976. Recently, pilot scale tests 
on whole and reduced Athabasca bitumen have demonstrated the applica-
bility of the upgrading process to Athabasca bitumen (Aiba et al 1982). 
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The Eureka process is a carbon rejection process similar to 
delayed coking, but differs from the conventional coking process by pre-
venting the formation of coke in the reactor. Superheated steam is 
injected to strip the cracked products out of the reactor and provide a 
portion of the reactor heat requirements. 

As shown in Figure 2-9, the bitumen feed is preheated and 
introduced to the bottom of the fractionator where it is mixed with a re-
cycle oil from the fractionator. The mixture is pumped to the charge 
heater and introduced to the batch-operated reactors. The bitumen is 
cracked to lighter gaseous and liquid products and a viscous pitch bottom 
material is steam stripped from the reactor. Products from the reactors 
are removed overhead and fractionated to intermediate product streams. 
The pitch is pumped to the flaker where it is solidified and flaked. 

.6 Secondary Upgrading  

Intermediate products from primary upgrading and products of 
direct coking (Options 10 and 15) require further sulphur removal and 
treatment before they are blended as synthetic crude. Secondary upgrad-
ing is accomplished in naphtha, distillate and gas oil hydrotreaters. 
These are conventional processes with proven commercial experience. 

Other process units within upgrading which are common to all 
options include the gas recovery unit, amine plant, sulphur plant, hydro-
gen plant and sour water stripper. In all options except Options 10 and 
15, diluent or solvent recovery and preparation units are required. 
Figure 2-10 shows a generalized concept of the process units within up-
grading. 

Product gases and vapours from primary upgrading and light ends 
from the hydrotreaters are separated by distillation in the gas recovery 
unit. Sour process gases from the gas recovery unit are stripped of 
sulphur-containing compounds by contact with amine solution in the amine 
plant. The sweetened process gas is utilized as a fuel in upgrading and 
utilities. The amine solution is regenerated and the acid gases are 
forwarded to the sulphur plant. 

Multi-train Claus sulphur recovery units followed by Shell 
Claus Off-Gas Treating (SCOT) units recover 99.9% of the sulphur feed to 
the sulphur plant. Within the Claus units, elemental sulphur is formed 
thermally and catalytically. Tail gases from the Claus units are cleaned 
up in the SCOT units by reduction and amine absorption. The treated 
gases, which contain only traces of H2S, are incinerated before venting 
to the atmosphere. 

Wastewater from various unit processes, including the amine 
plant, SCOT units and the hydrotreaters, is stripped of 112S and NI-I3 in 
the two stage sour water stripper. Stripped water which is not used for 
make-up is discharged from upgrading. 
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Hydrogen, which is required in secondary upgrading and in the 
hydrogen addition primary upgrading processes, is generated by steam 
reformation of natural gas and process gas. In Options 5 and 12, 
hydrogen is also produced from the synthesis gas generated from the 
partial oxidation of pitch. 

In Options 2 and 7, a medium joule fuel gas is produced by the 
gasification of coke and pitch. For the purposes of identifying waste 
streams, the Texaco partial oxidation process is applied to the gasifica-
tion of coke or pitch to produce fuel gas or hydrogen. Oxygen, required 
in the gasification of coke or pitch, is generated by compression of air 
and subsequent distillation of oxygen from the nitrogen. 

274 OPTION DESCRIPTIONS  

In this section, the major unit processes within mining, 
extraction, upgrading and utilities are identified and significant raw 
materials and products are quantified. Option descriptions are provided 
in Tables 2-2 to 2-16. Figures 2-11 to 2-25 are block flow diagrams of 
each option which identify the major components of the oil sands process-
ing facilities. Gaseous, liquid and solid wastes which are generated in 
all process areas are not identified on the block flow diagrams. This 
waste management information is presented in Part 3. 

Stream day  (ad)  raw material and product flows are used to 
identify process capabilities and production rates and are representative 
of average day operational rates. 



TABLE 2-2 

Option Description — Option 1 

HOT WATER EXTRACTION/FLUID COKING/CO AND COKE BOILERS - 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 431635 t/sd 

EXTRACTION . Hot Water Extraction 

Oil Sands Feed to Extraction 
Bitumen Fèed to Extraction 

UPGRADING 	Fluid Coking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Coke Production 
Sulphur Production  

257210 t/sd 
28510 m3/sd 

23500 m3/sd 
20000 m3/sd 
101950 m3/hr 

2868 t/sd 
837.5 t/sd 

UTILITIES 
Steam: CO Boilers + FGD 	608000 m3/hr CO + 8000 m3/hr PG 

Coke Boilers + FGD 112000 kehr Coke + 90000 m3/hr PG 
Superheaters 	 7700 mi/hr NG + 2200 m3/hr PG 

Power: Back Pressure and Steam Turbines 

CO Coke Gas from Fluid Coking 
PG Process Gas 
•NG Natural Gas 
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Oil Sands Mined - 431635 t/sd 

TABLE 2-3 

Option Description - Option 2 

HOT WATER EXTRACTION/TAILINGS FILTRATION/FLUID COKING/ 
• GASIFICATION OF COKE 

MINING 	Bucketwheel Excavators and Draglines-withBucketwheel Reclaimers 

EXTRACTION 	Hot Water Extraction With Tailings Filtration 

Oil Sands Feed to Extraction 
'Bitumen Feed to Extraction 	. 

257210 t/sd 
28510 m3/sd 

UPGRADING 	Fluid Coking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Medium Joule Fuel Gas Production 
Sulphur Production 

23500 m3/sd 
20000 m3/sd 
101950 m/hr 
168500 m3/hr 

1071 t/sd 

UTILITIES 
Steam: CO Boilers + FGD 

FG Boilers 
WH Boilers 
NG Superheaters 
PG Superheaters 

608000 m3/hr CO + 8000 m3/hr PG 
168500 m3/hr FG + 2900 m3/hr NG. 
387000 m3/hr WH + 5000 m3/hr NG 
15300 m3/hr NG 
2100 m3/hr PG' 

Power: Gas, Back Pressure and Steam Turbines 

CO Coke Gas from Fluid Coking 
PG Process Gas 
FG Medium Joule Fuel Gas from Coke Gasification 
WH Waste Heat from Gas Turbines 
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TABLE 2-4 

Option Description - Option 3 

HOT WATER ÉXTRACTION/FLEXICOKING/FLEXIGAS BOILERS 

MINING 	Uucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 431635 t/sd 

EXTRACTION 	Hot Water Extraction 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	Flexicoking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Flexigas Production 
Sulphur Production 

257210 t/sd 
28510 m3/sd 

23500 m3/sd 
20000 m3/sd 
101950 m3/hr . 

859000 m3/hr 
1113 t/sd 

UTILITIES : 
Steam: Flexigas Boilers 	859000 m3/hr Flexigas + 45000 m3/hr NG 

NG Superheater 	15000 m3/hr NG 

Power: Back Pressure and Steam Turbines 

• Flexigas Low Joule Fuel Gas from Flexicoking Gasifier 
NG 	Natural Gas 
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Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Pitch Production 
Sulphur Production 

19880 m3/s.d 
_ 20000 m3/sd 
73800 m3/hr 
1406 t/sd 
926 t/sd 

TABLE 2-5 

Option Description - Option 4 

HOT WATER EXTRACTION/H -OIL/PITCH BOILERS 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 365145 t/sd 

EXTRACTION 	Hot Water Extraction 

Oil Sands Feed to Extraction 	 217590 t/sd 
Bitumen Feed to Extraction 	 24215 m3/sd 

UPGRADING • H -Oil 

UTILITIES 
Steam: Pitch Boilers + FGD 58200 kg/hr Pitch + 40000 M 3/hr NG 

WH Boilers 	' 311000 m3/hr WH 	+ 2300 m3/hr NG 
Superheaters 	 6900 m3/hr NG 

Power: Gas, Back Pressure and Steam Turbines 

WH Waste Heat from.Gas Turbines 
NG Natural Gas 

2733 
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Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Pitch Production 
Sulphur Production 

• 19880 m3/sd 
20000 m3/sd 
73800 m3/hr 
1406 t/sd 
975 t/sd 

TABLE 2-6 

Option Description - Option 5 

HOT WAXER EXTRACTION/TAILINGS FILTRATION/ 
H-OIL/PARTIAL OXIDATION OF PITCH 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 365145 t/sd 

EXTRACTION 	Rot Water Extraction with Tailings Filtration 

' Oil Sands Feed to Extraction 	 217590 t/sd 
Bitumen Feed to Extraction 	 24215 m3/sd 

•UPGRADING 

	

	H-Oil with Partial Oxidation 
of Pitch (Hydrogen Production) 

UTILITIES 
Steam: NG Boilers 	 94000 m3/hr  NC • 

WH Boilers ' 	 660000 m3/hr UR t 3900 m3/hr NG 
Superheaters 	 4800 m3/hr NG 

Power: Gas, Back Pressure and Steam Turbines 

WH Waste Heat from Gas Turbines 
NC  Natural Gas 
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TABLE 2-7 

Option Description - Option 6 

ROT WATER EXTRACTION/CANMET/PITCH BOILERS (FBC) 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 

EXTRACTION 	Hot' Water Extraction 

Oil Sands Feed to Extraction 	 205770 t/sd 
Bitumen Feed to Extraction 	 22840 m3/sd 

I. 

345310 t/sd 

UPGRADING 	CANMET 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Pitch Production 
Sulphur Production 

18840 m3/sd 
20000 m3/sd 
53360 m3/hr 
1176 t/sd 
850 t/sd 

UTILITIES 
Steam: Pitch Boilers (FBC) 	49070 kg/hr Pitch 

WH Boilers 	. 	303000 mi/hr WH + 2200 m3/hr NG 
NG Boilers 	• 	48000 m3/hr NG 
Superheaters 	 8700 m3/hr NG 

Power: •Gas,  Back Pressure and Steam Turbines 

WH Waste Heat from Gas Turbines 
NG Natural Gas 

2-37 
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TABLE 2-8 

Option Description - Option 7 

HOT WATER EXTRACTION/EUREKA/GASIFICATION OF PITCH 

	

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

	

• 	Oil Sands Mined 	 416575 t/sd 

EXTRACTION 	Hot Water Extraction 

Oil Sands Feed to Extraction 	 248240 t/sd 
Bitumen Feed to Extraction 	 27555 m3/sd 

UPGRADING 	Eureka with Pitch Gasification 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Medium Joule Fuel Gas Production 
Sulphur Production 

22680 m3/sd 
20000 m3/sd 
45680 m3/hr 
269200 m3/hr 

1100 t/sd 

UTILITIES 
Steam: FG Boilers 	 216200 m3/hr FG 

WH Boilers 	 1508000 m3/hr WH + 7000 m3/hr NG 
Superheaters 	 53000 m3/hr FG 

Power: Gas, Back Pressure and Steam Turbines 

FG Medium Joule Fuel Gas from Pitch Gasification 
WH Waste Heat from Gas Turbines 
NG Natural Gas 
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Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

243600 t/sd 
27040 m3/sd 

TABLE 2-9 

Option Description - Option 8 

SOLVENT EXTRACTION/FLUID COKING/CO BOILERS/COKE BOILERS (FBC) 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 409420 t/sd 

EXTRACTION. 	Solvent Extraction 

UPGRADING 	Fluid Coking 

Bitumen Feed to Upgrading 	 23660 m3/sd 
Synthetic Crude Production 	 20000 m3/sd 
Process Gas Production 	 102680 m3/hr 	, 
Coke Production 	 • . 	 2750 t/sd 
Sulphur Production 860 t/sd . 	. 

UTILITIES 
Steam: CO Boilers + FGD 	614000 m3/hr CO + 7800 m3/hr PG 

Coke Boilers (FBC) 	114600 kdhr 
NG Boilers 	 ' 19000 mi/hr . 

Superheaters 	 6600 m3/hr NG  +2100 m3/hr PG 

Power: Back Pressure and Steam Turbines 

CO Coke Gas from Fluid Coking 
PG Process Gas 
NG Natural Gas 
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TABLE 2.-10 

Option Description - Option 9 

SOLVENT EXTRACTION/FLEXICOKING/FLEXIGAS BOILERS 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 409420 t/sd 

EXTRACTION 	Solvent Extraction 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	Elexicoking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Flexigas Production 
Sulphur Production  

243600 t/sd 
27040 m3/sd 

23660 m3/sd 
20000 m3/sd 
102680 m3/hr 
865000 m3/hr 

1123 t/sd 

UTILITIES 
Steam: Flexigas Boilers 865000 m3/hr Flexigas + 105500 m3/hr NG 

Power: Back Pressure and Steam Turbines 

Flexigas Low Joule Fuel Gas from Flexicoking Gasifier 
NG 	Natural Gas 
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TABLE 2-11 

Option Description - Option 10 

DIRECT COKING 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

385485 t/sd 

EXTRACTION/ Direct Coking 
PRIMARY 
UPGRADING 

Oil Sands Mined 

Oil Sands Feed to Direct Coking 
Bitumen Feed to Direct Coking 

218440 t/sd 
24250 m3/sd 

SECONDARY 
UPGRADING 

UTILITIES 

Synthetic Crude Production 
Process Gas Production 
Sulphur Production 

20000 m3/sd 
29300 m3/hr 

445 t/sd 

Steam: By Waste Heat Utilization in Direct Coking 
Superheaters 	 7100 m3/hr NG 

Power: Back Pressure and Steam Turbines 

NG Natural Gas 
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TABLE 2-12 

Option Description - Option 11 

HOT WATER EXTRACTION/FLUID COKING/CO AND COKE BOILERS 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 64750 t/sd 

EXTRACTION 	Hot Water. Extraction 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	Fluid Coking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Coke Production 
Sulphur Production  

38580 t/sd 
4275 m3/sd 

3525 m3/sd 
3000 m3/sd 

- 15290 m3/hr 
430 t/sd 

125.6 t/sd 

UTILITIES 

Steam: CO Boilers + FGD 	91200 m3/hr CO + 1200 m3/hr PG 
Coke Boilers + FGD 	16800 kg/hr Coke + 13500 m3/hr PG 
Superheaters 	 1155 m3/hr NG + 330 m3/hr PG 

Power: Back Pressure and Steam Turbines 

CO Coke Gas from Fluid Coking 
PG Process Gas 
NG Natural Gas 

2-47 
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TABLE 2-13 

Option Description - Option 12 

HOT WATER EXTRACTION/TAILINGS FILTRATION/ 
11-OIL/PARTIAL OXIDATION OF PITCH 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

54770 t/sd Oil Sands Mined 

EXTRACTION 	Hot Water Extraction with Tailings Filtration 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	H -Oil with Partial Oxidation 
Production) 

Process Gas Production 
Pitch Production 
Sulphur Production 

32640 t'isd 
3625 m3/sd 

m3/sd 
11070 m3/hr 
211 t/sd 
150 t/sd 

UTILITIES 
Steam: NG Boilers 	 14100 m3/hr NG 

WH Boilers 	 99000 m3/hr WH 4. 590 m3/hr NG 
Superheaters 	 720 m3/hr NG 

Power: Gas, Back Pressure and Steam Turbines 

WH Waste Heat from.GaS Turbines 
NG Natural Gas 
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MINING - 

Oil Sands Mined 

Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 
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TABLE 2-14 

Option Description - Option 13 

HOT WATER EXTRACTION/CAMET/PITCH BOILERS (FBC) 

II 

EXTRACTION 	,Hot Water Extraction 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	CANMET 

Bitumen Feed-  to Upgrading 
Synthetic Crude Production-
Process Gas Production 
Pitch Production 
Sulphur Production 

UTILITIES 
Steam: Pitch Boilers (FBC) 	7360 kg/hr Pitch 
• WU Boilers 	 45450 m3/hr WH + 330 m3/hr NG 

NG Boilers 	 7200 m3/hr NG 
• Superheaters 	 1305 m3/hr NG 

Power: Gas, 'Eack.PressUre and Steam Turbines 

WH Waste Heat from Gas Turbines 
NG Natural Gas 
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TABLE 2-15 

Option Description - Option 14 

SOLVENT EXTRACTION/FLEXICOKING/FLEXIGAS BOILERS 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

Oil Sands Mined 	 61415 t/sd 

EXTRACTION 	Solvent ExtractiOn 

Oil Sands Feed to Extraction 
Bitumen Feed to Extraction 

UPGRADING 	Flexicoking 

Bitumen Feed to Upgrading 
Synthetic Crude Production 
Process Gas Production 
Flexigas Production 
Sulphur Production  

36540 t/sd 
4055 m3 /sd 

3550 m3/sd 
3000 m3/sd 
15400 m3/hr 
129750 m3/hr 

174 t/sd 

UTILITIES 
Steam: Flexigas Boilers 129750 m3 /hr Flexigas + 15825 m3/hr NG 

Power: Back Pressure and Steam Turbines 

Flexigas Low Joule Fuel Gas from Flexicoking Gasifier 
NG 	Natural Gas 
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TABLE 2-16 

Option Description - Option 15 

DIRECT COKING 

MINING 	Bucketwheel Excavators and Draglines with Bucketwheel Reclaimers 

57825 t/sd Oil Sands Mined 

EXTRACTION/ Direct Coking' 
PRIMARY 
UPGRADING 

Oil Sands Feed to Direct Coking 
Bitumen Feed to Direct Coking 

SECONDARY 
UPGRADING 

Synthetic Crude Production 
Process Gas Production 
Sulphur Production 

32770 t/sd 
3640 m3/sd 

3000 m3/sd 
4400 m3/hr 

67 t/sd 

UTILITIES 
Steam: by Waste Heat Utilization in Direct Coking 

Superheaters 	 1070 m3/hr NG 

Power: Back Pressure and Steam Turbines 

NG Natural Gas 
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3.1 INTRODUCTION 

The major gaseous, liquid and solid emissions from each of the 
selected oil sands options are a function of the extraction plant and the 
upgrading facility. In order to identify and quantify these emissions, 
the bitumen conversion efficiencies of upgrading and bitumen recovery 
efficiencies of the extraction plant (Section 5.1) were applied to the 
fixed synthetic crude production rate to determine the capacities of each 
unit process. Waste stream flow rates were then prorated from reported 
rates in the literature. For those processes which were not sufficiently 
defined in the literature, waste stream data were obtained directly from 
the process licensors. 

Emissions characterization data for mining and utilities, and 
for the supportive unit processes in off sites,  were obtained from three 
sources as follows: 

1. in-house data (water treatment plant effluents, sewage treat-
ment plant effluents, runoff, mine water, etc.); 

2. combustion calculations (combustion of natural gas, process, 
gas, fuel gas and residuals to generate the steam requirements 
of each selected option); and 

3. analyses of similar unit processes (i.e. the application of 
waste stream data from coal gasification to coke or pitch 
gasification). 

Each waste stream is described briefly in Section 3.3, Waste 
Stream Identification. Significant assumptions used to determine the 
composition or flow rates of the waste streams are identified in this 
section. For each of the waste streams, a service factor has been deter-
mined from literature sources and in-house information. The service 
factor for industrial process components is a measure of the continuity 
of an operation and is expressed as the ratio of the actual running time 
to calendar days (includes both scheduled and unscheduled downtime). For 
non-process waste streams, the service factor has been determined from 
the period of time an activity or event occurs. For example, since 
runoff is expected to occur only over the non-frozen months (214 days per 
year), the service factor for runoff-related waste streams is 214/365, or 
0.586. 

The service factor is provided to enable calculation of annual 
emissions or determination of a calendar day flow rate. For example, a 
waste stream may have a'stream day (sd) flow rate of 1000 m3/sd with a 
service factor of 0.875. The calendar day (cd) flow rate and annual 
emissions are computed as follows: 
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'calendar day flow rate = 1000 x 0.875 = 875 m 3/cd 
annual emissions 	= 875 x 365 = 319 375 m3/yr 

Waste stream characterization data are presented in Section 
3.4, Waste Stream Characterization. The method of data presentation has 
been selected to provide the complete process-related information in 
logical and functional format, to afford maximum utilization of the 
computerized data storage and the computer assisted drafting system, and 
to provide data which may be readily used. The data are presented on 
pollutant flow diagrams and waste management matrices. The composition 
of each waste stream is presented in matrix format on the waste manage-
ment matrices. The pollutant flow diagrams identify the source and dis-
position of each waste stream, provide a conceptual plan for waste 
collection and distribution, quantify the waste stream emission rates and 
identify the wastewater treatment scheme. 

3.2 DATA BASE 

Waste stream flow rates and composition data' have been 
assembled from an extensive search of . the literature and from process 
licensors. As indicated previously, this data base was supplemented with 
in-house information. In many cases it was necessary to prorate reported 
waste stream flow rates and. amend waste stream compositions so that the 
data would reflect the base conditions established for this study (oil 
sands composition, bitumen sulphur content, production rates, etc). 
Where more than one source of waste management information was available, 
an analysis . of the data was undertaken to establish an appropriate flow 
rate and to  average or combine waste stream characterization parameters 
in order to establish as complete a composition as possible. 

Waste stream data from operational plants was not used directly 
in the development of the data base. However, available operations data 
was included in the aforementioned data analysis program. With some 
exceptions, it was found that the operational data did not apply to the 
oil sands and bitumen qualities established for this study, details of 
unit processes were not the same as unit processes included in the 
selected options, or waste stream data frequently was a combination of 
streams from more than one process. 

The waste management data base is suitable for use in oil sands 
process evaluations at the conceptual engineering stage. At this stage 
of a project, the waste management data would be reviewed in light of 
project conditions and updated where necessary, much in the same manner 
as product stream throughputs and composition are analysed. 

The waste characterization data base is not to be considered 
complete as there are significant gaps in the areas of characterizing 
trace elements and trace organics in plant emissions. In addition, the 
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constituents of the total organics in liquid and solid waste streams are 
not identified. These gaps are primarily attributable to the secondary 
importance given to the gathering of waste management data in laboratory 
studies and pilot and full scale plant analyses. 

With respect to-trace organics, a number of studies of waste-
waters from refineries, including an oil sands complex, 'gas processing 
plants and other hydrocarbon prOcessing industries have been completed. 
These studies indicate 'that-wastewater emissions from an oil .sands com-
plex could contain the following EPA priority pollutants: 

Volatile Compounds 
Benzene 
Carbon Tetrachloride 
Chloroform 
Ethylbenzene 
Methylene Chloride 
Toluene 
Trichlorofluoromethane 

Base Neutral Compounds 
Bis (2-ethylhexyl) phthalate 
Diethylphlhalate 

Acid Extractable Compounds 
2, 4 Dimethylphenol 
Phenol 

In addition, wastewaters could contain the following: 

paraffins and olefins 
cyclic paraf  fins  
alcohols 
substituted benzenes 
polycyclic aromatic hydrocarbons 
benzothiophenes 

The concentrations of these trace organics would probably be in 
the parts per billion range. However additional studies are required to 
confirm this and their exact form in plant emissions. 

3. 3 WASTE,STREAM IDENTIFICATION 

331 MINING  

The oil sands mining operation has been described indetail in 
Part 2. Waste streams from mining are identified and briefly described 
in this section. A factor which affects  the quantification and disposi- 
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tion of some of the waste streams, primarily solid wastes, is the pre-
sence of a tailings pond. A percentage of the overburden material exca-
vated ahead of mining is utilized for dyke construction in the tailings 
pond options. 

The assumed year of operation of the mine is year ten, at which 
time sufficient mined-out space exists for the establishment and opera-
tion of the in-pit tailings pond for the tailings pond options. During 
the earlier years of operation (up to year eight), tailings are disposed 
of in an external tailings pond located at grade. The space requirements 
for the in-pit tailings pond necessitate larger storage areas for muskeg 
and subsoil in earlier years. At year ten, however, all of the solids 
from the mining operation and solids from extraction, upgrading and util-
ities are directed to the mine for disposal. 

.1 	Site Preparation  

Emissions 	 Service Factor 0.164 

Clearing of trees and scrub from the mining area precedes the 
mining operation by five years. It is a task which takes place over two 
months in the winter and involves the selective removal of marketable 
timber. The remaining wood, assumed to le 60% of the total, is burned in 
the open; generating air emissions. 

Ash 	' 	 Service Factor 0.164 

The residue remaining after open burning of the non-marketable 
timber is stripped with the muskeg in following years. The residue is 
30% of the ash content of the wood. 

.2 Dewatering  

Surface Aquifer 	 Service Factor 0.586 

Drainage ditches are excavated to drain the muskeg and shallow 
water bearing zones of the mining area in advance of the overburden 
removal program. The ditches are connected to natural drainage chan-
nels. Drainage from the excavated ditches occurs during the non-frozen 
months and includes drainage from the muskeg dewatering program, drainage 
from shallow water bearing zones, and runoff from annual precipitation. 

Basal Aquifer 	 Service Factor 1.0 

The basal aquifer exists beneath the McMurray oil sands zone. 
Since the piezometric head of the basal aquifer exists at or near ground 
surface, it is necessary to depressurize the aquifer to prevent failure 
of the mine floor. Depressurization is assumed to continue year-round 
over the life of the mining operation. 
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Mine Drainage 	 Service Factor 0.465 

During the mining operation, mine water is pumped from the mine 
floor and consists of seepage out of the mine face, drainage from discon-
tinuous water bearing zones encountered during normal mining operations, 
and runoff from annual precipitation. 

.3 Overburden Removal 

The average stratigraphic cross-section assUmed for this study 
includes  2m of muskeg underlain by 23 m of sands, silts, and clays (sub-
soil). The average thickness of mineable oil sands, underlaying the sub-
soil has been assumed to be 55 m. 

Muskeg 	 Service Factor 0.164 

Muskeg, which is stripped from an area equal to the annual mine 
progression, is directed to the mined-out area for disposaL The opera-
tion is undertaken over a two month period during the winter when the 
ground surface is frozen and involves  excavation  by large diesel-powered 
equipment. During the early years of operation, the muskeg is stored in 
a dyked muskeg storage area until sufficient mined-out space is provided 
for disposal. -  Muskeg from the storage area is ultimately utilized in the 
final mine reclamation program. 

Subsoil 	 Service Factor 0.465 

Subsoil is excavated by large bucketwheel excavators or drag-
lines. Net  subsoil, that material which is not required for dyke con-
struction or for other uses such as road building; is conveyed to the 
mined-out area for disposal. Stockpiling of net subsoil at grade is 
undertaken during the early years of operation until sufficient space is 
provided in the mine. 

Muskeg Runoff 	 Service Factor 0.586 

Runoff from the muskeg storage area, which includes both inter-
stitial water and runoff from annual precipitation, is routed to natural 
drainage channels. Sediment load is reduced by providing a retention 
pond within the dyked area. 

Subsoil Runoff 	 Service Factor 0.586 

Runoff from the subsoil storage area is routed to natural 
drainage channels after settling. For options with a tailings pond at 
the mailer production rate (Options 11 and 13), no subsoil storage area 
is required since all subsoil excavated during the initial years of oper-
ation is utilized as dyke materials. 
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.4 Fugitive Emissions  

Service Factor Variable 

Dust emissions are likely to occur periodically from mine-
related activities. Since dust emissions are dependent on many uncon-
trollable and unknown factors, 'the emission rata and character are not 
identified. As well, it is expected that remedial measures are employed 
to minimize dust emissions. 

_Diesel Emissions 	 Service Factor 0.630 

Diesel emissions are a result of the operation of mobile diesel 
equipment utilized in site preparation, muskeg removal, and other mine-
related activities. Diesel emission rates are averaged over the assumed 
operational periods. 

332 EXTRACTION 

The four alternative bitumen extraction processes included in 
the selected options generate waste streams which differ primarily in the 
nature of the waste solids. Waste solids from hot water extraction and 
subsequent froth treatment (Options 1, 3,- 4, 6, 7,  11, and 13) are dis-
charged from the extraction plant in slurry form (about 49% solids by 
weight) and are directed to the large tailings pond. Vacuum filtration 
of whole tailings from hot water extraction and froth treatment in 
Options 2, 5, and . 12 separates the tailings solids and liquids, and 
enables a portion of the water requirements of hot water extraction to be 
met by return of the filtrate. The dry tailings (filter cake) are con-
veyed back to the mine for disposal. 

Solvent extraction (Options 8, 9, and 14) and direct coking 
(Options 10 and 13) generate dry tailings streams and, as well, waste-
water which requires treatment prior to reuse. 

All of the extraction processes are preceded by a similar raw 
oil sands feed system which consists of a conveyor feed from the mine or 
oil sands stockpile area, feed hoppers and screens. Oversize material is 
removed and is conveyed back to the mine for disposal. 

.1 	Feed System  

Rejects 	 Service Factor 0.8* 

Rejects are oversized materials consisting mainly of clay Lumps 
and rocks which are removed by screening after conditioning o the raw 
oil sands by the addition of steam, hot water and caustic in the hot 
water extraction options. Rejects are removed by screening in the eeed 
mixer in the solvent extraction options" and, in the direct coking 
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Steam Vents Service Factor 0.8 

options, run-of-the-mine oil sands are screened to remove rejects. 
Approximately 0.5 7. of the bitumen input to extraction is removed with the 
rejects. 

.2 Hot Water Extraction  

Steam is vented from the oil sands conditioning vessel after 
the addition of hot water, steam and caustic. 

Wet Tailings 	 Service Factor 0.8 

Within the primary separation cell, the conditioned oil sands 
(pulp) are separated into a sand layer at the bottom, a bitumen froth 
layer at . the top of the cell, and an intermediate layer (middlings) con-
taining fines and significant quantities of bitumen. The middlings are 
routed to air flotation cells for scavenging of bitumen and settling of 
solids. The solids removed from the scavenger units and the sand slurry 
from the primary separation cell are combined to become hot water extrac-
tion tailings. The tailings have a water content of about 50% by weight 
and contain approximately 7.5% of the bitumen feed to the plant. 

.3 Froth Treatment  

Wet Tailings 	 Service Factor 0.8 

Bitumen-rich froth from primary separation and settled froth 
from middlings scavenging are conditioned by the addition of naphtha 
diluent and treated by dilution centrifuging. Solids are removed as 
tailings (77% water by weight) which are pumped to the tailings pond. 
The froth treatment tailings contain less than 2% of the bitumen feed to 
froth treatment and also contain naphtha at about 1.8% by weight. 

Vents 	 Service Factor 0.8 

Vents from the froth centrifuges and internal tanks, drums and 
sumps' are identified as a single atmospheric emission. A small quantity 
of naphtha is released via the vents. 

.4 Hot Water Extraction/Tailings Filtration  

Dry Tailings 	 Service Factor 0.8 

Hot water extraction tailings and wet tailings from froth 
treatment are combined as whole tailings, conditioned with the addition 
of a flocculant (lime) and filtered by vacuum. The resultant filter cake 
contains approximately 85% solids, 1% bitumen and 0.15% naphtha. 



Filtrate 	 Service Factor 0.8 

Filtrate from the vacuum filtration of whole tailings is 
recycled back to hot water extraction as part of the make-up water 
requirements. The filtrate contains 4% total solids by weight'and less 
than 3 7. fine solids by weight (less than 44 microns). 

.5 	Solvent Extraction  

Dry Tailings 	 Service Factor 0.8 

Solvent washed fines and sands from 'the solvent extraction 
process are drained and steam stripped in a -  rotary kiln. The resultant 
dry tailings contain less than 0.1% solvent by weight and approximately 
4% of the bitumen input to the,extradtion plant. For calculation of the 
density and composition of the dry tailings, it is assumed that the 
solvent is aaphtha. 

Vent Gas 	 Service Factor 0.8 

Inert gas and air is vented from the solvent extraction process 
after scrubbing to remove solvent vapours. The vent gas contains approx-
imately 2.5% water by weight. and a trace of solvent. 

Wastewater 	 Service Factor 0.8 

Wastewater from solvent extraction contains trace quantities of 
organics (bitumen and solvent) and is directed to treatment. 

.6 	Direct Coking  

Spent Sand 	 Service Factor 0.84 

Spent Sand includes solids removed from the oil sands in the 
direct coking process, particulates removed from the direct coking pro-
duct gas and flue gas, gypsum from the lime desulphurization process, 
unreacted lime, and coke. It is assumed that the moisture content of the 
spent sand is 5%, after cooling and moistening. 

Wastewater 	 Service Factor 0.84 

Wastewater from the direct coking process consists of sour 
water removed from intermediate products after condensation and contains 
high concentrations of ammonia, phenols and fatty acids. Prior to dis-
charge from the direct coking process, the sour water is steam stripped 
with  pi correction for removal of the steam extractable phenols, and 
reduction of the ammonia content. 
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Flue Gas 	 Service Factor 0.84 

Products of combustion within the direct coking process are 
routed through cyclones and electrostatic precipitators to a single 
stack. Lime added to the direct coking process at a molar ratio of 1:3 
(sulphur to calcium) generates CaSO4 with a resultant SO2 emission rate 
of 175 ppm (by volume). 

Blowdown 	 Service Factor 0.84 

Blowdown from the steam generation facilities of the direct 
coking process is assumed to be 1% of the steam system capacity. 

.7 	Calcinating Plant  

Flue Gas 	 Service Factor 0.84 

Lime requirements of the direct coking process are met by cal-
cinating limestone, utilizing natural gas as fuel. 

333 UPGEADING  

Diluted bitumen from extraction is routed through diluent or 
solvent recovery process to primary upgrading where the bitumen is up-
graded to intermediate product streams using such primary upgrading pro-
cesses as Fluid Coking, Flexicoking, H-Oil, CANMET or Eureka. Naphtha, 
gas oil and distillate are subject to further treatment in separate 
hydrotreaters (secondary upgrading) and diluent or solvent make-up 
requirements of extraction are produced. The products of secondary up-
grading are then blended as synthetic crude. Product sour gases are 
recovered from primary and secondary upgrading and stripped of H2S in the 
amine plant. Resultant sweet process gas is utilized in upgrading and 
utilities. 

Processes which are also included in the upgrading area of the 
plant are the sulphur plant, sour water stripper and hydrogen plant. For 
those options where residues from primary upgrading are used to produce a 
medium joule fuel gas (Options 2 and 7) or used to produce hydrogen 
(Options 5 and 12), oxygen generation and gasification processes are 
provided. 

In the direct coking options (Options 10 and 15), intermediate 
products are routed from the direct coking process to secondary up-
grading. 
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.1 	Diluent Recoverz 

Wastewater 	 Service Factor 0.875 

Wastewater  front the recovery of naphtha from the diluted bitu-
men contains trace quantities of R2S, Mia3 and oil and grease. Recovered 
naphtha is  sent  back to the inlet of the froth treatment process in the 
hot water extraction options. 

.2 	Solvent Recoverz 

Wastewater 	 Service Factor 0.875 

Recovery of solvent from the bitumen product of solvent extrac-
tion generates a wastewater with trace quantities .  of NH3 and oil and 
grease: 

.3 	Fluid Coking  

Net Coke 	 Service Factor 0.875 

Coke removed from the fluid coking reactor is utilized, for the 
most part, as a fuel in utility boilers, as a feedstock for the produc-
tion of medium joule fuel gas, or as a feedatock for production of hydro- - 
gen. In Options 1 and 11, the fuel requirements of the conventional coke 
boilers are less than the total coke residue production, hence, the net 
coke is sluiced to the coke storage area. 

• , .4 	Flexicokin  

Char 	 Service Factor 0.875 

Coke residue from the Flexicoking reactor is gasified at elev-
ated temperatures, a process which consumes most of the coke. Char from 
the gasifier includes purge coke, feed metals and other impurities such 
as fines introduced to the Flexicoking reactor within the feed bitumen. 

Coke Fines 	 . Service Factor 0.875 • 

Low joule fuel gas (flexigas) produced in the gasifier contains 
solids in the form of fine coke particles. Prior to utilization of the 
flexigas in utility boilers, the coke fines are removed in cyclones and 
scrubbers. 

.5 	11-0i1 

Net Pitch 	 Service Factor 0.875 

Pitch residue from the R-011 reactor is utilized as a feedstock 
for hydrogen production or as a fuel supply for pitch boilers. In Option 
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.6 	Sulphur Plant  

Sulphur Service Factor 0.875 

4, the utility fuel requirements are less than the pitch production, 
hence, the net pitch is conveyed to the pitch storage area after flaking. 

Spent Catalyst 	 Service Factor 0.875 

Aged catalysts from,the catalytic hydrogen addition process are 
periodically withdrawn from the reactors. This solid waste stream con-
tains deposits of carbon, sulphur and metals on the active catalyst. It 
is assumed that spent catalysts are directed off-site for regeneration. 

The alternative to spent catalyst regeneration and reuse is 
disposal by landfilling techniques in the mined-out area. 

Sour gases from primary upgrading and gasification processes 
are subject to H2S removal by amine contact and stripping. Acid gases 
are routed to a multi-train Claus unit with integrated SCOT tail gas 
clean-up facilities. Elemental sulphur is transported in molten form to 
the sulphur block for storage. While sulphur sales from the oil sands 
complex are expected, it is assumed that the dyked sulphur storage area 
would be capable of storing sulphur produced fran five years of opera-
tion. 

Emissions 	 Service Factor 0.875 

Tail gases from the multi-train Claus and SCOT units are 
incinerated to oxidiZe trace amounts of hydrogen sulphide. The sulphur 
plant is assumed to have an Overall sulphur conversion efficiency of 
99.9% with the remaining sulphur emitted to the atmosphere as SOx . 

.7 	Sour Water Stripper  

Wastewater 	 Service Factor 0.875 

Sour water, containing H2S, NH3, CO2 and phenols, is steam 
stripped in the multi-stage sour water stripper. The resultant H2S-rich 
gas is combined with the acid gas feed to the sulphur plant. Ammonia is 
liquified and directed to the dry ammonia flue gas desulphurization 
systems in utilities, where applicable, or directed off-site as a by-
product (not quantified). The stripped sour water which is not recycled 
internally is discharged as wastewater. The wastewater has H2S and NH3 
concentrations of 5 mg/L and 50 mg/L, respectively. 
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.8 	Gasification 

Wastewater 	 Service Factor 0.875 

Raw gas quench condensate from the gasification of coke or 
pitch, and gas scrubber liquor are combined to form a wastewater with a 
high COD, phenolic and aamonia content. The wastewater is steam stripped 
for UH3 reduction before discharge from the gasification unit. 

CO2 Vent 	 Service Factor 0.875 

Carbon dioxide is removed from the *product gas in Option 7 
where pitch is gasified to produce a medium joule fuel gas. Carbon 
dioxide is vented àirectly to the atmosphere. 

Slag 	 Service Factor 0.875 

Slag from the gasification process consists of mineral matter 
which is present in the feed coke or pitch, unreacted coke or pitch, and 
solids scrubbed from the product scrubber. 

.9 Oxyean  Plant  

Emissions 	 Service Factor 0.875 

The oxygen requirements of coke or pitch gasification to medium 
joule fuel gas (Options 2 and 7) and of partial oxidation of pitch for 
hydrogen production (Options 5 and 12) are generated in the oxygen 
plant. Oxygen is produced by compressing air to high pressures and 
distilling the oxygen from the nitrogen. 

.10 aydrogen Plant 	 Service Factor 0.375 

Hydrogen is required for secondary upgrading in the naphtha, 
gas oil and distillate hydrotreaters and in the hydrogen addition upgrad-
ing processes  (H-0L1 and CANMET). Hydrogen is produced in a multi-train 
system by steam reformation of natural gas and process gas. In Options 5 
and 12, synthesis gas generated by the partial oxidation of pitch is used 
to generate additional hydrogen. The Synthesis gasis purified in a shift 
converter and by  acid gas stripping to produce hydrogen. 

Process Condensate 	 Service Factor 0.875 

Condensate from the reformers is saturated with CO2 and con-
tains trace quantities of hydrogen and hydrocarbons: 

Wastewater 	 Service Factor 0.375 

Raw gas quench condensate and gas scrubbing liquor are produced - 
in the pitch.partial oxidation unit. The wastewater is steam stripped 
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for anmonia reduction prior to discharge. It is asSuMed that this waste-
water stream is of similiar quality to the wastewater from gasification 
of pitch for medium joule fuel gas production. 

Stripped Water 	 Service Factor 0.875 

Sour water from hydrogen purification is stripped to reduce the 
ammonia content to 50 mg/L. 

CO2 Vent 	 Service Factor 0.875 

Carbon dioxide, which is removed in the production of high 
purity hydrogen, is vented to the atmosphere. 

Slag 	 Service Factor 0.875 

The residue from the partial oxidation of pitch contains 
rainera],  matter which is present in the feed pitch and unreacted pitch 
which combine to form a slag. 

Char 	 Service Factor 0.875 

• Carbon fines, or char, are removed from the synthesis gas prior 
to carbon monoxide conversion and purification of the hydrogen product. 

.11 Upgrading Fired Heaters 

Emissions 	 Service Factor 0.875 

Process heating is provided in part by process gas fired 
heaters in the upgrading area. Emissions from the heaters are a result 
of the combustion of sweet process gas at 20 7  excess air. 

.12 Steam Generation 

Blowdown 	 Service Factor 0.875 

Within upgrading, a portion of steam requirements is met by 
waste heat utilization. Condensate blowdown is assumed to be 1% of the 
steam system capacity. 

334 UTILITIES  

The utility plant produces steam, power and water as required 
by mining, extraction, upgrading and offsites. The fuel inputs to the 
boilers vary with the upgrading residue management scheme established for 
the selected options and with the residue composition. Emissions have 
been computed directly from the fuel composition, assuming complete 
combustion. 
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Service Factor 0.875 Slowdown 

For each boiler and . superheater, NOx  emissions have been 
assumed to be equal to the maximum nitrous oxide emission objectives for 
the respective input fuels. Control of Cpx  emissions is achieved by 
boiler design factors and operational measures. 

The aeed for flue gas desulphurization on boilers fired by high 
sulphur fuels is determined by examining the total complex SO2 
emissions. SO9 removal efficiencies for each boiler are established in 
order to meet the overall plant SO2 emissions objective of 3.2 tonnes SO2 
per 1000 m3  of bitumen feed to upgrading. 

.1 	Boiler Plant  

Condensate from the steam system is blown down to control water 
quality. Blowdown is assumed to be 1% of the steam system capacity. 

.2 	CO  Boilers  

Emissions 	 Service factor 0.875 

Combustion products from fluid coking supplemented with sweet 
process gas are combusted at 20% excess air in the CO boilers. Flue 
gases are routed to flue gas treatment for particulate and SO2 reduction 
prior to venting to atmosphere. 

Fly Ash 	 Service Factor 0.875 

Particulate removal is achieved in electrostatic precipitators 
with a design removal efficiency of 997,. 

Prescrubber Blowdown 	 Service Factor 0.875 

Blowdown from the pre-scrubber of the ammonia desulphurization 
system is assumed to contain up to 90% of the fly ash within the flue gas 
and, although not further characterized, is expected to contain other 
constituents dissolved from the flue gas. 

FGD Byproduct 	 Service Factor 0.875 

Liquid byproduct from the FGD facility contains about 19.2% 
ammonium bisulphite and 7.5% ammonium sulphite. Subject to overall 
quality and marketability, it is assumed that the FGD byproduct is 
transported off-site as a feedstock for the manufacture of ammonia 

- fertilizer. 
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.3 	Coke or Pitch Boilers (Conventional). 

Emissions 	 Service Factor 0.875 

Flue gases from the combustion of coke and sweet process gas 
(Options 1 and 11) and from the combustion of pitch and natural gas 
(Option 4) are treated in electrostatic precipitatbrs and ammonia desul-
phurization systems prior to venting to atmosphere. Products of combus-
tion have been computed for each input fuel combination at 20% excess 
air, and have been corrected to reflect the required SO2 removal rate and 
maximum NOx  emission rates. 

Bottom Ash 	 Service Factor 0.875 

Bottom ash is assumed to be 20% of the input fuel ash. The 
bottom ash, which contains mineral matter and metals present in the 
residues from primary upgrading, is sluiced to hydrobins for solid/liquid 
separation and is subsequently transported to the mine for disposai..  

Fly Ash 	 Service Factor 0.875 

Removal of particulates from the boiler flue gases is achieved 
in electrostatic precipitators. The efficiency of particulate removal is 
assumed to be 99%. 

Ash Sluice Blowdown 	 Service Factor 0.8 

Blowdown from the bottom ash sluice system contains suspended 
solids and chemicals leached from the ash. 

Prescrubber Blowdown 	 Service Factor 0.8 

Blowdown from the prescrubber of the ammonia desulphurization 
system is assumed to contain 90% of the fly ash within the flue gas and, 
although not further characterized, will contain other constituents 
dissolved from the flue gas. 

FGD Byproduct 	 Service Factor 0.8 

Liquid byproduct from the flue gas desulphurization system 
contains about 19.2% ammonium bisulphite and 7.5% ammonium sulphite. 
Subject to overall qUality and marketability, it is assumed that the FGD 

_byproduct is transported off-site as a feedstock for the manufacture of 
ammonia fertilizer. 
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.4 	Coke or Pitch  Boilers (FBC)  

Emissions Service Factor 0.8 ' 

.7 	Superheaters  

Emiss.i .ons Service Factor 0.8 

Limestone is added to the fluidized bed of the coke FBC boilers 
(Option 8) and the pitch FBC boilers (Options 6 and 13) to remove 
sulphur. A sulphur to calcium molar feed  ratio of 1:4 is assumed with a 
sulphur removal efficiency of 90%. Products of combustion have been 
computed at 20% excess air, and have .been corrected to reflect the SO2 
reduction and the maximum 1T0x  emissions rate. 

Spent Bed Solids 	 Service Factor 0.8 

Spent bed solids contain the gypsum product of- desulphurization 
(Ca504), unreacted lime, and 20% of the ash content of the coke or pitch 
fuel. 

Fly Ash 	 Service Factor 0.8 

Particulate emissions from the fluidized bed boilers are re-
duced by electrostatic precipitators which remove 99 7. of the fly ash in 
the flue gas. 

.5 . Waste Heat Boilers  

Emissions 	 • 	Service Factor 0.8 

gaste heat from the gas turbines supplemented with natural gas 
utilized to raise steam in waste heat - boilers. Emissions are typical 

products of the combustion of natural gas. 

.6 	Gas Fired Boilers 

Emissions 	 Service Factor 0.8 

Steam is raised in gas fired boilers utilizing natural gas, 
sweet process gas, medium joule fuel gas from residue gasificatidn, flex-
igas, or a combination of these fuels. Emissions have been computed at 
20% excess air for each gas fired boiler from the input fuel compositio n .  
and have been corrected to reflect the maximum  NO x  emissions rate. 

Superheaters are fired by natural gas, sweet process gas, medi-
um joule fuel gas or a combination of these fuels. Emissions have been 
computed at 10% excess air for the superheaters and have been corrected 
to reflect the maximum NOx  emissions rate. 
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.8 	Cooling Towers  

Blowdown 	 Service Factor 0.8 

Four cycles of concentration of the non-volatile constituents 
of the cooling tower make-up water are assumed for cooling tower blowdown 
characterization. Make-up is assumed to be settled Athabasca River 
water. Sulphuric acid is added for pR control of the cooling water and 
it is assumed that non-chromate inhibitors are used in the system. 

.9 Water Treatment Plant 

Boiler feedwater is produced in the utilities water treatment 
plant. Treatment of settled Athabasca River water includes warm lime 
softening, filtration and demineralization. 

Softener Solids 	 Service Factor 0.8 

Sludge from warm lime softening is removed from the reactor at 
5% solids and is centrifuged to 60% solids. The centrate is recyled to 
the inlet of the softener. 

Regenerate Waste 	 Service Factor 0.8 

Wastewater from the regeneration of ion exchangers is a combin-
ation of dilute acid solution from the cation exchangers and dilute caus-
tic solution from the anion exchangers. Neutralization of the regenerant 
wastewater by lime addition is undertaken prior to discharge. 

335 OFFSITES  

. 	.1 	Flare  

Emissions 	 Service Factor 0.875 

Emissions from the flare system are a result of combustion of 
the purge stream of process gas. During normal operations, flaring of 
vapours from vessels within gas recovery and secondary upgrading is 
undertaken, thus increasing  the contaminant emission from the flare 
system. 

.2 Tankage  

Tank Bottoms 	 Service Factor 0.082 

Diluted bitumen and bitumen storage tanks are- provided for 
surge storage and to provide a 30 day uninterrupted feed bitumen supply 
to upgrading during any planned or unplanned extraction plant shutdowns. 
Tank bottoms are steam stripped from the storage tanks annually over a 30 
day period. 
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.3 	Condensate Leakage 

Condensate 	 Service Factor 0.875 

Steam or hot water leakage from heat exchangers generates an 
oil-contaminated condensate within product streams. Dirty condensate is 
subsequently removed from the system in knockout drums. It is assumed 
that the contaminated condensate has an average oil.and grease content of 
1000 mg/L. 

.4BuM..(1.1.11...5  Drains  

Washdown 	 Service Factor 0.875 

Wastewater  from  clean-up operations in upgrading and utilities 
generates wastewater of varying quality. It is assumed that the waste-
water will contain, on average, 1000 mg/L oil and grease, and 1000 mg/L 
total suspended solids. Water requirements for clean-up operations are 
assumed to be 15.2 L/s for the larger complexes and 7.6 L/s for the 
smaller complexes. 

Runoff  

inplant Runoff 

Runoff from precipitation in the 'processing areas of the 
complex is assumed, for quantification purposes, to be collected within 
the process waste sewer system equally over the non-frozen months (214 
days): A runoff coefficient of 0.8 is assumed. In all options, a storm 
pond is provided to store runoff -  in excess of the average flow dùring 
storm.  conditions and during the spring runoff period. 

Clean Runoff 	 Service Factor 0.586 

Runoff from non-processing areas of the plant is collected in 
drainage ditches and is discharged to natural drainage channels. 

.6 	Potable Water Treatment Plant 

Service Factor 1.0 

Water from the raw water pond supplies the potable water treat-
ment plant. Treatment involves coagulation/flocculation, settling, fil- 
tration and disinfection. 	Waste alum sludge is discharged from the 
treatment plant at 3% solids. 	Sludge production is 60 m3 /d for the 
options producing syncrude at the higher rata (work force of 2500 per-
sons) and 30 m3 /d for the options producing syncrude at the lower rate 
(work  fora of 1250 persons). 
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.8 	Coke Storage Area  

Coke Sluice Blowdown Service Factor 0.875 

.7 	Sewage Treatment Plant  

Effluent 	 Service Factor 1.0 

Sanitary sewage from the complex is generated at the rate of 
0.45 m3 /worker/day and is treated in the secondary sewage treatment 
plant. The plant is a rotating biological contactor unit which includes 
two primary clarifiers, four bio-dise  units, a secondary clarifier and 
two aerobic digestors. Effluent from the plant contains 25 mg/L BOD, 
25 mg/L total suspended solids and 25 mg/L oil and grease. 

Digested Sludge 	 Service Factor 1.0 

-Sludge from aerobic digestion has a solids content of 5% by 

Net coke from Options J. and 11 is stored in the dyked coke 
storage area. Blowdown from the coke sluicing system includes runoff 
from precipitation input to the storage erea. 

.9 	Pitch Storage Area 

Runoff 	 Service Factor 0.586 

The character of runoff from the pitch storage area required in 
Option 4 is estimated from the pitch composition. 

.10 Sulphur Block 

Runoff 	 Service Factor 0.586 

Runoff from the sulphur block is expected to contain up to 
200 mg/L of suspended solids, primarily elemental sulphur particles, and 
trace amounts of thiosulphides. Sulphur is essentially non-reactive over 
the normal conditions to which it is exposed, however, during the spring 
runoff period, runoff may be more acidic. 

.11 Solid Waste  

Emissions 	 Service Factor 1.0 

Solid waste is generated within the complex at the rate of 2 
kg/worker/day. The combustible fraction (75%) is incinerated under con-
trolled air conditions generating emissions to the atmosphere. 
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Nan—combustibles Service Factor 1.0 

Ash from the incineration of the combustible solid  vaste  frac-
tion and non—combustible solid  vaste  (mostly ferrous metals) is trans-
ported to the mined—out area for disposal. 

3.4 WASTE STREAM CHARACTERIZATION 

341 DATA PRESENTATION 

Waste stream characterization data for each unit process are 
stored in a computerized data storage and retrieval system. The system 
for data storage, manipulation and presentation ùsed for this study is 
made up of two parts. The data entry, modification and report modules 
make up the data base portion which is run on a Digital mainframe 
computer. The nature of the data base design allows quick access to and 
retrieval of interrelated data attributes, as well as sophisticated 
reporting functions. Data are entered via a video display terminal, and 
lists or reports may be printed on a hard copy terminal or via a high 
speed printer. 

Once the data is finalized, it is ready for formatting on the 
pre—drawn matrices and flow diagrams.. Data is selected and electronic-
ally transferred to a Digital mini—computer dedicated to computer aided 
drafting and design. Here a program is run which takes the transferred 
data and graphically places them in specified locations on the pre—drawn 
matrices. Matrices cen contain up to 3700 data entries so the computer 
generated matrices represent a considerable time saving over conventional 
drafting. 

Stream day waste flows are used for flow rate identification 
and are repiasentative of average operating day wastes generation. For 
those  vastes  which accumulate over a year, e.g. sulphur, the annual 
accumulation may be computed by applying the service factor for the vaste 

 stream. 

Waste stream characterilation data are presented for each of 
'selected options in matrix format. Space limitations have necessitated 
two matrix sheets for the complete characterization of gaseous, liquid 
and solid waste enissions for each option. 

Summaries of all waste streams from the unit processes within 
the selected options are displayed on pollutant flow diagrams. The 
diagrams also show the conceptual waste collection and distribution 

- network, total stream day and total annual flows in each colleCtion 
system, and the waste management scheme (described in detail in Part 4). 
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I. 
Figure 3-1 shows the data presentation format and identifies 

the relationships between the matrices and pollutant flow diagrams. 
Within the matrices, each waste stream is identified by the area of the 
complex from which the waste is generated, the unit process, waste stream 
description and identification number. Waste stream flow rate, emission 
temperature, density and pa (when applicable or known)'are displayed in 
the, units as indicated. Both concentration and daily loading for other 
characterization parameters are provided. Concentrations.are reported in 
mg/L for liquid waste streams, mg/kg for solid waste streams, and mg/mP 
for gaseous waste streams. All loading data are reported in kg/d. Expo-
nential format is used to identify large numbers (greater than 9999)  •in 
order to conserve space within the matrix. Waste streams are identified 
in the pollutant flow diagrams by the waste stream identification number 
established in the waste maeagement matrix. 

In the example shown in Figure 3-1, wet tailings from hot water • 
extraction, consisting of approximately 617 000 mg/L solids, 609 000 mg/L 
water and 6 776 mg/L bitumen, are directed to the tailings pond via the 
tailings line. Approximately 2.2 million kg/sd of bitumen are discharged. 
from hot water extraction within the wet tailings. The pollutant flow 
diagram also shows the total flow per stream day to the, tailings pond, 
identifies the annual input to the tailings pond and shows the stream day 
quantity of water reclaimed from the pond. 

342 WASTE MANAGEMENT MATRICES AND POLLUTANT FLOW DIAGRAMS  

Matrices 3-1 to 3-30 and Figures 3-2 to 3-16 provide the. 
complete waste characterization data for all selected options. For each 

, 	option, the order of the data presentation sheets is as follows: 

1. Waste Management Matrix - Liquid Waste Streams; 

2. ' Waste Management Matrix - Solid and Gaseous Waste Streams; and 

3. Pollutant Flow Diagram. 
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ge2elt) MONENCO CONSULTANTS LIMITED 	  

VASTE  MANAGEMENT MATRIX-LIQUID WASTE STREAMS (STREAM DAY BASIS) 

	

FL011 	TB". 	DENS! TY 	pH 	14 20 	COD 	TOC 	13003 	TOTAL 	HCO3 	112 	CO2 	H2S 	NH3 	7KN 	NO3 	ASH 	TSS 	TDS 	SAt4D 	BI TUMEN 	HC 	NAPHTHA SOLVENT OIL 6 	PHENOL 	DEA 	SO4 	SUL- 	S203 	PO4 	Cl 	F 	CN 	SCN 	Ca 	Mg 	AM 	Ne 	K 	• 	AI 	Ae 	B 	Be 	Cu 	Cr 	Fe 	He 	141 	T I 	Ph 	st 	Sr 	y 	Zn 
ALK. 	 GREASE 	 PHI DES 

	

m3/ sd 	OC 	ka/m3  

AREA 	 PROCESS 	WASTE STREAM 	0/ 

	

1710 	 1000 	L6 	 295 	 7 	 467 	 • 	 11 	 34 	 68 	24 	 72 	3 	 6 MINING 	DE1ATERI6 	 SHALLOW AOUIFER 	3 
504 	 12 	• 	 799 	 18.8 	 58. 1 	 116 	41 	 123 	5.1 3 	 10.3  

	

6700 	 1005 	7.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 . 9 	 .5 BASAL AQUIFER 	4 
, 	9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618  	 6.03 	 3. 35  

	

5656 	 1000 	13 	 12 	 .28 	 6.5 	400 	 3 	 .23 	 99.1 	24.8 	.31 	66 	2.B1 	 .19 	 .004 	.007 	. 85 	 .021 	.011 	 8.26 	.39 	 .046 MINE  WATER 	 5 

	

67. 9 	 1.58 	 36. 8 	2262 	 II 	 I.  3 	 564 	140 	I. 75 	373 	16. 2 	 1.0/ 	 .023 	.04 	4. 81 	 .119 	.062 	 46. 7 	2. 21 	 .26  

	

1661 	 1000 	7.3 	 34 	0 	 64. 6 	78. 1 	 .35 	 365 	ID 	 .1 	 I. 7 	.06 	 I& 5 	4. 5 	 4. 9 	. 5 	 2.2 OVERBURDEN 	 MUSKEG RU1CF F 	8 
56.5 	13. 3 	 107 	131 	 .581 	 606 	16, 6 	 .166 	 2.82 	.1 	 27.4 	7. 4 1 	 8. 14 	.831 	 3.65  

	

691 	 1000 	7. 6 	 30 	 6123 	150 	 10 	 IS 	5 	 15 SUBSOIL RUNOFF 	9 
20.1 	 4232 	104 	 6.91 	 I04 	3.4$ 	 10.4  

	

125E5 	65 	1232 	0.5 	6. 09E5 	 6. 17E5 	 6126 	 - EXTRACTION 	HOT WATER EXTRACTION 	VET TAILINGS 	13 
1 . 98(0 	 • 	 2.00E8 	 2.20E6  

	

2. 0214 	75 	1079 	8 	8. 31E5 	 2. 02E5 	 2. 10E4 • 	I. 94E4 FROTH TREATMENT 	VET TAIL INGS 	15 
1.67E/ 	 4.06E6 	 5.43E5 	 3.9115  

	

2419 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUF.NT RECOVERY 	WASTEWATER 	 1 1 

	

4200 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 . I 	. 36 	1 	 .07 	 LB 	 2.6 SOUR WATER STRIPPER 	SIS  WASTEWATER 	21 	 1 1239 	 857 	 21 	210 	 42 	 50.4 	 139 	 630 	 491 	 .42 	1.51 	37.8 	 . 294 	 37 	 10.9  

	

2462 	 IWO 	 TRACE 	19 	 TRACE HYDROGEN PLANT 	 CONDENSATE 	22 
46.8 .  

	

233 	174 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	11011001111 	 24 
28 	 2.1 	 3.26 	 1. 4  

	

497 	174 	1000 	9.5 	 400 	 150 	250D 	 500 	 35 UTILITIES 	BOILER PLANT 	 BLOWN 	 25 
199 	 14.5 	1242 	 248 	 17.4  

	

1550 	 1000 	 321 CO BOILERS 	 PRESCRUB8ER BO 	28 
491 	 . 

F60 BYPRODUCT 	29 1 	 572 	45 	1020 	 /. 21E5 
4. 41E6  

	

366 	11 	IMO 	6.4 	 110 	 11.5 	 2060 	775 	 10 	.062 	 .1 	 2. 18 	 IL 2 	7.63 	.44 	255 	1 3.8 	21.9 	.08 	.75 	.25 	.049 	.2 	79.1 	TRACE 	.12 	.28 	.02 	66.2 	.34 	.81 	.12 COKE BOILERS 	 ASH SLUICE BD 	33 

	

62.2 	 4.2 	 753 	283 	 • 	 3.66 	.023 	 .037 	 .191 	 6.29 	2.79 	.161 	93.2 	5.05 	0.01 	.029 	.274 	.091 	.011 	.013 	7.2 	 .044 	.102 	.007 	24.2 	.124 	.310 	.044  

	

1317 	 1000 	 1215 PRESCRU88ER BO 	34 
1600  

I  FGD DYPRODUCT 	35 	2217 	45 	1052 	 7.11(5 
1.71(6  

	

4870 	24 	1000 	1.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 III 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 COOLING TOIER 	 BLOIRKIN 	 3/ 
244 	244 	 40. 7 	 119 	3531 	 40.1 	• 	 1412 	146 	 8/8 	195 	1.17 	463 	39 	896 	 3.12 	 .156 	 23.9 	.974 	.214 	 175  

	

2700 	 1000 	7 	 145 	 6490 	 3741 	 481 	 450 	138 	 1398 	25 	 103 WATEll t' PENT PLANT 	REGROW WASTE 	39 
392 	 7,15(4 	 1,01E4 	 1299 	 1242 	373 	3775 	61.5 	 210  

	

41 	 1100 	 4.33(5 	 9.13(4 	 5.1365 OFFSITES 	TANKAGE 	 TANK Barron 	' 41 1.16(4 	 3717 	 2.34(4  

	

259 	 1000 	 400 	 1000 	2500 	 1000 	 ISO 	 35 COMENSATE LEAKAGE 	CONDENSATE 	42 
104 	 259 	648 	 259 	 38.9 	 9. 07  

	

1308 	 1000 	8. I 	 158 	 . 12 	I. 2 	. 046 	 1000 	200 	 1000 	• 	3 	270 	15.1 	32 	 1.05 	7.7 	.11 	 41. 8 	9 	 23. 5 	1. 7 	 .16 	 12 BUILDING DRAINS 	WAS11001111 	 43 
207 	 .157 	1.51 	.06 	 1308 	262 	 1308 	3.92 	353 	19.8 	41.9 	 1.31 	10.1 	.144 	 54.1 	II. 8 	 30.1 	2.22 	 .209 	 15. 7  

	

4489 	 1000 	1.6 	 511 	ID 	14.1 	90 	 1.01 	3.17 	 1170 	350 	 200 	.025 	 1. 6 	52 	 15 	5 	 is 	 52 SURFACE FQXOFF 	 I NPLANT RUMFF 	44 
2292 	44.9 	333 	404 	 31.7 	14.2 	 • 	5252 	1571 	 898 	. 112 	 7. 18 	233 	 61.3 	22.4 	 67.3 	 233  

	

653 	 1000 	1.6 	 511 	 14. 1 	 7.07 	3.17 	 660 	200 	 26 	 15 	5 	 15 CLEAN RU7CFF 	45 
333 	 48.4 	 4.62 	2.0? 	 431 	131 	 17 	• 	 18 	3.2? 	 9. 8  

	

60 	 . 	1000 	 9.10(5 	 3.00(4 POTABLE WATER T' VENT 	ALLII SLUDGE 	46 
5.82E4 	 1800  

	

1140 	 1000 	 • 	 25 	 25 	 25 	 • SEWAGE TREADIENT 	EFFLUENT 	 47 
28.5 	 28.5 	 20.5  

9 	 1022 	 9.49E5 	 5.11E4 DIGESTED SLUDGE 	48 
8654 	 466  

	

366 	 1000 	7.8 	 110 	 11.5 	 1680 	835 	 10 	.062 	 .1 	 2. 18 	 11.2 	1.63 	• 44 	255 	13.8 	21. 9 	.08 	. 75 	.25 	. 049 	• 2 	19. 7 	TRACE 	. 12 	.28 	• 02 	66. 2 	• 34 	.87 	.12 COKE STORAGE 	 COKE SLUICE 80 	• 	49 

	

62.2 	 t2 	 614 	305  	3.66 	.023 	 . 031 	 .191 	 6.29 	2.79 	.161 	93.2 	5.05 	8.01 	.029 	.274 	.091 	.018 	.073 	7.2 	 .044 	.102 	.00? 	24.2 	.124 	.318 	. 044  

	

34 	 1000 	6 	 200 	 TRACE SULPHUR STORAGE 	BLOCK MOE 	50 

	

6.74  	

MATRIX 3 - 1 

	

. 	 DATA PRESENTA 1 ION,  L !QUIDS 

ENVIRONMENT CANADA 
1 	ALSO CONTAINS 	I 9. Vet  1111411503 AND 	7. 5leatt 	( NH 4) 2S0 3 	 PARAMETER 	 7SS ENVIRONMENTAL PROTECTION SERVICE 

	  - 
CONCENTRATION mg/ L 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kg/ Ad 	1440 	 FROM A MINING OIL SANDS COMPLEX 

0 MELTIITSAITITEelOYellUZIGR°Ari 	 OPTION I HOT WATER EXTRACTION/FLUID COKING/ UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 	 CO & COKE BOILERS 

MONENCO CONSULTANTS LIMITED  
N00 2 34. CHT F29 



CO2  

4000 
1.12E6 

PAR/WIER 

CONCENTRATION mpire3 
 'LOADING 	Wed 

PARAMETER 

CONCENTRATION np/kg 
LOADING 	km/ ed 

X NOT CHARACTERIZED 

<0> WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

DATA PRESENTATION'  GASES 

UNITS AS ABOVE UNLESS 
/WED OTHERWISE 

DATA PRESENTAT 10141 SOLIDS 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

liONENCO CONSULTANTS ilea TEO 

WASTE MANAGEMENT MAIRIX-SOLID WASTE STREAMS ISTREAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	BI TUNE/ NAPHTHA SOLVENT- 	ASH 	COKE 	PI TCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	L IME 	CA9CO3 	CeSO4 	METALS 	Acl 	41 	As 	B 	BC 	Be 	C 	Co 	CO 	Cr 	Cu 	Fe 	H2 	K 	02 	Mg 	Iln 	It 	N2 	No 	NI 	P 	Pb 	S 	Sb 	Se 	SI 	T1 	V 	Zn 

km/ sd 	O 	kp/m3 	
CA' LTST 	ORG. 	1NORG. C  

... 	 . 	 ... 	 . 	 , 
AREA 	° 	PROCESS 	VASTE STREAM 

 

812 	 400 	 5000 	 5. 90E4 	 I. 10E5 	 O. 50E5 	2. 53E5 	 6. 40E4 	 P. 40E4 	 4. 10E4 	I. 50E4 	 8.00E4 	 2. 10E4 • 	 3. 20E5 	8000 MINING 	SITE PREPARATION 	ASH 	 2 	 , 	 11. I 	 260 	6. 5 4.06 	 47.9 	 88.3 	 690 	205 	 52 	 19. 5 	 33.3 	12.2 	 65  _ 
3.05E7 	 840 	1. 6 	 r 	 r 	 9. 76E5 	2. 40E4 1 	 1 

OVERBURDEN 	 ILISREC 	 6 
2. 98E1 	7. 32E5  

I. 12E8 	 1600 	1.5 	 €.30E5 	2.01(5 	I. 62E5 SLBSOIL 	 7 1.08(8 	3.51E7 	2.79E? 	 i  
9.85E6 	82 	1484 	8. 5 	• 	1.19E5 	1.50E4 	 L 37E5 	8661 	2.08E4 EXTRACTION 	FEED ST5101 	 REJECTS 	 12 I. 11E6 	1.48(5 	 8.24E6 	L 53E4 	2.05E5 
1.80E5 	 1200 	 10110 	 7.10E4 	 V 	 . 4 	6930 	 30 	 I. TOE5 	602 	10 	51 	II 	2570 	1.45(4 	 4.35E4 	272 	49 	121 	6200 	370 	660 	 10 	1.90E4 	 1160 	1590 	13 UPGRODING 	FLUID COKING 	 NET COKE 	 18 180 	 1. 28E4 	 .072 	1247 	 5.4 	 1.39(5 	108 	1.8 	9.18 	1.98 	463 	2610 	 7830 	49 	8.82 	21.8 	1116 	66.6 	119 	, 	3.6 	I. 42E4 	 209 	286 	2.34  
8. 38E5 	 2046 	 100 	 2 	 15 	 l.00 SULPHUR PLANT 	 SULP10.11 	 20 8L8 	 1.61 	 11.6 	 8. 37E5  
5.42E4 	430 	2100 	8.5 	 3. 31E5 	 3.31E4 	 9.92(4 	 8264 	 5. 29E5 UTILITIES 	CO WILMS 	 FLY ASK 	 27 

	

1.19(4  • 	 1791 	 5374 	 448 	 L 81E4 
4. 30E4 	80 	2400 	8 	 2. 71E5 	 4. 12E4 	 IL 60E4 	 2. 14E4 	 I. 43E4 	2600 	 4900 	1.53E4 	1100 	 4. 30E5 	3.70E4 	6.25E4 DIKE BOILERS 	 EKITTOM ASII 	31 

	

I.  16E4 	 1172 	 3699 	 920 	 615 	112 	 416 	658 	41.3 	 1.85(4 	1591 	2688 
I. 76E5 	430 	2180 	8.5 	 131E5 	 3.31(4 	 9.92(4 	 8264 	 5.29(5 FLT ASH 	 32 

	

5.81(4 	 5806 	 1.74(4 	 1451 	 9.29(4  
3. 58E4 	 2040 	 4. 00E5 	 L 00E5 WATER TIER  PLANT 	SOFTENER SOLIDS 	38 

1.43E4 	. 	 , 2.15E4 	 V 	
À  

1663 	 4700 	 5. 49E5 	 4.51E5 OFFSITES 	SOLID VASTE 	 NXICOIMUSTIBLES 	52 

	

913 	 750 	  

BASTE MANAGEMENT MATRIX-GASEOUS BASTE STREAMS ISTREAM DAY BASIS1 

FLOW 	TEMP. 	PRESS. -DENSITY 	020 	. 	CO2 	CO 	02 	SO2 	SO3 - 	COS 	N2 	NON 	NH3 	Ar 	He 	PART IC- 	He 	NAPHTHA ORGANIC ALDE- • 
ULATES 	 ACIDS 	HYDES 

801/ed 	OC 	wo 	mgem3  
I... 	 , 	 • 	 1 	 11.. 

AREA 	 PROCESS 	WASTE STREAM 	0 
. 	. 

2.3E4 	400 	101 	1.25E6 	1.12E5 	3.32(5 	 1.81E5 	 1.32(4 	 550 MINING 	SITE PIENUMITION 	OMISSIONS 	 1 

	

1912 	1124 	 2.01(4 	 348 	 14.5  
X FUGITIVE EMISSION 	MIST 	• 	 I 0 

1.33(4 	540 	101 	1.11E6 	 560 	1.02(4 	6.6k€4 	7564 	95.8 	 8. 91E5 	3.75(4 	330 	1. 50E4 	 1.88(4 	5. 48(4 	 5110 	2780 DIESEL EMISSIGUS 	I I 

	

7.46 	136 	888 	101 	1.28 	 1.19(4 	500 	4.4 	200 	 250 	728 	 68.1 	31.1  
1.81E6 	200 	101 	7.61E5 	7.62E5 EXTRACTION 	HOT WATER  EXTRACTION 	.STE)11 MIS 	I 4 1.44(6  
1.14(4 	 101 	1.47(6 	7.12(4 	798 	 2.58(5 	 1.62(5 	 1.1664 	 3.50E5 FROTH TREATMENT 	VENTS 	 16 

	

882 	9.12 	 2944 	 8709 	• 	 201 	 4003  
159E6 	538 	105 	1.20E6 	3.98(4 	9.30(4 	 634 	6.77 	 1.06(6 	211 UPGRAI)ING 	SULPHUR PLANT 	 E3lISSI06 	 19 

	

1.03E5 	2.41(5 	 1642 	17,5 	 2.75(6 	54 1  
2. 11E7 	400 	110 	1.24(6 	9.13(4 	2.75(5 	 4.19(4 	160 	2 	 8.19(5 	210 	• 	1.52(4 UPGRADING HEATERS 	FLUE CAS 	 23 

	

1.98(6 	5.97(6 	 9. 10E5 	3472 	43.4 	 1.78(1 	5859 	 3.30(5  - 
1.15(1 	13 	101 	1.24(6 	6. 92E4 	2.60E5 	 1.14(4 	853 	11 	 8.90(5 	221 	TRACE 	5854 	 3.1  Ur IL ITIES 	CO BOILERS 	 FLUE GAS 	 26 

	

1.21(6 	4.56(6 	3.0565 	1. 49E4 	193 	 1.56E7 	3872 	 1.03(5 	 54.3  
5.33(7 	43 	101 	1.24E6 	L92(4 	2.38(5 	 4.11(4 	1020 	13 	 8.10(5 	539 	TRACE 	1. 17(4 	 3.3 COKE BOILERS 	 'FLUE CAS 	 30 

	

3.69E6 	1.21(7 	2.51E6 	5.14E4 	693 	 4.64E7 	2.87E4 	9.45 	 176 

	

• 
	

2.66(6 	68 	101 	1.18E6 	1.32E5 	1.71(5 	 Z 38E4 	138 	1.75 	 8. 38E5 	291 	 1.54(4 	4.38 PC SUPERNEMUS 	FLUE GAS 	 36 

	

3.52(5 	4.54(5 	 6. 34E4 	368 	4.66 	 2.23(6 	774. 	 4. 10E4 	11.1  
1.04(5 	1000 	101 	1.19E6 	1.32(5 	1.95(5 	 600 	8 	 8.44(5 	 1.42(4 OFFSITES 	FLARE 	 EMISSIONS 	 40 

	

1.37E4 	2.02(4 	 62. 3 	.831 	 8.76(4 	 1471  
1.18E4 	650 	103 	1.23(6 	1.22E5 	3.06(5 	 122 	• 1.5 	 7.99(5 	1105 	 123 SOLID BASTE 	 INCINERATOR 011S 	51 

	

2164 	• 	5444 	 2.16 	.027 	 1.42(4 	19.6 	 2.19  

MATRIX 3-2 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 1 HOT WATER EXTRACTIONiFLUID COKING1 
CO & COKE BOILERS 

MONENCO CONSULTANTS LIMITED 
NO 0235. CBI 	F24 



ATMDSPNERE 

0 4> e 

rereepoio ree)  
I TO 
I TREATMENT / 

1414111111111 , 

Irrol);Ifuer)  

fb-"rinTa>1  
POND  

é 	 I TO DISCHARG 

'

TO MINE 
RECLAMATION> 

	 1 RECYCLE 	I 
POND  I I  

RECLAMATION I 
	  MINE 	 

1 
TO DISCHARGE 

TOTAL +   
ANNUAL 	

TOTAL 
FLOW 

FLOW 	PER SD 
ATMOSPHERIC 
EMISSIONS 	0.026 	 X 	0.013 	 1.893 	0.011 	 2.590 	 21.70 	 17.52 	 53.32 	 2.661 	 0.104 	 0.018 	3.03E10 	99.86 
10Km3/sd  	 
RECYCLE 
SEWER 	 0.233 0.497 	 2:20E5 	0.730 103m3/ad  
PROCESS 
WASTE SEWER 	 2.419 	 4.200 2.462 	 0.366 	 0.259 1.308 4.489 	 0.366 0.034 	 4.54E6 	15.903 
103m3/&d  
EFFLUENT 
SEWER 	 1.550 	 1.317 	 4.870 	2.700 	 1.140 	 3.50E6 	11.577 
103m3/sd  
SLUDGE 
SEVER 	 Il. 060 	O. 009 	 2.52E4 	0.069 103m3/sd  
TAILINGS 
LINE 	 5.656 	 325.1 	• 	20.15 	 1.02E8 	350.9 103m3/sd 
DRAINAGE 
DITCH 	 1.710 6.700 	 1.661 0.691 	 0.653 	 3.45E6 	11.415 
103m3/sd  

d
SOLIDS 	0.812 	 30500 172000 	 9845 	 54.2 	 43 	175.6 	 35.8 	 1.663 	3.40E7 	212656 t/s 
OTHER 
SOLIDS 	 180 	837.5 	 3.25E5 	10175 •/sd  
OTHER 
LIOUIDS 	 0.572 	 2.217 	 0.041 	 8.31E5 	2.830 103m3/sd  

SFE-. IDS 

sEurrer->  

I. 
MED 
I SLUDGE  SKIER>  
=LINE 

heal" 

ATMOSPHERE 

I SITE  
PREPARATION 

I I 1 	1 
Il 	I 11  

MINING 

I OVERBURDEN I 
REMOVAL 

G.  
4G  

FUGITIVE 
EMISSIONS 

1( NOT QUANTIFIED 

'

ROT  WATER 
EXTRACTION 

EXTRACTION 	  UPGRADING 

!FROTH 
TREATMENT 

0 0 

DILUENT 
RECOVERY 

TO 
COKE 

STORAGE 

SULPHUR 
PLANT 

TO 
SULPHUR 
BLOCK 

SOIR WATER 
STRIPPER 

411› 

HYDROGEN 
PLANT 

41> 

UPGRADING 
FIRED 
HEATERS 

'STEAM 
GENERATION 

BOILER 
PLANT 

liONENCO  CONSULTANTS  L !MI TED 

•
• 0 

co 
BOILERS 

<>4:1 4:1 4:1 
4!› 4:n 	 4$› 	4:1 

TO OFFSITE 
UTILIZATION 

COKE 
&OILERS 

I 	I
I 

UTILITIES 

'SUPERHEATERS COOLING 
TOWERS 

Jule 
TREATMENT 
PLANT 

UNITS FOR TOTAL ANNUAL FLOW. ATMOSPHERIC EMISSIONS m3/yr 
LIQUID STREAMS 	ml/yr 
SOLIDS 	 t/yr 

FLARE 

TO OFFSITE 
TREA MENT 
6 DISPOSAL 

CONDENSATE 
LEAKAGE 

BUILDING 
DRAINS 

TO EXTRACTION 

TO  PLANT• 

SURFACE 
RUNOFF 

• 

OFFSITES 

POTABLE 
WATER 
TREATMENT 

41> 

rn-ISTO1S. 	TO PLANT 

10.002 

RECLAIM 
POND 

SLUDGE  
POND 
SLUDGE  
POND 

SEWAGE 
TREATMENT 

O.  044 0.044 

I API 
SEPARATOR 

COKE 
STORAGE 

0.252 

141.4 

SULPHUR 
BLOCK 

.1 EFFLUENT 	1 27,694 
POND 

15.865 

SOLID 
WASTE 

pT0A:iliINGS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION I HOT WATER EXTRACTION/FLUID COKING/ 
CO Id COKE BOILERS 

MONENCO CONSULTANTS LIMITED 

FIGURE 3-2 	POLtUTANT FLOW DIAGRAM 

oôn 	WASTE STREAM 

1 	EMISSIONS 
2 	ASH 
3 	SHALLOW AQUIFER 
4 	BASAL AQUIFER 
5 	MINE WATER 
6 	MUSKEG 
7 	SUBSOIL 
8 MUSKEG RUNOFF 
9 ' SUBSOIL RUNOFF 
10 	DUST 
11 	DIESEL EMISSIONS 
12 	REJECTS 
13 	WET TAILINGS 
14 	STEAM VENTS 
15 	SET TAILINGS 
16 	VENTS 
17' WASTEWATER 
18 	NET COKE 
19 	EMISSIONS 
20 	SULPHUR 
21 	SWS WASTEWATER 

22 	CONDENSATE 
23 	FLUE GAS 
24 	SLOWDOWN 
25 	BLOWDOWN 

26 	FLUE GAS 
27 	FLY ASH 
28 	PRESCRUBBER  DO 
29 	FM) SYPROOUCT 
30 	FLUE GAS 
31 	BOTTOM ASH 
32 	FLY ASH 
33 	ASH SLUICE BD 
34 	PRESCRUBBER BO 
35 	RID BYPRODUCT 

36 	FLUE GAS 
37 	'LOWDOWN 
38 	SOFTENER SOLIDS 
39 	REGENERANT WASTE 
40 	EMISSIONS 
41 	TANK BOTTONS  
42 	CONDENSATE 
43 	WASNDOIN 

44 	INPLANT RUNOFF 
45 	CLEAN RUNOFF 
46 	ALUM SLUDGE 
47 	EFFLUENT 
48 	DIGESTED SLUDGE 
49 	COKE SLUICE BD 
50 	BLOCK RUNOFF 
51 	INCINERATOR EMIS 
52 	NONCOMBUSTIBLES 

NO0115. !el/ 	F24 



 	gieep NONENCO  CONSULTANTS  L 'MI TED 	  

WASTE  MANAGEMENT MATRIX -LIDUID WASTE STREAMS (STREAM DAY BASIS) 
FLOW 	TOP. 	DENS! TY 	pH 	1 120 	COD 	TOC 	BOD5 	TOTAL 	HCO3 	142 	CO2H2S 	NH 	TIN 	NO 3 	ASH 	TSS 	TDS 	SAND 	BI TUIJEI 	HC 	NAPHTHA SOL VENT OI l & 	PHENOL 	DEA 	SO4 	SUL- 	5203 	PEI4 	CI 	F 	CN 	SCN 	CO 	MO 	sr, 	Na 	K 	Al 	As 	B 	Bo 	 r 	Fe 	No 	NI 	TI 	Pb 	St 	Sr 	V 	Zn  

m 3/Kd 	°C 	kg/m3 	 ALI. 	 GREASE 	 PH I DES 

AREA 	 PROCESS 	 VASTE  STREAM 

1710 	 1000 	7.6 	 295 	 / 	 467 	 II 	 34 	 68 	24 	 72 	3 	 6 MINING 	DEMATERING 	 SHALLOW AQUIFER 	3 
504 	 12 	 799 	 18.8 	 58. 1 	 jj6 	41 	 123 	5. I 3 10. 3  

6700 	 1005 	7.4 	 1440 	 3778 	 55 	23. 5 	 1060 	 55 	30 	 1137 	 • 9 	 .s BASAL AOUIFTR 	4 
9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618 	 6. 03 	 3.35  

5656 	 1000 	8. 3 	 12 	 . 28 	 8.5 	400 	 3 	 .23 	 99.7 	24. 8 	. 31 	66 	2. 87 	 • 19 	 .004 	.001 	. 85 	 . 021 	.011 	 B.  25 	• 39 	 .046  MINE RATER 	 5 
6?. 9 	 I. 58 	 35.8 	2262 	 IT 	 I. 3 	 561 	140 	1. 75 	373 	16. 2 	 1.01 	 .023 	.04 	4.81 	 . 119 	.062 	 46. 7 	2. 21 	 .26  

OYERfltEN 	 925 	 1000 	7.3 	 • 	 34 	1 	 64.6 	18.1 	 .35 	 365 	ID 	 .1 	 I. 7 	.06 	 16.5 	t5 	 4.9 	.5 	 2. 2 MUSKEG RUNOFF 	8 
31.4 	1.4 	 59. 7 	12.8 	 .324 	 338 	9.25 	 .092 	 1.51 	.055 	 15.3 	4.16 	 4.53 	.462 	 L03  

2186 	 1000 	7.6 	 30 	 6123 	150 	 10 	 15 	5 	 15 SUBSOIL RUNOFF 	9 
65.6 	 1. 34E4 	328 	 21.9 	 328 	10.9 	 32.8  

1.90(5 	65 	1015 	8 	 4. 06E4 	 1440 	 205 EXTRACTION 	HIIFJF ILTRATION 	 FILIMATE 	 I 5 
7. 73E6 	 2. 74E5 	 3. 90E4  

2419 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUENT RECOYERY 	WASTEWATER 	 I 7 

912 	 1000 	7.9 	 4050 	 1252 	• 	 5 	144 	 3 	 32.5 	 130 	 120 	 3.5 	 .4 	31 ' GASIFICATION 	 WASTEWATER 	 1 8 
3694 	 1142 	 4.56 	131 	 L 14 	 296 	 666 	 109 	 3.l 	 .355 	28.3  

4200 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 • 	 12 	 33 	 150 	 II? 	 .1 	.36 	9 	 .0? 	 L8 	 2.6 MLR WATER STRIPPER 	SWS WASTEWATER 	22 
1239 	 851 	 21 	210 	 42 	 50.4 	 139 	 630 	 491 	 .42 	1.51 	31.8 	 .294 	 37 	 10.9  

2472 	 1000 	 TRACE 	19 	 TRACE 
 

HYDROGEN PUNY 	COMPUTE 	24 
41  

310 	114 	1000 	9.5 	 120 	 9 	 14 	 • 	 6 UPGRADING STEAM 	SLOWDOWN 	 26 
37.2 	 2.19 	 4.34 	 1.06  

386 	174 	1000 	9.5 	 400 	
. 	 1 UTILITIES 	BOILER PLANT 	 SLOWDOWN 	 27 	 150 	2500 	 500 35 

154 	 51.9 	• 	966 	k 	 193 	 V 	13.5  
1550 	 1000 	 321 CO BOILERS 	 PRESCRUBBER BD 	30  

497  
1  FGO BYPRODUCT 	3 	572 	45 	1020 	 7. 71E5 1 

4. 41E6  
6240 	24 	1000 	7.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 11G 	40 	.24 	95 	8 	I. 84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 COOLING TOWER 	 &ORION 	 34 

312 	312 	 62.4 	 998 	4524 	 62.4 	 1810 	 181 	 1061 	250 	1.5 	593 	49.9 	II. 5 	 3.99 	 .2 	 30.6 	I. 25 	.275 	• 	 225  
2100 	• 	1000 	• 	7 	 145 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 WATER T'MENT PLANT 	REGDERMIT WASTE 	36 

305 	 I.3&4 	 1856 	1010 	 966 	290 	 2936 	52.5 	 216  
41 	 1100 	 4.33E5 	 9. 13E4 	 5. 75E5 OFFSITES 	TANKAGE 	 TANI BOTTOM 	38 

	

1.76(4 	 3717 	 2.34E4  
259 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 35 CONDENSATE LEAKAGE 	CONDENSATE 	39  

. 	 104 	 259 	648  	 259 	 30.9 	 9.07  1 308 	' 	1000 	8.1 	 158 	 . 12 	I. 2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 • 	1.05 	1.1 	• II 	 • 	 41.0 	9 	 23.5 	1 1 	 • 	 • 16 	 12 BUILDING• DRAINS 	ITASIIDOIN 	 40  
207 	 .157 	1.57 	. 06 	 1308 	262 	 1308 	3. 92 	353 	19.8 	41. 9 	 • 	I. 37 	10. 1 	• 144 	 54. 7 	II. 8 	 30. 7 	2. 22 	 .209 	 15. 1  

4489 	 1000 	7.6 	 511 	10 	14.1 	90 	 1.01 	3.11 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 SURFACE RUNOFF 	 INPLANT RUNOFF 	41 
2292 	44.9 	333 	404 	 31.? 	14.2 	 5252 	1571 	 898 	.112 	 1.10 	233 	 67.3 	22.4 	 67.3 	 233  

653 	 1000 	1.6 	 511 	 74.1 	 1.01 	I I? 	 660 	200 	 26 	 15 	5 	 15 CLEAN RUNOFF 	42  
333 	 48.4 	 4.62 	2.01 	 431 	131 	 II 	 5.0 	3.21 	 9.8  

60 	 1000 	 9.7055 	 3.0O4  POTABLE WATER T'IMMT 	ALIN SLUDGE 	43  

	

5.82E4 	 1800  
1140 	 1000 	 25 	 25 	 25 SEWAGE READMIT 	EFFLUENT 	 44  

28.5 	 28.5 	 28.5  O 	 1822 	 9.49E5 	 5.11E4 01GESiED SLUDGE 	45 

	

8654 	 466  
39 	 ION 	6 	 200 	 166CE 	

. 	  
SULPHUR STORAGE 	BLOCK RUNIF 	46 

7.82    	

MATRIX 3-3  
DATA PRESENTATIONI  LIQUIDS 

I 	ALSO CONTAINS 	I 9. Zee NH4HSO 3  AND 	7. V.vt ( NH 42503 	 ENVIRONMENT CANADA 
PARAMETER 	 TSS 	 ENVIRONMENTAL PROTECTION SERVICE 
CONCENTRATION mp/L 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kg/ ad 	1440  	 FROM A MINING OIL SANDS COMPLEX 

0 	PôrLiirSaii;EeFticmeeliDlitr,H,C: 	 OPTION 2 	HOT WATER EXTRACTION/TAILINGS 
UNiTS AS ABOVE UNLESS 	 FILTRATION/FLUID COKING/ 
NOTED OTHERWISE 	 GASIFICATION OF COKE 

MONENCO CONSULTANTS LIMITED 
N00236. CHT F24 



DATA PRESENTATION' SOL IDS DATA PRESENTAT I Ota  GASES 

PARAMETER 

CONCENTRATION  mg/kg 
LOADING 	kg/ 84 

SAND 

6.00E  
4. 85E 

'PARAMETER 

CONCENTRATION  rnym3  
LOADING 	ke ad 

CO2  

4000 
1.42E6 

X NOT D1ARACTERIZED 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE • 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

0  WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

ioni(° CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS ISTREAM DAY BASIS) 
FLOW 	TEP'. 	DENSITY 	pH 	H20 	BITUMEhNAPH7HASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CoSO4 	METALS 	Ag 	Al 	As 	B 	Ba 	Be 	C 	Ca 	CO 	- 	Cr 	Cu 	Fe 	H2 	K 	02 	Mg 	le 	Mo 	N2 	No 	NI 	P 	Pb 	S 	Sb 	Si 	St 	11 	V 	Zn 

CA' LYST 	ORG. 	INORG. kg/ sd 	0  C 	kg/m3  

	

, 	 . 	n 	 . 	 4. 
AREA 	 PRIXESS 	 VASTE STREAM 	0 

812 	 400 	 5000 	 S. 90E4 	 I.  10E5 	 0.50E5 	2.53(5 	 6. 40E4 	2. 40E4 	 4. 10E4 	1.50E4 	 8.00E4 	 2. 10E4 	 3.20E5 	8000 MINING 	SITE PREPARA11101 	ASH 	 2 

	

4.06 	 47,9 	 89.3 	 690 	205 	 52 	 I.5 	 53.3 	12.2 	 , 	65 	 17. 1 	 260 	6.5  
3. 05E7 	 840 	T. 6 	 9. 76E5 	2. 40E4 DERBURDOI 	 1&611E1 	 s 

2.98E1 	7.32E5  
1. 12E8 	 1600 	1.5 	 6.30E5 	2.07(5 	I. 62E5 SUISOIL 	 7 

	

1.08E8 	3.51E7 	2. 79E7  
EXTRACTIC41 	FEED SYSTEM 	 RiJEcts 	 12 	9. 85E6 	82 	1484 	8.5 	I. 19E5 	1. 58E4 	 &37E5 	8661 	• 2.08E4  

	

. 1.17E6 	1.48E5 8.24E6 	8.53E4 	2. 05E5  ,  
2.32E8 	65 	1600 	 1. 38E5 	1.07(4 	1520 	' 	 &21t5 	8500 	2.04E4  IWIEJFILTRATI ON 	DRY TAILINGS 	13  

	

3.20E7 	2.40E6 	3.52E5 	 1.90E8 	1.97E6 	4.13Œ  
3.265 	 723 	 9.10E4 	 &72E5 	 9000 	 9010 	 4000 	 1.50(4  UPGRADING 	GASIFICATION 	 SLAG 	 19  

	

2.97E4 	 2. 85E5 	 2938 	 2934 	
' 

1306 	 46% .- ' 	 . 	 . 1.07E6 	 2046 	 100 	• 	 2 	' 	 15 	 1. 00E6 SULPI01 PLANT 	 SULP1111 	 21 

	

107 	 2.14 	 16.1 	 1.07E6 
5.42E4 	430 	2100 	0.5 	 r 3.31(5 	 3.31(4 	 9.92(4 	 6264 	 529E5  UTILITIES 	CO  BOILERS 	 FLY ASH 	 29 

I. 79E4 	 1791 	 5374 	 448 	2.07E4  
2.78E4 	 2040 	 4.00E5 	 6.00E5 	1 • 

MATER riot PLANT 	SOFTFJ1ER SOLIDS 	35 	, 

	

1.11(4 	 1.67E4 
1663 	 4780 	 5.49E5 	 4.51E5 OFFSITES 	SOLID VASTE 	 101C(MBUSTI8LES 	48 

	

913 	 150  

. 	 _  

WASTE MANAGEMENT MATRIX-GASEOUS WASTE STREAMS (STREAM DAY BASIS) 

FLOW 	1E1. 	PRESS. 'OENSI TY 	HO 	CO2 	CO 	02 	- 	S02 	03 	COS 	N2 	NOx • 	 NH3 	Ar 	Ne 	PART IC - 	HC 	NAPHTHA ORGANIC ALOE - 
UL ATES 	 ACIDS 	HYDES m 3/ sd 	tlC 	kPa 	rng/103  

AREA 	 PROCESS 	 • 	 WASTE STREAM 	0 

2.63(4 	400 	101 	1.25(6 	1.12(5 	3.32(5 	 7.87E5 	 1.31(4 	 550 MINIM 	SITE PREPARATION 	DdISSIOIG 	 1 

	

2942 	8724 	 2.01(4 	 348 	 14.5  
MZ FUGITIVE EMISSION 	DUST 	 ID  

1.33(4 	540 	101 	I. 11E6 	 560 	1.02(4 	6.66(4 	7564 	95.8 	 6.91(5 	3. 75E4 	330 	1.50E4 	 1.88E4 	5.46E4 	 5110 	2780 DIESEL EMISSIONS 	II 

	

T.  46 	136 	888 	101 	I. 28 	 1.19E4 	500 	4. 4 	200 	 250 	728 	 68.1 	37.1  
1.89E6 	200 	101 	7.62E5 	2.62E5 EXTRACTION 	HIVE ILTRATION 	STE» WITS 	14  1.44E6  

FROTH TREATMENT 	VENTS 	 16 	1. 14E4 	 101 	1.41E6 	7.72(4 	• 	798 	 2.58E5 	 7.62E5 	 I. 76E4 	 3.50(5  

	

_. 	1 	 882 	9.12 	 2944 	 8109 	 1 	201 	 4003  
3.86E6 	538 	105 	1.29E6 	3.41E4 	3.44E5 	 549 	ID.? 	 9.12(5 	211 UPGRADING 	SULPHUR PLANT 	 EMISSIONS 	 20 

	

1.32E5 	1.33(6 	 2123 	39.4 	 3.52E6 	816  
5211 	20 	101 	1.18(6 	 716 	 2.34E4 	 1.15(6 	 1. 93E4 OXYGEN PLANT 	 EMISSICNS 	 23 

	

3.79 	 124 	6065 	 102  
2. 11(1 	400 	110 	1.24E6 	9.13E4 	2.75E5 	4.19(4 	160 	2 	 0.19(5 	210 	 1.52(4  UPGRADING HEATERS 	FLUE CAS 	 25 

	

1.98E6 	5. 98E6 	9. 11E5 	3475 	43. 4 	 I. 78E7 	5864 	 3. 30E5  
1.15E7 	43 	101 	I. 24E6 	6. 92E4 	2.60E5 	 I. 74E4 	853 	1 1 	 8. 90E5 	221 	TRACE 	5854 	 3.1  UT ll !TIES 	CO BOILERS 	 FLUE CAS 	 28 

	

1.21E6 	4. 56E6 	3.05E5 	1.49(4 	193 	 1.56E2 	3872 	 I. 03E5 	 54.3  
1. 27E7 	177 	101 	1.31(6 	1.90(4 	4.26E5 	 3.18(4 	51.4 	.65 	 7.46E5 	284 	 I. 45E4 	.38  PC  BOILERS 	 FLUE CAS 	 32  

	

1.01E6 	5.42(6 	 4.81(5 	654 	8.27 	 9.50(6 	3615 	 1.85(5 	4.84  
1.01(1 	177 	101 	.15E6 	1.40(5 	1.13(5 	 2019 	 8. 18E5 	38.6 	 1.32(4 	6.28  VASTE HEAT BOILERS 	FLUE GAS 	 32 

	

I. 41E6 	I. 24E6 	2. 04E4 	 8.25E6 	389 	 I. 39E5 	63.3  
6.84(5 	177 	101 	1.19(6 	1.33E5 	1.96(5 	 2.56E4 	600 	9 	 6.11E5 	314 	 1.95E4 PG SUPERIBATERS 	FLUE GAS 	 33 

	

8. 02E4 	I. 18E5 	1.55E4 	363 	5. 44 	 4.94E5 	190 	 1.18E4  
4. 18E6 	1 77 	101 	I.  18E6 	I. 32E5 	1.63E5 	 2. 33E4 	 1 44E5 	284 	 I.  42E4 	5.91  NC  SUPERHEATERS 	FLUE  CAS 	 33 

	

5.52E5 	6.03(5 	 5.14(4 	 3.53E6 	1188 	 5.93(4 	25  
1.04E5 	1000 	101 	1.19(6 	1.32(5 	1.95(5 	 600 	6 	 6.44(5 	 1.42E4 OFFSITES 	FLARE 	 EMISSIDIS 	 37 

	

1.31(4 	2.02(4 	 62.3 	.831 	 0.26(4 	 • 	1471  
1.71E4 	650 	I03 	I . 2 3E6' 1. 22E5 	3.06E5 	 122 	1.5 	 7.99E5 	1105 	 123  SOLIO VASTE 	 INCINERATOR ERIS 	47 

	

2164 	5444 	 2. 16 	. 0 3 	 1.42(4 	19,6 	 2. 19 MATRIX 3-4 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION  6  TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 
OPTION 2 HOT WATER EXTRACTION/TAILINGS 

FILTRATION/FLUID COKING/ 
GASIFICATION OF COKE 

MONENCO CONSULTANTS LIMITED 	 
N0023 1. CHT 	F24 
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SULPHUR 
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1 

TO OFFSITE 
TREATMENT 
A DISPOSAL 
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TO PLANT 
STORM 
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I  0.002 
..[API 
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FIGURE 3-3 	POLLUTANT FLOW DIAGRAM. 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 
OPTION 2 HOT WATER EXTRACTION/TAILINGS 

FILTRATION/FLUID COKING/ 
GASIFICATION OF COKE 

MONENCO CONSULTANTS LIMITED 

SEDIMENT 
POND 

I MINE  
RECLAMATION' 

TO DISCHARGE 

TO 
SULPHUR 
BLOCK 

	

</> 	WASTE STREAM 

	

1 	EMISSIONS 

	

2 	ASH 

	

3 	SHALLOW AQUIFER 

	

4 	BASAL AOUIFER 

	

5 	MINE WATER 

	

6 	MUSKEG 

	

1 	SUBSOIL 

	

8 	UJSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 
10 	OUST 
11 	DIESEL EMISSIONS 
12 	REJECTS 
13 	DRY TAILINGS 
14 	STEAM VENTS 
15 	FILTRATE 
16 	VENTS 
17 	WASTEWATER 
18 	WASTEWATER 
19 	SLAG 
20 	EMISSIONS 
21 	SULPHUR 
22 	SE WASTEWATER 
23 	EMISSIONS 
24 	CONDENSATE 
25 	FLUE GAS 
26 	SLOWDOWN 
27 	SLOWDOWN 
28 	FLUE OAS 
29 	FLY ASH 
30 	PRESCRUSSER  BD  
31 	FGO BYPRODUCT 
32 	FLUE OAS 
33 	FLUE GAS 
34 	SLOWDOWN 
35 	SOFTENER SOLIDS 
36 	REGENERANT WASTE.  

37 	EMISSIONS 
38 	TANK BOTTONS  
39 	CONDENSATE 
40 	WASHDOWN 

	

41 	INPLANT RUNOFF 
42 	CLEAN RUNOFF 
43 	ALUM SLUDGE 
44 	EFFLUENT 
45 	DIGESTED SLUDGE 
46 	BLOCK RUNOFF 
47 	INCINERATOR EMIS 
48 	NONCOMBUSTIBLES 

TO OFFSITE 
UTILIZATION 

ANNUA 	FLOW 
OW

L  
FL 	PER SO ATMOSPHERIC 

EMISSIONS 	0.026 	 )4 	0.013 	 1.892 	0.011 	 3.864 	 0.005 	21.72 	 17.52 	 22.81 4.786 	 0.104 	 0.018 	2.24E10 	72.77 106m3/sd  
RECYCLE 
SEWER 
10310/ad 	 0.310 0.386 	 2.12E5 	0.696 
PROCESS 
WASTE SEWER 	 2.419 0.912 	 4.200 	2.472 	 1.550 	 0.259 1.308 4.489 	 1.140 	0.039 	 5.57E6 	18.788 103m3/sd  
EFFLUENT 
SEWER 
103m3/sd 	 6.240 	2.100 	 2.44E6 	8.340 
SLUDGE 
SEWER 
103m3/ sd 	 0.060 	0.009 	 2.52E4 	0.069 
FILTRATE 
LINE 	 190.4 
103m3/sd 	 5.56E7 	190.4 
DRAINAGE 
DITCH 	 1.710 6.100 	 0.925 2.186 
103m3/sd 	 0.653 	 3.62E6 	12.174 
MINE 
DRAINAGE 	 5.656 
10%3/ sd 	 9.60E5 	5.656 

SOLIDS 0.812 	 30500 172000 	 9845 231828 	 326.4 	 542 . 	 27.84 	 1.662 	1.02E8 	444522 
OTHER 
SOLIDS 	 1071 	 3.42E5 	1071 t/$4  
OTHER 
LIQUIDS 
103m3/sd 	 0.572 	 0.041 	 1.84E5 	0.613 

UNITS FOR TOTAL ANNUAL  FLOW.  ATMOSPHERIC EMISSIONS m 3/yr 
LIOUID STREAMS 	03/yr 
SOLIDS 	 t/yr 

)K NOT QUANTIFIED 

,NDO127. PFD 	F29 



PARAMETER 

CONCENTRATION mg/L 
LOADING 	Kg/Ad 

0  WASTE STREAM NUMER ON 
POLLUTANT FLOW DIAGRAM 

TSS 

500 
1440 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

WONENCO CONSULTANTS LIMITED 

WASTE MANAGEIENT MATRIX-LIQUID WASTE STREAMS !STREAM DAY BASISI 
FLO, 	TE. 	DENSITY 	pH 	1420 	COO 	TOC 	8003 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	TRH 	NU 	ASH 	TSS 	• TOS 	SAND 	BITLIAD 	NC 	NAPHTHASOLVENT OIL & 	PHENOL 	DEA 	SO4 	SUL- 	S203 	PO4 	Cl 	F 	C. 	SC. 	Co 	M9 	 Na 	K 	Al 	As 	O 	80 	Cu 	Cr 	Fe 	Ha 	NI 	TI 	Pb 	SI 	 V 	Zn  

m3/sd 	0 C 	kg/m3 	 ALK. 	 GREASE 	 PHIDES 

/REA 	 PROCESS 	WASTE STREAM 

1710 	 1000 	7.6 	 295 	 7 	 467 	 11 	 34 	 ' 	68 	24 	 72 	3 	 6 MINING 	DEWATERING 	 • SMALLEY. AQUIFER 	3 

	

504 	 12 	 799 	 18.8 	 58.1 	 116 	41 	 123 	5.13 	 10.3 	 
BASAL AQUIFER 	4 	6700 	' 	1005 	7.4 	" 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5 

	

9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618 	 6.03 	 3.35 
MINE WATER 	5 	5656 	 1000 	8.3 	 12 	 .28 	 6.5 	400 	 3 	 .23 	 99.1 	24.8 	.31 	66 	2.87 	 .19 	 .004 	.007 	.85 	 .021 	.011 	 8.25 	.39 	 .046 

67.9 	 1.58 	 36.8 	2262 	 17 	 1.3 	 564 	140 	1.75 	373 	16.2 	 1.07 	 .023 	.04 	4.81 	• 	.119 	.062 	46.7 	2.21 	 .26  
OVERBURDEN 	 MUSKEG RUNOFF 	8 	1661 	- 	' 	1000 	7.3 	 34 	8 	 64.6 	78.7 	 .35 	 365 	10 	 - 	 . I 	 t. 7 	.06 	 16.5 	4.5 	 4.9 	• 5 	 2.2 

56.5 	13.3 	 107 	131 	 .581 	 606 	16.6 	• 	 .166 	 2.82 	.1 	 27.4 	7.47 	 8.14 	.831 	 • 	 3.65• 
691 	 1000 	7.6 	 30 	 6123 	150 	 10 	 , 	15 	5 	 15 SUBSOIL RUNOFF 	9 

	

• 	 20.7 	 4232 	104 	 6.91 	 ' 	10.4 	3.46 	 10.4  
 EXTRACTION HOT WATER EXTRACTION WET TAILINGS 	13 	3.25E5 	65 	1232 	8.5 	6.09E5 	 6.17E5 	 6776  

	

1.98E8 	 2.00E8 	 2.20E6  
2.02E4 	75 	1079 	8 	8.31E5 	 2.02E5 	 2.70E4 	1.94E4 FROTH TREATMENT 	WET TAILINGS 	 • IS 

	

1.67E7 	 4.06E6 	 5.43E5 	3.91E5 	 . 	  

UPGRADING 	DILUENT  RECOVERY 	WASTEWATER 	17 	2419 	88 	1000 	 TRACE 	TRACE 	 TRACE 

5064  SOUR WATER STRIPPER 	SWS WASTEWATER 	22 	 140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	9 	 .07 	 8.8 	 2.6 
1494 	 1033 	 25.3 	253 	 50.6 	 60.8 	 167 	 760 	 592 	 .506 	1.82 	45.6 	 .354 	 44.6 	 13.2  „ 

HYDROGEN PLANT 	CONDENSATE 	23 	2462 	 1000 	 TRACE 	19 	 TRACE  
46.8 	 ,  

UPGRADING STEAM 	BLES1DOIN 	25 	312 	174 	1000 	9.5 	 120 	 9 	 1 	 14 	 6 

	

37.4 	 2.81 	 I 	 4.37 	 1.87  
UTILITIES 	BOILER PLANT 	BLOWDOIN 	26 	436 	174 	1000 	9.5 	 400 	 150 	2500 	 1 	500 	 35 

175 	 65.4 	1091 	 1 	218 	 15.3  
6670  COOLING TOWER 	BLCANXIWN 	29 	 24 	1000 	7.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 ' 	170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36•

334 	334 	 66.7 	 1067 	4836 	 66.7 	 1934 	 200 	 1134 	267 	1.6 	634 	53.4 	12.3 	 4.27 , 	.213 	 32.7 	1.33 	.293 	 240  
WATER T'IdENT PLANT 	REGENERAN1 WASTE 	31 	2370 	 1000 	7 	 145 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	" 	 103 

	

344 	 1.54E4 	 8866 	 1140 	1090 	327 	 3313 	59.3 	 244  
41 	 1100 	4.33E5 	 9.13E4 	 5.75E5 OFFSITES 	TANKAGE 	 TANK BOTTOMS 	33 

	

1.76E4 	 3717 	 2.34E4  
CONDENSATE LEAKAGE 	CONDENSATE 	34 	259 	 1000 	 1 	 400 	1 	 . 	 1000 	2500 	 1000 	. 	 . 	 T 	 150 	 r 	 I 	 35 

104 	 V 	 259 	648 	 259 	 38.9 	 9.07 
1308 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	7.7 	.11 	 41.8 	9 	 23.5 	1.7 	 .16 	 12 BUILDING DRAINS 	MASK:101N 	35 	 ' 

	

207 	 .157 	1.57 	.06 	 1308 	262 	 • 	 1308 	3.92 	353 	19.8 	41.9 	 1.37 	10.1 	.144 	 54.7 	11.8 	 317 	2.22 	 .209 	 15.7  
4489 	 1000 	7.6 	 511 	10 	74.1 	90 	 7.07 	3.17 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 R  SURFACE 	UNOFF 	INPLAN7 RUNOFF 	36 2292 	44.9 	333 	404 	 31.1 	14.2 	 5252 	1571 	 898 	.112 	 7.18 	233 	 67.3 	22.4 	 67.3 	 233  _ 
653  CLEAN RUNOFF 	37 	' 	1000 	7.6 	 511 	# 	74.1 	 ' 	7.07 ' 	3.I7 " 	660 	200 	 26 	- 	 15 	5 	 15 

333 	 48.4 	 4.62 	2.07 	 431 	131 	 17 	 9.8 	3.27 	 9.8  _ 
POTABLE WATER TflMENT ALUM SLUDGE 	38 	60 	 1000 	9.70E5 	 3.00E4 

	

5.82E4 	 1800  
SEWAGE TREATMENT 	EFFLUENT 	39 	1140 	 1000 	 25 	 25 	 25  

28.5 	 28.5 	 28.5  
9 	 1022 	9.49E5 	 5.11E4 DIGESTED SLUDGE 	40 

	

8654 	 466 
SULPHUR STORAGE 	BLOCK RUNOFF 	41 	40 	 1000 	6 	 200 	 TRACE 

8.04  

1 	 . 	 I 	 À 	 .. 	 1 	 • 	I 	l 	  

L   	

	

I 	 . 	 . 	  

" 

MATRIX 3-5 
DATA PRESENTATIONt  LIQUIDS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION & TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 3 HOT WATER EXTRAC1ION/FLEXICOKING/1 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 
N00143. CHT 	F24 



PARAMETER 

CONCENTRATION mg/kg 
LOADING 	kg/Eld 

PARAMETER 

CONCENTRATION wein13  
LOADING 	Wed 

X NCIT CHARACTERIZED 

0  WASTE STREAM AUMBER ON POLLUTANT FLOW DIAGRAM 

4000 
1.42E6 

DATA PRESENTATION'  SOLIDS DATA PRESENTATION  GASES 

( NITS AS ABOVE UNLESS 
NOTED OTHERWISE 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS I 

	

FLOW 	TE. 	DENSITY 	pH 	H20 	BITUMEKNAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SIL 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CO504 	METALS 	Ag 	Al 	As 	B 	BO 	Be 	C 	Ce 	CO 	Cr 	Cu 	Fe 	112 	. II 	02 	Mg 	Le 	Mo 	N2 	No 	• 	NI 	P 	Pb 	S 	Sb 	SO 	Si 	TI 	V 	Zn 
CA'LYST 	ORG. 	INORG. 

	

kgiscl 	0 C 	kg/m3  

	

. 	 .. 	 , 
AREA 	PROCESS 	' WASTE STREAM 

 

MINING 	SITE PREPARATION 	ASH 	 2 	812 	400 	5000 	 5.90E4 	 , 	
L  IDES 	 8.50E5 2.53E5 	 6.40E4 	2,40E4 	4.10E4 	1.50E4 	 8.00E4 	 2.10E4 	 3.20E5 	8000 

	

4.06 	 47.9 	 89.3 	 690 	205 	 52 	 19.5 	33.3 	12.2 	 65 	 17.1 	260 	6.5  

	

3.05E7 	840 	7.6 	 9.76E5 	2.40E4 OVERBURDEN 	MUSKEG 	6 
2.98E7 	7.32E5 .  

	

1.72E8 	1600 	7.5 	 6.30E5 	2.07E5 	1.62E5 SUBSOIL 	7 
1.08E8 	3.57E7 	2.79E7 

	

9.85E6 	82 	1484 	8.5 	1.19E5 	1.50E4 	 8.37E5 	8661 	2.08E4 	 1  
EXTRACTION FEED SYSTEM 	REJECTS 	12 	 . 

	

1.17E6 	1.48E5 	 8.24E6 8.53E4 	2.05E5  
UPGRADING 	FLEXICOKING 	CHAR 	 18 	6.36E5 	 7.79E4 	 1.12E5 	7.85E5 	 1.9 	6512 	83 	 74 	 1520 	IT 	55 	18 	6485 	4640 	5074 	695 	91 	204 	4824 	891 	1633 	174 	6 	1.51E4 	 1985 	7430 	31 

	

4,96E4 	 7.14E4 	4.99E5 	 1.21 	4142 	52.8 	47.1 	 967 	10.8 	35 	11.4 	4124 	2951 	3227 	 442 	57.9 	130 	3068 	567 	1039 	111 	3.82 	9616 	 1262 	4725 	19.7  

	

9.86E4 	1180 	1.00E5 	 9.00E5 COKE FINES 	19 

	

9860 	 8.87E4  
. SULPHUR PLANT 	SULPHUR 	21 	1.11E6 	2046 	100 	 2 	 15 	 1.00E6 

	

111 	 2.23 	 16.7 1.11E6  

	

3.15E4 	 , 	 1 

	

2040 	4.00E5 	 6.00E5 UTILITIES 	WATER T'MENT PLANT 	SOFTENER SOLIDS 	30 

	

1.26E4 	 1.89E4  

	

1663 	4700 	 5.49E5 	 4.51E5 OFFSITES 	SOLID WASTE 	NONCOMBUSTIBLES 	43 

	

913 	 750  

WASTE MANAGEMENT MATR1X -GASEOUS WASTE STREAMS 'STREAM DAY BASISI 

FLOW 	me 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	SO3 	COS 	N2 	NOx 	NH3 	Ar 	He 	PARTIC - 	HC 	NAPHTHAORGANIC ALDE- 
ULATES 	 ACIDS 	HYDES m3/6d 	0 C 	kP0 	mgi53  

, 	 à 	 I 
AREA 	PROCESS 	WASTE STREAM 	0 

-. 	  
MINING 	SITE PREPARATION 	EMISSIONS 	1 	2.63E4 	400 	101 	1.25E6 	1.12E5 3.32E5 	 7,87E5 	 1.32E4 	550 

	

2942 	8724 	 2.07E4 	 348 	 14.5  X 
FUGITIVE  (MISSION 	OUST 	 10 

DIESEL EMISSIONS 	11 	1.33E4 	540 	101 	I. 11E6 	560 	1.02E4 6.66E4 	7564 	95.8 	8.91E5 3.75E4 	330 	1.50E4 	1.88E4 	5.46E4 	5110 	2780 

	

7.46 	136 	888 	101 	1.28 	1,19E4 	500 	4.4 	200 	 250 	728 	 68.1 	37.1  
EXTRACTION HOT WATER EXTRACTION STEAM VENTS 	14 	1.89E6 	200 	101 	7.62E5 	7.62E5  

1.44E6  
FROTH TREATMENT 	VENTS 	 16 	1.14E4 	101 	1.47E6 	7. 72E4 	798 	2.58E5 	 7.62E5 	 1.76E4 	 3.50E5 

	

882 	9.12 	2944 	 8709 	 201 	 4003  
UPGRADING 	SULPHUR PLANT 	EMISSIONS 	20 	3.55E6 	538 	105 	1.25E6 3.68E4 2.25E5 	 592 	10.2 	9.83E5 	211 

	

1.31E5 	7.99E5 	 2102 	36.2 	3.49E6 	751  

UPGRADING HEATERS 	FLUE GAS 	24 	2.19E7 	400 	110 	1.24E6 9.13E4 2.75E5 	4.19E4 	160 	2 	8.19E5 	270 	1.52E4 

	

2.00E6 6.04E6 	9.20E5 	3510 	43.9 	1.80E7 	5924 	3.33E5  
UTILITIES 	PG BOILERS 	FLUE GAS 	27 	4.84E7 	177 	101 	1.22E6 	9.96E4 2.39E5 	2.86E4 	910 	12 	6. 45E5 	120 	9363 	1.5 

	

4.82E6 	1.16E7 	1.39E6 	4.41E4 	581 	4.09E7 	5812 	4.54E5 	72.7  
NC  SUPERHEATERS 	FLUE GAS 	28 	4.10E6 	177 	101 	1.18E6 	1.32E5 	1.63E5 	2.33E4 	 8.44E5 	284 	1.42E4 	5.97 

	

5,42E5 6.70E5 	9.55E4 	 3.46E6 	1164 	5.82E4 	24.5 	 i  
OFFSMES 	FLARE 	 EMISSIONS 	32 	1.04E5 	1000 	101 	1.19E6 	1.32E5 	1.95E5 	 600 	8 	8.44E5 	 1.42E4 

	

1.37E4 	2.02E4 	 62.3 	.831 	8.76E4 	 1471  
SOLID  VASTE 	INCINERAT 	EMIS 	42 	1.78E4 	650 	103 	1.23E6 	1.22E5 	3.06E5 	 • 	122 	1.5 	7.99E5 	1105 	 123 OR  

	

2164 	5444 	 2.16 	.027 	1.42E4 	19.6 	 2.19  

_ 	  

MATRIX 3-6 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION 6 TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 3 HOT WATER EXTRACTION/FLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 
600144.CHT 	F24 



TO EXTRACTION 

TO PLANT 

BUILDING 
DRAINS 

POTABLE  

WATER 
TREATMENT  

SEWAGE 	SULPHUR 
TREATMENT 	BLOCK 

SURFACE 
INNOFF 

UTILITIES 

MONENCO CeNSULTANTS LIMITED 
MINING 

ATMOSPHERE 

I SITE 
PREPARATION 

RE717-> 

FROTH 
TREATMENT 

0 0 

STEAM 
GENERAT  ION  

e • 
WATER 
TREATMENT 
PLANT 

•  
DILUENT 
RECOVERY 

BOILER 
PLANT 

COOLING 
TOWERS FLARE 

FLEX1GAS 
BOILERS SUPERHEATERS 

'

CONDENSATE: 
LEAKAGE • 

HOT WATER : 
EXTRACTION: 

SULPHUR 
PLANT 

SOUR WATER 
STRIPPER 

HYDROGEN 
PLANT 

UPGRADING 
FIRED 
HEATERS 

• 

EXTRACTION UPGRADING 

'

OVERBURDEN 
REMOVAL 

FUGITIVE 
EMISSIONS 

ee 

frlierSEVITIA  

E=> 
ISLUDGE SEWER> 

I.UrITTEren  

FTIDS 

1 1 	
Îlll 

RECLAIM 
POND 

STORM,  
POND 

,I RECYCLE 
POND 

SLUDGE 
POND 

147.4 

TO PLANT 

0.002 

0. 233  

16. 004 

..I EFFLUEAQ 
POND 

126. 41: 

API 
SEPARATOR 

0.035  

1
GSTAILIN 1../ 

POND  

	

<5 	WASTE STREAM 

	

1 	EMISSIONS 

	

2 	ASH 

	

3 	SHALLCM AQUIFER 

	

4 	BASAL AQUIFER 

	

5 	MINE WATER 

	

6 	MUSKEG 

	

7 	SUBSOIL. 

	

8 	MUSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 
10 	OUST 

	

Il 	DIESEL EMISSIONS 
12 	REJECTS 
13 	NET  TAILINGS ' 
14 	STEAM VENTS 
15 	WET TAILINGS 
16 	VENTS 
17 	WASTEWATER 
18 	CHAR 
19 	COKE FINES 
20 	DAISSIONS 

	

21 	SULPHUR 
22 	SWS WASTEWATER 
23 	CONDENSATE 
24 	FLUE GAS 
25 	BLONDOWN 
26 	BLONDOIN 
27 	FLUE GAS 
28 	FLUE GAS 
29 	OLOVEKMAN 
30 	SOFTENER SOLIDS 

	

31 	REGENERANI WASTÉ 
32 	EMISSIONS 

33 	TANK BOTTONS  
34 	CONDENSATE 
35 	WASHDOWN 
36 	INPLANT RUNOFF 
37 	CLEAN RUNOFF 
38 	ALUM SLUDGE 
39 	EFFLUENT 
40 	DIGESTED SLUDGE 

	

41 	BLOCK RUNOFF 
42 	INCINERATOR EMIS 
43 	NONCOMBUSTIBLES 

FIGURE 3-4 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION & TREATMENT OF EMISSIONS 
FRCIA A MINING OIL SANDS COMPLEX 

OPTION 3 HOT WATER EXTRACTION/ 
FLEXICOKING/FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 

OFFSI  TES 

TO 
SULPHUR 

BLOCK 

1 	1  

ATMOSPHERE 

reer->P0  

I 	ITO 1 	TREATMENT > 

rer7POIDnne> 

TO DISCHARG> 

rfRPII. TAIIArT-1;>1  

1 

FPgriet r) 

	I 
 

TO OFFSITE• 
TREATMENT 

A. DISPOSAL 

ANNUAL 	FLOW 
FLOW 	PER SD 

ATMOSPHERIC 
DAISSIONS 	0.026 	 * 	0.013 	 I ..893 	0.011 	 3.552 	 21.94 	 48.44 4.100 	 0.104 	 0.018 	2.41E10 	80.10 10Km 3/sd  
RECYCLE 
SEWER 	 O. 312 0. 936 	 2. 27E5 	O. 748 1030/60  
PROCESS 
WASTE SEVER 	 2.419 	• 	 5.064 2.462 	 0.259 1.308 4.489 	 0.040 	 4.65E6 	16.041 103m3/sd  
EFFLUENT 
SEWER 
103m3/sd 	 6.670 	2.370 	 1.140 	 3.06E6 	10.180 
SLUDGE 
SEWER 
103m3/sd 	 0.060 	0.009 	 2.52E4 	0.069 
TAILINGS 
LINE 	 5.656 	 325.1 	20.15 	 1.02E8 	350.9 I03m3/sd  
DRAINAGE 
DITCH 	 1.710 6.700 	 1,661 0.691 	 0.653 	 3.45E6 	11.415 I03m3/sd  
SOLIDS 	 0.812 	 30500 172000 	 9845 	 636 	98.6 	 31.45 	 1.662 	3,41E7 	213114 1./Ied 
OTHER 
SOLIDS 	 1113 	 3.55E5 	1113 tad  
OTHER 
LIOUIDS 
103mesd 	 0.041 	 1.23E3 	0.041 

+UNITS FOR TOTAL ANNUAL  FLOW,  ATMOSPHERIC EMISSIONS m3/yr 
LIQUID STREAMS 	m 31/yr 
SOLIDS 	 +/yr 

)K NOT QUANTIFIED 

	 .IMINE 
RECLAMATION 

TO DISCHARGE 

N00123. PFD 	F24 



••• • Veil 
tXtpl MUlitlItU t.UFOUL I Aril › L 1111 I tU 	  

WASTE MANAGEMENT MATRIX-LIQUID WASTE STREAMS ISIREAM DAY BASIS) 

FLOW 	TEMP. 	DENS! TY 	pH 	1120 . 	COO 	TOC 	BOD3 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	TIN 	NO3 	ASH 	TSS 	TOS 	SAND 	B I TL11.0 	HC 	NAPHTHA SOL VENT OIL il 	PHENOL 	DEA 	SO4 	SUL - 	52 03 	PO4 	CI 	F 	CN 	SCN 	CO 	Mg 	un 	Na 	K 	Al 	Aa 	B 	Ba 	Cu 	Cr 	Fe 	H 	NI 	T I 	Pb 	SI 	 V 	2n 
ALK. 	 GREASE 	 PH IDES 

m 3/ ad 	4 C 	kg/m3  

AREA 	 PROCESS 	WASTE STREAM 

1448 	• 	1000 	1.6 	 295 	, 	 7 	 467 	 11 	 34 	 68 	24 	 72 	3 	 y 	 6 PAINING 	DEVAIERING 	 DIALL011 AOUIFER 	3 

	

427 	 , 	10. 1 	 4 	616 	 15.9 	 49.2 	 98.5 	34.8 	 104 	4.34 	 8.69 
6100 	 1005 	1.4 	 1440 	 3778 	 55 	23.5 	 1060 	• 	 55 	30 	 1137 	 . 9 	 .5  BASAL AQUIFER 	4 

	

9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 T618 	 6.03 	 3.35  
4184 	 1000 	8.3 	 12 	 .25 	 6.5 	400 	 3 	 .23 	 99.7 	24.8 	.31 	66 	2.81 	 .19 	 .004 	.001 	.85 	 .021 	.D11 	 L25 	• 3 	 .045  MINE WATER 	 5 51.4 	 1.34 	 31.1 	1914 	 ' 	14.4 	 1.1 	 477 	119 	1.41 	316 	13.7 	 .909 	 .015 	.033 	4.07 	 I 	.053 	 39.5 	1.8? 	 .22  
1515 	 1000 	1,3 	 34 	8 	 64.6 	78.1 	 .35 	 365 	10 	 .1 	 1.1 	.06 	 16.5 	4.5 	 4.9 	.5 	 2.2  OVERDUROEN 	 MUSKEG RUNOFF 	8 51, 5 	12.1 	 9T.9 	119 	 .53 	 553 	15.1 	 .151 	 2.58 	.09) 	 25 	0.02 	 v.42 	.158 	 V 	 £33  
562 	 1000 	1.6 	 30 	 6123 	150 	 10 	 15 	5 	 15 SUBSOIL RUNOFF 	9 

	

16. 9 	 1442 	84.3 	 5.52 	 8.43 	2.81 	 5.45  
2. 75E5 	65 	1232 	8.5 	6.09E5 	 6.17E5 	 6. 17E5 	6776 EXTRACTION 	MI !ATER EX1RACTION 	VET TAILINGS 	1 3 1. 67E8 	 Lnu 	i. 70E8 	I. 86E6  
1. 71E4 	15 	1079 	8 	IL 31E5 	 2. 02E5 	 2.02E5 	2. 70E4 	 I. 94E4 FROTH TREATIOrt 	VET TAILINGS 	15 	 - 1.42E?  	3.44(6 	3.44E6 	4.60(5 	3.31E5  
2050 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUDI1 RECOVERY 	WASTEWATER 	 I 7 

2E108 	140 	1000 	8. 1 	 295 	
• 	204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	• 	.1 	.36 	9 	 :0? 	 5.8 	 2.6 SOUR VATER STRIPPER 	SUS  VASTEIATER 	22 828 	 573 	 14 	• 	140 	 28. I 	 33.1 	 52.1 	 421 	 329 	 .251 	1.01 	25.3 	 • 	 .191 	 24..7 	 1.3  

3415 	 1000 	 DUCE 	19 	 fRACE HYDROGEN PLANT 	CONDENSATE 	23 
64.9  

231 	174 	1000 	9.5 	 120 	 9 	 14 	 6 •UPGRADIC STEAM 	8L011011181 	 25  21.1 	 2.05 	 3.23 	 1.39  _ 
378 	114 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 UTILITIES 	BOILER PLANT 	 &MOM 	 26 151 	 56.0 	946 	 189 	 13.2  
366 	?I 	1000 	6. 4 	 170 	 II. 5 	 2060 	775 	 10 	.062 	 .1 	 ' 	2.18 	 17.2 	7. 63 	. 44 	255 	13.0 	21.9 	.06 	. 75 	.25 	.049 	• 2 	19. 7 	TRACE 	.12 	.28 	.02 	66.2 	• 34 	.81 	• 12 •PITCH BOIUERS 	 ASH SLUICE BD 	29 , 	 62.2 	 t2 	 753 	283 	 3.66 	.023 	 .03? 	 .197 	 6.29 	2..19 	.161 	93.2 	5.05 	8.01 	.029 	.274 	.091 	.010 	.013 	1.2 	 .044 	.102 	.007 	24.2 	.124 	.315 	, 	.044  
639 	 1000 	• 	 2262 PRESCRUM3ER BD 	31 	 . 1445  

t 	 513 	45 	1052 	 7. 71E5 RD BYPRODUC f 	32   
3.9565  

4140 	24 	1000 	1.5 	 50 	50 	 10 	 160 	125 	 10 	 290 	 111ACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 COOLING 101ER 	 81.011111111 	 35 

	

231 	237 	 41.4  	758 	3437 	 41.4 	 1375 	 142 	 806 	190 	1.14 	450 	31.9 	5.12 	 3.03 	 .152 	 23.2 	.345 	.209 	 III  
2055 	 1000 	7 	 145 	 6490 	 3741 	 481 	 460 	130 	 1398 	25 	 103 M

AT
ER I' IDIT PLANT 	REGENERINT 14.5TE 	37 

	

298 	 I. 33E4 	 7688 	 988 	 945 	284 	 2873 	51. 4 	 212  
34 	 1100 	 4.3365 	 r 	 9.11E4 	 3.1565  OFFSITES 	TANKAGE 	 Da 1301 TOEIS 	39 .49(4 	 3145 	 1.98(4  

259 	 1000 	 400 1000 	2500 	 I 	1050 . 	150 	 35 COIMENSATE LEAKAGE 	CONDENSATE 	40  104 	, 	 259 	648 	 259 	 38.9 	 9. 07  
1308 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	1.1 	.  II 	 41.8 	9 	 23.5 	1.1 	 .16 	 12 

BUILDING DRAINS 	VASIMOVN 	 41  

	

207 	 .157 	1.5? 	.16 	• 	1308 	262 	 1308 	3.02 	353 	19. 8 	41.9 	 1.37 	15. 1 	. 144 	 54.7 	II. 8 	 30.? 	2.22 	 .209 	 V 	 15.1  
4489 	 1000 	1.6 	 511 	10 	24.1 	90 	 7.01 	. 	3.17 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	• 	5 	 15 	 52 SURFACE RUNOFF 	 INUIT RUNOFF 	42 2292 	44.9 	333 	404 	 31..? 	14.2 	 5252 	1571 	 898 	• 112 	 7. 18 	233 	 67.3 	22.1 	 61.3 	 233  
653 	 1000 	7.6 	 511 	 14.1 	 7.07 	I 1 ? 	 660 	200 	 26 	 15 	5 	 15 CLEAN MOTT 	43  

333 	 48.4 	 4.62 	2.01 	 431 	131 	 17 	 9.8 	3.27 	 5.8  
60 	 . POTABLE VATER I' IEN7 	ALM( SLUDGE 	44 	 1000 	 9. 70E5 	 3 00E4  5.82E4 	 1800  

1140 	 1000 	 25 	 25 	 25 SEDGE 1REATIENI 	EFFLUENT 	 45 

	

28.5 	 25.5 	 25.5  
9 	 1022 	 9.49E5 	 5. 11E4 DIGESTED SLUDGE 	46 8654 	 466  
2 	 1000 	1.8 	 1.0 	

.,_ 
420 	210 	 f 	lo 	 38 	10 	2.0 	 . 	 .03 	 2.52 	 .48 	1. 8 	1.6 

PITCH STORAGE 	 PITCH RUNOFF 	41  
.003 	 .785 	.393 	 .019 	 .071 	.019 	.005 	 . 	 .005 	 .001 	.003 	.003  

36 	 1000 	6 	 200 	 TRAcE SILPHUR STORAGE 	BLOCK RUNOFF 	48 1.11  

. 	, 

MATRIX 3 -7 
DATA PRESENTATIONI  LIQUIDS 

ENVIRONMENT CANADA 
I 	ALSO CONTAINS 	I 9. 231vt NII4HSO 3 AND 	7. *et I NH412503 	 PARAMETER 	 TS5 	 ENVIRONMENTAL PROTECTION SERVICE 

CONCENTRATION mg/I. 	500 	 CHARACTERIZATION te TREATMENT OF EMISSIONS 
LOADING 	kg/ad 	1 440 	 FRCM A MINING OIL SANDS COMPLEX 

	

0 IlônEiTSANTREe0:111: 	 OPTION 4 HOT WATER EXTRACTION/ 

	

UNITS AS ABOVE UNLESS 	 H -OIL/PITCH BOILERS NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 
N00 145. CHT F24 



PARAMETER 

CONCENTRATION mg/kg 
LOADING 	kgad 

PARAMETER 

CONCENTRATION mg/m3  
LOADING 	Kead 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANOS COUPLE% 

OPTION 4 HOT WATER EXTRACTION/ 
H-OIL/PITCH BOILERS 

MONENCO CONSULTANTS LIMITED 

CO2  

4000 
I. 42E6 

DATA PRESENTATIM  SOLIDS 

UNITS A$ ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTATION1  OASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

NDT CHARACTERIZED 

O WASTE STREAM NUMBER ON 
POLLUTANT  FLOW  DIAGRAM 

/I 
MONENCO CONSULTANTS LIMITED 

wAsTE MANAGEMENT MATRIX -SOLID WASTE STREAMS (STREAM DAY DASIS) 
_ 	 I  

FLOW 	me 	DENSITY 	pH 	H20 	BITUMENNAPHTHASOLVEN7 	ASH 	COKE 	PITCH 	SAND 	SIL7 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CoSO4 	METALS 	Ag 	A1 	As 	8 	Bo 	Be 	C 	Co 	Co 	cr 	tu 	Fe 	H2 	K 	02 	MO 	Mn 	Mo 	N2 	 NI 	P 	Pb 	S 	Sb 	So 	SI 	TI 	V 	Zn 
CA'LYST 	ORG. 	INDRG. kg/sd 	OC 	kg/m3  

• . 
AREA 	PROCESS 	WASTE STREAM 	0 

I  
MINING 	SITE PREPARATION 	ASH 	 2 	687 	 400 	5000 	 5.90E4 	 1.10E5 	 8.50E5 2.53E5 	 6.40E4 	2.40E4 	4.10E4 	1.50E4 	 8.00E4 	 2.10E4 	 3.20E5 	8000 

	

3.44 	 40.5 	 75.6 	• 	 584 	174 	 44 	 i6.5 	28.2 	10.3 	 55 	 14.4 	 220 	5.5  2.58E7 	840 	7.6 	 9.76E5 2.40E4 OVERBURDEN 	MUSKEG 	6 	
, 

2.52E7 	6.19E5  
SUBSOIL 	7 	1.46E8 	1600 	7.5 	 6.30E5 2.07E5 	1.62E5 

	 - 	 9.20E7 	3.03E7 	2.37E7  
EXTRACTION FEED SYSTEM 	REJECTS 	12 	8.33E6 	82 	1484 	8.5 	1.19E5 	1.50E4 	 8.37E5 	8661 	2.08E4 

	

9.90E5 	1.25E5 	 6.97E6 7.21E4 	1.73E5  
•UPGRADING 	HYDROVISBREAKING 	NET PITCH 	18 	9200 	1070 	 1.44E5 	. 	

7.26E5 	 6.22E4 	' 	1.49E4 	 1.59E4 	507 	 3.67E4 	 591 

	

1320 	 6676 	 572 	 131 	 146 	4.66 	 338 	• 	 5.44  
SPENT CATALYST 	19 	8640 	4000 	 4.32E5 	 1.84E5 	 3000 	 5.60E4 	 4.60E4 	 1.87E5 

3732 	 1590 	 25.9 	 484 	 397 	 1616  
SULPHUR PLANT 	SULPHUR 	 21 	9.26E5 	2046 	100 	 2 	 15 	 1.00E6 

	

92.6 	 1.85 	 . 	 13.9 	 9.26E5  05E4 	80 	2400 	8 UTILITIES 	PITCH BOILERS 	BOTTOM ASH 	28 	4. 	 2.71E5 	 4.12E4 	 8.60E4 	2.14E4 	1.43E4 	2600 	 9900 	1.53E4 	1100 	 4.30E5 3.70E4 6.25E4 

	

1.10E4 	 1669 	 3484 	867 	 579 	105 	 401 	620 	44.6 	 1.14E4 	1499 	2532  
FLY ASH 	30 	1.59E5 	430 	2100 	8.5 	 3.31E5 	 3.31E4 	 9.92E4 	 8264 	 5.29E5 

	

5.26E4 	 5257 	 1.58E4 	 1314 	 8.41E4 	 , WATER  T' MENT PLANT 	SOFTENER SOLIDS 	36 	2.73E4 	2040 	4.00E5 	 6.00E5  

	

1.09E4 	 1.64E4  
OFFSITES 	SOLID WASTE 	NONC 	 1663 	4700 	 5.49E5 	 4 . 51 E5OMBUSTIBLES 	50 	

_ 

	

913 	 750  

WASTE MANAGEMENT MATRIX-GASEOUS  VASTE  STREAMS 1S1REAM DAY 8ASIS1 

FLOW 	TEMP. 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	503 	COS 	N2 	NOx 	NH3 	Ar 	He 	PAR7IC- 	HC 	NAPNTNAORGANIC ALOE- 
m3/sd 	oC 	lea 	mg/m3 	 ULATES 	 • 	 ACIDS 	HYDES 

. 	. 	 . 
AREA 	PROCESS 	WASTE STREAM 	0 

MINING 	SITE PREPARATION 	EMISSIONS 	1 	2.22E4 	400 	101 	1.25E6 	1.12E5 	3.32E5 	 7.87E5 	 1.32E4 	550 

	

2489 	7379 	 1.75E4 	 294 	12.2  
X FUGITIVE EMISSION 	OUST 	 10 

133E4 	 560 	11.02E4 	6.66E4 	7564 	95.8 	8.91E5 	3.75E4 	330 	1.50E4 	1.88E4 	5.46E4 DIESEL EMISSIONS 	11 	• 	540 	101 	1.11E6  

	

7.46 	136 	888 	101 	1.28 	1.19E4 	500 	4.4 	200 
	

250 	128 	
5110 	2780 
68.1 	37.1  

EXTRACTION HOT WATER EXTRACTION STEAM VENTS 	14 	1.60E6 	200 	101 	7.62E5 	7.62E5 
1.22E6  

FROTH TREATMENT 	VENTS 	 16 	5610 	101 	1.47E6 	7.72E4 	798 	2.58E5 	 • 	 7.62E5 	 1.76E4 	 3.50E5 

	

746 	7.72 	2491 	 7368 	 170 	• 	 3386  
UPGRADING 	SULPHUR PLANT 	EMISSIONS 	20 	2.82E6 	538 	105 	1.20E6 3.98E4 9.30E4 	 634 	6.77 	1.06E6 	211 

	

1.12E5 	2.62E5 	 1785 	19.1 	2.99E6 	595  
UPGRADING HEATERS 	FLUE GAS 	24 	3.20E7 	400 	110 	1.21E6 	2.10E4 2.46E5 	2.10E4 	25 	.1 	8.37E5 	270 	1.52E4 

	

6.72E5 7.87E6 	6.72E5 	801 	3.2 	1 	2.68E7 	8651 	4.87E5  
UTILITIES 	PITCH BOILERS 	FLUE OAS 	27 	2.64E7 	43 	101 	1.23E6 6.92E4 2.09E5 	4.50E4 	2279 	28.8 	8.91E5 	626 	TRACE 	1.50E4 	3 	6.8 

	

1.83E6 	5.51E6 	1.19E6 	6.01E4 	760 	2.35E7 	1.65E4 	3.95E5 	79.1 	179  
WASTE HEAT BOILERS 	FLUE  CAS 	33 	1.63E6 	177 	101 	1.16E6 	1.40E5 	1.73E5 	3593 	 8.26E5 	23.6 	1.39E4 	6.3 

	

1.07E6 	1.32E6 	2.74E4 	 6.30E6 	180 	1.06E5 	48.1  
NO  SUPERHEATERS 	FLUE GAS 	34 	1.89E6 	177 	101 	1.18E6 	1.32E5 	1.63E5 	2.33E4 	 8.44E5 	284 	1.42E4 	5.97 

	

2.49E5 3.08E5 	4.39E4 	 1.59E6 	536 	2.68E4 	11.3  
OFFSITES 	FLARE 	 EMISSIONS 	38 	8.62E4 	1000 	101 	1.18E6 	1.43E5 	1.82E5 	 54 	.7 	8.36E5 	 1.44E4 

	

1.23E4 	I.51E4 	 4.66 	.06 	7.21E4 	 1239  
SOLIO WASTE 	INCINERATOR  LUIS 	49 	1.78E4 	650 	103 	1.23E6 	1.22E5 	3.06E5 	 122 	1.5 	7.99E5 	1105 	 123 

	

2164 	5444 	 2.16 	.027 	1.42E4 	19.6 	 2.19  

MATRIX 3-8 
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I •P.w. 

MONENCO  CONSULTANTS  L 1111 TED 

TOTAL + 	TOTAL é é ANNUAL 	FLOW 
ATMOSPHERIC 	 • 	

FLOW 	PER SD 
EMISSIONS 	0.022 	 • 

10603/8d  	 X 	0.013 	 1.601 	0.010 	 2.816 	 32.04 	 26.38 	 7.628 1.886 	 0.086 	 0.018 	2.21E10 	72.50 
RECYCLE 
SEWER 

0.231 0.378 1030/Ad 	 1.84E5 	0.609 
PROCESS 	 - 	  WASTE SEWER 
10310/Ad 	 2.050 	 2.808 3.415 	 0.366 	 • 	 0.259 1.308 4.489 	 0.002 0.036 	 4.22E6 	14.733 
EFFLUENT 
SEWER 
103m 3/8d 	 0.639 	 4.740 	2.055 	 1.140 	 2.59E6 	0.574 
SLUDGE 
SEWER 
10,10/8d 	 0.060 	0.009 	 2.52E4 	0.069 
TAILINGS 
LINE 	 4.784 	 275.0 	17.05 10510/ad 	 8.61E7 	296.8 
DRAINAGE 
DITCH 	 1.4486.700 	 1.515 1562 
1030/8d 	 0.653 	 3.34E6 	10.878 
SOLIDS 0.687 	 25800 146800 	 8329 tad 	 40.51 	159.0 	 21.28 	 1.662 	2.88E7 	180358 
OTHER 	 _ 	  
SOLIG5 9.20 8.64 	926.3 tad 	 3.02E5 	944.1 
OTHER 	 • 

LIOUIDS 
103m3/81:1 	 0.513 	 0.034 	 1.51E5 	0.547 

• 

+ UNITS FOR TOTAL ANNUAL  FLOW.  ATMOSPHERIC EMISSIONS m 3/yr 
LIQUID STREAMS 	N31yr 
SOLIDS 	 t/yr 

X NOT QUANTIFIED 

TO EXTRACTION 	 'RECLAIM 
POND 

124.7 

TO PLANT -• 'STORM 
POND 
II  

TO PLANT 

IC. 002 1 
RECYCLE 
POND 

J  MINE 
RECLAMATION 

TO DI I CHARGE 

1  TAILINGS 
POND  

14.691 

I  EFFLUENT I  23..51 
-I POND 

SLUDGE 
POND 

0.244 

API 
SEPARATOR 

0.040 

SITE 
 PREPARATION 

OVERBURDEN 
REMOVAL 

FUGITIVE 
EMISSIONS 

HOT WATER 
EXTRACTION 

FROTH 
TREATMENT 

DILUENT 
RECOVERY 

SOIR WATER 
STRIPPER 

41› 

HYDROGEN 
PLANT 

41> 

UPGRADING 
FIRED 
HEATERS 

STEAM 
GENERATION 

WASTE HEAT 
BOILERS 

WATER 
TREATMENT 
PLANT 

CONDENSATE 
LEAKAGE 

BUILDING 
DRAINS 

POTABLE 
WATER 
TREATIIIENT  

• <><> 

'PITCH 
STORAGE 

FEED 
SYSTEM SULPHUR 

PLANT FLARE 

• e 0 0 

SEWAGE 
TREATMENT 

11 

PO MINE > 
'RECLAMATION  

MINING 

4> 

BOILER 
PLANT 

PITCH 
BOILERS 

COOLING 
TOWERS SUPERHEATERS SCLID 

WASTE 
SULPHUR 
BLOCK 

TO 
PITCH 

STORAGE 

TO 
SULPHUR 

BLOCK 

F.  
ATMOSPHERE- 

UPGRADING EXTRACT I ON UTILITIES OFFSITES 

• o • 
ATMOSPHERE 

117417E ller") 

nillePOt r)  1 	1 

SF31-.IDS 
TO j 

CATALYST 
REGENERATIO 

TO OFFSITE 
UTILIZATION 

TO OFFSITE 
TREATMENT 

& DISPOSAL 

WASTE STREAM 

	

1 	EMISSIONS 

	

2 	ASH 

	

3 	SHALLOW AQUIFER 

	

4 	BASAL AOUIFER 

	

5 	MINE WATER 

	

6 	MUSKEG 

	

7 	SUBSOIL 

	

8 	MUSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 

	

10 	DUST 

	

11 	DIESEL EMISSIONS 

	

12 	REJECTS 

	

13 	WET TAILINGS 

	

14 	STEAM VENTS 

	

15 	WET TAILINGS 

	

16 	VENTS 

	

17 	WASTEWATER 

	

18 	NET PITCH 

	

19 	SPENT CATALYST 

	

20 	EMISSIONS 

	

21 	SULPHUR 

	

22 	SE  WASTEWATER 

	

23 	CONDENSATE 

	

24 	FLUE GAS 

	

25 	(SLOWDOWN 

	

26 	SLOWDOWN 

	

27 	FLUE GAS 

	

28 	BOTTOM ASH 

	

29 	ASH SLUICE BD 

	

30 	FLY ASH 

	

31 	PRESCRUBBER BD 

	

32 	FGO BYPRODUCT 

	

33 	FLUE GAS 

	

34 	FLUE GAS 

	

35 	SLOWDOWN 

	

36 	SOFTENER SOLIDS 

	

37 	REGENERANT WASTE 

	

38 	EMISSIONS 

	

39 	TANK  BOTTONS  

	

40 	CONDENSATE 

	

41 	WASHDOON 

	

42 	INPLANT RUNOFF 

	

43 	CLEAN RUNOFF 

	

44 	ALUM SLUDGE 

	

45 	EFFLUENT 

	

46 	DIGESTED SLUDGE 

	

' 47 	PITCH RUNOFF 

	

48 	BLOCK RUNOFF 

	

49 	INCINERATOR ELMS 

	

50 	NONCOMBUSTIBLES 

FIGURE 3-5 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRMIENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FR041 A MINING OIL SANDS COUPLE% 

OPTION 4 HOT WATER EXTRACTION/ 
H-OIL/PITCH BOILERS 

MONENCO CONSULTANTS LIMITED 
N00124. PFD 	F24 



eye YONENCO CONSULTANTS LIMITED 	  

HASTE  MANAGEMENT MATRIX -LIOUID WASTE STREAMS (STREAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	COD 	- TOC 	BOD5 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	TKN 	NO3 	ASH 	TSS 	MS 	SAND 	BITUNEA 	HC 	NAPHTHÏSOLvENT olL a 	PHEN0L 	DEA 	SO4 	SUL- 	5203 	PO4 	ci 	F 	- 	cti 	sal 	C0 	Ng 	Mn 	No 	K 	At 	Aa 	0 	Elo 	Cu 	Cr 	Fe 	Ho 	. 	NI 	TI 	Pb 	SI 	Sr 	Y 	Zn 

m 3/ad 
	

OC 	k9/m3 • 	 ALK. 	 GREASE 	 PHIOES 
, 	 . AREA 	 PROCESS 	WASTE STREAM 	0 

, 

YINING 	1/WATER1NG 	 MUM A0111101 	3 	
1448 	 1000 	7.6 	 295 	 7 	 467 	 11 	 34 	 68 	24 	 12 	3 	 6 . 	 427 	 10.1 	 676 	 15.9 	49. 2 	 98.5 	34. 8 	 104 	4. 14 	 &69  6700 	 1005 	7.4 	 .  BASAL ACUIFER 	4 	 1440 	 3778 	 55 	23. 5 	 1060 	 55 	30 	 1137 	 .9 	 .5 9648 	 2.53E4 	 369 	15/ 	 7102 	 30 	201 	7618 	 603 	 335  47M ' _ 

MINE WATER 	s 	 1000 	a•3 	 12 	 • 0 	 55 	440 	 3 	 •23 	 9L1 	24.0 	.31 	66 	2.87 	 • 19 	 .004 	•t01 	• 85 	 .021 	•011 	 L26 	•39 	 .046 
885 	

57.4 	 1.14 	 31. I 	• 	1914 	 t4.4  	 I. I  	4r7 	119 	.48 	316 	13J 	 .901 	 .019 	.033 	4.07 	 • 1 	:053 	 39. 5 	I. 81 	 .22  , OVERBURDEN 	 IAISIEG RUOFF 	B 	 1000 	7. 3 	 34 	s 	64.6 	18.1 	 . 35 	 365 	10 	 • 1 	 l•7 	. 06 	 16.5 	4.5 	 4.9 	.5 	 2.2 30.1 	1.08 	 51.2 	69.6 	 .31 	 323 	8.85 	 .080 	 1.5 	.053 	 14.6 	3.98 	 4.34 	.442 	 , 	1.95  1844 SUBSOIL FROFF 	9 	 1000 	L6 	 30 	 6123 	150 	 10 	 15 	5 	 15 55.3 	 1.13E4 	277 	 t&4 	 27. / 	122 	 21.7  
EXTRACTION 	RE/FILTRATIOR 	FILTRATE 	 15 	

1. 61E5 	65 	1015 	8 	 4. 004 	 1440 	 205 
	  6.54(6 	2.32(5 	 3.30(4  

1P600.01116 	OILIER RECOVER 	RASTERATER 	 17 	2050 	88 	1000 	 TRACE 	TRACE 	 TRACE 

SOW OBIER STRIPPER 	SIS  WASTERATER 	21 	2808 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	9 	 - 	 .07 	 IL 8 	 2.6  828 	 573   	14 	140 	 25.1 	 33.1  	92.1 	 421 	 329 	 .281 	1.01 	25.3 	 .191 	 24.7 	 1.3  HYDROGD1 PLANT 	 CONDENSATE 	 2064 	 1000 	 TRACE . 	19 	 TRACE 24 
39.2  

WASTE1ATO1 	25 	1186 	 1000 	7.9 	 4050 	 1252 	 5 	144 	 3 	 32.5 	 730 	 120 	 3.5 	 .4 	31 4803 	1485 	 5.93111 	 3.56 	 38.5 	 866 	 142  	4.15 	 .474 	36.0  
STRIPPED RATER 	26 	103 	140 	1000 	6 	 295 	 204 	 50 	 10 	 12 	 160 	 • 1 	• 4 	9 	 • 1 	 8. 8 	 2.6  	 - 	 30.4 	 21 	 5.15 	1.03 	 1.24 	 16.5  	__ 	 .01 	.041 	.921 	 .012 	 .906 	 .268 	  231 	174 	1000 	9. 5 	 120 	 9 	 14 	 6 

LIPGRAOING STEW 	mom 	30  
. 	 27. 1 2. 08 	____ 	 3.23  	 1.39  _ 

U2IL !TIES 	BOILER PLANT 	 ROICRIN 	 31 	390 	174 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 

	

156   58. 5 	914 	 195 	 13.6  COOLING TOWER 	&ROOM 	 35 	5510 	24 	1000 	7.5 	 50 	50 	 10 	 ISO 	725 	 10 	 210 	 TRACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 276 	276 	 55.1 	882 	3995 	 55.1 	 1598 	165  	931 	220 	I. 32 	523 	44.1 	10.1 	 3. 53 	 • 176 	27 	I. I 	.242 	 198  OBIER  1' 1lDIT PLANT 	RE0ERRAN1 8451E 	37 	2120 	 1000 	7 	 145 	 6490 	 3241 	 481 	 460 	138 	 1398 	25 	 103 307  	 1.38(4 	 7931 	1020 	 975 	293 	 2964 	53 	 218  OFFSITES 	TAIRA% 	 TANK 1301106 	39 	34 	 IIDO 	 4.33E5 	 9. 13E4 	 5. 15E5 

	

1.49E4 	 3145 	 1. 98E4 _ 
CORENSATE LEAKAGE 	DMOENSATE 	40 	259 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 M 104  	 259 	648  	 259 	 39. 9 	 9.01  BUILDING DRAINS 	R0110094 	 41 	1308 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	1.1 	.11 	 41.8 	9 	 23.5 	1. 7 	 .16 	 12 

4489 	 1000 	7.6 	 511 	10 	74. I 	90 	
207 	.157 	1.57 	.06 	1308 	262 	 1308 	3.92 	353 	19. 8 	 • 	 41.9 	I. 37 	10. 1 	.144 	54.1 	II. 8 	30. 7 	2. 22 	 .209 	 15. 7 

SURFACE RUNOFF 	IMPLANT RUOFF 	42 	 LOI 	3.11 	 I I /0 	350 	 200 	. 025 	 1.6 	52 	 15 	5 	 15 	
, 	

52 2292 	44.9 	333 	404 	 31.1 	14.2 	 5252 	1571  	 898 	.112  	1.18 	233 	 62.3 	22.4 	 67.3   	 233  
CLEAN RUM» 	43 	653 	 • 1000 	7.6 	 511 	 14.1 	 1.01 	3.11 	 660 	200 	 26 	 15 	5 	 15 333 	 48.4 	_ 	4.62 	2.01  	431 	131 	 17 	 9.1 	3.21 	 9.0  60 1000 	 9. TOE5 	 3.00(4  POTABLE  OBIER  TIM 	AU SLUDGE 	44 

	

5.82E4  	 1800 	  
SERGE TREAlleIT 	EFFLUENT 	 45 	1140 	 1000 	 25 	 25 	 25 

29.5 	 28.5 , 	 28.5  
9 	 1022 	 9. 49E5 	 5.11(4 . OIGESTED SLUDGE 	46 

	

8654  	 466  
51111981 STORAGE 	ROCK RUOFF 	47 	31 	 1000 	6 	 ZOO 	 TRACE 

7. 38  

• 

	  _ 

_  

MATRIX 3 -9  
DATA PRESENTATION. L IOUIDS 

ENVIRONMENT CANADA 
PARAMETER 	 TSS 	 ENVIRONMENTAL PROTECTION SERVICE 
	  - 
CONCENTRATION rna/L 	500 	 CHARACTERIZATION 8( TREATMENT OF EMISSIONS 
LOADING 	ka/ecl 	1440 	 FROM A MINING OIL SANDS COMPLEX 

0 ‘PVtlIS. IL &SA.TN7Eta "134111.C:1 	 OPTION 5 	HOT WATER EXTRACTION/TAILINGS 
UNITS AS ABOVE UNLESS 	 FILTRAT   ION/H-01L/ 
NOTED OTHERWISE 	 PARTIAL OXIDATION OF PITCH 

MONENCO CONSULTANTS LIMITED  
N00147. CHT F24 



co, 
4000 

1.42E6 

PARAMETER 

CONCENTRATION nba/ kg 
LOADING 	kg/ sd 

PARAMETER 

CONCENTRATION mg/m3  
LOADING 	Kg/ ed  

X NOT CHARACTERIZED 

0, WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

DATA PRESENTAT 10/6  SOL IDS 

1111 TS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTAT 10111  GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

Abe», usu. . 101000 COMUL. TANIS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS (STREAM DAY BASIS) 
- FLOW 	TEMP. 	DENSITY 	pH 	H20 	BITIAJEA NAPHTHA SOLVENT 	ASH 	COKE 	PI TCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	Co504 	METALS 	Ag 	Al 	As 	B 	Bo 	Be 	C 	Co 	Co 	Cr 	Cu 	Fe 	H2 	K 	02 	lit a 	MI 	1.4:1 	N2 	Na 	NI 	P 	Pb 	S 	Sb 	So 	SI 	T1 	V 	Zn 

CA' LYST 	ORE. 	INORG. kg/ sd 	OC 	ken3  

AREA 	 PROCESS 	WASTE STREAM 	0,  

MINIM 	SITE PFIEPARATI ON 	ASH 	 2 	
681 	 400 	 5000 	 5.90E4 	 I. 10E5 	 L 50E5 	2.53E5 	 6.4O4 	 2.40(4 	 4. 10E4 	I. 50E4 	 8. 00E4 	 2. 10E4 	 3.20E5 	8000 3.44 	 40.5 	• 	 15. 6 	 584 	174 	 44 	 11.5 	 28.2 	10.3 	 55 	 14.4 	 220 	5.5  

MERMEN 	 «KEG 	 6 	2. 51E7 	 840 	T. 6 	 9. 76E5 	2. 40E4 
2.52E? 	6.19(5  

51115011. 	 7 	1.46(8 	 1600 	7.5 	 6. 30(5 	2.Œ1E5 	1.62(5  
9.20(1 	3.03E? 	2. 31(7  

EXTRACT IC« 	FEED SYSfEll 	 REJECTS 	 12 	8. 33E6 	82 	1484 	8. 5 	I. 19E5 	I. 50E4 	 8. 37E5 	8661 	2. 08E4 	 , 

9.90(5 	1.25(5 	 6.91(6 	1.21(4 	1.13(5  
ME/FILTRATION 	DRY TAIL INGS 	I 3 	I. 96E8 	ss 	ISBA 	 I. 38E5 	I. 01E4 	1520 	 8. 21E5 	8500 	2. 04E4 

2.11(1 	2.10(6 	2.98(5 	 1.61E8 	1.67E6 	4.00(6  
UPGRADING 	HYDROMIIREAK DIG 	SPENT CATALYST 	18 	8640 	 4000 	 4.32(5 	 1.04(5 	 3000 	 5.60(4 	 4.60E4 	 1.11(5 

3732 	 1590 	 25.9 	 484 	 397 	 1616  
SULPHUR PLANT 	 SULPHA 	 20 	9.15(5 	 2046 	 100 	 2 	 15 	 1.00(6 91.5 	 1.95 	 14.6 	 9.15(5  
HYDRMEN PLANT 	SLAG 	 V 	2. 14E5 	 704 	 9.10E4 	 8.96(5 	 9000 	 2000 	 2000 1.94(4 	 1.91(5 	 1922 	 421 	 421  

CHAR 	 28 	
1.32(5 	 734 	 5000 	 8.58E5 	 1.38(5 	 2000 	 2000 660 	 1.13E5 	 1.82E4 	 264 	 264  1 58E4 	 2040  MIL IT IES 	WATER  RUENT  PLANT 	SOFTENER SOLIDS 	36 	 4. 00E5 	 6.00(5 

1.43E4 

	

	 2.15E4  , 
OFFSITES 	501.00 VASTE 	 NONCOMUST IDLES 	49 	1663 	 4700 	 5.49( 	 4. 51E5 

	

913 	 150  

VAST(  MANAGEMENT MATRIX-GASEOUS  VASTE  STREAMS ISTREAM DAY BASIS) 

FLOW 	TEMP. 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	SO3 	COS 	N2 	NOx 	NH3 	Ar 	He 	PART IC - 	HC 	NAPHTHA ORGANIC ALOE - 

m 3/sd 	0 C 	kPo 	ineom3 	 UL ATES 	 ACIDS 	HYDES 

AREA 	 PROCESS 	 VASTE  STREAM 	(:), 

2. 22E4 	400 	101 	I. 25E6 	I. 12E5 	3. 32E5 	 1. 81E5 	 I. 32E4 	 550 MINING 	SITE PREPARATION 	EMISSIGNS 	 1 

	

2489 	7379 	 1.15(4 	 294 	 12.2  
:« FUGITIVE EMISSION 	1XI51 	 10 

1.33(4 	540 	101 	1.11E6 	 560 	1.02E4 	6.66(4 	1564 	95.8 	 8.91E5 	3.15(4 	330 	1.50(4 	 1.88(4 	5.46(4 	 5110 	2780 DIESEL EMISSICNS 	11 
1.46 	136 	888 	101 	1.28 	 1.19(4 	500 	4.4 	200 	 250 	728 	 68. 1 	31.1  

1.60(6 	200 	101 	7.62E5 	7.62E5 EXTRAMI00 	IME/FILTRATION 	STEAM VENTS 	14 
1.22(6  

9610 	 101 	1.47(6 	7.12(4 	798 	 2.58(5 	 1.62E5 	 1.16(4 	 3.50(5 FROTH TREADIENT 	WITS 	 16 

	

74G 	7.72 	 2491 	 1368 	 170 	 3386  
3. 19E6 	538 	105 	I. 22E6 	3. 85E4 	1.49(5 	 634 	10.2 	 1.03(6 	211 UPON:1111G 	'SULPHUR PLANT 	 OMISSIONS 	 19 

	

I. 23E5 	4. 75E5 	 2023 	32. 6 	• 	3.28E6 	6 14  
2594 	20 	101 	1.19(6 	 716 	 2.34(4 	 1.15(6 	 1.93(4 OXYGEN PLANT 	 MISSIONS • 	22 

.06 	 60.6 	 2915 	 50.2  
2.33(6 	25 	103 	1.55(6 	1.522 	1.22(6 	410 	 1580 	3.28E5 HYDROGEN PLANT 	CO2 VENT 	 23 

	

3543 	2. 83E6 	954 	 3678 	7.63E5  
2. 40E1 	400 	110 	I. 23E6 	9.13E4 	2. 29E5 	 4. 33E4 	30 	.1 	 8. 41E5 	2 10 	 I. 52E4 UPGRADIM WATERS 	FLUE  CAS 	 24 

	

2.19E6 	5.49(6 	I. 04E6 	720 	2.4 	 2.03(7 	6480 	 3.65(5  
2.10(1 	177 	101 	1.18(6 	1.22E5 	1.51(5 	 4.32(4 	 9.51(5 	263 	 1.43(4 	5. 51  mums 	86 BOILERS 	 FLUE  CAS 	 32 

	

3.40E6 	4.20E6 	 I.  20E6 	 2. 37E? 	1322 	 3. 98E5 	153  
1.61(1 	177 	101 	I. 16E6 	1.39(5 	1.71(5 	 7523 	 8.30(5 	18.8 	 1.39(4 	6 IMSTE HEAT BOILERS 	FLUE GAS 	 33 2.23E6 	2. 76E6 	1. 21E5 	 I.  34E1 	303 	 2. 25E5 	96.1  
1.31(6 	177 	101 	1.18(6 	1.32(5 	1.63E5 	 2.33(4 	 9.44(5 	284 	 1.42(4 	5.91 NG SUPERIEATERS 	RUE GAS 	 34 

	

1.13(5 	2.14(5 	 3.06(4 	 1.11(6 	313 	 I. 86E4 	1.03  
8.62E4 	1000 	101 	1.18(6 	1. 43E5 	1.82(5 	 54 	.7 	 8.36(5 	 1.44(4 OFFSITES 	FLARE 	 EMISSIONS 	 38 

	

1.23(4 	1.51(4 	 4.66 	.06 	 1.21(4 	 1239  
1.18E4 	650 	103 	I. 23E6 	1.22E5 	3. 06E5 	 I 22 	I. 5 	 7. 99E5 	1105 	 123 513.10 VASTE 	 INCINERATOR (MIS 	48 

	

2164 	5444 	 2.16 	.021 	 1.42(4 	19.6 	 2.19 

MATRIX 3-10 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 
OPTION 5 HOT WATER EXTRACTION/TAILINGS 

FILTRATION/H-01L/ 
PARTIAL OXIDATION OF PITCH 

MONENCO CONSULTANTS LIMITED 
1100 1 48. CHT 	F24 
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FIGURE 3-6 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION & TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 5 HOT WATER EXTRACTION/TAILINGS 
FILTRATION/H-OIL/ 
PARTIAL OXIDATION OF PITCH 

NKMNENCO CONSULTANTS LIMITED 

I SEDIMENT 
POND  

IMINE 
RECLAMATION 

TO DISCHARGE 

	

<;> 	WASTE STREAM 

1 	EMISSIONS 
2 	ASH 
3 	SHALLOW AQUIFER 
4 	BASAL AOUIFER 
5 	MINE WATER 
6 	MUSKEG 
7 	SUBSOIL 
6 	UJSKEG RUNOFF 
9 	SUBSOIL RUN1FF 
10 	DUST 
II 	DIESEL EMISSIONS 
12 	REJECTS 
13 	DRY TAILINGS 
14 	STEAM VENTS 
15 	FILTRATE 
16 	VENTS 
17 	WASTEWATER 
18 	SPENT CATALYST 
19 	EMISSIONS 
20 	SULPHUR 
21 	SE  WASTEWATER 
22 	EMISSIONS 
23 	CO2 VENT 
24 	CONDENSATE 
25 	WASTEWATER 
26 	STRIPPED WATER 
27 	SLAG 
26 	CHAR 
29 	FLUE GAS 
30 	SLO1DOWN 
31 	SLOWDOWN 
32 	FLUE GAS 
33 	FLUE GAS 
34 	FLUE GAS 
35 	SLOIDOWN 
36 	SOFTENER SOLIDS 
37 	REGENERANT WASTE 
38 	EMISSIONS 
39 	TANK BOTTOMS 
40 	CONDENSATE 
41 	*ASHDOWN 
42 	INPLANT RUNOFF 
43 	CLEAN RUNOFF 
44 	ALUM SLUDGE 
45 	EFFLUENT 
46 	DIGESTED SLUDGE 
47 	BLOCK RUNOFF 
48 	INCINERATOR EVES 
49 	NONCOMBUSTIBLES 

(=> 
I SLUDGE SEWER> 

rjr"-->  
CEEED 

1 MINE 
DRAINAGE > 

I sot.  os 	> 

_ 	--

FLOW 
TOTAL + 	TOTAL 

FLOW 	PER SD 
ATMOSPHERIC 
EMISSIONS 	0.022 	 1( 	0,013 	 1.601 	0.010 	 3.192 	 0:003 2.328 	 24.00 	 27.84 16.12 1.312 	 0.086 	 0.018 	2.32E10 	76.55 1061113/00  
RECYCLE 
SEWER 
103m3/8d 	 0.231 0.390 	 1.98E5 	0.621 
PROCESS 
WASTE SESER 	 2.050 	 2.808 	 2.064 1.186 0.101 	 0.259 1.308 4.489 	 1.140 	0.037 	 4.51E6. 	15.444 10,1n3isd  

EFFLUENT 
SEWER 
103m3/sd 	 5.510 	2.120 	 . 	2.23E6 	7.630 
SLUDGE 
SEWER 
103m3/sd  	 0.060 	0.009 	 2.52E4 	0.069 
FILTRATE 
LINE 	 161 	 4.70E7 	161 1030/60  	 
DRAINAGE 
DITCH 	 1.448 6.100 	 0.885 1.844 	 n 
103m3/sd 	 0.653 	 3.48E6 	11.530 
MINE 
DRAINAGE 	 4.784 
1031113/ad 	 8.12E5 	4.784 

SOLIDS 
f/t1d 	 0.687 	 25800 146000 	 8329 	196100 	 213.6 	132 	 2B.09 	 1.663 	6.61E1 	316605 ' 
«HO 
SOLIDS 	 8.64 	975 	 3.14E5 	983.64 •/sd  
OTHER 
LIOUIDS 
10m3/ad 	 0.034 	 1.02E3 	0.034 

+ UNITS FOR TOTAL ANNUAL  FLOW'  ATMOSPHERIC EMISSIONS m 3/yr 
LIQUID STREAMS 	m3/yr 
SOLIDS 	 +/yr 

X NOT QUANTIFIED 

N0tt6.PFD 	1 74 



I. . 	IC:rede, 	IMUIILMU I.VII>UL I AN I › LINIILU 

WASTE MANAGEMENT MATRIX-LIQUID WASTE STREAMS !STREAM DAY BASIS) 

	

. 	 FLOW 	Tat". 	DENSITY 	pH 	1120 	COO 	TOC 	BOD5 	TOTAL 	NCO 3 	H2 	CO2 	112S 	NH3 	T KAI 	NO3 	ASH 	1 SS 	T DS 	SAND 	8 I TLI1Eh 	HC 	NAPHTHA SOLVENT OIL at 	PHENOL 	DEA 	SO4 	SUL - 	S203 	PO4 	C I 	F 	N 	Stil 	 NO 	 Al 	 Cu 	I 	F0 	HQ 	NI 	T I 	Pb 	SI 	Si 	V 	Zn  
ALK. 	 GREASE 	 PHIOES 

	

m 3/ad 	OC 	kern3  

	

AREA 	 PROCESS 	WASTE STREAM 

	

1369 	 1000 	' 	7.6 	 • 	295 	 1 	 467 	 II 	 34 	 68 	24 	 72 	3 	 6 WINING 	DEVATERI% 	 SHALL011, AOU1FER 	3 
404 	 9.58 	 639 	 15.1 	 4;.5 	 93.1 	32.9 	 I& 6 	4.11  	 8.21  	  _ 

	

MO 	 1005 	1.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 A 	 .S BASAL AOUIFER 	4 
I 	 k 	 9648   	 2.53E4 	 369 	15? 	 /102 	 369 	201 	 7618 	 6.03 	 3.35 

	

4522 	 1000 	8.3 	 12 	 .28 	 6. 5 	400 	 3 	 . 2 	 99.7 	24.8 	.31 	66 	2.81 	 .19 	 .004 	.00? 	.85 	 .021 	.011 	 8.25 	.38 	• .046 NINE VATER 	 5 
54.3 	 1.27 	 2t4 	1809 	 13.6 	 1.04 	 451 	112 	1.4 	298 	13 	 .1159 	 .018 	.032 	3.84  	.095 	.05 	 3?. 3 	1.16 	 .208  

	

1411 	• 	1000 	t 3 	 34 	8 	 64.6 	l& 7 	 .35 	 365 	10 	• 	 .1 	 I. 7 	. 06 	 16.5 	8.5 	 4.9 	.5 	 2.2 OVERBURDEN 	 lean RUNOFF 	8 
11.8 	 95 	116 	 .515 	• 	 537 	14.1  	 .147 	 2.5 	.088 	 24.3 	8.62 	 7. 21 	.T3 	 i 	 3.24  

	

522 	• 	1000 	1.G 	 30 	 6123 	150 	 • 	 15 	5 	 15 SIIBSOIL RUNOFF 	9 
15.7 	 31% 	18.3 	 5.22 	 7•83 	2.61 	 7.83 

	

2.60E5 	65 	1232 	8.5 	6.0%5 	 8.17(5 	 6176 

	

EXT&NCTION 	1107 VA1ER EXTRACTION 	VET TAILINGS 	13 
.4._e 	 _ 1.58E8 , 	 1.60E8 	 1.76E6 	 k  

FROTH TREATIVI 	IET TAILINGS 	IS 	1.61E1 	15 	1079 	8 	& 31E5 	 2.0215 	 2.70(4 	 1. 94E4 
1.34E? 	 125E6 	 4.35(5 	I. 13E5  

	

2050 	88 	1000 	 TRACE 	TRACE 	 TRACE 

	

UPGRADING 	DILUEN7 RECOVERY 	VASTDIATER 	17 

	

2808 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	9 	 .01 	 18 	 2.6 SO% RATER S1RIPPER 	SE %STERNER 	20 
828 	 5 13 	 14 	140  	28.1  	 33. 	7  	92.1 	 421 	 329 	 .281 	1.01 	25.3  	 .197 	 24.1 	 1.3  

	

3415 	 1000 	 TRACE 	19 	 TRACE 
	 _ 

•HYDROGEN PLANT 	CONDENSATE 	21 
64. 9 • , 	,  , 

	

231 	174 	1000 	9.5 	 • 	 120 	 V 	 9 	 14 	 6 UPGRADING STEAll 	8L0IM0181 	 23 
	  27.1 	 2. 08 	 L23 	 1.39 

	

359 	114 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 

	

UTILITIES 	BOILER PLANT 	 81.01001111 	 24 
_ 	 143  	53.8 	896 179 	 12.6  	 

	

4800 	24 	1000 	7.5 	 50 	50 	 10 	 160 	726 	 10 	 290 	 RIME 	30 	 ITO 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	. 	.044 	 X COOLING TOIER 	 BLOIDOVN 	 31 
	 - 	 240 	240 	 48 	 768 	3480 	 48 	1392 _ 	144 	 816 	192 	1.15 	456 	38.4 	8.83 	 3.01 	 .154 	 23.5 	. 	.211 	 173  

	

1950 	 1000 	 145 	 6490 	 3741 	 • 481 	 460 	138 	 1398 	, 	25 	 103 RATER nENT PUN I 	REGEMEFtANT WASTE 	33 
2113 	 1. 27E4 	 7295 	 938 897 	269 	 2726 	48. 8 	 201  

	

34 	 1100 	 4.33E5 	 9. 13E4 	 • 	 5.15(5 

	

OFFSITES 	IMAGE 	 TANK BOTTCWS 	35 I. 49E4 	 3145 	 I. 98E4 

	

259 	 1000 	 400 	 1000 	2500 	 --- 	-le» 	 150 	 35 CONDENSATE LEAXAGE 	CONDENSATE 	36 
 	104 	 259 	648  	 259 	 38.9 	 9.01  

	

1300 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	• 	 1000 	3 	270 	15.1 	3e 	 1.05 	1.1 	.11 	 41.8 	9 	 23.5 	1.7 	 .16 	 12 BUILDING DRAINS 	%SH00% 	 37 
297 	 .157 	1.51 	.06 	 1308 	262 	 1308 	3.92 	353 	19.8 	41.9 	 1.31 	10. I 	. 144 	 54.7 	11.8 	30.1 	2.22 	 .209  	15. 1 	 •  

	

4489 	 1000 	1.6 	 511 	10 	74.1 	90 	 7.07 	3.11 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 S2 SURFKE RUNOFF 	INPLANT RUNOFF 	38 
2292 	44.9 	333 	404 	 31.7  	14.2 	 5252 	1571   	 898 	.112 	 1.18 	233 	•  	67.3 	22.4 	 61.3 	 233  

	

653 	 1000 	7.6 	 511 	 14.1 	 1.07 	3.11 	 660 	200 	 26 	 15 	5 	 15 CLEAN 8101011 	39 

	

 	333 	 48.4 	 4.62 	2.07 	 431 	131 	 17    9.8 	3.27 	 9. 8VV 

 60 	 1000 	 9. 70E5 	 3. 00E4 POTABLE WATER nea 	ALUM SLUDGE 	40 5.82(4  	 1800  

	

1140 	 1000 	 25 	 25 	 25 SEITAGE 1REA1IEN1 	EFFLUENT 	 41 
28.5 	 28.5 	 28.5  _ 	  

9 	 1022 	 9.49(5 	 5.11(4 DIGESTED SLUDGE 	42 
	- 	 8654 	 466  

SULPHUR SlORAGE 	BLOCK RUNOFF 	43 	16 	 1000 	6 	 200 	 TRACE 
1.11   

. 	  _ 

	 _  	 . 

MATRIX 3 - 11  
DATA PRESENTATION'  LIQUIDS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE

• PARA/JETER 	 rss --- 
CONCENTRATION men 	500 	 CHARACTERIZATION St TREATMENT OF EMISSIONS 

	

LOADING 	kg/od 	1440 	 FROM A MINING OIL SANDS COMPLEX 

0 CEr sn-AieeureER AcRed 	 OPTION 6 	HOT WATER EXTRACTION/CANMET/ 

	

UNITS AS ABOVE UNLESS 	 PITCH BOILERS (FEW) 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 

• 91.011n 

N001 49. Da F24 



DATA PRESENTATIOW  GASES DATA PRESENTATION.  SOLIDS 

CO2  

4000 
1.42E6 

PARAMETER 

CONCENTRATION mg/kg 
LOADING 	kg/ed 

PARAMETER 

cN1.00ACDEI:TGRAT1ON mwrcot/lifd  

X NOT CHARACTERIZED 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

0  WASTE STREAM NUMBER ON POLLUTANT FLOW DIAGRAM 

IdONEKO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATR1X-SOLID WASTE STREAMS 'STREAM DAY BASIS) 
.1. ,  

	

_ 	 _ 	_ 

	

• 	
FLOW 	rap. 	DENSITY 	pH 	H20 	BITUMENNAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CoSO4 	METALS 	Ag 	Al 	As 	8 	Be 	Be 	C 	Co 	Co 	Cr 	Cu 	Fs 	H2 	 02 	Mg 	Vn 	Mo 	N2 	Nd 	NI 	P 	Pb 	S 	Sb 	Se 	SI 	TI 	V 	Zn 

	

CA'LYST 	ORD. 	INORG. kg/ad 	0 C 	kg/m3  
. 	 . 	 . 	 . 	 À 	Al. 	 . 

AREA 	PROCESS 	WASTE STREAM 	0 	 I 
1 

MINING 	SITE PREPARATION 	ASH 	 2 	650 	 400 	5000 	 5.90E4 	 1.10E5 	 8.50E5 2.53E5 	 6.40E4 	2.40E4 	4.10E4 	1.50E4 	 8.00E4 	 2.10E4 	 3.20E5 	8000 

	

3.25 	 38.3 	 71.5 	 552 	164 	 41.6 	;15.6 	26.6 	9.15 	 52 	 A 	13.6 	 •  	 5.2  
OVERBURDEN 	MUSKEG 	6 	2.44E7 	840 	7.6 	 9.76E5 2.40E4 

2.38E7 5.86E5 	 . 	 .  
SUBSOIL 	7 	1.38E8 	1600 	1.5 	 6.30E5 2.07E5 	1.62E5 

8.70E7 2.86E7 	2. 24E?  

EXTRACTION FEED SYSTEM 	REJECTS 	12 	7.08E6 	82 	1484 	8.5 	1.19E5 	1.50E4 	 8.37E5 	8661 	2.08E4 	 V _ 	  

	

. 	 ,9.36E5 	1.18E5 	 6.59E6 6.82E4 	1.64E5 4  
8. UPGRADING 	SULPHUR PLANT 	SULPHUR 	19 	50E5 	2046 	100 • 	 2 	 15 	 1,00E6  

	

85 	 I. 7 	 12.8 	 8.50E5  
UTILITIES 	PITCH BOILERS 	SPEN 	

. 
T BED SOLIDS 	26 	3.59E5 	400 	1800 	 , 	

4.92E5 	3.98E5 	 3.28E4 	 4986 	 9837 	 12590 V 
	

1730 	315 	 1198 	1605 	134 	 5.20E4 	1867 
A 	 , 	 1 	 1.77E5 	1.43E5 	 1.18E4 	 1790 	3531 	•  930 	 621 	113 	 430 	576 	48.1 	 1.81E4 	670  

FLY £514 	27 	1.51E5 	430 	2100 	8.5 	 3.31E5 	 3.31E4 	 9.92E4 	 8264 	 5.29E5 

	

4.99E4 	4988 	 1.50E4 	 1247 	 7.96E4  
2.59E4 	 I r 	 r WATER  T' MENT PLANT 	SOFTENER SOLIDS 	32 	 2040 	4.00E5 	 6.00E5 	 r 	 . 

 

	

1.03E4 	 . 	 1.55E4  
DFFSITES 	SOLID 	ASTE 	NONCOMBUSTIBLES 	45 	

1663 	4700 	 5.49E5 	 4.51E5  ' 

	

913 	 750  , 

VASTE  MANAGEMENT MATR1X-GASEOUS WASTE STREAMS 'STREAM OAT BASIS) 

FLOw 	7E1AP. 	PRESS. DENSITY 	1420 	CO2 	CO 	02 	SO2 	503 	DOS 	N2 	NOx 	NN3 	Ar 	He 	PARTIC - 	NC 	NAPNTNAORGANIC ALOE- 

m3/sd 	0 C 	kPo 	moim3 	 ULATES 	 ACIDS 	HYDES 
, 	 . 

AREA 	PROCESS 	WASTE STREAM 	0 ' 

MINING 	SITE PREPARATION 	EMISSIONS 	1 	2.10E4 	400 	101 	1.25E6 	1.12E5 3.32E5 	 7.87E5 	 1.32E4 	550 

	

2353 	6978 	 1.65E4 	 278 	 11.6  
X FUGITIVE EMISSION 	OUST 	 10 

DIESEL  EMISSIONS 	11 	1.33E4 	540 	101 	I. 11E6 	560 	1.02E4 	6,66E4 	1564 	95.8 	8.91E5 	3.75E4 	330 	1.50E4 	1.88E4 	5.46E4 	5110 	2780 

	

7.46 	136 	888 	101 	1.28 	I. 19E4 	500 	4.4 	200 	 250 	728 	 68.1 	37.1  
EXTRACTION HOT WATER EXTRACTION STEAM VENTS 	14' 	1.51E6i 	200 	i 	10I 	7.62E5 	1.62E5 

	

1.15E6 	
1 

9145 	101 	I .47E6 	7. 72E4 	798 	2.58E5 	 7.62E5 	 1.76E4 	 3.50E5 FROTH TREATMENT 	VENTS 	 16 

	

706 	7.3 	 2355 	 6968 	 161 	 3203  
UPGRADING 	SULPHUR PLANT 	EMISSIONS 	18 	2.60E6 	538 	105 	I.20E6 	3.98E4 	9.30E4 	 634 	6.17 	1.06E6 	211 

	

1.03E5 	2.41E5 	 1646 	17.6 	2.76E6 	549 

UPGRADING HEATERS 	FLUE GAS 	22 	3.20E71 400 	110 	I .21E6 	2.10E4 	2.46E5 	2.10E4 	25 	.1 	6.37E5 	270 	1..52E4 

	

6.72E5 	7.87E6 	6.72E5 	801 	3.2 	2.68E7 	8651 
	

4.87E5  
UTILITIES 	PITCH BOILERS 	FLUE OAS 	25 	1.22E7 	171 	101 	.27E6 	5.09E4 2.50E5 	4.49E4 	605 	8 	8.94E5 	672 	1.50E4 	125 

	

6.20E5 3.05E6 	5.48E5 	1374 	97.5 	1.09E7 	1.06E4 	1.83E5 	1524  

NC  BOILERS 	FLUE CAS 	28 	1.42E1 	177 	101 	I.18E6 	1.22E5 	1.51E5 	4,32E4 	 8.51E5 	263 	1.43E4 	5.51 

	

1.74E6 	2.14E6 	6,14E5 	 1.21E7 	3737 	2.03E5 	78.3  

WASTE HEAT BOILERS 	FLUE  CAS 	29 	
7.36E6 	177 	101 	I.16E6 	1.40E5 	I. 74E5 	2805 	 8.26E5 	23.1 	1.39E4 	6 

	

1.03E6 	1.28E6 	2.07E4 	 6.08E6 	170 	1.02E5 	44.2  
NC  SUPERHEATERS 	FLUE GAS 	30 	2.38E6 	177 	101 	I .18E6 	1.32E5 	1.63E5 	2.33E4 	 8.44E5 	284 	1.42E4 	5.97 

	

3.14E5 	3.88E5 	5.54E4 	 2.01E6 	675 	3.37E4 	14.2  
OFFSITES 	FLARE 	 EMISSIONS 	34 	8.62E4 	1000 	101 	.18E6 	1.43E5 	1.82E5 	 54 	.1 	8.36E5 	 1.44E4 

	

1.23E4 	1.51E4 	 4.66 	.06 	7.21E4 	 1239 
SOLID WASTE 	INCINERATOR (MIS 	44 	1.78E4 	650 	103 	1.23E6 	1.22E5 	3.06E5 	

_ 	
122 	1.5 	7.99(5 	1105 	 123 

	

2164 	5444 	 2.16 	.027 	1.42(4 	19.6 	 2.19  

MATRIX 3-12 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVI CE 
CHARACTERIZATION ê TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 6 	HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS IFBC) 

MONENCO  CONSULTANTS  L IMI TED 
N00150.CHT 	F24 



PARAM£TER 

CONCENTRATION mg/kg 
LOADING 	kg/ad 

PARAMETER 

CONCENTRATION sen3  
LOADING 	kg/ad 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING  Oit.  SANDS COMPLEX 

OPTION 7 HOT WATER EXTRACTION/EUREKA/ 
GASIFICATION OF PITCH 

MONENCO CONSULTANTS LIMITED 	 

DATA PRESENTATION'  SOLIDS 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTATION,  OASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

X NOT CHARACTERIZED 

0  WASTE STREAM NUMBER ON POLLUTANT FLOW DIAGRAM 

CO2 

4000 
p.42E61 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MAIR1X-SOLID WASTE ST 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	BITUME  NAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	Co504 	METALS 	Ag 	Al 	As 	8 	Be 	Be 	C 	Ca 	Co 	Cr 	Cu 	Fe 	H2 	k 	02 	• 	Mg 	Mh 	us 	N2 	No 	NI 	P 	Pb 	S 	Sb 	Se 	Si 	II 	V 	2n 

kg/sd 	6 C 	kg/m3 	 CA'LYST 	ORG. 	INORG. 

AREA 	PROCESS 	WASTE STREAM 	,0 

MINING 	SITE PREPARATION 	ASH 	 2 	
784 	 400 	 5000 	 5.90E4 	 1.10E5 	 8.50E5 2.53E5 	 G. 40E4 	2.40E4 	 • 4.10E4 	1.50E4 	 8.00E4 	 2.10E4 	 3.20E5 	8000 

	

3.92 	 46.3 	 86.2 	 666 	• 	198 	 50.2 	118.8 	32.1 	11.8 	 62.7 	 16.5 	 251 	6.27 
OVERBURDEN 	MUSKEG 	 6 	

2.95E7 	840 	7.6 	 9.76E5 2.40E4 
2.88E7 	7.08E5  

SUBSOIL 	7 	1.66E8 	1600 	7.5 	 6.30E5 	2.07E5 	1.62E5 
1.05E8 	3.44E7 	2.69E7  

EXTRACTION FEED SYSTEM 	REJECTS 	12 	9.50E6 	82 	1484 	8.5 	1.19E5 	1.50E4 	 8.37E5 	8661 	2.08E4 

	

1.13E6 	1.43E5 	 7.95E6 	8.23E4 	1.98E5 	 1  
UPGRADING 	GASIFICATION 	SLAG 	 20 	2.62E5 	726 	1.00E5 	 8.60E5 	 9000 	 9000 	 2.20E4 

	

2.62E4 	 2.25E5 	 2354 	 I 	 2354 	 5755 A  
SULPHLW PLANT 	SULPHUR 	22 	1.10E6 	2046 	 100 	 2 	 15 

	

[ 	
1.00E6 

	

110 	 2.2 	 16.5 	 1.10E6  
UTILITIES 	ASTER i'MENT PLANT 	SOFTENER SOLIDS 	33 	2.52E4 	2040 	4.00E5 	 r

6.00E5 	 1 

	

1.01E4 	 1.51E4 	•  

OFFSITES 	SOLID WASTE 	NONCOMBUSTIBLES 	46 	1663 	4700 	 5.49E5 	 4.51E5  

	

913 	 750  

	

• 	 A  
- 	  

	

-r- 	  
1 

WASTE MANAGEMENT MATR1X-GASEOUS WASTE STREAMS (STREAM DAY BASISI 

FLOW 	TEMP. 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	50 3 	COS 	N2 	NOx 	NH3 	Ar 	He 	PARTIC- 	HE 	NAPOTHAORGANIC AIDE- 
ULATES 	 ACIDS 	HYDES 110%ad 	0 C 	kPo 	olive 

- 	 . 	 . 
AREA 	PROCESS 	WASTE STREAM 	0 

MINING 	SITE PREPARATION 	EMISSIONS 	1 	2.54E4 	400 	101 	1.25E6 	1.12E5 3.32E5 	 7.87E5 	 1.32E4 	550 

	

2839 	8418 	 2.00E4 	 336 	 13.9  
X FUGITIVE EMISSION 	DUST 	 10 

DIESEL BUSSIONS 	11 	1.33E4 	540 	101 	1.11E6 	560 	1.02E4 	6.66E4 	7564 	95.8 	8.91E5 3.75E4 	330 	1.50E4 	1.88E4 	5.46E4 	5110 	2 180 

	

7.46 	136 	888 	101 	1.28 	1.19E4 	500 	4.4 	200 	 250 	728 	 68.1 	37.1  
EXTRACTION HOT WATER EXTRACTION STEAM VENTS 	14 	1.83E6 	200 	101 	7.62E5 	7.62E5  

1.39E6  

FROTH TREATMENT 	VENTS 	 16 	1.10E4 	101 	1.47E6 	7. 72E4 	748 	2.58E5 	 7.62E5 	 1.76E4 	 3.50E5 

	

851 	8.8 	 2841 	 8406 	 194 	 3863  
UPGRADING 	GASIFICATION 	CO2 VENT 	19 	7.08E5 	25 	103 	1.81E6 	2367 	1.76E6 	1.08E4 	 730 	3.12E4 

	

1676 	1.25E6 	7646 	 517 	2.21E4  

SULPHUR PLANT 	EMISSIONS 	21 	3.91E6 	538 	105 	1.26E6 	3.60E4 2.60E5 	 592 	10.2 	9.62E5 	211 

	

1.41E5 	1.02E6 	 2315 	39.9 	3.76E6 	826  

OXYGEN PLANT 	EMISSIONS 	24 	
8312 	20 	101 	1.19E6 	716 	2.34E4 	 1.15E6 	 1.93E4 

	

5.95 	 194 	 9534 	 161  
UPGRADING HEATERS 	FLUE CAS 	26 	2.64E7 	400 	110 	1.23E6 9.13E4 2.25E5 	4.33E4 	35 	.5 	8.50E5 	270 	1.52E4 

	

2.41E6 	5.94E6 	1.14E6 	925 	13.2 	2.24E7 	7133 	4.01E5  
UTILITIES 	PG BOILER5 	• 	FLUE GAS 	29 	

1.65E7 	177 	101 	1.26E6 	9.69E4 	3.43E5 	3.89E4 	 7.70E5 	298 	1.47E4 

	

1.60E6 	5.65E6 	6.42E5 	 1.27E7 	4911 	2.42E5  
WASTE HEAT BOILERS 	FLUE GAS 	30 	

3.67E7 	177 	101 	1.17E6 	1.37E5 	1.70E5 	1.79E4 	 8.33E5 	ice 	1.40E4 	6.2 

	

5.04E6 6.22E6 	6.57E5 	 3.06E7 	543 	5.13E5 	227  
PS SUPERHEATERS 	FLUE GAS 	31 	

3.76E6 	177 	101 	1.27E6 	1.04E5 3.68E5 	2.08E4 	 7.59E5 	321 	1.46E4 

	

3.92E5 	1.38E6 	7.83E4 	 2.85E6 	1208 	5.51E4  
OFFSITES 	FLARE 	 (MISSIONS 	35 	8.33E4 	1000 	101 	1.17E6 	1.45E5 	1.76E5 	 249 	3.2 	8.36E5 	 1.40E4 

	

1.21E4 	1.47E4 	 20.7 	.267 	6.96E4 	 1169  
SOLID WASTE 	INCINERAT 	(MIS 	45 	1.78E4 	650 	103 	1.23E6 	1.22E5 3.06E5 	 122 	1.5 	7.99E5 	1105 	 123 OR  

	

2164 	5444 	 2.16 	.027 	1.42E4 	19,6 	 2.19 

MATRIX 3-14 

N00152.CHT 	F24 
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44 
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FIGURE 3-1 POLLUTANT FLOW DIAGRAM 

OPTION 6 HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS (FBC) 

MONENCO CONSULTANTS LIMITED 

OPTION 6 HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS (FBC) 

MONENCO CONSULTANTS LIMITED 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION & TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

TO OFFSITE 
TREATMENT 

& DisPOSAL, 

TO  EXTRACTION 

To PLANT 

REcLAIm 
POND 

STORm 
POND 

RECYCLE 
POND 

(MT 

TO PLANT 

1_0.002 

API 
SEpARAToR 

14.328  

EFFLUENT _j.  
POND 

0.035 
22,451 

	  SLuDCE 
"1 POND 

O. 233 

I TAILINGS 
poND 

1 1.1I  NE 
RECLAMATION 

TO DISCHARGE 

4 5. 	 wASTE STREAm 

1 	Em[SSIONS 

2 	ASH 

SHALLOW AQUIFER 

4 	BASAL AQUIFER 

5 	MINE WATER 

6 	muSKEG 

7 	sUBSOIL 

8 	muSKEG RUNOFF 

9 	SuBSOIL RUNOFF 

10 	DUST 

II 	DIESEL EMISSIONS 

12 	REJECTS 

13 	TM TAILINGS 

14 	STEAM VENTS 

15 	wET TAILINGS 

16 	VENTS 

17 	wAsTEwATER 

le 	EmISSIONS 

19 	suLPHuR 

20 	sws wASTEwATER 

21 	CONDENSATE 

22 	FLUE  GAS 

23 	BLOWDOIN 

24 	BLOWDoWN 

25 	FLUE  GAS 

26 	SPENT BED SOLIDS 

27 	FLy ASH 

28 	FLUE  GAS 

29 	FLUE  GAS 

30 	FLUE GAS 

31 	BLowDOIH 

32 	SOFTENER SOLIDS 

33 vEGENERANT wASTE 

34 	EMISSIoNs 

35 	TANK BOTTOMs 

36 	coNDENSATE 

37 	wASHDOIN 

38 	INPLANT RuNoFF 

39 	cLEAN RUN0FF 

40 	ALM SLUDGE 

4 1 	EFFLuENT 

42 	DIGESTED'SLUDGE 

43 	BLOCK RUNOFF 

44 	INCINERATOR EMIS 

45 	NONCOMBUSTIBLES 

ATMOSPHERE 

SITE 
 PREPARATION 

RECYCLE 	:› 
SEVER  

Kate" 
[MD 

TO 
SuLPHUR 
BLOCK 

ANNUAL 	FLOW 
FLOW 	PER so 

ATmoSPHERIC 
EMISSIONS 	0.021 	 x 	0.113 	 1.515 	0.009 	2.596 	 32.04 	 12.19 	 14,21 7.364 2.378 	 0.086 	 0.018 	2.21E10 	72.44 106m3/8d  
RECYCLE 
SEWER 	 0.231 0.359 	 1.79E5 	0.590 103m3/8d  
PROCESS 
NAVE SEWER 	 2.050 	 2.808 3.4i5 	 0.259 1.308 4.489 	 0.036 	 4.11E6 	14.365 1031m3/8d  
EFFLUENT 
SEWER 	 4.800 	1.950 	 1..140 	 2.39E6 	7.890 103m3/0  
SLUDGE 
SEWER 
1031w3/8d 	 0.060 	0.009 	 2.52E4 	0.069 
TAILINGS 
LINE 	 4.522 	 260.1 	16.12 	 8.14E7 	280.7 103m3/8d 
DRAINAGE 
DITCH 	 1.369 6.700 	 1.411 0.522 	 0.653 	 3.10E6 	9.354 103m3/sd  

0
SOLIDS 
t/s 	 0.660 	 24400 130000 	 7876 	 359 	150.9 	 25.85 	 1.662 	2.73E? 	170814 
OTHER 
SOLIDS 	 850 	 2.71E5 	850 f/wd  
OTHER 
LIQUIDS 
103m3/sd 	 0.034 	 1.02E3 	0.034 

+ ens  FOR  TOTAL ANNuAL  FLOW' ATmospHER1C DAISSIoNs m 3/yr 
LIQUID STREAMS 	m 3/yr 
SOLIDS 	 +/yr 

)K NOT OuANTIFIED 

N00125. PFD 	F24 
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 	egep MONENCO  CONSULTANTS  L IMI TED 

WASTE MANAGEMENT MATRIX-LIOUID WASTE STREAMS (STREAM DAY BASIS)  
FLOW 	TO4P. 	DENSITY 	pH 	H20 	COO 	TOC 	8005 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NN3 	TKN 	No3 	ASH 	TSS 	TOS 	SAND 	BITLIMEh 	HC 	NAPHTHASOLVENT OIL 6 	PHENOL 	DEA 	SO4 	SUL- 	5203 	PO4 	Cl 	F 	CN 	SCN 	Co 	Mg 	Ii 	Na 	K 	Al 	AG 	8 	Ba 	Cu 	Cr 	FeI4 	NI 	TI 	Pb 	SI 	 V 

m 3/A4 	O 	kg/m3 	
ALK. 	 GREASE 	 PH1DES 

AREA 	

C  

	

PROCESS 	WASTE STREAM 	 ' 
1651 	 1000 ' 	7.6 	 295 	 7 	 467 	 II 	 34 	 68 • 	24 	 72 	3 	• 	 6 MINING 	DEMATERING 	 SHALLOW AQUIFER 	3 

487 	H.6 	 771  	 18.2 	 56.1 	 112 	39.6 	 119 	4.95 	 9.91  
BASAL AQUIFER 	4 	6700 	 1005 	7.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5 

9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618 	 6.03 	 •  1.35 	 . _ 	  
5460 	 1000 	8.3 	 ' 	12 	 .28 	 6.5 	400 	 3 	 .23 	 99.7 	24.8 	.31 	66 	2.81 	 .19 	 .004 	.001 	.85 	 .021 	.011 	 8.25 	.39 	 .046 MINE WATER 5 	 • 65.5 	 1.53 	 35.5 	2184 	 16.4 	 1.26 	544 	135 	1.69 	360 	15.7 	 1.04 	.022 	.038 	4.64 	.115 	.06 	 45 	2.13 	 .251  

OVERBURDEN 	 MUSKEG RUNOFF 	8 	1630 	 1000 	7. 3 	 34 	8 	 64.6 	78.7 	 .35 	 365 	10 	 .1 	 r -- 	 1.7 	.06 	 ---16.5 ' 	4.5 	 4.9 	• 	 2.2 
55.4 	13 	105 	128 	 .571 	 595 	16.3 	 .163 	 2.77 	.098 	26.9 	7.34 	 7.99 	.815 	  

SUBSOIL RUNOFF 	9 	665 	 1000 	7.6 	 30 	 6123 	150 	 10 	 15 	5 	 15 
20 	 4072 	99.8 	 6.65 	• 	 9.98 	3.33 	 9.98 	  

3. 	 6 EXTRACTION 	HOT WATER EXTRACTION WET TAILINGS 	13 	14E5 	65 	1232 	8.5 	6.09E5 	 6.17E5 	 776  

	

1.91E8 	 1.93E8 	2.13E6  
FROTH TREATMENTWET TAILINGS 	15 	1.95E4 	75 	1079 	8 	8.31E5 	 2.02E5 	 2.70E4 	1.94E4 

	

1.62E7 	 3.92E6 	 5.25E5, 	3.?8ES A 	 L 	 1 	
1 	  

UPGRADING 	DILUENT RECOVERY 	WASTEWATER 	17 	2335 	88 	1000  T 	 TRACE 	TRACE 	 TRACE 

GASIFICATION 	WASTEWATER 	18 	1531 	 1000 	7.9 	 4050 	 1252 	 5 	144 	 3 	 32.5 	 730 	 120 	 3.5 	 .4 	31 
6201 	 1917 	 7.66 	220 	 4.59 	49.8 	1118 	 184 	 5.36 .612 	47.5 ,  

8256 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	
__ 

SOUR WATER STRIPPER 	SWS WASTEWATER 	23 	 117 	 .1 	.36 	9 	 .07 	 8.8 	 2.6 
2436 	 1684 	 41.3 	413 	 82.6 	 99.1 	 272 	 1238 	 966 	 .826 	2.97 	74.3 	 .578 	 72.7 	 21.5  

HYDROGEN PLANT 	CONDENSATE 	25 	2225 	 1000 	 TRACE 	19 	 TRACE 
42.3  

344 	174 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	BLOWDOWN 	 27 
41.3 	 11 	 1 	 4.82 	 2.06  

UTILITIES 	BOILER PLANT 	BLONDOWN 	 28 	350 	174 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 
140 	 52.5. 	875 	 175 	 12.2  

COOLING TOWER 	BLOWDOWN 	 32 	
7090 	24 	1000 ' 	7.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 170 	40 	.24 	95 	8 	1.04 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 

355 	355 	 70.9 	 1134 	5140 	 70.9 	 2056 	 213  	1205 	284 	1.7 	674 	56.7 	13 	4.54 	 .227 	 34.7 	1.42 	.312 	255  
WATER T'MENT PLANT 	REGENERANT WASTE 	34 	1900 	 1000 	7 	 145 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 
	 - 	 . 	 276 	 1.23E4 	 7108 	 914 	• 	 874 	262 	 2656 	47.5 	 196 

OFFSIT1S 	TANKAGE 	 TANK BOTTOMS 	36 	39 	 1100 	 4.33E5 	 9.13E4 	 5.75E5 

	

1.10E4 	 3588  	 2.26E4 	__. 
CONDENSATE LEAKAGE 	CONDENSATE 	37 	259 	 1000 	 400 	 1000 	2500 	 1 	1000 	 150 	 ! 	 r- 35 

104 	 259 	648 	 259 	 38.9   	9.01 	  
BUILDING DRAINS 	WASHDOWN 	 38 	1308 	 1000 	 • 8.1 	 158 	 .12 	1.2 	.046 	 1000 	200  

	
1000 	3 	270 	15.1 	32 	 1.05 	7.7 	.11 	 41.8 	9 	 23.5 	1,7 	 .16 	 12 

207 	 .157 	1.57 	.06 	 1308 	262 	 1308 	3.92 	353 	19.8 	41.9 	 1.37 	10.1 	.144 	 54.7 	11.8 	 30.7 	2.22 	 .209 	 15.7  
4489 	 1000 	7.6 	 511 	10 	74.1 	90 	 7.07 	3.17 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 R   SURFACE 	UNOFF 	INPLANT RUNOFF 	39 2292 	44.9 	333 	404 	 31.7 	14.2 	 5252 	1571 	 898 	.112 	 7.18 	233 	67.3 	22.4 	 67.3 	 233  
653 	 1000 	7.6 	 511 	 74.1 	 7.07 	3.17 	 660 	200 	

, 	 _ 
CLEAN RUNOFF 	40 	 26 	 15 	' 	5 	 15 

333 	 48.4 	 4.62 	2.07 	 431 	131  	 17 	 9.8 	3.27 	 9.8  	 
POTABLE WATER T. MENT ALUM SLUDGE 	• 	41 	60 	 1000 	 9.70E5 	 3.00E4  

	

5.82E4 	 1800  
SEWAGE TREATMENT 	EFFLUENT 	 42 	1140 	 1000 	 • 	 25 	 25 	 25  

28.5 	 28.5 	 28.5  
9 	 1022 	 9.49E5 	 5.11E4 DIGESTED SLUDGE 	43 

	

8654 	 466  
SULPHUR STORAGE 	BLOCK RUNOFF 	44 	40 	 1000 	6 	 200 	 TRACE  

7.99  

	 _   	

MATRIX 3 - 13  
DATA PRESENTATION'  L1OUIDS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE PARAMETER 	 7SS 

-...- 
500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS CONCENTRATION 1119/t.

LOADING 	kg/80 	1440 	 FROM A MINING OIL SANDS COMPLEX 

	

0 POITSATNITE4e14,Cel  DMRACe11,1 	 OPTION T 	HOT WATER EXTRACTION/EUREKA/ UNITS AS ABOVE UNLESS GASIFICATION OF PITCH 
NOTED OTHERWISE 

 	MONENCO CONSULTANTS LIMITED  
.N00151, CHT 	F2 4 
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WASTE MANAGEMENT MATRIX-LIQUID  VASTE  STREAMS (STREAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	COO 	TOC 	BODs 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	TEN 	 ASH 	TSS 	TDS 	SAND 	BITUMEN 	HC 	NAPHTHASOLVENT OIL & 	PHENOL 	DEA 	SO4 	SUL- 	6203 	PU4 	CI 	F 	CN 	SCN 	la 	Mg 	Mn 	Na 	K 	Al 	AS 	BBoCuCrFe Ha 	NI 	T1 	Pb 	SI 	Sr 	V 	n 
ead 	41 C 	km3 	 ALK. 	 GREASE 	 PHIDES 

AREA 	 PROCESS 	 VASTE  STREAM 

1594 	 1000 	7.6 	 295 	 7 	 467 	 - 	11 	 34 	 68 	24 	 72 	3 	 6 MINING 	OEWATERING 	 SHALLOW AQUIFER 	3 
470 	 11.2 	744 	 17.5 	 54.2 	 ue 	38.3 	 115 	4.70 	 9.56 

6700 	 1005 	7.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5 BASAL AQUIFER 	4 
9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618 	 6.03 	 3.35  

5460 	 1000 	8.3 	 12 	 .28 	 6.5 	400 	 4 	 .23 	 99.7 	24.8 	.31 	66 	2.87 	 .19 	 .004 	.007 	.85 	 .021 	.011 	 8.25 	.39 	• 	.046 MINE WATER 	5 
65.5 	 1.53 	 35.5 	2184 	 21.8 	 1.26 	 544 	135 	1.69 	360 	15.7 	 1.04 	 .022 	.038 	4.64 	 .115 	.06 	 45 	2.13 	 .251  

907 	 1000 	7.3 	 34 	8 	 64.6 	78.7 	 .35 	 365 	ID 	- 	 .1 	 1.7 	.06 	 16.5 	4.5 	 4.9 	.5 	 2.2 OVERBURDEN 	 MUSKEG RUNOFF 	8 

	

30.8 	7.26 	 58.6 	71.4 	 .317 	 331 	9.07 	 .091 	 1.54 	.054 	 15 	4.08 	 4.44 	.454 	 2
•2031 	 1000 	7.6 	 30 	 6123 	150 	 10 	 15 	5 	 15• SUBSOIL RUNOFF 	9 

60.9 	 1.24E4 	305 	 20.3 	 30.5 	10.2 	 30.5 
EXTRACTION SOLVENT EXTRACTION 	WASTEWATER 	14 	1.06E4 	55 	1000 	 TRACE 	 TRACE  

900 	 1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	SOLVENT RECOVERY 	VASTEITATER 	16 

SOUR WATER STRIPPER 	SWG WASTEWATER 	19 	4224 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	? 	 .07 	 8.8 	 2.6 
1246 	 862 	 21.1 	211 	 42.2 	 50.7 	 139 	 634 	 494 	 .422 	1.52 	38 	 .296 	 37.2 	 11  

2448 	 1000 	
. 	

TRACE 	19 	 TRACE HYDROGEN PLANT 	CONDENSATE 	20 
46.5 	 .  

236 	174 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	SLOWDOWN 	22 	 • 

	

28.3 	 2.12 	 3.3 	 1.42 
UTILITIES 	BOILER PLANT 	BLOOM 	23 	518 	174 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 

207 	 T7 .B 	1296 	 259 	 18.1  
1562 	 1000 	 318 CO BOILERS 	 PRESCRUBBER BD 	26 

500  

	

1 	580 	45 	1020 	7.71E5 FGD BYPRODUCT 	27 4.48E6  
1 • 07E4 	24 	• 	1000 	7.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 COOLING TOWER 	SLOWDOWN 	33 

533 	533 	 107 	 1704 	7721 	 107 	 3089 	 320 	 1011 	426 	2.56 	1012 	85.2 	19.6 	 6.82 	 .341 	 52.2 	2.13 	.469 	 383  
2820 	 1000 	7 	 145 	 6490 	 - 	3741 	 481 	 460 	138 	 1398 	25 	 103 WATER T' MENT PLANT 	REGENERANT  BASTE 	35 

409 	 1.83E4 	1.05E4 	 1356 	 1297 	389 	 3942 	70.5 	 290 
41 	 1100 	4.33E5 	 9.13E4 	 5.75E5 

	 _ 
OFFSITES 	TANKAGE 	 TA M BOTTOMS 	37 

	

1.78E4 	 3743 	 2.36E4 
259 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 35 CONDENSATE LEAKAGE 	CONDENSATE 	38 

104 	 259 	648 	 259 	 38.9 	 9.07  
1308 	 1000 	6.1 	 158 	 .12 	1.2 	.046 	 1000 	200- 	 1000 	3 	270 	15.1 	32 	 LOS 	7.7 	.11 	 41.8 	9 	 23.5 	1.7 	 .16 	 12 BUILDING DRAINS 	WASHDOWN 	39 

207 	 .157 	1.57 	.06 	1308 	262 	 1308 	3.92 	353 	19.8 	41.9 	 1.37 	10.1 	.144 	 54.7 	11.8 	 30.7 	2.22 	 .209 	 15.7  
4489 	 1000 	7.6 	 511 	10 	74.1 	90 	 ' 	7.07 	3.17 	 1170 	350 	 200 	.025 	

- 	 -1 	1.6 	52 	 - 	15 	5 	 15 	 52 SURFACE RUNOFF 	INPLANT RUNOFF 	40 

	

2292 	44.9 	333 	404 	 31.7 	14.2 	 5252 	1571 	 898 	.112 	 7.18 	233 	 67.3 	22.4 	 63. 3 	 233•
653 	 1000 	7.6 	 511 	 74.1 	 7.07 	3.17 	 660 	200 	 26 	 15 	5 	 15 	• CLEAN RUNOFF 	41 333 	 46.4 	 4.62 	2.07 	 431 	131 	 17 	 9.8 	3.27 	 9.8  
60 	 1000 	 . 

POTABLE WATER T'MEN7 ALUM SLUDGE 	42 	 9.70E5 	 3.00E4  

	

5.82E4 	 1800  
1140 	 1000 	 25 	 25 	 25 	 . 	  

SEWAGE TREATMENT 	EFFLUENT 	43 
28.5 	 28.5 	 28.5  

9 	 1022 	9.49E5 	 , 	 5.11E4 DIGESTED SLUDGE 	44 	' 	
T 

	

8654 	 466  
34  SULPHUR STORAGE 	BLOCK RUNOFF 	45 	 1000 	6 	 • 	 200 	 TRACE 

6.79  

T-  

MATRIX 3 - 15 
DATA PRESENTATION,  LIQUIDS 

ENVIRONMENT CANADA 
I 	ALSO CONTAINS 	19.27.a/ NH41403  AND 	7.5Xwt (NH)2S03 

---- 
500 	

ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION •& TREATMENT OF EMISSIONS 

kg/ad 	

TSS 

CONCENTRATION n IJIL 

0 iveTuEnee.:ilega 	

PARAMETER 

LOADING 	 1440 	 FROM A MINING OIL SANDS COMPLEX 

UNITS AS ABOVE UNLESS 	 OPTION 8 SOLVENT EXTRACTION/FLUID COKING/ 
CO BOILERS/COKE BOILERS (FBC) 

NOTED OTHERWISE 
MONENCO CONSULTANTS LIMITED 

N00247..CHT 	F24 



EXTRACTION UPGRADING UTILITIES 

ATMOSPHERE 
ATMOSPHERE 

4>+ 
HOT WATER 
EXTRACTION 

FROTH 
TREATMENT 

SITE 
PREPARATION 

FUGITIVE 
EMISSIONS 

DILUENT 
RECOVERY 

PITCH 
GASIFICATION SUPERHEATERS 

SULPHUR 
PLANT 

SOUR WATER 
STRIPPER 

OXYGEN 
PLANT FLARE CONDENSATE 

LEAKAGE 
WATER 
TREATMENT 
PLANT 

UpGRADING 
FIRED 
HEATERS 

BUILDING 
DRAINS 

HYDROGEN 
PLANT SOLID 

WASTE 
SULPHUR 
BLOCK 

SEWAGE 
TREATMENT 

SURFACE 
RUNOFF 

COOLING 
TOWERS 

WASTE HEAT 
BOILERS 

PG 
BOILERS 

BOILER 
PLANT 

0 0 

IIONENCO CONSUL T ANT S LIMITED  
MINING 

OVERBURDEN 
REMOVAL 

OFFSI  TES 

POTABLE 
WATER 
TREATMENT 

.e• • 00 0 • 

STEAM 
GENERATION 

0 0 

oljw 

I SLUDGE SEWER> 
ITAILIMS 
ILINE 	f 

DITCH nict  
DRAINAGE ;) 

1115frgrZ-E7--HIER  TO 
 TREATMENT > 

• I, 

1_ 

TO OFFSITE 
TREATMENT 
DISPOSAL 

TO PLANT-m 

I RECYCLE 
POND 

STORM------I 
POND  

AP 
SEPARATOR 

1  42.9  RECLAIM 
POND TO EXTRACTION 

TO PLANT 

0.002 

20.405  

„[

EFFLUENT 
POND 

30.76  

1 TAILINGS POND 

FIGURE 3-8 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 7 HOT WATER EXTRACTION/EUREKA/ 
GASIFICATION OF PITCH 

MONENCO CONSULTANTS LIMITED 

X NOT QUANTIFIED +UNITS FOR TOTAL ANNUAL  FLOW.  ATMOSPHERIC EMISSIONS ml./yr 
LIQUID STREAMS 	m3/yr 
SOLIDS 	 t/yr 

	

<5 . 	WASTE STREAM 

EMISSIONS 
2 	ASH 
3 	SHALLOW AOUIFER 
4 	BASAL AQUIFER 

5 	MINE WATER 

6 	MUSKEG 

I 	SUBSOIL 
8 	MUSKEG RUNOFF 

9 	SUBSOIL RUNOFF 
10 	OUST  
11 	DIESEL EMISSIONS 
12 	REJECTS 
13 	WET TAILINGS 
14 . 	STEAM VENTS 
15 	WET TAILINGS 
16 	VENTS 
17 	WASTEWATER 
18 	WASTEWATER 
19 	CO2 VENT 
20 	SLAG 
21 	EMISSIONS 
22 	SULPHUR 
23 	SIS WASTEWATER 
24 	EMISSIONS 
25 	CONDENSATE 
26 	FLUE GAS 
27 	BLOWDOWN 
28 .  BLONDOWN 

29 	FLUE GAS 
30 	FLUE GAS 
31 	FLUE GAS 
32 	BLOWDOWN 

33 	SOFTENER SOLIDS 
34 	REGENERANT WASTE 
35 	EMISSIONS 
36 	TANK  BOTTONS  
37 	CONDENSATE 
38 	WASHDOWN 

39 	INPLANT RUNOFF 
40 	CLEAN RUNOFF 
41 	ALUM SLUDGE 
42 	EFFLUENT 
43 	DIGESTED SLUDGE 
44 	BLOCK RUNOFF 
45 	INCINERATOR EMIS 
46 	NONCOMBUSTIBLES 

TO 
SULPHUR 
BLOCK 

TOTAL + 	TOTAL 

FLOW 	PER SD ATMOSPHERIC 	 . 	  
EMISSIONS 	0.025 
106m3/0 	

›K 	0.013 	 1.827 	0.011 	 0.708 	3.912 	 0.008 	26.42 	 16.48 36.69 3.763 	 0.083 	 0.018 	2.71E10 	89.96 
RECYCLE 
SEWER 
103m3/sd 	 0.344 0.350 	 2.12E5 	0.694 
PROCESS 
WASTE SEWER 
1031113/sd 	 2.335 1.531 	 8.256 	2.225 	 0.259 1.308 4.489 	 0.040 	 6.05E6 	20.443 
EFFLUENT 
SEWER 
I 03m3/ sd  	 7.090 	1.900 	 1.140 	 3.04E6 	10.130 
SLUDGE 
SEWER 
103m3/sd 	 0.060 	0.009 	 2.52E4 	0.069 
TAILINGS 	 . 
LINE 	 5.460 . 313.8 	19.45 101/213/sd 	 9.82E7 	338.7 	. DRAINAGE 
DITCH 	 1.651 6.700 	 1.630 0.665 
103m3/sd 	 0.653 	 3.43E6 	11.299 

n 

SOLIDS 	 . 
t/sd 	0.784 1 29500 166000 	 9502 	 261.6 	 25.22 	 1.662 	3.28E7 	205291 	0  
OTHER 	 - 	  
SOLIDS 

1100 t/sd 	 3.51E5 	1100 
OTHER 
LIQUIDS 
1031113/sd 	 0.039 	 1.17E3 	0.039 

O. 036 

SLUDGE 
POND 

0,234 

MINE 

1 
>-- 	  

4IRECLAMATION 
TO DISCHARGE 

N00126. PFD 	F29 



PARAKETER 

CONCENTRATION mg/ kg 
LOADING 	kg/ad 

PARMETER 

CuO,ZEI:TGRATION wk4cev:: 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 8 SOLVENT EXTRACTION/FLUID COKING/ 
CO BOILERS/COKE BOILERS (FBC) 

MONENCO CONSULTANTS LIMITED 

CO2 

4000 
1.42(6 

DATA PRESENTAT 10tb  SOL IDS 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESEt4TAT I Ofb  GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

0  WASTE STREAM NUNBER ON 
F'OLLUTANT FLON DIAGRAM 

400 0"' 

IIONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX -SOLID  WASTE STREAMS ISTREAM DAY BASIS) 

	

FLOW 	TEMP. 	DENSITY 	pH 	H20 	BITUMB NAPHTHA SOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME  	CoCO3 	C0SO4 	METALS 	Ag 	Al 	M 	I/ 	00 	Be 	C 	Ca 	Co 	Cr 	U 	Fe 	H2 	K 	02 	9Itt 	 N2 	No 	NI 	P 	Pb 	5 	Sb 	Se 	SI 	T I 	V 	In 
CA' LYST 	ORG. 	I NORG. 

	

kg/ ad 	0  C 	88/m3  

AREA 	 PROCESS 	WASTE STREAM 	•  

MINING 	SETE PREPARATION 	ASH 	 2 	151 	 400 	 5000 	 5.90E4 	 I. 10E5 	 8.50E5 	2.53(5 	 6. 40E4 	 2.40E4 	 4. 10E4 	1. 50E4 	 B.00(4 	 2. 1%4 	 3.20E5 	8000 
3. 18 	 44.6 	 032 	 643 	191 	 40.4 	 IL? 	 31 	II.  3 	 60.5 	 15.9 	 242 	6. 05  

0VERBUR1101 	 W.OEG 	 G
2. 84E1 	 840 	LB 	 't 	 9.16E5 	2.40€4 	 , 	 1 	 ._ 

' - 
2.11E1 	6. 82E5 

»SOIL 	 T 	1.61E8 	 1600 	1.5 	 • 	 6. 30E5 	2.01E5 	1. 62E5 
1.01E8 	3. 34E/ 	2.61(1  

	

8. 32E6 	 1580 	 5000 	1.68E4 	TRACE 	 9.45(5 	9182 	2.35E4 EnRcnce 	FEED SYSTEN 	 REJECTS 	 12 
4.16E4 	1.40E5 	 7. 86E6 	&14E4 	I. 95E5 

SOLVENT EXTRACTI 	DRY TAILINGS 	13 	2.2%8 	100 	1488 	 1.20(5 	4995 	 1000 	 8.44E5 	8741 	2. 18E4 ON  2.68E7 	I. 11E6 	 2.23E5 	 1.88E8 	1.95(6 	(SOLO  

	

& WES 	 2046 - 	100 	 2 	 15 	 1. 00E6 UNIR/OING 	SULPHUR PLANT . 	SULPHUR 	 t e  
86 	 1.72 	 12.9 	 8. 60E5  

UTILITIES 	CO BOILE 	 FLY *511 	 25 	5.48E4 	430 	2100 	8.5 	1 	 3.3105  r 	 3.31(4 	 ' 9.92(4 	 8264 	 5.29E5 RS  
1. 81E4 	 1811 	 5434 	 453 	 2.90(4  

COK  E BOILERS 	 SPENT BED SOLIDS 	29 	I. 91E6 	400 	1800 	 5k00 	 ( 42E5 	 3099 	 472 	 985 	 245 	 164 	30 	 113 	684 	13 	 4924 	 195 
1.0806• 	8.7105 	 6106 	 930 	 1941 	 483 	 323 	59. 1 	 223 	1348 	25.6 	 9702 	 1566  _ 

FLY ASN 	 30 	8. 11E4 	00 	2100 	0.5 	 131E5 	 3.31E4 	 9.92(4 	 8264 	 5.29(5 
2. 68E4 	 2683 	 8048 	 671 	 4.29(4  

	

1 74E4 	 nu 	4.00E5 	 6. 0005 VATER nor PLANT 	SOFTDIER SOLIDS 	34 
1.49(4  	 2.24E4  

orrsurs 	SOLID  VASTE 	 ICIICCIBISTIBL ES 	47 	1663 	 4100 	 5.4905 	 4. 51E5 

	

913 	 150  

WASTE MANAGEMENT MATRIX-GASEOUS  BASTE  STREAMS ISTREAM DAY BASIS) 
_ 

FLOW 	TEMP. 	PRESS. DE16171 	H20 	CO2 	CO 	02 	SO2 	503 	COS 	N2 	NOX 	1043 	Ar 	He 	PART IC- 	HC 	NAPHTH h ORGAN! C ALOE - 

m 3/88 	0 C 	lœtti 	104/M3 	
, 	 UL ATES 	 AC IDS 	HYDES 

. 	 , 
AREA 	 PROCESS 	WASTE STREAM 	0 

2.45E4 ' 	400 	101 	1.25E6 	1.1215 	3.32(5 	 1.87(5 	 1.32(4 	 550 MINING 	SITE PREPARATION 	EMISSIMS 	 1 

	

2740 	8123 	 1.93E4 	 324 	 13.5  
X: FUGITIVE MISSION 	DUST 	 10 

1.33E4 	540 	101 	1.11E6 	 560 	1.02(4 	6.6604 	7564 	95.8 	 1 91E5 	3.75(4 	330 	1.5004 	 1. 88E4 	5.4604 	 5110 	2180 DIESEL EMISSIONS 	11 
7.* 	136 	888 	101 	1.28 	 1.19(4 	500 	4.4 	200 	 250 	728 	 60.1 	31.1  

T.0505 	38 	183 	1.11(6 	3.05(4 	277 	 2. 72E5 	 0.07(5 	 1.4904 EXTRUTION 	%LOIN/ EXTRACTION 	VENT GAS 	 15 2.15E4 	195 	 1.9205 	 6.26E5 	 1.0904  
2.0406 	538 	105 	1.20(6 	3.9804 	9.30(4 	 634 	6.71 	 1.06(6 	211 UPGRADIIK 	SULPHUR PLANT 	EMISSIONS 	 I l 

	

1.05E5 	2.45(5 	 1673 	17.9 	 2.80(6 	558  
2.3601 	400 	110 	1.24(6 	9.13(4 	2.59(5 	 4.21E4 	170 	3 	 8.30E5 	270 	 1.5204 UPGRADING HEATERS 	FLUE GAS 	 21 

	

2.1606 	6. 11E6 	 9.94(5 	4019 	10.9 	 1.56(1 	6383 	 3.5905  
1.16(1 	43 	101 	1.24E6 	6.92E4 	2.61E5 	 1.60(4 	858 	II 	 1 91E5 	221 	TRACE 	5788 	 3.1  1/1 ILITIES 	CO BOILERS 	 FLUE GAS 	 24 

	

1.2206 	4. 59E6 	 2.8105 	1.51(4 	194 	 1.57(7 	3889 	 1.0205 	 54.6  
2. 75E1 	260 	101 	1.31E6 	1.41E4 	3.02(5 	4.64 	1659 	21 	 9.24(5 	805 	 1.55(4 	 69 COKE BOILERS 	 FLUE 016 	 28 

	

3.88E5 	8.30(6 	 1.2906 	4.5504 	576 	 2.54E? 	2.21(4 	 4.2805 	 1894  
5.63E6 	177 	101 	I. 18E6 	1.22(5 	1.51(5 	 4.3204 	 8.51(5 	263 	 1.4204 	5.51 NC BOILERS 	 FLUE CAS 	 31 

	

6. 87E5 	O.  49E5 	2. 4205 	 4. 79E6 	1480 	 8. 05E4 	31  
2. 34E6 	177 	101 	I. 18E6 	1.30E5 	1.66E5 	 2.3304 	104 	1.31 	 8.45(5 	301 	 1.42(4 	4.63 PG SUPERHEATERS 	FLUE GAS 	 32 3.04E5 	3. 88E5 	5. 44E4 	242 	3. 06 	 I.  97E6 	103 	 3. 32E4 	10. 8  
1.04E5 	1000 	101 	1.19(6 	1.32(5 	1.95(5 	 600 	8 	 8.44(5 	 1.42(4 OFFSITES 	FLARE 	 GOSSIP% 	 36 

	

1.37(4 	2.0204 	 62.3 	.831 	 0.16(4 	 147 1 
1.1804 	650 	103 	1.23(6 	1.22(5 	3.86(5 	

_ 	
i n 	I. 5 	 1.99(5 	1105 	 123 SOLID WASTE 	 MINER/1TM  OMIS 	46 

	

2164 	5444 	 2.16 	.021 	 1.42E4 	15.6 	 2.19  

MATRIX 3-16 
X NOT CHARACTERIZED 

N00248. CHT 	F24 



SITE 
PREPARATION SUPERHEATERS CONDENSATE 

LEAKAGE 	. 

UPGRADING 
FIRED 
HEATERS 

co FEED 
SYSTEM 

OVERBURDEN 
REMOVAL 

FUGITIVE 
EMISSIONS 'BOILERS 

4.  

FLARE SURFACE 
RUNOFF 

COOLING 
TOWERS 

NO  
BOILERS 

COKE 
BOILERS 

MOILER 
PLANT 

STEAM 
GENERATION 

HYDROGEN 
PLANT 

SOUR WATER 
STRIPPER 

SOLVENT 
RECOVERY 

WATER 
TREATMENT 
PLANT '

SULPHUR 
PLANT 

POTABLE 
WATER 
TREATMENT 

SOLVENT 
EXTRACTION 

• 1 0 00 

MINING EXTRACTION UPGRADING UTILITIES OFFSIT(S 

ee<>4 	• • <5. 

BUILDING 
DRAINS 

0 00 

WASTE STREAM 

1 	EMISSIONS 
2 	ASH 
3 	SHALLOW AQUIFER 
4 	BASAL AQUIFER 
5 	MINE WATER 
6 	MUSKEG 
7 	SUBSOIL 
8 	MUSKEG RUNOFF 
9 	SUBSOIL RUNOFF 
10 	OUST  
11 	DIESEL BAISSIONS 
12 	REJECTS 
13 	DRY  TAILINGS 
14 	WASTEWATER 

15 	VENT GAS 
16 	WASTEWATER 
17 	EMISSIONS 
18 	SULPHUR 
19 	SWS WASTEWATER 
20 	CONDENSATE 
21 	FLUE GAS 
22 	SLOWDOWN 
23 	SLOWDOWN 
24 	FLUE GAS 
25 	FLY ASH 
26 	PRESCRUSSER BD 

27 	FGEI BYPRODUCT 
28 	FLUE GAS 
29 	SPENT BED SOLIDS 
30 	FLY ASH 
31 	FLUE GAS 
32 	FLUE GAS 
33 	SLOWDOWN 
34 	SOFTENER SOLIDS 
35 	REGENERANT WASTE 
36 	EMISSIONS 
37 	TANK BOTTOMS 
38 	CONDENSATE 
39 	WASHDOWN 

40 	INPLANT RUNOFF 
41 	CLEAN RUNOFF 
42 	ALUM SLUDGE 
43 	EFFLUENT 
44 	DIGESTED SLUDGE 
45 	BLOCK RUNOFF 
46 	INCINERATOR ERIS, 
47 	NONCOMBUSTIBLES 

FIGURE 3-9 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

• • • 

1
1 	1  Mee  

LDRAINAGE  

TO 
SULPHUR 
BLOCK 

TO DFFSITE 
TREATMENT 
& DISPOSAL 

TO OFFSITE 
UTILIZATI 

SEDIMENT 
POND 

MINE  
RECLAMATION 

TO DISCHARGE 

STORM 
POND TO PLANT 

..IAPI 
SEPARATOR 

0.034i 

0.908 SLUDGE 
POND 

1 

TO PLANT 

10.002 i  
1 
1 	

4RECYCLE 	I 
POND 

:K NOT OUANTIFIED OPTION 8 SOLVENT EXTRACTION/FLUID COKING/ 
CO BOILERS/COKE BOILERS IFEIC) 

MONENCO CONSULTANTS LIMITED 

+ UNITS FOR TOTAL ANNUAL  FLOW.  ATMOSPHERIC EMISSIONS m3/yr 
LIQUID STREAMS 	m3/yr 
SOLIDS 	 t/yr 

IIONENCO  CONSULTANTS  L MI TED 

ATMOSPHERE 

SEWAGE 
TREATMENT 

ATMOSPHERE 

SULPHUR 
BLOCK 

ITO RECYCLE > 
/POND  

I TO DISCHARGE> 

I TO DISCHARGE> 

21.324 

TO SLUDGE 	0.087 
POND 

re' 

 DISSOLVED AIR.______ 
FLOTATION 

28.826 

DUAL MEDIA 
FILTRATION 

SOLID 
WASTE 

I RECYCLE 

Kati* 
[Mn> 

TOTAL + 	TOTAL 

FLOW 	PER SD 
ATMOSPHERIC 
EMISSIONS 	0.024 	 X: 	0.013 	 0.705' 	2.640 	 23.64 	 17.60 	 27.45 	 5.627 2.335 	 0.104 	 0.018 	2.46E10 	80.16 10&m3/sd  
RECYCLE 
SEWER 	 0.236 0.518 	 2.27E5 	0.754 1030/ed  
PROCESS 
WASTE SEWER 	 10.56 	0.900 	 4.224 2.448 	 1.562 	 0.259 1.308 4.489 	 1.140 	0.034 	 7.89E6 	26.92 lo3mliso  

EFFLUENT 
SEWER 
103m3/sd 	 10.65 	2.820 	 4.43E6 	13.47 
SLUDGE 
SEWER 
103m3/sd 	 0.060 	S.009 	 2.52E4 	0.069 
DRAINAGE 
DITCH 	 1.5946. 100 	 0.9072.031 
103m3/sd 	 0.453 	 3.55E6 	11.89 
MINE 
DRAINAGE 	 5.460 
103&/ad 	 9.27E5 	5.460 

SOLIDS 
t/sd 	 0.757 	 28400 161000 	 8318 223170 	 54.79 	 . 	1970 11.15 	 37.37 	 1.662 	9.72E7 	423034 
OTHER 
SOLIDS 	 860 	 2.74E5 	860 t/sd  
OTHER 
LIQUIDS 
103m3/sd 	 0.580 	 0.041 	 1.46E5 	0.621 

28. 914 

0. 384 

ACTIVATED 
SLUDGE 

N00244. PFD 	F24 



PARAIETER 

CONCE NT RAT ION 	L 
LOADING 	kV ad 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

TSS 

500 
1440 

O WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

1 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX- 
FLOW 	TEI.P. 	DET6ITY 	pH 	HO 	COD 	TOC 	8005 	TOTAL 	HCO3 	Fi2 	CO2 	H2S 	NH3 , 	TKN 	NO 	ASH 	TSS 	TOS 	SAND 	BI TUMEN 	HC 	NAPHTHA SOLVENT OIL & 	PHENOL 	DEA 	SO4 	SUL - 	S203 	 ci 	r 	CN 	sc 	Ca 	A10 	IinNa 	K 	AI 	As 	 Ho 	NI 	T 1 	Pb 	S 	r 	v 	Zn 

0 	kpim3 	 ALK. 	 GREASE 	 PHIDES rn 3/sd 	C  

AREA 	 PROCESS 	 VASTE STREAM 

1594 	 1000 	1.6 	 295 	 7 	 467 	 II 	 34 	 68 	24 	 12 	3 	 6 MINING 	OEITATERING 	 SHALLOW AQUIFER 	3 
410 	 II. 2 	 744 	 11.5 	 54.2 	 108 	38.3 	 115 	4.? 	 9.56  6700 	 1005 	7.4 	 1440 	 3178 	 55 	23.5 	 t060 	 55 	UI 	 1137 	 .9 	 .5 BASAL ODUIFER 	4 

9648 	 2.53(4 	 369 	157 	 1102 	 369 	201 	 7618 	 6.03 	 3.35  5460 	 NO 	' 	8.3 	 n 	• 	 . 28 	 6.5 	400 	 3 	 .Z3 	 - 	99.7 	24.8 	.31 	66 	2.81 	 .19 	 .004 	.001 - 	.85 	 .021 	.011 	 9.25 	.39 	 .046 inn fATER 	 5 
65.5 	 1.53 	 35.5 	2184 	 16.4 	 1.26 	 544 	135 	1.69 	360 	15. 7 	 1.04 	 .022 	.030 	4.64 	 . 115 	.06 	 45 	2.13 	 .251  _ 907 	 1000 	1.3 	 34 	8 	 14.6 	18.? 	 .35 	 365 	10 	 .1 	 1.1 	.06 	 16.5 	4.5 	 4.9 	.5 	 2.2 MOM RUNOFF 	8 

30. 8 	7. 26 	 58. 6 	11. 4 	 • 31/ 	 331 	9.0? 	 . 091 	 I. 54 	• 054 	 15 	4.08 	 4. 44 	• 454 	 2 	,  2031 	 1000 	7.6 	 30 	 6123 	150 	 10 	 15 	5 	 15 SLOSOIL RUNOFF 	9 
60.9 	 1.24(4 	305 	 20.3 	 3Œ5 	ID. 2 	 30.5  1.06E4 	55 	1000 	 TRACE 	 TRACE EXTRETICII 	SOLVENT DITRACTION 	VASTEWATER . 	14 

900 	 1000 	 V 	 TRACE 	TRACE 	 TRACE IPGRADING 	SOLVENT RECOVERY 	VASTEIATER 	 16 

SCUT 	ATER S1RIPPEF1 	SE WASTEWATER 	21 5088 	140 	1000 	O. 1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 111 	 .1 	.36 	9 	 .07 	 9.8 	 2.6 1501 	 1038 	 25.4 	254 	 59.9 	 41. 1 	 • 	168 	 763 	 595 	 .509 	1 83 	45. 8 	 .356 	 44.8 	• 	 13.2 2472 	 1000 	 TRACE 	19 	 TRACE HYDROGEN PLANT 	CINCENOTE 	 22 
47  

240 	114 	1000 	9.5 	 120 	 9 	 14 	• 	 6 UPGRADING STEMS 	/LWOW 	 24 
28.0 	 V 	 V 	 2.16 	 3.36 	 1.44 UTILITIES 	BOILER PLANT 	 ELMO 	 25 567 	124 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 227 	 115 	1411 	 283 	 19.6  

C001.116 OVER 	 BLOOM 	 27 1. 58E4 	24 	1000 	1.5 	 50 	 _ 50 	 10 	 160 	725 	 ID 	 290 	 TRACE 	30 	• 	 170 	40 	.24 	95 	8 	1. 84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 790 	190 	 158 	 2526 	1.1464 	 158 	 4579 	 414 	 2684 	632 	3.19 	1500 	126 	29.1 	 10.1 	 .505 	 11. 4 	3.16 	.695 	 568 3080 	 1000 	T 	 145 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 WATE9 rlIDIT PLANT 	REGEIERANT fASTE 	29 
441 	 2.00(4 	 1.1554 	 1481 	' 	 1417 	425 	 4306 	17 	 317 41 	 1100 	 4.33(5 	 9. 13E4 	 5.25(5 OFFSITES 	TNIKAGE 	 TAIN 11011016 	31 

	

1.70(4 	 3743 	 ?. 36E4  
COIDDISATE LEAKAGE 	COMENSATE 	 32 	 /  259 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 35 104 	 259 	640 	 259 	 38.9 	 9.07  1308 	 1000 	8.1 	 V

158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	7. 1 	.11 	 41.6 	9 	 23.5 	I.? 	 .16 	 12 BUILDING DRAINS 	1145100101 	 33 
207 	 .157 	1.57 	.05 	 1308 	262 	 1308 	3.92 	353 	19.8 	41.9 	 1.37 	10.1 	.144 	 54.7 	11.8 	 30.7 	2.22 	 .209 	 15. 7  4489 	 1000 	7.6 	 511 	10 	74.1 	90 	 7.07 	3.17 	' 	1170 	350 	 200 	' 	.025 	 1.6 	52 	 15 	5 	 15 	 52 SURFACE RUNOFF 	INPLANT .RUNCFF 	34 

2292 	44.9 	333 	404 	 31.1 	14.2 	 5252 	1571 	 898 	.112 	 1.18 	233 	• 	 61.3 	22.4 	 61.3 	 233  653 	 1000 	1.6 	 511 	 74.1 	 7.07 	3.17 	 660 	200 	 26 	 15 	5 	 15 CLEAN RUOFF 	35 
333 	 48.4 	 4.62 	2.07 	 431 	• 	131 	 17 	 9.8 	3.21 	 9.8  60 	 1000 	 9.70(5 	 3.00(4 POTADLE WATER T' ItEri 	ALUM SLUDGE 	36 

	

9.82(4 	 1800  
1140 	 1000 	 25 	 25 	 25 San( IREATMENT 	EFFLUENT 	 37 

DI. 5 	 29.5 	 29.5 
9 	 1022 	 9.4905 	 V 	 5.11(4 DIGESTED SLUDGE 	38 

	

8654 	 466  
40 	 1000 	6 	 200 	 TRACE 50111111 STORAGE 	BLOCK ROW 	39 

L08 

, 	  

MATRIX 3-11 
DATA PRESENT AT 10141  L IOUIDS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION Fd TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 9 SOLVENT EXTRACTION/FLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 
N00249. CHT 	F24 



ENV I RONMENT CANADA 
ENVIRONMENTAL  PROTECTION SERVICE 
CHARACTERIZATION 111 TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 9 SOLVENT EXTRACTION/FLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 

CO2 

4000 
1.42E6 

PARHETER 

CONCENTRATION my& 
LOADING 	keed 

PARAMETER 

CONCENTRATION  rro/kg 
LOADING 	kg/ ad 

X NOT CHMACTERIZED 

<0> WASTE STREAM NUMBER ON 
POLLUTANT FLOW OIAGRAM 

DATA PRESENTAT ION1  OASES DATA PRESENTAT 10/1/  SOL IDS 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

»14 

1 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATR1X-SOLID WASTE STREAMS ISTREAM DAT BASIS) 
FLOW 	TENP. 	DENSITY 	pH 	1120 	BI7UNDiNAPH7HASO1VENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CaCO3 	CaSO4 	METALS 	Ag 	Al 	As 	B 	Ba 	Be 	C 	C 	Co 	Cr 	Cu 	Fe 	H2 	K 	02 	Q 	 N2 	Nø 	NI 	P 	Pb 	S 	Sb 	Se 	SI 	T I 	V 	Zn  

kg/sd 	O C 	kg/m3 	
CA' LYST 	ORG. 	1NORG. 

. 	 , , 	 . 	 À 	 , 

	

.. 	 . 	 . 	 . 	 , 	 . 	 . 

	

. 	 , 	. 1 	 , 
AREA 	 PROCESS 	WASTE STREAM 

757 	 400 	 5000 	 5. 90E4 	 1 •  10E5 	 0.50(5 	2.53(5 	 6.40(4 	2.40(4 	 4. 10E4 	1. 50E4 	 8.00E4 	 2. 10E4 	 3.2E 	8000 MINING 	SITE PREPARATION 	el 
£18 	 44.6 	 83.2 	 643 	191 	 48.4 	 18.2 	 31 	II. 3 	 60.5 	 15. 9 	• 	 242 	6.05  

2.84E1 	 840 	1.6 	 9.1E5 	2. 40E4 OVERBURDEN 	 MISIEG 

	

2. 77E1 	6.82t5  
1. 61E8 	 1600 	1.5 	 6.30(5 	2. 01E5 	t.625 	 I SU3S01 L 

I. 01E8 	3.34U 	2.61(7  
8.32E6 	 1580 	 5000 	1.68E4 	TRACE 	 9.45(5 	9782 	2.35(4  EXTRACTION 	FEED SYSTEM 	 REJECTS 	 t2  

4. 16E4 	1.40(5 	 7.80(6 	8.1414 	1. 95E5  
2.23E8 	100 	1488 	 I. 20E5 	4995 	 1000 	 8. 44E5 	8741 	2. 10E4 SOLVENT EXTRICTICII 	CRY TAIL INM 	13  2.68E1 	1.11E6 	2. 23E5 	 I. 88E8 	1. 95E6 	4.68(6  
6. 40E5 	 7. 79E4 	 1.12E5 	7.85E5 	 1.0 	6512 	133 	 74 	 1520 	17 	55 	18 	6485 	4640 	, 5014 	 695 	91 	204 	4824 	Be 	1633 	174 	6 	1.51(4 	 1985 	7430 	31 UPGRADING 	FLEMMING 	 CHAR 	 t?  

4. 99E4 	 7.19E4 	5. 03E5 	 I, 22 	4168 	53. I 	 47.4 	 973 	0.9 	35.2 	11. 5 	4151 	29T0 	; 3248 	 445 	58.2 	131 	3088 	570 	1045 	Ill 	3.84 	9678 	 1211 	4756 	18.8  
9.95E4 	 1180 	 I. 00E5 	 9.00E5 COKE F INES 	18 

9954 	 8. 96E4 	 _ 
1. 12E6 	 2046 	 100 	 2 	 15 	 1.00E6 UPI« PLANT 	SULPHM 	 20 

112 	 2.2S 	 16.0 	 I. 12E6 
4. 09E4 	 2040 	 4. 00E5 	 6. 00E5 UTIL ITIES 	VATER TIENT PLANT 	SOFTENER SOLIDS 	 • 	28 

1.63E4 	 2.45F4  
1663 	 4700 	 S.495 	 4. 51E5 OFFSITES 	SOLID WASTE 	 MILCCMUSTIBLES 	41 

	

91 3 	 V 	 750 

VASTE  MANAGEMENT MATRIX-GASEOUS WASTE STREAMS ISTREAM DAT BASIS) 

FLOW 	7EMP • 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	SO2 	COS 	N2 	NOx 	NH3. Ar 	He 	PARTIC - 	HC 	NAPHTHAORGANIC ALOE- 
UL ATES 	 ACIDS 	HYDES m 3/&J 	OC 	kPa 	rng/m3  

AREA 	 PROCESS 	WASTE STREAM 	0 

2.45(4 	400 	101 	1.25E6 	1.12E5 	3.32E5 	 7.87E5 	 I. 32E4 	 550 MINIM 	SITE PREPARATION 	MISSICIE 	 1 

	

2740 	8123 	 1.93E4 	 324 	 13.5  
FUGITIVE EMISSION 	DUST X 	 10 

1.33E4 	540 	101 	1.11E6
_ 	  

560 	1.02E4 	6.6€E4 	7564 	95.8 	 L 91E5 	3. 75E4 	330 	1. 50E4 	 I. 88E4 	5.464 	 5110 	2780 DIESEL EMISSIMS 	1 I 7.46 	136 	888 	101 	t.28 	 1. 19E4 	500 	4.4 	200 	 250 	728 	 68.1 	31.1  
T.05E5 	38 	183 	1.21(6 	3.05E4 	217 	 2.12E5 	 LOTES 	 I. 49E4 EXTRACTIM 	SOLVENT EXTRACT' 011 	VENT GAS 	 15 

	

2. 15E4 	195 	 1. 92E5 	 6. 26E5 	 1. 05E4  
3. 58E6 	538 	105 	1.25E6 	L 68E4 	2.25(5 	 592 	10.2 	 9.83(5 	211 MIMING 	SULPHUR PLAIIT 	 MISSIME 	 19  

	

1.31E5 	8.05E5 	 2116 	36.5 	 3.52E6 	756  
UPGRADIM HEATERS 	FLUE  CAS 	 23 	

2.40E1 	400 	110 	I. 24E6 	9. 13E4 	2.59t5 	4.21E4 	170 	3 	 8.30E5 	270 	 I. 52E4 

	

2.19E6 	6. 20E6 	 1'  

	

1. 01E6 	4077 	71.9 	 1.99E? 	6475 	 3.64E5  
6.66E? 	177 	101 	I. 21E6 	1.06(5 	2. 16E5 	 3. 25E4 	666 	8. 43 	 8. 46E5 	212 	 I.  07E4 	2.50  UTILITIES 	PG BOILERS 	 nut cas 	26 

	

7.03E6 	1. 44E7 	2. 16E6 	4.44E4 	561 	 5.64E/ 	1.41(4 	7. 11E5 	1T2 
OFFSITES 	FLARE 	 MISSIONS 	 3 0 	

1.04E5 	1000 	i 	101 	1.19E6 	1.32(5 	I. 95E5 	 600 	8 	 144E5 	 I. 42E4 

	

I. 37E4 	2. 02E4 	 U. 3 	. 831 	 L 76E4 	 1471 	• i  
1. 78E4 	650 	103 	1. 23E6 	1. 22E5 	3.05E5 	 122 	1.5 	 1.90E5 	1105 	 123 SOLID VASTE 	 INCINERATUI MIS 	40 

	

2164 	5444 	 2.16 	.027 	 I. 42E4 	13.6 	 2.19  
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FIGURE 3-10 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

26.762 

70 SLUDGE 0.002 
POND  

ISTORM 
POND  

I 
r_11)1Ss0LvED Al  

FLOTAT  ION  .1  ACTIVATED h  
SLUDGE 

28.29 

DUAL MEDIA 
FILTRATION 

TO PLANT ••• 

RECYCLE 
POND 

TO PLANT 

28.37 

10. 002 

X NOT QUANTIFIED + UNITS FOR TOTAL ANNUAL FLOW' ATMOSPHERIC EMISSIONS 0/yr 
LIQUID STREAMS 	ol/yr 
SOL IDS 	 t/yr 

OPTION 9 SOLVENT EXTRACTIONVFLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 

MEMO° CONSULTANTS UNITED 

TOTAL + 	fOTAL 

4> 4 <>. 	<5 	,, ANNUAL 	FLOW 
FLOW 	PER SO 

ATMOSPHERIC 
EMISSIONS 	0.024 	 X 	0.013 	 0.705 	 3.576 	 23.98 	 66.60 	 0.104 	 0.018 	2.85E10 	95.02 10140/sd  
RECYCLE 
SEWER 	 0.240 0.567 	 2.42E5 	0.807 IONO/sd  
PROCESS 
WASTE SEWER 	 10.56 	0.900 	 5.088 2.472 	 0.259 1.308 4.489 	 1.140 	0.040 	 7.67E3 	26.25 103nd/sd  
EFFLUENT 
SEWER 	 15.79 	3.080 	 6.17E6 	18.87 103113/sd  
SLUDGE 

SEWER 	 0.060 	0.009 	 2.52E4 	0.069 1031113/sd  
DRAINAGE 
DITCH 	 1.5946.700 	 0.907 2.031 	 . 	

0.653 	 3.55E6 	11.89 10,m3/sd  
MINE 
DRAINAGE 	 5.460 	 9.27E5 	5.460 10,m3/sd  
SOLIDS 	 0.757 	 28400161000 	 8318 223170 	 640.1 99.54 	 40.86 f/sd 	 1.662 	9.69E7 	421671 	, 
OTHER 
SOLIDS 	 1123 	 3.59E5 	1123 	. t/sd  
OTHER 
LIQUIDS 	 0.041 	 1.24E3 	0.041 103m3/ed  

I SEDIMENT 
POND  

.1  MINE 
RECLAMATION 

TO DISCHARGE 

N00245.PFD 	F24 



PARAMETER 

CONCENTRATION mg/I. 
LOADING 	kg/ ad • 

UNITS AS ABOVE UNLESS 
NOTED OTNERINSE 

L711 ,  
500 
1440 

0  WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

MONENCO  CONSULTANTS  L !MI TED 

8851L umetutmENT mATRIX -LIQUID WASTE STREAMS (STREAM OAT BASIS)  
FLOW 	TEMP. 	DENSITY 	pH 	1120 	COO 	TOC 	BOD 3 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	RN 	NO3 	ASH 	TSS 	TOS 	SAND 	B1 TUE 	HC 	NAPHTHA FATTY 	OIL 6 	PHENOL 	KA 	SO4 	SUL - 	S2 03 	PO4 	CI 	F 	CN 	SIN 	Ca 	t& 	lti 	NO 	K 	Al 	 NI 	T I 	Pb 	SI 	S1 	v 	Zn  

m 3/ sd 	OC 	kg/m3 	 ALK. 	 ACIDS 	GREASE 	 PH I DES 

AREA 	 PROCESS 	WASTE STREAM 	 • 

MINING 	DRIATERING 	 SHALLOW AQUIFER 	3 3 '28 	 1000 	1.6 	 295 	 7 	 467 	 II 	 34 	 68 	24 	 72 	3 	 6 451 	 II 7 	 714 	 16.8 	 52 	 104 	36.1 	 110 	4.58 	 9.11 	 • 	......_4,._____ 6701 	 1005 	7.4 	 1440 	 3778 	 55 	23.5 	 1060 	 • 	 55 	30 	 113? 	 .9 	 .5 BASAL AQUIFER 	4 
9648 	 2.53E4 	 369 	157 	 7102 	 369 	201 	 7618 	 6.03 	 3.35  

MINE MITER 	 s 	5050 	 1000 	8.3 	 12 	 .28 	 6.5 	400 	 3 	 .23 	 99.7 	24.8 	.31 	66 	2.87 	 .19 	 .004 	.001 	.85 	 .021 	.D11 	 S.25 	.39 	 . DE 60. 6 	 1.41 	 32. 8 	2020 	 15. 2 	 1. 16 	 503 	125 	I. 5? 	333 	14. 5 	 .ss& 	.02 	.035 	4.29 	 . 106 	.058 	 41. ? 	1. 97 	 . 232  1453 	 1000 	7. 3 	 34 	6 	 64.6 	7L 7 	 . 35 	 365 	10 	 . I 	
_ OVERBURDBI 	 MUSKEG RUNOFF 	8 	 I. 7 	• 06 	 16. 5 	4. 5 	 4. 9 	• 5 	 2. 2 49.4 	11.6 	 93.5 	114 	 . 509 	 530 	14.5  	 .145 	 2.41 	081 	 24 	L54 	 7. 12 	. 7V 	 L?  614 	 1000 	1.6 	 30 	 6123 	150 	 10 	 15 	- 	5 	 15 SUBSOIL RUNOFF 

18.4 	 3759 	32.1 	 B.14 	 9.21 	3.0? 	 9.21  1.01E4 	49 	1000 	6.5 	 2 	32 	 3000 	 900 DRUMM 	DIRECT COKING 	 WASTEWATER 	15 	 1 
20.2 	323 	 3.O34 	 9090  

WWI» 	 16 180 	114 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 312 	 111 	1950 	 390 	 2T.3  1565  IPGRAOING 	.9» !ATER STRIPPER 	SE 11ASTEIATER 	20 	 140 	1000 	8. 1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 I IT 	 .1 	.36 	9 	 .01 	 8.8 	 2.6 462 	 319 	 1.83 	70.3 	 15.1 	 18.8 	 • 	51.6 	 235 	 183 	 151 	563 	14.1 	 .11 	 13.0 	 • 	 4.01 _ 
• 2304 	 1000 	 TRACE 	19 	 TRACE HYDROGEN PLANT 	CONDENSATE 	21 

43.8 
140 	174 	1000 	• 	9.5 UPGRADING STEAM 	BLOWITIMI 	 23 	 120 	 V 	

9 	 14 	 6 

	

16.8 	 1.26 	 1.96 	 .B4  'UTILITIES 	COOL ING TOIER 	 11011901M 	 25 1.68(4 	24 	1000 	1.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	«MACE 	4.9 	.2 	.044 	 36 842 	842 	 168 	 2694 	1. 22E4 	 168 	 4884 	 505 	 2863 	6/4 	4.04 	1600 	. 	135 	31 	 10.8 	 .539 	 02.5 	3.3T 	.141 	 606  3403 	 1000 	7 	 145 	 6490 	 V 	3741 	 481 	 460 __ 
	

138 	 1398 	25 	 103 MAIER V 'ENI PUNT 	REGENERANT  VASTE 	27 
493 	 2.21E4 	 I 27E4 	 1637 	 1565 	410 	 4151 	85.1 	 351  SI 	 1100 	 4.33E5 	 9.13(4 	 5.15E5 ,OFFSITES 	'TANKAGE 	 TAU BOTTOIS 	29 

	

2. 20E4 	 4640 	 2.  92E4. 259 	 1000 	 400 	 1000 	2500 	 1000 	. 	 1 SO 	 35 6ONDENSA7E LEAKAGE 	CONDENSATE 	30 
104 	 259 	648 	 259 	 38.9 	 907  

BUILDING DRAINS 	11191DOIN 	 31 	1046 	 1000 	8. 1 	 158 	 •.12 	1. 2 	. 046 	 1000 	200 	 1000 	3 	210 	15. 1 	32 	 I. 05 	7. 7 	. I 1 	 41. 8 	9 	 2L5 	I. 7 	 .16 	 12 165 	 . 126 	_ 	1.26 	. 041 	 1046 	209 	 1046 	3. 14 	282 	15. 8 	33.5 	 1.1 	B. 05 	.  115 	 43. 7 	9. 41 	 24.6 	I. 78 	 .167 	 12.6  3265 	 1000 	1. 6 	 511 	10 	14.1 	90 	 7.01 	3.1? 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 SURFEE RUNOFF 	 INPLAIIT RUNOFF 	32 
166T 	32.? 	242 	294 	 23.1 	10.4 	 3820 	1143 	 653 	.082 	 5.22 	170 	 49 	16.3 	 49 	 110  653 	 1000 	7.6 	 511 	 74. 1 	 1.07 	3.17 	 660 	200 	 m 	• 	 is 	5 	 15 CLEMI RUNOFF 	33 
333 	 48.4 	 4.62 	2. 07 	 431 	131 	 17 	 9.5 	3.2? 	 9. 0  60 	 1000 	 I 70E5 	 3.0064 POTABLE 11A1ER T .  Mg 	ALUM SLUDGE 	34 

	

5. 82E4 	 1800  
1140 	 1000 	 25 	 25 	 25 SEWAGE TREATNBIT 	EFFLUENT 	 35 

21.5 	 20.5 	 28.5  B 	 1022 	 9.49E5 	 5. 11E4 DIGESTED SLUDGE 	36 

	

8654 	 466 
i 29 	 1000 	6 	

V 	 V 	 V 	 V 	
200 	 TRACE SULPHUR STERNE 	BLOCK RUNOFF 	37 
5.14  

• 

I 

- 
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X NOT CHARACTERIZED 
MATRIX 3 - 20 

DATA PRESENTATION'  CASES  DATA PRESENTATION' SOLIDS 

SAND 

6.00E5 
4.85E11 

CO2  

4000 
1.42E6 

PARAMETER 

CONCENTRATCON mg/kg 
LOADING 	kg/ad 

PARAMETER 

CONCENTRATION Item] 
 LOADING 	kesd 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

0  WASTE STREAM NUMBER ON POLLUTANT FLOW DIAGRAM 
UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 

WA5TE mANAGEWENT maim -sOLID wASTE STREAMS (STREAM DAY OASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	BITUMEKNAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND -SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CoSO4 	METALS 	Ag 	Al 	As 	 Be 	Be 	C 	Co 	Co 	Cr 	Cu 	Fe 	H2 	 02 	mg 	ke 	At 	N2 	Na 	NI 	P 	Pb 	S 	Sb 	So 	SI 	T1 	V 	Zn• 

CA'LYST 	me. 	INDRG. kg/ad 	0C 	kg/m3 

 AREA 	PROCESS 	

, 	 . 
WASTE STREAM 	0 	

, 	 . 

MINING 	SITE PREPARATION 	ASH 	 2 	725 	 400 	5000 	 5.90E4 	 1.10E5 	 8.50E5 2.53E5 	 6.40E4 	2.404 	4.10E4 	1.50E4 	 8.00E4 	 2.10E4 	 3.20E5 	8000 

	

3.63 	 42.8 	 79.8 	 617 	184 	 46.4 	17.4 	• 	29.7 	10.9 	 se 	 15.2 	 232 	5.8  
OVERBURDDI 	MUSKEG 	6 	2.73E7 	840 	7.6 	 9.76E5 2.40E4 

SUBSOIL 	7 	

_
• 

2.66E7 	6.55E5  
1.54E8 	1600 	7.5 	• 6.30E5 	2.07E5 	1.62E5 	 , 

9.71E7 	3.19E7 	2.50E7  

EXTRACTION FEED SYSTEM 	REJECTS 	12 	6.56E6 	1484 	8.5 	1.00E5 2.00E4 	 8.50E5 	8799 	2.11E4 

	

6.56E5 	1.31E5 	 5.57E6 5.77E4 	1.38E5  
DIRECT COKING 	SPENT SAND 	13 	1.90E8 	' 	1600 	5.00E4 	 9.22E5 	 1.19E4' 	1.53E4 	 971 	 , 

. 	 9.48E6 	 1.75E8 	 2.26E6 	2.90E6 	 1.84E5  
UPGRADING 	SULPHUR PLANT 	SULPHUR 	19 	4.45E5 	2046 	100 	 2 	 15 	 1.00E6 

	

44.5 	 .891 	 . 	 6.68 	 4.45E5  4. UT/LITIES 	WATER T'MENT PLANT 	SOFTENER SOLIDS 	26 	51E4 	2040 	4.00E5 	 6.00E5  

	

1.01E4 	 2.71E4  
OFFSITES 	SOLID WASTE 	NONCOMBUSTIBLES 	39 	1663 	4700 	 5.49E5 	 4.51E5 

	

913 	 750  

	

1 	 . 

n 

WASTE MANAGEMENT MATRIX-GASEOUS WASTE STREAMS (STREAM DAY DAsisl 

FLOW 	TEmP. 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	50 3 	COS 	N2 	NOx 	NH3 	Ar 	He 	PARTIC- 	NAPHTHAORGANIC ALDE- 

m 3/8 	OC 	kPo 	rtem3 	 ULATES 	 ACIDS 	HYDES d  

AREA 	PROCESS 	WASTE STREAM 	0 

MINING 	SITE PREPARATION 	EMISSIONS 	1 	2.35E4 	400 	101 	1.25E6 	1.12E5 3.32E5 	 7.87E5 	 1.32E4 	550 

	

2627 	7788 	 I. 85E4 	 311 	 12.9  
X FUGITIVE EMISSION 	OUST 	 10 	 •  

DIESEL EMISSIONS 	11 	1.33E4 	540 	101 	I. 11E6 	560 	1.02E4 	6.66E4 	7564 	95.8 	8.91E5 	3.75E4 	330 	1.50E4 	1.88E4 	5.46E4 	5110 	2780 

	

7.46 	136 	888 	101 	1.28 	I. 19E4 	500 	4.4 	200 	 250 	728 	 68.1 	37.1  
EXTRACTION 	DIRECT COKING 	FLUE  CAS 	14 	.43E8 	240 	101 	1.18E6 	1.18E5 	1.25E5 	1.10E5 	471 	 8.25E5 	118 	 115 

	

1.69E7 	1.79E7 • 	1.57E7 	6.76E4 	 L18E8 	1.69E4 	 1.65E4  
CALCINATING PLANT 	FLUE CAS 	17 	.92E6 	140 	101 	.42E6 6.47E4 7.44E5 	3.11E4 	 5.82E5 	 135 

	

1.24E5 	1.42E6 	5.96E4 	 1.12E6 	 259  
UPGRADING 	SULPHUR PLANT 	EMISSIONS 	18 	.40E6 	538 	105 	I. 20E6 	3.98E4 9.30E4 	 634 	6.77 	1.06E6 	211 

	

5.58E4 	1.30E5 	 889 	9.5 	1.49E6 	296  

UPGRADING HEATERS 	FLUE CAS 	22 	.98E7 	400 	110 	I. 23E6 	9.13E4 2.44E5 	4.26E4 	16 	.3 	8.38E5 	270 	1.52E4 

	

1.81E6 	4.83E6 	8.44E5 	317 	5.95 	1.66E7 	5351 	3.01E5  
UTILITIES 	NC  SUPERHEATERS 	FLUE CAS 	24 	.94E6 	Ti1 	101 	I. 18E6 	1.32E5 	1.63E5 	2.33E4 	 8.44E5 	284 	1.42E4 	5.97 

	

2.56E5 	3.17E5 	4.52E4 	 1.64E6 	551 	2.75E4 	11.6  
OFFSITES 	FLARE 	 EMISSIONS 	28 	1.04E5 	1000 	101 	.19E6 	1.32(5 	1.95E5 	 600 	8 	8.44E5 	 1.42E4 

	

1.37E4 	2.02E4 	 62.3 	.831 	8.76E4 	 1471  

SOLID WASTE 	INCINERAT 	MIS 	38 	1.78E4 	650 	103 	.23E6 	1.22E5 3.06E5 	 122 	1.5 	7.99E5 	1105 	 123 OR  

	

2164 	5444 	 2.16 	.027 	1.42E4 	19.6 	 2.19  

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION 11. TREATMENT OF EMISSIONS 

fROM A MINING OIL SANDS COMPLEX 

OPTION IO 	DIRECT COKING 

MONENCO CONSULTANTS LIMITED 
we 
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FIGURE 3-11 POLLUTANT FLOW DIAGRAM 
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OPTION 10 DIRECT COKING 

MONENCO CONSULTANTS LIMITED 

MONENCO CONSULTANTS LIMITED 

I SLUDGE SEWER>  

DRAINAGE ;) 
DITCH  

!MINE 
I DRAINAGE > 

TO OFFSITE 
TREATMENT 

61 DISPOSAL 

_.. 

TOTAL 	TOTAL ‘ ‘ ‘ é é é 4 ANNUAL FLOW 
FLOW 	PER SD 

ATMOSPHERIC 	 • 

EMISSIONS 	0.025 	 X 	0.013 	 143.5 	 1.915 1.403 	 19.82 	1.941 	 0.104 	 0.018 	5.20E10 	168.1 10143/sd  	 
RECYCLE 
SEWER 	 O. 780 	 0.140 	 2. 84E5 	O. 920 103m3/od  
PROCESS 
VASTE  SEWER 	 2.304 	 0,259.1.046 3.265 	 1.140 	0.029 	 2.27E6 	8.043 103m3ad  
EFFLUENT 
SEWER 	 16.84 	3.403 	 5.91E6 	20.243 10%4e  
SLUDGE 
SEWER 	 0.060 	0.009 	 2.52E4 	0.069 103m3/ed  
SOUR WATER 
SEOER 	 10.10 	 1.565 	 3.60E6 	11.665 103193/M  
DRAINAGE 
DITCH 	 1.528 6.700 	 1.453 0.614 	 0.653 	 3.35E6 	10.948 1030/ad  
MINE 
DRAINAGE 	 5.050 	 8.57E5 	5.050 103193/sd  

SOLIDS 
+/ad 	 0.125 	 2730( 15400( 	 6551 	189530 	 45.13 	 1.663 	8.19E7 	317434 

OTHER 
SOLIDS 	 445.4 	 1.42E5 	445.4 tad  
OTHER 
LIQUIDS 	 0.051 	 2:05E3 	0.051 103m3/84 

NO(1129. PFD 	F24 



PARAMETER 

CONCENTRATION rnp/L 
LOADING 	Kg/ ad 

1 	ALSO CONTAINS 19. By/ NH4HSO 3 AND 7. See ( NH 2s0 3  

500 
1 440 

UNITS AS ABOVE UNLESS 
NOTE0 OTHERWISE 

<> WASTE STREAM AMBER ON 
POLLUTANT FLOW DIAGRAM 

MONENCO  CONSULTANTS  LIMITED 

WASTE MANAGEMENT MATRIX-LIQUID  WASTE STREAMS (STREAM  DAY BASIS) 
FLOW 	TEMP. 	DENSITY . >4 	HOCDO 	TOC • 	13006 	TOTAL 	HCO3 	II2CO2HSNH3. 	TRN 	NO3 	ASH 	ISS 	TOS 	SAND 	BITUMEN 	HC 	NAPHTHA SOLVENT OIL 1 	PHENOL 	DEA 	SO4 	SUL - 	S203 	PO4 	Cl 	F 	CN 	S4CMg 	Ii 	Na 	K 	A I 	As 	 Hp 	NIT! 	Pb 	SI 

m 3/ sd 	OC 	kern3 	 ALK. 	 GREASE 	 PH IDES 

AREA 	PROCESS 	WASTE STREAM 

258 	 1000 	. . 	7.6 	' 	 295 	 7 	 467 	 II 	 34 	 68 	24 	 72 	3 	 6 MINING 	DERATERTIC 	 .91ALLOV ACRIFER 	3 
16 	 1.8 	 120 	 2.83 	 8.75 	 11:5 	6.18 	 18.5 	.?73 	 1. 55 1000 	 1005 	7.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	,30 	 1137 	 . 	 .5 BASAL AOUIFER 	4 

1440 	 3778 	• 	 55 	23.5 	 1060 	 55 	30 	 113/ 	 .9 	 .5 
848 	 1000 	• 	8.3 	 12 	 .26 	 6.5 	400 	 3 	 .23 	 99.7 	24.8 	.31 	66 	2.87 	 .19 	 .004 	. 	.007 	.85 	 .021 	•O11 	 8.25 	.39 	 .046 MINE IIKIER 	5 

10.2 	 .231 	 5.51 	339 	 2.54 	 .t95 	 '845 	21 	.263 	56 	2.43 	 •t61 	 .003 	.006 	.121 	 .010 	.009 	 7 	.331  . 597 	 1000 	7. 3 	 34 	8 	 64. 6 	78. 1 	 365 	10 	 1.1 	. 06 	 16S 	4. 5 	 4.9 	. 5 	 .2. 2•IMSKEG FILINDFF 	e  

	

20.3 	4.78 	38.6 	47 	 .209 	 218 	5.91 	 . 	 LOI 	.036 	 5.03 	2.69 	 2.92 	.290  	 1i31  0 SUBSOIL RUNOFF 	9 

4.88E4 	61 	1232 	8.5 	6. 09E5 	 SITES  	 6776 .EXTRACTION 	HOT WATER EXTRACTION 	VET TAILINGS 	13 

	

2.97E? 	 3.81E7 	 3.30E5  
3023 	75 	1019 	8 	&31(5 	 V 	 .2. 02E5 	 2.10E4 	1. 94E4 FROTH TREA1VENT 	•VET TAILINGS 	15 

	

2.51E6 	 6.10(5 	 0.15E4 	5.87E4  
363 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUENT RECOVERY 	VASTEINIER 	17 

629 	140 	1000 	& 1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 111 	 .1 	.36 	9 	 .01 	 LB 	 2.6 SOUR RATER STRIFfER 	'SIS VASIEVATER 	21 

	

185 	 128 	• 	 3. 14 	31.4 	 6.29 	 7.55 	 20.0 	• 	94.3 	 73.6 	 .063 	.226 	5.66 	 .044 	 5.53 	 1.•63 370 	 1000 	 1RACE 	19 	 TRACE HYDROGEN PLMIT 	CONDEBATE 	22 
7.03• 

36 	114 	1000 	9.5 	 120 	 9 	 14 	 6 »BIM STEAM 	SIMEON 	 24 
4.32 	 .324 	 .504 	 .216  

75 	114 	1000 	9.5 	 • 	400 	 • 	150 	2500 	 500 	 35 UTILITIES 	BOILER PLANT 	&MOB 	 25 
25.8 	 11.2 	186 	 37.3 	 2.61  

233 	 1000 	 • 	321 CO BOILERS 	 .PRESCRUBBER BO 	28 
14.8  

1 	 86 	45 	1020 	T. 71E5 IGO BYPRODUCT 	29 

	

 	6.62(5  
55 	T1 	1000 	6. 4 	 170 	 II. 5 	 2060 	775 	 10 	.062 	 .1 	 2.18 	 11.2 	1.63 	. 44 	255 	13.8 	21.1 	.08 	.15 	.25 	.049 	.2 	19. 7 	'MACE 	.12 	.28 	.02 	66.2 	.34 	.81 	.12 CORE .1101LERS 	 ASH SLUICE BO 	33 

9.33 	 .631 	 113 	42.5 	 .549 	.003 	 .005 	.12 	 .944 	.419 	.024 	14 	.158 	L? 	.004 	.041 	.014 	.003 	.011 	1.08 	 .007 	.015 	.001 	3.63 	.019 	.041 	.007  
188 	 1000 	 1215 CORE BOILERS 	 PRESCRIBER BD 	34 

228  
1  F6D BYPRODUCT 	35 	341 	45 	1052 	7. 71E5 

2. 63E5  
730 	24 	1000 	1. 5 	 50 	50 	• 	 10 	 160 	125 	 10 	 290 	 TRACE 	30 	 . 170 	40 	. 24 	95 	8 	I. 84 	 .64 	 .032 	TRACE 	4.5 	• 2 	. 044 	 36 COIL ING  TOUER 	(LOMB 	 37 

36. 5 	36. 5 	 • 	1. 3 	 1.17 	529 	 T. 3 	 212 	 21. 9 	 124. 	29. 2 	.1 75 	69. 4 	.5.84 	I. 34 	 • 467 	 • 023 	 3. 58 	• 146 	.032 	 • 	I& 3  
540 	 1000 	7 	 145 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 	• RATER r « PLANT 	REGENERN17 HASTE 	39 	• 

18. 3 	 3505 	 2020 	 260 	 248 	74. 5 	 155 	13.5 	 55. 6 	 V. 	•  
6 	 1100 	4.33(5 . 	 9.13(4 	 5. 75E5 	. 	

, 
OFFSITES 	TANKAGE 	 1MO BOTTOMS 	41 

. 	 2648 	 558 	 3515  
39 	• 	1000 	 400 	 1000 	2500 	 1000 	 150 	 35 	• COMDISATE LEAKAGE 	CONDENSATE 	42 

15.6 	 38.9 	91.3 	 38.9 	 5.83 	 ' 	1.36 	.  
654 	 1000 	EL I 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	7. 7 	. II 	 41.8 	9 	 23.5 	I.? 	 .16 	 12 BUILDING DRAINS 	HAMMITT 	 43 

103 	• 	 .078 	.785 	.03 	 654 	. 	131 	 654 	1. 96 	177 	9.00 	20.9 	• 	.60? 	5.04 	.072 	 21.3 	5.89 	 15.4 	1.11 	 .l05 	 7.85 	 .  

2245 	 1000 	1.6 	. 	511 	10 	74.) 	90 	 t.01 	3.17 	 1110 	• 	350 	 200 	.. 025 	 1.6 	52 	 15 	5 	 15 	 • 	 52 SINFACE RLOIDFF 	IMPLANT RIOOFF 	44 

	

1146 	22.5 	166 	202 	• 	 15.e 	7..12 	 .2621 	786 	 449 	.056 	 3;59 	111 	 333 	II. 2 	 33. 7 	 117  
490 	 1000 	7.6 	 511 	 74.) 	 7.01 	3.17 	 660 	200 	 26 	 15 	5 	 15 CLEAN RUNOFF 	45 

	

250 	 36.3 	 3.46 	1.55 	 323 	98 	 12.2 	 7.35 	2.45 	 1.35  
30 	 1000 	9.10(5 	 3.00(4 	 - 	 _ 

POTABLE RATER 1' MENT 	ALIA1 SLUDGE 	46 

	

2.91(4 	 900  
570 	 1000 	 25 	 25 	 25 SERAGE IRE:AUDIT 	EFFLUENT 	 47 

14.3 	 14.3 	 14.3  
5 	 1022 	9.49(5 	 5.11E4 DIGESTED SLUDGE 	48 

	

 4327 	 233 	 . 
55 	 1000 	1.8 	 110 	 II. 5 	 1680 	835 	 10 	.062 	 ..1 	. 	2.18 	 11.2 	1.63 	.44 	255 	13.0 	21.9 	.08 	.15 	.25 	.049 	.2 	19. 1 	'MACE 	.12 	.28 	.02 	66.2 	.34 	.81 	.12 CORE STORAGE 	 COKE SLUICE BD 	49 9.33 	 .63) 	 92.2 	45.8 	 .549 	.003 	 .005 	 .12 	 .944 	.419 	.024 	14 	.758 	1.2 	.004 	.041 	.014 	.003 	.011 	1.08 	 .001 	.0)5 	.001 	3.63 	.019 	.048 	.007  
12 	 1000 	6 	 200 	 MACE SULPHUR STORAGE 	&0a( RUNOFF 	50 

2.4  

MATRIX 3-21 
DATA PRESENTAT 1016  LIDIJIDS 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 11 HOT WATER EXTRACTION/FLUID COKING/ 
CO & COKE BOILERS 

MONENCO CONSULTANTS LIMITED 
_ .N00238. CHT • F24 



X  HOT  CHARACTERIZED MATRIX 3-22 

PARAMETER 

CONCENTRATION  rneko 
LOADING 	kg/ad 

PARAMETER 

CONCENTRATION taym 3  
LOADING 	Read 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF [MISSIONS 

FROM A MINIM OIL SANDS COMPLEX 

OPTION II HOT WATER EXTRACTION/FLUID COKING), 
CO & COKE BOILERS 

MONENCO CONSULTANTS LIMITED 

C 2 

4000 
1.42E6 

DATA PRESENTAT ION,  SOL IDS 

( NITS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTAT  lOta GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

O WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS ISTREAM DAY BASIS) 

	

•
FLOW 	TEMP. 	DENSITY 	pH 	 • 	H20 	BITUMEANAPH7HA5OLVENT 	ASH 	COKE 	PITCH  • SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CoSO4 	METALS 	Ag 	Al 	As 	B 	Ba Co 	 02 	 NI 	P 	Pb 	S 	SD 	Se 	SI 	T I 	V 	Zn 

	

kWsd 	OC 	kg/m3 	 CA' LIST 	ORG. 	INORG. 

AREA 	 PROCESS 	WASTE STREAM 

	

122 	 400 	 5000 	 5. 90E4 	 I. 10E5 	 8.50E5 	2.53(5 	 6.40E4 	 2.40(4 	 4. 10E4 	I. 50E4 	 8.00E4 	 2. 10E4 	 3.20E5 	8000 MINIPG 	SITE PREPARATION 	A91 
.609 	 7.19 	 13.4 	 104 	30.8 	 1.8 	 , L 93 	 5 	1.83 	 9.15 	 2.56 	 39 	.915  

	

4. 58E6 	 840 	1. 6 	 9. 16E5 	2. 40E4 OVERBURDEN 	 IMSKEG 
4. 4TE6 	I. 10E5  	  

SIMSOIL 	 2. 59E1 	 1600 	1.5 	 6. 30E5 	2. 01E5 	I. 62E5 

	

1.63E1 	5.31E6 	4.20E6  
I. 48E6 	82 	1484 	8.5 	I. 19E5 	I. 50E4 	 L 37E5 	8661 	2.08E4 EXTRACTION 	FEED SYSTEll 	 REJECTS 	 12 

I. 76E5 	2.22E4 	 1.24E6 	•  I. 28E4 	3. 07E4  

	

2. 10E4 	 1200 	 1001 	 7. 10E4 	 . 4 	6930 	 30 	 7. 70E5 	602 	10 	51 	1 I 	2570 	I. 45E4 	 4. 35E4 	272 	49 	121 	6200 	370 	660 	 20 	7.90E4 	 1160 	1590 	13 UPGRADING 	FLUID COX NG 	 NET  COKE 	 la 
27 	 1911 	 .011 	187 	 .81 	 2. 08E4 	16.3 	.27 	1.38 	.297 	69.4 	392 	 1115 	7.34 	1.32 	3.21 	161 	9.99 	17.8 	 .54 	2133 	 31.3 	42.9 	.351  

	

l.2€5 	 2046 	 100 	 2 	 15 	 1.00E6 SULPHUR PLANT 	 SULPHA 	 20 12.6 	 .251 	 1.80 	 I. 26E5  

	

inn 	430 	2100 	8.5 	 3.31(5 	 1 31E4 	 9.92E4 	 8264 	 5. 29E5 UM 'TIES 	CO BOILERS 	 FLY ASH 	 27 
2687 	 269 	 806 	 67.2 	 4300  

	

6451 	80 	2400 	8 	 2. 71E5 	 4. 12E4 	 8.60E4 	 2. 14E4 	 1.43(4 	2600 	 9900 	1. 53E4 	1100 	 4.30E5 	3.10(4 	6.25(4 COKE BOILERS 	 BOTTA) AS11 	 31 
1746 	 266 	 555 	 , 131 	 82.2 	16.8 	 63.9 	98.1 	7.1 	 2174 	239 	403  

	

2.63(4 	430 	2100 	8.5 	 • 	 3.31(5 	 3.31(4 	 9.92E4 	 8264 	 5.29(5 FIT AS)) 	 32 
8709 	 871 	 2613 	 •  	218 	 1.39(4  

	

7162 	 2040 	 4.00(5 	 6.00E5 WATER T' VENT PLANT 	SOf TEMP SOL IDS 	313 
2865 	 429?  

	

831 	 4100 	 5.49(5 	 4.51E5 OFFS1TES 	SOLID WASTE 	 N0NCON3USTI9LES 	52 

	

456 	 375  

VASTE  MANAGEMENT MATRIX-GASEOUS WASTE STREAMS (STREAM DAY BASIS) 

FLOW 	704P. 	PRESS. DENSITY 	112D 	CO2 	CO 	02 	SO2 	SO3 	COS 	N2 	NOx 	NH3 	Ar 	He 	PART IC- 	14E 	NAPHTHA ORGANIC ALOE- 

m 3/ sd 	OC 	kPa 	mg/m3 	 UL ATES 	 ACIDS 	HIDES 

	

• 	 , 
AREA 	 PROCESS 	WASTE STREAM 	0. 

3943 	400 	101 	1.25(6 	1.12E5 	3.32(5 	 7. 87E5 	 1.32(4 	 550 MINING 	SITE PREPARAT1(91 	EMISSIONS 	 1 

	

441 	1309 	• 	 3104 	 52.2 	 2.17  
X FUGITIVE EMISSION 	DUST 	 I 0 

2000 	540 	101 	1.11E6 	 560 	1.02E4 	6. 66E4 	7660 	95. 8 	 O. 91E5 	3.15E4 	330 	1.50E4 	 1.88(4 	5. 46E4 	 5110 	2780 DIESEL DOSSIONS 	Il 
1.12 	20.4 	133 	15.3 	.192 	 1782 	75 	.66 	30 	 37.5 	109 	 10.2 	5.56  

2.94(5 	200 	101 	7.62E5 	1.62E5 EX1RACTICI1 	HOT WATER EXTRACTION 	STEAM VENTS 	1 4 
2.16E5  

1715 	 101 	1.41(6 	1.12(4 	798 	 2.58(5 	 7.62E5 	 1.16(4 	 5.50(5 FROTH TREATMENT 	WITS 	 16 

	

132 	1.3? 	 442 	 1307 	 30.2 	 601  
3.89(5 	538 	105 	1.20E6 	3.98(4 	9.30(4 	 - 	634 	6.77 	 1.06(6 	211 UPGRADING 	SULPHUR PLANT 	 D115510115 	 19 

	

1.55E4 	161E4 	 246 	2.63 	 4. 13E5 	82.1  
3.26(6 	400 	110 	1,24(6 	9.13(4 	2.15(5 	 4.19E4 	160 	2 	 6.19(5 	270 	 1.52(4 UPGRADING HEATERS 	FLUE GAS 	 23 

	

2.91(5 	8.96(5 	1.31(5 	521 	6.51 	 2.67E6 	879 	 4.95(4  
2.63(6 	43 	101 	1.24(6 	6.92(4 	2.60E5 	 1.74(4 	853 	11 	 8.30(5 	221 	TRACE 	5854 	 3.)  UTILITIES 	CO BOILERS 	 FLUE GAS 	 26 

	

1.82(5 	6.85(5 	4.51(4 	2242 	28.9 	 2.34(6 	581 	 1.54(4 	 8. 15 	 •  
5.00(6 	43 	101 	1.24(6 	6.92(4 	2.38(5 	 4. 71E4 	1001 	12.6 	 8.10(5 	455 	TRACE 	1.11(4 	 3.3 CCU BOILERS 	 FLUE CAS 	 30 

	

5.54E5 	1.91(6 	3.77(5 	8009 	101 	 6.96E6 	3639 	 1.42(5 	 26.4  
4. 11E5 	68 	101 	1.18E6 	1.32(5 	1.11(5 	 2.40(4 	138 	1.75 	 8.4013 	 1.54(4 	4.38 PG SUPERIEATERS 	FLUE CAS 	 36 

	

5.43E4 	1.01(4 	 9873 	56.8 	.719 	 3.45E5 	 6329 	1,8  
5. 19E4 	1000 	101 	1.19E5 	I. 32E5 	1.95(5 	 600 	8 	 8.44E5 	 1.42(4 OFFSITES 	FLARE 	 EMISSICIIS 	 40 

	

6873 	1.01(4 	 31.2 	.415 	 4.38(4 	 735  
8890 	650 	103 	1.23(6 	1.22(5 	5.06(5 	 122 	1.5 	 1.99(5 	1105 	 • 	 123 SOLID  VASTE 	 INCINERATOR  (MIS 	51 

	

1082 	2122 	 1.08 	.013 	 7102 	9.82 	 1.09  

NO0239. CRT 	F24 



I. MINING UTILITIES UPGRADING EXTRACTION OFFS1TES 

ATMOSPHERE 

41> 

SUPERHEATERS 
FUG TIVE 
EMISSIONS 

STEAM 
GENERATION 

WATER 
TREATMENT 
PLANT 

• 'e 

CONDENSATE 
LEAKAGE 

UPGRADING 
FIRED 
HEATERS 

HYDROGEN 
PLANT BUILDING 

DRAINS 

OVERBURDEN I 
REMOVAL FLARE SULPHUR 

BLOCK 
COKE 
STORAGE 

COOLING 
TOWERS 

COKE 
BOILERS 

CO 
BOILERS 

BOILER 
PLANT 

SOUR WATER 
STRIPPER 

SULPHUR 
PLANT 

FLUID 
COKING 

DILUENT 
RECOVERY 

FROTH 
TREATMENT 

HOT WATER 
EXTRACTION WATER 

POTABLE 	I SEWAGE 
TREATMENT 	TREATMENT • 0 4> 	• • 0 0 •  

0 

!SLUDGE SEWER> 
PCI171140  air) 

luNE  11 1 	I  DRAINAGE ;) 
DITCH  

I .  SOLIDS 	> 	 ITO MINE 	\ 
/RECLAMATION/  

TO 
SULPHUR 
BLOCK 

TO 
COKE 

STORAGE 

MONENCO CONSULTANTS LIMITED 

TO OFFSITE 
TREATMENT 
A DISPOSAL 

TO OFFSITE 
UTILIZATION 

TO PLANT.* 

eI RECYCLE POND 

'STORM 
POND 

I 

SLUDGE 
POND  

TO PLANT i O.  001  

0.121 

4.403 

ei
EFFLUENT 
POND 

_I API  
SEPARATOR 

0.018  
6.786 

TAILINGS 
POND 

11..1 

TO EXTRACTION RECLAIM 
POND 

22.116 

FIGURE 3-12 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

1 MINE 
RECLAMATION 

TO DISCHARGE 

X NOT QUANTIFIED 
OPTION II HOT WATER EXTRACTION/FLUID COKING/ 

CO & COKE BOILERS 

MONENCO CONSULTANTS LIMITED  
N0012l,P9 	F14 

+UNITS FOR TOTAL ANNUAL Fie* ATMOSPHERIC BAISSIONS ml/yr 
LIQUID STREAMS 	m3/yr 
SOLIDS 	 t/)T 

	

.. 	VASTE  STREAM 

	

I 	EMISSIONS 

	

2 	ASH 

	

3 	SHALLOW AOUIFER 

	

4 	BASAL AQUIFER 

	

5 	MINE WATER 

	

6 	MUSKEG 

	

7 	SUBSOIL 

	

8 	MUSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 
10 	DUST 
11 	DIESEL EMISSIONS 
12 	REJECTS 
13 	WET TAILINGS 
14 	STEAM VENTS 
1 5 	WET TAILINGS 
16 	VENTS 
17 	WASTEWATER 
18 	NET COKE 
19 	EMISSIONS 
20 	SULPHUR 
21 	SWS WASTEWATER 
22 	CONDENSATE 
23 	FLUE GAS 
24 	BLOWDOIN 
25 	BLOWDOIN 

26 	FLUE GAS 
27 	FLY ASH 
28 	PRESCRUBBER BD 
29 	Fal BYPRODUCT 
30 	FLUE GAS 
31 	BOTTOM ASH 
32 	FLY ASH 
33 	ASH SLUICE  BD  
34 	PRESCRUBBER BD 
35 	FOD BYPRODUCT 
36 	FLUE GAS 
37 	BLOWDOIN 

38 	SOFTENER SOLIDS 
39 	REGENERANT WASTE 
40 	EMISSIONS 

	

41 	TANK BOTTOMS 
42 	CONDENSATE 
43 	WASHDOIN 

44 	INPLANT RUNOFF 
45 	CLEAN RUNOFF 
46 	ALLAI  SLUDGE 
47 	EFFLUENT 
48 	DIGESTED SLUDGE 
49 	COKE SLUICE BD 
50 	BLOCK RUNOFF 

	

51 	INCINERATOR EMIS 
52 	NONCOMBUSTIBLES 

. 	, 

Inl'ii  'ç,P . 	FIJOW 	PER SD 
ATMOSPHERIC 
EMISSIONS 	O. 004 	 )IK 	O. 002 	 O. 284 	D. 002 	 .0.389 	 3.257 	 2.628 	 7.998 	 0.411 	 O. 052 	 O. 009 	4.56E9 	15.036 106m3/sd  
RECYCLE 
SEWER 	 0.036 0.075 	 3.34E4 	0.111 1030/sd  
PROCESS 
WASTE SEWER 	 0.363 	 1.629  0.370 	 0.055 	 0.039 0.654  2.245 	 0.055  0.012 	 L 17E6 	4.422 10Xm3/sd  
EFFLUENT 
SEWER 	 0.233 	 .0.188 	 0.730 	0.540 	 0:570 	 7.43E5 	2.261 10 30/ad  
SLUDGE 
SEWER 
1030/ad 	 0.030 	0.005 	 1.28E4 	0.035 
TAILINGS 
LINE 	 0.848 	 48.77 	3.021 	 1.53E6 	52.64 103m3/sd  
DRAINAGE 
DITCH 	 0.258 1.000 	 0.597 	0 	 0.490 	 6.53E5 	2.088 103m3/sd  

SOLIDS 
t/sd 	 0.122 	 4580 	25900: 	 1477 	 8.1 	 6.45 	26.35 	 7.16; 	 0.831 	5.12E6 	32006 •  
OTHER 
SOLIDS 	 27 	125.6 	 4.61E4 	152.6 t/sd  
OTHER 
LIQUIDS .  

0.086 	 0.341 	 0.006 	 1.27E5 	0.433 103m3/sd  
, 



air 
il I ' 	MONENCO CONSULTANTS LIMITED 	  

WASTE  MANAGEMENT MATRIX-LIQUID WASTE STREAMS 1S1REAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	COD 	TOC 	8005 	TOTAL 	HCO3 	H2 	CO2 	H2S 	NH3 	TKN 	NO3 	ASH 	ESS 	TDS 	SAND 	BITUMEN 	HC 	NAPHTHASOIVENT OIL & 	PHENOL 	DEA 	SO4 	SUL- 	5203 	PO4 	cl 	F 	CN 	SCN 	Ca 	Mg 	hIn 	Na 	K 	Al 	M 	Et 	Be 	Cu 	Cr 	Fe 	Hp 	N f 	T1 	Pb 	ST 	Sr 	V 	Zn ALL rn3/30 	°C 	kg/m 3 ' 	 GREASE 	 PH IDES 

AREA 	 PROCESS 	WASTE STREAM 	' 5 

WINING 	DERATERING 	 SHALUM AOUIFER 	3 	223 	 1000 	1.6 	 295 	 / 	 467 	 11 	 34 	 68 	24 	 12 	3 	 6 65. 7 	 I. 56 	104 	 2. 45 	 7, 57 	 15. 1 	5. 34 	 16 	. 668 	 I. 34  
BASAL AQUIFER 	4 	1000 	 1005 	1.4 	 1440 	 3771 	 55 	23.5 	 1060 	 55 	30 	 1.137 	 .9 	 .5 1440 	 3778 	55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5  
MINE IA TER 	 5 	734 	 1000 	8.3 	 12 	 .2K 	 6.5 	400 	 3 	 .23 	 99.1 	24.8 	.31 	66 	2.87 	 .19 	 .004 	.007 	.85 	 .021 	.011 	 L5 	.39 	 .O4 8.81 	 .2K6 	 4.11 	294    2.2 	 . 169 	 73.2 	18.2 	.228 	48.4 	2.11 	 .139 	 .003 	.005 	.624 	 .015 	.008 	 6.06 	.286 	 .034  OVERBURDEN 	 MUSKEG RUNOFF 	e 	461 	 1000 	1.3 	 34 	8 	 64.6 	78. 7 	 .35 	 365 	10 	 .1 	 ' 	I.? 	.06 	 16.5 	4.5 	 4.9 	.5 	 2.2 15.1 	3.69 	 29.8 	36.3 	 . 161 	168 	4.61  	 . 046 ___  . 783 	.028 	 7.6 	2. OT 	 2.2e 	.23 	 1.01  217 	 1000 	7. 6 	• 	 30 	 6123 	150 	 10 	 15 	5 	 15 SUBSOIL RUNOFF 	9  

6. 5 	 1326 	32.5  	 2. 17 	3.25 	1.08 	 3.25  
EXTRACTION 	HE/ F ILTRAT1011 	FILTRATE 	 15 	2.42E4 	65 	1015 	8 	 4.06(4 	 1440 	 205 
	- 	 9. 82E5 	 3. 48E4 	 4956  

307 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUENT RECOVERY 	VASTEIATER 	Ti 

 SOUR RATER STRIPPER 	SOS 1ASED/ATER 	21 	430 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	9 	 .01 	 8.8 	 2.6 127 	 87.6 	 2.15 	21.5 	 4.3 	 5.16 	 14.2 	 64.4 	 50.3 	 .043 	.155 	3.07 	 .03 	 3.18 	 1.12  
HYDROGEN PUNT 	CONDENSATE 	 307 	 1000 	 TRACE 	19 	 TRACE 24 

£83  
VASTE1ATER 	25 	128 	 1000 	1.9 	 4050 	 1252 	 5 	144 	 3 	 32.5 	 730 	 120 	 3.5 	 .4 	31 721 	223 	 .89 	25.6  	.534 	• 	 5.19 	 130 	 21.4 	 .623 	 .011 	5.52  
STRIPPED WATER 	26 	16 	140 	1000 	8 	 295 	 204 	 50 	 10 	 12 	 160 	 .1 	.4 	9 	 .1 	 8.8 	 2.6 4.72 	 3.26 	 .8 	 .16 	.192 	 2.56 	 .002 	.006 	.144 	 .011 	 .141 	 .042  35 	174 	10009. 5 UPGRADING STEM A 	 81.01100111 	 30 	 120 	 9 	 14 	 6 

4. 2 	 .315 	 .49 	 _ 	.21  
UTILITIES 	BOILER  PUNI 	 BLOVDOIN 	 3 I 	59 	174 	1000 	9. 5 	 400 	 150 	2500 	 500 	 35 23. 4 	 8. 78 	146 	 29. 3  	 2.05  cool. INC TOWER 	 11011/01111 	 35 	830 	24 	1000 	7. 5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 1 70 	40 	. 14 	95 	8 	1.04 	 .64 	 • 032 	ERACE 	4. 9 	. 2 	.044 	 36 41.  5 	41.5 	 8.3  	133 	602   	 _ 	8.3 	 241  	 24.9 	141 	33.2 	.199 	18.9 	6.64 	1.53 	 .531 	 .021 	 4.01 	. 166 	.037 	 25.9 	 •  

RATER 7' &ENT PLANT 	REGENERANT WASTE 	37 	424 	 1001 	1 	 145 	 6490 	 " 	 3141 	 481 	 460 	138 	 1398 	25 	 103 61.5 	 2752   	1586 	 204 	I 95 	58. 5 	593 	10.6 	 1 	 43.?  
OFFSITES 	TANKAGE 	 TANK 80T TOSS 	39 	5 	 1100 	 4.33E5 	 9. 13E4 	 5. 75E5 

	

2223 	 468 	 2951 	  .... 	 
CONDENSAIE LEAKAGE 	CONDENSATE 	40 	

39 	 1000 	 400 	 1000 	2500 	 1000 	 1 50 	 35 15.6 	38. 9 	97. 3 	 38. 9 	 S.  83 	 I. 36  
BUILDING DRAINS 	WASEDDIN 	 41 	654 	 1000 	&I 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	7.? 	.11 	 41.8 	9 	 215 	I.? 	 • 	.16 	 12 113 	 .070 	J85 	.03 	 654 	131 	 654 	1.96 	117 	9.88 	20.9 	 .687 	5.04 	.072 	 27.3 	5. 89 	 • 	15.4 	1.11 	 .105 	 2.05  

• SURFACE R1MOFF 	 IIPLANT RUNOFF 	42 	2245 	 1000 	1.6 	 511 	10 	14.1 	90 	 LOT 	3.11 	 1170 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 1146 	22.5 	166 	202 	 15.9 	1.12 	 2627 	786 	 449 	.056 	 3.59 	111 	 33.7 	11.2 	 33.?  	 117  
CLEAN RUMIFF 
	

43 	490 	 1000 	1.6 	 511 	 74.1 	 1.02 	3. I 1 	 660 	200 	• 	 26 	 15 	5 	 15 250 	36.3 	 3.46 	1.55  	323 	98 	 12.1 	 7.35 	2.45 	 1.35  30 	 1000 	 9. 70E5 	 3, 00E4 POTABLE WIER 1 . 11017 	ALIN SLUDGE 	44 

	

2•91E4 	 900  
SERAGE TREATIENT 	EFFLUENE 	 45 	570 	 1000 	 25 	 25 	 25 

14.3 
	

14.3 	 14.3  
5 	 1022 	 9.49E5 . 	  DIGESTED SLUDGE 	46 	 5.11E4 

	

4327 	 233  
13 	 1000 	6 	 _ 	  

51131001SI00AGE 	BUICK RUNOFF 	47 	 200 	 TRACE 
	 • 	 2.58  

	  --..- 

._  

. 	 MATRIX 3 - 23  
DATA PRESENTAT I Otil  L IOUIDS 

ENVIRONMENT CANADA 
PAIIAMETER 	 TSS 	 ENVIRONMENTAL PROTECTION SERVICE 

	

 	 -. 
CONCENTRATION mg/I. 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kg/ad 	1 4 40 	 FROM A MINING OIL SANDS COMPLEX 

0 	‘4.,»T[irsA -trirrii.OrwitelgR°Ari 	 OPTION 12 HOT WATER EXTRACTION/TAILINGS 
UNITS AS ABOVE UNLESS 	 FILTRATION/H -OIL/ 
NOTED OTHERW ISE 	 PARTIAL OXIDATION OF PITCH 

MONENCO CONSULTANTS LIMITED  
N00155. ClIT 	F24 



PARAMETER 

CONCENTRATION mg/kg 
LOADING 	Kg/8d 

PARAMETER 

CONCENTRATION meml 
LOADING 	kg/ ed 

CO2 

4000 
1.42E6 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION 6 TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 12 HOT WATER EXTRACTION/TAILINGS 
FILTRATION/H-OIL/ 
PARTIAL OXIDATION OF PITCH 

MONENCO CONSULTANTS LIMITED 

X /10 CHARACTERIZED 

WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTATION,  SOLIDS DATA PRESENTATION'  GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS ISTREAM DAY BASIS) 
-, 	 - 

FLOW 	TEMP. 	DENSITY 	pH 	11 20 	BITUMEKNAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CaCO3 	CaSO4 	METALS 	Ag 	Al 	As 	B 	B 	Be 	C 	Ca 	Co 	Cr 	DJ 	Fe 	H2 	K 	02 	Mg 	bh 	MD 	N2 	NO 	NI 	P 	Pb 	S 	Sb 	Si 	SI 	TI 	V 	Zn  
CA' LYST 	ORG. 	1NORG. 

kg/ sd 	OC 	kg/m3  
. 	 . 	 . 	 , 	 , 	n 	. 	 , 	. 	n 	 n 	

,  

AREA 	 PROCESS 	 WASTE STREAM 	0 
106 	' 	 400 	 5000 	 5. 90E4 	 I.  10E5 	 8. 50E5 	2.53E5 	 6.40(4 	 2. 40E4 	 4. 10E4 	1. 50E4 	 8. 00E4 	 2. 10E4 	 3.20E5 	6000 MINIM 	SITE PREPARATI01 	ASH 	 2 

.521 	 6.22 	 11.6 	 89.1 	26. 1 	 6. 75 	 2.53 	, 	4.33 	1.58 	 8.44 	 2.22 	 33.8 	.844  _ 
3. 96E6 	 840 	T. 6 	 9. 16E5 	2. 40E4 OVERBURDEN 	 11.61E6 	 6•

3. 86E6 	9.5O[4  
-f 	 1 2.i4ET 	 1600 	1.5 	 G.  30E5 	2.01E5 	I. 62E5 SUBSOIL 	 1 	 I 1. 41E/ 	4.64E6 	3.64t6  

I.25€6 	82 	1484 	8.5 	1.19E5 	1.50(4 	 8.31E5 	8661 	2.08(4  EXTRACTICM 	FEED SYSTEll 	 REJECTS 	 12  
1.49E5 	1.87(4 	 1. 05E6 	1. 08E4 	2. 60E4  . 	 ___.. 	  

2.94E7 	65 	' 	1600 	 1.36E5 ' 	1.01E4 	1520 	 8.21E5 	8500 	2. 04E4 fillfJF IL TRATI ON 	DRY TAILINGS 	13  
4.06E6 	3. 15E5 	4. 47E4 	 2.42E1 	2.50E5 	6. 00E5  

1212 	 4000 	 4.32(5 	 1,84E5 	 use 	 I 	 5.60(4 	 4.60(4 	 1.87(5  UPGRADING 	HYDROVISBREAK INS 	SPIV CATALYST 	I 8 550 	 234  	 3.82 	 11.2 	 58.5 	 238  
1.46(5 	 2045 	 100 	 2 	 15 	 1.00(6  SULP11111 PLANT 	 SUIPIRM 	 20  14.6 	 .293  	 2.19 	 1,48(5  . 
3. 19E4 	 704 	 9.10E4 	 8.95(5 	 9000 	 2000 	 2000 

HYDROGEN PLANT 	SLAG 	 27 2905 	 2.86E4 	 281 	 . 	 63.8 	• 	. 	 63.1  - 

CHAR 	 28 	
1.99(4 	 734 	 5000 	 8.58(5 	 1.30(5 	 2000 	 2000 

93.6 	 1.71(4 	 2749  	 39.8 	 35.8  
5618 	 2040 	 4.00(5 	 6.00(5  UTILITIES 	WARR  PUENT  PLANT 	SOFTENER SOLIDS 	36 2247 	 3371  
831 	 4100 	 5.49t5 	 4.51(5  OFFSITES 	SOLID BASTE 	 NOIMMUSTIBLES 	49  

	

456 	 • 	 3/5 	 -  
r 	 1 

WASTE MANAGEMENT MATRIX-GASEOUS WASTE STREAMS !STREAM DAY BASISI 
_ 

FLOW 	7EmP. 	PRESS. DENSITY 	H20 	CO2 	•  CO 	02 	SO2 	50 1 	COS 	N2 	NOx 	NH3 	Ar 	He 	PARTIC- 	HC 	NAPHTHAORGANIC ALOE- 

m 3/sd 	O C 	kPo 	reg/m3 • 	
ULATES 	 ACIDS 	HYDES 

AREA 	 PROCESS 	 WASTE STREAM 	
• 	 • 	 4 	 , 

	

0 	
- 	 . 

MINING 	SITE PREPARATION 	EMISSIONS 	 1 	3412  • 	 400 	101 	1.25E6 	1.12E5 	3.32E5 	 7.87E5 	 1.32E4 	 550 

	

382 	1133 	 2686 	 45.2 	 1.88  	  
FUGITIVE EMISSION 	

X 
DUST 	 W 

2000 	540 	101 	I. 11E6 	 560 	1.02E4 	6.66E4 	7660 	95.8 	 8.91E5 	3.75E4 	330 	1.50E4 	1.88E4. 5.46E4 	 5110 	2780 DIESEL EMISSIONS 	11 

	

1.12 	20.4 	133 	15.3 	.192 	 1782 	75 	.66 	30 	 37.5 	109 	 10.2 	5.56  
EXTRACTION 	HWE/FILTRATION 	STEAM VENTS 	14 	2.40E5 	200 	101 	.62E5 	7.62E5 

1.83E5  
1484 	 101 	.47E6 	7.72E4 	798 	 2.58E5 	 7.62E5 	 1.76E4 	 .3.50E5 FROTH TREATMENT 	VENTS 	 16 

	

 	114 	1.18 	• 	382 	 1131 	 26.2 	 520  	 
4.80E5 	538 	105 	I.22E6 	3.85E4 	1.49E5 	 634 	10.2 	 1.03E6 	211 UPGRADING 	SULPHUR PLANT 	EMISSIONS 	19 

	

1..85E4 	7.14E4 	 304 	4.9 	 4.94E5 	101  
398 	20 	101 	.19E6 	 716 	 2.34E4 	 1.15E6 	 1.93E4 OXYGEN PLANT 	EMISSIONS 	22 

	

.285 	 9.31 	 457 	 7.7  
3.48E5 	25 	103 	l.55E6 	1522 	1.22E6 	410 	 1580 	3.28E5 HYDROGEN PLANT 	CO2 VENT 	 23 

	

530 	4.24E5 	143 	 550 	1.14E5  
3.60E6 	400 	110 	.23E6 	9.13E4 	2.29E5 	4.33E4 	30 	.1 	 8.47E5 	270 	 1.52E4 UPGRADING HEATERS 	FLUE CAS 	 29  

	

3.29E5 	8.23E5 	1.56E5 	108 	.36 	 3.05E6 	972 	5.47E4 	 i  
4.18E6 	177 	101 	I.18E6 	1.22E5 	1.51E5 	4.32E4 	 8.51E5 	263 	 1.43E4 	5.51 UTILITIES 	NC  BOILERS 	 FLUE GAS 	 32 

	

5.10E5 	6.30E5 	1.81E5 	 3.55E6 	1098. 	5.97E4. 	23  
2.42E6 	177 	101 	L 16E6 	1.39E5 	1.71E5 	 7523 	 8.30E5 	18.8 	 1.39E4 	6 WASTE HEAT BOILERS 	FLUE CAS 	 33 

	

3.35E5 	4.14E5 	I. 82F4 	 2.010E 	45.4 	3.37E4 	14.5  
1.97E5 	177 	101 	. .18E6 	1.32E5 	1.63E5 	2.33E4 	 8.44E5 	284 	 1.42E4 	5.97 NC  SUPERHEATERS 	FLUE GAS 	 34 

	

2.60E4 	3.21E4 	4584 	 1.66E5 	55.9 	 2793 	1.17  
4.31E4 	1000 	101 	.18E6 	1.43E5 	1.82E5 	 54 	.7 	 8.36E5 	 1.44E4 OFFSITES 	FLARE 	 EMISSIONS 	38 . 	 6146 	7855 	 2.33 	.03 	 3.61E4 	 619  

8890 	650 	103 	I.23E6 	1.22E5 	3.06E5 	 122 	1.5 	 7.99E5 	1105 	 123 SOLID WASTE 	 INCINERATOR DOS 	48 

	

1082 	2722 	 1.08 	.013 	 • 	7102 	9.82 	 1.09 

MATRIX 3-24 

NOOISK.CHT 	red 
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MINING EXTRACTION UPGRADING 

ATICSPHERE 

OFFSIIES 

ATMOSPHERE 

UTILITIES 

1 1 1 1  hag", 

SITE 
 PREPARATION 

OVERBURDEN 
REMOVAL 

FUGITIVE 
EMISSIONS 

HOT WATER 
EXTRACTION/ 
FILTRATION 

15 

FROTH 
TREATMENT 

DILUENT 
RECOVERY 

SOUR WATER 
STRIPPER 

HYDROGEN 
PLANT 

0 • < 
010 

1 UPGRADINO 	I 

HEATERS 
FIRED BOILER 

PLANT 

0 0 

WASTE HEAT 
BOILERS 

WATER 
TREATMENT 
PLANT 

CONDENSATE 
LEAKAGE 

SURFACE 
RUNOFF 

o <><> 

POTABLE 
WATER 
TREATMENT 

SEWAGE 
TREATMEN 

SULPHUR 
PLANT 

OXYGEN 
PLANT 

NG 
BOILERS FLARE 

STEAM 
GENERATION BUILDING 

DRAINS 
COOLING 
TOWERS SUPERHEATERS SOLID 

WASTE 
SULPHUR 
BLOCK 

tSEwEfi 

FILTRATE ;) 
LINE  

I  MINE 
DRAINAGE > 

I sours 	> 

Il I 	1 1 
f  

1 1  

ITO 
'TREATMENT > 

t=> 

POND 

ITO MINE 	> 
'RECLAMATION  

TO 
SULPHUR 
BLOCK 

TO 
CATALYST 

REGENERAT  ION  
TO OFFSITE 
TREATMENT 

1. DISPOSAL 

TO  EXTRACTION-.  
4.879 

TO SLUDGE 0.039 
POND 

'STORM 
POND 
11  

TO PLANT 

10.001 rlDISSOLVED AIR 
FLOTATION 

ACTIVATED h  
sLuD6F  

5.153 

5.192 

0.016 	i --t-010-70 

0.246 

SEPARATOR 'EPARATOR [ 

TO PLANT.. 

•  iRECYCLE 
POND 

SLUDGE 
POND 

DUAL MEDIA F_J 
FILTRATION 

SEDIAENT 
POND 

JMINE  
RECLAMATION 

TO DIS!CHARGE 

FIGURE 3-13 POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 
OPTION 12 HOT WATER EXTRACTION/TAILINGS 

FILTRATION/H-OIL/ 
PARTIAL OXIDATION OF PITCH 

MONENCO CONSULTANTS LIMITED 

110NENC0  CONSULTANTS  LIUITED  

	

<5 	WASTE STREAM 

	

1 	EMISSIONS 

	

2 	ASM 

	

3 	SHALLOW AOUIFER 

	

4 	BASAL AOUIFER 

	

5 	MINE WATER 

	

6 	MJSKEG 

	

7 	SUBSOIL 

	

8 	MJSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 
10 	OUST  
11 	DIESEL EMISSIONS 
12 	REJECTS 
13 	DRY TAILINGS 
14 	STEAM VENTS 
15 	FILTRATE 
16 	VENTS 
17 	WASTEWATER 
18 	SPENT CATALYST 
19 	EMISSIONS 
20 	SULPHUR 
21 	SWS WASTEWATER 
22 	EMISSIONS 
23 	CO2 VENT 
24 	CONDENSATE 
25 	WASTEWATER 
26 	STRIPPED WATER 
27 	SLAG 
28 	CHAR 
29 	FLUE GAS 
30 	BLOWDOWN 

	

31 	BLOWDOWN 
32 	FLUE GAS 
33 	FLUE GAS 
34 	FLUE GAS 
35 	BLOWDOWN 

36 	SOFTENER SOLIDS 
37 	REGENERANT WASTE 
38 	EMISSIONS 
39 	TANK BOTTOMS 
40 	CONDENSATE 

	

41 	WASHDOWN 

42 	INPLANT RUNOFF 
43 	CLEAN RUNOFF 
44 	ALUM SLUDGE 
45 	EFFLUENT 
46 	DIGESTED SLUDGE 
47 	BLOCK RUNOFF 
48 	INCINERATOR (MIS 
49 	NONCOMBUSTIBLES 

 , 
	_ 	

TOTAL + 	TOTAL 
<à> 	ANNUAL . 	FLOW 

FLOW 	PER SO ATMOSPHERIC 
EMISSIONS 	0.003 
10Om3/sd 	

X 	0.002 	 0.240 	0.001 	 0.480 	 .0004 0.348 	 3.600 	 4.176 2.417 0.197 	 0.043 	 0.009 	3.49E6 	11.52 
RECYCLE 
SEWER 
103m3/sd 	 .0.035 0.059 	 3•00E4 	0.094 
PROCESS 	 ...... 	 
WASTE SEWER 	 O. 307 	 0.430 	 0.307 0: 178 0.016 	 0.039 0.654 2.245 	 0.570 	0.013 	 1.31E6 	4.759 103m3/5c1  
EFFLUENT 
SEWER 
1D3m3/ad 	 0.830 	0.424 	 3.66E5 	1.254 
SLUDGE 
SEWER 
103m3/sd 	 0.030 	0. 005 	 1.28E4 	0.035 
FILTRATE 
LINE 	 24.18 
103m3/sd 	 7.06E6 	24.18 
DRAINAGE 
DITCH 	 0.223 1.000 	 0.461 0.211 
103m3/&d 	 0.490 	 6.63E5 	2.391 
MINE 
DRAINAGE 	 0.734 
103m3/84 	 1.25E5 	0.734 

SOLIDS 	 . 
t/sO 	 0.105 	 3960 	22400 	 1278 	30090 	 31.92 19.92 	 5.618 	 0.831 	1.32E7 	57786 	, 
OTHER 
SOLIDS 	 1.27 	146.3 	 4.71E4 	147.6 •/ad  
OTHER 
LIQUIDS 
1031113/8d 	O. 	 1.50E2 	0.005 

+ UNITS FOR TOTAL ANNUAL  FLOW'  ATMOSPHERIC EMISSIONS m3/yr 
LIQUID STREAMS 	m3/yr 
SOLIDS 	 • 	+/yr 

X NOT QUANTIFIED 

N00122.PFD 	F24 



I. 

 	tell) MONENCO CONSULTANTS L IMI TED 	  

VASTE  MANAGEMENT MATRIX-LIQUID WASTE STREAMS (STREAM DAY BASIS) 
FLOW 	TEMP. 	DENSI TY 	pH 	H20 	COO 	TOC 	BOD3 	TOTAL 	HCO3 	 CO2 	H2S ' 	NH3 	TKN 	NO3 	ASH 	TSS 	105 	SAND 	BI TUAEK 	HC 	NAPHTHA SOLVENT OIL II 	PHENOL 	DEA 	SO4 	SUL - 	S203 	PO4 	Cl 	F 	CN 	SCt1 	Co 	Uç 	Ain 	Na 	K 	Al 	As 	B 	BC 	Cu 	Cr 	 Nt 	T? 	Pb 	St 	Sr 	V 	Zn  

m3/ sd 	OC 	kg/m3 	
ALK. 	 GREASE 	 PH1DES 

AREA 	 PROCESS 	WASTE STREAM 

•205 	 1000 	1.6 	• 	 295 	 ? 	 467 	 II 	 m 	 68 	24 	 12 	3 	 6 MINING 	DEWATERING 	 SHALLOW AOUIFER 
60.6 	 1.44 	 95.9 • 	2.26 	 6. 98 	 • 4 	4.93 	 14.8 	.616 	 1.23  

1000 	 1005 	1.4 	 1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 •  BASAL MEER 
1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	1131 	 .9 	 .5  

618 	 1000 	8. 3 	 12 	 .28 	 6. 5 	400 	 3 	 • 23 	 99. 7 	24.8 	. 31 	66 	2. 87 	 .19 	 . 004 	.007 	. 85 	 . 021 	• 011 	 8. 25 	.39 	 . 046 MINE WATER 
B. 14 	 . 19 	 4. 41 	271 	 2. 03 	 . 156 	 67. 6 	168 	• 21 	44. 1 	I. 95 	 . 129 	 .003 	.005 	. 576 	 .014 	.007 	 5. 59 	.264 	 :031  

563 	 1000 	1.3 	 34 	8 	 64.6 	70.7 	 .35 	 365 	10 	 .1 	 1.1 	.06 	 16.5 	4.5 	 4. 9 	.5 	 2.2 OVERBURDEN 	 MUSKEG RUNOFF 
19. 2 	4. St 	 36. 4 	44. 3 	 • 197 	• 	 206 	5. 63 	 056 	 • 958 	. 034 	 9. 29 	2. 53 	 2. 16 	. 282 	 I.  24  

0 	 , 
SUBSOIL RUNOFF 

•  	
L0(4 	65 	1232 	8.5 	6.0965 	 6.11(5 	 6776 EXTRACTION 	$01  WATER  EXTRACTION 	BET TAILINGS 	13  

	

2.3767 	 2.41(7 	 2.64(5  
2420 	75 	1079 	8 	8.31(5 	 2.02(5 	 L 104 	 1.94(4  cram IREATIENT 	IET TAILINGS 	15  

	

2.01(6 	• 	 4.08(5 	 6.53(4 	 4.10(4  
301 	88 	1000 	 TRACE 	TRACE 	 TRACE UPGRADING 	DILUB11 RECOVERY 	IASTERATER 	 17 

422 	140 	1000 	0.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 III 	 .1 	. 36 	9 	 .0? 	 0.0 	 2.6 SOUR EATER S1RIPPER 	SIIS VASTEVATER 	20 
125 	 06. 2 	 2.11 	21.1 	 4.22 	 5.01 	 13.9 	 63.4 	 49.4 	 .042 	.152 	3.8 	 .03 	 312 	 1.1  

512 	 1000 	 TRACE 	19 	 TRACE 	
_ 

HYDROGEN PLANT 	CONDENSATE 	21  
9.13 	 r 	  

35 	114 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	11010011N 	 23  
4.2 	 .315 	 .49 	 .21  

54 	114 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 UTILITIES 	BOILER PLANT 	 81.011001111 	 24 
21.5 	 LOT 	135 	 26.  .9 	 1.10  

120 	24 	1000 	1.5 	 50 	511 	 10 	 160 	725 	 10 	 290 	 'MACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 	. COOLING 70IER 	 BLOI/DOIN 	 31  
36 	36 	 7.2 	 115 	522 	 T. 2 	 209  	21.6 	122 	28. 8 	. 173 	68. 4 	5. 75 	4.32 	.. 	. 461 	 .023 	 3. 53 	• 144 	.032 	 25.9  

390 	 1000 	• 	7 	 145 	 • 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 RATER  non PLAID 	RF_GEIERANT  VASTE 	33 
56.6 	 2531 	 1459 	 188 	 1.79 	53.8 	 545 	9.15 	 40.2  

5 	 1100 	 4.33(5 	 9.13(4 	 5.15(5  OFFSITES 	TANKAGE 	 TANK BOTTOMS 	35 

	

2223 	 468 	 2951  
39. 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 35 COXIENSATE .LEAKAGE 	CONDENSATE 	36 

15.6 	 38.9 	91.3 	 38.9 	 5.63 	 1.3€  
654 	 1000 	8. I 	 158 	 • 12 	I. 2 	.046 	 1000 	200 	 1000 	3 	270 	15. 1 	32 	 I.  05 	7. 1 	. 1 1 	 41. B 	9 	 23. 5 	I.  7 	 . 16 	 12 BUILDING DRAINS 	WASHDOIN 	 31  

103 	 .010 	.185 	.03 	 654 	131 	 654 	1.9$ 	I TT 	9.88 	20.9 	 .687 	5.04 	.012 	 27.3 	5.89 	 15.4 	1.11 	 .105 	 1.85  
2245 	 1000 	1.6 	 511 	10 	741 	90 	 7.0? 	III 	 1110 	350 	 200 	.025 	 1.6 	• 	52 	 15 	5 	 15 	 52 SURFACE RUNOFF 	 INPLANT RUNOFF 	38 

1146 	22.5 	166 	202 	 15.9 	1.12 	 2627 	786 	 449 	. 056 	 159 	117 	 33.7 	11.2 	 33.1 	 117  
490 	 1000 	1.6 	 511 	 74.1 	 1.01 	3.11 	 660 	200 	 • 	 1 

CLEAN RUNOFF 	39 	 26 	 15 	5 	 J5 	 3 
250 	 36.3 	 3.46 	1.55 	 323 	98 	 12.1 	 7.35 	2.45 	 1.35  

30 	 1000 	 9. 70E5 	 3. 00E4 POTABLE WATER  11E117 	ALIN SLUDGE 	40 

	

' 	2.91(4 	 900 	 ,  
570 	 1000 	 25 	 25 	 25 SERAGE TREATIEN1 	EFFLUENT 	 41  

14.3 	 14.3 	 4.3  
5 	 1022 	 9.49(5 	 5.11(4  DIGESTED SLUDGE 	42 

	

4327 	• 	 233  
13 	• 	1000 	6 	 200 	 TRACE SILPHUR STORAGE 	BLOCK RUNOFF 	43  

2.52  

I 

-1 	 V 	 T 	 1 	 1 	 - 	 1 	r 

MATRIX 3 - 25 
DATA PRESENTAT I ONI  L !QUIDS 

ENVIRONMENT CANADA 
PARAMETER 	 /SS 	 ENVIRONMENTAL PROTECTION SERVICE 
CONCENTRATION tng/L 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kg/ sd 	1 440 	 FROM A MINING OIL SANDS COMPLEX 
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UNITS AS ABOVE UNLESS 	 OPTION 13 HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS  (FOC)  NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED  
N00 157. CH T 	F24 



CO 2  

4000 
I. 42E6 

•PARMŒTER 

CONCENTRATION mg/m 3  
LOADING 	Wed 

PARAMETER 

CONCENTRAT ION mg/kg 
LOADING 	kg/ ad 

X NOT CHARACTERIZED 

<0> WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

DATA PRESENTATION'  GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

DATA PRESENTAT ION:  SOLIDS 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED 

WASTE MANAGEMENT MATRIX-SOLID WASTE STREAMS 'STREAM DAY BASIS) 
- 	 - 	 - 

FLOW 	TEMP. 	DENSITY 	pH 	14 20 	BITUMEIINAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CoCO3 	CaSO4 	METALS 	Ag 	Al 	AS 	B 	Be 	' 	Be 	C 	Co 	Co 	Cr 	cu 	e 	H2 	I( 	02 	mg 	mn 	ee 	N2 	Na 	NI 	P 	Pb 	S 	SD 	Se 	SI 	T I 	V 	Zn 

kg/ sd 	0 C 	kg/m3 	
CA' LYST 	ORG. 	INORG. 

. 	 . 	 • 	• 	. 	 , 	 , 	, • . 	 . 
AREA 	 PROCESS 	WASTE STREAK' 	0 

98 	 400 	 5000 	 5. 98E4 	 I. 10E5 	 2 	1. 50E5 	2.53(5 	 6.40(4 	 2.40E4 	4. 10E4 	1. 50E4 	 •. 8.00E4 	 2. 10E4 	 3.20E5 	8000 
MINING 	SITE PREPARATION 	ASH 	 2 .488 	 5.16  	 10.1 	 83 	24.1 	 6.25 	 2. 34 	 4 	1. 46 	 7.81 	 2.05 	 31.2 	.781  

3. 66E6 	1 	840 	7.6 	 1- 	 9. isis 	2. 40E4 	 , 
OVERBURDEN 	 ILSKEG 	 6 . 	 1 57E6 	8.78(4  

2. 07E7 	 1600 	7.5 	 6.30E5 	2.01E5 	I. 62E5 SLOSOI 1 	 7 

	

1.30E? 	4.290$ 	3.36E6  
1. 18E6 	82 	1484 	8. 5 	I. 19E5 	I. 50E4 	 8. 31E5 	8661 	2. 08E4 EXTRACTION 	FEED SYSTEM 	 REJECTS 	 12  1.41E5 	1.  TlE4 	 9.09E5 	1.02E4 	2. 46E4 
I. 27E5 	 2946 	 100 	 2 	 15 	 1.00E6 

UPGRADING 	SULPHUR PLANT 	 SULPHUI 	 19  
12.1 	 .255 	 1.91 	 1.2185  

5. 38E4 	400 	1800 	 4. 92E5 	3. 98E5 	 3. 28E4 	 4986 	 9837 	 2590 	 1730 	315 	 1191 	1605 	134 	 5. 20E4 	 1867 UTIL ITIES 	PITCH BOILERS 	 SPENT BED SOLIDS 	26 
2. 65E4 	2. 14E4 	 1764 	 268 	 530 	 139 	 93. 1 	17 	 64.5 	86.4 	1.21 	 2802 	 101  

2.2684 	430 	' 	2100 	8.5 	 ,- 	 r 
FLY ASH 	 27 	 3.31(5 	 3.31E4 	 9.9284 	 8264 	 r  5.29E5 

7482 	 748 	 2245 	 187 	 1.20(4  
, 5170 	 2040 	 4.00E5 	 6.00(5  WATER T' WIT PLANT 	SOFTENER SOLIDS 	32  2068 	 3102  

831 	 4700 	 5.4985 	 4.51E5 	
- 

 OFFSITES 	SOLID VASTE 	 tOICOMBUSTIBLES 	45 

	

456 	 A375  

VASTE  MANAGEMENT MATR1X-GASEOUS WASTE STREAMS ISTREAM DAY BASIS) 

FLOW 	MP. 	PRESS. DENSITY 	H20 	CO2 	CO 	02 	SO2 	S4 3 	COS 	N2 	NOx 	NH3 	ar 	He 	PART IC- 	NC 	-NAPHTHA ORGANIC ALOE - 

	

" 	 ULATES 	 ACIDS 	HYDES m'nkg 	OC 	lea 	mg/m3  
- 	 , 	 , 

AREA 	 PROCESS 	 HASTE  STREAM 	0 	 I 

3156 	400 	101 	1.25(6 	1.12(5 	3.32(5 	 7.81E5 	 1.32(4 	 550 MINING 	SITE PREPARATION 	EMISSIC16 	 1 

	

353 	1048 	 2485 	 41.8 	 1.74  

FUGITIVE EMISSION 	DusT X 	 10  

2000 	540 	101 	1.11(6 	 560 	1.02(4 	6.6684 	7660 	95.8 	 L 91E5 	3.15(4 	330 	1.50(4 	 1.8884 	5.46(4 	 5110 	2180 DIESEL  (MISSIONS 	11 
1.12 	20.4 	133 	15.3 	.192 	 1782 	15 	.66 	30 	 31.5 	109 	 10.2 	5.56  

2. 27E5 	200 	101 	7.62E3 	7.62E5 EXTRACTICIN 	HOT TÂTER EXTRACTION 	STEM VENTS 	14  
I.13(5  

1373 	 101 	1.41(6 	1.12(4 	798 	_ 1 58E5 	 7.62E5 	 1.1684 	 £5085  FROTH TREATMENT 	VENTS 	 16 

	

106 	1.1 	 354 	 1046 	 24.2 	 481  
3.8985 	538 	105 	1.208G 	£9084 	9.30(4 	 634 	6.77 	 1.06E6 	211 UPGRADING 	SULPHUR PLANT 	 MISSIONS 	 18 

	

1.55E4 	£6284 	 247 	2.64 	 4.14E5 	82.3  
4. 81E6 	400 	110 	1.218G 	2.10E4 	2.46(5 	 2.1084 	25 	.1 	 8.37E5 	210 	 1.5284  UPGRADING HEATERS 	FLUE GAS 	 22 

	

1.01(5 	1.188G 	1.01E5 	120 	.48 	 4.02(6 	1297 	 1.3084  
1.83E6 	171 	101 	.21E6 	5.09(4 	2.50E5 	 4.4984 	605 	8 	 8.94E5 	872 	 1.50(4 	 125 (NIL !TIES 	PITCH BOILERS 	 FLUE GAS 	 25  

	

9.30E4 	4.57(5 	 8.2284 	1106 	14.6 	 1.64E6 	1594 	 2.7484 	 229  
2. 13E6 	1/7 	101 	I.  18E6 	1.22(5 	1.51(5 	4. 32E4 	 8. 51E5 	263 	 I. 43E4 	5. 51 	i NC  BOILERS 	 FLUE CAS 	 2 6 

	

2.60E5 	3. 22E5 	9. 22E4 	i 	 I. 81E6 	561 	 1 05E4 	II. 7  
1.1161 	177 	101 	1.1686 	1.40(5 	1.14(5 	 2805 	 8.26(5 	23.1 	 1.39(4 	6 WASTE IW BOILERS 	FLUE  CAS 	 29 

	

I. 55E6 	I. 92(6 	3. 10E4 	 9. 12E6 	255 	 I.  53E5 	66. 3  
3.5185 	I II 	101 	I.  18E6 	1.32(5 	1.63E5 	 2.3384 	 8. 44(5 	284 	 1.4284 	5.91  HG  SUP1MATERS 	FLUE GAS 	 3D  

	

4.11(4 	5.82(4 	 8309 	 3.01E5 	101 	 5062 	2.13  
4.3184 	1000 	101 	1.18(6 	1.4365 	1.82E5 	 54 	.1 	 8.3685 	 1.44(4  OFFSITES 	FLARE 	 DABS ICO6 	 34  

	

6146 	7855 	 2.33 	.03 	 3.61E4 	 619  
8890 	650 	103 	1.23(6 	1.22(5 	1 06E5 	 122 	1.5 	 1 99(5 	1105 	 123 SOLID VASTE 	 ITC INERATOR  OMIS 	44 

	

1082 	2722 	 1.08 	. 01 3 	 1102 	9.82 	 1.09  

MATRIX 3-26 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 13 HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS (FBC) 

MONENCO CONSULTANTS LIMITED 
N00206. CHT 	F24 



MONENCO CONSULTANTS L IMI TED 
I. 

ATMOSPHERE 

MINING EXTRACTION UPGRADING UTILITIES OFFSITES 

4> 
ATMOSPHERE 

I  o 
TREADAENT > 

M77_> 

I To  DISCHARG 

ITO MINE 	\ 
!RECLAMATION/ 

WASTE STREAM 

EMISSIONS 
2 	ASH 
3 	SHALLOW AQUIFER 
4 	BASAL AQUIFER 
5 	MINE WATER 
6 	MUSKEG 
7 	SUBSOIL 
8 	MUSKEG RUNOFF 
9 	SUBSOIL RUNOFF 
ID 	OUST  
Il 	DIESEL EMISSIONS 
12 	REJECTS 
13 	WET TAILINGS 
14 	STEAM VENTS 
15 	WET TAILINGS 
16 	VENTS 
I/ 	WASTEWATER 
18 	EMISSIONS 
19 	SULPHUR 
20 	SWS WASTEWATER 
21 	CONDENSATE 
22 	FLUE GAS 
23 	°LOWDOWN 
24 BLOOM 
25 	FLUE GAS 	• 

26 	SPENT BED SOLIDS 
2/ 	FLY ASH 
28 	FLUE GAS 
29 	FLUE GAS 
30 	FLUE GAS 
31 	BLONDOWN 

32 	SOFTENER SOLIDS 
33 	REGENERANT WASTE 
34 	EMISSIONS 
35 	TANK BOTTONS  
36 	CONDENSATE 
37 	WASMODIN 

38 	INPLANT RUNOFF 
19 	CLEAN RUNOFF 
40 	ALUM SLUDGE 
41 	EFFLUENT 
42 	DIGESTED SLUDGE 
43 	BLOCK RUNOFF 
44 	INCINERATOR  (MIS 
45 NONCOMBUSTUILES 

SOLID 
WASTE 

TO OFFSITE 
TREATMENT 
& DISPOSAL 

!

RECLAIM 
POND 

17.661 TO  EXTRACTI ON 

0.017 

SLUDGE 
POND 

; 

	 _ 	MINE 

I 
-  RECLAMATION 

TO DISCHARGE 

TO PLANT 

0.001 

API 
SEPARATOR 

0.118 

5.973 

1 TAIL INGS 
POND 

STORM 
POND 

4. L74 

PROCESS 

ti=> 

ME) 
I 1 	

F I  
I  

SITE 
PREPARATION 

RECYCLE 	:› 
SEWER  

OVERBURDEN 
REMOVAL 

o 
G . 

I SOUR WATER STRIPPER 1 UPGRADING 	I 
F/RED 
HEATERS 	I 

FUGITIVE 
EMISSIONS HYDROGEN 

PLANT 
FEED 
SYSTEM 

SULPHUR 
PLANT 

SPEAS  

HOT WATER 
EXTRACTION 

FROTH 
TREATMENT 

'

DILUENT 
RECOVERY 

STEAM 
GENERATION 

BOILER 
PLANT 

PITCH 
BOILERS 

NC  
BOILERS 

WASTE HEAT 
BOILERS SUPERHEATERS CONDENSATE  

LEAKAGE 
SURFACE 
RUNOFF 

POTABLE 
WATER 
TREATMENT 

41› 

BUILDING 
DRAINS  

SEWAGE 
TREATMENT 

SULPHUR 
BLOCK 

FLARE 

FIGURE 3-14 POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COMPLEX 

OPTION 13 HOT WATER EXTRACTION/CANMET/ 
PITCH BOILERS (FBC) 

MONENCO CONSULTANTS LIMITED 

›: NOT OUANTIFIED UNITS FOR TOTAL ANNUAL FLOVW ATMOSPHERIC BAISSIONS m 3/yr 
LIQUID STREAMS 	m 3/yr 
SOLIDS 	 t/yr 

WATER 
TREATMENT 
PLANT 

1 	I 	 

TO 
SULPHUR 
BLOCK 

_ 

é
ANNUAL FLOW 

ATMOSPHERIC . 
FLOW PER SD 

EMISSIONS 0.003 
101m3/md 	

X 	0.002 	 0.227 	0.001 	0.389 	 4.805 	 1.828 	 2.132 11.05 0.357 	 0.043 	 . 0.009 	6.23E9 	20.85 
RECYCLE 
SEWER O. 	0.054 103m3/sd 	 2.70E4 	0.089 
PROCESS 
WASTE SEWER 
103m3/sd 	 0.307 	 0.422 0.512 	 0.039 0.654 2.245 	 0.013 	 1.10E6 	4.192 
EFFLUENT 
SEIER 
103m3/sd 	 0.720 	0.390 	 0.570 	 5.32E5 	1.680 
SLUDGE 
SEWER 
103m3/ad 	 . 0.030 	0.005 	 1.28E4 	0.035 
TAILINGS 
LINE 	 0.678 A 39.01 	2.420 103m3/sd 	 1.22E7 	42.11 

n DRAINAGE 
DITCH 	 e.205 L000 	 0.563 	0 
103m3/0  	 0.490 	 6.34E5 	2.258 	' o 
SOLIDS 
t/sd 	 0.098 	 3660 	20700 	 1182 	 53.84 22.63 	 5.170 	 0.831 	4.10E6 	25625 	0  
OTHER 
SOLIDS 127.4 t/ad 	 4.07 (4 	127.4 
OTHER 
LIOUIDS 
103111 3/ad 	 0.005 	 1.50E2 	0.005 

COOLING 
TOWERS 

NO0128.PFD 	F24 



 	tejej MIJNENCO CONSULTANTS LIMITED 	  

WASTE  MANAGEMENT MATRIX-LIOUID VASTE STREAMS  (STREAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	H20 	COD 	TOC 	B003 	TOTAL 	HCO3 	H2 	CO2 	!4 S 	NH 3 	TKN 	 ASH 	TSS 	TDS 	SAND 	BI TUMEN 	HC 	NAPHTHA SOLVENT OIL I 	PHENOL 	DEA 	SO4 	SUL - 	S203 	PO4 	cl 	 CNStNCO 	Mg 	 Na 	k 	M 	As 	B 	Ba 	Cu 	Ct 	Fe 	Ha 	NI 	T1 	Pb 	SI 	Sr 	V 	Zn 

ALK. 	 GREASE 	 PH IDES m 3/sd 	0C 	ken3  

AREA 	 PROCESS 	WASTE STREAM 

247 	 1000 	7.6 	 295 	 7 	 467 	 II 	 34 	 68 	24 	 72 	3 	 6 MINING 	DEWATERING 	 SHALLOW AQUIFER 	3 

	

?2.9 	 1,13  	115 	 2.12 	 0.4 	 6.8 	5.93 	 17.8 	.741 	 1. 48  
1000 	 1005 	7.4 	 1440 	 3778 	 1 	̀ 	 55 	23.5 	 1060 	' 	 55 	' 	30 	- 	1137 	' 	 , 	•9 	 .5  BASAL AQUIFER 	4 

	

1440 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5  
818 	 1000 	0.3 	 12 	 .28 	 6.5 	400 	 3 	 .23 	 99.1 	24.8 	.31 	66 	2.8? 	 .19 	 .004 	.001 	.85 	 .021 	.011 	 8.25 	.39 	 .046  MINE WATER 	5 

9. 82 	 .229 	5.32 	327 	 2.45 	 . 188 	 81: 6 	20.3 	.254 	54 	2.35 	 . 155 	 .003 	. 006 	.695 	 .011 	.009 	 6. 75 	. 319  
465 	 1000 	7. 3 	 34 	8 	 64. 6 	78. 7 	 . 35 	 365 	10 	 . I 	 I. 7 	• 06 	 16: 5 	4. 5 	 4. 9 	. 5 	 L 2 OVERBURDEN 	 MUSKEG RUNOFF 	8 

	

15. 8 	3. 72 	 30 	36. 6 	 . 163 	 170 	4. 65 	 • 046 	 • 79 	• 028 	 7. 67 	2. 09 	 2. 28 	. 232 	 1. 02  
254 	 1000 	1.6 	 30 	 6123 	150 	 10 	 15 	5 	 15 SUBSOIL RUNOFF 	9 

7.62 	 1555 	38. 1 	 2.54 	 3.81 	1.27 	 3.81  
1500 	55 	1000  EIFTRACTION SOLVENT EXTRACTION 	WASTEWATER 	14 	 TRACE 	 TRACE 

135 	 I 000 	 TRACE 	TRACE 	 TRACE - UPGRADING 	SOLVENT RECOVERY 	WASTEWATER 	16 

790 	140 	1000 	8.1 	 • 	295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 11 7 	 .1 	.36 	9 	 •.01 	 8.8 	 2.6  501.81  WATER STRIPPER 	SWS WASTEWATER 	21 

	

233 	 161 	 3. 95 	39. 5 	 T. 9 	 9•  48 	 26. 1 	 118 	 92. 4 	 . 079 	• 284 	7.  Ii 	 • 055 	6. 95 	 2.05  
3 12 	 1000 	 TRACE 	19 	 - TRACE HYDROGEN PLANT 	CONDENSATE 	22 

7.01  
47 	174 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	DLO/MOWN 	 24 

5.64 	 .423 	 .658 	 .202 	 • 

85 	174 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 UTILITIES 	BOILER PLANT 	BLOWDOVRi 	25 
34 	 12.8 	213 	 42.5 	 V 	 2.97  

2370 	24 	1000 	1.5 	 50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 I 70 	40 	.24 	95 	8 	t.84 	 .64 	 •032 	TRACE 	4.9 	.2 	.044 	 36 DI)01. ING TOWER 	BLOWDOWN 	27 
119 	119 	 23.7 	 379 	1718 	 23.1 	 687 	 71. 1 	 403 	94.8 	.569 	225 	19 	4.36 	 1.52 	 .076 	 11.6 	.474 	.104 	 85.3  

616 	 I 000 	7 	 145 	• 	 6490 	 3741 	 481 	 460 	138 	 1398 	25 	 103 RATER  T' MENT PLANT 	REGENERANT WASTE 	29 

	

89.3 	 3998 	 2304 	 296 	 283 	85 	 861 	15.4 	 63,4  
6 	 1100 	 4.3313 	 9. 13E4 	 5.15E5  OFFS I TES 	TANKAGE 	 TANK BOTTOMS 	31 

	

2756 	 581 	 3659  
39 	 1000 	 400 	 1000 	2500 	 1000 	 150 	 35 COPIENSATE LEAKAGE 	CONDENSATE 	32 

15.6 	 38. 9 	97. 3 	 38. 9 	 5. 83 	 I.  36  
654 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	2 70 	15.1 	32 	 1. 05 	1.1 	. I I 	 41,8 	9 	 23.5 	• 	I.? 	 .16 	 12 BUILDING DRAINS 	WASHOONN 	33 

	

103 	 .018 	. 785 	. 03 	 654 	131 	 654 	1.96 	177 	9. 88 	20.9 	 .687 	5.04 	. 072 	 27.3 	5. 89 	 15.4 	I. 11 	 . 105 	 7. 85  
2245 	 1000 	7. 6 	 511 	10 	74. I 	90 	 1.07 	3.17 	 I I 70 	350 	 200 	.025 	 1.6 	52 	 15 	5 	 15 	 52 SURFACE RUNOFF 	INPLANI RUNOFF 	34 

	

' 1146 	22.5 	166 	202 	 15.9 	7. 12 	 2627 	786 	 449 	.056 	 3.59 	117 	 33.7 	11.2 	 33.1  	 Ill  
490 	 1000 	7.6 	 511 	 74. 1 	 7.0? 	3. 17 	 660 	200 	 26 	 15 	5 	 t5 CLEAN RUNOFF 	35 

	

250 	 36. 3 	 3. 46 	1. 55 	 323 	98 	 12. 7 	 7. 35 	2 ,  45 	 L 35 
30 	 1000 	9.70E5 	 3.00E4 	 -r 	 r- 

POTABLE WATER new  ALIBI  SLUDGE 	36 

	

2.91E4 	 900  
570 	 1000 	 25 	 25 	 25 SEWAGE TREATMENT 	EFFLUENT 	 37 

14.3 	 14.3 	 14.3  
•1022 	 9.49E5 	 5. 11E4 DIGESTED SLUDGE 	38 

	

432/ 	 233 
14 	 1000 	6 	 200 	 TRACE SULPHUR STORAGE 	BLOCK RUNOFF 	39 

2.71  

L  

MATRIX 3 -2 1  
DATA PRESENTATION,  LIQUIDS 

ENVIRONMENT CANADA 
•PARAMETER 	 TSS 	 ENVIRONMENTAL PROTECTION SERVICE 
	  - 
CONCENTRATION n/3(1. 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kead 	1440 	 FROM A MINING OIL SANDS COMPLEX 

0 ItCITSJEttortEAFC "ROAM 	 OPTION 14 	SOLVENT EXTRACTION/FLEXICOKING/ UNITS AS ABOVE UNLESS 	 FLEXIGAS BOILERS NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED  
N00251. CHT 	F24 



C 0 2  

4000 
1. 42E6 

SAND 

6. 00E5 
4.85E8 

PARAA€TER 

CONCENTRATION  ma/kg 
LDADING 	kg  S4  

PARAMETER 

CONCENTRATION mg/m3  
LOADING 	kg/ sd 

DATA PRESENTATION'  SOL IDS DATA PRESENTAT ION'  GASES 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

44 MONENCO CONSULTANTS LIMITED 

	

WASTE MANAGEMENT MATH] X-501. ID 	ASTE STREAMS ( STREAM DAY BASIS) 

FLOW 	TEJAP. 	DENSITY 	pH 	H20 	BITIAO NAPHTHA SOLVENT 	ASH 	COKE 	PITCH 	SAND - SILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	1114E 	CaCO3 	CaSO4 	METALS 	Ag 	Al 	M 	 - 	Bo 	Be 	C 	Ca 	Co 	Cr 	Cu 	Fe 	H2 	' K 	02 	1,60 	Mn 	Ma 	N2 	Na 	Ni 	P 	Pb 	S 	Sb 	Se 	SI 	T I 	V 	In 
CA LYST 	ORG. 	INOFtG. 

lioesd 	n 	4/10  

AREA 	 PROCESS 	WASTE STREAM 	0 

II? 	 400 	 5000 	 5. 90E4 	 I. 10E5 	 8. 50E5 	2.53E5 	 6.4014 	 2.40E4 	 4. 10E4 	1.50E4 	 &00E4 	 2.10E4 	 3.20E5 	8000 MINING 	SITE PREPARATION 	ASH 	 2 
.587 	 6.92 	 12.9 	 99.7 	29. 1 	 1.51 	 2. 82 	 4.81 	1.7€ 	 9.38 	 2.46 	 31.5 	.938 

4. 41E6 	 840 	7.6 	 9. 76E5 	2.40E4 
•OVE80R11001 	 MUSKEG 	 6 

4.30E6 	1.06E5  
2.  49E? 	 1600 	T. 5 	 6. 30E5 	2. 07E5 	1.62E5 SU3S00. 	 7 

I. 57E1 	5.16E6 	4.04E6  
1.25E6 	• EXTRACTION 	FEED SYSTEM' 	 FtEJECTS 	 12 

3.35(1 	100 	1488 	 I. 20E5 	4995 	 1000 	 8. 44E5 	8741 	2.I0€4  
SOLVENT EX1RACTION 	DRY TAILIASS 	13 4. 01E6 	1.67E5 	3.35E4 	 2. &TET 	2. 93E5 	7.02E5  

9.52E4 	 T. 79E4 	 r. I 2ES 	7.85E5 	 1.9 	' 	6512 	83 	 74 	 1520 	Ii 	55 	18 	6485 	4640 	5074 	. 	695 	91 	204 	4824 	891 	1633 	174 	6 	1.51E4 	 1985 	7430 	31 UPGRADING 	FLEXICOKING 	 CHAR 	 I ?  1415 	 l. 07E4 	T. 41E4 	 .181 	620 	f.9 	 1.04 	 145 	1.62 	5.23 	1.71 	61? 	442 	1 
 , 483 	 £6.1 	8.66 	19.4 	459 	84.8 	155 	16.6 	.511 	1439 	 189 	107 	2.95  

1.50(4 	 1180 	 1.00E5 	 • 	 9.00E5 'COKE FINES 	I 8 
1502 	 1.35E4 	 • 	 I 

1.68E5 	 2046 	 100 	 2 	 15 	 I 	 1.00E6 SULPHUR PLANT 	 SULPHUR 	 20 
16.8 	 .33 7 	 2.53 	 1 	 1.68E5  

8111 	 2040 	 4. 00E5 	 6.00E5 UTILITIES 	!MIER l' WENT PLANT 	SOFTENER SOLIDS 	28 
3268 	 4903  

831 	 4700 	 5. 49E5 	 4.51E5 OFFSITES 	501.10 VASTE 	 NONCOIBUSTIBLES 	41 
1 	 . 	 4% 	 375  

WASTE MANAGEMENT MATR1X-GASEOUS WASTE STREAMS (STREAM DAY BASIS) 

FLOW 	TEWP. 	PRESS. DENSITY 	H0 	CO2 	CO 	02 	SO2 	S03 	COS 	N2 	NOA 	NH3 	Ar 	He 	PARTIC - 	MC 	NAPHTHAORGANIC ALOE - 
ULATES 	 AC IDS 	HYDES 

m 3/60 	0  C 	kPa 	6g/m3  

AREA 	 PROCESS 	 HASTE  STREAM 	0 

3195 	400 	101 	1.25E6 	I. 12E5 	3.32E5 	 1.81E5 	
. 	

1.32E4 	 550 YINING 	SITE  PREPARATION 	MISSIONS 	 1 

	

425 	1260 	 2988 	 50.2 	 2.09  
X FUGITIVE EMISSION 	OUST 	 10 

2000 	540 	101 	1. 11E6 	 560 	1.02E4 	6.66E4 	1660 	95.9 	 8. 91E5 	3.75E4 	330 	1.50E4 	 I. 88E4 	5.46E4 	 5110 	2780 DIESEL EMISSIONS 	1 1 1.12 	20.4 	133 	15.3 	.192 	 1182 	75 	.66 	30 	 31.5 	109 	 10.2 	5.56  
1.06E5 	39 	183 	1.21E6 	3.05E4 	277 	 2.72E5 	 8. 87E5 	 1.49(4 EXTRACTION 	SOLVENT EXTRACTION 	VENT GAS 	 15 

	

3221 	29.3 	 2.07(4 	 9.38(4 	 1511  
UFIIRADING 	StIPIKR PLANT 	MISSIONS 	 19 	5•35E5 	538 	105 	I. 25E6 	3.68(4 	2.25E5 	 592 	10.2 	 9.83E5 	211 

	

1.91(4 	1.20E5 	 317 	5.46 	 5.26(5 	113  
3.60E6 	400 	110 	1.24(8 	9.13(4 	2.59E5 	 4.21E4 	110 	3 	 8.30(5 	270 	 1.52(4 UPGRADING HEATERS 	FLUE CAS 	 23 

	

3.29(5 	9.31(5 	1.51E5 	612 	10.8 	 2. 99E6 	972 	 5.47(4  

UTILITIES 	PG BOILERS 	 Ft.uE GAS 	 26 	9.99E6 	117 	i 	101 	1.21(6 	1. 06E5 	2.16E5 	 3.25(4 	666 	8.43 	 8. 46E5 	212 	 1.01(4 	2.58 

	

I. 05E6 	2. 15E6 	3.25E5 	6655 	84. 2 	 8. 45E6 	2118 	 1.01E5 	25.9  
5. 1914 	1000 	101 	I. 19E6 	1. 32E5 	I. 95E5 	 600 	9 	 8. 44E5 	 I. 42E4 OFFSI TES 	FLARE 	 DUSSIONS 	 30 

	

6873 	1.01(4 	 31.2 	.415 	 4.38E4 	 735  
8890 	650 	103 	I. 23E6 	1.22(5 	3.06E5 	 122 	1.5 	 1.99(5 	1105 	 123 SOLID WASTE 	 IN( INERATOR ENIS 	40 

	

1082 	2722 	i 	 1.08 	.013 	 7102 	9.82 	 1.09  

MATRIX 3-28 
X NOT CHARACTERIZED 

0  WASTE STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION  6  TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 14 SOLVENT EXTRACTION/FLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 
N00252. CHT 	F24 



MINING 	 lefie 	EXTRACTION 	  UPGRADING 

OVERBURDEN 
REMOVAL  

FUGITIVE 
EMISSIONS 

SOLVENT 
EXTRACTION 

)>4 
UPGRADING 
F/RED 
HEATERS 

ISTEAM 
GENERATION 

BOILER 
PLANT 

FLEXICOKING SOLVENT 
RECOVERY 

SULPHUR 
PLANT 

SOUR WATER 
STRIPPER 

HYDROGEN 
PLANT 

0 0 0 

WATER 
TREATMENT 
PLANT 

41) • e 
'

CONDENSATE 
LEAKAGE 

• e 

SULPHUR 
BLOCK 

0 0 

ATMOSPHERE 

rôlener>PON  

1TD 
TREATMENT > 

1705;nm ler) 

GEM> 
170 MINE 	\ 
RECLAMATION/ 

UTILITIES 

CCOLING 
TOWERS 

BUILDING 
DRAINS 

SOLID 
WASTE 

SEWAGE 
TREATMENT FLARE fLEXIGAS 

e0ILERS 

OFFSITES 

POTABLE 
WATER 
TREATMENT 

SURFACE 
RUNOFF 

	

<5 	WASTE STREAM 

	

1 	EMISSIONS 

	

2 	ASH 

	

3 	SHALLOW AQuiFER 

	

4 	BASAL AQUIFER 

	

5 	MINE WATER 

	

6 	WUSKEG 

	

7 	SUBSOIL 

	

8 	MUSKEG RUNOFF 

	

9 	SUBSOIL RUNOFF 
10 	OUST  

	

11 	DIESEL EMISSIONS 
12 	"EJECTS 
13 	DRY TAILINGS 
14 	WASTEWATER 
15 	VENT GAS 
16 	WASTEWATER 
17 	CHAR 
16 	COKE FINES 
19 	EMISSIONS 
20 	SULPHUR 

	

21 	SWS WASTEWATER 
22 	CONDENSATE 
23 	FLUE GAS 
24 	BLOWDOwN 

25 'LOWDOWN 
26 	FLUE GAS 
21 	LOWDOWN 
28 	SOFTENER SOLIDS 
29 	REGENERANT WASTE 
30 	EMISSIONS 

	

31 	TANK BOTTONS  
32 	CONDENSATE 
33 	WASHDOWN 

34 	INPLANT RUNOFF 
35 	CLEAN RUNOFF 
36 	ALUM SLUDGE 
37 	EFFLUENT 
36 	DIGESTED SLUDGE 
39 	BLOCK RUNOFF 
40 	INCINERATOR EMIS 

	

41 	NONCOMBUSTIBLES 

FIGURE 3-15 	POLLUTANT FLOW DIAGRAM 

ENVIRONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 
CHARACTERIZATION & TREATMENT OF EMISSIONS 

FROM A MINING OIL SANDS COWLEY 

6,273 

10 SLUDGE 
POND 

0.039 

r_,.IDISSOLVED AI FLOTATION 
ACTIVATED 
SLUDGE 

SEDIMENT 
POND 

MINE 
RECLAMATION 

6.628 

6.667 

DUAL MEDIA 
FILTRATION 

0.015 

1 

TO PLANT 

RECYCLE 
PCWO 

t  API 
SEPARATOR 

STORM 
POND 

0.280 SLUDGE 
POND 

TO PLANT 10. 00 1 

XK NDT QUANTIFIED + UNITS FOR TOTAL ANNUAL FLOM ATMOSPHERIC EMISSIONS rn 3/yr 
LIQUID STREAMS 	e/yr 
SOLIDS 	 +/yr 

OPTION 14 SOLVENT EXTRACTION/FLEXICOKING/ 
FLEXIGAS BOILERS 

MONENCO CONSULTANTS LIMITED 

MONENCO CONSULTANTS LIMITED 

ATMOSPHERE 

SITE 
PREPARATION 

RECYCLE  
SEWER  

RIM:TIER  

EFFLUENT 2) 
SEWER  

1SLUDGE SEWER 

DRAINAGE ;) 
DITCH  

I MINE  
LORA  [NAGE 

SI 0  

TO OFFSITE 
TREATMENT 
DISPOSAL 

, 
,>, ANNUAL FLOW 

FLOW PER SD 
ATMOSPHERIC 
EMISSIONS 	0.003 	 X: 	0.002 	 0.106 	 0.535 	 3.600 	 9.990 	 0.052 	 0.009 	4.29E9 	14.30 ione/ad  

RECYCLE 	 . 
SEWER 	 0.047 0.085 	 3,98E4 	0.132 10%3/ ad  
PROCESS 
WASTE SEWER 	 1,500 	0.135 	 0.790 0.372 	 0.039 0.654 2.245 	 0.570 	0.014 	 1.76E6 	6.319 1030/6d  

EFFLUENT 
SEWER 	 2.370 	0.616 	 9.82E5 	2.986 103m3/sd  
SLUDGE 
SEWER 	 0.030 	0.005 	 1.28E4 	0.035 103m3/sd 	 
DRAINAGE 
DITCH 	 O. 241 I. 000 	 0.465 0.254 	 O. 490 	 6.76E5 	2.456 loWisa  

MINE 
DRAINAGE 	 0.818 	 1.39E5 	0.818 103m3/64 	 _  

SOLIDS 
t/sd 	 0.117 	 4410 	24900 	 1248 	33478 	 95.16 15.02 	 8.1/1 	 0.831 	1.47E7 	64155 
OTHER 
SOLIDS 	 168.5 	 5.38E4 	168.5 tied  
OTHER 
LIQUIDS 	 0.006 	 1.82E2 	0.006 1031113/ed  

TO 
SULPHUR 
BLOCK ' 

TO DISCHARGE 

N00246.PFD 	F24 



1 

 	lartle MONENCO CONSULTANTS LIMITED 	  

WASTE  MANAGEMENT MAIRIX-LIOUID  WASTE STREAMS (STREAM DAY BASIS) 
FLOW 	TEMP. 	DENSITY 	pH 	HO 	COD 	TOC 	8005 	TOTAL 	HCO3 	H2 	CO2 	N2S 	NH3. 	TKNNO3 	ASH 	TS5 	TOS 	SAND 	BITUMEN 	HC 	NAPHTHA FATTY 	D1L 6. 	PHENOL 	DEA 	SO4 	SUL- 	5203 	 CI 	F 	CN 	SCN 	Ca 	Uç MnN 	K 	Al 	As 	B 	80 	Cu 	rFe 	Hp 	NI 	TI 	PbSI 	Sr 	V 	Zn  

m 3/sd 	0C 	kp/m3 	 ALK. 	 ACIDS 	GREASE 	 • 	 PHIDES 

AREA 	 PROCESS 	WASTE STREAM 

MINING 	DEWATERING 	 SHALLOW AQUIFER 	3 	230 	 1000 	7.6 	 295 	 7 	 467 	 11 	 34 	 68 	24 	 72 	3 	 6 
67.8 	 1.61 	 107 	 2.53 	 7.81 	 15.6 	5.51 	 16.5 	.689 	 1.38  

1000 	 1005 	7.4 	 1440 	 3778 	 ' 	55 	23.5 	 - 1060 r 
	

7- 	 r BASAL AOUIFER 	4 	 55 	30 	 1137 	 .9 	 .5 
1440 	• 	 3778 	 55 	23.5 	 1060 	 55 	30 	 1137 	 .9 	 .5 

758 	 1000 	L3 	 12 	 .28 	 6.5 	400 	 3 	 .23 	 99.7 	24.8 	.31 	66 	2.87 	 .19 	 .004 	.007 	.85 	 .021 	.011 	 8.25 	.39 	 .046 MINE  WATER 	5 
9.1 	 .212 	 4.93 	303 	 2.27 	 .174 	 75.6 	18.8 	.235 	50 	2.18 	 .144 	 . 003 	.005 	.644 	 .016 	.008 	 6.25 	. 296 	 .035 

461 	 1000 	7.3 	 34 	A 	 64.6 	78.7 - 	 .35 	 365 	10 	 .1 	• 	 1.7 	.06 	 16.5 	4.5 	 4.9 	.5 	 2.2 • OVERBURDEN 	 MUSKEG RUNOFF 	8 15.7 	3.69 	 29.8 	36.3 	 .161 	 168 	4.61 	 .046 	 .783 	.028 	 7.6 	2.07 	 2.26 	.23 	 1.01  
228 	 1000 	7.6 	 30 	r 	 6123 ' 	150 	 ..----- 	 . 

SUBSOIL RUNOFF 	9 	 10 	 15 	5 	 15 	- 
6.84 	 1395 	34.2 	 2.28 	 3.42 	114 	 3.42  

EXTRACTION DIRECT COKING 	WASTEWATER 	15 	1515 	49 	1000 	6.5 	 . 	2 	32 	 3000 	 900 
3.03 	48.5 	 4545 	 1364  

117 	174 	1000 	9.5 	 400 	 150 	2500 	 500 	 35 SLOWDOWN 	 16 
46.8 	 • 	 17.6 	293 	 58.5 	 4.1 

235 	140 	1000 	8.1 	 295 	 204 	 5 	50 	 10 	 12 	 33 	 150 	 117 	 .1 	.36 	9 	 .07 	 8.8 	 2.6 UPGRADING 	SOLE WATER STRIPPER 	SW5 WASTEWATER 	20 69.2 	 47.9 	 L17 	11.7 	 2.35 	 2.82 	 7.75 	 35.2 	 27.5 	 .023 	.084 	2.11 	 .016 	 2.01 	 .61 
346 	 1000 	 TRACE 	19 	 TRACE HYDROGEN PLANT 	CONDENSATE 	21 

6.57  
20 	174 	1000 	9.5 	 120 	 9 	 14 	 6 UPGRADING STEAM 	SLOWDOWN 	 23 

. 	 , 	2.4 	, 	 À 	 .18 	 i 	 V 	 .28 	 • 12  
2530 	24 	1000 	7.5 	 • 	50 	50 	 10 	 160 	725 	 10 	 290 	 TRACE 	30 	 170 	40 	.24 	95 	8 	1.84 	 .64 	 .032 	TRACE 	4.9 	.2 	.044 	 36 UTILITIES 	COOLING TOWER 	SLOWDOWN 	 25 

127 	127 	 25.3 	 - 	405 	1834 	25.3 	 • 	734 	 75.9 	 430 	101 	.607 	240 	20.2 	4.66 	 1.62 	 .081 	 12.4 	.506 	.111 	 91.1  
681 	 1000 	7 	 145 	 6490 	 3741 	 481 	 460 	118 	 1398 	25 	 103 WATER  T' 	NT PLANT 	REGENERANT  VASTE 	27 

98.7 	 4420 	 2548 	 328 	 313 	94 	 952 	II 	 70.1  
8 	 1100 	4.33E5 	 113E4 	 - 	

5.75E5 OFFSITES 	TANKAGE 	 TANK BOTTOMS 	29 

	

330 7 	 697 	 V 	4390 
39 	 1000 	 400 	 1000 	2500 • 	 1000 	 150 	 35 CONDENSATE LEAKAGE 	,CONDENSATE 	30 

15.6 	 38.9 	97.3 	 38.9 	 5.83 	 . 	1.36  
523 	 1000 	8.1 	 158 	 .12 	1.2 	.046 	 1000 	200 	 1000 	3 	270 	15.1 	32 	 1.05 	7.7 	.11 	 41.8 	9 	 23.5 	1.7 	 .16 	 12 BUILDING DRAINS 	WASHOOWN 	31 

82.6 	.063 	.628 	.024 	 523 	105 	 523 	1.57 	141 	7.9 	16.7 	 .549 	4.03 	.058 	 21.9 	4.71 	, 	12.3 	.889 	 .084 	 6.28  
1633 	 1000 	7.6 	 511 	10 	74.1 	90 	 7.07 	3.17 	 1170 	350 	 • 	 200 	.025 	 1 1.6 	52 	. 	 15 	5 	 15 	 52 SURFACE RUNOFF 	INPLANT RUNOFF 	32 834 	, 	16.3 	121 	147 	 11.5 	5.18 	 1911 	512 	 327 	.041 	 2.61 	84.9 	 24.5 	8.16 	 24.5 	84.9  
490 	 1000 	7.6 	 511 	 74.1 	 7.07 	3.17 	 660 	200 	' 	 26 	 15 	5 	 15 CLEAN RUNOFF 	33 250 	 36.3 	 3.46 	1.55 	 323 	98 	 12.7 	 7.35 	2.45 	 7.35  
30 	' 	1000 	9.70E5 	 3.00E4 POTABLE WATER T'SENT ALUM SLUDGE 	34 

	

2.91E4 	 900  
570 	 1000 	 25 	 25 	 I 	 25 	 7 	 r 

SEWAGE TREATMENT 	EFFLUENT 	 35 
14.3 	 14.3 	 14.3  

5 	 1022 	9.49E5 	 5.11E4 DIGESTED SLUDGE 	36 

	

4327 	 233 
11 	 1000 	6 	 200 	 TRACE SULPHUR STORAGE 	BLOCK RUNOFF 	37 

2.15  -.  

	 . 	 j 	 .n  

MATRIX 3 - 29 
DATA PRESENTATION:  LIOU1DS 

ENVIRONMENT CANADA 
PARAMETER 	 TSS 	 ENVIRONMENTAL PROTECTION SERVICE 
 	 -. 
CONCENTRATION men 	500 	 CHARACTERIZATION & TREATMENT OF EMISSIONS 
LOADING 	kesd 	1440 	 FROM A MINING OIL SANDS COMPLEX 

0 etriturtroragRAOPA 	 OPTION 15 DIRECT COKING UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

MONENCO CONSULTANTS LIMITED  
N00207. CHT 	F24 



DATA PRESENTAT ION n  CASES  DATA PRESENTA7/0/11  SOL IDS 

CO 2  

4000 
1.42E6 

SAND • 

6. 00E9 
4.85E8 

PARAMETER 

CONCENTRATION mg/m3  
LOADING 	kg/ ed 

PARASETER 

CONCENTRIC/ ION  mg/ kg  
LOADING 	kg/ad 

X NOT CHARACTERIZED 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

<0> HASTE  STREAM NUMBER ON 
POLLUTANT FLOW DIAGRAM 

UNITS AS ABOVE UNLESS 
NOTED OTHERWISE 

IIONENCO  CONSULTANTS  L 1111 TED 

VASTE  MANAGEMENT MATR1X-SOLID  VASTE  STREAMS (STREAM DAY BASIS) 

	

. 	 , 

	

FLOW 	TEMP. 	DENSITY 	pH 	H20 	BITUIAEA NAPHTHASOLVENT 	ASH 	COKE 	PITCH 	SAND 	5ILT 	CLAY 	SPENT 	TOTAL 	TOTAL 	LIME 	CaCO3 	Ca504 	METALS 	Ag 	Al 	Aa 	B 	Ba 	Be 	C 	Ca 	Co 	Cr 	Cu 	Fe 	H2 	K 	02 	Ng 	Mn 	Mo 	N2 	No 	NI 	P 	Pb 	S 	Sb 	Se 	St 	T I 	v 	Zn 
CA' LYST 	OFIG. 	INORG. 
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4.1 INTRODUCTION 

• 	The gaseous, liquid and solid waste emissions from the 15 
optional oil sands complexes are identified and characterized in Part 3. 
The collection, handling, treatment, reuse and disposal of the identified 
waste streams are described here in Part 4. This section summarizes the 
environmental regulatory aspects likely to gqvern development of future 
oil sands facilities. 

The development of an oil sands complex will be subject to a 
number of regulatory approvals and guidelines. The applicable 
legislation within the Province of Alberta includes: 

The Clean Air Act; 
The Clean Water Act; 
The Water Resources Act; 
The Oil and Gas Conservation Act; and' 
The Land Surface Conservation and Reclamation Act. 

The most comprehensive requirements are contained within the 
Clean Air Act, The Clean Water Act and The Water Resources Act. The 
Clean Air Act governs overall plant approval relative to all processes 
causing the release of contaminants or odours to the atmosphere. All raw 
water or wastewater treatment facilities as well as facilities generating 
liquid wastes are covered under The Clean Water Act. The Water Resources 
Act covers permitting of activities relating to groundwater, ground or 
surface water diversion, and geotechnical investigations. 

Regulations tinder The Clean Air. Act set standards for both' 
point source emissions and ambient air quality. In addition to the 
existing legislation, an oil sands complexmay also be subject to future 
point source emission standards. . 	. 

The regulations under The Clean Water Act set wastewater 
discharge requirements for the control of water pollution. In addition, 
surface water quality guidelines  for 'a  :number of constituents have been 
established under the Albert ,Surface Water' Quality Objectives. While 
specific wastewater discharge guidelines have been developed for both 
petroleum refineries (Waste Water Effluent Guidelines for Alberta 
Tetroleum Refineries) and gas processing plants (Gas Processing Plants, 
Waste tiater Management Standards), these guidelines may not be directly 
applicable  to an oil sands'complex. 

' 	In addition to the above acts and regûlations pertaining i.o• 
various Alberta permit and licence requirements, an environmental impact 
nàsessment as well as .a development  and reclamation plan is required for 
Alberta government review. - under , -The Land Surface Conservation and 
Reclamation Act: The requirement for an industrial development permit is 
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made under The Oil and Gas Conservation Act which is administered by the 
Energy Resources Conservation Board. Both of these regulatory require-
ments must be satisfied before the project receives Alberta government 
approval and can proceed to the permit and licence review phase during 
which time, applications for specific approvals are made under the appro-
priate legislation. 

Under the British North America Act of 1867, the Federal 
Government shares responsibilities with the provinces in some areas of 
environmental protection. This has resulted in the Federal Government 
establishing minimum point source air and wastewater emission regulations 
and guidelines for various industrial sectors under the Federal Fisheries 
Act and Clean Air Act. However, the Federal Government has not as yet 
developed specific point source emission requirements for oil sands 
facilities. In light of the location and nature of oil sands develop-
ments, emphasis to date has been placed on meeting provincial environ-
mental requirements. 

In the determination of the requirements for flue gas treatment 
and in the development of wastewater treatment schemes for the 15 sel-
ected options, relevant federal and provincial emissions regulations and 
guidelines were reviewed. Both federal and provincial guidelines with 
respect to emissions from coal-fired utility boilers were used in estab-
lishing emission limits for flue gas from CO and residue fired bnilers. 
In regard to SO2 emissions from the oil sands complexes, the province's 
future goal of 3.2 tonnes 302/1000 m3  bitumen feed to upgrading is used 
to determine desulphurization requirements. 

4.2 RECYCLING/REUSE OF RESIDUALS AND BY-PRODUCTS 

Coke or pitch residues from primary upgrading and other by-
products from bitumen upgrading including CO gas (fluid coking) and pro-
cess gas are utilized in this study to illustrate alternate methods for 
byproduct reuse. As discussed in Part 2, verification of the application 
of residue utilization in utility boilers and fluidized bed boilers is 
required before commercial implementation. Similarly, gasification of 
coke or pitch to a medium joule fuel gas for use in utility boilers or in 
the manufacture of hydrogen requires demonstration. The composition of 
residues and other byproducts was derived from in-house data. 

The following summarizes the 
byproduct reuse and represents a range 
in a future energy efficient oil sands  

methods assumed in this study for 
of processes which may be included 
complex: 

1. 	In all options, process gas 
amine plant and is Utilized 
heaters, utility boilers and 

is stripped of acid gases in the 
as a fuel in the upgrading fired 
superheaters. 
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2. CO gas from the fluid -cokiillâ- options (Options 1, 2, 8 and 11) 
is combusted With process gas in the CO boilers. Table 4-1 
provides the compOsitioii- of the  'co gas assumed for combustion 
calculations. 

3. Coke produced from the fluid coking options is pulverized and 
combusted with process gas in the conventional-type coke boil-
ers in Options 1 and 11. In Option 8, the coke is combusted in 
fluidized bed boilers. Coke is gasified in Option 2 to produce 
a medium joule fuel gas. The fuel gas, after removal of acid 
gases, is utilized in utility boilers for steam generation. 
Table 4-2 provides the assumed coke composition. 

4. Low joule fuel gas from Flexicoking (Options 3, 8 and 14) is 
utilized in utility boilers after fines removal and acid gas 
stripping. Table 4-3 provides the estimated composition of the 
flexigas. 

5. Pitch from the H-Oil primary upgrading process is utilized as a 
fuel in conventional-type utility boilers (Option 4) or is 
gasified and subsequently utilized in the manufacture of 
hydrogen (Options 5 and 12). Table 4-4 provides the assumed 
pitch composition. 

6. Residues from - the CANMET primary upgrading process (Options 6 
and 13) are utilized as a.fuel in fluidized bed boilers. The 
composition of the  pitch has been estimated and is provided in 
Table 4-,5. 

7. Pitch from the Eureka primary upgrading process (Option 7) is 
gasified to produce a medium joule fuel gas. The fuel gas is 
stripped of acid gases by amine contact and is utilized as a 
fuel in utility boilers. Table 4-6 Shows the estimated pitch 
composition. 

8. In the direct coking options (Options 10 and 15), the pyrolosis 
products of direct coking are combusted within the lift pipe to 
provide process heat. Any residual carbon is discharged with 
the spent sand. 

4.3 COLLECTION AND TRANSPORT .  

•Ile collection and distribution network for liquid and solid 
wastes from mining, extraction, upgrading, utilities and offsites has 
been established conceptually for this study. This has enabled the 
routing of various wastewater streams from individual process units to a 
series of sewer lines and drainage ditches which carry wastewater of 
similar quality to required treatment systems or to discharge points. 
Similarly, solid wastes are identified at their respective generation 
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Component Composition 
mole % 

CO2 

CO 

112 

CH4 

COS 

so2 
H2S 

NH3 

N2 

1120  

TABLE 4-1 

CO Gas Composition 
Options 1, 2, 8 and 11 

11.10 

3.17 

0.89 

0.82 

0.06 

0.23 

0.09 

0.13 

59.93 

23.58 

1 

474 



H 

0 

'Ash 

77.4 

1.5 

0.6 

4.5 

7.9 

8.2 

81.2 

1.6 

. 0.6_ 

4.7 

8.3 

. 3.7 

TABLE 4..2 

Fluid Coke Composition 
Options 1, 2, 8 and 11 

Component' Composition (wtfl 
Options 1, 2 and 11 	Option 8 



Component Composition 
mole % 

"TABLE 4-3 

FleXigas Composition 
Options 3, 8 and 14 

CO2. 

CO 

H2 

CH4 

COS 

H2S 

NH3 

N2 

7.73 

16.03 

7.42 

1.19 

0.01 

0.07 

0.05 

57.08 

10.42 



Component Composition  
wt.% 

ABLE 4-4 

H-Oil Pitèh Composition 
Options 4, 5 and 12 

72.0 

11 6.5 

1.5 

3.5 

0 	 1.5 

Ash 	 14.5 

V 	 590 ppm 

Ni 	 500 ppm 
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Component Composition 
wt.% 

.TABLE 4-5 

CANMET Pitch Composition 
Options 6 and 13 

70.5 

H 5.9 

2.1 

3.2 

O 2.0 

Ash 	 • 	 16.2 

3 570 ppm 

Ni 	 490 ppm 
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Component' Composition 
wt.% 

TABLE 4-6 

7 

Eureka Pitch Composition 
Options 7 

80.0 

H 	 5.0 

1.0 

7.5 

0 	 1.5 

Ash 	 5.0 

1 	I .  



points and are transported to the mined-out area for disposal, to storage 
areas or off-site for clean-up and regeneration. This conceptual network 
for collection and distribution of wastes forms the basis of the 
pollutant flow diagrams presented in Part 3. 

Emissions to the atmosphere have been identified at their point 
of origin. While there are merits as well as concerns with the utiliza-
tion of common stacks for venting gaseous emissions to the atmosphere, 
detailed analyses are required. For the purposes of this study, all 
emissions to the atmosphere are identified as individual emission 
sources. 

431 WASTEWATER COLLECTION  AND DISTRIBUTION NETWORK 

Liquid waste streams from individual process units are directed 
to specific sewer lines or drainage ditches which transport wastewaters 
to required treatment systems or to discharge points. The collection 
network is conceptual, established to transport wastewater of similar 
quality to common treatment or disposal points. In some cases, the 
conceptual sewer line may be a series of separate sewers or ditches. The 
following identifies the conceptual wastewater collection network. 

.1 Tailings Line 

The tailings line is made up of a series of slurry pipelines 
capable of transporting wet tailings from hot water extraction to the 
tailings pond. Wet tailings from froth treatment are transported to the 
tailings pond by a separate line. Mine water, which is also identified 
as an input to the conceptual tailings line in the tailings pond options, 
would simply be pumped from the mine to the in-pit tailings pond. 

.2 Process Waste Sewer 

All process wastewaters containing oil and•  grease or other 
constituents requiring treatment are discharged to the process waste 
sewer. Included in this conceptual line is runoff from the in-plant 
area. Runoff, which is collected from the plant area in a series of 
ditches and storm sewers would be combined with the process wastewaters 
immediately prior to the treatment facilities to enable equalization of 
runoff flows in the storm pond during the spring runoff period or under 
storm conditions. In the options without a tailings pond, effluent from 
the sewage treatment plant is discharged to the process waste sewer. 

.3 Recycle Sewer  

Wastewater which may be recycled for various plant uses is 
collected in the recycle sewer and is transported to the recycle pond. 
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These wastewaters include boiler blowdown and other clean condensate. In 
options without a tailings pond, effluent from the treatment of process 
wastewaters is returned to the recycle pond. 

.4 Effluent Sewer  

Wastewaters which are high in total dissolved solids but 
otherwise relatively uncontaminated are discharged to the effluent 
sewer. These wastewaters include cooling tower blowdown and neutralized 
regenerant wastewater from the utilities water treatment plant. In the 
options with a tailings pond, these wastewaters along with prescrubber 
blowdown from flue gas desulphurization and effluent from the sewage 
treatment plant are discharged to the effluent pond and ,eubsequently are 
pumped to the tailings pond. In the remaining options, the cooling tower 
blowdown and neutralized regenerant wastewater are discharged, subject to 
compliance with discharge regulations relative to total dissolved solids 
and other parameters. 

.5 	Sludge Sewer  

Alum sludge from the potable water treatment plant and digested 
sewage sludge are conveyed to the sludge pond via the sludge sewer. 

.6 	Sour Water Sewer  

In Options 10 and 15, sour water separated from the inter-
mediate products in the direct coking process contains high concentra-
tions of phenols and fatty acids, as reported by the licensor. Steam 
extractable phenols and ammonia are steam stripped from the sour water 
within the direct coking process prior to discharge to the sour water 
sewer. In these options, stripped sour water from the sour water 
stripper in the upgrading area is also discharged to the sour water 
sewer. This sewer transports the wastewater to a separate high rate 
biological treatment system. 

.7 Drainage Ditch  

The conceptual network of drainage ditches carries runoff from 
areas of the complex which are not subject to contamination, runoff from 
overburden storage areas and water from mine dewatering programs to 
natural drainage channels in the àrea of the mining oil sands complex. 

.8 Mine Drainage  

For the options without a tailings pond, mine water is pumped 
to the mine drainage line which carries the wastewater to the sediment 
pond. 
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.9 Filtrate Line 

Filtrate from vacuum filtration of whole tailings (Options 2, 
5, and 12) is returned to the hot water extraction process. 

.10 Other  

Other liquid wastes are transported off-site for utilization or 
treatment and disposal. Byproduct from the ammonia scrubbing systems is 
transported off-site for utilization as a feedstock in the manufacture of 
ammonia fertilizer, or possibly for direct fertilizer application. Tank 
bottoms are transported off-site for treatment and disposal at a 
hazardous waste facility, or possibly disposed of by land farming. 

432 SOLID WASTE COLLECTION AND DISTRIBUTION NETWORK 

Solid wastes from extraction, upgrading, utilities and offsites 
which are landfilled in the mined-out area are transported by conveyors 
or by trucks. The establishment of the mode of solid waste transport re-
quires detailed economic and engineering analyses, however, in general it 
is expected that solids which are generated in large quantities and con-
tinuously are transported by conveyors. This would include rejects from 
extraction, dry tailings from the tailings filtration and solvent 
extraction options, and spent sand from the direct coking options. 

Solid wastes which are generated in smaller quantities, or 
which may be produced periodically, such as incinerator ash, would 
invariably be trucked to disposal. Other solid wastes, including fly 
ash, bottom ash, spent bed material from fluidized bed boilers, slag and 
char from gasification, and char and fines from flexicoking which are 
generated at rates up to 2200 tonnes per day, are also expected to be 
trucked to disposal. Trucking of these wastes minimizes double handling 
of the material at the plant site and at the disposal site. 

Other solid waste streams from the complex include overburden 
materials from the mining operation which are disposed of directly in the 
mine, sulphur which is stored in the sulphur block prior to transport 
off-site as a saleable byproduct, and spent catalysts from the H-Oil 
reactor. It is assumed that spent catalysts are trucked off-site for 
clean-up and regeneration. 

4.4 FLUE GAS TREATMENT 

441 EMISSIONS CRITERIA 

The required degree of flue gas treatment for emission sources 
from the oil sands complexes in this study has been established from a 
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review of the Alberta Clean Air Act and regulations thereunder, the 
Sulphur Recovery Guidelines of Alberta Energy Resources Conservation 
Board, federal and provincial guidelines for fossil fuel-fired steam-
electric power plants, and Alberta Environment's long-term objective for 
controlling sulphur 'emissions from o il  sands plants. Although the 
federal and provincial guidelines for steam-electric power plants may not 
be directly applicable to oil sands plants, it is expected that the 
emission guidelines would apply to those oil sands fuels, combustion 
devices and flue gas streams which are amenable to the same pollutant 
control technologies and removal efficiencies as conventional power 

-plants. 

The emissions from the utility boilers and sulphur recovery 
plants in the oil sands complexes have been computed on the basis of the 
following criteria: 

1. 99.9% sulphur recovery efficiency in the sulphur plant. This 
is achievable with currently available technology. 

2. Overall plant emission limit of 3.2 tonnes S02/1000 m3  bitumen 
feed to upgrading which represents the long-term objective of 
Alberta Environment for sulphur emissions from future oil sands 
plants. The limit was used to compute the required sulphur 
removal efficiencies for CO, coke and pitch boilers; 

3. Maximum particulate emissions of 0.2 . grams per kilogram of wet 
flue gas adjusted to 50% excess combustion air. 

4. Maximum NO x  (as NO2) emissions of 86 nanograms per joule for 
conventional gaseous fuels and 258 nanograms per joule for 
solid fuels. 

In addition to the above, ambient air quality limits for SO2, 
H2S, NO2, CO, oxidants as equivalent 03 and suspended particulates also 
apply to oil sands plants. 

442 FLUE GAS TREATMENT REQUIREMENTS  

The flue gas treatment requirements to achieve the established 
emissions criteria are summarized in Table 4-7. For all options, it is 
assumed that 99.9% sulphur recovery is achieved in the sulphur recovery 
plant and H2S from sour water stripping, storage tanks and other sources 
is routed to the sulphur plant for recovery. 

It is assumed that sulphur removal by desulphurization of flue 
gases from all CO boilers is 90%, and a similar removal efficiency is 
assumed by limestone addition in the coke or pitch fired fluidized bed 
boilers. The required removal efficiencies for flue gases from conven- 

4-13 



1 

2 

4 

6 

11 

13 

TABLE 4-7 

Flue Gas Treatment Requirements 

Option 	 Boiler 	 Particulate 	 SO2 Removal 
Removal 	 (Efficiency) 

CO Boilers 	 ESP 	 FGD 
(90%) 

Coke Boilers 	 ESP 	 FGD 
(87.5%) 

CO Boilers 	 ESP 	 FGD 
(90%) 

Pitch Boilers 	 ESP 	 FGD 
(40.6%) 

Pitch Boilers 	 ESP 	 FBC 
(90%) 

CO Boilers 	 ESP 	 FGD 
(90%) 

Coke Boilers 	 ESP 	 FBC 
(90%) 

•Co Boilers 	 ESP 	 FGD 
(90%) 

Coke Boilers 	 ESP 	 FGD 
(87.7%) 

Pitch Boilers 	 ESP 	 FBC 
(90%) 

ESP Electrostatic Precipitators 
FGD Flue Gas Desulphurization 
FBC Fluidized Bed Combustion (Atmospheric) 
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tional-type coke or pitch boilers are calculated from the overall plant 
SO2 emission limit. Further, it has been assumed that  NO x  emissions are 
controlled by boiler design factors and operational measures. 

443 FLUE GAS DESULPHURIZATION  

.1 Optional Processes  

There are a great number of processes for the scrubbing of the 
offgases from an oil sands complex for the removal of SO2. Operating 
experiences with these processes are mainly in the United States where 
the American utility industry, in response to the requirements of the, 
1970 Clean Air Act amendment, has had a relatively long history of 
removing SO2 from offgases. This industry has acquired considerable 
learning experience in terms of developing scrubbing technology and 
equipment, as well as in waste byproduct disposal. 

The early systems in the American utility industry were 
dominated by wet lime or limestone scrubbing systems, principally because 
of cost considerations and the availability of inexpensive reagents. 
Although this dominance continues today and will probably continue in the 
future, a number of other technologies have been and continue to be 
developed. The processes that have had some operational experience in 
the American utility industry are summarized in Table 4-8. Included are 
processes generating a saleable product and those for which the 
byproducts are throwaway. 

The 1979 amendments to the Clean Air Act in the United States, 
which required a minimum of 70% reduction of SO2 emissions from utility 
plant offgases, have put additional pressure on the development of 
sulphur reduction processes, including burner modifications. Additional 
experience in operating FGD systems is available from other sources 
including the oil fired utility industry in Japan, the pulp and paper 
industry, and at Cominco in Trail, B.C. 

Several evaluations have been performed to assess the applica-
bility of scrubbing systems to oil sands complexes (Stone and Webster 
1978, Dynawest Projects Limited 1981, Monenco 1981). The processes that 
have been evaluated include lime scrubbing, limestone scrubbing, Wellman-
Lord, dual alkali, magnesium oxide scrubbing, Chiyoda 121, Shell'copper 
oxide system, lime spray drying and ammonia scrubbing. 

.2 System Design Criteria  

Recognizing the nature of an oil sands extraction and upgrading 
complex, a number of criteria would have to be met for systems to warrant 
serious consideration. These criteria include the following (Monenco 
1981): 



TABLE 4-8 

Flue Gas Desulphurization Processes 
in U.S. Utility Industry 

Processes Generating 	 Processes Generating 
Saleable Byproducts 	 Throwaway Byproducts 

Aqueous Carbonate/Spray Drying 

Citrate 

Lime 

Limestone 

Lime/Limestone 

Magnesium Oxide 

Wellman Lord 

Dual Alkali 

Lime 

Limestone 

Limestone/Alkaline Fly Ash 

Lime/Alkaline Fly Ash 

Lime/Limestone 

Lime! Sodium Carbonate 

Lime/Spray Drying 

Sodium Carbonate 

Sodium Carbonate/Spray Drying 



- high reliability - the scrubbing system's reliability must be 
as good as that of the operating unit producing the offgases; 

- scrubbing efficiency - SO2 removal capability must be a minimum 
of 90%; 

simplicity - to avoid adding operational problems to an already 
complex facility, the scrubbing system must be simple (single 
stage scrubbing) with minimal processing beyond scrubbing; 

- high turndown - the scrubbing system must have 
at least as high as the units.generating the 
would be in the order of 2.5:-1; 

- redundancy - a high level of redundancy is 
critical equipment items; 

a turndown ratio 
offgases, which 

required in all 

performance guarantee - only those systems for which a vendor 
performance guarantee could be obtained are to be considered; 

- site conditions - the design must accommodate the severe 
weather conditions and remote location of the oil sands region 
of northern Alberta. 

.3 Candidate System 

A detailed review of all the candidate systems meeting the de-
sign criteria outlined above resulted in the choice of ammonia scrubbing 
as the system most applicable for an oil sands complex. In addition to 
the process evaluation, this decision also had the benefit of visits to 
several operating FGD systems, including ammonia scrubbing systems at 
Cominco in Trail, B.C.; Finch/Pruyn Pulp and Paper in Adirondack, N.Y.; 
and Shattuck Chemicals in Denver, Colo. 

The longest experience in ammonia scrubbing comes from Cominco, 
where they have been operating such a system to reduce sulphur emissions 
from their zinc ore roasters for over 35 years. The introduction of 
ammonia scrubbing in the 1940's allowed Cominco to integrate their 
scrubbing system into an overall complex producing an additional product 
in the form of fertilizer. The system has operated extremely well on a 
wide range of SO2 concentrations up to 8% by volume (80 000 ppmv SO2). 
Cominco has recently designed and constructed a new ammonia scrubbing 
system to treat about 2400 m3/min to replace the original system, which 
after 35 years of operation has suffered some structural problems. 

.4 Process Description  

. Figure 4-1 shows a simplified process .flow diagram of an 
ammonia scrubbing system. Flue gases,from the process unit (CO boiler or 
utility boiler) are passed through an electrostatic precipitator for the 
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removal of particulates, from which gases flow into a prescrubber for 
saturation and cooling. Additional particulate removal may also occur 
within the prescrubber. A high flow rate of scrubbing solution is main-
tained through the prescrubber section. The prescrubber is purged to 
maintain the overall water balance. Cooling is required since efficient 
absorption of SO2 by aqueous solutions of ammonia requires gas temper-
atures well below 20 °C, which is below the saturation point of the off-
gases. As a result, condensation of water from the gases to be scrubbed 
occurs. 

Gases from the prescrubber/cooler unit pass through mist elimi-
nators for the removal of entrained liquid and then enter the absorber 
tower. The number of stages in the absorber is a function of the 
requirements of the scrubbing system, but would vary between two and 
four. Each tray of the counter-current absorber is fed from its own 
absorber recirculation tank in order to maintain and control conditions 
on each tray. The gases exiting the last tray pass through at least one 
stage of mist elimination. Depending on the requirements for opacity in 
the exhaust gases, a second stage of mist elimination may be required in 
the form of a fabric filter (Brinks eliminator) or wet electrostatic 
precipitator. 

The ammonia reagent for the scrubbing system is obtained from 
the sour water stripper system. In order to provide the purity required 
in the ammonia scrubbing system, at least one and possibly two stages of 
stripping are required beyond the primary sour water stripping unit. The 
aqueous ammonia solution is fed to a storage tank from where it is pumped 
into a feed tank where it is diluted to the concentration required by the 
scrubbing system. The absorber circulating tanks which feed each tray 
receive make-up from the ammonia feed tank. The absorber bottoms, con-
sisting mainly of ammonia bisulphite, are filtered and pumped to a pro-
duct storage tank. The concentration of this material is approximately 
250 to 400 g/L as ammonium  bisulphite. Disposal options are as a direct 
application fertilizer or as a feedstock to the fertilizer industry. 

444 FLUIDIZED BED BOILERS  

Fluidization and the combustion of materials in a fluidized bed 
are not new technologies. Fluidization was first used on a large scale 
for gasifying coal in 1922 and became commerical in Germany in 1926 in 
the Winkler gas generator (Johnson et al. 1978). Urged by the wartime 
need to develop new methods of producing high octane aviation fuels, the 
petrochemical industry in the United States developed the fluidized bed 
catalytic cracking process which realized significant increases in pro-
duction rates over fixed fed technology. Experiments in the generation 
of steam by combustion of materials in a fluidized bed began just after 
the Second World War with the first patent in which raising steam was a 
purpose of fluidized bed combustion being granted in 1950 (Ehrlich 1975). 
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Fluidized bed incinerators were also developed to handle wastes 
from wood, paper and pharmaceutical industries just after the Second 
World War. These fluid bed combustion systems provided a technical basis 
for the development of the fluidized bed for the purposes of large scale 
steam generation. A considerable amount of effort has been expended in 
several countries since the Second World War in evaluating the potential 
of fluidized bed combustion for power generating units. In the United 
States, this effort has been led by the consulting firm of Pope, Evans 
and Robbins, Battelle Memorial Institute's Columbus Laboratories, Babcock 
and Wilcox and Combustion Engineering (Johnson et al. 1978). In England, 
fluidized bed combustion development was started by the Central 
Electricity Generating Board in about 1959 and shortly thereafter was 
transferred to the National Coal Board's Coal Research Establishment 
which has conducted a wide range of research on the subject. 

Fluidized bed boilers fall into two general categories: 
atmospheric and pressurized. The latter takes place typically under 
pressures between three and ten atmospheres. In either case, the fluidi-
zation part of the process is relatively straightforward. In an oil 
sands plant, the fluidized bed would consist of pulverized coke or pitch 
and limestone with the size distribution of the bed particles designed to 
ensure good fluidizing characteristics. The bed is supported on a grid 
or perforated plate through which the fluidizing medium, preheated air, 
passes. In the fluidized state, the bed expands to a height two to four 
times the unfluidized level. The particulates entrained from the bed, 
consisting of up to 15% unburnt coke, are removed by one or two stages of 
cyclone separators located external to the bed or at the top of the 
boiler. Material collected in the cyclones is returned to the bed, while 
that escaping the cyclones is collected by particulate removal equipment 
such as a baghouse or an electrostatic precipitator. The non-combustible 
inorganic fraction that escapes entrainment and remains in the bed is 
drained from the bed for disposal as spent bed material. 

The injection of limestone into the bed results in the prefer-
ential reaction of the sulphur contained in the coke with limestone to 
form a sulphate which remains in the inorganic fraction of the bed. 
Thermodynamics are highly favourable for this reaction to occur as 
opposed to the formation of sulphur dioxide. In addition to sulphur 
removal within the fluidized bed boiler, additional advantages of fluid 
combustion include: 

1 0 	The combustion temperature considerably below that of a conven- 
tional boiler. This temperature range is below the point of 
fixation of nitrogen to form  NO x  and hence  NO x  emissions are 
expected to be significantly reduced over conventional 
boilers. The range of combustion temperatures is also below 
the fusion temperature of the coke particles which prevents 
slagging and the formation of clinkers. The ash produced is 
more easily handled, while the need for soot blowing is 
reduced. 
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2. The fluidized bed operation approaches isothermal conditions. 
This good temperature control feature reduces the potential for 
hot spots to develop and hence reduces the need to add 
temlierature margins and heat transfer material selection. In 
addition, carbon burn-up may be as high as 99.9%. 

3. A wide range of material can be combusted in the bed. 

4. Heat transfer is enhanced within the bed. 	Heat transfer 
coefficients governing the transfer of heat from the bed proper 
to pipework submerged in the bed are significantly higher than 
those for the transfer of heat in a conventional boiler. This 
gives rise to the potential reduction in required heat transfer 
areas and hence a reduction in boiler size. 

5. Trace metal discharges, either in vapour form or adsorbed onto 
fine particles, are less in a fluidized bed because of the 
reduced temperature. 

A further discussion of the advantages and disadvantages of 
fluidized bed combustion for thermal power generation can be found in 
Behie (1981). 

445 PARTICULATE REMOVAL 

The options for removal of particulates from process offgases 
in an oil sands plant include electrostatic precipitation, baghouse 
separation and wet Venturi scrubbing. Based on operating experience in 
an existing oil sands plant and the experiences in the Canadian utility 
industry in removing particulates from offgases, electrostatic precipita-
tion was chosen as the basis for particulate removal for this study. In 
the operation of a precipitator, the dust laden gases, under controlled 
conditions, pass through a corona discharge which imparts a charge to the 
particulates which are then removed under the influence of the high 
voltage field to a collector plate. Ocçasional rapping of the plate 
discharges the collected particulates into the hoppers beneath the 
precipitators, from where the solids are pneumatically fed to a storage 
silo. From the storage silo, the particles are wetted and loaded onto 
trucks for transport to the mine for disposal. 

4.5 WASTEWATER TREATMENT 

The wastewater characterization data base, presented in Part 3, 
is representative of the available information from published sources. 
While the data base is extensive, there are significant gaps in the data 
which affect the decisions regarding wastewater treatment systems as well 
as creating concerns with respect to the ability to recycle or discharge 
wastewaters. 
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These gaps in the data are mainly in the area of trace element 
and trace organic loads in various liquid waste streams and identifica-
tion of the constituent parts of total organics. In addition, biodegra-
dability data is limited. 

On the basis of the reported characterization data, wastewater 
treatment schemes have been established for each option. These schemes 
are shown on the pollutant flow diagrams presented in Part 3. The nature 
of the unit processes within the selected options and wastewater charac-
teristics has necessitated the establishment of four base wastewater 
management schemes, as follows: 

1. Wastewater Treatment Scheme - Tailings Pond Options, 

2 ,  Wastewater Treatment Scheme - Tailings Filtration Options, 

3. Wastewater Treatment Scheme - Solvent Extraction Options, and 

4. Wastewater Treatment Scheme - Direct Coking Options. 

Within each of these schemes, treatment components have been 
selected and sized to permit order-of-magnitude cost estimation of waste-
water treatment. In all options, the wastewater treatment components are 
conventional technologies with proven effectiveness in treating waste-
waters from the oil and gas industry. There are other alternatives but 
in consideration of the magnitude of wastewater flows requiring treatment 
(up to 26 300 m3/sd); the climatic constraints of the Athabasca oil sands 
region; the necessity for proven and reliable performance; and the lack 
of complete characterization and treatability data, conventional waste-
water treatment components have been selected. Further information on 
trace elements and organics may necessitate modifications to the waste-
water management schemes; for example, the use of activated carbon may be 
required to remove trace organics. 

Factors which are common to all wastewater treatment schemes 
and assumptions used in selecting and sizing the treatment components are 
provided as follows: 

1. 	Stream day wastewater flows are used to size the wastewater 
treatment components and are representative of maximum daily 
wastewater flows under normal conditions. However, some liquid 
waste streams occur only intermittently or during certain 
periods of the year. Flow equalization may be required and 
would have the effect of decreasing the size of some treatment 
components. 



2. 	In all options, a storm pond is provided to store in-plant 
runoff when flows are in excess of downstream treatment capabi-
lities. This would occur during the spring runoff period and 
under storm conditions. The storm ponds are sized to provide 
storage for expected spring runoff plus runoff from the plant 
site as a result of the 1 in 10 year 24 hour storm. Downstream 
treatment component capabilities are adjusted to enable treat-
ment of increased stream flows as a result of draining the 
storm pond over a 30-day period. Should runoff flows exceed 
the combined storage capacity of the storm pond and capabili-
ties of the treatment units, which may occur during a runoff 
event from the 1 in 25 year storm, discharge from the storm 
pond may be required. It is expected that drainage control and 
runoff holding facilities would be incorporated in the design 
of an oil sands complex, thus minimizing the possibility of 
discharge from the storm pond. 

3. All ponds which make up part of the wastewater treatment 
systems are earthen structures with interior dykes sloped at 2 
to 1 with a freeboard of 1 m. All ponds are lined to prevent 
seepage and provide containment of contaminants. For costing 
purposes, hypalon liners placed on a prepared base are assumed 
for all ponds. 

• 
4. In all options, sludge ponds are provided within the waste 

treatment systems. Thickening of sludge takei place within the 
ponds and is enhanced by natural freeze-thaw mechanisms during 
the winter months. It is assumed that ultimately, the solids 
concentration within the sludge ponds will reach 25% by 
weight. Supernatant is removed during the frost-free months 
and is directed to treatment. With the exception of Option 10, 
the sludge ponds are sized to store thickened sludge quantities 
generated over 25 years. In Option 10, the sludge generation 
from the treatment of sour water from direct coking is consid-
erable. Therefore, in Option 10 it is assumed that removal of 
sludge from the sludge ponds is required every 5 years in order 
to reduce the size of the ponds. 

At the end of the operating life of the complex, the sludge 
ponds would be reclaimed as part of the overall plant decommis-
sioning program. It is assumed that, subject to the integrity 
of the pond liners, a cover material would be applied, the 
surface would be sloped and sealed and a long-term monitoring 
system established. 

5. Maximum recycle of wastewaters is assumed in all options. This 
takes the form of direct recycle from the recycle ponds, recla-
mation of water from the tailings ponds and recycle of treated 
wastewater. Water quality requirements within extraction, 
upgrading, utilities and offsites may place constraints on the 
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ability to recycle available quantities of waters. Further 
treatment may be required to meet the water quality constraints 
of certain water uses. A comprehensive chemical analysis of 
water available for recycle, undertaken with the benefit of 
complete wastewater characterization information, is required 
to ascertain recycling possibilities over the long-term. 
Should discharge of a portion of the treated wastewater be 
required, an additional holding pond would be included in the 
wastewater treatment system. As well, further treatment may be 
required to meet discharge limits imposed by regulatory agen-
cies. 

In this section, the wastewater treatment schemes are described 
and the individual treatment components are identified. 

451 WASTEWATER TREATMENT SCHEME - TAILINGS POND OPTIONS 
(Options 1, 3, 4, 6, 7, 11 and 13) 

The wastewater treatment scheme for the tailings pond options 
is shown in Figure 3-2. Wastewater treatment systems for these options 
are less extensive than systems required for other options due to the 
presence of the large tailings pond. With the exception of wastewater 
which is recycled to the oil sands complex directly from the recycle pond 
and discharges of uncontaminated runoff, all wastewaters are ultimately 
discharged to the tailings pond. After considerable retention within the 
pond, water is recycled to hot water extraction. 

Tailings from hot water extraction and froth treatment are 
pumped via slurry pipelines directly to the tailings pond. Similarly 
mine water is pumped directly to the pond. Process wastewater (including 
in-plant runoff) flows initially to the API separator where free oil 
rises to the surface within the multi-channel separator and is skimmed 
off into recovered oil tanks. The recovered oil is directed back to the 
plant. Suspended solids settle out within the separator and are removed 
and pumped to the sludge pond. A spare channel is provided in the API 
separator to enable clean-up and maintenance and to increase the capacity 
of the unit during runoff events. Effluent from the API separator is 
directed to the effluent pond. 

Other input streams to the effluent pond include supernatant 
from the sludge pond and wastewater carried by the effluent sewer 
(cooling tower blowdown, regenerant wastewater, treated sewage effluent, 
etc.). From this point the wastewater is pumped to the tailings pond. 

Sludge from unit processes within the oil sands complex and 
sludge from the API separator are discharged to the sludge pond for 
thickening and disposal. Wastewater, which may be recycled directly for 
various in-plant uses, is collected in the recycle pond. 
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Discharges from the system are limited to uncontaminated runoff 
from the plant area, runoff from overburden storage and water from mine 
dewatering programs. 

Tables 4-9 to 4-15 provide a summary of the components which 
make up the wastewater treatment system for the options with a tailings 
pond. 

452 WASTEWATER TREATMENT SCHEME - TAILINGS FILTRATION OPTIONS 
(Options 2, 5 and 12)• 

The wastewater treatment scheme in these options differs 
considerably from the tailings pond options. Since the tailings pond is 
not available to provide any additional wastewater treatment, an 
extensive wastewater treatment system is required. The wastewater 
treatment scheme is shown in Figure 3-3. The following summarizes the 
major components of the wastewater treatment scheme: 

1. Process wastewater which requires treatment is directed to the 
API separator for free oil and suspended solids removal. Oil 
is collected in recovered oil tanks and is subsequently 
returned to the plant. 	Suspended solids are pumped to the 
sludge pond. Similar to all other options, a spare channel is 
provided in the API separator. 

2. Effluent from the API separator flows to the dissolved air flo-
tation units for further oil removal. A flocculant and poly-
mers are added upstream of the units, and flocculation occurs 
prior to the introduction of air. The scum from the flotation 
units is skimmed from the surface and directed to the sludge 
pond. 

3. Further reduction of BOD load in the wastewater is accomplished 
in the activated sludge system. Since the oxygen demand of the 
wastewater in the process waste sewer is not accurately 
defined, it has been assumed that the BOD of the wastewater as 
it enters the activated sludge system is 250 mg/L. Following 
biological oxidation, solids are settled in the clarifier. 
Waste activated sludge from the system is pumped to the sludge 
pond. 

4. Further suspended solids removal is achieved in the dual media 
filters. Although filtration of only a portion of the waste-
water may be required, it has  been  assumed that the entire 
stream is filtered. 	Backwash water from the filters is 
returned to the inlet of the dissolved air flotation unit. 
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Component Size( 2 ) Capacity 

TABLE 4-9 

Wastewater Treatment Systems 
Option 1( 1 ) 

API Separator 

Effluent Pond 

Storm Pond 

Sludge Pond 

Recycle Pond 

Reclaim Pond 

Sewage Treatment Plant 

3 channels: each 50 m x 4.7 m x 2 m 

94 m x 94 m x 5 m 

264 m x 264 m x 5 m 

2 ponds: each 162 m x 162 m x 6 m 

36 m x 36 m x 5 m 

294 m x 294 m x 6 m 

RBC Unit 

15 900 m3/sd 

26 690 m3 

 252 950 m3 

 219 960 m3  

2 250 m3 

 393 140 m3  

1 140 m3/sd 

Notes: 1  Option 1 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 
2  Pond dimensions include 1 m freeboard 



'Jomponent Size( 2 ) 	 Capacity 

.TABLE 4-10 

Wastewater Treatment Systems 
Option 3( 1 ) 

1PI  Separator 

-Effluent Pond 

..itorm Pond 

Sludge Pond 

Recycle Pond.  

Reclaim Pond 

Sewage Treatment Plant 

3 channels: each 50 m x 4.7 m x 2 m 

93m  x 93 m x 5 m 

264 m x 264 m x 5 m 

2 ponds: each 152 m x 152 m x 6 m 

36 m x 36 m x 5 m 

294 m x 294 m x 6 m 

RBC Unit 

16 040 m3/sd 

26 290 m3 

 252 950 m3 

 190 120 m3  

2 250 m3 

 393 140 m3  

1 140 m3/sd 

-Notes: 1  Option 3 - Hot Water Extraction/Flexicoking/Flexigas Boilers 
2  Pond dimensions include 1 m freeboard 
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:;omponent 

1PI  Separator 

Effluent Pond 

itorm Pond 

Sludge Pond 

Recycle Pond 

Reclaim Pond 

Sewage Treatment Plant 

TABLE 4-11 

Wastewater Treatment Systems 
Option 4( 1 ) 

Size (2)  

3 channels: each 50 m x 4.2 m x 2 m 

89 m x 89 m x 5 m 

264 m x 264 m x 6 m 

2 ponds: each 156 m x 156 m x 6 m 

36 m x 36 m x 5 m 

272 m x 272 m x 6 m 

RBC Unit 

Capacity 

14 820 m3/sd 

23 640 m3 

 252 950 m3 

 203 010 m3  

2 250 m3 

 332 460 m3  

1 140 m3/sd 

-Notes: 1  Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 
2  Pond dimensions include 1 m freeboard 



'Iomponent Size( 2) 	 Capacity 

-TABLE 4-12 

Wastewater Treatment Systems 
Option 6( 1 ) .  

121 Separator 	 3 channels: each 50 m x 4.1 m x 2 m 	14 370 m3/sd 

Effluent Pond 	 87 m x 87 m x5 m 	 22 490m3  

;tom Pond 	 264 m x 264 m x.5 m 	 252 950 m3  

Sludge Pond 	 2 ponds: each  152m x 152 m x 6 m 	 189 740 m3  

Recycle Pond 	 36m x 36m x.5 m 	r 	 .2 250m3  

Reclaim Pond 	 265 m x.265 m x 6 m 	 313990,m3  

- Sewage Treatment Plant 	RBC Unit 	 1 140 m3/sd 

-Notes: 1  Option 6 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 
2  Pond dimensions include  1m  freeboard 	' 



Size( 2 ) Capacity ;cmponent 

TABLE 4-13 

Wastewater Treatment Systems 
Option 7( 1 ) 

A,PI  Separator 

Effluent Pond 

Ytorm Pond 

Sludge Pond 

_tecycle Pond 

leclaim Pond 

Sewage Treatment Plant 

3 channels: each 50 m x 5.8 m 

100 m x 100 m x 5 m 

264 m x 264 m x 5 m 

2 ponds: each 152 m x 152 m x 6 m 

36 m x 36 m x 5 m 

290 m x 290 m x 6 m 

RBC Unit 

20 440 m3/sd 

30 820 m3 

 252 950 m3 

 190 710 m3  

2 250 m3 

 381 080 m3  

1 140 m3/sd 

-Notes: 1  Option 7 - Hot Water Extraction/Eureka/Gasification of Pitch 
2  Pond dimensions include 1 m freeboard 
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7,omponent Size( 2 ) 	 Capacity . 

TABLE 4-14 

.,.Wastewater. Treatment „Systems 
Option 11( 1 ) 

'PI  Separator 

- Effluent Pond 

itorm Pond 

Sludge Pond 

aecycle Pond 

Reclaim Pond 

Sewage Treatment Plant 

3 channels: each 37.5 m x 3.4 m x 1.5 m 

53 m x 53 m x 5 m 

190 m x 190 m x 5 m 

2 ponds: each 113 m x 113 x m x 6 

21 m x 21 m  x3 ,  m,  

123 m x 123 m x  6m 

RBC Unit 

4 420 m3/sd 

6 790 ra3 

 126  470m 3 

 97 120 .m3  

330 m3 

 58 970 m3  

570 m3isd 

-Notes: 1  Option 11 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 
2  Pond dimensions include 1 m freeboard 



Component Size( 2)  Capacity 

TABLE 4-15 

Wastewater Treatment Systems 
Option 13( 1 ) 

PI  Separator 	 2 channels: each 37.5 m x 3.2 m x 1.5 m 

- Effluent Pond 	 51 m x 51 m x 5 m 

Storm Pond 	 190 m x 190 m x 5 m 

Sludge Pond 	 2 ponds: each 111 m x 111 m x 6 m 

Recycle Pond 	 21 m x 21 m x 3 m 

Reclaim Pond 	 111 m x 111 m x 6 m 

Sewage Treatment Plant 	RBC Unit  

4 190 m3/sd 

SOO m3 

 126 470 m3 

 93 470 m3  . 

330 m3 

 47 100 m3  

570 m3/sd 

-Notes: 1  Option 13 - Hot Water Extraction/CANNET/Pitch Boilers (FBC) 
. 2  Pond dimensions include  1m  freeboard 
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5. Effluent from the dual media filters is pumped to the recycle 
pond and, along with wastewater carried to the pond by the 
recycle sewer, is routed back to the plant for various uses. 

6. 	Sludge from unit processes within the oil sands complex ià 
. transported  :via the aludge sewer to the,sludge pond. Other 

inputs « tO - thé Sind& pond include waste aétivated Sludge, 
sludge from the API separator and . scum from -dissolved air 
flotation. Supernatant from the sludge pond is pumped to the 
dissolved air flotation unit. 

7. Cooling tower blowdown and neutralized .  regenerant wastewater 
• - are transported from the complex-in the effluent sewer and are 

- discharged. 	Other discharges . from these options include 
uncontaminated runoff from the plant area, runoff from 
«overburden storage and water from mine dewatering programs. 

8. 	In the sediment pond, settling of suspended solids contained 
within the mine water.occurs. If required, polymers  are  added 
to enhance fines settling. The mine water  is subsequently 
discharged. 

9. 	Filtrate from vacuum filtration of whole tailings is clarified 
and returned to hot water extraction (Figure 2-2). 

Tables 4-16, 4-17 and 4-18 provide a summary of the sizes and 
capacities of the components of the wastewater treatment systems for.  
Options 2, 5 and 12, respectively. 

453 WASTEWATER TREATMENT SCHEME - SOLVENT EXTRACTION OPTIONS  

For the solvent extraction options, the wastewater treatment 
scheme is similar in principle to the scheme for the tailings filtration 
options. The scheme is shown in Figure 3-9. Since a tailings pond is 
not required with solvent extraction, process wastewaters from all areas 
of the complex must be treated to a level suitable for recycle to the 
complex or for discharge. 

The wastewater treatment scheme, described in items 1 to 8 in 
Section 452, is identical in concept to the treatment schemes for the 
solvent extraction options. Process wastewater flows in these options 
are greater than the tailings filtration options due to the increased 
cooling requirements and the wastewater from the Dravo Solvent Extraction 
Process. 

Tables 4-19, 4-20 and 4-21 summarize the wastewater treatment 
components required in the solvent extraction options. 



Size( 2 ) Capacity 

TABLE 4-16 

Wastewater Treatment Systems 
Option 2( 1 ) 

Component 

API Separator 

Dissolved Air Flotation 	3 flocculation chambers at 125 m3  
3 flotation chambers at 4 m x 18 m 2.5 m 

-Activated Sludge 	 activated sludge unit at 4840 m3 	 20 140 m3/sd 
2 clarifiers of 24 m diameter 

Dual Media Filtration 	2 filters: each 42 m2  

3 channels: each 50 m x 5.1 m x 2 m 18 790 m3/sd 

20 230 m3/sd 

19 880 m3/sd 

252 950 m3  

56 220 m3 

 500 000 m3  

11 310 m3  

1 140 m3/sd 

Storm Pond 

Recycle Pond 

Sludge Pond 

Sediment Pond 

Sewage Treatment Plant 

264 m x 264 m x 5 m 

120 m x 120 m x 6 m 

2 ponds: each 239 m x 239 m x 6 m 

65 m x 65 m x 5 m 

RBC Unit 

Notes: 1  Option 2 - Hot Water Extraction/Tailings Filtration/Fluid Coking/Gasifica-
tion of Coke 

2  Pond dimensions include 1 m freeboard 



Component - size( 2 ) Capacity 

TABLE 4-17 . 

Wastewater, Treatment Systems 
Option: 5(P, 

3 'channels: each 50-m x 4.4 m x 2 m 	15 440 m3/sd 

__Dissolved Air Flotation 	3 flocculation ,chamberà nt 108 m3 	 .16 950 m3/sd- 
' 	3-flotation ghamberà at 4 m X 16 m 2.5 m  

Activated Sludge 	 activated_sludge.unit at 4217 m3 	 16-870 m3/sd 
2 clarifiers nf.  22 M diameter 

Dual  Media Filtration 	2 filters: - each  37m2 , 	. • . 

' Storm Pond 	 - 264 M x 264 m x 5 e 

--Recycle Pond 	 -113 m x 113 m x 6 m 

- Sludge Pond 	 .  2 ponds: ,  each 228 tx 228 m k 6 m 

Sediment Pond 	 61 m x 61 m x - 5 m 

Sewage Treatment Plant 	RBC Unit 

Notes: 1  Option 5 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial Oxidation 
of Pitch 

2  Pond dimensions include 1 m freeboard 

API Separator 

- 16 640 m3/sd 

252 950 m3  .. 

49 080 m3 

 456 200 m3  

9 570 m3  

1 140 m3/sd 



Component size( 2 ) Capacity 

Storm Pond 

_Recycle Pond 

Sludge Pond 

Sediment Pond 

Sewage Treatment Plant 

190 m x 190 m x 5 m 

73 m x 73 m x 5 m 

2 ponds: each 155 m x 155 m x 6 m 

31 m x 31 m x 5 m 

RBC Unit 

TABLE 4-18 

Wastewater Treatment Systems 
Option 12( 1 ) 

API Separator 2 channels: each 37.5 m x 3.6 m x 1.5 m 	4 760 m3/sd 

Dissolved Air Flotation 	2 flocculation chambers at 66 m 3 	 5 220 m3/sd 
2 flotation chambers at 3 m x 13.2 m x 2.0 m 

,Ictivated Sludge 	 activated sludge unit at 1294 m3 	 5 180 m3/sd 
1 clarifier of 18 m diameter 

Dual Media Filtration 	2 filters: each  11.2m2  

Notes: 1  Option 12 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial 
Oxidation of Pitch 

2  Pond dimensions include 1 m freeboard 

5 110 m3/sd 

126 470 m3  

14 920 m3 

 196 800 m3  

1 470 m3  

570 m3/sd 



Component Size( 2 ) Capacity 

26 920 m3/ad 

28 910 m3/sd 

28 830 m3/sd 

TABLE 4-19 

Wastewater Treatment Systems 
Option 8( 1 ) 	, 

API Separator 	 4 channels: each 50 m x 5.1 m x 2 m 

Dissolved Air Flotation 	3 flocculation chambers at 200 m3  
3 flotation chambers at 4 m x 29 m x 3 m 

Activated Sludge 	 activated sludge unit at 6940 m3  
2 clarifiers. of 29 m diameter 

Dual Media Filtration 	4 filters: each 30 m2  

Storm Pond 

Recycle Pond 

Sludge Pond 

-- Sediment Pond 

Sewage Treatment Plant 

264 m x 264 m x 5 m 

141m  x  141m  x 6 m 

2 ponds: each 254 m x 254 m x 6 m 

64 m x 64 m ]c 5 m 

RBC Unit 

28 440 m3/sd 

252 950 m3  

80 990 m3 

 574 310 m3 

 10 920 m3  

1 140 m3/sd 

Notes: 1 Option 8 - Solvent Extraction/Fluid Coking/CO Boilers/Coke Boilers (FBC) 
Pond dimensions include 1 m freeboard 
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:omponent Size( 2 ) Capacity 

TABLE 4-20 

Wastewater Treatment Systems 
Option 9( 1 ) 

4 channels: each 50 m x 5.1 m x 2 m 

Jissolved Air Flotation 	3 flocculation chambers at 200 m3  
3 flotation chambers at 4 m x 29 m x 3 m 

_1ctivated Sludge 	 activated sludge unit at 7073 m3  
2 clarifiers of 29 m diameter 

)ual Media Filtration 	filter: 30.5 m2  

264 m x 264 m x 5 m 

143 m x 143 m x 6 m 

2 ponds: each 251 m x 251 m x 6 m 

64 m x 64 m x 5 m 

RBC Unit 

26 360 m3/sd 

28 370 m3/sd 

28 290 m3/sd 

2 790 m3/sd 

252 950 m3  

82 710 m3 

 562,230 m3  

10 920 m3  

1 140 m3/sd 

API Separator 

Storm Pond 

-Recycle Pond 

Sludge Pond 

Sediment Pond 

.Sewage Treatment Plant 

Notes: 1  Option 9 - Solvent Extraction/Flexicoking/Flexigas Boilers 
2  Pond dimensions include 1 m freeboard 



(kimponent Size( 2 ) Capacity 

TABLE 421 

Wastewater Treatment Systems 
0ption . 14 (1 ) 

API Separator 	 2 channels: each 38 m x 4.8 m x 1.5 ni 

• ,Jissolved Air Flotation 	2 flocculation dhambers at 90 m3  
2 flotation chambers at 3 m x 19 m x 2 m 

.ctivated Sludge 	 activated sludge unit at 1674 m3  
1 clarifier of 20 m diameter 

2 filters: each 14.1 m2  

190 m x 190 m x 5 m 

81 m x 81 m x 5 m 

2 ponds: each  159m x 159 m x.6 m 

32 m x 32 m x 5 m 

RBC Unit 

6 . 319 m'isd -

6 670 m3/sd 

6 628  m3/sd 

6 537 m3/sd 

126470 m3  

19 215 m3. 

209 268 m3  

1 636 m3  

570 m3/sd 

)ual Media Filtration 

Storm Pond 

-]&ecycle Pond 

iludge Pond 

Sediment Pond ' 

'Sewage Treatment Plant 

gotes: 1  Option 14 - Solvent Extraction/Flexicoking/Flexigas Boilers 
2  Pond dimensions include 1 m freeboard 



454 WASTEWATER TREATMENT SCHEME - DIRECT , COKING OPTIONS 
(Options 10 and 15) 

A portion of the wastewater treatment scheme for the direct 
coking option is similar to the tailings filtration options and is 
described in items 1 to 8 in Section 452. The scheme is presented in 
Figure 3-11. Wastewater flows within the process waste sewer are less 
than in the tailings filtration options (approximately 50%), however, the 
cooling water requirements are greater. A major additional treatment 
unit is required in the direct coking options for reduction in phenols 
and fatty acids within the sour water from the direct coking process. 

It has been reported by the licensor that the sour water 
contains 900 mg/L phenols and 3000 mg/L fatty acids. The fatty acids are 
steam volatile carboxylic acid defined as acetic acid.- The main 
components of the fatty acids are the benzonic, butanoic and àcetic 
acids. 

A high rate biological process is assumed for reduction of the 
phenol load with waste sludge from the system directed to the sludge 
pond, after thickening to 3% solids by weight. With successful acclima-
tization of the biological mass, sufficient phenol reduction is feasibile 
to permit recycle of the treated sour water for spent sand quenching and 
moistening. The significant fatty acid load in this waste stream is a 
cause for concern. It has been assumed that the fatty acids are removed 
prior to biological treatment in a dissolved air flotation unit operating 
in the flocculation/flotation mode. Scum from the flotation unit is 
pumped to the sludge pond. The volume contribution of scum coupled with 
waste sludge from phenol removal system and other waste sludge create 
tremendous volumes of sludge. As a result, the required sludge ponds are 
extremely large. For Option 10, it has been assumed that the sludge pond 
are made up of four cells with a total capacity to store thickened 
sludges for 5 yeats. Hence, removal 'and disposal of sludge from the 
ponds is required. 

Upon further clarification of the nature of the fatty acids in 
the sour water stream, other alternatives for handling this material can 
be considered. These include separation and recycle back to the plant or 
utilization off-site as a feedstock. Nevertheless, the handling of fatty 
acids within the scheme established for the direct coking options is a 
major concern. 

Tables 4-22 and 4-23 provide a summary of the wastewater treat-
ment components required in the direct coking options. 



1 

Component 

TABLE 4-22 

WaStewater Treatment Systems 
Option 10(1) 

Size( 2 ) 	 Capacity 

(DAF ) 

3 channels: each 38 m x 3.7 m x 1.5 m API Separator 8 040 m3/sd 

11 210 m3/sd 

11 150 m3/sd Activated Sludge 

11 000 m3/sd 

183 960 m3  

34 440 m3  

44 000  000m3 

 10 100 m3  

Dual Media Filtration 

Storm Pond 

-Recycle Pond 

Sludge Pond 

Sediment Pond 

Biox Unit 

Dissolved Air Flotation 	2 flocculation chambers at 160 m 3  
3 flotation chambers at 4 m x 12 m x 3 m 

activated sludge unit at 3622 m3 
 2 clarifiers of 18 m diameter 

2 filters: each 24 m 2 

 227 m x 227 m x 5 m 

105 m x 105 m x 5 m 

ponds: each 484 m x 480 m x 6 m 

62 m  x62 m x 5 m 

Biox unit at 1735 m3 	 10 670 m3/sd 
DAF: 2 flocculation chambers at 85 m3  

2 flotation chambers at 3 m x 17 m x 2.5 m 
Sludge thickener at 690 m 3/d of sludge 

Biox Storage Pond 

Sewage Treatment Plant 

65 m x 65 m x 65 m 	 8 610 

RBC Unit 	 1 140 m3/sd 

Notes: 1  Option 10 - Direct Coking 
2  Pond dimensions include 1 m freeboard 
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Size( 2 ) Component Capacity 

2 channels: each 30 m x 3.1 m x 1.5 m 

-- Dissolved Air Flotation 	2 flocculation chambers at 60 m 3  

3 120 m3/sd 

4 120 m3/sd 

API Separator 

Biox Storage Pond 	 36 m x 36 m x 3 m 1 290 m3  

Sewage Treatment Plant 	RBC Unit 540 m3/sd 

TABLE 4 -23 

Wastewater Treatment Systems 
Option 15( 1 ) 

(DAF) 2 flotation chambers at 3 m x 14 m x 3 m 

--Activated Sludge 	 activated sludge unit at 1023 m3 	 4 090 m3/sd 
1 clarifier of 16 m diameter 

Dual Media Filtration 

Storm Pond 

- Recycle Pond 

Sludge Pond 

Sediment Pond 

Biox Unit 

1 filter: 17.2 m2 

 164 m x 164 m x 5 m 

67 m x 67 m x 5 m 

2 ponds: each 264. m x 264 m x 6 m 	600 000 m3  

32 m x 32 m x 5 m 

Biox unit at 260 m3 	 1 600 m3/sd 
DAF: 1 flocculation chamber at 25 m3  

1 flotation chamber at 3mx5mx3 m 

4 040 m3/sd 

91 980 m3  

12 030 m3  

1 54 m3 

Notes: 1  Option 15 - Direct Coking 
2  Pond dimensions include 1 m freeboard 



455 TREATMENT SYSTEM COMPONENTS - SIZING BASIS  

Factors which have been used.,for the determination of treatment 
component sizes are summarized in this section. 

.1 Storm Pond  

The storm pond provides •storage for in-plant runoff flows in 
excess of the capacities of downstream treatment and pumping facilities. 
It is sized to provide storage of excess runoff during the spring melt 
period (assumed to occur equally over 30 days) plus runoff from the 1 in 
10 year 24 hour storm. Water from the storage pond is returned to the 
inlet of the API separator for treatment over a 30 day period. 

.2 API Separator  

Wastewater which normally contains oil and . grease or which,has 
the potential to be contaminated with hydrocarbons is routed to the API 
separator. Within the unit, free oil rises to the surface in the 
separator channels and is 'skimmed off into oil recovery tanks. Suspended 
solids are also separated in the unit. Factors which affect the oil 
removal efficiency of API separators include the specific gravity of the 
oil in the wastewater,  rate  of rise of oil globules, temperature, and 
channel dimensions. The separators have been sized for severe conditions 
using standard design factors (channel depth to width ratio, vertical 
velocity to horizontal velocity ratio, maximum channel dimensions, etc.). 

It is assumed that 70% of the oil and grease discharged to the 
process waste sewer is removed in the separator and returned to the 
plant. Further, 50% of the suspended solids are removed. Sludge from 
the separator which contains 7% solids by weight is pumped to the sludge 
pond. 

.3 Sludge Ponds  

Alum sludge from the potable water treatment plant, digested 
sewage sludge from the sewage treatment plant, sludge from the API 
separator and waste activated sludge make up the input streams to the 
sludge ponds. Thickening of the sludge to 25% solids by weight is 
assumed to occur by the combined actions of sedimentation and consolida-
tion, enhance& by freeze-thaw mechanisms. Supernatant is removed  front  
the sludge ponds during the frost-free months and is pumped to the 
effluent pond in the tailings pond options (1, 3, 4, 6, 7, 11 and 13). 
In all other options, the supernatant is returned to the dissolved air 
flotation unit. 

With the exception of Option 10, the sludge ponds provide 
sludge storage capacity for 25 years of operation. In Option 10, five 
years of storage is provided. 
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.4 Effluent Pond 

The effluent pond receives efluent from the API separator, 
supernatant from the sludge ponds and the effluent sewer discharge. The 
pond is sized to provide 24 hour storage for the above flows. Wastewater 
from the effluent pond is pumped to the tailings pond. 

.5 Recycle Pond  

A recycle pond is provided in all options. It receives dis-
charge from the recycle sewer and provision is made to divert part or all • 

 of the drainage ditch water, if the quality proves suitable, to the 
recycle pond. In Options 2, 5, 8, 9, 10, 12, 14 and 15, filtered efflu-
ent from dual media filtration is also pumped to the recycle pond.; 

The pond is lined and sized for 72 hours storage capacity. 
Effluent from the recycle pond is pumped to the plant for reuse. 

.6 Reclaim Pond 

A reclaim pond is provided in all the tailings pond options• (1, 
3, 4, 6, 7, 11 and 13). The main purpose of the pond is to "age" or 
further polish the water reclaimed from the tailings pond. It is sized 
to provide 48 hours storage for reclaim water from the tailings pond plus 
other make-up water to hot water extraction. Water  front the reclaim pond 
is returned to the extraction plant. 

.7 Dissolved Air Flotation 

The dissolved air flotation unit is provided in options (2, 5, 
8, 9, 10, 12, 14 and 15) for secondary oil removal and suspended solids 
reduction. The system operates in combination with flocculation to 
reduce the total oil content by 85 to 99% and suspended solids by 80 to 
93% (Environmental Protection Agency 1980). Provision has been made for 
two chemical feed systems using alum and polymer to supplement the air 
flotation process. 

Specific design parameters for the dissolved air flotation 
system are summariZed below: 

Overflow rate 	 1.7 L/s/m2  

Rise velocity 	 0.10 m/min 

Retention time 	 20 min. 

Recycle 	 20% 

Feed rate: Alum 	 100 mg/L 
Polymer 	 10 mg/L 
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Air injection 	 0.93 m3/1000 m3  

Scum from dissolved air flotation is pumped to the sludge pond 
and the effluent is directed to the activated sludge unit for further 
treatment. 

.8 Activated Sludge System  

Information on the organic load within the process wastewater 
stream 	is 	limit6d. 	Nevertheless, 	removal 	of 	BOD 	and 
COD is required. 	The biochemical oxygen demand of the wastewater 
entering the activated sludge system has been assumed to be 250 mg/L. 

The following parameters were used in sizing the activated 
sludge system: 

Detention time 	 6 hours 

Return activated sludge 	30% 

Air 	 60 m3/kg BOD 

Clarifier overflow rate 	30 m3/d/m2  

Excess sludge from the clarifier is pumped to the sludge pond 
and the effluent is directed to dual media filters. 

.9 Dual Media Filtration 

Filtration of the wastewater stream is provided to ensure fur-
ther suspended solids removal. The resultant treated wastewater stream 
will have a total suspended solids concentration less than 0.5 mg/L. 

The following design parameters are used for sizing the filtra-
tion system: 

Filtration rate 	 235 m3/d/m2  

Backwash rate 	 4% 

For flows less than 19 000 m3/d at least two filters are pro-
vided. Filter backwash water is returned to the dissolved air flotation 
unit and the filtrate is pumped to the recycle pond for reuse in the 
plant. 



.10 Sediment Pond 

In all options without a tailings pond, mine drainage from the 
mining operation is discharged to a sediment pond for settling of fines. 
A 48 hour retention is provided and provision has been made for a polymer 
feed system if necessary. Effluent from the sediment pond will be 
discharged to the environment. 

.11 Sewage Treatment Plant 

Sanitary sewage from the work force in the mining area, perma-
nent camp, cafeteria, administrative and maintenance areas is .treated in 
a Rotating Biological Contactor unit, disinfected and discharged into the 
effluent sewer in the tailings pond options or process waste sewer in all 
other options. Sludge from the.treatment plant is aerobically digested 
and discharged to the sludge sewer. 

For the purpose of this study, a work force of 2500 people has 
been assumed for the 20 000 m3/d options and 1250 people for the 
3000 m3/d options. A per capita waste discharge of 450 L is assumed. 

.12 Biox Unit (including clarifier and storage  pond) 

In the direct coking options (Options 10 and 15), sour water is 
produced which is high in fatty acids and phenols. As discussed in 
Section 454, the nature of the fatty acids is not known and therefore a 
treatment using dissolved air flotation to remove fatty acids and biox 
unit (high rate activated sludge) to degrade phenols is proposed. 

The units have been sized using the following: 

Dissolved Air Flotation: 

1.7 L/s/m2  
0.1 m/min 
20 min 
100 mg/L 
10 mg/L 
20% 
0.93 m3/1000 m3  
99% 
3% 

Overflow Rate 
Rise Velocity 
Retention Time 
Alum feed Rate 
Polymer feed Rate 
Recycle 
Air injection 
Fatty Acids Removal 
Sludge concentration 

Biox Unit: 

Detention time 
Recycle Ratio 
Phenol Oxygen demand 
Excess sludge 
Clarifier overflow 
Sludge concentration 

2 - 4 hours 
30% 
1.7 kg 02/kg phenol 
1.1 kg/kg BOD 
30 m3/d/m2  
3% 
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1 
Fatty acids from the dissolved air flotation unit and excess 

sludge from the clarifier/thickener are discharged to the sludge pond. 
The clarifier overflow is discharged to a storage pond with 24 hour 
retention time. The purpose of the pond is to minimize the fluctuation 
in the effluent quality in case of clarifier or biox unit upset. 
Effluent from the pond is pumped to extraction for reuse. 

4.6 SOLID WASTE DISPOSAL 

Solid waste streams from the 15 optional mining oil sands 
complexes are identified in the pollutant flow diagrams presented in Part 
3. These wastes can be broadly categorized as follows: 

1. 	those solids which are transported off-site for utilization or 
regeneration; 

2. overburden materials from the oil sands mining operation; 

3. rejects, dry tailings and spent sand; and 

4. other solid wastes from upgrading, utilities and offsites. 

Solid wastes, other than those materials transported off-site, 
are disposed of in the mined-out area of the oil sands mining operation. 
The deposition of these waste materials is a planned program that forms 
an integral part of the overall mine reclamation program. Reclamation of 
the mined-out area occurs continuously over the life of mining 
operation. Mine reclamation is essentially a selective material handling 
process aimed at returning the mine site to an environmental acceptable 
condition compatible with the ultimate land use. Accordingly, it must be 
planned, engineered and executed in the same manner as the mining opera-
tion. Apart from constraints placed on the solid waste  disposai  method 
by the mining operation itself, the presence of an in-pit tailings pond 
in the mined-out area decreases available space for solid waste dis-
posal. Further, leakage from the tailings pond must be diverted from the 
solid waste disposal operation. 

Subsoil disposal in the mine presents no significant environ-
mental concerns. On the other hand, muskeg remains relatively wet in 
spite of the dewatering program during site preparation stages and drain-
age during stockpiling. Accordingly, the muskeg is incorporated into the 
preparation of the final surface of the reclaimed area of the mine. 

Dry tailings from the tailings filtration and solvent extrac-
tion options and spent sand from the direct coking options are conveyed 
back to the mine via conveyors. As the majority of these materials 



originate in the mined oil sands, there are no specific concerns with the 
disposal in the mine. Their volumes are subst'antia1, hence a dedicated 
fleet of equipment in continuous operation would handle and spread the 
material as it is received in the mine. The spent sand from the direct 
coking operation also contains fly ash from flue gas treatment (part of 
the direct coking process) and heavy metals from the upgrading which 
takes place within the process. As a result, leaching of heavy metals 
may be of concern; however, the spent sand also contains significant 
quantities of gypsum and unreacted lime which may tend to limit the 
mobility of metals. 

The dry tailings from tailings filtration and solvent extrac-
tion options and spent sand from the direct coking options may be 
utilized in part to form cells within the reclamation area for the 
disposal of other solid wastes from upgrading utilities and offsites. 
These materials which include fines and char from Flexicoking, slag and 
char from residue gasification, fly ash and bottom ash from CO and 
utility boilers, spent bed materials from fluidized bed boilers and solid 
waste incinerator ash are transported to the mine by truck and are dumped 
directly into the aforementioned cells or other specially prepared 
areas. These residue materials contain metals in a concentrated form 
and, as a result, must be contained. Accordingly, the permeability of 
the base within the special prepared areas should be in the order of 10-7 

 cm/sec, runoff should be diverted from the disposal area and cover 
material applied periodically to reduce infiltration. Further, the waste 
may have to be compacted upon placement. 

Other materials which may be periodically disposed of in the 
mine include spent catalysts from the Claus sulphur recovery process and 
from the hydrotreaters in secondary upgrading. The nature of these 
materials is unknown, but it is expected that leaching of metals and 
organics may occur if the materials are handled and disposed of in an 
uncontrolled manner. 

In summary, solid waste materials which are disposed of in the 
mined-out area of the mining operation should present few significant 
environmental concerns provided: 

1) their disposal in the mined-out area is part of the overall 
mine reclamation program; 

2) the disposal program is governed by site-specific hydrogeo-
logical factors which will determine the remedial measures 
required to protect groundwater; 

3) a monitoring program is established early in the life of the 
mine to detect migration of contaminants from the disposal 
area; 
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solid wastà containing leachable.metals and/or organics are 
disposed  of in cells or prepared areàs; and 

5) runoff is diverted from the disposal area. 

However fugitive dust emissions from the conveying and disposal 
of dry tailings can present a waste management concern, 
particularly in windy weather conditions. Such fugitive 
emissions are, however, impossible to quaritify. 

Solid wastes which are not disposed of in the mined-out area 
include sulphur, net coke or pitch, and spent catalysts from the H-Oil 
primary upgrading process. Sulphur is sold as a byproduct and is 
transported off-site for utilization. Net  coke or pitch, those residuals 
which are in excess of the utility requirements, are stored in lined and 
dyked areas for possible reuse. It has been assumed that spent catalysts 
from the ' H-Oil reactor are transported• off-site for clean-up and 
regeneration. 

4.7 LONG-TERM WASTE MANAGEMENT RAMIFICATIONS 

The design life of mining oil sands plants is about 25 to 30 
years. In practice, provided there are sufficient mineable reserves of 
oil sands, process changes to upgrade the plant and improve efficiencies 
will result in these plants operating for longer then their design life. 
The volumes of wastes produced by a mining oil sands complex, coupled 
with their long operating life, indicates the need to examine the long-
term ramifications of a plant's waste management systems. In addition, 
the complex will eventually be turned down and the mine and plant site 
cleaned up and reclaimed during decommissioning activities. 

During the operating life of the plant, emissions will be 
discharged to the environment, with,or without treatment. The majority 
of gaseous emissions will be treated prior to venting to atmosphere. 
However, the long-term impact of these emissions on the environment must 
be assessed, particularly in light of future oil sands developments along 
the Athabasca River valley. If these emissions are found to be 
negatively impacting the environment, regulatory agencies may require 
both existing and any future plants to meet more stringent emission 
limits than those already in place or currently proposed. This will 
result in either substantially increased costs for waste management 
facilities or the adoption of process technologies which emit lesser 
amounts of wastes. 

Of the 15 options considered in this study, seven disposed of 
their tailings in a tailings pond. The presence of a tailings pond 
significantly reduces the volumes of wastewater discharged to the envi-
ronment. However, even with a tailings pond, there is the possibility of 
spills or leaks resulting in the discharge of partially treated or 
untreated wastewater to the environment. Concern has already been 
expressed about the long-term effects of mining oil sands plants on the 
Athabasca River, from the standpoint of both wastewater discharges to the 



river and water abstractions. 	As in the case of gaseous emissions, 
increased government regulations may result from concerns regarding the 
effects of these plants on the Athabasca River. 

The largest volumes of solid waste from a mining oil sands 
complex are the tailings. Depending on the extraction process, these 
tailings can behandled wet, discharged into a tailings Pond; or handled 
dry. However, irrespective of the method of handling the tailings, over 
the operating life of a plant, significant quantities of tailings will be 
disposed of in the mined-out area of the mine. Similarly, other solid 
wastes, some containing high concentrations of heavy metals, will also be 
disposed of in the mine area. Reclamation of the mined-out area of the 
mine will continue throughout the plant's operating life. An integral 
part of any reclamation activities will therefore be a monitoring program 
to ensure that contaminants leached from the tailings and other solid 
wastes do not enter the local groundwater system. 

For the seven options with a tailings pond, after approximately 
eight years of plant operation there is sufficient mined-out area in the 
mine for use as an in-pit tailings pond. Following plant decommission-
ing, the in-pit tailings pond would be reclaimed as part of the long-term 
mine reclamation program and would include the establishment of a vegeta-
tive cover. Because of the nature of the sludge fraction within the 
external tailings pond, it would most likely ,  remain as a permanent body 
of water. The surface and side slopes of the dykes of the external pond 
would be reclaimed with the establishment of a vegetative cover (an on-
going process throughout the life of the oil sands project) and a long-
term monitoring program would be established. 

With respect to plant turndown and decommissioning, the follow-
ing activities associated with waste management are envisaged: 

reclamation of tailings ponds, as outlined above; 
reclamation of sludge ponds and necessary monitoring to deter-
mine the integrity of the pond liners; 
clean-up and reclamation of areas used to store coke, sulphur, 
other solid wastes and sludges; 
an extensive monitoring program to determine the contamination 
of soils, overburden, surface and groundwaters on the plant 
site; 
as a result of the monitoring program, the initiation of the 

11 necessary clean-up and reclamation activities to ensure the 
plant site. is returned to an environmentally acceptable 
condition. 
an extensive monitoring program to determine the contamination 
of soils, overburden, surface and groundwaters on the plant 
site; 
as a result of the monitoring program, the initiation of the 
necessary clean-up and reclamation activities to ensure the 
plant site is returned to an environmentally acceptable 
condition. 
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5.1 CONVERSION EFFICIENCIES 

The extraction of bitumen from oil sands and subsequent up-
grading of recovered bitumen are processes which vary in efficiency with 
the oil sands quality and processes selected. In order to determine 
normal flow rates for gaseous, liquid and solid waste streams for each of 
the selected options, a stream day synthetic crude production rate and 
oil sands bitumen content have been established. In all options, the 
bitumen content of the oil sands is 11.5% by weight, of which 4.9% is 
sulphur, and 51% is pitch (boiling point greater than 425 °C). 

Conversion efficiencies for each extraction and upgrading 
method were obtained from literature sources or directly from process 
licensors. The established data and process conversion efficiencies were 
then used to compute the oil sands feed, mine size and mining rate, and 
process-related waste stream flows. The following summarizes the 
efficiencies used in this study: 

1. Rejects removed'by screening prior to extraction reduces the 
bitumen feed to extraction by 0.5% (0.52% in Options 10 and 
15). 

2. Recovery of bitumen through froth removal and middlings treat-
ment in hot water extraction is 92.5% efficient and dilution 
centrifuging of the froth recovers 98% of bitumen from primary 
extraction (Cameron Engineers Inc. 1975, Alsands Project Group 
1978). Bitumen which is not recovered is discharged with.the 
tailings. 

3. In Options 2, 5 and 12, where vacuum filtration of whole tail-
ings is practised, it is expected that some bitumen from the 
tailings would be recovered. Since data is not available to 
confirm the bitumen recovery from the filter, the overall 
extraction efficiency was not changed. 

4. Bitumen recovery from the Dravo Solvent Extraction Process was 
established at 95.7% by weight (Baczewski pers. comm.). 

5. The overall conversion of bitumen to synthetic crude products 
in the Lurgi Direct Coking Process is 73.3% by weight (Weiss 
pers. comm.). 

6. In all cases it is assumed that whole bitumen is charged to the 
primary upgrading reactor. Exceptions to this are Options 6 
and 13 (CANMET) where atmospheric and vacuum distillation pre-
cedes the CANNET unit, with vacuum residuum (boiling point 
greater than 524 °C) directed to the hydrocracking reactor and 
in Options 10 and 15 where direct coking of oil sands generates 
intermediate product streams. 
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7. In the fluid coking and Flexicoking options, approximately 70% 
of the whole bitumen feed to upgrading is recovered as syn-
thetic crude products (Egglestone and Wise 1976). 

8. In the H-Oil and CANMET processes, it is assumed that 90% con-
version of the bitumen fraction boiling over 524 °C is recovered 
(Johnson et al. 1977, Chambers et al. 1982). 

9. Product yields from the Eureka upgrading process relative to 
Athabasca bitumen are not specified in available literature, 
however, a conversion efficiency of 73% was estimated from data 
on the upgrading of Middle East residues (Alba et al. 1981) 
supplemented with in-house information and recent literature on 
the upgrading of Athabasca bitumen (Alba et al. 1982). 

10. Naphtha diluent for froth treatment in the hot water extraction 
options and solvent required for the solvent extraction options 
are made up from upgrading liquid product streams. 

Table 5-1 summarizes the bitumen feed to extraction, the con-
version efficiencies of the selected extraction and upgrading processes, 
and the synthetic crude production rate for each option. The conversion 
efficiencies are provided to illustrate the assumptions required to 
quantify waste streams. Care should be exercised in comparing the 
information in Table 5-1 from option to option since it was obtained from 
a variety of literature sources with varying conditions. 

5.2 SULPHUR BALANCE 

The disposition of sulphur within the oil sands complexes is 
computed for each option. In all options except Options 10 and 15, the 
majority of the sulphur contained within the bitumen feed is recovered as 
elemental sulphur within the sulphur plant. The quantity of sulphur re-
covered as elemental sulphur varies from about 70% to 96 7. of the sulphur 
input to upgrading. The higher percentages are achieved in the Flexi-
coking options and those options where coke or pitch residues are gasi-
fied. Prior to the use of the low joule flexigas and medium joule 
gasification product as utility fuels, acid gases are removed by amine 
absorption and are routed to the sulphur plant for conversion to elemen-
tal sulphur. In Options 10 and 15, approximately 55% of the sulphur 
input is removed as gypsum within the direct coking spent sand. 

CO boilers, coke boilers and pitch boilers are the major 
sources of sulphur atmospheric emissions. As described in Section 4.4, 
desulphurization of boiler flue gases is achieved by ammonia scrubbing. 
Sulphur removed in the flue gas desulphurization process is in the form 
of an ammonia bisulphite/ammonia sulphite solution. 
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TABLE 5-1 

Bitumen to Synthetic Crude - Conversion Efficiencies 

Conversion Efficiencies % wt 
Option 	Bitumen Feed( 1 )   Synthetic Crude(2 ) 

No. 	to Extraction 	Extraction Upgrading Overall Production 

1 	 29535 	 90.16 	70.59 	63.64 	20000 

2 	 29535 	 90.16 	70.59 	63.64 	20000 

3 	 29535 	 90.16 	70.58 	63.64 	20000 

4 	 24985 	 90.16 	83.44 	75.23 	20000 

5 	 24985 	 90.16 	83.44 	75.23 	20000 

6 	 23680 	' 	90.16 	88.05 	79.39 	20000 

7 	 28505 	 90.16 	73.14 	65.95 	20000 

8 	 28020 	 95.70 	70.11 	67.10 	20000 

9 	 28020 	 95.70 	70.11 	67.10 	20000 

10 	 23460 	 73.30( 3 ) 	- 	73.30 	20000 

11 	 4430 	 90.16 	70.59 	63.64 	3000 

12 	 3750 	 90.16 	83.44 	75.23 	3000 

13 	 3550 	 90.16 	88.05 	79.39 	3000 

14 	 4205 	 95.70 	70.11 	67.10 	3000 

15 	 3520 	 73.30(3 ) 	- 	73.30 	3000 

Notes: 1 tonnes per stream day 
2 cubic metres per stream day 

3  includes upgrading 



The remaining major sulphur-containing stream is the synthetic 
crude product. Product sulphur compositions range from 0.18% to 0.26% 
for the selected options. 

Tables 5-2 to 5-16 provide a summary of the sulphur balance for 
each option. Figures 5-1 to 5-15 illustrate the distribution of major 
sulphur-containing streams through upgrading and utilities for each 
option. 

5.3 WATER BALANCE 

The water supply for the oil sands complexes is made up of raw 
water from the Athabasca River which is supplied to various uses in the 
plants from the raw water pond. In the options utilizing hot water ex-
traction, the bulk of the hot water requirement for extraction is water 
reclaimed from the tailings pond, or filtrate from tailings filtration. 

Major water inputs and outputs for each option are tabulated in 
Tables 5-17 to 5-31, on an annual basis. The in-plant water management 
scheme is determined by the overall water requirements for extraction, 
upgrading, utilities and off sites and by apparent water quality cons-
traints of various processes. .Water management schemes for each option 
are shown in Figures 5-16 to 5-30. The in-plant water management schhmes 
do not include discharges to natural drainage courses or thOse waste-
waters which are internally recycled (not discharged to sewer system). 

The use of recycled water within each option has not been iden-
tified in detail since individual process water quality constraints were 
not established. It is assumed, however, that water from the raw water 
pond is the water supply for the potable water treatment plant and for 
the utilities water treatment plant which supplies boiler feedwater. 
Therefore, the uses of recycled water may include make-up to the extrac-
tion plant, make-up to product gas scrubbing systems, make-up to flue gas 
scrubbing systems, water supply to clean-up and washdown systems, make-up 
to slurrying and sluicing systems, and possibly, make-up to the cooling 
water system. A detailed chemical balance is required to confirm the 
disposition of recycled water in each option. 

In the options with a tailings pond, it is assumed that no 
dilution of the wet tailings is required prior to pumping the slurry to 
the tailings pond. If dilution should be required to reduce the solids 
content, reclaim water from the tailings pond would be used for this pur-
pose, thus increasing the raw water intake requirements for these 
options. 
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Sulphur tonnes/year 	% of input 

TABLE 5-2 

Sulphur Balance - Option 1( 1 ) 

,INPUT 
Bitumen Feed to Upgrading 

OUTPUT 
Sulphur Block  

382 115  

267 992 

100.00 

70.13 

Emissions 	 . 
Sulphur Plant 	 267 	 0.07 
Fired Heaters 	 563 	 0.15 
CO Boilers 	 2 417 	 0.62 

• Coke Boilers 	 8 039 	 2.10 
• , Superheaters 	 60 	 0.02 

Flare( 2 ) 	 10 	 0.00 t 

Liquids 
Wastewater 	 213 	 0.05 
FGD Byproduct 	 82 982 	 21.72 

.0ther Solids
•  Net Coke 	 ; 4 550-  

Syncrude Product 	 • 14 299 

- Total Output • 	 381 392 

1.19- 

3.74 

99.81 

Note: 1  Option 1 -.  Hot  Water Extraction/Fluid Coking/CO and Coke'Boilers 

2  This is a design figure. Operating data indictes tht the actual 
• amount ofsulphur flared may be considerably higher. 
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tonnes/year 	of input,. Sulphur I  
INPUT 
Bitumen Feed to Upgrading 

OUTPUT 
Sulphur Block 

382 . 115  

342 792 

100.00  

89.71 
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TABLE 5-3 

Sulphur Balance - Option 2(i ) 

Emissions 
Sulphur Plant 	 342 	 0.09 
Fired Heaters 	 563 	 0.15 
CO Boilers 	 2 417 	 0.62 
PG Boilers 	 97 	 0.03 
Superheaters 	 54 	 0.01 
Flare 	 10 	 0.00 

Liquids 
Wastewater 	 264 	 0.07 
FGO Byproduct 	 21 271 	 5.57 

Other Solids 
Slag 	 106 	 0.03 

Syncrude Product 	 14 299 	 3.74 

Total Output 	 382 . 215 	 100.03 

1 Note: 	Option 2 - Hot Water Extraction/Tailings Filtration/Fluid Coking/ 
Gasification of Coke 
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Sulphur tonnes/year 	% of input 

INPUT 
Bitumen Feed to Upgrading 382 115 	 100.00  

OUTPUT 
Sulphur Block 356 193 	 93.22 

Liquids 
Wastewater 241 	 0.06 

Syncrude Product 14 299 	, 	3.74 

Total Output 381'249 	 99.77 

TABLE 5-4. 

Sulphur Balance - Option 3( 1 ) 

Emissions 
Sulphur Plant 	 343 	 0.09 
Fired Heaters 	 569 	 0.15 
Flexigas Boilers 	 6 514 	 1.71 
Flare 	 10 	 0.00 

Other Solids 
Char 	 3 077 	 1.07 
Fines 	 3 	 0.00 

Note: 1  Option 3 - Hot Water Extraction/Flexicoking/Flexigas Boilers 
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Sulphur .tonnes/year 	% of input 

TABLE 5-5 

Sulphur Balance - Option 4( 1 ) 

INPUT 
Bitumen Feed to Upgrading 	 323 250 	 100.00  

OUTPUT 
Sulphur Block 	 295 827 	 91.52 

Emissions 
Sulphur Plant 	 293 	 0.09 
Fired Heaters 	 129 	 0.04 
Pitch Boilers 	 8 890 	 2.75 
Flare 	 15 	 0.00 

Liquids 
Wastewater 	 173 	 0.05 
FGD Byproduct 	 6 663 	 2.06 

Other Solids 
Spent Catalyst 	 127 	 0.04 

Syncrude Product 	 9 899 	 3.06 

Total Output 	 322 016 	 99.62 

1 Note: 	Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 
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Sulphur tonnes/year 	% of input 

TABLE 5-6 

Sulphur Balance - Option 5( 1 ) 

INPUT 
Bitumen Feed to Upgrading 	 323 250 	 100.00  

OUTPUT 
Sulphur Block 	 311 391 	 96.33 

Emissions 
Sulphur Plant 	 329 	 0.10 
Fired Heaters 	 116 	 0.04 
Hydrogen Plant 	 629 	 0.19 
Flare 	 15 	 0.00 

Liquids 	 . 
Wastewater 	 277 	 0.09 

Other Solids 
Spent Catalyst 	 127 	 0.04 

Syncrude Product 	 9 899 	 3.06 

Total Output 	 322 783 	 99.86 

Note: 1 Option 5 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial 
Oxidation of Pitch 
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INPUT 
Bitumen Feed to Upgrading 

OUTPUT 
Sulphur Block 

296 050  

271 469 

100.00 

91.90 

Sulphur tonnes/year 	% of input 

TABLE 5-7 

Sulphur Balance - Option 6( 1 ) 

Emissions 
Sulphur Plant 	 293 	 0.10 
Fired Heaters 	 129 	 0.04 
Pitch Boilers 	 1 091 	 0.37 
Flare 	 15 	 0.00 

Liquids 
Wastewater 	 190 	 0.06 

Other Solids 
Spent Bed Solids 	 9 830 	 3.32 

Syncrude Product 	 11 456 	 3.87 

Total Output 	 294 473 	 99.47 

Note: I  Option 6 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 
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Sulphur tonnes/year 	% of input 

Other Solids 

Syncrude Product 

Total Output 

4.17 15 386 

99.81 368 093 

TABLE 5-8 

Sulptiur Balance - Option 7( 1 ) 

INPUT 
Bitumen Feed to Upgrading 	 368 780 	 100.00  

OUTPUT 
Sulphur Block 	 351 313 	 96.08 

Emissions 
Sulphur Plant 	 377 	 0.10 
Fired Heaters 	 150 	 0.04 
Gasification 	 344 	 0.09 
Flare 	 67 	 0.02 

Liquids 
Wastewater 	 456 	 0.12 

Note: 1  Option 7 - Hot Water Extraction/Eureka/Gasification of Pitch 
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Sulphur tonnes/year 	% of input 

INPUT 
Bitumen Feed to Upgrading 384 715 	- 100.00  

OUTPUT 
Sulphur Block 275 200 	 71.53 

TABLE 5-9 

Sulphur Balance - Option 8( 1 ) 

Emissions 
Sulphur Plant 	 271 	 0.07 
Fired Heaters 	 655 	 0.17 
CO Boilers 	 2 442 	 0.63 
Coke Boilers 	 6 656 	 1.73 
Superheaters 	 36 	 0.01 
Flare 	 10 	' 	 0.00 

Liquids 
Wastewater 	 210 	 0.05 
FGD Byproduct 	 22 290 	 5.79 

Other Solids 
Spent.Bed Material . 	 59 900 	 15.57 

Syncrude Product 	 14 299 	 3.72 

Total Output 	 381 969 	 99.29 

Note: 1  Option 8 - Solvent Extraction/Fluid Coking/CO Boilers/Coke 
Boilers (FBC) 

5-19 
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. TABLE 5-10 

Sulphur Balance - Option 9(1) 

Sulphur 	 tonneÉ/year 	- 7. of input 

INPUT 
Bitumen Feed to Upgrading 	 384 715 	 100.00 

OUTPUT 
Sulphur Block 	 359 400 	 93.42 

Emissions 
Sulphur Plant 	 345 	 0.09 
Fired Heaters 	 664 	 0.17 
Flexigas Boilers 	 6 559 	 1.70 
Flare 	 10 	 0.00 

Liquids 
Wastewater 	 248 	 0.06 

Other Solids 
Char 	 3 097 	 0.81 
Fines 	 3 	 0.00 

Syncrude Product 	 14 299 	 3.72 

Total Output 	 384 625 	 99.98 

Note: 1  Option 9 - Solvent Extraction/Flexicoking/Flexigas Boilers 

5-21 
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Liquids 
Wastewater 69 	 0.02 

Other Solids 
Rejects 	 . 	1 970 
Spent Sand 	 209 110 

0.52 
55.37 

Syncrude Product 13 722 	 3.63 

Total Output 377 670 	 100.00 

TABLE 5-11 

Sulphur Balance Option 10(1 ) 

Sulphur 	 tonnes/year 	% of input 

INPUT 
Bitumen Feed to Upgrading 

. OUTPUT 
Sulphur Block  

377 660  

142 235 

100.00 

37.67 

Emissions 
Sulphur Plant 	 142 	 0.04 
Fired Heaters 	 53 	 0.01 
Direct Coking 	 10 359 	 2.82 
Flare 	 10 	 0.00 

Note: 1  Option 10 - Direct Coking 
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Sulphur tonnes/year 	% of input 

TABLE 5-12 

Sulphur Balance - Option 11( 1 ) 

INPUT 
Bitumen Feed to Upgrading 	 57 317 	 100.00  

OUTPUT 
Sulphur Block 	 40 115 	 70.00 

' Emissions 
Sulphur Plant 	 41 	 0.07 
Fired Heaters 	 84 	 0.15 
CO Boilers 	 363 	 0.63 
Coke Boilers 	 1 206 	. 	2.11 
Superheaters 	 9 	 0.02 
Flare 	 5 	 0.01 

Liquids 
Wastewater 	 33 	 0.06 
FGD Byproduct 	 12 447 	 21.72 

Other Solids 
Net Coke 	 681 	 1.19 

Syncrude Product 	 2 145 	 3.74 

'Total Output 	 57 129 	 99.67 

Note: 1  Option 11 - Rot Water Extraction/Fluid Coking/CO and Coke Boilers 
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Sulphur tonnes/year 	% of input 

TABLE 5-13 

Sulphur Balance -.Option 12( 1 ) 

INPUT 
Bitumen Feed to Upgrading 	 48 488. 	 100.00 

• OUTPUT 
. Sulphur Block 	 46 709 	 96.33 

' Emissions 	 . . 
. Sulphur Plant 	 . 	49 	 0.10 

Fired Heaters 	 17 	 0.04 
Hydrogen Plant. 	 94 	 0.19 
Flare 	 7 	 0.01 . - . 	. 

Liquids 	 • 
Wastewater 	 ..42 	 0.09 

Other Solids 
Spent Catalyst 	 19 	 0.04 

Syncrude Product 	 1 482 	 3.06 

Total Output 	 • 	 48 419 	 99.86 

Note: I  Option 12 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial 
Oxidation of Pitch 
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Sulphur tonnes/year 	% of input 

INPUT 
Bitumen Feed to Upgrading 

OUTPUT 
Sulphur Block 

48 408 	 100.00 

40 768 	 91.81 

'TABLE 5714 	' 

Sulphur Balance — Option 13( 1 ) 

Emissions 
Sulphur Plant 	 44 	 0.10 
Fired Reaters 	 19 	 0.04 
Pitch Boilers 	 180 	 0.41 
Flare 	 7 	 0.02 

Liquids 
Wastewater 	 29 	 0.07 

Other Solids 
Spent Bed Solids 	 1 474 

Syncrude Product 	 1 729 

Total Output 	 44 250 

3.32 

3.89 

99.64 

1 Note: 	Option 13 — Hot Water Extraction/CANMET/Pitch Boilers (FBC) 
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Sulphur tonnes/year 	% of input 

TABLE 5-15 

Sulphur Balance - Option 14(I) .  

INPUT 
Bitumen Feed to Upgrading 	. 	57 707 	 100.00  

OUTPUT 
Sulphur Block 	 53 910 	 93..42 

Emissions 
Sulphur Plant 	 52 	 0.09 
Fired Heaters 	 100 	 0.17 
Flexigas Boilers 	 984 	 1.71 
Flare 	 5 	 0.01 

Liquids 
Wastewater 	 37 	 0.06 

Other Solids 
Char 	 .465 	. 	 0.81 
Fines 	 1 	• 	0.00 

Syncrude Prciduct 	 2 140 	 3.71 

Total Output 	 57 693 	 99.98 

Note: I Option 14 - Solvent Extraction/Flexicoking/Flexigas Boilers 
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Sulphur tonnes/year 	% of input 

TABLE 5716 

Sulphur Balance - Option 15(1) 

INPUT 
Bitumen Feed to Upgrading 	 56 649 	 100.00  

OUTPUT 
• Sulphur Block 	 21 344 	 37.68 

Emissions 
Sulphur Plant 	 21 	 0.04 
Fired Heaters 	 8 	 0.01 
Direct Coking 	 1 554 	 2.74 
Flare 	 5 	 0.01 

Liquids 	 • 
Wastewater 	 10 	 0.02 

Other Solids 
Rejects 	 296 	 0.52 
Spent Sand 	 31 368 	 55.37 

Syncrude Product 	 2 058 	 3.63 

Total Output 	 56 664 	 100.03 

Note: 1  Option 15- Direct Coking 
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TABLE 5717 

Water Balance - Option 1 (1 ) 

Water 	 Input 	Output 
m3x106 	m3x106  

-Raw Oil Sands Feed 4.110- . 	, 
Rejects 
Steam to Extraction 	 3.021 
Reclaim:frOm Tailings Pond 	 43.049 
Make-up to Extraction 	 14.350 
Tailings 
Runoff 	 0.961 

. Wastewater 
Vents 

' Available Recycle 	 . 	' 	0.233 
' Other Raw Water Input 	 7.024 

Net Make-up to FGD 	 0.784 
FGD Byproduqt .  

0.342 

62.661 

8.218 
0.421 

0.694 

Total 	 73.532 	72.336 

Notes: I Option 1 - Hot Water Extraction/Fluid Coking/CO and Coke 
Boiler's 
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Total 73.446 	71.768 

TABLE 5-18 

Water Balance - Option 2(1) 

Water Input 	Output 
m m3x106 	3x106  

Raw Oil Sands Feed 	 4.110 
Rejects 	 0.342 
Extracticin Make-up 	 • 	4.026 

• Steam to Extraction. 	 3.021 
Lime Slurrying - Tailings Filtration • 	 0.776 
Tailings 	 9.341 
Filtrate 	 53.373 	53.373 
Precipitation Runoff 	 0.961 
Available Recycle Water 	 5.408 

• Other Raw Water Input 	 1.728 
Wastewater 	' 	 8.097 
Vents 	 0.420 
Net Make-up to FGD . 	 0.043 
FGD Byproduct 	 0.195 

Notes: 1 Option 2 - Hot Water Extraction/Tailings Filtration/Fluid 
Coking/Gasification of Coke 
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Total  72.702 	71.595 

TABLE 5-19 

Water Balance - Option 3(1) 

Water Input 	Output 
mix106 	mJx106 

Raw Oil Sands Feed 	 4.110 
Rejects 
Steam to Extraction 	 3.021 
Reclaim from Tailings Pond 	 43.049 
Make-up to Extraction 	 14.350 
Tailings 
Runoff 	 0.961 
Wastewater 
Vents 
Available Recycle 	 0.248 
Other Raw Water Input 	 6.963 

0.342 

62.661 

8.172 
0.420 

Notes: 1  Option 3 - Hot Water Extraction/Flexicoking/Flexigas Boilers 
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Input 	Output 
m m3x106 	3x106  

Water 

3.476 

2.561 
36.404 
12.135 

0.961 

0.195 
6.062 
0.160 

61.954 

Raw Oil Sands Feed 
Rejects 
Steam to Extraction 
Reclaim from Tailings Pond 
Make-up to Extraction 
Tailings 
Runoff 
Wastewater 
Vents 
Available Recycle 
Other Raw Water Input 
Net Make-up to FGD 
FGD Byproduct 

Total 

0.289 

53.007 

7.218 
0:377 

0.115 

61.006 

TABLE 5-20 

Water Balance - Option 4( 1 ) 

Notes: 1  Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 
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Total 61.399 	60.835 

TABLE 5-21 

Water Balance - Option 5 (1 ) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 3.476 
Rejects 	 0.289 
Extraction Make-up 	 3.407 
Steam to Extraction 	 2.561 
Lime Slurrying - Tailings Filtration 	 0.657 
Tailings 	 7.902 
Filtrate 	 45.132 	45.132 
Precipitation Runoff 	 0.961 
Available Recycle Water 	 3.689 
Other Raw Water Input 	 1.516 
Wastewater 	 7.135 
Vents 	 0.377 

Notes: 1  option 5 - Hot Water Extraction/Tailings Filtration/H-Oil/ 
Partial Oxidation of Pitch 
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Total 58.385 	57.589 

TABLE 5-22 

Water Balance - Option 6( 1 ) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 3.283 
Rejects 
Steam to Extraction 	 2.413 
Reclaim from Tailings Pond 	 34.382 
Make-up to Extraction 	 11.460 
Tailings 
Runoff 	 0.961 
Wastewater 
Vents 
Available Recycle 	 0.188 
Other Raw Water Input 	 5.698 

0.273 

50.132 

6.847 
0.377 

Notes: I Option 6.- Hot Water Extraction/CAMET/Pitch Boilers (FBC) 

5L45 
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Input 	Output 
m3x106 	m3x106  

Water 

0.330 

60.483 

9.537 
0.407 

TABLE 5-23 

Water Balance - Option 7(1 ) 

Raw Oil Sands Feed 	 3.983 
Rejects 
Steam to Extraction 	 2.928 
Reclaim from Tailings Pond 	 41.720 
Make-up to Extraction 	 13.907 
Tailings 
Runoff 	 0.961 
Wastewater 
Vents 
Available Recycle 	 0.222 
Other Raw Water Input 	 8.354 

72.075 	70.757 

Notes: 1  Option 7 - Hot Water Extraction/Eureka/Gasification of Pitch 

Total 

.5-47 
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TABLE 5-24 

Water Balance - Option 8( 1 ) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 3.557 
Rejects 	 0.012 
Tailings 	 7.812 
Steam to Extraction 	 7.352 
Extraction Wastewater 	 3.082 
Extraction Vents 	 0.006 
Runoff 	 0.961 
Wastewater 	 9.139 
Available Recycle 	 7.765 
Other Raw Water Input 	 0.913 
FGD Byproduct 	 0.044 
Make-up to FGD 	 0.197 

Total 	 20.592 	• 20.248 

Notes: 1  Option 8 - Solvent Extraction/Fluid Coking/CO Boilers/Coke 
Boilers (FBC) 
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Total 21.930 	21.933 

TABLE 5-25 

Water Balance - Option 9(1) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 3.557 
Rejects 	 0.012 
Tailings 	 7.812 
Steam to Extraction 	 7.352 
Extraction Wastewater 	 3.082 
Extraction Vents 	 0.006 
Runoff 	 0.961 
Wastewater 	 11.021 
Available Recycle 	 . 7.911 
Other Raw Water Input 	 2.149 

1 Notes: 	Option 9 - Solvent Extraction/Flexicoking/Flexigas Boilers 



OTHER PLANT 
USES 

- STEAL' 
- PoTAHLE 

wATER 
- cooLING 

TOWER 
mAKEUP 

- SEAL WATER 
-  ETC. 

MONENCO CONSUL.  TANTS LIMITED 

WATER 	 A 

WATER REOUIREMENTS 

9.501 

UTILITIES 
4.3 17.412 1.  

RAW WATER 
9.501 

morlW 

RAW WATER 
POND 

10.060 

TAILINGS 
DISPOSAL 

VENTS 
0.006 7.812 

7. 352 

MINING 

TAILINGS 

STEAM TO EXTRACTION 

REJECTS 
0.012 

FIGURE 5-24 

ENVI RONMENT CANADA 
ENVIRONMENTAL PROTECTION SERVICE 

CHARACTERIZATION & TREATMENT OF EMISSIONS 
FROM A MINING OIL SANDS COMPLEX 

OPTION 9 SOLVENT EXTRACTION/FLEXICOKING/ 
• FLEXIGAS BOILERS 

• 
MONENCO CONSULTANTS LIMITED 

UNITS' 10 6  CUBIC METRES PER YEAR 

EXTRACTION 
OIL SAND FEED I 

DISCHARGE 
6.192 WASTEWATER 

TREATMENT 

WASTEWATER  
14.103 

AVAILABLE 
RECYCLE 
7.911 RECYCLE 

POND 

N002E4.PFD 	F7e 



3.351 
0.201 
2.905 

2.638 
0.214 

0.699 

2.519 
6.540 

3.597 

9.008 

Total 15.961 	15.711 

TABLE 5-26. , 

Water Balance --Option 10( 1) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 
Rejects 
Spent Sand 
Recycle to Direct Coking 
Make-up to Direct Coking 
Sour Water 
Runoff 
Wastewater 
Available Recycle 
Other Raw Water Input 

Notes: 	Option 10 - Direct Coking 
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Total 11.693. 	11.517 

TABLE 5-27 

Water Balance - Option 11( 1 ) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 0.620 
Rejects 
Steam to Extraction 	 0.453 
Reclaim from Tailings Pond 	 6.458 
Make-up to Extraction 	 2.152 
Tailings 
Runoff 	 0.480 
Wastewater 
Vents 
Available Recycle 	 0.035 
Other . Raw Water Input 	 1.379 
Net Make-up to FGD 	 0.116 
FGD Byproduct 

0.051 

9.400 

1.894 
0.066 

0.106 

1 Notes: 	Option 11 - Hot Water Extraction/Fluid Coking/CO and Coke 
Boilers 
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'Total  10.078 	9.790 

- . TABLE 5-28 

Water Balance - Option 12( 1 ) 

Water Input 	Output 
m3x106 	m3x106  

Raw Oil Sands Feed 	 0.521 
Rejects 	 0.043 
Extraction Make-up 	 0.504 
Steam to Extraction 	 0.384 
Lime Slurrying - Tailings Filtration 	 0.099 
Tailings 	 1.186 
Filtrate 	 6.777 	6.777 
Runoff 	 0.480 
Available Recycle Water 	 1.313 
Other Raw Watex Input 	 0 
Wastewater 	 1.727 
Vents 	 0.057 

Notes: 1  Option 12 - Hot Water Extraction/Tailings Filtration/H-Oil/ 
Partial Oxidation of Pitch 
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Total 9.410 	9.291 

• 

I. 

TABLE-5-29 

Water Balance - Option 13( 1 ) 

Water Input 	Output 
m3x106  e3x106  

Raw Oil Sands Feed 	 0.492 
Rejects 
Steam to Extraction 	 0.362 
Reclaim from Tailings Pond 	 5.157 
Make-up to Extraction 	 1.719 
Tailings 
Runoff 	 0.480 
Wastewater 
Vents 
Available Recycle Water 	 0.028 
Other Raw Water Input 	 1.172 

0.041 

7.519 

1.680 
0.051 

Notes: 1  Option 13 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 

5-59 
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Total 3.999 	3.999 

TABLE 5-30 

Water Balance - Option 14 (1 ) 

Water Input 	Output 
m3x106 	m3x10 6  

L. 

I .  

Raw Oil Sands Feed 	 0.534 
Rejects 	 0.002 
Tailings 	 1.172 
Steam to Extraction 	 1.103 
Extraction Wastewater 	 0.462 
Extraction Vents 	 0.001 
Runoff 	 0.480 
Wastewater 	 2.362 
Available Recycle 	 1.829 
Other Raw Water Input 	 0.053 

Notes: 1  Option 14 - Solvent Extraction/FlexicokineFlexigas Boilers 

5-61 
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Total 3.163 	2.913 

TABLE 5-31 

Water Balance - Option 15( 1 ) 

Water Input 	Output 
m m3x106 	3x106  

Raw Oil Sands Feed 	 0.503 
Rejects 	 0.030 
Spent Sand 	 0.436 
Recycle • o Direct Coking 	 0.396 
Make-up to Direct Coking 	 0.032 
Sour Water 	 0.540 
Runoff 	 0.350 
Wastewater 	 1.907 
Available Recycle 	 0.870 
Other Raw Water Input 	 0.912 

Notes: 1  Option 15 - Direct Coking 
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6.1 INTRODUCTION 

Capital cost estimates for wastewater treatment systems and 
flue gas treatment systems have been estimated from published data (EPA 
(1976), EPA (1979), • EPA (1980)) supplemented by in-house information. 
The costs include design, purchase of equipment, installation, buildings, 
camps and indirect costs. The estimates do not include the cost of 
sewers or transmission mains, although the cost of in-plant piping and 
pumping is included. In all cases, the estimated costs have been 
adjusted to January 1983 cost base and reflect Canadian conditions. The 
costs should be viewed as being suitable only for comparison of concepts. 

The cost estimates for wastewater treatment systems are 
considered accurate to ±25 percent. For the flue gas treatment systems, 
costs are considered less precise. 

The disposal costs for solid wastes are very site specific with 
most of the materials disposed of as backfill in the mine. In this case, 
the cost of trucking and spreading of the material is given on a per 
tonne basis to give an indication rather than absolute cost of solid 
waste disposal. 

6.2 WASTEWATER TREATMENT SYSTEMS 

As described in Section 4.5, the treatment systems are made up 
of several treatment components. For each of the components, the total 
direct construction cost was determined on the basis of design flow, 
capacity or loading rate. The direct cost includes excavation and site-
work, manufactured equipment, concrete, steel, labour, component piping 
and valves, electrial equipment and instrumentation, buildings and other 
miscellaneous items. 

The direct installed costs were adjusted to January 1983 cost 
base. The adjustments were made by utilizing the ENR Construction Cost 
Index, Chemical Engineering Plant Cost Index and the EPA Construction 
Cost Index (LCAT). Indirect construction costs (field costs, contract-
or's overhead and profits, etc.), home office costs (design, engineering, 
etc.) and contingencies were then added to the total direct costs' to 
provide the total project costs for the wastewater treatment facilities. 

The following summarizes the assumptions and escalation factors 
used in the determination of total project costs: 

1. The ENR Construction Cost Index for January 1983 is 370.99 
(base year 1967) or 3985.15 (base year 1913). 
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2. The Chemical Engineering Plant Cost Index for January, 1983 is 
318.2. 

3. The EPA Construction Cost Index (LCAT) for the 3rd quarter 1982 
is 205.9 (national average). 	Index for January 1983 was 
assumed to be 211.6. 

4. Published construction costs for lined ponds have been assumed 
to include purchase and installation of polyethylene liners. 
Additional purchase and installation costs for hypalon liners 

' have been included for all ponds. 

5. Hypalon liners on all ponds are protected by a layer of sand, 
15 cm in thickness. 

6. Total indirect construction costs are estimated to be 60% to 
65% of total direct costs based on in-house data. 

7. Home office costs are 12% of total field costs (direct plus 
indirect). 

8. Contingencies are 17% of the total of all preceding costs. 

9. Sewer line costs are not included in the estimates. 

10. Exchange factor for converting American dollars to Canadian 
dollars is 1.23. 

Tables 6-1 to 6-15 summarize the capital cost estimates for all 
Options. 

621 WASTEWATER TREATMENT SYSTEMS - TAILINGS POND OPTIONS 
(Options 1, 3, 4, 6, 7, 11 and 13) 

Tables 6-1, 6-3, 6-4, 6-6 and 6-7 summarize the construction 
costs including direct costs, indirect construction costs, home office 
costs and contingencies for the tailings pond options at the higher 
synthetic crude production rate (20 000 mi/d). 

The primary factor affecting capital costs for these options is 
the process wastewater flows. These flows vary only slightly for the 
five options ranging from a low of 14 365 m3/d (Option 6) to a high of 
20 443 m3/d (Option 7). The total costs for the five options average 
$25.6 x 10 6  and range  from $24.3 x 10 6  to $26.9 x 106 . 

Tables 6-11 and 6-13 summarize the total wastewater treatment 
system costs for a 3000 m3/d oil sands complex with a tailings pond. 
The costs range from $10.9 x 106  to $11.2 x 10 6 . The treatment systems 
costs for the 3000 m3/d facilities are approximately 40 percent of the 
costs for the 20 000 m3/d facilities. 
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Component 

Total 
Cost 

( 103$) 

12 422 

8 074  

20 496  

2 459  

22 955 

3 , 902  

26 857 

TABLE 6-1 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 1( 2 ) 

API Separator 	 812 
Effluent Pond 	 355 
Storm Pond 	 2 207 
Sludge Pond 	 1 909 
Recycle Pond 	 64 
Reclaim Pond 	 3 265 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Station 	 973 

Total Direct Costs 

Indirect Construction Costs (65%) 

Total Field Costs 

Home Office Costs @ 12% 

Subtotal 

Contingency @ 17% 

Total Treatment System Cost 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 1 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 



Component 

Total 
Cost 

(10.3 $) 

21 063 

12 638 

33 701 

4 044 

37 745 

6 417 

44 162 

Total Direct Costs 

Indirect Construction Costs (60%) 

Total Field Costs 

Home Office Costs @ 12% 

Subtotal 

Contingency @ 17% 

Total Treatment System Cost 

TABLE 6-2 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

.Option 2( 2 ) 

API Separator 	 923 
Dissolved Air Flotation 	 945 
Activated Sludge 	 4 832 
Dual Media Filtration 	 2 178 
Storm Pond 	 2 207 
Recycle Pond 	 590 
Sludge Pond 	 4 413 
Sediment Pond 	 172 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Stations 	 1 767 
Chemical Feed Systems 	 199  

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 2 - Hot Water Extraction/Tailings Filtration/Fluid Coking/ 

Gasification of Coke 



Component 

Total 
Cost 
(103$) 

TABLE 6-3 

Capital Cost Estimate Summary( 1 ) 
. Wastewater Treatmént System 

Option 3.( 2 ) 

API Separator 	 812 
Effluent Pond 	 355 
Storm Pond 	 2 207 
Sludge Pond 	 1 658 
Recycle Pond 	 64 
Reclaim Pond 	 3 265 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Station 	 952  

Total Direct Costs 	 12 150 

Indirect Construction Costs (65%) 	 7 897  

Total Field Costs 	 20 047 

Home Office Costs @ 12% 	 2 405 

Subtotal 	 22 452 

Contingency @ 17% 	 3 816 

Total Treatment System Cost 	 25 268 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 3 - Hot Water Extraction/Flexicoking/Flexigas Boilers 



Component 

Total 
Cost 
(103$) 

TABLE 6-4 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment'System 

Option 4( 2 ) 

API Separator 	 775 
Effluent Pond 	 312 
Storm Pond 	 2 207 
Sludge Pond 	 1 909 
Recycle Pond 	 64 
Reclaim Pond 	 2 276 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Station 	 882  

Total Direct Costs 	 11 262 

Indirect Construction Costs (65%) 	 7 319  

Total Field Costs 	 18 581 

Home Office Costs @ 12% 	 2 229  

Subtotal 	 20 810 

Contingency @ 17%, 	 3 537  

Total Treatment System Cost 	 24 347 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 



Component 

Total 
Cost 
(1030 

-19 413 

11 648  

31 061 

3 727 

34 788 

5 914 

.40 702 

Total Direct Costs 

Indirect Construction Costs (60%) 

Total Field Costs 

Home Office Costs @ 12% 

Subtotal 

Contingency @ 17 7. 

Total Treatment System Cost 

TABLE 6-5 

Capital Cost Estimate Suinmary (1).  
Wastewater Treatment.System 

Option 5( 2 ) 

API Separator 	 ' 	794 - 
Dissolved Air Flotation 	

. 	 . 870 
Activated Sludge 	 ' 	4 217 
Dual Media Filtration 	' . 	 1-968 
.Storm Pond 	 ' 2 207 . 
Recycle Pond 	. 	 . 	 - 	, 522 
Sludge Pond 	 . 	 . 	- .. 	.4 025' 
Sediment Pond 	 - 155 
Sewage Treatment Plant 	. 	 . 	, 	2 837 
In-Plant Lift Stations 	 • 	 1 628 

, 	. 	. 
Chemical Feed Systems 	 ' 	 • 	' 	190  

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 5 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial 

Oxidation of Pitch 	 • 



Component 

Total 
Ccist 
(103$) 

TABLE 6-6 

Capital Cost Estimate Summary(I) 
Wastewater Treatment System 

Option 6(2 ) 

API Separator 	 775 
Effluent Pond 	 312 
Storm Pond 	 2 207 
Sludge Pond 	 1 658 
Recycle Pond 	 64 
Reclaim Pond 	 2 612 .  
Sewage Treatment Plant 	 2 837 
In-Plant Lift Station 	 889 

Total Direct Costs 	 11 354 

Indirect Construction Costs (65%) 	 7 380  

Total Field Costs 	 18 734 

Home Office Costs @ 12% 	 2 248  

Subtotal 	 20 982 

Contingency @ 17% 	 3 567  

Total Treatment System Cost 	 24 549 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 6 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 



Component 

Total 
Cost 

( 103 $) 

' TABLE 6-7 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 7( 2 ) 

API Separator 	 1 122 
Effluent Pond 	 392 
Storm Pond 	 2 207 
Sludge Pond 	 1 658 
Recycle Pond 	 64 
Reclaim Pond 	 3 165 
Sewage Treatment Plant 	 2 837 

•  In-Plant Lift Station 	 973  

Total Direct Costs 	 12 418 

Indirect Construction Costs (65%) 	 8 071  

Total Field Costs 	 20 489 

Home Office Costs  @12% 	 2 458  

Subtotal 	 • 	 22 947 

Contingency @ 17% 	 3 901  

Total Treatment System Cost 	 26 848 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 7 - Hot Water Extraction/Eureka/Gasification of Pitch 



Component 

Total 
Cost 
(103$) 

TABLE 6-8 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 8( 2 ) 

API Separator . 	 1 296 
Dissolved Air Flotation 	 1 150 
Activated Sludge 	 7 040 
Dual Media Filtration 	 2 810 
Storm Pond 	 2 207 
Recycle Pond 	 815 
Sludge Pond 	 4 989 
Sediment Pond 	 168 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Stations 	 1 981 
Chemical Feed Systems 	 195  

Total Direct Costs 	 25 488 

Indirect Construction Costs (60%) 	 15 293  

Total Field Costs 	 40 781 

Home Office Costs @ 12% 	 4 893  

Subtotal 	 4 5674 

Contingency @ 17% 	 7 764  

Total Treatment System Cost 	 53 438 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 8 - Solvent Extraction/Fluid Coking/CO Boilers/Coke 

Boilers (FBC) 



Component 

Total 
Cost 
(103$) 

TABLE 6-9 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment  1System  

Option 9( 2 ) 

API Separator 	 1 322 
Dissolved Air Flotation 	 1 172 
Activated Sludge 	 7 190 
Dual Media Filtration 	 2 890 
Storm Pond 	 2 207 
Recycle Pond 	 832 
Sludge Pond 	 4 902 
Sediment Pond 	 168 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Stations 	 1 999 
Chemical Feed Systems 	 196  

Total Direct Costs 	 25 715 

Indirect Construction Costs (60%) 	 15 429  

Total Field Costs 	 41 144 

Home Office Costs @ 12% 	 4 937  

Subtotal 	 46 081 

Contingency @ 17% 	 7 833  

Total Treatment System Cost 	 . 	 53 914 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 9 - Solvent Extraction/Flexicoking/Flexigas Boilers 



Component 

Total 
Cost 
(1030 

TABLE 6-10 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 10( 2 ) 

API Separator 	 554 
Dissolved Air Flotation 	 665 
Activated Sludge 	 2 830 
Dual Media Filtration 	 1 533 
Storm Pond 	 1 784 
Recycle Pond 	 536 
Sludge Pond 	 28 984 
Sediment Pond 	 154 
Biox Unit Incl. DAF and Thickners. 	 3 026 
Biox Storage Pond 	 150 
Sewage Treatment Plant 	 2 837 
In-Plant Lift Stations 	 1 209 
Chemical Feed Systems 	 259  

Total Direct Costs 	 44 421 

Indirect Construction Costs (60%) 	 26 653  

Total Field Costs 	 71 074 

Rome Office Costs @ 12% 	 8 529  

Subtotal 	 79 603 

Contingency @ 17% 	 13 532  

Total Treatment System Cost 	 93 135 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 10 - Direct Coking 



Component 

Total 
Cost 
(103$) 

5 193 

3 375  

8 568 

1 028  

9 596  

*TABLE 6-11 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 11( 2 ) 

API Separator 	 406 
Effluent Pond 	 95 
Storm Pond 	 1 232 
Sludge Pond 	 999 
Recycle Pond 	 14 
Reclaim Pond 	 621, 
Sewage Treatment Plant 	 1 419 
In-Plant Lift Station 	 407 

Total Direct Costs 

Indirect Construction Costs (65%) 

Total Field Costs 

Home Office Costs @ 12% 

Subtotal 

Contingency @ 17% 	 1 631 

Total Treatment System Cost 	 11 227 

Notes: 1 All costa in January 1983 Canadian Dollars 
2 Option 11 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 



Component 

Total 
Cost 
(103$) 

• TABLE 6-12 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 12( 2 ) 

API Separator 
Dissolved Air Flotation 
Activated Sludge 
Dual Media Filtration 
Storm Pond 
Recycle Pond 
Sludge Pond 
Sediment Pond 
Sewage Treatment Plant 
In-Plant Lift Stations 
Chemical Feed Systems 

Total Direct Costs 

Indirect Construction Costs (60%) 

Total Field Costs 

Home Office Costs @ 12% 

Subtotal 

Contingency @ 17% 

Total Treatment System Cost  

425 
409 

1 485 
894 

1 228 
219 

1 998 
43 

1 419 
717 
150  

8 987 

5 392  

14 379 

1 725  

16 104 

2 738  

18 842 

Notes: All costs in January 1983 Canadian Dollars 
Option 12 - Hot Water Extraction/Tailings Filtration/H-Oil/Partial 
Oxidation of Pitch 



Component 

Total 
Cost 
(103$) 

TABLE 6-13 

Capital Cost Estimate.Summary( 1 ) 
Wastewater Treatment System 

Option 13( 2 ) 

API Separator 	 • 	 . 	406 
Effluent Pond . 	. 	. 	95 - . 	. 
Storm Pond 	 1 232 
Sludge Pond- 	 999 . Recycle Pond 	 ,14 . , 
Reclaim Pond 	 . 	497 
Sewage Treatment Plant 	 1 419 
In-Plant Lift Station 	 396- 

	

. 	. . 	 . 	 . 
Total Direct Costs 	' 	 . . 	. 	-. 5 058• 

Indirect Construction Costs (65%) 	 3 287  

Total Field Costs 	 8 345 

Home Office Costs @ 12% 	 1 002 

Subtotal 	 9 347 

Contingency @ 17% 	 1 589  

Total Treatment System Cost 	 10 936 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 13 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 
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Component 

Total 
Cost 
(1030 

TABLE 6-14 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 14( 2 ) 

API Separator 	 462 
Dissolved Air Flotation 	 460 
Activated Sludge 	 1 850 
Dual Media Filtration 	 1 020 
Storm Pond 	 1 228 
Recycle Pond 	 281 
Sludge Pond 	 1 833 
Sediment Pond 	 51 
Sewage Treatment Plant 	 1 419 
In-Plant Lift Stations 	 731 
Chemical Feed Systems 	 139  

Total Direct Costs 	 9 474 

Indirect Construction Costs (60%) 	 5 685  

Total Field Costs 	 15 159 

Home Office Costs @ 12% 	 1 819  

Subtotal 	 16 978 

Contingency @ 17% 	 2 886  

Total Treatment System Cost 	 19 864 

Notes: 1 All costs in January 1983 Canadian Dollars 
2. Option 14 - Solvent Extraction/Flexicoking/Flexigas Boilers 



Component 

Total 
Cost 
(103$) 

TABLE 6-15 

Capital Cost Estimate Summary( 1 ) 
Wastewater Treatment System 

Option 15( 2 ) 

API Separator 	 332 
Dissolved Air Flotation (DAF) 	 332 
Activated Sludge 	 1 170 
Dual Media Filtration 	 767 
Storm Pond 	 1 094 
Recycle Pond 	 183 
Sludge Pond 	 5 018 
Sediment Pond 	 45 
Biox Unit Incl. DAF and Thickeners 	 572 
Biox Storage Pond 	 38 
Sewage Treatment Plant 	 1 419 
In-Plant Lift Stations 	 522 
Chemical Feed Systems 	 197  

Total Direct Costs 	 11 689 

Indirect Construction Coàts (60%) 	 7 014  

Total Field Costs 	 18 703 

Home Office Costs @ 12% 	 2 244  

Subtotal 	 20 947 

Contingency @ 17% 	 3 561  

Total Treatment System Cost 	 24 508 

Notes: 1 All costs in January 1983 Canadian Dollars 
2 Option 15 - Direct Coking 



622 WASTEWATER TREATMENT SYSTEMS - TAILINGS FILTRATION OPTIONS 
(Options 2, 5 and 12) 

The wastewater treatment systems costs for Options 2, 5 and 12 
are summarized in Table 6-2, 6-5 and 6-12 respectively. The treatment 
system costs for a 20 000 m3/d oil sands complex vary between $40.7 x 10 6 

 to $44.2 x 106 . The increase in costs over the tailings pond options is 
due mainly to the extra cost for dissolved air flotation, activated 
sludge, filtration, filtrate treatment/storage and increased sludge 
storage. 

The costs for the 3000 m3/d facility are approximately 42 per-
cent of the costs for the 20 000 m3/d facility. 

623 WASTEWATER TREATMENT SYSTEMS - SOLVENT EXTRACTION OPTIONS 
(Options 8, 9 and 14) 

Tables 6-8, 6-9 and 6-14 summarize the construction costs for 
Options 8, 9 and 14 respectively. The costs for a 20 000 m3/d oil sands 
facility using either Options 8 or 9 average $53 x 10 6 . The increase in 
costs is due largely to the increaàe in the process waste sewer flows and 
the extra treatment facilities required to treat the wastewater in the 
absence of tailing pond. 

The cost estimate for a 3000 m3/d facility is approximately to 
$19.9 x 106  which is about 39 percent of the cost for a 20 000 m3/d 
facility. 

624 WASTEWATER TREATMENT SYSTEMS - DIRECT COKING OPTIONS  
(Options 10 and 15) 

Construction costs for wastewater treatment systeis for Options 
10 and 15 are summarized in Tables 6-10 and 6-15  respectively. The total 
wastewater treatment costs for Option 10 (20 000 mi/d) are estimated to 
be $93.1 x 106 . Due to the significant volumes of sludge generated from 
the treatment of the direct coking sour water in Option 10, the sludge 
ponds have been sized for 5 year storage as. opposed to 25 years storage 
for all other options. At the end of the five year period, the ponds 
will have to be dredged and prepared for future use . , 

The corresponding costs for a 3000 ,m3/d facility are 
$24.5 x 106 . 

6.3 SOLID WASTE DISPOSAL 

The quantity of solid waste generated varies from option to 
option. 	The volume of solids from the extraction facilities which 
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include rejects, dry tailings and spent sand are of sufficient magnitude 
to warrant a separate bulk handling system. As with the wet tailings, 
the disposal costs for these solids are not included in this study. 

.. - Sulphur is identif.led as a - solid Waste Stream in. the pollutant 
- flow diagrams and waste management matrices.. Because of its commercial 
value, it is assumed thats.all sulphur produced will be sold. Net  coke is. 
preduce4 in Options 1 and 11 and net pitch in Option 4. Both Products. 
will -be stockpiled on the site fOr petential reuse. 

• 
Table -16 identifies the quantity of waàte solids generated by 

-Options. - These solids consist of fly ash,. :bottom eel, Spent bed 
materials from:FBC boilers, softener solids .  from the ntilitiés water 

.:treatment plant,. char and fines from Flexicoking  and  slag and char from 
'residue gasification. The largest quantity - of waste -is generated in 
-.Option 8 (SolVent Extraction/Fluid Coking/CO Boilers/Coke Boilers (FBC)) 
wheie appiOximately .2150 tonnes/sd of solids are. generated. 

For all options, it is assumed that solid wastes will be 
transported by trucks for disposal in the mine site. In the early stages 
cd the oil sands plant operation, some solid wastes may have to be stored 
foi short periods umtil such time as the reclamation plan is underway. 
This may require additional handling of the wastes with resultant 
increase in costs. 

• 
, 	• 	'Disposal coses for solid .wastes aie verY site specific and - 

depend on the: waste mateiial, the mode of transport Of the material,. 
distance tO the disposal site, rehandling Of thé mateiial at the disposal . 
site.and . method of disposal. En general, it ià estimated thatthe - Cost 
of  trucking will vary between $2 to 3  per  tonne per kt. 'Rehandling.and 
spreading at the -disposal - site maY be an'additiOnà1 $2 to 3 per tonne. . 

In  all  cases the•disposal costà may be minimized.by integrating 
reclamation and àolid wastes disposal schemes so . as to minimize 

. rehandling of the wastes.. 

'8.4 FLUE  (AS  TREATMENT 

As identified in Section 4.4, flue gas treatment in the form of 
electrostatic precipitators and flue gas desulphurization (except FBC 
boilers) was required for all CO boilers and coke or pitch fired utility 
boilers. 
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Solid - Waste Generation( 1 ) .  

Option 	 t/sd 

Note: ( 

TABLE 6-16 

1 	 260 
2 	 410 
3 	 770 
4 	 230 
5 	 380 
6 	 540 
7 	 290 
8 	 2150 
9 	 780 

10 	 50 

11 	 50 
12 	 60 
13 	 110 
14 	 120 • 
15 	 10 

Includes fly ash, bottom ash, spent bed mater-
ial (FBC boilers), softener solids (utilities 
water treatment plant), char and fines (Flexi-
coking) and slag and char (residue gasification). 
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641 ELECTROSTATIC PRECIPITATION  

Cost estimates for electrostatic precipitators in this study 
have been based on a study conducted by Monenco Limited and Stearns-
Roger Engineering Corporation (1982) for the three Alberta utilities 
companies. In the referenced study, cost estimates were for coal-fired 
power plants, therefore adjustments in the flue gas mass emission rate 
and total particulate emission rate were required. In general,,it was 
assumed that the specific collection area is about 300 m2/m3is and that 
the resistivity of particulates in all flue gases is approximately the 
same. Each electrostatic precipitator is assumed to have a removal 
efficiency of 99%. 

Table 6-17 presents a summary of the estimated capital costs. 

642 FLUE GAS DESULPHURIZATION  

Cost estimates for flue gas desulphurization by ammonia 
scrubbing are based on a study by Dynawest Projects Ltd. (1982) relative 
to a CO boiler. The estimates are presented in Table 6-18. The costs 
include reagent handling and storage, absorber, and waste handling and 
storage. Cost for the supply of ammonia is not included. 



TABLE 6-17 

Capital Cost Estimates( 1 ) 
Electrostatic Precipitator 

Total 
Option( 2 ) 	 Boiler 	 Cost 

(103 $) 

1 	 CO 	 11 250 
Coke 	 30 000 

2 	 CO 	 11 250 

4 	 Pitch 	 14 750 

6 	 Pitch 	 14 000 

8 	 . 	CO 	 11 250 
Coke 	 19 500 

11 	 CO 	 6 250 
Coke 	 13 500 

13 	 Pitch 	 5 000 

Note: 1 All costs in Janary 1983 Canadian Dollars. 
2  Option 1 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 

Option 2 - Hot Water Extraction/Tailings Filtration/Fluid Coking/ 
Gasification of Coke 

Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 
Option 6 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 
Option 8 - Hot Water Extraction/Fluid Coking/CO Boilers/Coke 

Boilers (FBC) 
Option 11 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 
Option 13 - Hot Water Extraction/CANMET/Pitch Boilers (FBC) 



TABLE 6-18 

Capital Cost Estimates( 1 ) 
Flue - Gaa Dasulphurization (2 ) 

Cost (103S) 
Option(3)  Boiler Reagent Handling 	Absorber Waste Handling Total 

and Storage 	 and Storage 

1 	CO 	 340 	 44 375 	 290 	45 005 
Coke 	 1115 	 122 500 	 840 	124 455 

2 	CO 	 340 	 44 375 	 290 	45 005 

4 	Pitch 	 945 	 51 175 	 785 	52 905 

8 	CO 	 345 	 44 445 	 260 	45 050 

11 	CO 	 140 	 16 625 	 115 	16 880 
Coke 	 225 	 24 250 	 150 	24 625 

Note: 1  All costs in Janary 1983 Canadian Dollars. 
2  Ammonia Scrubbing 
3  Option 1 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 

Option 2 - Hot Water Extraction/Tailings Filtration/Fluid Coking/ 
Gasification of Coke 

Option 4 - Hot Water Extraction/H-Oil/Pitch Boilers 
Option 8 - Hot Water Extraction/Fluid Coking/CO Boilers/Coke 

Boilers (FBC) 
Option 11 - Hot Water Extraction/Fluid Coking/CO and Coke Boilers 
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7.1 INTRODUCTION 

In Part 3, waste management data is provided for two sizes of 
oil sands complexes capable of producing synthetic crude at 20 000 and 
3 000 cubic metres per day. Although this study did not involve a con-
sideration of the capital costs associated with process operations of 
differing sizes, it is generally recognized in the oil and gas industry 
that there are substantial economies of scale associated with mining oil 
sands facilities. This is particularly true in the case of the upgrading 
processes. In order to take advantage of these economies of scale, while 
recognizing the nature of mineable oil sands, the use of satellite plants 
feeding into a major complex has been suggested. Satellite plants would 
assist in the staging of an overall mining oil sands process by allowing 
some revenues to be generated before completion  of the  entire complex. 

There are two basic approaches to satellite operations: 

1. a series of surface mining operations providing oil sands feed 
to a central extraction and upgrading facility; and 

2. a series of surface mining and extraction operations providing 
bitumen feed to a central upgrading facility. 

Each of thesé options is discussed below from a waste  manage-
ment standpoint. 

7.2  SATELLITE  OPERATIONS - MINING 

The option of a number of surface mining operations providing 
oil sands feed to a central extraction and upgrading facility is shown in 
Figure 7-1. A materials handling problem will probably dictate that the 
extraction and upgrading facilities be located at the major mine feeding 
the plant. For the purposes of this discussion, it is assumed that six 
satellite mining operations each provide oil sands feed to a central 
extraction and upgrading facility with a synthetic crude production 
capacity of 20 000 m3/d. Options for transport of the oil sands from the 
satellite facilities include conveyors, trucks and rail haul, however 
logistics and economics will generally preclude the use of trucks. As 
with a large mining oil sands facility, the oil sands from the various 
mining sites would be blended so as to maintain a constant oil sands feed 
quality. Oil sands feed rate from each of the satellite mines is approx-
imately 450 kg/s. 

Gaseous, liquid and solid waste emissions from the satellite 
mining operations include those emissions identified in Part 3 from 
mining operations feeding oil sands to a 3000 m3/d oil sands complex 
(Options 11 to 15). These emissions include: 
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- gaseous emissions and ash from site preparation; 
muskeg and subsoil; 

- mine water, runoff and other wastewaters from dewatering pro- 
grams, and 

- emissions from diesel-powered excavators and vehicles and fugi- 
tive dust emissions. 

In addition to the above, each of the satellite mining opera-
tions would require separate potable water and sewage treatment facili-
ties. Self-contained equipment repair and maintenance facilities are 
required at each mine site. Electricity would be transmitted to the 
satellite mines from the utility plant at the central facility or from 
other power generation facilities. 

The management of tailings from the central extraction facility 
creates logistical and environmental concerns, particularly for those 
extraction processes generating wet tailings. In the normal mine-plant 
configuration with a tailings pond, wet tailings are disposed of in the 
mine after about eight years of plant operations. With satellite mining 
operations, there will not likely be sufficient space within the mined-
out area of the satellite mine located nearest to the central facility. 
Since it is considered impractical to return wet tailings to the satel-
lite mines by a series of slurry pipelines, a large at-grade tailings 
pond would be required adjacent to the central facility. 

For those extraction processes which generate dry tailings (hot 
water extraction with tailings filtration, solvent extraction and direct 
coking), the tailings would be transported back to the mine sites by con-
veyors, trucks or by rail. If the costs of dry tailings transport are 
prohibitive, dry tailings in excess of the quantity which can be economi-
cally disposed of in mine sites closest to the extraction plant, could.be  
stockpiled on-site. Other solid wastes from upgrading, utilities and 
offsites would be transported to the mine sites for disposal. 

7.3 SATELLITE OPERATIONS - MINING AND EXTRACTION 

The option of a number of surface mining and extraction facili-
ties providing bitumen feed to a central upgrading plant is shown in 
Figure 7-2. As in the previous case, a numb.er  of smaller mines might, in 
fact, provide oil sands feed to an extraction plant which in turn sup-
plies a central upgrading plant. The upgrader could be located at a 
refinery operation which processes the synthetic crude into refined 
products. 
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Whereas the cost of ' oil sands transport from satellite mining 
operations to a central extraction plant limits the aerial extent of 
thèse facilites, diluted bitumen from satellite extraction facilities 
could be pumped considerably greater distances to a central upgrading 
plant. The bitumen kould have to be diluted with naphtha prior to 
pumping and, as the source of naphtha is the upgrading plant, a return 
pipeline to carry naphtha from upgrading to the extraction facilities is 
required. 

There are waste management implications associated with the 
centralized upgrading facility. With upgrading operations located dis-
tant from the satellite mining and extraction facilities, the advantages 
of utilizing waste heat and residuals from primary upgrading and recyc-
ling wastewaters are lost. As well a nearby mine where solid wastes 
maybe disposed of will not be available. The central upgrading facility 
will require an extensive wastewater treatment plant with discharge of 
treated effluent. Nearby landfilling facilities would be required for 
the disposal of solid wastes. 

The waste management implications of satellite mining and ex-
traction facilities feeding bitumen to a central upgrader are identified 
in the following: 

731 Hot Water Extraction with Tailings Pond  

Satellite mining and hot water extraction facilities would 
generate gaseous, liquid and solid waste emissions as identified in Part 
3. Waste management matrices (Tables 3-21 and 3-22) and the pollutant 
flow diagram (Figure 3-12) for Option 11 provide the waste 
characterization data for the satellite mining and extraction facilities. 

Steam and hot water are required in the extraction plant and 
the use of waste heat and residuals from bitumen upgrading will not be 
available for this purpose. Accordingly, each satellite extraction plant 
will have its own utility plant consisting of raw water.intake facili-
ties, boiler feed water treatment, gas fired boilers and cooling facili- . 

 ties. Resultant waste emissions from the utility area include gaseous 
emissions from the boilers, sludges and regenerant wastewater from boiler 
feed water treatment and cooling tower and condensate blowdown. Each 
satellite mining and extraction facility would require potable water and 
sewage treatment facilites. 

Interconnecting pipelines between the satellite facilities and 
the central updgrader include a major line for transporting diluted bitu-
men, a diluent return line and a pipeline for supplying natural gas and/ 
or process gas required for steam production. 
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732 Hot Water Extraction with Tailings Filtration 

Apart from eliminating the need for tailings ponds at the 
satellite mining and extraction facilities, filtration of the tailings 
provides no advantages over satellite mining and extraction with tailings 
ponds. Emissions from satellite facilities would be similar to Option 12 
(see Tables 3-23 and 3-24 and Figure 3-13). A utility plant is required 
to provide boiler feed water, steam, hot water and cooling. Since a 
tailings pond is not available for disposal of wastewaters, wastewater 
treatment facilities are required prior to discharge of effluents to the 
environment. 

733 Solvent Extraction  

Tailings from solvent extraction are dry, hence these solids 
would be returned to the mining operations similar to Option 14. Gase-
ous, liquid and solid waste emissions from mining and extraction are pro-
vided in Tables 3-27 and 3-28 and Figure 3-15. Since steam is required 
in the solvent extraction process, a utility plant consisting of boiler 
feed water treatment, steam generation and cooling is required at the 
extraction facility. Water removed from the oil sands in the process, 
requires treatment prior to discharge, hence each satellite extraction 
plant will require an extensive wastewater treatment facility. 

Diluted bitumen from the satellite facilities would be trans-
ported by pipeline to the central upgrading facility. A separate line is 
required to return solvent to extraction. 

734 Direct Coking_ 

In the direct coking process, upgrading of bitumen to intermed-
iate liquid products takes place within the direct coking facilities. 
These intermediate products are relatively unstable, requiring secondary 
upgrading to produce products acceptable for storage or pipelining. 
Whereas the direct coking process may be an attractive alternative for 
smaller fully integrated facilities producing synthetic crude, it may 
not be practical or economical to have satellite direct coking facilities 
feeding a centralized secondary upgrading facility. Emissions from a 
fully integrated direct coking facility (3000 m3/d) are provided in Part 
3 for Option 15. 

7.4 CONCLUSION 

Overall, the construction of satellite facilities coupled to a 
central processing complex appears to result in increased gaseous, liquid 

1 



and solid waste emissions when compared to the normal type of mining oil 
sands complex. Opportunities for the reuse of waste heat and recycling 
of residues and wastewater are lost because of the difficulty and cost 
associated with moving these surpluses between plant sites. The size of 
plant sites for satellite facilities and their attendant central 
processing plant will be somewhat larger than the site required for a 
single complex, resulting in increased volumes of runoff. 
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8.1 CONCLUSIONS 

1. A review of the waste management data in this report indicates 
that there are significant data gaps, particularly in the emissions char-
acterization data. 	Characterization information is very limited for 
trace elements and organic compounds in gaseous, liquid and solid waste 
emissions. Data collected from operating processes, either at the full 
or pilot scale, have been mainly oriented toward process performance. 
Characterization of emissions has tended to be of secondary concern. The 
exceptions are those pollutants which are, or will be, controlled by 
government requirements (e.g. SO 2 ,  NOS ,  phenol, etc.). In these cases, 
the emissions data base is somewhat more complete. 

2. As required by the study terms of reference, waste management 
data in this report relate to mining oil sands processes operating under 
normal conditions. However, from a waste.management standpoint, analysis 
of plant operations during upset conditions is critical because it is 
during upset conditions that liquid, gaseous and solid waste emissions 
are frequently at their maximum levels, putting waste handling and treat-
ment facilities under maximum load conditions. 	Therefore, regulatory 
agency concerns are frequently associated with emissions under plant 
upset conditions. In light of the incomplete waste management data base, 
for processes under normal operating conditions, as identified aboyé, it 
is believed that there is little or no relevant data for mining oil sands 
processes under upset conditions. 

3. The increased utilization of solid residues from the primary 
upgrading processes is limited by the lack of demonstrated technology, 
particularly in the areas of coke or pitch gasification and steam raising 
using conventional boilers or fluidized bed boilers. 

4. Operating experience for flue gas treatment under the severe 
operating conditions resulting from the utilization of by-product coke or 
pitch in conventional boilers is very limited. 

5. • As identified previously, there is a lack of wastewater charac-
terization data and this is coupled with insufficient information on the 
treatability of these wastewaters. This is particularly the case for 
processes currently at the pilot scale, for example, direct coking and 
solvent extraction processes, and CANMET and Eureka upgrading processes. 

6. The wastewater treatment system for the sour, water from the 
Lurgi Ruhrgas Direct Coking Process has been established on the basis of 
limited data. 	There are concerns with respect to the treatment and 
disposal or recovery of the fatty acids. The wastewater treatment system 
established for this waste stream, and subsequent costs should be viewed 
as very preliminary. 	For practical reasons, alternative treatment/ 
recovery methods are required, but must be analyzed with the benefit of 
complete wastewater characterization data. 
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7. 	 A review of the pollutant flow diagrams indicates the extensive 
nature of the wastewater treatment sySteme for those options without a 
tailings'pond. It is our belief that, while there is demonstrated treat-
ment technology suitable to treat these wastewaters for either reuse or 
direct discharge, the size and scale of the treatment systems coupled 
with'the lack of emissions data for process upset conditions will create 
numerous design, construction and operational problems.' 

8. All the options considered in this study rely on water recycle 
or reuse to a certain extent. Information on acceptable water quality 
for recycle or reuse in a process area is incomplete at best. Further, 
the long-term implications of wastewater recycle and reuse on overall 
process water quality have not been examined. 

9. Comparison of capital costs for wastewater treatment between 
tailings pond options, tailings filtration options, solvent extraction 
options and direct coking options may not be applicable since some of the 
processes include pretreatment of wastes. Also, as identified above, the 
costs for the direct coking options are very sensitive to the treatment 
of the direct coking sour water. In general, it can be concluded that 
for similar capacity oil sands complexes, the costs for wastewater treat-
ment systems for tailings pond options (1, 3, 4, 6, 7, 11 and 13) are 
approximately 50% of the treatment costs for tailings filtration options 
(2, 5 and 12) and solvent extraction options (8, 9 and 14). The treat-
ment costs for options with tailines filtration and solvent extraction 
range between $44 x 106  to $54 x 10°  for 20 000 m3/d capacity complexes 
with costs for solvent extraction options tending towards the higher 
figure because of greater wastewater flows. 

10. There are considerable economies of scale associated with the 
capital cost of wastewater treatment facilities. The synthetic crude 
production rate for the smaller oil sands complexes is 15% of the rate 
for the larger complexes, however, the capital costs for wastewater 
treatment are in the order of 40% of the costs for the larger complexes 
providing similar levels of treatment in each case. 

8.2 RECOMMENDATIONS 

Many of the conclusions of this report relate to the lack of 
waste management information (characterization and treatment) for the 
processes selected for the 15 options. The major recommendation of this 
report is, therefore, that steps be taken to improve the waste management 
information base. During this study, a detailed and extensive review of 
the available literature has been completed. It is our view that further 
literature reviews at this time will provide little or no useful addi-
tional waste management data. Other sources of information which should 
be pursued are the existing relevant full or pilot scale operations as 
well as licensor or proprietory information. This data base may, 
however, only be available on payment of a fee. 

1. 
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Further, it is recommended that in order to obtain a useful 
waste .  management data base, the government encourage those companies 
operating pilot scale facilities in Canada to collect and characterize 
any gaseous, liquid or solid waste emissions. In this regard, to ensure 
that the collected emissions information is useful, the government should 
prepare a sampling and analytical manual for use by the companies operat-
ing pilot facilities. It is further recommended that the Federal and 
Provincial governments cooperate in this data gathering exercise. 

2. This study provided detailed waste management information for.  
15 mining oil sands options made up of selected processes which are 
either commercially proven or demonstrated at the pilot scale. However, 
a number of promising and emerging technologies were not included in the 
15 options. It is, therefore, recommended that this study be extended to 
look at a number of other processes currently under development. In 
addition, a number of different process configurations (options) should 
be reviewed from a waste management standpoint. This is particularly the 
case for options with a production of between 1,000 and 3,000 m3/d of 
synthetic crude. 

3. This study has permitted the development of a computer-based 
system for the easy handling and manipulation of waste management data 
for a wide variety of different processes applicable to the mining, 
extraction and upgrading of oil sands and bitumen and their associated 
ancillary facilities. Recommendations relating to this computer-based 
information system include: 

- the updating of the data base on a regular basis, for instance, 
every two years; 

the utilization of this system to store and manipulate waste 
management information obtained from other relevant studies and 
projects, as outlined above; ànd 

- the expansion of this system to include cost data and waste 
management information from in situ heavy oil operations and 
heavy oil upgrading. 

4. 	 With respect to technology development and demonstration needs, 
the following are recommended: 

- the utilization of residues from upgrading in conventional and 
fluidized bed boilers; 

- the demonstration of a flue gas treatment system for the severe 
operating conditions associated with the utilization of 
by-product coke or pitch in conventional boilers; and 

- the ability to continually recycle or reuse treated wastewaters 
in the processes and the effect of such systems on process 
performance and water treatment efficiency. 
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